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Our experience as builders of “ special purpose”  machinery is at your 
service—wa are always ready to supply compiete machinery layouts, plans 
and estimates without any obligation to you. Other specialised machines 
made by us are:—

“  REDDROP-PERIFLO”  CENTRIFUGAL MILLS 
“ TURBINĘ”  HIGH-SPEED WET MIXERS 
“ TURBINĘ”  AIR SEPARATORS 
“ BURN-CRAMIC”  ROTARY PUMPS

LOW POWERS SMALL FLOOR AREAS LARGE OUTPUTS

WRITE FOR FREE CATALOGUES-
they contain interasting technicat data. 
Or ws can ar rangę fo r you to visit our TEST 
STATIONin London for actual demonatrations 
with the machines, usingyouronn materials.

THE S.O.S. PATENTS Co., Ltd.
(Dept. D. 9) 156 Gharing Cross Rd. London W.C.2
N orth ern  O ffice : Atlas W o rk s , Chapel St., Levenshulme, 

Manchester, Rusholme 4I76

“ P A S C A L L ”  T U R B I N Ę  
SCREEN SIFTER—A NEW 
AND COMPACT HIGH-SPEED, 
LARGE-OUTPUT MACHINĘ

1. Compiete extraction o f “ fines.”
2. Efficient sifting up to 300 mesh.
3. Fine sifting obtained with comparatiyely 

coarse cloths.
4. W ill not clog with damp or sticky pro- 

ducts.
5. Works from motor of 2 h.p. maximum.
6. Occupies only 3 ft. sq. floor area.
7. Little attention required.
8. Sturdy construction guarantees long and 

trouble-free service.

“ PASCALL” TURBINĘ 

__S C R E E N S I F T E R

P k i n t e d  IN G r e a t  B r i t a i n  b y  R i c h a r d  C l a y  a n d  S o n s  L t d . ,  B u n g a y , S o f f o l k .



p i

From our wide ran g ę  we a re  
ab le  to  supply re f  rac  tory m at-  
eriaEs o f  high quality  su itab le  
■for m ost industria t purposes. 
In our various works, which 
a r e  m o d e r n  in d e s ig n  a n d  
equipm ent, ca re  is ta k e n  in 
every s ta g e  o f  m a n u fa c tu re  to 
ensu re  t h a t  ou r p roducts  a re  
m a i n t a i n e d  a t  a  u n i f o rm ly  

high s tan d a rd .

For fu ller particulars, ash 
fo r  our Pamphlet, No. 1.

BONttYSRlDfcl
S C O T L A M m I
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Aluminium is

(II) ECONOMICAL

The economy of aluminium, due to its light weight, 
is evidenced particularly in its use as a wrapping foil 
for chocolates and other confectionery, for pharma- 
ceutical and cosmetic preparations, for tea and tobacco. 
For example, I Ib. of '009 mm. (-0003S in.) aluminium 
foil covers 28,870 square inches.
•  L O N D O N  W A R E H O U S E :

25-29 Pancras Rd., N .W . I
•  B IR M IN G H A M :

2 Law ley St.
•  M A N C H E S T E R :

274 Deansgate
•  L E E D S :

66 K irkstall Rd.
•  N E W C A S T L E - O N - T Y N E :

M ilburn House 
• G L A S G O W :

113 W e s t  Regent St.
-------•••■•u>E.BikumclLvnwn.

The BRITISH ALUMINIUM COMPANY Ltd.

UMINIUM
The BRITISH ALUMINIUM C0.//o(

HEAD OFFICE: A D E L A I D E  H O U S E ,K I N C  W IL L IA M  S T  L O N D O N  c  r  4. 
TEIEPH0NE:MANSI0N HOUSE 55SI i  8074 (5 LINES) TELECRAMS:rnvni i t c  n iiru rc



EMPIRE 'A Z ' BRAND

CADMIUM
99-95% GUARANTEED

THE BRITISH METAL CORPORATION LT.D 
P R IN C E S  H O U S E ,

93 C R E S H A M  STREET ,

'P h o n e  : M E T R O P O L IT A N  0111. L O N D O N , E.C .2

4
B IR M IN G H A M  S W A N S E A

'P h o n e : C E N T R A L  6441. 'P h o n e : S W A N S E A  3166.
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M & S P f c e P * * # -

* '  B P  A  S  S
C O P  P  E R 
C U  P  R  O -  
N I C K  E L 
ALUMINIUM-

In addition ło tubes, we manufacture rolled 
non-ferrous metals and extruded bar and 
sections. W e  are the sole makers of 

DURALUMIN in various forms.
(Regd. T  rade Mark)

J A M E S  BOOTH 6~
COMPAKY (1915) LIMITED
Aryt/leSt. Works,Necliells, BIRHINCHAM,T

7c/ephcne:EASTI22I (P.B.EJ. ‘7et<r<)ramr:'Boeth,Birmingham. 
Codes: Cieber's51ttlvr.A.B, C. bth.Edition. Bmtieys SmndPhrase.



R E F R A C T O R I E S
High Alumina Type Alumina Fusion Point

“ A L IT E , N o 1 ” 68% i 790o- i 825° C .

“ A L IT E  D ” 4 i% I 730° - I 750° G -

“ D l ” 37% i6 9 0 ° - i7 ig 0 C .

Semi-Silica Type

“  F .R .D .”
Expansion \ 
Contracłion j

i 67o° - i 69o° C .

Fire-Clay Type

“ A ” 33% 16 9 0 °- ! 7 io ° C .

E. J. & J. PEARSON LTD.
STOURBRIDGE

A P PA R A TU S FOR 
S P E C T R O S C O P IC  

AN ALYSIS
ACCURACY___ ____________________________ ° f  results depends upon
CONSTANCY ______________________________ discharge conditions

SPECTROSCOPIC ANALYSIS has long been known as the most delicate qualitative 
method. Hitherto, however, quantitative work has been hampered by the unre- 
liability of spark conditions, upon which ultimately all accuracy of results must rest.

THE N EW  FEUSSNER SPARK APPARATUS, with ionized spark gap, 
guarantees constant discharge conditions and therefore provides the necessary 
foundation for a degree of accuracy in spectrographic work never before approached.

Send for particulars, in list “  Mess 141,”  of the
ZEISS SPECTROGRAPH for CHEMISTS 

SPECTRUM L1NE PHOTOMETER 
SPECTRUM PROJECTOR, etc.



ELECTRIC FURNACES
FOR

T U B E  A N  N E AL I  NG
with uniform heat radiation from all sides by means of embedded 
heating-elements in self-supporting thin-walled oval muffles. 
Multiple zone automatic temperature control. Heat-insulation 
practically exclusively by powder, dispensing with brick-work. 

Motor-driven door.
W ELD ED  CH A RG IN G  FRAME of light construction, 

8 — 12% dead weight.
Note the double charging troughs, facilitating re-charging.

Tube-Annealing Furnaces in a large Metal W o rks ; output 10— 15 
cwt. per hour. Charge weight up to I ton. Useful dimensions: 
23 feet x  28”  X 12”  and 23 feet x  35" X 12". Heat-loss when 

ntaining at 600°C.: 7 K W . ; when at 480 C . : 4'8 K W .

Tube Furnaces were recently delivered to four leading firms ; 
each of these four firms has now given a repeat order.

J. L. BROOKLAND
W ATERLOO  H O U S E , W A T E R L O O  S T R E E T ,

BIRMINGHAM, 2
'Phone: Midland 4242. ’Grams: “ Brookland, Birmingham.”
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YITREOSIL FOR THE LABORATORY

The properties of V ITREOSIL are ideał for the electri- 
cally heated muffles necessary for controlled heat treatment 
tests.

VITREOSIL basins, crucibles and beakers are heat and acid 
proof and are economical in use.

THE THERMAL SYNDICATE LTD.
VITREOSIL WORKS, WALLSEND-ON-TYNE

London D ep ot: Thermal House, O ld  Pye Street, S .W . I

H .T .S .  electrodes give 

welds o f 100% strength 

on plate o f 30/32 tons 

p e r sq. in ch  te n s ile  

strength, with an elong- 

ation up to 30%  on 1' 

IVrite fo r  catalogue

THE BRITISH OXYGEN' COMPANY LTD 
V i c ’t o r i a  S t a t i o n  House ,  L o n d o n , ;
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FOR PRECISE HE A T T R E A T M E N T

E L E C T R I C
F U R N A C E S

T H E  G E N E R A L  E L E C T R I C  CO., LT D .
Head Office: Magnet House, Kingsway, London, W .C .2

Branches throughout G reat Britain and in all principal markets of the w orld .

Manufacturers

The furnace illustrated below is typical of a 
rangę of forced air furnaces used for the rapid 
and uniform heating of smali parts, for the 
heat treatment of aluminium alloys and for 
tempering and similar purposes.
A special feature of the G.E.C. equipment is 
the automatic reduction of the heat input as 
the charge approaches the set temperature, 
which obviates any overheating. The chart 
shows the close control which is obtained 
automatically under ordinary workshop 
conditions.
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ELECTROFLO AUTOMATIC

TEMPERATURE RECULATORS

IND ICAT ING &
RECORDING
PYROMETERS • • •

F i g . i

MOST S A T I S F A C T O R Y - 
MOST  EXTENSIVELY USED F i g . 2

Fig. 1 shows the Electroflo Indicating Control Pyrometer 
for the automatic regulation of the temperature of 
electric furnaces, and the temperature and atmosphere 
of fuel-fired furnaces, etc. Itemploys a "knife-edge" 
method of temperature defection, ensuring control 
within extremely fine limits, a high resistance, shock- 
proof moving element and an integral signal system.

Fig. 2 shows the Electroflo Single or Multipoint 
Continuous Temperature Recorder, with 6" wide, 
1600 hour, "straight-iine" chart exposing the records 
of 12 hours' operation.

Catalogues free on request.

Advt. of ELECTROFLO METERS CO., LTD., ABBEY RD„ PARK ROYAL, LONDON, N.W.10
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Thinking more than one 
move ahead ..
The price you pay for rolled metal is 
obviously of great importance.

But, more important still, is the quality 
you are getting for the price you have to 
pay.

Unless you are getting “ Luster”  quality 
you may be paying more than you should.
For LUSTER Rolled Metal is the highest 
quality that is produced—and in the long 
run, the cheapest.

J. F. R A T C L I F F  
( M E T A L S )  L T D .
N E W  S U H M E R  S T . ,  B IR M IN G H A M





JOHNSON MATTHEY 
& COMPANY LIMITED

S p e c i a l i s t s GENERAL
CONTACT

MATERIALS
i n

PRECIOUS
METALS

where the resistanee to tarnish, 
wearing and eleetrieal properties 
are superior to the ordinary 
Base Metal Comtacts.

Let us ąuote fo r  your mext 
reąuirements. Our assist- 
ance and §ervice are at 

your disposal.

I-I A TT ON G A R D E N  
L O N D O N ,  E.C. i .
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Messrs. ROLLS ROYCE Limited
installed their first

B IRLEC C A R B UR I S I NG  F URNACE
in August 1933

Within six months two morę identical Furnaces were installed

Significant—isn’t it ?

t ■ 'Ś ti :| StitsU i  i
I 4M  I p J  i

B IR M IN G H A M  E L E C T R I C  F U R N A C E S  L IM IT E D  
B i r i e c  W o r k s . T y b u r n  r o a d , E r d i n g t o n , B i r m i n g h a m

Agents . . A. C. W IC  KM A N L td .............................Coventry.
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UTE NEWS A N D  A N N O U N C E M E N T S

Supper-Dance.
previously announeed, th e  Coun- 

cil is arranging, in  co-operation  w ith  
th e  L ondon Local Seotion o f th e  
In s titu te , for a  Supper-D ance to  be 
held on F rid ay , N ovem ber 30, 1934, 
a t  Tham es H ouse, M illbank, S .W .l. 
Dancing w ill beg in  a t  7.30 p.m . and  
will conelude a t  m idn igh t. T ickets, 
price 6s. each, are  now  available, and  
can be  o b ta ined  from  th e  H o norary  
Secretary o f any  Local Section, or 
from  th e  Secretary  o f th e  In s t i tu te  of 
M etals.

I t  is hoped th a t  m em bers o f Local 
Sections th ro u g h o u t th e  co u n try  w ill 
support th e  L ondon Local Section 
b y  th e ir  a tten d an ce  a t  w h a t pro- 
mises to  be a  p leasan t an d  in te resting  
new function.

Educational Tour.
The Council is a rrang ing  fo r th e  

benefit o f S tu d en t M em bers, an  
E d u cational T our to  th e  R h ineland  of 
G erm any in  A pril, 1935. T he p a r ty  
is expected  to  leave L ondon on A pril 
6, and  to  be back  on A pril 15. The 
cost o f th e  to u r w ill n o t exceed £12. 
In  response to  a  c ircu lar on th e  sub ject 
m any  S tu d en t M em bers have a lready  
in d ica ted  th e ir  in ten tio n  to  tak e  p a r t  
in  th e  to u r ;  o thers who have  n o t 
replied to  th e  c ircu lar an d  are  in- 
te rested  in  th e  to u r  a re  asked  to  re ­
tu rn  w ith o u t delay  th e  rep ly  form  
a ttach ed  to  th e  circular.

Membership Additions.
The following were du ły  elected  on 

N ovem ber 1, 1934.

A s  Members.
B o w k e e , T o m  B e a u m o n t ,  S h e f f ie ld .  
C A K P O N l ,C o m m a n d e r C o u n t  F e r r a n t e ,  

L o n d o n .
F a i b c h i l d , Sherm an M., New Y ork, 

U.S.A.
G a t h m a n n , E m il, B altim ore , Mo., 

U .S.A.
H a r r i n g t o n , R ich ard s H arry , Sc.D ., 

New Y ork , U .S.A.
I s t o m i n , Professor P e te r  S tephano- 

w ich, Moscow, U .S .S .R .
M a r t i n , H aro ld , D oncaster.

DOS R e m e d i o s , E rn es t Jo sep h  F ra n ­
cis, Shanghai, China.

T i g e r s c h i ó l d , K jell M agnus, Stock- 
holm , Sweden.

Student Members.
C a s s o n , Jam es H enry , B elfast.
H a y e s , B ern ard  Jo sep h  Neville, 

B irm ingham .
P e l l - W a ł p o l e , W illiam  Thom as, 

B .Se., T ip ton.

PERSONAL NOTES
E n g i n e e i i  V i c e -A d m i r a l  S i r  

R o b e r t  D i x o n , K .C .B ., D .E ng ., 
M em ber o f Council, is now m ak ing  a  
to u r  in  th e  F a r  E a s t. I n  h is  absence 
h is d u ty  as C hairm an of th e  F inance 
a n d  General P urposes C om m ittee is 
being  perform ed  b y  M r. E . L. 
Morcom, M.A.

D r . G. L u t t k e , D irecto r o f th e  
Z en tra lv e rb an d  der deu tschen  M etall- 
W alzw erks- u n d  H iitte n -In d u s tr ie  
E .V ., h as been ap p o in ted  C ontroller 
o f  B ase M etals in  G erm any.

Birth.
H t t m e - R o t h e r y .— On O ctober 17, 

1934, to  B e tty  (n ie  Fea), w ife o f 
W illiam  H u m e-R othery , o f  54 Sand- 
field R oad , H ead ing ton , O xford, a  
daugh ter.

The Oldest Member ?
An endeavour is being  m ade to  

ascerta in  who is  th e  In s t i tu te ’s oldest 
m em ber.

One m em ber is know n to  be  in  h is 
84th year. I f  an y  m em ber w as b o m  
prio r to  A ugust 28, 1851, will he 
k ind ly  advise th e  S ecretary  of th e  
d a te  o f h is  b ir th  ?

OBITUARY.
G e h . R e g i e r u n g s r a t  P r o f e s s o r  

D r . - I n g .e .h . R o b e r t  O t z e n , Prasi- 
d en t des S taatlichen  M aterialpriifungs- 
am tes, B erlin-D ahlem , d ied  on 
O ctober 3 a f te r  a  sh o rt illness. H e 
was in  h is six ty-second year, an d  had  
been a m em ber o f th e  In s t i tu te  sińce 
1932.
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Local Sections N ew s

LETTER TO THE  
EDITOR

Translations of Papers.
Could th e  In s t i tu te  o f  M etals be 

a  deposito ry  fo r tran s la ted  papers of 
foreign research  w orkers ?

A  person in te res ted  in  a  p a rticu la r 
researcli an d  who has tran s la ted  a

pap er thereon, m ig h t send h is tran s- 
la tio n  to  th e  In s ti tu te . M embers 
(only) m ig h t th en  be allowed + 
borrow  these  tran s la tio n s for a  sm„ 
fee, w hich fee, a fte r  deducting  cleriec 
expenses, m ig h t be handed  to  th e  
tran s la to r.

R o o s e v e l t  G b i i t i t h s .
XJniversity College,

Swansea.

LOCAL SECTIONS NEWS
Registration for Membership.

A copy o f th e  program m e g iving a  lis t o f papers to  be read  before each o f th e  
six  Loeal Sections o f th e  In s t i tu te  w as d esp a tch ed  la s t  m o n th  to  every  m em ber 
o f  th e  In s t i tu te  re sid en t in  th e  B ritish  Isles. T he program m e took  th e  form  
o f th e  u su a l green  folder, w hich w as accom panied  b y  a  “ re g is tra tio n ” post- 
card. T he la t te r  is in ten d ed  to  be re tu rn e d  to  th e  S ecretary  b y  all m em bers 
who desire to  be  in cluded  on th e  roli o f m em bership  (free) o f any  Local Section. 
M onthly notices o f the Sections’ M eetings are sent only to those members who 
return the post-card. I t  is im p o rtan t for m em bers re sid en t in  Local Section 
areas to  receive from  th e  ap p ro p ria te  Local Secretary  these  m o n th ly  notices, as 
occasionally th e  de ta ils  differ from  those  g iven in  th e  green-folder program m e 
owing to  un ex p ec ted  changes hav in g  to  be  m ade e ith e r in  th e  lec tu re r, t it le  of 
lec tu re , or place o f m eeting. M em bers re tu rn in g  th e  post-card  are  asked  no t 
m ere ly  to  S t a t e  th e  nam e of th e  Local Section th a t  th e y  w ish to  jo in , b u t  to  
com plete th e  la s t tw o lines on  th e  post-card— a service th a t  is o f real va lue  to  
th e  In s ti tu te .

SY N O PSES O F P A P E R S  TO B E  R E A D  IN  D EC EM B ER .* 

Birmingham Section.
Fatigue in Metals. B y H . J .  Gough, M .B .E ., D .Sc., F .R .S . (Nov. 20.)

The lec tu re  aim s to  discuss some o f th e  m ore recen t developm ents of 
in te res t. A tten tio n  is first given to  recen tly -developed  fa tig u e-testin g  m ach- 
ines, to g e th e r w ith  a n  accoun t o f som e o f th e  te s t  re su lts  ob ta ined  : (1) th e  
high-frequency  w ire-testing  m achinę of Dowling, D ixon, an d  H o g an ; (2) th e  
H a ig h -R o b ertso n  fa tig u e-testin g  m achinę for w ire ; (3) th e  h igh-frequency 
m achinę o f K ro u se ; (4) th e  N .P .L . com bined stress-fa tig u e  te s tin g  m ach m e ; 
(5) th e  com bined s tre ss-fa tig u e  te s tin g  m achinę o f L ehr, H ohenem ser, and  
P ra g e r; (6) th e  N .P .L . m achinę for te s tin g  riv e ted  an d  w elded jo in ts  u n d e r
bo iler conditions. . , ,

A n accoun t is g iven  o f som e recen t w ork on corrosion-fatigue : (jougn  and  
Sopw ith on com parative  te s ts  using  reversed  bending  and  reversed  d irec t 
s tre sses; G ould’s te s ts  using po tassium  chloride so lu tio n ; investiga tion  by 
G ough a n d  Sopw ith in to  th e  op tim um  env ironm en t for fatigue-resistance.

A  m ark ed  recen t t re n d  is tow ards th e  fa tig u e  tes tin g , w here possible, o f 
full-sized service co m p o n en ts; som e in te res tin g  exam ples a re  descnbed  :
(1) te s ts  on  d rill p ipę  a n d  pipę jo in ts  b y  Spang C h a lfo n t; (2) te s ts  on ra ils a t  
Illin o is; (3) te s ts  on m eta l airscrew s a t  B u reau  of S tan d ard s ; (4) te s ts  on 
liftin g  gear a t  N .P .L .; (5) te s ts  on w elded an d  r iv e ted  d rum s of B abcock and  
W ilcox.

N ew  g round  h as  been  b roken  b y  th e  investiga tions o f R ussell and  W elcher 
in to  th e  fa tig u e  o f m eta ls  a t  Iow tem p era tu res . A n accelerated  m ethod  of

* F o r p lace  a n d  tim e  o f m eetings th e  green-folder program m es a lready 
issued  shou ld  b e  consulted .
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d e term in ing  th e  endurance  lim it has been  devised  an d  explored  by  Moore and  
W ish art. A tten tio n  is d ireo ted  to  th e  ex trem ely  len g th y  fa tig u e  te s ts  on ligh t 

Metals an d  alloys m ade by  T em plin . F a tig u e  is d iscussed as a  fu n d am en ta l 
N oblem ; th e  position  o f p re sen t th eo ry  is exam ined . T he respec tive  fields 

<ś*pen to  th e  nu e lear p h y sie is t an d  th e  eng ineer an d  m eta llu rg is t a re  suggested . 
B rie f reference is m ade to  th e  lig h t th ro w n  on  th e  p rob lem  b y  various m ethods 
o f exam ination , inelud ing  X -rays.

Directionality in Some Annealed Non-Ferrous Alloys. B y  R . G. Jo h n s to n . 
(Nov. 29.)

A lthough  cases arise sporad ically  o f  d irec tiona l p rop erties  m anifesting  
them selves in  an nealed  alloys, as, for exam ple, in  th e  w ell-know n four-cornered 
cup, y e t i t  is fa irly  generally  supposed  th a t  to  th e  eye o f th e  m icroscope no such  
an iso tropy  is visible.

The app lication  o f s ta tis tie a l m eth o d s to  aggregates in  o th e r fields led  to  
th e  hope th a t  th e y  w ould  be  fru itfu l here  also. T he m eth o d  em ployed was to  
se lec t some eh arac te r o f th e  g ra ins in  a  p ho tom ierograph  o f a n  a lpha-b rass, 
bronze, or o th e r alloy, such  th a t  i t  h ad  d iree tion  (e.g. th e  m axim um  d iam ete r or 
th e  bands o f tw inning) a n d  to  m easure  th is  d iree tion  w ith  reference to  a  fixed 
base-line. A li th e  g ra ins in  th e  field a re  m easu red , a n d  each  m easu re  is 
recorded. A fte r su itab le  classification, th e  freąuencies o f th e  classes are 
p lo tted , using  p o lar co-ordinates. T his re su lts  in  a  d iagram  w hich consists o f 
a “  wheel o f spokes,”  th e  len g th  of th e  spoke being th e  freąu en cy  an d  its  d iree ­
tio n  th e  o rien ta tio n  in  w hich th a t  freąu en cy  occurs. T he re su lts  show th a t  
definite d irec tio n a lity  persists  eyen  a f te r  ą u ite  s trong  annealing . T he classes 
o f m in im um  frequency  persis t m ore defin itely  th a n  th e  m axim a. The m inim a, 
or avoided d irections, lie along th e  d iree tion  o f rolling, th e  m axim a across it.

A sh o rt d iscussion o f th e  d iagram s ob ta in ed  an d  som e sp ecu la tion  on  th e  
reasons for th ese  re su lts  in  re la tio n  to  th e  phenom ena o f recrysta lliza tion  and  
grain-grow th  conclude th e  p aper.

London Section.
Manganese-Bronze. B y W esley  L am b ert, C .B .E ., M em ber o f Council. 

(Dec. 5.)
F ro m  in fo rm ation  im p a rted  to  th e  a u th o r b y  Mr. B ern ard  P arso n s o f th e  

M anganese B ronze an d  B rass Co., L td ., he reealls th a t  th e  non-ferrous alloy 
now eom m only know n as “  m an g an ese-b ro n ze,” and  w hich in  re a lity  is a  
com plex brass, tak es  i ts  nam e from  an  earlier alloy of th e  tru e  bronze ty p e  to  
w hich a  sm ali ad d itio n  o f iron  a n d  m anganese  h a d  been  m ade.

M anganese-bronzes, in  com m on w ith  th e  s tra ig h t copper-zinc  brasses, are  
convenien tly  g rouped  in to  d is tin c t categories according to  th e  m ic rostructu re  
o f th e  alloy. T he in d u stria l alloys a re  o f  th ree  ty p es  : (1) exh ib iting  a  m icro - 
s tru c tu re  o f th e  a lp h a  copper-z inc  c o n s t itu e n t; (2) w holly o f th e  b e ta  con- 
s t i tu e n t;  (3) o f  du p lex  s tru c tu re , a lp h a  +  b e ta  co nstituen ts .

A lloys o f all th ree  categories a re  in  use for ro lled  a n d  e x tru d e d  rods and  
sections, a n d  also for p la te s ; alloys fa lling  w ith in  th e  first category  are  ra re ly , if  
ever, u sed  for castings to  shape. T he physical a n d  m echanical p roperties o f 
th e  th ree  ty p es  o f alloys a re  given, to g e th e r w ith  p rac tica l h in ts  to  th e  foundry  - 
m an  on  th e  p rep ara tio n  o f m oulds an d  on th e  casting  of m anganese-bronze.

North-East Coast Section.
Problems in Non-Ferrous Foundry Practice. B y F . W . Rowe, B .Sc. (Dec. 

15.)
The p a p e r w ill deal w ith  various problem s in  non-ferrous foundry  p ractice , 

a n d  p a rticu la rly  w ith  those  for w hich a  sa tis fac to ry  so lu tion  h as n o t y e t  been 
found. I t  w ill a tte m p t to  suggest lines on  w hich research , experim entation , 
an d  progress m ig h t u sefu lly  be  d irected , an d  suggest possible causes for various 
difficulties w hich are da ily  en co u n tered  in  non-ferrous founding practice . In  
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p articu la r, i t  w ill deal w ith  th e  various deficiencies an d  difficulties o f th e  p resen t 
m ethods o f m eltin g  in  non-ferrous fo u n d ries ; w ith  tro u b les  in m oulding p rac tice  
du e  to  lim ita tio n s o f th e  m ethods an d  m ate ria ls now em p lo y ed ; an d  w ith  
fre ą u e n t o r un iversal d e fec ts in  various ty p es  o f alloys an d  castings, w hich 
m ig h t possib ly  be overcom e b y  su itab le  research  an d  im provem ent o f existing 
practice .

T he a u th o r hopes to  ex h ib it sam ples o f  castings illu s tra tin g  various defects 
a n d  shortcom ings, a n d  t ru s ts  th a t  th e  p a p e r will form  a  basis for a  ro u n d -tab le  
discussion a n d  exh ib ition  o f various problem s in  connection  w ith  nón-ferrous 
fo u n d ry  p ractice .

Scottish Section.
Improvements in Surface Condenser Tubes. B y  A. S p ittle . (Dec. 10.)

T he p ap er w ill review  th e  im provem ents m ade in  surface  condenser tu b es  
as th e  re su lt o f  th e  p o st-W ar dem and for non-corrosive tu b es  to  m ee t th e  m ore 
exac ting  conditions p revailing  in  m odern  condenser p ractice .

I t  w ill p o rtray  th e  incep tion  a n d  com m ercial developm ent o f various a lloys 
new ly app lied  to  th e  m an u fac tu re  o f  condenser tu b es , describing th e ir  p rincipal 
physieal characte ris tics an d  th e  evo lu tion  o f new  p la n t a n d  m achinery  neces- 
sa ry  to  overcom e th e  difficulties a tta ch in g  to  th e ir  m anufactu re .

R eference w ill be m ade to  th e  p a r t  p layed  b y  academ ic research  in  assisting  
th e  q u est for b e tte r  alloys, an d  a  b rie f  descrip tion  w ill be given o f various form s 
o f te s tin g  ap p a ra tu s  u sed  for m aking  accelerated  corrosion te s ts  an d  otherw ise 
s tu d y in g  th e  phenom ena o f th e  corrosion o f condenser tu b es  an d  th e  p reven tion  
thereof.

T he p a p e r w ill be i llu s tra te d  b y  specim ens a n d  lan te rn  slides.

Sheffield Section.
Rhodium Plating and Its Applications. B y A. W . Sco tt. (Dec. 14.)

T he p a p e r deals chiefly w ith  th e  m erits  an d  dem erits o f rhod ium  p la tin g  as 
a n  u n tarn ish ab le  an d  hard-w earing finish for silver w are. T he n a tu rę , origin, 
a n d  physieal p roperties o f rhodium  are  d iscussed, an d  a n  o u tline  is g iven of th e  
e lectro ly tic  p la tin g  b a th s  w hich hav e  fo u n d  use.

A llusion is m ade to  th e  p rincipal pecu liarities an d  p itfa lls  o f p la tin g  opera- 
tio n s , an d  to  th e  availab le  d a ta  regarding cu rren t efficiencies, cu rren t density , 
tem p e ra tu re , th ro w in g  pow er, &c.

Colour, sc ra tch  hardness, resistance  to  w ear, an d  th e  generał advan tages 
a n d  d isadvantages o f rh od ium  p la te  app lied  to  dom estic  silver w are are 
d iscussed.

Swansea Section.
Refractory Materials of South Wales. B y  P rofessor W . R . D . Jo n es, D.Sc.

(Dec. 11.)
M odern developm ents in  th e  m ajo rity  o f in d u stria l operations te n d  to  th e  

use  o f  h igher tem p era tu res , w ith  a  con seąu en t g rea ter dem and  on th e  re frac to ry  
m ateria ł. In  o rder to  u tilize  th e  large resources o f  th e  com m oner re frac to ry  
m ate ria ls in  S o u th  W ales to  m ee t th e  m ore severe serv ice dem anded  from  
refractories, i t  is necessary  n o t  on ly  to  exam ine carefu lly  th e  raw  m ateria ls , b u t 
also to  im prove m an u fac tu rin g  processes, so th a t  th e  r ig h t ty p e  o f m ate ria ł is 
u sed  in  th e  correc t w ay.

R efracto riness, a lthough  o f g re a t im portance , is no criterion  of th e  value  of 
fu rnace  linings. M any causes o f  fa ilu re  m ay  be a ttr ib u te d  to  a ttach in g  u n d u e  
im portance to  th e  h ighest tem p e ra tu res  w hich a  m ate ria ł w ill w ith stan d  
w ith o u t softening.

T he p ap er review s th e  re frac to ry  m ate ria ls o f Sou th  W ales : d istrib u tio n  
a n d  essen tia l ch aracteris tics o f  th e  raw  m a te ria ł; changes w hich tak e  place 
d u rin g  m an u fa c tu re ; p ro p erties o f th e  re frac to ry  m a te ria ls ; th e ir  behaviour in 
u s e ; com parison o f silica bricks w ith  fireclay b r ic k s ; p recau tions to  be tak en  
to  ob ta in  longest service p o ss ib le ; efficient k iln  p ractice , correct shape an d  size 
o f  bricks, laying, spalling, repairs, an d  patch ing .
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SOME FURTHER EXPERIMENTS ON ATMOS-
PHERIC ACTION IN FATIGUE *

By H. J .  GOUGH.f M.B.E., D.Sc., F.R .S ., M em ber, and T>. G. SO PW ITH ,{
B.Sc.Tech.

S y n o p s i s .

The paper describes experim ents carried out to  investigate further the 
efEect o f atm ospheric environm ent on the  fatigue-resistance of metals.
Previous experim ents § had shown th a t  th e  substitu tion  o f a  partial 
vacuum  for the  atm osphere led in some m etals to  a  considerable im- 
proyement in  the  values o f th e  fatigue lim it determ ined using cycles 
of reversed direct stress. Three suggestions have been ofEered as to  the 
cause of th is im provem ent, namely : (1) th a t  oxygen is th e  prim ary  
factor, the  presence o f w ater—as a  cataly tic  agent—also being necessary;
(2) th a t  atm ospheric im purities, acid and alkaline, are responsible, and
(3) th a t im purities, m ainly gaseous, dissolved in the  m etal under tes t, react 
w ith the  m etal during fatigue.

To examine possibilities (1) and (2), fatigue tests have been made using 
copper and brass in  four environm ents, namely, air, partial vacuum , also 
purified a ir  (freed from acid and alkaline im purities) both in the  d ry  and 
dam p conditions. To examine possibility (3) fatigue tests both in a ir and 
in a  partia l vacuum  have been made on a copper containing cuprous 
oxide, on oxygen-free copper, and also on copper deoxidized w ith phos- 
phorus. As a m atter o f generał in terest fatigue tests conducted both in the 
atm osphere and in a  p artia l vacuum  have been made on pure lead, also on 
Armco iron tested  in  two forms of heat-treatm ent.

The results o f the  tests on copper and brass suggest strongly th a t  the 
acid and alkaline im purities present in the  atm osphere can have little , if  
any, influence on atm ospheric corrosion-fatigue, bu t th a t  oxygen in the  
presence o f w ater is probably prim arily  responsible. The results o f the 
tests on th e  oxide-bearing and deoxidized coppers show th a t the  compara- 
tive  behayiour o f these m aterials when tested  in  a ir and in a  partial 
vacuum is unaffected by the  different compositions o f th e  dissolved gases 
present in the two m aterials.

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

A careful study of the literature dealing with the phenomena associ- 
ated with what have become termed “ fatigue ” and “ corrosion-

* M anuscript received August 21, 1934.
f Superintendent, Engineering D epartm ent, N ational Physical Laboratory, 

Teddington.
J Scientific Officer, Engineering D epartm ent, N ational Physical Laboratory, 

Teddington.
§ J . Inst. Metals, 1932, 49, 93-112.

Note to Abstractors and Other Readers.—This paper will be published, in 
perm anent form, in the Journal of the Institute of Metals, Vol. LVI, 1935. 
Reference should accordingly be as follows: J . Inst. Metals, 1935, 56 (Adyance 
copy).
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fatigue ” reveals * tha t the optimum values of the fatigue-resistance of 
metals are not always obtained in an atmospheric environment. This 
fact snggests th a t the fatigue limits of metals, as ordinarily determined 
under atmospheric conditions, are sometimes lower than those obtained 
under conditions of environment approaching those of a complete 
vacuum, and th a t the values obtained in this way might be regarded 
as a measure of the real fatigue-resisting properties, as distinct from 
those obtained in circumstances where stress and corrosion effects were 
operating simultaneously. The first direct proof th a t the substitution 
of a vacuum for an atmospheric environment did, in fact, effect distinct 
improvement in the limiting rangę of stress of certain metals was 
afiorded by some tests f  made by the present authors. The results of 
principal interest, in the present connection, are included in a summary 
(Table XII) given a t the end of this paper. The increases already re- 
corded varied from zero value in one materiał up to as much as 26 per 
cent. in the case of 70 : 30 brass, whilst the value of 13 per cent. obtained 
with copper was also remarkably high. Although the practical value of 
these results is not yet apparent, they possess considerable theoretical 
interest, and evoked a very useful discussion a t the reading of the paper f 
(hereinafter referred to  as the “ previous ” paper) and subseąuent 
interesting foreign correspondence. The curiosity aroused related 
mainly, of course, to the cause J of the effect of which, a t the time, the 
authors had no explanation to ofEer beyond suggesting (a) th a t, as some 
oxygen was still present in the partial vacuum tests, th a t element could 
not be safely regarded as the sole responsible factor, and (b) th a t as 
owing to the Iow value of the pressure (10-3 mm. of mercury) existing in 
the “ vacuum ” chamber, water Yapour was, presumably, completely 
absent, water—either as a direct or a catalytic agent—might possibly 
play an im portant p a r t : the authors proposed to carry out additional 
tests in a dry oxidizing atmosphere, and also in atmospheres of inert 
gas. Some valuable suggestions regarding further experiments were 
oSered during the discussion of the previous paper.

W. H. J. Vernon, commenting on the relation th a t might possibly 
exist between atmospheric corrosion-fatigue and the well-known pheno- 
menon of season-cracking, remarked th a t the latter could be brought 
about by atmospheric impurities, especially ammonia and sulphur 
dioxide. He suggested th a t it  would be worth while to carry out 
further tests, in addition to the proposed tests in highly purified oxygen,

* For complete discussion, see H . J . Gough, “  Corrosion-Fatigue of M etals,” 
E leventh Autum n Lecture, J . Inst. Metals, 1932, 49, 17-92.

t  H. J . Gougli and D. G. Sopwith, “  Atmospheric Action as a Factor in Fatigue 
of M etals,”  J . Inst. Metals, 1932, 49, 93-112.

X I t  had been shown th a t  “ tem perature effects ” were not responsible.
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conducted in ordinary laboratory air and in the same air after passing 
through an efficient purifying train , as well as in an inert gas both dry 
and saturated with water vapour; such tests would afford information 
regarding the influence of atmospheric impurities and water vapour.

H. W. Brownsdon, in discussing particularly the results on copper 
and brass, directed attention to the aeronautical interest attaching to 
the fatigue properties of these materials (petrol and oil pipes, &c.), 
and said tha t it  would be of considerable interest to determine to what 
extent the fatigue lim it of copper is influenced by the impurities and 
gaseous constituents commonly present in th a t metal, recalling th a t 
these included—in addition to numerous smali amounts of metallic 
impurities, cuprous and other metallic oxides—condensed water vapour, 
carbon monoxide, carbon dioxide, hydrogen, and, possibly, other gases. 
He suggested th a t i t  would be interesting to carry out fatigue tests, 
both in air and in a partial vacuum, on a series of coppers specially 
prepared so as to eliminate one or morę of the constituent impurities,
both solid and gaseous.

In view, also, of the very valuable work on the fatigue of lead which 
has been carried out * by and on behalf of the Research Department a t 
Woolwich Arsenał, and of the generał interest attaching to the fatigue 
properties of “ so f t” metals, i t  seemed desirable for the authors to 
avail themselves of their existing apparatus to make comparative 
fatigue tests on lead tested in air and in partial vacuum.

The present report relates to the further work, carried out smee th a t 
described in the previous paper, and describes the results of the following 
experiments.

1. Annealed Copper and Annealed 70 : 30 Brass,f  tested (under re- 
yersed direct stresses) in air, in a partial vacuum, in dry purified air, 
also in purified air containing water vapour; the object was to discover 
the influence of atmospheric impurities and of water vapour on the
fatigue properties.

2. Normal Copper, also Two Types of Deoxidized Copper, tested in 
air and in a partial vacuum, to investigate the effect of occluded gases.

3. Lead tested in air and in a partial vacuum.
4. Artnco Iron (normalized, also annealed), tested in air and in a 

partial vacuum : these tests were made merely to extend the rangę of 
the ordinary materials previously investigated and reported on in the 
previous paper.

* Beckinsale and W aterhouse, J . Insi. Metals, 1928, 39, 375; Haigh and Jones,
J . Inst. Metals, 1930, 43, 271. .

t  These m aterials were ehosen for th is series as in preyious tests (see previous 
paper) they  had exhibited the  greatest inerease in fatigue lim it, when tested  in 
partial vacuum , of the  m aterials investigated.
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Test Apparatus and Technique.
As in the previous paper, 

the tests were all made in a 
30-cwt. model of the Haigh 
alternating stress testing 
machinę operating a t a test 
frequency of about 2200 
stress cycles per minutę. In 
the partial vacuum tests the 
specimen was enclosed in a 
special vacuum chamber * 
connected to a Cenco Hyvac 
pum p: the degree of vacuum 
obtained was, as in the 
previous tests, from 0-5 X 
W-3 to 1-0 X 10*8 mm. of 
mercury.

On account of the ex- 
tremely soft naturę of the 
pure lead used, i t  was con- 
sidered necessary to develop 
a special techniąue for tests 
on this materiał, to avoid 
accidental strains being im- 
posed on the specimens while 
they were being placed in the 
testing machinę. The ar- 
rangement adopted (which 
in use has proved entirely 
satisfactory) is shown in 
Fig. 1. In  place of the 
normal locknuts, the speci­
men is held in position in the 
adaptors of the Haigh 
machinę by locking screws 
inserted from the back ends 
of the adaptors, and having 
sąuare heads for tightening 
purposes. Hence, instead of 
securing the specimen
by locknuts, which would Fra. l.

* F or detailed description see preyious paper
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have necessitated constant tightening during test, the materiał was 
compressed into the screw threads in the adaptors. The adaptors 
with the specimen in position were inserted in the Haigh machinę as a 
single unit in the same way as is a normal specimen. In  order to reduce 
the possibility of bending the specimen during assembly or in tightening 
the locking screws, or of subjecting i t  to torsional strain during the 
operation of tightening up the locknuts on the adaptors, the la tter were 
held in a special jig, shown in dotted lines in Fig. 1. This jig con- 
sisted of a base plate having two split bearings which could be clamped 
to the adaptors by means of the wing nuts shown. The jig was removed 
after the assembly had been inserted in the machinę and the locknuts 
on the adaptors had been adjusted.

Expeńmenłs on A im ospheńc A ction  in  Fatigue

The lead specimens were made of the largest convenient size, on 
account of their Iow fatigue resistance. The form of specimen employed 
is shown in Fig. 2; the test portion of the specimen is machined with 
a single large radius (5 in.). This was adopted as the work of previous 
investigators had shown th a t, in spite of the extreme softness of 
materiał of this type, stress concentration eflects may be considerable.

The test-specimens of the other materials were of the form as 
illustrated in Fig. 1 (c) of the previous paper, and were 0-25 in. diameter 
in the test portion.

The arrangements adopted for purifying and drying the atmospheric 
gases will be described in connection with the corresponding tests.

I. F atigue Tests Made in  P u r ified  Air .

Fuli particulars of the materials used—annealed 70 : 30 brass and 
annealed copper—have been given in the previous report. In  both
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cases the actual bars used for the previous tests had been exhausted; 
although a further supply of the same materials remained, it  was con- 
sidered advisable to carry out further reference tests both in air and in 
vacuo in order to avoid any error due to possible variations existing in 
the materiał from bar to bar.

The air was purified by being drawn through a purification train 
before obtaining access to the fatigue specimen, which was enclosed in a 
chamber similar to th a t used for the tests conducted in a partial vacuum. 
The purification train consisted of a tower containing cotton wool and an 
air filter (Institute of Metals Corrosion Committee pattern) for the 
removal of solid particles; a tower containing paraffin wax shavings 
on glass wool for the condensation of organie vapours; two Babo towers 
containing normal sulphuric acid and alkaline potassium permanganate 
solution for the removal of alkaline (mainly ammonia) and acid (mainly 
carbon and sulphur dioxides) impurities, respectively; and a tower of 
solid caustic potash on glass wool for the further removal of acid im­
purities. Drying was carried out in the usual way by passing the air 
through concentrated sulphuric acid followed by phosphorus pentoxide. 
The air was drawn through the system by means of a water jet pump. 
In order to prevent diffusion of water vapour back from the pump, 
a similar drying system was also interposed between specimen and 
pump.

The actual circuit passed through by the air was as follows : 
(1) tower of cotton wool; (2) Corrosion Committee filter; (3) tower of 
paraffin wax shavings on glass wool; (4) Babo tower of normal sulphuric 
acid; (5) Babo tower of conductivity water (to isolate (4) and (6)); 
(6) Babo tower of alkaline potassium permanganate; (7) tower of solid 
caustic potash on glass wool; (8) Babo tower of concentrated sulphuric 
acid; (9) and (10) two towers of phosphorus pentoxide; (11) Jena glass 
filter (to prevent phosphorus pentoxide powder being drawn through 
to specimen); (12) chamber enclosing specimen in Haigh machinę;
(13) tower of phosphorus pentoxide; (14) wash-bottle of concentrated 
sulphuric acid, and (15) water jet pump.

Ali joints in the system were, as nearly as possible, glass to glass, 
and each rubber connection was sealed with sealing-wax varnish. 
The rate of flow was of the order of 30 c.c./minutę.

For the tests in pure damp air, the phosphorus pentoxide towers— 
items (9), (10), and (13)—were removed from the circuit, and dilute 
sulphuric acid was substituted for concentrated acid in items (8) and
(14); the strength of sulphuric acid used was 40 per cent., correspond- 
ing to a relative humidity of approximately 55 per cent., which is 
an average value for the laboratory atmosphere.
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(a) Results of Fatigue Tests on Copper (.Reference Mark :— B I F  4). 
The results of the fatigue tests on annealed copper * are as stated m 

Table I ; the corresponding S / N  curves, plotted semi-loganthmically, 
are given in Fig. 3.

T able I.

E xperim ents on A tm ospheric A ction  in  Fatigue

Test
Enyironment.

Specimen
Test
Mark.

Applied 
Rangę of 

Sfcress, 
tons/in.a.

Endurance to Fracture, 
millions of cycles.

Estimated 
Limit on 
Reyersal

Tons/in.2.

Endurance 
3 x  107 
s Basis.

Ratio.

Atmo-
sphere

B IF 4 B  
B IF  4E 
B IF  4A 
B IF  4C 
B IF  4H

±  5-0 
± 4 -7  
±  4-5 
±  4-5 
±  4-2

4-62
6-31

23-25 (u n b ro k en ) 
30-11
20-03 (u n b ro k e n )

± 4 - 4 5 1-00

Partial
vacuum

B IF  4EE 
B IF  4DD 
B IF  4 J

±  5-5 
±  5-3 
±  5-0

3-96
10-53
25-76

± 4 - 9 5 i - i i

Dry
purified
air.

B IF  4V 
B IF 4 W  
B IF 4 Y  
B IF  4X  
B IF  4U

±  5-3 
± 5 -1
±  5-0 
r t  4-9 
± 4 - 7

3-23
5-88
8-45

28-16
31-38 (u n b ro k e n )

± 4 - 8 5 1-09

Damp
purified
air.

B IF  4FF 
B IF  4GG 
B IF  4CC 
B IF  4Z 
B IF  4AA 
B IF  4BB

±  5-0 
±  4-8 
±  4-6 
±  4-55 
±  4-45 

• ±  4-45

5-64
6-08 

22-16 
18-17
37-94 (u n b ro k e n )
38-61 (u n b ro k e n )

±  4-5 1-01

The shapes of the S /N  curves (Fig. 3) do not indicate th a t the 
materiał possesses clearly defined fatigue limits within the endurances 
investigated, and, for this reason, the deduced values are stated as 
endurance limits on a 30 million reversals basis.

(b) Results of Fatigue Tests on 70 : 30 Brass (Reference M arl :— B IF  2).
The results of these tests are as stated in Table I I ; the correspond­

ing S /N  curves, plotted semi-logarithmically, are given in Fig. 4.
The shapes of the S /N  curves (Fig. 4) are such th a t the existence of 

fatigue lim its are definitely indicated, and the deduced results are
expressed in these terms.

In  generał, the results plot regularly, with the sole exception of tha t 
of specimen B IF 2W, which caused some concern a t the time. This was 
the th ird  specimen tested, having been preceded by specimens BIF 2U

* For o ther fatigue tes ts  on th is m ateriał, see Table IV of the previous paper.
483



SE
M

ł-
R

A
N

G
E

 
OF

 
S

T
R

E
S

S
, 

TQ
N

S 
PE

R 
S

ą
.I

N
C

H

Gough and Sopw ith  : Som e Further

Indicdtes spec/men unbroken.

F ig . 3.—Fatigue Tests on Annealed Copper (Ref. Mark, BIF4).

--------- >- / n  d i  c a  t e s  s p e c / m e n  u n b ro k e n

F ig . 4.—Fatigue Tests on Annealed 70 : 30 Brass (Ref. Mark, BIF2).
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and X. After the test on B IF  2W, the next specimen (BIF 2Y) broke 
much sooner a t a lower stress. As this might have been due to the re­
agenta in the purification tra in  having become used up after the lengthy 
tests on B IF2Y  and W (although there was no obvious sign of this), 
the reagents were all renewed and all joints re-waxed. The next 
specimen (BIF 2M) gave a very similar result to  th a t on B IF  2Y, actually

Experim ents on Atm ospheric A ction  in  Fatigue

Table II.

Specimen 
Test Mark.

Applied
Endurance to Fracture,

Estimated Fatigue Limits.

Test Environment. Stress,
tons/in.a.

millions of cycles.
Tons/in.a. Ratio.

Atmosphere B IF  2GG 
B IF  2HH 
B IF  2LL 
B IF  2FF 
B IF  2EE

±  8-0 
±  7-7 
± 7 - 5  
±  7-5 
±  7-3

2-65
4-02

31-78 (unbroken) 
37-79 (unbroken) 
31-49 (unbroken)

± 7 - 5 5 1-00

Partial
vacuum

B IF  2J J  
B IF  2 J 
B IF  2 MM 
B IF 2 F

±  9-5 
±  9-4 
±  9-2 
±  9-0

5-23
4-14

32-67 (unbroken) 
35-16 (unbroken)

±  9-3 1-23

Dry
purified
air

*ca

om
+3mu
S

B IF 2 U  
B IF 2 W  
B IF  2M 
B IF 2 Y  
B IF 2 R  
B IF  2Q 
B IF  2S 
B IF  2X

±  8-5 
±  8-5 
±  8-3 
±  8-3 
± 8 -1  
±  8-0 
±  7-8 
±  7-6

0-93
20-48

0-46
0-70
1-43

34-15 (unbroken) 
33-86 (unbroken) 
33-90 (unbroken)

±  8-05

± 7 -9 5 1-05

rtf * 
d
o .2  o ^<D <Dm m

B IF  2BB 
B IF  2AA 
B IF  2CC 
B IF2D D

±  8-5 
±  8-2 
±  8-0 
±  7-9

1-31
2-27
3-01

42-68 (unbroken)

± 7 - 9 5

Damp
purified
air

B IF 2 H  
B IF  2K 
B IF  2NN

±  7-8 
± 7 - 5  
±  7-4

2-26
5-08

31-68 (unbroken)
± v-45 0-99

* See note in  tex t.

breaking a t a somewhat lower endurance. In  all this work, as also in 
the preceding tests, every means was taken to ensure th a t the generał 
results were reproducible: in  accordance with this generał plan, a 
further series of tests, referred to in Table I I  as the second series, was 
carried out some 3|  months later, the testing machinę having been used 
for other purposes in  the meantime. As seen from Table II , really 
excellent agreement was obtained between the two sets of results, which 
enables confidence to be reposed in the deduced value of the fatigue 
limit.
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(c) Discussion of Results of Fatigue Tests on Copper and Brass.
Considering the tests made in the atmosphere and in a partial vacuum 

as the reference tests for discussion purposes, reference may first be made 
to the results obtained in the preyious and present tests carried out 
under these two conditions, remembering th a t different bars of the 
materials were used. The summarized results * are as follows :

Gough and Sopw ith  : Sowie Fuythey

Materiał.

Fatigue Limit in Air. Increase in Fatigue Limit ob­
tained in Partial Yacuum.

Preyious Tests. Present Tests. Preyious Tests. Present Tests.

Tons/in.2. Per cent.

Copper ± 4 - 3 5 ±  4-45 13 11Brass ± 7 ' 2 S ± 26 23

The actual value of the fatigue limit obtained in the present tests, for 
each materiał, is slightly lower than in the previous tests, but the difier- 
ence is ąuite compatible with the differences commonly existing between 
bars of the same materiał, and may be disregarded. Similar remarks 
apply to the percentage improvements effected by testing in a partial 
Vacuum, and, in fact, the degree of agreement recorded was regarded 
as being extremely satisfactory, as showing th a t the “ vacuum effect ” 
was real and reproducible in spite of time intervals, and the fact th a t the

T a b l e  III.

Ambient Conditions of Tests.

Materiał. ' Air. Damp Purified 
Air. Dry Purified Air. Partial Yacuum.

Fatigue Limits (Eatios).

Copper
Brass

100
100

101
99

109
105

111
123

testing apparatus had been completely dismantled and the machinę 
used for other types of test.

Having cleared up the above point, attention can be devoted to the 
principal object of the present tests, the results of which can be most 
concisely summarized as in Table III.

*  ̂For discussion purposes, the  endurance lim it of the copper will be referred to  as 
a fatigue limit.
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The fatigue limits of the materials as determined in the atmosphere 
and in damp purified air are shown to have the same values, within the 
(very close) limits of accuracy of the test. This im portant result cer- 
tainly indicates th a t the acid and alkaline impurities existing m the 
(laboratory) atmosphere play no part in the action which results in a 
reduced fatigue limit obtained under ordinary atmospheric conditions : 
the authors suggest th a t this conclusion can be regarded as established. 
This places the responsibility on the gaseous constituents, oxygen, 
nitrogen, inert gases, or water vapour, or some combination of these ; 
the influence of carbon monoxide, carbon dioxide, sulphur dioxide, 
ammonia, suspended solid particles, &c., can reasonably be excluded
from further consideration.

Turning to the results obtained in dry purified air, i t  is seen th a t the 
attempts made to remove all traces of water yapour have produced an 
approach towards the results obtained in a partial vacuum, but of un- 
equal amount in the two materials : whereas 82 per cent. of the maximum 
value was obtained with copper, a value of only 22 per cent. is recorded 
in the tests on brass. In  considering these values, one recalls the ex- 
tremely smali traces of water vapour which are required to convert 
oxygen from an inert gas into an active oxidizing agent. I t  is very 
unlikely, of course, th a t the drying apparatus used in the present 
experiments would be completely successful in removing every tracę 
of water vapour, and, therefore, the fu li  efiect of drying could not reason­
ably be expected. Viewing the near approach to the optimum value 
obtained in the test on copper, and remembering th a t oxygen was pre­
sent, although in smali quantities, in the optimum conditions (partial 
yacuum) where the existing pressure ( <  1 X ICH* mm. mercury) was 
less than the vapour pressure of water, it  might reasonably be concluded 
that the experiments have shown th a t the effect of atmospheric corrosion 
is due to the catalytic agency of water in  the presence of oxygen. The 
results of the test on brass are not equally reassuring in this respect, 
in yiew of the much smaller degree of improvement obtained, although 
there is no reason to expect th a t eąual traces of water vapour would 
produce similar eflects w ith these two metals. A further possibility 
exists in th a t, under fatigue conditions, occluded hydrogen may react 
with the oxygen in the dry purified air to form water vapour in intimate 
contact with the materiał, thus providing a catalytic agent. In  any 
case, if this interesting m atter is to be elucidated, further experiments 
are required, and fatigue tests made on specimens in ambient atmo- 
spheres of dry and damp inert gases should be informative : it  is pro- 
posed to carry out such tests, using nitrogen.

Experiments on A tm ospheric A ction  in  Fatigue
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II. F a t i g u e  T e s t s  o n  S p e c ia l  S a m p le s  o f  C o p p e r .

The special materials used for these tests were kindly supplied by 
Messrs. Imperial Chemical Industries, Ltd. Three bars were supplied 
each about f  in. in diameter by 11 ft. in length, described respectively 
as oxygen-free copper,” “ copper deoxidized with phosphorus,” and 

copper contaming cuprous oxide.” The test reference marks of these 
materials, and also the chemical analyses as kindly supplied by Messrs 
Imperial Chemical Industries, Ltd., are as follow :

Gough and Sopw ith  : Sowie Further

N.P.L. Eng. Dept. Test 
Mark. Oopper, %. Osygen, %. Pliosphoras,

%• Traces * (only) of:

GSZ 1 . 
„  2 . 
„  3 .

99-96
99-96
99-92

nil
nil

0-037

nil
0-018

nil

Fe, N i, Ag, Si, Bi, As

* By spectrographic examination.

Ali three bars were extruded, and, on account of the temperature 
gradient inseparable from the extrusion process, their mechanical 
properties varied somewhat from end to end of the bar. The results 
of tensile tests on the materiał, as madę a t the National Physical Labor- 
atory (N.P.L.) and by the makers, are as stated in Table IV The 
symbols F  and B refer to the makers’ tests on materials taken from the 
front and back ends, respectiyely, of the bars and F j to N.P L tests on 
materiał taken from the front ends; the la tter tests were made using 
a Dalby autographic recorder. For convenient comparison, similar 
figures are given for the copper (BIF 3) used in the tests recorded in the 
previous paper.

T a b l e  IV.

Bar. End.
Limit of Pro- 
portionality, 
Tons/in.a.

TJltimate Ten­
sile Stress, 
Tons/in.3.

1 Elongation on 
t\ZArea,, %.

Reduction of 
Area, %.

GSZ 1 B 1-4 15-2 60 77F 1-4 14-5 56-5 79
13-4 54 76

GSZ 2 B 1-6 15-5 58 79F 1-4 14-3 51 80F i 14-4 56 82
GSZ 3 B 1-6 14-6 52-5 64-5F 1-8 13-7 53 76

F i 13-6 52 73
B IF  3 0-8 14-4 59 74
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Because of the recorded variation in tensile strength, amounting to 
about 8 per cent., between opposite ends of the bars, it  was im portant 
that the fatigue results in air and in  vacuo should be obtained as far as 
possible from adjacent specimens. Ali specimens were therefore taken 
from the front ends of the bars and numbered in order from th a t end, 
e.g., GSZ 1A, B, C, &c. Alternate specimens were used for tests in air 
and in vacuo, e.g., specimens, A, G, E, &c., were tested in air and B, I), F, 
etc., in vacuo.

The fatigue tests were carried out in exactly the same manner as
previously described.

The results of the tests are as stated in Tables V to  V II; the corres- 
ponding S jN  curves appear as Figs. 5, 6, and 7.

The shapes of the S]N  curves of Figs. 5, 6, and 7 show th a t the exist- 
ence of definite fatigue limits has not been established on the endurances

Experiments on A tm ospheric A ction  in  Fatigue

T a b l e  V.—Results of Fatigue Tests on Oxygen-Free Copper— GSZ 1.

Test
Environment.

Specimen Test 
Mark.

Applied Bange of 
Stress, Tons/in.*.

Endurance to 
Fracture, Millions 

of cycles.

Estimated Endur­
ance Limit on 

3 x 107 Reyersals 
Basis, Tons/in.2.

A tm o sp h e re GSZ 1A ±  5-2 2-09 )
GSZ 1C ±  4-7 19-62 V 4 - 4*3 r
GSZ 1E ±  4-5 21-69
GSZ IG ±  4-4 26-84 J

P a r t i a l GSZ IB ±  5-2 6-36 \
y a c u u m GSZ ID ±  5-0 4-90

(p o ss ib le  flaw ) l  ± 4 - 6
GSZ IF ±  4-8 15-56
GSZ 1H ± 4 - 7 21-69
GSZ 1K ±  4-6 35-27 /

T a b l e  VI.—Results of Fatigue Tests on Copper Deoxidized wiih 
Phospliorus— GSZ 2.

Test
EnyiroDinent.

Specimen Test 
Mark.

Applied Bange of 
Stress, Tons/in.8.

Endurance to 
Fracture, Millions 

of cycles.

Estimated Endur­
ance Limit on 

3 x  107 Reversals 
Basis, Tons/in.2.

Atmosphere GSZ2A ±  5-2 1-69 1
GSZ 2C ± 4 - 7 8-07 4- 4-4
GSZ2E ±  4-5 20-68
GSZ 2G ±  4-4 39-86

P artia l GSZ2B ±  5-2 0-79
vacuum GSZ 2D i  4-7 8-23

GSZ 2F ±  4-6 8-92 ±  4-5
GSZ 2H ±  4-5 31-53

(unbroken)
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Table V II .— Results of Fatigue Tests on Coyper Containing 
Cuprous Oxide— GSZ 3.

Test
Environment.

Specimen Test 
Mark.

Applied Rangę of 
Stress, Tons/in.2.

Endurance to 
Fracture, Millions 

of cycles.

Estimated Endur- 
ance Limit on 

3 x 107 Reversals 
Basis, Tons/in.2.

Atmosphere GSZ 3A 
GSZ 3C 
GSZ 3E

GSZ 3G 
GSZ 3 J

±  5-2 
±  4-7 
±  4-6

±  4-6 
±  4-4

3-10 
12-48 

9-01 
(possible flaw) 

14-58 
30-44 

(unbroken)

>

- ±  4-5

P artia l
yacuum

GSZ 3B 
GSZ 3F 
GSZ 3D

±  5-2 
±  5-0 
±  4-8

6-08
10-06
30-25

|  ±  4-75

investigated, and the results can be reported only as endurance limits. 
These results are summarized in Table VIII, in which the values obtained 
from the two bars (BIF 3 and 4) of copper previously tested have been 
included for purposes of comparison.

Table VIII.

Ref. Mark of 
Materiał. Description of Materiał.

Endurance Limits (3 x 107 
Reversals). Increase in 

Partial 
Vacuum, 

%•In  Air, 
Tons/in.2.

In  Partial 
Vacuum, 
Tons/in.2.

GSZ 1 Oxygen-free copper. ± 4 - 3 s ±  4-6 6
GSZ 2 Copper deoxidized w ith ±  4-4 ±  4-5 2

phosphorus.
GSZ 3 Copper containing ±  4-5 ±  4-75 6

cuprous oxide
B IF  3 Annealed copper ± 4 - 3 5 ±  4-9 13
B IF  4 Annealed copper ± 4 - 4 5 ± 4 - 9 5 11

The increased value obtained in partial vacuum with the sample, 
GSZ 3, is seen to be considerably less than with the annealed coppers, 
B IF 3 and 4, previously tested ; as the amounts of oxygen present in 
the materials are very similar (0-04 per cent. and 0-037 per cent. in 
BIF 3 and GSZ 3, respectively), this difference is presumably due to 
other causes. The ratio of endurance limit to ultimate strength is 
lower for the oxygen-free copper GSZ 1 than for sample GSZ 3, which 
contains cuprous oxide, but the percentage increase in fatigue limit due 
to testing in a partial vacuum has the same value in both cases. The 
presence of phosphorus appears to lead to a reduction in endurance 
limit when tested in a partial vacuum.
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Expeńments on Atm osphęric A ction  in  Fatigue

— > In d ic a te s  s p e c im e n  u n b ro k e n

F igs. 5-7.—Fatigue Tests on P lain and Deosidized Coppers.
Fig. 5.—Oxygen-Free Copper (Ref. Mark, GSZ1).
Fig. 6.—Copper Deoxidized w ith Phosphorus (Ref. Mark, GSZ2).
Fig. 7.—Copper (Ref. Mark, GSZ3).

Discussion of Results.

The exact significance of the results obtained would, no doubt, be 
much clearer if the amounts of dissolved gases existing in the three 
coppers—GSZ 1, GSZ 2, and GSZ 3—were known, but the very great 
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difliculties associated with the accurate quantitative determination of 
gas contents are well known, and, although H. W. Brownsdon has gone 
to considerable trouble in this m atter, he is not yet satisfied with the 
reliability or consistency of the results obtained. From a consideration 
of a number of experiments, i t  would appear th a t of the gases evolved 
from copper containing cuprous oxide when heated in vacuum, about 
80 per cent. consists of carbon dioxide and about 10 per cent. of carbon 
monoxide, with little or no free hydrogen, whereas when an oxygen- 
free copper, or a copper deoxidized with phosphorus, is heated in a 
similar manner, 50 per cent., or more, of the gases evolved consists of 
hydrogen. If this difference had any bearing on their fatigue behaviour 
when tested under a partial vacuum, then both GSZ 1 and GSZ 2 might 
have been expected to give a similar result and different from th a t given 
by GSZ 3, but this was not the case, and the smaller increase obtained in 
sample GSZ 2 can only be attributed, for the present, to the influence, 
of some unknown naturę, of the phosphorus present.

As a generał conclusion to  be reached from the tests on these 
materials in relation to their origin, the authors suggest th a t the results 
have demonstrated th a t “ atmospheric corrosion-fatigue ” is unlikely 
to be due to the constituent impurities, solid or gaseous, contained in the 
metal under test.

III. F a t i g u e  T e s t s  o n  L e a d  ( R e f e r e n c e  M ark- G P K ).

Previous fatigue tests have been made on lead by Beckinsale and 
Waterhouse,* and also by Haigh and Jones,* but these were carried out 
on an endurance basis of about 107 cycles only, whilst Wóhler tests f  
on lead, carried out in America, showed th a t no fatigue rangę was 
developed during tests extending to 26 million stress reversals. In the 
present tests, using cycles of reversals of direct stresses, more lengthy 
endurances have been investigated—particularly in the partial vacuum 
tests—to examine further whether there existed a definite limiting rangę 
of stress for lead.

The materiał used in the present tests was extruded “ Broken 
Hill ” lead, $ of 99-99 per cent. purity. Tensile tests to fracture gave the 
following resu lts:

* The experiments o f Beckinsale and W aterhouse, and of Haigh and Jones 
showed th a t, by surrounding the  lead specimens by an  oil bath  or a  coating of grease, 
the  progress of fatigue fracture was considerably delayed, whilst an  environment 
o f acetic acid appeared definitely to  increase the  fatigue-resisting properties o f lead : 
these results were ascribed to  the  exclusion, partial or complete, o f oxygen from the 
specimens.

t  Townsend and Greenall, Proc. Amer. Soc. Test. Mat., 1930, 30, (II), 395.
£ We are indebted to  Mr. W aterhouse, o f the Research D epartm ent, Woolwich, 

for assistance in obtaining th is m ateriał.

Gough and Sopw ith  : Some Further
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Eate of strain, in./m inute 0-2 2-9
Ultimate tensile strength, tons/in.2 1-48 1-16
Elongation on 2 in., per cent. 70 50
Reduction of area, per cent. 100* 100*

The materiał did not exhibit a tensile yield-point: its Brinell hardness 
number was 4-1.

Endurance tests were conducted in air, and in partial vaeuum; 
it soon emerged th a t lead was subject to atmospheric corrosion-fatigue 
to a remarkable extent. In  addition to the usual tests, i t  appeared of 
interest to vary the usual procedure, in the case of two specimens, to 
examine a point of generał interest. I t  is now well known th a t a charac- 
teristic feature of corrosion-fatigue phenomena lies in the fact th a t the 
damage due to simultaneous corrosion and fatigue usually greatly 
exceeds the separate damages due to  either corrosion or fatigue, and 
special tests were made to find out if the beneficial effects of a partial 
vacuum resulted only when fatigue stresses were, simultaneously, in 
operation; in other words, whether the effect of the atmosphere on 
unstressed specimens was negligible. Accordingly, two of the tests 
conducted in partial vacuum were interrupted a t certain stages, the 
machinę stopped and fuli atmospheric pressure restored in the chamber. 
After some time had elapsed the chamber was again exhausted and the 
fatigue test continued. The results of these special tests were as stated 
in Table IX.

Table IX .

Experiments on A tm ospheric A ction  in  Fatigue

Enyironment 
during Fatigue 

Test.
Specimen Test 

Mark.
Applied Rangę 

of Stress, 
Ton/in.2.

•

Cycles Endured 
during Fatigue 
Tests, Millions.

Period of Expo- 
sure to  Atmo­
sphere between 

Stages of the 
Fatigue Test, 

Hours.

P artia l

GPK 2H ±  0-50

Total

0-24
0-14
0-38

(fractured)
0-76

}  1-67 
j  15-75

GPK 2K ±  0-40

Total

5-67
2-97 
5-51
3-32 

(fractured)
17-47

} 7-50 
{ l  15-92 
j  ’  7-75

Also, to make ąuite certain th a t the presence of the vacuum chamber, 
as such, had no effect on the results obtained, in one test, conducted in 

* Specimens drew down to points.
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air, the vacuum chamber was left in place and merely connected up to 
the vacuum pump, the la tter not being in operation.

The whole of the results of the fatigue tests on lead are recorded in 
Table X, and the corresponding S /N  curves are plotted to logarithmic 
scales in Fig. 8.

T a b l e  X.

Test Specimen Test Applied Hangę 
of Stress, 
Ton/in.3.

Endurance to 
Fracture, Endurance Limits,

Enyironment. Mark. Millions of 
Cycles.

Ton/in.2.

Atm o­ G PK 2D ±  0-50 0-01
sphere GPK2C ±  0-40 0-12 ±  0-28 a t 106 cycles

G PK 1E ±  0-30 0-89
G PK 2F* ’±  0-30 0-79 . ±  0-20 a t  107 cyclesGPK IB ±  0-25 1-58
G PK 1F ±  0-22 4-94
GPK1C ±  0-20 17-40 ±  0-17 a t  3X 107
GPK IG ±  0-19 18-32 cycles
GPK ID ±  0-18 30-61

Partia l G P K 1J ±  0-50 0-60
yacuum GPK 2Hf ±  0-50 0-76 i  0-48 a t  106 cycles

G PK 1K ±  0-45 3-42
GPK IN ±  0-40 20-44 ±0-41 a t  107 cyclesGPK 2K f ±  0-40 17-47
GPK 1L ±  0-38 35-01

(unbroken) ±  0-38 a t  3 X 107 
cyclesG PK 2E ±  0-36 119-46

G PK 1H ±  0-31 35-28
(unbroken) •

±  0-35 a t  1-2 X 108
cycles

* Test in  vacuum  cham ber a t  atm ospheric pressure. 
f  Tests w ith in te rm itten t exposure to  atmosphere.

These results are very interesting. Neither in air nor in vacuo is 
there any definite indication of the existence of a fatigue limit. Fig. 8 
shows th a t an exponential relationship exists between stress and endur­
ance, up to a t least 35 millions of cycles for lead tested in air and up to 
120 millions when tested in a partial vacuum. The uniformity of the 
results is also very marked. The failure to exhibit a fatigue lim it may 
simply be a characteristic of the materiał as, for example,inDuralumin or 
Monel metal in some heat-treatments. I t  may also be recalled th a t the 
results J  of corrosion-fatigue tests made in salt spray showed in all cases a 
similar exponential relationship between stress and endurance, after a 
certain endurance was passed; this might be regarded as some kind of evi- 
dence th a t a process, akin to th a t of corrosion-fatigue, is also operative in 
fatigue tests on lead conducted in the atmosphere. The self-annealing

X Gough and Sopwith, ‘ ‘ Some Comparative Corrosion-Fatigue Tests Employing 
Two Types of Stressing Aetion,” J . Iron Steel Inst., 1933, 127, 301-332.
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properties of lead a t air temperature are likely, łiowever, to play an 
important part in the fatigue properties of this metal.

The ratios of the endurance limits in a partial vacuum and in air 
increase very rapidly with increasing endurance, having the following 
values:—•

1-7 a t 10® cycles
2-0 at 107 cycles
2-2 a t 3 X 107 cycles.

The special tests, previously described, show clearly th a t “ stressless 
exposure ” to the atmosphere, for periods long enough to cause con-

Experiments on A tm ospheric A ction  in  Fatigue

F ig . 8.—Fatigue Tests on Lead (Ref. Mark, GPK).

siderable damage when fatigue stresses are in  operation, has no effect on 
the subseąuent fatigue resistance in  vacuo; and also th a t  the  presence of 
the enclosing cham ber has no influence, as such, on the  increased fatigue 
resistance exhibited when the  te sts  are conducted in  a partia l vacuum. 
Although th is  la tte r  result was expected, i t  is useful to  have experim ental 
data on the  po in t concerned, w hich is of im portance in  relation to  the 
technique employed, and on th e  accuracy of the  whole of the  result
obtained, in the investigation.

In tests carried out using other metals, no differences were observed 
between the type and appearance of the f ractured specimens when tested 
either in air or in a partial vScuum, but in the present tests on lead 
considerable differences were remarked in the yisual appearance of the 
fractures. There is no doubt th a t where the same rangę of stress was
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applied to a specimen tested in air and to a specimen tested in a 
partial yacuum, the amount of distortion involved differed appreciably 
being greater in the specimen tested in air.* This will be seen in Fig. 9 
(Platę I) which shows representative fractnred specimens. Visual 
examination revealed irregular cracks present in several of the speci­
mens tested m  air, but none was observed on the surfaces of the 
specimens tested in partial vacuum. This suggested th a t failure in 
air might be due to mtercrystalline fracture which was prevented 
or reduced by the substitution of a partial vacuum as environment- 
careful microscopical examination is necessary to decide a point of 
t  is kmd, and some of the fractured specimens were, therefore, sent 
to Dr. 0. H. Desch, who kindly agreed to have them examined in the 
Metallurgical Department of the N.P.L. In  several of the fatigue 
fractures occurrmg m air, discoloured portions of the type referred to by 
Haigh and Jones f  were observed, but these were not accompanied by a 
bnght shear ” lip—occurring between the discoloured portion and the 
edge of the specimen as described by the authors mentioned, who have 
expressed the view th a t the “ atmospheric fatigue effect ” in lead is due 
to oxygen difiusing into the interior of the specimen : i t  appears to the 
present authors, however, th a t the experiments on lead now described are 
quite consistent with their own tests on other m etalsandthe conclusion 
th a t the atmospheric effect is a surface effect.

For the purposes of microscopical examination, two specimens were 
? aPProximatel7> the same endurance; specimen

l( j ’ whldl fractured after 18-32 x  10« cycles of ±  0-19 ton/in * 
applied in air, and specimen GPK IN, which was tested in partial 
vacuum and fractured after 20-44 X 106 cycles of ±  0-40 ton/in .2 : 
the appearance of the fractured surfaces is shown in Fig. 10 (Platę II)

Specimen IG showed slight discoloration over a portion of the frac­
tured surface a t one side : this portion was roughly normal to the axis 
of the specimen, was “ coarsely granular ” in appearance, and was 
readily distmguishable from the remainder of the fractured surface 
which was bnght and silky in appearance and was inclined to the axis;’ 
this darkened ” portion suggested mtercrystalline failure. The other 
specimen, IN, presented a bright fibrous or silky appearance over the 
whole fracture no darkened coarsely granular zone being yisible; in 
the neighbourhood of the fracture, the sides of the specimen had a 

roughened appearance, which feature was absent from specimen IG.

a ir T I  Jecorded> a specimen subjected in

m  vacuo even a t a  stress rangę o f ±  0-50 ton /in  2 oberyea m  tests eonducted
f  Loc. cit.

Gough and Sopw ith  : Som e Further
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P latę  II .

Specimen 
GPK IG. Specimen 

GPK IN.

Tested in Atmosphere.
Fractured after 18-32 x  106 stress 

cycles of ±0-19 ton/in.2.

Tested in Partial Vacuum.
Fractured after 20-44 x  10« stress 

cycles of ±0-40 ton/in.2.

F i g . 10.—Fatigue Tests on Lead. Typical Fractures.
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P l a t ę  III.

F i g . 11.—Fatigue Tests on Lead. Specimen GPK IN : Tested in Partial Vacuum : 
fractured after 20-44 X 106 stress cycles of ±0-40 ton/in.z. x l5 0 .

499 /<£> i p ,
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The fractured surfaces of each specimen had been slightly damaged by 
“ hammering ” during the finał stage of the test before the testing 
machinę had eonie to r e s t : i t  is very difficult to avoid this when a cycle 
of alternating stresses is applied.

For microscopic examination, the specimens were slit longitudin- 
ally, the resulting specimens being mounted in suitable sections of lead 
alloy tube by surrounding them  with a resinous compound which melted 
at about 70° C. The sections were rubbed down on emery papers, 
soaked with paraffin oil, and were polished on a well-worn pad. The 
specimens were etched freąuently during polishing to remove the work- 
hardened and recrystallized surface. Finally, polishing was carried 
out by hand on velvet without the use of any polishing powder.

Various etching reagents were tried, and reasonably satisfactory 
results were obtained with a strong solution of nitric acid in water 
(about 50 per cent. concentrated nitric acid).

The materiał exhibited a larger grain structure away from the frac- 
tures than in their immediate vicinity. I t  is thus apparent th a t reerys- 
tallization has occurred during the test or immediately after it, particu- 
larly in specimen GPK IG (tested in air). This recrystallization has 
prevented, to some extent, any definite conclusions being reached as to 
whether failure has occurred by intercrystalline or by transcrystalline 
rupture. In  specimen GPK IG (tested in air) there is an absence of 
branching cracks which freąuently form a guide to the naturę of fracture. 
Two such cracks were, however, observed in GPK IN  (tested in  vacuo), 
and these are illustrated in Figs. 11 and 12 (Plates I I I  and IY) a t a 
magnification of 150 diameters under approximately yertical illumin- 
ation; the position of these branch cracks suggests th a t rupture in this 
specimen was partly intercrystalline and partly transcrystalline in 
character.

The difficulties involved in the micrographical examination of lead 
are well known, and it  is only possible to express the conclusion of the 
examination in generał terms, as follows: In  test-piece GPK IG
(tested in air) microscopic examination provides no definite evidence as 
to whether rupture has taken place as a result of intercrystalline, 
transcrystalline, or duplex cracking, although the generał appearance 
of one portion of the fracture is suggestive of intercrystalline failure. 
In GPK IN  (tested in  vacuo) the evidence, so far as i t  goes, suggests 
th a t the fracture is duplex in character. Recrystallization has occurred 
during the tests particularly in GPK IG (tested in air), and i t  is probable 
th a t this has to some extent obliterated the eyidence as to the naturę of 
the fractures.

Expeńm ents on A tm ospheric A ction  in  F atigue
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IV. F atigue Tests on Armco I ron (R eference Mark : BMH).

As previously mentioned, fatigue tests conducted in air and in a 
partial Yacuum have been made on this materiał merely to extend the 
scope of data already obtained on various commercial metals.

The materiał as received was stated to have been normalized : 
tests have been made in this condition, also after annealing a t 1000° C. 
for J  hr. The composition of the iron has been determined with the 
following results : carbon 0-02, manganese 0-03, sulphur 0-034, phos­
phorus 0-017 per cen t.; traces of Silicon and nickel.

A static tensile test made on the materiał in the condition as receiyed 
a t the laboratory gave the following results :

Limit of proportionality, tons/in.2 9-6
Yield-point, tons/in .2 11-8
Ultimate tensile strength, tons/in.2 22-1
Young’s modulus (E), lb ./in .2 29-8 x  106
Elongation on 2 in., per cent. 45
Reduction of area, per cent. 69

E N D U R A N C E ,  C Y C L E S  TO  F R A C T U R E ,  (L O G. S C A L Ę )
----Inc/icates spec/men unbroken

O A  -  I R O N  A S  R E C E I V E D  # A - I R 0 N  A N N E A L E D

F i g . 1 3 .—Fatigue Tests on Armco Iron  (Ref. Mark, BMH).
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P latę IV.

F ig. 12. Fatigue Tests on Lead. Specimen GPK IN  : Tested in Partial Vacuum : 
fractured after 20-44 X 106 stress cycles of ±0-40 ton/in .2. x  150.
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The Brinell hardness numbers of the materiał in the “ as received ’ 
and annealed conditions were, respectively, 102 and 93.

The results of the fatigue tests are as stated in Table X I and plotted, 
as SIN  curves, in Fig. 13.

T a b l e  XI.

Test
Enyiron-

ment.
Specimen

Applied 
Rangę of

Endurance to 
Fracture,

Fatigue Limit

of Materiał. Test Mark. Stress,
Tons/in.a.

Millions of 
Cycles. Tons/in.2. Ratio.

Normal- 
ized (as 

received)

Atmo-
sphere

B M H llB
B M H llC
B M H llE
B M H llA

BM H11D

B M H llB

BMH 11A

±  13-5 
±  13-2 
±  13-0 
±  13-0

±  12-8

±  12-5

±  12-0

0-21*
0-11
8-25
8-89*

(unbroken)
15-41

(unbroken)
11-91* 

(unbroken)
12-00* 

(unbroken)

1 ±12-9

/

1-00

P artia l
vaeuum

BM H11F 
BMH I I P  
BM H11N

±  13-5 
±  13-2 
±  13-0

0-09
6-12

18-66
(unbroken)

|  ±  13-1 1-02

Annealed

Atmo-
sphere

BMH11G 
BMH 11H 
BMH 11J  
BMH 11S 
BMH11T

B M H 11K

±  12-0 
±  11-0 
±  10-8 
±  10-8 
±  10-6

±  10-5

0-31 
7-00
1-26 
9-67

54-93
(unbroken)

12-78
(unbroken)

\

1 ±  10-7

/

1-00

Partia l
vacuum

BM H11L 
B M H 1 IM 
BMH 1 IR

±  11-5 
±  11-0 
±  10-8

1-64
7-36

17-46
(unbroken)

|  ±  10-9 1-02

* Two specimens tested  a t  2 stress ranges.

The results show th a t only a slight, but definite, increase in fatigue 
limit results from the substitution of a partial vacuum for an atmo­
spheric environment. This is comparable with the results of previous 
tests madę on steels : apparently, steels are subject to atmospheric 
corrosion-fatigue, but only to a very smali degree.

Su m m a r y  o f  D a ta  O b t a in e d  K e g a r d in g  A t m o s p h e r ic  
Co r r o s io n - F a t ig u e  .

The total principal data now available from the present research are 
summarized in Table X I I : this may be convenient for reference 
purposes.
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CORROSION-FATIGUE PROPERTIES OF 
DURALUMIN WITH AND WITHOUT 

PROTECTIVE COATINGS.* §

By I. J . GERARD,f  M.Sc., and H. SUTTON,} M.So., M e m b e k .

S y n o p s i s .

Rotating c a n t i l e y e r  endurance tests on Duralumin 3LI (copper 4-1- 
4-4, manganese 0-64, magnesium 0-62-0-67, iron 0-84-0-81, S ilico n  0-22 
per cent.) hav© been made in air and in a salt-spray after protecting the 
surface in yarious ways. In  air the untreated  m ateriał gav6 a fatigue 
limit of stress of ±-0-1 tons/in .2 a t  107 c y c le s  and the anodized m ateriał 
±11-1 tons/in.2’. In  a  salt-spray l a n o l in - c o a t in g  and cadmium-plating 
afforded little protection, bu t zinc plating gave a substantial improye- 
ment in the corrosion-fatigue rangę. Spraying with aluminium was not 
so good as zinc-plating a t long endurance. Coatings of organie resins and 
enamels afforded a Tery high degree of protection, especially when the 
metal had previously been anodized; the best results were obtained 
with a coating of synthetic resin vam ish and stoving for 2 hrs. a t 150° C., 
metal so treated giving a fatigue l i m i t  stress of ± 12-2 tons/in .2 a t 107 
cycles.

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

T h e  work described in this paper forms part of a programme of research 
on corrosion-fatigue now being carried out as a joint investigation at 
the National Physical Laboratory, and a t the Royal Aircraft Establishr 
ment, under the generał supervision of the Aeronautical Research 
Committee. The present paper deals with corrosion-fatigue tests of 
specimens of Duralumin bar both unprotected, and protected by surface 
treatments and coatings of various kinds. I t  was considered desirable 
at this preliminary stage of the investigation to test a fairly compre- 
hensive rangę of protective coatings, but practical consideration 
necessitated the use of only a moderate number of test-specimens for 
each stress-endurance curve.

* M anuscript receiyed August 15, 1934.
t  Scientific Officer, Royal A ircraft Establishm ent, South Farnborough.
J Senior Scientific Officer and Head of M etallurgical D epartm ent, Royal A ir­

craft Establishm ent, South Farnborough.
§ A ir M inistry Official R e p o r t : Crown Copyright Reseryed.

Note to Abstractors and Other Readers.— This paper will be published, in 
perm anent form, in the Journal of the Institute of Metals, Vol. LVI, 1935. 
Reference should accordingly be as follows—J . Inst. Metals, 1935, 56 (Advance 
copy).
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P reyious W ork.

D. J. McAdam 1 found th a t for heat-treated Duralumin the results 
of ordinary rotating cantilever type fatigue tests in air were unusually 
erratio, considerable scatter of the points being observed in the stress- 
endurance (S/N)  graphs. The erratic results were not considered by 
McAdam to be due to variation in surface finish, nor to atmospheric 
corrosion. The specimens were covered with a film of minerał oil 
during the normal endurance tests in air. Anodic oxidation caused no 
diminution in scatter, and did not appear to affect the fatigue tests 
in air.

McAdam’s corrosion-fatigue tests gave consistent results, much 
below the normal.' Anodic oxidation (Bengough process) did not 
appear to give appreciable protection against corrosion-fatigue. Anodic 
oxidation followed by lanolin treatm ent raised the fresh-water corrosion- 
fatigue limit well above tha t of uncoated Duralumin, except in the 
case of a single specimen, on which McAdam makes the following 
com m ent: “ Lack of improvement in one specimen probably due to 
an accidental scratch.”

K. Matthaes 2 gives the results of rotating cantilever fatigue tests 
in air and of corrosion-fatigue tests on Duralumin bar. The alloy used 
was th a t known as Duralumin 681ZB, which usually differs slightly in 
composition from materiał supplied to British Standard Specifications 
in containing rather more magnesium and considerably less iron. 
The alloy used in Matthaes’s experiments contained 0-72 per cent. of 
magnesium, and tha t used in the R.A.E. experiments 0-65 per cent. 
Matthaes’s materiał contained only 0-29 per cent. of iron, whilst that 
used at the R.A.E. contained 085 per cent. I t  is not known at present 
to what extent these differences would affect the fatigue and corrosion- 
fatigue properties. Matthaes found much scatter in the results of 
ordinary fatigue tests of the materiał in the “ as received ” condition, 
the fatigue rangę a t 10 million cycles being about ^  9 tons/in.2 
(14-2 kg./mm.2). In corrosion-fatigue tests in which ordinary tap-water 
was the corroding agent, the corresponding rangę was very much lower, 
about Jt; 5-2 tons/in.2 (8-2 kg./mm.2). Samples which had been treated 
by the Bengough anodic oxidation process and coated with lanolin 
gave scatter similar to that of the unprotected specimens when tested 
in air. Similar specimens tested under corrosion-fatigue conditions 
(tap-water) showed much improvement compared with unprotected 
materiał, the stress rangę being about ± 7 -0  tons/in.2 a t 10 million 
cycles. Matthaes remarks tha t in corrosion-fatigue tests of unprotected 
materiał the curve falls progressively with increasing number of stress
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cycles, but that in corrosion-fatigue tests on anodizedTlanolined materiał 
the curye falls a t first in the normal manner, but changes direction 
later and proceeds onwards parallel to  the horizontal axis.

Tests by Gough and Sopw ith3-4 on Duralumin bar from the 
same consignment as th a t used in the R.A.E. experiments gave about 
the same fatigue limit, as th a t given by the tests described in this paper 
for rotating beam tests in air. A lanolin coating gave no improvement. 
Tests in vacuo indicated some improvement in fatigue strength. Further 
work by the same authors 4 showed th a t the rotating beam corrosion- 
fatigue limit of the same materiał was about ^  4-5 tons/in.2 a t 10 million 
cycles, and about ±  3-0 tons/in.2 a t 100 million cycles. The endurance 
lim its  under direct stresses as given by Haigh tests also showed sub- 
stantial reductions when the tests were of the corrosion-fatigue type. 
The salt water and generał conditions of the tests were the same as 
those employed in the authors’ tests.

Materiał .

The materiał used in the investigation was f-in. diameter Duralumin 
bar to British Standard Specification 3L1. By special arrangement 
with the manufacturers, Messrs. James Booth and Co., Ltd., the entire ■ 
consignment was from the same cast. The materiał was delivered in 
straight lengths, in the finally heat-treated and aged condition, and all 
tests were made on materiał in th a t condition. The results of the 
acceptance tests made by the manufacturer and check tensde tests 
made by the authors are given in Table I.

of Duralum in w ith and without Protective Coatings

Table I.

Accept-
ance
Test.

Check r. 
R.A

ests a t 
■B.

British 
Standard 

Specification 
3L1 Reąuire- 

ments.

Limit of proportionality, lb ./in .2 
0-1% Proof stress, to n s/in .2 
0-5% „ „ ,» • ■ 
Ultim ate stress, to n s/in .2 .
Elongation, per cent.
Reduetion of area, per cent.
Young’s modulus E  X 10“6, lb ./in .2 .

1 5

25-72
18-5
33-6

13-4 
17-1 
17-9 
24-3 

9-7 *

11-0 
(bar L)

16-8
18-7
19-5 
26-6 
19-7

lb -8 
(bar S)

< 1 5

< 2 5
< 1 5
< 2 0

* Slight defect a t  fracture.

The chemical composition of two of the bars was determined by 
analysis, the results obtained being as shown in Table II. 
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Table II.

Bar L. Bar S.
British Standard 
Specification 3L1 

Reąuirement.

Copper, per cent. 
Manganese, per cent. . 
Magnesium, per cent. . 
Iron, per cent.
Silicon, per cent. . 
Aluminium

4-10
0-64
0-62
0-84
0-22

rem ainder

4-40
0-64
0-67
0-81
0-22

rem ainder

3-5 to  4'5 
0-40 to  0-70 
0-40 to  0-70 

>0-75

Several bars, including bars L and S, were subjected to nicked 
fracture test, and the fracture surfaces were considered to be satis- 
factorily free from defects.

D escription  of Test Apparatus and Specimens.

Type of Fatigue Test.
The type of fatigue test employed in all cases was th a t in which 

the test specimen is mounted horizontally as a rotating cantilever with 
a single externally applied load.

Particulars of Fatigue Specimens.
A dimensioned drawing of the test-specimen used for both the 

ordinary fatigue and the corrosion-fatigue tests is given in Fig. 1. 
The test-specimens, after being turned, were polished, first using part-
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worn “ FF ” emery cloth, and finishing with “ 1F”  (Hubert’s French) 
emery paper. The sharp-edged annular projections A  and B  assisted 
in confining the action of the salt-spray, in the corrosion-fatigue tests, 
to the acting portion of the test-piece.

Ali specimens were coated with lanolin grease directly after 
being machined, the coating being cleaned off with acetone just 
prior to the commencement of the fatigue-test, or the application of 
one of the protective treatm ents under investigation.

General Arrangement of Fatigue-Test Apparatus.
The generał arrangement of the test apparatus is shown in Fig. 2. 

The specimen C was mounted horizontally in a six-radial-screw chuck 
rotating a t 2000 r.p.m. I t  was loaded near its outer extremity-by a 
single dead-weight load D. The load was applied through a very light 
bali bearing and housing, with shock absorbing suspension of the dead- 
weight to minimize the effect of any accidental eccentricity of the 
loaded end of the specimen relative to the axis of rotation.

For the corrosion-fatigue tests the acting portion of the test-piece was 
enclosed in an ebonite chamber E  fitted with a spray injector F, throngh 
which salt solution was sprayed on the most highly stressed portion of the 
test-specimen. The spray chamber was provided with an inspection 
window at the top and a friction-held slide G, which permitted fracture 
of the test-specimen without damage to the chamber. The projecting 
sharp-edged rings A  and B  on the specimen served to throw off any 
accumulation of salt solution and to prevent it travelling along the 
test specimen to the bearings of the test apparatus. A drain pipę 
fitted a t the bottom of each spray chamber was connected to a closed 
pipę line H, provided with an air exhausting fan in order to prevent 
escape of the salt-spray to other specimens under fatigue test, or to 
other parts of the test apparatus.

The generał construction of the spray injector is shown in the 
diagram, the solution passing through a central glass tube of 0'02-in. 
bore, and the air passing through a surrounding annular orifice which 
was constructed to act as a Venturi tube.

The rate of flow of the solution was controlled by a needle valve, 
and the relative positions of the solution and air orifices were adjustable 
so as to ensure entry of the solution a t the point of minimum pressure 
in the Venturi tube. The spray issued from the injector through a 
circular orifice of 0'05 in. diameter.

The salt solution used in the present research was a 3 per cent. 
solution of common salt in distilled water. In order to maintain a 
continuous supply of new salt solution to each spray a large constant

of D uralum in with and without Protective Coatings
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head reservoir I  was used. The solution was delivered with a smali 
positive head through separate pipe-lines to each of the corrosion- 
fatigue machines. Each pipe-line included one of a battery of 
diaphragm metering pumps J  which served the dual purpose of con­
trolling the supply of solution (in this case 1 c.c. per minutę for each 
spray), and of clearing away by built-up pressure any obstruction in 
the sprays due to sediment in the solution. This obviated the use of 
filters which had been found to silt up very ąuickly. The whole of 
the piping, pumps, sprays, &c., were so constructed th a t there was 
no contact of the solution with metal until the specimen was reached.

The compressed air for the sprays was maintained a t a pressure of 
from 7 to 9 lb./in.2, and was supplied during the day from the com­
pressed air mains, and a t night from an independent smali Keavell 
rotary air compressor. I t  was found necessary to  provide for the 
ertraction of oil and water from both these air supplies, and in both 
cases the air was first passed through a settling tank K  and then 
through a cylindrical filter L  (of 4 in. diameter and 5 | in. length), 
fitted with baffle plates and packed with discs of cotton wool.

The whole of the apparatus was installed in a smali room, the 
temperature of which was controlled automatically between 20° and 
28° C. The temperature measured by a thermometer in the spray 
chambers was lower than tha t of the room, and varied between 12° 
and 26° C.

Scope op Tests and D escription  of P rotective Treatments 
Applied  to Specimens 

Fatigue Tests in  Air.
The first series of fatigue tests in air was made on unprotected 

samples, and the next on anodically treated samples (not greased). 
The anodic treatm ent applied to these and other samples used in the 
present research was the Bengough-Stuart treatm ent. In  this process 
the samples are made the anodę in a 3 per cent. solution of chromie 
acid used at 40° C. The voltage is increased from 0 to 40 in 15 minutes, 
held a t 40 v. for 35 minutes, increased to 50 v. in 5 minutes, and held 
at 50 v. for 5 minutes, after which the samples are removed from the 
bath, washed, and dried.

Corrosion-Fatigue Tests in Salt Spray.
In  the case of specimens treated with lanolin the latter was applied 

in the form of a 50 per cent. solution of lanolin in a mixture of equal 
parts of white spirit and solvent naphtha.*

* Tem porary R ust Preventive, A ir  M in istry  Specification D.T.D. 121 B.
513
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Cadmium-plated specimens N1-N6 and M9-M14 were prepared for 
plating by dipping in 10 per cent. caustic soda, then in nitric—sulphuric 
acid, and' finally in 10 per cent. sodium zincate solution. They were 
plated in a bath containing 58 grm. cadmium sulphate and 65 grm. 
sodium cyanide per litre for 40 minutes a t 8 am p./ft.2.

Cadmium-plated specimens D13-D18 were prepared by being 
dipped in caustic soda solution, then in concentrated nitric acid, after- 
wards being lightly sand-blasted and plated for 40 minutes a t 8 am p./ft.2 
in a bath containing 62 grm. cadmium potassium cyanide and 15 c.c. 
of ammonia (0-880) per litre.

Zinc-plated specimens D7-D12 were prepared by being lightly 
sand-blasted and plated for 14 minutes a t 30 am p./ft.2 in a bath con­
taining 144 grm. zinc sulphate, 34 grm. sodium acetate, and 1 grm. 
gum arabie per litre ; and specimens M1-M6 were prepared by dipping 
successively in 10 per cent. caustic soda, nitric-sulphuric acid, and
10 per cent. sodium zincate solution, followed by plating 1 hr. 50 minutes 
a t 4 amp./ft.2 in a bath containing 59 grm. zinc cyanide, 37 grm. sodium 
cyanide, and 30 c.c. ammonia (0‘880) per litre. The electro-deposits 
applied were intended to be 0‘0005 in. thick, and probably did not 
difier very much from th a t amount.

The coating of aluminium on specimens P I, 3, 9, 14, 16, and 20 was 
applied by the Schoop metal-spraying pistol, and was about 0-003 in. 
thick.

Specimens J1-J13 were given two coats of Air Ministry pigmented
011 varnish,* and specimens N13-N18 were anodically treated, and then 
given two coats of the same varnish.

Specimens F14-F23, J16, and J17 were given two coats of Air 
Ministry grey cellulose enamel f ; specimens K8-K14 were anodically 
treated and then given two coats of the same enamel.

Specimens N7-N12 were given two coats of transparent synthetic 
resin yarnish and specimens K1-K7 were anodically treated and then 
given two coats of transparent synthetic resin varnish and all were 
stoved a t 100° C. for 2 hrs.

Control Tensile Tests.

Tensile tests were made on the various bars used in the work, and 
the results are given in Table III. The results of tensile tests made on 
test-pieces machined from the chuck portions of broken Wohler test- 
pieces indicated reasonable uniformity of materiał.

* A ir  M in istry  Specification D.T.D. 62. 
f  A ir  M in istry  Specification D.T.D. 63.
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T a b l e  III .—Mechanical Properties of Duralumin Bars.

Bar Ref. 
Mark.

Maximum
Tensile

Strength,
tons/in.2.

Limit of Pro- 
portionality, 

tons/in.2.

0-1% Proof 
Stress, 

tons/in.2.

0*5% Proof 
Stress, 

tons/in.2.

Toung’s 
Modulus, 
lb./in .2 
X 10-*.

Elongation 
on 4 -\/ Area, 

Per Cent.

D 26-0 9-9 14-0 16-3 10-4 26-3
F 25-8 8-9 13-9 15-8 10-2 29-1
j 25-4 10-3 13-8 15-8 10-2 26-9
K 27-5 14-1 18-1 18-8 10-2 14-0
M 27-4 15-0 18-7 19-4 10-0 18-5
N 28-3 17-5 19-1 20-5 10-3 17-7
P 27-7 16-4 18-4 19-2 10-8 16-0
E 27-2 15-6 18-0 18-8 10-3 19-0

Visual Observations on Specimens.

Unprotected Duralumin specimens examined after corrosion- 
fatigue test showed a considerable amount of pitting, irregularly dis- 
tributed over the surface of the test-pieces. Fig. 11 (Platę I) shows 
specimen M15, with a fatigue crack. A few smali areas still show the 
original polishing marks, but in generał the surface has suflered chemical 
attack. Anodized and lanolined Duralumin specimens subjected to 
corrosion-fatigue test showed, after washing off the salt deposit, no 
noticeable corrosion to the unaided eye. With a hand lens, slight 
pitting of the surface could be seen in some cases. Fig. 12 (Platę II) 
illustrates the appearance of specimen E3 (anodically treated and 
lanolined) after corrosion-fatigue te s t ; this specimen remained unbroken 
after 54‘6 million cycles a t i  4*78 tons/in.2. Fatigue-cracks can, 
however, be seen in the photograph. Cadmium-plated specimens all 
showed a pronounced tendency for the cadmium deposit to crack and 
flake off during corrosion-fatigue tests. As would be expected, no 
consistent benefit was derived from the coatings.

In  the case of the zinc-plated samples, the deposits appeared to 
adhere well during the corrosion-fatigue tests.

The aluminium-sprayed samples examined after corrosion-fatigue 
tests showed considerable pitting, which appeared to extend to the 
Duralumin base.

In  the case of the varnished and enamelled specimens subjected to 
corrosion-fatigue tests, no tendency was observed for any of the enamel 
films to  crack or become detached from the metal base, whether the 
Duralumin had been anodically treated or not. When the test-pieces 
had been washed free from salt deposit in hot water after corrosion- 
fatigue test, no indication of corrosion of the underlying metal was 
discernible with the unaided eye.
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Examination of Fractures.
The fractures in the corrosion-fatigue tests were of the serrated type 

usually associated with failure under corrosion-fatigue. From the
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F i g . 3 .—Ordinary Fatigue Tests o f Unprotected and Anodically Treated 
Duralumin and Corrosion-Fatigue Tests o f Unprotected Duralumin.

colour of the difiereńt parts of the fractures it  could be seen tha t the 
corrosion-fatigue cracks had penetrated very deeply before finał 
rupture occurred.
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Microscopical examination of sections a t the fracture of samples 
RIO, unprotected, and D2, anodized and lanolined, showed th a t the 
cracks followed a trans-crystalline path.
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Pjg. 4 .—Corrosion-Fatigue Tests of Lanolin-Coated Duralumin (both with and 
w ithout prior anodic treatm ent).

Discussion of Results.

The stress-endurance (S/N)  curves are plotted in Figs. 3-10. I t  
will be seen th a t the results are subject to considerable yariation in 
many cases, as shown by the “ scatter ” of the indiyidual results. 
Suggested curves have been drawn to include the lowest values obtained, 
sińce the mean value is of little practical interest. Probable values of 
safe limiting stress have been read from these curves for endurances of 
10 million and 50 million cycles, and these yalues have been collected
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in Table IV, together with the same valu.es expressed as ratios of the 
static tensile strength of the unprotected materiał in air.

o f D uralum in  w ith and without Protective Coatings

T a b l e  IV.—Summary of Results. Fatigue Tests of Duralumin, Un­
protected and Protected, in A ir and in Salt Spray.

Graph
No.

Test in
Treatment.

Endurance Limits 
Reversed Bending 
Stresses, tons/in.2.

Endurance
Ratio.

Salt-
Spray. Protective

Surface
Treatment.

Supplementary Organie 
Protectiye.

10
Million
Cycles.

50
Million
Cycles.

10
Million
Cycles.

50
Million
Cycles.

i i i Air anodic ±11*2 ± 11-0 0-42 0-41
XV S.S. anodic synthetic resin var- 

nish (stoved)
±12-2 ± 9-5 0-45 0-35

I I Air ± 91 ± 9-0 0-34 0-33
X I S.S. anodic pigmented oil var- 

nish to  Spec. 
D.T.D. 62

± 9-5 ± 8-3 0-35 0-31

X II I S.S. anodic cellulose enamel to  
Spec. D .T.D. 63

± 8-3 ± 7-7 0-31 0-29

V III S.S. zinc-
plated

± 6-8 ± 6-4 0-25 0-24

X S.S. pigmented oil var- 
nish to  Spec. 
D.T.D. 62

± 7-5 ± 5-9 0-28 0-22

X IV S.S. synthetic  resin 
varnish (stoved)

± 6-4 ± 5-7 0-24 0-21

IX S.S. sprayed 
w ith a lu ­
minium

± 6-3 ± 4-8 0-23 0-18

VI S.S. anodic lanolin ± 4-8 ± 4-5 0-18 0-17
X II S.S. cellulose enamel to 

Spec. D.T.D. 63
± 4-4 ± 4-3 0-16 0-16

IV S.S. ± 3-3 ± 3 0 0-12 0-11
V S.S. lanolin ± 31 ± 2-6 0-12 0-10

V II S.S. cadmium-
plated 0

± 3-5 ± 2-5 013 0-09

N .B .—Since the  above endurance lim its are based on a comparatively smali 
num ber of tests, the  num erical values should be regarded as approxim ate only.

Tests in A ir.—The fatigue limit rangę of stress for untreated Dur­
alumin, ±  9-1 tons/in.2 a t 10 million cycles, agrees fairly well with the 
value ±  9‘25 tons/in.2 obtained by Gough and Sopwith on materiał 
from the same consignment using the rotating beam test. The higher 
fatigue limit stress rangę for anodized Duralumin 11-1 a t 10 million 
cycles) observed in the present investigation has not been recorded by 
any previous investigators. The Duralumin bars used by McAdam 
and Matthaes appear to have given rather variable results in the fatigue 
tests in air, and the variation seems to have been sufficiently great to 
prevent any definite indication of the influence of anodic oxidation.
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Tests in  Salt-Spray.—The tests were made a t the rate of 2000 cycles 
of stress per minutę. For an endurance of 10 million cycles, therefore, 
the corrosion-fatigue specimens would be subject to continuous corrosion 
for a period of 3J days, and for 50 million cycles, for a period of 17 days.

Effect of Lanolin.—The corrosion-fatigue tests of specimens coated 
with lanolin grease showed th a t no benefit was gained by the presence 
of lanolin alone. (Gough and Sopwith found tha t a coating of lanolin 
grease did not affect the fatigue limit of mild steel, brass, copper, and 
cupro-nickel when tested in air.) In  the present results, the effect of a 
coating of lanolin grease appears disadvantageous a t long endurances, 
the fatigue limit then being somewhat lower than tha t of untreated 
materiał. This may be due to increased severity of the attack on a 
few smali anodic areas compared with tha t occurring when anodic 
areas are larger or more abundant.

Eleetroplating.—Electrodeposits of cadmium gave no apparent 
improvement in corrosion-fatigue properties of the treated Duralumin 
specimens. The deposits appeared to be insufficiently adherent for 
efficient protection. At an early stage of each test it  could be seen 
that the electrodeposit was becoming separated from the alloy base, 
and in many cases the deposit on the heavily stressed portion of the 
test-piece flaked away completely. Although the two batches of test- 
pieces were prepared by different methods and plated in different baths, 
there was little difference in the behaviour of the deposits under 
corrosion-fatigue tests. The electrodeposits of zinc gave a substantial 
improvement in the corrosion-fatigue rangę of the Duralumin, and the 
two types of zinc deposit investigated gave practically identical 
improvement.

Metal-Spraying.—The sprayed coatings of aluminium gave a sub­
stantial improvement in corrosion-fatigue rangę, but the improvement 
was not so well maintained at long endurance as th a t given by the 
zinc electrodeposits.

Organie Protectives.—In the tests of samples coated with organie 
protectives it  was found tha t considerable improvement in corrosion- 
fatigue properties was afforded by the enamel or varnish film alone; 
from this point of view the synthetic resin varnish (stoving) and pig- 
mented oil varnish (D.T.D. 62) gave the best results. Cellulose enamel 
(D.T.D. 63) was not so effective.

Anodic Treatment Supplemented with Organie Protectives.—With each 
of the protectives mentioned abo^e, anodic oxidation of the materiał 
prior to application of the enamel or •yarnish resulted in a very much 
greater degree of improvement in corrosion-fatigue properties than that 
obtained with the enamel or yarnish applied to the untreated Duralumin
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surface. The best results were obtained with the synthetic resin 
stoving enamel on anodically-treated materiał, the corrosion-fatigue 
properties in this case being superior to the fatigue properties in air 
of the uncoated materiał. In  the stoving operation the samples are 
heated to 100° C. for 2 hrs., but it appears unlikely th a t this thermal 
treatm ent would have any appreciable effect on the fatigue properties 
of the Duralumin itself, the tensile properties not being appreciably 
affected. Good results were also obtained with pigmented oil varnish 
D.T.D. 62, on anodically treated Duralumin, the corrosion-fatigue 
limit at 10 million cycles being apparently higher than the fatigue 
limit in air of the untreated Duralumin for the same endurance. The 
results of tests of anodically treated samples coated with cellulose 
enamel D.T.D. 63, were not so good as those obtained with the synthetic 
resin varnish, or with the pigmented oil varnish D.T.D. 62.

General  Conclusions.

The experiments have shown th a t the fatigue and corrosion-fatigue 
properties of Duralumin are improved appreciably by surface treatments 
of the types capable of affording generał protection against corrosion.

Gough and Sopwith have shown th a t some metals tested in air 
under ordinary laboratory conditions may sufler some form of corrosion- 
fatigue, sińce specimens tested in  vacuo give higher values of fatigue 
limiting stress. This may explain why the addition of a suitable 
protective coating on Duralumin in the present series of tests increases 
the fatigue limiting stress above th a t which is obtained from tests of 
the unprotected materiał in air.

The benefit of anodic oxidation treatm ent before application of 
enamels and varnishes is shown in marked degree.
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*The Properties of Aluminium and Two of Its Alloys at Elevated Tempera- 
tures. F . M. Howell and D. A. Paul (Metals and Alloys, 1934, 5, 176-179).— 
Tables and curves are given showing the variation in  tensile strength, yield- 
point, and elongation after heating to  tem peratures up to  300°^00° F . (150°- 
205° C.) samples of (A) commercially pure alum inium ; (B ) an alloy of A  w ith 
1-25% m anganese; (O) an alloy of B  w ith  1% magnesium; the samples were 
tested in  the hard (80% reduction), half-hard, and annealed states. Prolonged 
heating a t  200°-300° F. (93°-150° C.) does no t m aterially soften any of the 
materials, bu t a t  300° F . (150° C.) the hardness of all bu t half-hard B  deoreases 
slightly. An inerease of 20%  in the yield-point is produoed by long heating 
of strain-hardened A  and  B  a t 212° F . (100° C.) or a t  300° F . (150° C.), probably 
due to  the removal of in ternal strain. Above 300° F . (150° C.) the fully 
hardened m aterials lose strength  more rapidly than  the half-hard ; the la tte r 
reąuire a  tem perature of about 100° F . (38° C.) more th an  the former for 
complete softening.—A. R. P.

*Properties of Evaporated Films of Aluminium over Chromium. Robley C. 
Williams (Phys. Bev., 1934, [ii], 46, 146).—A note. Satisfaetory mirrors ean 
be prepared by evaporating a film of chromium on to  glass, and then  covering 
i t  w ith a  film of aluminium. W hen first deposited the film is comparatively 
soft, bu t i t  is hardened instan tly  by washing in  w ater or alcohol, and is then  
soarcely affected by rubbing w ith  a blunt steel instrum ent. The reflectivity is 
as good as th a t of pure aluminium (Williams and Sabinę, Astrophys. J ., 1933, 
77, 316). The alum inium  layer can be removed by a solution of potassium 
hydroxide or sodium ehloride w ithout removing the chromium, w hilst a  method 
for dissolving chromium placed on glass enables the double film to be removed, 
w ithout injury to  the glass surface.—W. H .-R.

*Studies on Explosive Antimony. I.—The Microscopy of Polished Surfaces. 
C. C. Coffin and S tuart Johnston (Proc. Boy. Soc., 1934, [A], 146, 564-570).—• 
The appearances of polished surfaces of explosive antim ony, as determined by 
microscopio examination before and after explosion, are described and 
illustrated.—J. S. G. T.

*The Nuclear Spins and Magnetic Moments of the Isotopes of Antimony. S. 
Tolansky (Proc. Boy. Soc., 1934, [A], 146, 182-198).—The nuclear spin of each 
of the isotopes, 121 and 123, of antim ony is 5/2, bu t the nuclear magnetic 
moment of the former is 1-37 times th a t  of the la tte r .—J . S. G. T.

*Transformation of Boroń into Beryllium 8. F. K irchner (Naturwiss., 1934, 
22, 480).—A  brief note. The nuclear transform ation of boron bombarded 
w ith rapid protons leads, aocording to  measurements of the rangę of the 
a-particles em itted, apparently  to  the formation of an excited beryllium 
nucleus.—J . W.

tCalcium : Its Metallurgy and Technology. C. L. Mantell and Charles H ardy 
(Electrochem. Soc. Preprint, 1934, Sept., 187-203).—The properties, char- ' 
acteristies, preparation, and applications of calcium in chemistry and m etal­
lurgy are presented. The m etal has been found useful in the purification of

* Denotes a paper describing the results of original research. 
f Denotes a first-class critical review.
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lead and the preparation of its  alloys; the deoxidation and degasification of 
copper and its  a lloys; as a metallurgical addition agent in  connection with 
leaded bronzes and miscellaneous non-ferrous alloys; the purification of cast 
iron and steel; th e  betterm ent of commercial grades of nickel, aluminium, 
beryllium, magnesium, and o ther metals, as well as a reducing agent for some 
of the rare metal oxides.—S. G.

*The Production of Metals of the Cerium Group. Felix Trombe (Electrochem. 
Soc. Preprint, 1934, Sept., 231-235).—A m iniaturę celi for fused chloride 
electrolysis was developed, capable of handling very smali ąuantities of rare- 
earth  m etal chlorides. W ith  a purified carbón anodę, a molybdenum rod 
cathode, and a fluoride-porcelain cup to  catch the metal as formed, high-purity 
cerium, lanthanum , and neodymium m etal were produced which were spectro- 
scopically free from calcium and aluminium and contained bu t very smali per- 
eentages of S i l i c o n  and i r o n  present as im purities. The physical properties of 
these pure metals were determined. The metals are all very malleable and 
relatively soft.—S. G.

Action of Reducing Gases on Copper Contaminated with Cuprous Oxide. 
M. A rtignan (Chirn. et Ind ., 1934, Special No., (April), 575-578; C. Abs., 1934, 
28, 5380).—Fissuring of copper boiler plates in  service is shown to be due to 
reduction of cuprous oxide present in the copper. The mechanism of the 
reaction is essentially the same w ith all reducing gases (hydrogen, carbon 
monoxide, hydrocarbons): diffusion of the gas into the metal, reduction of 
the cuprous oxide, diffusion outward of the gaseous products of reduction 
(water vapour, carbon dioxide). As the rates of diffusion of the gases through 
the metal are inversely proportional to the sąuares of their densities, consider­
able pressure builds up in  the cavities containing th e  cuprous oxide (particu- 
larly  in  th e  case of hydrogen and carbon monoxide) before the reduction 
products can escape, freąuently causing rupture of the cavities. Determination 
of the loss in weight of a test-bar when heated to redness in  hydrogen would 
seem to furnish a convenient test, and might be included advantageously in 
technical specifications. I t  is suggested th a t a  maximum of 0-030% of cuprous 
oxide be stipulated.—S. G.

*The Eflect of Oxygen on the Properties of Copper. W. Broniewski and S. 
Jaślan (Prace Zakładu Metallurgicznego Politechniki Warsawskiej, 1933, 3, 
93-101).—[In Polish, w ith French summary.] See J . Inst. Metals, 1933, 53’ 
226.—S. G.

A Bibliography of Indium, 1863-1933. H erbert A. Potratz  and John  B.
Ekeley {Unio. Colorado Studies, 1934, 21, 151-187).—S. G.

*The Indium Isotope 113. M. Wehrli (Naturwiss., 1934, 22, 289).—A brief 
prelim inary note. The band spectrum of indium  shows the presence of the 
isotope of atomie weight 113 in  the ratio  14 : 1.—J . W.

Lithium. H ans Osborg (Electrochem. Soc. Preprint, 1934, Sept., 361-374). 
—Lithium  m etal and lithium  alloys are now being produced on a  large com­
mercial scalę. The physical and chemical properties of the metal are briefly 
reyiewed and compared w ith those of other members of the alkali metal group. 
Im portan t technical applications include the treatm ent of molten copper and 
bronzes w ith lithium -calcium  (50 : 50, 30 : 70) alloy. An exceptionally pure 
and high-conductivity copper is obtained. The lithium -calcium  alloy added 
to molten cast iron, carbon steel, and stainless irons and steels greatly improves 
their physical properties. L ithium  added to  magnesium inereases its  corro- 
sion-resistance and tensile strength. Less than  0-5% lithium  added to 
aluminium-zinc alloys develops mechanical properties similar to  mild steel.

—S. G.
*Preparation of Samples of Magnesium and of Calcium Purified by Sublima- 

tion in Vacuum and of Ingots of These Metals or of Their Alloys Obtained by 
Fusion under Argon. J . Herenguel (Chim. et Ind ., 1934, Special No., (April),
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701-703; C. Abs., 1934, 28, 5380).—Magnesium can be obtained in a high st-ate 
of pu rity  by sublim ation in  yacuum of purified eommercial magnesium. 
Fusion in an  atm osphere of argon carried out on charges of the order of 2 0 - 
30 kg. gives exceptionally sound ingots. Calcium is amenable to  the same 
treatm ents.—S. G.

Laws of Vapour Pressure of Mercury. C. Codegone (Bicerche ingegneria,
1933, 1, (6), 195-197; Sei. Abs., 1934, [B], 37, 209).—Between -  40° and 
700° C. the relation of mercury pressure (kg./m .2) and absolute tem perature 
(° C.) is given by log1? p =  10-12723 -  3250/T -  0-30 log10 T  — 0-00018J7. C. 
discusses the derivation of th is formuła, and gives tables from — 40° to  700° C. 
(every 10° to 450°) showing p in  mm. of mercury as oaloulated from the formuła 
and as deduced a t  various tem perature ranges from experiments by Knudson, 
Herz, Rarnsey and Young, Menzies, Cailletet and Colardeau and Riviere, 
Callendar and Griffiths, Jenkins, v. W oitinek, and Volmer and Esterm ann. 
The agreement is extrem ely close. Another table gives p  (kg./m.2) from the 
formuła and dp /dT  for each 10° from 0° to 700° C.—S. G.

*Capillary Depression of Mercury in Wide Tubes. Josef Stulla-Gotz (Physikal. 
Z ., 1934, 35, 404-407).—The capillary depressions of mercury a t  8° C. in 
glass tubes of diam eter 27-50 mm. were determ ined by an interferom eter 
method. The depression becomes zero in tubes of diam eter 45 mm. and 
greater.—J . S. G. T.

*Influence of the Adsorption of Atoms and Molecules on the Photo-Effect in 
Mercury (Excitation of Adsorbed Molecules). H . Cassell and W. A. Schneider 
(N a tu r w is s 1934, 22, 464-465).—A short prelim inary note.—J . W.

*The Structure and Gas Content of Nickel Films Produced by Cathodic 
Sputtering. Wilhelm Biissem and Friedrich Gross (Z. Physik, 1934, 87, 778- 
799).—Nickel films produced by cathodic sputtering  in  hydrogen have a 
hexagonal structure w ith axial ratio  cja =  1-63 if they  are no t heated too 
severely. By heating the films a t 400° C. either during or after production 
a cubic structure is produced. If the films are produced in  an atmosphere 
comprising neon and helium, sufficient hydrogen is derived from th a t adsorbed 
in the nickel and the walls of the vessel to ensure th a t the structure of the films 
is hexagonal. If  the percentage of hydrogen is reduced sufiiciently, films haying 
a cubic structure are produced. Hydrogen is evolved from all the films when 
they  are heated to  700° C. W henniekelis spu ttered in  nitrogen, in  the absence 
of appreciable amounts of hydrogen, films possessing a space-centred tetragonal 
structure are obtained. In  addition, a hexagonal structure having an  axial 
ratio  c/as =  1-315 is produced, together w ith nickel oxide. By heating above 
200° C. the tetragonal phase is transform ed into the hexagonal phase (c/a =  
1-315) and finally into the cubic phase.—J . S. G. T.

Change of [ElectricalJ Resistance of Nickel, Iron, and Bismuth in Alternating 
Magnetic Fields of Audible Freąuencies. J . Muller (Z. Physik, 1934, 88, 277- 
291).—A description is given of an experimental method for determining 
changes of eleetrical resistance of a m etal in  weak alternating magnetic fields of 
audible frecjuencies, and results obtained w ith nickel, iron, and bismuth are 
discussed.—J . S. G. T.

[Magnetic] Permeability of Nickel and Iron for Very Smali Wave Lengths, 
A =  4-10 m. J . Muller (Z. Physik, 1934, 88, 143-160).—A bolometric 
m ethod for determining the high-frequency resistance of wires for very short 
waves is described. The method is tested  by results obtained w ith a platinum  
wire and then  applied to nickel and iron wires. In  the ease of nickel an  effect 
due to  frequency on the effective perm eability of the wire a t  various points of 
the  m agnetization curve was not found; in  the ease of iron, however, the 
efiective perm eability decreased w ith increasing frequency, the decrease be- 
coming greater as the circular m agnetization produced in  the interior of the 
wire became less.—J . S. G. T.
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*The Freezing Point of Platinum. F . Hoffmann and C. Tingwaldt (Physikal. 
Z., 1934,35,434-436).—The freezing point of platinum  is found to be 1773-8° C. 
±  1° C.—J. S. G. T.

*Spontaneous Change of the Optical Transparency of Thin Silver Foil.—I, II.
A. Jagersberger and F. Schmid (Z. Physilc, 1934, 88, 265-269; 89, 557-563).— 
(I.—•) Spontaneous ehanges in the optical transparency of th in  silver films are 
found to be analogous to  those deduced from measurements of the eleotrical 
resistances of sputtered th in  silver films. The phenomenon is attributable to 
three effects, viz., structural change, gas adsorption, and chemical change. 
(II.—■) The dependence of optical transparency on thickness of film is investi- 
gated, and i t  is found th a t there is a  lower lim iting thickness characterizing 
only the structural change, bu t not the gas effect. The structure of the films 
is discussed.—J . S. G. T.

*On the Atomie Weights of Niobium and Tantalum. O. Hónigschmid (Natur- 
wiss., 1934, 22, 463^64).—-A short prelim inary note. New determinations 
gave : niobium =  92-91 ±  0-01; tan talum  180-89.—J . W.

Notes on Tantalum and Niobium. W. R. Schoeller (Sands, Clays, and 
Minerals, 1933, 1, (3), 4 0 ^ 2 ) .—A short generał aocount of the occurrence, 
properties, and uses of tantalum  and niobium.—I. M.

fThe Production and Utilization of Thorium and Uranium. J . W. Marden 
(Electrochem. Soc. Preprint, 1934, Sept., 153-160).—Two methods have been 
found to give a sufficiently pure and stable m etal powder for sintering and 
working. The working properties of the two metals are discussed. Three 
principal uses found for these metals are described. The photoelectric proper­
ties of thorium  and uranium  are used in measuring restricted portions of the 
ultra-violet spectrum. Thorium has proved particularly useful in  glow dis- 
charge lamps. B oth metals have been used in  X -ray tubes, and in  certain 
conditions m ay come to  be of considerable commercial importance.—S. G.

fVanadium. B. TJ. Saklatwalla (Electrochem. Soc. Preprint, 1934, Sept., 
161-166).—Only the more recent developments are taken into consideration, 
w ithout attem pting to  survey the old yoluminous literature. Some of the 
newer theories evolved as to  the metallurgical effects of vanadium  are discussed, 
especially as th is forms probably the first published record of them . The funda- 
m ental properties of the vanadium  atom  as such are discussed, as i t  is con- 
sidered th a t they  are different from those of any other atom  and responsible 
for some of its  im portant technical effects.—S. G.

*Measurements Employing Liquid Helium. XXIII.—Superconductivity of 
Vanadium. W. Meissner and H. Westerhoff (Z. Physilc, 1933, 87, 206-209).— 
Vanadium is found to  become superconducting a t 4-4°-4-3° abs.—J . S. G. T.

*The Thermal Resistivity and the W iedemann-Franz Ratio of Single-Crystal 
Zine. O. A. Cinnamon (Phys. Eev., 1934, [ii], 46, 215-221).—The guard-tube 
method has been used to  determine the therm al resistivity a t 57° C. for 13 large 
single crystals of very pure (99-99+% ) zinc. The therm al resistivity obeys the 
Yoigt-Thomson sym metry relation, and the W iedemann-Franz ratio  is the 
same for all orientations of the crystal, and equals 7-15 X 10-6 w att ohm/° C. 
a t  57° C., which is w ithin 11% of th a t predicted by the Sommerfeld theory. 
The two principal therm al conductivities are A0 =  1-0092 and A80 =  1-0684 
w atts/cm ./° C. a t  57° 0. R ssults are also given for crystals w ith a  mosaic 
structure, and for speeimens which were intentionally strained.—-W. H.-R.

*The Diffusion of Metals [Zinc and Cadmium] in Mercury. F ritz  Weischedel 
(Z. Physilc, 1933, 85, 29-35).—A  method of measuring ehanges of concen- 
tra tion  due to  diffusion of a m etal in  mercury, dependent on measurement of 
eleotrical conductivity, is described and is applied to  determine the diffusion 
coeffs. of zine and cadmium in mercury. The results obtained are compared 
w ith those obtained by o ther observers. In  the case of zinc the diffusion eoeff. 
is found to  depend on the concentration; such dependence is not so evident in 
the case of cadmium.—J. G. S. T.
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On the Purity of Metals 2000 Years Ago. August Ebeling (Z. Metalllcunde, 
1934, 86, 116-118).—Some notes are given on the pu rity  of lead pipes found a t 
Pompeii and of a  sample of Rom an lead found a t  Spalato-Solana (of. J . Inst. 
Metals, 1930, 43, 406). A large hand-forged copper nail from the Lake Nemi 
ship (about a .d . 40) contained copper nearly 99-6, iron 0-26, nickel 0-087, 
silver 0-018, arsenie 0-015, and Silicon 0-007% . The nail was only slightly 
corroded, and had a Brinell hardness of 71 kg./m m .2, a  tensile strength  of 24-6 
kg./mm.2, and  an  elongation of about 15%.—M. H.

*Periodic Fluctuations in Metal. E . G. H erbert (Metałlurgia, 1934, 10, 
153-154).—Read before the B ritish Association, 1934. A discussion of fu rther 
work on periodic hardness fluctuations induced in  metals by mechanical, 
thermal, and magnetic disturbances includes experiments on nickel in  which 
the elastic and periodic fluctuations after magnetic disturbance were measured. 
The experiments suggest th a t  th e  modulus of elasticity is no t a  stable property, 
but is liable to  fluc tuate ; th a t  th e  fluctuations are periodic in character; th a t 
they can be induced by suitable magnetic or therm al d isturbance; and th a t 
they may be caused by the action of stray  fields the character of which has not 
been identified, bu t which can be intercepted by shielding th e  specimen.

—J .  W. D.
*Crystal Plasticity.—I, II, III. E . Orowan (Z. Physik, 1934, 89, 605-613, 

614-633, 634-659).—The following m atters are discussed: (I.— ) plasticity  a t 
Iow tem peratures and Becker’s fo rm uła; (II.— ) th e  dynamie conception of 
erystal p las tic ity ; (I II.—-) th e  mechanics of slip.—J . S. G. T.

*Dependence of the Elasticity of Torsional Oscillations on Freąuency. Dank- 
w art Schenk (Z. Physik, 1934, 88, 626-633).—Results obtained w ith wires of 
copper, brass, aluminium, nickel, and glass show th a t  th e  modulus of torsion 
of these m aterials m ay either decrease or inerease w ith the freąuency of 
oscillation. The results can be utilized to  ascertain w hether the lim iting to r­
sional tenacity  has been exceeded or not in  the course of the experiments.

—J . S. G. T.
*A Study of the Influence of the Intercrystalline Boundary on Fatigue Char- 

acteristics. H . J .  Gough, H . L. Cox, and D. G. Sopwith (J . Inst. Metals, 1934, 
54, 193-220; discussion, 220-228).—A lternating torsional stress tests were 
made on aluminium specimens, each consisting of 2 crystals having the boun- 
daries differently disposed. Deformation during th e  tests  was studied by close 
observations of the slip-bands produced w ith special a tten tion  to  markings in 
the vicinity of the intercrystalline boundaries. The authors suggest th a t  in te r­
crystalline boundaries m ay considerably strengthen the  constituent crystals 
against fatigue, bu t the observed effects of th e  boundaries on the distribution 
and am ount of slip are very smali. In  the discussion 1). Hanson considered 
th a t there was now little  doubt th a t the resolved shear stress law applied in  the 
case of aggregates. U. B . Evans referred to  the  form of cavity resulting from 
corrosion-fatigue and recent research work by Gould a t  Rangoon. B. P. 
Haigh asked for information on th e  direction followed by cracks in  jum ping 
from one slip piane to another. C. II. Desch suggested th a t the tim e factor 
may be of importance in  connection w ith the effect of erystal boundaries, and 
th a t experiments a t very high and very Iow stress cycle frequencies would be of 
interest. C. F. E lam  mentioned th a t  cracks do no t always follow planes of 
slip, and th a t th e  “ herring-bone ”  structure observed by the authors had also 
been observed in  [3-brass crystals. F. Hargreaves asked for information on 
removal of effects of fatigue stresses by heat-treatm ent.—H. S.

The Fatigue of Metals. A. Lóbner (Oiesserei, 1934, 21, 248-249).—A short 
note on the causes and effects of fatigue, and the principles of the yarious 
dynamie methods for investigating the fatigue of metals.—A. R. P .

Crystal Structure and Endurance Properties. P . Scherrer (Buli. Assoc. 
Suisse IŹlect., 1934, 25, 458-463).—A leeture to  the Ziirich Physieal Society.
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The ordinary mechanical properties of solids acting in  accordance w ith Hooke’s 
law m ay be deduced from the lattice theory of molecular structure and from 
recent studies of the mechanics of the atom , especially of inter-atomic attrac- 
tion  and repulsion. Plastic deformatiou, fatigue, and recrystallization 
pnenomena should be explicable on the same basis, bu t correlation is not vet 
complete.—P. M. C. R. J

*The Strength o£ Materials as Affected by Discontinuities and Surface Condi- 
tions. I '. C. Lea (./. Soc. Glass Tech., 19 3 2 ,1 6 ,1 8 2 -2 0 5 ; discussion, 205-209  • 
and (summary) Engineering, 1932,134,256-258 ,280-281 ).—A series of repeated 
stress tests, mainly on steels, bu t of generał metallurgical interest, was carried 
out m  order to  determine the effect on endurance strength of surface finish and 
of discontinuities. The influence of corrosive conditions is discussed and 
lllustrated, and striking inferiority in  mechanical properties is shown by springs 
heat-treated and left black, as eompared w ith similar springs after machining 
and grinding. Parallel discrepancies are exhibited by cold-drawn wires. The 
results of both fatigue and im pact tests. are markedly affected by grooves, 
threading, keyways, and  scratches. Nascent hydrogen due to  electrolysis 
affects not the fatigue rangę, bu t the naturę of the fracture. Nickel-plating has 
much the same effects as grooving, unless stresses have been eliminated from 
the coating, when results are normal. L. assumes stress concentrations a t  dis­
continuities, and, in  the ease of cold-drawn or heat-treated m aterials, a t  grain 
boundaries.—P. M. C. R.

The Mechanism of Creep in Metals. I. A. Oding (Metallura (The Metal- 
lurgist), 1934 9, (1), 14-24 ; C. Abs., 1934, 28, 5792).— [In  Russian.] The 
ma^hematical relations between the softening of the specimen due to  heating 
and the simultaneous hardening due to straining the specimen are developed! 
lhese  relations hołd well for mild carbon and chrommm-nickel-molybdenum 
steels. By use of these formulse O. claims th a t one short-tim e test is sufficient 
to  determine the creep lim it.—S. G.

The Strength of Materials at High Temperatures. H. J . Tapsell (MHaux et 
Machines, 1934, 18, 202-206).—Cf. Met. Abs., th is volume, pp. 338, 339 393 • 
Resistance to flow is correlated w ith resistance to  fatigue, tested  by variouś 
methods, a t  tem peratures from 100° to  600° C., for a series of steels and for 
7 0 : 30 and 8 0 : 20 nickel-copper, phosphor-bronze, Elektron, and a heat- 
resistmg nickel alloy. Pulsating stresses, i.e., cyclic stresses no t presenting 
alternating eąual bu t opposite effects, are considered in  relation to  hio-h  ̂
tem perature flow. If the stress a t any point in  such a cycle exceeds the fatigue 
lim it for the operating tem perature, a  “ flow ” fracture showing no sign of 
fatigue m ay be produced. The effects of different freąuencies of inversion are 
shown graphically. Flow phenomena are considered of more importance than  
those of fatigue a t  high tem peratures. The effect of corrosive media is to 
dimmish noticeably the high-tem perature endurance properties of the materiał 
as eompared w ith those measured in  vacuo or in air. Notched-bar shock tests 
on non-ferrous materials give decreasing values w ith increase of tem perature, 
unless constitutional changes induee recrystallization. The results of static 
hardness tests a t  high tem peratures are necessarily affected by the duration of 
the test, which in  some instances becomes practically a  compression test- 
similar considerations apply to  such tests on soft materials a t ordinary tem ­
peratures. Dynamie methods might be of value in  determining resistance to 
forgmg and rolling.—P. M. C. R.

The Hardness of Electrolytic Metals. ------G uichard,-------C lausm ann,____
Bilion, a n d ------ L anthony (Chim. et Ind ., 1934, Special No., (April), 472'-473;
C. Abs., 1934, 28, 5380).—The hardness of electrolytic metals is due to their 
structure, and not to  the presence of hydrides, as has been claimed.—S. G.

Swelling in Hydrogen of Metals and Alloys Containing Smali Quantities of
9  . ' J -----G uichard ,------- Clausmann, a n d -------Bilion (Chim. et Ind,., 1934
Special No., (April), 5 8 8 ; G. Abs., 1934, 28, 5380).— Certain metals and alloys!
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when annealed in the presence of hydrogen, undergo either swelling or consider- 
able fissuring. These phenomena are due to  the presence of oxide in  the m eta ls ; 
the hydrogen diffuses into the m etal, reduces the oxide w ith  th e  formation of 
H 20 , which a tta ins a very high pressure capable of disrupting the metal. 
Hence, (1) metals eontaining oxide should no t be annealed in  an atmosphere 
containing hydrogen; (2) in  determining oxygen in  metals by heating in  
hydrogen and weighing the H 20  formed, i t  is essential to  heat the m etal to 
fusion in  order to ensure complete liberation of the H a0 , and precautions should 
be taken  to  avoid spurting of the  m etal.—S. G.

Dissipation Constants in Solids. H. W alther (Bell Lab. Record, 1934, 12, 
363-366; illustration, 382).—The tendency of a  m etal bar to  “ r in g ” when 
struck depends on its  in ternal resistance to  elongation and contraction. I t  is 
measured by its  dissipation constant, Q, defined as the ratio  of mechanical 
reactance to  mechanical resistance. I f  is th e  in ternal viscosity (which varies

E
inversely as the freąuency/) ,  and E  is Young’s modulus, Q — < ry-. For the

measurement of Q, a  slender bar is supported in  its  middle and magnetic 
receiver structures are placed near each end. One receiver is connected to  an 
oscillator, by means of which th e  end of th e  bar is caused to  vibrate. The 
degree to  which th e  vibrations are transm itted  along the rod is measured by 
observing the voltage induced in  the o ther receiver. The dissipation constant 
of a  m etal depends on its  condition of in ternal stress, bu t bears no relation to 
its other physical properties such as hardness or melting point. Average 
values are tabu lated  for various materials and vary from 30 for hard lead (200 
for annealed lead) to  50,000 for annealed aluminium.—J . C. C.

Light Absorption by Metals. Alexander Smakula (Z. P hysih , 1934, 88, 
114-126).—The light absorption curves of aluminium, lead, tin , chromium, 
manganese, antimony, and bism uth in  the region 700-186 m(x are shown to be 
related in  a simple manner to  atomie electric conductivities of these metals. 
The greater the light energy neeessary to  effect an  electron transfer in the 
metal lattice the smaller is the atomie electric conductivity.—J . S. G. T.

*Reflection Factors of Various Materials for Visible and Ultra-Violet Radiation. 
A. H. Taylor (J . Opt. Soc. A m er., 1934, 24, 192-193).—Yalues are given for the 
reflection factors of various materials for light (from a tungsten lam p a t approx. 
2000° K .) and for monochromatic radiation of wave-length 2967 A. The 
measurements were made w ith T .’s modified portable refłectometer, which is 
independent of comparison standards. Aluminium electrolytically brightened 
and trea ted  by the Alumilite oxidation process gave high reflectm ties, bu t was 
surpassed by an aluminium alloy (probably aluminium-magnesium) deposited 
on glass by sputtering in  a high vacuum. [Note by abstractor: The legend for 
Fig. 1 of the paper is missing, bu t is to be found in  the succeeding issue of the 
periodical, p. 228.]—R. G.

The Spontaneous Change of Transparency of Thin Metal Foil.—III. A. 
Jagersberger (Z. P hysih , 1934, 89, 564-581).—A theory of the spontaneous 
change of transparency of th in  m etal films, based upon the optical dispersion 
formuła relating to  metals, is developed. The order of magnitude of the mass 
of gas adsorbed by such films is derived.—J. S. G. T.

Electrical Conduction in Thin Metal Films. A. Jagersberger (Z. P hysih , 
1934, 87, 513-517).—The experimental faot th a t  the specific electrical resist­
ance of very th in  m etal films inereases rapidly w ith decreasing thickness of 
film is in terpreted  on the assumption th a t the number of free electrons per c.c. 
of the film decreases under these conditions.—J . S. G. T.

The Anomalous Electrical Conductivity of Thin Metals. H. Murmann (Z. 
Physilc, 1934, 89, 426-430).—Experim ents w ith th in  films of silver produced by 
sublim ation in  vacuo show th a t the hypothesis of W ait and of Steinberg, th a t
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tacts, where yery smali yoltages are present (“ d ry  ” contacts). Contact pres- 
SUr 6l-?- 20  g rm . should  be avo ided  if  possible, a n d  fo r all-round
reliability tw in dome-shaped contacts of pure silyer are recommended, w hilst 
for very smali yoltages platinum  should be used. O ther non-ferrous metals 
and alloys are also described, ineluding iridium, palladium , tungsten, and noble 
metal alloys. The investigation was carried out for th e  (British) Post Office, 
and refers to  contacts for com paratively smali eurrents.—W. H .-R.

The Transverse Thermomagnetic 'E ffect: A Method o£ Measurement. 
O. Schmidt Nielsen (Phil. M ag ., 1934, [yii], 18 ,575-579).—T heN ernst-E ttings- 
hausen effect is a ttribu tab le  (a) to direct action of the magnetic field on the 
electrons m  th e  metal, and (b) to  an  indirect effect due to  polarized molecules. 
Apparatus for distinguishing between these two is described. Results w ith a 
nickel tube show th a t th e  coeff. for effect (6) is 0-15 K ,  where K  is the coeff. of 
heat conduction. The effect (a) was too smali to  determine.—J . S. G. T.

Theoryof the H all-, Nernst Ettingshausen-, and Righi-Leduc Effects. N. 
Akuloy (Z. P h ysik , 1934, 87, 768-777).—A m athem atical theory of these 
thermo-electric and thermom agnetic effects in  ferromagnetic metals is de- 
yeioped. The law of anisotropy already deriyed for the m agnetostriction effect 
is extended to  include thermom agnetic and m echano-striction effects.—J . T.

oi Ferromagnetic Ellipsoids.—I. R . Becker (Z. P hysik ,
, ’ 547-559).—A therm odynam ic theory  of m agnetostriction is de-

veloped.—J . S. G. T.

i r J eZ ° m »*aeJ Ż m - ,? •  H ' 1’0wler and F - Powe11 (Proc- Gamb. P hil. Soc.,1931, 27, 280-289).— M athem atical.— S. G.
Theory of Thermomagnetic and Thermoelastic Phenomena. P . Chramov 

and L. Lwowa (Z. P hysik , 1934, 89, 443-446).—Changes in  th e  values of the
e.m.f. s ol mckel-copper and iron-copper thermocouples due to  magnetization 
and to  tensile stress are shown experim entally to  be in  agreement w ith Akulov’s 
first rule (ibid., 1928, 52, 389; 1934, 87, 768).—J . S. G. T.

Magneto-Elastic Torsion Experiments. R . Becker and M. Kornetzki (Z. 
P hysik , 1934, 88, 634-046).—Experim ents which show th e  effect of extem al 
stresses on th e  d irec tion  of spontaneous m agnetization  of n ickel a n d  iro n  wires 
are described. Soft annealed iron and nickel wires exhibit an apparent plastic 
remanence which can be removed either by a longitudinal magnetic field or by 

ł i  magnetization. The remanence is in  accordance w ith the torsion
attributable to  a helical magnetic field. The effect of magneto-mechanical 
remanence on th e  damping of torsion al oscillations executed by the wire is 
discussed.—J . S. G. T.

*Hysteresis Losses and the Area of the Hysteresis Loop. L. W. McKeehan and 
R. M. Bozorth (Phys. R ev., 1934, [ii], 46, 527).—A note. Modern theory and 
experim ent in d ica te  th a t  changes in  m agnetization  occur by  th e  reversa l of a  
n u m b er of sm ali dom ains. The in te rp re ta tio n  of hysteresis losses is discussed 
from  th is  p o in t of view .— W . H .-R .

Effect of Temperature in Ferromagnetic Crystals. G. S. M ahaiani (.7. 
U m v. Bombay, 1933 2, (2), 132-151; C. A bs., 1934, 28, 5301).—The results 
of a  previous paper ( J . In s t. M etals, 1929, 42, 430) are revised to take account 
ot tem perature effects in  ferromagnetic crystals. These effects include trans- 
iationai displacement of atoms, as used by Born in  treating  the specific heats 
w • i - i - ’i.an ’ liberation of the magnetic axes of the atoms.
W ith this liberation assumed monochromatic, a provisional solution of the pro- 
posed eąuations explains qualitatively the experimental results of Weiss and 

or!T!J I nst-M etals, 1927,37, 396), bu t certain defects prevent a  quantitative 
aPP, Pa^ °n . P icture  of magnetization and hysteresis is drawn on the basis 
oi th is theory, which appears promising.—S. G.

The Diamagnetic Susceptibility of Atoms. Paul Gombas (Z. P hysik , 1933, 
87, 57-b l).—A formuła for the diamagnetic susceptibility of atom s is deriyed
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by applioation of the statistical theory due to  Lenz and Jensen, and fairly 
satisfactory agreement between calculated and experimental values is found 
in  the case of 12 elements, including the alkali and alkaline earth  metals.

—J .  S. G. T.
fMethods and Results Relating to the Investigation of Isotopes. J .  Mat-

tauch  (Physikal. Z .,  1934, 35, 567-621).—Work relating to  isotopes is very 
thoroughly reviewed, and an extensive bibliography comprising 240 references 
is appended.—J . S. G. T.

*A New y-Radiation o£ Artiflcially Radioactive Elements. R. Fleischmann 
(N aturw iss ., 1934, 22, 434-435).—A short note. Iron, aluminium, and silica 
em it y-rays when bombarded w ith neutrons.—J. W.

II.— PROPERTIES OF ĄLLOYS

(Continued from pp. 442-445.)

*Note on the Influence of Gases in an 8%  Copper-Aluminium Alloy on 
Normal and Inverse Segregation. I. G. Slater (./. In s t. M etals, 1934, 54, 103- 
105; discussion, 105-110).—The relationship between gas oontent and 
segregation in  an 8% copper-aluminium alloy is studied. In  smali sand-oast 
ingots segregation was found to  be inverse w ith very gassy melts, bu t to  be 
norm al w ith degassed melts. In  the discussion T . Turner suggested th a t 
segregation might be th e  cause of gas liberation. N . P . A llen  considered 
th a t there is some connection between inverse segregation and cavities. 
R . Oenders regarded the results and others obtained by Hohne as support for 
the gas theory of inverse segregation. C. H . Desch sta ted  th a t the gas theory 
of inverse segregation was a t  present the only acceptable one, and pointed 
ou t th a t the m anner of liberation of gas during freezing was the im portant 
faetor, the to ta l ąuan tity  present being unim portant. D . Hansem  regarded 
gas as an im portant faetor in controlling inverse segregation, bu t considered 
th a t shrinkage elfects are also of possible influence. O. L . B ailey  considered 
the subject much more complicated th an  if dissolved gases alone were con- 
cemed. S . W. S m ith  pointed ou t th a t  chill-castings were more suitable for 
the study of inverse segregation and interpreted the au thor’s work as showing 
th a t  the alloy showed inverse segregation whether gas-free or not. H . Moore 
mentioned the difficulty of explaining all eases of inverse segregation on the 
basis of the gas theory.—H. S.

*The Iron Corner of the System Iron-Manganese-Aluminium. W erner 
K oster and Willi Tonn (Arch. Eisenliuttenwesen, 1933-1934, 7, 365-366).— 
Thermal, dilatometric, and micrographic investigations on alloys containing 
up to  30% aluminium and 50% manganese reveal the existence of only a- 
and y-solid solutions. The (a -f- y)-field stretches from the iron corner trans- 
versely across the rangę examined up to  40-50%  manganese, where it  is 
bounded by the field in which the (3-manganese transform ation oceurs.—J . W.

Compensatable Nickel-Containing Aluminium Alloys. B. Trautm ann 
(Niclcel-Ber., 1934, 81-86; G. A bs., 1934, 28, 5795).—Alloys of aluminium 
w ith nickel, copper, and manganese, and some w ith iron, Silicon, and titanium  
also, which have found inereasing use outside Germany, are investigated. 
The best-known of these alloys are the “ Y  ”  alloy developed in England a t 
the N .P.L. and the “ R .R .” alloys of the Rolls-Royce Co. These alloys are 
used chiefly for the m anufacture of internal combustion engines. D ata are 
given on the preparation of the alloys, the best methods of alloying, the most 
suitable materials for crucibles, as well as the physical and chemical properties 
of the alloys. The best casting tem perature is 69Ó°-730° C.—S. G.
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* Aluminium—Silicon Alloys. W. Broniewski and M. Śni wi-fowsk i (Prace. 
Zakładu M  etallurgicznego Politechniki Warsawskiej, 1933, 3, 59-83).— [In 
Polish, w ith French summary.] See J . Inst. Metals, 1933, 53, 10, 490. S. G.

* Influence of Smali Additions of Elements on the Properties of Aluminium 
Alloys. Hideo Nishimura (Suiyokwai-shi, 1934, 8, 379-390; C. Abs., 1934, 
28, 5022).— [In Japanese.] Molten aluminium and aluminium alloy were 
trea ted  w ith yarious chloride fłuxes, sueh as MnCl2, NiCl2, CoCl2, CuCl, CuCl2 ; 
and ąuantities of nickel, manganese, cobalt, and copper dissolved in aluminium 
were determined. Manganese was the most easily dissolyed in  aluminium 
and aluminium alloys from th e  flux. The tem perature of treatm en t was 
independent of the quan tity  added. The effect of a smali am ount of titan ium  
(0-02-0-46%) on the ageing of aluminium alloys containing 4-5%  copper was 
inyestigated by measurements of electrical resistivity and hardness, and the 
m icrostructure of the heat-treated  alloys was examined. T itanium  does not 
decrease th e  hardness of the alloys a t  higher tem peratures.—S. G.

*The Reflectivity of Intermetallic Systems [Al-Si, Al Mg', Al-Ag]. J . 
WnlfF (J. Opt. Soc. Amer., 1934, 24, 223-226).—Yalues are given for the per- 
centage reflection of aluminium-silicon, aluminium-magnesium, and alu- 
minium-silver alloys for the region 2000-6000 A. The specimens were 
polished optically and etched in  extremely dilute solutions (NaOH, NaOH -|- 
NaF, and H N 0 3) until the  first microscopic indications of structure appeared. 
The compound Mg3Al2 showed high reflectivity, the alloys between this and 
the pure metals giving a simple m ixture relationship of the limiting reflec- 
tiyities. In  the Silicon alloys the Iow reflectiyity of Silicon in  the yisible 
spectrum becomes evident w ith as little as 20% present. The results given by 
the alum inium -silver system appeared anomalous in  certain respects.—R. G.

Light Alloys for Cylinder Construction and Their Sliding Properties. O.
(Metallbórse, 1934, 34, 501-502, 534-535).—The characteristics 

of a cylinder alloy are critically discussed, and the compositions of seyeral 
light alloys on a  silicon-aluminium basis which fulfil to  a  greater or lesser 
extent the reąuirem ents of cylinder alloys are given.—A. R . P.

A New Light Alloy [Ceralumin], Anon. (Nickel Buli., 1934, 7, 99; Met. 
Ind. (Lond.), 1934, 45, 106; Machinist (Bur. Edn.), 1934, 78, 365e; Found. 
TradeJ ., 1934, 51, 59; Metallurgia, 1934. 10, 85-86; Aircraft Eng., 1934, 6, 
248 ; Engineering, 1934,138, 45; Eng. Rev., 1934, 48, 195).—Ceralumin is an 
aluminium alloy containing copper 2-5, nickel 1-5, magnesium 0-8, iron 1-2, 
Silicon 1-2, and cerium  0-15%. W hen aged a t  175° C. for 16 hrs. and ąuenched  
after heat-treating, i t  is known as Ceralumin “ C ” , and has high tensile 
strength and Brinell hardness, bu t Iow ductility. If  aged a t  room tem perature 
for 5 days after heat-treating, the alloy is term ed Ceralumin “ D , and has 
lower tensile strength, bu t higher ductility. The mechanical properties of 
the alloy are tabulated .—J . H . W.

*The Eutectic of the Antimony-Lead System. O taker Q uadrat and Jean 
JifiSte (Chim. et Ind ., 1934, Special No., (April), 485-489; C. Abs., 1934, 28, 
5389).—From  a study of 3 ingots of lead-antim ony alloys containing 19-55 
and 12-89% antim ony th a t had been allowed to  cool very slowly to  ensure 
complete separation of excess antim ony from the eutectic (which was c°n- 
firmed by microscopic exam ination after etching), i t  is concluded th a t the 
eutectic contains 11-4-11-5% antim ony instead of the generally accepted 
value of about 13%.—S. G.

*Thermal Expansion of Alloyed Bismuth Crystals in the Region of the 
Eutectic Melting Point [Bismuth-Lead and Bismuth-Tin Alloys]. A. Gpetz, 
J . W. B uchta, and T. L. Ho (Phys. Rev., 1934, [ii], 46, 538).—A note. Single 
crystals of bism uth grown from melts containing from 1 to  5%  of lead show 
a discontinuity in  the therm al expansion a t  about 125° C. (the tem perature 
of the lead-bism uth  eutectic), although the concentrations are w ithin the



l e ^ m a r k e d ^ h i^ l ^ n l ^  A fte r num erous heatings th e  discontinuities become 
p l m n f  t  ( f f * 8 ' Similar resu lts  are  ob tained  w ith  sm ali per-

of t h e ?• eutectic tem P era tu re  is 135° C. Smali drops
t h i s L Z  riT t J  Y T 1J™ *  SWeated 0ut a t the euteotio tem perature, bu t 
! h o w t n  I  t  etlC ąualities, whilst the lattiee param eter
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l d “ °nocrf  t alline. I t  is concluded th a t the second metal 
L  4 h X  / X  ref 10ns whicłl a r« distributed uniformly.

S  ń  f  f  T^®.work confirms the difficulties of obtaining perfect
mgle crystals of solid solutions, bu t the difficulty of obtaining true eąuilibrium

s L n lv  d ,W n ^ m P ffl f  SUggev tS tŁ at man^  of these °bservations m ay be simpiy due to  msufficient annealmg.]—W. H.-R.

A ł ! i , T  C0balt. AIl0yS- Gx‘ f  KeIsa11 {B d l Lah- & **& , 1934, 13, 1 0 -1 1 ) .-  
A bnef account is g ijen  of the magnetic characteristics of alloys in the iron-
h l ] f L SX V t  \ e °  : 50, all°y  is rem arkable for its  high permeability a t 
ties above lTooń Th® Pe/ meability  than  Annco iron a t  flux densi-
t h e m a Z U  f w  J  ^  ° f " P to  2%  of ™ ™ dium does no t afiect

but enables the alioy’ whioh is °th™  M ttie’ 
f i 9Ir0n; ^ 0balt Single Crystals. J . W. Sliih ( P h y l  

i r o n ’cnhah  n ’ ’ + “  * Ih?n m agnetlc  P roperties of single c rystals of
ea ted  All t h e T l ? 0’ H  4° ’ “ i  an d  70%  cobalt Łave been inyesti-
a n ^  40°/^coha^t łia e 3^m n° u°Û °  structure- bu t those w ith 30

J  < 1 0 0 > , whilst those w ith 50 and 70% cobalt have
to  th ^ h e n r v  nf w e°Il0n of, easies* “ agnetization. This is in  contradiction 
to  the theory of Fowler and Powell (Met. Abs., th is yolume, p. 485), accord-
Ón the Wne of st dlreotlon of eaV  m agnetization depends primarily only 
j  t0  K ^ sm an n , Scharnow, and Schulze

composM<m FePo Th 2’ ^  ■ suPerlattlce m ay be formed near thecomposition eCo. The m agnetization curves for the 70% cobalt allov are
m  agreement w ith the theory of Akulov (Z. Physilc, 1931, 67, 774- 69 78).
The specimens were prepared from very pure iron and 99-37% cobalt.

*e , —W. H.-R.
Some Photoelectric Properties of Cuprous Oxide on Copper. W ilbur E. 

Meserve (Sibley J ., 1934, 48, (6), 83-86).—The photoactivity of the wet and
° Xide f u  haVe been Studied’ usinS sinusoidally varied illummation. The response of the celi rapidly decreases with frenuency

inten J v glVr e  f e(lUencyv the P ^ to -p o ten tia l is a iinear function of the ®  
the nhsse caPacitance a^ d resistance phenomena are described, and
^ h t h e  w ^ S ™ 6? en,?y  °UrVe fOF the 0611 is reProduced. Results obtained 
rpll -7® f 0 are ln  agreement w ith Schottky’s theory of the dry 
in̂  both types^ -p 'I M.eCURgeSt ^  ^  ° f  Phot°-aot™ ty  is the same

t o ^ o f  amiS rih iitn 0fvTFeT mag“ eiti.c Alloys. I I ,  -Measurements Relating
to Iron and Cobalt. M as Kornetzki (Z. Physilc, 1934, 87, 560-579) —The
o T i r o n l n f i maSneto ' s tf  cti«n effects are investigated for 5 ellipsoids 
of iron in  fields of strength up to  10,000 Oerstedt. The volume effect in  pure

be takon°?nto ?  ^  3 “  imPUre ir0n an additional f*>tar h ^ t obe taken  into account. The volume effect in cobalt is investigated up to  a
iron-niclrpf— h lt -° 0ers^ed t- J t  is probable th a t all binary alloys of the 
neto s t rk t  o n ° e f f e p r r S’ a? d P°?sibly also the ternary  alloys, exhibit a mag- 
p o in Ł ^ J  S G T Chara0tenzed ^  an  merease of volume aboye saturation

E d ™ ? ^ 0  Castings ; Foundry Practice, Heat-Treatment, Properties.
' Cove (Trans- Amer. Found. Assoc., 1933, 41, 330-346).—In  melting
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and alloying, the commercially available 12-5% Be-Cu alloy is added to  
thoroughly deoxidized copper proteeted by charcoal and borax glass, pouring 
a t tem peratures between 1050° and 1150° C. Solution heat-treatm ent con- 
sists of soaking a t  800°-820° C. for 2 hrs. followed by quenching in  cold w ater 
—after which the alloy is soft and readily machinable. Precipitation of the 
beryllide is brought about by heating a t  275°-300° C. for about 3 hrs., which 
causes the maximum properties and  slight yolume decrease (0-001 in. per in. 
diameter). W ith articles liable to  distortion the solution trea tm en t should 
be preceded by normalizing a t  800°-820° C., followed by cooling in  air. The 
mechanical properties are given of cast alloys containing 1-79-2-45% beryllium, 
the optimum alloy 2-5% having a tensile strength  of 50 tons/in .2 w ith a yield 
a t  40 tons/in .2, and of rolled alloys (l-5-2-5%  beryllium) in yarious conditions. 
The electrical conductivity yaries considerably w ith the beryllium content 
and w ith the therm al trea tm en t, th e  conductiyity being increased more by 
beryllium than  by th e  same am ount of phosphorus. The therm al conductivity- 
tem perature curve for the 2-5% beryllium alloy shows a  sharp infłection a t 
between 250° and  300° C. Some prelim inary wear tes ts  are reported, and 
applications indicated.—R. B. D.

*Magnetic Susceptibilities of Dilute Solutions of Nickel in Copper at Various 
Temperatures. William H. Ross (Phys. Eev., 1934, [ii], 46, 46-48).—The 
magnetic susceptibilities of copper-nickel alloys containing from 0 to  9-05% 
nickel by weight have been measured in  an  atm osphere of hydrogen a t  tem ­
peratures from — 180° to  +  600° C. The specimens were prepared by slow 
cooling from the molten alloy, and  most were unicrystalhne. Prom  room 
tem perature to  — 180° C. there is rough agreement w ith the  usual Curie- 
Weiss law, b u t above room tem perature there is the equivalent of an  abnorm al 
increase in  param agnetism  w ith increasing tem perature. The diamagnetism 
of pure copper is diminished by the presence of nickel, and w ith more than  
about 4%  nickel by weight the alloys are param agnetic a t  all tem pera tu res; 
specimens containing 7-72 and 9-05% nickel showed a minimum param agnetic 
susceptibility in  the region 0° to  +  200° C. The magnetic mom ent of the 
nickel atom  in the lattice is calculated as 0-3-0-4 Bohr magnetons, and  the 
meaning of th is is discussed.—W. H .-R.

*The Electrical Conductivity of Copper-Palladium Alloys with Ordered and 
Disordered Distribution of Atoms at Low Temperatures. H. J .  Seemann (Z. 
Physik, 1934, 88, 14-24).—The electrical resistances of six copper-palladium 
alloys containing from 37-9 to  52-8% (atomie) of palladium have been deter- 
mined a t  — 252-8° C., — 195-41° C., and a t 18° C. The work is an extension 
of previous work on copper-gold, copper-palladium, and copper-platinum  
alloys (see J . Inst. Metals, 1930, 44, 494, and Met. Abs., th is yolume, 
p. 8). W hilst the specific resistances of the tem pered alloys a t  room tem ­
perature are, to  a  yariable am ount, smaller than  those of the ąuenched alloys, 
the decrease of resistance a t  low tem peratures is no t appreciably different in 
both cases. The constitution of the mixed phases of tem pered copper- 
palladium alloys is discussed and  work on the  copper-platinum  alloys is 
extended by an  inyestigation of th e  alloy containing 22-9% (atomie) of 
platinum . In  th is case, th e  effect of tem pering is to  reduce the specific 
resistance of the alloy a t  room tem perature to  about J  of the yalue for the 
ąuenched alloy.—J. S. G. T.

*Contribution to the Precipitation Hardening of Copper-Silver Alloys. R. 
Mitsche (Z. Metallkunde, 1934, 26, 159-160).—The hardness of silyer-copper 
alloys w ith 92-95%  copper ąuenched a t  750° C. and tem pered for 40-60 
minutes a t  300° C. further inereases by 7-20%  on subseąuent storage a t  room 
tem perature; no suoh effect is obtained w ith ąuenched bu t untem pered 
alloys. The maximum hardening effect after tempering occurs w ith the 
sa turated  silver-rich solid solution alloy; the increase in hardness is about
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132% w ith 5%  copper, 143% w ith 8% copper, and only 42% w ith 30% 
copper.—M. H. /0

*A Study of Six Bearing Bronzes. Oscar E . H arder and Carer S. Cole (Trans. 
Amar. Found. Assoc 1933, 41, 314-329; and Met. Ind. (Lond.), 1933, 42, 639- 
i -  k i a  i com positions of w hich ranged  betw een copper 70- 80,
in  7 R ’ zinc 0_3%  were investigated for tensile and yield-

strengths [the la tte r equivalent to  English 0-1% proof stress.— Note by 
Abstractor], elongation reduction of area, and modulus of elasticity a t  room 
tem perature, Rockwell E  and Brmell hardness a t  room tem perature, Brinell 
a t  tem peratures up to  230° C. Compression tests, in  which the loads were 
mcreased by 2000 lb./m .- increments up to  100,000 lb./in .2, produced curves 
of perm anent deformation after each loading. The density was found in 
every ease to have mcreased after the compression test. Pounding tests 
made on a  machinę of similar design to  th a t of the Bureau of Standards showed 
th a t resistance to  pounding is a function of the tin-copper ratio, whilst the 
presence of lead appears to  decrease the resistance. The test-pieces, cast 
alm ost to  testing size, were produced by four different foundries according 
to  their o t o  practice, which is detailed in the report, bu t which has not 
apparently  had any effect on the tesults except where the “ shake-out ”  tim e 
vaned. A bnef discussion followed.—R. B. D.

*TransformationsinCopper-TinEuteetoid Alloys.—I, II. ( I ._ )  I. Isaitchew
T u ,  ii { T 2  W ' BuSak°w, I. Isaitchew, and G. Kurdjumow
(Metallurg (Metallurgist), 1934, (1), 25-34, 35-39).— [In Russian.] See Met. 
Abs., th is  volum e, p. 342.—N . A.

On the Dependence of the Capability of Strengthening (Work-Hardening) 
“  om Te™Perat,ure- F ■ Sauerwald and H. Giersberg (Z.  Metallkunde, 

34, 26, 135). A brief liote. I h e  degree of hardening produced by working 
(compressmg) 72 : 28 brass is constant between 20° and about 500° C No 
hardening occurs on working a t  above 700° C„ which is the lower lim it óf the 

2Sne‘ SP°ntaneous recrystaUization takes place between 400° 
condition —M H 6 iS then more fi«e-grained than  in  the unworked

*The Transformation of |-B ra ss . H. v. Steinwehr and A. Schulze (Physikal. 
Z  1934, 35, 385-397).—The value of the heat tone in the region of trans- 
iormation of ^-brass, the thermoelectnc power against platinum . the therm al 
expansion and the tem perature coeff. of resistance of p-brass liave been 
measured between 0° and about 600° C. The heat tone lias the value 3-0 cal. / 
grm. and is thus of the same order of magnitude as in the ease of allotropic 
transformations. The results relating to  expansion and electric resistance 
confirm preyious results. The heat tone is no t associated w ith one definite 

?  1S r®la ted  to  a  considerable tem p era tu re  in te rv al, v i z . ,  430° -  
480 O. Ih is  is confirmed by the expansion and electrical measurements.
W o L f? i!  !fi,S o T  ,  COIlfirm the conclusion deriyed by Straum anis and 
Weerts th a t the (3-transformation is associated with a reversible transform ation 
ot a  disordered m to an ordered atomie distribution.—J . S. G. T.

*The Infliienee of Third Metals on the Constitution of Brass Alloys. VI — 
The Influence of Iron. A Contribution to the Knowledge of the Ternary 
System Copper-Zinc-Iron. O. Bauer and M. Hansen (Z.  Metallkunde, 1934, 
26, 121-129) —Cf. J . Inst. Metals, 1933, 53, 123. Earlier work on the con- 
stitu tion  of the copper-nch alloys is briefly reviewed. The constitution of 
the tem ary  system w ithm  the rangę copper 100-52, and iron 0-2% , has been 
studied by therm al and micrographic inyestigation of vertical sections from 

™ 7  SyS|iem c?PPer- zinc- The solidification of the alloys w ith less 
th an  70% copper and up to about 1% iron is similar to  th a t in the copper- 
zme system the iron remaimng dissolyed in the a- and (3-solid solutions and 
producmg httle, if any, increase in  the liquidus tem perature. The peritectic
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reaction a -f  p takes place over a very narrow tem perature rangę and
commences a t  only a few ° C. lower th an  in  the copper—zinc system. W ith 
more than  1% iron th e  iron-rich constituent crystallizes prim arily and hence 
the liquidus tem perature is raised considerably. The solu bil i ty  of iron in 
a- and (ł-brass is about th e  same as in copper and similarly inereases consider­
ably w ith rise in  tem perature. The precipitation of a from (3 takes place, 
according to  the tem perature, either before or after the precipitation of the 
iron-rich constituent. The boundaries of th e  (a +  (3) region are displaced 
slightly away from the copper side. The presence of prim ary iron-rich 
crystals causes a  considerable grain refinement in  cast a- and (3-brass._ The 
structure of recrystallized a-brass is also greatly refined by precipitation of 
iron-rich crystals in  the solid state. Iron  in  a-brass produces tem per-harden- 
ing (cf. J .  In st. M etals, 1932, 49, 263-264). Owing to  the slow ra te  of p re­
cipitation of iron from solution in  a-brass articles of th is alloy are generally 
in the age-hardenable sta te .—M. H.

Nickel-Brasses. G. Dubercet (Rev. Fonderie moderne, 1934, 28, 193-194).
__The properties of nickel-brasses from a consideration of the tem ary  equili-
brium diagram of the copper-nickel-zinc alloys are discussed on the lines of 
an article by J .  Cournot and F . H iltbold in  Rev. N ickel, 1934, 5, (1), 16-33; 
see M et. A bs., th is volume, p. 293.—J . H . W.

Studies on Cast Red Brass for the Establishment of a Basic Classiftcation 
of Non-Ferrous Ingot Metals for Specification Purposes. C. M. Saeger, Jr . 
(Trans. Am er. F ound. Assoc., 1934, 5, (3), 67-96).—See M et. A bs., th is volume, 
p. 382.—R. B. D.

Dental Metals and Their Manipulation. E . W. Skinner (M etal Progress, 
1934, 26, (2), 41-44, 58).—The development is traced of the alloys fulfilling 
the specialized requirem ents and  rigid specifications of dental work. Gold 
m ust be used in  the  fully annealed sta te , or its  welding properties are im- 
paired. Gold-eopper alloys are used for wiring, gold-platinum -palladium - 
silver—copper alloys for crown and bridge work. Zinc and tin  are introduced 
into casting alloys to lower the melting point. D ental alloys should contain 
a t  least 50% of “ noble ”  metal. Standards for the strength of wrought and 
cast alloys are given. The process of taking impressions is described. The 
influence of heat-treatm ent on mechanical properties is discussed, and reąuire- 
ments for certain  types of alloy are tabulated . The im portant work of G. V. 
Black on the silver amalgams and in  systematizing certain branches of dental 
metallurgy is described, and  th e  oonstitution and  valuable properties of 
dental amalgams are briefly considered.—P. M. C. R.

*Gold-Silver Alloys as a Type of Continuous Solid Solutions. W. Broniewski 
an d K . Wesołowski (Prace Z aH adu  Metallwrgicznego P olitechniki W arsawskiej,
1933, 3, 84-94).— [In Polish, w ith French sum mary.] See J .  In s t. M etals,
1932, 50, 474.—S. G.

* Properties of Lead and Lead Alloy Cable Sheaths. J . C. Chaston (Elect. 
Communication, 1934, 13, 31-50).—Sheath reąuirem ents for various types of 
cables are discussed. D uctility is needed for duet telephone cables; hardness 
and fatigue strength  for aerial telephone and duet power cables. For armoured 
cables in  trenches the sheath requirem ents are far less severe. Reviewing 
published data , it  is pointed ou t th a t nearly all test-specimens have been 
maehined from extruded rod or previously flattened sheath and th a t  age- 
W rlen ing  has usually been ignored. In  the work described, all tes ts have 
been made on sheath samples extruded from a cable press. The materials 
used were unalloyed lead, the alloys w ith 0*66, 0*8, and 1'0% antim ony and 
the B ritish Non-Ferrous ternary  alloys No. 1 (antim ony 0-5, cadmium 0-25) 
and No. 3 (tin 0-4, cadmium 0-15%). Age-hardening oceurred in  the No. 1 
ternary  and all the antim ony alloy sheaths and is compared w ith the harden- 
ing of smali samples cooled a t  different ra tes from the euteetio tem perature.
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The antim ony alloys age nearly as rapidly after cooling in  air as quenching 
in  water, b u t the No. 1 ternary  alloy is more sensitive to  variations in the 
cooling rate. Fatigue tests were made on a rotating-beam  machinę using 
sheath specimens 22 in. long to  ensure a central fracture. The alloy samples 
were first aged to  their maximum hardness. The results w ith the lead sample, 
which does no t age-harden, agreed well w ith earlier determinations and were 
little  influenced by the condition of the sheath surface. Tensile tests a t  2 
ra tes of straining indicate lead sheaths to  have by far the greatest ductility. 
Creep tests w ith longitudinal loading are compared w ith bursting tests a t 
room tem perature and 110° C. under prolonged in tem al pressure. An 
apparatus for immersion corrosion tests is described. A  bibliography of 48 
references is appended.—J . C. C.

*The Effect of Impurities on the Surface Tension of Type-Metal Alloys. H. 
Yance W hite (B u li. V irginia Polytech. In st. Eng. Exper. Sta. Series, No. 17, 
1934, 51 p p .; C. A bs., 1934, 28, 5795).—Oxidation increases the surface 
tension of all type-metals. In  oxidizing conditions an increase in  tem perature 
causes an  increase in  surface tension. Arsenie, bismuth, cadmium, mag- 
nesium, potassium, and iron cause slight increases in  surface tension of type- 
m etal alloys in oxidizing conditions, zinc causes a great increase, and sodium 
causes a  m arked decrease.—S. G.

*Constitution and Properties of Alloys of Magnesium with Aluminium and 
Copper. A. Portevin and P. Bastien (('k im . et In d ., 1934, Special No., (April), 
490—519; G. A bs., 1934, 28, 5387).—Thermal analysis of ternary  magnesium- 
alum inium-copper alloys rich in  magnesium reyealed the existence of (1) a 
liąuidus comprising 4 prim ary zones corresponding, respectiyely, to  the separa- 
tion  of the phases Mg, Mg4Al3, Mg2Cu, and Mg2Cu3Al2; (2) two ternary 
eutectics melt, respectiyely, a t  412° and 484° C .; (3) two ternary  solid Solu­
tions, one rich in  magnesium and the other in  Mg4Al3. These results were 
confirmed micrographically. The study of the physico-chemical properties 
was completed by the determ ination of hardness and expansion coeffs. of 
machinable alloys (aluminium +  copper =  or less th an  15%). The oe|S limit 
of the ternary  solid solution rich in  magnesium, which lim it corresponds with 
the appearance of the constituent Mg4Al3, was clearly brought out. The 
curves plotted for densities and electrical conductivities confirmed the exist- 
ence and defined the extent of the ternary  solid solution rich in  magnesium. 
Forging tests showed the possibility of forging ultra-light alloys w ith high 
copper contents (of the order of 12%) and of thus obtaining alloys possessing 
satisfactory mechanical characteristics, whilst a t  the same tim e retaining 
sufiicient hardness and therm al conductm ty  (internal combustion engine 
pistons). The mechanical properties of alloys possessing industrial interest 
(aluminium +  copper =  or less th an  15%) were studied in  detail. The tests 
confirmed the need for replacing tensile strength tests by static  bending tests 
in  the case of alloys as cast, and the la tte r, which are much more accurate, 
are recommended for incorporation into speeifications. The mechanical tests 
showed the existence among magnesium-aluminium-copper alloys of alloys 
possessing mechanical properties comparable to  those of the E lektron alloys 
a t  present used in  industry. R otary  bending tests  showed th a t a certain 
num ber of the alloys, in  the spun state, had fatigue limits close to  12-13 kg./ 
m m .2, i.e. of the same order of magnitude as those of aluminium alloys of the 
Duralum in type. Corrosion tests in  media of known chemical composition 
showed th a t, w ith the same aluminium content, addition of copper increases 
the  facility of corrosion, slowly in the case of a ttack  in  acid medium and 
rapidly in  the case of a ttack  in  a salinę medium. Addition of aluminium to 
magnesium-copper alloys decreases very rapidly the ra te  of corrosion in  sea- 
w ater, and w ith 3%  aluminium or more the mean rates of corrosion of ternary 
alloys become of the same order (this holds for aluminium +  copper =  or less 
th an  15%).—S. G.
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* Alloys of Magnesium Research. I.—The Constitution of the Magnesium- 
Rich Alloys of Magnesium and Nickel. John  L. H aughton and  Ronald J .  M. 
Payne (J . In s t. M etals, 1934, 54, 275-284).—A study of the constitution of 
magnesium alloys containing up to  50% of nickel, by therm al and microscopic 
methods. Magnesium forms a eutectic w ith the  compound Mg2N i a t  a 
tem perature of 508° C. and a  composition of 23-5% nickel. The solubility 
of nickel in  solid magnesium is less th an  0-1%.—H . S.

*Light Alloys for Aeronautical Purposes, with Special Reference to Mag­
nesium. Leslie Aitchison (J . E oy. Aeronaut. Soc., 1934, 38, 382-400; discus- 
sion, 4 0 1 ^ 1 2 ; and (summaries) Mech. World, 1934,95,117-118,148-149, 202; 
M etallurgia, 1933, 9, 49-52).—The influence of added elements on magnesium 
is described and the properties of the more im portant magnesium alloys are 
discussed in  comparison w ith those of aluminium alloys. Reference is made 
to  welding of magnesium-rich alloys, welded tanks, chrom ate and selenium 
treatm ents for protection against corrosion, and applications of magnesium- 
rich alloys for the construction of aircraft parts .—H. S.

*Conductivity, Viscosity, and Density of Dilute Liquid Amalgams of the 
Alkaline Earth Metals. G. R . Paranjpe and V. S. P a tankar (J . Univ. Bombay,
1933, 2, (2), 40 -61 ; G. A bs., 1934, 28, 5321).—Amalgams containing up to 
0-364% barium, 0-455% strontium , and 0-023% calcium were studied a t 
30°-32° C. The electrical conductivity and viscosity of barium  and strontium  
amalgams do no t change w ith time. In  the system barium -m ercury the 
conductivity decreases w ith increasing concentration of barium  except for 
sharp increases a t 0-130, 0-225, and 0-325% barium ; b u t the conduetivity 
increases uniformly w ith increasing concentrations of strontium  or calcium. 
The viscosity increases w ith increasing concentration of barium  and shows 
maxima a t  0-120, 0-220, and 0-323% barium. The density decreases un i­
formly w ith increasing concentration of barium. Thus barium  resembles 
sodium and potassium ; strontium  and calcium resemble lithium  in amalgams. 
Theory is discussed. 21 references are given.—S. G.

* Alloys of Nickel and Barium. D. W. Randolph (Electrochem. Soc. P reprint,
1934, Sept., 375-379).—A brief outline is given of some of the properties of 
nickel-barium alloys and a description of a new alloy of nickel, copper, and 
barium. A method has been developed for producing a stable electron- 
emitting surface w ithout the use of the usual oxide coating, which will probably 
extend the use of these barium  alloys in  vacuum tube construction.—S. G.

*The Temperature Variation of the Thermoelectric Properties and the 
Specific Heat of Nickel-Chromium Alloys. Alan W. Poster (Phil. M ag., 1934, 
[yii], 18, 470-488).—Accurate measurements of th e  thermoelectric power of 
nickel and two alloys of nickel w ith 1 and 2%  of chromium indicate th a t these 
alloys show only 30% and 10%, respectively, of the change in the Thomson 
coeff. a t  the Curie point found in nickel. The two alloys show, respectively, 
55% and 30% of the drop in  specific heat shown by nickel a t  the Curie point.

—J . S. G. T.
*Large Barkhausen Discontinuities and Their Propagation in Nickel-Iron 

Alloys [and in Pure Nickel].—II. Raym ond E. R einhart (Phys. S ev ., 1934, 
[ii], 46, (6), 483^486).—Cf. R einhart, M et. A bs., th is volume, pp. 236, 295. 
The relationships between longitudinal field, intensity  of magnetization, and 
velocity of propagation of large Barkhausen discontinuities have been investi- 
gated for pure nickel and 10% nickel-iron alloy under torsion or tension. 
Por pure nickel only the component of field in  the direction of maximum com- 
pression affects th e  velocity of propagation, in  contrast to  the 10% alloy, for 
which only fields in  th e  direction of maximum elongation affects the velocity. 
This difierence m ay be connected w ith the m agnetostrictive properties, sińce 
these are opposite in  sign, b u t the m atter is very complex, sińce, w ith other 
compositions, alloys w ith th e  same magnetostrictive properties do no t always 
have the same properties as regards velocity of propagation.—W. H.-R.

2 K
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*0n the Silver-Copper Alloys. W. Broniewski and S. Koślacz (Prace 
Zakładu Metallurgicznego Politechniki W arsawskiej, 1933,3,46-58).— [In Polish, 
w ith French summary.] SeeJ .  In st. M etals, 1932, 50, 351.—S. G.

* Tests on Tin-Base and Lead-Base Bearing Metals. C. Jakem an and Guy 
B arr (Tech. Publ. Internat. T in  Bes. Council, Series A, No. 6, 1934, 1-23).— 
See J .  In s t. M etals, 1932, 50, 734.—S. G.

*On the Influence of the Rate of Cooling on the Structure of Eutectics. G. 
Tam m ann and G. Moritz (Z. anorg. Ghem., 1933, 214,414-426).—W ith a smali 
degree of undercooling compact, many-sided crystals separate from a molten 
m etal on solidification, whereas w ith a high degree of undercooling crystal 
filaments grow throughout the metal. In  the erystallization of eutectic melts 
th e  following experimentally obseryed phenomena are derived from the 
conditions of diffusion: (1) the ends of the crystal filaments of the yarious 
constituents of a binary, ternary , or polynary eutectic m elt lie in  the same 
f ro n t; (2) w ith increasing ra te  of erystallization, the filaments of the eutectic 
become finer, and m ay eventually become too fine for microscopic detection; 
(3) in  a  binary eutectic the cross-sections of the filaments in a section per- 
pendicular to  their axes are no t irregularly distributed, bu t one kind of 
filament surrounds the o th e r ; (4) the ra te  of erystallization of a eutectic is 
considerably smaller th an  th a t of either of the constituents alone. The con­
ditions which cause shrinkage of th e  filaments of a eutectic are discussed. 
The following eutectics have been examined : bism uth-cadm ium , bism uth- 
lead, b ism uth-tin , tin-zinc, tin-cadm ium , cadmium—lead, cadmium—zinc, 
lead—tin, bism uth-cadm ium —lead, bismuth—cadm ium -tin, lead—cadmium—tin, 
zinc-cadmium—tin, bismuth—cadmium—tin—lead. Brief notes on the hardness 
of the tin-zinc eutectic depending on its  structure, and on the tensile strength 
of wires drawn from a eutectic m elt of cadmium, lead, and tin  are included.

—B. BI.
*The Isothermal erystallization or Transformation of Constant Masses in 

Relation to Time. G. Tam m ann (Z. anorg. Chern., 1933,214,407-413).—In  the 
formation of erystallization centres on the surface of a m elt or of a  crystal during 
polymorphic transform ation, the ąuan tity  of crystallized m etal first inereases 
proportionally to  the time, bu t subseąuently the ra te  decreases. In  the case of 
a  transform ation in  a  m etal containing erystallization centres distributed a t 
random throughout its  mass, the curvo showing the am ount of crystallized 
metal as a  function of the tim e has an S -shape; thus if n  transform ation 
centres are formed per second, and these grow to  spheres w ith a linear velocity 
of r  mm./sec., the  yolume V  crystallized in  z  seconds will be : V, =

7T zHz +  l ) 2
n • g • r3 ■ ------ę----- ; this expression, howeyer, applies only to  the begin-
ning of the transform ation. As the yolume of still untransformed materiał 
decreases w ith time, n  becomes smaller, a t  first slowly, then more rapidly, and 
hence the growth of Vz gradually becomes smaller w ith time, until, when the 
erystallization spheres touch one another, a very sharp decrease in the growth 
°f y z occurs. Among the examples of this behaviour discussed are the tran s­
formation of monoclinic to  rhombic sulphur, the decomposition of Al2Zn3 a t 
256 C., and the decomposition of nickeliferous and manganiferous austenite.

—B. BI.
The Mechamsm of Inverse Segregation. O. W. Ellis (Trans. Am er. Found. 

Assoc., 1933, 41, 347—369; discussion, 377-380).—An introduction to  a sym- 
posium on deoxidation and degasification of bronze foundry alloys.—R. B. D.

*The Mechanical Properties of Metals at Low Temperatures. II.—Non- 
Ferrous Materials. E. W. Colbeck and W. E. MacGiUiyray (Trans. In st. 
Ghem. Eng., 1933,11, 107-120; discussion, 120-123).—Most of the m etalsand 
alloys tested showed inereased strength and ductility a t low tem peratures. 
Solder, howeyer, was brittle, possibly as a result of formation of grey tin . A
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specially eonstructed extensometer and  a  hydraulic testing machinę w ith 
cryostat were used, the construction, m anipulation, and calibration of which 
eąuipm ent are fully described in  th is and the preceding paper.—A. B. W.

Superconductiyity and Its Theoretical Importance. Carl Benedicks (A rkiu  
M at. Astron. F ys ik , 1933, A23, 1-29; C. A bs., 1934, 28, 16).—See J .  In st. 
M etals, 1933, 53, 699, and  M et. A bs., th is yolume, p. 165. The equilibrium 
diagrams of indium -lead, m ercury-lead, bism uth-lead, tin-thallium , indium - 
thalhum, and lead—thallium  are considered w ith the corresponding curyes for 
normal conductivity and superconductivity. I t  seems possib le to  reconcile 
the breaks in the superconductiyity curves w ith the corresponding breaks in 
the equilibrium curyes by means of the “ phoretic ”  or “ contact ”  theory of 
electrical conductiyity. The indium -lead curyes especially indicate th a t 
superconductiyity appears in exactly the same m anner between atom s of 
difEerent elements as between atom s of the same element. Numerous obserya- 
tions of unexpected superconductiyity phenomena, e.g., superconductiyity 
of Au2Bi, are examined and shown to fit well into the phoretic theory, bu t 
not into others. The argum ents for and against the phoretic theory of 
electrical conductiyity are resta ted  and amplified.—I. M.

Metallurgy at the Leipzig Spring Fair, 1934. J . F . Kesper (W erkstatt w. 
Betrieb, 1934, 67, 175-177).—Recently deyeloped proprietary alloys of special 
interest are the Cekas series, containing yarying proportions of nickel, chrom- 
ium, and iron ; Corrix, a copper-beryllium iron alloy ; Aluminium AW 15 ; 
Anticorodal. Approxim ate analyses are given in  most instances, and in 
each case mechanical and physieal properties and special applications are 
described.—P. M. C. R.

Special Alloys. Anon. (Z. ges. Oiesserei-Praxis : D as M etali, 1934, 55, 
268, 290, 310).—Cf. M et. Abs., th is volume, pp. 125, 172, 346. The com- 
position, some properties, and applications of the following alloys are given : 
H arder M cFarland alloy, H arper’s m etal, H ard it, H auyel’s bronze, Haynes’ 
metal, Helmet bronze, Helouis platinum  bronze, Heyne-Biddery .(zinc alloy), 
Eyerdur, Helumin, Hibbo, Hiduminium , Hiorns metal, Hipernick, Hohenzollern 
bearing metal, E rhards’ type m etal, Eureka, and E utectal.—J . H. W.

III.-S T R U C T U R E
(M etallography; M acrography; Crystal Structure.)

(Continued from pp. 445-447.)

*The Small-Scale Structure of Surfaces. G. P . Thomson (Phil. M ag., 1934, 
[vii], 18, 640-656).—Eyidence deriyed from experiments on electron diffrac- 
tion leads to  the following conclusions. In  some cases th e  m ateriał near the 
cleayed or natural face of a single crystal is correctly aligned to  10' or less. 
The surface, apart from steps, is sometimes smooth, bu t sometimes carries 
narrow ridges less th an  10”6 cm. thick. In  m any cases the surface is broken 
into smali regions of the order 10~5 cm. These regions sometimes keep their 
parallel a lignm ent; they  are most likely to  be distorted in  metals. Etching 
leaves a  surface of projections and ridges m any of which are no t more than  
a smali m ultiple of 10-7 cm. thick. Some surfaces of polycrystalline aggre- 
gates carry projections no t more than  about 10~6 cm. thick. Such surfaces 
are formed by deposition of evaporated metal, by cathodic sputtering, and 
by etching. H eat-treatm ent and, sometimes, merely keeping, may produce 
recrystallization associated w ith inerease in  the size of indiyidual crystals, 
and often the ir orientation in  preferred directions. Polishing of metals 
produces an  amorphous surface layer no t usually fiat, bu t covered w ith 
ridges or waves.—J . S. G. T.
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Some Statistical Properties oJ an Annealed Alpha-Grain Aggregate.—III.
R . 6 .  Johnston and W. G. Askew (M et. In d . (Lond.), 1934, 45, 219- 
221).—The m athem atical reasons for using “ mean intereepts ” (eąual to  the 
ratio  of th e  mean area of a grain to  its  mean width) are given. I t  is sug- 
gested th a t  possible and convenient items for speoifying grain-size are : 
(1) mean area ; (2) mean in tercept; (3) high lim it of maximum diameter. 
Since mean values alone may be misleading, i t  is fu rther suggested th a t the 
largest maximum diam eter to be tolerated in  a half- or ąuarter-plate field 
X 100, and the values of th e  mean intercept above and below which the 
pattern  will be regarded as unsuitable be given. See M et. A bs., th is volume, 
pp. 298, 420.—J . H. W.

A Microscopic Analysis of Sprayed Metals. T. W. L ippert (Iron  Age, 
1934, 134, (9), 8-13).—A description of the microscopic aspect of sprayed 
m etal coatings is given, and observations are made representing elaborations
of laboratory research as reported b y ------Schenk (Berlin) and H. Reininger
(Leipzig).—J. H. W.

Smoothing and Etching. H. B. Pulsifer (M etal Progress, 1934, 26, (2), 
31-34).—Improvements in  hand-finishing technique include the use of a 
moist pa t or fiat pile of abrasiye for the finał polish. A very slightly concave 
surface is given, bu t if the specimen is not too thick in proportion to its area, 
the degree of rounding does no t im pair the sharpness of the photographic 
image a t magnifications up to  x 1000. The prooess is described in  detail, 
w ith the necessary adaptations in  the case of softer materials. Work is 
greatly accelerated by the application of a light etch a t intervals during 
finishing. P . advises certain modifications in  etching methods, notably slow 
etching in  dilute reagents. Appropriate reagents are indicated for various 
classes of m aterials.—P. M. C. R.

A Theory of Temperatures of Fusion, Recrystallization, and Polymorphic 
Transformation Temperatures. L. Tarschisch (Physikal. Z ., 1934, 35, 469- 
471).—A m athem atical theory, based on considerations of lattiee energy 
and results derived by Lindemann, for deducing the tem peratures of fusion, 
recrystallization, and transform ation, is briefly discussed.—J . S. G. T.

*Surface Magnetization in Perromagnetic Crystals. L. W. McKeehan and 
W. C. Elmore (Phys. R ev., 1934, [ii], 46, 226-228).—Photographs are shown 
of the pattem s formed by a colloidal suspension of ferric oxide on an etched 
disc of single-crystal silicon-iron resting on the core of an electromagnet. 
On reversing the field the dark lines of the pattern  become white spaces and 
vice versa. The results suggest th a t the surface layer is composed of roughly 
cubical blocks of length about 2 fi along each edge magnetized parallel to  the 
surface either along a <100> direction or a <110> direction.—W. H.-R.

*Theory of the Heat-Treatment of Magnetic Materials. R. M. Bozorth 
(Phys. B ev., 1934, [ii], 46, 232-233).—A note. A perm eability of more than  
600,000 has been obtained by heat-treating Permalloy (65% nickel) in  a 
magnetic field, and a theory of th is effect is developed. B. assumes th a t 
when a  ferromagnetic substance cools through the Curie point in the absence 
of a  magnetic field, smali domains become magnetized to saturation along 
the <100> directions. Magnetostrictiye stresses then  arise which tend to  
make the domain expand in  the direction of local magnetization and contract 
a t  right angles to it. This change of shape is prevented by the restraining 
action of surrounding domains, bu t if held for a sufficient tim e a t a high 
enough tem perature (below the Curie point) plastic flow is assumed to  take 
place, and on th is hypothesis a  satisfactory explanation of the effects of 
tem perature, ra te  of cooling, &c., is obtained.—W. H.-R.

*X-Ray Investigations Relating to Calcium a t High Temperatures. L. 
Graf (Physikal. Z ., 1934, 35, 551-557).—Above 450° C. calcium can exist 
w ith a cubic space-centred lattiee or w ith hexagonal closest-packed spherical
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la ttic e ; pure oaloium occurs in  the la tte r  form only. A seoond transforma- 
tion occurs a t  about 300° C., and a  th ird , occurring a t  about 218° C., 
characterizes pure calcium.—J . S. G. T.

*Lattice Energy Due to Lattice Distortion o£ Cold-Worked Copper. W. A.
Wood (Phil. M ag., 1934, [vii], 18, 495-505).—Cold-working is shown, by 
X -ray crystal analysis, to  produce an irregular expansion of th e  crystal 
lattice of copper, and the increase of la ten t energy due to  the production 
of maximum lattice distortion in copper is shown to  be of the order 1-7 cal./ 
grm.—J . S. G. T.

X-Ray Investigations of the Fine Structure of Copper. F . L ihl (Z. P hysik ,
1934, 89, 537-545).—I t  is shown th a t there is parallelism  between th e  fine 
structure details of copper and of iron subjected to yarious stresses. L attice 
distortions on fracture are dependent only on the energy supplied to the 
lattice.—J .  S. G. T.

On the X-Ray Absorption Spectrum of the Alloy AuCu. Takesi Hayasi 
(Naturwiss., 1934, 22, 90).—N ote on a paper by Coster and Veldkamp (Z. 
PhysiJe, 1932, 74, 191).—J . W.

*Surface Magnetization in Ferromagnetic Crystals [of Nickel].—II. L. W. 
McKeehan and W. C. Elmore (P h ys. R ev., 1934, [ii], 46, 529-531).—A note. 
The patterns formed by a  magnetie colloid on a piane nearly  parallel to  the 
[100] piane of a single crystal of nickel have been studied in a magnetie field 
normal to  th e  surface. T he colloid particles collect into dots, and when the 
field is reversed the positions of the dots change so th a t  prom inent dots w ith 
the field in  one direotion occur in  places which are featureless when the field 
is reversed. The patterns are quite different from those previously found 
for iron (ibid., p. 226) in  agreem ent w ith the difference in  crystal structure. 
The bearing of the patterns on the naturę  of the elem entary domains is dis­
cussed.—W. H .-R.

*On the Constitution of Metallic Sodium. E . W igner and E. Seitz (Phys. 
Rev., 1934, [ii], 46, 509-524).—Cf. W igner and Seitz, J .  In s t. M etals, 1933, 
53, 352. The wave mechanical electron theory  of metals is extended for 
the lattice of sodium. The results show th a t  th e  electrons behave almost 
as if they  were free. The slight discrepancies are discussed, and when su it­
able corrections are made a good agreement is obtained between th e  obseryed 
and calculated values for the binding energy and lattice constant.—W. H .-R.

*Solid Solution Formation in Single- and Multi-Crystalline Materiał. E . 
Schmid and G. Siebel (Z. P h ysik , 1933, 85, 36-55).—Changes of lattice con- 
stants accompanying changes of composition in  single crystals of the series 
of alloys alum inium-magnesium, zinc-magnesium, and silver-copper agree, 
within the lim its of experim ental error, w ith those characterizing the corre- 
sponding m ulti-crystalline alloys. The saturation  limits of the solid solution 
formation of the alum inium-magnesium and silver-copper series of alloys, 
determined for single crystals, agree w ith those found by o ther observers for 
the m ulti-crystalline alloys. W iest’s results to  the contrary (ibid., 1932, 74, 
225; 1933, 8 1 ,121) are discussed, bu t are not satisfactorily explained.—J. T.

A Type o£ Lattice Distortion which might Render a Crystal Plastic. M. 
Polanyi (Z. P hysik , 1934, 89, 660-664).—If a lattice distortion be conceived in 
which n  atom s in  one lattice atomie layer become apposed to n  -f- 1 atom s in the 
other, then  the  th ru st resistance in  the slip piane is reduced to about 1 /«. of its 
yalue in  the undisturbed lattice.—J . S. G. T.

The Structure of Metals in Comparison with Other Crystal Structures. P . 
Niggli (Schweiz. mineralog, petrog. M itt., 1931, 11, 290-295).—Cf. Z . K rist., 
1931, 77, 140-145.—S. G.

X-Ray Investigation of Fine Structure as an Aid in Electroplating. I.— 
Principles of Fine Structure Examination by X-Rays. H . Reininger (Metall- 
w aren-Ind. u . Galvano-Tech., 1934, 32, 259-262, 283-285, 360-362, 383-384, 
409-410, 427-429).—The principles, on which the method of examining the



lattice struoture of metals by X-rays is based, are explained a t length w ith refer­
ence to  numerous diagrams.—A. R . P . B

*Fourier  fctegral Analysisi o£ X-Ray Powder Patterns. B. E. W arren and 
N. S Gingrich (.P h ys .R ev  1934, [ii], 46, 368-372).—A method is deyeloped for 
th e  harmonie analysis of X -ray powder patterns, so th a t the esperimental 
seattenng curyes yield direetly a radial distribution function giying the number 
of atom s a t  any distance from a given atom .—W. H.-R.

Series Method Jor the Determination of the Components of Inter-
376“ - T h e o T t iL L - W .^ :S:R Patterson 1934, [ii], 46, 372-
, ,  The X-Ray Investigation of Crystal Structure. W. E. Schmid (Arch. tech

f ? 4); ~ A brief summary °f the fundam ental eoneeption 
and ot the chief methods of m yestigating crystal struoture by the use of X-rays 
is illustrated  by an account of constitutional work by Westgren and Phra^m ln 
on certam  zme-eopper alloys (see J . Inst. Metals, 1931, 47, 25).—P  M C R
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IV .-C O R R O SIO N

(Continued from pp. 448-449.)

T ■ * ^ ê ? a l^ esx̂ ts  Relating to Chemical Methods of Cleaning Light and Ultra-
9m 9^ ^ 0 rrn f°n»V Mar,ce lChaussainand Henri Pournier (Rev. Met.,

1934, 31, 201-211).—Cf. Met. Abs., th is yolume, p. 242. The influence of 
immersion in  nitric acid (cl 1-33) a t  yarious tęm peratures, on aluminium and 

“ a®medcfrom ,the point of view of am ount of m etal dissolved. 
A t 15 -35  C. the loss of metal is sm ali; w ith less concentrated acid the loss is 
greater. Ih e  rate of loss m  concentrated acid is greatest in  the first few 
mmutes, and afterwards steady, bu t corroded metal dissolyes faster th an  un- 
corroded on account of inereased surface! In  cleaning magnesium alloys 
chromic acid causes very little  loss of metal proyided i t  is free from sulphurić 
acid as im purity. Chromic acid solution to  which silver chromate or both silver 
and barium chromates had been added showed practioally no continuous attack  
on magnesium. Potassium bichromate did not a ttaek  magnesium, bu t gave 
mcomplete oleamng and reąuired an inconveniently long t im e __H  S

*The Effect of Heat-Treatment on the Corrosion of High-Purity Aluminium.
‘ , K°1}rm an (Electrochem. Soc. Preprint, 1934, Sept., 121-128).—A study is 

ma.de of the corrosion of carefully annealed, high-purity cast aluminium which 
had been subjected to dififerent ąuenching tem peratures. W hen nearly 
identical samples of th is metal were given the same annealing treatm ent, yet 
subjected to  difierent ąuenchmg tem peratures, a  yery great diiference was 
noted m  their behaviour in  hydrochloric acid solutions. Furnace-cooled 
samples and those quenched from a few degrees above room tem perature show 
a shghtly greater lm tial rate of attack, whilst those ąuenched from the higher 
tem peratures show a decided intergranular attack  which finally results in their 
complete dismtegration. No definite reasons are presented to account for 
the anomalous behayiour, although several possible explanations are discussed.

1 7 o °  ofTL*ght1f nd UWra-Liąht Alloys. P . Bastien ( O h i^ H  Ind.,
{■ , alloys of aluminium and magnesium are, as is well
known, suseeptible to  atmospheric and other corrosion. B. discusses the 
reactions between these metals and the ir alloys and corroding agents, the 
acceleration of corrosion, the determ ination of rates of a ttack  and methods of 
testm g, and the results obtained in the manufacture of materials resistant to
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corrosion. For the purposes of the reyiew, corrosive action is d m d ed  into 
3 phases : (1) uniform dissolution; (2) local a ttack ; (3) intercrystalline. The 
measurement of the progress of corrosion is discussed under the following 
heads : (1) by determination of weight and volume of gas disengaged; (2) by 
alteration in mechanical p roperties; (3) by change in  reflecting pow er; (4) by 
amount of heat liberated. The influence of im purities in  increasing the 
corrodibility of aluminium and magnesium has been recently studied, and 
results and curves showing the eflects are included.—W. A. C. N.

An Improved Test to Determine the Reactivity of Aluminium and Aluminium 
Alloys. H . Rohrig (Light Metals Research, 1934, 3, 22-24).—Translated from 
Korrosion u. Metallschutz, 1934,10, 38-39. See Met. Abs., th is volume, p. 302.

—J. C. C.
Aluminium in the Brewing Industry and Its Corrosion. H. Hoffman (Petit 

J. Brasseur, 1934, 42, 10—11; C. Abs., 1934, 28, 5171).—A brief description of 
the application and corrosion of alum inium in  the brewing industry.—S. G.

Corrosive Effect on Metal of Certain Cleansing and Disinfecting Agents 
Important in the Dairying Industry. W. Mohr and R . K ram er (Proc. World’s 
Dairy Congr., M ilan, 1934, Sect. I I ,  111-114; C. Abs., 1934, 28, 5543).—The 
addition of water-glass protects alum inium against soda solutions, bu t not 
against potash. The chrom ates increase protection of aluminium against 
potash. Many commercial preparations contain these substances. Alloys are 
attacked by phosphates only if the alloy is of a  basie naturę such as zinc, tin, 
zinced-iron, or aluminium. Corrosion is neyer obseryed if the alloy contains a 
noble metal such as copper or nickel. Milk promotes corrosion by cleansing 
agents based on water-glass, trisodium  phosphate, and chlorine compounds. 
In  such cases the utensils should be thoroughly washed w ith w ater.—S. G.

Aluminium, l i .  Seligman (Sci. J . Boy. Goli. Sci., 1934, 4, 3:5-40; C. Abs.,
1934, 38, 5013).—A review of the properties of alum inium and some of its 
alloys, especially the ir resistance to  chemical corrosion.—S. G.

fOn the Relation Between Rate of Dissolution, Naturę of the Solvent, and 
Lattice Forces in Copper Single Crystals. R. Glauner (Korrosion I I I ,  Bericht 
iiber die I I I .  Korrosionstagung, Berlin, 1933, 3 6 ^ 1 ).—Recent work on the rate  
of dissolution of different crystal faces of single crystals of copper in  yarious 
acids containing dissolved oxygen or hydrogen peroxide is reviewed and the 
results are briefly summarized.—A. R . P .

*Resistance of Stainless Alloys and “ Aluminium Bronzes ”  to Phosphoric 
Acid. O. T. Yehr and M. M. Romanoy (Metallurg (Metallurgist), 1934, (1), 
48-57").—[In Russian.] See Met. Abs., th is yolume, p. 424.—N. A.

♦Influence of Metallic Impurities on the Corrosion of Lead in Sulphuric Acid 
Production. V. K . Pershke (Khimstrm, 1934, 6, 284-287; G. Abs., 1934, 28, 
5933).— [In Russian.] Different samples of pure lead (Kahlbaum) alloyed in 
yarious proportions w ith antim ony, bism uth, tin , copper, zinc, and silyer were 
exposed to the action of commercial lead-chamber acid containing 1-72% N 
oxides (based on nitric acid) a t  20° C. for 40 hrs. and a t  200° C. for 6 hrs. The 
tabulated results show th a t bism uth has the  greatest corrosiye influence, tin  
somewhat less, antim ony and copper very little , if a t  all, and zinc and silver 
in the cold have no effect and a t  200° C. retard  the corrosion. 27 references 
are given.—S. G.

*The Corrosion and Protection of Magnesium and Its Alloys. G. D. Bengough 
and L. W hitby (J. Boy. Aeronaut. Soc., 1934, 38, 413-431).—Paper read before 
the Institu tion  of Chemical Engineers in  1933; see Met. Abs., th is yolume 
p. 179.—H. S.

*Silver Alloys Resistant to Blackening by Sulphurization. H. Forestier 
(Chim. et Ind ., 1934, Special No., (April), 589-591; G. Abs., 1934, 28, 5388).— 
The resistance of silyer alloys used in  goldsmiths’ work to  blackening under 
the action of sulphur ęąn bę considerably inereased, w ithout any great
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increase in  price, by replacing copper by cadmium or antimony, w ith or w ithout 
addition of a ternary  constituent.—S. G.

*Action of Nitric Acid on Tin. G. 8. K asbekar and A. R. Normand (./. Univ. 
Bombay, 1933, 2, (2), 111-122; C. Abs., 1934, 28, 4996).—In  28 experiments 
excess n itric  acid acted on tin , both in known am ounts; the tim e of complete 
reaction and the composition of the resulting products were studied as func- 
tions of the concentration of nitric acid and of tem perature. Analyses are 
expressed as Sn2+, Sn*+, NO, N 20 , N 2 (the last 3 representing the totalyolum e 
of gas eyolved), N H 3 and N H aOH; H N 0 2 and N 2H 4 are negligible in the 
experimental conditions. W ith increase of tem perature or of concentration of 
nitric acid the amounts of Sn1+ and of gaseous products increase, whilst Sn2+, 
N H S, and N H 20 H  decrease. Eąuations proposed for the separate reactions are
f . =  H N °3, Aq =  H aO ): 3Sn +  16A =  3Sn*+ +  4NO +  8A q.; 2Sn +
!  n  +  5Aq-; 5S n+  24A1- =  fSn4+ +  2N* +  12A q.;4Sn+— 4Sn +  3 +  3A q.; 5Sn +  14A =  4Sn2+ +  Sn4+ +  2N H 2OH +

f  i '  i i  Proces® *s 3n a class by itself. These eąuations account satis- 
iactorily ior the quantitative data, and are thus to  be accepted as representing 
the actual modes of reduction of the excess nitric acid by nascent hydrogeu.

_g Q
*Investigations on Resistant Alloys for the Potassium Salt Industry. V. K .

ln d •’ 1934’ SPecial N o-> (April), 531-535; C. Abs., 1934, 28,
o oo). Jrnaee diagrams are giyen of the systems copper—alum inium -nickel- 
lron and copper-alum inium -zinc-iron. The velocity of corrosion of the 
omary, ternary, and ąuaternary  alloys in  solutions of sylvinite, carnallite, and 
magnesmm chlonde was measured, and corrosion found to  be most rapid in 
magnesium chlonde. Alloys w ith compositions near to  the regions of solid 
solutaon showed the greatest resistance. The most resistant contained copper 
82-5, alum inium 8-2, nickel, 5-1, iron 3-8%. The alloys are 5-6 times as 
resistant as orchnary brasses and bronzes, and possess superior mechanical 
properties.—S. G.

* Corrosion of Metals by Hydrochloric Acid, Chlorine, and Carnallite. V. K.
Knom rar  ,, A'.1>cehurklrla (K h im strm , 1934, 6, 140-141; C. A bs., 1934, 28 
50^J).— [In  Russian.] Iron and copper alloys subjected to  the action of 
fAneo°^S “y  0(;hlonc acid and chlorine and carnallite a t  tem peratures of 300°- 
700 u. showed highly destructive corrosion.—S. G.

Corrosion and Corrosion-Resistant Alloys for the Cellulose and Paper 
Industries. F n tz  Ohl (Metallborse, 1934, 24, 645-646, 714).—Tabulated data 
are giyen to r the corrosion of various chromium-nickel alloys and non-rusting 
steels m  acid and alkaline solutions and in  gas mixtures containing sulphur 
cuoxiae such as are used in  the paper industry.—-A. R . P.

*Corrosion of Metals in the Process of Phenylation of Peri Acid. Z. N. Suirkin 
omirenskii (Anilinokrasochnaya Prom,., 1934, 4, 221-226; C. Abs., 

1J34, 28, 5389).— [In  Russian.] The tests were made w ith yarious alloys of 
iron, cast iron, lead, and aluminium in an  enamelled kettle  by phenyl- 
f « n 1u ' / m NFll,? sS03H ®  (contaminated w ith about 7%

3 and 1-1-6% iron sludge) with and w ithout
the addition of one or more of the impurities. Ali tested alloys of iron showed 
considerable corrosion; the effect is somewhat increased w ith the addition of 
iron sludge and II and is doubled w ith 10% NaCl. Analogous results were 
obtained w ith commercial I. Cast iron is similarly affected, the addition of 
iron sludge producmg greater corrosion th an  th a t w ith iron. Cast irons con- 
taining Silicon show better resistance to  corrosion, and are practically non- 
corrodible w ith 9-14%  Silicon. The addition of ehromium or nickel shows no 
improyement m  the resistance. Lead is inferior to  iron and cast iron; the 
addition of iron sludge and II increases the corrodibility, whilst the addition of 
sodium chlonde decreases it . Aluminium (aluminium 98-98, iron 0-8, and
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Silicon 0-28%) is practically  no t corroded w ith pure and oommeroial I free from 
sodium chloride, th e  corrosion increasing in  proportion to  th e  added sodium 
chloride.—S. G.

tlntercrystalline Corrosion in Various Metals and Alloys, Especially in Non- 
Rusting Steels. A. F ry  and P. Schafmeister (Korrosion I I I ,  Bericht uber die  
I I I .  Korrosionstagung, Berlin , 1933, 12-22; discussion, 22).—Recent work is 
critically reviewed and th e  conclusions are summarized. For the development 
of intercrystalline corrosion th e  following conditions are essen tia l: a weak 
corrosive medium, precipitation of constituents or segregation of im purities 
along the grain boundaries, the presence of macro- or micro-tensile stresses. 
The removal of only one of these sources of trouble completely stops in te r­
crystalline corrosion; th is is particularly  illustrated  by the case of nickel- 
chromium stainless steel.—A. R . P.

Corrosion of Metal Structures Due to Stray Currents. O. Scarpa (Com.pt. 
rend. congr. internat, elect., 1932, 9, 223—254; C. A bs., 1934, 28, 5796). A 
reyiew, together w ith m any additional da ta  and illustrations upholding the 
electrochemical theory of corrosion.—S. G.

Combating Electrolysis (Corrosion) Due to Stray Currents. M. Horioka, M. 
Iwasa, and T. Kyogoku (Conipt. rend. congr. internat. Uect., 1932,9, 255-258; C. 
A bs., 1934, 28, 5796).—A brief outline of researches carried ou t in government 
laboratories in  Tokyo.—S. G.

Electrolysis of Underground Pipes. R . G ibrat (B uli. Assoc. Swisse Elect., 
1934, [v], 4, 749-842).—The ąuestion of soil corrosion is reviewed theoretically.
G. considers th a t over-simplification of the  problem has led to  wrong con­
clusions, and advances an analysis based on integro-differential equa,tions, as 
the only method of taking into account the various masses and reactions con- 
cerned. The use of Schlumberger’s apparatus, the theoretical basis of which is 
fully discussed, is described in  2 cases—one in  which lead cable sheathing 
suflered severe a ttack  in  th e  neighbourhood of tram -lines, and a second where 
supply cables, although present, played little  p a rt in  th e  a ttack , which accom- 
panied the presence of chlorides in  the soil.—P. M. C. R.

Note on the Preparation of Specimens for Corrosion Tests of Sheets. A lbert 
Portevin (Rev. M et., 1934, 31 ,212-213).—W hen sheet specimens for mechanical 
tests are machined to  dimensions before being exposed to  corrosion tests, the  
results of tests differ from those obtained on specimens machined from sheet 
samples which have been subjected to  the corrosion tes t as such, and frequently 
show great variation in  themselves. This is due to  preferential a ttack  on the 
edges of the specimens. P . shows th a t  the loss of m etal from sheets due to 
corrosion, per un it of surface exposed decreases w ith increase of surface exposed.

—H. S.
*Measurement of the Effects of Corrosion by Diminution of the Results of the 

KWI [Siebel and Pomp] Cupping Test. J .  Cournot and H. Fournier ( l im . M et., 
1934, 31, 198-200).—Cf. M et. A bs., th is volume, p. 80. Discs having a central 
hole are pressed so th a t the hole is in  the centre of the depression, the te s t being 
continued un til a  crack or cracks commence to  develop from the edge of the 
hole. Specimens which had been subjected to  a  spray of artificial sea-water for 
2 months were tested  alongside unexposed pieces. The results obtained on 
Duralum in and brass showed very m arked reduction by corrosion as regards 
both the load applied and the extent of the deformation. On materials less 
susceptible to intercrystalline corrosion, Armco iron, Monel metal, &c., a much 
smaller reduction was observed. The K W I (Siebel and Pomp) tes t showed up 
the effect of corrosion more than  the Persoz test.—H. S-

Study of Corrosion of Thin Sheet Test-Pieces. Marcel P ro t and N . Goldowski 
(Chim . et In d .,  1934, Special No., (April), 555-556; O. A bs., 1934, 28, 5390).— 
In  order rapidly to  determine the liability  to  pitting , a  sheet is ground down to a 
thickness of 0-1 ±  0-01 mm., formed into a cylinder 70 mm. in  diam eter by
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electrochemical treatm ents for forming oxide coatings on aluminium are 
discussed. Chemical treatm ents depend on the fact th a t  solutions haying a 
pa value between 4 and 8 have no marked dissolying action on the metal. In  
the acid region there is a well-marked induction period, and p itting  and etching 
result. In  alkali solutions, however, a ttack  proceeds uniformly regardless of 
the presence of im purities, being finally brought to a standstill by the formation 
of insoluble compounds. Alkali solutions of various complexity are used for 
chemical treatm ents, acid solutions for electrochemical treatm ents. Varia- 
tions in  the charaeter of the current and tem perature of the electrolyte ehange 
the character of the anodically produced film.—J. C. C.

*Prevention of Corrosion of Aluminium and Its Alloys. Masahiro Tazaki 
(Tetsu to Hagane, 1934, 20, 42-46; C. Abs., 1934, 28, 5028).— [In Japanese.] 
Anodic oxidation in a  m ixture of potassium and  sodium nitrates a t 220°-50° 
with a.o. potential of 100 v. and current density of 4 am p./cm .2 for 1 hr. for 
aluminium and a t 500°-10° w ith a.c. potential of 65 v. and current density of
4 amp./cm.2 for 30 minutes for Duralum in gave good protection against 
corrosion in sea-water. The tensile strength was searcely changed.—S. G.

Anodic Oxidation of Aluminium and Its Alloys. H . Sutton (Com.pt. rend. 
congr. internat, elect., 1932, 9, 123-127).—A review.—S. G.

Corrosion-Resistant Coating of Aluminium Alloys. Anon. (Apparatebau, 
1934, 46, 102-103).—The corrosion-resistance of age-hardenable aluminium 
alloys containing copper and eoated w ith alum inium is inereased if the alloy 
sheet is a t  first eoated w ith a very th in  cadmium layer. This interm ediate 
layer prevents copper from diffusing into the outer aluminium layer on heat- 
treatm ent.—M. H.

*Electrolytic Treatment of Zinc. Joseph Schulein (Eledrochem. Soc. Pre- 
print. 1934, Sept., 357-360).—W hen zinc or zinc-treated articles are treated  as
a.c. electrodes in  a chromic bath , the zinc surface is chemically changed and the 
corrosion-resistance is greatly inereased. The zinc compound formed on the 
surface is no t definitely known, nor is the theory of the reaotion as yet satis- 
factorily formułated. Prelim inary results on the corrosion-resistance of electro- 
galvanized steel treated  by th is chromic acid process are recorded.—S. G.

Method of Coating Metals or Alloys by Displacement of Other Metals Having 
a More Marked Electropositive Character. H . Forestier (Chirn. et Ind ., 1934, 
Special No., (April), 592-594; G. Abs., 1934, 28, 5389).—By displacement of 
the metal from one of its  salts by another m etal th a t is less eleetropositive, in 
organie solvents, adherent deposits similar to, although th inner th an  electro- 
lytic deposits are obtained.—S. G.

Metal Coatings as Corrosion Protectives on Iron. Sven B rennert (Tek. 
Tids. Uppl. G., Bergsvetenskap 64, 1934, 33-36; C. Abs., 1934, 28, 5026).— 
The extent to  which m etal coatings, produced by dipping or electroplating, 
may a ttack  the base m etal through the ir electrochemical properties if the 
coating is damaged is studied. To determine th is i t  is recommended to  couple 
a smali surface of the base metal to  a  large surface of the coating and to  measure 
the current in  the circuit when immersed in  the corrosive solution. The 
method is very sensitive, and gives a good illustration of possible corrosive 
conditions. (Cf. following abstract.)—S. G.

Metal Coatings as Corrosion Protectives on Iron. Sven Danieli (Tek. Tids. 
Uppl. G., Bergsvetenskap 64, 1934, 56; C. Abs., 1934, 28, 5797).—D. disagrees 
w ith the conclusions advanced by B rennert (preceding abstract) th a t the 
experimental determinations of the corrosion-resistance of galvanized iron by 
the method described are decisive for all practical applications. D. cites the 
results of practical comparative investigations of the corrosion-resistance of 
hot-galvanized and electrolytically galvanized iron, showing th a t the la tte r, 
even when carrying a  considerably th inner zinc coating than  the former, may 
be the preferable one.—S. G.
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somewhat improved results, bu t the alternation of immersion and sunlight 
proved destructive in  most oases. The generał conditions of effective applica- 
tion are diseussed.—P. M. C. R.

VI. -  ELECTRODEPOSITION

(Oontinued from p. 452.)

*The Electrodeposition of Ternary Alloys of Cadmium, Tin, and Zinc. Law-
rence E . S tout and Bernard Agruss (Electrochem. Soc. Preprint, 1934, Sept., 
345-356).—Ternary alloys of cadmium, zinc, and tin  can be deposited from 
solutions containing the complex cyanides of cadmium and zinc, sodium 
stannate, sodium hydroxide, and free sodium cyanide. Excellent resistance to 
corrosion is offered by deposits high in  tin . Almost w ithout exception alloys 
with even smali tin  contents w ithstand salt-spray better th an  non-tin 
bearing deposits. Deposition of cadmium is favoured over the deposition of 
tin  and zinc. A com paratively large concentration of tin  in  the b a th  is re- 
ąuired to produce an appreciable tin  content in  the deposit. An increase in  
the cadmium and tin  concentrations in  the bath  produces an increase in  their 
compositions in  the deposit. Increasing the zinc concentration of the bath  
decreases th e  content of th a t  m etal in  the deposit a t  Iow current densities. A t 
higher current densities zinc behaves similarly to cadmium and tin . A t 20° C. 
the tin  and zinc contents of the deposits decrease, w hilst the cadmium content 
increases w ith increasing current density. A t 2 am p./dm .2 the tin  and zinc 
contents of the deposit increase, w hilst the cadmium content decreases w ith 
increasing tem perature. A t 0-5 am p./dm .2 the  zinc content of the deposit de­
creases w ith increasing tem perature. The behaviour of tin  and cadmium do 
not change.—8. G.

The Action of Iron on the Conductivity of Chromium Plating Baths. Oskar 
K ram er (Metattwaren-Ind. u. Galvano-Tech., 1934, 32, 262-263).—Cf. Met. 
Abs., th is yolume, p. 307. The presence of iron in  the electrolyte narrows the 
rangę within which bright deposits are obtained and reduoes considerably the 
throwing power.—A. R. P.

Research Points Way to Improved Methods of Chrome-Plating. Joseph 
Geschelin (Automotwe Ind ., 1934, 71, (5), 134—136).—A discussion of recent 
specifications for the  chromium plating of zinc die-cast parts. Considerably 
thicker deposits are recommended, on an  undercoating of nickel which m ay 
itself be applied over copper; the direct deposition of nickel on zinc is in  p ro­
cess of investigation. Specifications are quoted for chromium plating intended 
for severe and for moderate degrees of exposure, a  basis now generally adopted 
for classifying automobile parts  in  preference to  accelerated spray testing.

—P. M. C. R.
Chromium Plating in the Pulp and Paper Industry. D. H . Bissell (Paper 

Ind., 1934, 16, 174-177; C. Abs., 1934, 28, 5663).—A discussion of th e  ad- 
yantages of the use of chromium-plated pulp- and paper-making equipment.

—S. G.
Development of Chromium Plating in Great Britain. E . A. Ollard (Compt. 

rend. congr. internat, elect., 1932, 9, 115-118).—A  re ró w .—S. G.
*Adhesion of Electrolytic Copper Deposits. Pierre A. Jacąue t (Electrochem. 

Soc. Preprint, 1934, Sept., 309-334).—Certain hydrophilic colloids (proteins and 
their disintegration products) form adsorption films on m etal surfaces (copper, 
nickel, iron, platinum ), and  these films m aterially reduce the adhesion of 
electrolytic deposits to  such surfaces. On the basis of th e  adsorption pheno- 
menon, J . has evolved a method for the determ ination of the degree of adhesion 
of electrodeposits on any basis metal. As a rule, results are reproducible to
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about 10-20% . The measurements are lim ited by the distortion of the 
deposit, th is lim it being a  function of the thickness of the deposit. For copper 
deposited on nickel, a  thickness of 0-30 mm. (12 mil.) is sufficient for the study 
of the effect of various factors on the degree of adhesion of electrodeposit to 
basis metal. The less th e  mechanical strain  developed in  the copper plate 
during deposition, the better will i t  adhere to  the nickel. During the operation 
of a,n acid copper sulphate bath  a  gradual bu t continuous change in  the com- 
position of the bath  takes place. This ageing of the bath  is indicated by the 
determinations of the degree of strain  developed in  the successive deposits from 
the same bath . The ageing of the bath  has a marked effect on the adhesion of 
the copper to  the nickel. The ageing appears to  be due to  a progressive enrich- 
m ent of the electrolyte in  cuprous ions. Por strongly adherent deposits it  has 
been shown by chemical tests, H 2S and K 4Fe(CN)e, th a t after pulling off the 
copper deposits from the basis nickel surface, a copper layer or residual film 
remains on the nickel surface, nearly always continuous. Thus the force 
necessary to  detach the copper deposit from the basis metal does not correspond 
w ith the true adhesion of the deposit, bu t represents w hat might be term ed a 
shearing stress of the copper. W hen copper is deposited from a copper bath 
w ith a very low content of free sulphuric acid, the true adhesion of the deposit 
seems to  be very high, bu t the shearing stress is very low. This fact might be 
explained by the presence of a certain quan tity  of cuprous oxide in  the metal. 
The physical state of the basis nickel surface has a great effect on the adhesion 
of the electrolytic copper : th e  adhesion is very poor on emery-scratched sur- 
faces. As a rule, i t  is better on polished nickel surfaces than  on roughened 
electrolytic ones.—S. G.

*A Study of Diffusion on Copper-Plated Zinc-Base Die-Castings. Wilhelm F. 
Gastell (Electrochem. Soc. Preprinł, 1934, Sept., 175-185).-—Zinc-base die-cast- 
ings are generally copper-plated before nickel and ehromium plating. Between 
the electroplated copper deposit and the zinc in the base-metal a diffusion action 
takes place. The rate of th is diffusion depends largely on the tem perature to 
which the plated parts are exposed. A t elevated tem peratures, between 220° 
and 450° F . (105° and 232° C.), the  diffusion is ąuite rapid, whilst under normal 
tem peratures only a very smali am ount of copper has been found alloyed w ith 
the zinc. Failures of the plated deposit on zinc-base die-castings on outdoor 
exposure could no t be traced to  th is diffusion, bu t were found to  be due to 
surface defects, both in  the casting and in the electrodeposits.—S. G.

Nickel-Plating Duralumin. E . Decarriere and A. Hache (Chirn. et Ind., 
1934, Special No., (April), 595-596; C. Abs., 1934, 88, 5763).—Excellent ad- 
herence of the nickel deposit and inereased resistance to  corrosion can be ob­
tained by using a combination of cementation and electrolysis under appro- 
priate conditions. The following conditions are sa tisfactory : (1) W ith zinc 
as auxiliary m e ta l: the Duralum in is quenched from 500° C., cleaned by short 
treatm ent w ith 1 +  4 hydrochloric acid, and washed in  running water, im- 
mersed for 3 minutes a t  atmospheric tem perature in  a  28° Bó solution of sodium 
zincate, washed in  running water, dried, heated for 24 hrs. a t 150° C., cleaned by 
rapid treatm ent w ith 1 +  9 hydrochloric acid, and nickel-plated in  two stages: 
(a) in  a “ neutral ” ba th  containing 75 grm ./litre of nickel and ammonium sul­
phate (to avoid dissolving the deposited zinc), (ł>) in  an  “  acid ” bath  (ps  5-3) 
containing 250 grm ./litre of nickel sulphate, 20 grm. nickel chloride, and 20 
grm. boric acid. Adherence of the nickel deposit is assured by a finał heat- 
treatm ent of 24 hrs. a t  150° C. (2) W ith antim ony as auxiliary m etal— 
obtained w ith a hydrochloric acid solution containing 20 grm ./litre of antimony 
chloride which m ay be applied to  the aluminium surface by means of absorbent 
cotton, thus elim inating non-adherent p artic les: a fter washing in  running 
water, nickel-plating is carried out in  a single salt acid bath, and the operation 
is completed by heat-treatm ent of 24 hrs. a t 150° C.—S. G.
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The Nickel Plating oi Złnc in a Barrel. A lbert H irsch (Met. Ind . (N .Y .), 
1934,32,274; and Met. Ind . (Lond.), 1934,45,208).—d .M e t.A b s .,th is  volume, 
p. 21. The grease derived from th e  press is removed by tum bling the articles 
in a barrel w ith a m istu re  of maplewood sawdust and powdered pumice for 5 hrs. 
a t 30 r.p.m . The slightly roughened articles are thendegreased in  a solution con­
taining sodium carbonate 30, trisodium  phosphate 30, and sodium hydroxide 
15 grm ./litre, and copper-plated in  a barrel using a b a th  containing cuprous 
cyanide 22-5 and sodium cyanide 34 grm ./litre a t  140°-170° F . (60°-77° C.) 
(current density 4 am p./ft.2 a t  12 v.). After burnishing the copper plate w ith 
steel diagonals in  a  barrel, th e  articles are nickel-plated for 1 hr. a t  6 12 v. and 
90°-140° F . (32°-60° C.) in  a solution containing nickel sulphate crystals 105- 
210, nickel chloride crystals 22-5-47, boric acid 15, sodium perborate 0-75 
grm ./litre, and sufficient ammonia to  give a  p3  of 7-6-8.—A. R . P.

*The Variations of the Electro-Potential of Nickel with the Acidity. L. 
Colombier (Compt. rend., 1934, 199, 408-409).—The electro-potential of nickel 
was measured after heating the m etal in  a current of hydrogen, and then  in  
vacuo to  remove th e  occluded hydrogen. In  experiments to  investigate the 
variations of the potential w ith the acidity  of the electrolyte, the acidity was 
determined w ith ąuinhydrone, the  electrolyte being a solution of pure nickel 
sulphate w ith increasing additions of sulphurić acid. The potential of nickel 
heated for 1 hr. a t  500° C. in  vacuo was found to  be independent of th e  acidity 
up to the point a t which i t  is exactly  equal to  th a t  of a hydrogen electrode in 
the same electrolyte. For greater acidity (pą <  4), the potential curve of 
nickel is parallel to  th a t of the hydrogen potential. Results of the same order 
were obtained w ith un-heat-treated nickel (i.e. more or less passive metal). The 
results of these experiments agree w ith the hypothesis of the recovery of nickel 
in  passivation in  air by a film of oxide, bu t th e  naturę of th is oxide m ust be 
assumed to  be modified by annealing in  vacuo.—J. H . W.

Automatic Nickel Plating in Great Britain. E . J .  Dobbs (Compt. rend.. 
congr. internat, elect., 1932, 9, 112-115).—A review.—S. G. 

British Standard Specifications for Nickel Ammonium Sulphate and Nickel
Sulphate for Electroplating. ------ (Brit. Stand. Inst., No. 564, 1934, 10 pp.).

—S. G.
A Convenient Method for the Control of Nickel Plating : The Drop Test. G.

Millot (Usine, 1932, 41, (14), 37-39).—A resumk of th e  effect of the several 
variable process factors on the characteristics of the coating of nickel and a 
description of a  method of determining the thickness of the deposit by measur- 
ing the tim e taken  by successiye drops of a  solution of n itric  and sulphurić 
acids to  penetrate th e  coating.—R. B. D.

*Rhenium Plating. Colin G. F ink and P . Dereń (Electrochem. Soc. Preprint, 
1934, Sept., 381-384).—Bright, hard  deposits of rhenium m etal were obtained 
from various aqueous rhenium  solutions. Rhenium  plates very rapidly and has 
a great throwing power. Deposits of any desired thickness can be obtained. 
The deposit is very resistant to  hydrochloric aoid. D etailed b a th  formuła1, are 
given. Rhenium m ay be co-deposited w ith other m etals.—S. G.

*The Co-Deposition of Tungsten and Iron from Aąueous Solutions. M. Leslie 
H olt (Electrochem. Soc. Preprint, 1934, Sept., 147—152).—Iron  is present in 
‘ ‘ tungsten ’ ’ deposits obtained from aqueous tungsten plating baths. Removal 
of iron from th e  plating bath  by continued use results in  a depleted bath . A 
depleted bath  can be regenerated by th e  addition of smali amounts of iron. 
This iron is, however, present w ith tungsten in the cathode deposit.—S. G.

Recent Progress in Electroplating Zinc and Cadmium. S. W ernick (Compt. 
rend. congr. internat, klect., 1932, 9, 118—122).—A review.—S. G. 

Electrodeposition of Metals in Great Britain : General Introduction [to 
Symposium]. D. J .  M acnaughtan (Compt. rend. congr. internat, klect., 1932, 9, 
97-98).—Introductory  rem arks.—S. G.



508 Metallurgical A bstracts V ol . 1

Recent British Researches on Electrodeposits. A. W. H othersall (Compt. 
rend. congr. internat, elect., 1932, 9, 99-111; C. A bs., 1934, 28, 5763).—A brief 
review of niokel, chromium, copper, silver, zinc, and cadmium deposition as 
practised in  Great B ritain. O ther researches on hardness of deposit, porosiły, 
ductility, a.c., &c., are also referred to .—S. G.

Electrodeposition of Metals. L. G. Scott (Lecture Three o f the Eleventh  
Series o f P rin ting  Trade Lectures, 1932, 24 pp.).—The processes of electro- 
p lating are explained from first principles, and the application of plating to  the 
printing trade is described in  simple language.—A. R . P.

Some Further Electrochemical Principles Applied in Electrodeposition. 
II.—Secondary Electrodes (Concluded). Samuel Field (M et. In d . (Lond.), 
1934,45,205—206).—See M et. A bs., th is volume, p. 431. Considerationis given 
to  the application of th e  principles of secondary electrodes to  the design of 
plating tanks, so th a t they  themselves shall no t act as secondary electrodes, and 
to  the use of perforated secondary electrodes for keeping the anolyte and 
catholyte apart, as in  the Castner celi.—J . H . W.

Determination of the Protective Value and Thickness of Electroplated Coat- 
ings. Joachim  Korpiun (M etallw aren-Ind. u . Galvano-Tech., 1934, 32, 364- 
368).—Methods are described for measuring the corrosion-resistance by the salt- 
spray tes t, the  porosity by the ferroxyl and other tests, and the thickness of 
electroplates of various m etals by chemical and micrographic means.—A. R. P.

Measuring the Thickness of Electro-Plates. Fred Carl (M et. In d . (N .Y .) ,  
1934, 32, 95-96).—See M et. A bs., th is volume, p. 135.—A. R . P.

Economic Use of Electricity in the Plating Shop. L. C. Pan (M etal Cleaning 
and F inishing, 1934, 6, 279-282, 294; C. A bs., 1934, 28, 5345).—The cost of 
electricity in  electroplating may be excessive for any one of the following 
reasons : a  wrong-sized generator, operating a t  Iow efflciency, rheostats over- 
rated  in  voltage-drops, corroded points and contacts in  the circuit, undersized 
bus-bars and conductors, high electrolyte resistance, high anodę polarization, 
high anodę current density, and Iow cathode efficiency. P. specifies proper 
equipm ent to  be used and adjustm ents to  be made for efficient operation.

—S. G.
Eguipment Used in Electroplating. W. A. Koehler (M etal Cleaning and  

F inishing, 1934, 6, 219-224).—A reyiew.—S. G.
How to Estimate Plating Costs. H arold K aret (M et. In d . (Lond.), 1934, 

45, 207-208; and M et. In d . (N .Y .) ,  1934, 32, 275-276).—A bstract of a  report 
read to the Master Electro-Platers’ Institu te  (U.S.A.).—J . H . W.

V II.—ELECTROMETALLURGY AND ELECTROCHEMISTRY
(Other than  Electrodeposition.)

(Continued from pp. 452-453.)

*The Normal Potential of Beryllium. Frederick H. Getman (Electrochem. 
Soc. P reprint, 1934, Sept., 93-102).—The conductance of aqueous solutions of 
beryllium perchlorate was measured a t 25° C. The data  for the dilute solu­
tions were found to conform to Onsager’s eąuations A =  A0 X (0-2329 A0) +  
72-38y/c. Measurements of the e.m.f. of cells of the type Be — roBe(C104)2 — 
sa t’d KC1 — sa t’d KC1, H g2Cl2 — Hg a t 25° C. were made a t values of m  rang- 
ing from 0-215 to  0-00022. The e.m.f. was found to  be a linear function of the 
logarithm of the concentration. From the resulting data  the corresponding 
values of the norm al electrode potential of beryllium were calculated. I t  has 
been pointed out th a t beryllium probably enters the solution as B e+ rather 
than  Be + + ; on th is assumption, the normal potential lias been calculated to be 
Be, Be+, E 0 =  1-13 v.—S. G.
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fA  Review o£ the Electrochemistry of Gallium. H . C. Fogg (Electrochem. Soc. 
Preprint, 1934, Sept., 221-229).—The electrochemical behayiour of gallium in 
aqueous solutions is critically reviewed. Electro-refining of gallium using acid 
sulphate solutions has so far no t m et w ith much success; there is a  marked 
tendency for iridium and zinc to  codeposit w ith the gallium.—S. G.

*The Electrolysis of Rare Earth Metal Salts in Non-Aąueous Solvents. B. S. 
Hopkins and L. F . A udrieth (Electrochem. Soc. Preprint, 1934, Sspt., 139- 
146).—Systematic determ inations of the solubility of rare earth  salts in various 
non-aqueous solvents have been commenced as a prelim inary to  a more ex- 
tended study  of the electrochemical behaviour of the resulting solutions. 
Efforts to  discharge rare earth  metals from solutions of the ir salts in  various 
non-aqueous solvents haye been unsuccessful. Electrolysis of saturated  
alcoholic solutions of rare earth  chlorides using a  mercury cathode results in 
the formation of th e  corresponding amalgams. Amalgams of neodymium, 
cerium, lanthanum , samarium, and y ttrium  have been prepared electrolytically.

—S. G.
♦Electrolytic Production of Tungsten Metal from a Fused Phosphate Bath.

Shoo-Tze Leo and Tsing-Nang Shen (Electrochem. Soc. Preprint, 1934, Sept., 
129-137).—The electrolytic production of tungsten in  a  fused phosphate bath, 
originally suggested by H artm ann, was investigated. I t  was found th a t the 
current efficiency and energy efficiency can be much improved upon if the 
electrolysis is performed a t  a  tem perature higher th an  those suggested by 
H artm ann and when using a higher current density. A tem perature of 900° C. 
and a current density of 35 am p./dm .2 seem to give the best result. The best 
composition of th e  electrolyte w ith respect to  current efficiency was found to  be 
th a t selected by H artm ann, namely 7 mols. of sodium pyrophosphate, 3 mols. 
of sodium m etaphosphate, and 4 mols. of tungsten trioxide, bu t w ithout 
addition of sodium chloride. The best current efficiency was 88-08%. On 
the basis of energy efficiency, an  electrolyte containing 7 mols. sodium pyro­
phosphate, 3 mols. sodium metaphosphate, 4 mols. tungsten trioxide, and 
15 mols. sodium chloride seems to  be most favourable. A  yield of 469-9 grm. 
of tungsten per kw.-hr. was obtained.—S. G.

IX .-A N A L Y SIS

(Continued from pp. 453-454.)

Quantitative Analysis with the Microscope by the “ Point ”  Method. A. A.
Glagolev (Eng. and M in . J ., 1934, 135, 399^100).—See also Trans. Inst. Econ. 
Minerał., Moscow, 59. A num ber of points are distributed uniformly over a 
th in  section of the m ateriał to  be analyzed, and the num ber of points falling on 
each constituent is then  determined by a  rapid method of counting. The

probable error is expressed by the formuła S =  0-67^  where 8 is

the probable error of determ ination, n  the to ta l num ber of points taken, and 
A  the  percentage of the constituent contained in  the m ateriał. Mechanical 
devices are a feature of the apparatus.—R. Gr.

W hat Can the Smelter Expect from the Spectrograph ? W. K roll (Metali u. 
Erz, 1934, 31 ,201-204).—An account is given of the use of the spectrograph in 
determining the naturę and am ount of im purities in  commercial and specially 
purified metals such as Zn, Pb, and C u ; recent work on the subject is briefly 
described.—A. R . P .

Application of Methods of Quantitative Spectral Analysis to Metallurgical 
Problems. R aym ond Breckpot (Chim. et Ind ., 1934, Special No., (April), 
597-601; C. Abs., 1934, 28, 5776).—A discussion of the advantages of quanti- 

2 L
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ta tive spectral analysis by the method developed by B. (see M et. A bs., th is 
volume, p. 511), and of the services i t  oan render in  metallurgy.—S. G.

*The Sensitivity of Chemical Analysis by Means of X-Rays. A. Faessler (Z. 
P hysik , 1934, 88, 342-345).—The sensitivity of chemical analysis by means of 
X -rays depends on the element concerned and the naturę of the excitation of 
its  spectrum, W ith cathode-ray excitation the sensitivity is increased if the 
sample being analyzed is in  the form of a  m etal soldered to  the anticathode. 
For most massive alloys 1 p art per 100,000 of metal present can be detec ted; 
for powders the proportion of a m etal detectable is 1 p art in 20,000. The 
method employing excitation w ith X-rays is, in  generał, less sensitive th an  the 
method employing cathode rays, bu t th e  sensitivity can be increased by in- 
creasing the tim e of exposure. Some elements, e.g., Rb, Sr, and Zr, can be 
detected w ith greater accuracy by employing X-rays than  by the use of cathode 
rays.—J . S. G. T.

*On a New Drop Reaction of Beryllium. A. S. Komarovsky and N. S. 
Poluektoff (M ikrochemie, 1934, 14, 315-317).—A drop of a 0-025% solution of 
p-nitrobenzeneazo-orcinol in  NaOH is placed on a filter paper, a drop of the Be 
solution allowed to  fali on the middle of the spot, and another drop of the 
reagent added. An orange-red colour indicates the presence of B e ; Mg gives 
a brownish-yellow colour. Zn interferes in  the test, bu t the colour i t  produces 
is discharged on addition of a drop of 25% KCN solution, which also removes 
colours due to  hydroxides of Ni, Co, Cu, Cd, and Ag. The sensitivity is
1 : 2 X 105 for Be alone or 1 : 6-6 X 104 for Be in the presence of 750 times as 
much Zn.—A. R . P.

*Qualitative Detection of Bismuth with Sulphur Containing Reagents. II.— 
Detection with Phenyldithiodiazolonesulphydrate. J .  V . Dubsky and J . Trtilek 
(Z. anal. Chem., 1934, 96, 412-415).—See M et. A bs., th is \>olume, p. 454. Acid 
orneutral chloride solutions of Bi give orange to  red precipitates w ith a solution 
of the K  salt of C6H5NSC-SC-(SH)N; sensitivity 1-2 X 10-6 grm. Under 
similar conditions Ag gives light yellow, Pb canary-yellow, Hg yellow, Cu 
brownish-yellow, Cd white, N i green, and Sn and Sb brown to yellow precipi­
ta tes. The preparation of the reagent is described.—A. R. P.

*On the Detection of Selenium and Tellurium in the Presence of One Another. 
N. S. Poluektoff (M ikrochemie , 1934, 15, 32—34).—In  HC1 solution Se gives a 
brown spot (Se +  I) w ith K I on filter paper which becomes red (Se) on addition 
of N a2S20 3; Te under similar conditions gives a brown spot (K2TeI,j) which is 
subseąuently decolorized. S ensitm ty  of the tes t 1 : 25,000. Alkali stannites 
give a black spot on filter paper w ith alkali tellurites, whilst alkali selenites give 
no reaction ; sensitivity for Te 1 : 41,000.—A. R . P.

*On the Detection of Zinc by Induced Precipitation. P . Krumholz and J . 
Vasquez Sanchez (M ikrochemie, 1934, 15, 114-118).—A solution containing 
0-01% Co giyes no precipitate w ith K 2Hg(SCN)4 solution, bu t an immediate 
blue precipitate in  the presence of as little  as 2 p.p.m. of Zn. On shaking with 
(C2H 5)20  the precipitate collects a t  the interface.—A. R. P.

*The Use of the Potential-Forming System Metal/Metal Anion for Potentio- 
metric Volumetric Analysis. Erich Muller and K urt Mehlhorn (Z. anal. Chem., 
1934, 96, 173-175).—Cr as K 2C r04 can be titra ted  w ith BaCl2, using a P t or Au 
indicator electrode instead of a Cr electrode (cf. Brintzinger and Jahn , M et. 
A bs., th is volume, p. 89), sińce the electrode actually measures the  change in 
hydroxyl ion concentration due to  hydrolysis of the chromate. The method is 
applicable only when the solution has the same pa  as a solution of potassium 
chromate.—A. R . P.

*On the Determination of Gas in Aluminium by Means of the Hot-Extraction 
Method. K . Steinhauser (Z. M etattkunde, 1934, 2 6 ,136-139).—The apparatus 
for the hot-extraction of gas from Al has been improved by replacing the H.-F. 
induction furnace w ith a Silite resistor furnace w ith three magnetic coils around
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the  crucible to produce a thorough ro tation  of th e  m elt. The prelim inary tre a t­
m ent of the sample before inserting into the furnaee has a very im portant effect 
on the am ount of the gas extracted. Even by a careful cleaning of the sample 
w ith a grease solvent (ether, aloohol, or benzene), i t  is impossible to  clean com- 
pletely the surface of the sample. Weil reproducible results are obtained only 
if the sample is subsequently heated a t  about 300° C. Normally the gas con- 
ten t of commercial Al does no t esceed about 0-5 cm.3/100 grm.—M. H.

The Analytical Determination of Aluminium and the Light Metals. O. 
Engelmann (Metallbórse, 1934, 24, 567, 598-599, 630-631).—A detailed descrip- 
tion is given of a scheme, based on known methods, for the complete analysis 
of all types of industrial Al alloys.—A. R . P.

*Rapid Estimation of Antimony and Arsenie in Coppers and Bronzes. G. 
Misson (Chim. et Ind ., 1934, Special No., (April), 434; C. Abs., 1934, 28, 
5775).—The method consists in adding a  smali quan tity  of pure Sn to the 
sample (this is unnecessary w ith bronzes containing a t least 8 times as much 
Sn as Sb) and treating  w ith H N 0 3 ; As and Sb are retained in  the S n 0 2 precipi- 
t a t e ; the la tte r  is dissolved in  H 2S 0 4, reduced w ith pure Sn, and the solution is 
titra ted  w ith standard brom ate solution, giving As +  Sb. As is determined on 
a separate 5 grm. portion by precipitation w ith N H 4 molybdate and weighing 
the precipitate after drying a t 100° C.—S. G.

The Spectral Analysis of Copper. Raym ond Breckpot (Chim. et Ind ., 1934, 
Special No., (April), 220-229; C. Abs., 1934, 28, 5776).—Fractional distiłla- 
tion  phenomena of the more volatile constituents complicate quantitative 
spectral analysis in  th e  electric arc. W hilst yery intense on the anodę, these 
selective fractional distillation effects are practically elim inated if the sample to 
be examined is placed on the cathode. Curves for the determ ination of Pb, Bi, 
Ag, As, and Sb in  Cu have been made. R epresentative average values are 
obtained by operating on copper oxide powders prepared from appropriate 
solutions. This tecłmique enables concentration scales to  be readily estab- 
lished, whereas these cannot always be produced from alloys of known com- 
position. Estim ation of the spectral in tensity  is carried ou t by a simple 
method by means of a filter or a  ro tating  notehed sector.—S. G.

*The Determination of Minutę Amounts of Copper by Means of Its Catalytic 
Action. Friedrich L. H ahn  (Mikrochemie, 1934, 14, 280-282).—The method 
is based on the measurement of th e  tim e reąuired for a red solution of Fe(CNS)3 
containing N a2S20 3 to  fade to a given shade; th is depends on the am ount of 
Cu present.—A. R . P.

♦Determination of Gold by Photometric Titrations. Shizo H irano (Kógyó 
Kwagaku Zasshi (J . Soc. Chem. Ind. Japań), 1934, 37, (4); C. Abs., 1934, 
28, 5363).— [In  Japanese, w ith English abstract in supplemental binding, 
pp. 178-179.] AuCl3 in solution is reduced w ith SnCl2 to  form a colloidal solu­
tion, which develops a purple colour. The colour change was measured w ith a 
esesium photoelectric celi and a  suspension-type galvanometer. A curve of 
SnCl2 solution added versus the  galvanometer reading gives a definite break a t 
the end-point of titra tion . The acidity of the Au solution m ust be kept below 
0-052^ and excess Cl2 w ater m ust be added to  keep all of the Au in  the trivalent 
state. Cu, Pb, and  smali amounts of Pe do not interfere, bu t larger amounts 
of iron m ust be removed before titra tion . D ata and a diagram of the circuit 
are appended.—S. G.

*Contribution to the Micro-Electrolytic Determination of Lead. Hermann 
Branntner and Friedrich H echt (Mikrochemie, 1933,14,30-39).—In  the absence 
of much Cu good results in  the micro-electrolytic deposition of P b 0 2 can be 
obtained only by careful regulation of the H N 0 3 concentration in  the electro­
lyte, the current density, the tem perature, and the tim e of deposition. Addi- 
tion of urea does no t improve the results. The procedure is therefore not 
recommended.—A. R . P.
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Contribution to the Quantitative Determination of Magnesium by KolthofTs 
Method Using Titan Yellow. Carl U rbach and R. Barii (M ikrochemie, 1934,14, 
343-361).—The method is made more rapid and acourate by comparing the 
colour of the te s t solutions w ith  th a t of standards containing known amounts 
of Mg.—A. R . P .

Modified Hydrogen Evolution Method for Metallic Magnesium, Aluminium, 
and Zinc. Raymond H . K ray (Indust. and Eng. Chem. (A nalyt. E dn .), 1934, 
6, 250-251).—A modification of the Meyer apparatus for determining metallic 
Mg, Al, and Zn by measuring the am ount of H 2 evolved on dissolution in acid, 
is described and illustrated.—A. R. P .

*Gravimetric Determination of Thallium as Cobaltinitrite and Its Separation 
from Other Metals. Sikazo Nisihuku (Kógyó Kw agaku Zasshi (J . Soc. 
Chem. In d . Japan), 1934, 37, (4); C. ,4/j .5., ]934, 28, 5364).— [In Japanese, 
w ith English abstract in  supplemental binding, p. 180.] T l was determined 
as Tl3[Co(N02)6]. The reagent, which keeps well a t  room tem perature, is 
prepared by mixing a solution of 28-6 grm. of Co(N03)2 and 50 c.c. of 50% 
HCOOH in 500 c.c. w ith a solution of 180 grm. NaNOa in  500 c.c. W hen 
a solution of Tl salt containing 5%  HCOOH is trea ted  w ith th is reagent a t 
30°-50° C., a scarlet crystalline precipitate is formed. A fter 30 minutes 
filter through a glass filter, wash w ith cold H 20 , and dry  a t  120° C. for 1 hr.

■—S. G.
Use of Solid Carbon Dioxide in the Determination of Tin. H . I. W hite 

(Indust. and Eng. Chem. (A nalyt. E dn .), 1934, 6, 234).—Addition of about 
0-5 in .3 of solid C 02 for cooling the reduced Sn solution and guarding against 
ingress of a ir before th e  I  titra tio n  is recommended.—A. R . P.

^Determination of Zinc in Crude Zinc Ashes, Zinc Oxide, and Zinc [Gal- 
vanizing] Residues. C. Boy (M etali u . E rz, 1934, 31, 357-358).—The sample 
(12-5 grm.) is extracted w ith warm 1 : 2 H N 0 3 (150 c.c.) and the solution 
filtered into a  1-1. graduated fiask. The residue and filter paper are returned 
to  th e  beaker and evaporated w ith H N 0 3 and H 2S 0 4 to  destroy organie 
m atter, a 2 : 1 m ixture of the concentrated acids being added drop by drop 
to  the hot liquor when fumes of H 2S 0 4 are evolved; after dilution the solution 
is filtered into the graduated fiask and diluted to  1 1., 100 c.c. of which are 
evaporated completely to  dryness. The residue is dissolved in  5 c.c. of HC1 
and 30 c.c. of H 20 , 65 c.c. of H 2S w ater are added, and the precipitate is 
rem oved; the filtrate is boiled to  expel H 2S, oxidized w ith H N 03, and treated  
w ith H 20 2 and N H 4OH to  precipitate Fe and Mn. A fter dilution to  250 c.c., 
100 c.c. are filtered through a dry paper for the determ ination of Zn by the 
usual K 4Fe(CN)6 method.—A. R . P.

X.— LABORATORY APPARATUS, INSTRUMENTS, &e.
(See also “ Testing n and “ Temperature Measurement and Control.” )

(Continued from p. 454.)

* Apparatus for Thermal Analysis of Metal Samples. John  L. H aughton 
(Chim. et In d ., 1934, Special No., (April), 439-441; C. A bs., 1934, 28, 5379). 
—In  order to  overcome certain defects in Rosenhain’s fum ace (a 1-m. refrac- 
to ry  yertical tube, having a 15 cm. nickel-chromium heating coil round the 
top, w ater cooling a t  the bottom , and through which the sample and thermo- 
couple are displaced as required), a furnace has been designed, and is described, 
which can be displaced up or down, while the sample remains stationary.

—S. G.
On a  New Universal Microscope. P . R am sthaler (Z. wiss. M ikroskopie,

1933, 50, 63-72).—A new metallurgical microscope is described and illustrated
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in  which the microscope and camera are fixed together in  one pedestal, no t using 
an  optical bench. The light from the specimen passing vertically downwards 
through the objective is refłected a t  an angle from a m irror in the foot of the 
pedestal on to  the photographic plate. L ight is proyided by a  low-voltage 
lam p in the pedestal and passes via  a  smali m irror into the illuminator. The 
rem ainder of the apparatus is the same as th a t of the ordinary microscope.

—B. BI.
Microscope Illuminator. Anon. (J . Sci. Instrum ents, 1934, 11, 299).— 

Describes a smali illum inator for oblique illumination made by Jam es Swift 
and Son, L td . The apparatus screws on to  the nose of the microscope, and 
contains a smali lam p and condenser.—W. H.-R.

*A New Source of Illumination Adapted to Photography and Low-Power 
Microscopy. W ilbur D. Courtney and R alph Schopp (Science, 1934, 80, 189). 
•—A note. A smali neon lam p w ith the glass tube bent into a  spiral placed 
round the objective is a satisfactory source of illum ination for observing 
opaque objects w ith a  binocular or other microscope.^-W. H .-R.

Polishing and Lapping Machinę. Anon. (■/. Sci. Instrum ents, 1934, 11, 
302).—This machinę, made by Messrs. A. Gallenkamp and Co., L td ., is fitted 
w ith four turn tables 8 in. in diam eter and provided w ith spring belts to  secure 
discs of emery paper, &c. The tables can be driven a t 1000, 900, 800, and 
750 r.p.m .—W. H .-R.

*0n the Shortening of the Time of Exposure of X-Ray Photographs Using 
Reflection Diaphragms. E . Nahring (Z. tech. P h ysik , 1934, 15, 151-155).— 
The to ta l reflection of X-rays from polished glass or m etal surfaces is utilized 
for the concentration of the rays for structural exam ination of metals. W ith 
a smali camera aperture up to  100-fold increase in  intensity  can thus be 
obtained, and sharp X -ray diagrams are produced w ith exposures which are 
only slightly greater th an  those used generally w ith lead diaphragms of large 
diam eter. Examples are given.—J . W.

A Reflecting Polariscope for Photoelastic Analysis. R aym ond D. Mindlin 
(Rev. Sci. Instrum ents, 1934, 5, 224-228).—A polariscope adapted to  analysis 
of stress distribution in  parallel plates and to  three-dimensional analysis is 
described.—J . S. G. T.

X I.—PHYSICAL AND MECHANICAL TESTING, INSPECTION, 
AND RADIOLOGY

(Oontinued from pp. 455-456.)

fThe Testing of Metallic Materials. E . Skerry (A ircraft E ng ., 1934, 6, 111 - 
114,139, 140).—See also M et. A bs., th is yolume, p. 254. Hardness testing with 
the Rockwell machinę and Shore scleroscope is described, also th e  H erbert 
“ Cloudburst ” machinę, the H erbert pendulum hardness tester, the Izod 
im pact machinę and test. The “ Erichsen n te s t, bend tests for strip  and wire, 
torsion testing, tensile 'testing  a t  high tem peratures, and methods of crack 
detection are described briefly.—H. S.

Inspection of Die-Castings. E . Stevan (M et. In d . (Lond.), 1934, 45, 222).—- 
A brief discussion is given of the principal points to  be discussed in  the inspec­
tion  of die-castings.—J . H . W.

*Procedure for the Study of Distribution of Elastic Stress in Metallic Speci­
mens. A lbert Portevin and Michel Cymboliste (R ev. M et., 1934, 31,147-158). 
—A fuli account of an  investigation previously described in  summary. See
M et. A bs., th is volume, p. 197.—H . S.

The Optical-Polarization Method of Investigating the Distribution of Stresses 
in Structural Elements. A. Thum  and —  W underlich (Arch. tech. M essen, 
1934, 4, (38), t 9 9 - t 1 0 1 ) .—The principle of the photoelastic method of locating
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stresses is explained, and the apparatus is described, w ith a  diagram of the 
optical system. B ut for its  fragility and high price, glass would be the most 
suitable m ateriał for m odels: other possible materials are discussed. A 
diagramm atically illustrated account of the course of polarized light through the 
model explains the altem ation of light and dark areas and th e  effect of rotating 
the model. Methods of quantitatively  determining normal and impressed 
stresses are classified and described. A diagram of th e  interferometer is given, 
and a  bibliography is appended.—P. M. C. R.

*The Stresses in Thick-Walled Cylinders of Mild Steel Over-Strained by Internal 
Pressure. Gilbert Cook (Proc. Inst. Mech. Eng., 1934, 126, 407—437).—The 
experiments described refer to  ferrous alloys, bu t the results and theory are of 
generał interest. A theoretical investigation is made of the stress distribution 
across the walls of th ick  cylinders subm itted to  internal pressure so th a t the 
elastic lim it of the m ateriał is exceeded. Up to  a certain pressure the interior 
m etal may be over-strained w hilst the exterior is still elastic. The deformation 
in  the over-strained p art is then  smali, and the effects are difierent from cases 
where over-strain produces much pla,stic flow. In  partly  over-strained cylin­
ders the maximum shear stress in  the elastic region varies as over-strain pro- 
ceeds, w hilst a t the internal surface the effect of the over-strain is tó reduce the 
circumferential tensile stress, and to  set up an axial compressive stress. 
W ith sufficient wali thickness all three principal stresses a t the internal surface 
may become compressiye w hilst the exterior is still elastic. A t higher pressures 
where the whole metal is over-strained the observed pressures agreed w ith those 
calculated by assuming a constant shear stress equal to  th a t observed during 
plastic yield of the m ateriał in  tension. W ith increasing pressure the tensile 
stresses are greatest a t  the outside of the cylinder, and rupture begins there.

—W. H .-R.
Testing Cable Sheath for Fatigue. C. H. Greenall (Bell Lab. Becord, 1934, 

13, 12-16).—Five types of fatigue testing machines which have been used in 
th e  course of investigation on the fatigue endurance of lead and lead alloys and 
cable sheaths are illustrated  and briefly described. A typical endurance eurve 
is giyen of extruded 1% antim ony-lead alloy as determined on th e  la test 
machinę. This machinę, which appears to  be of the “ constant-defłection ” 
type, takes 126 specimens, is provided w ith tem perature control, perm its the 
testing of specimens a t various thicknesses of cable sheath, and enables allow- 
ance to  be made for fluctuations in  sheath thickness around the circumference.

—J. C. C.
Fatigue Testing of Wire. Anon. (Aircraft Eng., 1934, 6, 251-253).—A 

description of the machinę designed by Haigh and Robertson in  which the wire 
is stressed as an E uler s tru t and caused to  revolve on its  own axis while so 
stressed.—H . S

*Transverse Tests on Sand-Cast Aluminium Alloy Bars. C. E . Phillips and 
J .  D. Grogan (J. Inst. Metals, 1934, 54, 89-98; discussion, 99-102).—An 
investigation to  determine the value of the transverse test in  the measure- 
m ent of ductility  of alloys of Iow elongation value. Results of transverse 
tests do not yield any information concerning ductility  which is no t obtained 
eąually  readily from the tensile tes t when a high degree of accuracy of measure- 
m ent is available. In  discussion O. Meikle considered th a t the transverse 
bend tes t would be easier to  carry out and more reliable th an  the tensile test 
on alloys of Iow ductility . H. Moore raised the ąuestion of the extensive 
use of the transverse bend te s t on cast iron. J . O. Pearce referred to  the 
long bars used in  transyerse tests of cast iron and the tangent method of 
determining elastic modulus.—H . S.

*Strength Tests of Thin-Walled Duralumin Cylinders in Compression. 
Eugene E . L undąuist (Tech. Notes N at. Advis. Cttee. Aeronautics, No. 473,
1933, 1-20).—The stress a t  failure of thin-walled Duralumin cylinders by
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elastic buckling of the walls is given by th e  expression S , =  K CE , where K c 
is a  non-dimensional coeff. which varies w ith th e  dimensions and imper- 
fections of the cylinder, and E  is the modulus of elasticity. W rinkling prior 
to  failure does no t apparently  reduce th e  stress a t failure, and a change from 
welded to  riveted seams also has little  effect for large fabricated cylinders. 
After failure th e  wave-lengt.hs of the wrinkles in  the  direction of the axis 
are eaual to  those of th e  circumferential wrinkles. The num ber of the la tte r 
varies inyersely w ith th e  ratio  of length to  radius (l]r), and for a given radius/ 
thickness (r/ł) ratio  seems to  approach a constant value a t  the larger values 
of l/r. The compressive s t r e s s  a t failure is independent of l whenZ>(3 5 ) .  A„/2 
where =  irr/(0-91 V rjt). Transverse stiffness to  preyent failure by elastic 
buckling m ust therefore be spaced a t  a distance < ( 3 —5 ). A„/2.—A. R . P.

*Calculation oi the Elongation oi Metal Test-Pieces Jor Any Gauge Length. 
Alfred K risch and W ilhelm K untze (Arch. Eisenhuttenwesen, 1933, 7, 305- 
309; and M itt. Materiał., Sonderheft 24, 1934, 145-149).—Comparison of the 
elongation values for m etals obtained in  yarious countries is rendered diffi- 
cult,° sińce different gauge-lengths for tensile specimens are used in the dif- 
ferent countries. An expression has therefore been deyeloped for calculating 
for any desired gauge-length the to ta l elongation a t  fracture from the yalues 
obtained for th e  reduction in  area and uniform elongation, or from the  un i­
form elongation and to ta l elongation a t  fracture a t  another gauge-length. 
The two “ shape factors ”  in  the  expression have been determ ined experi- 
m entally ; they  can be read directly from a generally applicable curve for 
any of the  usual gauge-lengths, and for extrem ely sm ali gauge-lengths they  
can be calculated from two equations. The effect of the  chucks of the 
machinę on the elongation yalues for th e  conversion from short to  long rods 
or vice versa can also be read from a curve. The shape factors do not 
depend on th e  m ateriał under tes t, b u t on th e  geometry of th e  cone of 
flow,” i.e. on the reduction in area and the position of fracture in  the gauge- 
length. The conversion expressions are therefore applicable to any m ateriał 
as long as th is is uniform w ithin the gauge-marks, w hether the  test-piece is 
round or fiat. W ith  th in  strips the effect of the reduction in area is so smali 
th a t i t  need no t be taken  into the calculation.—J. W.

An Improved Bend Tester. Anon. (Bell Lab. Record, 1934, 13, 29—30).
A brief, illustrated  description of a bend tester for sheet m etal which is motor 
driyen and incorporates improyements in  detail to  provide a constant angle 
of bend, a  be tter clamping and tensioning device, and greater flexibility in 
th e  adiustable guides.—J . C. C.

How Sharply Can a  Metal P art be Bent? G. R . Gohn (Bell Lab. Record, 
1934, 12, 230-234; and (abstract) Iron Age, 1934, 133, (17), 22-23). To 
determine th e  minimum safe forming radius of a  metal, samples 3 in . X § in. 
are bent in  a  punch press w ith a series of eleven accurately-ground 90° 
V-shaped punches, one ground to  a sharp edge and the others w ith radii 
ranging from 0-0156 in. to  0-25 in . As the selection of the  minimum safe 
radius involves the  personal element, a  fu rther te s t has been introduced. 
Tests are made over three mandrels of different radii w ith  an Amsler bend- 
te s t machinę, th e  results plotted, and th e  radius over which fracture would 
occur after 5 bends determined. This radius, plus a smali constant, is found 
to  correspond closely w ith th a t obtained by th e  preyious method.—J . C. C. _ 

♦Minimum Dimensions of Test-Samples Jor Brinell and Diamond Pyramid 
Hardness Tests. G. A. H ankins and  C. W. Aldous (J . Inst. Metals, 1934, 54, 
59-88).—The effect of yariation in  dimensions of test-samples for hardness 
tests was determ ined on copper, alum inium alloy, and seyeral steels. I t  was 
concluded th a t  for accurate work the w idth of test-specimen should be 4S 
tim es th e  diam eter of th e  Brinell impression. The lim iting yalue of ratio 
of thickness of specimen to  depth of impression appeared to  depend on the
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character of the m ateriał, being 6 for mild steel, 15 for copper, and more 
th an  20 for spring steel. For diamond pyram id hardness tests the ratio  of 
thickness of specimen to  diagonal of impression of 1J is satisfactory for most 
sheet metals, w ith the exception of soft copper and soft brass. In  the dis- 
cussion M . Cook considered i t  unfortunate th a t  th e  authors had suggested 
drastic lim itations, no t justified by th e  evidence, in the applications of useful 
tests. Results with an accuracy of 5%  could be obtained a t  much lower 
ratio  values th an  those given. The high values given for soft copper and 
brass and other features were criticized in  detail. A . G. C. Gwyer requested 
information on aluminium, sińce i t  now appeared th a t the thickness ratio  
lim its in  B .S.I. Specifications Noś. 427 and 240 were no longer universallv 
applicable. B . L .  S m ith  agreed w ith the authors’ conclusions, bu t directed 
atten tion  to  th e  probable hardening effects of the grinding of the taper- 
thickness specimens used and gave results of tes t experiments. D . Hanson  
.suggested th a t the lim itations shown by the authors’ tests were affected by 
the use of a yery hard support for the test-specimen, and th a t the usefulness 
of the te s t m ight be extended by using one of similar hardness to  the speci­
men. T . H . Turner  referred to  the variation in  hardness which might occur 
in a specimen and the minimum distance between impressions. G. A. H ., in 
reply, did no t regard i t  as essential to  apply his suggested lim its for all routine 
hardness testing. The use of a soft anvil should be investigated for soft 
metals. Normal procedure in  spacing tests was to  use a  lim it of 5 times 
the diam eter of impression. C. W. A., also in  reply, gave some results on 
aluminium. For pyram id tests the thickness ratio  lim it was above 1-5, but 
for practical purposes a  ratio  as Iow as 0*5 could be used. F urther results 
dealing w ith M. Cook’s criticism were giyen. A . Portevin  gave data  and 
curves showing the results of his work on dimensional limits, including the 
thickness of electro-deposits. These agreed w ith the authors’ conclusions. 
In  the investigation on electrodeposits, observations were made of the pene- 
tra tion  of pyramids or cones under increasing load. A graph was given 
showing the determ ination of th e  thickness a t  which the hardness becomes 
independent of the basis metal.—It. G.

*Effect of Thickness on the Accuracy of Rockwell Hardness Tests on Thin 
Sheets. R . L. Kenyon (A m er . Soc. Test. M at. Preprint, 1934, June, 10 pp.).— 
From  tests made on mild steel sheets of varying thicknesses i t  is shown th a t 
accurate Rockwell hardness figures can be obtained on any thickness of sheet 
which does no t show a bulge on the lower side after the test. A minimum 
thickness of sheet for any m ateriał is considered to  be th a t which shows a 
deviation of less than  two units from the true  hardness when measurements 
are made on sheet of various thicknesses prepared by etching in  acid, then  
polishing.—A. R . P.

*A Contribution on Static and Dynamie Hardness Testing. E rnst Schmidmer 
(Forschungsarbeiten M etallkunde w. Rdntgenmetallographie, 1934, (5), pp. 102).— 
Gives a  summarized review of th e  theory of hardness testing together w ith 
new experimental results on non-ferrous metals. These include copper, 
brasses containing 10,15, 20, 38, and 42% zinc, respectively, a  ternary  copper- 
zinc-manganese alloy (Mn 2, Zn 37-5%), and complex nickel-tin—manganese— 
iron, and copper-alum inium alloys. The experimental results include static 
cone and bali tests under different loads, and dynamie tests in  which a  bali 
or cone is driven into th e  metal. The experimental data  are original, but 
most of the theoretical section is an  illustration of principles which are gener- 
ally known. The data  would be of greater value if further details were given 
of the heat-treatm ent and exact condition of the materials used.—W. H.-R;

Relation of Hardness of Non-Ferrous Metals to Strength and Workability. 
J .  R. Townsend (M etal Progress, 1934, 26, (2), 35—40).—The principle and 
method of the Meyer hardness tes t are considered in some detail, Meyer’s
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suggestion of using as a basis of calculation the  mean pressure supported 
by th e  metal— i.e., ąuo tien t of load by projected area of indentation—giving 
in  T .’s opinion the elosest approach to  th e  ideał method. The Rockwell 
tes t is said to  give th e  elosest commercial approxim ation to  the la tte r. A 
table shows the relation between Rockwell hardness and tensile strength for 
high brass sheet and Grade A nickel-brass-silver. From  a study  of the curves 
obtained by p lotting pressure (as above) against diam eter of impression is 
derived the  relation P  =  adn, where P  is the pressure, a th e  resistance of the 
m ateriał to  penetration, and n  indicates the “ w ork-hardenability ” of the 
m ateriał. A modified Brinell machinę is described, which perm its the measure­
m ent of the load reąuired to  produce un it penetration, and th e  advantages 
and lim itations of penetration measurement are discussed. Some applica- 
tions of Erichsen and reverse bending tests, w ith certain anomalous results in 
the case of Everdur, are described, and results of reverse bending tests are 
tabu lated  for 18 alloys.—P. M. C. R.

R AD IO LO G Y
Testing the Structure of Heavy Metal Products by y-Rays. M. W idemann 

(Glasers A n n ., 1934, 114, 41-43, 49-53).—Examples of th e  uses and lim ita­
tions of the method for detecting faults in  m etal articles are described.—J . W.

X II.—TEM PERATURE MEASUREMENT AND CONTROL

(Continued from  p . 436.)

A New Radiation Thermocouple. Saburó N um akura (R ep. F irst Sec. 
Electrotech. Lab., Tokyo, 1931, 6, (2), 53-55; Ja p . J .  Eng. A bs., 1934, (11), 
33).— [In Japanese.] Tellurium and bism uth were deposited on yery th in  
cellophane film by cathodic sputtering. The typical characteristics of these 
radiation thermocouples are :

Dimensions, mm.
Resistance,

Ohms.
Radiation 
Sensitiyity 
0uVlmWJ 

cm.2).
Time lag, 
Seconds.

Length. Breadth. Thickness.

11
4-0

0-7
0-3

0-001
0001

4400
15000

14-8
200

0*3
2-5

in air
in  vacuo

—S. G.
Thermo-Elements with Curved Characteristics. G. K einath  (Arch. tech. 

M essen, 1 9 3 4 ,  4, ( 3 7 ) ,  t 9 7 - t 9 8 ) . —The influence of the cold-junction tem pera­
ture of a thermo-couple is inereased when the thermo-electric force of the 
element does no t inerease proportionally w ith th e  difference of tem perature 
between ho t and cold junctions. The work of R ohn and  of K ulbuseh and 
Kulm in on the niekel-copper and nickel-iron alloys is discussed (Z. M etall- 
kunde, 1 9 2 4 ,  16, 2 9 7 ; P razisionsindustrie  (M oscow), 1933, ( 3 )  and ( 4 ) ) ,  and 
subseąuent work is ąuoted in  connection w ith the employment of vanadium , 
chromium, molybdenum, and tungsten  for the negative, and aluminium, 
copper, titan ium , tellurium , zirconium, molybdenum, and cobalt for the 
positive limb of the element. The m aterials m ost suited for base-metal 
elements are, according to  K ulbuseh, nickel and nickel w ith 2 0 - 2 5 %  copper 
and a  smali adm ixture of manganese to  obyiate red-shortness. The properties 
of certain  suitable alloys as regards corrosion by acids and salt fluxes are 
discussed.—P. M. C. R.



518 Metallurgical Abstracts Y o l . 1

*The Speed of Response of a Thermopile-Galvanometer System. A. V. Hill
(J. Sci. Instruments, 1934, 11, 246-247).—The ra tę  of deflection of a galyano- 
m eter a ttached to  a thermopile suddenly exposed to  radiation is examined 
theoretically.—W. H.-R.

A Rheostat with Coarse and Continuous Fine Adjustment [for Use with 
Optical Pyrometers]. F . A. Cunnold and M. Milford (•/. Sci. Instruments, 1934, 
11, 265).—The ordinary tubular resistance in which a slider touches several 
tu rns of wire is no t suitable for accurate adjustm ent of optical pyrometers. 
In  th e  rheostat described, contact is made w ith one wire only, the tubular 
resistance being revolved about its  axis for the fine adjustm ent; an addi- 
tional device is provided for the prelim inary rough adjustm ent.—W. H .-R.

Automatic Temperature Recorder Controller. Anon. (•/. Sci. Instruments, 
1934, 11, 259).—A note. Describes a combination of the  N egretti and 
Zambra “ Mersteel ” (mercury in  steel) tem perature recorder, and their 
tem perature controller operating on the compressed-air principle.—W. H .-R.

Indicating Time-Cycle Temperature Controller. Anon. (J. Sci. Instru­
ments, 1934, 11, 298).—Describes an indicating time-cycle controller, made 
by Messrs. Ń egretti and Zambra, for use w ith either a thermocouple or resist­
ance thermom eter. The desired tem perature is obtained by a setting pointer 
which is moved by a  revolving cam cut to  a shape which gives the desired 
yariation of tem perature w ith time.—W. H.-R.

Adjustable and Fixed-Setting Thermostat Controls. Anon. (./. Sci. Instru­
ments, 1934,11 ,299-301).—Describes two th e rm o sta t Controls using bi-metallic 
elements and made by the General Electric Company. They are made 
primarily for w ater-heater control, bu t are suitable for o th er purposes.

—W. H.-R.

X III .—FOUNDRY PRACTICE AND APPLIANCES

(Continued from pp. 456-457.)

*Study of Foundry Properties of Metals and Binary Alloys.—I, II. P ■ Bastien 
(Bev. Met., 1934, 31, 270-281, 324-329,369-373).—(I.—) Castability is studied 
by th e  method of Guillet and  Portevin and the effect of superheating the 
liquid m etal is examined both by experiment and by theoretical treatm ent. 
Specific heat, la ten t heat of freezing, and melting point are a t least as im- 
portan t as viscosity in  the factors affecting castability. Castability of binary 
alloys is studied in  relationship to  constitution. (II.— ) The castability of mag­
nesium alloys is studied, also the influence of successive remelting operations 
and the influence of the naturę of the sand on castability of magnesium alloys 
and Alpax. While magnesium has a very Iow value of castability, additions 
of alum inium and  copper effect marked improvement. The first few re- 
meltings of a 6%  aluminium alloy result in an  improvement of castability, 
a ttribu ted  to  increase in  aluminium content by loss of magnesium, bu t later 
re-meltings cause reduction in  castability, a ttribu ted  to  oxide and nitride 
content of the metal. The naturę of the sand is an influential factor, affect­
ing the castability of both magnesium and Alpax. Shrinkage in the mould 
is studied both for chill and sand moulds, and w ith magnesium-aluminium 
alloys, magnesium-copper alloys, and magnesium-aluminium-copper alloys 
as the m aterials of the castings.—H. S.

Controlled Directional Solidiflcation.—II. George B atty  (J. Amer. Soc. 
N a m i Eng., 1934, 46, 299-315).—See Met. Abs., th is volume, p. 257. The 
procedure adopted in producing castings by means of the reversal system 
designed to  promote controlled directional solidiflcation is considered in 
relation to  castings such as gear blanks, which, on account of their design,
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reąuire morę th an  one feed head. Two types of such castings cast by the 
“ 30-degree reversal ” system which both  reąuire different systems of heading 
and gating are discussed. The “ 100-degree reversal ”  system and th e  use 
of extem al chills for heayy sections are illustrated  by considering yarious 
types of steel castings.—J . W. D.

[Discussion on] Non-Ferrous Foundry Practice. (Found. Trade J ., 1934, 
50, 414—115; 51, 5-6, 18).—A bstract of th e  discussion before the  In s titu te  
of B ritish Foundrym en of the papers : “ Cast Red Brass,” by C. M. Saeger, Jr ., 
and “ Studies on Cast Bronzes,” by F . W. Rowe. See Met. Aha., th is volume, 
pp. 363, 383.—J. H . W.

“ On the Decomposition of Cuprous Oxide by Carbon Monoxide and the 
Deoxidation of Red Brass by Reitmeister’s Method. H . N ipper and P . Rontgen 
(Oiesserei, 1934, 21, 86-89).—Cuprous oxide is readily reduced by carbon mon- 
oxide, and m olten copper can, therefore, be deoxidized by passing th is gas 
through it. The mechanism of th e  reaction has been investigated from 
laboratory tests on the eguilibrium of the reaction CuaO +  CO =  2Cu +  C 02-

Preparation and Casting of Magnesium Alloys. E . T. R ichards (Metali- 
borse, 1934, 24, 761-762, 794, 826-827).—The following are discussed : melting 
eonditions, use of fłuxes, preparation of sand moulds, mould dressings, and 
casting procedure.—A. R . P.

Recent Developments in Brass Bie-Casting Methods. H erbert Chase 
(Machinery (N .Y .), 1934, 40, 653-655).—Three Polak die-casting machincs 
have been in use for over 2 years a t  the T itan  Metal Manufacturing Co., and will 
produce about one million brass castings th is year. The m etal is heated in  
electric fum aces, and is held w ithin 10° F . (5° C.) of the tem perature required. 
Maximum die life is about 20,000—50,000 pieces. One of the m ost successful 
die steels contains carbon 0-3—0-4, chromium 1-75, yanadium  0-5, tungsten
10-12% . Suitable die-casting alloys include yellow brasses, nickel silvers, 
aluminium-bronzes, and “ Tinicosil,” a copper alloy containing zinc 41-0, 
lead 1-0, and nickel 16-0%. The composition and properties of typical alloys 
are tabulated .—J. C. C.

On Die-Casting. H erm ann Christen (Schweiz. Bauzeit., 1933, 102, 195- 
198).—A short review of the process and its applications.—J . W.

Grain Structure Control Insures Mould Permeability Control. H . W . Dietert 
and F . V altier (Trans. Amer. Found. Assoc., 1933, 41, 175—186; discussion, 
186-192).—The perm eability of sand is greater if the grains are rounded than  
if they  are of angular shape, and is influenced more by th e  fine th an  by the 
coarse materiał. The shape of th e  particles has little  efiect on th e  green or 
d ry  strengths of moulds, b u t baked oil-bonded cores made from round 
grained sand are m aterially stronger th an  those made from angular sand. The 
effects of grain-size are described in  detail in the paper and are considered a t 
length in th e  discussion.—R. B. D.

Effect of Silt on the Bonding Strength of Sand. H . Ries and R . C. Hills 
(Trans. Amer. Found. Assoc., 1933, 41, 158-166; discussion, 166-167).—An 
increase of silt decreases both the compressiye and  tensile strengths, b u t has 
less effect on a fine- than  on a coarse-grained sand. Clean silica silt has less 
bonding power th an  natu ra l (“ clayey ” ) silt. Increase of moisture (within the 
limits 4-8% ) caused decrease of strength and permeability.—R. B. D.

Reviews Report on Routine Methods for Testing Green Sands. H. Ries 
(Trans. Amer. Found. Assoc., 1933, 4, (5), 11-14).—A concise review in which 
the methods devised and selected by (1) the A.F.A. committee and (2) the
I.B .F . committee are compared and contrasted.—R. B. D.
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XIV.—SECONDARY M ETALS: SCRAP, RESIDUES, &c.

(Continued from p. 457.)

The Classification, Properties, and Utilization of Non-Ferrous Scrap Metals 
and Alloys. Anon. (Metallurgia, 1934, 10, 47-48, 79-81, 117-118).—The 
increasing need for accuracy in the composition of non-ferrous alloys and their 
proper utilization, when the artieles for which they  have been used beeome 
scrap m etal is considered. The problem is discussed w ith a view to the more 
profitable use of such scrap metals and alloys as copper wire, copper clippings, 
miscellaneous copper scrap, yellow m etal scrap, yellow metal tum ings and 
borings, brass stampings, miscellaneous brass scrap, scrap tin  materials, lead 
scrap metals, aluminium scrap metals, and zinc scrap. The influence of mag- 
nesium, Silicon, and aluminium on brass is also reviewed.—J. W. D.

The Recovery of Smelter Dust and Oxide at a Secondary Metals Plant. 
William Romanofi and C. O. Thieme (Met. Ind. (N .Y .), 1934,32,237-239).—A 
description of the methods used in cooling furnace gases and collecting there- 
from suspended zinc oxide derived from the reverberatory smelting and refining 
of brass scrap a t a large American works.—A. R. P.

Electrometallurgical Refining of Alloys of the Noble Metals. W. Graulich 
(Deut. Ooldschmiede-Zeit., 1933, 36, 48-50; C. Abs., 1934, 28, 5341).—The use 
of the electrolytic treatm en t of noble m etal wastes presupposes a ra ther rich 
alloy to  begin w ith, which can be obtained only by the use of an  electrolytic 
prelim inary separation. Two processes are described : th a t  of Carl for noble 
m etal tailings and th a t of Siemens and Halske for plated wastes. The first 
uses an electrolyte of alkali perchlorate which is stirred by compressed air. 
The m ateriał to  be refined is anodically dissolved except for its  gold and 
platinum  content, which remains a t the anodę. The cathodic sludge sinking to  
the bottom  consists of metallic silver mixed w ith some copper. The plate 
refining baths are a type of ba th  for the separation of copper and use a hydro- 
chloric acid electrolyte. The noble metals collect as anodę sludge, the silver 
as silver chloride. The current density, energy efficiency, and tem perature of 
the baths are given.—S. G.

X V .-FU R N A C E S AND FUELS

(Continued from p. 438.)

Oil-Fired Rotary Melting Furnace. Anon. (Mech. World, 1934, 95, 595). 
—A ro tary  oil-fired furnace suitable for non-ferrous metals and alloys, includ- 
ing copper, brass, bronze, pure nickel, and cupro-nickel, is illustrated and de­
scribed. The holding capacities vary from \  ton to  3 tons. Air for combustion 
is preheated in  a special type of metallic recuperator. The oil-burner is designed 
to  burn any medium grade of fuel-oil or the lighter grades of tar-oil.—F. J .

*A Reverberatory Furnace for Melting Aluminium. G otthard E. Lenk 
(Metali u. Erz, 1934, 31, 103-105; and (translation) Light Metals Research, 
1934, 3, 12-16).—The hearth  is of octagonal shape slightly elongated, has 
four oil burners in  one side, a  door in  each of the sides perpendicular to this 
side, and flues in all the other sides; the furnace will m elt charges of up to 
6500 kg. of aluminium.—A. R . P.

A Ten-Kilowatt Granular Carbon Resistance Furnace. J . W. Cuthbertson 
(Metallurgia, 1934,1 0 ,141-147).—A description is given of a  carbon-resistance 
furnace capable of quickly raising 12-15 lb. of metal to  1600° C. or more, and 
which is extremely suitable for metallurgical research. The eleotrical eon-
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ditions and  electrodes are very fully discussed and data  dealing w ith electrode 
dimensions and therm al losses, therm al losses through th e  furnace wali, 
efficiency, and upkeep are also fully considered. Special a tten tion  is given 
to  the  selection and grading of m ateriał for the resistor element, and informa- 
tion on suitable refractories for furnace and crucible is also included. Notes 
on the operation of th e  furnace are appended.—J. W. D.

*Investigations of Silicon Carbide-Containing Heating Units Operated in 
the Open Air. L. Nawo and Wilhelm Meyer (Elektrowarme, 1934, 4, 140-141; 
C. Abs., 1934, 28, 4984).—Silit, Globar, and Quarzilite were tested  in  the 
rangę 800°-1400° C. They were practically identical in open air when in^the 
horizontal position. H eat conductivity is 20 cal./m ./hr./° C. from 1000° to 
1400° C __S Gr

Electric verśus Fuel-Fired Furnaces. K . Mertens (Elektrowarme, 1934, 4, 
132-136; C. Abs., 1934, 28, 4983).—Seyeral examples are given to  show th a t 
in spite of high cost of electric energy the economy of electric furnaces for 
metallurgical and ceramic purposes can be im proved largely by recuperation 
of heat so th a t electric furnaces can easily compete w ith fuel-fired furnaces.

—S. G.
*Fundamental Laws of the Design of Electric Smelting Furnaces. Mikio 

Mukaiyama (J. Inst. Elect. Eng. Japan, 1931, (515), 343-356; Jap. J . Ę n9- 
Abs., 1934, (11), 16).— [In Japanese.] M. proposes th a t the diam eter of the 
electrode should be determ ined by th e  short-circuit current density of the 
electrode (or critical short-circuit current density of th e  electrode), which is 
quite difierent from th e  so-called allowable current density. The short- 
circuit current depends stric tly  on th e  diam eter of the electrode, as well as 
on the physical properties of the materials to be used. F or a  certain electric 
power input, the  diam eter y  of th e  fused zone in  th e  furnace around the 
electrode depends on the diam eter x  of the electrode, and can be denoted by 
y  =  m x  +  k, where x  and y  are given in mm. and cm., respectively, ro and k are 
constants depending on the current or power input. From  this yalue of y  
the  mean radius B  of the furnace can be calculated by the form ulas:

(2 + V 3 )
2 V3

M. gives an example of the  design of a 200-kw. electric smelting furnace w ith 
3-phase current and of some operating da ta  for large furnaces in  connection 
w ith his new laws.—S. G.

+The Use of Metals in the Construction of Furnaces.—I. M. Bassal (Kev. 
M et., 1934, 31, 299-323).—Read a t  the  Congres du  Chauffage Industriel. 
See Met. Abs., th is yolume, p. 365.—H. S. ^

*The Temperature History and Rate of Heat Loss of an Electrically-Heated 
Slab. A lbert B. Newman and Louis Green (Electrochem. Soc. Preprint, 1934, 
Sept., 279-292).—If a slab of homogeneous m ateriał is subjected to  a heat 
input a t  a  constant ra te  into one face while th e  other face is exposed to  a  fluid 
medium, the ratio  ra te  of heat loss to  the medium ra te  of heat inpu t will 
vary  from zero a t  the s ta r t to  un ity  after a steady sta te  has been reached. 
The tem peratures of both  faces will increase until the finał steady vałues are 
a ttained. I f  the heat supply is cut off a t  some instan t, either before or after 
the steady sta te  is reached, the slab will eventually cool down to th e  tem pera­
tu re  of the fluid medium, bu t the tem perature history of the two faces would 
be difficult to  predict w ithout m athem atical analysis. A practical ease is 
th a t  of an electric furnace being heated up to  a desired tem perature by means 
of a uniform kilow att inpu t, and  then  being allowed to  cool down after the 
heat supply is discontinued. In  this ease th e  tem perature history of the 
inner faee of the wali could be taken  approxim ately as th e  tem perature 
history of the furnace, and the tem perature of the fluid medium would be
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th a t  of the air in  the room. This paper presents a m athem atical analysis of 
the generał case, and the results are translated into yalues and curves for 
application to  practical cases.—S. G.

XVI.—REFRACTORIES AND FURNACE MATERIALS

(Continued from p. 439.)

Constitution and Properties of Bauxites as Refractory Materials. B. Long 
(Ceramiąue, 1933, 36, 1—12; C. Abs., 1934, 28, 3855).—Bauxites are made up 
of the minerals kaolinite, diasporę, and gibbsite. H em atite and geothite are 
freąuently associated and m ust be less th an  5% for refractory use. Technical 
da ta  on refractory bauxites include load te s t data , expansion curves, and 
spectrographs showing changes taking place in firing.—S. G.

Refractory Cements and Lutes. W. O. Lake (Sand, Glays, and Minerals,
1933, 1, (3), 56-58).—The properties required of a refractory cement of good 
quality are enumerated.—I. M.

Refractory Cements. Practical Tests. W. O. Lake (Sands, Clays, and 
Minerals, 1934, 2, (1), 35-39).—See also preceding abstract. Gives results of 
practical tests.—I. M.

fThe Selection of Refractories for Use in Engineering Industries. W. J . 
Rees (Fuel Econ. Uev., 1934, 13, 50-53).—The physical characteristics of 
refractories are briefly reyiewed.—J . S. G. T.

X VII.—HEAT-TREATM ENT

(Continued from p. 458.)

Salt Baths for Dural. F . H . Trembly, J r . (Machinist (Eur. Edn.), 1934, 
78, 497).—The use of a  b a th  of molten salt for the heat-treatm ent of D uralu­
min aeroplane parts is briefly described.—J . H. W.

XVIII.— WORKING

(Continued from pp. 458-460.)

Development of Cold-Rolling Machines. Wilhelm Fass (Stahl u. Eisen,
1932, 52,1261-1270; and (abstract) Technique moderne, 1933, 25, 622-623).— 
Several new modifications of K rupp sheet and strip rolls are described. 
Inform ation is given on the cooling and lubrication of bearings and on the 
advantages and disadvantages of 4- and 6-high rolls, &c. A discussion follows.

—J. W.
New Distant Recording Apparatus for Rolling Pressures. Renś W. P. 

Leonhardt (Iron and Steel Ind ., 1934, 7, 259—261).— A measuring device suit- 
ably eąuipped to  perm it of d istan t readings and, if necessary, to  give a eon- 
tinuous record of the pressure in  rolling mills is provided by an elastic plate 
power gauge, in which the pressure-indieating devices as well as the recording 
devices are designed in an entirely new and interesting manner. This gauge is 
fully described and illustrated by means of diagrams and photographs.

—J . W. D.
Copper Wire-Drawing. A. G. Arend (Met. Ind. (Lond.), 1934,4 4 ,579-580). 

—The design of wire-drawing mills, the  cooling of the wire, rod making, the 
process of wire-drawing, and the precautions to  be taken for improving the 
ąuality  of copper wire are discussed.—J. H. W.
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Development of Wire Research. F . C. Thompson (Wire Industry, 1934, 1, 
9-11, 51-54, 85-88).—Surveys the results of researches carried out a t  Man­
chester University on wire-drawing during the last twelve years, dealing with 
power consumption, puli, the effects of die angle, shape and m ateriał as well as 
lubrication on the foregoing, and also w ith the properties of drawn m ateriał.

—A. B. W.
Wire-Drawing at the Higher Speeds. J . B. Nealey (Iron Age, 1934, 134, 

16-18, 80).—The accurate drawing of copper wire a t  speeds of 6000 ft./m inute 
and higher, and the  p lan t reąuired to  effect this are described.—J . H. W.

Practical Aids for the Evaluation Starting Sizes in Wire-Making. H.
(Draht-Welt, 1934, 27, 547-548).—Gives formulse and tables for reductions in 
area, diameters, and mechanical properties after various treatm ents.—A. W.

Making Brass Chains. A. G. Arend (Met. Ind. (Land.), 1934, 45, 243-244). 
—The m anufacture of chains from th in  yellow brass ingots in  one operation is 
described.—J. H. W.

Aluminium Alloy Tubes. Anon. (Aircraft Eng., 1934, 6, 291).—A descrip- 
tion of the production of tubes in  “ R R  56 ” alloy a t  the works of Reynolds 
Tube Co., and of the  principal properties of the tubes.—H. S.

Considerations of Machining Technigue Based on Workshop Trials. H. 
Schallbroch (T .Z . prakt. Metallbearbeitung, 1933, 43, 347-350, 381-385).—A 
review of the properties of certain materials w ith special reference to  their be- 
haviour in th e  lathe. The results mainly refer to  steels and irons, bu t they 
have some application to  th e  testing of non-ferrous m etals and alloys by similar 
methods. Seyeral curves indicate the relationships between the factors under 
observation—speed of cutting and ra te  of advance; speed of cutting and 
hardness ; speed of cutting and tensile strength.—W. A. 0. N.

Economic Cutting Speed in Finishing. W. Leyensetter (Maschinenbau, 1932,
11, 257-259).—A series of investigations on machinability, wear, and  surface 
finish by means of the pendulum process is described and  discussed. The 
curves obtained, whilst of generał interest, apply actually to  steels and to  cast 
iron.—P. M. C. R.

X IX .—CLEANING AND FINISHING

(Continued from pp. 460-461.)

*The Bullard-Dunn Electrochemical Metal Descaling Process. Colin G. 
F ink and  T. H. Wilber (Electrochem. Soc. Preprint, 1934, Sept., 251-261).— 
The development of the electrochemical descahng process is described and the 
underlying principles are discussed. The metal article to  be descaled is made 
the cathode in a ho t acid sulphate bath  containing a smali am ount of m etal salt 
such as tin  sulphate. A protective film of tin  or other m etal is progressively 
formed over the cleaned points or areas, and all pitting, etching, smudge forma- 
tion, and perm anent em brittlem ent so common in ordinary acid or electric- 
pickling are avoided. The use of Silicon alloy anodes inhibits the oxidation of 
ferrous ions present in  the electrolyte. A long life of the electrolyte is thereby 
assured, thus doing away w ith the objectionable, frequent renewals of electro­
lyte reąuired by the older processes.—-S. G.

Electrolytic Degreasing. F ritz  Schafer (Metallwaren-Ind. u. Galvano- 
Tech., 1934, 32, 408-409).—Compositions of various degreasing solutions are 
given, w ith details of th e  m ethod of preparation and use.—A. R. P.

Metal Cleaning and Metal Cleaning Compounds. H. C. Bernard (Met. Ind. 
(N . Y.), 1934, 32,235-236).—A simple, non-technical discussion of the practical 
problem of preparing m etal surfaces for plating.—A. R. P.



Cleaning Prior to Plating. R . J .  Piersol (Metal Cleanina and Finishinn, 
1934, 6, 229-234).-—A reyiew.—S. G.

Cleaning Articles to be Plated. W. A. Koehler (Metal Cleanina and Finish- 
ing, 1934, 6, 283-286).—A reyiew.—S. G.

Fly Ash Jor Cleaning Turbinę Blades. Edward Luxemburg (Power Plant 
Eng., 1934, 38, 408).—Suspended m atter in  steam  tends to  adhere to  turbinę 
blading, gradually encrusting i t  w ith a thin, very hard scalę. Sand-blasting 
proved too drastic a method of removal, bu t the substitution for sand of “ fly 
ash,”  i.e. the ash resulting from the combustion of pulyerized coal, eflected 
thorough cleaning w ithout any damage to  the blades.—P. M. C. R.

Rinsing in the Surface Finishing of Metal Articles. H. Krause (Illus. Zeit. 
Blechindustrie9 1934, 63, 854—855).—Surface defects a ttribu ted  to  poor ąuality  
or to  an  unsatisfactory process are freąuently caused by inadeąuate rinsing, 
after pickling, degreasing, or plating. W ithout freąuent changes of rinsing 
water, the corrosiye effect of ba th  residues becomes cumulative. Directions 
are giyen for maintaining a steady flow of clean w ater through the rinser, or, 
alternatiyely, for the use of a series of baths. H ot w ater is recommended for 
the finał rinse. Certain precautions are necessary in  using neutralizing or 
degreasing rinses.—P. M. C. R.

Producing a Patina on Zinc Sheet. Anon. (Illust. Zeit. Elechindustrie, 1934, 
63, 965).—The comparatiyely poor adhesion and the tendency to  exfoliation 
sometimes shown by pain t and lacquer haye led to  the freąuent adoption of 
chemical proeesses for producing on zinc an artificial patina. Methods are 
briefly described for the formation of deep grey, green, or copper surface finishes, 
and it  is sta ted  th a t  a  plain zinc finish can be produced on a surface already 
coppered.—P. M. C. R.

The Measurement of Surface Finish. Anon. (Machinę moderne, 1934, 28, 
131). A brief description of the TJniyersity of Michigan surface-testing ap- 
paratus, illustrated by a  diagram, and by specimen curyes w ith descriptions of 
m ateriał and of working of the samples concerned.—P. M. C. R.

Polishing Powders and Earths. A rthur Jones (Sands, Glays, and Minerals,
1933, 1, (4), 47-50).—General.—I. M.

On Grinding Wheels and Smearing. Anon. (Werlezeug (Suppt. to  Maschinen- 
konstrukteur), 1933, 9, (15/16), 145).—The mechanism of grinding is reyiewed, 
and the phenomena of smearing are a ttribu ted  to  the great heat produced by 
the friction of yariously oriented cutting particłes on the materiał to  be worked. 
Careful selection of grades, speeds, and lubricants will obviate smearing to a 
great ex ten t; the cutting of such soft materials as lead, copper, tin , and zinc 
requires in addition a carefully regulated pressure. Excessive lubrication may 
actually promote smearing. The cleaning of grinding wheels which haye been 
damaged by smearing is discussed : special appliances are ayailable a t  smali 
cost. Chemical cleaning requires considerable caution.—P. M. C. R.

Boroń Carbide: A New Crystalline Abrasive and Wear-Resisting Product. 
Raym ond R. Ridgway (Electrochem. Soc. Preprint, 1934, Sept., 293-308).—The 
production of a  new abrasiye Carbide of carbon, and difficulties encountered in 
commercializing the process, are outlined. The crystallization of the new pro­
duct is described. I t s  hardness is compared w ith the known hardness of 
diam ond and Silicon Carbide. A series of tables shows the comparatiye strength 
properties of the new product compared w ith crystalline materials and metallic 
alloys of similar naturę. Specific resistivity and tem perature coeff. of resist­
ance da ta  are given, and the coeff. of expansion is compared w ith th a t of certain 
known crystalline materials. Evidence is presented for a new formuła for 
boron Carbide. Industria l applications of the new product are briefly 
tabulated .—S. G.
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XX.— JOINING

(Continued from pp. 461-463.)

Preparation o£ Solder in Melting Kettles. W erner Frólich (Chem. Zeit., 
1934, 58, 237-238).—For th e  m anufacture of large ąuantities of solder in 
iron  kettles th e  la tte r  should be set in  brickwork over a  hard  coal fire so 
arranged th a t  the heat is d istributed eyenly around the sides and  th e  bottom . 
T he m etal should never be heated above 300° C., and th e  surface should be 
covered w ith an  ammonium chloride flux, or steam  should be blown through 
th e  mol ten charge for 3-5 m inutes to remove oxide inclusions. If  iron moulds 
are used for casting, they  should be preheated to  allow the alloy to cool 
slow ly; the same effect bu t a be tter surface appearance is obtained by the 
use of marble moulds. Care should be taken  to  avoid in troduction  of arsenie 
o r zinc into th e  alloy, bu t addition of 1-1-5% of antim ony is recommended 
to  increase the  resistance to  corrosion and to  improve the surface appearance.

—A. R . P.
Soft Solders and Soldering Fluxes. E . E . H alls (Sheet M eta l In d .,  1934,

8, 175-176, 186, 231-232, 244, 299-300).—A description is given of th e  m anu­
facture of solders, th e  principles of soldering, and the use and function of 
various fluxes. Ali types of work reąuiring soft solders can be performed 
by  the use of one of the following four alloys : (i) tin  65, antim ony 0-1% , 
(ii) tin  50, antim ony 2-5-3% , (iii) tin  40, antim ony 2-2-4% , (iv) tin  30, an ti­
mony 1-1-7%, lead forming th e  rem ainder in  all cases. A toleranee of ± 1 %  
in  th e  tin  figurę is allowable.—A. R . P.

Automatic [Brazing] Furnaces for Speed and Uniformity. J .  Freeze 
( Elect. •/., 1934, 31, 283-284).—A brief description of th e  working of an 
autom atic loading device and furnace for brazing copper coils to  steel cans. 
The assembly of coil and can is placed in the furnace a t  1700° F . (927° C.) 
and  removed after a  predeterm ined tim e when brazing is complete.—J . C. C.

New-Type Installation Eąuipment Built of Arc-Welded Aluminium. A. F . 
Davis (M etallurgia, 1934, 10, 111).—A brief description is given of an arc- 
welded aluminium distillation eąuipm ent for a new chemical process, which 
is probably th e  first of its  k ind  to  be fabricated by means of are welding. 
The eąuipm ent consists of two condensers w ith 140 tubes in  each, 2 drip 
tanks, and 2 receiving tanks. 8-in. piping connects the condensers and the 
still, and  th is piping was fabricated complete by arc-welding from aluminium 
sheets. Welds were tested  under 100 Ib. pressure, and no fławs were found 
in  any of the welds.—J . W. D.

The Joining of Tubes by Welding. H. Thomas (lllu st. Zeit. Blechindustrie, 
1934, 63, 971-974, 998-999).—An illustrated  discussion of possible methods 
of welding th e  elements of flexible m etal tubing.—P. M. C. R.

Contribution to the Question of Welding Stresses. H ans Biihler and W il­
helm Lohmann (Elektroschweismng, 1934, 5, 141-145, 165-170).—A reyiew 
of previous work is followed by an  account of results obtained from a modifica- 
tion  of the method of Sachs for determining the in ternal stresses in cylinders. 
C ircular plates (or short cylinders) are used in  order th a t longitudinal stresses 
m ay be neglected. A coneentric deposit of weld m etal is made on each face, 
and th e  change in  diam eter of th e  cylinder is measured as a central hole is 
bored and  its  diam eter increased. The experiments are made w ith steel 
sam ples; th e  effect of annealing and the  difference in  stress-effect between 
electric arc and  oxy-acetylene welding are determined.—H . W. G. H.

tT he Scientific Basis of Autogenous Welding. A. Portevin (Aciers spŁcia-ux,
1933, 8, 384-399).—E x trac t from a lecture giyen to  the Journees de la Soudure 
autogene appliąuee aux  Constructions Navales, 399^101. The function of 
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autogenous welding is to  join pieces of m etal together so th a t a homogeneous 
junction is effected. This requires the application of sound metallurgical 
practice, and the foundations on which the process is based are set out and 
elaborated. In  th e  appendix, the properties of the m ateriał a t  and adjacent 
to  the weld are described.—J . H . W.

New Resistance Welding Electrode Alloys. J .  J .  K elly (•/. A m er. Weld. 
Soc., 1934, 13, (7), 11).—Beryllium -copper is recommended.—H. W. G. H.

Electric Resistance Welding Machines. C. A. H adley ( Weld. J ., 1934, 
31, 173-177).—The principles of the process and the factors to  be considered 
are discussed. The rating, voltage, and current consumption, as influenced 
by th e  design of machinę, are explained. The application of autom atic 
tim ing control is described, and a useful summary of the various types is 
given.—H . W. G. H.

The New Methods of Oxy-Acetylene Welding Medium and Thick Sheets. 
R . Meslier (B uli. Soc. In g . Soudeurs, 1934, 5, 1297-1306; and Hev. Soudure  
autogene, 1934, 26, (245), 8-12; also (in part) Weld. In d ., 1934, 2, 179-181, 
192).—The method of welding yertically upward in  two runs is described 
and tables are given showing times and consumptions of gases and welding 
rod for various thicknesses of m ateriał. In  th is method of welding two 
operators work from opposite sides of the sheets to  be b u tt welded, these being 
held vertical. The blowpipes move from bottom  to top, preceded by the 
welding rods.—H. W. G. H.

The Kinematics of Oxy-Acetylene Welding. R . Granjon (Rev. Soudure  
autogene, 1934, 26, (245), 2 -5 ; and Weld. In d .,  1934, 2, 149-152).—Experi- 
ence w ith autom atic welding indicates th a t m any of the complicated move- 
ments made by the hand of the welder are unnecessary and even harm ful. 
Lack of precision, i t  is thought, makes continuous correction necessary, and 
th is takes th e  form of lateral and vertical movements of the welding flame.

—H. W. G. H.
*Experimental Investigations on the Question of Pressure in High-Pressure 

Acetylene Plant. W. Rim arski and M. Konschak (Autogene Metallbearbeitung, 
1934, 27, 209-215, 225-232).—A fter a review of the literature on th e  subject, 
experiments are described to  determine th e  explosion pressures resulting from 
the ignition of air-acetylene, oxygen-acetylene mixtures, and pure acetylene, 
a t  yarious in itial pressures from 0 to 3 kg./cm .2. The experiments were 
carried out in a 40-1. steel yessel connected to  a pipe-line 16 m. long, both 
being fitted w ith pressure indicators of th e  indentation type. In  order to  
check th e  accuracy of these indicators under the rapid applications of pressure, 
confirmatory tests were made in  a duplicate yessel fitted w ith brass bursting 
discs, which were calibrated statically. The results are tabulated  in  detail 
and show th a t generators tested  to  10-12 kg./cm .2 cannot be considered 
“  explosion-proof.”—H. W. G. H.

Advantages of Distributing Acetylene Under Pressure for Welding, and 
Means for Ensuring Safety in Pressure Installations. C. S. Milne (Weld. In d .,  
1934, 2, 137-143).—See M et. A bs., th is volume, p. 209.—H . W. G. H.

Study of the Temperature of the Oxy-Acetylene Flame. D. Seferian (Rev. 
Soudure autogene, 1934, 26, (245), 6-7).—S. discusses a recent thesis by 
Pierre Montagne, in  which the proportions of the constituents of the oxy- 
acetylene flame and its tem perature are calculated for yarying proportions 
of oxygen to  acetylene. The results agree closely w ith those obtained by 
R ibaud and S. (see M et. A bs., th is volume, p. 209), the maximum theoreticał 
tem perature being obtained w ith an oxygen: acetylene ratio  of 1-5, whereas, 
in  practice, i t  is obtained when the  ratio  is about 1-2. B oth calculation and 
experim ent agree on a figurę of about 3100° C.—H. W. G. H.
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XXI.— INDUSTRIAL USES AND APPLICATIONS

(Continued from pp. 464-469.)

Light Alloys for Cylinders and Their Sliding Properties. O. Engelmann 
(Metallborse, 1934, 24, 501-502, 534-535, and (abbreviated translation) 
A lu m in iu m  Broadcast, 1934, 4, (29), 8-9).—The requisite properties of a good 
cylinder alloy are discussed, and various types of light m etal alloys which 
have found application in  the  construction of cylinders and pistons for internal 
combustion engines are described, w ith brief notes on the ir structure, heat- 
treatm ent, and sliding properties.—A. R . P.

tA lum inium  Alloys for Pistons [of Internal Combustion Engines]. R. 
Sterner-Rainer (Werlestofftechnisches K olloąuium , Staatl. M aterialpriif. Tech. 
Hochschule, Darmstadt, 1933, (2), 20-25).—Aluminium a l l o y s ,  especially t h o s e  
c o n t a i n i n g  S i l i c o n ,  have many advantages o v e r  c a s t - i r o n  a l l o y s  f o r  the manu- 
f a c t u r e  o f  pistons, e.g. a lo w  density, a  sm ali heat capacity bu t good heat 
conductivity, a  lo w  coeff. o f  expansion, a n d  a b i g h  r e s i s t a n c e  to w e a r .  These 
points are illustrated  by graphs and diagrams.—A. R . P.

fComparative Values of Piston Alloys. O tto Steinitz (Glasers A n n .,  1933, 
113, 36-39).—A complete scheme for the representation of the comparative 
values of heavy and light m etal pistons of all kinds cannot yet be given. 
The present position in  th is respect is briefly reviewed.—J. W.

Aluminium Alloy Pistons. A. G. Arend (A ircra ft E ng ., 1934, 6, 211, 
214).—The casting of pistons is described, reference being made to  the influence 
of pouring tem perature on the ąuality  of the casting, and the factors affecting 
flow of m etal in  the mould. Points affecting machining of pistons are discussed.

—H. S.
Air-Cooled Aero Engines. A. H. R. Fedden (Automobile E ng ., 1934, 24, 

223-228, 259-262, 293-298).—In  a  discussion of th e  possible futurę develop- 
ments of air-cooled aero engines, a  section is devoted to  the development of 
aircraft engine materials (pp. 294-295). The value of non-ferrous light alloys 
for aircraft engines depends on their strength and stab ility  a t  elevated tem ­
perature, and the creep stress and other physical properties of cast and forged 
magnesium alloys are compared w ith those of cast and forged aluminium 
alloys. Consideration is also given to the applications and to  the lim itations 
of magnesium alloys for various parts, and to  the advantages which m ay be 
expected from their futurę development and use. The possibility of using 
beryllium alloys is also referred to.-^-J. W. D.

tA lum inium  Castings for Aircraft. N. F . Budgen (A ircra ft E ng ., 1934, 6, 
207-208, 214).—A survey of the more im portant alum inium castings used 
in  aircraft, dealing with properties and scope of the alloys, melting and casting 
technique, heat-treatm ent, &c.—H. S.

*Some Developments in Aircraft Construction. H . J .  Pollard (J. Boy. 
Aeronaut. Soc., 1934, 38, 651-676; discussion, 677-686).—A survey of structural 
features of m etal construction of aircraft w ith special a ttention  to stiffness 
and stability. Welding is discussed, and results of fatigue tests on electric 
spot welds in aluminium alloy 4S are given.—H. S.

Aluminium Alloys in Bodywork. W. K uster (Deut. Motor Z ., 1933, May ; 
and (translation) A lu m in iu m  Broadcast, 1933, 4, (14), 10-18).—The distribution 
and magnitude of th e  stresses produced in  the body-work of commercial 
vehicles are discussed, and i t  is concluded th a t only heat-treated aluminium 
alloys are suitable for replacing steel. In  designing light m etal bodies, the 
special characteristics of these materials m ust be kept in  mind. The elastic 
modulus is only about one-third th a t of steel. All workshop operations should 
be done below 150° C., rivets should be cold driven, and welding avoided.
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Reference is made to  a  new type of construction using specially shaped beams 
so th a t  all members are equally stressed. This type of framework is claimed 
to  result in  additional weight savings of 10-15%.-—J . C. C.

Passenger Coaches of Aluminium in the United States. F . W itte (Organ 
Fortsćh. Eisenbahnwesens, 1934, 89, (15), 291-294).—An account of 2 coaches 
bu ilt for the Chicago Pullm an Co. The larger is an “ observation ” car, the 
o ther being of th e  eoach type, w ith extensive streamlining. A system of 
interlocking parts reduces riveting to  a minimum. Steel is used only in  
wheels, axles, springs, and brake-shoes, and as oecasional reinforcement for 
aluminium. Elastic lim it, u ltim ate tensile stress, elongation, compressiye 
strength, shear strength, Brinell hardness, analysis, and application are 
tabu lated  for the alloys used.—P. M. C. R.

The Economy of Aluminium Tank Cars. Anon. (Petroleum, Z ., 1934, 30, 
(32), 77).—An account of the recent popularization of aluminium tank-car 
construction in Austria. A cast-iron benzine tank  of 3000 kg. capacity weighs 
1800 kg., as against 1000 kg. in aluminium, i.e. the paying load is inereased 
by 45%, w ith an equivalent saving in  m otor spirit, oil, and wear on tyres. 
The substitution of aluminium for iron is estim ated to  pay for itself within 
a year.—P. M. C. R.

Aluminium in Arehitecture and the Building Trades. W alther Zarges 
(Metallborse, 1934, 24, 683, 697-698, 729-730).—A description of the numerous 
uses to  which aluminium has been pu t in building construction is given together 
w ith notes on methods of welding and joining the m etal and its  alloys and  on 
means for protecting them  from corrosion.—A. R. P.

The Alfol Heat Insulation Process. A. v. Zeerleder (Schweiz. Bauzeit., 
1934, 103, 47—49).—The properties and uses of aluminium foil for heat insula­
tion are described.—J . W.

Copper Tube for Distribution Lines. Anon. (Buli. Copper Brass Res. 
Assoc., 1934, (78), 2-3).—The use of copper tube for distributing petroleum 
for heating orchards, &c., is described and  illustrated .—J . S. G. T.

Strip of Copper Used to Permanently Seal New Concrete Highway Joint. 
Anon. (Buli. Copper, Brass Res. Assoc., 1934, (78), 4).—The use of copper 
sheet as jointing m ateriał in  the construction of 320 miles of highway in 
Illinois is described and illustrated.—J. S. G. T.

*Advances in Telegraphy with References to the Construction of Pupin Coils. 
R. Goldschmidt (Z. tech. Physik, 1934, 15, 95-99).—Recent improvements in  
Pupin coils invoive the use of a specially treated  50 : 50 iron—nickel alloy 
(Isoperm) in  the form of sheet, strip, or wire ; these coils are more satisfactory 
th an  those made of pressed iron powder.—J . W.

Low Hysteresis and Stable Alloys for Telegraphy (Isoperm). O. D ahl and 
J . Pfaflenberger (Z. tech. Physilc, 1934,15 ,99-106).—Cf. Met. Abs., th is yolume, 
p. 295. The development of Isoperm alloys is shortly described. The advan- 
tages of these alloys for cores over pressed dust cores of iron, &c., are a smaller 
coil w ith the same hysteresis or an improvement in  the electromagnetic 
values w ith the same size of core.—J . W.

Seamless Tantalum Tubing. Anon. (Siemens Rev., 1934, 10, (2), 48).— 
Note on the introduetion of tan talum  tubing of bores from 14 to 40 mm. by 
Siemens and Halske. W all thicknesses from 0-5 to  3 mm. and lengths up to 
10 mm. may be obtained.—R. Gr.

Titanium in Metallurgy. M. A. H unter and A. Jones (Electrochem. Soc. 
Preprint, 1934, Sept., 209-219).—The metal titanium  can be produced in the 
pure State and finds a  lim ited use in  m etallurgy. Alloys of titanium  w ith 
iron, copper, aluminium, nickel, and manganese are also ayailable as sources 
of supply and find extensive applications. In  addition to  its  use in  the iron 
and steel industry, in  the Konel alloys in  which nickel predominates, titanium  
inereases strength  a t  high tem peratures by conferring age-hardening pro-
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perties on th e  alloy to  which i t  is added. C opper-titanium  alloys are capable 
of bemg age-hardened and have interesting possibilities. In  alum inium alloys 
titan ium  plays only a  minor role.—S. G. ’

Zirconium and Its Compounds : Commercial Applications. A. Cochet 
{Chim. et In d ., 1934, Special No., (April), 704—714).—A generał discussion.

_g Q
Plain Bearing Design, Construction, and Composition. Anon. (.Lubrication,

1934, 20, (2), 13-24).—A discussion of th e  relationship between lubricating 
practice and bearing design is followed by a  sum m ary of th e  constitution and 
properties of the bearing metals. The ternary  diagram giving the freezing 
points of th e  relevant region of the copper—tin —lead alloys is reproduced, and 
the compositions and applications of 12 copper-base bearing alloys are 
tabulated . A discussion of the tin-, lead-, and zinc-base white m etals includes 
a table of analyses for 10 alloys, and a  series of curves showing the ir tem pera­
tu re  and compression relations. Melting procedure, preparation of the shells, 
and pouring conditions and techniąue are reviewed, and a lis t is given of 
d a ta  required for correct bearing design.—P. M. C. R .

Bearing Stresses in Diesel Motor Engines. H . J .  Stephan (Automobiltech. 
Z ., 1934, 37, 425-426).—The satisfactory performance of Diesel engine bear- 
ings does no t depend entirely  on efficient lubrication. Actual melting occurs 
less often th an  cracking and shattering of the metal. A study of bearing 
problems under all types of moving conditions has established th a t the uneąual 
therm al expansion of the white-metal bearing and the bronze of the casing is 
the principal cause of internal stresses and conseąuent cracking under normal 
lubrication. Among preventive methods, S. proposes th a t the body of the 
bearing should consist of lead-bronze, w ith a th in  coating of white-metal to 
diminish friction.—P. M. C. R.

Bearing Problems in the Motor Diesel Engine. Anon. (Automobiltech. Z .,
1934, 37, 426-427).—Owing to  the  high stresses to  whieh connecting-rod 
bearings are subjected in  use, i t  is suggested th a t lead-bronze casings carrying 
a th in  coating of “ G itterm etall ” would obviate cracking and crushing through 
th e  superior strength of the bearing alloy. American experience is adduced, 
howeyer, th a t  a  lead-bronze containing copper 63, lead 35, sulphur 0-4, and 
a zirconium-silicon compound 1-5% was superior to  the ordinary bearing 
bronzes. The structure of the Ricardo crankshaft bearing is described and 
shown in  diagram, as is th a t  of a Diesel connecting rod bearing.—P . M. C. R.

The Metallization of Radio Valves with Nitrocellulose-Bonded Metal Coat- 
ings. Anon. (Synthetic and A-pplied Finishes, 1933, 4, 280-285; Mes. Assoc 
Brit. P aint M anuf. Bev., 1934, (37), 23).—The two m ain methods for coating 
radio valves : (1) application of a coating of m etal or alloy w ithout binding 
m ateriał, and (2) application of a “ bronze ” nitrocellulose lacąuer, are described 
in  detail. The first method m ay be carried out by immersion, electro-deposi- 
tion, spraying, &c.—S. G.

Turbinę Blading Stresses. Sydney D. Scorer (Mech. World, 1934, 95, 
3-4).—The forces acting on turbinę blades are analyzed, and the methods of 
fastening the blades adopted by yarious manufacturers are illustrated  and 
discussed.—F. J .

*Valve and Valve Seat W ear. C. G. W illiams (Aircraft Eng., 1934, 6, (63), 
141-144).—Special a tten tion  is paid to  sinkage of valves of internal combustion 
engines in the ir seats during running. The influence of tem perature and 
closing velocity of the valve, and the working tem peratures of valves and seats 
are investigated. For operating tem peratures up to 750° C. wear of the seats 
increases w ith tem perature rapidly, afterwards decreasing sharply with 
fu rther increase of tem perature.—H. S.

Gaskets for Pressure Vessels and Heat Exchangers. C. O. Sanstrom 
(Chem. and Met. Eng., 1934, 41, 130-134).—Joints in  pressure vessels may be
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made up w ith gaskets and packing of yarious materials, including metals, 
e.g. steel, copper, Monel metal, aluminium, and lead, as well as alloys of these 
and o ther metals. To have the advantage of the elasticity of steel and the 
malleability and corrosion-resistance of copper, steel gaskets are copper-plated 
to  a thickness of several thousandths of an  inch. The spiral threads, 
formed in  machining the flanges, embed themselves in the copper, w ith good 
results. Yarious types of gasket, methods of bolting, pressures involved, &c., 
are discussed. In  one instance a copper wire was set in  a  sąuare groove in 
th e  shell fłange, and the tongue of the cover flange bore on it  w ith  such force 
as to  cause the copper wire to  form a circular groove in  the steel tongue, the 
wire itself being only slightly deformed.—F. J .

Non-Ferrous Metals in Electrotechnics. R- Schulze (Metallbórse, 1934, 24, 
680-682).—A review of the properties and uses of copper, aluminium, lead, 
nickel, and chromium and their alloys in  the electrical industry. A. R. P.

Eleotrical and Mechanical Features of the Field Building. Anon. (Power 
Plant Eng., 1934, 38, 306-313).—Aluminium conductors are employed in  the 
low-voltage electrical distribution system of the Field Building, Chicago. 
The rigid bus-bar arrangement was selected as being less expensive than  
cable loop construction, and channel-shaped conductors of 99'4% aluminium 
were installed. An acoount is given of the method of assembly and of jointing.

—P. M. C. R.
Non-Ferrous Metals in Building. Anon. (Illust. Zeit. Blechindustrie, 1934, 

63, 832).—Yarious types of roofing are among the exhibits a t  the (German) 
Building Exhibition which illustrate the uses of non-ferrous metals. A 
bitumen-coated th in  copper sheet affords excellent protection w ith great 
durability  and considerable sound-deadening effect. Zinc tiling is stated  to 
give good results and an ornam ental effect, and either aluminium or bronze 
sheet may be backed w ith mili board. Numerous applications to  household 
furnishing and fittings are enum erated.—P. M. C. R.

X X I I . -  MISCELLANEOUS

(Continued from pp. 469-471.)

W alter Rosenhain. Leon Guillet (Iłev. Met., 1934, 31, 330-331).—A note 
on th e  work and services to  science of Rosenhain w ith tributes to  and expres- 
sions of appreciation of his contributions to international conferences, &c.

—H. S.
*The Development of Metallurgy. G. Tamm ann (Z. Metallkunde, 1933, 25, 

3-5).—I. M.
Method for Studying Complex Phenomena : Application to Metallurgical 

Investigations. R. de Fleury and H. Portier (Ghim. et Ind ., 1934, Special No., 
(April), 448-453; C. *46s., 1934, 28, 5375).—M athematical. The method con- 
sists essentially of an  interpretation by analytical geometry of eąuilateral- 
triangular graphical representations.—S. G.

Roman Mining in Britain. G. Clement W hittick (Trans. Newcomen Soc.,
1931-1932, 12, 57-84).—An account is given of w hat is known of Roman 
activities in  mining lead, copper, and other ores in  B ritain and of the methods 
adopted in  smelting these ores and refining the metals. The weight and silver 
content of, and the inscription on, numerous pigs of lead found in  various 
B ritish localities are tabulated .—A. R. P.

The Occurrence of Tin and Copper near Byblos. G. A. W ainwright (J. 
Egyptian Archceology, 1934, 20, 29-32).—Evidence is adduced which indicates 
th a t the Egyptians obtained th e ir tin  for the manufacture of bronze from 
Byblos in the Kesrwan distric t of Lebanon.—A. R. P.
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The United States Copper Industry. Anon. (Metallurgia, 1934,10, 69-70).— 
The problem created by the relatively Iow average percentage of copper in 
American ore reserves together w ith reduced eonsumption of copper is d is­
cussed, and consideration is given to the outlook for profitable research in 
developing new uses for metallic copper, copper alloys, and copper compounds.

—J . W. 1).
Metallurgical Departments oi the Ural Nickel Works. B. V. Lipin and

N. Ya. Zlokazov (Zvetnye Metally (The Non-Ferrous Metals), 1933, (6), 60-74; 
C. Abs., 1934, 28, 5009).— [In  Russian.] A description of th e  nickel works a t 
V erkhnii Ufaley (Ural).—S. G.

Energy Sources in Metallurgical Plants in South Russia. A. Sheftel 
(Domez, 1934, (2/3), 15-22).—S. G.

Manufacture oi Metal Goods in China. Anon. (Illust. Zeit. Blechindustrie,
1934, 63, 810, 835).—A survey of the resources and methods of th e  Chinese 
metal-working industries, w ith brief accounts of some of their more im portant 
branches.—P. M. C. R . ,

Construction of Cylindrical Envelopes Working under Pressure. E tienne 
A udibert and Andre Raineau (Ann. Office National Combustibles liąuides, 1934,
9, (2), 203-279).—P art of a course of instruction on phenomena of catalysis and 
hydrogenation, in stitu ted  by the  (French) N ational Society for Research on 
Treatm ent of Fuels. Pp. 203-241 are of generał m etallurgical interest, and 
give theoretical analyses of several problems of flow and elasticity, including 
the distinction between plastic flow and elastic deform ation; the tem perature 
yariations of the longitudinal modulus of elasticity, Poisson’s ratio  and of the 
elastic lim it; methods of determining ra te  of plastic flow. Calculations of to ta l 
deformation lead to  the conclusion th a t a t  the in stan t under consideration the 
specimen is under stresses similar to  elastic stresses, bu t th a t  i t  has different 
coeffs. of longitudinal and transverse elasticity. A discussion of the relation 
between molecular structure and elastic deformation emphasizes the  distinction 
between elastic and plastic deformation. The case is considered of a m etallic 
specimen working (a) below, (b) above the tem perature of plastic flow. Con- 
ditions of elastic eąuilibrium  are discussed for cylindrical envelopes working a t 
a uniform tem perature below the flow-point, especially from the point of view 
of the selection of suitable factors of safety and of the choice of testing methods. 
Yarying tem perature conditions are also considered. P ractical deductions 
from the foregoing concern the proyision of proper therm al insulation and the 
selection of the optimum working tem perature.—P. M. C. R.
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X X IV — BOOK REYIEW S

(Continued from pp. 473-476.)

Arsenical and Argentiferous Copper. By J . L. Gregg. W ith a Foreword by
H . Foster Bain. (American Chemical Society Monograph Series.) Med. 
8vo. Pp. 189, w ith 56 illustrations. 1934. New York : The Chemical 
Catalog Co., Inc. ($4.00.)
The au thor explains in his “  Acknowledgments ” th a t  th is  m onograph was prepared a t  the 

Battelle Memoriał In s titu te  “ under the sponsorship of the  Calumet and Hecla Consolidated 
Copper Company, which reąuested th a t  an  im partial survey of the  properties of arsenical and 
argentiferous copper be m ade.”  This survey has been most adm irably carried out, and a 
notable service has been thereby rendered to  all metallurgists.

The m onograph consists of eight chapters w ith an  Appendix and a  Bibliography. Chapter I 
deals w ith the  history of copper and  copper mining, the  development of copper mining and 
copper reflning, and the  classification of copper by  origin and uses; Chapter I I  w ith the funda- 
mental physical and chemical properties of copper itself and w ith the  uses of copper; whilst 
in Chapter I I I  a brief account is given of the  geology, concentration, and smelting of Lake 
ores, which are the  main source of arsenical and  argentiferous copper in the  United S ta tes ; the 
reflning and casting of copper and its mechaiiical working.

In  Chapter IV , which describes the constitution of arsenical and argentiferous coppers, and 
in Chapters V and  VI, which are concerned w ith the ir electrical and  therm al properties and 
w ith their mechanical properties respectively, there is given a  very large am ount of up-to-date 
and  reliable information on the properties of copper, constituting a  m ost valuable summary 
of existing knowledge. Chapter V II gives a  short account of the  corrosion of arsenical copper 
and  brass, and in the  concluding chapter the uses of arsenical and argentiferous copper are 
carefully reviewed.

This yolume will be read w ith interest and profit by  m etallurgists generally as well as manu- 
facturers and users of copper, and i t  will rank as a  s tandard  book of reference.— O. F . H udson.

Manufacture ot Seamless Tubes, Ferrous and Non-Ferrous. By Gilbert Evans. 
Cr. 4to. Pp. 187, w ith 129 illustrations. 1934. L ondon : H. F. & G. 
W itherby, 326, High Holborn, W.C. 1. (40s. net.)
This book describes, w ithin the scope of some 150 pages, present-day p lan t and processes 

used in the  production of ferrous and non-ferrous seamless tubes. Such a  subject cannot be 
trea ted  in  a  very detailed m anner in so smali a  book, b u t in fourteen short chapters the 
au th o r gives a  thoroughly practical description of tube-m aking, and  has collected together 
m uch inform ation h itherto  available only in scattered papers. The work is divided into two 
sections—ferrous and  non-ferrous, the  form er being no t only of interest from th e  point of 
view of steel tube production, b u t also indicating the  evolution of non-ferrous tube-making 
p lan t from steel-tube machines.

The ferrous section contains a  brief history and description of various patents, followed by 
a  chap ter on piercing, rolling, and reducing, including descriptions of the Mannesmann, Stiefel, 
Pilger, pług mili, E rhard t, and W ellm an-Seaver push-bench methods. The Diescher process 
is briefly mentioned. A short chapter on hot-drawing follows, the  cold-drawing process being 
dealt w ith in the  non-ferrous section. Brief mention is m ade of reheating furnaces, and this 
section is concluded w ith  generał observations and a reference to  a  bibliography of seamless 
steel tubing. The foregoing covers American, Continental, and  English practice.

In  th e  non-ferrous section, in addition to  descriptions of piercing, extrusion, and cold- 
drawing processes, chapters on the copper refinery for billet casting, brass shell casting, anneal- 
ing and  pickling, inspection testing, stocktaking, and  factory organization are included. 
The whole section provides an  exceedingly good outline of the  operations carried ou t in a 
non-ferrous tube works. In  particular, the  chapters on piercing, extrusion, brass shell casting, 
and cold-drawing are w ritten  in a  thoroughly practical manner. A bibliography of references 
to  fuller descriptions of p lant, <tc., would have enhanced the yalue of th is section.

The au tho r has intentionally om itted more than  brief reference to  the metallurgical side of 
tube m anufacture, i t  being claimed th a t  much information is available elsewhere. The value 
of the  book would have been considerably increased if more a tten tion  had been given to  the 
ąuality  and  properties of the  product.

This work should be of use to  th e  laym an who desires to  obtain a  generał idea of the trade 
and  to those engaged on the  production side of tube manufacture. I t  is not sufficiently detailed 
or critical to  be of use to  the  engineer or technician who is concerned w ith the installation and 
m aintenance of p lan t or control of products. The m etallurgist who is already familiar with
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th e  m ethods of tube making will flnd little  to  assist him  in deahng w ith problems of fabrication 
of the  m any non-ferrous alloys now produced in tube form. The book is well prin ted  on good 
paper and  contains numerous good illustrat:ons — W. L. Goviek .

Chemische Technologie der Neuzeit. Begriindet und in  erster Auflage heraus- 
gegeben von O tto Dammer. In  zweiter erw eiterter Auflage, bearbeitet und 
herausgegeben von Franz Peters und Herm. Grossmann. I I  Band, 2 
Teil. 4to. Pp. xvi +  888, w ith 343 illustrations. 1933. S tu t tg a r t: 
Ferdinand Enke. (Geh., R.M. 93; geb., R.M. 98.)
This p a rt of the  second yolume of D am m ei's treatise on m odern chemical technology deals 

w ith all the m etals, including such rare metals as rhenium , germanium, Indium  and gallmm bu t 
excluding lithium , potassium , barium , strontium , and  zircomum; i t  prcm des a  complete reyiew 
of m odem  practice in the trea tm en t of metallic ores for the  recoyery of the  yaluable metals 
contained therein, together w ith aceounts of the  m ethods employed in  refinmg the  m etals and

° f ^ h e f l r s t  Ś ecU o ^d ea lw ith  the  metallurgy of iron and steel (192 pp.), and  these are followed 
b y  seetions on the  non-ferrous m etals, sometimes taken singly and m  other casefi m “f
metallurgicaUy related m etals. The indiyidual seetions are w n tten  by  specialists m  the  par- 
tieu lar subjeet dealt with, and  th is  probably accounts for the  differences m  th e  treatm ent 
aceorded to  the  yarious m etals; th u s  the  lead section occupies 88 pp., th a t  on silver 82, copper 
61, zinc 63, and  m ercury 35 pp., whereas only 25 pp . are deyoted to  alum inium  and 11 p p  
to  magnesium. The principal non-ferrous alloys seem to  have been dealt w ith  m  p a rt 1 ot 
th is  yolume, b u t in some seetions in this p a rt eąuilibrium  diagram s of alloy systems are giyen, 
and  in others there are brief notes on industrial alloys; th u s  m  the alum inium  section there 
are 2 pp. on the  ligh t alloys, inchiding a  mere 4 lmes on D uralum in whereas of the  11 pp. u 
the  magnesium section 5 are reąuired for a description of the  properties and " f  * o f Elektron- 

The seetions on copper, lead, zinc, silyer, gold, mekel and cobalt, m ercm y, bism uth,j™ d tin  
are on the  whole well w ritten, and give a good account of m odern practice m  these 1le ld s , m   ̂
space m ight, howeyer, have been giyen w ith  adyantage to  descriptions of J ^ y Z m c
Co.'s continuous process for the distillation and rectiflcation of m c ,  and  Broken HiU P ^c tice  
in the  continuous reflning of lead. A few lines m ight also haye been spared for a  brief account 
of the  Ashcroft process of treating  lead and  zinc ores; a lthough th is process has n o U o t e  
proved a  commercial success i t  is of considerable scientific interest, and  probably has great 
posribilities if only a suitable refractory can be deyeloped. Space could haye been m ade for 
these processes by  om itting the  brief notes of unworkable paten ts which appear throughout 
the  b<»™, as well as ra the r lengthy deseriptions of some procedures which aro now soie y^of
historical interest. M ethods of analysis given m  some seetions should also be om itted, smee 
thev  are of necessity, incomplete and  of only lim ited application.

The book is well prin ted  on good paper, the  illustrations and  diagram s arei well f^Produc«d 
and  provide the  reader w ith  an  adeąuate idea of the  construction of m odern metallurgical 
plants, and  on the  whole the  descriptiye m atte r aifords an  excellent remew^of m odera process 
m etallurgy. M isprints are few and of m inor im portance. The work can be thoroughly 
recommeiided to  all engaged in the  trea tm en t of nietalliferous ores and  m  the  smeltmg and 
reflning of ferrous and non-ferrous m etals.—A. K. POWEŁL.

AUgemeine Metallkunde. Von E . Piwowarsky. Med. 8vo. Pp. viii-+  248, 
w ith 295 illustrations. 1934. B e r l i n  : Gebriider Borntraeger. (Geh., ł t . M .  

14.50; Geb., R.M. 15.80.)
The object of th is book is to  proyide a  generał review of physical m etallurgy m the light of 

m odem  theory. I t  is no t intended in any  way as a handbook or dictionary of metallurgical 
facts, and specific examples are given only by  way of illustration of the  Partlc« ^ J ^ ‘^ L ^ n l y  
discussion. For example, in  diseussing the  equiUbnum diagram  of bm ary systems the  only 
ones discussed in detail are the  iron-carbon, copper-zinc, and c o p p e r - t m  systems. This is a  
great adyantage, and seryes to  emphasize the  basie laws, and theoretical ^ t e ^ r e t ^ ^ n  
is the  au tho r ’8 object to  lay before the  reader. In  this way the author is able “  a  c°m!’a^ Ive1^ 
smali space to  consider m any of the  advances m  m odem  physics which haye a  bearmg on 
metallurgical theory, b u t which seldom find a  place in the  o r d m a f y  text-booK.

The book is diyided into ten  chapters, dealing broadly w ith c ry s to lliz a t io n  alloy systems t  
properties of melts and  the  process of solidification, gases m  metals m ® dtoical P r o c e s  
recrystallization and  structure, age-hardening, corrosion, and physical properfoes. The boo 
succeeds very  well in its object, and  we know of no other th a t  covers such a wide field m  a 
m anner s ^ a d a b l e .  I t  can b e ’recommended to  the adyanced student
for generał principles th an  for detailed facts. The book is profusely Tt. the u n -
indexed, a lthough th e  work of German authors is giyen ra ther ™ ^ue preference SmithelS  
bound edition the  pages are no t cut, which makes l t  mconyement to  handle. G. J .  Smithel S.
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Metallurgie. P a r R . Cazaud. 50e. edition. Post 8vo. Pp. xx +  345 +  
8 4 + xlii, w ith 54 illustrations. 1934. Paris : Dunod. (Relie, 20 francs.) 
This is a  smali pocket handbook of the fam iliar type dealing w ith metallurgical matters 

in a  highly condensed form, and  giving a  variety  of statistics. Certain new m ateriał has been 
added in th is  edition—the  chapter on mechanical properties, especially the  portion dealing 
w ith hardness, has been enlarged; the  paragraphs dealing w ith fatigue have been extended 
and a  new chapter has been included dealing with the cem entation and nitriding of steel. A t the 
end of th e  book is a  large section dealing with French factory legislation.—W. A. C. Newman.

Metals. By R . N. Bhagvat. Roy. 8vo. Pp. viii - f  221 +  viii, illustrated. 
Bombay : The Author, St. X avier’s College, Cruikshank Rd. (Rs. 3.)
This book is peculiar in its conception. The au thor is imbued w ith the idea th a t  chemistry 

and  metallurgy are essential to  the world’s progress, th a t  they  are neglected sciences, and that 
i t  will serve a  very useful purpose if “ something of everything of the  chem istry of metals is given 
in as non-technical language as possible w ithout harm ing the  scientiflc side of the subject.” 
The result is a  compilation of more or less elem entary facts and principles covering the whole 
rangę of the  production and utilization of ferrous and non-ferrous metals and also of fuels. 
I t  is a  little  difRcult to  fathom  for whom the  book has been specifically written, as i t  assumes 
in parts  a  popular character, w hilst in  others i t  is strictly  technical. Moreover, the  English 
in places approaches the meaningless. I t  m ay possibly be concluded th a t  the  book will be 
m ost suitable for the  au tho r’s associates and for technical men in Ind ia  who have acquaintance 
with the  English language. In  this country there are m any more suitable books for those to 
whom a  very generał idea of m etallurgy m ay be desirable.— W. A. C. N ewman.

Korrosion III. Bericht iiber die Korrosionstagung 1933 am 14. November 1933, 
in  Berlin veranstaltet von Deutsche Gesellschaft fur Metallkunde, Verein 
deutscher Ingenieure, Verein deutscher Eisenhiittenleute, Verein deutscher 
Chemiker. Demy8vo. P p . iv +  79. 1934. Berlin: VDI.-Verlag G.m.b.H. 
(Br., R.M. 5.)
This book contains the  papers read a t  the th ird  annual Corrosion Symposium in Berlin 

together w ith the discussions; there are eight papers, and all are of non-ferrous interest. The 
subjects covered embrace corrosion and  fatigue, intercrystalline corrosion, effects of heat- 
trea tm en t on the  resistance to  corrosion of bronze condenser tubes, the protection of aluminium 
an d  its  alloys w ith paints, and  the corrosion-resistance of bronze and D uralplat. All interested 
in  problems associated w ith the  corrosion and protection of metals will find something of value 
in  a  study  of these papers by well-known workers in  th is field.—A. R. P owell.
A.S.T.M. Standards on Preservative Coatings for Structural Materials [Paints, 

Varnishes, Lacąuers, and Paint Materials]. Prepared by Committee D - l  on 
Preservative Coatings for S tructural Materials. Med. 8vo. Pp. 350, 
illustrated. 1933. Philadelphia, P a . : American Society for Testing
Materials, 260 S. Broad St. ($1.25.)
This pam phlet contains standard  or ten ta tiye  specifications for 21 pigments (ineluding 

alum inium  and bronze powders), 7 oils and thinners, 5 vam ish materials, 17 lacęiuers and lacquer 
m aterials, and  3 miscellaneous m ateria ls ; in addition 17 standard  methods of te s t are given 
fo r pigments, 6 for oils and thinners, 4 for vam ish m aterials, 3 for lacąuer materials, and 7 for 
miscellaneous materials. There is also a  Ust of standard  definitions of term s relating to  paint 
specifications.—A. R . P o w e ll .
Rezepte fur die Maschinen- und Metallwaren-Industrie (500 Vorschriften fur 

die W erkstatt). Von Hugo Krause. D ritte, verbesserte Auflage. Pp. 
v i i +  232. 1934. Leipzig : Max Janecke. (R.M. 4.60; geb., R.M. 6.00.)
This is a  collection of 500 practical recipes for the workshop, covering such subjects as 

casting and pouring of m eta ls; preparation of m oulds; composition and preparation of alloys; 
working of m etals and care and  operation of machines for th is purpose; annealing, tempering, 
hardening, and  o ther heat-treatm ent of metals and alloys; welding, soldering, and joining of 
m eta ls; cements and adhesives; surface treatm ent of metals for protection against corrosion 
and  for artistic  effect; and  non-metallic constructional materials. The recipes will proyide 
an  adeąuate answer to  m any ąuestions which arise in the workshop, and their usefulness is 
testifled to  by  the  fact th a t  three editions of the book have appeared w ithin a  relatively short 
period of years. The experience which the  au thor has had as editor of and contributor to a 
technical journal has largely assisted him  in  making a  suitable selection of information which 
will be of the  greatest benefit to  the largest num ber of practical workmen. An adeąuate 
alphabetical index provides a  ready means of finding any information reąuired a t a m om enfs 
notice. The book is well prin ted  on good paper, and  the price demanded is well w ithin the reach 
of the  average worker in  m etal workshops.—A. II. P owell.
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Der Schleuderguss. Von A. Y ath. Med. 8vo. Pp. viił +  107, w ith 81 illus­
trations. 1934. B erlin : YDI.-Yerlag G.m.b.H. (Brosch., R.M. 6.90; 
YDI.-Mitgl., R.M. 6.20.)
Very few, if any, books have preyiously been w ritten  on centrifugal casting. This yolume 

essays to  give in a  conciae form the  principal features of m odern Continental practice, and it 
m ay be said a t  once th a t  i t  is well w orthy of pem sal.

A short h istory of the  process is first given, and is followed by  a  discussion of its theoretical 
basis, which involves considerable m athem atical exposition. Three im portan t factors by  which 
centrifugal castings will be compared w ith w hat m ay be term ed “  still ”  castings are grain- 
size, segregation, and  liberation of gases. To these the  au tho r gives especial a tten tion , and 
deyotes a  chapter to  their elucidation. There follows a  section on th e  m aterials of which the 
moulds should be m ade, and the  average life which they  m ay be expected to  haye in normal 
work. In  the  second p a rt of the  book are given detailed descriptions of m any commercial 
processes for m aking centrifugal castings, and also indiyidual sections on the  characteristics 
— composition, properties, &c.—of cast iron, steel, and non-ferrous m etals in th is class of work. 
In  each case the  discussion embraces consideration of such m atters  as m elting, influence of 
centrifugal action on the  composition and  specific gravity , defects peculiar to  the  process, tube 
m anufacture, annealing following casting, testing, special processes, and the  production of 
solid bearings.

Throughout, th e  au thor has in m ind the  needs of the  practical m an, and  reviews m ost of 
the  problems the  la tte r is likely to  m eet. A very excellent bibliography concludes the  yolume.

— W . A. C. N ewman.
Industrial Furnaces. By W. Trinks. Yolume I. Third edition. Med. 8vo. 

Pp. x  +  456, w ith 359 illustrations. 1934. New York : John  Wiley and 
Sons, In c .; London : Chapman and H all, L td . (376'. 6d. net.)
The th ird  edition of th is  well-known and em inently useful book is a considerable advance 

on the  preyious one. More th an  half has been rew ritten, and  the  results of much research 
haye been included. M athematical investigations in to  bo th  furnace construction and  operation 
have been widely extended. The u tility  of th e  book and  of its companion yolume has been 
emphasized in preyious reviews. The opinions then  expressed are endorsed in their fullest 
sense.—W . A. C. Newman.
Fortschritte des Chemischen Apparatewesens - Elektrische Oien. H eraus­

gegeben von Adolf Brauer und Josef R eitstó tter. Dargestellt an  H and 
der Patentschriften des D entschen Reiches un ter Mitwirkung Zahlreichen 
Faehgenossen m it U nterstiitzung der Dechema, Deutsche Gesellschaft fur 
chemisches Apparatewesen, E.V. Lieferung 1. Im p. 8vo. Pp. iv +  
64 - f  96 _|_ 16. 1934. Leipzig : Akademische Verlagsgesellschaft m.b.H.
(R.M. 20.)
This handbook is the  first of a  series of yolumes dealing w ith  yarious phases of the  electric 

furnace industry  w ith special reference to  th e  pa ten t litera ture  on the  subject. I t  may be 
arb itrarily  diyided into two parts, the  first of which is concerned m ainly w ith descriptiye m atter, 
w hilst th e  second is devoted to  abstracts of German pa ten t specifications.

The first p a rt contains an  interesting reyiew of th e  deyelopment and characteristics of arc 
furnaces embracing bo th  indirect and  direct arc heating. I t  deals a t  some length w ith auxiliary 
features, such as electrode design, autom atic regulation, ajid the  m ethods of feeding the  c u rren t; 
then  follow some sections describing briefly th e  construction of resistance furnaces, including 
heating elements and o ther details of design, only very few of which are incorporated in modern 
p lan t. The first p a rt ends w ith a  discussion of induction furnaces employing a  closed iron yoke 
or circuit. Throughout th is  first p a rt of the  book complete references are m ade to  German 
pa ten t literature, and a  lis t of specifications is given a t  the  end of each section.

The second p a rt is devoted entirely to  pa ten t literature, and contains an abstract of almost 
eyery im portan t German specification dating  from 1881 to  1911. I t  will be realized th a t  these 
are now of little  o ther th a n  historie interest, and  i t  is to  be hoped th a t  subseąuent yolumes will 
bring th is  subject up  to  date. I t  would th en  be of considerable seryice to  electric furnace 
designers.

The book concludes w ith a  classified num erical list of U.S. pa ten t specifications.
—A. G. R obiette .

Theory of Industrial Gas Heating. By P eter Lloyd. W ith a Foreword by 
Stephen Lacy. Demy 8vo. Pp. x +  104, w ith 27 illustrations. L ondon: 
W alter King, L td ., 11 B olt Court, F leet S t., B.C.4. (6.s.)
This book has been published a t  a  tim ely moment, when there is intense competition between 

the  yarious m ethods for the  production and application of heat energy, and i t  is increasingly 
im portan t to  understand th e  principles underlying them . I t  has been w ritten by  one who has
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had  experience w ith the  Gas L ight and Coke Company a t  the  W atson House research station, 
and  therefore has considerable authority .

In  six chapters the  whole field of gas heating is covered in a concise ye t thoroughly competent 
m anner. In  th e  first chapter, the  discussion embraces the  different fuels from which a heating 
medium m ay be chosen, and th e  second, the  properties of town gas, the  calculation of caloriflc 
power, flue losses, and the  composition of flue gases. One of the  most instructive sections is the 
th ird , in which the  development of the  m odem  industrial bum er and its characteristics and 
efficiency are reviewed. As is the  case throughout the  book, the  illustrations are elear and 
adeąuately  explained by  the  tex t.

The succeeding tw o chapters deal w ith features of design in a commendable way. Therein 
are discussed the m anipulation of industrial appliances, control of combustion, draught, heat 
transfer, and heating efficiency. The m athem atical basis of much of the  work is given in a not 
too complicated m anner, and serves to  broaden the application of the tex t.

The book can be thoroughly recommended to all those interested in gas heating, whether for 
industrial or domestic purposes, for although the title  specifically mentions the former, there 
is m uch m atte r which m ay be of direct interest for the la tte r.—W. A. C. Newman.

Theory of Elasticity. By S. Timoshenko. (Engineering Societies Mono- 
graphs.) Med. 8vo. Pp. xvi -f- 416, w ith 203 illustrations. 1934. New 
Y ork : McGraw-Hill Book Co., Inc. ($5.00); London: McGraw-Hill 
Publishing Co., L td. (30s. net.)
The num ber of treatises on the theory of elasticity available to  the  engineer is sufficiently few 

for the  publication of any  new work to  be w orthy of notice; b u t were the  number legion, the 
publication of th is  treatise would still be a  notew orthy event. Professor Timoshenko’s aim has 
been to  make available to  the  practical engineer the  more detailed and exact methods of the 
theory of e lasticity in their application to  the  numerous problems for which the elementary con- 
siderations used in works on the  strength of materials are inadeąuate. W ith the  object th a t the 
bookshouldbe comprehensible to  the  readerw ithout special m athem atical tra in ing ,the  approach 
in to  the  intricacies of the subject has been carefully graduated, and  a tten tion  has been concen- 
tra ted  on speciflc problems, the  solutions of which are worked ou t in considerable detail.

The first seven chapters are devoted to  consideration of problems of piane stress or piane 
strain , and in these chapters the  reader is familiarized w ith the solution of problems by the use 
of stress functions. The essential sim ilarity of the  m ethod of solution in every case is well 
brought out, so th a t  when atten tion  is turned to  problems on three dimensions, the additional 
complexity appears to  be merely arithm etical. The use of polarized light for the  investigation 
of problems of piane stress and of the  membrane and electrical analogies in the solution of the 
torsion problem is very well explained; b u t the  space given to  these practical methods is perhaps 
ra ther more th an  is justified in view of the  title  of the  book. In  one or two problems the 
explanation of the solution appears to  be insufficient. Thus, in the  case of the  ring stressed by 
forces across a  diameter, i t  is found th a t  the  m ean tension across the  sections under the loads is 
not zero, b u t no explanation of the  eąuilibrium of the half ring is a ttem p te d ; also, in considera­
tion  of the  bending of beam s w ith very wide flanges, i t  is assumed th a t  the stress in the fiange 
decreases w ith inerease of the distance from the w eb; b u t the  distribution of displacements 
is no t discussed.

A part from these m inor blemishes, Professor Timoshenko m ay claim to  have achieved his 
object. N ot only does the  book make ayailable to  the  practical engineer all the more im portant 
results of the  theory of elasticity, i t  should also indicate how the  methods of exact theory may be 
applied to  other particular problems.-*-H. L. Cox.

The Diffraction of X-Rays and Electrons by Amorphous Solids, Liąuids, and 
Gases. By J .  T. Randall. Med. 8vo. Pp. xii +  290, w ith 197 illustrations.
1934. London : Chapman & H all, L td. (21s. net.)
Laue’s discovery of the  diffraction of X -rays by  crystals marked the beginning of a  new 

epoch in physical science. The discovery by  Debye and Scherrer in 1916 th a t  amorphous solids 
and  liquids exhibit th is same phenomenon appears to  be more wonderful s till; and w hat shall 
we say of the  discovery th a t  even gases possess a  sufficient residue of regularity of molecular 
arrangem ent to  produce diffraction of X -rays? This subject of the diffraction of X-rays by 
amorphous solids, liquids, and gases is a  com paratively young one, b u t already its literaturę is 
extensive. The same is true  of electron diffraction, which is ideally suited to  the  investigation 
of surface structure , as electron beams do not penetrate far into a  m ateriał. Here the wide- 
spread literature of these subjects is collected together, and, so fa r as I  am  aware, made con- 
veniently available for the  first time. The book is essentially one for the specialist; the  metal- 
lurgist will be interested principally in the  sections dealing w ith the  investigation of surface 
structures, and the  transition from the solid to  the  liquid state. An intelligent appreciation 
of the work dem ands considerable m athem atical knowledge on the p a rt of the  reader. The 
book is well got up  and  is reasonably priced.—J . S. G. T homas.
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(1) On Phase Boundary Potentials. By Erio Keightley Rideal. Pp. 17.
(2) Conductibilite Ćlectriąue et Thermiąue des Metaux. P a r Leon Bril- 
louin. Pp. 71 +  3. (3) Sur le Potentiel Metal/Solution dans les Dissol- 
vants autres gue l ’Eau. P a r Pau l D utoit. Pp. 13. (4) Nouveaux Re-
sultats Expśrimentaux sur rEffet-Electro-Thermique Homogene. P a r Carl 
Benedicks. Pp. 23 +  3. (5) Die Theorie der Thermoelektrischen
Effekte: Legierungen, Unvollstandige Ketten, Benedickseffekt. Von
L othar Nordheim. Pp. 23 +  3. (Actualitós scientifiąues e t industrielles. 
Reunion internationale de chimie-physiąue.) 1934. Paris : H erm ann et 
Cie. [Price (1)4 frs., (2) 18 frs., (3) 4 frs., (4) 8 frs., (5) 6 frs.]
These handy  little  booklets are reprints of addresses deliyered b y  experts in  the respectiye sub- 

jects, before th e  Reunion Internationale de Chimic-Physiąue in 1033, and published under the  
generał title  “ A ctualites Scientifiąues e t Industrielles.” The complete series of reprints is an  
extensive on e ; i t  commences w ith the  1929 series of reprints, and now includes (up to  the  1933 
series) 78 separate reprints. The scientific standing of the  respectiye authors is sufficient to  
recommend each booklet to  those interested. I t  will be sufficient if  their contents are briefly 
indicated.

(1) Here Professor B ideal discusses th e  phenomenon of the  occurrence of a  change of 
potential a t  a  surface of discontinuity, e.g., a t  a  metal/gas, liąuid/gas, liquid/liquid, or liąuid/ 
solid interface. R ecent experim entai results and  experim ental researches are briefly reviewed.
(2) In  th is Professor Brillouin discusses b rilliantly  the  m odem  m athem atical theory  of electrical
and therm al conduction by  m etals. The trea tm en t makes very heavy dem ands on modern 
m athem atical theory  as developed b y  D irac and  the  author. (3) Professor D utoit reyiews 
experim ental work, due to  Heyroysky, Bossier, Del Boca, and  others, relating to  th e  measure- 
m ent of single potential differences between a m etal and solutions in solyents other th a n  water, 
e,g., in liąuid ammonia, alcohol, acetone, and pyridine. (4) Members of the  In s titu te  of Metals will 
rem em ber the  brilliant May Lecture delivered before the  In s titu te  on therm oelectric effects in 
1920. There Professor Benedicks dem onstrated, conclusively so fa r as the  reyiewer is concerned, 
the  occurrence of a  drop of potential in a homogeneous m etal in which a  tem perature gradient is 
established. M oderately and hesitatingly he suggested the  name "  Benedicks effect ”  for the  
phenomenon. The existence of the effect has been hotly  disputed—Borelius, Bridgman, Eum pf 
are num bered am ongst its opponents. Here Professor Benedicks explains briefly the phoretic 
theory  of metallic conduction, replies to  some of his critics, cites new experiments relating to  the 
Benedicks effect, refers to  experiments which establish the  existence of an  inyerse Benedicks 
effect, i.e. the  production of an  electrothermic gradient of tem perature in  a  homogeneous m etal 
in  w hich a potential gradient is established, and conyincingly assures himself of a  place amongst 
the  m ost brilliant of m odem  experimental physicists. And, H eaven knows, the  experimental 
physicist is needed these days ! (5) In  th is M. Nordheim discusses briefly the  m odern theory
of metallic conduction, and  thermoelectric effects. I t  is interesting to note th a t  the  occurrence 
of a  Benedicks effect in  a  homogeneous circuit is to  be anticipated under certain  conditions.

—J . S. G. Thomas.

Handbuch der Technischen Elektrochemie. U nter Mitwirkung zahlreicher 
Fachleute. Herausgegeben von Yictor Engelhardt. D ritte r Band.—Die 
technische Elektrolyse im Schmelzfluss. B earbeitet von P . Camescasse,
G. Eger, H. Fischer, K . Illig, V. Maków, I. J . Moltkehansen, W. Schmidt,
H . v. Steinwehr, H . Suchanek u. A. v. Zeerleder. R oy. 8vo. Pp. ix - 
565, w ith 183 illustrations. 1934. Leipzig: ' Akademische Verlags- 
gesellschaft m .b.H . (Brosch., R.M. 50; geb, R.M. 52.)
The th ird  volume of the  “ H andbook ” deals exclusively w ith  the production of m etals by  

electrolysisoffusedelectrolytes. (T heearlie rvo lum eshavebeenrev iew edinJ./»sf. Metals, 1931, 
47, 506; 1933, 53, 176, 607, 687.) Each chapter has been w ritten  by an  em inent au thority , so 
th a t  th e  subject-m atter m ay be relied upon implicitly.

The book opens w ith a  generał account of the  theory  of electrolysis of fused electrolytes, in 
which the  yarious factors are discussed in considerable detail. The subseąuent chapters deal 
w ith th e  commercial processes for the  production of the  alkali metals (by Moltkehansen), the 
alkaline earth  m etals (by Maków), magnesium (by Camescasse), aluminium (by v. Zeerleder), 
beryllium  (by Illig), and the  cerium m etals (by Suchanek). A short account of the  preparation 
of the  heavy m etals by  similar m ethods which have no industrial importance concludes the  
volume.

The trea tm en t throughout appears to  be very thorough, particularly  in the  ease of alum in­
ium , which occupies more th a n  one-third of the  book. This volume will be a welcome addition  
to  those which have already been so well receiyed.—C. I .  Sm it h b iis .
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A Text-Book o£ Fire-Assaying. By Edw ard E . Bugbee. Seoond Edition. 
Med. 8vo. Pp. xi +  299, w ith 51 illustrations. 1933. New York : John 
W iley & Sons, Ino. ($3.00); London : Chapman & H all, L td. (16s. Gd.).
In  preparing th e  second edition of th is well-known text-book the  au thor has thoroughly 

reyised the  old sections and  incorporated therein  a  num ber of new methods of determining 
gold and  silver in  complex ores and  p roducts; in addition, an  entirely new chapter of 42 pages 
is included dealing w ith the  assay of ores and products containing the p latinum  m etals. These 
changes have considerably enhanced the  value of the  book bo th  to  students and practical assayers, 
and  have m ade i t  one of the  best English text-books on the subject. The chapter on platinum, 
while no t proyiding by  any  means an  exhaustive treatise on the subject, does g irę a  student 
an  excellent introduction to  this m ost difficult braneh of assaying, a t  any  rate so fa r as ores 
and  similar low-grade m aterials are concerned; a  description of the  analysis of high-grade 
products and alloys for all the  p latinum  m etals would occupy a t least double the  space of the
chapter in  th is  book. , ,  .

The book s ta rts  from first principles, and the  chem istry of all the  reactions mvolved is 
clearly explained. The various assaying procedures for all types of precious m etal ores and 
low-grade metaliurgical products are described in detail, together w ith standard  practice for 
sampling and assaying all grades of gold and  silver bullion. The book can be thoroughly 
recommended for the  use of students tak ing assaying courses in  universities and techmcal 
in s titu te s ; i t  should also prove invaluable as a  work of reference in the  field and  in the library 
of custom  assayers.—A. R. P owell.

The Practice of Spectrum Analysis with Hilger Instrum ents, Including a Note 
on the Various Types of Emission Spectra. Compiled by F. Twyman. 
Sixth Edition. Pp. 58. 1933. Adam Hilger, L td. (3-s. 6d .)
Recent advances in th e  techniąue of spectrographic analysis have been so great th a t  this 

m ethod now provides the  m ost rapid means of determining all the  metallic constituents of any 
substance; no t yet, however, is i t  as accurate as chemical analysis for determining the  major 
constituents of any  m ateriał, b u t i t  has the  d istinct advantage over chemical analysis th a t  only 
a  milligramme or less of m ateriał need be used, and  i t  is therefore the  only method available 
when the  sample m ust n o t be destroyed. Accuracy of 5-10%  of the  percentage of eyery 
m etal present is guaranteed by  th e  use of m odern spectrographic apparatus, and the  techniąue 
is readily acąuired by  any  intelligent laboratory assistan t w ith very little  practice.

Messrs Hilger are one of the  w orld’s leading m anufacturers of high-precision spectrographic 
apparatus', and  in  th is  little  book their Managing Director, Mr. Twyman, presents an  admirable 
expose of the  whole techniąue of using the Hilger ap p ara tu s ; in this he has had the able assist- 
ance of the  leading B ritish exponents of spectrographic analysis. A complete account is given 
of ways and  means of exciting spectra, the  taking and reading of spectrograms, the yarious 
types of spectra, and the  use of spectrographic analysis in th e  quantitative determ ination of 
smali ąuantities of m etals. Copious references to  books and papers on yarious aspects of the 
subject should fu rther assist the  reader to  obtain  an  intim ate acąuaintance w ith th is useiiil 
and  fascinating braneh of analysis. Now th a t  the  profound effects which yery smali ąuantities 
of im purities have on the  properties of m etals and  alloys is becoming more fully realized, the 
use of the  spectrograph in  metallurgical laboratories should continually increase. A perusal 
of th is  little  book will convince those who have n o t ye t had any  experience w ith  th is method 
of analysis how simple and  rapid  i t  really is.—A. R . P o w e ll .
VDI. Jahrbuch 1934. Die Chronik der Technik. Pp. xii +  189. 1934.

B erlin : VDI.-Verlag G.m.b.H. (Brosch, R.M. 3.50.)
This little  book is intended to  provide a  brief review of progress in  the  various branches 

of engineering during the  years 1931-1933 and to  indicate fu turę  trends. The field covered 
is extrem ely wide, ranging from atom ie physics through building and constructional materials, 
fuels electrotechnology, and  vehicle construction to  refrigeration, food conseryation, and 
pa ten t law Considering the  size and scope of the book and  the  fact th a t  the  reyiews occupy 
only tw o-thirds of every page, the  remaining th ird  being reserved for references, i t  is obyious 
th a t  only the  m ost outstanding advances can be mentioned, and  these only in a  relatively 
superficial m anner. The 5500 references, however, should proyide the  reader w ith  means for 
pursuing fu rther any  subject in  which he is particularly  in terested; unfortunately, the  greater 
num ber of these references are to  German publications, and  conseąuently the  reader is ap t to 
form  ra th e r a  one-sided idea of world progress in engineering technology. A. R. P owell.
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TeUgrams :  “  McKecknie, B irm ingham .” 

LO N D O N —17  Victoria St., Westminster, S .W . 1. 
N E W C A S T L E -O N -T Y N E —90 Pilgrim Street. 
M A N C H E S T E R —511-13  CornExchange Bidgs. 4 
L E E D S —Prudential Buildings, Park Rew . 
SM ELTING WORKS : W ID N E S , L A N C S .

Foundrymen, Industrialists
Engineers, Foundry Managera

Foremen or Artisans
You ought to
become a member of the

FOUNDRY TECHNICAL ASSOCIATION
which will bring to you most useful 
and important dała through

its M ONTHLY JO U R N A L  THE W O R K  AN D
its BI-MONTHLY CONFERENCES &  RESEARCH OF ITS
its A N N U A L  CONCRESSES COMM1TTEES

You will be kept continually conversant with the progress realised in 
the sphere of your profession;

You will benefit from the experience of your colleagues;
You will gain time by adding quickly to your experience.

W fitt foy particulars to the
A SSO C IA TIO N  TECHNIQUE DE FO N B ERIE 

44, rue de Benmes, PAMIS ("VI*)


