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H# pef"
From our w ide  r a n g e  w e  are  
ab le  to  supply  refractory m a t ­
erials  o f  h igh  quality  su ita b le  
for m o st  industrial purposes.  
In our various works, w hich  
a r e  m o d e r n  in d e s i g n  a n d  
eq u ip m en t ,  ca r e  is ta k e n  in 
every s t a g e  o f  m a n u fa c tu r e  to  
en su re  t h a t  our products  are  
m a i n t a i n e d  a t  a  u n i f o r m l y  

high  standard .

SCOTLAND

For fuller particulars, ask 

for our Pamphlet, No. 1.
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T he latest p roduct of our M etallurgical Research 
Laboratories is F ree-Cutting A lum inium  Alloy,
B.A.35.
This new  alloy provides the  same fine surfaces 
and  clean screw th reads as our s tandard  m achin­
ing alloy B.A.24/MS. At the  same time, B.A.35
has fully developed free-cutting properties, i.e. 
it m achines w ith short b rittle  chips w hich drop 
away w ithout clogging the  machine. B.A.35 alloy 
can be w orked on fully autom atic m achines with 
the m inim um  of attention.
W e  shall be h appy  to provide particulars and  jree samples to  

interested inquirers.
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WE also make Sheet and Strip in Brass, Copper, 
Bronze and Nickel Silver, etc., Extruded Rods and 
Sections, and also “  DURALUMIN ”  of which we are 

the sole makers.

James H oofll sOmpamj' limited
ARGYLE STREET WORKS, BIRMINGHAM,7.
Telephone: EAST 1221 (P.B.E.).  Telegrams: “ B ooth ,  B irmingham.”

Cables: Lieber’s 5 le t ter .  A .B .C.  6th  Edition. B en t le y ’s Second Phrase. W e s t e r n  U nio n .
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For the economical production of tubes with absolutely 
uniform wall thickness we supply

TUBE EXTR U SIO N  
PRESSES

o f  vertical or  horizonta l typ e ,  also th e  

required p o w e r  w a te r  plants consis t ing of  

pressure  pumps and accumulators , th e  

latter o f  th e  e lectrically  c o ntro l led ,  c o m ­

pressed-air loaded typ e  w i t h o u t  any pistons  

or  floats, for  which t h e  HYDRAULIK Co.  

ow n s  patents  in all countrie s  o f  th e  w or ld .

British A g e n ts :  Aabacas Engineering Co., Ltd., 10Canning Place, Liverpool. I
vi



SHEETS, CIRCLES, MATTING 

IN

98-99 °/„ PURE METAL 

ROLLED 

MANGANESE AND SILICON 

ALLOYS

A L U M IN IU M  
CORPORATION LTD.
WELLINGTON HOUSE, BUCKINGHAM GATE, LONDON, S.W.I
Telephone: Whitehall 7 6 6 5  & 7 6 6 6  Telegrams: Fluxode, Sowest, London

vii



HOT ROLLING MILLS
FOR SHEET METAL

Two-high hot rolling mill for wide sheets of light alloys of high 
tensile strength. A special feature of our rolling mills is the 
ease and rapidity with which the rolls and their fittings can 
be adjusted. o

DEMAG AKTIENGESELLSCHAFT, DUISBURG, GERMANY

For fu r th er  particulars  apply  t o

E. HAFELS, 119 VICTO RIA STREET, L O N D O N , S .W .I .
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100% Bright Finish with a per­
fect and uniform Anneal now 
obtainable both with BATCH 
and C O N TIN U O U S FURNACES 

for Iron and Steel and most Non- 
Ferrous Metals and Alloys.

N O  discoloration 

N O  deposits

N O  variation in physical properties 

IN FACT straight from annealing 
furnace to customer 

M IN IM U M  extraneous material to 

be treated 

M IN IM U M  maintenance costs 

M IN IM U M  labour required 

IN FACT lowest possible annealing 

costs

REMARKABLY SIMPLE A N D  EASY 

OPERATION

A typical C.E.C. installation for bright 
annealing by the Grünewald process.

Advt. oj T h e  General Electric Co., L td .  H ead Ofjicc : M agnet House, Kingsway, London.
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V I T R E O S I L

THE THERMAL SYNDICATE LTD.
H ead O ffice and W orks: WALLSEND-ON-TYNE
Eondon Depot: Thermal House, 12-14 Old Pye S i. Westminster, S.W.l

LABORATORY WARE

HEAT

AND

ACID

PROOF

PURE

FUSED

QUARTZ

AND

SILICA

SAND CASTING FOR 
PRE-SELECTIVE TYPE 
GEARBOX AS SUP- 
PL I ED TO THE 
ASSOCIATED EQUIP-

REGD. No. 529678

TELEGRAMS : 
S TE RME T P H O N E  

C O V E N T R Y

STERLING METALS LTD

sS T E R M

SAND & DIE CASTINGS

ELEktrON
M AG NESIUM  ALLOYS

TELEPHONE : 

C O V E N T R Y  8035 

(3 LINES) COVE NTR Y
T.G.S.
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T he illustration  shows castings 
which are  p a r t of the wheels fo r a 
racing model of the Austin Seven. 
These wheels were produced  fo r 
special racing purposes in  one of 
o u r  a l u m in i u m  a l lo y s  b y  
If. M aybrey & Co., Ltd.

for
WHO II111JMSTŒS

A cast alum inium  wheel centre confers many 
advantages—in particu la r the dissipation of 
heat, which enables the b rakes to re ta in  
the ir original efficiency at h igh speeds. 
This is one exam ple of the many applications 
and  advantages offered  by ou r range of 
alum inium  alloys. W rite to us fo r in fo r­
m ation 011 alum inium  and its alloys.

ALUMINIUM UNION LIMITED
H u J i h  çJ 4 o u £ e

TEMPLE BAR 8 8 4  4 (10 lines) L O N D O N

H I G H  P U R I T Y  A L U M I N I U M  I N G O T  - F O U N D R Y  A L L O Y S  - S H E E T  I N G O T

" A L U L I M '



ß a u s c li f o m t

W IDE FIELD 
BINOCULAR 

MICROSCOPE
BKT

AN “ ALL RO UND”  INSTRU- 
MENTforthe METALLURGIST

B K T  S T A N D

Its Uses include: EXAMINATION OF

SURFACE STRUCTURES  
BREAKS A N D  CRACKS  
R U STS  A N D  F I N I S H E S
jfc Our New Catalogue gladly sen t on request

BAUSCH & LOMB OPTICAL CO.
(Established 1853) LIMITED

Africa House, Kingsway, 
LONDON, W.C.2.
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SECTIONS SI MPLI FY CONSTRUCTION
Extruded sections, available in thousands of different forms, 
effect economies in modern constructional methods. By the 
suitable choice of one of our alloys—strengths of which range 
from 6 |  to 28 tons per sq. in.—and by choosing suitable ex­
truded sections, maximum strength can be obtained with

minimum weight.

NORTHERN ALUMINIUM CO., LTD.
BUSH  H O U SE, A L D W Y C H  L O N D O N , W.C.2

Telephone: TEM PLE BAR 8844 (6 lines)

A n d  at B IR M IN G H A M , M A N C H E S T E R , B R IS T O L  a n d  G L A S G O W

xiii



•  Bring your 
reference library up 
to date . . .

A copy of our new Catalogue 
with details of Britain’s finest 
Precision Balances and Weights 
gladly sent free on request to 
any industrial or educational 
laboratory. Please state whether 
interested in Chemical Balances,
Assay Balances, or both.

Founded in  L on do n , 1849.

L. OERTLING Ltd., 65 HOLBORN VIADUCT, LONDON, E.C.1
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Croup of A ir-

HeadŝCasI W ILL IA M  MILLS LTD.
¡n A lu m in iu m  GROVE STREET - B I R M I N G H A M

A llo y  by
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CLASSIC

H I D U M I N I U M  R. R. 53

HIGH DUTY ALLOYS
LIMITED

S L O U G H
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Quality is a matter of comparison

Te lephone- A s ton  Cross 3576/7. Te legram s: "  R oden t, B irm in g h a m ."

and it matters  very much, w hen  
you are buying rolled metal,  what  
standard you use t o  make your  
com par ison .

11 you have seen LUSTER Metal 
produced : fo llowed th e  process  
from start t o  finish, watched th e  
patient te s t ing  of raw materials, 
admired th e  m od ern  e lectric  an­
nealing process , noted  th e  a lmost  
m eticu lous  care taken in each stage  
of manufacture, you will  be con ­
vinced that here  is your standard 
for Rolled Metal . . . LUSTER.

T h e  p h o t o g r a p h  s h o w s  s o m e  
finished rolls and str ips waiting  
delivery  instructions.

J. F. RATCLIFF (METALS) LTD, NEW SUMMER STREET, BIRMINGHAM
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BaK lO
FORCED AIR  

CIRCULATION FURNACES
f o r  a

EXPERIMENTAL £- P R O D U C T IO N

HEAT-TREATM ENT O F "===== 

NON -FERROUS ' METAL?

LOW INITIAL COST «LOW RUNNING COST • UNIFORM RESULTS • HEALTHY CONDITIONS

W IL D  - BARFIELD ELECTRIC FURNACES LTD
ELECFURN W ORKS, N ORTH ROAD, H O L L O W A Y , L O N D O N , N. 7.



BASE 
METALS

A N T I M O N Y  MERCURY  
BISM UTH M O L Y B D E N U M  
C A D M IU M  SELENIUM

In addition to  the supply o f  the 

above metals in o rd ina ry  com­

mercial forms and qualities, we 

have excellent facilities fo r  the 

production  o f  chemically pure 

base metals fo r  research p u r­

poses. W e  also specialize in 

the production  o f very fine wire, 

fo il, and seamless tube in su it­
able metals and alloys.

Silver solders fo r  use on 

brass, bronze, copper, 
carbon steel, Monel metal,

&c.

JOHNSON, MATTHEY & CO., LTD.
Head Off ice and Refiner ies :

73-83, H A T T O N  GARDEN, 
L O N D O N , E.C.I.

xviii
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N orton  Boron Carbide as it comes from  

the electric furnace (uncrushed)

NORBIDE
METALLURGICAL COMPOUND

Norbide Metallurgical Compound (Norton Boron 
Carbide) has possibilities as an economical source of 
boron for metallurgical purposes—both as an alloy 
constituent or as a scavenging agent. In the latter 
case use is made of the powerful deoxidizing properties 
of both boron and carbon.

Norbide Metallurgical Compound has a guaranteed 
boron content of not less than 75%.

A typical analysis—
B o r o n ......................................... 78.22
Carbon 
Silicon 
Iron .
Undetermined

21.00
.01
.14
.63

100.00%
T hus is offered a boron source of known analysis and  

appreciably constant carbon ratio with a m inim um  of 
impurities.

Norbide Metallurgical Compound will dissolve 
readily in steel to provide a boron constituent or for 
its effect on the contained carbon.

W rite  f o r  le a fle t  4 5 4  A

NORTON GRINDING WHEEL COMPANY, 
W ELW YN GARDEN CITY, HERTS.

LIMITED



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

Annual General Meeting and 
Dinner.

T h e  T w enty -N in th  A nnual G eneral 
M eeting will be held  on M arch 10 and  
11, 1937, in  th e  H a ll of th e  In s ti tu tio n  
of M echanical E ngineers, S to rey ’s 
G ate, London, S .W .l, beginning a t  
10 a .m . on  each day . T he A nnual 
D inner will tak e  place on  M arch 10 a t  
th e  T rocadero R estau ran t.

Autumn Meeting, 1937.
The Council received a t  i ts  la s t 

m eeting , th ro u g h  Professor J .  H . 
Andrew, D.Sc., a n  in v ita tio n  to  th e  
In s t i tu te  to  ho ld  its  tw en ty -n in th  
A u tu m n  M eeting a t  Sheffield in 
Septem ber, 1937. The in v ita tio n  
was w arm ly  accepted . The la s t 
Sheffield m eeting  of th e  In s t i tu te  took  
p lace in  1919.

List of Members.
A new  ed ition  of th e  L is t of M em ­

bers is expected  to  be read y  for issue 
a b o u t th e  end of N ovem ber. M em ­
bers who desire to  receive a  copy 
should  send  a  p ost-card  to  th e  
Secretary .

Membership Additions.
T he following were elected on 

O ctober 29, 1936 :

A s  Members.

B a r k e r , S tu a r t  N etherw ood, So u th ­
am pton .

B il l in g h u r s t , Philip  E dw ard , Salis­
b u ry , S. R hodesia.

B l a c k , A rth u r, Sou tham pton .
D a y , W illiam  A rth u r  Jefferies, P re ­

to ria , S. Africa.
E d e n s , L eonard , D ipl.-Ing., Berlin- 

S pandau, G erm any.
F a r r , H arry , Cardiff, S. W ales. 
H o ld in g s , A rth u r  Sidney, B irm ing ­

ham .
H o r l e y , R o b ert E ustace , So u th ­

am pton .
K em pe , Louis W ., M.S., Cleveland, 

Ohio, U .S.A .
L a v e s , F ritz , D r.-phil., G ottingen, 

G erm any.
L o r e n t z , M arjorie G eraldine, B.A., 

Bridgeville, P a ., U.S.A. 
M acD o n a l d , Jam es, London. 
M e s s n e r , M artin  C., K atow ice, 

Poland.

P u l l e n , Alfred N orm an Douglas, 
G rappenhall, Cheshire.

R o g l in , E . C., N o rth  C anton, O., 
U.S.A.

T a t t e r s a l l , Cecil Owen, B.Sc.,
A.R.C.Sc., Cawnpore, Ind ia.

W h i t e , E dw in H illier Maurice, B ir ­
m ingham .

Y a t e s , D onald, B .E ., P o rt  Pirie, S. 
A ustralia.

A s  a Student Member.

K in g , George R ow land, Hounslow , 
Middlesex.

PER SON AL N O T E S

The Editor requests that his attention 
be directed to items of interest to m em ­
bers that might be included under the 
“  Personal Notes ” heading. A ll con­
tributions fo r  the December issue of the 
M onthly Jo u rn a l should reach the 
E ditor not later than November 24.

M r. N. W . A g e e w , M et.E ng., has 
been aw arded th e  degree of Dr.Chem . 
by  th e  A cadem y of Sciences of 
U .S .S .R . (Moscow) for a  thesis on 
“  Physico-chem ical S tudy  of In te r-  
m etallic M olecular Solid Solutions.”

M r. H . S. D u n c a n , B.Sc., A .R.S.M ., 
is on leave from  th e  Fed era ted  M alay 
S ta tes, a n d  correspondence m ay  be 
forw arded to  h im  a t  23 D ryden R oad  
N orth , G ateshead, Co. D urham .

M r . C. F . J .  F r a n c is -Ca r t e r , 
form erly Chief Chem ist, Messrs. 
M orris M otors, L td . (R ad ia to is 
B ranch), Oxford, h as been appoin ted  
H ead  of R esearch D epartm en t, 
Messrs. The Pyrene  Com pany, B re n t­
ford, Middlesex.

Si r  F r a n c is  G o o d e n o u g h , C .B.E., 
will shortly  sever his connection w ith  
th e  In s titu te — of which he has been a 
m em ber since 1917— in  view of his 
re tirem ent. H e  h as been E xecutive  
C hairm an of th e  B ritish  Commercial 
Gas A ssociation since 1911.

M r. N . M. H o p k in , A.R.S.M .,
B.Sc., has recently  been elected 
Associate of th e  In s t i tu te  of Chem ­
istry .
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M r. E d w a r d  Sp u r r  h as  been 
appo in ted  Chief E ngineer to  th e  L o n ­
don L abora tories of Sloane Square, 
where he is in  charge of research  work 
a n d  general developm ent w ork  in 
re la tion  to  a irc ra ft engines a n d  a ir ­
c ra ft struc tu res.

Birth.
On A ugust 19, 1936, a  dau g h te r 

w as b o rn  to  Mr. a n d  Mrs. A. G. 
R o b ie tte  a t  B irm ingham .

Obituary.
M r. S. Ch o l e w iń s k i  died  on 

Septem ber 26, 1936, a fte r  a  long an d  
painfu l illness. H e  w as D irecto r of 
th e  “  B ab b it ”  A lum inium  F o undry , 
W arsaw , P o lan d , a n d  h a d  been a  
m em ber of th e  In s t i tu te  of M etals 
since 1933.

Mr . C. W . M u r r a y  died  in  South- 
sea on  A ugust 19 a t  th e  age of 79 
years. H e  w as Superin tenden t 
E ngineer a n d  M anager of th e  M arine 
D ep a rtm en t, Messrs. B abcock & 
W ilcox, L im ited , from  1900 to  1930,

a n d  w as elected to  m em bership  of the  
In s t i tu te  of M etals in  1914.

M r . A. R . St e w a r t  died  on 
A ugust 6, 1936. H e  h a d  been a  
m em ber of th e  In s t i tu te  since 1916.

The Engineering Institute 
of Canada.

M em bers of th e  In s t i tu te  of M etals 
are  cordially  in v ited  by  th e  E ngineer­
ing In s t i tu te  of C anada to  pa rtic ip a te  
in  th e  celebrations of i ts  fiftie th  
an n iversary  a t  a  sem i-centennial 
m eeting  to  be opened in  M ontreal on 
Ju n e  15, 1937.

I t  is th e  expressed desire of th e  
Council of th e  C anadian  In s t i tu te  
“  t h a t  th is  occasion m ay  be th e  m eans 
of bringing a b o u t a  closer a cq u a in t­
anceship betw een engineers of G reat 
B rita in  a n d  C an ad a .” Special p lans 
a re  being m ade for a  group to  trav e l 
together. M em bers in te rested  should 
ge t in to  to u ch  w ith  th e  Secretary  of 
th e  In s t i tu te  of M etals.

l o c a l  s e c t i o n s  n e w s

M E E T IN G S IN  N O V E M B E R  AND D E C E M B E R  *

Birmingham Section.

Some Aspects o£ Industrial Hygiene. B y H ow ard  E . Collier, M.C., M .B., Ch.B.
(December 3.)

Metallurgical Problems in the Chemical Industry. B y  N. P . Inglis, D.Sc.
(December 15.)

London Section.

Supper-Dance. A t T ham es H ouse, M illbank, S .W .l, a t  7.30 p .m ., on  N ovem ­
ber 25.

T ickets, price 6s. 6d. each, can  be ob ta in ed  from  an y  C om m ittee  m em ber 
o f th e  Section, o r from  th e  In s t i tu te  Secretary.

Some Impressions oi Industry in the U.S.S.R. B y W . T. Griffiths, M.Sc.
(December 2.)

T his will be  a  jo in t m eeting  w ith  th e  L ondon B ranch  o f th e  In s t i tu te  of 
B ritish  F oundrym en , who will be  acting  as hosts. The m eeting  will be  held 
in the  Charing Cross Hotel at 8 p .m .

Manchester Metallurgical Society.

Discussion on Microscopy. O pened b y  J .  D ickson H an n ah , M .Sc.Tech. 
(November 18.)

* F o r places an d  tim es o f m eetings, w here n o t given, th e  green folder 
program m e a lready  issued should  be  consulted.
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North-East Coast Section.

Reîractory Materials. B y J .  W . Mellor, D.Sc. (.November 27.)
T he m ee tin g  is being held, b y  inv ita tio n  of th e  N ewcastle B ranch  of the  

Soeietv o f Chem ical In d u s try , in th e  C hem istry L ec ture  T heatre  a t  7*30 p .m . 
T he lecture  is the  Jub ilee  M em orial L ecture  o f th e  Society of Chemical In d u s  r y .

Scottish Section.
Metal Spraying by the Wire Process. B y W . E . B allard. (December 14.)

A b rie f  h isto rical su rvey  of the  process of m eta l spray ing  ; a  b rief descrip ­
tio n  o f the  th ree  m ethods used  in m odern  in d u stry  ;
n is to l • the  s tru c tu re  o f m eta l-sp rayed  coatm gs ; the  influence ol th e  gases 
used  ■ ’ nozzle d istance, &c. ; m eta l sp ray ing  as a  p reven tative  o f corrosion ,

th e  choice o f m eta l coatings governed b y  th e  elec^ oly tlo/ h e° y b f^ ° ^ l° l iz e d  : 
the  use  of m eta ls o f su p e r-p u rity  ; p rep ara tio n  of the  surface to  
bu ild ing  u p  b y  m eta l sp ray in g ; repairs of castings ; a  description of t  
in d u stria l uses o f th e  process ; zinc coatm gs for p reven tion  of atm ospheric 
corrosion ; a lum in ium  coatm gs for steelw ork food vessels and  chem ical p lan  , 
th e  alum inizing process for th e  p reven tion  of h igh -tem pera tu re  o x id a tio n , 
th e  m eta llu rg y  of alum inizing ; t in  coatings b y  spray ing  for food vessels, & c .,
nickel coatings for corrosive m edia. t

T he a u th o r  hopes to  show a  film 011 m eta l sp ray ing  m  addition  

slides.

Sheffield Section.
W r o u g h t  Nickel Silver Alloys. B y M aurice Cook, M.Sc., P h .D . (December 11.)

T he classification of th is  group of alloys is discussed 
reference to  recen t proposals, and  consideration  is given to  th e  relationship  
betw een colour and  com position. T he m elting  and  casting  PTOcedure  is 
briefly dealt w ith , an d  a tte n tio n  is directed  to  th e  im portance 
tem p era tu re  and  deoxidation. The m echanical properties, constitu tion  
stam ping  and  m achining properties o f hot-w orking nickel
nickel brasses, in th e  form  of ex tru d ed  rods, are described T he resu lts  ot a  
deta iled  s tu d y  of th e  physical and  m echanical p roperties o f a  series o f alloys 
conform ing to  the  suggested B ritish  S tandards In s ti tu tio n  specification, are 
given These te s ts  were carried o u t on s trip  produced  b y  cold-rolling, and 
add ition  to  hardness an d  tensile te s ts , inform ation  is given regarding the  
annealing  characteristics o f th e  alloys, an d  such  p roperties as electrical and  
th e rm a l conductiv ities, coefficient o f expansion, an d  density .

Swansea Section.

Display o£ Films o£ Metallurgical Interest. (December 8.)
T he new  H onorary  Secretary  and  T reasurer o f th e  Swansea Section is 

Mr. K . M. Spring.

International Chemical Congress.
The T ransac tions of th e  In te rn a tio n a l Chemical E ngineering  Congress, 

held  in  L ondon in  Ju n e , 1936, w ill be pub lished  as early  as possible n e x t year, 
a n d  are  ob ta inab le  a t  th e  p re-publication  price of £10, u n til  J a n u a ry  31.

T he Publishers, Messrs. L und , H um phries an d  Co., L td .,  12 tfea to ra  
Square, L ondon, W .C .l, will send  on application , fu ll p rospec tus of th e  121 
naDers w hich w ith  G eneral R ep o rts  on  Sections, a n d  D iscussions, a n d  an  
accoun t of th e  Congress, occupy Vols. I - IV . Vol. V con ta ins th e  A u th o r 
a n d  S ubject In d ex . M ost of th e  Pap ers  are  m  E n g lish ; a ll are  p rov ided  w ith  
F ren ch  a n d  G erm an sum m aries.
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MEETINGS OF OTHER SOCIETIES
W EDNESDAY ,  N o v e m b e r  1 8 .

E l e c t r o d e p o s it o r s ’ T e c h n ic a l  S o c i e t y .—  
Dr. H. J .  T. Ellingham : “ Modern Views 
Regarding Electrolyte Solutions.” (North­
ampton Polytechnic in stitu te , St. John Street, 
Clerkenwell, London, E.C .l, a t 8.15 p.m.)

TH U RSD A Y , NOVEMBER 1 9 .

C o m p a n y  o f  A r m o u r e r s  a n d  B r a s ie r s  i n  t h e  
C i t y  o f  L o n d o n .—Dr. J . L. H aughton: 
“ The Equilibrium Diagram of Alloys; its 
Meaning, Construction, and Use.” F irst of 
Three Lectures. (Royal School of Mines, 
Prince Consort Road, South Kensington, 
London, S.W.7, a t 8 p.m.)

S A T U R D A Y ,  N o v e m b e r  2 1 .

I n s t it u t e  o f  B r i t i s h  F o u n d r y m e n , S c o t t is h  
B r a n c h , F a l k ir k  S e c t io n .—M. R ussell: 
“ Design, Patternmaking, and Moulding, and 
their Relationship to Producing Castings 
Competitively.” (Temperance Café, Lint 
Riggs, Falkirk, a t 6 p.m.)

TH U RSD A Y , NOVEMBER 2 6 .

Co m p a n y  o f  A r m o u r e r s  a n d  B r a s ie r s  i n  t h e  
C i t y  o f  L o n d o n .—Dr. J . L. H aughton: 
“ The Equilibrium Diagram of Alloys: its  
Meaning, Construction, and Use.” Second of 
Three Lectures. (Royal School of Mines, 
Prince Consort Road, South Kensington, 
London, S.W.7, a t 8 p.m.)

S A T U R D A Y ,  NOVEMBER 28. 
I n s t i t u t e  o f  B r i t i s h  F o u n d r y m e n , E a s t  

M i d l a n d s  B r a n c h .—F. Dunleavy : “ More 
Non-Ferrous Problems.” (Loughborough 
College, a t 6 p.m.)

TU E SDA Y,  D e c e m b e r  l .  

E l e c t r o d e p o s it o r s ’ T e c h n ic a l  S o c ie t y .—  
W. H . Riley : “ Modem Plating Shop Prac­
tice .” (James W att Memorial Institute, G-t. 
Charles Street, Birmingham, 3, a t 7.30 p.m.)

TH URSDAY,  D e c e m b e r  3 .

C o m p a n y  o f  a r m o u r e r s  a n d  B r a s ie r s  i n  t h e  
c i t y  o f  L o n d o n .—Dr. J . L. Haughton : 
“ The Equilibrium Diagram of Alloys; its 
Meaning, Construction, and Use.” Third of 
Three Lectures. (Royal School of Mines, 
Prince Consort Road, South Kensington, 
London, S.W.7, a t 8 p.m.)

I n s t it u t e  o f  B r i t i s h  F o u n d r y m e n , S h e f f ie l d  
a n d  D is t r i c t  B r a n c h .—Commander Trevor 
Glenny: “ The Planning and Progress of
Foundiy Operations.” (King’s Head Hotel, 
Change Alley, Sheffield, a t 7.30 p.m.)

INSTITUTION OF ELECTRICAL EN G INEERS.— P . 
Dunsheath : “ Continuous Extrusion of Lead 
Cable-Sheaths.” (The Institution, Savoy 
Place, Victoria Embankment, London, W.C.2, 
a t 6 p.m.)

F R ID A Y , D e c e m b e r  4 .

I n s t it u t e  o f  B r i t i s h  F o u n d r y m e n , B i r m i n g -
l  h a m , C o v e n t r y ,  a n d  W e s t  M id l a n d s  

B r a n c h .— E .  J .  L. How ard: “ Bronze
Castings.”  (James W att Memorial Institute, 
Gt. Charles Street, Birmingham, 3, a t 7.30 
p.m.)

SAT U RD AY ,  D e c e m b e r  5.
I n s t it u t e  o f  B r i t i s h  F o u n d r y m e n , E a s t  

M id l a n d s  B r a n c h , L in c o l n s h ir e  S e c t i o n . 
—F. Dunleavy: “ Non-Ferrous Problems.” 
(Technical College, Monks Road, Lincoln, at 
7 p.m.)

TU E SDA Y,  D e c e m b e r  8 .

I n s t it u t io n  o f  E l e c t r ic a l  E n g in e e r s , N o r t h  
M i d l a n d  C e n t r e .—P. Dunsheath : “ Con­
tinuous Extrusion of Lead Cable-Sheath.” 
(Hotel Metropole, King Street, Leeds, a t 7 
p.m.)

W EDNESDAY,  DECEMBER 9 .

I n s t i t u t e  o f  W e l d in g , S c o t t is h  B r a n c h .— J .  
Carpenter: “ ElectrodeManipulation.” (Royal 
Philosophical Institu te, 207 Bath Street, 
Glasgow, a t 7.30 p.m.)

FR ID A Y ,  D e c e m b e r  l l .

I n s t i t u t e  o f  W e l d i n g ,  M i d l a n d s  B r a n c h . —  
T. E. B. Nixon : “ The Behaviour of the Arc.” 
(James W att Memorial Institute, Gt. Charles 
Street, Birmingham, 3, a t 7.15 p.m.)

SAT U RD AY ,  DECEM BER 12.
I n s t it u t e  o f  B r i t i s h  F o u n d r y m e n , E a s t , 

M id l a n d s  B r a n c h .— S. A. H orton: “ P a t­
terns and Their Relation to Moulding Prob­
lems.” (Loughborough College, a t 6 p.m.)

I n s t i t u t e  o f  B r i t i s h  F o u n d r y m e n , S c o t t is h  
B r a n c h .—W. H. Smith : “ Mould and Core 
Drying.” (Royal Technical College, Glasgow, 
a t 4 p.m.)

WEDNESDAY,  D e c e m b e r  16.

E l e c t r o d e p o s it o r s ’ T e c h n ic a l  S o c i e t y .—  
E. A. Ollard : “ Rectification of Acid Copper 
Solutions.” (Northampton Polytechnic In s ti­
tute, St. John Street, Clerkenwell, London, 
E.C .l, a t 8.15 p.m.)

I n s t i t u t e  o f  W e l d i n g ,  M a n c h e s t e r  a n d  
D i s t r i c t  B r a n c h . — L. B. Wilson: “ De­
velopments in Resistance Welding.” (Man­
chester College of Technology, a t 7.30 p.m.)

R o y a l  S o c ie t y  o f  A r t s . — Sir William B ra sg : 
“ The Development of Crystal Analysis.” (The 
Society, John Street, Adelphi, London, W.C.2, 
a t 8.30 p.m.)

TH URSDAY,  D e c e m b e r  17.

L e e d s  a s s o c ia t io n  o f  E n g in e e r s .— T .  E .  B . 
Nixon : “ Electric Welding P lants.” Joint 
Meeting with Institute of Welding. (Griffin 
Hotel, Leeds, a t 8 p.m.)
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th e  Secretary no t la te r than  March 1 5 , 1 9 3 7 .

S T R E S S -S T R A IN  C H A R A C T E R IST IC S OF  

C O P P E R , S IL V E R , A N D  G O LD .*

B v J . M cKEOW N.t M.Sc., Ph.D., Mem b er , and
0 . F. HUDSON,! A.R.C.S., D.Sc., Mem b er .

Sy n o psis .

A study has been made of the stress-strain  characteristics of gold 
and silver of a  very high degree of purity, and also of twc» coPP«™- one 
oxygen-free bu t containing a small am ount of silver (about 0 003 per 
cent.), the other containing 0-016 per cent, oxygen b u t free from silver, 
both having little  more th an  traces of other impurities. Stress-strain 
curves were obtained to  determine lim it of proportionality, 0-01 per cent 
proof stress, and Young’s modulus. The m aterials were tested  m the 
fully-softened condition, after slight tensile overstrain (less th a n  1 per 
cent.) and after definite larger amounts of tensile overstrain (5-15 per 
cent.), and after re-heating the  overstrained specimens a t  different

I t  is generally considered th a t  copper in the  fully-annealed condition 
has no elastic lim it, and the  present tests have shown, as was expected, 
th a t  pure gold and pure silver, when fully annealed, also show no pro­
portionality of stress to  stra in  in any p a rt of the  stress strain diagram.

The elastic properties induced by cold-working were retained in 
large measure in  all three m etals after re-heating for short pe™ ds a t 
moderately elevated tem peratures, when the  am ount of cold-working 
(tensile overstrain) had been small. Low-temperature annealing, as 
used in the  tests described, did not, however, result m  raising the  limi 
of proportionality of pure gold and silver and of oxygen-free and oxygen- 
containing coppers, to the same extent as in other cases, e.g. other kinds 
of copper.1. 3 The tests have shown th a t, when any of the  metals, fine 
gold, fine silver, oxygen-free and oxygen-containing coppers, has been 
subjected to  a small tensile overstrain, the  effect of th is small overstrain 
is evident in the  stress-strain characteristics, even after re-heating

relaT h f  testfVaTOPshowneth a t  the  value of Young’s modulus (E) for 
th is oxygen-free copper is decreased by a small (5 per cent.) tensile 
overstrain to 15-7 X 10« lb ./in .2 (mean value). Larger amounts of over­
strain  appear to  result in  a recovery in the value of E ;  w ith 15 per 
cent, overstrain the  value of E  found being 17-6 X 10 lb./in. . This is 
in agreement w ith the results of Kawai s previous work.

Annealing of the overstrained copper tended to  restore the  value ol 
E  lowered by previous overstrain, and by suitable treatm ent a  value ot 
18-2 X  10s lb ./in .2 was obtained. Similar effects of re-heating alter 
overstrain were found in the  cases of fine gold and of fine silver, although 
the raising of the  modulus by heat-treatm ent was less^marked th an  in 
the  case of copper. Gold, which had a value of E  oi 10-3 X 10 
when overstrained 5 per cent., gave 11-3 X 106 lb ./in .2 when re-heated 
for J  hr. a t 300° C.

* Manuscript received June  27, 1936. T ..
+ Investigator, British Non-Ferrous Metals Research Association, London.
|  Research Superintendent, British Non-Ferrous Metals Research Association,

London. ____________ _____ ___________________ _

Note to Abstractors and Other R eaders.-T his paper will be p u s h e d  in 
perm anent form, in the  Journal of the Institute of Metals, \ ol. LX, 1937. 
Reference should accordingly be as follows : J . Inst. Metals, 1937,_60 (Advance
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Som e tim e ago the authors had the  opportun ity  to  carry out tensile 
tests on standard  0-564 in. test-pieces of fine gold and fine silver the 
m aterials being very kindly lent for this purpose by Messrs. Johnson, 
M atthey and Co., L td ., a t  th e  suggestion of Professor R. S. H u tto n ' 
The original object of the  tests was to  obtain full load-extension diagrams 
for these two m etals when in a s ta te  of high pu rity  and in the  annealed 
condition. I t  was felt, however, th a t  while the  specimens were available 
i t  would be of in terest to  examine the  stress-stra in  characteristics of 
gold and silver after overstrain and after overstrain followed by heat- 
trea tm en t. L a ter the tests  were extended to  include copper, and for 
this purpose a sample of copper of high p u rity  (oxygen-free) was kindly 
supplied by Messrs. Thos. Bolton & Sons, L td ,  who also supplied some 
otherwise exceptionally pure copper containing 0-016 per cent, oxygen.

McKcown and Hudson : Stress—Strain

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

The effect of cold-work alone and followed by hea t-trea tm en t on the 
elastic properties of m etals has been the  subject of numerous investi­
gations, and only the  more recent work is reviewed. In  1929 Hudson, 
H erbert, Ball, and B u c k n a ll1 dealt a t  some length w ith the effect of 
hea t-trea tm en t on the  hardness and on the  elastic properties, particularly  
the  lim it of proportionality, of copper containing small percentages of 
various added elements. In  1931 Jones, Pfeil, and G riffiths2 dealt 
with the  effect of hea t-trea tm en t on the  elastic lim it of nickel-copper 
alloys, while in  1932 the  present authors 3 in a paper dealing with the 
effect on copper a t  low stresses of cold-work, heat-trea tm en t and 
composition referred particularly  to  the  influence on the stress-strain  
characteristics of these variables.

All these investigations showed th a t  cold-work produces in most 
m aterials a definite range of proportionality  of stress to  strain  where 
none exists in  the  m aterials in the  fully-annealed state, and th a t  this 
range is generally increased by  suitable low-tem perature heat-treatm ent 
These investigations were m ainly confined to  the  determ ination of lim it 
of proportionality  and  proof stress, the determ ination of Young’s 
modulus being as a rule considered as a subsidiary m atter.

On the o ther hand, W. K untze « in  1929 gave evidence to  show th a t  
the value of Young’s modulus was dependent on the  previous history 
of the specimen tested. H e concluded th a t  cold-working decreased the 
value of the modulus while heat-trea tm ent subsequent to  cold-working 
increased it.

Batson and H yde m s ta te  th a t  if the lim it of proportionality  is
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Characteristics of Copper, Silver, and Gold

exceeded the  value of Young’s modulus (E) for steel m ay be decreased, 
in some cases by as much as 20 per cent. Recovery, however, is effected 
by rest or immersion in  boiling water. The same authors quote the 
results of tests made a t  the  N ational Physical L aboratory to determine 
the effect of hea t-trea tm en t on the  value of E. The maxim um  effect 
due to  heat-trea tm en t alone (4 per cent.), was found in the case of the
2-75 per cent, nickel, 0-25 per cent, carbon steel.

An example of cold-work followed by  precipitation-hardening as 
effecting a change in  the  value of E  is given by beryllium -copper .5 

Fully-annealed (water-quenched) sheet containing 2 per cent, beryllium 
has a value of E  of 15-2 X 106 lb ./in .2, for the  same sheet rolled 6 Nos.* 
hard  E  =  16-0 X 106 lb ./in .2 and heat-treated  after rolling E  =
17-9 X 10® lb./in .2. W ith 2-5 per cent, beryllium the sheet rolled 6 Nos. 
hard  gave E  =  16-3 X 10® lb ./in .2, and when heat-treated  E  =  19-0 X 

10® lb./in .2.
Kawai 6 carried out an investigation on Armco iron, mild steel, 

nickel steel, copper, aluminium, and nickel to  determine the  effect 
produced on the modulus by cold-working w ith and w ithout subsequent 
heat-treatm ent. He found th a t  in iron and steel the modulus always 
decreases w ith  cold-working and th a t  in  the other metals i t  decreases 
for a small degree of working, b u t increases for a large degree of working. 
The effect of annealing iron and steel subsequent to  cold-working 
was to  increase the  modulus ag a in ; thus, in the  case of mild steel drawn 
w ith 36 per cent, reduction annealing a t  900° C. returned the  modulus 
to  the  original value of the  soft material.

In  the  case of copper, aluminium, and  nickel, previously cold-worked, 
the  modulus increased rapidly as the  annealing tem perature was 
increased, a m axim um  being reached a t 300°, 2 0 0 °, and 350° C., 
respectively, a t  which tem peratures recrystallization began to  become 
noticeab le; from this point the modulus decreased up to  about 650°, 
500°, and 900° C., respectively, where it  had  returned to  the initial value 
before cold-working.

In  the  1911 May Lecture to  the  In stitu te  of Metals, Beilby 7 quoted 
the results of acoustical tests on the  changes in elasticity due to  annealing 
a t various tem peratures, the te st being carried out on v ibrating tongues 
of gold, silver, copper, and iron. The pitches of the  hardened tongues 
were raised by annealing treatm ents, the increase being of the order 
of 5 per cent, by  annealing a t the  crystallizing tem perature. Since the 
frequency of vibration is proportional to the Young’s modulus, i t  follows 
th a t  the modulus was increased by the heat-treatm ents.

* 50 per cent, reduction.
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I I . E x p e r i m e n t a l .

A. Materials.

The gold, assayed by th e  makers, was 999-999 fine and the  silver 
1000-000 fine. In  each case the  m etals were cast in  l j - in .  diam eter 
bars and then  rolled to  a diam eter of 0-8 in. in  steel rolls. The bars 
were then  annealed for 10 m inutes a t  500° C., and standard  British 
S tandard  0-564-in. diam eter specimens were machined from them . 
After the  machining operation, the  finished specimens were given another 
anneal for 10 m inutes a t  500° C.

The oxygen-free copper was of high purity , the  oxygen content being 
less th a n  0-0005 per cent. A spectrographic analysis gave the  following 
results :

Per Cent.

Bism uth . . . less th a n  0-0001
Arsenic . . „  „ 0-001 (if any)
Lead . . 0-001 (approx.)
Iron . . . .  0-005
Nickel . . . 0-0005
Silver . . . 0-003
Antim ony . . . not detected (less th a n  0-002  if any)
Tin . . . ,, ,, (less th an  0-005 if any)

This m aterial was supplied in the form of hard-draw n |- in .  diam eter 
bar. I t  had  been hot-rolled in  the  ordinary way to  (nominal) 1 .(V in. 
diam eter from an im ported, vertically  cast, 250-lb. wire-bar of O.F.H.C. 
(non-guaranteed) quality, and  draw n to  § in. diam eter on a draw- 
bench, being given an  interm ediate annealing of approxim ately J  hr. 
a t  650° C. a t  1-0 in. diam eter. Specimens were m achined to  the 
British S tandard  0-564 in. size.

The oxygen-containing copper was supplied in the  hard  condition 
in the  form  of m achined bar 7 mm. in diam eter. I t  was m ade from 
copper of unusual purity , hot-rolled from an  ordinary horizontally-cast 
250 lb. w ire-bar to  in. diameter, annealed, pickled, cold-drawn on a 
block to  No. 000 S.W.G. approxim ately, and finished on a draw-bench 
w ithout interm ediate annealing to  T5¥ in. d iam eter; i t  was finally 
machined to  7 mm. in diam eter. Specimens having a diam eter of 
0-1784 in. (area sq. in.) on the  2-in. gauge-length were machined from 
the bar. This copper contained 0-016 per cent, oxygen, and in  a careful 
spectrographic analysis th e  only other im purities detected were iron 
(0-001 per cent.) and lead (0-0002 per cent.). I t  should be borne in
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mind throughout the  subsequent discussion of results th a t, whereas 
the  oxygen-free copper contained about 0-003 per cent, silver, this 
specially pure copper, while containing a small am ount of oxygen, was 
apparently  entirely silver-free; several independent spectrographic 
and chemical analyses, carried out to  detect silver, completely failed to 

do so.
B. Testing Methods.

Two different testing machines were used in this investigation, 
a 5 -ton Avery lever machine and the  5-ton range of a 20-ton Amsler 
hydraulic machine. The Amsler machine was calibrated against 
standards before the  tests were made, and a cross-check of the  two 
machines was made using a standard  steel specimen, elastic to  loads 
greater th a n  5 tons, and  an  extensom eter. The test showed th a t  
the  calibration of the  machines agreed to  within less th a n  0-5 per 

cent.
The extensom eter used in  the  determ ination of the  elastic properties 

of the  m aterials was a L am b’s roller extensom eter designed for a gauge- 
length of 2 in. The scale distance used was such th a t  1 cm. on the  scale 
represented a strain  of 1 X K H  on the  specimen. The scale was 
graduated  in mm., and a reading could be estim ated to 0-2 mm. w ith an 
accuracy of a t  least ±  0-2 mm., i.e. the strain  was estim ated to 
±  2 X 10-6. W ith such a high sensitivity as this, i t  is im portant, of 
course, th a t  tem perature variations should be very small. The tests 
were m ade in a basem ent laboratory where tem perature was constant 
to  -j- 1° C. during the  period of the test. In  addition, the  specimen 
and extensom eter were left for a t  least 1 hr. after being assembled in the 
testing machine, to  allow them  to  a tta in  a steady tem perature before 

any testing  was proceeded with.
For accurate testing of elastic properties the greatest care is 

necessary to  ensure axial loading of the specimen, and this was secured 
by  using grips of the  R obertson type. These grips were made on the 

lathe th a t  was used to  produce the  copper specimens.
All the  determ inations of elastic properties were made on the  Avery 

machine, on which the  load could be read directly to  0-01 to n  and by 
vernier to  0-001 ton. In  most of the tests on gold and silver, the  load 
was increased in  increments of 0-025 ton, and this increm ent could be 
read to  ±  0-001 ton. Thus, for an increment of stress on the  specimen 
of 0-100 ton /in .2, the  probable error was i  0-004 ton /in .2. Taking a 
mean value of E  for gold and silver as 10-5 X 106 lb ./in .2, then  the strain

0*004 Y  2240
corresponding to  i  0-004 to n /in .2 =  rfc ^ x  -^e ~ =  ±  X 10~6,

a m easurem ent approxim ately half the  sensitivity of the strain measure-
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ment. I t  follows from this th a t  the  m easurem ent of stress was about 
twice as sensitive as the  m easurem ent of strain. A ttem pts were made 
to  increase the  sensitivity of strain  m easurem ents by  reading the scale 
to  ±  0-1 mm., b u t i t  was considered after experience of this th a t  the 
increase in sensitivity was no t fully justified in all cases, and it  was 
decided to  adhere to  the  former m ethod where the strain  was measured 
to  a sensitivity of ±  2 X l O 6.

W here the  value of Y oung’s modulus is calculated from a stress- 
stra in  curve showing a very low lim it of proportionality  of stress to 
strain , the  sensitivity of s tra in  m easurem ent becomes im portant. As 
an  example, take the  case of a specimen having a lim it of proportionality  
of 0-4 to n /m .2 and  a modulus of 10-0 X 106 lb ./in .2. The calculated 
strain  a t  0-4 to n /in .2 is 90 X 10-8,and  th is may be read as 92 or 88  X 10~6 

The form er value would give E  =  9-74 X 106, while the la tte r  would 
give E  =  10-18 X 106 lb ./in .2, i.e. a  to ta l variation  of 0-44 x  108 

on a m ean value of 10 X 106 =  4-4 per cent. On th is account the 
values of E  given in th is paper and derived from  specimens having a 
lim it of proportionality  of only about 0-4 to n /in .2 and  a value of E  of 
the  order of 10 X 106 lb ./in .2 m ay be in error by about ±  2j- per cent. 
W hen the  lim it of proportionality  is 1 ton /in .2, on the other hand 
th e  value of E  will vary  only by  ±  1 per cent., and as the  limit of 
proportionality increases the  probable error in E  will decrease.

C. Annealing.

Annealings a t  tem peratures of 500° C. and over were carried out in 
an  electric muffle furnace, and  heat-trea tm ents a t  250°-400° C. in an 
electric tubu lar furnace in air. H ea t-treatm en t a t  200° C. was given 
in  an  oil-bath.

D. Stress-Strain Curves.

The stress -strain curves were p lo tted  to  a strain  scale such th a t  
1 mm. on the  paper represented a strain  of 2 X l O 6 on the specimen. 
From  the  straight-line portions of the  curves, the lim it of proportionality 
and Young’s modulus were determined. The proof stress was 
determ ined by drawing, parallel to  the  elastic line, a line d is tan t from it 
1 X 10-4 strain  or 0-01 per cent, and noting the stress a t  which i t  cut 
the  stress—strain  curve.

In  a  num ber of cases the  early p a r t of the stress-strain  curve con­
sisted of two straight-line portions having different slopes. The first 
p a r t up to  a stress of about 0-3 to n /in .2 was followed by  a m uch longer 
straight length on which the  experim ental points lay very well. In  
such cases the  lim it of proportionality  and E  were determ ined from the
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second straight-line portion and the first p a r t was ignored. The reason 
for th is peculiar form of stress-strain  relationship, present in some cases 
and absent in others, is not known, b u t i t  is interesting to  compare 
the  finding w ith th a t  of Chalmers 8 on lead specimens using an  in ter­
ference extensom eter by  which strain  was read to  10-7. Chalmers 
obtained from lead specimens a new type of closed stress-strain  loop. 
The early p a r t of the  loading line was curved, and th a t  was followed 
by a straight portion which was found to  persist up to  the  elastic limit. 
If  the  elastic lim it was not exceeded, the unloading line was an exact 
reproduction of the  loading line starting  w ith a curve and continuing 
on a straight line. I t  may be m entioned th a t  in the  loops obtained by 
Chalmers the straight lines were parallel.

In  practically every case in the  present work, the  re tu rn  line from the 
m axim um  stress down to  the  initial stress was determined, the ra te  
of unloading being the  same as the ra te  of loading. Except for the  case 
of the severely worked materials, which had  been overstrained during 
the  te s t by  only a small am ount, the re tu rn  line was curved for all of 
its length (see typical stress-strain  curves in  Figs. 1 and 2). This 
resulted in the perm anent set being less th a n  the  apparen t inelastic 
extension a t  the maxim um  load. In  all three materials, and particularly 
in  the silver, the  lim it of restitu tion  or elastic lim it was much greater 
th a n  the lim it of proportionality, in some cases it  was observed to  be 
greater by  as much as 100  per cent.

A study was made of the effect of ra te  of stressing in the case of the 
fully-annealed m aterials by  increasing the  stress in equal increments 
each 10 m inutes and taking readings of the  scale a t  1 minute, 5 minutes, 
and 10 m inutes after each stress was applied. The creep occurring a t 
the higher stresses was clearly shown by the curves obtained. The 
curves were p lo tted  in  such a way th a t  the  creep occurring during the 
period 1 -1 0  m inutes a t  any stress was eliminated from the  strain reading 
for 1 m inute after stressing a t  the  next higher stress and similarly for 
5  minutes. This enabled curves to  be obtained on the one specimen as 
if i t  had been subjected to  three separate tests simultaneously— in 
which the  stress was increased a t  1-, 5-, and 10-minute intervals, 
respectively. I t  is, of course, possible th a t  the curves obtained in  this 
way for the  1- and 5 -minute intervals are affected slightly by the  strain- 
hardening due to  the  small am ount of creep occurring during the 
10-minute interval. A very interesting feature of the  curves obtained 
was th a t  the  re tu rn  lines, while curved, were parallel for the three 
rates of stressing. This appears to  indicate th a t  th e  curvature of the 
unloading line is no t a tim e effect; in other words, is no t a phenomenon 

connected with negative creep.

Characteristics of Copper, Silver, and Gold

577



McKeown and Hudson : Stress-Strain

E. Load-Extension Diagrams to Fracture.

Most of these tests  were m ade a t  a slow ra te  on the 5-ton range of 
the  20-ton Amsler machine. In  a te s t on the  Avery machine the 
gauge-length, 2 in., was m arked on the  specimen using small centre 
punch marks, and the  machine was operated a t  its lowest speed. 
Dividers were set to  2-05 in., and when the gauge-length had extended 
to  th is am ount the  load was read off the  beam  and the tim e noted. The 
dividers were now set to  2-10  in., and the  load corresponding to  this 
gauge-length noted as before. This process was continued un til ju st 
p as t the  m axim um  load. I t  should be noted th a t  the  pulling of the 
specimen was continuous, no t a series of steps, movem ent of the  poise 
on the beam  being stopped only for the short tim e necessary to read the 
load.

In  th e  case of the  tests  on the  Amsler machine, the  gauge-length 
was measured by dividers a t  in tervals of tim e, and th e  corresponding 
loads noted.

In  each case th e  ra te  of testing  (given in the  tables) was calculated 
by  dividing the  final extension per in. of original gauge-length a t 
fracture by  the  tim e taken  for th e  test.

I I I .  R e s u l t s  o f  t h e  T e s t s .

The results of th e  tests  are given in Tables I -X V II , and typical 
stress-stra in  curves obtained are illustrated  in Figs. 1 and 2 .

A. Gold.

(1) Annealed {as received) material (Table 1).—None of the  specimens 
gave a lim it of proportionality, b u t from the  figures given in Table I 
for strain  a t  m axim um  stress applied in  the  te s t and for perm anent 
stra in  i t  would appear th a t  there was some variation in initial condition 
of the  specimens, although th ey  were received in a nominally fully- 
annealed condition.

(2) Effect o f overstrain on the annealed material (Table 17).— The 
overstrain in these tests  was produced by  pulling th e  specimens in  the  
testing  machine un til the  gauge-length had  increased by the  desired 
am ount. The effect of 5 per cent, overstrain was to  give th e  m aterial 
a definite lim it of proportionality  of D3 to n /in .2 and a 001  per cent, 
proof stress of 3 ‘6 tons/in .2, the  value of Young’s modulus being 
10-3 X 106 lb ./in .2. 8

(3) Effect o f heat-treatment after 5 per cent, overstrain (Table I I ) .—  
The effect of heat-treatm ent following 5 per cent, overstrain is set out 
in  Table I I ,  from which i t  is seen th a t  annealing a t  200° and  300° C.
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reduced the  lim it of proportionality and the  proof stress bu t increased 

the  modulus.
(4) Effect o f speed o f testing on ultimate tensile strength and elongation 

of annealed specimens.— The results of these tests  are given in Table I I I ,  
where i t  is seen th a t  reducing the  speed of testing causes a reduction in 

u ltim ate tensile strength.

Fio . 1.—Typical S tress-S train Curves for Silver and Gold.

Curve 1. Silver specimen No. 3, annealed (as received). Curves for 0-1 and 0-01
ton/in .2/minute rates of stressing.

Curve 2. Silver specimen No. 3, annealed (as received) +  5 per cent, tensile 
overstrain. .

Curve 3. Silver specimen No. 3, annealed (as received) +  5 per cent, tensile 
overstrain +  J  hr. a t  350° C.

Curve 4 .  Gold specimen No. 4 ,  annealed (as received). Curves tor 0 - 1  and  U - U l  

ton /in .2/minute rates of stressing.
Curve 5. Gold specimen No. 4, annealed (as received) +  5 per cent, tensile 

overstrain.
Curve 6 . Gold specimen No. 5, annealed (as received) +  5 per cent, tensile 

overstrain -f- / hr. a t  300° C.

(5) Effect o f overstrain and heat-treatment on the ultimate tensile 
strength and elongation (Table I V ).—The effect of 5 per cent, tensile 
overstrain was to  increase th e  u ltim ate tensile strength slightly and to 
reduce th e  elongation slightly. The effect of 5 per cent, overstrain 
followed by trea tm en t for J  hr. a t  200° C. was to  give a further increase 
in the  u ltim ate tensile strength, the  effect on th e  elongation being very 

slight.
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B. Silver.

(1) Annealed (as received) material (Table V ).— Extensom eter tests 
made on “ as received”  specimens showed some variation. Two 
of the  specimens gave a  possible small lim it of proportionality, while 
the  o ther four gave no proportionality  of stress to  strain. As in  the  case

McKeown and Hudson : Stress-Strain

F iu . 2.—Typical S tress-S train  Curves for Oxygen-Free Copper.

Curve 1. Hard-rolled and annealed 1 hr. a t  500° C. (Specimen No. 15.)
Curve 2. Hard-rolled, annealed 1 hr. a t  500° C. +  5 per cent, tensile overstrain. 

(Specimen No. 1.)
Curve 3. Hard-rolled, annealed 1 hr. a t  500° C. +  5 per cent, tensile overstrain +  

1 hr. a t  200° C. (Specimen No. 3.)
Curve 4. Hard-rolled, annealed 1 hr. a t  500° C. +  5 per cent, tensile overstrain +  

1 hr. a t  400° C. (Specimen No. 5.)
Curve 5. Hard-rolled, annealed 1 hr. a t  500° C. +  5 per cent, tensile overstrain +  

1 hr. a t  500° C. (Specimen No. 6 .)
Curve 6. Hard-rolled, annealed 1 hr. a t  500° C. +  15 per cent, tensile overstrain +  

1 hr. a t  500° C. (Specimen No. 13.)

of the  gold specimens, th e  greatest differences between the  specimens 
were shown by  the  strain  a t  1 to n /in .2 and  th e  perm anent set. From  
the  results of th e  tests  i t  would appear th a t  th e  final heat-trea tm ent 
of 10 minutes a t  500° C. given by  th e  makers did not produce material 
in  th e  fully-annealed condition, th is  trea tm en t being insufficient 
completely to  remove all effect of the  slight overstrain, which m ay have 
occurred in  machining. To investigate th is  m atte r further, specimen 
No. 2 was given tw o further trea tm ents, first 1 hr. a t  500° C., and
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secondly 1 hr. a t  700° C. The first trea tm en t failed to  remove the small 
lim it of proportionality induced by  th e  overstrain produced in  the 
initial testing, while the  second trea tm en t appeared to  produce full 
annealing.

(2) Effect o f overstrain on the annealed (as received) material (Table V I). 
— The effect of 5 per cent, overstrain was to  give the m aterial a lim it of 
proportionality of the  order of 1J  tons/in .2, a OOl per cent, proof stress 
of 3 |  tons/in .2, and a Young’s modulus of lO ' l  X 106 lb ./in .2.

(3) Effect o f heat-treatment after 5 per cent, overstrain (Table V II) .—  
After 5 per cent, overstrain J  hr. a t 200° C. had little  effect on the  limit 
of proportionality  and left the value of E  unaltered, while J  hr. a t 350° C. 
decreased th e  lim it of proportionality  and increased E  slightly. A 
specimen which had  been overstrained 5 per cent, in tension and 
subsequently heated for 1 hr. a t  700° C. still gave a small lim it of 
proportionality  on the  stress-stra in  diagram, w ith the  much higher 
value of E  =  1T3 X 106 lb ./in .2.

(4) Effect o f speed o f testing on the ultimate tensile strength and 
elongation o f annealed specimens (Table V I I I ) .— The effect of reducing 
the  speed of testing  was to  reduce the  u ltim ate tensile strength slightly.

C. Oxygen-Free Copper.

(1) Effect o f annealing the (as received) hard material.— The results 
of different annealing trea tm en ts are given in  Table IX . Annealing 
for 1 hr. a t  500° C., although giving m aterial which would be considered 
as fully annealed, did no t completely remove all traces of elasticity, 
and i t  was possible to  determine the  value of Young’s modulus after 
th is treatm ent. Annealing the  m aterial for \  hr. a t  650° C. did not 
appear to  produce any further annealing effect. The effect of a tre a t­
m ent of 1 hr. a t  200° C. was to increase the lim it of proportionality and 
the  proof stress of the  “ as received ” material. I t  m ay be noted th a t  
the  effect of the  higher tem peratures of annealing was to  produce a 
decrease in the  value of the modulus.

(2) Effect o f overstrain on the annealed material.— The annealed 
m aterial was th a t  which had received 1 hr. a t  500° C., and the results 
of the  overstrain tests  are shown in Table X. The effect of 5 per cent, 
overstrain was to  give the  m aterial a definite lim it of proportionality 
of the  order of 2‘5 tons/in .2 and  a proof stress of the  order of 5‘5 -  
6 tons/in .2. An overstrain of 10 per cent, gave a slightly lower lim it 
of proportionality b u t a high proof stress of the  order of 8  tons/in .2. 
An overstrain of 15 per cent, gave a lim it of proportionality of 2 tons/in .2 

and a proof stress of about 8'4 tons/in .2, a value higher th an  th a t  of the 
original hard  m aterial. The effect of overstrain on Young’s modulus
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m ay be noted : th e  original m aterial in the  hard  condition had  a value 
of E  of 18’3 X 106 lb ./in .2, while for the  annealed m aterial, overstrained 
5 per cent., E  was 15‘7 X 106 lb ./in .2. Overstrain of 10 and 15 per cent, 
gave values of E  of 16'5 X 106 lb ./in .2 and 17'5 X 106 lb ./in .2, 
respectively. The value for th e  fully-annealed m aterial could n o t be 
directly determined, b u t from  th e  evidence given by specimens 15 and 
16 in  Table IX , i t  is of th e  order of 17'5 to  18 X 108 lb ./in .2. The 
results seem to  po in t to  th e  conclusion th a t  a small am ount of overstrain 
produces a considerable decrease in  th e  value of Young’s modulus, while 
a larger overstrain gives a value which is higher th a n  th a t  produced by 
th e  small overstrain b u t lower th a n  th a t  of th e  annealed material. This, 
i t  should be noted, is in  complete agreem ent w ith the  results of K aw ai,6 

who showed th a t  for copper w ith increasing am ounts of cold-work 
produced by stretching, th e  value of E  a t  first decreased, reached a 
m inimum a t  approxim ately 5 per cent, elongation and th en  increased 
again.

(3) Effect o f heat-treatment after overstrain.— The effect of heat- 
trea tm en t a fte r overstrain is shown in  Table X I. The effect after 
5 per cent, overstrain m ay be summ arized as follows :

(a) L im it o f proportionality.— Treatm ents for 1 hr. a t  various
tem peratures up to  500° C. produced a t  first a slight increase, 
followed by  a gradual decrease of the  lim it w ith increasing 
tem perature of trea tm en t. T reatm ent for 1 hr. a t  500° C. 
left a lim it of about l 'O  ton /in .2.

(b) Proof stress.— The changes in proof stress corresponded w ith the
changes in  the  lim it of proportionality.

(c) Young’s modulus.— Treatm ents for 1 hr. a t  100°, 200°, and
300° C. produced little  effect on th e  modulus, b u t such effect 
as there was appeared to  indicate a definite small increase; 
while trea tm en ts for 1 hr. a t  400° and  500° C. produced a 
fu rther and decided increase.

The effects of trea tm en ts for 1 hr. a t  various tem peratures up to 
500° C. after 15 per cent, overstrain was to  decrease gradually the  lim it 
of proportionality, th e  last trea tm en t removing all traces of pro­
portionality  of stress to  strain . The value of Y oung’s modulus was 
again increased by increasing tem perature of trea tm ent.

(4) Load-extension diagrams to fracture.— The results of the  tests  
on th e  copper specimens are given in Table X II I ,  and typical curves 
of stress and extension are shown for th is  m aterial (and also for th e  gold 
and silver) in Fig. 3. I t  should be noted th a t,  in accordance w ith usual 
practice, in  these curves th e  stress in  each case is th e  load divided by  
the  area of cross-section of the  specimen a t  th e  commencement of the
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test, in  o ther words the “ nominal stress.”  A ttention m ay be directed 
to  th e  tendency for slight increase of the  u ltim ate tensile strength by 
low-tem perature annealing after the  5 per cent, overstrain in the copper 
specimens.

The load-extension curves for the  m aterials in  the  fully-annealed 
condition have been re-plotted as curves of true  stress and strain, the

Curve. 1. Oxygen-free copper specimen. H ard  rolled and annealed J  hr. a t 
650° C.

Curve 2. Silver specimen. Annealed (as received).
Curve 3. Gold specimen. Annealed (as received).
Curve 4. Oxygen-free copper specimen. H ard rolled, annealed £ hr. a t  650° C. +

5 per cent, tensile overstrain +  2 hrs. a t  350° C.
Curve 5. Gold specimen. Annealed (as received) -f- 5 per cent, tensile over­

stra in  -+- I hr. a t  200° C.

cross-sectional area of the  specimen a t  any  extension being determined 
by  assuming constant volume of the  gauge-length portion of the 
specimen. A ttem pts have been made in the  manner indicated by 
G. I. Taylor 9 to  determine suitable parabolas to  fit these curves, b u t 
no true  fits were obtained. The equations of the  parabolas which fitted 
th e  curves best in  the  region of ( H -0 ’2 strain  were as follows, S  being 
th e  stress in  tons per sq. in. and s the  strain. _ / f Z \ 0

Pure gold . S  =  19T t / s

Pure silver . . S  =  19'4 V s  (POLITECHNIK!

Oxygen-free copper . S  =  33 '6  V s  V r \  /

D. High-Purity Silver-Free Copper Containing O016 Per Cent.
Oxygen.

(1) Effect o f annealing the (as received) hard material (Table X I V ).—
The effect of annealing the  “ as received ”  m aterial a t  500° or 600° C. 
was to  remove completely all traces of proportionality of stress to 
strain. The effect of heat-trea tm ent of the  “ as received ” m aterial
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for 1 hr. a t  200° C. was to  reduce the lim it of proportionality from about 
2 to  1'27 tons/in .2, the  proof stress from 9 to  7 tons/in .2, and to  increase 
th e  modulus very slightly.

(2) Effect o f overstrain on annealed material (Table X V ).— The 
effect of 5 per cent, overstrain on th e  annealed m aterial was to  give it  
a lim it of proportionality  of 1 to  1'25 tons/in .2 and  a modulus of 
16‘6 X 106 lb ./in .2, com pared w ith 19’9 X 10® lb ./in .2 in  the  original 
m aterial in  the  hard  sta te . The effect of 15 per cent, overstrain on the  
annealed m aterial was to  give a lim it of proportionality  of T4 tons/in .2 

and a modulus of 18T X 106 lb ./in .2.
(3) Effect o f heat-treatment after 5 'per cent, overstrain (Table X V I ).— 

The effect of hea t-trea tm en t a t  200° C. a fte r 5 per cent, overstrain was 
to  increase slightly the lim it of proportionality  and the  Young’s modulus. 
Treatm ents a t  300° and 400° C. decreased th e  lim it of proportionality 
and increased th e  modulus, trea tm en t a t 500° C. removing all traces 
of proportionality  of stress to  strain.

(4) Effect o f heat-treatment on ultimate tensile strength (Table X V I I ).— 
The effect of overstraining th e  annealed m aterial 5 per cent, was to 
increase th e  u ltim ate tensile strength  slightly, and annealing trea tm ents 
up to  400° C. did no t reduce th e  value appreciably. 1 hr. a t  500° C., 
however, caused a considerable reduction in  u ltim ate tensile strength. 
The effect of 15 per cent, overstrain on the  annealed m aterial was to  
increase the  u ltim ate tensile strength  from 15 to  17'25 tons/in .2.

A large num ber of specimens broke a t  or close to  the  gauge-mark, 
and consequently i t  is no t possible to  reach very definite conclusions 
as to  th e  effect of overstrain and heat-trea tm en t on the  elongation.

IV . Co m p a r is o n  o f  t h e  O x y g e n - F r e e  a n d  O x y g e n -Co n t a in in g

Co p p e r s .

A. Elastic Properties.

In  the  annealed condition (up to  650° C.) the  oxygen-free copper 
tended to  re ta in  some small range of proportionality  of stress to  strain, 
whereas the  oxygen-containing copper showed no such range.

The effect of 5 per cent, overstrain in the  case of the  oxygen-free 
copper was to  give i t  a lim it of proportionality  of the order of 2-5 tons /in.2, 
whereas in  the  case of the  oxygen-containing copper the  lim it was only 
of the  order of 1 ton /in .2. On the  o ther hand, the  Y oung’s modulus 
was higher in the  case of the  oxygen-containing copper th a n  the  oxygen- 
free copper after th is am ount of overstrain. A fter 15 per cent, 
overstrain, the  oxygen-free copper had a  lim it of proportionality  of 
2 tons/in .2 and a modulus of 17’65 X 106 lb ./in .2, the  corresponding
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figures for the  oxygen-containing copper being 1-4 tons/in .2 and
18-1 X 106 lb ./in .2.

In  bo th  coppers hea t-trea tm en t following overstrain produced a 
lowering in  th e  lim it of proportionality  and an increase in the  Young’s 
modulus. In  the  case of the  oxygen-free copper, however, trea tm en t 
for 1 hr. a t  500° C. following 5 per cent, overstrain produced a lim it of 
proportionality  of the  order of 1 ton /in .2, whereas similar trea tm en t 
in  th e  case of the  oxygen-containing copper removed all traces of 
proportionality  of stress to  strain.

B. Ultimate Tensile Strength.

In  the fully-annealed condition the  u ltim ate tensile strength of the 
oxygen-containing copper was more th a n  1 to n /in .2 higher th a n  th a t  of 
the  oxygen-free copper, and throughout th e  various trea tm ents th is 
difference in th e  strength  was approxim ately maintained. I t  m ay be 
noted th a t  the  reduction in area is greater for the oxygen-free th a n  for 
th e  oxygen-containing copper.

The effect of oxygen in  slightly increasing the  ultim ate tensile 
strength  of copper is well known, b u t its  effect on the  elastic properties 
of the  copper has n o t been very fully investigated. In  the  present work 
i t  is no t clear, however, w hether the  superior elastic properties of the 
oxygen-free copper are due to  the  absence of oxygen alone or in p a r t to  
the  presence of the  small am ounts of other impurities, e.g. silver (0’003 
per cent.).

Y. T h e  E f f e c t  o f  V e r y  S m all  A m o u n t s  o f  Ov e r s t r a in .

The effect of a very small am ount of overstrain on the  stress-strain 
characteristics of the  m aterials tested  has been considered for the  two 
cases :

(1) W hen the  specimen is re-tested w ithout any  interm ediate
treatm ent.

(2) When the  specimen is re-tested after treatm ent.

In  the  case of the  oxygen-free copper the  results of some tests  are 
given in Table X II , and from these it  will be seen th a t  the  application 
of a very small overstrain produced a considerable increase in  the  
lim it of proportionality. I f  such overstrain is now followed by a heat- 
trea tm en t a t  500° or 600° C., the  lim it of proportionality is reduced bu t 
is still higher th a n  the  original lim it. The effect on the  modulus is 
the  reverse, the small overstrain producing a small, b u t apparently
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definite, decrease of th e  value of E , which is more or less completely 
restored by the  subsequent heat-treatm ent.

A specimen of gold in  th e  “ as received ” annealed condition which 
had  been slightly overstrained to  the  ex ten t of O'147 per cent., and then  
hea t-trea ted  for 10 m inutes a t  500° C., had a lim it of proportionality  
of 0-4 to n /in .2, the  value of E  being 107  X 10« lb ./in .2. A similar 
silver specimen which had  been overstrained 0-0368 per cent, and heated 
for 1 hr. a t  500° C. gave a lim it of proportionality  of 0 4  to n /in .2 and a 
Young’s modulus (E) of 10'7 x  10® lb ./in .2 .

These results illustrate  th e  im portance of slight overstrains in  their 
effect on th e  s tress-stra in  characteristics and also th e  retention  of some 
of the  effects of th e  overstrain a fte r trea tm en t a t  com paratively high 
tem peratures.
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A PPEN D IX .

Table I.— Gold. Properties o f Annealed (As Received) Material 
(Extensometer Tests).

Specimen
No.

Bate of 
Stressing, 

Tons/in.2/minute.

Limit of Pro­
portionality, 

Tons/in.a.

Maximum 
Stress Applied, 

Tons/in.2.

Strain x  101 
a t Maximum 

Stress.

Permanent 
Strain, x  10*.

1 0-6 n il 1 0 30-20 28-4

2 0 1 n il 0-8 22-40 20-80
6 0-1 n il 1 0 18-30 16-32

3 001 n il 0-8 16-30 14-70
4 0-01 n il 101 8-98 6-90
5 001 n il 1 0 26-14 24-10

Table II.— Gold. Effect o f Heat-Treatment after 5 per Cent. Over­
strain (Extensometer Tests).

Speci­
men
Ho.

Heat-Treatment.

L im it of 
Propor­

tionality, 
Tons/in.2.

0-01%
Proof
Stress,

Tons/in.2.

Young’s
Modulus,
Lb./in.2
-f- 106.

Maximum
Stress

Applied,
Tons/in.2.

Strain 
x 104 a t 

Maximum 
Stress.

P er­
manent 
Strain, 
X 104.

4 
6
5

i  h r .  a t  *200° C. 
\  h r .  a t  300° C.

1-30
0-75
0-60

3-60
2-65
2-85

10-3
10-7
11-3

403
3-365
4-045

10-36
9-02

12-60

1 1 2
1-40
3-40

Table I I I .— Gold. Effect of Speed o f Testing (Tests to Fracture).

Speci­
men
No.

Condition.

Rate of 
Pulling, 
In ./in ./ 
minute.

Ultimate
Tensile

Strength,
Tons/in.2.

Elongation, 
on 2 in., 

Per Cent.

Reduction 
in Area, 

Per Cent.

1 Annealed as received 0-05 7-89 73 90
2 0-05 7-88 72-5 90
3

+  10 minutes a t  500° C.
0-009 7-56 68 92

Table IV.— Gold. Effect o f Overstrain and Heat-Treatment (Tests 
to Fracture) Rate o f Pulling in  all tests 0'05 in ./in ./m inute.

Speci­
men
No.

Condition.

Ulti-
mate

Tensile
Strength,
Tons/in.2.

Elonga­
tion, 
on 2 

in., Per 
Cent.

Reduc­
tion in 
Area,
Per

Cent.

1 Annealed as received . . . . . . 7-89 73 90
4 „ „ „  +  5 per cent, tensile overstrain 7-97 65 87
6 „ „ „  -f- 5 per cent, tensile overstrain 

+  i  hr. a t  200° C.
8-20 64-5 93-5
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T a b l e  V.—Silver. Properties o f Annealed (As Received) Material 
(Extensometer Tests).

Speci­
men
No.

Condition.

Rate of 
Stres­
sing, 
Ton / 
in.2/ 

minute.

Lim it 
of Pro­

portion­
ality, 
Tons / 
in.2.

0-01%
Proof

Stress,
Tons/
in.2.

Young’s
Modu­

lus,
Lb./in.2
-i- 106.

Maxi­
mum
Stress

Ap­
plied,
Tons/
in.*.

Strain 
X 10* 

a t 
Maxi­
mum 

Stress.

Per­
manent 
Strain, 
X 10*.

1 Annealed as received 0-1 0-3 0-7 10-3 1 0 1416 12-06
5 99 99 99 0 1 nil 1 0 11-50 9-40
6 99 99 99 0 1 0-3 0-65 111 1 0 2 2 0 2 19-90

2 Annealed as received 0-01 nil 1 0 5-76 3-68
3 ,, ,, „ 0-01 nil 1 0 8-42 6-40
4 99 99 99 001 nil 1 0 5-28 3-30

2 1 hour a t  500° C. 0-01 0-4 0-9 10-7 1 0 3-70 1-70
2 1 hour a t  700° C. 001 nil 1 0 23-38 21-40

T a b l e  V I.—Silver. Effect o f  5 per Gent. Overstrain on Annealed 
M aterial (Extensometer Tests).

Specimen
No.

Limit of Pro­
portionality, 

Tons/in.2.

0-01% Proof 
Stress, 

Tons/in.2.

Young’s
Modulus,
Lb./in.2

10«.

Maximum
Stress

Applied,
Tons/in.2.

Strain 
x 104 at 

Maximum 
Stress.

Permanent
Strain,
X 104.

2
3

1-90
1-30

3-70
3-30

101 
10-1

3-76
3-76

912
1000

0-80
1-34

T a b l e  V II.—Silver. Effect o f Heat-Treatment after 5 per Cent. 
Overstrain (Extensometer Tests).

Speci­
men
No.

Heat-
Treatment.

L im it of 
Propor­

tionality, 
Tons/in.2.

0-01%
Proof

Stress,
Tons/in.*.

Young’s
Modulus,
Lb./in.2
-T- 10«.

Maximum
Stress

Applied,
Tons/in.8.

Strain 
X 104 a t 

Maximum 
Stress.

Per­
manent 
Strain, 
x 104.

2 \  hr. a t  200° C. 1-80 3-5 101 3-34 7-70 0-48
2 \  hr. a t  350° C. 1-20 3-15 10-3 3-76 11-24 2-62
5 1 hr. a t  700° C. 0-30 0-5 11-3 0-63 6-12 5-02

T a b l e  V III .— Silver. Effect o f Speed o f Testing (Tests to Fracture).

Speci­
men
No.

Condition.
Rate of 
Pulling, 

In./in./minute.

Ultimate
Tensile

Strength,
Tons/in.2.

Elongation on 
2 in., Per 

Cent.

Reduction 
in Area, 

Per Cent.

1 Annealed as received 0-05 9-61 65 91-5
4 99 99 99 0-01 9-19 60 90
6

” 0-01 9-16 67-5 91
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T a b l e  IX .— Oxygen-Free Copper. Effect o f Annealing (Extensometer
Tests).
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, 

x 
10

4.

0 As received (hard) 2-2 8-1 18-3 8-0 10-4 0-62
14 „ +  1 hr. a t  200° C. 3-4 9-0 18-7 9-2 11-78 0-55
0-2 „ +  1 hr. a t  500° C. A.C. 0-6 1-4 15-3 2-0 7-80 5-26
0-3 „ +  I  hr. a t 650° C. A.C. 0-6 1-3 15-7 2-0 7-40 5-00
7 „ +  I h r .  a t  500° C.F.C . 0-6 1-4 16-4 2-0 6-85 4-58

15 ,, ,, 4- 1 hr. a t  500° C. F.C. 0-36 1-5 17-3 1-6 3-36 1-20
16 „  +  4 hr. a t  650° C. F.C. 0-37 1-48 17-9 1-625 3-40 1-40

A.C. =  Air-cooled. F.C. =  Furnace cooled.

T a b l e  X.— Oxygen-Free Copper. Effect o f Overstrain on Material 
Annealed  1 Hr. at 500° C.F.C. (Extensometer Tests).

Speci­
men
No.

Amount of 
Overstrain, 
Per Cent.

Lim it of 
Propor­

tionality, 
Tons/in.2.

0-01%
Proof
Stress,

Tons/in.2.

Young’s 
Modulus, 
Lb./in.2 
-=- 10«.

Maximum
Stress

Applied,
Tons/in.2.

Strain 
X 104 at 

Maximum 
Stress.

Per­
manent 
Strain, 
X 10*.

1 5 2-64 5-7 15-8 6-08 9-60 1-20
17 5 2-20 5-95 15-7 600 9-20 0-68
8 10 2-16 7-9 16-5 9-54 14-32 1-06
9 15 2-00 8-4 17-7 10-20 14-42 0-78

T a b l e  X I.—Oxygen-Free Copper. Effect o f Heat-Treatment after 
Overstrain (Extensometer Tests).
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4.

5 2-42 5-8 15-7
2 5 1 h r .  a t  100° C. 2-62 6-1 16-2 6-84 10-76 1-44
3 5 1 h r. a t  200° C. 2-44 5-7 16-2 6-49 10-12 1-16
4 5 1 h r .  a t  300° C. 1-80 5-2 16-5 6-04 9-94 1-76
5 5 1 hr. a t  400° C. 1-80 5-1 17-3 6-42 12-42 3-58
6 5 1 h r . a t  500° C. 1-00 4-7 17-8 5-62 10-00 2-22

24 5 1 h r. a t  500° C. 0-73 4-2 18-2 5-36 12-32 4-42

9 15 2-00 8-4 17-7 10-20 14-42 0-78
12 15 I h r .  a t  200° C. 1-88 8-5 17-7 9-36 13-04 0-64
18 15 1 h r. a t  300° C. 1-55 7-2 17-9 8-82 12-32 0-56
19 15 1 h r. a t  400° C. 0-88 6-2 18-5 8-76 12-46 0-70
13 15 1 h r .  a t  500° C. nil 1-975 5-88 3-60
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T a b l e  X II .— Oxygen-Free Copper. Effect o f Very Sm all Am ounts 
o f Overstrain (Extensometer Tests).

Speci­
men
No.

Overstrain, Per Cent. Treatment after 
Overstrain.

Lim it of 
Propor­

tionality, 
Tons/in.8.

Young’s 
Modulus, 
Lb./in.8 
H- 10«.

Per­
manent 
Set, Per 

Cent.

20 n il
0033
00358
0-0358 +  0-0412 
0-0358 +  0-0452 
0-0358 +  0-0452 +  0-0420

n il
n i l

1 h r .  a t  500° C. 
n il

1 h r .  a t  600° C. 
n il

0-37
1-24 
0-62 
1-03 
0-54 
0-86

18-4
17-7
18-3
17-3
18-1 
17-6

0-033
0-0358
0-0412
0-0452
0-0420
0-0468

T a b l e  X II I .— Oxygen-Free Copper. Effect o f Overstrain and Heat- 
Treatment (Tests to Fracture).

(R ate of Pulling in all Tests 0-05 in ./in ./m inute.)

Speci­
men
No.

Condition.

Ultimate
T e n s i le

Strength,
Tons/in.8.

Elonga­
tion, on 

2 in., Per 
Cent.

Reduction 
in Area, 

Per 
Cent.

As received . . . . . . 18-5 29 85-5
14 1 hr. a t  200° C. F.C .............................................. 18-2 28-5 86
7 1 hr. a t  500° C. F.C.................................... 13-65 58 86

15 1 hr. a t  500° C. F .C .............................................. 13-73 62 90
10 \  hr. a t  650° C. F .C .............................................. 13-68 62 88-5
16 1 hr. a t  650° C. F .C .............................................. 13-76 63 90

1 1 hr. a t  500° C. F.C. +  5 per cent, overstrain 14-15 58 87
17 1 hr. a t  500° C. F.C. 4  5 per cent, overstrain 13-82 58-5 88
2 I hr. a t  500° C. F.C. -j- 5 per cent, overstrain 

+  1 hr. a t  100° C.............................................. 14-47 58-5 88
3 1 hr. a t  500° C. F.C. +  5 per cent, overstrain 

+  1 hr. a t  200° C.............................................. 14-55 60 86-5
4 1 hr. a t  500° C. F.C. 4  5 per cent, overstrain 

+  1 hr. a t  300° C. . . 14-40 59 85-5
5 1 hr. a t  500° C. F.C. 4  5 per cent, overstrain 

4  1 hr. a t  400° C.............................................. 14-25 60-5 87-5
6 1 hr. a t  500° C. F.C. 4  5 per cent, overstrain 

+  1 hr. a t  500° C. . . . . 14-48 63 87
22 1 hr. a t  500° C. F.C. 4  5 per cent, overstrain 

4  1 hr. a t  500° C. . . . . 14-3 61 89
8 1 hr. a t  500° C. F.C. 4  10 per cent, overstrain 14-75 54 86
9 1 hr. a t  500° C. F.C. )- 15 per cent, overstrain 15-43 46 85-5

12 1 hr. a t  500° C. F.C. -j- 15 per cent, overstrain 
4  1 hr. a t  200° C.............................................. 15-72 49 88

18 1 hr. a t  500° C. F.C. 4  15 per cent, overstrain 
4  1 hr. a t  300° C.............................................. 15-18 * 87-5

19 1 hr. a t  500° C. F.C. 4  15 per cent, overstrain 
+  1 hr. a t  400° C. . . . . 14-80 48-5 88

13 1 hr. a t  500° C. F.C. 4  15 per cent, overstrain 
4  1 hr. a t  500° C.............................................. 13-70 66-5 91

* Broke a t  gauge-mark. 
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T a b l e  X IV  — Oxygen-Containing Copper o f Very High Purity. 
Effect o f Annealing (Extensometer Tests).
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1 
10
2 
8 
3

As received . . . .
„  + 1  hr. a t  200° C.

” n - ( - I  hr. a t  500° C. F.C.

” „  4 -1  hr. a t  600° C. F.C.

1-97
1-27
nil
nil
nil

9-2
6-9

19-9
20-4

12-5
9-07
2-68
1-21
2-98

15-84
10-92
8-48
4-00
5-17

0-96
0-41 
5-08 
2-70
1-50

T a b l e  XV.— Oxygen-Containing Copper. Effect o f Overstrain on 
Annealed Material (Extensometer Tests).
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7 5 1-0 16-6 2-46 3-30 0-18
5 1-04 4-65 17-0 6-35 10-52 1-60

11 5 1-27 6-3 16-7 7-25 12-04 1-84

13 1 h r .  a t  500° C. 15 1-40 6-6 18-1 8-97 12-92 0-91

T a b l e  X V I.— Oxygen-Containing Copper. Effect o f Heat-Treatment 
after 5 per Cent. Overstrain (Extensometer Tests).
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9 1-04 4-65 17-0 6-35 10-52 1-60
1 hr. a t 200° C. 1-25 4-46 17-6 6-0 9-46 1-20
1 hr. a t  300° C. 0-90 4-25 18-6 6-28 10-52 1-90
1 hr. a t  400° C. 0-30 1-61 18-4 2-15 4-96 2-30
1 hr. a t  500° C. n i l 2-46 3-30 0-18

12 „ „  500° C. . 1 hr. a t  300° C. 0-91 4-50 17-8 6-38 10-70 1-92
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Stress-Strain Characteristics

T a b l e  X V II.— Oxygen-Containing Copper. (Tests to Fracture.)

(R ate  of Pulling in all Tests 0-05 in./in ./m inute.)

Speci­
men
No.

Condition.
Ultimate
Tensile

Strength,
Ton/in.3.

Elonga­
tion, on 2 

in., Per 
Cent.

Beduc- 
tion in 

Area, Per 
Cent.

1 As received (hard) . . . . 23-8 * 58-5
10 „ - f  1 hr. a t  200° C. 23-6 9 t 64-7
2 „ „ „ -|- 1 hr. a t  500° C. F.C. 150 50-5 83-6
8 99 99 99 99 99 99 ,, 150 43f 80-5
3 „ „ 600° C. 

As received 1 hr. a t  600° C. F.C. +  
cent, overstrain . . . .

15-05 42-5 83-3
9 5 per

15-55 38f 77
4 As received -+- 1 hr. a t  600° C. F.C. +  

cent, overstrain +  1 hr. a t  200° C.
5 per

15-6 40-5 82-7
5 As received +  1 hr. a t  600° C. F.C. -f  

cent. overstrain +  1 hr. a t  300° C.
5 per

15-5 41-0 79-8
6 As received +  1 hr. a t  600° C. F.C. -f- 

cent, overstrain +  1 hr. a t  400° C.
5 per

15-4 36-0 79-8
7 As received -f- 1 hr. a t  600° C. F.C. -|- 

cent. overstrain -f- 1 hr. a t  500° C.
5 per

13-8 43-5 79-2
11 As received -+- 1 hr. a t  500° C. F.C. +  

cent, overstrain . . . .
5 per

15-75 * 77
12 As received +  1 hr. a t  500° C. F.C. +  

cent, overstrain -+• 1 hr. a t  300° C.
5 per

15-8 * 80
13 As received +  1 hr. a t  500° C. F.C. +  15 per 

cent, overstrain . . . . . 17-25 22 74-5

* Fractured  a t  gauge-mark. f  F ractured  close to gauge-mark.
F.C.—Furnace cooled.
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T H E  E S T IM A T IO N  O F G R A IN -S IZ E  I N  T H E  
R E G IO N  A B O V E  10*  CM.*

By R. A. S T E PH E N ,t M.Sc., M em b er , and R. J .  B ARN ES,f Ph.D.

Sy n o psis .

X -ray methods proposed for determining grain-sizes above 1CT3 cm. 
are critically examined. I t  is shown th a t  to be generally applied in 
practice any such m ethod m ust use the  same specimens as are used by the 
m etallurgist for microscopic examination. This necessitates the  use of 
back reflection photographs, except in the case of th in  sheets.

A new method for determining a value for average grain-size solely 
from X -ray results is described.

An empirical m ethod too is considered for determining average sizes 
from a graph. The graph is derived from plotting spots on a given (hlcl) 
reflection against the  grain-size of standard  specimens.

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

As th e  ordinary m ethod of grain counting is tedious and cannot as a 
rule be applied non-destructively, the  authors undertook an  investiga­
tion  into an alternative m ethod of grain-size determination, particularly 
as th e  control of grain-size is becoming of more im portance in m etal­
lurgical practice. Perusal of the  literature showed th a t  various claims 
in  connection w ith X -ray diffraction methods have been p u t forward 
from tim e to  time. These methods have no t been applied in industry  
to  any  extent, and i t  was decided, therefore, to  examine critically 
their practical or theoretical disadvantages; these are no t always 
apparen t from the opinions expressed in the  papers themselves.

Czochalski took Laue photographs through th in  specimens, and a 
qualitative idea of the  grain-size was obtained by  comparison w ith 
pictures of s tandard  specimens. The Laue m ethod cannot be applied 
generally, except in  th e  case of th in  sheet work. I t  is, too, a qualitative 
test, and investigation on the  counting of spots shows th a t  th e  m ethod 
is very difficult to  apply quantitatively. The Laue m ethod cannot 
be regarded, therefore, as practicable for general use.

The diffraction lines in  a powder photograph w ith a grain-size 
above Kb3 cm. become spotted, i.e. individual reflections can be sorted

* Manuscript received August 10, 1936.
f  X -ray Service Laboratory, Philips Lamps, Limited, London.

Note to Abstractors and Other Readers.—This paper will be published, in 
permanent form, in the Journal of the Institute of Metals, Vol. LX, 1937. 
Reference should accordingly be as follows: J . Inst. Metals, 1937, 60 (Advance 
copy).
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out. Glocker 1 published details in  which the  sizes of the  spots were 
shown to  be proportional to  the  grain-size, and th is  was elaborated by 
Clark and Zimm er .2 This involves m easuring the  size of diffraction 
spots a difficult t a s k ; in fact, i t  is more tedious th a n  ordinary grain 
counting w ith th e  microscope. I t  also seems open to  objection on 
th e  grounds th a t  grains of equal size are no t necessarily equally im ­
perfect. This m ethod, too, cannot be considered to  be of great utility , 
except for noting variations of grain-size in the  area examined.

Recently S hdanow 3 has published a paper describing another 
method, which a t  first sight appears to  be more promising. This is 
based on ra the r a different v iew -point; if a large num ber of crystals 
are arranged a t  random  and are irrad ia ted  by  monochromatic X-rays, 
a certain proportion will be in  a position to  reflect in  accordance with 
the  Bragg law. From  the  num ber of reflections, knowing the  dimen­
sions of th e  camera and  pinhole system, i t  is possible to  calculate the  
num ber of grains irradiated. Since th e  volume irradia ted  is known, 
th e  grain-size can be deduced. The au thors again used th in  slips, 
i.e. transm ission p ic tu res; i t  appears th a t  th is  was done to  arrive a t  
an  accurate knowledge of th e  volume irradiated. This m ethod, 
although theoretically  sound, m ust be rejected in  practice on the grounds 
th a t  transm ission pictures necessitate th in  slips, and as monochromatic 
radiation  m ust be used, the  exposures are long. The present authors 
have endeavoured to  extend th is  trea tm en t to  reflection pictures.

Short references have been published by th e  National Physical 
L aboratory  on X -ray  methods of determ ining grain-size, which appear 
to  rest on a similar argum ent, b u t in which reflection pictures are 
obtained. This, of course, is much better, for in practice much shorter 
exposures result, and th e  m ethod is non-destructive. A paper dealing 
with th is  subject has no t apparen tly  been published.

The present authors have been studying th is question for some time, 
and during th is  period these la tte r  references have appeared. The 
reflection technique was considered. During th e  theoretical tre a t ­
m ent m any difficulties arose in  arriving a t  a rigid formula to  be applied 
quantita tively. To obtain  a relation for relative grain-sizes a t  first 
appeared easy, b u t a  closer exam ination showed th a t  i t  is very difficult 
to  derive a satisfactory relation between grain-size and the  num ber of 
spots to be used as a basis for relative grain-size determ ination. A 
fairly simple m ethod for determ ining th e  absolute grain-size of a specimen 
was evolved.

In  P a r t I  of th is paper this new m ethod for determining an  absolute 
value for the  m ean grain-size by X -rays is described. The X -ray 
d a ta  for grain-sizes of samples of alum inium  are compared with the 
microscopic measurem ents of grain-sizes of th e  same specimens.
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In  P a r t  I I  the  determ ination of relative grain-sizes is considered, 
and the  difficulties in  arriving a t a rigid expression are discussed. The 
num bers of spots which can be counted on reflection photographs are 
p lo tted  against the  actual grain-sizes of samples, and a smooth curve 
obtained. Such a m ethod once standardized can be applied in practice 
in a simple way, and seems to  be less laborious th a n  ordinary grain 
counting by  the  microscope. The same photographs, too, yield infor­
m ation on recrystallization, release from internal strain  or directionality 
— inform ation which cannot be obtained by ordinary metallurgical 

examination.

P a r t  I.

Theoretical.

In  th is the  derivation of the  formula relating grain-size to  the  number 
of spots in  a definite (Ml) line for a definite grain-size is given for a 

back reflection picture.
I f  a specimen consisting of a large num ber of small crystals orientated 

a t  random  be irradia ted  by  a fine pencil of monochromatic X-rays, 
then, in  general, some of the  crystals will be so oriented th a t  they  give 
a  certain (Ml) reflection in  accordance w ith  the  Bragg law. If  the 
geometrical conditions are chosen correctly, there will, in general, be 
one spot on the  photographic film corresponding to  one grain,* and so 
the  num ber of spots will determine th e  num ber of crystals in  a position 
to  give th is particular (Ml) reflection. For certain experimental 
conditions one can calculate the  probability  th a t  a single crystal will 
be in  a position to  give th is (Ml) reflection. Combining th is proba­
bility  factor w ith the  num ber of spots observed on the  film for this 
reflection, i t  is possible to  deduce the  to ta l number of grains irradiated. 
If, therefore, for the  same set of experimental conditions the  volume of 
the  specimen irradia ted  is known, the  grain-size can be determined.

The calculation of the  factor F , expressing the probability of re­
flection, is for the  usual way of taking powder photographs impossible. 
S hdanow 3 determ ined th is graphically, and took into account the 
size of th e  focus of the X -ray tube used and the  usual haphazard 
geometry of the  norm al pinhole system. This author discussed the  
general case and mentioned the  simplification which results from a long 
or narrow diaphragm , a m ethod which the  present authors use. The 
use of a long pinhole system whose dimensions and position w ith respect 
to  the  focus of th e  X -ray  tube are such th a t  i t  is completely filled 
w ith X -radiation, simplifies the  m athem atics and  renders easy the 
calculation of F. Shdanow still utilized the  transm ission through a

* I t  is possible to get two spots from one grain if the divergency of the  primary 
beam be large enough.

Grain-Size in the Region above 10“3 cm.
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th in  specimen, a m ethod which has been discarded by  the  present
authors for the  reasons previously given, i.e. long exposures and rarely 
applicable in  practice.

In  Fig. 1 S S  is a pinhole system  of diam eter a placed in  such a 
position w ith respect to  the  focus of th e  X -ray  tube th a t  i t  is completely 
filled w ith radiation. CC is th e  specimen w ith its  plane face per­

pendicular to  the  incident rays 
a t  a distance D  from  the  front 
of th e  diaphragm.

L et P  be th a t  p a r t of the 
specimen contained w ithin a 

I cylinder co-axial w ith the  dia-
|  phragm , of diam eter a and

depth  d, where d is the  effective 
dep th  to  which the  X -rays pene­
tra te  th e  specimen.*

There is incident a t  anypo in t 
A  in P  a solid circular cone of 
rays defined by the  front open­
ing of th e  diaphragm  and the  
po int A  ; and since d and a are 

small compared w ith D  the  cone can be regarded as right-angled and 
constan t whenever A  m ay be in  P. W ith A  as centre, construct a 
reference sphere of radius D. L et A K  be any  one of the  cone 
of rays incident a t  A ,  le t A N  be the  norm al to  a set of planes in 
a crystal a t  A ,  and le t N L  be the  norm al from  N  to  th e  ray  A K .  If  
angle K A N  =  (90° — 0), where 0 is the  glancing angle of reflection, 
then  a reflection will result, hence if N  fall on a circle with N L  =  D  
sin (90° — 0) as radius, a reflection of the ray  A K  will occur. Similarly, 
for any  other ray  of th e  cone to  be reflected N  m ust lie on the  appropriate 
circle. The envelope of these circles is a belt of area 2-iD  sin (90° — 0)a 
around the  sphere, so th a t  the  probability  th a t  th is set of planes will 
reflect one of the rays of th e  cone is

area of belt 
area of surface of sphere 

■ e p  __ 2nD  sin (90° — 8)a a cos 0
iizD 2 ~  2D  '

* The actual estim ation of d  is no t e asy ; i t  m ay be regarded, however, as th a t  
depth beyond which any grain gives a reflection so weak th a t  i t  cannot be seen 
on the  film by visual observation. This distance d depends on the  grain-size, 
i.e. i t  is possible for a  large grain a t  average depth d below the  surface to give a 
ju st visible spot, whereas a small grain a t  average depth  d would give a  spot which 
would no t be visible owing to its  lesser intensity. Tor one particular grain-size 
and for a  definite tim e of exposure, d can be  regarded as a  constant.
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Grain-Size in  the Region above 1 0 3 cm.

If  there are N  grains in P , then  the  probable num ber of reflections 
from  a given plane from  the  grains in P  is

N  cos Qa 
2 D

L et Y  be the  num ber of spots for a given (hid) reflection coming from 

the  grains in zone P.
m, N j  cos 0a
Then * =  2 7 7 -

where j  is the  num ber of planes in the  particular form.

2 D Y
N  =

ja  cos o
y

If V  is the  volume of zone P  the  volume of 1 grain =  ^  and the

m ean length of the  grain edge, G, is given by 

G =  3
Vja  cos 0 

W Y ...................................... U

In  the  foregoing we have dealt w ith the central zone P  alone, which 
is easily amenable to  m athem atical analysis.

W ith the  experimental conditions as depicted in Fig. 1 a  limited 
part, Q, of th e  specimen lying outside P  is irradiated by  the  more 
oblique rays passing through the  diaphragm, and so Q will also produce 
spots corresponding to  th is  (hkl) reflection. A little  consideration 
will show th a t  the  pencil of rays incident a t any point in Q no t only 
varies the  further rem ote the  point is from P, b u t also is of such shape 
th a t  the  factor F  expressing the  probability of reflection cannot be 
rigidly calculated. Shdanow used a graphical m ethod to  determine F  

for th is zone.
I f  now the diaphragm  is long enough to  come practically to  the 

front surface of the  specimen, the  outer zone Q becomes very small 
and can be neglected. This is only the  case either for a long diaphragm  
or if a circular “ stop ”  of diam eter a is placed concentric with the  axis 
of the diaphragm  so th a t  only reflections from P  are allowed to  register 
on the  film. In  the  experimental portion to  follow the  long diaphragm  
has been m ainly used.

Considering expression (1), we find th a t  i t  is required to  know V.

Now V  is equal to  X d (the effective depth). U nfortunately  d is

no t constant, b u t varies w ith the  grain-size. This introduces the 
difficulty in  deriving a rigid m athem atical formula applicable to  
reflection pictures for different grain-sizes. 
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F or one particular grain-size, however, and  a constant exposure 
tim e and  irradiation  conditions, d is a constant. V  can therefore be 
determ ined if d can be determined. The determ ination of d is ap ­
proached by  considering th e  relative intensities of th e  rays reflected 
by  a small grain a t  a distance d below the  surface of th e  specimen and

of a similar grain on th e  specimen 
surface.

Referring to  Fig. 2, A B  is a 
ray  incident on th e  specimen CC. 
L et B  be a po int distance d below 
the.specimen surface, and  le t th e  

A reflected ray  lie along BD .
If  I 0 is th e  in tensity  of the  

incident ray, th e  in tensity  I b a t  
B  will be given by

F ig . 2. I b  =  ,ld

where ¡x is the  linear absorption 
coefficient of the  X -rays in th e  specimen.

Suppose a fraction, K  (depending on the  structure factor, &c.),
is reflected by  a grain a t  B , th en  the  in tensity  a t  B  of the  reflected ray  is

K I ae~iid

This ray  has to  traverse a fu rther distance B D , and  since BD  =  
d /cos (180 — 2 0 ) th e  in tensity  on emerging from th e  specimen surface is

K I 0e r - ^ ( l  +  cos (180  _  20 ))

The in tensity  of a ray  reflected by  a similar grain a t  the  surface is 
K I 0,* and  th e  intensities of o ther reflected beams lie between these 
two values.

L et th e  in tensity  ratio  of th e  strongest and weakest reflected rays 
be r, then

y. —  giidQ. — sec. 20)

, _  loge r
1.6. (L --  QAV

fx(l — sec 20 )

Thus th e  volume of p a r t P  taken  as a cylinder of height d radius \a  
is given by

na2\og er 
4(i (1 — sec 2 0 ) 

and  the  m ean length of the  grain edge G is given by

I 7TOaj  cos 6 log er 
( t~  3/V8DY [x(1 -  sec 20) ' ‘ ‘ ( )

* We are here neglecting the  absorption in the  reflecting grain itself.
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Grain-Size in the Region above If)-3 cm.

D i a p h r a g m

F ig . 3.

Considering th is expression, all term s are known except r, the ratio  of 
the  intensities of th e  strongest and weakest spots. There m ust be a 
certain m inimum blackening for one to  see a spot on the film, and the 
blackening of the  strongest spot will depend both on the exposure 
tim e and on the  grain-size. I t  is no t possible to  obtain a measure of 
the  blackening ratio  by  photom etric means, and in  any case this pro­
cedure can be ruled out from a practical point of view. I f  i t  were 
possible to  know the  exposure in advance, i.e. expose so th a t  the  
strongest spot has a blackening 
abou t equal to  unity , then  an 
estim ate of r, the  in tensity  range, 
could be given. This possibility 
was borne in  mind, b u t a much 
simpler way of surm ounting the  
difficulty was devised.

A photograph of the  specimen 
was obtained by  m aking th e  ex­
posure tim e, t v  short so th a t  the 
strongest reflections prod uce spots 
of medium blackening B  (less th a n  un ity ). The photograph was repeated 
using the same p a r t of the specimen w ith a longer exposure time, t2. The 
two photographs are compared side by  side, and all spots in  the  second 
photograph, which have a blackening equal to  or greater th a n  B, 
m ust be produced by  reflected beams with an  intensity  range r, where

r  — — ^
G

If  Y 1 is the  num ber of these spots in  the second photograph, this 
is the  value of Y , corresponding to  r given by the ratio of the times of 
exposure, to  insert in expression (2 ) for the determ ination of the absolute 
grain-size.

The taking of two photographs obviates the need for photom etry and 
perm its the evaluation of the  actual grain-size using X -ray  d a ta  alone.

Practical.

The grain-sizes of six specimens of aluminium have been determined 
by th is double picture method. The essential arrangem ent and dim en­
sions of the  apparatus used are shown diagram m atically in  Fig. 3. 
By tapering the  end of the  diaphragm  as shown i t  can be brought 
very near the  specimen surface w ithout interfering w ith the  required 
reflected beams. The (331) reflection, conveniently given by  CojKa 
radia tion  was observed. The two photographs were compared side

* This follows from the Schwarzschild law S  =  F  {itp), where S  is the  blacken­
ing, i  the  intensity, and t the exposure time, p m ay be taken  as unity  for X-rays.
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by  side on a viewing lantern, and  the  m ean value of two or three of the  
blackest spots in  th e  first photograph was taken  as th e  value of B.

T a b l e  I.

Specimen
No.

Photo
No.

Exposure,
Minutes.

12
" “ O'

r. Grain-Size Calculated, 
Mm. x  10-*.

Grain-Size 
by Metal­

lurgical 
Count, 

Vim. x 10-*.

P. 445 174
171 
174
172 
174
173
171 
173
172
173

2J
5 }

2H  
20 J

5 1 20 j

2*

5

20

8

4

15

33

72

47

24

3-3 mean 31

3-08

2-9

2-96

3-24

2-8

P . 732 168
166
168
167
169
167

2*1  
10 J 

2 * 1  
20 J 

5 \  
20 J

4

8

4

31

50

32

2-98 m ean 2-95

2-92

2-95

3-35

P. 431 162
163 
162
164

iS )
30 }

10

30

20

30

4'08 m ean 4'1 

4-07

4-2

P. 439 156
161
260
261
260
262

l i  )
12

20

40

9

15

20

5’48 m ean 5'2

5 0 0

4-8

6-35

P . 427 216
218
215
216 
215 
217

10 \  
2i J

45 \ 
10 f 
45 \  

5 /

4

4-5

9

50

60

102

2-54 mean 2-45

2-46

2-34

2-35

P. 554 221 10 | 4 77 2-2 mean 2 4 5 245
223 2* /
220 40 \ 4 86 242
221 10 J
220 40 t 8 130 212
222 5 J

In  the  larger grain-sized samples in particular the  and a 2 reflections 
cannot be differentiated, so th a t  the  to ta l num ber was counted and 
halved to  get the  correct value for Y .  Details of the  results are given 

in  Table I.
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Grain-Size in  the Region above 10~3 cm.

Possible Modifications o f Method fo r  Large Grain-Sizes or Highly 
Absorbing Substances.

Owing to  th e  soft radiations used, viz. C uZ 0 or CoK a, which are 
highly absorbed in metals, i t  was thought a t  first th a t  the  analysis 
could be trea ted  as if only grains in the  surface gave spots which could 
be counted.

Consider the  expression which was obtained in  section (1) for G 
the  grain-size

n  __ „ / t o 2 . dja  cos 0 

 8 B Ÿ  ■

I f  d is smaller th a n  G, one would be justified in treating  the  whole 
calculation as if only the  grains in the  surface give countable reflection 
spots, and then  we should have, simply,

n  9 I™3 ■ j  cos 6 
8B Y  -

log.
[x (1 — sec 2 0 )

in which r is the  relative in tensity  of the weakest and strongest observ­
able spots. Judging from experimental results, r is of the  order of 
1 to  50, and is bound normally to  exceed the ratio  of 1 to  10.

Using these values of r, the  values of d corresponding to  the K a
radiations of Cu and Co for specimens of aluminium, copper, and iron
have been calculated. These are given in Table II.

T a b l e  II.

Specimen. d x 10-" cm. r.

Radiation Cul
1
fa -

A1 14-7 1-50
8-6 1-10

Cu 3-97 1-50
2-3 1-10

Fe 0-74 1-50
0-4 1-10

Radiation CoKa.
A] 8-4 1-50

5-0 1-10
Cu 2-7 1-50

1-6 1-10
Fe 4-5 1-50

2-6 1-10

Copper radiation is never used for exam ination of iron owing to 
th e  enhanced incoherent scatter, bu t cobalt is specially convenient.

601



B oth in the case of alum inium  and iron, d for the  usual 1-50 intensity  
ratio  is of the  order of 5 X 10“3 cm., which is very near the maxim um  
grain-size which i t  is norm ally wished to  count— it  is clear, therefore, 
th a t  in general for alum inium  and  iron, grains below the  surface layer 
will give rise to  countable spots, and therefore th e  volume formula 

m ust be applied.

P a r t  I I .

Determination o f Grain-Size from  an Empirical Chart.

I t  is necessary to  take  tw o photographs of the  same region to  deter­
mine th e  absolute value for th e  m ean grain-size. The authors have 
endeavoured to  find w hether i t  was possible to  develop a suitable 
m ethod by  which th e  grain-size can be determ ined from one picture 
a lone; th is  would be a considerable advantage in  practice. The to ta l 
am ount of X -radiation  reflected by small grains is proportional to  the 
volume of th e  grain. The length of a spot has been shown to  be pro ­
portional to  th e  grain-size, and th e  w idth  of a reflected spot is a linear 
function of th e  grain-size and  the  divergency of th e  beam ; i t  can be 
seen, therefore, th a t  th e  in tensity  of a spot or th e  blackening of a spot 
varies approxim ately w ith  th e  grain-size. The au thors have tried  
using th is as a m ethod of grain-size determ ination, b u t there are m any 
difficulties in th e  practical estim ation of the  intensities of the  spots.

I t  is fairly  easy, however, to  derive an  empirical relationship between 
th e  num bers of spots on photographs taken  under standard  conditions 
and  th e  grain-sizes for a given series of specimens. By expressing th is 
relationship in th e  form of a graph, th e  grain-size of an  unknown 
specimen can then  be read off, a fte r observing the  num ber of spots 
on a photograph taken  under these s tandard  conditions. For constant 
experim ental conditions i t  is sufficient to  realise th a t  Y  is some function 

of G th e  grain-size.
The graphs relating the  to ta l num ber of observable spots to  th e  

grain-size for th e  same series of alum inium  specimens as used before 
is given in  Fig. 4. The (331) reflection given by Coif,, rad ia tion  was 
observed. The source of X -rays was a “ Metalix ” apparatus for 
crystal analysis which gives a fairly constant ou tpu t w ith a constant 

size of focal spot.
Curve (1) shows th e  num ber of spots p lo tted  against the  grain-size 

determined w ith th e  microscope, while in  curve (2 ) th ey  are plotted 
against the  grain-size determ ined by  X-rays. F or grain-sizes larger 
th a n  5 X 10~3 cm. th e  m ethod is no t very  sensitive, b u t in  th e  use­
ful region down to  10-3 cm. results to  w ith in  10 per cent, can be 

obtained.

Stephen and Barnes : The Estimation of
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Estimation o f Grain-Size

W ith regard to  specimen P. 445, there appears to  be some dis­
crepancy between th e  results for grain-size determ ined by the  two 
methods— judging from th e  curves i t  appears th a t  th e  X -ray result is 

the  more correct.

Su m m a r y .

The use of X -rays for determ ining the  grain-size above 10-3 cm. 
has been discussed. The reflection m ethod is th e  only one which can 
be considered as practicable for ordinary work, for i t  is the  only m ethod 
which can be applied on th e  ordinary specimen used by  the  metallurgist. 
The m ethod described by  Shdanow on th in  specimens cannot be applied 
to  reflection photographs. I t  forms, however, a satisfactory basis for 
the  theoretical trea tm en t of another m ethod developed by the  present 
authors— a double-picture m ethod from  which a m ean value for the 
absolute grain-sizes of specimens can be derived.

So far as relative grain-sizes are concerned, i t  is shown th a t  the  
grain-size is no t inversely proportional to  th e  cube of the  num ber of 
spots owing to  th e  relative intensities of th e  strongest to  weakest 
observable spots being dependent on th e  grain-size for constant ex­
perim ental conditions. A smooth curve was obtained, however, when 
th e  num ber of spots on a given (hkl) line were p lo tted  against the  grain- 
size. A chart can be constructed which can be used for routine grain- 
size exam ination in th is  region.

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

The authors are indebted to  The B ritish Aluminium Co., Limited, 
for th e  supply of specimens, and for the ir kindness in  carrying ou t the  
determ ination of grain-sizes by ordinary m etallurgical means.

R e f e r e n c e s .

1 R . Glocker, “ M aterialprüfung m it R öntgenstrahlung,”  p. 299.
2 Clark and Zimmer, “  Clark ‘ Applied X -rays,’ ’ ’ p. 348.
3 H. S. Shdanow, Z. K rist., 1935, 90, 82-91.

604



PAPER No. 756 This paper is copyright. I t  m ay be reprinted, wholly or in part, in  the  
Press (with due acknowledgment) a fter th e  Annual Meeting of th e  In s titu te  to  be held 
on March 10 and  11, 1937. The In s titu te  as a  body is no t responsible for th e  state- C  £  
m ents or opinions expressed in th is  paper, on which written discussion m ay be sent to  the  •  % J\J  
Secretary n o t later th a n  March 15, 1937.

ALLOYS OF MAGNESIUM. PART Y.—THE 
CONSTITUTION OF THE MAGNESIUM- 
RICH ALLOYS OF MAGNESIUM AND 
CERIUM.*

By J .  L. HATJGHTON.f I).Sc., M e m b e r  o e  C o u n c i l ,  and 
T. H. SCHOFIELD, { M.Sc., M e m b e r .

S y n o p s i s .

The constitution of the  magnesium-rieh alloys of magnesium and 
cerium has been re-determined. The eutectic point is found to be a t 
21 per cent, cerium and 590° C. Magnesium dissolves about 1-6 per cent, 
cerium a t the  eutectic tem perature and probably less th an  0-15 per cent, 
a t  337° C.

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

T h is  report is P a r t V of the  investigation of the  constitution and 
mechanical properties of magnesium alloys which is being conducted 
a t  the  N ational Physical Laboratory under the  direction of Dr. C. H.
Desch, F .R.S., for the Metallurgy Research Board of the D epartm ent 
of Scientific and Industrial Research.1' 2> 3>4

Recent research on magnesium alloys has shown th a t  the mechanical 
properties of some alloys a t  elevated tem peratures are improved by the 
addition of small am ounts of cerium. The present work has been carried 
out to  confirm and possibly supplement existing information on the 
constitution of the  cerium-magnesium alloys and has been extended to 
alloys containing up to  about 40 per cent, cerium in order to  establish 
the composition of the  eutectic and to  confirm the  existence of a peri- 
tectic reaction. The solid solubility of cerium in magnesium has also 
been determined.

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

Although M uthm ann and Beck 5 were probably the  first to prepare 
cerium-magnesium alloys, the  only systematic study carried out was

* Manuscript received August 22, 1936.
•f* Principal Scientific Officer, Departm ent of Metallurgy and Metallurgical 

Chemistry, N ational Physical Laboratory, Teddington.
J Scientific Officer, D epartm ent of Metallurgy and Metallurgical Chemistry,

N ational Physical Laboratory, Teddington.

Note to Abstractors and Other Readers.—This paper will be published, in 
perm anent form, in the Journal of the Institute of Metals, Vol. LX, 1937. 
Reference should accordingly be as follows : J . Inst. Metals, 1937, 60 (Advance 
copy).
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Haughton and Schofield : Alloys o f Magnesium

th a t  by  Vogel,6 who investigated the  constitu tion  in some detail. 
Using fairly pure magnesium and cerium containing 6’5 per cent, of 
im purities, he found th e  eutectic point to  be about 27 per cent, cerium 
and 585° C. No evidence of solid solubility was given.

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

Preparation o f the Alloys.

The magnesium was supplied by  B ritish  Maxium, L td ., and contained 
as im purities : alum inium  0 ’018 ; iron 0 ’020 ; silicon 0 -013 per cent.

The cerium, kindly given by  La Société de P roduits Chimiques des 
Terres Rares, contained 97‘7 per cent, cerium and 1-25 per cent. iron.

The alloys were prepared by adding cerium in small quantities to  
molten magnesium under a flux in a stainless steel crucible. They were 
cast into smaller stainless iron crucibles of th e  type previously described 
the  excess was cast into  iron moulds, and a vertical slice cut from the 
ingots was used for chemical analysis ; in some cases the  rem ainder was 
used for th e  preparation  of o ther alloys and  for microscopical exam ina­
tion. The flux had the  same composition as th a t  employed previously, 
and  a m inim um  q uan tity  was used for each melt.

Thermal Analysis.

H eating and  cooling curves of nine alloys were recorded. Because of 
the  large difference in specific g ravity  between cerium and magnesium, 
i t  was deemed advisable to  carry out the  therm al analysis in the  stirring 
apparatus designed by Payne.7

Most of the  therm al curves were recorded on an inverse-rate recorder 
by  means of m anual signals depending on observations of a deflection 
potentiom eter, b u t some were recorded autom atically  on th e  recorder 
by means of an  autom atic potentiom eter 8 ac tua ted  by a photoelectric 
cell.

Two heating and tw o cooling curves of each alloy were recorded, and 
as the  tem perature arrest of th e  liquidus taken  from the  first and second 
pair of curves agreed closely i t  was assumed th a t  no appreciable change 
in composition had taken  place during the  taking of the  curves. After 
the  curves had  been taken , th e  m etal was remelted in th e  crucible and 
cast into an  iron chill. In  certain cases th e  ingots thus obtained were 
analyzed, and th e  cerium content was always less th a n  th a t  of th e  alloy 
before taking therm al curves. This discrepancy was probably due to  
losses caused by adding new flux when remelting the  alloy from  the 
therm al curve crucible. T hat considerable loss could be caused in this 
way was shown by the  analysis of the  flux from one of the rich cerium
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alloys which gave 18'5 per cent, cerium. Cooling curves of two alloys 
were taken  down to  360° C., b u t no arrest points were observed below 
th e  eutectic tem perature.

The results of the  present work and of Vogel’s work are embodied 
in Figs. 1 and 2, respectively.

Part V.— Magnesium-Rich Alloys

C E R I U M , A T O M I C  P E R  C E N T

F ig . 1.

F ig. 1.—Equilibrium  Diagram of the Cerium-Magnesium Alloys Containing up  to 40 Per 
Cent. Cerium. (H aughton and Schofield.)

Microscopical Examination.

The specimens were rubbed down by hand on emery paper and 
polished on velvet w ith m etal polish. Specimens of cerium content 
near and beyond the  eutectic were brittle  and were m ounted in Bakelite 
before polishing.

The specimens were etched either in a 4 per cent, solution of nitric 
acid in alcohol or in a mixture of citric acid, nitric acid, and glycerine. 
All specimens used for the  determ ination of the  solidus and solid 
solubility were annealed in hydrogen contained in sealed tubes of
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Haughton and Schofield : Alloys o f M agnesium

Pyrex glass. Quenching was done by  pushing the  tube containing the 
specimens directly into cold water.

The Liquidus.

The liquidus differs in  tem perature and form  from th a t  p lo tted  
from Vogel’s d a t a ; th e  former falls less steeply and is below the la tter.

F ig .  2 .

Fig. 2.—Equilibrium  D iagram  of the  Cerium-M agnesium Alloys Containing 
up to  40 P er Cent. Cerium. (Vogel.)

I t  should be noted th a t  th e  tem perature of th e  melting point of magnes­
ium  given by Vogel is high (661° C.).

The Peritectic Reaction.

The existence of a peritectic observed by  Vogel has been confirmed 
by therm al analysis and by  microscopical examination. The tem per­
ature of the  peritectic reaction is abou t 614° C.

Pigs. 3 and 4 (Plate I) show an  alloy containing 39’7 per cent, cerium 
as cast and after annealing a t  565° C. for 6 hrs., respectively. The 
cooling curves of th is  alloy showed four definite arrests, one of which was 
close to  the  p eritec tic ; no explanation is p u t  forward for one arrest 
point which suggests increasing complexity of the  system. Investigation
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F i g .  3.—39-7% Cerium, As Cast. Etched in 4% Nitric Acid in Alcohol. X 500.
F ig .  4.—39-7% Cerium, Annealed a t 565° C. for 6 H r s .  and Quenched. Etched in 4% Nitric 

Acid in Alcohol. X 300.
F i g .  5.—1-7% Cerium, Quenched from 595° C. Etched in Citric Acid, Nitric Acid, and 

Glycerine. X 150.
F ig . 6.—24-7% Cerium, As Cast. Etched in Citric Acid, Nitric Acid, and Glycerine. X 150.
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P l a t e  II.

7

F i g .  7.—18-6% Cerium, As Cast. Etched in Citric Acid, Nitric Acid, and 
Glycerine, x 150.

F i g .  8.—21-6% Cerium, As Cast. Etched in Citric Acid, Nitric Acid, and 
Glycerine, x  150.
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of the diagram beyond this point, however, lies outside the  scope of the 
present work.

The Eutectic.

From  therm al evidence, the  eutectic point was found to  be a t 21 per 
cent, cerium and 590° C., compared w ith about 27 per cent, cerium and 
585° C. from Vogel’s data . Confirmation of this was obtained by micro­
scopical evidence. Figs. 6 and 7 (Plates I  and II) show the structure 
of alloys containing 24-7 and 18‘6 per cent, cerium, respectively, and 
illustrate the  prim ary separation on either side of the  eutectic. Fig. 8 
(Plate II) shows th e  structure of an alloy containing 21'6 per cent, 
cerium and shows th a t  i t  contains a small am ount of hypereutectic 
prim ary. I t  was possible to distinguish between the  two primaries by 
etching in boiling w ater which stained the  a prim ary brown b u t left 
th e  ¡3 prim ary unchanged. Photographs illustrating the  etch are 
no t reproduced because liquid exuding from the numerous holes in the 
specimen caused a tarn ish  film to  spread over the surface and rapidly 
spoiled its  appearance.

The Solidus.

The position of the  sloping p a r t of the  solidus was determined from 
microscopical exam ination of alloys quenched after annealing a t  various 
tem peratures. All alloys, both for the determ ination of the  solidus 
and the  solid solubility line, were first annealed a t 565° C. for hrs. to 
render them  homogeneous. Fig. 5 (Plate I) shows the  structure of 
an  alloy containing 1'7 per cent, cerium quenched from 595° C. The 
chilled liquid is readily visible.

The Solid Solubility Line.

The solid solubility of cerium in magnesium was determined micro­
scopically. Specimens of suitable composition were annealed a t  565°, 
472 , and 337 C. for 12 hrs., 40 hrs.,and 5 weeks,respectively. Although 
microscopical exam ination led to  conclusive evidence of the  am ount of 
solubility a t  565 C., some doubt exists as to the solubility a t  th e  lower 
tem pera tu re ; th is was due to  the  difficulty in identifying small am ounts 
of a second phase in the presence of small am ounts of im purity  origin­
ating from the  cerium.

Magnetic Properties.

I t  has been discovered th a t  some of the cerium-magnesium alloys, 
and certainly those containing about 20-40 per cent, cerium, are mag­
netic in th a t  they  are feebly a t trac ted  by a strong perm anent magnet. 
I t  seems improbable th a t  the  magnetism can be solely due to  the iron 
in th e  cerium because the la tte r  is no t a ttrac ted  by a magnet.
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Alloys o f Magnesium— Part V

IV. C o n c l u s i o n s .

The constitution of the  magnesium-rich alloys of magnesium and 
cerium has been determined. The eutectic point is found to  be a t  
21 per cent, cerium and 590° C., compared w ith about 27 per cent, and 
585° C. observed by  Vogel, who used much less pure metals than  
were employed in th e  present investigation. Vogel did no t determine 
th e  solubility of cerium in magnesium, which is now shown to be about 
1'6 per cent, a t  th e  eutectic tem perature , and probably less th a n  0T5 
per cent, a t  337° C. The existence of th e  peritectic observed by Vogel 
has been confirmed, though a t  a slightly lower tem perature (611° C.). 
Some of th e  alloys are found to  be very feebly magnetic.

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

The au thors wish to  express the ir  thanks to  Dr. C. H. Desch, F .R .S., 
under whose supervision th e  work was carried out. They are also 
indebted to  Messrs. P. W ard, B.Sc., and W. H. W ithey, B.A., for 
carrying out th e  analyses of th e  alloys. They would also like to  express 
the ir gratitude to  th e  Société de P roduits Chimiques des Terres Rares 
who have, on several occasions, supplied them , gratis, w ith bo th  cerium 
and  “ mischmetall ” for th is  w ork and for th e  work on mechanical 
properties referred to  a t  th e  beginning of th is paper.
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I.— PROPERTIES OF METALS

(Continued from pp. 385-389.)

T/ ? e,s?a i ches with Pure Aluminium Wire o£ High Tenacity. H . R ohrig  and  
bchonherr (A lum in ium , 1936, 18, (8), 374 375).— Specim ens o f a lum inium  

wire con tain ing  iron  0-16 a n d  silicon 0 -10%  a n d  hav ing  a tensile  s tren g th  of

i n f Wi t h a n  elongatio n . o f 0-2%  y ere k e p t fo r various periods a t  
75 , 100 , an d  130° C. an d  th e  tensile p roperties de term ined  from  tim e to  tim e. 
A t 75° C. th e  tensile  s tre n g th  decreased to  25-7 k g ./m m .2 in  16 days and  
to  25-5 k g ./m m .2 in 40 days, while th e  electrical co n d u ctiv ity  increased by
1-4% . A t 100° C. th e  s tren g th  decreased rap id ly  a t  first th en  m uch m ore 
slowly to  22-1 k g ./m m .2 a f te r  30 days, an d  a t  130° C. i t  had  decreased to  
20-2 k g ./m m .2 a fte r  less th a n  3 days. F ro m  these  resu lts i t  is concluded th a t  
th e  m eta l h a d  been h ea ted  a t  too  h igh a  tem p era tu re  during  th e  early  stages 
o fro llin g  an d  th e n  cooled qu ickly  so th a t  silicon w as re ta in ed  in su p e rsa tu ra ted  
solid so lu tion , th u s  giving rise to  th e  u n usually  h igh  tensile s tren g th  o f th e  
d raw n  wire.— A. R . P .

The Cold-Working of Metals and Its Influence on the Quality of Aluminium.
_ ■ M etallkunde, 1936, 28, (8 ), 240—242).—Curves a re  given show ing th e

change in  tensile  stren g th , hardness, an d  elongation  o f 99-7%  alum inium  
w ith  th e  degree o f reduction  by  cold-rolling. T he change in  p roperties is m ore 
m ark ed  th e  th in n e r a n d  th e  narrow er is th e  s ta rtin g  shee t.—A. R . P .

*The Behaviour of Three Single Crystals of Aluminium in Fatigue under 
Complex Stresses. H . L. Cox an d  W . J .  Clenshaw (Proc. Sou. Soc., 1935 [A I 
149, (867), 312-326).— T he developm ent a t  th e  N .P .L . o f a  new  ty p e  o f com ­
bined flexural an d  to rsional fa tigue tes tin g  m achine m ade i t  possible to  carry  
o u t tes ts  un d er a lte rn a tin g  flexural stresses on  single crystal specim ens. Three 
single c ry sta l specim ens, all o f th e  sam e orien ta tion , were tes ted , one un d er 
a lte rn a tin g  flexural, one un d er a lte rn a tin g  torsional, an d  th e  o th er under a  
com bination  o f a lte rn a tin g  torsional an d  a lte rn atin g  flexural stresses. The 
d istrib u tio n  o f slip bands on each specim en was en tire ly  in  accordance w ith  th a t  
pred ic ted  from  th e  calculated  values o f th e  shear stresses according to  th e  
resolved shear stress law , an d  th e  resu lts th u s  afford evidence o f th e  v a lid ity  o f 
th is  law  in  cases where th e  stress d is trib u tio n  is n o t sim ple. M easurem ents of 
th e  m ean  slip-band spacing were m ade an d  th e  re la tion  betw een m ean slip- 
ban d  spacing an d  th e  value of th e  resolved stress was exam ined. The fractu re  
o f  th e  specim ens is show n to  occur in  th e  norm al m anner b y  th e  developm ent o f 
cracks form ed on  th e  site  o f th e  previous heavy  slip, an d  th e  dependence of 
failure on  th e  value o f th e  resolved shear stress is dem onstra ted .— S. G.

*The Influence of Sodium and Calcium on Industrial Aluminium. B. F. 
G rashtchenko an d  V. D arovsk i (Legkie M etalli (Light M etals), 1936, (1), 
17—37). [In  R ussian.] Alloys w ith  up  to  0*1% sodium  were p repared  from  
alum inium  contain ing  silicon 0-1-0-58 an d  iron  0 -1 4-l-5% , th e  am o u n t of 
sodium  re ta in ed  increasing w ith  th e  percentage of im purities. U p  to  0-04°/ 
sodium  h ad  scarcely an y  influence on th e  m echanical p roperties, b u t  larger 
am ounts sligh tly  reduced  th e  hardness w ithou t affecting th e  tensile stren g th , 
a n d  produced  severe in te rcrystalline  corrosion. U n d er th e  microscope "the 
sodium  partic les appeared  as d a rk  spo ts in  th e  corrosion centres. T he

* Denotes a  paper describing the  results of original research, 
t  Denotes a  first-class critical review.
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sodium  c o n ten t w as unaffected  b y  annealing  a t  480° C., b u t  could  be reduced  
to  0-012%  b y  rep ea ted  fusion . U p  to  0-15%  calcium  only  s lig h tly  affected 
th e  m echanical p roperties of a lum in ium  a t  tem p era tu res u p  to  480° C., p ro ­
v ided  th a t  th e  silicon d id  n o t exceed 0-5% . W ith  a  lower silicon a n d  h igher 
calcium  c o n ten t th e  m echanical p roperties a re  som ew hat im proved , b u t  th e  
lim iting  overhea ting  tem p era tu re  is reduced , th e  effect being increased  by 
iron . Calcium  reduces th e  resistance  of a lum in ium  to  corrosion. I t  is con­
cluded  th a t  in d u stria l a lum in ium  should  co n ta in  n o t m ore th a n  0 -1%  calcium , 
o r n o t m ore th a n  0-08%  if u p  to  0-04%  sodium  is also p resen t.— D . N . S.

tProperties and Alloys of Beryllium. L ouis L . S to t t  (Metals Technology, 
1936, 3, (5), 17 p p . ; a n d  A .I.M .M .E . Tech. Pull. 738).—T he physical p ro p er­
ties o f beryllium  a re  described an d  tab u la te d . B eryllium -rich  alloys have  no 
com m ercial app lications, b u t  i ts  alloys w ith  copper, nickel, a n d  iron , o r w ith  
m ore com plex alloys o f these  elem ents, h av e  im p o rta n t app lications an d  
rem arkab le  m echanical p roperties. D a ta  fo r th e  m echanical p roperties 
(tensile s tren g th , d u c tility , a n d  hardness) a re  given for a  n u m b er o f  alloys, 
to g e th e r w ith  th e  effects on  th e  e lectrical conductiv ities o f  th e  copper-base 
alloys. T he uses o f  th e  alloys a re  also briefly ind ica ted .—W . H .-B .

^Absolute Photoelectric Yield of Beryllium, Magnesium, and Sodium. 
M arvin M. M ann a n d  Lee A. D uB ridge (Phys. Rev., 1936, [ii], 50, (4), 398).—  
A b s tra c t o f a  pap er read  before th e  A m erican  Physica l Society.— S. G.

*The Electrical Resistance of Bismuth Single Crystals [Containing Lead, Tin, 
Antimony, or Tellurium]. A lfred B . Pocke a n d  Jo h n  R . H ill (Phys. Rev., 
1936, [ii], 50, (2), 179-184).— Single-crystal rods o f b ism u th  con tain ing  u p  to  
0-81 a to m ic-%  o f lead , tin , an tim ony , o r te llu riu m  were p rep ared  w ith  th e  
p rincipa l axis parallel an d  p e rp end icu lar to  th e  axis o f  th e  rod , an d  th e  
e lectrical resistances were m easured  a t  tem p era tu res betw een — 185° an d  
+  100° C. T he ad d itio n  o f lead  o r t in  to  b ism u th  causes a  m arked  increase 
in  th e  e lectrical re s is ta n c e ; th e  increase is g rea te r th e  larg e r th e  am oun ts o f 
th e  im p u rity  p rov ided  th a t  recrysta fliza tion  w ith  th e  p rec ip ita tio n  o f a  second 
co n stitu en t does n o t occur. T he ad d itio n  o f te llu riu m  usually  causes a  
decrease in  resistance u n til th e  p o in t a t  w hich a  second c o n stitu en t is p re ­
c ip ita ted . T he effect o f  an tim o n y  is com plicated . These resu lts a re  explained 
on th e  basis o f  th e  th eo ry  o f H . Jo n es  (Met. Ahs., 1935, 2 ,681), an d  th e  ap p ro x i­
m ate  so lub ility  lim its o f  tin , lead , an tim ony , an d  te llu rium  in  solid b ism u th  a re  
estim a ted .— W . H . R .

Investigations on Bismuth Crystals. II.—Change of the Thermoelectric 
Power in Transverse Magnetic Fields. E . Griineisen a n d  J . Gielessen (Ann. 
Physilc, 1936, [v], 27, (3), 243-255).— v. G.

*The Theory of the Galvomagnetic Effects in Bismuth. H . Jo n es (Proc. Roy. 
Soc., 1936, [A], 155, (886), 653-663).— C alculations a re  m ade o f th e  change of 
resistance in  a  m agnetic  field an d  o f th e  H all coeffs. o f b ism u th  single crystals. 
The estim a te  o f th e  n u m b er o f electron^ overlapping th e  p rincipal B rillouin 
zone fo r b ism uth , prev iously  g iven  to  accoun t for th e  d iam agnetic  properties, 
is show n to  lead  to  th e  v e ry  large galvom agnetic  effects w hich are  observed. 
M inute traces o f im p u rity  in  b ism u th  are  show n to  hav e  v e ry  g rea t effect on 
th e  galvom agnetic  p roperties, p a rticu la rly  a t  h igh  m agnetic  field s treng ths. 
I n  th is  w ay th e  v a ria tio n  o f th e  H all coeff. w ith  field s tre n g th  is exp la ined , and  
fa ir agreem ent is o b ta ined  betw een  th e  calcu la ted  change o f resistance a t  
various fields a n d  K ap itza ’s observations.— S. G.

Calcium. A. S chubert (Russko-Germanslciy Vestnick Nauki i Tehniki 
(Deut.-russ. Z. Wiss. Tech.), 1936, (5), 3 -7 ).— [In  R ussian .] A review .— N . A.

*The Sorption of Hydrogen and Deuterium by Copper and Palladium. I.— 
The Behaviour of Copper and Copper Oxides. H . W . Melville a n d  E ric  K . 
R ideal (Proc. Roy. Soc., 1935, [A], 153, (878), 77—88).— T he following h e te ro ­
geneous reactions o f hydrogen  an d  d eu te rium  are  in v estiga ted  w ith  these
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r e s u l ts : CuO is reduced b y  atom ic hydrogen a n d  d eu te rium  a t  20° C. a t  th e  
sam e velocity . T his is in  agreem ent w ith  previous experim ents showing th a t  
free a tom s o f hydrogen  a n d  deu terium  re ac t a t  iden tica l velocities. CuO is 
m ore rap id ly  reduced  b y  hydrogen th a n  b y  d eu terium  a t  156°-269° C. The 
difference in  energy o f ac tiv a tio n  is 0*4 k .cal. T his is also in  agreem ent w ith  
th e  o bserva tion  th a t  hydrogen  reduces sim ple m olecules on  a  m eta l (nickel) 
surface  m ore quickly  th a n  deu terium . H ydrogen  a n d  d eu terium  a re  sorbed 
b y  a n d  desorbed from  copper a t  th e  sam e velocity  a t  71°-200° C., excep t th a t  
a t  h igher tem p era tu res  hydrogen  is sorbed  sligh tly  m ore quickly . S. G.

*The Sorption of Hydrogen and Deuterium by Copper and Palladium. H .—The 
Sorption by Palladium and Diffusion Through Copper. H . W . M elville and  E  K  
R idea l (Proc. B oy. Soc., 1935, [A], 153, (878), 89-103).— Cf. preceding abstrac t! 
T he diffusion o f hydrogen a n d  d eu terium  th ro u g h  palladium , copper, and  
nickel is in v estiga ted  a t  150°-350° C. an d  a t  pressures from  1 to  200 m m . E or 
each  m eta l hydrogen diffuses m ore quickly, th e  difference in  energy o f a c tiv a ­
tio n  for diffusion being 0-8 for pallad ium , 0-6 for nickel, an d  0-8 k.cal. for 
copper, respectively . T he copper an d  nickel a re  supported  on  palladium . 
In  copper i t  is show n by  em ploying com posite films C u -P d -C u  a n d  P d -C u -P d  
th a t  th e  ra te -determ in ing  step , an d  therefore  th e  step  responsible for th e  
difference in  th e  velocity  o f diffusion, is n o t due to  an y  process connected w ith  
th e  g as-m eta l in terface. W ith  palladium  m easurem ents o f th e  so lub ility  o f th e  
tw o isotopes are also m ade, hydrogen being th e  m ost soluble. Com bining these 
resu lts w ith  th e  diffusion m easurem ents i t  is show n th a t  th e  difference in  
velocities o f  diffusion is due p a r tly  to  th e  g rea te r so lubility  as well as to  th e  
g rea ter m obility  o f  hydrogen on palladium . P o te n tia l barriers a re  con­
s tru c te d  from  diffusion an d  so lubility  d a ta , a n d  it  is show n th a t  th ere  ex ists a  
definite h a rrie r for th e  p en etra tio n  o f hydrogen  from  th e  surface to  th e  in te rio r. 
T he barrie r has th e  sam e h e igh t for b o th  hydrogen an d  deu terium  an d  a" 
m echanism  for th e  tran sfe r o f gas is suggested.— S. G.

fThe Failure of Lead by Creep. J .  N eill Greenw ood {Proc. A ustra lasian  
In s t. M in . M et., 1935, (100), 477—197).—F ro m  a  critical review  o f recen t w o rk  
a n d  from  th e  resu lts o f experim ents w hich a re  n o t y e t com pleted , evidence is 
adduced  to  show  th a t  lead  can  fail by  in te rcrysta lline  cracking by  th e  ap p lica ­
tio n  o f a  s te ad y  stress in  a ir  a n d  th a t  a t  operating  stresses i t  is p robab le  th a t  
th is  cracking is accom panied  by  less general d is to rtio n  th a n  occurs a t  500 lb ./  
in .- a n d  th a t ,  therefo re , th e  possib ility  o f failure occurring is n o t  a  rem ote  one 
even  in  th e  absence o f v ib ra tio n  or corroding liquids. T he ra te  o f  creep of 
lead  a t  stresses below 500 lb ./ in .2 is v ery  considerably influenced b y  its  previous 
th e rm a l a n d  m echanical t re a tm e n t a n d  by  very  sligh t changes in  co m p o sitio n ; 
th u s  even m in u te  increases in  th e  silver, zinc an d , m ore especially, in the  
b ism uth , an tim ony , an d  te llu rium  co n ten ts o f  com m ercial lead  produce a  
considerable increase in  th e  ra te  o f creep, a lthough  a  sim ilar effect is o b ta ined  
b y  rem oval o f  th e  o rd inary  im purities in lead .—A. R . P .

*On the Conduction of Heat by Some Metals at Low Temperatures [Lead, 
Copper, Tungsten]. H . B rem m er a n d  W . J .  de  H aas (P hysicu , 1936, 3, (7 ), 
672-686; an d  Comm. K . Onnes L a i .  Leiden, No. 243a).—[ In  E nglish .] The 
h e a t co n d u ctiv ity  was de term ined  fo r lead , copper, a n d  tu n g sten . F o r  lead  
a n  increase o f th e  h e a t resistance is found  a t  v e ry  low tem p era tu res . T his 
resistance is h igher in  th e  superconductive s ta te  th a n  in  th e  s ta te  in  w hich 
su perconductiv ity  has been d istu rb ed  by  m eans o f a  m agnetic  field. T his is in 
com plete agreem ent w ith  th e  resu lts  for o th er pu re  superconductive  m etals. 
T he so-called ideal resistance o f copper is still decreasing a t  th e  low est tem ­
p e ra tu re  a t  w hich th e  d e term inations have  been carried  ou t. I t  is p ro p o r­
tio n a l to  T 2’4. T he ideal resistance o f tu n g sten  approaches a  m inim um  value.

— S. G.
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*The Magnetization Curves o£ a Superconducting [Lead] Sphere and Ring.
D. Shoenberg (Proc. B oy. Soc., 1936, [A], 155, (886), 712-726).—T he (d iam ag­
netic) m ag n e tiza tio n  curve o f  a  superconducting  pu re  lead  sphere is m easured  
b y  th e  F a ra d a y  m ethod . T he m agnetiza tion  curves o f  a  lead  c ry sta l sphere 
a n d  a n  im pure  lead  sphere are  also m easured , a n d  th e  m agnetiza tion  o f an  
anchor ring  of pu re  lead  is described. T he resu lts  are  discussed in  connection 
w ith  th e  in te rm ed ia te  s ta te  recen tly  proposed b y  Peierls.— S. G.

♦D eterm ination oi the Heat Resistance oi Mercury at the Temperatures 
Obtainable with Liquid Helium. W . J .  de H aas an d  H . B rem m er (Physica, 
1936, 3, (7), 68 7 -6 9 1 ; a n d  Comm. K . Onnes Lab. Leiden, No. 243b).— [In  
English .] A  new  a p p a ra tu s  is described for th e  d e te rm in a tio n  o f th e  h e a t 
resistance o f p u re  m ercury . T he m easu rem en ts show th a t  even  th is  v e ry  pure  
substance  h as a  m in im um  value  fo r i ts  h e a t resistance th o u g h  th is  is found  a t  
a  v e ry  low  tem p e ra tu re  (3-8° K .). M ercury  shows a  decrease o f h e a t resistance 
w hen su p erco n d u ctiv ity  is d is tu rb ed  b y  m eans o f  a  m agnetic  field, ju s t  as th e  
o th e r  p u re  superconductive  m eta ls  do.— S. G.

♦T he Relation Between Electron Field Emission and Contact Electromotive 
Force for Liquid Mercury. D an  H . Moore (P h ys . B ev., 1936, [ii], 50, (4), 344- 
347).— T h e re la tio n  betw een  th e  co n tac t electrom otive force an d  th e  im pulsive 
p o ten tia l necessary  to  in itia te  a  v acuum  sp a rk  h as been stu d ied  for a  liqu id  
m ercu ry  cathode. F o r  im pure  m ercu ry  no  definite  re la tio n  could be found, 
w hilst fo r purified  m ercu ry  th e  re la tio n  betw een  th e  w ork-function  an d  th e  
b reakdow n field w as on ly  in  q u a lita tiv e , a n d  n o t  in  q u a n tita tiv e  agreem ent 
w ith  th eo ry .— W . H .-R .

Purification of Mercury. Biagio Pesce (A n n a li  chim . applicata, 1936, 25, 
654^657 ; C. A bs., 1936, 30, 5844).— Tw o distillations, boiling w ith  con­
c en tra ted  sodium  hydrox ide, an d  ab o u t 30 w ashings th ro u g h  a  colum n of 
d ilu te  n itr ic  acid  are  recom m ended. T he sp. gr. is checked w ith  a  special 
pycom eter to  0-0002 grm .— S. G.

♦T he Transition Between the Superconductive and the Normal State. I.— 
Magnetic Induction in Mercury. K . M endelssohn (Proc. B oy. Soc., 1936, [A], 
155, (886), 558-570).— T he change o f in duction  o f long-shaped m ercury  
specim ens is inv estig a ted  w hen passing from  th e  norm al to  th e  superconductive  
s ta te . E x p erim en ts a t  co n stan t tem p era tu re  a n d  co n stan t field w ere carried  
o u t separately . A n  arran g em en t is described w hich perm its th e  tem p era tu re  
to  be k e p t co n stan t to  less th a n  0-005° during  th e  whole experim ent. The 
change in  induction  from  zero to  its  norm al value w hen passing from  th e  su p er­
conductive  to  th e  norm al s ta te  is found  to  be d iscontinuous w ith in  th e  lim its 
o f accuracy. W hen  passing from  th e  norm al to  th e  superconductive  s ta te  a  
m ore g rad u al change o f in duction  is observed. T his “ hysteresis ”  is discussed 
w ith  respect to  a  possible “  supercooling ” from  th e  norm al in to  th e  su p er­
conductive  s ta te . A  change of in duction  in  tim e w ith  co n stan t variab les o f 
s ta te  (tem peratu re  a n d  m agnetic  field) is observed. T his tim e effect can n o t be 
exp lained  b y  secondary  causes, b u t  seems to  be a  pecu liarity  o f th e  tran s itio n  
be tw een  th e  superconductive  a n d  th e  n o rm al s ta te  o f th e  m echanism .— S. G.

♦Hydrogenation by Adsorbed Hydrogen Atoms. K . S. A blezova a n d  S. Z. 
R oginskii (D okladi A ka d em ii N a u k  S .S .S .B .  (Compt. rend. A cad. Sci. U .B .S .S .) ,  
1935, 1, (7/8), 490-492  (in R ussian), 492—493 (in G e rm an ); C. Abs., 1935, 29, 
6826).— M etal films th a t  a re  com pletely incapab le  o f cata lyzing  th e  com bination  
o f e thy lene  a n d  h y drogen  m olecules will, w hen covered a t  — 180° C. w ith  a  
layer o f adsorbed  hydrogen  atom s, effect th e  h y d ro genation  a t  o r below room  
tem p era tu re . F u rth e r , i f  e thy lene  is ad ded  a t  liqu id  a ir  tem p era tu res  to  a  fresh 
film  of nickel sa tu ra te d  w ith  a tom ic  hydrogen , th e  e th y lene  rem ains adsorbed  
even  on w arm ing th e  film  to  room  tem p era tu re , a lth o u g h  in  th e  absence o f th e  
lay er o f a tom ic  hydrogen  n e ith e r e thy lene  n o r e th an e  is apprec iab ly  adsorbed 
by  th e  nickel film a t  room  tem p era tu re .— S. G.
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♦M agnetization of Nickel under Compressive Stresses and the Production of 
Magnetic Discontinuities [Barkhausen Effect in Nickel]. C. W . H eaps (Phys. 
R ev., 1936, [ii], 50, (2), 176-179).—T he m agnetiza tion  o f nickel b a rs un d er 
com pression has been stu d ied  a t  stresses u p  to  10 k g ./m m .a. A str ic tly  re c t­
ang u la r hysteresis loop can n o t be ob ta ined  b y  com pression alone, a lthough  a n  
ap p ro x im atio n  to  th is  shape can  be ob tained  b y  using  sufficiently h igh  p res­
sures. T he B ark h au sen  effect is n o t  m uch  affected b y  com pression alone. In  
an  e lastica lly  b e n t w ire, m uch  sm aller stresses produce large m agnetic  
d iscontinu ities, b u t  a  com posite specim en consisting o f a  n ickel b a r  fixed inside 
a  n ickel tu b e  so th a t  th e  b a r  is in  com pression an d  th e  tu b e  in  tension  behaves 
sim ilarly  to  unstressed  m ateria l. T he existence o f contiguous com pressed and  
stre tch ed  regions appears necessary  fo r th e  appearance o f th e  large d iscon ­
tin u ities , an d  th e  w ay in  w hich these  d iscontinuities are  p roduced  is 
discussed.— W . H .-R .

♦Reversible Change of Thermal Energy Accompanying Adiabatic Change of 
Magnetization in Nickel. T . C. H a rd y  (Phys. Rev., 1936, [ii], 50, (4), 395).—  
A b s tra c t o f  a  p ap er read  before th e  A m erican P hysical Society. T he experi­
m en ta l m eth o d  devised  b y  A. Tow nsend (M et. Ahs., 1935, 2, 139) has been so 
im proved  as to  p e rm it a  s tu d y  o f th e  m agneto-caloric effect in  m ate ria ls for 
w hich th e  to ta l  hyste retio  energy increase is sm all in  com parison w ith  th e  
reversible th e rm a l energy changes w hich occur during  a  h a lf  cycle o f  m ag ­
ne tization . T he specim en o f nickel exam ined b y  H . was th e  sam e as th a t  used  
b y  Tow nsend, excep t th a t  i t  h a d  been annealed  a t  1100° C. fo r 2 hrs. in  
hydrogen  a t  a tm . pressure a n d  cooled to  room  tem p e ra tu re  in  10 hrs. T he 
hysteresis loss pe r h a lf  cycle is approx . 1200 ergs/cm .3. As th e  m agnetiza tion  
is decreased from  n e a r sa tu ra tio n  to  approx . th e  knee o f th e  m agnetiza tion  
curve, th e  th e rm a l energy decreases a lm ost linearly  w ith  m agnetizing  field 
b y  th e  am o u n t, 9000 ergs/cm .3. Below th e  knee o f th e  curve, th e  m ag ­
n e tiza tio n  decreases rap id ly  to  zero a n d  th e  th e rm a l energy decreases b y  a n  
ad d itio n al 16,000 ergs/cm .3. On rem agnetiza tion  th e  sam e process is reversed , 
excep t fo r th e  ad d itio n  o f  th e  hysteresis h ea t, w hich appears in  th e  region of 
m o st rap id  v a ria tio n  o f m ag n e tiza tio n  w ith  field. T h roughou t th e  en tire  
process th e  decrease o f  th e rm a l energy is several tim es g rea te r th a n  th e  
ex te rn a l w ork done b y  th e  specim en on th e  m agnetizing curren ts.— S. G.

On the Effect of Tensile Stress on the Magnetization [of Nickel] above the 
Curie Point. G ertru d  Scharff (A nn . P hysik , 1936, [v], 25, (3), 223-232). 
Tensile stresses h av e  no effect on th e  Curie p o in t o f nickel.— v. G.

The Magnetic Behaviour of a Nickel Wire under Great Torsion. R ich ard  
G ans (A n n . P hysik , 1936, [v], 25, (1), 77-91).— T he observed m agnetic  effects 
o f  to rsion  on nickel are  explained theoretically .—v. G.

♦O n  the Mechanism of Displacement of Noble Metals from Solutions of Their 
Salts by Hydrogen under Pressure. I.—Displacement of Palladium from 
Solutions of Palladium Chloride. Y. V. Ip a tie v  and  V. G. T ronev  (D okladi 
A kadem ii N a u k  S .S .S .R .  (Compt. rend. Acad. Sci. U .R .S .S .) ,  1935, 1, 6 2 2 - 
624 (in R ussian), 624-626 (in G erm an)).— S. G.

♦O n  the Mechanism of Displacement of Noble Metals from Solutions of Their 
Salts by Hydrogen under Pressure. II.—Displacement of Noble Metals from 
Solutions of H2PtCl6, H2IrCl6, Na3IrClc, and Na,RhCl6. V. V. Ip a tie v  and  
Y. G. T ronev  (Dokladi A kadem ii N a u k  S .S .S .R . (Gompt. rend. Acad. Sci. 
U .R .S .S .) ,  1935 ,1 , 627-629 (in R ussian), 629-632 (in G erm an)).— S. G.

♦Norm al Energy Distribution of Photoelectrons from Potassium Films as a 
Function of Temperature. C. L . H enshaw  (Phys. Rev., 1936, [ii], 50, (4), 398). 
— A b strac t o f a  p ap er read  before th e  A m erican Physica l Society.— S. G.

♦Transition Phenomena in the Condensation of Silver Vapour on Clean and 
Gas-Covered Tungsten. Milo B. Sam pson an d  P a u l A. A nderson (Phys. Rev., 
1936, [ii], 50, (4), 385).— A b strac t o f a  p ap er read  before th e  A m erican P hysica l



Society. I n  a  tu b e  w hich h a d  been  su b jected  to  severe out-gassing, sealed 
from  th e  pum ps, a n d  g e tte red  w ith  vaporized  b arium , dup lica te  tu n g sten  
filam ents d issim ilar on ly  w ith  respect to  th e  condition  o f  th e ir  surfaces, were 
b om barded  w ith  gas-free silver v ap o u r supplied  b y  a  m olybdenum  foil oven 
w hich could itse lf be  th o ro u g h ly  ou tgassed  b y  flashing. One o f th e  tu n g sten  
filam ents w as cleaned b y  flashing a t  2800° K „  while th e  o th e r w as allow ed to  
re ta in  th e  oxygen coating  w hich persists a f te r  flashing a t  1400° K . P e rm an en t 
condensation  o f silver on  th e  gas-covered filam ent occurred  on ly  a f te r  its 
tem p e ra tu re  h a d  been decreased to  900° K . a n d  ty p ica l tran s itio n  effects 
app eared  A t th e  sam e v a p o u r s tream  in ten sity  p e rm an en t condensation  on 
th e  clean tu n g sten  occurred  a t  1220° K „  ap p ro x im ate ly  th e  tem p era tu re  o f th e  
vaporiz ing  oven, an d  none o f th e  characteris tic  critica l phenom ena could be 
de tec ted . I t  is p robab le  th a t  tran s itio n  (“ critica l tem p e ra tu re  ” ) effects in  th e  
condensation  o f  m e ta l on  m eta l as observed b y  E ste rm an n , Cockcroft, and  
o thers a re  conditioned  b y  th e  presence o f  surface films o f  gas a n d  v ap o u r and  
d isap p ear w hen such  films are  rem oved.— S. G.

♦P reparation of Silver Sheet. The Tensile Properties of Sheet of Commercial
Alloys J11 Relation to the Method of Manufacture. H . M oser a n d  E . R a u b  

(M itt. Forschungsinst Edelmetalle, 1936, 10, (2/3), 19-26).— T he effects o f  
n o c c 8 ’ ,IYm 8 > ,a n d  forging an d  rolling on  th e  tensile  p roperties o f  835- an d  
925-fine silver sheet p rep ared  from  fla t sk illets a n d  ro u n d  b a rs a re  show n in 
tab les  a n d  d iagram s. I n  all cases considerable v a ria tio n s were observed in 
parallel te s ts  so th a t  general conclusions could n o t  be d raw n  from  th e  resu lts . 
U sually, how ever, sheet o f  835-fine silver p rep ared  from  fla t sk illets show ed a 
fligher tensile  s tre n g th  a n d  yield  p o in t b u t  a  sm aller elongation  th a n  th a t  
p rep ared  from  ro u n d  b a r s ; these  differences ten d ed  to  becom e sm aller th e  
g re a te r  th e  a m o u n t o f  w ork  p u t  in to  th e  m eta l. I n  th e  case o f 925-fine silver 
on ly  th e  e longation  behaved  sim ilarly , th e  tensile  s tre n g th  a n d  yield p o in t 
vary ingT ittle  w ith  th e  m eth o d  o f p reparing  th e  sheet. L ow er tensile p roperties 
w ere o b ta in ed  b y  h o t forging th a n  b y  rolling, b u t  rolling a f te r  forging rem oved

dl® f e“ ces; O xide films p roduced  b y  in te rm ed ia te  anneals h a d  no 
effect on  th e  final p roperties o f  th e  shee t p rov ided  th a t  th e y  w ere n o t  allowed 
to  becom e to o  th ick .— A. R . P .

*The Formation of Blistery Silver. E rn s t R a u b , F r itz  D istel, a n d  Alice 
ochall (Z. Metalllcunde, 1936, 28, (9), 253-257).— T he gases w hich cause blisters 
to  form  m  annealed  sdver shee t hav e  been analyzed  a f te r  expelling th em  bv  
fusion in  vacuo. F ro m  a  10 : 90 copper-silver a lloy  m elted  in  a  g rap h ite  
crucible m  a  coke fire th e  occluded gas consisted  o f su lp h u r d ioxide 41-48, 
carbon  d ioxide 28-31, w a te r  24 -30 , an d  n itro g en  0 - 6 % ;  th e  corresponding 
figures lo r  th e  sam e alloy m elted  in  a n  oil-fired fu rnace were 62-68, 3- 6 , 29-30 
on 1  / '”  i.',1 a  ga s-fired  fu rnace 6 2 -6 4 ,1 9 -2 0 ,1 1 -1 3 , an d  0 -5 % . F ro m  a
/U  : 80 copper-silver a lloy  m elted  in  a  coke-fired fu rnace in  such a  w ay  th a t  th e  
fu rnace gases w ere d raw n  over th e  surface an d  th en  cas t th ro u g h  a  lum inous 
gas nam e, th e  gas ex tra c te d  con ta ined  carbon  m onoxide 45-8, hydrogen  27-2 
m ethane  17-9, a n d  carbon  d ioxide 9-1 vo l.-% . T he su lp h u r dioxide co n ten t 
is due to  abso rp tio n  o f  su lp h u r a n d  oxygen from  th e  fu rnace  a tm osphere  and  
th e ir  in te rac tio n  on  solidification o f  th e  m e ta l;  th e  rem aining gases a re  
en trap p ed  du rin g  casting . T horough  d eox ida tion  o f  th e  m olten  m eta l w ith  
phosphorus o r lith iu m  rem oves th e  oxygen, a n d  th u s  p rev en ts  fo rm ation  of 
su lp h u r d io x id e ; a t  th e  sam e tim e  b o th  e lem ents in h ib it d issolution  o f 
hydrogen m  th e  m eta l. I n  tho rough ly  deoxidized m eta l m uch  o f  th e  su lphur 
1S*M ^°Ve v o latiliza tion  as silver sulphide.— A. R . P .

TA1 15R°l"sssf -RrySt^ ls o£ T in ' B raoe chal,nR rs (Proc- R °y- Soc., 1936, 
|_AJ, J.0B, (888), 427—443).— E xperim en ts a re  described on th e  iso therm al s tre ss-

oSfordaJt,I0ns o f si,ngle c rystals o f  t in  o f tw o  grades o f  p u r ity  (99-987 
a n d  y y -a a b ^ ), th e  stress being p u re  tension  an d  th e  s tra in  being m easured  to
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10-7 cm ./cm . on  a leng th  o f  3 cm. Creep is found  to  occur un d er a ll stresses, 
its  in itia l ra te  being proportiona l to  stress for sm all stresses, a n d  of th e  order 
of 3 X 10~9 cm ./cm ./m in u te  pe r g rm ./m m .2 (m icro-creep), while above a  
fa irly  definite stress o f th e  o rder o f 120 g rm ./m m .2 th e  ra te  o f creep increases 
m uch  m ore rap id ly  w ith  stress (m acro-creep). M icro-creep decreases w ith  tim e 
in  a  roughly  exponen tial m anner, a n d  m acro-creep rem ains co n stan t fo r a  
considerable tim e. T he phenom ena are  considered from  th e  p o in t o f v iew  of 
th e  cu rren t theories concerning th e  m echanical s tre n g th  o f m etallic  crystals, 
a n d  i t  is show n th a t  m icro-creep can  be accounted  for by  a n  ex tension  of
G. I .  T ay lo r’s th eo ry  o f fa u lt propagation .— S. G.

♦Continuous Measurement of Changes in  the Electronic W ork-Function 
During the Fusion of Tin. P a u l A. A nderson (P h ys . R ev., 1936, [ii], 50, (4), 
386).—A b s tra c t o f a  p ap er read  before th e  A m erican P h y sica l Society. A 
sligh t m odification o f th e  m eth o d  for m easuring co n tac t p .d . {Met. A bs., 1935, 
2 , 368 ; th is  vo l., p . 110) m ade  possible continuous observation  o f progressive 
a lte ra tio n s  in  th e  w o rk -function  o f a  m eta l surface dow n to  tim e  in te rv a ls  o f a  
few seconds. A pplied to  s tu d y  th e  change in  w ork-function  a tte n d in g  th e  
tran sfo rm a tio n  o f y -tin  to  liqu id  t in  th e  m ethod  yields electron  c u rren t-tim e  
curves w hich a re  sim ilar to  tem p e ra tu re -tim e  fusion curves. T he b reak  in  th e  
c u rren t-tim e  characteris tic  does n o t  coincide w ith  th e  d isappearance o f th e  
solid phase  b u t  follows i t  a fte r  a  m easurable tim e in te rva l. T he shape of th e  
curve beyond  th e  b reak  is finite, decreasing from  a  h igh positive value to  
zero as th e  tem p era tu re  o f  th e  liqu id  t in  is increased. I f , a s is unlikely, these 
effects a re  due to  lib e ra tio n  o f adsorbed gas th e  curves p rov ide a  m eans of 
follow ing th e  d eso rp tio n  con tinuously . T h ey  m ay  ind ica te  a  persistence of 
th e  regu larly  o r ien ta ted  la ttic e  s tru c tu re  o f solid t in  beyond  th e  m elting  po in t. 
T he co n tac t p .d . betw een  y-tin  an d  liqu id  t in  is found to  be 0-17 v . T he liqu id  
t in  has th e  lower w ork-function , in  agreem ent w ith  th e  photoelectric  m easure ­
m en ts o f G oetz, w hich, uncorrec ted  to  th e  tru e  thresholds a t  0° K ., y ield th e  
v a lue  0-16 ev. fo r th e  difference betw een th e  w ork-functions.— S. G.

♦Influence of Crystal Structure on Electron Emission from “ 218 ”  Tungsten 
Wire. W . B. N o ttin g h am  [Phys. Rev., 1936, [ii], 50, (4), 398).— A b s tra c t o f a  
p ap er read  before th e  A m erican P hysical Society. T he therm ionic  em ission 
from  “ 218 ”  tu n g sten  w ire has been show n by  Jo h n so n  a n d  Shockley {Met. 
A bs., th is  vol., p. 196) to  v a ry  w ith  crystallographic direction . Single crystals 
o f th is  w ire average 0-25-1-0 cm. in  leng th  a n d  presen t 6 strip s o f strong  
em ission sep ara ted  by  6 strip s o f  w eak emission as th e  filam ent circum ference 
is explored. T he electron  energy d istrib u tio n  as ind ica ted  b y  re ta rd in g  
p o ten tia l m easurem ents becom es am biguous n ear “  zero field because th e  
cu rren ts received a re  coming in  effect from  a  cathode o f inhom ogeneous surface 
s tru c tu re  to  a  single collector. I n  th e  case o f th o ria ted  filam ents i t  is th o u g h t 
th a t  th e  a c tu a l surface exposed m ay  be m uch m ore uniform  th a n  th a t  found  
in  “  218 ”  wire, th u s  accounting for th e  accurate  reproducib ility  o f th e  energy 
d is trib u tio n  curves. I n  co n trast, th e  curves observed w ith  different sam ples 
o f “  218 w ire have n o t  been in  exac t agreem ent w ith  each  o th e r an d  have  
generally  show n a n  ap p a re n t reflection effect larger th a n  th a t  for th o ria ted  
tu n g sten . I f  i t  be  assum ed th a t  th e  w ork-function varies sinusoidally  from  a 
m inim um  to  a  m axim um  differing by  0-5 v ., an  approx im ate  th eo ry  gives good 
ag reem en t w ith  experim ent.— S. G.

♦Cathode Ray Oscillography of Gas Adsorption Phenomena. I.—A Method 
for Measuring High-Velocity Approach to Certain Physical and Chemical 
Equilibria. M. C. Johnson  an d  F . A. V ick (Proc. R oy. Soc., 1935, [A], 151, 
(873), 296-307).—T he changes in  electron em ission from  a  solid surface are 
recorded  b y  a  cathode ra y  oscillograph an d  are  used  to  s tu d y  processes a t  a 
tu n g sten -o x y g en  in terface.— S. G.



♦Cathode Ray Oscillography of Gas Adsorption Phenomena. II.—Durations 
of an Adsorbed State of Oxygen on Tungsten. M. C. Jo h n so n  an d  F  A Vick

i  ’ ] 03? ’ [A]’ / 51’ <873>’ 296-316).— Cf. preceding a b s trac t 
T he evap o ra tio n  o f  a  lay e r o f  oxygen a tom s on  tu n g sten  was stud ied  The

3 seconds a t  S ^ a t ^ T h *8 h® ? T "  a t  2548° abS‘ awJ increases to  
147 n n n T s n n n  l / * * evap o ra tio n  o f th e  oxygen lay e r is
147,000 ±  3000 caL /grm . a to m . A  num erical value o f  th e  o f  F renkel’s

evanOTation o f f h e  o * * * * *  ° f &u n d  to  increase th e  h e a t o f 
S t o “ ® .  con tam ination  by  ad d ed  vapours was

♦T he Mobility of Sodium on Tungsten. R ich ard  Charles Leslie B osw orth
1336’ 150> (869)> 58-76).— B y depositing a  sm all p a tc h  o f

sodium  on th e  cen tre  o f a  tu n g sten  s tr ip  filam ent an d  trav ersin g  th e  s tr ip  from  
tim e to  tim e w ith  a  well-defined sp o t o f  ligh t, th e  photoelectric  p roperties were

t h a f  a cimeaS^ e vf T  m ° f  th e  sodium  fllm - It; was observed first o f ah  
th a t  a  c lean s tr ip  absorbs sodium , a  po rtio n  o f w hich, how ever, reappears on th e

There06« T  ^  u  evaP °ra tes  ^ h e n  th e  s tr ip  is heated  above 1300° K  
lT m h is I S  cap acity  o f th e  s tr ip  to  abso rb  sodium , a n d  once th a t
a« th e  reached  a n y  excess sodium  is s tab le  on th e  surface and , i f  deposited  
as th e  ac tive  p a tch , sp reads o r m igrates over th e  surface a t  such  a  ra te  th a t  th e

800° K  aP Ar ° X' "■m f? rm ly  ac tlve  a f te r  1 o r  2  h ra- a t  300° K . o r 5-10  seconds a t  
t h h i ? '  A n . ac tly a1tl0 n  o f  0-25 v. is in d ica ted  fo r th is  m igration , an d
mnee«« f  ! r m 6 t  J if r r0 r  i16 ?am e energy  is associated  w ith  th e  abso rp tion  
process, leading to  th e  conclusion th a t  th is  la t te r  consists o f m ig ra tion  down 
slip planes a n d  m te rcrysta llm e cracks.— S. G.

»The1 Effect of Temperature, Degree of Thoriation, and Breakdown on Field

X T r a  1 5°om  J r # ! « 6 2 r n d ^ h ^ M  T ungsten- A - J - A hearn  Rev.,i 9db, [11J 50, (3), 238-253).— T he field cu rren ts  from  th o ria ted  tu n g sten  w ith

h i d e n e n d i T '7 \  t h ° ri,a tl0 n  h a Te bt 6n s tu d ied ' T be m easured  cu rren ts  are 
in d ep en d en t o f  tem p era tu re  u p  to  ab o u t 1040° K . A t h igher tem p era tu res

is dueSto  ther orH?0Un th  assum ing th a t  th e  observed cu rren t
* o rd in a ry  therm ionic  em ission p lus a  field cu rren t in dependen t o f

dcOTee o f  T h n r ^ t6 chaJ acte™ tl.c ,fleld cu rren t curve is in dependen t o f th e  
degree o f  th o ria tio n  o f a  th o ria ted  tu n g sten  filam ent. As th e  vo ltage is 
m creased a n  e lectrical b reakdow n occurs w hich raises th e  field cu rren t by  a

d o e s n o t g ^  Wj th  Pure  tu n g sten  th is b reakdow ndoes n o t change th e  therm ion ic  a c tiv ity  o f th e  cathode, b u t  w ith  th o ria ted

f i el d' H *he™ 10nl,c, a pt m t 7  is increased. A. concludes th a t  th e  electric 
field app lied  to  th e  cathode  surface, ra th e r  th a n  th e  app lied  vo ltage is th e  
im p o rta n t fac to r m  producing  breakdow ns. W . H .-R  B ’

T n W e u 011 Aenr S Aau d Th?r“ i0niP, Currents from Thoriated Tungsten and Pure
Tungsten. A. J .  A hearn  {Phys. R ev., 1936, [ii], 50, (4), 3 9 8 )  A b s trac t o f a
p ap er read  before th e  A m erican Physica l Society — S G

iiil T50 ^ 1°  48elr i s 5 1 P r T hertieS ° f ZiDCV C^ / leS F - DeVoe (P h ys- *«>■> 193«.
long w ave llm it fo r Zlnc p rep ared  by  evapora tion  

m  a  high v acuum  v aried  betw een 2900 a n d  2930 A. in  a  n u m b er o f experim ents • 
th e  corresponding w ork-function  is 4-24 v. T he effects o f vary in g  th e  pressure 
u n d er w hich th e  d is tilla tio n  w as carried  o u t, an d  o f foreign gases, w ere stud ied .

Vinweflertin,? Q°uer ? L Evap,?rated Metal Films in the Near a n d ^ k f u i t r a -
read  b e f o r e  A ’ I I ™ ’- [U]’ 50’ (4)’ 3 9 6 ) .-A b s tr a c t  o f a  pap er
atcd  b f  m 6 AcnenCyn  J h yyP aI Society- T he reflecting pow ers o f e v apor­
a te d  m eta l films from  th e  visible to  450 A. were dete rm ined  fo r a lum inium  
an tim o n y , beryllium , b ism uth , cadm ium , chrom ium , copper, gold, iron  lead ’ 
E l - r 86’ m olybdenum , nickel, pallad ium , p fa tinum , Lfiver,’ 
tellu rium , tm , titan iu m , zinc, a n d  zirconium . P ho tograph ic  m ethods were
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used. T he accuracy  o f th e  w ork  in  th e  n ear u ltra -v io le t was o f th e  o rder o f 
3%  a n d  in  th e  fa r u ltra -v io le t n o t b e tte r  th a n  5% .— S. G.

*The Polarimetric Determination oi Optical Properties [oi Films]. R ich ard  
M aury  E m berson  (P h ys . Rev., 1936, [ii], 50, (4), 396).—A b strac t o f a  p ap er read  
before th e  A m erican Physica l Society. A s tu d y  was m ade o f th e  polarim etric  
m eth o d  for de term in ing  th e  op tica l p roperties o f a  surface. T he experim ental 
w ork  w as carried  o u t w ith  a  po larim eter designed and  constructed  in  un iversity  
shops. T he equations used  in  th e  com puta tions o f resu lts were based on 
th eo re tica l w ork  o f T . C. F ry . I t  was found  th a t  certa in  in stru m en ta l errors 
p rofoundly  affect th e  resu lts . W hen  th e  observed d a ta  w ere freed from  these 
erro rs a  decrease w as n o ted  in  th e  v a ria tio n  o f th e  com puted  op tical constan ts 
o f a  surface w ith  th e  angle o f incidence a t  w hich th e  d a ta  were obtained. 
S tudies w ere m ade o f th in  m eta l films deposited  on  glass. T he resu lts ind icated  
th a t ,  while th e  com puted  film thicknesses were o f th e  correct order o f m agni­
tu d e , th ey  were n o t independen t o f th e  angle o f incidence of observation  ; also, 
th e  com puted  thicknesses were alw ays com plex, w ith  th e  im aginary  p a r t  
neg ative  a n d  ab o u t th e  sam e size as th e  real p a r t.— S. G.

Comments on “  Vapour Pressure Measurements of High Boiling Point 
Metals ”  by Baur and Brunner. Jo sep h  F ischer. E m il B au r an d  R oland 
B ru n n er (Helv. P hys. Acta, 1935, 18, 1028-1030).— Cf. M et. Ahs., 1935, 2, 209.
F . s ta te s  th a t  von W artenberg ’s a p p ara tu s  as used b y  B. an d  B . is n o t su itable 
for boiling p o in t m easurem ents. B. an d  B. reply .— S. G.

C alculation  of Various Physical Constants of Heterogeneous Substances.
II.—Dielectric Constants and Conductivities of Polycrystals in the Non-Regular 
Systems [Antimony, Bismuth, Tin, Cadmium, Mercury]. D. A. G. B ruggem an 
{A nn. P hysik , 1936, [v], 25, (7), 645-671).— T he re la tions betw een th e  electrical 
conductiv ities o f  single c rystals an d  o f po lycrysta lline  aggregates have been 
determ ined  m ath em atica lly  for th e  non-cubic m eta ls an tim ony , b ism u th , tin , 
cadm ium , an d  m ercury .— v. G.

Magnetic Investigations of the Plastic Deformation of Metallic Substances.
H . J .  Seem ann {Metallwirtschaft, 1936, 15, (40), 931-936).— T he p resen t 
position  o f ou r knowledge of th e  influence o f p las tic  deform ation  on th e  
m agnetic  p roperties o f non-ferrom agnetic  m etals an d  alloys is review ed.—v. G.

*New Determinations of Gyromagnetic Ratios for Ferromagnetic Substances. 
S. J .  B a rn e tt  {Phys. Rev., 1936, [ii]. 50, (4), 390).— A b strac t o f a  p ap er read  
before th e  A m erican P hysical Society. See also M et. A bs., 1 9 3 4 ,1 , 226. New 
an d  extensive m easurem ents were m ade on  a num ber o f substances including 
e lectro ly tic  iron, cold-rolled steel, nickel, Perm alloy, H opkinson’s n ick e l- 
iron  alloy, pu re  cobalt, cobalt alloyed w ith  a  few %  o f copper, cobalt alloyed 
w ith  nickel (B loch’s alloy), an d  P reuss’s iro n -co b a lt alloy. A ll th e  w ork was 
carried  o u t b y  m ethods differing only slightly  from  those  used  by  B. in th e  
la s t  w ork on  ro tation -by-m agnetiza tion . T he values o f  th e  gyrom agnetic  
ra tio  o b tained  range from  ab o u t T 02 X m /e  (nickel-iron) to  ab o u t 1-10 X m /e  
(pure cobalt), w ith  m ean  errors in  a  num ber o f cases o f m uch  less th a n  1% . 
E arlie r values have  been confirm ed. N o certa in  difference has been found 
betw een  resu lts ob tained  w ith  th e  m agnetizing coil fixed to  th e  e a rth  and 
m agnetiz ing coil fixed to  th e  v ib ratin g  body.— S. G.

Theory of Surface Ionization on Glowing Metals. A. I. Anselm  (Dokladi 
A kadem ii N a u k  S .S .S .R . {Compt. rend. Acad. Sci. U .R .S .S .) , 1934, 3, (5), 
329-331 (in R ussian), 332-334 (in G erm an)).— T heoretical.— S. G.

*The Resistance and Thermoelectric Properties of the Transition Metals. 
N . F . M o tt (Proc. Roy. Soc., 1936, [A], 156, (888), 368-382).— E xplanations are 
given in  term s of th e  q u an tu m  th eo ry  o f m etals o f th e  following phenom ena : 
th e  decrease in  th e  tem p era tu re  coeff. o f resistance o f pallad ium  an d  p la tinum  
a t  h igh te m p e ra tu re s ; th e  large negative therm oelectric  power o f palladium  
a n d  p la t in u m ; th e  increase in  th e  abso lu te  m agn itude  of th e  therm oelectric



P,m adiinU whenr i t  js a lloyed w ith  copper, silver, gold, o r hydrogen 
a n d  th e  sudden  decrease for h igher concentra tions ; th e  sudden  change in  th e

t h ^ h e h f  C° f  f v, °f, resista1noe o f ferrom agnetic  m etals a t  th e  Curie p o in t ; 
th e  behaviour o f th e  therm oelectric  pow er o f  nickel n ear th e  Curie tem p eratu re .

 g Q.
Electromagnetic Equations of the Superconductor. F . an d  H. L ondon

(.Proc. R oy. Soc., 1935, [A], 149, (866), 71-88).— S. G.
e  ¡ Transition Curves of Superconductors. R . Peierls (Proc. R ov
nrnn  f  (88®)> 613-628).— Theoretical. D iscusses th e  m agnetic
properties o f a  superconductor fo r th a t  range o f ex te rn a l field s t r e n |th  in

stltrtTan oZL -S.G! ^  ' * * *  bUt “ ^  ^  denBi*  is
^  Guggenheim  (Proc. Roy.

Contact Potential, Energy of Emergence, and Thermoelectric Potential.—I
r '  1934’ 65> f9 1 -2 0 1 ; Chem. Zentr., 1935,106, (II), 20 •
G. Abs., 1936, 30, 5089).— T his first p ap er o f  a  series reviews th e  w ork o f o thers

th e  S r ? 6^ 0'  “ t al8 T d  sem i-conductors a n d  outlines problem s 
L I  . w hich is to  be u n d e rtak en  experim en tally . S. G.

r  AT" L ? rH 011 Be(™een Energy of Emergence and Contact Potential.—II.
n '  h  I 934’ 65> 202-207  ; Chem. Zentr., 1935,106, (II) , 20 ■
C. A bs., 1936, 30 ,5089).— See also preceding ab strac t. T he difference betw een 
th e  energy  o f em ergence an d  th a t  o f th e  co n tac t p o ten tia l o f tu n g s ten  an d  
p  a tm u in  w as ex p erim en tally  d e te rm ined  as follows : A n  electrically  h ea ted  

w ™  n WaS sPu t t ®r?d  Wlth fn n g sten  on  one side. B y  m eans o f  a  screen 
y stem , sm all cu rren ts  o f e lectrons (equal p o rtions on  each  side) were m ade to

a W r W |0-n  ea,oll . sld® a ®,a n  a n ° de- T he cu rren t o f  e lectrons on each  side was 
\n  re if tm n  to  th e  accelerating  po ten tia l. T he value o f th e  sa tu ra tio n

f w 68 * !  energy o f em erge n o e ; tile  d istance  betw een th e
b reaks (beginning o f  sa tu ra tio n ) o f th e  tw o lines gives th e  difference in  co n tac t 
po ten tia l. Such m easurem ents su b s ta n tia ted  th e  theo re tica l req u irem en t 
tf ia t  th e  energy  o f  em ergence in  vo lts , d isregard ing  sign, is equal to  th e  differ- 

*mi.n  oontaf  f  p o ten tia ls, fo r th e  case o f  tu n g sten -p la tin u m .— S. G.
The Relation of the Contact Potential to the Condition of Strain of a Metal

106 DTI 9? '  n ° nA  {f o l « T n  ? rZ "  1934) 65> 211 -2 1 4 ; Chem. Zentr., 1935, 
106, (II), - 1 , C .A b s .,  1936, 30 ,5089).— Cf. preceding a b strac ts . E xperim en ts

d ,™ 0C am f  ° !  f 4! “ “ “  an y  change m  th e  energy o f em ergence w ith
change m  th e  s tra in  o f th e  m eta l surface. T he difference betw een th e  energy 
of em ergence fo r th e  stra in ed  a n d  u n stra in ed  surface was m easured by  th e  
difference in  th e  c o n tac t p o ten tia ls. A nickel shee t 0 -8 m m . th ick  can  be b en t 
m  a  v acuum  to  a cylm der o f 4  cm. rad ius w ith o u t exceeding th e  e lastic  lim it.

urface expansion  am oun ts to  ab o u t 1% ;  volum e expansion to  ab o u t 0 -3%  
C urren t-vo ltage lines were p lo tte d  before a n d  a f te r  th e  bending o f th e  m eta l for 
a  cu rren t o f  electrons flowing from  a  glowing cathode to  th e  m eta l un d er 
investiga tion  as anode. T he sh ift in  such  lines along th e  p o ten tia l ax is th en  
gives th e  change in  c o n tac t po ten tia l. T he experim ents show ed th a t  w ith  an  
i T l O ^ v - S  G  change in  energy o f  em ergence was certa in ly  less th a n

8 8Li1Lthe/ n P;P;liC,ati?^ f  ths ,Dirac Matrix Method to the Theory of Metals.
q m  u  A ka d e m n  N a u k  8 .S .S .R .  (R ep. Acad. Sci. U .S .S .R .) ,  1935
o iK io  /• R u ss ian ) 5 an d  Compt. rend. Acad. Sci. U .R .S .S .,  1935, TN.S 1 
3, 15-18 (m  G erm an)) — Theoretical. T he m eth o d  is app lied  to  th e  problem

r° n  gaS u.n d cr tlle  hiflucnce o f a n  a lte rn a tin g  electric  field. N . A.
« t- i- toteraction of Atoms and Molecules with Solid Surfaces. I. The
Activation of Adsorbed Atoms to Higher Vibrational States. J .  E . L ennard- 
Jones an d  C. S trach an  (Proc. Roy. Soc., 1935, [A], 150, (870), 442-455).— The
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behaviour o f a n  a to m  or molecule adsorbed  on th e  surface o f  a  solid is in ­
v estig a ted  b y  w ave-m echanics. Form ulas are found  for th e  m ean  in terva l 
betw een successive excitations from  th e  s ta te  o f low est v ib ra tio n a l energy to  
various excited  s ta te s  a n d  for th e  m ean tim e during  w hich th e  a to m  rem ains in 
a n  excited  s ta te . A n application  is suggested to  th e  th eo ry  of th e  m igration  o f 
a tom s along surfaces.— S. G.

*The Interaction of Atoms and Molecules with Solid Surfaces. II.—The 
Evaporation of Adsorbed Atoms. C. S trachan  (Proc. B oy. Soc., 1935, [A], 150, 
(870), 456—164).— Cf. preceding ab strac t. A  fo rm ula  is o b tained  for th e  
p ro b ab ility  o f evap o ra tio n  o f a n  adsorbed  a to m  or molecule from  a solid 
surface. T he th eo ry  is app lied  to  th e  evapora tion  of H 2, H D , a n d  D a from  a  
m eta l, an d  i t  is show n th a t  over a  wide range of tem p era tu re  th e  average 
len g th  o f tim e spen t by  H D  on  copper is ab o u t 4 -6  tim es th a t  o f H 2, while 
th e  tim e sp en t b y  D 2 is ab o u t 20 tim es as g rea t as th a t  o f H 2.— S. G.

*The Interaction of Atoms and Molecules with Solid Surfaces. III.—The 
Condensation and Evaporation of Atoms and Molecules. J .  E . L ennard-Jones 
an d  A. F . D evonshire (Proc. B oy. Soc., 1936, [A], 156, (887), 6-28).—Cf. 
p receding abstrac ts . A d e ta iled  th eo ry  of th e  evap o ra tio n  an d  condensation 
o f atom s a n d  m olecules a t  solid surfaces is w orked ou t. Formulae a re  found 
for th e  p ro b ab ility  t h a t  a n  im pinging partic le  will condense on  to  a  solid 
surface an d  for th e  len g th  o f tim e th a t  i t  will rem ain  there . T he th eo ry  th u s  
provides exp lic it formulae fo r th e  constan ts w hich occur in  L angm uir’s adso rp ­
tio n  iso therm  in  term s o f th e  physical properties o f th e  solid an d  its  surface 
field. T he m echanism  b y  w hich evapora tion  is supposed to  tak e  place is by  
th e  tran sfe r o f a  q u an tu m  o f th e  th e rm a l energy o f th e  solid to  th e  adsorbed 
a tom . As th e rm a l q u a n ta  a re  as a  ru le sm all, th e  energy  applies m ain ly  to  
a tom s an d  molecules held  b y  w eak forces such  as v a n  de r W aals’ forces. I t  
is found  th a t  evap o ra tio n  m ay, even a t  low  tem peratu res , tak e  place in  tw o or 
m ore stages, a n  a to m  being first excited  to  a  h igher v ib ratio n al level an d  th en , 
while in  th a t  excited  s ta te , receiving an o th er q u an tu m  o f energy sufficient to  
cause evapora tion . To illu stra te  th e  effect o f  m ass th e  probabilities o f con­
d ensa tion  a n d  ev ap o ra tio n  o f H 2, H D , a n d  D 2 are  ev alua ted  in ty p ica l cir­
cum stances. T he coeff. o f condensation is found  in  m an y  cases to  be quite  
sm all a n d  n o t equal to  u n ity , as is frequen tly  assum ed.— S. G.

*The Interaction of Atoms and Molecules with Solid Surfaces. IV.—The 
Condensation and Evaporation of Atoms and Molecules. J .  E . L ennard-Jones 
a n d  A. F . D evonshire (Proc. B oy. Soc., 1936, [A], 156, (887), 29-36).— Cf. 
preceding abstrac ts . A  th eo ry  of evapora tion  of a tom s from  a solid surface is 
w orked o u t for a  m odel in  w hich an  adsorbed  a tom  can  v ib rate  rad ia lly  an d  
la te ra lly  a b o u t i ts  p o in t o f a ttach m en t, b u t can n o t m igrate. E v ap o ra tio n  is 
contro lled  by  th e  ra te  a t  w hich th erm a l energy is com m unicated from  solid to  
th e  adsorbed  atom . T he condition  fo r deta iled  balancing betw een adsorbed  
a n d  ev ap ora ted  s ta te s  gives an  eq u atio n  for th e  adsorp tion  iso therm  in  term s 
o f th e  energy levels o f th e  adsorbed  s ta te .— S. G.

*The Interaction of Atoms and Molecules with Solid Surfaces. V.—The 
Diffraction and Reflection of Molecular Rays. A. F . D evonshire (Proc. Boy. 
Soc., 1936, [A], 156, (887), 37-44).— Cf. preceding abstrac ts . A th eo ry  of th e  
diffraction  a n d  reflection of m olecular ray s a t  crysta l surfaces is w orked ou t. 
I t  is show n th a t  th e  m in im a in  th e  d iffraction an d  reflection curves o f H e an d  
L iF  observed b y  F risch  a n d  S tern  a re  capable o f a  sim ple ex p lana tion , an d  th a t  
th e y  can  be used  to  deduce inform ation  ab o u t th e  p o ten tia l energy o f th e  gas 
in  th e  field o f th e  solid.— S. G.
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II.— PROPERTIES OF ALLOYS

(Continued from pp. 389-395.)

♦R unning Properties of Aluminium-Bearing Metals (Quarzal). M axim ilian 
(F rh r.) von  Schw arz (Z . M etallkunde, 1936, 28, (9), 272-275).— T he Q uarzal 
alloys consist o f a lum in ium  w ith  5 -1 5 %  copper a n d  sm all am o u n ts o f  heavy  
m etals a n d  co n stitu en ts  w hich produce p recip ita tion -harden ing . T he runn ing  
properties o f 5 o f these  alloys a re  show n graphically , a n d  photom icrographs of 
th e ir  s tru c tu re  a re  reproduced. T he 5 %  copper alloy will w ith s tan d  bearing  
pressures o f u p  to  150 k g ./cm .2, b u t  is m o st sa tis fac to ry  a t  80 k g ./cm .2; i t  can 
be used w ith  ru n n in g  speeds u p  to  10 m ./sec. a n d  in  w ell-lubricated  bearings 
th e  ru n n in g  tem p e ra tu re  averages 70°-90° C. Since th e  coeff. o f  expansion is 
ab o u t double  t h a t  o f steel, due allow ance m u st be m ade fo r th is  in  constructing  
th e  bearings. T he Q uarzal alloys have  a  low  sp. g r., w ear b e tte r  th a n  tin -base  
bearing  m eta ls especially  u n d e r im p ac t conditions, a n d  w ith s tan d  h igher 
tem p era tu res  w ith o u t seizing o r m elting.-—A. R . P .

♦Vanadium and Zirconium as Constituents of Aluminium-Bronze. C. 
P an se ri (A llu m in io , 1936, 5, (2), 37-45).— T he effects o f sm all ad d itio n s o f 
v an ad iu m  a n d  zirconium  to  a -a lum in ium -bronzes h as been in v estiga ted , an d  
th e  resu lts  are  show n in  m icrographs a n d  in d a ta  fo r th e  m echanical p roperties. 
V anad ium  is insoluble in  b o th  liqu id  a n d  solid copper, b u t  u p  to  0-25%  can  be 
in tro d u ced  in to  a lum in ium —bronze to  im prove th e  tensile  s tre n g th  a t  th e  
expense o f th e  d u c tility . Z irconium  ten d s to  em b rittle  th e  alloy a n d  even 
sm all ad d itio n s g rea tly  reduce th e  rolling p roperties.— A. R . P .

♦Influence of the Method of Deformation and Thermal Ageing on the Fatigue 
Strength of Aged Aluminium Alloys. H . B ohner (.M etallivirtschaft, 1936, 15, 
(35), 813-814).— A ltern a te  bending  te s ts  hav e  been  m ade  on an  a lum inium  
alloy  w ith  copper 5-65, m anganese  0-67, silicon 0-14, a n d  iron  0-23%  a fte r  
various hea t- an d  m echanical trea tm e n ts . W ith  age-hardened  rods, those p ro ­
duced  b y  ex tru s io n  show  a n  endurance  lim it o f  1 k g ./m m .2 less th a n  t h a t  o f 
those p roduced  b y  rolling o r draw ing, b o th  o f w hich give 14-5 k g ./m m .2. 
Q uenching tem p era tu res  h a d  no  effect on  th e  resu lts , b u t  increase in  ageing 
tem p era tu re  o r tim e  increases th e  endurance lim it.— v. G.

♦M echanism of the Decomposition of Aluminium-Magnesium Solid Solutions. 
P a u l Lacom be an d  Georges C haudron (C om pt. rend., 1936,202, (21), 1790-1792). 
— T he difference o f p o ten tia l betw een th e  calom el electrode a n d  a n  e lectrode 
o f th e  a lloy  im m ersed in  a n  aera ted  so lu tion  o f 3 %  sodium  chloride was 
m easured w ith  a  Curie electrom eter. A  9%  m agnesium -alum in ium  alloy 
m ade of v e ry  pu re  m etals was quenched a n d  tem p ered  a t  300° a n d  200° C. for 
periods o f  from  30 m inu tes to  400  hrs. A fte r tem pering  below 280° C., th e  
p o ten tia l o f  th e  solid so lu tion  first rises an d  th en , a f te r  prolonged trea tm e n t, 
reverts to  i ts  in itia l value. C orrosion m easurem ents confirm ed th is . Curves 
represen ting  th e  ra te  o f corrosion as a  function  o f th e  tim e o f  tem pering  were 
d raw n by  th e  T h yssen -B ourdouxhe  m ethod . F o r  low tem pera tu res , th e  ra te  
o f corrosion h as a  d is tin c t an d  high m axim um , b u t  a fte r  prolonged tem pering, 
th e  ra te  o f a tta c k  ten d s tow ards th e  original value . Alloys m ade w ith  com ­
m ercial m etals, an d  contain ing 0 -2%  silicon a n d  0-15%  iron , have  a h igher ra te  
o f p recip ita tion . I t  appears th a t  th e  c o n stitu en t p rec ip ita ted  a t  a  low te m ­
p era tu re  a n d  a t  th e  beginning o f th e  phenom enon is u n stab le  a n d  rich er in  
m agnesium  th a n  th e  com pound Al3Mg2, w hich co nstitu tes th e  [3-phase. Such 
a  m echanism  implies necessarily  a  m agnesium  co n ten t o f th e  a-phase low er th a n  
th a t  a t  equ ilib rium .— J .  H . W .

♦L ight Metal Alloys with an Aluminium-Magnesium Base for Use in Auto­
matic Cutting Machines. H an s B ohner (Z. M etallkunde, 1936, 28, (9), 2 9 0 - 
293).—H y dronalium  alloys a re  especially  su itab le  fo r cu ttin g  on au to m a tic



m achines as th ey  give sho rt, b r itt le  tu rn in g s owing to  th e  presence of Al*Mg,. 
A dd ition  o f up  to  2 %  m anganese an d  sm all am o u n ts o f chrom ium , whi 
form  h a rd  in te rm eta llic  com pounds w ith  m agnesium , a lum inium , a n d  A l2 g3, 
im proves still fu rth e r th e  cu ttin g  properties. T he presence o f Mg2Si, Mg2Zn 
a n d  th e  te rn a ry  a lum in ium -m agnesium  com pounds w ith  zinc o r copper also

*0n 'the Question' erf Aluminium for Automatic Machines. Georg Masing 
a n d  G ü n th er R itz a u  (Z. M etallkunde, 1936, 28, (9), 293-296 ; ^ ‘seussion, 
296- 297).— A ddition  of lead  to  a lum inium  resultsi in  sh o rt b rittle  tu rn ings 
w hen th e  m eta l is cu t o r drilled  in  a  la th e . T he lead  m ay  be added  by  stirring  
th e  m olten  m eta l w ith  lead  chloride or, in  th e
i t  as a n  alloy  w ith  copper a n d  nickel, e.g. copper 62-5, n ickel 12 o, an d  le 
25°/ Segregation o f th e  lead  is v e ry  sm all in  th e  second case, b u t  m ay  be 
fa irly  considerable in  th e  first. T he presence of lead  reduces th e  resistance of 
D u ra lu m in  to  corrosion som ew hat b u t  has no  effect on  its  d u c tility .—A. R . r .

Influence of the Structure on the Working Properties and Cutting Surface 
of Aluminium Alloys for Automatic Cutting Machines. E . V aders (Metall- 

■ ic hr,ft 1Q3R 15 135) 814-817).—T he hardenab le  alum inium  alloy Tordal
-  « •  *“ d w o rk ,b iB ty , .  - u b l .

W . H ofm ann  an d  K . E . V olk (M etallwirtschaft, 1 9 3 6 ,15, (30), 699 701). I  he 
com pound Ag,A l (alum inium  7-7% ) is cubic face-centred  above 600 C. (a t 
700° c T J  3 24 A.), betw een 600° an d  400° C „ i t  is close-packed hexagonal 
(a t 570° C a  =  2-90, c =  4-71 A., c /a  =  1-62), an d  a t  low er tem p era tu res i t

¡ S i  alloys, a  s tu d y  w as m ade w ith  a n  alloy contam m g 4 0 %  silver 
ouenched from  550° C. in  w ater, a f te r  heating  a t  th a t  tem p era tu re  for 30 
m inu tes followed by  ageing a t  room  tem p era tu re  for 20 days an d  tem pering 
for 6 hrs. a t  60°, 100°, 150° C., &c., respectively, an d  th e n  cooling slowly 
th e  furnace T he v a ria tio n  in  la ttic e  co n stan t, density , a n d  hardness of th e  
specim en due to  th e  above-m entioned trea tm e n ts  was m easu red ; d o t a t i o n  
an d  electrical resistance curves o f th e  quenched specim en during  slow beating  
were also tak en . As a  resu lt o f these m easurem ents i t  is concluded t b a f m  
th e  course o f ageing th e  hardness a tta in s  a  m axim um  value ju s t  p rio r to  th e  
sep aration  of th e  crystallites, while i t  decreases a fte r  th e ir  sep aration  T his 
resuhTis h i agreem ent w ith  th e  so-called solid solution th eo ry  o f age-harden-

m *The Influence of Sodium and Calcium on Industrial Aluminium. (G rasht-

Ch*X^Ray'V tudy 'of' 'the A lum inum  Zinc System. Ic h iji O b in a ta  M asam i 
Haeiva an d  Sigeyuki I t im u ra  (Tetsu to Hagane (J. Iron  Steel In st. Japan), 
1936' 22 (8) 622-629).— [In  Japanese .] T he a lum im um -zm c alloys m  th

srassä V ft— t
i s a r j Ä Ä a s s s  s..
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during  th e  process. I t  should  be n o ted , how ever, th a t  th e  la ttic e  co n stan t o f 
quenched ¡3 decreases anom alously  du rin g  ageing an d  th a t  th e  com plete 
decom position o f  th e  phase is scarcely a tta in a b le  a t  o rd in ary  tem p era tu re  
T he com plicated  changes in physical p roperties o f  th e  quenched alloys due to  
agem g are  explam ed crystallographically .— S G

1 9 3 ^ 2 8  7 ? i e > ^ PA m Tei i S 0: LiS t M e ‘a k ,. k u r t  L au te  M etallkunde, 
„ „ i ! -  V T i 236).— R esu lts  ob tam ed  w ith  th e  M aybach  im p ac t bending 
m achine on  D ura lum in , B ondur, E lek tro n , an d  S ilum in are  com pared w ith  
those  ob ta in ed  w ith  th e  Schenk m achine. T he h igher resu lts  given by  th e

fm pact ̂ t o t . - !  R  P °  a tt r ib u te d  to  th e  l e a s e d  ra te  o f deform ation  in th e

fProperties and Alloys of Beryllium. (S to tt.)  See p  410

( ^ r adS r i 9 3 V6e r 7Cq°PAeD h  i!Jo,ns'trom (Machinist
i ll^  \  Z A ^  768e-769e).—A  cadm ium -silver-copper bearing
alloy  has been developed to  prov ide a  h igher m elting  p o in t a n d  g re a te r  fa tigue 
resistance th a n  tm -base  B a b b itt. T he ad d itio n  o f silver m akes th e  cadm ium  
and ,u„aceptlble’ t °.'°.x ld a tio n  a t  th e  casting  tem p era tu re , im proves th e  flu id ity ,
cadm ium  T b e l  ^ “ i36 ° n  tb e  s tru c tu ra l an d  physical characteris tics o f 
cadm ium . T he hardness increases w ith  th e  silver con ten t, b u t th e  add itio n  of 
copper p e rm its a, red uction  o f silver fo r th e  sam e hardness. T he a lloy  has a  

I  t  0n n  tm -base  o r copper-base alloys.— J .  H . W.
The System Iron -Chromium -Chromium Carbide (Cr7C3)-Cementite (Fe.C)

wel^ l S i S S e 9 ^ ed B b ttm PhaUS ^A rc L  E is e n h u t te l  
to  nmo/ „n • i1*), 607-617).— T he system  lro n -ch ro m iu m -carb o n  up
pra nbip ° ^ om iam  ^  to  th e  Ee3C -C r7C3 hne  has been exam ined  by  m etallo- 
g raph ic , th erm al, d ila to m e tn c , m agnetic , a n d  X -ra y  m ethods. T he existence 
m en and tr lSonal chrom ium  carbides discovered by  W estgren, Phrag-
m en, a n d  N egresco w as confirm ed a n d  th e ir  cap ac ity  to  tak e  up  iron  by  a to m

b v a d d ftL enoaf e f ed -- Th6 yf hiLf  field ° f  tb e  iron_carbon  system  is re stric ted  
by ad d itio n  o f  chrom ium , a n d  no longer occurs in  alloys w ith  20 %  chrom ium
o r m ore. 4  four-phase  equ ilib ria  involving a  liqu id  phase o c c u r : (1) liqu id
( om ium  38-6, carbon  2-2% ) - f  (Cr, Fe)4C (chrom ium  76-0, carbon  8-34% )

W U S  S f r “  + . (Cr> J e^ C3 (chrom ium  80-0, carbon
oc v, n o n /  ’ ( ) liq u id  (chrom ium  30, carbon  2-4% ) +  a  (chrom ium  
26, carbon  0-3 ^ )  ^  y (chrom ium  20 , carbon  0-6% ) +  (Cr, Fe)-C , (chrom ium  

, carbon  8-26% ) a t  1260° C . ; (3) liqu id  (chrom ium  8, carbon  3-6% ) 4- 

rFe° r v w ' 'T l 1 cal'bon l '5% ) ^  (CD he),C 3 (chrom ium  54, carbon  7-68% ) - f

brium  v +  O r T l T  i ’ T O  a t  1130° T be four-phase eqifili-
tv ,J™  a  +  (Fe, Cr),C3 occurs a t  790° C. in  th e  sohd  s ta te ,

d Q it(f/°S .?n  i  p a r tic ip a tin g  phases being chrom ium  2 -6, 2 -0 , 62-0

at 800° io “ o  Coaf b 0n io o f’ ^  respectively. Annealmg
th e  b ritB e n ^  40~6%  chrom ium  resu lts  in th e  sep aration  of
R e tr ie d  q ^ nlagnCitlC FeC r com pound irrespective  o f  th e  carbon  conten t. 
D etafled  e q ^ b n u m  diagram s fo r alloys w ith  a  co n stan t chrom ium  co n ten t 

12, 15, 20 , 30, 35, 40 , 45, 50 , a n d  6 0 %  are  given, to g e th e r w ith  photo- 
m icrographs o f  num erous ch aracteris tic  s tru c tu re s . A. R . P .

w e .^n e 1930eu ) ; n 0r}n° n f  ‘ i «,  J e hh ighaus '(Arch. Eisenhutten-
193b-1937, 10, (3), 115-118).— In  th e  m olten  s ta te  iron , cobalt, an d  

copper are  m iscible m  all p roportions, b u t  as is th e  case w ith  th e  copper-iron  
a n d  copper cobalt system s sep ara tio n  o f th e  m eta ls tak es place on  solidifica-

and i h e n T  “  T *  “ ^ o l id i f y  as S-solid so lu tion  w hich changes to  y 
b ™  “  on coohng all alloys w ith  u p  to  8%  copper excep t those  in  th e
iron  com er solidify as y -te rn a ry  solid so lu tion , a n d  alloys w ith  8 -9 6 %  copper 
solidify as a  heterogeneous m ix tu re  o f  y a n d  copper. T he y -a  tran sfo rm ation  
occurs in  aU alloys th e  com position o f  w hich lies in  th e  field betw een th e  iron  
co rner o f th e  te rn a ry  d iagram  a n d  a s tra ig h t line jo in ing  th e  copper com er
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w ith  th e  79%  cobalt, 21%  iron  po in t. T he eu tec to ida l equilibrium  o f th e  
iron -copper system  is displaced to  higher tem p eratu res b y  ad d itio n  o f cobalt, 
reaching a  m axim um  tem p era tu re  in  th e  section 100%  copper—50 : 50 iro n - 
cobalt, a n d  fa l l in g  to  room  tem p era tu re  w ith  fu rth e r increase in  cobalt. 
X -ra y  exam ination  a n d  density  m easurem ents have confirm ed th e  existence 
of th e  com pound FeCo.— A. R . P .

*X-Ray and Electrical Investigations in the Copper-Gold System. C. II. 
Jo h ansson  a n d  J .  O. L inde (A n n . P hysik ,  1936, [v], 25, (1), 1—48).— A new 
phase  w ith  a n  o rdered  rhom bic la ttice  w ith  40  atom s in th e  u n it  cell has been 
discovered in  copper—gold alloys w ith  47—53 atom ic-%  gold a fte r  quenching 
from  ab o u t 420° C. I n  alloys w ith  36-47 an d  w ith  53-65 a tom ic-%  gold th e  
new  phase can  he o b ta ined  by  prolonged tem pering  a t  200°-400° C. Alloys 
w ith  65-80  a tom ic-%  gold a fte r  a  sim ilar trea tm e n t show only v e ry  feeble 
su p erstru c tu re  lines. T he electrical conductiv ity  has been m easured th ro u g h ­
o u t th e  system  a fte r  various h ea t-trea tm en ts  an d  th e  hearing of th e  resu lts  on 
th e  s tru c tu ra l changes is discussed.— v. G.

♦Constitutional Diagram oi the Copper-Silicon-Aluminium System. Chiuyo 
H isa tsune  (Tetsu  to Hagane (J. Iro n  Steel In st. Japan), 1936, 22, (8), 597-622). 
— [In  Japanese.] T he co n stitu tio n  of th e  whole te rn a ry  system  was investig ­
ated . N o  te rn a ry  in te rm eta llic  com pound was observed. 15 definite con­
s titu en ts  th a t  have  been determ ined  in  each b in ary  system  were also found  to  
occur in  th e  te rn a ry  system . T here  are 11 surfaces o f p rim ary  separation , an d  
8 in v arian t p o in ts on th e  liquidus su rfa ce ; am ong th em  2 po in ts are  te rn a ry  
eu tec tic , one p o in t te rn a ry  peritectic , an d  5 po in ts peritecto-eu tectic . B o th  
th e  (3-phases o f th e  copper-silicon an d  copper-alum inium  system s are  com ­
p lete ly  soluble in  all p roportions in  th e  te rn a ry  system , an d  decom pose in to  
a  _j— y t ' th e  u n iv a ria n t reac tion  line o f  th is  decom position has a  m inim um  
p o in t a t  ab o u t 500° C. Two in v aria n t reactions in  th e  solid s ta te , yt - f  y , Z f i  
y  - f  a , yt -|- 7 ^  a  +  et" ,  are  found  to  ex is t a t  675° a n d  495° C. F ive  
in v aria n t reactions : yL +  e2a  p  S +  Si, e2a  %  8 -j- £i +  Si, 'CA 8 +  C2 +  
Si, e2a  +  7)! ^  +  Si, Cr +  r)! X.2 +  Si, an d  tw o te rn a ry  polym orphic
changes due to  th e  t! 1 t 2 phases tak e  place a t  a lm ost th e  sam e tem p e ra ­
tu res  as in  th e  b in ary  system  copper-alum inium . F o u r te rn a ry  polym orphic 
changes due  to  th e  z, e /  a n d  e /  t , "  tak e  place a t : 600 C., y, +  
e. i t  e.' +  X ; 550° C., y( +  * /  s ."  +  X ; 585° C., y; +  e, ^  c /  _+ S i ;
a n d  525° C., y, +  e, +  Si, respectively . T he lim it o f so lubility  o f
silicon a n d  a lum inium  in  solid copper was also determ ined. S. G.

The Static Tensile Properties of German Standard Tin-Bronzes (Phosphor- 
Bronzes) in the Cast (Annealed and Unannealed) State at Room Temperature 
and at Higher Temperatures. W illi Claus an d  Claus Goetzel (Giesserei, 1936, 
18, (7), 154-158; (9 ), 206-219).— Tables are given showing th e  tensile  p ro ­
perties o f annealed  a n d  unannealed  castings o f phosphor-bronzes (containing 
6, 10 ,14 , a n d  20%  tin ) a t  tem p eratu res betw een 20° an d  500° C . ; no tes on  th e  
m icro- an d  m acro -structu re  are  also included and  th e  results sum m arized  in  a  
series o f space m odels. E x cep t in  th e  case o f th e  14%  tin  alloy annealing  th e  
castings w ith o u t previous deform ation  has little  o r no  effect on  th e  properties 
a t  an y  tem p eratu re . T he 14%  tin  alloy has a  tensile  s tren g th  in  th e  as cas t 
s ta te  o f 23 k g ./m m .2, a  y ield  p o in t o f  15 kg ./m m .2, a n  elongation  o f 7 %  an d  a 
B rinell hardness o f 7 9 ; a fte r  annealing th e  corresponding values are  32, 13, 
33, a n d  67. A ll th e  alloys can  be hea ted  to  300° C. w ith o u t undergoing any  
appreciable loss o f s tren g th  or ductility . Since all four alloys w hen properly  
cas t have  superior m echanical properties to  those specified in  D IN  1705, C. and  
G. suggest th a t  th e  t in  co n ten t in  th e  specification be reduced  b y  2 ^  (1 ^  in  
th e  cas t o f th e  6%  alloy).—A. R . P .
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*The Photoelectric Effect of Metallic A llo y s .-I. fCopper-Tin]. Luigi 
i ruuf a  G iuho Galliano (Annali chim. applicata, 1936, 26, 3 0 -3 4 ; G. Abs., 
1936, 30, 6636).—T he photoelectric  sen sitiv ity  to  th e  en tire  range o f rad ia tio n  
ot a  m ercury  arc  o f alloys o f  copper w ith  t in  w ith  v a ria tio n  in  com position was 
m easured. A special cell w as used  w hich p e rm itted  com parison of th e  emission 
irom  4 alloys, as well as from  copper as reference, to  be m ade sim ultaneously . 
A  photoelectric  sensitiv ity -com position  d iagram  was constructed . T here  are 
singular po in ts corresponding to  th e  com pounds Cu4Sn, Cu3Sn, an d  Cu3Sn2.

 g Q. 
*0n the Diffusionless Transformation of the (3-Phase of Copper-Zine Alloys

E . K am insk i an d  G. K urd jum ow  (Metallwirtschaft, 1936, 15, (39), 905-907)._
A t — 14° C. (3-brass ap p ears to  undergo a  tran sfo rm atio n  in to  a  te trag o n al 
phase w ith  a  =  3-755, c =  3-586 A.— v. G.

^Precipitation-Hardening of Gold-Nickel Alloys. W erner K o s te r  an d  W alter 
D annohl (Z. MetaUleunde, 1936, 28, (9), 248-253).— N ickel an d  gold form  a  
continuous series o f solid solu tions a t  h igh tem pera tu res , b u t a t  room  tem p era ­
tu re  th e  alloys con tain ing  5-98  a tom ic-%  nickel consist o f 2 face-cen tred  solid 
solutions, a  nickel-rich a n d  a  gold-rich. T he heterogeneous range extends 

97 a tom ic-%  nickel a t  400° C., from  22 to  95 a tom ic-%  nickel a t  
n Ci’™ d̂ m .58 t0 ,88 a tom ic-%  nickel a t  800° C. Alloys quenched from  

above 850 0 . begin to  decom pose on  rehea ting  a t  400° C., generally  alon-r th e  
gram  b o u n d a rie s; on  m ore prolonged h eatin g  new  nuclei a re  form ed in th e  
g ram  centres a n d  decom position proceeds from  these  ou tw ards an d  from  th e  
g ram  boundaries in w a rd s ; sim ultaneously  th e  e lectrical resistance falls an d  
th e  coercivity , rem anenoe, m agnetiza tion , an d  hardness rise, th e  first a n d  las t 
m uch  m ore rap id ly  th a n  th e  second a n d  th ird . T he hysteresis loop o f quenched 
alloys is v e ry  sm all, b u t  rap id ly  b roadens as p rec ip ita tio n  occurs a n d  th en  
con trac ts  again  as th e  new  phases coagulate. M axim um  p rec ip ita tio n  h a rd ­
ness is ob ta in ed  w ith  th e  60 a tom ic-%  nickel a llo y ; th e  quenched alloy o f th is 
com position has a  la ttic e  p a ram ete r o f  3-77 A. in stead  o f th e  theo re tical
* at- . aPPears to  con ta in  a n  un stab le  gold-n ickel com pound, possibly

A uN i2 o r A uN i3.—A. R . P . L J

-Ctol <Silvei  °n ,^ea,d; . J- Veil! Greenw ood (Ohern. Eng. Min. Rev., 1936, 
¿H, (33o), 384).—b in a tl add itions o f silver to  lead, a lthough  n o t g rea tly  affecting 
th e  hardness, apprec iab ly  reduce th e  ra te  o f  deform ation  un d er stress. The 

n j  )^ ere un d er a  stress o f 500 lb ./ in .2 in  d irec t tension  in  th e  “  as
rolled condition  an d  a f te r  annealing  a t  125° C. fo r 24 hrs. T he percentage 
r = / m -,lengtih a f t e r  ^ O d a y s  w as as follow s: v irg in  lead, contain ing 
b i b  sdver’ 6-0 (as roUed) a n d  6-6 (an n ea led ); silver 0 -001% , 9-5 and
1 ' ’ 'l '(J and  3-2 ; silver 0 -05% , 3-2 an d  3-4; silver 0-10% ,
6-4 a n d  7-3. A lthough  0-05%  tellu rium  increases th e  B rinell hardness o f lead  
irom  3-5 to  7, as opposed to  3-5-4-5 for th e  sam e am o u n t o f silver, th e  h a rd  
tellu rium  alloy  creeps a t  a  m uch  g rea te r ra te  th a n  v irg in  lead  un d er a  stress o f 
500 lb ./in . . I h e  p roperties o f these silver alloys a re  appreciab ly  a lte red  by 
h ea t-trea tm en t, a n d  th is  is being fu rth e r investiga ted .—J .  H . W .

tNew Equilibrium Diagrams ior the Systems Lead-Thallium and Lead- 
Thallium Cadmium. Correction. E rn s t Jiinecke (Z. Metallkunde, 1935, 27, 
r)/r , , Met. Abs., 1935, 2, 153. N ew  experim en tal w ork b y  O lander

J  f'* ’ X’ 421) ind icates th a t  th e  tw o-phase field betw een th e  lead
, j  I ,  f olutions should ex ten d  from  49 to  55%  lead , an d  th a t  th e  

1 b l l 3 field should end a t  a b o u t 10%  lead  on th e  thallium  side. N o changes a re  
requ ired  for th e  lead -th a lliu m —cadm ium  system .— S. G 

»Physical Properties of Soit Solders and the Strength of Soldered Joints. 
a r \ ' r  Mnl eTm n i  9»* 11 (M etals Technology, 1936, 3, (5), 23 p p . ; and

i '7 r , Tech. Publ. 727; also (sum m aries) Iron Age, 1936,137, (9 ) 30-33- 
an d  Meek. World, 1936, 99, (8 ), 347-348).— F o u r series o f solders were p repared
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from  lead  an d  tin  o f different purities. I n  each series, solders o f 7 o r 8 com posi­
tions were p repared  in  th e  range 15-63%  of t in , an d  th e  physical p roperties 
were system atically  com pared. D a ta  are given for th e  electrical conductiv ity , 
im p ac t stren g th , shear stren g th , tensile stren g th , an d  e longation values o f th e  
solder alloys, a n d  also for th e  stren g th s o f soldered lap  jo in ts o f 70 : 30 brass. 
A  m ethod  o f soldering was devised w hich p ractically  elim inated  porosity  in  
single lap  jo in ts ; th is  consisted in  flowing solder in to  a  properly  p repared  wide 
jo in t, an d  th e n  squeezing th e  jo in t m em bers to  th e  desired s tan d ard  narrow  
w id th  w hilst th e  solder was still m olten. I n  all four series, solders containing 
35 an d  40%  tin  gave m arked ly  superior jo in ts. T he electrical conductiv ity  o f 
all th e  solders increased by  ab o u t 5 %  on  ageing a t  room  tem p era tu re  for 
6 m onths. N o g re a t differences ex is ted  betw een th e  four series, an d  th e  
original m u st be consulted  for deta ils o f th e  im purities and  th e ir effects

—W . H .-R .
*On the Heat Conductivity oi Superconductive Alloys. H . B rem m er and  

W . J .  d e H a a s  (Physica , 1936,3, (7), 692-704 ; a n d  Comm. K .O nnes Lab. Leiden, 
No. 243c).— [In  E nglish .] T he h e a t resistance o f le a d - tin  alloy, R ose’s 
m eta l, a n d  ind iu m -lead  alloys o f th ree  d ifferent concentra tions was determ ined. 
T he h e a t resistance increases rap id ly  a t  very  low tem pera tu res , b u t  m ore 
slowly th a n  Z./LT, w hich was p red ic ted  b y  th eo ry . T he influence of th e  
m agnetic  field is com plicated an d  gives rise to  th e  hypothesis th a t  th e  field 
pen etra tes  a t  values w hich do n o t d is tu rb  superconductiv ity . D iscon­
tin u ities  m ay  ap p ear a t  th e  th resh o ld  values o f  e ith e r th e  a lloy  or o f an y  of 
th e  superconductive com ponents.— S. G.

Contribution to Our Knowledge of Magnesium Casting Alloys. H. B usch 
(Ciesserei, 1936, 23, (13), 290-295).—T he stru c tu re  o f m agnesium  alloys con­
ta in in g  u p  to  10%  o f a lum inium , zinc, m anganese, an d  silicon is described w ith  
reference to  th e  equ ilib rium  diagram s an d  m icrographs. T he m echanical 
p roperties a n d  m icrostructure  o f E lek tro n  contain ing  alum inium  9-5, zinc 0-5, 
a n d  m anganese 0-3%  a fte r  various h ea t-trea tm en ts  a re  show n in  tab les and  
photographs. T he following tab le  illu stra tes th e  changes produced by  various 
h e a t-trea tm en ts  in  a  n itrogen  atm osphere  :

Brinell
Hardness.

Yield-Point,
Kg./mm.1.

Ultimate
Strength,
Klg./mm.a.

Elongation.
%.

As cast . . . . 67-5 11-8 16-75 1-6
|  hr. a t  390° C., quenched 65-9 11-7 17-6 2-25
32 hrs. a t  425° C., quenched . 55-5 10-8 20-5 4-2
32 hrs. a t 425° C., cooled a t 

10° C./hr. to  350° C„
quenched . . . . 53-3 10-3 25-3 9-5

5 hrs. a t  440° C., cooled a t  4°-
2° C./m inute to  20° C. 66-2 12-8 20-7 3-5

— A. R . P .
*Advances and Present Position of the Use of Elektron Metal. W alth er 

Schm idt a n d  P a u l Sp italer (Z. Metallkunde, 1936, 28, (8), 220-222 ; discussion, 
222-224).— E lek tro n  AZ855 contains zinc 0-5 and  m anganese 0-1%  an d  has a  
tensile s tren g th  o f 32-8 kg ./m m .2 a t  20° C. an d  19-2 k g ./m m .2 a t  200° C. w ith  
corresponding y ield  po in ts o f  23-6 and  15-4 k g ./m m .2, elongations o f 12-6 an d  
23-9% , an d  B rinell hardness values o f 68 an d  50. A lloy AV9 is a  hardenable  
alloy for sand-castings an d  has a  sim ilar com position excep t th a t  th e  m anganese 
co n ten t is 0 -3 % ; a fte r  hom ogenization a t  420° C. in  a  su lp h u r dioxide a tm o ­
sphere o r in  a  b ichrom ate  sa lt-b a th  (a 3 : 1 m ix tu re  o f  sodium  a n d  potassium  
bichrom ate, m elting  p o in t 266° C.) an d  ageing a t  ab o u t 200° C. th e  alloy has 

I  X



a  tensile  s tre n g th  o f 24-27  k g ./m m .2, a  y ield  p o in t o f 10-11 k g ./m m .2, an d  
an  elongation  o f 10% . Several exam ples o f th e  use o f these  alloys fo r m aking 
d rop  forgings a n d  o th e r p a r ts  fo r a irc ra ft w ork  a re  illu stra ted .— A. R . P .

^Magnetic Atomic Moment of Manganese Dissolved in  Copper, Silver, and 
Gold. G o tth a rd  G ustafsson (Ann. Physik, 1936, [v], 25, (6 ), 545-560).—The 
m agnetic  suscep tib ilities o f  copper, silver, a n d  gold con tain ing  u p  to  4 -7  

m anganese hav e  been d e term ined  a t  tem p era tu res  betw een 2 0 ° a n d  
450 C.— v. G.

*X-Ray Analysis of Manganese-Rich Manganese-Silicon Alloys. K .
A m ark , B . B oren, a n d  A. W estgren  (Metallwirtschaft, 1936, 15, (36), 835-836). 
— M anganese alloys w ith  14-25%  silicon quenched from  1000° C. show  lines 
ol th e  cubic phase  M n3Si. A fte r annealing  a t  600°-800° C. th e  X -ray  d iagram  
shows num erous feeble lines, difficult to  in te rp re t, b u t  a p p a re n tly  ind ica tive  o f 
com plex tran sfo rm atio n s . T h e  a tom ic  a rran g em en t in  th e  hexagonal phase  
■Mn5Si3 was also in vestiga ted .— v. G.

♦M agnetic Anisotropy of Nickel-Cobalt Single Crystals. J .  W . Sh ih  (Phys. 
Rev., 1936, [ii], 50, (4), 376-379).— T he m agnetic  p roperties o f single crystals 
ot nickel—cobalt alloys have  been s tu d ied  in  th e  face-cen tred  cubic range w ith  
a  pendu lum  m agnetom eter. T he d irection  o f easiest m agnetiza tion  changes 
from  <111> to  <100> as th e  cobalt c o n ten t increases from  3 to  10% , b u t  
changes b ack  to  <111> w hen  th e  cobalt co n ten t is m ore th a n  2 0 %  T he 
th eo ry  o f  Pow ell an d  Fow ler (Proc. Roy. Sac., 1930, [A], 1 3 0 ,167) is inad eq u a te  
to  exp la in  those  resu lts . T here  is a  d iscrepancy  betw een  th e  p resen t resu lts 
a n d  those  o f M asum oto (J. Inst. Metals, 1927, 38, 413) fo r po lycrysta lline  
specim ens.— W . H .-R .

^  “  Free Machining ”  Monel Metal. 0 . B. J .  F ra se r (Iron Age, 1936, 138, 
(7), 37).— B riefly  describes th e  p ro p ertie s o f  “  R ” M onel m eta l.— J .  H . W .

*X-Ray Investigations in the Ternary System Nickel-Copper-Zinc. J .
Schram m  a n d  0 .  V aupel (Metallwirtschaft, 1936, 15, (31), 723-726). The
phase  fields a t  low tem p era tu res  in  th e  system  have  been determ ined  bv 
X -ray s.— v. G.

♦Rolling and Recrystallization Textures of Iron-Nickel Alloys in Relation to 
the Magnetic Properties.—II. O tto  D ah l a n d  F ran z  Paw lek  (Z. Metallkunde, 
1936, 28, (8 ), 230-233).— T he v aria tio n s in  th e  tensile  stren g th , elongation, 
coercivity , a n d  m agnetic  pe rm eab ility  o f  60 : 40  iron -n icke l alloy in  directions 
inclined  a t  various angles to  th e  d irec tion  o f  rolling are  show n in  p o lar co­
o rd inates a f te r  d ifferent h e a t a n d  m echanical trea tm en ts . A fter cold-rolling 
to  80%  reduction , annealing  a t  1000° C., a n d  cold-rolling to  50%  reduction  
th e re  is re la tive ly  little  d irec tio n a lity  in  a n y  o f these  p ro p e rtie s ; th e  sam e is 
tru e  for 50%  cold-rolling before a n d  94%  a fte r  th e  annealing  operation , b u t 
th is  tre a tm e n t increases th e  values o f  all th e  p roperties excep t m axim um  
p erm eability . A fte r cold-rolling to  50%  reduction , annealing  a t  700° C., 
cold-rolling to  98-5%  reduction , a n d  annealing  a t  1100° C. to  produce a  fibre 
s tru c tu re  th e  elongation  is a  m ax im um  a t  45° to  th e  d irec tion  o f rolling an d  
a  m inim um  in  th e  d irection  o f rolling an d  perpend icu lar th e re to  while th e  
rem anence, perm eability , an d  tensile  s tre n g th  behave conversely an d  th e  
coercivity  is co n stan t in  all d irections. A fte r 98*5% reduction  by  cold-rolling, 
annealing  a t  1000° C. a n d  cold-rolling to  50%  reduction  th e  m axim um  p erm e­
ab ility  an d  rem anence are  v e ry  h igh perpendicu lar to , a n d  v e ry  low in  th e  
d irection  o f rolling, th e  converse being tru e  fo r th e  o th er properties. Som e­
w h a t sim ilar resu lts  a re  ob ta in ed  w ith  an  alloy o f n ickel 34*8, copper 13, and  
iron  52*2% ; a fte r  quenching from  1000° C. an d  cold-rolling to  94%  reduction  
th e  in itial perm eab ility  is a  m axim um  a t  30° to  th e  d irec tion  o f rolling, th e  
coercivity  a  m axim um  a t  30° an d  60° to  th is  d irection  a n d  a m inim um  a t  45° 
while th e  tensile s tren g th  is fa irly  co n stan t. T he sam e alloy  a f te r  furnace 
cooling from  1000° C. an d  cold-rolling to  94%  red uction  shows rem arkable
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increases in  all th e  m agnetic  p roperties and  a  som ew hat sm aller degree of 
d irec tiona lity .— A. R . P .

*The Influence oî Elastic Stresses on the Magnetization Curve [of Nickel- 
Iron Alloys] with Alternating Current. H an s L ittm a n n  (Ann. Physik, 1936, 
[v], 27, (3), 186-200).-—The effects o f annealing  an d  o f tensile  pulls a n d  to rsion  
on th e  m agnetiza tion  curve o f n icke l-iron  alloy wires have  been investigated .

— v. G.
*On the Effect of Tensile, Compression, and Torsion Stresses on the Longi­

tudinal Magnetostriction. H erm an n  K irchner (Ann. Physik, 1936, [v], 27,
(1), 49-69).— T he resu lts o b ta ined  on nickel, n icke l-iron  alloys, a n d  nickel 
contain ing  0-5%  beryllium  are  recorded.—v. G.

*On the System Nickel-Zinc. W . H eike, J .  Schram m , a n d  0 .  Y aupel 
(Metallwirtschaft, 1936, 15, (28), 655-662).—A re-exam ination  o f th e  system  
has confirm ed th e  resu lts  o b ta ined  in  th e  au th o rs’ earlier w ork (in 1933) in  all 
th e  essen tia l po in ts, desp ite  adverse criticism s of T am aru  an d  o f Caglioti.

— v. G.
W hite Metal and Bronze Bearings from the Manufacturer’s Point of View.

M. M elhuish (Proe. Inst. Automobile Eng., 1936, 30, 431-443 ; discussion, 
444—452).—T he m anufactu re  o f  tin -base  an d  lead-base w hite m etals, th e  
com m on im purities a n d  th e ir  influencé, an d  th e  effects o f m ethods o f a lloying 
are discussed. T he several m ethods of lining w ith  w hite m etals are com pared 
an d  pressure d ie-casting is recom m ended. T he properties an d  applications o f 
leaded bronzes, an d  copper-lead  are described, followed by  a  b rief reference to  
phosphor-bronze in  th e  cast an d  rolled conditions. I n  th e  discussion (a t th e  
3 centres o f th e  In s titu te  where th e  pap er was presented) adhesion of th e  lining 
m etals, clearances a n d  lubrica tion  were th e  principal poin ts raised .—J .  E . N.

Steam, Dry Air Anneal, and Normal Ageing Test Data on the Zamak Alloys.
 (Zinc Alloy Pot, 1934, 2, (1), 8 ).—A  tab le  giving 3 ty p es o f d a ta  : 3-year
indoor ageing d a ta  represen ting  a  d irec t service te s t  un d er norm al conditions ; 
2-year ageing a t  95° C. representing  a  service te s t  un d er continuous exposure 
to  th e  m axim um  tem p era tu re  likely  to  be encountered  ; a n d  10-year steam  
te s t— a  reliable accelerated  te s t  accu rate ly  p red icting  th e  effect o f long trop ical 
exposure.— S. G.

tDiffusion in Solid Metals. R o b ert F. M ehl (Metals Technology, 1936, 3, 
(5), 46 pp. ; a n d  A.I.M .M .E . Tech. Publ. No. 726).— I n  th e  In s ti tu te  o f M etals 
D ivision L ectu re  fo r 1936, M. gives a  com plete an d  critical review of th e  
phenom ena o f diffusion in  solid m etals, w ith  a  bibliography of references to  
302 original papers. T he p ap er deals w ith  (1) th e  fundam en tal diffusion 
equations an d  m ethods o f determ in ing  th e  constan ts, (2 ) th e  physical th eo ry  
an d  th e  equations o f D ushm an  an d  L angm uir, (3) ra te s  o f diffusion, (4) results 
of m etallographic investigations o f  s tru c tu res  produced by  diffusion, (5) an iso ­
trop ic  effects, (6 ) la ttic e  d is to rtio n  effects, (7) g ra in  boundary  diffusion, (8 ) su r­
face diffusion, an d  (9) app lications to  in d u stria l processes o f th e  resu lts o f 
research  w ork on diffusion. T he lectu re  is a n  exceptionally  in teresting  review  
o f th e  sub ject.— W . H .-R .

Precipitation from Cast and Worked Material.  (Metallurgist (Suppt. to
Engineer), 19 3 6 ,1 0 ,134).— Discussion o f w ork b y  H . B um m  an d  V. D ehlinger, 
Metallwirtschaft, 1 9 3 6 ,15, (4), 89 ; see Met. Abs., th is  vol., p. 301.— S. G.

III.— STRUCTURE
(M etallography; M acrography; C rystal S tructure .)

(Continued from pp. 396-397.)

fThe Boundaries of Metal Crystals. A Critical Review. E . H . B ucknall 
(Met. Ind. (Land.), 1936, 49, (13), 311-316; (15), 369-373; (16), 396-399).—  
T he properties o f crysta l boundaries have been th e  sub ject o f speculation  an d
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research  for 35 years. T he various theories are  c ritica lly  review ed in  th e  lig h t 
o f m ost recen t knowledge, a n d  th e  developm en t o f R osenhain ’s th eo ry  is 
traced . T he p roperties o f  th in  films an d  e lectrodeposited  m eta ls have  been 
stud ied , and  led  to  th e  hypothesis th a t  a n  adsorbed  film is th e  m ate ria l betw een 
m eta l grains. I t  is suggested  th a t  a  consideration  o f in te r-c rysta lline  pene ­
tra tio n  by  diffusing elem ents has ind ica ted  th e  im portance  o f ac tive  ad so rp tion  
an d  po in ts to  th e  p ro b ab ility  o f fo rm ation  o f adsorbed  layers a t  g ra in  bo u n ­
daries as well as ex te rn a l surfaces. A bibliography o f 125 references is given.

—J .  E . N .
*Some Studies in Microstructure of Zinc Coatings. W . E . B uck  (J. Amer. 

Zinc Inst., 1936, 17, 70-75).— Sam ples o f  h o t-d ipped  spe lte r-coa ted  or gal­
van ized  sheets o f  long a n d  sh o rt service w ere sectioned an d  exam ined  m icro ­
scopically. C oating  w eights w ere d e te rm ined  e ith e r b y  th e  s ta n d a rd  2 |  in. x  
2 J  in. sp o t te s t  o f  th e  A m erican Society  fo r T esting  M aterials, strip p in g  th e  
coating  w ith  hydrochloric  acid  a n d  an tim o n y  chloride, o r b y  a  v a ria tio n  o f 
C ushm an’s hydrogen  evo lu tion  te s t.  I t  is show n th a t  th e  m icroscopic con­
firm ation  o f th e  n a tu re  o f th e  coatings m ay  th ro w  m uch  lig h t on  unexp la ined  
coating  failures.— J .  H . W .

*The Influence of Valency Electrons on the Crystal Structure of Ternary 
Magnesium Alloys. F . L aves a n d  H . W itte  (Metallwirtschaft, 1936, 15, (36), 
840-842).— T h e  connection  betw een  th e  con cen tra tio n  o f valency  electrons 
an d  th e  s tru c tu re  o f  som e te rn a ry  m agnesium  alloys has been de tected . 
(A nalogy to  th e  H u m e-R o th ery  R ule.)— v. G.

*The Crystal Structure of (3-Titanium. W . G. B urgers a n d  F . M. Jaco b s 
(Z. Krist., 1936, 94, (4), 299-300).— [In  E nglish .] (3-titanium  w hich is stab le  
above ab o u t 900° C. (882° ^  20° C. according to  de  B oer, B urgers, a n d  F a s t  
(Proc. K. AJcad. Wet. Amsterdam, 1936, 39, 515), has a  body-cen tred  cubic 
s tru c tu re  w ith  2 a to m s in  th e  u n it  cell. T he la ttic e  co n stan t ju s t  above th e  
tran s itio n  tem p e ra tu re  is as =  3-32 A.— W . H .-R .

*Energy Bands in Metallic Tungsten. M illard F . M anning a n d  M arvin 
Chodorow (Phys. Rev., 1936, [ii], 50, (4), 399).— A b s tra c t o f a  p ap er read  before 
th e  A m erican  P h y sica l Society.— S. G.

*Anisotropy in the Atomic Vibrations of Zinc Crystals. I.—Evidence from 
X-Ray Scattering. G. E . M. Ja u n c ey  an d  W . A. B ruce (Phys. Rev., 1936, 
[ii], 50, (5), 408—112).— W . H .-R .

* Anisotropy in the Atomic Vibrations of Zinc Crystals. II .—Diffuse Scatter­
ing of X-Rays from Single Crystals. G. E . M. Ja u n c ey  a n d  W . A . B ruce 
(Phys. Rev., 1936, [ii], 50, (5), 413-416).— W . H .-R .

* Anisotropy in the Atomic Vibrations of Zinc Crystals. III.—The (0002) 
and (1010) Reflections of MoK a X-Rays from Powdered Zinc. D . D . Miller 
a n d  E . S. F o ste r, J r .  (Phys. Rev., 1936, [ii], 50, (5), 417-418).— W. H .-R .

*On the Intensity of X-Rays Reflected from Zinc. Clarence Z ener an d  S. 
B ilinsky (Phys. Rev., 1936, [ii], 50, (5), 489).— A  th eo re tica l n o te .— W . H .-R .

Comparison of Linear and Volume Contraction in Intermetallic Compounds.
F . L aves (Metallwirtschaft, 1936, 15, (27), 631-639).— T he la ttic e  dim ensions 
of in te rm eta llic  com pounds can  be p red ic ted  on ly  w ith in  certa in  lim its.

— v. G.
*The Elimination of Systematic Errors in Powder Photographs. M. U . Cohen 

(Z. Krist., 1936, 94, (4), 288-298).— [In  E nglish .] A  general m eth o d  is 
developed for e lim inating  th e  m ost im p o rta n t sy s tem atic  erro rs in  X -ray  
pow der p h o tographs w hen th e  cam era is o f such  a  ty p e  th a t  th e  X -ra y  beam  
en ters th e  cam era a t  th e  m iddle o f th e  film. I f  th e  cam era  co nstruction  is 
such th a t  th e  X -ray  b eam  e n te rs  a t  th e  ends o f  th e  film, a  fu r th e r  correction  
for film shrinkage m u st be  m ade. T he adverse  criticism  b y  S traum an is 
(Met. Abs., th is  vol., p. 306) o f  C.’s m eth o d  is due to  a  m isunderstand ing .

—W. H.-R.
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*The Calculation oî Precise Lattice Constants from X-Ray Powder Photo­
graphs. M. U. Cohen (Z. Krist., 1936, 94, (4), 306-310).— [In  E nglish.] The 
de ta ils  o f  C.’s m eth o d  (preceding abstrac t) for elim inating  errors in  pow der 
photographs are fu rth e r discussed.—W . H .-R .

Determination oî Parameters in Debye Photograms of Polished Sections. 
L. S. P a la tn ik  (Zhumal Tehnicheskoy Fiziki (J . Tech. Physics), 1935, 5, (8 ), 
1353-1355).— [In  R u ssian .]—N . A.

Analysis of Material by X-Ray Diffraction Method.— I  II. H e rb ert R . 
Isenburger (Machinist (Eur. Edn.), 1936, 80, (28), 422—424e ; (29), 4 7 7 ^ 7 9 e ) . 
— (I.— ) Discusses th e  theo re tica l considerations o f X -ray  diffraction analysis 
a n d  describes th e  equ ipm en t requ ired . ( I I .— ) D escribes th e  m ethod  of 
carry ing  ou t th e  analysis an d  th e  in te rp re ta tio n  o f th e  results .— J . H . W.

♦Theory of the Effect of Temperature on the Reflection of X-Rays by Crystals.
III.— High Temperatures. Allotropie Crystals. Clarence Zener and  S. B ilinsky 
(Phys. Rev., 1936, [ii], 50, (2), 101-104).— W. H .-R .

IV.— CORROSION

(Continued from pp. 397-402.)

♦Corrosion Tests with Pure Aluminium and Aluminium Alloys. E . Zurbrügg 
(Gas- w. Wasserfach, 1935, 78, 946 ; C. Abs., 1936, 30, 2156).—Experim ents 
were m ade w ith  a lum inium  o f vary ing  p u rity  in  N euhausen w ater. A lum inium  
o f 9 8 -99%  p u rity  w as d is tin c tly  a tta ck e d  by  carbon  dioxide, b u t  99-3% a lu ­
m inium  was no t. I n  th e  p as t, corrosion o f a lum inium  has been a ttr ib u te d  to  
th e  presence o f  copper o r lead  on  th e  a lum inium  surface, due to  in troduction  
du ring  rolling, &c. These m etals m ay  also come from  w a te r previously 
passing th ro u g h  lead  or copper tu b ing . W eakly  acid  w ater, containing as 
l it t le  as 0-05 m g. copper pe r litre , p rec ip ita ted  copper on  th e  alum inium  and 
caused corrosion.— S. G.

♦Intensification of the Tower Process and the Corrosion of Lead. I. E . 
A dadurov , A. I .  D m itrieva, an d  V. M. Z inovich (Zhumal Khimicheskoi 
Promishlennosti (J. Ghem. Ind.), 1936, 13, 660-663 ; C. Abs., 1936, 30, 
6515).— [In  R ussian .] Cf. Met. Abs., 1935, 2, 596. L ead  is m ore strongly 
a tta ck e d  in  th e  tow er system  th e  h igher th e  tem p era tu re , stren g th  of acid, and 
am o u n t o f N 20 3 presen t. To o b ta in  a  m inim um  loss o f lead , th e  acid in  the  
G lover tow er should  n o t be stronger th a n  58°-59° Be, an d  th e  N 20 3 should be
2-3-3% . T he acid  en tering  th e  G ay-L ussac  tow er should n o t be w eaker th an  
59° Bé a t  n o t over 30°-35°. T he in ten sity  o f th e  process is n o t effected by 
these  lim its.— S. G.

Corrosion. V.— Corrosion and W ater M a i n s .  Thiesing (Gas- u.
Wasserfach, 1935, 78, 429-131 ; G. Abs., 1936, 30, 3389).— T he phenom enon 
associated  w ith  th e  corrosion of iron an d  lead  w a ter m ains a n d  th e  p reventive  
m eans ad o p ted  are  briefly review ed.— S. G.

The Chemical and Electrolytic Corrosion of Subterranean Conductors. R. 
G ib ra t (Ann. Postes, Télégraphes Téléphones, 1936, 25, (8 ), 717-743).—Corrosive 
a tta c k  on  underg round  conductors m ay  be in itia ted  e ither by  chem ical action  
betw een th e  m eta l an d  th e  soil, or th ro u g h  th e  influence o f s tra y  curren ts from  
a n  ex te rn a l source. T he conditions governing b o th  ty p es o f a tta c k  are re ­
view ed, an d  a  descrip tion  is g iven o f th e  use o f th e  “  differential ”  soil-corrosion 
ap p a ra tu s  o f Schlum berger in  th e  investigation  of 2 cases o f electro ly tic  corro­
sion, w hich are  b o th  due to  s tra y  curren ts.— P . M. C. R .

Corrosion Tests on Galvanized Sheet. W . R àdecker an d  R . H aarm an n  
(Illust. Zeit. Blechindustrie, 1936, 65, (36), 1073-1074).— T he Schreiber boiling 
te s t, in  w hich th e  corrosion p ro d u c ts a re  re ta in ed  on th e  surface o f th e  test- 
piece, is considered preferable to  o th er m ethods (salt-spray , copper sulphate,
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so lven t a tta ck )  w hich involve th e  rem oval o f th e  corrosion p ro d u c t. T he 
Schreiber m eth o d  is described. I t  is em phasized  th a t  a c tu a l a tm ospheric  
exposure is necessarily  m ore valuab le  th a n  a n y  accelerated  m eth o d , a n d  th e  
resu lts  o f  a  series o f  such  te s ts  a re  g iven  in  th e  case o f sheet m an u fac tu red  by  
different m ethods.— P . M. C. R .

*The Action oi Cream and Butterfat on Metals and the Influence of Metals on 
the Quality of Butter and Butterfat. W . M ohr a n d  A. E ic h s tä d t (Molkerei- 
Zeit. (Hildesheim), 1936, 50, 1480-1482; G. A ls., 1936, 30, 6837).— Cf. Met. 
Abs., 1935, 2, 384. O f num erous m eta ls a n d  alloys s tud ied , V2A steel, a lu ­
m inium , an d  chrom ium -pla ted  o r tin n e d  copper strip s  were corroded least w hen 
exposed in  h ea ted  or soured  cream . T he sam e m eta ls h a d  least effect on th e  
flavour o f b u tte r . C hrom ium -plated  copper a n d  tin n e d  copper were corroded 
less th a n  o th e r m eta ls b y  cream  w hen exposed in  co m bina tion  w ith  V2A steel, 
a lum in ium , an d  copper. N o flavour defects w ere produced  in  b u tte r fa t  by  
th e  use o f tin n e d  o r enam elled containers, o r b y  V2A steel con ta iners .— S. G.

*Corrosion in Cooling Brines. H . O sterburg  (Milchwirtschaftl. Zentr., 1935, 
64, 303—307 ; Chem. Zentr., 1936, 107, (I), 170).— Investiga tions w ith  solutions 
o f chem ically-pure sa lts  show ed th a t  a lkali sa lt brines hav e  least effect on  iron, 
while m agnesium  chloride solu tions have  th e  g rea tes t. P o tassiu m  a n d  sodium  
chlorides are  p referred  fo r use  w ith  zinc. A lkali brines have  th e  g rea tes t 
corroding effect on  t in  an d  alum inium . T he q u a n tity  o f  m eta l d issolved was 
rem ark ab ly  sm all.— L. A. O.

Principles for the Simplification of the Testing Conditions in  Corrosion Tests.
DIN 1 7 0 3 . ------- (Z. Metallkunde, 1936, 28, (1), 2 0 - 2 1 ; an d  (abridged) Light
Metals Research, 1936, 4, (22), 384-385).—S ta n d a rd  conditions a re  la id  down 
fo r th e  selection o f th e  test-p iece , th e  p rep ara tio n  o f th e  surface, a n d  th e  d im en ­
sions. I n  rep o rtin g  resu lts  th e  n a tu re  a n d  co n cen tra tio n  o f th e  corroding 
m edium , th e  tem p era tu re , a n d  th e  presence o r absence o f a ir a n d  a g ita tio n  
shou ld  be specified. T he resu lts  shou ld  be rep o rted  as change in  w eight an d  
change in  m echanical p ro p e rtie s ; in fo rm ation  should  also  be given on th e  
change in  surface appearance, an y  change in  s tru c tu re , th e  n a tu re  a n d  ty p e  
o f corrosion products , a n d  th e  change in  th e  com position of th e  corroding 
m edium .— A. R . P .

Cleaning Copper Strips Used in the Determination of the Corrosive Action of 
Petroleum Products. E . G. Iv a n o v a  (Neft (Petroleum), 1936, 7, (6), 2 1 -  
2 2 ;  G. Abs., 1936, 30, 6178).— [In  R ussian .] S a tisfac to ry  resu lts  w ere ob ­
ta in e d  b y  trea tin g  copper s tr ip s  w ith  5 %  am m onia  an d  neu tra liz ing  w ith  
oxalic  acid .— S. G.

V.— PROTECTION

(Continued from pp. 402-404.)

*Modern Plated Aluminium-Copper-Magnesium Alloys and Their Properties.
P a u l B ren n er (Z. Metallkunde, 1936, 28, (9), 2 7 6 -2 8 0 ; discussion, 280).— A 
th in  coating  o f p u re  a lum in ium  (1%  o f th e  to ta l  th ickness) on  shee t o f  th e  
D u ra lu m in  ty p e  o f alloys considerably  increases th e  resistance to  corrosion 
w ith o u t apprec iab ly  affecting th e  s tre n g th  ; w ith  a  5 %  coating  th e  s tren g th  is 
reduced  by  5 -7 % , b u t th e  resistance to  corrosion is p rac tica lly  equal to  th a t  
o f  pu re  a lum in ium  a n d  th e  m eta l will w ith s tan d  m ore prolonged h e a t- trea t-  
m en t w ith o u t deprec ia tion  o f th e  p ro tec tiv e  va lue  o f th e  coating  by  diffusion. 
A v ery  h igh  resistance to  corrosion w ith o u t reduction  in  s tre n g th  is o b tained  
by  p la tin g  w ith  th e  H y d ro n a liu m  alloy  BSS, w hich has a  h igh  surface hardness 
an d  resists diffusion o f th e  copper from  th e  base-m etal during  h e a t- trea tm e n t.

— A. R . P .
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Protection of Aluminium Alloys from Corrosion. D. N. Shcvzov (Sudo- 
stroenie (Shipbuild ing ), 1936, (5), 329-334).— [In  R ussian.] A review .—N . A.

Measures Against Corrosion in Aviation. V. 0 .  K roenig (AviopromisMenost 
(A ir  Industry), 1936, (4), 23-26).— [In  R ussian.] A review .—N . A.

Aluminium Plating for the Protection of Metals from High-Temperature 
Oxidation. V. F . N egreev an d  S. G. Znaichenko (N eft (Petroleum), 1936, 7, 
(5), 2 4 -2 5 ; G. A bs., 1936, 30, 5924).— [In  R ussian.] The advan tages o f 
a lum in ium  p la tin g  various p a r ts  o f  equ ipm en t exposed to  h igh tem peratu res 
a re  discussed.— S. G.

* Porosity Tests for Zinc-Coated Iron and Steel. W . A. K oehler an d  R . 0 .  
B urfo rd  (Electrochem. Soc. P reprin t, 1936, O ct., 241-244).—I t  has been found 
p rac tica l to  ap p ly  th e  W alker te s t  for pin-holes, w hen iron or steel is coated  
w ith  zinc, using  a n  ex te rn a l e.m .f. to  produce ferrous ions a t  th e  poin ts where 
th e  iron  is exposed. P a p e r im pregnated  w ith  a  te s t  solution can also be used 
for th e  te s t  w ith  o r w ith o u t a n  ex te rn a l e.m .f., depending on th e  n a tu re  o f th e  
m eta l coating  on  th e  iron.— S. G.

*Some Studies in Microstructure of Zinc Coatings. (Buck.) See p. 458.
• * Influence of Hot-Dip Galvanizing on the Endurance Bending Strength and 
the Regularity of the Tensile Properties of Drawn Steel Wire. F ranz  Greis and  
H e rb e rt R u p p ik  (Arch. Eisenhiittenwesen, 1936-1937 ,10, (2), 69-71).—-Hot-dip 
galvanizing o f steel w ire reduces th e  endurance lim it (a lte rnate  bending test) 
owing to  th e  fo rm ation  o f th e  h a rd  z in c -iro n  in te rm ed ia te  lay e r an d  th e  
roughening of th e  surface in  th e  p ickling b a th . These effects are enhanced by  
irregu lar quenching as th e  wire leaves th e  zinc b a th , b u t  m ay  be m itigated  to  
a  considerable ex te n t b y  annealing  followed b y  a  careful quenching.—A. R . P .

Longer Life for Galvanizing Furnaces. W allace G. Im hoff (M achinist 
(E ur. E dn .), 1936, 80, (1), 18b-20b).—T he d estructive  forces acting  on  th e  po t 
in  hot-galvanizing are  briefly considered, w ith  p a rtic u la r  reference to  th e  
action  o f galvanizers’ dross a n d  of sal am m oniac.— J . H . W .

A New Galvanizing Furnace. W . H . Spowers, J r .  (Heat-Treat, and  
Forging, 1936, 22, (7), 356-358 ; a n d  In d u st. H eating, 1936, 3, (6 ), 375-378).—  
H ea tin g  of a  large galvanizing p o t by  rad ia tio n  from  electrical elem ents showed 
m any  advan tages, b u t  cost o f electric  pow er in  m an y  d is tric ts  in  U .S.A . p re ­
v e n ted  i ts  w ider adoption . T he principle has been  ex tended  to  o th er fuels, and  
an  in sta lla tio n  is described in  w hich th e  galvanizing k e ttle  is heated  by  vertical 
tu b es o f  chrom e-nickel alloy, hea ted  from  th e  inside by  gas, an d  applying to  
th e  side walls o f th e  galvanizing k e ttle  h e a t given off by  th e  glowing tubes. 
P e rfec t h e a t control, long life for th e  k e ttle , fuel econom y, very  low dross 
fo rm ation , an d  low h e a t losses a re  am ong th e  advan tages claim ed.— J . E . N .

To Exhibit New Zinc Plating Process at Metals Exposition. —  (Amer. 
M etal M arket, 1936, 43, (200), 3).— A brie f n o te  o f a  new  process using a  new 
b righ ten ing  agen t, w hich is claim ed to  be p a rticu la rly  ad ap tab le  for use in 
b a rre l p la ting  o f building hardw are , rad io  p a rts , electrical fixtures, and  o ther 
m eta l equ ipm en t where a ttra c tiv e  appearance is im p o rtan t. The new  b righ ten ­
ing agen t is a  liqu id  w hich is easy to  handle a n d  control. I t  is non-corrosive, 
non-inflam m able, an d  non-toxic.—-L. A. O.

The Protection of Zinc by Phosphate and Chromate Processes. Hugo 
K rau se  (Illust. Zeit. B lechindustrie, 1936, 65, (35), 1037-1038).— An account is 
g iven o f th e  “  G ranodizing ”  process as applied  to  zinc a n d  its  alloys, p lain  or 
cadm ium -plated , an d  o f a  d ichrom ate  im m ersion process for th e  trea tm e n t o f 
zinc, cadm ium , an d  th e  z inc-cadm ium  alloys. R eferences to  th e  re levan t 
p a te n ts  a re  given.— P . M. C. R .

*0n the Chemical Polarization of the Hydrogen Electrode by Oxygen and the 
Problem of Electrolytic Corrosion Protection. A rth u r F . Lorch (Electrochem. 
Soc. P reprin t, 1936, O ct., 173-178).—T he chem ical po larization  o f th e  hydrogen 
electrode by  oxygen w as investiga ted  a n d  found  to  bear a  sim ple re la tion  to  its
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electrical po larization . T he cu rren t equ iv a len t o f a  given concen tra tion  of 
oxygen rem ains co n stan t over a  w ide range  o f  p o ten tia ls  excep t th a t  a t  suffi­
c ien tly  positive  p o ten tia ls  oxygen ceases to  re ac t a t  th e  cathode. F ro m  th e  
resu lts  o b ta ined  i t  is possible to  exp la in  th e  failure o f  e lectro ly tic  corrosion 
p ro tec tio n  in som e cases.— S. G.

The Adhesion of Rubber to Metals. V. E v s tra to v  an d  N . T ran k o v sk av a  
(J. Rubber In d . (V .8 .S .R .) ,  1936, 578-582).— [In  R ussian .) A descrip tion , 
w ith  50 references.— S. G.

The Corrosion Problem. Paints and Anti-Corrosive Coatings. Georges 
G em n (In d u s t. chimique, 1935, 22, 8 0 2 -8 0 6 ; 1936, 23, 10-15, 322-325 
4 02-405  ; G. A bs., 1936, 30, 6217).— A  general discussion o f various types 
ot m etallic  coatings, a lum in ium  p a in ts , a n d  a n ti- ru s t  coatings re s is tan t to  
h igh  tem pera tu res .— S. G.

V I— ELECTRODEPOSITION

(Continued from pp. 404-407.)

Cadmium-Plating in Precision Industry. A. M. Sokov (Tochnaja Industria  
(P m zisions In d .)  1936, (8-9), 19-20).— [In  R ussian .] T he W estbrook  b a th  is 
recom m ended an d  a  descrip tion  o f th e  process g iven. -N. A.

*The Theory of Electrolytic Chromium Plating.—I I . ’ R o b e rt W einer 
(.Z . Elektrochem., 1936, 48, (8), 585-598).— See M et. A bs., th is  vol., p . 366. 
F u r th e r  theo re tica l exp lana tions on th e  process o f e lectro ly tic  chrom ium  
p la tin g  are  given. T he difference in  behav iour o f  gold, p la tin u m , a n d  carbon 
irom  th a t  o f  base m eta ls was thorough ly , i f  n o t exhaustive ly , investiga ted , and  
th e  im p o rta n t m etals in  chrom ium  p la tin g  practice , nam ely  iron , nickel,' and  
copper, w ere exam ined. Owing to  th e  ex trao rd in arily  vary ing , a n d  a t  first 
com pletely co n trad icto ry , resu lts , a  rigorous exp lan a tio n  was p u t  forw ard  
b n n g m g  o th e r base m eta ls in to  c o n sid e ra tio n ; a lth o u g h  th is  led  to  fu r th e r  
com plications, a  sa tis fac to ry  th eo ry  to  accoun t fo r th e  m an y  an d  v a ried  
phenom ena w as evolved.— J .  H . W .

The Nickel and Chromium Plating of Aluminium and Aluminium Alloys 
E . R a u b  (M itt. Forschungsinst. Edelmetalle, 1936, 9, (11/12), 111-121- and  
M etallw aren-Ind, u . Galvanotech., 1936, 34, (8), 150-154).— W hen alum inium  
shee t is nickel- o r chrom ium -plated  b y  an y  o f th e  s ta n d a rd  m ethods th e  first 
s tep  m  w hich m volves a n  e tch ing  o p eration  to  rem ove th e  surface oxide film, 
th e  resu lting  p la ted  m eta l does n o t w ith s tan d  corrosive conditions well since 
th e  p la te  is in v ariab ly  porous due to  th e  roughness o f th e  surface o f th e  a lu ­
m inium . E xam ples o f th is  a re  show n a fte r  exposure to  sa lt-sp ray  (which 
produces in tense  p ittin g ) a n d  s team  (which causes th e  p la te  to  flake off) 
I t  is s ta te d  th a t  th e re  is now  availab le  a  m eth o d  o f trea tin g  th e  alum inium  
surface, w hich rem oves th e  oxide film  w ith o u t spoiling th e  polish o f  th e  m eta l 
a n d  provides a  sm ooth  surface on  to  w hich first nickel an d  th e n  chrom ium  can 
be p la ted  in  such a w ay  th a t  th e  coatings do  n o t flake even w hen th e  p la ted  
shee t is b e n t ; such  coatings a re  claim ed to  be abso lu te ly  non-porous, b u t  no 
deta ils are  given o f th e  m ethod .— A. R . P .

Special Appliances for Chromium-Plating of Round Calibration Instruments 
P . E . Fom m  (Tochnaja In d u str ia  (P m zisio n s In d .), 1936, (6), 11-13) — [In  
R ussian .] T he w orkshop p la n t an d  th e  process o f  chrom ium -plating  ad op ted  
a t  th e  w orks a re  described.—-N. A.

Electrolytic Lead Coating (from Fluosilicate Solutions). P . P . B eliaev  an d  
J .  B. G urevich [Zhurnal KhimichesJcoy Promishlenosti (J. Chem. In d .) ,  1936,

i 1,0 )- 602-605). [ In  R ussian .] T he m eth o d  an d  ap p a ra tu s  used a t  th e  
D orkhim  w orks are  described.— N . A.

i o J iCokQe l,m n^ o S/  standards DIN 1702. ------- (Z. M etallkunde,
28, (b), 182).— I b e  toilowm g specification is su g g e ste d : com position__
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nickel n o t less th a n  99, copper no t m ore th a n  0-25, iron  less th a n  0-05, m an ­
ganese less th a n  0-01, zinc less th a n  0-01, an d  m agnesium  less th a n  0 -0 5 % ; 
th e  anodes m u st be to u g h  an d  free from  brittleness, have a  hom ogeneous 
s tru c tu re  free from  segregations along th e  g rain  boundaries, an d  be free from  a  
casting  o r rolling skin.— A. R . P .

Nickel Anodes. E . R au h  (M itt. Forschungsinst. Edelmetalle, 1936, 10, (4), 
37-43).— V arious ty p es o f nickel anodes are described an d  th e ir  re la tive  m erits 
discussed. T he effect o f  sm all am oun ts o f  im purities in  th e  anode on its  ra te  
o f  corrosion in  th e  b a th  an d  on th e  p lating  process is briefly described.

— A. R . P .
*Electroplating of Aluminium and Its Alloys with Zinc, Cadmium, Copper, 

Nickel, and Chromium. V. I .  L ainer an d  S. I .  O rlov (Legkie M etalli (Light 
M etals), 1936, (2), 22-33).— [In  R ussian .] A  com m on m ethod  of preparing  
a n  a lum inium  surface for e lec trop lating  is to  im m erse i t  for 1-3 m inutes in 
sodium  zincate so lu tion  d 1-25-1-4, th e n  to  degrease in  an  alkaline cyanide 
h a th . P la tin g  w ith  zinc is b e s t c arried  o u t a t  1-1-5 am p ./d m .2 in  a  b a th  
con tain ing  zinc oxide 45 an d  sodium  cyanide 100 g rm ./litre  w ith o u t add ition  of 
colloids, h u t  fo r cadm ium  p la tin g  a n  acid  b a th  contain ing  cadm ium  sulphate  
c ry sta ls 100, am m onium  su lphate  65, an d  pep tone 1-5-2 g rm ./litre  a t  pH 3-A 
w ith  0-7 a m p ./d m .2 is th e  m ost sa tisfac to ry . A copper undercoat should he 
used  only w hen th e  a rtic le  is to  be subsequently  p la te d  w ith  nickel o r cad m iu m ; 
th is  is p referab ly  o b tained  by  flashing in  a  cyanide b a th , th en  building u p  the  
deposit in  th e  o rd in ary  acid  su lp h a te  b a th . N ickel o r chrom ium  plating  over 
th e  copper lay e r is sufficiently good in  o rd in ary  b a th s .— D . N . S.

*The Electrolysis of Aqueous Solutions of Sodium and Zirconyl Sulphates. 
I.—A Preliminary Report. W . E . B ra d t a n d  H en ry  B. L inford  (Electrochem. 
Soc. P reprin t, 1936, O ct., 363-371).— A queous solutions o f sodium  an d  zirconyl 
su lphates w ere electrolyzed u n d e r contro lled  conditions. Difficulties due to  
th e  hydrolysis o f zirconyl su lp h a te  were p a rtia lly  avoided b y  th e  add ition  of 
sodium  su lpha te . F ac to rs  investiga ted  w e re : concen tra tion  o f zirconyl
su lphate , concen tra tion  of sodium  su lphate , hydrogen ion concentration , 
cu rren t den sity  an d  tem p era tu re  o f e lectro ly te. E lectrodeposited  m etallic 
zirconium  was o b ta ined  in  2 form s. One is a  silver-w hite, com pact, adheren t 
m eta l sim ilar to  n ickel e lectrop late  in  appearance. T his slowly changes to  the  
o th e r m odification w hich appears to  he a  no n -ad h eren t aggregation  composed 
of a  b lack  pow der w hich m ay  be zirconium  or som e ox idation  p ro duct o f 
zirconium . C onditions a re  described for o b tain ing  th in  deposits o f com pact, 
b rig h t m eta l.— S. G.

*The Formation and Growth of Pits in Electrodeposited Metals. Michel 
Cym boliste (Electrochem. Soc. P reprin t, 1936, O ct., 347—362).—P its  in electro­
p la ting , n o tab ly  nickel deposition, are  a ttr ib u te d  to  bubbles, e ither o f hydrogen 
or o th er gases. T he origin o f these  gas bubbles is discussed a t  length , and 
different ty p es o f  p its  are  illu stra ted  w ith  th e  a id  o f num erous photom icro ­
graphs. F u rth e rm o re , i t  is em phasized th a t  m ost bubbles a re  non-adheren t. 
The adherence o f bubbles to  th e  basis m eta l, o r to  th e  surface of th e  electro ­
deposited  m eta l, is a ttr ib u te d  to  a  w ide v a rie ty  o f possible irregularities in  
th is  surface, such as scratches, nodules, foreign partic les w hich have anchored 
them selves to  th e  surface, &c. Gas bubbles m ay  continue to  adhere w ithout 
increasing in  volum e, o r th ey  m ay  grow- in  size an d  e ith e r rem ain  a t  th e  surface 
or de tach  them selves an d  escape from  th e  solution. T he in terposition  of a 
th in  coat o f copper betw een  2 coats o f nickel is suggested as a  p ractica l m eans 
fo r th e  elim ination  o f p its .— S. G.

*The Co-deposition of Metals of the Same Valence in Acid Solutions. W. 
George P a rk s  an d  I .  M ilton L eB aron (Electrochem. Soc. Preprint, 1936, Oct., 
235-239).— T he co-deposition of 2 m etals o f th e  sam e valence w as investigated. 
T he following system s were in c lu d e d : z inc-cadm ium , copper-cadm ium ,
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nickel-copper, zinc-copper, a n d  s ilv er-tha llium . T he cathode  p o ten tia l 
m ethod  previously described {Met. A bs., th is  vol., pp . 163, 406) w as em ployed 
a t  different cu rren t densities, a t  room  tem p era tu re , in  solu tions o f p H 5. T he 
v a ria tio n  o f  co-deposition w ith  difference in  electrode p o ten tia l has been 
determ ined , a n d  th e  eq u atio n  derived  fo r co-deposition o f  m onovalen t an d  
b iv alen t m eta ls o f th e  sam e valence.— S. G.

Overpotentials in the Electrodeposition oi Metals on Indifferent Cathodes.
A. G. S am artzev  an d  K . S. E u stro p iev  (Izvestia  A kadem ii Naulc S .S .S .R .  
{Bull. Acad. Sci. U .R .8 .S .) ,  1934, [vii], 603-613 ; B rit. Chem. A bs., 1934, [A], 
1178).— [In  R ussian .] T he deposition  o f m eta ls (cadm ium , silver) begins a t  a  
h igher p o ten tia l th a n  th a t  a tta in e d  a f te r  a  few  m in u te s ; th is  phenom enon is 
n o t  due  to  g row th  o f  th e  c ry sta ls b u t  to  th e  passage o f th e  m eta l th ro u g h  a  
s ta te  in te rm ed ia te  betw een th e  ionic a n d  th e  m etallic.— S. G.

*Some Peculiarities of Electrodeposited Metals. L ad islav  Jen icek  (Rev. 
M et., 1936, 33, (6), 371-378).— E lec trodeposited  chrom ium  a n d  iron  co n trac t 
on  heating , m uch  m ore th a n  nickel, a n d  th e  softening th a t  occurs follows a  
curve o f th e  sam e form  as th a t  fo r con traction . N o co n traction  w as observed 
w ith  copper, a n d  th e re  w as v e ry  lit t le  red u ctio n  in  hardness on  heating . 
Change o f s tru c tu re  also resu lts  from  heating , an d  recrysta lliza tion  occurs on 
h ea tin g  to  tem p era tu res  h igher th a n  those  requ ired  to  reduce th e  hardness.

— H . S.
The Development of Electroplating. D. J .  M acnaugh tan  (M et. In d . (Bond.), 

1936, 49, (13), 323-324).— A p ap er form ing th e  in tro d u c tio n  to  a  discussion on 
e lec trop la ting  a t  th e  1936 m eeting  o f th e  B ritish  A ssociation.— J .  E . N .

The Future of Electrodeposition. H . J .  T . Effingham  (M et. In d . (Land.), 
1936, 49, (13), 324—325).— T he concluding co n tribu tion  to  th e  discussion on 
electrop lating  a t  th e  1936 m eeting  o f th e  B ritish  A ssociation.— J .  E . N .

VII.— ELECTROMETALLURGY AND ELECTROCHEMISTRY
(O ther th a n  E lectrodeposition .)

(Continued from pp. 407-408.)

*The Mechanism of Electrolytic Separation of Hydrogen by Palladium and 
Platinum. L . H an d ler an d  C. A. K n o rr  (Z. Elelctrochem., 1936, 42, (9), 669).—  
E x p erim en ts  on  th e  cathodic  po larization  o f  pu re  pallad ium  an d  p la tin u m  
electrodes in  2fV-sulphuric acid  so lu tion  show ed th a t  qu ite  different c u rre n t-  
e.m .f. curves a re  ob ta in ed  according as to  w h e th e r : (1) no  gas, (2) hydrogen, 
o r (3) n itro g en  is in tro d u ced  in to  th e  cathode  vessel during  th e  m easurem ent. 
T he curves o f th e  e.m .f. ag a in st th e  logarithm  o f th e  cu rren t d en sity  in  (1) and  
(3) a re  s tra ig h t l in e s ; th a t  in  (2) is a  curve ly ing  betw een  (1) an d  (3). A ccord ­
ing  to  T afel, in  case (2) w ith  th e  h ighly  active  pa llad ium  an d  p la tin u m  elec­
trodes, th e  reac tion  2 H  —- >  H 2 occurs, to g e th e r w ith  th e  de term in ing  back- 
reac tion , H 2  >- 2H . I n  case (1), in  th e  absence o f th e  gas phase, th e  m ig ra ­
tio n  o f th e  m olecular hydrogen  from  th e  electrode to  th e  so lu tion  is, according 
to  N e m st, a  slow process, a n d  th e  hydrogen  con cen tra tio n  on th e  electrode,
a n d  hence th e  velocity  o f th e  back  reac tio n  H 2  >- 2H , increases linearly
w ith  th e  cu rren t density . T hus it  ap p ears possible th a t  w ith  p u re  pallad ium  
a n d  p la tin u m  electrodes an d  u n d e r su itab le  conditions, th e  m echanism  o f th e  
e lectro ly tic  separa tio n  o f hydrogen  according to  b o th  N e m st a n d  T afel can  be 
realized.— J .  H . W .

*The Potential Differences at Metal-Vapour, Vapour-Liquid, and Liquid-Metal 
Interfaces of Partially Immersed Electrodes. Colin G. F in k  a n d  R ich a rd  C. 
D ehm el (Electrochem. Soc. P reprin t, 1936, O ct., 245-284).— A m ethod  was 
devised a n d  special ap p a ra tu s  has been designed a n d  constructed  for verifying 
th e  existence a n d  m easuring  th e  m agn itude  o f th e  p o ten tia l difference existing  
across th e  v ap o u r betw een  th e  exposed po rtio n  o f a  p a rtia lly  im m ersed e lectrode
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a n d  th e  surface o f th e  solu tion  in to  w hich i t  is dipping. A  shielded oscillating 
e lectrode has been developed w hich m akes possible th e  m easurem ent o f 
rap id ly  changing co n tac t p o ten tia l differences. T he oscillating electrode 
system  p erm its th e  use o f a n  a.c. am plifier an d  an  audible detec to r, th ereb y  
providing high sen sitiv ity  w ith  excellent electrical s tab ility . Q u an tita tiv e  
de term inations o f th e  p o ten tia l across th e  v apour were m ade w ith  copper, 
gold, an d  p la tin u m , each  d ipping in to  aqueous m olar solutions o f th e ir  salts . 
T he change resu lting  from  oxygen adm ission w hich occurred in  th e  po ten tia l 
d rop  across th e  v ap o u r w as stu d ied  q u an tita tiv e ly . T he effects o f dissolved 
oxygen on  th e  so lu tion  po ten tia ls  were also determ ined. T he effect o f th e  
p o ten tia l difference existing  across th e  v ap o u r a t  a  p a rtia lly  im m ersed electrode 
on its  corrosion is discussed.— S. G.

Electrolytic Separation of Light Metals from Non-Aqueous Solutions. I.— 
Preliminary Experiments of Electrolysis of Alkali Metal Salt Solutions. M. A. 
K lochko (Zhurnal Prikladnoi K h im ii  (./. A pplied  Chem.), 1936, 9, (3), 4 2 0 -
433)_ [ jn  R ussian .] E lectro lysis of solu tions of double alkali-a lum in ium
halides (form ed by  fusing th e  tw o sa lts  together) in  nitrobenzene affords 
cathod ic  deposits of th e  a lka li m eta l in  cu rren t y ields of 35-70% . Li, N a, K , 
an d  R b  have  been  o b ta ined  from  th e  double brom ides an d  L i an d  N a  from  the
double chlorides.—N . A.

♦Studies of Overvoltage : The Effect of Fusion of the Cathode and the Effect 
of Temperature on Gas Polarization. Allison B u tts  an d  W . A. Johnson  
(Electrochem. Soc. P reprin t, 1936, O ct., 205-220)-T -Cell voltages were m easured 
a n d  gas po larization  voltages dete rm ined  in  cells w ith  W ood’s alloy cathode and  
w ith  a  gallium  cathode, w hile th e  tem p era tu re  o f th e  cell v aried  so as to  cause 
th e  cathode  to  m elt an d  to  freeze. V o ltag e-tem p era tu re  curves an d  voltage­
tim e curves w ere o b tained  a t  co n stan t cu rren t densities. N o change of 
po larization  was found  during  m elting  o r freezing excep t in  th e  case o f  W ood’s 
alloy w hen th e  alloy h a d  n o t reached  equilibrium . Sharp  increases o f voltage 
were observed w ith  th e  liqu id  gallium  cathode (no t during  freezing), an d  also 
sudden  pronounced flatten ing  o f th e  liqu id  gallium . O vervoltages o f hydrogen 
w ere m easured  on solid an d  liqu id  W ood’s alloy a n d  gallium . S. G.

♦O n  the Problem of Hydrogen Overvoltage. P . P . Porfirov (Zhurnal Obstchei 
K h im ii (J. General Chem.), 1934, 4, 1311-1321 (in R u ss ia n ); an d  D M u h  
A kadem ii N a u k  S .S .S .R .  (Compt. rend. Acad. Sci. U .R .S .S .) ,  1935, [N .S.], 1, 
386-390 (in R ussian), 390-392 (in English)).— E x p erim en ts a re  described 
w hich were carried  o u t in  a n  a tte m p t to  se ttle  th e  con troversy  regarding the  
existence o f th e  so-called co n tac t (or transfer) resistance on  th e  cathode during  
th e  evolution  o f hydrogen.— S. G. a T

♦Electrolysis of Alumina with Incombustible (Metal) Electrodes. A. 1. 
B eliaev a n d  J .  E . S tu den tsov  (Legkie M etalli (Light M etals), 1936, (3), 15-24). 
— r in  R ussian.] T he possibilities of a lum ina electrolysis w ith  copper, nickel, 
chrom ium , a n d  silver anodes w ere investigated . T he use of a n  equim olecular 
m ix tu re  of po tassium  an d  sodium  cryolites as e lectro ly te  allows of a  m inim um  
w orking tem p era tu re  of 936° C. T he so lub ility  of a lum inium  oxide in  th is 
b a th  is5 13%  a t  830° C. I n  a ll cases ra p id  destru c tio n  of th e  anodes by  
ox idation  occurred.— D . N . S.

IX .— ANALYSIS

(Continued from pp. 408-409.)

Researches on Spectrographic Analysis. W . G erlach an d  W . Rollw agen 
(M etallwirtschaft, 1936, 15, (36), 837-840).— I n  m o st cases i t  is m uch easier to  
d e tec t im purities w ith  th e  flam ing arc  th a n  w ith  th e  sp a rk  m ethod  of exciting 
th e  spectrum . T he sen sitiv ity  is im proved  i f  th e  a rc  is e lectrically  in te rru p ted .
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Fractional Reaction for Antimony. N . A. T an an aev  a n d  L . M. R abinovich  
(.Zhurnal Prikladnoi K h im ii  (J . A p p lied  Chem.), 1936, 9, (2), 369-371).— [In  
R ussian .] As little  as 0-1 mg. of Sb p e r c.c. m ay  be d e tec ted  as H S b 0 3 or b y  
reac tion  o f HgCl2 w ith  te rv a le n t Sb.— N . A.

*Quantitative Separation and Determination of Aluminium and Zinc. F . H . 
F ish  a n d  J .  M. Sm ith , J r .  (Indust, and E ng. Chem. (A n a ly t. E dn .), 1936, 8, 
(5), 349-350).— T he n e u tra l so lu tion  o f  th e  tw o  m eta ls is tre a te d  w ith  LiCl, 
5 grm . o f C H 3-C 02N H 4, an d  N H 4O H  u n til th e  liqu id  is fa in t p ink  w ith  phenol- 
ph thale in . T he p rec ip ita te  is w ashed w ith  a  2 %  so lu tion  o f C H 3-C 02N H 4, 
dissolved in  d ilu te  H N 0 3, an d  rep rec ip ita ted  as before ; th e  second p rec ip ita te  
is ign ited  a n d  w eighed as 2L i20 ,5 A l20 3 (47-40%  Al). Z n in  th e  f iltra te  is 
p rec ip ita ted  as Z nN H 4P 0 4, w hich is ign ited  to  Z n2P 20 7 fo r w eighing.— A. R . P .

Volumetric Determination of Arsenic in the Presence of Iron Salts. W ilhelm  
D au b n er (Angew . Chem., 1936, 49, (7), 137-138).— T he so lu tion  is neu tra lized  
w ith  X l l 4O H , m ade  feebly acid  w ith  C H 3-C 02H , a n d  tre a te d  h o t w ith  
(N H 4)3A s0 4 to  p rec ip ita te  a  m ix tu re  o f  A lA s04 a n d  F eH A s0 4. T he w ashed 
p rec ip ita te  is dissolved in  acid  a n d  th e  As d e term ined  vo lum etrically . F e  is 
de te rm in ed  in  th e  u sua l w ay  in  a n o th e r p o rtio n  o f th e  so lu tion  an d  th e  Al 
calcu la ted  by  difference.— A. R . P .

*Determination of Bismuth as Phosphate. W . C. B lasdale  a n d  W . C. P a rle  
(Indust, and E ng. Chem. (A nalyt. E d n .),  1936, 8, (5), 352-353).— A critical 
s tu d y  o f th e  conditions u n d e r w hich B i can  he p rec ip ita ted  q u a n tita tiv e ly  as 
p h o sphate  show ed th a t  in th e  absence o f CF an d  S 0 4/; com plete p rec ip ita tio n  
is o b ta in ed  from  solutions 0-2M  w ith  respect to  HN'O, if  th e  excess o f 
(N H 4)2H P 0 4 ad ded  is sufficient to  give a  0-005M  solution . K , Mg, Zn, Cu, 
a n d  Ca do n o t  in terfere , Cd causes th e  resu lts  to  be sligh tly  h igh, an d  P b  renders 
th e  m eth o d  inaccura te . T he chief source o f  e rro r is th e  co-precip itation  of 
basic sa lts  ; th is  d ifficulty  is overcom e by  p rec ip ita tin g  from  a h o t so lu tion  w ith  
a  h o t d ilu te  p h o sp h a te  so lu tion  an d  d igesting  fo r 1 hr. a t  80° C. Too g rea t an  
excess o f p re c ip ita n t should  be avo ided  to  p re v en t co n tam in a tio n  o f th e  
p rec ip ita te  w ith  excess o f  P 0 4" '.  T he p rec ip ita te  is finally ignited  a t  800° C. 
a n d  w eighed as B iP 0 4.— A. R . P .

Microchemical Determination of Bismuth by Quinoline-Thiocyanate. 
M. V. G apchenko a n d  O. G. Sheintsis (Zhurnal Prikladnoi K h im ii (J. A pplied  
Chem.), 1936, 9, (3), 544-566).— [In  R ussian .] A  sa tu ra te d  aqueous so lu tion  
of quinoline con tain ing  N H 4CNS gives w ith  acid  B i so lu tions a  characte ris tic  
golden-yellow  crystalline  p re c ip i ta te ; Z n” , S n" , S b " ', H g ‘, a n d  Ag’ in terfere , 
b u t  Cu is w ith o u t effect if th e  so lu tion  con tains 10%  of citric  acid.— N . A.

*Separation and Determination of Bismuth with Gallic Acid. L. Kieff and  
G. C. Chandlee (In d u st, and E ng. Chem. (A nalyt. E dn .), 1936, 8, (5), 392).—  
B i is q u a n tita tiv e ly  p rec ip ita ted  by  ad d itio n  o f gallic acid  to  th e  h o t (70° C.) 
n i tra te  so lu tion  con tain ing  3 %  o f  H N 0 3. T he p rec ip ita te  is w ashed w ith  2%  
gallic acid  con ta in ing  3 %  o f N H 4N 0 3, dissolved in  20 c.c. o f  H N 0 3, an d  
p re c ip ita ted  as basic carb o n a te  b y  a d d itio n  o f C H 3-C 02N H 4. P b , Cd, Cu, Zn, 
Al, Cr, Fe , N i, B a , Ca, K , a n d  N a  do n o t in te rfere  a lth o u g h  rep rec ip ita tio n  o f 
th e  ga lla te  is advisable  i f  m uch  o f these  m eta ls is p resen t. Sb, H g, Sn, and  
Ag in terfere .— A. R . P .

*Quantitative Determination of Cadmium and Lead in Zinc Using a Grating 
Spectrograph with a Sector Disc. H arris  M. Su llivan (Indust, and E ng. Chem. 
(A nalyt. E dn .), 1936, 8, (5), 382—383).— T he sam ple is p laced in  th e  lower 
(positive) g rap h ite  electrode an d  a n  arc  o f 5 am p. a t  220 v. passed  betw een th e  
electrodes (1 cm. gap). T he arc  is p laced a t  th e  focal cen tre  o f a  convex lens 
so th a t  a  parallel beam  o f lig h t is th ro w n  on th e  slit o f  th e  spectrograph . T he 
logarithm ic sector disc ro ta te s  a t  300 r.p .m . an d  is ad ju s ted , as close to  th e  
slit a s  possible, so th a t  a b o u t 3 m m . len g th  o f th e  16 m m . slit is left open a t  all 
tim es, th e  rem ainder o f th e  slit opening vary in g  du ring  th e  tim e o f exposure
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as th e  sec to r disc ro ta te s  in  fro n t o f i t  to  cause th e  lengths o f th e  lines on th e  
film  to  v a ry  according to  th e ir  in ten sity . T he lengths o f th e  lines Cd 3-61 an  
P b  2833 an d  2663 A. a re  a  m easure  o f th e  p roportion  of these elem ents p resen t 
a lth o u g h  th e  re la tio n  is n o t ex ac tly  linear. T he m ethod  givesi re su lteaccu ra te  
to  10-15%  for q u an titie s  o f P b  or Cd in  Z n of th e  o rder o f 10 P-P-1*1- A - • •

♦D ete rm in a tio n  of Gold in  D ental Alloys. J .  Lewis M aynard  (Indust and  
E ng Ghem. (A nalyt. E dn .), 1936, 8, (5), 3 6 8 -3 6 9 ) .-T h e  chief constituen ts of 
d en ta l alloys a re  Au, Ag, P t ,  P d , an d  Cu w ith  som etim es m inor — ts  o f 
Tr N i Z n Sn an d  In . T he alloy is dissolved m  aqua regia and  th e  Ag, l r ,  
an d  Sn r e m o v e d ^  Sw anger’s m eth o d  (J. In s t. M etals 1926, 36 519) The 
A n is th en  p rec ip ita ted  w ith  S 0 2, w ashed w ith  h o t 1%  HC1 an d  redissolved in  
aqua regia, A fter rem oval o f th e  H N O , b y  boding w ith  HC1 ^  evaporating  
to  3 c c • 20 c.c. o f H ,0  are ad d ed  followed b y  4  c.c. o f 15 /0 N(C2H 5)4U  
for every  0-1 grm . o f A u presen t. A fte r 15 m inutes th e  p recip ita te  of 
N(C2H 4)AuC14 is collected, w ashed 4 tim es w ith  5 c.c. o f th e  P a l p i t a n t ,  and 
boded w ith  35 c.c. o f 20%  glucose solution^containing 2 grm . o f N aO H . T h 
n rec ip ita ted  A u  is collected, w ashed w ith  w ater, th en  w ith  h o t HC1, and  
finally w ith  h o t w ater, d ried , ign ited , an d  weighed. T he filtra te  from  th e  
second A u p rec ip ita tio n  is tre a te d  w ith  H 2S to  recover an y  P t  or P d  
p rec ip ita ted  in  th e  S 0 2 process. A. R . I  • t t

■¡■Determination of the  Fineness of Gold A loys |
B ihlm aier {M itt. Forschungsmst. Edelmetalle, 1936, 10, (2/3), 27 )•
deta ils are  given of s ta n d a rd  te s ts  for ascertain ing  th e  c a ra t o f gold alloys, 
including w hite  golds, b y  th e  s treak  te s t. A. R . P .

♦Investigation  of the  M icroreaetions of Lead I .  ^ ° re^ 7 68anA ^ h_ l n n  
M esongenik ( Z a v o d s k a i a  Laboratona (Works Lab.), 1936, 5, (2), 168 169). U 
R ussian .] T he b es t conditions w ere in v estiga ted  fo r th e  m icrodeterm m ation  
ot P b  as PbC l, P b L , P b S 0 4, an d  K 2C u P b (N 0 2)6. P rec ip ita tio n  of PbC l2 is 
b e s t effected in  0-1A-HC1, ‘p’recip ita lio n  of P b l2 in  0-3A -K I solu tion , and 
p rec ip ita tio n  of P b S 0 4 in  1A -H 2S 0 4. S n  in terferes in  th e  PbC l2 and

K 8*The Q u a lita tiv ^ a n ^ Q u an tita  D eterm ination  of L ith ium , R ubidium , and 
Cæsium  by the Spectrum  M ethod. U .M . Tolm achev (Iw estia  A ka d em n  N a u k
S . Æ . (B ull. Acad,. Sci. U .B .8 .8 .) ,  1934, [vii], 9 0 4 - 9 2 0 ) .- [ I n  R ussian.]

Sl ' M icrocheniiL ?' D eterm ination of M agnesium  w ith 8-Hydroxyauinoline.
M V. Gapchenko an d  0 .  G. Shein tsis (Zhurnal Prikladnoi K h im n  (J. Applied  
nhcm \ 1936 9 (31 541-543).— f in  R ussian .] Mg can  be determ ined  by 
H a h n ’s m ethod  (Z. anorg. Ghem., 1 9 2 6 ,139, 1198) in  th e  presence of N H 4’, N a,

K ’♦D ete rm in a tio n  of M anganese in  Tungsten and Ferro tungsten . G. F rederick  
Sm ith , J .  A. M cH ard, an d  K . L . Olson (Indust, and Eng. Ghem. <(Analyt 
Frhi 1 1936 8 (5) 350-351).— The finely-pow dered m ate ria l (1 grm .) is heated  
Sh^O c x .’o8f  i  1 : 2J m i J r e  o f 72%  ricfo4 an d  85%  H 3PO  a t  « O ÿ g t t  
u n til so lu tion  is com plete. T he cold so lu tion  is boded w ith  20 c.c. o f H N 0 3 
u n til Cl an d  HC1 are  expelled, cooled, tre a te d  w ith  a  few drops o f F eÎ30 4 
solu tion  th e n  w ith  15 c.c. o f H 2S 0 4, an d  boiled w ith  1 grm . o f N a  b ism utha te  
The b ism u th a te  is rem oved by  filtra tion  th ro u g h  a  Gootdi crac ib  e an  e x c e ^  of 
s ta n d a rd  F e S 0 4 so lu tion  is added , an d  th e  excess t i t r a te d  w ith  C e(S04)2 us g 
diphenylam inesulphonic acid  as ind ica to r T he M n m ay  also be oxidized to  
H M nO d b y  boiling th e  so lu tion  o f th e  m eta l o b ta ined  as above w ith  200 . . 
w a ter an d  0-3 grm . o f K I 0 4 ; th e  excess o f oxidizer is rem oved by  add ition  of 
4 -5  grm . o f H g (N 0 3)2, an d  th e  filtered  solu tion  tre a te d  w ith  a n  excess o f 1 eSG4

a n d  t i t r a te d  w ith  K M n 0 4. A. R . P . , , v  rr ,in„
Fractional R eaction for Z irconium  N A. T a n im ^ v  and A. V. H m an a  

(Zhurnal P rikladnoi K h im n  (J. A pplied  Ghem.), 1936, 9, (3), 526 531). Un
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R ussian .] Z r can  be d e tec ted  a n d  de te rm in ed  ap prox im ate ly , in  th e  presence 
of a ll e lem ents excep t Si, b y  p rec ip ita tio n  as p h o sphate  from  a  25-30%  
H 2S 0 4 or 20%  HC1 so lu tion .— N . A.

Electrometric Titration Processes : Potentiometric Analysis. F ritz  Liene- 
weg (Arch. tech. M essen, 1935, 5, (54), t1 6 3 —t164).— T he m eth o d  described 
depends on  th e  accu ra te  com parison o f  th e  p o ten tia l o f a  given system  w ith  
th a t  o f a  s ta n d a rd . T he conditions o f com parison are  discussed, a n d  an  
illu s tra ted  descrip tion  is given o f a n  au to m atica lly  recording tit ra tio n  a p p a r ­
a tu s . T he m eth o d  is applicable to  a  w ide v a rie ty  o f m ineralogical an d  
m etallu rg ical analyses, a n d  p e rm its th e  e stim a tio n  o f several m etallic  ions in 
presence o f each o th e r (e.g. o f Ag, Cu, Cd, an d  Z n in  certa in  solders). A  lis t o f 
app lications an d  a  bibliography a re  ap p ended .— P . M. C. R .

X.— LABORATORY APPARATUS, INSTRUMENTS, &c.
(See also “ T esting  ”  a n d  “ T em p era tu re  M easurem ent an d  C ontro l.” )

(Continued from pp. 409-410.)

On the History of the Metallurgical Microscope. H . F re u n d  (Giesserei,
1936, 23, (19), 491-502).— A n accoun t is given o f th e  developm ents in  th e  
m etallu rg ical m icroscope betw een  1891 a n d  1934.— A. R . P .

Some Improvements in  the Field of Material Testing Methods and Their 
Importance in Foundry Practice. A. K a rs te n  (Giesserei, 1936, 23, (11), 265- 
268). T he B usch “  M etapho t ”  is described a n d  its  use in  th e  ex am ination  o f 
th e  m acro- a n d  m ic rostruc tu re  o f  castings is d iscussed.—A. R . P .

Advances in the Investigation of Microstructure, and Their Value in Testing 
Materials in the Motor Industry. A. K a rs te n  (Automobiltech. Z ., 1936, 39, (15), 
393—394).— T he characteris tics a n d  applications o f  a  sm all p o rtab le  ap p a ra tu s  
fo r th e  X -ray  ex am in atio n  o f m icrostruc tu res a re  considered, an d  such  an  
ap p ara tu s , in ten d ed  p rim arily  fo r use on  lig h t alloy p a rts , is described an d  
illu s tra te d .— P . M. C. R .

Spectrograph for Rapid Industrial Application. M. F . H asler a n d  R . W . 
L in d h u rs t (M etal Progress, 1936, 30, (3), 59-63, 90).— T he excep tional resolving 
pow er o f th e  eq u ip m en t described is due to  th e  su b s titu tio n  o f a  d iffraction 
g ra tin g  fo r th e  usual prism . T he construction  a n d  m o un ting  o f th e  arc- 
cham ber facilita tes rap id  w ork, w hilst rap id  com parison w ith  a  reference 
sp ec trog raph  is p e rm itte d  b y  a  special p ro jecto r. T he use o f th e  a p p ara tu s  in 
ty p ica l w orks’ analyses is described.— P . M. 0 . R .

Thermostat of the Ural Physico-Technical Institute. P . G. S tro lkov  
(Zhurnal Tehnicheslcoy Fizilci (J. Tech. Physics), 1935, 5, (8), 1502-1510).—  
[ In  R ussian .] T he th e rm o sta t, w hich w ill m ain ta in  a  tem p era tu re  o f 600° C. 
w ith in  4- 0 '1° C. for a t  least 40  hrs. is described in  d e ta il.—N . A.

The Rotap Testing-Sieve Shaker.  (Engineering, 1936, 142, (3685),
237).— T he d e te rm in a tio n  o f th e  percen tages o f different-sized partic les by  
passing th e  m ate ria l th ro u g h  a  series o f  sieves, w hich are  shaken  b y  han d , 
re su lts  in  apprec iab ly  d ifferent values being ob tained . A m achine is described 
a n d  illu s tra te d  w hich perform s th e  opera tio n  m echanically— th e  sam ple being 
passed  successively th ro u g h  th e  series o f  d ifferen t openings a t  one operation .

— R . Gr.
A Sachs Camera. A. P . K a m ar a n d  V. S. A verk iev  (Zhurnal Tehnicheslcoy 

Fizilci (J . Tech. P hysics), 1935, 5, (9), 1653-1655).— [In  R ussian .] A  new  ty p e  
o f Sachs cam era for X -ray  exam inations a t  h igh  tem p e ra tu re  an d  in  vacuo is 
described.—N . A.
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X I  PHYSICAL AND MECHANICAL TESTING, INSPECTION, 
AND RADIOLOGY

(Continued from pp. 411-412.)

+The Significance of the Numerical Values of M e c h a n i c a l  Tests of Metals.
L . D elville (M étaux, 1936 ,11, (131), 140-147).—T he n a tu re  o f th e  physical and  
m echanical p roperties o f m eta ls is considered, an d  th e ir  definitions arid 
dim ensions are  tab u la te d . F ro m  these  considerations th e  re la tion  ot th e  
various p roperties one to  a n o th e r a re  discussed. All testing  comprises 
m easurem ent, in te rp re ta tio n , an d  com parison. M easurem ent depends on th e  
m agn itude  o f th e  p roperties an d  th e  accuracy  requ ired , a n d  on th e  c o s t , 
in te rp re ta tio n  m u st tak e  in to  accoun t a ll th e  fu n d am en tal variables concerned , 
com parison can  only properly  be m ade betw een properties o f th e  sam e d im en­
sions, unless n o t  pu re ly  num erical p a ram ete rs are m troduced  to  m ake u p  lo r 
th e  m issing dim ensions.— J .  H . W . _  ,

New Application of a Three-Point Amplifier for R f° rd m g  Results of 
Mechanical Tests. P ierre  C hevenard (Rev. M et., 1936, 33, (4), 280 287). A 
new  m achine constructed  b y  th e  Im p h y  labora to ries em ploys v e ry  sm all test- 
pieces for tensile, bend , an d  shear tes ts . S tre ss-s tra in  d iagram s are  recorded 
au tographically  b y  a  pen  a tta ch e d  to  a  th ree -p o in t am plifier, stress bein„ 
m easured  by  deflection o f a  spring.— H . S. e w e ,.,; .,

Microchemical Analysis of Welds. Pierre  C hevenard an d  A lbert P o rtev in  
(15me. Congrès chim. indust. (Bruxelles 1935), 1936, 223-241 ; C. Abs., 1936, 
30, 5925).—A fter review ing th e  causes o f m echanical heterogeneity  oi welds 
resulting  from  chem ical a n d  physico-chem ical reactions, from  fusion eftects, 
from  harden ing  a n d  from  tem pering , C. an d  P . discuss th e ir  consequences as 
regards : ( 1 ) m echanical tes ts  o f  welds, th e  in te rp re ta tio n  an d  analysis of w hich 
im ply  th e  use o f m icro test-pieces ; (2 ) th e  definition o f w eldability , th e  ch ar­
acte rizatio n  o f w hich necessitates a  com plete an d  accu rate  exp lo ra tion  ot the  
weld T he problem  has been solved by  th e  use o f th e  m icro-m achm e based on 
th e  principle o f th e  op tical lever w ith  pho tograph ic  record , a fte r  large am pli­
fication, o f th e  deform ations o f th e  tensile, shearing an d  bending m icro tes t- 
pieces, as a  func tion  o f th e  loads m easured  b y  th e  e lastic  deform ation  of th e  
fram e of th e  m achine. A  series o f exam ples o f selected welds is p resen ted  m  
th e  form  of m icro tensile  an d  m icro shearing d iagram s, w hich give th e  v a ria ­
tions o f stren g th , e lastic  lim it a n d  elongation  determ ined  a t  a  nu m b er ol 
closely s itu a ted  po in ts. T he exam ples com prise b o th  gas a n d  electric  welds 
of ferrous m ateria ls ; th ey  reveal clearly  th e  com plex influence on th e  m echam - 
cal p roperties o f fusion in  th e  w elded zone, a n d  th e  harden ing  a n d  tem pering 
effects on  th e  h ea ted  zone as a  whole. U nlike te s ts  carried  o u t on  large test- 
pieces, m icro-m echanical tes tin g  m akes i t  possible to  a scerta in  b o th  th e  position 
an d  th e  value o f th e  m ax im a an d  m inim a o f th e  various m echanical properties, 
a n d  th is  in  tu rn  m akes i t  possible to  find th e ir  causes a n d  to  reduce th em  as 
m uch  as possible so as to  im prove th e  hom ogeneity .— S. G. „

On Anti-Friction Properties o£ a Material. N . N . Serafim ovich (Metallurg  
(M etallurgist), 1936, (6 ), 102-108).— [In  R ussian .] D eals w ith  th e  m ethod  ot 
determ in ing  an ti-fric tion  properties on  a  M ohr-F ederhof m achine, an d  gives 
exam ples o f th e  d e te rm in a tio n  of friction  m om ents o f bronzes.—-A..A .

On the Question of the Upper and Lower Yield-Pointy and the Breaking 
Load. G. W elter (M etallwirtschaft, 1936, 15, (38), 885 889 ; (40), 936
93g), W . repea ts an d  amplifies th e  false conclusions reached  (see JMei. Abs.,
th is  vol., p . 50) on  th e  influence of th e  construction  o f th e  tensile m achm e on
th e  con tour o f th e  load -e longation  curves.— v. G.

Contribution to the Question of the Tensile Test with Simple Gravity Loading.
E . O. B e rn h ard t (Metallwirtschaft, 19 3 6 ,15, (38), 889-892).— Polem ical ag a in st 
W elter (preceding ab strac t).— v. G.
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Contribution to the Question oi the Tensile Test with Simple Gravity Loading.
G. W elter (M etallwirtschaft, 1 9 3 6 ,15, (41), 960-964).— See preceding abstrac ts .

•—v. G.
Vibration Tests (Simultaneous Series) of Flat Metal Specimens for Fatigue.

I .  I .  M ihailovskiy (Vestnick Ingenerov i  Tehnikov  (M essenger Engineers and  
Technologists), 1936, (5), 309-311).— [In  R ussian .] A review .—-N. A.

Criticism of the Short Time Methods of Determining the Alternate Bending 
Endurance Limit. W . S p a th  (M etallwirtschaft, 1936, 15, (31), 726-729 ; (32), 
750-752).— T he various accelerated  m ethods o f determ in ing  th e  endurance 
l im it o f m eta ls are  described. S. considers th a t  th e  test-p iece  should  be 
su b jected  to  a  p re lim in ary  105 a lte rn a tio n s a t  n o t to o  h igh  frequency p rio r to  
m aking th e  te s t  p roper.— v. G.

A Bend Test for Tinplate. C. C. W illis (M etal Progress, 1936, 30, (3), 5 0 -  
55).— A n illu s tra ted  descrip tion  is given o f a  recording ap p a ra tu s  th e  purpose 
o f w hich is to  expose th e  shee t to  stresses sim ilar to  those  encountered  during  
m an u fac tu re  (i.e. o f  th e  b en d ing-tensile  ty p e). R ecords o f a lte rn a te  bending 
a n d  unbend ing  te s ts  on com m on varie ties o f tin p la te  a re  reproduced  an d  
correlated  w ith  th e  resu lts  o f  Olsen cup te s ts  a n d  w ith  th e  respective  m icro­
s tru c tu res , a n d  th e  in te rp re ta tio n  o f th e  curves is discussed.— P . M. C. R .

German Machines and Apparatus for Determining Hardness. G. R ich te r 
(Oermanskaja T ehnika  (Z. dent. Technik), 1936, 15, (4), 68-74).— [In  R ussian.] 
D escrip tion  o f B rinell, Rockw ell, Shore, a n d  o th e r special a p p ara tu s  for 
de term in ing  hardness, m anu fac tu red  b y  G erm an firm s.— N . A.

Manufacture of Experimental Apparatus and Machinery at the “ Rukhi- 
movitch ”  Works. A. J .  R ostov ih  (Tochnaja In d u str ia  (Prazisions In d .),  1936, 
(5), 1-4).— [In  R ussian .] D escrip tion  o f ap p a ra tu s  for m echanical tes ts  on 
m eta ls (hardness, resistance to  im p ac t, ex tension , &c.).— N . A.

R A D IO L O G Y .

The Application of X-Rays to Metallurgy.— III . C. H u b e rt P la n t
(M etallurgia , 1936, 14, (83), 121-122).— See also M et. A bs., th is  vol., pp . 373, 
412. I n  th is , th e  final artic le , on  th e  ap p lication  o f X -ray s to  m eta llu rgy , th e  
p rac tica l side o f th e  su b jec t is d ea lt w ith . P a r tic u la r  a tte n tio n  is given to  th e  
X -ra y  a p p a ra tu s  so fa r as th e  ty p e  o f tu b e , tran sfo rm er, general arrangem en t, 
ra d ia tio n  dangers, a n d  m an ip u latio n  are  concerned. T he resu lts  o b ta ined  
from  X -ra y  p h o tographs in  analyzing an d  iden tify ing  m eta ls a n d  alloys by  
m eans o f  spectrographs a re  considered, a n d  reference is m ade to  pho tographs 
o f th e  L au e  ty p e  a n d  th e  in fo rm ation  ob ta in ed  from  th em  regard ing  th e  
s tru c tu re  o f  m ateria ls. A  b rie f  accoun t is also given o f th e  app lication  o f th e  
X -ray s to  th e  ex am in atio n  o f m eta ls fo r defects.— J .  W . D.

The Influence of Stresses Normal to the Surface on the Deformation as 
Measured by X-Rays. G. K u rd jum ow  an d  M. Scheldak (M etallwirtschaft, 1936, 
15, (39), 907-908).— I n  m easuring  stresses by  th e  X -ra y  m eth o d  i t  m u st be 
rem em bered  th a t  th e  th ickness o f th e  surface film  is n o t negligible a n d  th a t ,  
therefore, th e  m ag n itu d e  o f th e  stresses perpend icu lar to  th is  m u st also be 
ta k e n  in to  accoun t in  th e  calculations.— v. G.

On the Relation Between the X-Ray Photograph and the Strength of Cast 
and Extruded Piston Alloys. E . Sch ied t (M etallwirtschaft, 1936, 15, (37), 857- 
862).— A  series o f X -ray  p h o tographs o f p istons is show n w hich in d ica te  th a t  
i t  is n o t possible to  d raw  conclusions ab o u t th e  m echanical p roperties d irec tly  
from  such p h o tographs.—v. G.

Radiographic Use of Radium. V . E . P u llin  (J. R oy. Soc. A rts, 1934, 82, 
30 7 -3 2 2 ; discussion, 32 3 -3 2 6 ; Sci. A bs., 1934, [B], 37 ,133).—A fter referring 
in  general te rm s to  th e  p ro d u c tio n  an d  im p o rta n t p roperties o f y-rays, th e ir  
use is described in  de tec ting  flaws in  m ateria ls, a n d  th e  ad v an tages o f y-rays 
over X -ray s in  certa in  circum stances a re  po in ted  ou t. E xam ples are given of
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th e  p ractica l app lication  of th e  y-ray  m ethod , together w ith  reproductions o f 
rad iographs. T he process o f estim ating  th e  position an d  size o f flaws is referred  
to .— S. G.

X II.— TEM PERATURE MEASUREMENT AND CONTROL

Electric Recorder and Controller. ------- (J . Sci. Instrum ents, 1936, 13,
(9), 306-307).— A no te  describing th e  “ M ultelec ” recorder. T he in stru m en t 
w orks on  th e  po ten tio m eter principle, a n d  au tom atically  standardizes its  own 
circu it voltage every  54 m inutes. I t  is s ta te d  th a t  in. deflection o f th e  
galvanom eter needle is show n on  th e  ch art, an d  th a t  an y  change in  conditions 
is recorded w ith in  2 seconds o f i ts  occurrence. A wide range of in dustria l uses 
is claim ed.— W . H .-R .

Methods for Measuring and Regulating Temperature, and Apparatus Used. 
R . B oye (Germanskaja Tehnilca (Z . dent. Technik), 1936, (6-7), 101-106).—  
[In  R ussian .] A  review .— N . A.

Recent Revisions of High Temperatures. H . T . W ensel (J. A m er. Ceram. 
Soc., 1936, 19, (3), 81-86).— W . p o in ts o u t th a t  to  convert tem p era tu re  values 
recorded  in  th e  lite ra tu re  to  th e  p resen t In te rn a tio n a l T em peratu re  Scale, a  
correction  m u st be app lied  w hich is calcu la ted  from  th e  constan ts th a t  define 
th e  p a rtic u la r  scale in  w hich recorded values a re  expressed. A pplying th e  
sam e corrections to  all previous scales leads, in  m any  cases, to  values which 
d e p a r t from  th e  p resen t scale m ore th a n  th e  values ac tu a lly  recorded. E x ­
am ples a re  given show ing th e  correct m ethod  of converting  tem p era tu re  values 
based on W ien’s L aw  to  th e  In te rn a tio n a l Scale.— S. G.

Correction of Porosity in Non-Ferrous Casting by Impregnation with Bakelite 
Varnish. Z. I. Shnaiderm an (Liteinoe Delo (Foundry Practice), 1936, (4), 
25-26).— [In  R ussian .] A descrip tion  o f th e  th e rm a l trea tm e n t o f B akelite  
varn ish , an d  th e  process o f im pregnation  o f bronze an d  alum inium  sections.

On Light Metal Ingot Castings. H. R öhrig  (Z. M etallkunde, 1936, 28, (2), 
43—45; an d  (abridged) Light M etals Research, 1936, 4, (22), 386-387).—  
P rac tica l h in ts  are given on th e  correct m ethods o f casting  alum inium  and  its 
alloys to  p rev en t segregation a n d  undue  piping, an d  th e  causes o f fau lty  
castings are discussed.—A. R . P .

Casting a Trough 5300 mm. Long of Aluminium Alloy. K . P . Lebedev 
(Liteinoe Delo (Foundry Practice), 1936, (4), 26-27).— [In  R ussian.] A 
descrip tion  o f th e  m ethod  of m oulding.—N . A.

Causes of Rejects in Aluminium Castings and Methods for Their Elimination.
A. M. B rezgunov (Aviopromishlenost (A ir  Industry), 1936, (3), 17 -2 5 ; (4), 
27-31).— [In  R ussian.] D eals w ith  th e  classification a n d  nom enclature o f 
re jects in  th e  casting  of alum inium  alloys.—-N. A.

Casting of a Bronze Manipulator Subjected to a Hydraulic Test of 30 Atmo­
spheres. Z. S. L av u t (Liteinoe Delo (Foundry Practice), 1936, (5), .36—37).— 
[In  R ussian.] A technical descrip tion  of th e  casting  process.—N . A.

The Bronze Casting Technique of Our German Ancestors. E rich  B ecker 
(Giesserei-Praxis, 1936, 57, (37/38), 409-413 ; (39/40), 4 4 0 ^ 4 2 ) .— R ead  a t  the  
In te rn a tio n a l F o u n d ry  Congress a t  D üsseldorf. D iscusses th e  com position, 
shape, a n d  probable m ethod  of casting  of old bronzes in G erm any.— J . H . W .

(Continued from p. 413.)

X III.— FOUNDRY PRACTICE AND APPLIANCES

(Continued from pp. 413-415.)

—N . A.

K K
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Magnesium Alloys in  Aero Engine Construction. A. S. L ugaskov  (Avio- 
promishlenost (A ir  Industry),  1936, (4), 31-40).— [In  R ussian .] A  review , 
describ ing  th e  com position of th e  alloys, th e ir  p rep ara tio n , m oulds, tes tin g , an d  
th e  tre a tm e n t o f castings a n d  rectification  o f th e ir  defects.—-N. A.

Measures Against Rejects and Improvement o£ the Quality of Magnesium 
Alloy Castings. A. S. L ugaskov (Aviopromishlenost (A ir  In d u stry ), 1936,
(5) 27-35).— [In  R ussian .] A review .—-N. A.

*On the Deoxidation of Technical Silver Alloys. E . R a u b , H . K la iber, and
H . R o te rs  (M etallwirtschafl, 1936, 15, (33), 765-770 ; (34), 785-788).—T he 
efficiency o f num erous deoxidizers fo r th e  silver alloy w ith  16-5% copper has 
b een  exam ined  ; on ly  phosphorus a n d  lith iu m  w ere fo u n d  sa tis fac to ry  in  a ll 
respects. P hosp h o ru s rem oves th e  oxygen as cuprous m etap h o sp h a te  w hich 
sep ara tes  re la tiv e ly  slowly from  th e  m olten  m eta l, b u t  is harm less if  n o t com ­
p le te ly  e lim inated . Sm all am o u n ts  o f re ta in ed  lith iu m  are  also w ith o u t effect 
o n  th e  m echanical p roperties, b u t  reduce slightly  th e  resistance to  corrosion by  
ace tic  acid  a n d  increase considerably  th e  resistance to  corrosion b y  n itr ic  acid  ; 
lith iu m  does n o t affect su lphide ta rn ish in g .—v. G.

Preheating Bearings for Tinning with Babbitt. Jo h n  E . H y le r (M achinist 
(E u r . E d n .), 1936, 79, (51), 915b).— T he ad v an tag es o f heating  bearings before 
tin n in g  th em  w ith  B a b b itt  a re  co u n te rac ted  if  th e  heating  is excessive. I f  th e  
bearings are  d am p, th e y  should  be  h e a te d  re la tive ly  ho t, b u t  allow ed to  cool 
u n til  com fortab ly  w arm  to  th e  h a n d  before pouring  in  th e  B a b b itt.— J .  H . W .

The Problem of Porosity of Aluminium Alloys in Die-Casting. P. E . 
L iam in  (Liteinoe Delo (F oundry Practice), 1936, (4), 22-25).— [In  R ussian .] 
D ifferent ty p es o f po rosity  an d  th e ir  causes a re  exam ined .—N . A.

Changeable Cores for à Die-Casting Die. E . S tev an  (M achinist (E ur. E dn .), 
1936, 80, (3), 46e-4-7e).— T he use of in terchangeable  pads in  a  d ie-casting die 
for, say , a  zinc-base alloy, enables d rill s tan d s for fractional, m etric , a n d  wire 
gauge sizes to  be m ade w ith  one se t o f tools.— J . H . W .

Die-Casting Problems in  the Ü.S.S.R. B. A. Ju n g m a is te r  (Liteinoe Delo 
(F oundry Practice), 1935, (10), 3 -4 ).— [In  R ussian .] G eneral views on  th e  
d esirab ility  o f developing th is  b ran ch  of casting .—-N. A.

W hat Points Must be Observed in the Construction of Moulding Boxes ? 
G u stav  K reb s (Giesserei-Praxis, 1936, 57, (35/36), 365-368).—D iscusses th e  
w all th ickness, cooling, s tren g th , an d  general co nstruction  o f m oulding boxes, 
a n d  describes th e  p ro d u c tio n  o f large m oulds for special castings.— J .  H . W .

Material for the Production of Pattern Plates. Jo h . M ehrtens (Giesserei- 
P raxis ,  1936, 57, (37/38), 418-426).— R e ad  before th e  In te rn a tio n a l F o u n d ry  
Congress a t  D üsseldorf. D escribes th e  econom ics o f m oulding m ateria ls an d  
th e  co nstruction  o f a  large v a rie ty  o f m oulds. T he use o f wood, cas t iron, 
non-ferrous m eta ls (alloys o f  copper, lead , alum in ium , an d  m agnesium ), an d  
non-m etallic  m ate ria ls fo r th is  purpose is discussed, a n d  a lte rn a tiv e  m ateria ls 
o f dom estic  orig in  for various app lications are suggested.— J .  H . W .

On the Use of Cements as Binders for Foundry Sands. M ax Paschke, C arl 
W eym an, an d  E u g en  Schneider (Giesserei, 1936, 23, (16), 381-386).— Good 
foundry  sands can  be m ade from  sh arp  silica san d  w ith  cem ent as a  b in d er ; 
th e  p e rm eab ility  to  gases a n d  th e  refracto riness o f  m oulds m ade from  th e  
m ix tu re  a re  sufficiently good for m o st foundry  purposes. F u sed  a lum ina 
cem ent is b e tte r  th a n  P o rtlan d  cem ent as i t  gives b e tte r  perm eab ility  a n d  a 
h igher tensile stren g th . T he san d  used  should  be as pu re  as possible as even 
iron  oxide reduces th e  refractoriness owing to  th e  lim e p resen t in  th e  cem ent.

— A. R . P .
On the Practical Applications of Moulding Sand Testing in Foundries. ------

Aulich (Giesserei, 1936, 23, (18), 431-437).— M ethods an d  ap p a ra tu s  for d e te r ­
m ining th e  sand , clay, an d  m oistu re  con ten ts o f m oulding sands, th e  a p p aren t 
volum e, th e  perm eab ility  an d  th e  com pression, tensile , a n d  shear s tren g th s are 
described .— A. R . P .
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Driers for Foundries.  Schm idt (Giesserei, 1936, 23, (14), 341-342).—
T ypes o f ovens for d ry ing  m oulds a n d  cores are described an d  illustra ted .

— A. R . P .

XIV.— SECONDARY METALS : SCRAP, RESIDUES, &c.

(Continued from p. 415.)

Basic Principles of the Refining of Simple Copper Alloys while Molten in the 
Foundry. W illi Claus (M etallwirtschafl, 1936, 15, (37), 862-865).—T he t r e a t ­
m en t o f  copper alloys contain ing , as im purities, a lum inium , iron, an tim ony , 
oxides, sulphides, o r hydrogen is b road ly  discussed.—v. G.

On the Principles of Converting Old into New Metal. E . J .  K ohlm eyer 
(Metallwirtschafl, 1936, 15, (29), 677-683).— T he effects o f  oxidizing sa lts and  
sa lt fluxes on  th e  trea tm e n t o f scrap  copper, alum inium , lead, zinc, and  their 
a lloys a re  discussed.— v. G.

XV.— FURNACES AND FUELS

(Continued from pp. 415-416.)

Tempering Furnace with Mechanically-Controlled Convection Currents.
  (Engineering, 1936, 142, (3682), 158-159).— D escribes an d  illu stra tes a
gas-heated  furnace. T he heating  cham ber is s itu a te d  w ith in  an  insu lated  
com bustion  cham ber, an d  th e  ascending p ro ducts o f com bustion  are deflected 
dow nw ards in to  i t  by  m eans o f a  fan . A u tom atic  tem p era tu re  contro l is 
em ployed.— R . Gr.

W hat the Electric Furnace Has Done for Civilization. P . H . B race (Electro- 
chern. Soc. P reprin t, 1936, O ct., 115-122).— T he early  beginnings o f th e  electric 
furnace are  briefly described. T he effects o f m etallurg ical electric furnace 
techn ique  on p resen t w ays o f living are  se t fo rth  w ith  special reference to  the  
p a r t  p layed  by th e  electric furnace in  th e  p roduction  an d  uses o f alum inium , 
m agnesium , beryllium , chrom ium , tu n g sten , calcium  carbide, phosphoric acid, 
silicon, m anganese, an d  tan ta lu m . I t s  use as a  processing tool in  shaping 
m etals an d  in  “  copper brazing ,” &c., is m entioned.— S. G.

♦Progress Report on Tests of Various Electric Heating Elements for Furnace 
Temperatures Between 1100° and 1500° C.—I. M. G. Toole an d  R . E . Gould 
(Electrochem. Soc. P reprin t, 1936, Oct., 139-159).— T he resu lts  o f tes ts  on 
silicon carbide resistors for electric heating  for tem p era tu res betw een 1100° 
an d  1500° C. show ed re la tive ly  h igh pow er loss, a  m ate ria l decrease in m echani­
cal s tren g th  of bars w ith  use, an d  failure w hen th e  resistance h ad  increased 
5 0 0 % . N o difference in  resistance increase was n o ted  for s tead y  load  as 
com pared w ith  on-and-off control. A m ore rap id  resistance increase on 
bringing u p  to  tem p era tu re  a fte r  a  shu tdow n  a n d  also a daily  increase when 
operated  a"b m axim um  tem p era tu re  were no ted . A  rap id  cu rren t increase ju s t 
p rio r to  failure was also no ted . A n average life o f 1700 hrs. was observed. 
T ests on graph ite  resistors show ed successful operation  w hen p ro tec ted  from  
oxidation  by  p ropane  gas, using a  silicon carbide p ro tec tion  tube. The outside 
te rm in a l block is th e  w eakest p a r t  o f th e  resisto r assem bly. A self-control 
te rm in al g reatly  im proved th e  over-all th erm al efficiency. F u rth e r  tes ts  are 
described using high-frequency induction  heating . The general conclusion 
reached is th a t  non-m etallic  heating  u n its  can  be developed to  operate a t  
com paratively  sm all cost pe r u n it o f m ateria l to  be hea ted .— S. G.

Small Electric Furnaces. ------ (J. Sci. Instrum ents, 1936, 13, (9), 305).—
A brie f no te  describing sm all resistance furnaces su itab le  for heating  soldering 
irons, tem pering  sm all tools, &c.— W . H .-R .

Electro Refractories. (Paoloni.) See p. 475.
A Graphical Method of Calculating Heat Loss Through Furnace Walls.

Clarence E . W einland (J. A m er. Ceram. Soc., 1936, 19, (3), 74-80).—Cf. M et.
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Abs., 1935, 3, 720. T he expression o f th erm a l conductiv ity  d a ta  in  th e  
form  o f “ tru e  ” co n d u ctiv ity  is discussed, a n d  a  graphical m eth o d  fo r th e  
so lu tion  of problem s in  s tead y  s ta te  heat-flow  is developed. N o  accoun t is 
tak en  o f certa in  d is tu rb in g  facto rs in  fum ace-w all calculations, such  as jo in t 
resistances a n d  conductances, a ir  in filtra tio n , a n d  lack  o f tem p e ra tu re  equ ili­
b rium . W . believes th a t  th e  th eo ry  w ill serve as a  basis fo r fu tu re  develop­
m en ts along th is  line, an d  th a t  th e  m eth o d  o f calcula tion  described is reliable, 
w orkable, an d  also resu lts  in  a  saving o f tim e .— S. G.

XVI.— REFRACTORIES AND FURNACE MATERIALS

(Continued from p. 416.)

Properties o£ Insulating Refractories. S. M. Phelps (H eat-Treat. and  
Forging, 1936, 22, (5), 251-253).— In su la tin g  fire-bricks a re  being used  as 
exposed linings fo r certa in  ty p es o f in d u stria l furnaces on  accoun t o f th e ir  low 
heat-flow , sm all h e a t capacity , lightness in  w eight, a n d  sa tis fac to ry  re frac to ri­
ness. I t  is po in ted  o u t th a t  th e  usua l m ethods app lied  to  th e  tes tin g  o f 
re fractories u n d e r load  a t  h igh  tem p era tu res  should  n o t be used  for these  
m ate ria ls as th e y  d e p art w idely from  furnace conditions. I t  is s ta te d  th a t  a  
lo ad  te s t  in  w hich th e  b ricks are h ea ted  on one face only indicates sa tisfac to ry  
m echanical s tre n g th  a t  th e  m axim um  tem p era tu re  w hich th e y  a re  in tended  to  
s ta n d  in  service an d  m ore closely sim ulates w orking conditions.— J .  E . N .

♦Contribution to the Study o£ the Action o£ Carbon Monoxide on Refractories. 
L éon Scheepers (ISm e. Congrès chim. indust. (Bruxelles 1935), 1936, 1003—1011 ;
C. A bs., 1936, 30, 6151).— T he dissociation  o f carbon  m onoxide produces 
d e te rio ra tio n  o f refractories, p a rticu la rly  in  th e  in te rn a l region o f b las t fu r ­
naces, w here th e  average tem p era tu re  is 400°-900° C. V arious ca ta ly s ts  such 
a s  th e  oxides o f iro n  p rom ote th e  action . T he ca ta ly tic  action  o f silica, 
porcelain , kao lin , a lundum , g rap h ite , F e30,j, iron  silicate, bau x ite , a n d  iron 
filings was stu d ied  b y  a  m eth o d  (described in  deta il) based  on  th e  au to m atic  
m easu rem en t o f th e  carbon  d ioxide form ed on passing a  given a m o u n t o f carbon 
m onoxide over th e  c a ta ly s t in  a  g iven tim e, a t  a  given tem p era tu re , in a  
specially  designed v e rtica l electric  fu rnace. B au x ite  an d  n a tu ra l m agnetite  
a re  p a rticu la rly  active .— S. G.

♦Testing Silico-Aluminous Refractory Materials at High Temperatures.
B . L ong (Céramique, 1935, 38, (571), 2 1 9 -2 2 4 ; Ceram. A bs., 1936, 15, (6), 
182).— A sm all th erm o sta tica lly  contro lled  electric fu rnace is used for m easu r­
ing  th e  load-bearing  properties o f re frac to ry  m ateria ls a t  h igh tem peratu res . 
I t  is found  th a t  th e  failing curve u n d e r pressure a t  1500° C. : (1) gives evidence 
o f th e  to ta l  p o rosity , an d  (2) furnishes u n d e r th e  n am e o f coefficient o f  ap p a re n t 
v iscosity , a  m easure o f i ts  value  in  p ractice .— S. G.

♦Influence of the Addition of Fluxes on the Softening and Melting Points of 
Silico-Aluminous Refractories. M arcel Lepingle (15me. Congrès chim. indust. 
(Bruxelles 1935), 1936 ,300-318).— T he resu lts  confirm  previous w ork .— S. G.

Developments of Refractories Containing Magnesia. L. L itin sk y  (Ber. deut. 
lceram. Gee., 1935,16, (11), 565-596 ; also Iro n  Steel In d .,  1936, 9, (12), 462-466 ; 
(13), 495-499 ; 1936,10, (2), 101-105 ; a n d  Ceram. A bs., 1936, 15, (9), 276).— A 
com prehensive review  of recen t developm ents in  th e  in d u stry  a n d  of th e  m an n er 
in  w hich new  ideas have been p u t  in to  p ractice . T he problem s encountered  
a n d  m ethods w hereby th e y  w ere overcom e are  discussed a t  leng th .— S. G.

♦T he Use of Penetrating Radiations in the Measurement of the Porosity of 
Refractory Brick. J .  B . A ustin  (J. A m er. Ceram. Soc., 1936,19, (2), 29-36).—  
A m eth o d  o f de te rm in ing  th e  po rosity  o f a  re frac to ry  b rick  by  m easuring th e  
ab so rp tion  o f som e p en e tra tin g  rad ia tio n  has been tes ted  on silica b rick  o f 
know n porosity , using b o th  X -ray s an d  y-rays, a n d  has been found  to  be
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en tire ly  feasible. T he te s t  is sim ple, quickly  an d  easily m ade, non-destructive, 
a n d  can  be m ade continuous. T he a p p ara tu s  m u st be calib ra ted  for each  com ­
position , b u t  once stan d ard ized  can  be used fo r d ifferent thicknesses o f th e  
sam e m ateria l. T he ionization  m ethod  of determ ining th e  in ten sity  o f  th e  
beam  a f te r  passing th ro u g h  th e  sam ple is m uch superior to  th e  pho tographic  
m ethod .— S. G.

Refractory Products for Metal Melting Furnaces. K a rl L entzen  (Giesserei- 
P raxis, 1936, 57, (37/38), 404-407).— B ead  before th e  In te rn a tio n a l F o u n d ry  
Congress a t  D üsseldorf. T he n a tu re  an d  use o f th e  refractories available for 
th e  construction  o f m eta l m elting furnaces are  discussed.— J . H . W .

The Destruction of Refractory Smelting Furnace Bricks by Softening and 
Melting. E . T . R ichards (Feuerungstechnilc, 1936, 24, (5), 73-77).— The 
softening an d  m elting  o f re frac to ry  m ateria ls used  in  sm elting furnaces by  
m echanical forces, gases, m etallic  vapours, an d  d u st are referred to , an d  m eans 
o f p reven ting  such destru c tio n  are  briefly m entioned. These com prise :
(1) su itab ly  supporting  th e  m ateria ls, p a rticu la rly  th e  furnace arch , and
(2) p ro tec tin g  th e  m ateria ls against im purities w hich can  lower th e ir  m elting 
po in ts , by  reducing th e ir  surface porosity .— J . S. G. T .

Electro Refractories. A. Paolon i (Corriere cerarn., 1935, 16, (7), 279-284; 
Ceram. A6s., 19 3 6 ,15, (2), 63).—T he elec tro therm al tre a tm e n t o f raw  m ateria ls 
fo r th e  p ro d u c tio n  o f re frac to ry  an d  u ltra -refrac to ry  sy n th e tic  m ateria ls 
(silicon carbide products an d  artificial graphite ) an d  a  descrip tion  o f an  
electric  furnace devised by  P . for tem p era tu res  o f 1400°—1800° C. a re  given.

XVIII.— WORKING

(Continued from pp. 417-418.)

♦Contribution to the Knowledge of Material Flow in the Rolling Process.
H erm an n  U nckel (Arch. Eisenhiittenwesen, 1936-1937, 10, (1), 13—18).— 
A n ingot o f pure  a lum inium  was drilled a t  regu lar in tervals an d  channels cu t 
in  th e  surface, a ll being filled w ith  a  0-5%  copper-a lum in ium  alloy ; th e  com ­
posite  m ate ria l was th en  rolled to  various degrees o f reduction , sectioned, and  
etched  to  produce blackening of th e  alloy inclusions. I n  th is  w ay a  com plete 
p ic tu re  was ob tained  o f th e  re la tive  flow in  th e  various p a rts  o f th e  ingot. 
B roadening of th e  ingot tak es place uniform ly over th e  »'hole surface, b u t th e  
ra te  o f flow in  th e  core o f th e  ingot is less th a n  th a t  a t  th e  upper an d  lower 
surfaces, i.e. th e  norm al to  th e  rolling p lane is b en t against th e  d irection  of 
rolling. T he effect o f stresses produced  transversely  to  th e  d irection  o f rolling 
m ay  be seen by  m aking sh o rt long itud inal slits in  th e  ingot p rio r to  ro llin g ; 
w hen a lead  ingo t so cu t is rolled b o th  ends a re  splayed ou tw ards a n d  th e  slit 
becom es tr ian g u la r in  shape show ing th e  presence of stresses d irec ted  from  th e  
centre  ou tw ards to  th e  edges.— A. R . P .

Multiple-Stage Rolling Mills. W ilhelm  R ohn  (Z. Metalllcunde, 1936, 28,
(6), 139-142; an d  (abridged) M et. In d . (Lond.), 1936, 49, (11), 259-260).— A 
descrip tion  o f m odern  ty p es o f 20-high rolling mills an d  th e ir  perform ance.

On Spreading in Rolling. W . T rinks (Blast F ur. and Steel P lan t, 1936, 24, 
(9), 785-788).—Discusses th e  facto rs w hich influence th e  spreading o f m eta l in  
rolling an d  reviews th e  formulae suggested for its  estim ation . W ritten  from  
th e  ferrous p o in t o f view .—R . Gr.

♦Preparation of Silver Sheet. The Tensile Properties of Sheet of Commercial 
Silver Alloys in Relation to the Method of Manufacture. (Moser a n d  R au b .) 
See p. 444.

Modern Extrusion for Tube Manufacture. G ilbert E v an s  (M etallurgia, 
1936, 14, (83), 142-144).— T he ad ap ta tio n  o f hydraulics to  th e  piercing an d
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ex trusion  of non-ferrous m eta ls for finishing in to  tu b es is discussed in  re la tion  
to  im provem ents o f design fo r th e  hydrau lic  operation , th e  ad ap tio n  o f th e  
tools to  th e  conditions reg u la ted  b y  th e  m ate ria l to  be ex tru d ed , an d  im prove­
m en ts in  design, w hich a im  a t  g rea te r m an u factu ring  accuracy, a n d  consistent 
dim ensions in  extensive  production . V ertical a n d  ho rizon ta l ty p es o f presses 
a re  com pared, an d  a  descrip tion  is given o f a  m odern  3500-ton  horizon tal 
hydrau lic  ex trusion  press fo r non-ferrous m eta l sections a n d  tu bes, w hich is th e  
outcom e of prolonged research  a n d  experim ent.— J .  W . D .

Henley Lead Extrusion Machine.  (M achinist (E u r . E dn .),  1936, 80,
(11), 187e-188e).— D escribes th e  co nstruction  a n d  o p eration  o f a  m achine for 
ex tru d in g  lead  p ipes a n d  sh ea th ing  cables. I t  is claim ed th a t  a  fine to lerance 
in  th e  th ickness o f  th e  sh ea th ing  th ro u g h o u t th e  en tire  len g th  of th e  pipe or 
cable is ob tained . N on-circu lar sections can  be sa tisfac to rily  ex tru d ed . The 
h e a t ra d ia tio n  is low  a n d  th e  tem p e ra tu re  is contro lled  b y  a  series o f  th e rm o ­
couples.— J .  H . W .

Four-Unit Wire-Drawing Machine.  (Engineering, 1936, 142, (3684),
195-196).— A  w et d raw ing ro d  m achine is illu s tra te d  a n d  described, w hich is 
specially  su itab le  fo r th e  d raw ing o f bronze w ire. H a rd  p hosphor-b ronze  m ay  
be d raw n  from  5-gauge rod  in  4  d ra fts  to  ap p ro x im ate ly  12-gauge a t  an  
ap p ro x im ate  ra te  o f  600 ft./m in u te .— R . Gr.

Theoretical Premises for Designing a Process of Wire-Drawing. S. N . 
Jak o v lev  (Zvetnye M etally  (N on-F errous M etals), 1936, (1), 120-127).— [In  
R ussian .] G eneral view s.—N . A.

Power Used in Drawing-Rolls of Multiple Mills. S. N . Jak o v lev  (Zvetnye  
M etally  (Non-Ferrous M etals), 1936, (2), 107-119; (3), 90-101).— [In
R ussian .] T he d is trib u tio n  of forces on  th e  ro lls , back  trac tiv e  effort, and  
coefficient o f fric tio n  of w ire-draw ing ro lls are  s tud ied . Coefficients of friction  
in  re la tio n  to  draw ing ra te s  are  show n g raph ically  for copper, b rass, an d  
bronze w ire, a n d  th e  w ire p ressure  on th e  ro lls is e stim ated . N om ogram s are 
co n stru c ted  fo r p rac tica l use.—N . A.

♦Form ation of Ears in the Deep-Drawing of Silver Sheet. E . R a u b  (M itt. 
Forschungsinst. Edelmetalle, 1936, 10, (5/6), 53-67).— I n  th e  cold-rolling o f 
co p per-silver alloys th e  copper a n d  silver c rysta llites te n d  to  becom e o rien ted  
in  th e  d irec tion  of rolling, a n d  hence d irec tio n a lity  o f th e  tensile  p roperties is 
developed, th e  tensile  s tre n g th  being a t  a  m axim um  a t  r ig h t angles to  th e  
d irec tio n  o f rolling an d  a  m in im um  a t  a n  angle o f 45° th e re to . P re lim in ary  
forging o f th e  casting , change in  th e  copper c o n ten t o f  th e  alloy, p rec ip ita tio n  
h e a t- tre a tm e n t, a n d  th e  a d d itio n  o f 0-3%  phosphorus o r 0-94%  cadm ium  to  th e  
m eta l have  no  effect on  th is  d irec tiona lity . E v en  annealing  has little  effect on 
th e  d irec tio n a lity  o f th e  tensile  s tre n g th  a n d  elongation , a n d  m ay , u n d e r 
certa in  conditions, in tensify  i t  b y  reducing still fu r th e r  th e  s tren g th  an d  
increasing  th e  d u c tility  a t  45° to  th e  d irection  o f rolling. A fter high-tem pera- 
tu re  anneals th e  s tre n g th  in  th e  d irec tion  o f rolling becom es equal to  th a t  a t  
rig h t angles th e re to  ex cep t w hen th e  alloy con tains phosphorus. Cross-rolling 
p rev en ts th e  fo rm atio n  o f th e  u sua l fibre s tru c tu re  b u t  does n o t p rev en t th e  
developm ent o f a n iso tro p y ; in  th e  hard-ro lled  s ta te  th e  s tren g th  is a t  a  m in i­
m um  a t  45° to  th e  rolling d irec tion  b u t  on  annealing  th is  slowly disappears. 
F rom  th ese  resu lts  i t  appears th a t  ear fo rm ation  in  deep-draw ing can  be 
p rev en ted  b y  cross-rolling, freq u en t annealing  a t  n o t too  h igh  a  tem p era tu re  
an d  avoiding to o  h igh a  degree o f red uction  a t  a n y  stage. T he developm ent o f 
a  regu lar c ry sta l s tru c tu re  tak es p lace only a t  800° C. a n d  th is  tem p era tu re  is 
to o  h igh  fo r annealing  th e  re la tiv e ly  low -grade C on tinen tal s ta n d a rd  silver 
alloys since th e y  con ta in  a  h igh  p roportion  o f eu tectic .— A. R . P .

The Production of Metallic Films. R . V. Jo n es (J. Sci. Instrum ents, 
1936, 13, (9), 282-288).— T he m ethods for p roducing th in  m etallic  films by  
deposition (spu ttering , ev apora tion , an d  electrodeposition) an d  by  th e  reduc-
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tio n  of b u lk  m eta l (beating, planishing, an d  rolling) are sum m arized w ith  
references to  original papers, and  some electrical p roperties are described. 
Fo il produced by  rolling is in  general m uch  superior. I f  th e  foil is rolled from  
sheet m eta l, i t  is necessary to  reduce th e  d iam eter o f th e  rolls as th e  toil 
becom es th in n e r, a n d  a  su itab le  m achine is suggested. I f  s trip s of foil a re  
rolled from  wire, th e  d iam eter o f th e  rolls has little  influence since th e  
d is to rtio n  of th e  m eta l is a t  r ig h t angles to  th e  d irection  of feed (i.e. parallel 
to  th e  rolls), w hereas w hen sheet is rolled th e  d is to rtio n  is longitudinal. 
P rac tica l de ta ils  o f th e  p roduction  of films of th e  order 0-1 p. in  th ickness a re  
described, an d  also m ethods fo r cu ttin g  an d  m anipu lating  th in  films

— W. xi.-xi.

The Press Forging of Brass. -------(H eat-Treat. and Forging, 1936, 22,
(7), 327-328).— A  b rie f  account o f th e  advan tages o f die-pressings o f b rass an d  
re la ted  alloys over sand-castings.— J .  E . N . ■ ,

Comparator Gauge for Drop Forgings. F ra n k  H artley  (M achinist (F ur. 
E dn.), 1936, 80, (14), 276e-277e).— Describes a  gauge for gauging th e  en tire  
ou tline  o f th e  con tour o f a  drop  forging^having ofi-set surfaces th a t  canno t be 
m easured  by  o rd in ary  m eans.— J . H . W . -

Investigation of Piston Forgings from AC-11 A l l o y .  V. A. L ivanov 
(Zvetnye M etally (Non-Ferrous M etals), 1936, (1), 127-137).—-[In  R ussian.] 
F ro m  exam ination  of th e  m acro- an d  m icro -struc tu re  an d  tensile  and  im pact 
tes ts , i t  is concluded th a t  th e  b est m ate ria l for p istons is th a t  produced from  
ro lled  a n d  pressed  rods.—N . A.

Methods of Employing Perforation Boring of Hard Strata by Means of Hard 
Alloys. V. P . B anul an d  M. M. K rav tso v  (Bedkie M etalli (Bare\ Metals), 
1936 (1), 16-26).— [In  R ussian .] H a rd  sin tered  alloys of th e  “ lo b e d i t  
ty p e ’are  u n sa tis fac to ry  for d rilling  h a rd  s tra ta , sharpened  strip s  8-10 m m . 
th ic k  in serted  in  th e  d rill-heads b reak ing  a t  th e  first im p ac t W ith  a  special 
tougher alloy (“ P o b ed it 1 3 ” ) i t  is possible to  d rill u p  to  2 m etres a t  one 
effort a t  one q u a rte r  th e  cost w ith  a  steel drill. D . N . S.

XIX.— CLEANING AND FINISHING

(Continued from pp. 418-419.)

*The Cleaning of Tinned Equipment in the Dairy. G. G enin (Lait, 1936, 16, 
612-615 ■ C Abs., 1936, 30, 6838).— T he corrosion o f t in  an d  tin n ed  copper by 
sodium  carbonate  an d  sodium  hydroxide solutions depends essentially  on th e  
q u a n tity  o f oxygen dissolved in th e  so lu tion  a n d  very  l ittle  on  th e  tem p era tu re  
an d  concen tra tion  of th e  alkali. The presence o f a  reducing agen t perm its a  
m ark ed  reduction  in  th e  corrosion. F o r th is  purpose sodium  sulphite  was 
found very  effective. Thus, pure  t in  on trea tm e n t w ith  0-5%  solutions of 
sodium  carbonate  lo st 6-6 m g ./d m .2 while w hen th e  carbonate  so lu tion  con­
ta in ed  sodium  su lph ite  th e  loss was reduced to  0-8 m g ./dm .2. Sodium  su lph ite  
has th e  advan tages o f low cost, re la tive  stab ility  in  a  solid s ta te  an d  ready  
so lubility  in  w a ter a n d  alkaline so lu tion  ; m oreover, its p ro d u c t o f oxidation , 
sodium  su lphate , ex erts no  deleterious effect. B y  th e  add itio n  of sodium  
su lph ite  i t  is possible to  reduce to  ab o u t th e  a tta c k  o f alkaline solu tions on 
tin . I t  is suggested th a t  p roper proportions o f m ixm g sodium  su lph ite  an d  
carbonate  o r h y d rox ide  are  1 p a r t  sodium  su lph ite  to  10 p a r ts  o f crystallized  
sodium  carbonate  or 1 p a r t  sodium  su lph ite  to  4 p a r ts  o f sodiuna carbonate  or 
sodium  hydroxide. The p ro tec tive  action  of th e  sodium  su lph ite  on t in  is 
exerted  u n til a ll o f  i t  has  been oxidized  to  th e  su lp h a te .— b .G .

* Methods of Caring for Cream Separators and Their Influence Upon the 
Quality of Cream [Cleaning of Separator Parts]. C. K . Jo h n s (Set. A g n c .,  
1936 16 373 -3 9 0 ; C. A bs., 1936, 30, 6072).— A rinse o f  sodium  h y p o ­
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chlorite  con tain ing  50 p .p .m . w as v e ry  effective in  reducing con tam in a tio n  in  
sep arato r bowls. M etso, a  com m ercial sodium  m etasilicate  d e te rg en t, proved  
to  be v e ry  corrosive to  m eta l sep a ra to r p a rts .— S. G.

Colouring of Metals. IV.—Zinc and Die-Castings. H e rb e rt B. Sim onds 
a n d  C. B . Y oung (Iro n  Age, 1936, 138, (10), 30—35, 110).— D escribes tb e  few 
com m ercial m ethods availab le  fo r colouring zinc a n d  outlines tb e  chief research  
now in  progress. T he C ronab m eth o d  involves sim ple im m ersion in  acidified 
sodium  b ichrom ate , w hich causes a n  insoluble film  to  be deposited  on  th e  
surface o f th e  m etal. T he possibilities for electrodeposited  coatings on zinc 
a re  th e  sam e as fo r o th e r m eta ls p reviously  described (M et. Abs., th is  vol., 
p. 324), b u t  th e  procedure  som etim es requ ires specific ad ap ta tio n . T he 
com positions o f b o th  inorganic a n d  organic b a th s  fo r nickel p la tin g  a re  given, 
a n d  th e  m eth o d  o f  alloying fo r colour (nickel—brasses) a n d  th e  use o f n ickel for 
p roducing colour effects a re  described.— J .  H . W .

The Use of Steel Wool for Grinding and Polishing Aluminium and Other 
Metals. E . B oing (M .S .v .Z . fu r  M etall- u. Schmuckwaren Fabrilcation Sowie 
Verchromung, 1 9 3 6 ,17, (7), 11 ; N euhausen Wochenbericht, 1936, (28), 299).—  
T he steel wool used  fo r polishing should  be soft ra th e r  th a n  b rittle , should 
consist o f long th read s, an d  should  be degreased to  avo id  sm earing. Owing to  
th e  sh a rp  edges o f  th e  sep ara te  s tran d s  i t  h as been found  su itab le  fo r fine 
grinding. I rreg u la rly  shaped  artic les can  be  tre a te d  w ith  steel wool as th e  
la t te r  read ily  follows all th e  irregu larities o f th e  surface a n d  does n o t  leave 
d ir t  o r d u s t on  th e  surface o f  th e  m eta l.—L . A. 0 .

Applying the Grinding Wheel to New Production Operations. F red  H o m er 
(Canad. M ach., 1936, 47, (8), 20 -22 , 46).— C om plex grinding operations have  
been considerably  developed a n d  ex ten d ed  as a  re su lt o f th e  d em and  for 
stan d ard ized  m eta l p a r ts  a n d  o f th e  in tro d u c tio n  o f  artificial abrasives. 
E xam ples o f  p lunge-cu t w ork, centreless grinding, tap e rin g , a n d  recessing are  
described an d  illu stra ted .— P . M. C. E .

Sand-Blasting from the Point of View of Economy. E . E n g e lh a rt ( W erkstatt
u . Betrieb, 1936, 69, (17/18), 233-235).— S and-b lasting  in sta lla tions a re  classified 
according to  th e  m eth o d  o f in tro d u c tio n  o f  th e  abrasive . I n  p la n t for ligh t 
w ork  (e.g. p ro d u c tio n  o f a  m a t t  surface), th e  san d  is sucked in  b y  th e  a ir  s t r e a m ; 
a  g ra v ity  feed is used  in  heav ier o rn am en ta l w ork , w hilst in th e  cleaning o f 
foundry  pieces, &c., th e  abrasive  is in tro d u ced  u n d e r pressure. M odem  p la n t 
is described a n d  illu stra ted , w ith  a n  estim a te  o f  costs.— P . M. C. E .

Pickling Tank Tie-Rods. ------  (Engineer, 1936, 162, (4210), 299).—
C onsiders th e  defects o f tan k s  co n stru cted  o f wood a n d  ou tlines th e  m echanism  
of tie -ro d  corrosion. Suggests a n d  illu stra tes  m ethods o f m inim izing corrosion.

— E . Gr.

XX.— JOINING

(Continued from pp. 419-421.)

“"Contribution to the Testing of Tin-Lead Soldered Joints. W illi T onn  and  
H e in rich  G u n th er (Z . M etallkunde, 1936, 28, (8), 237-239).— T he s tre n g th  o f 
b u t t  an d  lap  jo in ts  in  tin p la te  a n d  zinc sheet soldered w ith  pu re  le a d - tin  
solders o f various com positions has been determ ined . F o r  jo in ts  in  sheet zinc 
th e  s tre n g th  increases w ith  th e  t in  c o n ten t o f th e  solder, b u t  for jo in ts  in  t in ­
p la te  no  fu r th e r  increase in  s tre n g th  tak es p lace above a  t in  co n ten t o f 30%  
in  th e  solder. I n  b o th  cases lap  jo in ts  are  ab o u t tw ice as s trong  as b u t t  
jo in ts. U sing a n  electric  soldering iron  th e  tim e tak e n  to  solder a  jo in t a n d  th e  
am o u n t o f solder used decrease w ith  increasing t in  co n ten t o f th e  solder so th a t  
th e  a p p a re n t sav ing  in  t in  in using a  low -tin  solder is offset b y  th e  necessity  of 
using m uch  m ore solder.— A. E . P .



1936 X X .—-Joining 479

^Physical Properties of Soft Solders and the Strength of Soldered Joints.
(Gonser an d  H ea th .) See p. 454.

Properties of Metals and Alloys and Their Importance in Welding and 
Soldering. E rich  L iider an d  K arl H einem ann (Z. M etallkunde, 1936, 28, (7), 
188-192).— T he effect on th e  soldering an d  welding properties o f m etals an d  
alloys o f  th e  following factors is discussed ; th e  h ea t tran sfer properties o f th e  
m etals to  be joined, th e  freezing range of alloys used as solders, th e  reducib ility  
o f th e  various oxides by  th e  to rch  flame, th e  solubility  o f th e  oxides in  th e  
fluxes used, a n d  th e  so lubility  o f  gases in  th e  welded m etal.—A. R . P .

Low-Temperature Brazing with Silver Alloys. Philip  Kriegel (Welding Eng., 
1936, 21, (8), 32-36).— T he advan tages o f silver solders are enum erated  and  
advice on th e ir  use is given. O xy-acetylene is recom m ended for heating  th e  
seam  to  be jo in ted , th e  solder being applied  to  th e  p rehea ted  seam  a fte r rem oval 
o f th e  flam e. L ap  jo in ts are  preferred  to  b u t t  jo in ts o r fillets, an d  a close fit 
is desirable. A pplications to  copper, bronze, stainless steel, an d  nickel alloys 
a re  illu stra ted  an d  described.— H . W . G. H .

New Brazing Alloy Increases Applications [Phos-Copper]. ------  (Amer.
M etal M a rke t,1936,43, (159), 6). Westinghouse “ Phos-Copper”  Brazing Alloy.
■  (M achinist (E ur. E dn .), 1936, 80, (38), 779-780).—A brief note.
P hos-copper, a n  alloy o f phosphorus an d  copper, has been developed to  replace 
expensive silver solders. I t s  properties, uses, an d  th e  form s in w hich it  is 
availab le  are  described.— L. A. 0 .

*Does Loss of Alloying Constituents Occur in Light Metal Welding ? M. 
M aier (A lu m in iu m , 1936, 18, (8), 373-374).— In  th e  oxy-acetylene welding of 
good grades o f technical a lum inium  th e  loss o f iron  an d  silicon is practically  
negligible, b u t  w ith  H ydronalium  th ere  is a  loss o f ab o u t 4 %  o f th e  m agnesium  
co n ten t b u t  no  reduction  in  th e  m anganese con ten t. I n  gas-welding Silum in 
v e ry  little  silicon is lo st un d er a  good flux b u t ab o u t 3 %  is lo st w ith o u t a  flux ; 
no  loss o f copper occurs in  welding “ G erm an alloy ,”  b u t a b o u t 2 -3 %  of th e  zinc 
m ay  be lost. I n  welding th e  A m erican 8%  copper alloy, however, th e  copper 
co n ten t o f th e  w eld m ay  be as m uch  as 0-5%  less th a n  th a t  o f  th e  surrounding 
m etal, a  loss o f over 7%  o f  th e  to ta l  copper.— A. R . P .

Electrical Spot Welding of Light Alloys. I .  M. B railovskiy  (Avioprom ish- 
lenost (A ir  Industry), 1936, (4), 41-43).— [In  R ussian .] T he advantages of 
sp o t welding over riveting  in  a irc raft construction  are  ind icated .— N . A.

Technical Standardization and Costs of Gas Welding of Copper and Alu­
minium Sections. J .  S. Sm irnow (Avtogennoe Delo (Autogenous Practice), 
1935, (12), 24^25).— [In  R ussian.] A s tu d y  of causes, w ith  num erical d a ta , 
affecting expend itu re  o f  tim e an d  m ateria ls.—N . A.

The Sheathed Electrode for the Welding of Copper. A. M atting  an d  W . 
Lessel (Elektroschweissung, 1936, 7, (9), 161-170).— T he new  electrode has four 
coatings : th e  first, im m ediately  su rround ing  th e  core o f su b stan tia lly  pure
copper, form s a  slag o f approx im ate ly  th e  sam e m elting  p o in t as th e  l a t t e r ; 
th e  second form s, un d er th e  h e a t o f th e  arc, large q u an tities o f a  gas w hich is 
n o t absorbed  by  co p p er; th e  th ird  a n d  fo u rth  form  th e  sh ea th , being fused 
aw ay  less read ily  th a n  th e  core, so as to  form  a tu b e  w hich d irects th e  stream  
of gas on to  th e  seam . T his tu b u la r s tream  of gas enables a  long arc  to  be held 
w ith o u t difficulty an d  w ith o u t risk  o f ox idation  o f th e  m olten  m etal. L engthen ­
ing th e  arc  reduces th e  m elting speed o f th e  electrode an d  allows high voltages 
to  be used, so th a t  sufficient h e a t is given to  th e  w ork to  com pensate for th e  
h igh  th e rm a l conductiv ity , w ith o u t th e  need  for aux iliary  blowpipe flames. 
T he weld m eta l passes stead ily  th ro u g h  th e  “  tu b u la r  a rc  ”  in stead  o f falling in 
large  drops. T he electrode is connected  to  th e  +  p o le ; th e  voltage used 
varies from  40 v ., for 8 m m ., to  100 v . for 30 m m . leng th  o f arc, a n d  th e  curren t 
is betw een 220 a n d  120 am p. fo r a  4-m m . diam . electrode. P reheating  to  
200° C. is necessary a t  th e  beginning of a  seam  and  m ay  be carried o u t by



carbon arc. The welding speed is ab o u t 3-3 m . per h r. for 10 m m . th ic k  
m ateria l. Tensile te s ts  on  th e  welds give 90%  o f th e  s tren g th  o f th e  p a ren t 
m eta l an d  18-22%  elongation. T he electrodes can be used  fo r vertical 
w elding.— H . W . G. H .

Welding in Repairs of Bronze Articles. B . I. B elov (Avtogennoe Delo 
(Autogenous Practice), 1936, (5), 21-22).— [In  R ussian .] A  descrip tion  o f th e  
welding process.— N . A.

Methods of Lead Welding Differ Widely from Practices with Other Metals.
F . E . R ogers a n d  W . H . C arte r (W elding E ng ., 1936, 21, (8), 24-27).—F o r  ta n k  
linings, lap  seam s are  norm ally  used , b u t t  jo in ts being m ade only in  th ick  
m ateria l. T he technique  to  be ad o p ted  is described for b o th  ty p es o f jo in t, 
g rea t em phasis being la id  on th e  need  for scrupulous cleanliness. V arious ty p es 
o f jo in t fo r pipe w ork  a re  also discussed. H ydrogen  is recom m ended for 
welding.— H . W . G. H .

Hints on Maintenance of Resistance Welding Machines. A. M. M acfarland 
(W elding Eng., 1936, 21, (8), 19-20).— A tten tio n  is p a rticu la rly  d irec ted  to  th e  
need  fo r keeping co n stan t th e  a rea  o f th e  e lectrode tip s , cleaning sw itch  an d  
co n tac to r con tac ts , a n d  preserving th e  close fit o f  dies a n d  clam p for b u tt-  o r 
flash-welding.— H . W . G. H .

High-Power Machinery for Spot Electrical Welding of the AGA-175 Type.
G. V. N edzevezkiy  (V estn ik  ElektropromisM ennosti (Messenger Elect. In d .),  
1936, (8), 10-13).— [In  R ussian .] D escrip tive .— N . A.

Phenomena Determining the Process of Spot Welding. A. S. Orlev (Avio- 
promishlenost (A ir  Industry),  1936, (4), 44—18).— [In  R ussian .] T he th erm al, 
electrical, pow er, an d  geom etrical phenom ena in  sp o t w elding are exam ined  an d  
conditions fo r a tta in in g  good resu lts  la id  dow n.— N. A.

The Atomic Physics Basis of the Welding Capacity of Metals. A. S. Ogie- 
vezk iy  (AvtogennoeDelo (Autogenous Practice), 1935, (12), 14^17).— [In  R ussian .] 
A survey  o f general principles.—N . A.

Oxy-Acetylene Welding. L. C. Perc iva l (Indust. Oases, 1936, 17, (1), 
24^33; (2), 69-73, 79-83).— See M et. A bs., th is  vol., p. 177.—H . W . G. H .

Novel Constructions of Welding Torches. A. S. F a lkev ich  (Avtogennoe Delo 
(Autogenous Practice), 1935, (11), 25-26).— [In  R ussian .] T he new  lig h te r ty p e  
o f welding to rches m ade o f a lum in ium  a n d  its  alloys, as co n stru cted  a t  th e  
F irs t  A utogenous W orks, a n d  o th er ty p es  a re  described.—N . A.
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X X I.-IN D U S T R IA L  USES AND APPLICATIONS

(Continued from pp. 422—124.)

Shaping and Constructing in Light Metals. W alth er Zarges (A lu m in iu m ,  
1936, 18, (8), 353-360).— A lec ture  dealing w ith  th e  in d u stria l app lications o f 
a lum in ium  a n d  its  alloys in  th e  form  o f sheet a n d  castings. Am ong th e  uses 
discussed a re  th e  co nstruction  o f coach-w ork, deck superstru c tu res in  s team ­
boats , non-m agnetic  m eta l p a r ts  o f m agnetic  sep arato rs, v en tila tin g  a p p a ra tu s  
for ra ilw ay  tra in s , ra ilw ay  an d  om nibus doors, sign p la tes, stan d s for scientific 
in stru m en ts , an d  p a r ts  o f electrical a p p a ra tu s .—A. R . P .

Light Articulated Unit of Welded Construction in Aluminium Alloys. 
M aurice L eroy  (Allégement dans les Transports, 1936, 5, (3/4), 30-36).— A n 
accoun t o f th e  3-car ra il u n its  ad o p ted  on  th e  F ren ch  C hem in de F e r  d u  N ord . 
T he annealing  o f th e  w elded body-w ork is o b v iated  b y  th e  use o f M.G.7, a  ligh t 
alloy  con tain ing  7 %  o f m agnesium  ; th e  p roperties o f  th is  m ate ria l w hen fully  
annealed  are  given.— P . M. C. R .

New Light Metal Car for the Milan Tramways. R . F e rra ri (Allégement dans 
les Transports, 1936, 5, (9/10), 114-121).— [In  F ren ch  an d  G erm an.] A n
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experim en tal tram  car constructed  for th e  M ilan c ity  au th o ritie s  has a  super­
s tru c tu re  m ainly  o f A vional, w hilst D u ra lite  castings an d  forgings are  used in 
bogey construction . A n 18%  reduction  in  w eight has been effected in  th e  
com plete u n it, th e  reduction  in th e  case o f th e  su p erstru c tu re  being estim ated  a t  
4 0 % . D etails o f  design a n d  construction  a re  illu stra ted .— P . M. C. R .

Light Metal Speed-Boat. Ad.-M. H ug (Allégement dans les Transports, 
1936, 5, (1/2), 14-17).— [In  F rench  an d  G erm an.] P e ra lum an , a n  easily 
w elded lig h t alloy o f h igh resistance to  corrosion, has been used in th e  con­
stru c tio n  o f th e  hull an d  m ost o f  th e  stressed m em bers o f a  300-h.p. speed-boat 
recen tly  launched  a t  V itznau . O th er lig h t alloys em ployed are A lum an A 
(petro l tan k ), A nticorodal B (seats), Silum in-G am m a (steering-levers), and  
P era lu m an  2 (bearing-boxes). T he properties o f  these m ateria ls are tab u la ted , 
th e  tre a tm e n t being ind ica ted  in  each  case.— P . M. C. R .

Autothermic Piston Controls Clearance. P . M. H e ld t (Automotive In d .,  
1936, 75, (12), 376-378).— U ndesirable expansion effects in  alum inium -silicon 
alloy  p istons a re  e lim inated  by  th e  inclusion o f lig h t steel inserts an d  by  oval 
grinding o f th e  sk irt. T he design is fu lly  described an d  illustra ted .

— P . M. C. R .
Non-Vibrating Cables for Aerial Conductors. M. Preisw erk  (Bull. Assoc. 

Suisse Élect., 1936, 27, (9), 543).—A  sh o rt n o te  on  th e  sa tisfac to ry  service and 
freedom  from  v ib ra tio n  o f  a  com posite aerial cable o f  A ldrey  w ith  a  core o f 
galvanized  steel w ire.— P . M. C. R .

fThe Manifold Uses of Aluminium Powder. E . H errm an n  (A lum in ium , 
1936, 18, (8), 376-381).— A review  o f th e  p a te n t  lite ra tu re  showing th e  m any  
useful app lications o f  a lum inium  pow der.—A. R . P .

Aluminium Powder Paints. ------  F re itag  (Oberflachentechnik, 1935, 12,
152-153 ; G. Abs., 1935, 29, 5286).— A m uch  b e tte r  a n d  denser coat o f a lu ­
m inium  p a in t is o b tained  if  th e  a lum inium  pow der an d  th e  b inder are  m ixed 
ju s t  sho rtly  before th e  coat is applied  th a n  w hen th e  p a in t stan d s read y  m ixed 
for som e tim e. A lum inium  p a in ts  are  p a rticu la rly  advantageous where th e  
m ateria ls to  be p ro tec ted  are  exposed to  strong  sunshine (tropics) o r where 
vessels, room s, &c., m u st be p ro tec ted  from  h e a t rad ia tio n  (airships, railroad  
cars, storage tan k s  for inflam m able liquids).— S. G.

Use of Electrolytic Cadmium in the Manufacture of Syphons for Carbonated 
Beverages [Toxicity of Cadmium].  B ordas (A nn . F alsif., 1936, 29, 233-
2 34 ; G. A bs., 1936, 30, 4935).— As cadm ium  offers considerable analogy w ith  
zinc a n d  seems to  be m ore tox ic , i t  is recom m ended th a t  its  use be p roh ib ited  for 
artic les th a t  come in to  co n tac t w ith  foodstuffs.— S. G.

Substitution of Tin-Bronzes by Special Bronzes, Special Brasses, and Other 
Metals, DIN 1705. -------- (Z. M etallkunde, 1936, 28, (8), 243).—Suitable  su b ­
s titu te s  fo r phosphor-bronzes contain ing  6, 10, 14, an d  20%  tin  are ind ica ted  
fo r various purposes, also alloys free from  t in  w hich can be used in  place of 
s ta n d a rd  G erm an red  brasses.— A. R . P .

On the Use of Calcium Babbitts in Shipbuilding. I. T. K olenov (Sudo- 
stroenie (Shipbuilding), 1936, (8), 575-577).— [In  R ussian .] A  review .— N . A.

Filling of Bearings with Calcium-Sodium Babbitt and Bronze Turnings.
 F ra n k fu rt  (U ralskaja metallurgia (Metallurgy o f Ural), 1936, (5), 38).—
[In  R ussian .] T he inclusion o f bronze tu rn ings in  calc ium -sod ium  B a b b itts  
has m ade th e ir  use in  heavy  p lan t possible.— N. A.

Some Troubles with Plumbers’ Materials. F . L. B rady  (./. Inc . Clerks 
W orks Assoc. Gt. B rita in , 1935, 52, (627), 75-78 ; Build ing  Sci. Abs., 1936, 9, 
11).— Considering lead  as a  p lum ber’s m ateria l, B. po in ts to  th e  proved  
d u rab ility  o f  lead  w hen correctly  used. Cases o f failure w ould ap p ear to  be 
due b u t  ra re ly  to  th e  lead  itself. T he m arked  resistance of lead  to  w eathering  
resu lts from  th e  pro tec tive  film of corrosion products w hich is quickly  form ed. 
In stan ces are  described of th e  corrosion of lead  by  w a ter containing lim e in
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so lu tion  from  P o rtlan d  cem ent m o rta r. I n  th a t  case th e  p ro tec tiv e  film  is n o t 
form ed. T he corrosion p ro d u c t is a  red  oxide w hich appears to  be form ed in  
an n u al layers, w hich ind ica te  th e  nu m b er o f years during  w hich corrosion has 
proceeded. T he corrosion o f lead  in  co n tac t w ith  tim b er, especially h a rd  woods 
such  as oak  or te a k , is th o u g h t to  be due to  acid  substances in  th e  wood, 
pa rticu la rly  i f  unseasoned. I n  flat-roof construction  w here sheet le a d  is laid  
over tim b e r i t  is adv isab le  to  in se rt a  lay e r o f p ro tec tiv e  m ate ria l, such  as 
b itum in ized  fe lt, betw een th e  tw o  m ateria ls. Good w orkm anship  is essential 
to  p rev en t th e  p en e tra tio n  o f  m oistu re  betw een th e  wood a n d  th e  lead. A t­
ten tio n  is d irec ted  to  th e  need  fo r fu r th e r  in v estiga tion  of th e  behav iour o f  lead  
pipes in  d ifferent ty p es o f soil. F a ilu re  o f lead  pipes u n d e r pressure m ay  be 
due to  a  w eak weld. F a ilu re  o f lead  resu lts  also from  fatigue due to  a lte rn a tin g  
stresses. B rief reference is m ade to  th e  te rn a ry  alloys o f lead  w ith  cadm ium , 
an tim ony , o r t in .— S. G.

Lead Poisoning Caused by Drinking W ater. A. Pelle a n d  A rtu s {Bull.
acad. med., 1935, 113, 54—57 ; C. A b s . , 1936, 30, 6861).— L ead  is frequen tly  
found  in  d rink ing  w a te r  o f  low  m ineral con ten t. Covering th e  in te rio r o f 
tu b es w ith  t in  gives l it t le  p ro tec tio n  because th e  coating  usually  has ra th e r  a  
h igh  lead  co n ten t itself. N um erous cases o f poisoning have been reported .

— S. G.
Nickel Alloys as Working Materials in Rotary Deep-Drilling Technique.

K . K a lins (Oel, Kohle, Erdoel, Teer, 1936, 12, 389-394).— S. G.
The Sputtering of [Silver for] Large-Aperture Fabry-Perot Interferometer 

Mirrors. S. T o lansky  a n d  E . Lee (./. Sci. Instrum ents, 1936 ,13, (8), 261-263).—- 
A  m eth o d  o f p roducing la rge-apertu re  F a b ry -P e ro t  in te rferom eter m irrors by  
sp u tte rin g  silver in  argon  is described.— W . H .-R .

Strontium. E . G. E rick  a n d  G ordon H. C ham bers {Foote P rin ts, 1936, 9, 
(1), 11-19).— T he occurrence a n d  uses o f s tro n tiu m  a n d  its  com pounds are 
review ed.— S. G.

Ways to Use Domestic Materials as Substitutes for Bearing Metals and 
Methods of Fashioning Them. R . K iihnel (Biesserei, 1936, 23, (15), 357-363).—  
A lum inium - o r zinc-base bearing  m eta ls con tain ing  copper have  been used 
sa tis fac to rily  as su b s titu tes  fo r im p o rted  tin -base  alloys in  G erm any. L e a d -  
bronzes, special brasses, a lum in ium , bronze, cast iron, a n d  som e ligh t m etals 
can  be used in s tead  o f h igh  tin -b ro n zes. T he various app lications o f these 
su b s titu te s  a re  discussed an d  s ta n d a rd  bearing constructions are  described.

— A. R . P .
How to Select Electric Heating Alloys. F . P . P e ters  (M achinist (E ur. 

E dn .), 1936, 80, (15), 245e-247e).—T he com position an d  p roperties o f 12 o f 
th e  m ost useful resistance m ateria ls are  tab u la ted . F o r  operation  in  a ir  above 
2400° F . (1315° C.), p la tin u m  or p la tin u m -rh o d iu m  alloy is u se d ; these  are 
expensive  a n d  have  inconvenient e lectrical properties. F o r tem p era tu res  
betw een 2100° a n d  2400° F . (1150°-1315° C.), iro n -ch rom ium -alum in ium  or 
iro n -ch ro m iu m -a lu m in iu m -co b alt alloys are v ery  sa tisfactory . D ow n to  
1000° F . (540° C.), n ickel-chrom ium  alloys w ith  o r w ith o u t iron  are used. 
(T ophet alloys), a n d  below 1000° F . (540° C.), C upron, n ickel-steel, o r nickel 
silver can  be used.— J .  H . W .

Uses of Metal in Electrical Machinery Construction. P. N . Iv a n o v  ( Vestnik  
Elektropromishlennosti (Messenger Elect. In d .) ,  1936, (6), 27-31).— [In  R ussian.] 
T he problem  o f m eta l scrap  in  e lectrical p lan t m an u factu re  a n d  o f m eta l 
reserves in  electrical m achine construction  are  exam ined.— N. A.

Substitution and Economy of Non-Ferrous Metals in the Electrical Industry.
B. M. T areev  an d  A. IT. S h p irt ( Vestnik Elektropromishlennosti (Messenger 
Elect. In d .), 1936, (7), 15-18).—N . A.

Factors Responsible for Off Flavours in Milk. P . H . T racy  (M ilk  Dealer, 
1936, 25, (8), 114-117 ; C. Abs., 1936, 30, 4938).—C ontam ination  o f m ilk w ith



1936 X X I I I . — Bibliography 483

copper o r iron gives flavour defects characterized as cappy, m etallic, tallow y, or 
oily. Copper an d  iron  catalyze ox idation  processes in  th e  m ilk. T he use o f 
d a iry  equ ipm en t w hich will n o t allow contam ination  w ith  copper o r iron is 
therefore recom m ended.— S. G.

*The Influence of Metals on Milk. W . B itte r  (Schweiz. M ilchzeitung, 1936, 
62, 331-332, 337-338 ; C. Abs., 1936, 30, 6837).—T he presence of traces o f 
copper o r its  alloys was found  to  be de trim en ta l to  th e  flavour o f m ilk, an d  
caused th e  developm ent o f tallow iness an d  sim ilar cata ly tic  ox idation  flavours. 
I ro n , nickel, an d  zinc were less harm ful. A lum inium  an d  its  alloys and  
d ifferent ty p es o f stainless steel were w ithou t effect. The la tte r  m etals are 
m ost desirable for storing , conveying, o r pasteurizing  m ilk an d  m ilk products.

XXII.— MISCELLANEOUS

(Continued from pp. 425-426.)

The Institute of Material Research of the D.V.L. P . B renner (M etallwirt- 
schaft, 1936, 15, (32), 74 5 -7 5 0 ; (33), 770-772).— The new building of th e  
In s titu te  o f M aterial R esearch  of th e  D eutsche V ersuchsanstalt fu r  L u ftfah rt is 
described.— v. G.

Recent Advances in the Aluminium Industry. F rancis C. F ra ry  (Electro- 
chem. Soc. P reprin t, 1936, O ct., 179-189; also (abridged) M etallurgia, 1936, 
14, (84), 175-176; a n d  M et. In d . (Lo n d .), 1936, 49, (17), 412-413).—A dvances 
in  fabricating  technique  have  enabled  th e  in d u stry  to  use alloys w hich have 
superior p roperties b u t  w hich were form erly  found  n o t to  be p ractica l because 
o f fabricating  difficulties. T he a lum inium -base alloys contain ing  m agnesium , 
first proposed m any  years ago b u t  only recen tly  com m ercialized, are exam ples 
o f th is . New equ ipm en t an d  knowledge have also p e rm itted  th e  fabrication  o f 
larger w rought artic les (s tru c tu ra l shapes, forgings, &c.), special ex tru d ed  shapes 
a n d  tub ing . A lclad sheet, anodic ox idation , e lectro ly tic  brightening processes 
a n d  fu n d am en tal stud ies o f th e  design of a lum inium  alloy stru c tu res  are 
enlarging th e  field o f use o f alum inium  alloys.— S. G.

Care and Disinfection of Gas Masks Used to Protect Against Chronic Lead 
Poisoning. O tto  G iesenhaus (Gasmaske, 1936, 8, 5 0 -5 4 ; C. Abs., 1936, 30, 
4945).—T he im portance of freq u en t inspection  o f gas m asks used  in  a tm o ­
spheres con tain ing  lead  sm oke or v ap o u r is stressed, an d  m ethods of inspection 
a n d  care are described. T he artic le  is illu stra ted  by  photographs.— S. G.

tSafety in the Metal Industry. E . A. B olton (Met. Ind . (Lond.), 1936, 49, 
(16), 391-393).— P residen tia l Address to  th e  B irm ingham  M etallurgical Society. 
A tten tio n  is d irec ted  to  th e  hazards incurred  in th e  m anufacture  of finished rod , 
s trip , sheet, &c., from  ingo t m eta l an d  scrap, by  careless handling  an d  operation  
in  th e  respective processes. T he g reatest risk  lies in  th e  fac t th a t  daily  con tac t 
w ith  m achinery , m elting equ ipm ent, pickling tan k s , &c., rem oves th e  recogni­
tio n  o f danger, an d  it  is urged th a t  every  effort be m ade to  educate  th e  workers 
them selves in  m ethods of safe w orking, an d  in  th e  developm ent o f th e  rig h t 
a tt i tu d e  tow ards safety .— J .  E . N.

Subject Indexes to Volumes of Periodicals. S. C. B rad fo rd  (Engineer, 1936, 
162, (4206), 180-181).— O utlines some m ethods o f indexing.— B . Gr.
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♦Espe, W ., u n d  M. Knoll. W erkstoffkunde der Hochvakuumtechnik. E igen ­
schaften , V erarb e itu n g  u n d  V erw endungstechnik  de r W erkstoff fü r  
H o ch v akuum röhren  u n d  gasgefüllte  E n tladungsgefässe. R oy . 8vo. 
P p . v iii +  383, w ith  405 illu stra tions. 1936. B erlin  : Ju liu s  Springer. 
(R.M . 36.)

*Hanemann, H., u n d  A. Schrader. A tlas M etallographicus. B an d  I I .  L ie ­
ferung  1 : T afel 1 -8 ;  L ieferung 2 : T afel 9 -1 6 ; L ieferung 3 : Tafel 
1 7 -2 4 ; L ieferung 4 :  T afel 25-32. 1936. B e rlin : G ebrüder Born-
traeger. (R.M . 30.)

Herzberg, Gerhard. Atom spektren und  A tom struktur. E ine  E in fü h ru n g  fü r  
C hem iker, P h y s ik e r u n d  Physikochem iker. P p . x v  +  188, w ith  79 
illu stra tio n s a n d  21 tab les. 1936. D resden  a n d  L e ip z ig : T heodor 
Stem kopff. (B rosch., R .M . 13 ; geb ., R .M . 14.)

♦In ternational Acetylene Association. Official Proceedings. Th irty -S ix th  
A n n u a l Convention o f the In ternational Acetylene Association, Hotel 
Cleveland, Cleveland, Ohio, November 12, 13, 14, 15, 1935. Med. 8vo. 
P p . x iii +  280, illu stra ted . [1936.] N ew  Y o r k : T he A ssociation, 
30 E a s t  42nd St.
[Contains (in  add ition  to  several non-technical re p o r ts ) : A. F . G. Cadenhead, 

“  Acetylene in  th e  Chemical In d u s try  ” ; H . S. Sm ith, “  R eport of th e  Legislative and 
Insurance Committee and  of th e  Technical and  Engineering Committee ” ; C. D. A bbott, 
“  P revention  of W elding and  C utting  Fires ” ; F . R . Fetherston , “  The H andling, Storage] 
and  P roper Control of Compressed Gas Cylinders ” ; W . P . Y an t, “  Industria l Hygiene 
Studies of In te res t to  th e  Oxy-Acetylene In d u s try  ” ; W . J . Priestley, “  Welding and 
C utting  H igh-Chrom ium  S tee ls” ; J . H . Zimmermann, “ F u rth e r Studies of Oxy- 
Acetylene C ut Steel P la te  ” ; G. V. Slottm an, “  H ydrocarbon Fuel Gas for C utting ” ; 
G. O .H oglund, “  Gas W elding Aluminium and  its Alloys ”  (see M et A is ., th is  vol. p . 220); 
E . V. D avid, “  R eport of th e  Oxy-Acetylene Committee for 1935 ” ; J .  A. Freiday] 
"H igh -P ressu re  P iping ” ; G. W . Plinke, “ Gas Welding of Class I  Pressure V essels” ; 
J .  W . Wilson, “  W elded Pipe and  Pressure Vessels in th e  Marine Field ” ; F . C. Hutchison] 
“  Perm anency of Oxy-Acetylene W elding ” ; A. Chinn, “  M aintenance-of-W ay Problems 
in  High-Speed T ransporta tion  ” ; L. J .  Turner, “  Oxy-Acetylene Process in M aintenance- 
of-W ay W ork ” ; J .  G rant, “  Shape C utting  of Locomotive and  Car P a rts  in  Railroad 
Shops."]

♦K elly ’s Directory o f the Engineering, Hardware, M etal, and M otor Trades 
Throughout England, Scotland, and Wales, 1936. Tw enty-Second 
E d itio n . 6 J  in . x  10 in. P p . lv i +  2716 +  118. 1936. L o n d o n : 
K e lly ’s D irectories, L td . (50«.)

von Laue, M., u n d  R. von Mises. H erausgegeben von. Stereoskopbilder von  
K ristallgittern. Z e ich n u n g en : E . R ehbo'ck-V erständig. T e x t : G. 
M enzer. Teil I I .  P p . 54, w ith  24 tab les. 1936. B e r lin : Verlag 
Ju liu s  Springer. (R.M . 18.)
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*Lessel, Wolfgang. D ie Schlauchelektrode zur Lichtbogenschweissung von 
K upfer, Neuartiges Verfahren zur Metall-Lichtbogenschweissung von 
K upfer und  Kupferreichen Legierungen unter Verwendung einer 
“ Schlauch Kupferelektrode. P p . iv  +  56, w ith  41 illustra tions and  
3 tab les. 1936. B e r lin : V .D .I.-V erlag G .m .b.H . (Brosch., R.M . 
3.80 ; V .D .I.-M itgl., K.M. 3.40.)

*W am , Reuben Henry. The Sheet-M etal Worker's Instructor : P rac tica l B uies 
for D escribing th e  V arious P a tte rn s  B equired  by  Zinc, Sheet-Iron , 
Copper, a n d  T in -P la te  W orkers. Seven th  E d itio n  b y  Joseph G. 
Horner. Cr. 8vo. P p . v ii +  224, w ith  412 illustrations. 1936. 
L ondon  : T he T echnical Press, L td . (6s. net.)

West, Clarence J. A n n u a l Survey o f  A m erican Chemistry. Volum e X , 1935. 
P p . 487. 1936. N ew  Y o rk : B einhold  Publish ing Corpn. ($5.00.)

*Zcsbel, Theodor. Erhöhung der Schneidgeschwindigkeiten beim Brennschneiden 
durch neue Düsenformen. P p . 34, w ith  29 illu stra tions an d  2 tables. 
1936. B erlin  : V .D .I.-V erlag  G .m .b .H . (Brosch., R .M . 2.75 ; V .D .I.- 
M itgl., R .M . 2.45.)

NEW PERIODICAL.

Leichtmetall. M onthly. E . G undlach A.G., Bielefeld, G erm any.

XXIV.— BOOK REVIEW S

(Continued from pp. 434-438.)

Werkstoffkunde der Hochvakuumtechnik : Eigenscnaften, Verarbeitung,
und Verwendungstechnik der Werkstoffe fur Hochvakuumrohren und 
gasgefiillte Entladungsgefasse. V on W . E spe  u n d  M. K noll. R oy. 8vo. 
P p . v iii +  383, w ith  405 illu stra tio n s. 1936. B erlin  : Ju liu s  Springer. 
(R.M. 48.)
The s tandard  hooks on th e  subject of h igh  vacuum  technique, such as those of Dushman, 

Dunoyer, and  K aye, are now som ew hat out of date. They were w ritten  a t  a tim e of rapid 
change, and  developments of technique, if n o t of principle have gone on continually. The 
necessities of th e  lam p and  radio-valve industries have given b irth  to  m ost of th e  advances in 
th is  Held, and  i t  is refreshing to  find a book of th is  k ind trea ted  from th e  stric tly  practical point 
of view. I t  is im portan t to  realize, however, th a t  th e  book deals w ith  th e  materials used in 
high-vacuum  technique and  n o t th e  apparatus. T h a t is to  say, th e  reader will find excellent 
inform ation on particu lar types of glass-m etal or glass-ceramic seals, b u t no inform ation as 
to  th e  best way of evacuating such a  vessel when he has m ade it. I n  th is  th e  book differs 
m arkedly from m ost of its  predecessors, which have tended to  concentrate on high  vacua ra the r 
th a n  high-vacuum  technique.

The book is divided in to  twenty-five chapters, th e  first six of which are concerned w ith the 
metals and alloys used in vacuum  work. The reader will find here inform ation on m etals such 
as beryllium, platinum , and  tan ta lum , as well as th e  commoner m etals, copper, iron, and 
nickel. Physical properties are tabu la ted  and  illustrated  clearly an d  profusely.

O ther im portan t chapters in th e  book are concerned w ith the  degassing of m etals, properties 
of glasses for vacuum  work, h o t and  cold electrodes, gettering m ethods, glass-to-metal joins, &c. 
The technique of sealing tan ta lum  and  molybdenum foils directly in to  silica glass, now of great 
im portance in extra-high pressure discharge lamps, is discussed and details are given. Those 
in terested  in  cathode-ray tubes will even find several pages of inform ation on luminescent 
powders. In  a  work of th is  kind, covering a  wide range of applications, there  are bound to  be 
certain  superficialities; th e  authors have avoided any  serious accusation of th is  k ind by  supply­
ing eighteen pages of detailed references to  th e  original literature, m uch of i t  in th e  form of 
patents.

I t  is safe to  say th a t  no vacuum  physics laboratory  could do w ithou t th is book, and the  
au thors are to  be congratulated on carrying ou t the ir work so w ell; a  special word of com­
m endation is due to  th e  publishers who have reproduced original photographs w ith  great 
clarity .—J .  T. I t  AND AIL.
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Deterioration of Structures of Timber, Metal, and Concrete Exposed to the Action 
of Sea-Water. (F ifteen th  R e p o rt o f th e  C om m ittee o f th e  In s titu tio n  of 
Civil E ngineers.) E d ite d  b y  S. M. D ixon  an d  H . J .  Grose. R oy . 8vo. 
P p . xv i -f- 138, w ith  135 illu stra tio n s a n d  51 tab les. 1935. L o n d o n :
H .M . S ta tio n ery  Office. (12s. 6d. ne t.)

Two sections of th is  volume will be found of in te rest to  non-ferrous m etallurgists who are 
concerned w ith  corrosion and  protection, a lthough  th ey  refer to  work on ferrous m aterials : 
namely, “ Corrosion of Steel an d  Iro n  ”  (38 pp.) and  “  P rotection  of Steel and  Iron  by  Means 
of Pain ts and  O ther Preservatives ” (26 pp.). In  these reports, D r. J .  Newton Friend 
co-ordinates d a ta  obtained as a  resu lt of experim ents th a t  have been in  progress for m any 
years in different pa rts  of th e  world. Corrosion experim ents on steel include th e  exam ination 
of effects due to  additions of copper, chromium, and  nickel, respectively. The work on p ro ­
tective coatings includes galvanizing. The results obtained are well illustra ted  by  means of 
tables, graphs, and  photographs.— E. S. H edges .

A Bibliography on the Cutting of Metals. B y O rlan W . B oston. P a r t  I I .  
D em y 8vo. P p . 202. 1935. A nn A rbor, M ic h .: E dw ards B ros., In c .
($2.25.)

This book, a  bibliography on th e  cu tting  of m etals, comprises 1257 references m ainly for th e  
years 1929-1934 inclusive. The volume can be regarded as th e  second supplem entary p a rt of 
th e  original bibliography published in  1930, and  containing some 700 references. The great 
m ajority  of th e  references are abstrac ted  very briefly, b u t in  an adequately inform ative m anner.

This survey of th e  lite ra tu re  of c u tting  tools is n o t only extraordinarily  comprehensive, bu t 
has very obviously been compiled w ith  a  desire for accuracy. W hilst th e  reviewer makes no 
pretence to  have verified all th e  references, he can say  th a t  a  considerable num ber have been 
checked and  found accurate in  te x t and  agreeing in substance w ith  th e  abstracts .

The references are arranged chronologically and  th e re  are subject and  name indexes. The 
book has been published private ly  and  is reproduced photographically from  typescrip t. The 
m ake-up has, however, in  no w ay suffered on th is  account, and  in fact th e  book is very p leasant 
to  handle and  consult.— W . D. J ones.

W irkung von Druckvorspannungen auf die Dauerfestigkeit metallischer W erk- 
stoffe. V on G erhard  Seeger. (M itteilungen aus de r M aterialprufungs- 
a n s ta lten  a n  d e r T echnischen H ochschule S tu ttg a r t .  D IN  AS.) D em y 
8vo. P p . v i -j- 56, w ith  39 p la tes. 1935. B e r lin : V .D .I.-V erlag
G .m .b .H . (B r., R .M . 5 ; V .D .I.-M itgl., R.M . 4.50.)

The au th o r has published in  th is  booklet a  detailed account o f his researches in to  th e  effects 
of initial compressive stressing upon th e  fatigue characteristics, in  torsion and bending, of 
th e  following m aterials :—an  IZ steel, a  50*11 steel annealed and  heat-trea ted  to  70 kg ./m m .2, 
a  60*11 steel, an  annealed nickel-chrom e steel, cast iron, and  L autal. The test-pieces were in 
th e  form  of drilled rods, a  bo lt being passed th rough  th e  bore to  apply  th e  initial compressive 
stress. The effect of interfering factors such as corrosion and  notching were examined.

There are fifty-seven references in  th e  te x t b u t no indexes. The book has apparently  been 
prin ted  by  photographic reproduction of typescrip t. The illustrations and  photom icrographs 
are n o t well reproduced. This booklet should form  a  useful ad junct to  th e  existing publications 
on th e  sub ject of fatigue.— W . D. J ones.

Vorspannung und Dauerhaltbarkeit von Schraubenverbindungen. V on A. T hum  
u n d  F . D ebus. (M itteilungen de r M a teria lp ru fu n g san sta lt a n  de r T ech ­
nischen H ochschule, D a rm stad t, H e ft 7.) Med. 8vo. P p . v iii -f- 72, w ith  
90 illustra tions. 1936. B erlin  : V .D .I.-V erlag  G .m .b .H . (B rosch., R .M . 
6.50.)

This booklet comprises an  account of th e  researches conducted by th e  jo in t au thors on the  
fatigue characteristics of screwed jo in ts, pre-stressed, as in practice. Since very little  inform a­
tion  upon th is  subject has h itherto  been published, th e  booklet should prove of value to  engineer 
designers concerned w ith  th is  type  of work. The illustrations are excellently reproduced, and 
th e  various photographs of apparatus assist in  m aking clear the  procedures adopted  in a  num ber 
of som ewhat com plicated investigations. The bibliography contains twenty-ope items and  
there  are subject and  name indexes. The booklet is well p rin ted  on good paper, a lthough  every 
page required cutting.—W . D. J ones.
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