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B e c a u s e  y o u  ’ r e  t h e  b o y  w e  ’ r e  w o r k i n g  f o r  

t o - d a y ,  b l e s s  y o u r  g o o d  h e a r t .  Y o u  ’ v e  g o t  t h i n g s  

m o r e  u r g e n t  t h a n  p r e s s u r e  d i e - c a s t i n g s  t o  t h i n k  

a b o u t .  P e r h a p s  y o u ’ v e  n e v e r  h e a r d  o f  t h e m .  

B u t  y o u  ’ r e  c e r t a i n l y  u s i n g  t h e m .  T h e r e ’ s  

h a r d l y  o n e  s i n g l e  b i t  o f  e q u i p m e n t ,  h a r d l y  a  

w e a p o n ,  c e r t a i n l y  n o t  o n e  s i n g l e  v e h i c l e  

i n  t h e  A r m y  t h a t  d o e s n ’ t  i n c l u d e  d i e - c a s t i n g s .  

P r e s s u r e  d i e - c a s t i n g  h e l p e d  u s  t o  t u r n  o u t  t h a t  

s t u f f  q u i c k l y  w h e n  y o u  b a d l y  n e e d e d  i t .  I t  

h e l p e d  u s  t o  t u r n  i t  o u t  i n  t h e  v a s t  q u a n t i t i e s  

t h a t  o u r  g r o w i n g  a r m i e s  

c a l l e d  f o r .  M a y  y o u r  

e q u i p m e n t  s e r v e  y o u  w e l l .

To-day all our time and 
skill Is given to the equipping 
of our fighting men. W e  II 
gladly talk of how we can 
serre your post-war needs ; 
but please don’t ask us 
to do much about it just yet !

British Die Casting Co. Ld., Pembroke Works, Pembroke Rd., London, JV.ro 'Phone : Tudor 1594/6.
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ANODIC TREATMENT
of Aluminium and its Alloys

C H R O M A T IN G
of Magnesium Alloys

T E C H N I C A L  
PLATINGS LTD.
C R A I G S  W O R K S ,  L U T H E R  R O A D ,  

T E D D I N G T O  N
TELEPHONE - MOLESEY 240

TRADE “ GILTEC”  MARK
APPROVED A.I.D. AIR MINISTRY 

REF. NO. I 3852 i/3 I

“ T . P . ”
F O R

A N O D I S I N G
N A T U R A L  &  C O L O U R E D  FINISHES

dm 953

P E R F E C T

BLM
F B

f o r  A L U M I N I U M  a n d  
M A G N E S I U M  ALLOYS

R n O D I C  - 
P H D T o - im p R E c n n T io n

f o r
P ANE L S ,  DI AL S  
Sr N A M E P L A T E S

ALL NATURAL Sc COLOURED FINISHES 
TESTED Sc APPROVED.

□ i i. ..... . 111 = 3 1
T h e  R u s h t o n  O r g a n i s a t i o n
173. CLARENCE GATE G'D'NS. LONDON. N.W.L 

Phone.: PAD. 1486. (P.B.x.)
LONDON. NEW8URY. BIRMINGHAM & WOLVERHAMPTON

A t  th e  m o m e n t  o n ly  h a lf 
th e  s to r y  c a n  b e  to ld . 
N o t u n til  th e  p e a c e  h a s  
b e e n  w o n  c a n  w e  te ll  y o u  
o f th e  w a r  d e v e lo p m e n ts  
w h ic h  w ill b e  in c o r p o r a te d  
in  th e  p o s t - w a r  d e s ig n  
a n d  m a n u fa c tu re  o f  o u r  
O p t i c a l - M e c h a n i c a l -  
E l e c t r i c a l  I n s t r u m e n t s  
a n d  A irc ra f t  E q u ip m e n t .

AVIMO LTD., TAUNTON 
Somerset (England)

Approved under Air Navigation Rules 
for Civil Aviation.



E l e k t r o n
the pioneer 

M A G N E S I U M  ALLOYS
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I N T R O D U C I N G  T W O  T E X T B O O K S  O N  

M A G N E S I U M  &  I T S  A L L O Y S
( D E T A I L S  ON R E Q U E S T )

PRICE IS/- NET
PLUS 6d POSTAGE IN UK 
CHEQUES TO BE MADE OUT 
TO F A HUGHES & CO. LTD

A N D  N O W !

, CO. LIMITED. Argyle Street Wwkj. Nechells. *rminghim.~7 •  Shett trtwlonz. Etc.: BIRMETALS LIMITED. Wood««. QuI^n. Birmlnfham » Supplier of Mggntsium and -Efefctnw Metef for tfte British Empire; F. A. HUGHES * COr LIMITED. Abbey House., £ker Street. LondonTffvVT
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T h e  Im p o r t a n c e  o f  
C h o o s in g  t h e  ffîlfô /H IT  
S u p p l i e r  o f  N o n - F e r r o u s  

i n g s

m m

C a s t
N p la n n in g  p ro d u c ts  in 
c o rp o ra tin g  c a s t in g s  in 
n o n - fe r ro u s  m e ta ls  th e  
m o st m o m e n to u s  q u e s 
tio n  w ith  w h ic h  y o u 're  
f a c e d  is y o u r  c h o ic e  of 
su p p lie r  F o r tu n a te ly , 

y o u 'll  fin d  m o re  th a n  o n e  w h o  can  
m e e t e v e ry  r e q u ire m e n t  B ut re m e m 
b e r  y o u r  c a s t in g  s u p p l ie r  b e a rs  th e  
e n t i r e  r e s p o n s ib i li ty  fo r  th e  p ro d u c 
t io n  o f  a  v i ta l  p a r t  o f y o u r  p ro d u c t., 
f o r  so lv in g  e n g in e e r in g  p ro b le m s., 
m a k in g  p a t te r n s  an d  d ie s ...c a s tin g  th e  
job . .f in ish in g  e a c h  p iece , a n d  fe e d in g  
it  in to  y o u r  p ro d u c t io n  lin e s  as y o u r  
s c h e d u le  d e m a n d s

H e re  a t  U n iv e rsa l, w i th  o n e  of 
th e  f in e s t  e q u ip p e d  p la n ts  in th e  
M id la n d s , w e  o f fe r  a  c o m p le te  s e r 
v ie s  ..d e s ig n in g , e n g in e e r in g , p a t te r n  
a n d  d ie -m a k in g , c a s t in g , f in ish in g .

A ll a re  h a n d le d  w ith in  o u r  o w n  o r 
g a n is a t io n  a n d  c o - o rd in a te d  u n d e r  a 
s in g le  e n g in e e r in g  a n d  o p e ra t in g  
g ro u p .

A n d  b e h in d  a ll  is th e  e x p e r ie n c e  
o f m an y  y e a r s  a n d  a w id e  r e p u ta t io n  
fo r  q u a l i ty  p ro d u c t io n .. .fo r  h a n d lin g  
e v e n  th e  m o s t in t r i c a te  jo b s  w e ll, 
a n d  f o r  d e l iv e r ie s  on  tim e .

If y o u r  p o s t-w a r  p r o d u c ts  c a ll 
fo r  c a s t in g s  y o u  c a n  s t a r t  n o w  O u r  
T e c h n ic a l  S ta f f  w ill  g la d ly  w o rk  w ith  
y o u r  d e s ig n  a n d  e n g in e e r in g  d e p a r t 
m e n ts  to  g e t  th o se  id e a s  o f y o u rs  on 
to  p a p e r . . . to  e n s u re  a c o m b in a tio n  of 
u t i l i ty  a n d  e y e -a p p e a l  w ith  p r a c t i c - 1. 
e c o n o m ic a l  " c a s ta b i l i ty  " W ith  th a t  
d o n e , y o u  a re  r e a d y  th e  m o m en t 
r e s t r ic t io n s  a re  lif te d . A n d  fo r  im 
m e d ia te  e s s e n tia l  w o rk  th e  w h o le  o f 
o u r  s e rv ic e  is a t  y o u r  d isp o sa l N O W

U N I V E R S A L
EN G IN EERIN G COM PANY

GRAVITY DIE  CASTINGS PR ESSUR E DIE  CASTINGS 
AND SAND CASTINGS IN N O N  FER RO U S METALS

CASTLE BOUL E VAR D- NOT T I NGHAM
sod St CALLAKD HOUSE. REGENT STREET. LONDON.W. 1

English : Nos. 206S 6" ; *206 6" ; 209 9" ; 212 12". 
Metric: Nos. 2I5S !5cm. ; *215 15cm. : 225 25cm. 230 30cm
Duplex : Nos. 206SEM 6" & 15cm. ; *206EM 6" & IScm.

209EM 9" & 25cm. ; 212EM 12" & 30cm.
* Knife-edge jaws.

Made to highest possible standards oi accuracy and 
fully guaranteed. Hardened and ground jaws ; 
can be used for inside and outside measurements. 
Graduated in 40ths of an inch, with vernier readings 
in lOOOths, or In A mm., with vernier readings in 
50chs of mm. Packed in plush-lined mahogany case.

B R I T I S H  N . S . F .  C O M P A N Y  L T D
K E I G H L E Y ,  Y O R K S .

London Office : 25, Manchester Sq., W.l 
Agents : Stedall Machine Tool Co.,

147-155 St. John St.. London, E.C.!. Phone: Cierkenwell 1010(10 lines)
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N e w  Y e a r  R e s o l u t i o n

T H E  W O N D E R F U L  L A M P
Advt. of The General Electric Co. Ltd., Magnet House, King may, London, W.C.z.

B L A C K - O U T  C H A R T  F O R  J A N U A R Y
DATE 530 545 MOON

PHASES

LAST QTR

NEW MOON
JAN. 14 TH.

FIRST QTR.
JAN. 20TH.

FULL MOON 
JAN. 28TH.15 830 845530 545

Reproduced from the Nautical Almanac by permission of the Controller of H.M. Stationery Office
★ Times shown are those for the London area.

Y o u  w i l l  s t r i v e  m o r e  t h a u  e v e r  t o  
k e e p  t h e  w h e e l s  o f  o u t p u t  r u n n i n g  
s m o o t h l y  a n d  e v e r  f a s t e r .
Y o u  w i l l  s e e  t h a t  w o r k i n g  c o n 
d i t i o n s  l a c k  n o t h i n g  t h a t  w i l l  
c o n t r i b u t e  t o  t h e  c o m f o r t  a n d  
w e l l - b e i n g  o f  t h e  w o r k e r s .

S p e c i a l  c a r e  w i l l  y o u  t a k e  w i t h  
l i g h t i n g - t h a t  e s s e n t i a l  a n d  
b e n e f i c i a l  f a c t o r  i n  e v e r y  i n d u s 
t r i a l  p l a n .
T o  m a k e  s u r e  o f  r e l i a b l e  l i g h t i n g  
s e r v i c e ,  y o u  w i l l  r e s o l v e  t o  m a k e  
1945 a n o t h e r  O S R A M  y e a r .
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W o r k e r s  lo v e  i t  —  D i r e c t o r s  p r a i s e  i t

I t  h a s  

c o m e  t o  s t a y
It is not only sound social welfare, it is good 
production management, for it relieves fatigue, 
keeps workers in fine fettle, and increases output. 
Always provided it is the right kind of music and 
can be heard clearly in spite of factory noises. 
Otherwise more harm than good may result.
Subscribers to the T.R. Music Service are en
thusiastic regarding the benefits it brings. For 
T.R. have a wide range of equipment which is 

meeting the needs of factories, large and small, and their service includes 
authoritative advice on the selection of the right tunes.
You are safe with T.R. Music Service.

Installation
Companies
throughout
the
Country. -a sert) ice of

T e l e p h o n e  R e n t a l s
LTD

K e n t  H o u s e  * K n i g h t s b r i d g e  * L o n d o n  * S .W .7  

TELECOMMUNICATION • MUSIC FOR WORKERS * TIME.  RECORD I NG
Employing telephones, micro- Relieves fatigue, increases con- Synchronised Time uniform to 
phones and loudspeakers as required tentment, helps maintain output the eye,the ear, and on the records

’ s l o w s - d o w n  d e p r e c i a t i o n

E .  G .  A C H E S O N ,  L T D . ,

9, G a y f e r e  S t r e e t ,  W e s t m i n s t e r ,  S . W . I

c o l l o i d a l  g r a p h i t e

R E D U C E S  M A C H I N E - W E A R

“  D a g  ”  c o l l o i d a l  g r a p h i t e  g i v e s  a  
p e r m a n e n t  t h i n  s l i p p e r y  f i l m  t o  
t h e  s u r f a c e  o f  w o r k i n g  p a r t s .

I t  is  o b t a i n a b l e  a s  a  d i s p e r s i o n  in  
v a r i o u s  l i q u i d s  t o  s u i t  t h e  j o b  f o r  
w h i c h  i t  i s  r e q u i r e d .

G.D.5a
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S T E E L  S T A M P S
On Air Ministry Approved List .Vo. J7/41693/39

Large Output. Prompt Deliveries.

J O H N  M E E R L O O  &  SONS,
74, L O N D O N  RD., KI NG ST ON -O N- TH AM ES .

'Phone:
A''“V Kingston 6322 tD 2878.

B.K.L. ALLOYS LTD.
FA CT OR Y CENTRE,

KINGS NORTON, BIRMINGHAM
Phone:

KINGS NORTON 1162/5 Grams:
▲LINGOTS, BIRMINGHAM

I  b r a n d  T E S T A L  4 1

-  r e f in e d  m j g . ? * , , e d  a n tI  ft

D.T.D. 424 w here requ ired  is also supplied 
SODIUM MODIFIED o r w ith the addition 

of TITANIUM

W h a t  c a n  Y O U  d o  a b o u t  

f u e l  c u t s ?

A l l  i n e f f i c i e n t  f u r n a c e s  

s h o u l d  b e  r e p l a c e d  a t  

t h e  f i r s t  o p p o r t u n i t y  

w i t h  m o d e r n  B r a y s h a w  

f u r n a c e s  h a v i n g  a d e q u a t e  h e a t  i n s u l a t i o n ,  a d 

v a n c e d  m e t h o d s  o f  c o n t r o l ,  e t c .

2 > rr /// 7" P a r t -  o r  a11 o f  t h e  f u e l  c u t s  o b t a i n e d  w i t h o u t  
— c u r t a i l m e n t  o f  p r o d u c t i o n ,  a  h i g h e r  s t a n d a r d  o f  

h e a t  t r e a t m e n t ,  a n d  i m p r o v e d  s h o p  c o n d i t i o n s .

BRAYSHAW FURNACES & TOOLS LTD.
BELLE VUE WORKS, MANCHESTER, 12
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V I C T O R &u f i& im v x .

X - R A Y  FILM P R O C E S S I N G  C H E M I C A L S

S U P E R M I X  P R I C E S
Developer :

to make 1 gall. 6 6
„ „ 2 „ II/-

„ 5 „ 27/-

Fixer:
to make 1 gall. S/6

„ 2 „ 9/-
.. .. 5 23/-

. . . .  ¿ id  a d  ¿ u u H f a d  th a t  -

You simply pour these liquid concentrates Into your tanks and
add w a t e r .........no time lost In dissolving powders or
adjusting solution temperatures. They will reveal in every film 
all the diagnostic qualities which your exposure makes possible, 
in contrast, density and detail.

 c u td  a d  e c a w M u c a i a d  t l u d -

With these longer-lasting Supermix solutions you can process 
up to 75% more films than with conventional processing 
chemicals. Unusual speed of developing (3 minutes at 68° F.) 
and fixing (less than 1 minute) will expedite your darkroom 
work ; or, by developing 5 to 6 minutes you can reduce x-ray 
exposure 20% to 25% to economise in tube life. LONG-LIFE 
 S P E E D  C O N V E N I E N C E  are the hall

marks of Victor SUPERMIX.

V I C T O R  X - R A Y  C O R P O R A T IO N  L td .
15-19, Cavendish Place, London, W .l LANgham 4OT4
Branches
Birmingham - - 55. Pershore Street . . . .  Midland 2110
M anchester - - Milne Buildings, 66, Mosley Street - Central 0275
b!?<Vo°|W ' * " 77* ^ C5t Gceor«e Street- - - - Douglas 1884° nsto1 " ‘ ' 73- Queen Square............Bristol 20890
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AMmiSINt;  & PLATINGS LIMITEDHOLLAND STREET RADCLIFFE LANCS.

We are specially equipped 
with large up-to-date 
plant, for anodising
Aluminium and its alloys 
i n  N A T U R A L  O R  
COLOURED FINISHES ; 
Chromating of Mag
nesium ; Zinc ; Cadmium ; 
El -Tin and Si lver  
Plating and other pro
cesses. A.I.D. approved.

If a suitable design of burner is used, the 
trouble can usually be overcome by using 
a High Alumina Firebrick such as NETTLE 
(42/44% Alumina)—a point proved by the 
practical experience of several customers. 
An additional protection to the brickwork 
by washcoating with Maksiccar II. or Stein 
Silllmanitc Cement will often be found 
economic. Further Information will be gladly supplied on request.

CREOSOTE- 
PITCH FIRING
A  number of firms adopting 
this fuel have encountered 
new Refractory Problems 
caused by corrosion and 
Vitrification Spalling.

N O N - F E R R O U S
D I E  C A S T I N G  C O .  L T D .
North Circular Road, Cricklewood, 
L O N D O N ,  N. W .  Telephone: GLAdstone 6377

y O U

I
•  Owing to the restricted use of 

Aluminium, Dies for producing 
Aluminium Castings can be modified 
for Brass Production.

•  Let us, as the Pioneers of Brass 
Gravity Die Casting, help you in 
your Technical Problems.

•  Our Highly Skilled Technical Staff, 
Modern Foundries and many years’ 
Experience are at Your Service.

dm 1162

55555H55555-555555555555555555ZH55
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Production at Kent Alloys Is founded 
on a basis of accurate laboratory 

control at every stage. It is 
the spectrographlc control 
of alloys, the radiographic 
control of castings which, 

combined with certainty as 
to tensile strengths and hard

ness, ensure Consistency and 
Confidence.
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P R O D U C T I O N  L I N E
1 8 ™  C E N T U R Y

The mid-18th century seems to have been 
the golden age of the coachbuilding craft 
in Britain . . .  an age which produced the 
existing state coach of the Lord Mayor of 
London and the British Royal State Coach. 
Coaching was then, of course, largely a 
diversion for gentlefolk. Expense was no 
object, and every production stage from 
axle-tree to finishing-varnish was a job for 
skilled hands. A lengthy process, yes . . . 
especially when Nature was saddled with the 
task of drying those endless coats of paint 
and varnish so flattering to milord’s vanity. 
Today when craftsmanship must give way 
to mass production, when painting and 
varnishing have been reduced almost to 
matters of formula and temperature . . .  a 
modern fuel is playing a big part in countless 
priority jobs. Gas is not only helping the 
paint and varnish manufacturer in the mixing 
and heat-treatmenl shops and in the boiler 
room. It is keeping pace with the moving 
production line in gas-fired conveyor drying 
ovens for enamel, lacquer and varnish work. 
It is helping the paint manufacturer in the 
continuous development of new high-speed 
infra-red techniques for the drying and 
curing of a wide variety of new industrial 
finishes. Thanks to Gas, the modern indus
trialist can plan production on the basis of a 
quick, cheap, reliable fuel . . .  a fuel which 
is simple, flexible and accurate in control . . . 
a clean fuel which can be stored at its source 
of supply . . . and tapped at its point of use.

T H E  T \Y E N T I E T H - C E N T U R Y  
I N D U S T R I A L I S T  K N O W S  T H E  

V A L U E  O F  G A S

N O N -FER R O U S C A ST IN G S
War-time research opens a wider field for 
British Engineering into new and essential 
uses of non-ferrous metals and alloys. 
Our specialised ̂ knowledge is offered to 
you in castings of
PHOSPHOR BRONZE, GUNMETAL, 
ALUMINIUM, MANGANESE BRONZE and in 
ALUMINIUM BRONZE which possesses a Ten
sile Strength of 45 tons per square inch.
Also ‘BIRSO ' Chill Cast Rods and Tubes. Centrifu- 
gally Cast Worm-wheel Blanks. F inished Propellers 
and Precision Machined Parts, Ingot Metals, etc.

Fully approved by Admiralty and A.I.D.

T . M . B I R K E T T
& SONS LTD.

HANLEY . STAFFS
'Phone: Stoke-on-Trent 2184-5-6. ’Grimi: Blrkitt, Hanley

BtWU.

C O V E R A L S  For c|caninß andcovering alumin-
ium and its alloys. Absorb oxide, 
give metal-free drosses and 
greater fluidity. Numerous grades 
are manufactured.

D E G A S E R S  Efficiently andsimply remove 
gases and oxides from aluminium 
and aluminium alloys. Eliminate 
pinholes and improve physical 
properties. Efficient grain refining 
is obtained in conjunction with 
degassing. Various grades avail
able. Write for full particulars.

Above are only two of many “ FOSECO ’’ 
preparations for producing better castings 
at lower cost. Foundrymen are invited to 
write for further particulars to:—

F O U N D R Y  S E R V I C E S  L T D .
285/7, Long Acre, Nechells, Birmingham,?

Visit the Kitchen Planniut Exhibition. Dorland Hall, Lower 
Resent Street. London. S.W.l. February 6th to March 3rd. 
Daily 10 a.m to 5 p.m. (6 p.m. Thursdays). Admission Free.
BRITISH COMMERCIAL 0 AS ASSOCIATION 

I OROSYKNOR FLACK, LONDON, S.W.l---
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E x t r a c t  f r o m  C h a i r m a n ’s  S t a t e m e n t  i s s u e d

w i t h  t h e  C o m p a n y ’s  A n n u a l  R e p o r t  :

“ T h o se  w h o  a r e  p la n n in g  n e w  v e n tu r e s  w ill h a v e  b e e n  
" e n c o u r a g e d  b y  th e  a n n o u n c e m e n ts  o f  th e  le a d in g  B a n k s to 

p r o v id e  f in a n c e  in  a  l ib e r a l  m e a s u r e  fo r  e ffo r ts  o f  p ro m is e . 
Id e a s  a n d  ta le n ts  in  p ro d u c t io n  c o m b in e d  w ith  f in a n c e  c a n  g o  
far, b u t th e  th ird  e s s e n tia l  is  e x p e r i e n c e  o f  d is tr ib u tio n  a n d  it 

" is  h e r e  I fe e l  th e  l a r g e  S to re s  c a n  h e lp .  T h e  e x te n t  to  w h ich  
o v e r s e a s  m a r k e ts  in  th e  p a s t  h a v e  h a d  to b e  s e a r c h e d  in  o r d e r  

" to o b ta in  n e w  lin e s  o f  m e r c h a n d is e  a n d  n o v e lt ie s  h a s  n o t b e e n  
fu lly  r e a l is e d .  T h e  u r g e  to  ' B uy B ritish  ’ w ill b e  g r e a t e r  th an  

" e v e r — q u ite  a p a r t  f ro m  th e  lim ita tio n s w h ic h  a r e  lik e ly  to  b e  
" p la c e d  o n  th e  a m o u n ts  o f  c u r r e n c y  a v a ila b le  fo r  im p o r ts .  T h is  

s u r e ly  p r o v id e s  a  v a s t f ie ld  o f o p p o r tu n it ie s  fo r  n e w  e n d e a v o u r s  
“ a n d  S e lf r id g e s  w ill b e  a n x io u s  to  o ffe r  s e r v ic e s  fo r  d isp la y s ,
" p u b lic ity  a n d  s u p p o r t  in  c o n n e c tio n  w ith  a n y  n e w  p ro d u c t io n s  
" o f  p r o m is e  in w o o d , p la s tic s , m e ta l, le a th e r ,  r u b b e r ,  te x tile s ,
" c h in a  a n d  g la s s  o r  o th e r  m a te r ia ls , a n d  to  r e n d e r ,  if p o s s ib le ,
" a id  in  c o -o p e ra t in g  w ith  th e  p ro d u c t io n  a n d  m a rk e t in g  o f  su c h  
“ m e r c h a n d is e  w h e th e r  b y  e x is tin g  H o u se s , n e w  b u s in e s s e s  o r  

p r iv a te  in d iv id u a ls ."

* * *

S E L F R I D G E S  L i m i t e d ,  O x f o r d  S t r e e t ,  L O N D O N ,  W . l

Issued by the Merchandise Office.
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G I B B O N S
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A L U M I N I U M  &  A L L O Y  R E - H E A T I N G F U R N A C E S

TheFurnaceillustrafed 
s heated by a series 

of Gas Fired Radiants. 
The waste gases from 
the radiants can be di
verted either into the 
heating chamber in 
contact with the pro
duct, or can be evacu- 
a t e d  di  r e c t  to th e  
chimney. The temper
ature is controlled by 
Multi-Zone Automatic 
PyrometricEcjuipment, 
which together with 
the Gibbons' System 
of Heating and Fan 
Re-circulation ensures 
close  t em p era tu re  
control.
Gibbons Bros. Ltd., 
Dibdale Works, 
Dudley. Phone 3141

January, 1945
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T h e r e  n e e d  b e  n o  r i s k  o f  s q u a r e  
p e g  m o t o r s  d o i n g  r o u n d  h o l e  j o b s  
i f  y o u  h a v e  t h e  C r o m p t o n  P a r k i n s o n  
c a t a l o g u e  o n  y o u r  d e s k .  T h e r e ,  i n  
t h e  s t a n d a r d  r a n g e  o f  o v e r  2 , 0 0 0  
t y p e s ,  y o u  w i l l  f i n d  t h e  c o r r e c t  m o t o r  
f o r  a l m o s t  e v e r y  n e e d .
T h e s e  m o t o r s  a r e  m a d e  b y  a  f l o w

p r o d u c t i o n  s y s t e m  i n  w h i c h  f i n i s h e d  
p a r t s  a n d  s u b - a s s e m b l i e s  a r e  s t a n d a r d 
i s e d  a q d  s t o r e d ,  w h e r e  t h e  c o m p l e t e  
m o t o r  i s  o f  a  t y p e  n o t  s t o c k e d .  F i n a l  
a s s e m b l y  i s  q u i c k l y  c o m p l e t e d .  S p e e d  
a n d  s e l e c t i o n  a r e  t h u s  a l l i e d  w i t h  
C r o m p t o n  P a r k i n s o n ’ s  e x a c t i n g  s t a n d 
a r d s  o f  m o t o r  p r o d u c t i o n .

t R o m P T o n ^ P H R K i n s o n

ELECTRA HOUSE, VICTORIA EMBANKMENT, LONDON.  W. C. 2, and Branches



xv¡ Advts. LICHT METALS January, 1 945

Advt. of The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.2.

O N  I T S  M E T T L E

T h r o u g h o u t  t h e  n a t i o n a l  e f f o r t  r u n s  t h e  n e e d  f o r  
m e t a l — m o r e  m e t a l ,  b e t t e r  m e t a l ,  t o u g h e r  m e t a l -  
s t r e n g t h e n e d  a n d  v i t a l i s e d  b y  h e a t  t r e a t m e n t .  

G . E . C .  E l e c t r i c  F u r n a c e s  p r o v i d e  a n  a n s w e r  t o  e v e r y  
p r o b l e m  o f  h a r d e n i n g ,  t e m p e r i n g ,  a n n e a l i n g ,  n i t r i d i n g ,  
e t c . ,  b y  w h i c h  t h e  i n h e r e n t  s t r e n g t h  a n d  s t a m i n a  o f  
m e t a l  a r e  d e v e l o p e d  t o  m e e t  e v e r  m o r e  e x a c t i n g  u s e s .

E L E C T R I C

F U R N A C E S

— f a t  o r  t h i n — S h a n n o b l i c  f o l d e r s  t a k e  a l l  s h a p e s  
a n d  s i z e s  o f  p a p e r s  o r  l i s t s ,  a n d  b e c a u s e  t h e y  
h a n g  o n  a  f r a m e ,  n e v e r  s l i p  o r  h i d e .  L a r g e  
a d j u s t a b l e  a n g l e d  t a b s  e n s u r e  i n s t a n t  f i n d i n g .  
S h a n n o b l i c  f i t s  i n t o  a n y  f i l i n g  s y s t e m ,  b i g  o r  
l i t t l e ,  o r  t h e  D e s k  T o p  U n i t  s h o w n  i s  i d e a l  f o r  
e m e r g e n c y  d e s k  t a b l e s .  S e n d  i d .  s t a m p  f o r  
l e a f l e t  d e s c r i b i n g  h o w  S h a n n o b l i c  c a n  s e r v e  y o u .

T H E  S H A N N O N  LIM ITED
IMPERIAL HOUSE, (Dept. E.3), 15-19, KINGSWAY, LONDON, W.C.2
And at Birmingham, Bristol, Liverpool, Manchester, Newcastle, Glasgow (Agent)
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. .  a s  t h e  w a v e  

o f  a  h a n d

People are ape to take it for granted that all mechanism must 
make some kind of a noise.
Yet consider the complexity of the mechanism In a human 
hand, and its extraordinary adaptability to different tasks, from II 
playing the piano to lifting heavy loads. Nevertheless It is 
silent; why!
Because Nature— In whose footsteps we humbly folbw— does 
not use metal-to-metal joints with clearances, but welds j!
muscle on to bone, providing an ideal construction, J 
flexible, yet without backlash.
Here at Metalastik we are constantly engaged in the 
design and manufacture of devices which, made of 
metal parts welded to rubber, are used to permit or 
restrict movement, or to damp vibrations of various 
kinds. W e  can use natural or synthetic rubber, 
our rubber-to-mecal weld can be used with various J 
metals, and we know exactly how to design in metal 
and rubber to meet any desired conditions.

Our services are at your disposal.
Metalastik Ltd., Leicester.



Sfl ALUMINIUM CO, HO. SAIISOURV HOUSE lONOOO WAlt LONDON E.C.2
Telephone : CLErkcnwell 3494  Teleerami : Cryolite. Ave. London

A L U M I N I U M  

T R A N S P O R T

Milk distribution is one of ma ny with churn, dipper and can, have been 
services revolutionised by m o d e r n  succeeded by the 3,000 gallon aluminium 
methods and materials. As old time tanker and the popular aluminium- 
dairying practice has given place to capped milk bottle. Hygienic qualities, 
d o m e d  pails, pasteurising and cooling operating economy and convenience con- 
tanks and otherequipmentof aluminium, tributed by aluminium— within the life- 
so the once familiar milk float, complete time of the British Aluminium Co., Ltd.
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E D I T O R I A L  O P I N I O N

N o w  W h e r e  D o  W e  G o  ?

F O R  t h e  f i r s t  t i m e  s i n c e  t h e  e a r l y  d a y s  o f  t h e  w a r ,  a l u m i n i u m  a n d  
m a g n e s i u m  a r e  o n c e  a g a i n  f r e e  f o r  r e l e a s e  t o  m a n u f a c t u r e r s  f o r  c i v i l i a n  
p r o d u c t i o n .  I t  i s  n o  e a s y  m a t t e r  t o  a p p r e c i a t e ,  a t  o n c e ,  w h a t  t h i s  m e a n s ,  

a s  o n  n o  o t h e r  o c c a s i o n  i n  o u r  h i s t o r y  h a s  s u c h  a  r i g i d  r e s t r i c t i o n  o f  r a w  
m a t e r i a l s  o f  t h i s  n a t u r e  e v e r  b e e n  s o  l o n g  i m p o s e d .  I t  s h o u l d  b e  p o i n t e d  

o u t  t h a t  t h e  o f f i c i a l  n o t e  i n  t h i s  r e g a r d  m a k e s  i t  q u i t e  c l e a r  t h a t ,  w h i l s t  
s u p p l i e s  o f  l i g h t  a n d  u l t r a - l i g h t  a l l o y s  a r e  s u c h  a s  t o  j u s t i f y  g e n e r a l  r e l e a s e ,  
w a r  r e q u i r e m e n t s  c a n  s t i l l  e x e r t  a n  o v e r - r i d i n g  p r i o r i t y .  F u r t h e r m o r e ,  t h o s e  
c o n t e m p l a t i n g  t h e  p r o d u c t i o n  o f  a l u m i n i u m  o r  m a g n e s i u m  a r t i c l e s  f o r  e v e r y d a y  
u s e  m u s t  h a v e  a v a i l a b l e  p l a n t  a n d  l a b o u r  n o t  a c t u a l l y  e n g a g e d  o n  m o r e  v i t a l  
w o r k .

F i r s t  a n d  f o r e m o s t ,  p e r h a p s ,  d u e  a t t e n t i o n  m u s t  b e  g i v e n  t o  t h e  w i d e s p r e a d  
d e m a n d  f o r  a l u m i n i u m  h o l l o w - w a r e .  H o w  s e r i o u s l y  t h e  d e p r i v a t i o n  o f  o u r  
l i g h t - m e t a l  k i t c h e n  u t e n s i l s  h a s  a f f e c t e d  u s  a l l  i s  o n l y  j u s t  m a k i n g  i t s e l f  f e l t ,  
w h e n ,  a t  l a s t ,  t h e  f e w  p o t s  a n d  p a n s  n o t  h a n d e d  o v e r  i n  r e s p o n s e  t o  L o r d  
B e a v e r b r o o k ’ s  a p p e a l  h a v e  b e g u n  t o  s h o w  s i g n s  o f  i r r e m e d i a b l e  w e a r .  T h e  
a l u m i n i u m  k e t t l e ,  o n c e  s o  c a l l o u s l y  l e f t  t o  b o i l  d r y ,  h a s  a c q u i r e d  i n  o u r  s i g h t  a  
v a l u e  s u f f i c i e n t  t o  m a k e  i t  q u i t e  c e r t a i n  t h a t  t h i s  f o r m  o f  m a r t y r d o m  w i l l  n o t  
b e  e n c o u r a g e d  a g a i n  f o r  m a n y  a  l o n g  y e a r .  T h e s e ,  h o w e v e r ,  a r e  o u r  
i m m e d i a t e  n e e d s .

W i t h  t h e  g r a d u a l  t r a n s f e r e n c e  o f  f u r t h e r  s u p p l i e s  o f  a l u m i n i u m ,  t h o s e  l e s s  
p e r s o n a l  i t e m s  t o  w h i c h  w e  h a d  b e c o m e  a c c u s t o m e d  t o  s e e  i n  a l u m i n i u m  w i l l  
a l s o  b e  o n c e  m o r e  a v a i l a b l e :  v a c u u m - c l e a n e r  b o d i e s ,  l i g h t - w e i g h t  b a r r o w s  f o r  
t h e  a m a t e u r  g a r d e n e r ,  w a s h i n g - m a c h i n e  b o i l e r s  a n d  t h e  l i k e .  T o  t h i s  p o i n t  
t h e  c h a i n  o f  d e v e l o p m e n t  i s  f a i r l y  o b v i o u s .  F a r  m o r e  i n t e r e s t i n g ,  h o w e v e r ,  
i s  t h e  e x p a n s i o n  o f  a l u m i n i u m  a n d  m a g n e s i u m  i n t o  t h o s e  f i e l d s  w h e r e ,  p r i o r  
t o  t h e  w a r ,  l i t t l e  h a d  b e e n  d o n e  t o  a s s e s s  t h e i r  v a l u e  a s  p r a c t i c a l  m a t e r i a l s  
o f  c o n s t r u c t i o n  o n  a n y  l a r g e  s c a l e ,  o r  w h e r e ,  f o r  e c o n o m i c  r e a s o n s ,  t h e y  c o u l d  
n o t  b e  w i d e l y  t a k e n  u p .

D
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Y  c t  a  f u r t h e r  p o i n t  c o n c e r n s  t h e  d i s p o s a l  o f  t h e  v a s t  q u a n t i t i e s  o f  s e m i 
m a n u f a c t u r e d  m e t a l  r e t a i n e d  b y  t h e  G o v e r n m e n t .  S o m e  o f  t h i s ,  p r e s u m a b l y ,  
c a n  b e  u t i l i z e d  f o r  t h e  p u r p o s e s  w e  h a v e  o u t l i n e d ,  b u t ,  f i r s t  a n d  f o r e m o s t  
n o w ,  w h e n e v e r  w e  t h i n k  o f  m a t e r i a l s  i n  s h e e t  f o r m ,  t h e r e  c o m e s  t o  m i n d  t h e  
h o u s i n g  p r o b l e m — o n e  o f  s o  s e r i o u s  a  n a t u r e  t h a t  i t  d e m a n d s  a  p r i o r i t y  l i t t l e  
l e s s  u r g e n t  t h a n  t h a t  o f  w a r - l i k e  s u p p l i e s  t h e m s e l v e s .

I s  i t  o u t  o f  p l a c e  t e n t a t i v e l y  t o  s u g g e s t  t h a t  s o m e  o f  - t h i s  r e d u n d a n t  s h e e t  
m i g h t  w e l l  b e  u s e d  f o r  e m e r g e n c y  r e p a i r s ?  I t  i s  e a s i l y  h a n d l e d ,  r e a d i l y  f i x e d  
d o w n  t o  b a t t e n s  o r  j o i s t s  b y  n a i l s  o r  s c r e w s ,  r e q u i r e s  n o  p a i n t i n g ,  i s  n o t  
h a r s h  t o  t h e  e y e ,  a n d ,  w i t h  v e r y  l i t t l e  t r o u b l e ,  c a n  b e  u t i l i z e d  f o r  r o o f i n g ,  
c e i l i n g s ,  w a l l  p a n e l s  a n d  f l a s h i n g s .  N o  n o v e l  o r  d a n g e r o u s  e x p e r i m e n t  i s  
b e i n g  s u g g e s t e d  h e r e .  I n  p a s t  i s s u e s  o f  “  L i g h t  M e t a l s  ”  m a n y  p a g e s  h a v e  
b e e n  d e v o t e d  t o  t h e  a p p l i c a t i o n  o f  a l u m i n i u m  i n  t h e s e  c o n n e c t i o n s  w h e r e  i t  
h a s  g i v e n  g o o d  s e r v i c e ,  i n  s o m e  c a s e s  f o r  p e r i o d s  t o  5 0  y e a r s  o r  m o r e .  W i t h  
a l l  d u e  d e f e r e n c e  w e  m o s t  s t r o n g l y  c o m m e n d  t o  t h e  M i n i s t r y  o f  W o r k s  a n d  
L i g h t  M e t a l  C o n t r o l  t h a t  t h e y  b e n d  t h e i r  m i n d s  t o  t h i s  p o s s i b i l i t y .

O u r  p u r p o s e  i n  m a k i n g  t h i s  s u g g e s t i o n  i s  t w o f o l d ;  f i r s t ,  w e  h a v e  i t  i n  
m i n d  t h a t  l i g h t  m e t a l s  c a n  l e n d  a  h a n d  i n  s o l v i n g  a  m o s t  p r e s s i n g  a n d  d a n 
g e r o u s  s i t u a t i o n .  S e c o n d l y ,  a n d ,  p e r h a p s ,  i n  t h e  l o n g  r u n ,  m o r e  i m p o r t a n t ,  

i s  t h e  t a c t  t h a t ,  u t i l i z e d  i n  t h i s  w a y ,  a l u m i n i u m  w i l l  b e  g i v e n  a n  o p p o r t u n i t y  
p u b l i c l y  t o  d e m o n s t r a t e  i t s  a f f i n i t y  a n d  o n e n e s s  w i t h  s h e e t  m e t a l s  a t  l a r g e ,  
u l  a  y a r ‘ e t y  r e a s o n s _  t h e r e  h a s ,  i n  t h e  p a s t ,  b e e n  a  t e n d e n c y  t o  s e g r e g a t e  
i t  t o  t h e  r a n k s  o f  s p e c i a l  m a t e r i a l s — t h o s e  n e e d i n g  m o r e  t h a n  t h e  n o r m a l  
c a r e  g i v e n  t o  t h e  h a n d l i n g  o f  m e t a l  i n  s h e e t  f o r m ;  t h o s e  w h i c h  c a n  b e  u s e d  
t o r  t h i s  p u r p o s e  o r  c a n n o t  b e  u s e d  f o r  t h a t ,  e t c .  T h e  t i m e  h a s  c o m e  w h e n  

s u c h  “  c l a s s  d i s t i n c t i o n  ”  m u s t  b e  a b o l i s h e d .
I n  e v e r y d a y  w o r k ,  c o n s i d e r a b l e  i m p o r t a n c e  a t t a c h e s  t o  t h e  e a s e  w i t h  

w h i c h  a  m a t e r i a l  m a y  b e  m a n i p u l a t e d ,  a n d  h e r e  w e  d o  n o t  m e a n  u n d e r  l a r g e  
s e a  e  m a n u f a c t u r i n g  o r  p r o d u c t i o n  c o n d i t i o n s ,  b u t  i n  t h e  h a n d s  o f  t h e  j o b b e r  
a n d  t h e  n o m i n a l l y  u n s k i l l e d .

I t  i s  s t i l l  t o o  e a r l y  t o  p r e d i c t  t h e  f i n a l  p o s i t i o n  w h i c h  w i l l  b e  t a k e n  b y  l i g h t  
m e t a l s  i n  t h e  p o s t - w a r  e r a ,  b u t  t h i s  m u c h  i s  q u i t e  c e r t a i n :  t h e  c i v i l i a n  m a r k e t ,  
s o  l o n g  s t a r v e d  f o r  s u p p l i e s ,  i s  a l r e a d y  e a g e r l y  d e m o n s t r a t i n g  i t s  a n x i e t y  t o  
m a k e  g o o d  t h e  d e f i c i e n c y .  >

C o n te n t s

SPECIAL ARTICLES 

Founding of Magnesium

Page

3
Al u m i n i u m  in the Chemical 

Industries

Page

42
Aluminium and Magnesium in the 

Electrical Industries 16
REGULAR FEATURES 

Editorial Opinion 1
Light Alloys in Rectifiers, Photo
cells and Condensers .. 25

News —  General, Technical, 
Commercial 7

THE FACT that goods made of raw materials in short supplu because of war conditions are advertised in nts journal should not be taken as an indication that they are necessarily available for export.
S / tVE PAPER—Mare than ever is paper waste required for our war industries. Waste paper makes munitions in a hundred forms—from shell cases to aeroplane parts.



January, 1945 LIGHT METALS 3

F o u n d i n g  o f  M a g n e s i u m  A l l o y s

Continued from  p. / 6 2  o f the November Issue of 
“  Ligh t Metals f  this Section o f the Account Deals 
with Fluxes, Flux ing Technique, and Superheating

TH E  mere process o£ m elting magnesium 
alloys is, in itself, no t difficult. T he usual 
alum inium -m agnesium  alloys com m ence m elting 

a t  435 degrees C. and  are com pletely fluid a t 
ab o u t 580 degrees C. T he pouring-tem perature 
range is betw een 700 degrees C. and  780 
degrees C. and, w hilst superheating  is employed 
up to  900 degrees C., it  will be seen th a t  there 
is no really high tem pera tu re  to  be considered. 
In  a  word, the tem peratu re range adop ted  is 
approx im ately  the  sam e as th a t  used in a lu 
m inium  founding.

M elting crucibles m ade of iron, or steel are 
used, for there is practically  no iron pick-up in 
th e  case of m agnesium . I t  is true  th^it, in the 
U nited S ta tes of Am erica, alloys of super-purity  
have been produced recently , for which iron or 
steel pots could n o t be used. T he iron con ten t 
of com m ercial m agnesium  alloys seldom exceeds
0.030 per cent., b u t the  Am erican w orkers were 
aim ing a t  an  iron con ten t n o t more th an  a  few 
thousand ths per cent. I t  is sufficient to  say 
th a t  even on repeated rem elting in a  p o t of 
ferrous m aterials, the  iron con ten t of m agnesium  
alloys does no t appreciably increase.

T he iron or steel p o t m aterial m ust, however, 
not contain alloying ingredients which them 
selves dissolve in m olten m agnesium ; for this 
reason nickel-bearing ferrous m etals m ust be 
avoided. I t  is said th a t  nickel can easily con
tam inate  the  m elt, w ith  adverse effect on the 
corrosion resistance an d  m echanical streng th  of 
the resu ltan t alloy.

As indicated in the  first p a r t  of th is account, 
m agnesium is quite  reactive tow ards a ir  and 
m oisture. I t  is well know n th a t  the  speed of 
a  chem ical action  increases a t  an alarm ing rate 
as the  tem pera tu re  increases, and if it be true 
th a t  m agnesium  reacts w ith boiling w ater 
(which is, in effect, an oxidation reaction a t 
100 degrees C .), need for a  special m ethod of 
trea tm en t of m olten m agnesium  a t, say, 
750 degrees C., will cause no surprise. I t  has 
also been shown th a t  the  surface skin of the 
m olten m etal offers no protection  w hatever.

The use of fluxes, then, is a  necessary p a rt 
of the  m elting process for m agnesium  alloys. 
F luxes are, in general, used for one of two 
purposes. Some refine or purify th e  m olten 
m etal, e ither rem oving the  im purities by  
chem ical com bination, or by  physical absorp
tion of them . O thers, again, are used to  provide 
a  cover on th e  m etal surface, th u s protecting  
the alloy from oxidation or absorption  of furnace 
gases. M agnesium m elting fluxes are used for 
the purposes of purification an d  protection; and 
although  two separate fluxes are often em ployed, 
a  single, "  d oub le-pu rpose"  flux m ay success
fully be used. As will be shown, w hether one flux 
or tw o be required depends entirely  upon the  
com position of th e  sa lt m ixture.

To visualize quickly the  required fluxing 
technique: as m agnesium  m elts in the po t i t  is 
dusted  w ith a  flux of such a  m elting poin t th a t  
i t  is fluid ju s t before the m etal reaches the 
com pletely m olten sta te . T he m elt, then, is 
covered u ltim ately  w ith  a liquid seal which 
effectively preven ts oxidation.

I t  is too m uch to hope, however, th a t  no 
oxide will have been formed during  m elting, 
and  henge included w ithin the m etal. The 
optim um  m echanical properties of an y  m etal 
canno t be a tta in ed  if discontinuities, w hether 
non-m etal or gaseous, be presen t; i t  is neces
sary in th is  case, therefore, to  rem ove th e  oxide 
con tam ination .

Rem oval of oxide inclusions is effected by a 
fu rther fluxing process. A flux, of suitable 
chem ical com position, is now vigorously stirred 
into the  m etal (after, of course, allow ing the 
flux to become m olten on th e  surface of the 
m elt). T his refining ac ts prim arily  by  chem ical 
com bination  w ith  th e  m agnesium  oxide, 
although  there  is some evidence th a t  i t  is, in 
part, due to  physical sedim entation  of 
im purities.

F rom  the  po in t of view of oxide rem oval, 
anhydrous (i.e., water-free) m agnesium  chloride 
is the  chief ingredient of m agnesium  fluxes, and, 
indeed, the am oun t of th is substance m ay 
am oun t to 80 p e r cent, of th e  flux. P erhaps an 
average proportion is 45 per cent. A nhydrous 
m agnesium  chloride, for all its chem ical ac tiv ity  
as regards m agnesium  oxide, is never used 
alone. In  the  first place, m elting as it  does a t  
abo u t 800 degrees C., i t  would offer no protec
tion during  m elting, and  secondly, th is tem pera
ture is ra th er high for m anipulation  of m olten 
magnesium. The agitation  due to  stirring  would 
lead to fu rther oxide production, which, of 
course, is the  very th in g  to be avoided.

F oundrym en will know th a t  the  m elting po in t 
of alloys of tw o m etals is, in general, less than  
th a t  of either of the two constituen ts; th e  sam e 
observation  is true  of sa lt m ixtures. Thus 
su itable additions are m ade to the  anhydrous 
m agnesium  chloride in order th a t  a flux of more 
convenient m elting po in t be secured. In  poin t 
of fact, an o th er m agnesium  sa lt—the fluoride— 
is m ost often used as the second constituen t 
p resent in large proportion, although  sm aller 
am ounts of such substances as sodium  chloride, 
potassium  chloride, calcium  chloride and  calcium 
fluoride are added  to obtain precisely the correct 
fluidity and  density .

I t  m ay be assum ed th a t  we now have a  flux 
m ixture of low enough m elting po in t to  be 
efficient as a  pro tective cover, and Qf suitable 
viscosity a t  the refining tem peratu re. Refining 
is carried o u t a t  tem peratu res betw een 700 
degrees C. and 750 degrees C.

During th e  in tim ate  m ixing of flux and m etal,



4 LICHT METALS January, 1945

the flux absorbs oxide and so becomes thicker, 
or more viscous. A portion  of the flux will 
consequently  sink to  the  bottom  of the  pot, 
w hilst the  rem ainder will rise to the  surface, a 
sm all am oun t also adhering  to the p o t wall. 
This thickening of the  flux during  th e  course 
of its  refining action  is m ost im portan t, for if 
i t  d id  no t occur, the fluid flux would rem ain 
suspended th roughout the  volum e of m etal. 
Such an  ineffective process was p robably  the 
reason for the  early  com plain ts m ade against 
magnesium castings. T he presence of chlorides 
in th e  solidified m etal gives rise to violent 
destructive  corrosion, and  lack of perfect sepa
ration of flux from  m etal was undoubtedly  the 
cause of the vicious corrosion associated w ith 
early  casting  production.

T he degree of thickening of the flux will 
depend upon the am ount of oxide to be 
absorbed. I t  seems th a t  th e  im purity  was 
depended upon to give separation, and a big 
step  forw ard was m ade in m agnesium founding 
w hen fluxes were elaborated  th a t would not 
only absorb the  oxide, b u t were, a t  th e  sam e 
tim e, sufficiently viscous to be separa ted  w ithou t 
con tam ination  o f the  m etal, even w hen the  
oxide con ten t was sm all. T he thickening action 
is known by  the  term  “ inspissation,”  a  word 
th a t has become accepted as p a r t of the 
vocabulary  of m agnesium  technology.

T he fu rther value of m agnesium  fluoride as 
a flux ingredient is in the  fact th a t  it is an 
inspissating agent, and , by its  use, a flux m ay 
be prepared th a t has the righ t com bination  of 
m elting point, oxide absorption  and  viscosity.

A ra th er im aginative view of fluxing action is 
held by some F rench  technicians. T hey m ain
tain  th a t  flux ac ts chiefly by en tra inm ent of 
foreign particles, followed by precip itation , on 
the analogy of the  action  of gelatine or isinglass 
on cloudy beer and  wine w hich are rendered 
brillian tly  clear as the gelatine slowly deposits 
itself a t  the bo ttom  of the  v a t. There is some 
evidence th a t  fluxing m ay, to  lim ited extent, 
be tru th fu lly  described in these term s.

I t  m ay .be of in terest to give a few sam ples 
of flux com positions. T he first two are taken 
from H aughton and  P ry therch : “  Magnesium 
and  its  A lloys,”  H .M .S.O ., 1938, w h ilst the  th ird  
is taken  from B ritish  P a te n t Specification 
No. 548,381.

(1 )
P e rc e n t.

A nhydrous M agnesium Chloride . .  72 
M agnesium F luoride . .  . .  . .  2S

(2)
Gras.

Calcium  F luoride . .  . .  . .  40
Sodium  F luoride ..  . .  . .  60
Potassium  Chloride . .  . .  . .  320
Magnesium Chloride (an h y d ro u s). .  900

(3)
P er cent.

M agnesium Chloride (anhydrous) ..  45
Alkali Chloride . .  . .  . .  37
M agnesium  F luoride . .  . .  . . iS

Magnesium is th e  m ost chem ically ac tive  of 
the  com m ercial s tru c tu ra l m etals; as indicated 
in the  opening in sta lm en t of th is account, even 
sa lt solutions have  appreciable a tta c k . F lux 
inclusions, consisting of anhydrous magnesium 
chloride am ong o th er salts, are  particu larly  
disastrous. T he anhydrous sa lt is a ttack ed  by

w ater w ith  the  form ation  of m agnesium  oxy- 
chloride and hydrochloric acid. In  tu rn , the  
hydrochloric acid reacts w ith  m ore m agnesium  
giving m agnesium  chloride and  hydrogen, and 
so the cycle tends to  repeat. Now, correctly 
m anufactured  and  processed m agnesium-alloy 
castings can  be shown to be rem arkably  useful 
even in m arine conditions, b u t the  presence of 
a small flux inclusion gives rapid corrosion.

Flux-free castings are produced now adays as 
a  m atte r of course. Indeed, if an y  castings are 
scrapped on account of flux corrosion, it  is due 
either to  th e  use of unsuitab le flux, or to gross 
carelessness on the  p a r t of the  furnacem an. 
N evertheless, seeing the  havoc th a t  norm al flux 
m ay cause, it  is som ew hat surprising th a t  more 
energy has no t been p u t in to  the  search for a 
chloride-free flux. Caillon, a  F rench  m etallurgist, 
took a  step on the  way, for after inspissation 
in th e  refining stage, he advocated  the use of a 
chloride-free flux cover. T he com position recom 
m ended was sodium  borate  and boric acid. An 
a tte m p t to repeat his perform ance in E ngland 
failed, p robably  because of the  influence of small 
am ounts of im purities in the com m ercial quality  
of the ingredients.

A fter a  m elt of m agnesium  alloy has been 
refined by  fluxing a t  a  tem pera tu re  of abo u t 
750 degrees C., the tem peratu re is raised to a t  
least 850 degrees C. and preferably to  900 
degrees C. T he m etal is held a t  th is degree of 
superhea t for 15 m ins. and  then  cooled as 
quickly  as possible to pouring tem perature. 
The beneficial result of th e  superheating  is in the 
grain  refinem ent of the physical structu re, 
giving, of course, im proved m echanical p roper
ties. T here is no t a  lot th a t  can  be said about 
th is aspect of m agnesium  m elting, for th e  phe
nom ena have no t been sa tisfactorily  explained. 
One thing, a t  least, is certain : the effect tends 
to persist, th a t  is to  say, ingots poured from 
superheated  m etal give castings of a finer grain 
even if superheating  in the second m elting be 
om itted.

An im portan t result of superheating  is th a t 
alloys so treated  a re  more am enable to h ea t tre a t
m ent th an  non-superheated m etal. T h is is not 
altogether unexpected, for the  fineness of crystal 
s tructu re can  be readily  realized to  give 
speedier solution of the  eutectic co nstituen t in 
the  prim ary  constituen t, as, of course, there is 
w ider d istribu tion  of small "  particles ”  in place 
of the m assive ” islands ” th a t  otherw ise occur. 
T he m echanism  of h ea t trea tm en t will, however, 
be trea ted  in grea ter detail in the special section 
on th a t  subject.

I t  follows also th a t  castings of fine grain 
m ay be  more easily m achined, although  m ag
nesium alloys are in any case so notab ly  free- 
cu ttin g  th a t  such an im provem ent is no t likely 
to be noticed in practice.

A part from the less^ obvious results of super
heating the re  is one visible advan tage  occurring 
from the  superheating  period. The to ta l period 
betw een refining and  pouring, due to the  cycle 
—refining—heating—holding for 15 m ins.—cool
ing—pouring—is of g reat value, for tim e is 
thereby  given for an y  flux particles th a t  were 
not com pletelv separa ted  from the  m olten metal 
to settle, and th is sedim entation does, in p rac
tice, occur. Indirectly , therefore, superheated 
m etal gives com ponents of some greater corro
sion resistance by  elim inating the  possibility of 
dangerous inclusions.
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In  the present sta te  of knowledge it  can 
tru th fu lly  be said th a t  superheating  is necessary, 
for it  affects grain refinem ent and  assists in 
purification, and  should certain ly  be applied  as 
a  routine process in the  magnesium sand- 
found ry.

In regard to the  preparation  of m etal for die- 
casting, the  superheating  scheme m ay be 
slightly  modified. I t  is well known th a t  the 
quicker solidification ra te  in a  die gives, in any 
case, a  finer-grained m aterial. I t  is also known 
th a t  m odification of the  silicon-alum inium  alloys 
is n o t as necessary for die-casting purposes as 
it  is for sand-casting. T he reason is com parable: 
m odification gives a  fine-control stru c tu re  in 
sand-castings th a t is largely secured au to 
m atically  by th e  chilling effect of a m etal die.

I t  m ust be pointed o u t th a t  the effect of 
superheating  is lost if the m etal be held for long 
periods in th e  m olten condition, an d  th is s itu a 
tion arises, of course, qu ite  norm ally in die- 
casting  practice w here a reserve of m etal is m ade 
available  for more o r less continuous casting. 
The question, therefore, now is: a f te r  w h a t 
period of tim e should the  m etal be re-super- 
hcated  in order to m ake sure th a t  th e  m etal is 
of op tim um  m echanical properties? Only a  
p ractical tes t can  furnish the  answer. C astings 
should be frac tured  periodically; it  will p robably  
be found th a t  castings of th in  section can  be 
sa tisfactorily  m ade w ith o u t add itional super
heating, w hilst th ick  section jobs m ay require 
a  secondary superheat. In  any  case, the  degree 
of superhea t for die-casting need no t be so high 
as for sand-casting; probab ly  850 degrees C. 
is sufficient.

One final po in t in th is  discussion of the  
theoretical background: the m elting loss in
m agnesium  alloys is alm ost solely m agnesium , 
which appears to oxidize preferentially  to  the 
alum inium . The alum inium  con ten t therefore 
increases—a  po in t to  be w atched w hen scrap is 
m elted m any tim es.

Now for a  step-by-step descrip tion  of the  com 
plete m elting process as i t  takes place in a 
sand foundry.

T he m etal charge of ingots and  large scrap is 
placed in a  pre-heated iron or steel p o t con
tained  w ithin a  furnace. W hilst cast-iron pots 
are suitable, it will be found th a t  fabricated  
steel pots give m uch longer life, for the  cast 
variety  tends to suffer from casting  defects such 
as blowholes w hich speedily cause the  p o t to 
become unsafe to  use. As a  m a tte r  of routine, 
m elting pots, w hether of iron or steel, should 
be heated  to  redness before use, and  any  areas 
of d iscontinuous colour should be ham m ered in 
order to  find w eakened portions. Should a  d en t 
be easily formed the  p o t is scrapped. The 
furnace m ay be fired b y  to w n ’s gas, producer 
gas, or oil. E lectrical m elting in resistance or
H .F . furnaces is n o t y e t practised  here on any 
extensive scale.

T he m etal is in a  tested po t and the furnace 
lighted. T o the  m etal is added a  sprinkling  of 
flux. As the  bo ttom  m etal liquefies and  the  
rem aining solid sinks in to  the  ba th  of m olten 
m etal, the  surface is m aintained inert by  a  th in  
flux cover, a little  more flux being added  w hen 
necessary. W hen the  m etal is m olten th e  tem 
pera tu re  is allowed to rise un til a  tem pera tu re  
of ab o u t 750 degrees C. is a tta ined .

A t th is stage the  h ea t is c u t off. T he flux

cover is rem oved from  the m etal surface w ith 
an  iron tool having a  shallow spoon-like end. 
A t the  sam e tim e, by m eans of a  sim ilar tool, 
th e  operato r sprinkles fresh flux on th e  surface 
exposed. Now the  m etal is covered, flux is 
added  in am ounts equ ivalen t to  abo u t 3 per 
cent, of the  w eight of the  m etal charge, and 
allowed to liquefy. W hen it is liquid i t  is well 
stirred in to  the  m elt w ith  a heated  iron rod 
of sufficient leng th  to enable the  furnacem an to 
be as far as possible aw ay  from  th e  heat. The 
po t m ust be vigorously stirred  until clean, 
gleam ing m etal is seen. There will usually be 
a  certain  am oun t of flux floating on the  top, 
b u t th is is ignored when assessing w hether 
stirring  has been sufficient.

A t the appearance of b rig h t m eta l so 
described, s tirring  is stopped. Again using the 
spoon tool, th e  wall of the  p o t is scraped down 
to the  bottom , an d  w hen the w all has been 
com pletely scoured, the  flux residue now
accum ulated  a t  th e  bo ttom  is rem oved. The
flux residue on the  surface is now rem oved, and 
the clean m etal receives an  am oun t of flux 
equal to  ab o u t one-third of th a t  used for 
refining. T his flux is allowed to liquefy and, 
w ith an  iron rod, assisted to  cover the  m etal 
surface com pletely.

The m elt is now ready for superheating . The 
furnace is re-ignited an d  th e  tem peratu re
increased to  ab o u t 900 degrees C. I t  will be 
found th a t  the flux cover becom es solid as the 
tem pera tu re  increases, b u t pro tection  is still
adequate . N o burn ing  should be seen during 
the superheating  period. The tem peratu re 
should be m ain ta ined  for 15 m ins., an d  a s  soon 
as is p racticab le th e  p o t should be  rem oved 
from the  furnace to allow it to  cool a s  quickly 
as possible to pouring heat.

A supply  of flowers of su lphur should be  av a il
able in a m pslin bag  or a tin  hav ing  a  per
forated lid. As th e  p o t is carried  to the  m ould, 
any  little  burning should be m inim ized by  a  
shake of the  su lphur bag or tin . A t th e  mould 
position th e  flux cover is rem oved, the  surface 
being liberally  dusted  w ith  su lphur, or dusting  
com pound of the  Am erican type . W e now have 
a  p o t of m olten m agnesium  alloy p ractically  free 
from flux; if any  flux m ateria l rem ains a t  all, 
it  will be th a t  deposited a t  th e  bo ttom  of the 
po t during  superheating . T he m etal stream  
during  pouring is continuously dusted  w ith 
su lphur, or, if preferred, w ith  a dusting  pow der 
sim ilar to th a t  used in A m erica. In  th is w ay, 
m agnesium  alloy, even a t  tem pera tu res exceed
ing Soo degrees C., m ay be poured  w ithou t 
excessive oxidation.

As a  m easure of safety th e  p o t should no t 
be entirely  em ptied  in to  m oulds, b u t  should be 
retu rned  to  the  m elting sta tion  to be there 
em ptied in to  ingot m oulds. In  th is w ay ono 
can be sure th a t  any  flux contained a t  the  
bottom  of the  p o t does no t acciden tally  find 
its w ay in to  th e  casting. T he flux residue 
should be of a t  least dough-like consistency and, 
in such a  physical sta te , will be seen to have 
little  chance of flowing w ith  th e  m etal.

A ctually , th e  appearance of th e  p o t after 
pouring is instructive. I t  should be clean and 
free from  adheren t flux residues on th e  wall, 
the  presence of w hich would indicate either 
insufficient scavenging a fte r  th e  refining stage, 
or, if a shiny flux is seen, th e  use of a  flux of



6 LICHT METALS January, 1945

incorrect chem ical com position. N orm ally, 
therefore, the  po t is clean and of d ry  ap pear
ance. In  th is condition the  pot m ay be imme
d ia te ly  used again. N evertheless, a fter a d ay 's  
use some am ount of d ry  flux incrustation  will 
appear, and  then  the  po t is filled w ith w ater, 
in  order to dissolve or loosen the flux com 
pounds. Q uite a  vigorous action  will be observed 
together w ith  a  noticeable smell of am m onia, 
due, of course, to  the  decom position of the 
x itride form ed during  the  m elting of the m etal 
and  the  absorp tion  of th is com pound in to  the 
flux during  refining.

I t  is im possible to over-em phasize the need 
for cleanliness where flux is concerned, and 
although  only one. fluxing technique has been 
fully described—there are o ther m ethods 
d ic ta ted  b y  type of flux and  personal preference 
—the fundam ental rule is th a t  chloride fluxes 
m ust no t be allowed to  en te r the mould with 
the  m olten m etal.

T he m elting process for die-casting purposes 
follows the  sam e general schem e. Two kinds of 
furnace are used to  m ain tain  a  supply  of m etal. 
In  th e  one case, lip axis, a tilting  furnace is 
used so th a t  the  p o t m ay be evenly tilted  to 
pour in to  a  pouring ladle w ithou t d istu rb ing  
th e  flux cover, w hich is obviously necessary. 
The lip of the  po t m u st be k ep t free from flux 
particles an d  oxide, a  fairly stiff wire brush 
being used for the  purpose. O nly as m uch 
m etal required to fill the  die shpuld be poured 
a t  one tim e, so th a t  m etal losses a're kep t a t  a 
m inim um . As the  m etal is used, the flux cover 
tends to break  up, and  unless fu rth er flux is 
added  burning m ay take  place. I t  is, indeed, 
a  b e tte r plan com pletely to rem ove th e  cover 
and replace it, ra th e r  th an  to  m erely p a tc h  it, as 
it breaks. Ju s t  to  add  flux would probably 
add to the  risk of flux contam ination , especially 
if a  fairly high tem pera tu re  is being used.

In th e  o th er m ethod of m elting for die-casting, 
a s ta tionary  holding furnace is used over w hich 
a dom e is fitted, into w hich is fed su lphur 
dioxide to p reven t burning. In  th is ty p e  there  
is no flux cover, and  the  ladle is d ipped  in to  
the m etal in the  more norm al m ethod as used 
for alum inium  ladling. T he ladle is of a  special 
design, so th a t  m etal runs in over the  back 
edge and  is poured from the  opposite side. The 
ladle is hooded, so th a t  as th e  ladle is filled 
in an atm osphere of su lphur dioxide, some of 
the gas is retained in the  ladle hood over the 
m etal. T he design and mse of bo th  the  furnace 
and  ladle are covered by  paten ts .

T he m elting loss on a single m elt in sand- 
foundry conditions should not exceed 5 per cent., 
while the loss in die-casting foundries is a  little  
higher, 7 per cent, being an  average figure.

M agnesium alloys are, in G reat B ritain , 
usually m elted in com paratively  sm all q u an ti
ties. In  A m erica, however, p rim ary  m elting is 
often done in  2 ,000-lb. furnaces. Such furnaces 
are used as reservoirs, th e  m etal being m elted 
and m aintained  a t  ab o u t 700 degrees C. Pour
ing pots a re  filled, flux refined an d  superheated. 
W hilst it is doubtfu l if there  is any  reduction 
in m elting  loss, a  worth-while advan tage  cer
ta in ly  accrues: one large furnace occupies m uch 
less room in term s of m elting capac ity  per unit 
area  th a n  sm aller units norm ally used, and, 
when large production is envisaged, m etal is 
alw ays available. I t  is no t necessary, of

course, to  em pty  a furnace used for the purpose 
of m aintenance of a reserve of m olten m etal; 
ingot and scrap m ay be added to keep up the 
level.

I t  is seen th a t  m agnesium-alloy m elting 
requires a  specialized technique, b \it not a 
difficult one. I t  m ay be profitable to conclude 
th is  instalm ent w ith some practical details of 
alloy preparation . W hilst it  is tru e  th a t  alloyed 
ingot is usually bought to specification, the 
u tilization of foundry scrap in the  m ost efficient 
m anner necessitates some knowledge of alloying 
processes.

T he sta tem en t was m ade th a t the m elting 
loss in m agnesium  alloy appears to  be alm ost 
solely m agnesium , so th a t  in the m elting of 
small scrap, w here losses due to ox idation  m ay 
be expected to be com paratively  high, the pro
portion of o ther alloying m etals tends to 
increase. A sam ple of scrap showing an 
alum inium  con ten t near the  top lim it m ay, 
a fte r rem elting, show an alum inium  conten t 
exceeding th a t  required by the  specifications. 
In  the  p resent m agnesium  alloys, th e  propor
tion of alum inium  is no t very critically  defined; 
i t  is suggested, therefore, th a t when the 
m axim um  percentage is likely to  be exceeded 
after rem elting, adm ix tu re  of a  su itable propor
tion of pure m agnesium  or of low-alum inium  
alloy should be m ade to  the  change. T he 
resu ltan t alloy will, if th is be done, have an 
alum inium  con ten t ab o u t m id-w ay betw een low 
and high lim its.

T he rem aining alloying m etals in the present 
alloys are  zinc and m anganese. Zinc seldom 
exceeds 2 per cent., and  it  is no t necessary as 
a  rule to a d ju s t its con ten t. M anganese is 
p resent in the  casting alloys in the order of 
o .2-0.3 Per cent, in order to im prove corrosion 
resistance. Again, there  is seldom need to 
a d ju s t the con ten t of th is elem ent: when
necessary, however, it  is added by  m eans of 
m anganese chloride, w hich is reduced to 
m etallic m anganese by  m olten magnesium, or 
in the  form of alum inium /m anganese hardener.

T he chief im purities in m agnesium  alloys are 
iron and  silicon. I t  is true  th a t  the  American 
work stressing the  im portance of im purities was 
in relation to  super-pure m etal, b u t  there can 
be no dou b t th a t  it is desirable to keep im puri
ties to  a  m inim um  to m aintain  thp m axim um  
physical properties an d  highest corrosion 
resistance.

Iron  pick-up is no t very noticeable even after 
m any rem eltings, b u t the  proportion  does, 
nevertheless, increase. I t  m ay be said th a t  iron 
con ten t should not exceed 0.02 per cent., and  
w hen th is figure is likely to  be exceeded, 
su itab le  proportions of new ingot should be 
added  to th e  change.

Silicon m ay be in troduced b y  the  use of sand- 
con tam inated  foundry scrap. R unners, in par
ticular, and risers should be sand-blasted before 
use. Die foundry scrap m ay be used w ithou t 
th is trea tm en t. Silicon should not exceed 
0.2 per cen t.; am ounts g rea ter have a dele
terious effect on m echanical properties.

On the  sc.ore of ease of storage and certain ly  
of alloy com position, a  case can  be m ade for 
th e  m elting and  ingotting  of all scrap, the 
am ount of its yse depending upon the  resu lt of 
subsequent chem ical analysis.

(To be continued)
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N E W S
General, Technical 
and C o m m e rc ia l

“ Healthy Industry ”

PU B L IS H E D  b y  th e  A u to m a tic  T e le p h o n e  
a n d  E le c tr ic  C o ., L td . ,  u n d e r  th e  t i t le  

“  H e a l th y  I n d u s t r y ,”  h a s  a p p e a re d  a  52- 
p a g e  b o o k le t  su m m a r iz in g  th e  ex p e rien ces  
g a in e d  b y  th e  c o m p a n y  d u r in g  th e  p a s t  few  
y e a r s  in  c o n n e c tio n  w ith  in d u s tr ia l  m ed ica l 
w elfa re .

I t  w ill be  e x p e d ie n t, firs t, to  su m m a riz e  
th e  se c tio n  h e a d in g s . T h ese  a re  a s  fo llo w :—  
In tro d u c t io n ;  th e  w o rk in g  o f  a n  in d u s tr ia l  
se rv ice  e s ta b lish e d  d u r in g  th e  w ar; a b s e n 
tee ism  a n d  i ts  s ig n ifican ce ; n a tio n a l  s t a t i s 
t ic a l  re sea rch es ; c h a r ts  a n d  g ra p h s ; a b se n c e  
re c o rd in g  sy s te m ; co n c lu s io n .

A su b s e c tio n , e n t i t le d  "  S u rv e y  of 
C lin ica l W o r k ,"  is  o f im m e d ia te  g en era l 
in te re s t ;  h a z a rd s  c o n s e q u e n t u p o n  th e  u se  o f  
b e n z y l a lc o h o l, c a rb o n  te tr a c h lo r id e , an d  
a  s y n th e tic  in s u la t in g  m a te r ia l  a re  here 
r e p o r te d  u p o n , to g e th e r  w ith  a  s u rv e y  of 
th e  se p tic  r a te  o f a c c id e n ts  r e p o r te d  in  c o n 
n e c tio n  w ith  l ig h t  a llo y s . I t  a p p e a rs  t h a t  
“  a  c u t t in g  w o u n d  in  o p e ra to rs  u s in g  c e r 
ta in  l ig h t  a llo y s  r a p id ly  tu rn e d  se p tic . T h e  
re se a rc h  la b o ra to ry  w as a p p ro a c h e d  a n d  i ts  
r e p o r t  show ed  t h a t  th ese  su b s ta n c e s  c o n 

ta in e d  m a g n e s iu m  w h ich , ev en  in  sm a ll 
q u a n t i t ie s ,  in  th is  case  less th a n  1 p e r  c e n t . ,  
c a u s e d  a  v iru le n t  in fe c tio n  s im ila r  to  g as 
g a n g re n e . T h e  c o -o p e ra tio n  o f th e  fo re m a n  
w as so u g h t  to  en fo rc e  im m e d ia te  a t te n d a n c e  
a t  th e  f irs t-a id  room  fo r  th e  m o s t m in o r  
c u ts . I n s t ru c t io n s  w ere  g iv en  to  th e  n u rs in g  
s ta ff  to  rem o v e  a ll m in u te  p a r t ic le s  o f m e ta l 
a f te r  th o ro u g ly  ir r ig a t in g  th e  w o u n d . T h e  
se p tic  gases f ro m  th is  so u rce  w ere  th e n  co n 
s id e ra b ly  r e d u c e d .”

T h e  w o rd in g  o f  th e  p a r a g ra p h  in  th is  c o n 
n e c tio n  is s o m e w h a t u n f o r tu n a te ,  a n d  te n d s , 
w e b e liev e , to  c re a te  a n  e n t ir e ly  fa lse  im p re s 
sio n  o f  th e  c a u se  a n d  g r a v i ty  o f  so -ca lled  
”  p o iso n in g  ”  b y  m a g n e s iu m  a n d  m a g n e 
s iu m -b e a r in g  a llo y s . T h e  s u b je c t  is co m p lex  
a n d  fo rm ed  th e  b as is  o f a  d e ta i le d  su rv e y  
p re se n te d  in  ”  L ig h t  M e ta ls ,”  1 9 3 9 /2 /2 1 0 . 
I t  is , w e b e liev e , e s se n tia l t h a t  a  d is t in c tio n  
b e  m a d e  b e tw een  th e  specific  to x ic i ty  a s so 
c ia te d  w ith  m a n y  o rg a n ic  c o m p o u n d s  used 
in  in d u s try ,  a n d  w ith  s a l ts  o f c h ro m iu m , a n d  
th e  a p p a r e n t  to x ic i ty  o f  a  m e ta l  su c h  a s ' 
m a g n e s iu m  w h ere , in  f a c t ,  n o  t r u e  p o iso n o u s  
p ro p e r t ie s  e x is t,  a l th o u g h , a s  a  r e su lt  o f  g as 
g e n e ra tio n  in  th e  tissu e s  u n p le a s a n t 
se c o n d a ry  sy m p to m s  m a y  a rise .

F L U X  FO R  FLA M E W E L D IN G  O F M A G N ES IU M

TH E  llam e  w e ld in g  o f  m a g n e s iu m  o r 
m a g n e s iu m  a llo y  d e m a n d s  th e  u se  o f 

sp e c ia lly  d e v e lo p e d  fluxes. T h ese  co m p rise  
p ro p e r ly  b a la n c e d  m ix tu re s  o f h a lid e s  of 
th e  a lk a li  a n d  a lk a lin e  e a r th  m e ta ls  a n d  a ll 
su ffer fro m  th e  d ra w b a c k  o f d e liq u escen ce . 
W h ils t  th e y  m e e t a ll  th e  re q u ire m e n ts  of 
flu x in g  fo r  th e  flam e w e ld in g  o p e ra tio n , th is  
c h a r a c te r is t ic  o f  q u ic k ly  a t t r a c t i n g  m o is tu re  . 
d e f in ite ly  a d d s  to  th e  d eg ree  o f  u n d e s ira b le  
a t t a c k  u p o n  th e  b a se  m e ta l, b o th  in  th e  
in te rv a l  b e tw een  f lu x in g  a n d  w e ld in g , a n d  
t h a t  b e tw e e n  w e ld in g  a n d  su b s e q u e n t llux 
re m o v a l b y  w a sh in g  p ro cesses. T h e  f irs t  
o f  th ese  c a n  be  c a te re d  fo r  a t  th e  m o s t  b y  
flu x in g  a n d  w e ld in g  in  q u ic k  su ccess io n , a n d  
th e  seco n d  b y  m a k in g  th e  w a sh in g  o p e ra 
t io n s  fo llow  w e ld in g  im m e d ia te ly . T h e  
l a t t e r  in  p a r t ic u la r  is n o t  so  o b v io u s ly  p r a c 
t ic a b le  a s  i t  so u n d s , fo r  e x a m p le , w h en  m u c h  
w e ld in g  is b e in g  p e rfo rm e d  in  c o n tin u o u s

se q u en ce  o n  th e  sa m e  s t ru c tu r e ,  o r  w h en  
a  n u m b e r  o f  m e m b e rs  a re  b e in g  w e ld ed  
in te r m i t t e n t ly  to  o n e  a s sem b lag e .

T h e  n a m e  o f  M ike A . M iller, a s so c ia te d  
w ith  th e  A lu m in u m  C o. o f  A m erica , is  w ell 
e s ta b lish e d  in  c o n n e c tio n  w ith  fu n d a m e n ta l  
s tu d ie s  o n  th e  b ra z in g  of th e  a lu m in iu m  se rie s  
o f  l ig h t  a llo y s . E sp e c ia lly  is h e  re g a rd e d  
a s  a n  e x p e r t  on  d ip  a n d  fu rn a c e  b ra z in g  in  
a ll  th e i r  a sp e c ts , a n d  h e  is  k n o w n  fo r  th e  
se ries  o f  in fo rm a tiv e  p a te n t  sp e c ifica tio n  
c o v e r in g  a  se ries o f  f luxes d e s ig n e d ly  
d e v e lo p ed  fo r  th ese  o p e ra t io n s  u p o n  th e  
a lu m in iu m  a llo y s . I t  is  n o t  su rp r is in g , 
th e re fo re , to  find  t h a t  M iller h a s  a lso  g iv en  
h is  a t t e n t io n  to  f lu x es fo r  th e  fu sio n  jo in in g  
of m a g n e s iu m  a n d  i t s  a llo y s . U .S . p a te n t  
sp e c ifica tio n  N o . 2 ,2 9 6 ,3 9 6 , S e p te m b e r , 
1942, on  th is  s u b je c t  is  d u e  to  h im .

B v  fu sio n  jo in in g , M iller re fe rs  to  th o se  
jo in in g  p rocesses in w h ich  lo ca lized  fu sio n
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of a t  le a s t  a  p o r t io n  o f  th e  m e ta l  t h a t  jo in s  
th e  s t r u c tu r a l  m e m b e rs  o c c u rs . B y  th e  
te rm  m a g n e s iu m , h e  e m b ra c e s  b o th  p u re  
m a g n e s iu m  a n d  a llo y s  c o n ta in in g  a t  le a s t 
50 p e r  c e n t ,  b y  w e ig h t o f  t h a t  a llo y .

A  film  o f r e a c tio n  p ro d u c t  is  a lw a y s  
p re s e n t  o n  m a g n e s iu m  su rfa c e s  e x p o sed  to  
th e  a tm o sp h e re  b ecau se  th is  m e ta l is  v e ry  
a c t iv e , b e in g  re a d ily  a t ta c k e d  b y  th e  a ir  
a n d  s a lts . T h is  m ak es  th e  jo in in g  of 
m a g n e s iu m  c o m p o n e n ts  d ifficu lt, a n d  th e  
su p e rfic ia l c o rro s io n  p ro d u c ts  m u s t  be  
re m o v e d  b e fo re  jo in in g  c a n  effic ien tly  b e  
a c h ie v e d . F o r  th e  sa k e  o f b r e v i ty , M iller 
re fe rs  to  th e  su rfa c e  film  a s  o x id e , a n d  th e  
p ro cesses b y  w h ich  i t  is fo rm ed  a s  o x id a 
tio n . F o r  th e  p ro d u c tio n  o f  a  so u n d  jo in t ,  
a  flux  h a s  to  b e  e m p lo y e d  t h a t  w ill p ro d u c e  
d is in te g ra t io n  a n d  d isp e rs io n  of th e  o x id e  
film  a n d  of a n y  fo re ig n  m a t te r  t h a t  a d h e re s  
to  i t .  W h e n  th e  re m o v a l o f th e  film  is n o t  
c o m p le te , a d v e rse  re su lts  a re  o b ta in e d . 
T h ese  m a y  b e  rev ea led  b y  th e  a d m ix tu re  of 
o x id e  p a r t ic le s  w ith  th e  fu se d  m e ta l ,  b y  
p o ro s ity  a n d  b y  re d u c e d  c o r ro s io n  r e s is t
a n c e  if  th e  o x id e  p a r tic le s  o cc lu d e  flux 
w ith  th e m ; fu r th e r ,  a re a s  w h ere  o x id e  is n o t  
p ro p e r ly  re m o v e d  c au se  u n e v e n  flow o f th e  
fu sed  m e ta l, w eak  jo in t s  in  co n seq u en ce , 
a n d  th e  a b se n c e  o f  a  c o n tin u o u s  m e ta l- to -  
m e ta l b o n d  a t  th e  in te r fa c e  o f  the. fille r m e ta l 
a n d  th e  p a r e n t  m e ta l.

T h e  o b je c t  o f M ille r’s  p a te n t  is to  p ro 
v id e  a  flu x  t h a t  c o n ta in s  l i th iu m  c h lo r id e , 
a n d  y e t  does n o t  r e a c t  to  a n  a p p re c ia b le  
e x te n t  w ith  m a g n e s iu m  in th e  p re se n c e  of 
m o is tu re . T h e  fe a tu re s  a im e d  a t  m a y  be  
su m m a riz e d  a s  u n d e r : —

(a) T o  p ro v id e  a  flux  c o n ta in in g  
su ffic ien t l i th iu m  c h lo r id e  to  en su re  
p ro p e r  a c t io n  o f  th e  flux  on  th e  
m a g n e s iu m  su rface .

(b) T o  p ro v id e  a  flux  t h a t  m a y  be 
eas ily  a p p lie d  to  th e  m a g n e s iu m  su rface  
a n d  le f t  in  c o n ta c t  w ith  i t  fo r  re a so n a b ly  
lo n g  p e rio d s  o f t im e  w ith o u t  in te r fe r in g  

"w ith  th e  s u b s e q u e n t fu s io n  jo in in g  
o p e ra t io n .

(c) T o  p ro v id e  a  m e th o d  of jo in in g  
m a g n e s iu m  m e m b e rs  u s in g  " t h e  co n 
v e n tio n a l  ch lo r id e  f luxes w i th o u t  th e  
u su a l d e le te r io u s  a c tio n  u p o n  th e  m e ta l 
p r io r  to  th e  fu sio n  of th e  flu x .

(d) T o  p ro v id e  a  m e a n s  o f in c re a s in g  
th e  sp e ed  w ith  w h ich  fusion  jo in ts  c a n  
b e  m a d e  w h e n  u s in g  f luxes c o n ta in in g  
l i th iu m  ch lo rid e .

(e) T o  p ro v id e  a  flux  t h a t  d o es  n o t  
c a u s e  a  la rg e  a m o u n t  o f o x id e  w h en  i t  is  
a p p lie d  to  m a g n e s iu m , a n d  y e t  w h e n

fu sed  e ffic ien tly  re m o v e s  th e  o x id e  c o a t in g  
fro m  th e  m a g n e s iu m  su rfa c e  a n d  c au ses  
th e  m o lte n  m e ta l  to  sp re a d  e v e n ly  to  fo rm  
a  sm o o th , w ell-filled  jo in t ,  free  f ro m  
b lis te rs  a n d  in c lu s io n s .
T o  th e se  en d s , M iller c la im s th e  d is 

c o v e ry  t h a t  v e ry  sm a ll a m o u n ts  of 
c h ro m a te s  a n d  d ic h ro m a te s , w h en  a d d e d  to  
l i th iu m  ch lo r id e  c o n ta in in g  f luxes w h ich  
a lso  c o n ta in  w a te r ,  p ro d u c e  m ix tu re s  w ith  
w h ich  th e r e  is v i r tu a lly  n o  re a c tio n  a t  ro o m  
te m p e ra tu re s  b e tw e e n  th e  flux  a n d  th e  
m a g n e s iu m  in  th e  in te rv a l  b e tw e e n  a p p ly in g  
th e  flux  to  th e  m e ta l  a n d  t im e  th e  flux  is 
fu se d  in  th e  jo in in g  o p e ra tio n . A t th e  sam e 
tim e , th e r e  is n o  u n d e s ira b le  o x id a tio n  o f 
th e  m e ta l  o r  in te rfe re n c e  w ith  th e  p ro p e r  
jo in in g  of th e  m e m b e rs . A  la p se  o f  e ig h t  
h o u rs  o r  m o re  is p e rm iss ib le  b e tw een  th e  
t im e  of a p p ly in g  th e  flux  a n d  t h a t  o f c a r r y 
in g  o u t  th e  w eld . T h is  is  a  r e la t iv e ly  lo n g  
p e r io d  c o m p a re d  w ith  a n y th in g  p e rm iss ib le  
in  th e  o r d in a ry  w a y . T h e  speed  o f m a k in g  
th e  fu s io n  jo in t  is  in c re a se d  u n d e r  th e se  
c o n d itio n s .

A  r a n g e  is g iv en  fro m  w h ich  p a r t ic u la r  
m ix tu re s  c a n  be  fo rm u la te d  fo r  g o o d  w eld in g  
r e s u l ts  o n  m a g n e s iu m  c o m p o n e n ts :  —

L ith iu m  c h lo r id e : 5 to  3 0 %  b y  w t.
A lk a li m e ta l  f lu o rid e : 3 t o  15%  b y  w t.
A lk id i m e ta l c h lo r id e : 5 to  5 0 %  b y  w t.
S eco n d  a lk a li  m e ta l  c h lo r id e : 5 to  50 %  

b y  w t.
C h ro in a te  o r  d ic h ro m a te :  0.01 to  0 .2 %  

b y  w t.
F u r th e r ,  a  c lo se r  ra n g e  fo r  th e  p a r t ic u la r ly  

d e s ira b le  f lu x  i» a lso  q u o t e d : —
L ith iu m  c h lo r id e :  10 to  15%  b y  w t.
L ith iu m  f lu o r id e :  4 .5  t o  7 %  b y  w t.
S o d iu m  c h lo r id e : 5 to  5 0%  b y  w t.
P o ta s s iu m  c h lo r id e :  5 to  5 0 %  b y  w t.
C h ro m a te  o r  d ic h ro m a te :  0 .05  to  0 .0 1 %  

b y  w t.
T h e  m e lt in g  p o in t  o f th e  flux  fo r  w e ld in g  

m a g n e s iu m  sh o u ld  g e n e ra lly  lie  b e tw e e n
1,000 d eg rees F .  a n d  1,180 d eg rees  F .  in 
o rd e r  to  e n su re  m e lt in g  b elow  th e  m e lt in g  
p o in t  o f  m a g n e s iu m  (1 ,202 d eg rees  F .)  o r  
t h a t  o f  th e  fille r a l lo y , a n d  to  e n su re  
effec tiv e  c le a n in g  a n d  p ro te c tio n  o f th e  
m e ta l. T h e  c o m p o s itio n  o f th e  flu x  m ix tu re  
sh o u ld  th e re fo re  b e  a d ju s te d  a c c o rd in g ly  
to  g ive  th e  b e s t  m e lt in g  p o in t .  F o r  m o s t 
m ag n es iu m  a r t ic le s ?  a  flux  fo r  w e ld in g  
h a v in g  a  m e ltin g  p o in t  a b o u t  1,050 d eg rees 
F .  w ill g e n e ra lly  b e  s a t is fa c to ry . F o r  ty p e s  
o f jo in in g  o th e r  th a n  w e ld in g , a  f u r th e r  
a d ju s tm e n t  o f  c o m p o s itio n  in  o rd e r  to  g ive 
th e  s u ita b le  m e lt in g  p o in t  m a y  b e  n e c e ssa ry .
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BE C A U S E  o i  th e  c lo se  a s so c ia tio n  b e tw e e n  
d e v e lo p m e n ts  in  th e  l ig h t  m e ta l a n d  

p la s tic s  in d u s tr ie s , w e h a v e  g r e a t  p le a su re  in  
n o t in g  th e  p u b l ic a t io n  "  T o le ra n c e s  fo r  
Screw  T h re a d s ,”  b y  J .  B u tle r ,  D e v e lo p m e n t 
E n g in e e r, B r i t ish  I n d u s t r ia l  P la s tic s , L td . ,  
b y  w h o m  th e  p a p e r  is issued .

F ro m  th e  s t a n d p o in t  o f th e  m e ta l  u se r, 
m u ch  of th e  m a t te r  c o n ta in e d  h e re  is  n o t  o f 
specific  im p o rta n c e ;  se c tio n s  4 a n d  5, h o w 
ev e r, d e a lin g  re sp e c tiv e ly  w ith  m o u ld e d  
fem a le  th r e a d s  m a te d  w ith  s ta n d a rd  m e ta llic  
b o lts , a n d  m o u ld e d  m a le  th r e a d s  m a te d  w ith  
m e ta l  fe m a le  th re a d s , a re  o f especia l 
in te re s t .

F a c to r s  g o v e rn in g  th e  a c c u ra c y  o f screw  
th r e a d s  m o u ld e d  in  p la s t ic  m a te r ia ls  d iffe r  
m a rk e d ly  f ro m  th o se  e n c o u n te re d  i n  g e n e ra l 
e n g in e e r in g  p r a c tic e  w ith  m e ta ls , a n d  th e  
a u th o r ,  in  se c tio n  4 re fe rre d  to , p a y s  p a r 
t ic u la r  a t t e n t io n  to  p i tc h  sh r in k a g e , le n g th  
o f e n g a g e m e n t, a n d  d e fe c t o f  s h r in k a g e  fluc
tu a t io n s  o n  p i tc h .  S k e tc h e s , ta b le s  a n d  
m o n o g ra m s  c o n ta in e d  in  th is  p a p e r  a re  
lik e ly  to  p ro v e  o f  th e  g r e a te s t  v a lu e  t o  th o se  
d e a lin g  w ith  c o m p o s ite  assem b lies .

Steel Prices and Costs

UN D E R  th e  t i t le  “  S tee l P r ic e s  a n d  
C o s ts ,”  th e  B r i t is h  I ro n  a n d  S teel 

F e d e ra t io n  h a s  issued  a  19-page b ro c h u re  
b a s e d  o n  e x t r a c ts  fro m  th e  n a t io n a l  P re ss . 
T h e  p u rp o se  o f  th e  p u b lic a tio n  is to  p u t  
fo rw a rd  th e  iro n  a n d  stee l p o in t  o f v iew  on  
th e  re c e n t  s te e l p rices c o n tro v e rs y .

A lth o u g h , a s  th e  is su in g  b o d y  s ta te s ,  th e  
b o o k le t  d o es  n o t  p r e s e n t  a  c o m p le te  p ic tu re  
o f  th e  v e ry  c o m p lic a te d  p ro b le m  w ith  w h ich  
th e  in d u s try ’ is  fa c e d , i t  does , n e v e r th e le ss , 
en su re  t h a t  th e  b u lk  o f  th e  r e le v a n t  m a t te r  
is  a v a ila b le  in  a  re a d a b le  fo rm . A ll 
u n w a r ra n ta b le  sp e c n la tio n , a n d  v ag u e  
u n s u b s ta n t ia te d  s ta te m e n ts ,  c a n  re a d ily  be  
p u t  to  te s t  b y  c o n s u ltin g  th e  e x tr a c ts  
re fe rre d  to  h e re .

Mechanical Properties of Magnesium

AT T E N T IO N  is d ra w n  t o  th e  J u ly  issue 
o f “  M a g n esiu m  R e v ie w  a n d  A b s tr a c ts "  

o n  p a g e s  65-94 o f  w h ic h  a p p e a rs  a n  a c c o u n t 
e n t i t le d  “  N o te s  o n  th e  M e chan ica l P ro 
p e r tie s  o f  M a g n esiu m  A llo y s  a t  H ig h  
T e m p e ra tu re s — A  S u rv e y  o f  A v a ilab le  
D a t a , ”  b y  P .  A . F ish e r .

T h e  a u th o r  is to  b e  c o m m e n d e d  fo r  th e  
th o ro u g h n e s s  w ith  w h ic h  h e  h a s  a n a ly se d  
h is  so u rces , a n d  fo r  th e  f ra n k  c o m m e n ts  h e  
h a s  em b o d ied  in  th e  c o n c lu d in g  se c tio n  o f 
th e  w o rk . T h e  re v ie w  is a b ly  i l lu s tr a te d  
w ith  n u m e ro u s  g ra p h s  a n d  a ll  im p o r ta n t  
m a t te r  is c le a r ly  ta b u la te d .

Prefabricated Houses

MA N Y  S u n d a y  p a p e rs , a  w eek  o r  so a g o , 
g av e  w id e  p u b l ic i ty  to  th e  fo llo w in g  

ca b le  f ro m  R e u te r ’s W a s h in g to n  C o rre 
s p o n d e n t P a u l  S c o t t  R a n k in e  : ' '  A m e ric a  is 
m a k in g  p la n s  to  b u ild  th o u s a n d s  o f p re 
fa b r ic a te d  a lu m in iu m  h o u ses . . .  t o  rep lace  
B r i t a in 's  b li tz e d  h o m e s . . . .  I f  B r i ta in  
d ec id es  to  im p o r t  th e m  th e y  w ill b e  in  p ro 
d u c t io n  s h o r t ly ,  a s  t h e  a i r c ra f t  fa c to rie s  
b eco m e u n e s se n tia l t o  th e  w a r  e f fo r t .”

N o w  th e re  is n o  denyring t h a t  o u r  a llies  
in  U .S .A . h a v e  d o n e  u s  a n d  th e  w o rld  an  
im m e a su ra b le  se rv ice  b y  th e  a id  th e y  h a v e  
g iv e n  in  p u s h in g  fo rw a rd  o u r  w a r- t im e  a im s, 
b u t  th is  a id , n o  less th a n  re v e rse  len d -lease , 
m u s t ,  lik e  th e  w a r  its e lf , b e  c o n s id e re d  a s  a n  
e x tra -e c o n o m ic  fa c to r  r e q u ir in g  m o s t  c a r e 
ful s u p e rv is io n  a n d  c o n tro l .  T ru e , w e n eed  
p re fa b r ic a te d  h o u se s , b u t  w h a t  o f o u r  ow n 
a i r c r a f t  a n d  a lu m in iu m , in d u s tr ie s?

R e la tiv e  to  th e  d e lic a te  a rg u m e n t  w e 
e m b a rk  o n  h e re , is  th e  re c e n t  L o n d o n  c a b le  
from  J .  H . V a n  D e v e n te r ,  P re s id e n t  a n d  
E d ito r ia l  D ir e c to r  o f  “  T h e  I ro n  A ge ”  
( fe a tu re d  e d ito r ia lly  in  t h a t  jo u rn a l 
for O c to b e r  5, 1944). M r. V a n  D e v e n te r  
co n fin ed  h is  d isc u ss io n  to  s te e l, b u t  th e  
im p lic a t io n s  e x te n d  fax b e y o n d  th is  one 
m a te r ia l.

W e h a v e  in  th is  c o u n try ’ a  s u p e ra b u n d 
a n c e  o f l ig h t  m e ta l. M r. C. W . D e v e re u x  
re c e n tly  e s t im a te d , fo r  e x a m p le , t h a t  w e 
h a d  h a lf  a  m illio n  to n s  o f a lu m in iu m  in  h a n d  
b e s id e s  th e  n e c e s sa ry  p la n t ,  te c h n ic ia n s , 
a n d  a n  a r m y  o f  a  m illio n  c ra f ts m e n  sk illed  
in th e  w o rk  o f  l ig h t  alloy’s. W hy’, th e n , 
sh o u ld  w e n o t  u n d e r ta k e  th e  b u i ld in g  o f  o u r 
ow n  h o u se s  in  o u r  ow n  a i r c r a f t  fa c to rie s?

I t  is  m o re  o r less co m m o n  k n o w le d g e  t h a t  
m o v e m e n ts  h a v e  a lre a d y  b een  m a d e  in  th is  
d ire c tio n . T h e  A ir c ra f t  In d u s tr ie s  R e se a rc h  
on  H o u s in g  C o m m itte e  (c o m p o se d  o f re p re 
s e n ta t iv e s  o f  b o th  th e  l ig h t  m e ta ls  in d u s try  
a n d  th e  a i r c ra f t  in d u s try )  h a s  d es ig n ed  
a  b u n g a lo w  a lread y ’ in th e  c o u rse  o f  c o n 
s tru c t io n . T h is  assem bly’, i t  is  in te re s t in g  
t o  n o te , is  a  p re lim in a ry  to  th e  e v o lu tio n  o f 
a  p e rm a n e n t  tw o -s to rey ’ h o u se .

T h e  c r itic ism  w e v o ice  here is  n o t  in  a n y  
w a y  co n ce iv ed  in  a  n a r ro w  n a t io n a l  lim it. 
R a th e r ,  w e fee l t h a t ,  w i th  th e  re su m p tio n  
o f  n o rm a l w o rld  tr a d e  d u r in g  th e  e a r ly  p o s t 
w a r  p e r io d , every’ e ffo r t  m u s t  be  m a d e  from  
th e  o u ts e t  to  ach ie v e  so m e co m m o n -sen se  
b a la n c e . B i t t e r  lesso n s  l e a r n t  a f te r  th e  
close o f  th e  1914-1918 w a r  t a u g h t  u s  a ll t h a t  
th e  e a sy  q u ic k  so lu tio n  to  te m p o ra ry  d iffi
cu ltie s  w h ich  a lw a y s  b e s e t  u s  o n  occasio n s 
lik e  th e se  is , in  th e  lo n g  ru n , b y  n o  m ean s 
n ecessa rily  th e  b e s t.
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TH E R E  h a s  r e c e n tly  been  p u b lish e d  a  
r e p o r t  o n  C o n feren ces b e tw e e n  en g in ee rs  

o f th e  U n ite d  S ta te s , C a n a d a  a n d  G re a t 
B r i ta in ,  w h ich  to o k  p la c e  in  N ew  Y o rk  a t  
th e  en d  o f  1943 a n d  in  L o n d o n  in A u g u s t 
a n d  S e p te m b e r , 1944, o n  .the s u b je c t  o f 
U n ite d  S ta te s  a n d  B r i t is h  S ta n d a rd s  fo r  
S crew  T h re a d s  a n d  L im its  a n d  F i t s  fo r 
E n g in e e rin g .

The m a in  d ifficu lty  ex p e rie n c e d  in  
A m e ric a  in  th e  p ro d u c tio n  o f th e  W h itw o r th  
fo rm  o f th r e a d  co n c e rn e d  th e  ro u n d e d  c re s ts  
a n d  ro o ts , in v o lv in g  sp e c ia l to o lin g  p ro 
b lem s w h ich  d o  n o t a r ise  in c o n n e c tio n  w ith  
th e  A m erican  th re a d . T o  a v o id  th is  
d ifficu lty  th e  A m e ric a n  D e leg a te s  to  th e  
C o n feren ce  p ro p o se d  th e  a d o p tio n  o f th e  
t r u n c a te d  fo rm  of W h itw o r th  th r e a d .  T h e  
B r it ish  .Mission w a s  ab le  to  a d v is e  a s  to  th e  
d e s ira b le  to le ra n c e s  a p p lic a b le  to  th is  
m odified  th r e a d  a n d  i t  w as ag reed  th a t  
A m erican  a n d  B r i t is h  S p ec if ica tio n s  sh o u ld  
be p ro d u c e d  on  co m m o n  lin es to  co v e r th e  
t r u n c a te d  W h itw o r th  th re a d .

D u r in g  th is  C o n feren ce  th e  o p p o r tu n i ty  
w as ta k e n  to  d isc u ss  o th e r  sc rew  th re a d  
p ro b le m s w h ich  a ffe c ted  th e  p ro d u c tio n  of 
e q u ip m e n t  fo r  th e  w ar e ffo rt in  th e  th re e  
c o u n tr ie s  a n d  a  n u m b e r  o f  p ro je c ts  w ere 
in i t ia te d  w h ich , w h en  c a r r ie d  fo rw a rd , w o u ld  
r e s u l t  in in c a lc u la b le  sa v in g s  in  m a te r ia l ,  in  
m a n -p o w e r  a n d  in  th e  t im e  re q u ire d  to  
co m m en ce  p ro d u c tio n . T h e  m o s t  im p o r ta n t  
o f th e se  re la te d  to  th e  d e s ira b il i ty  o f 
d e v is in g  a  co m m o n  s ta n d a rd  fo r  sc rew  
th re a d s , b o th  a s  re g a rd s  th e  fo rm  of th e  
th re a d  a n d  th e  co m m o n ly  used  se ries  of 
d ia m e te r s  a n d  th e ir  re la te d  p itc h e s . I n  th is  
c o n n e c tio n  i t  w as ag reed  t h a t  th e  m a t te r  
sh o u ld  be a c tiv e ly  c o n s id e red  in  th e  U n ite d  
S ta te s ,  C a n a d a  a n d  G re a t  B r i ta in ,  w ith  th e  
o b je c t  o f  f u r th e r  d isc u ssio n s .

T h e  r e su lts  o f  th ese  C o n feren ces h a v e  been  
p u b lish e d  in  a  re p o r t  issu ed  b y  th e  C .P .R .B . 
in  th e  U n ite d  S ta te s , C a n a d a  a n d  G re a t  
B r i ta in . C op ies o f th is  r e p o r t  c a n  be 
o b ta in e d  fro m  D ire c to r-G e n e ra l o f  M ach ine  
T o o ls , M inistry- o f  P ro d u c tio n , D e p t. 
D .G .M .I . ,  C a x to n  H o u se  E a s t ,  T o th ill  
S tre e t ,  S .W .l .

Death of Mr. Henry Morgan, F.S.A.A.

ON  F r id a y ,  N o v e m b e r  3, 1944, d ied  Mr. 
H e n ry  M o rg an , F .S .A .A ., C h a irm a n  of 

S ie m e n s-S c h u c k e r t (G re a t  B r i t a in ) ,  L td .
M r. M o rg a n ’s  d e a th  se v ers  a  lo n g 

s ta n d in g  a s so c ia tio n  w ith  a  c o m p a n y  w hich  
h as p io n eered  so  m a n y  d e v e lo p m e n ts  in 
e le c tro -te c h n o lo g y .

Science and the Future

OR G A N IZ E D  b y  th e  A s so c ia tio n  o f  S c ien 
tific W o rk e rs , a_ c o n fe ren ce  to  d iscu ss 

th e  u se  o f  sc ien ce  in  th e  p o s t-w a r  w o rld  w ill 
b e  h e ld  a t  th e  C a x to n  H a ll , L o n d o n , S .W .l ,  
on  F e b ru a ry ' 17-18, 1945. I t s  p u rp o se  is  to  
d ra w  a t t e n t io n  to  th e  need  fo r  sc ience  to  be 
used  a s  f u l ly  in  p ea c e  t im e  a s  i t  h a s  been  
d u r in g  th e  w ar.

I n  th e  e a r l ie r  co n fe ren ces, th e  A sso c ia tio n  
h as d e a l t  w ith  th e  in te g ra t io n  o f sc ien ce  in 
th e  w a r  e ffo r t, th e  n eed  f o r  m ore c e n tra l  
p la n n in g  a n d  f o r  m o re  use o f  th e  in i t ia t iv e  
o f th e  y o u n g e r  w o rk in g  s c ie n tis ts . W ith  th e  
a p p ro a c h in g  v ic to ry  o f th e  U n ite d  N a tio n s , 
i t  is  n e c e ssa ry  to  show  in  p ra c t ic a l  te rm s  
w h a t sc ience  a n d  te c h n o lo g y  c a n  d o  to  p r o 
v id e  th e  bas is  fo r  an  e x p a n d in g  w orld  
e c o n o m y , a n d  t o  s a t is fy  th e  m a te r ia l  a n d  
c u l tu r a l  n e e d s  o f  th e  p eo p le  o f  th e  w o rld . 
T h e  p o w e r  o f sc ien ce  m u s t  be  .fully  used  b y  
th e  c o m m u n ity ;  if  f u l ly  used  a  r ic h e r  w o rld  
c a n  be  ach ie v e d  th a n  w e h a v e  e v e r  k n o w n  
b efo re .

F u r th e r  p a r t ic u la r s  w ill be issu ed  la te r ,  
a n d  m ay ' be  o b ta in e d  f ro m  th e  A s so c ia tio n  
o f S c ien tific  W o rk e rs , IT an o v er H o u se , 7 3 , 
H ig h  H o lb o rn , L o n d o n , W .C .l .

British Electrical Engineering Co., Ltd.
E  a re  in fo rm e d  t h a t  o n  O c to b e r  2 1 
M r. F . S. M itm a n , C .B .E .,  jo in e d  th e  

b o a rd  o f th e  B r i t is h  E le c tr ic a l  E n g in e e r in g  
,C o ., L td .

 ̂ M r. M itm a n  is a  g r a d u a te  o f  th e  L eh ig h  
U n iv e r s i ty , U .S .A . (D eg re e  o f  E n g in e e r in g  
M ines, 1923). F o r  a  n u m b e r  o f  y e a rs  he 
w as a s so c ia te d  w ith  th e  lig h t-m e ta l  in d u s try  
a n d , s in c e  1939, h a s  held  th e  fo llo w in g  
a p p o in tm e n ts :— D ire c to r  o f L ig h t  A lloys 
a n d  M a g n esiu m  ( sh e e t a n d  s t r ip  co n tro l”) , 
M in is try  o f  A irc ra f t  P ro d u c t io n  (1939- 
1941); C o -o rd in a to r  o f  a i r c ra f t  su p p lie s  fo r  
l ig h tc r  a n d  n a v a l  a i r c ra f t ,  M in is try  o f 
A irc ra ft P ro d u c tio n  (1 9 3 9 -1 9 4 1 ); A d v ise r  
o n  l ig h t  m e ta ls  f a b r ic a tio n , M in is try  o f  
A irc ra f t  P ro d u c t io n  (1 9 4 1 -1 9 4 2 ).

S in ce  1942 M r. M itm a n  h a s  b een  C h a ir 
m a n  a n d  M a n a g in g  D ire c to r  o f  M essier 
A irc ra f t  E q u ip m e n t ,  L td . ,  w ith  w h ic h  co m 
p a n y  he  is r e ta in in g  h is  c o n n e c tio n .

Zinc Development Association

WE  h a v e  rece iv ed  from  th e  Z in c  D e v e lo p 
m e n t  A sso c ia tio n  a  r e p o r t  c o v e r in g  th e  

p e rio d  1943-1944. W ith in  th e  sp a ce  o f e ig h t 
p ag es th e  se rv ice  o ffered  b y  th e  A sso c ia tio n  
a n d  th e  w o rk  i t  h a s  a lr e a d y  u n d e r ta k e n  a re  
a b ly  su m m a riz e d . T h e  final p a g e  is d e v o te d  
to  a  lis t  o f  re c e n t p u b l ic a t io n s  w h ich  a re  
a v a ila b le  o n  re q u e s t .
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Magnesium Mosquito Do o r

PA G E  36 of '• L ig h t  M e ta l A ge ”  (U .S .A .)  
fe a tu re s  a  'b rief n o te  o n  a  m a g n e s iu m  

m o sq u ito  d o o r  in s ta l le d  in  C a stle  H a rb o u r  
H o te l ,  B e rm u d a . I t  is  re p o r te d  t h a t  th is  
d o o r , w h ich  h a s  b een  in  se rv ice  s in c e  1937, 
is  s t i l l  in  use  a n d  is s t i l l  g iv in g  e v e ry  s a t i s 
fa c tio n , in  s p i te  o f  th e  f a c t  t h a t  i t  is  ex p o sed  
to  a ll  th e  r ig o rs  o f  a  m a r i tim e  c lim a te .

T o  th e  n o te  as p re se n te d  b y  o u r  A m e ric a n  
c o n te m p o ra ry , w e w ou ld  a d d  th is  fu r th e r  
d e ta i l ,  t h a t  th e  d o o r  w as c o n s tru c te d  b y  
J .  S ta rk ie  G a rd n e r , L td . ,  M e rto n  R o a d , 
W a n d s w o rth , L o n d o n , S .W . 18.

Aluminium Scrap in U.S.A.

IT  is r e p o r te d  t h a t  th e  n o n -fe rro u s  sc ra p  
m e ta l  m a rk e t  in  U .S .A . u n d e rw e n t, in  

J u ly ,  a n  a l l- ro u n d  s lu m p , a n d  d e a le r s ’ 
s to c k s  in c re a se d  m a rk e d ly . Sales fell 
146,697 to n s  in  J u n e  to  11,556 to n s  in  
J u ly ,  th e  sm a lle s t m o n th ly  to ta l  since  
D ece m b e r, 1943. D e a le rs ’ s to c k s  rose  to  
3 8 ,523  to n s  c o m p a re d  w ith  35 ,688  to n s  in 
Ju n e .

O n  J u ly  31, 1944, th e  fo llo w in g  s to c k s  
w ere in  h a n d :— S h e e t a n d  c lip p in g s , 8 ,232 
s h o r t  to n s ; c a s t in g s  a n d  o th e r  h e a v y  sc ra p , 
5 ,655  s h o r t  to n s ; sw arf, 8 ,460 to n s ; w reck ed  
a ir c ra f t ,  8 ,417  to n s; un c lassified  a lu m in iu m  
sc ra p , 7 ,759  to n s .

Gauge and Tool Export Drive

EA R L Y  th i s  y e a r , th e  C o u n c il o f  th e  
G au g e  a n d  T o o l M a k e rs ' A sso c ia tio n  

d e c id e d  to  a p p o in t  a  c o m m itte e  w hose b ro a d  
te rm s  o f re fe ren ce  w o u ld  be  to  c o n s id e r  a ll 
m a t te r s  c o n n e c te d  w ith  th e  e x p o r t  o f  B r i t ish  
to o ls  a n d  g au g es , a n d  th e  firs t m e e tin g  w as 
h eld  o n  M a rch  16, 1944. M r. H . M adeley , 
S ales D ire c to r  o f T h e  B ro o k e  T o o l M a n u 
fa c tu r in g  C o ., L td . ,  w as a p p o in te d  c h a irm a n  
of th e  c o m m itte e .

S in ce  t h a t  d a te , th e  E x p o r t  C o m m itte e  
h a s  m e t re g u la r ly  a t  le a s t  on ce  a m o n th , 
a n d  so m e tim es m o re  f re q u e n tly , th e  m e e t
in g  in  A p ril b e in g  a t te n d e d  b y  M r. D . H . 
L y a l, C .M .G ., M .B .E .,  a  D ire c to r  o f  th e  
D e p a r tm e n t  o f  O v ersea s  T ra d e , w h o  gav e  
th e  m em b ers  th e  b en e fit o f  h is  a d v ic e  o n  
v a r io u s  a s p e c ts  o f  p o s t-w a r  e x p o r t  busin ess; 
a n d  close c o lla b o ra tio n  w ith  th e  D .O .T . a n d  
B o a rd  o f  T ra d e  h a s  been  m a in ta in e d . T h e  
D .O .T . h as , in fa c t, a sk e d  th e  c o m m itte e  
fro m  tim e  to  t im e  fo r  a d d i t io n a l  c o p ie s  of 
i ts  r e p o r ts ,  a n d  h a s  ex p ressed  th e  d es ire  in  
w r it in g  to  be  in fo rm e d  o f  th e  A s so c ia tio n 's  
ex-port a c t iv i t ie s .

T h e  c o m m itte e  h a s  m e t th e  tr a d e  c o u n 

sellors, consuls and  commercial a t taches  of 
a  n u m b er  of Empire ,  Dominion and foreign 
G overnm ents  in order to  ascertain  their  
countr ies’ post-war requirements  of British  
tools and  gauges a n d  the  best  m ethods  of 
supply ing  such needs. In terv iew s have taken 
place a t  th e  Argentine ,  Austra lian,  Belgian, 
Brazilian,  Chinese, D u tch ,  E gyp tian ,  N o r 
wegian, Portuguese ,  Russian ,  Sou th  African, 
Spanish,  Swedish, Swiss an d  Turk ish  Lega
t ions in London ,  and  much valuable  
assistance an d  in formation  were obtained. 
T he  representatives of the  E x p o r t  Com
mittee  were in every instance m ost  cordially 
received, a n d  were given advice on questions 
such  as the  a p p o in tm en t  of qualified and  
repu tab le  agents,  the  most  suitable  engineer
ing journals  in which to advertise,  and  
ways and  m eans of im proving  the  service 
h i the r to  offered b y  British  exporters.  In t r o 
ductions were secured to  var ious com m er
cial houses, syndicates and  industrial 
centres overseas; and ,  a t  the ir  own requests, 
the  Legations were all provided with dupli
cate copies of the  catalogues, price lists and  
o th e r  t rade  l i te ra ture  issued by  th e  members 
of th e  Association in order t h a t  one con
signm ent could be re ta ined for the informa
tion of the  Legation in L ondon  and the 
o ther  sent  to  the  G overnm en t  headquarte rs  
in the cou n try  concerned. Similar talks 
will short ly  be held with the  Canadian, 
Czecho-Slovakian, French ,  I ta l ian ,  Greek 
an d  Palestinian Embassies.

M any of the t rade  counsellors an d  com 
mercial a t taches  were quite  f rank  in their  
crit icism of British ex p o r t  service, and  
stressed the  need for im provem en t  if Great 
Britain  was to m eet  competit ion  success
fully from o th er  export ing  countries  a f te r  
the  war. E m phasis  was laid upon the  
importance of h av ing  catalogues, etc .,  t r a n s 
lated in to  the  appropria te  foreign languages 
instead of m erely  sending th em  overseas in 
English; and  the  E x p o r t  Com mittee  was 
urged to  recommend members of the  Asso
cia tion  to send o u t  men of d irector s ta tu s  
and technical ab il i ty  who would converse  
reasonably fluently in the  language  of the  
par ticu lar  country .  I t  was also po in ted  o u t  
t h a t  m any  British exporte rs  were only p re
pared  to  qu o te  F .Q .B .  prices, whereas the  
Americans, Germans and  Swedes gave C .I .F .  
figures; and,  in short ,  i t  was clear t h a t  
British m anufacturers  m us t  devote  greatly  
increased a t te n t io n  to  m ark e t  research an d  
be ready and  willing to  meet the  exac t  
requirements of  the  overseas buyer.  The 
pre-war tendency towards a " take it or 
leave it "  attitude will not do if Great 
Britain is to regain her export markets.
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SO M E  few  w eek s  a g o , a n  e x h ib it io n  w as 
h e ld  to  d e m o n s tr a te  t h e  P a r la n t i  M o u ld  

P ro c e ss  (B .P ,  5 4 3 ,5 7 7 ) . B rie fly , th e  p ro 
cess is  o n e ' o f  g r a v i ty  d ie -c a s t in g  w h ic h , 
in s te a d  o f  e m p lo y in g  th e  c u s to m a ry  steel 
m o u ld , m a k e s  use  o f  o n e  in  a lu m in iu m ; fo r 
th e  p u rp o se  t h e  m o u ld  is an o d ized .

.T h e  p ro c e ss  p re se n ts  m a n y  n o ta b le  d e v ia 
t io n s  fro m  th e  c u s to m a ry  g r a v i ty  d ie- 
c a s t in g  sy s te m . I n  p la c e  o f  t h e  v a r io u s  
m a c h in in g  o p e ra t io n s  re q u ire d  fo r  iro n  a n d  
stee l m o u ld s , P a r la n t i  m o u ld s  m a y  b e  san d - 
c a s t  d ir e c t  fro m  p la s te r  p a t te r n s .  A cco rd -

Aluminium Gravity Dies r e s u l ta n t  s t r u c tu r e  b e in g  so d en se  a n d  
h o m o g en eo u s  t h a t  i t  m a y  be  w o rk ed  up  
d ire c tly  fo r  o p tic a l  re flec to rs . T h e  e x c lu 
sive  licen sees o f  th e  p ro c e ss  in  G re a t  B r ita in  
a re  U n ite d  A lu m in iu m  F o u n d r ie s ,  L td . ,  9 , 
B e a u m o n t A v e n u e , W e s t K e n s in g to n , 
L o n d o n , W . 14.

Metal-forming Machinery

IT  is a n n o u n c e d  b y  A . C. W ic k m a n , L td . ,  
C o v e n try , t h a t  th e  c o m p a n y  h a s  been  

a p p o in te d  so le  a g e n t  a n d  e n g in e e r in g  re p re 
s e n ta t iv e  in  th e  B r i t is h  Is les  fo r  Y o d e r  H ig h  
P ro d u c t io n  M e ta l F o rm in g  M a c h in e ry  m a n u -

G ENERAL view of the 
Parlanti Mould Exhibi

tion recently held in London. 
Displayed here were various 
typical castings designed to 
demonstrate the special
merits of the process. Ano
dized aluminium moulds and 
plaster patterns were also to 
be seen. This general
exhibit was run concurrently 
with a demonstration of the 
process under actual working 
conditions.

in g  to  th e  e x ig en c ie s  o f  p ro d u c tio n , m o u ld  
p ro d u c tio n  m a y , if  'n e c e ssa ry , b e  still f u r 
t h e r  sp eed ed  u p , a n d ,  b e c a u s e  o f  ea se  o f  
m a n u fa c tu re , n u m e ro u s  m o u ld s  c a n  b e  c a s t  
t o  a  g iv e n  fo rm .

T h e  "  e q u ilib r iu m  ”  o p e ra t in g  te m p e ra 
tu r e  o f  th e  P a r la n t i  m o u ld  is  100 o r  m o re  
d eg rees  C e n tig ra d e  b e lo w  th e  “  e q u ili
b r iu m  ”  o p e ra t in g  te m p e ra tu re  o f  th e  steel 
m o u ld . C h illin g  effec ts, w h ich  a re  o f  a  
h ig h ly  sp e c ia lized  ty p e ,  a re  v e ry  ‘in te n se , 
w i th  th e  c o n s e q u e n t p ro d u c tio n  o f  ex cee d 
in g ly  fine  g ra in  size  : h en ce , m a rk e d
im p ro v e m e n ts  in  a ll m e c h a n ic a l p ro p e rtie s .

I t  is n o t  p ro p o se d  in  th i s  b r ie f  n o te  to  
d isc u ss  th e  m o re  in t r ic a te  a s p e c ts  o f  th e  
p ro cess , b u t  so m e in s ig h t  is g iv e n  b y  th e  
f a c t  t h a t  i t  is p o ss ib le  in  a  l ig h t-m e ta l  m o u ld  
to  c a s t  9 9 ,99  p e r  c e n t ,  a lu m in iu m , th e

fa c tu re d  b y  th e  Y o d e r  C o m p a n y  o f C lev e 
la n d , O h io , U .S .A .

In  th e  ra n g e  o f m a c h in e s  m a n u fa c tu re d  b y  
th e  Y o d e r  C o m p a n y  a re  c o ld  ro ll  fo rm in g  
m a c h in e s , c o m p le te  tu b e  m ill, r o ta r y  g a n g  
s l i t te r s  a n d  sid e  tr im m e rs , f ly in g  c u t-o ff  
sh e a rs , sh e e t-m e ta l  co il h a n d l in g  e q u ip m e n t,  
p la te  lev e lle rs , h ig h -sp eed  p o w e r  h a m m e rs , 
a n d  v a r io u s  sp e c ia l m e ta l- fo rm in g  m a c h in e s  
su c h  a s  b ra k e -sh o e  b e n d e r  a n d  g a rn ish  
m o u ld in g  b en d e r.

N e w  B.N.F.M.R..A. Appointment

TH E  B r i t is h  N o n -F e r ro u s  M e ta ls  R e se a rc h  
A sso c ia tio n  h a s  a p p o in te d  M r. G . L . 

B a ile y  a s  d ir e c to r  to  su c ceed  D r. I I .  M oore , 
w h o  re t ire d  f ro m  th is  p o s t  o n  O c to b e r  31.

M r. B a ile y  g ra d u a te d  in  m e ta l lu rg y  a t
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The ultra- lightness and strength of MAGNUMINIUM magnesium base alloys makes 
them most desirable Tor use in the manufacture 
of portable electric tools, domestic appliances 
and a. host of other products, all subject to fre
quent lifting and handling. In the operation of 
reciprocating parts of machinery Magnuminium 
overcomes starting inertia, decreases power 
consumption and permits increase of speed.
Magnuminium has excellent machining properties 
and can generally be fabricated by methods 
similar to those used in other metals. Full techni
cal details available from the Sales Department.

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

G N U M IM IU M

THE L IGHTEST CASINGS
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B irm in g h a m  U n iv e rs i ty , w here  he  w as 
a w a rd e d  th e  d eg ree  o f M .S c. in  1922, a f te r  
c o m p le tin g  tw o  y e a r s ’ resea rch  w o rk . F ro m  
1922 to  1930 he  w as o n  th e  s ta ff  o f  th e  
re se a rc h  d e p a r tm e n t , W o o lw ich , w h ere  he 
c a r r ie d  o u t  re se a rc h  o n  a  v a r ie ty  o f  p ro b le m s 
in n o n -fe rro u s  m e ta l lu rg y . D u r in g  th i s  
p e rio d  h is  m o s t  n o ta b le  w o rk  w a s o n  th e  
c a s t in g  o f  7 0 /3 0  b ra ss  in g o ts  fo r  su b s e q u e n t 
ro llin g , th e  re su lts  o f w h ich  w ere  p u b lish e d  
b y  th e  R e se a rc h  A sso c ia tio n  in  a  m o n o g ra p h  

T h e  C a s tin g  o f  B rass  I n g o ts ,”  u n d e r  th e  
jo in t  a u th o r s h ip  o f D r . R . G en d e rs  a n d  M r. 
B a iley .

In  1930 M r. B a ile y  re s ig n e d  fro m  th e  
W oolw ich  re se a rc h  d e p a r tm e n t  to  a c c e p t th e  
a p p o in tm e n t  o f d e v e lo p m e n t officer o f  th e  
B r i t is h  N o n -F e rro u s  M eta ls  R e sea rch  A sso 
c ia t io n . I n  th is  p o s t  h e  w a s  re sp o n s ib le  for 
fo s te r in g  th e  a p p lic a tio n  o f  th e  re s u lts  o f th e  
A sso c ia tio n ’s re sea rch es  in  in d u s try .  H e  
p la y e d , h o w ev er, a  w id e r  p a r t  in  th e  A sso 
c ia t io n 's  o rg a n iz a tio n , a n d  in  J a n u a ry ,  
1942, b ec a m e  d e p u ty  d ire c to r .

M r. B a ile y  is a  v ic e -p re s id e n t of th e  I n s t i 
t u t e  o f M e ta ls  a n d  c h a irm a n  o f  th e  L o n d o n  
L o ca l S ec tio n  o f t h a t  I n s t i tu te .  H e  is  well 
k n o w n  in  th e  m e ta ls  in d u s tr ie s  a n d  in  m e ta l
lu rg ic a l c irc les  a s  o n e  o f th e  le a d in g  sc ien tific  
m en  in th e  n o n -fe r ro u s  m e ta ls  field .

N e w  Aluminium Alloy

TH E  R e y n o ld s  M e ta ls  C o ., U .S .A ., h as 
b ro u g h t  o u t  a  new  a lu m in iu m  a llo y , 

w h ich  is n o w  b e in g  u se d  in  w a r  a i r c ra f t .  
K n o w n  a s  R -301 , i t  w as th e  r e su lt  o f  la b o ra 
to r y  w o rk  b y  o n e  o f th e  R e y n o ld s ’ m e ta l lu r 
g is ts , T h o m a s  L . F r i tz le n .

T h e  c o m p a n y  d e sc rib e s  R -301 a s  o ffering  
se v e ra l m a rk e d  a d v a n ta g e s  o v e r  c u r re n tly  
used  a lu m in iu m  a llo y , su c h  a s  24S sh e e t. 
T h re e  o f th e se  a d v a n ta g e s  a re  g iv e n  as 
f o l lo w : —

1. E x c e lle n t  fo rm a b il i ty  in  th e  
a n n e a le d  a n d  so lu tio n  - h e a t  - t r e a te d  
te m p e rs .

2. M in im u m  y ie ld  s t r e n g th  o f  a b o u t 
40 p e r  c e n t ,  h ig h e r  th a n  p re se n t a llo y s .

3. A  h a rd e r  a n d  m o re  sc ra tc h -  
r e s is ta n t  su rface .

S h ee ts  a n d  p la te s  a re  d e s ig n a te d  R -3 0 1 . 
T h e  v a r io u s  te m p e rs  a re  as fo llo w : —  
A n n e a le d , R-301 -O  : so lu t io n -h e a t- tr e a te d , 
R -3 0 1 -W ; so lu tio n  a n d  p re c ip ita t io n -h e a t-  
t r e a te d ,  R -3 0 1 -T . T h e  sh e e t  a n d  p la te  c o n 
s is t  o f  a  h ig h -s tr e n g th  co re  a llo y  c o v e red  o n  
each  face  w ith  a  c o r ro s io n -re s is ta n t  in te r 
m e d ia te  s tr e n g th  a llo y . P e rc e n ta g e  o f a llo y  
c la d in g  v a r ie s  w ith  th e  g a u g e  o f sh e e t.

W h ils t  R -301 is d e sc rib e d  a s  c o n ta in in g  th e  
sa m e  e le m e n ts  a s  in  24S  a llo y — silico n , iro n , 
co p p e r , m a n g a n e s e  a n d  m a g n e s iu m — its  p h y 
sica l c h a ra c te r is t ic s  d iffer. T y p ic a l p ro p e r 
t ie s  a r e : —-

T en sile . Y ie ld . E lo n g a tio n
T o n s / T o n s / p e r  cen t.

sq . in . sq . in . in  2  in s.
R -3 0 1 -0  .. 1 1 . 2 4.7 22.0
R -3 0 1 -W  .. 27.7 18.3 19.0
R -3 0 1 -T  .. 30.3 26 .9 10.0

T h e  c o m p a n y  sa y s  t h a t  i t  is  p la n n e d  to  
in c rease  th e  p ro p e r t ie s  o f th e  d iffe re n t 
te m p e rs  f ro m  p re se n t  m a x im u m s . F o r  
e x a m p le , R -3 0 1 -O  w o u ld  be  g iv e n  a  te n s ile  
s t r e n g th  m a x im u m  of 13 in s te a d  o f  11 to n s /  
sq . in . R -3 0 1 -W  w o u ld  b e  b u i l t  u p  to  a  
m in im u m  of 2b to n s /s q .  in . fo r  0 .039  in . 
a n d  less a n d  25.4  t o n s / s q .  in . fo r  0 .040  in . 
a n d  th ic k e r . R -3 0 1 -T  w ill b e  m a d e  w ith  
28 t o n s / s q .  in . m in im u m  fo r  0 .039  in . a n d  
th in n e r ,  w ith  28 .4  t o n s / s q .  in . fo r  0 .040  in . 
a n d  h e a v ie r .

W h e n  th e  n ew  a llo y  is  a n n e a le d  to  re liev e  
w o rk  h a rd e n in g , i t  is u su a lly  so a k ed  a t  337- 
34S d eg rees  C. fo r  c n c  h o u r . W h e n  h a rd e n 
in g  is ca u se d  b y  p a r t ia l  o r  fu ll h e a t  t r e a t 
m e n t, i t  is  so a k e d  fo r  tw o  h o u rs  a t  393-404 
d eg rees  C., w h ich  is fo llo w ed  b y  co o lin g  a t  
a  r a te  n o t  to  ex cee d  10 d eg rees C. p e r  h o u r  
u p  to  316 d eg rees C. P re c ip i ta tio n -h e a t-  
t r e a tm e n ts  re q u ire  s ix  h o u rs  a t  177 d eg rees 
C. on  fin ish ed  p a r ts  a n d  18 h o u rs  a t  160 
d eg rees  C. w h en  fu r th e r  d im p lin g  o r  fo rm in g  
is re q u ire d .

Therapeutic Value of Aluminium

FO L L O W IN G  a  d o zen  y e a rs  o f  re se a rc h  
in to  p re v e n tio n  a n d  c u re  o f  s ilicosis, a  

p ro je c t  sp o n so re d  b y  M c ln ty re -P o rc u p in e  
M ines, L td . ,  S c h u m a c h e r , O n t . ,  C a n a d a , a n d  
th e  U n iv e r s i ty  o f  T o ro n to , a  re c e n t re p o r t  
in d ic a te s  p o ss ib le  success in  th e  u se  c f  
p o w d ered  a lu m in iu m  as  a  p re v e n tiv e  a g e n t .

T h e  s tu d ie s  w ere  c o n d u c te d  a t  th e  u n iv e r 
s i ty  b y  D r . J .  J .  D e n n y , D r .  W . D . R o b so n  
a n d  D . A . I rw in  (now  w ith  A lu m in u m  Co. 
o f  A m e r ic a ) . D u r in g  th e  re se a rc h  a  s tu d y  of 
w o rk e r  h e a l th  a t  th e  A lu m in u m  C o .’s  N ew  
K e n s in g to n  w o rk s  in  th e  U .S . in d ic a te d  t h a t  
so m e 125 w o rk e rs  w i th  fine ly  p o w d e re d  a lu 
m in iu m  fo r  p a in t  a n d  in k  h a d  so m e w h a t 
b e t t e r  h e a l th  re c o rd s  t h a n  th e  r e s t  o f  th e
3 ,0 0 0  w o rk e rs  in  t h a t  p la n t .

F in e ly  p o w d ered  a lu m in iu m  w as t r ie d  o u t  
o n  silicosis v ic tim s . T h e  th e o ry  o f  silicosis 
is t h a t  th e  silica  in th e  lu n g s  is t ra n s fo rm e d  
slow ly  in to  d a n g e ro u s  silic ic  a c id  b y  th e  
b o d y  flu ids . T h is  a c id  cau ses  sc a r  tis su e  o n

G
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th e  lu n g s . T h e  a lu m in iu m  d u s t ,  h o w ev er, 
te n d s  to  fo rm  a  p ro te c tiv e  c o a t in g  o v e r  th e  
silica  d u s t ,  p re v e n tin g  it: f ro m  d isso lv in g . 
A s a  p re v e n tiv e  o f silicosis, w o rk e rs  a t  th e  
M c ln ty re -P o rc u p in e  M ines h a v e  a  fine sp ray  
of a lu m in iu m  d u s t  p ro je c te d  in to  th e  room  
w h ere  th e y  c h a n g e  th e ir  c lo th e s  b e fo re  going 
to  w o rk . T h e  c lo th in g -c h a n g e  req u ire s  
a b o u t  10 m in u te s , so  t h a t  e a c h  w o rk e r 
in h a le s  a  sm a ll a m o u n t  o f a lu m in iu m  d u s t  
to  p r o te c t  h is  lu n g s  a g a in s t  th e  silica .

Acheson A w a r d  to Blum

NE W S  h a s  b e e n  rece iv ed  t h a t  D r. W illiam  
B lu m , c h ie f  o f  th e  e le c tro -c h e m is try  sec

t io n  o f th e  N a t io n a l  B u re a u  of S ta n d a rd s  iyi 
th e  U .S .,  h a s  b een  d e s ig n a te d  a s  th is  y e a r 's  
re c ip ie n t o f  th e  E d w a rd  G o o d ric h  A cheson  
M ed al a n d . § 1 ,0 0 0 , a w a rd e d  e v e ry  tw o  y e a rs  
to  th e  "  p e rso n  w h o  sh a ll h a v e  m a d e  a  d is 
tin g u ish e d  c o n tr ib u tio n  to  th e  a d v a n c e m e n t 
o f  a n y  o f th e  o b je c ts , p u rp o se s , o r  a c tiv i t ie s  
o f ,th e  S o c ie ty . '' T h e  S o c ie ty  is th e  E le c tro 
ch e m ic a l S o c ie ty .

D r . B lu m , w ho  jo in e d  th e  N a t io n a l  B u re a u  
o f  S ta n d a rd s  in  1909, h a s  d o n e  im p o r ta n t  
a n a ly t ic a l  w o rk  o n  so d iu m  o x a la te  a s  a  
p r im a ry  s ta n d a rd  in  v o lu m e tr ic  a n a ly s is , th e  
t i t r a t io n  o f  m a n g a n e se  a n d  th e  g ra v im e tr ic  
d e te rm in a tio n  o f  a lu m in iu m .

Solar-searchlight Reflector

Re f l e c t i v i t y  o f a lu m in iu m  h a s  lo n g
b een  reco g n ized  b y  m a k e rs  o f  l ig h tin g  

f ix tu re s ; n o w  th e  G en e ra l E le c tr ic  C o. h a s  
d e v e lo p e d  a  so la r  s e a rc h lig h t  fo r  sh ip 
w reck ed  m a r in e rs  a n d  o th e rs  to  s ig n a l 
s e a rc h in g  a i r c ra f t  o r  d i s t a n t  sh ip s . I t  is 
p o ck e t-s ize , w ith  a  m ir ro r  c o n s is tin g  o f a 
sm a ll r e c ta n g le  o f  te m p e re d  a n d  p o lish ed  
p la te  g lass , w i th  rsm o o th  c h a m fe re d  edg es 
a n d  ro u n d e d  c o rn e rs . I t  m ea su re s  o p lv  4 by  
5 in s. a n d  w e ig h s  less th a n  8 oz . T h e  m irro r  
m a y  b e  se cu re ly  su sp e n d e d  fro m  a  m a n ’s 
n eck  w ith  a  b ra id e d  la n y a rd  lo o p ed  th ro u g h  
a  c o rn e r  h o le . R e a r  su rface  o f  th e  g lass  c a r 
r ie s  a  t h in  film  of v a p o r iz e d  a lu m in iu m  of 
h ig h  re f le c tiv i ty . T h is  fo rm s  th e  m a in  
m irro r  a n d  a  ro u n d e d  r e a r  m irro r . A  c e n tra l  
a p e r tu re  in  th e  g lass  in  th e  fo rm  of a  cross 
is le f t  c le a r . All ed g es a n d  th e  re a r , e x c e p t  
fo r th e  sm a ll ro u n d  m irro r , a re  c o a te d  w ith  
b la c k  la c q u e r , o n  w h ic h  is p r in te d  th e  
in s t ru c t io n s  fo r  u se . E d g e s  a n d  th e  e n tir e  
r e a r  a re  se a led  w ith  c le a r  la c q u e r .

T h ese  m irro rs  a re  d esc rib ed  a s  re flec tin g  
a  la rg e  p o r t io n  o f th e  in c id e n t  su n l ig h t  w ith  
a  re flec tio n  fa c to r  b e tw e e n  80 a n d  85 p e r

c e n t, o r  a b o u t  30 p e r  c e n t ,  h ig h e r  th a n  th e  
re f le c tiv i ty  o f  c h ro m iu m  p la t in g . U n d e r  th e  
m o s t f a v o u ra b le  s u n l ig h t  c o n d it io n s , th e  
b e a m  c a n d le -p o w e r  a p p e a rs  to  b e  c lose to  
15 ,000,000 o r  16 ,000 ,000 .

In  a im in g  to  re fle c t a  b e a m  t h a t  w ill be  
n o te d  b y  a n  a e ro p la n e  o r  d i s ta n t  sh ip  th e  
u se r  p o s itio n s  th e  m irro r  to  face  a  p o in t  
a b o u t  h a lf -w a y  b e tw e e n  th e  su n  a n d  h is  
t a r g e t ,  a n d  p ic k s  u p  th e  im ag e  of th e  su n li t  
c ro ss  (a p e r tu re  in  c e n tre )  in  th e  ro u n d  re a r  
m irro r . H e  s ig h ts  th e  ta r g e t  th ro u g h  th e  
c e n tre  o f  th is  cross . C o n d itio n s  fo r  a c c u ra te  
a im in g  a re  c o m p le te d  w h e n  th e  m irro r  is 
t i l te d  to  su p e rim p o se  th e  im ag e  o f  th e  sp o t  
o n  th e  a p e r tu re  an ti th e  ta rg e t .

Device to Measure Thickness

TH E  "  s o n ig a g e ,"  d e v e lo p e d  b y  th e  
R e se a rc h  L a b o ra to r ie s  d iv is io n  of 

G e n e ra l M o to rs  C o rp ., h a s  b een  u se d  su c 
c essfu lly  fo r  e le c tro n ic  m e a s u re m e n t o f th ic k 
ness o f p a r t s  f a b r ic a te d  f ro m  a lu m in iu m , 
s te e l, b ra s s , c o p p e r  a n d  s ilv e r . I t  is  b e in g  
a p p lie d  to  m e a s u re m e n t o f  c r i t ic a l  th ic k n e s s  
o f  v a r io u s  a i r c r a f t  p a r t s  a f te r  final 
m a c h in in g .

T h e  new  e le c tro n ic  d ev ice , o r ig in a lly  
a p p lie d  to  m e a su r in g  h o llo w  s te e l a i r c r a l t  
p ro p e lle r  b la d e s  w as d e sc rib e d  a t  th e  re c e n t  
S .A .E . N a tio n a l  A e ro n a u tic s  m e e tin g  in  N ew  
Y o rk  b y  W esley  S. E rw in , o f  G .-M .’s 
re se a rc h  d iv is io n . I t  c o n s is ts  o f a  s im p le  
v a r ia b le -f re q u e n c y  e le c tro n ic  o sc illa to r  a n d  
X -c u t  q u a r tz  c ry s ta l  t r a n s m i t t in g  m e c h a n i
ca l v ib r a t io n s  to  m e ta l. A  p o w e r  o u tp u t  
m e te r  show s th e  m e ta l ’s  r e s o n a n t f re q u e n c y .

A s th e  p ro d u c t  o f  r e s o n a n t  f re q u e n c y  a n d  
th ic k n e s s  is  e q u a l to  o n e -h a lf  th e  v e lo c ity  
o f  so u n d  (c o n s ta n t  fo r a n y  m e ta l)  fre q u e n c y  
a n d  th ic k n e s s  a re  in v e rse ly  p ro p o r tio n a l ,  a n d  
th e  d e v ic e  c a n  m e a su re  th ic k n e s s  f ro m  v ib r a 
t io n s  in  th e  0 .020  to  0 .4 0 0 -in . ra n g e , w ith  
a  m a x im u m  e r ro r  o f  less th a n  2 p e r  c e n t.

T h e  d e v ic e  is d e sc rib e d  a s  s im p le  in  o p e ra 
t io n , r e q u ir in g  n o  sp ec ia l sk ill, a n d  E rw in  
su g g e ste d  i t  sh o u ld  b e  a p p lic a b le  t o  m a n y  
uses w h e re  ra p id  in sp e c tio n  o f  p a r t s  is  n e c e s
sa ry . T o  u se  th e  "  so n ig a g e  ”  th e  q u a r tz  
c ry s ta l ,  w h ich  is 1-in . sq u a re  a n d  
6 0 / l ,0 0 0 th s  o f a n  in c h  th ic k , is  p laced  in 
c o n ta c t  w i th  th e  m e ta l .  T h e  o sc illa to r  d ia l 
is  tu n e d  to  th e  r e s o n a n t f re q u e n c y . P o w e r  
s u p p lie d  b y  th e  o sc illa to r  m a in ta in s  re s o n a n t 
th ic k n e s s  v ib r a t io n  a g a in s t  th e  in te rn a l  
d a m p in g  o f  th e  m e ta l .  T h e  p o w e r -o u tp u t  
m e te r  in d ic a te s  th e  m e ta l ’s  re so n a n c e  p o in t 
s h a rp ly .
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Engineering Precision Measurements

W R I T T E N  b y  A. W. Judge  and  p u b 
lished by  Chapm an and  Hall,  L td .  

(25s. n e t ) ,  the  treatise,  " E n g in e e r in g  
Precision M easurem ents ,”  represents a 
fu r ther  stage in the  general diffusion
th ro u g h o u t  in d u s t ry  of the  scientific, as 
opposed to  ru le-of-thumb, m ethod .

In the  space of some 310 pages, the  
a u th o r  has compressed a  vast  a m o u n t  of 
d a ta ,  well i l lustra ted  a n d  so l inked together 
as to  present  for all its  num erous facets an 
appearance  of p leasant  con tinu ity .

The bu lk  of the  book is divided in to  nine 
chap ters  dealing respectively with linear 
measurements ,  in s t rum en ts  and  indicators, 
micrometers , verniers an d  measuring
machines,  l im it  profile a n d  slip gauges,
screw th read  measurements ,  in ternal  
m easurem ent methods,  m easurem ent of
angles,  comporators ,  o ther  optical measure
m e n t  methods,  special m ethods and  
appliances. The  book concludes with  two 
appendages a n d  an  index. I t  is essentially 
pract ical  in ou tlook  an d  t rea tm e n t  and  
should appeal n o t  on ly  to the  fully trained 
engineer, b u t  to all apprentices and s tuden ts  
¡n the  various branches of engineering 
science.

Pattern-making for Gears

T H E  a u th o r  of  "  P a t te rn -m ak in g  for 
G e a r s ” — G. Offiler (Charles Griffin and 

Co., L td . ,  price 7s. 6d. n e t ) — has presented 
us with a severely practical b u t  em inen tly  
unders tandab le  and  readable book. W ith in  
th e  compass of some 166 pages he pilots us 
th rough  the  intr icacies of p a t te rn  p roduc
tion for a n g u la r  bevel gears,  bevel gears, 
internal gears, m itre  gears, spur  gears, 
worm wheels a n d  worms.

His knowledge of the  science and  craft  
required in th is  b ran ch  of industry  needs no 
added  tes tim ony from ourselves. The  book 
m ay  desirably replace m an y  of the  older and 
o u t-d a ted  works a t  present  occupying va lu
able  space in our  bookshelves.

Metallography of Magnesium

T H E  trans la t ion  by  the  technical staffs of 
F.  A. H ughes a n d  Co., L td . ,  an d  Magne

sium E lek tron ,  L td . ,  of the  original German 
book by W alter  Bulian  and  E berhard  
Fahrenhors t ,  on the m eta l log raphy  o f  m ag 
nesium a n d  i ts  alloys, comes as a corollary 
to the ir  t rans la t ion  o f  B eck’s book, "  Mag
nesium a n d  I t s  Alloys.”  Published by 
F. A. H ughes a n d  Co., L td . ,  a t  a  t ime when 
our  th o u g h ts  are tu rned  to the  post-war

applicat ions of l igh t  alloys which have 
played such a n  im p o r tan t  p a r t  du r ing  the 
war,  this t rans la t ion  fo rm s a  very useful 
con tr ibu tion  to the som ewhat scanty  
information  of the m icrostructures  encoun
tered in the m agnesium alloy field.

T he  a u th o rs  show how microscopical 
exam ination  can  be used to reveal the type 
of alloy, t o  o b ta in  information  as to the 
t rea tm en ts  i t  has  received, and  to  ascertain  
the n a tu re  of  a n y  defects the  m ateria l  may 
contain.  The  m ethods  used for the p repara 
tion of microsections a n d  the e tching 
reagen ts  employed for revealing  certa in  fea
tures  are briefly described. Magnesium 
alloys are divided in to  tw o  broad  groups—  
those which do n o t  con ta in  a lum in ium  and 
those in which a lum in ium -is  p resen t  as an 
alloying const i tuen t .  Pu re  magnesium  and  
b inary  m agnesium -manganese alloys are 
included in the  first group  an d  the  magne- 
s ium-a’uminium-zinc alloys in th e  second. 
T h e  m icrostructures  of  the  common alloys 
in the  sand-cast ,  die-cast,  ex truded ,  forged 
and  rolled conditions are described. The 
effects of add it ions  o f  cerium, calcium, iron 
a n d  silicon are indicated, a n d  reference is 
m ad e  to  the preferential chemical a t t a c k  in 
the  d irection of the basal p lane  a n d  its  effect 
on the course of corrosion in the pu re  metal 
an d  its  alloys.

T h e  book is adequa te ly  i llustra ted  by over 
200 micrographs which have been selected 
from a collection of four t imes t h a t  num ber  
taken  b y  the  a u th o rs  in th e  course of their  
investigations in the  laboratories  of W in- 
tershall A.-G. In  some cases the  a u thors  
have used oblique illum ination  to a d v an tag e  
in order to i llustra te  certain s t ru c tu ra l  fea
tures n o t  so easily revealed by no rm al  ver
tical illumination. T he  a u th o rs  have 
appended  a list of over 100 references, 
chiefly to  works of Germ an origin, to which 
the  t ran s la to rs  have  added  a  fu r ther  list to  
include 'the more recen t  pub lica tions by  
British  a n d  Am erican authors .

” Metallography of Magnesium a n d  I t s  
Alloys ”  is full of in form ation  of the kind 
-which has so long been required by workers  
in the l ight-alloy field. I t  covers the whole 
range  of m agnesium-rich alloys which are  a t  
present  in use, a n d  the t ran s la to rs ’ hope 
t h a t  "  this work will prove to be o f  value to 
all those  interested in magnesium  alloys and  
in m eta llography  ”  is well justified.

Light-alloy Specifications
■Additions a n d  corrigenda to  the  tabu la ted  

su m m ary  of light-alloy specifications, p u b 
lished in "  L ig h t  Metals ”  for  December, 
will be noted in our  F eb ru a ry  issue.
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A l u m i n i u m  a n d  M a g n e s i u m  

i n  t h e  E l e c t r i c a l  I n d u s t r i e s

Continuing his Account from  “  Light 
M etals,”  I 944l7l479> ^ie Author D is 
cusses, in this Instalment, D ifficulties B y
Encountered in the Clamping o f Steel- B. J :  B R A JN IK O F F
cored Alum inium  Cable and th 
of Russian Research in this

F R O M  a  g e n e ra l  a c c o u n t  of t r a n s 
m iss ion  lines,  w h ic h  h a s  a l r e a d y  b e en  
g iv en ,  it  m a y  be  re a d i ly  d e d u c e d  

t h a t  th e  d es ign  of a lu m in iu m  c o n d u c to r s  
fo r  h ig h -v o l ta g e  o v e r h e a d  p o w e r  sy s tem s  
co n s t i tu te s  a  c o m p le x  tec h n ica l  p ro b lem .  
A c c o rd in g  to  co n s id e ra t io n s  p u t  fo rw a rd  
in  th e  p r e c e d in g  sec tion ,  i t  is e v id e n t  t h a t  
c a re fu l  a t t e n t io n  to  t h e  s t r u c tu r a l  a sp ec ts  
of  t h e  c la m p s  f o r  se c u r in g  a lu m in iu m  
cab les  to the  l ine  s u p p o r t s  is of  p a r a 
m o u n t  i m p o r t a n c e  in o rd e r  to m in im ize ,  
a s  f a r  a s  poss ib le ,  c h a n c e s  of m e c h an ic a l  
fa i lu re  of  th e  l ine .  T h is  p a r t  of  t h e  s t r u c 
tu re  h a s  a  v i ta l  b e a r in g  n o t  o n ly  on  th e  
se rv iceab i l i ty  of  the  c o n d u c to r s  t h e m 
selves ,  b u t  a lso  on  th e  ty p e  of s u p p o r t 
ing  to w ers  a n d  th e i r  s p a n n i n g / a n d  t h u s  
on  th e  re l iab i l i ty  o f  th e  en ti re  sys tem .

Design oj Clamps

W e  shall  now , th e re fo re ,  a p p r o a c h  the  
s u b j e c t  still  m o re  closely, m a k in g  u se  of 
d a t a  r e v ea le d  b y  rece n t  resea rch ,  a n d  in 
th e  l ig h t  of  resu lts  o b ta in e d  u n d e r  a c tu a l  
se rv ice  c o n d it io n s .

T a k e  a n  o v e r h e a d  line ,  th e  s u p p o r t s  fo r  
w h ic h  a re  d e s ig n e d  to  w i th s t a n d  the  
s im u l ta n e o u s  r u p tu r e  o f  tw o  c o n d u c to r s  in 
o n e  s ingle  sp a n .  W h e n  i t  is r e m e m b e re d  
t h a t ,  o w in g  to  g r e a t  sp a n s ,  h e a v y  cab les  
a n d  lo n g  c ro ss -a rm s  f o r  c a r r y in g  t h e m  on  
th e  l ine  s u p p o r t s ,  th e  fa i lu re  of ev en  one  
c o n d u c to r  will r e su l t  in  su c h  severe  to r 
s iona l  s t resses as  to  le a d  to  t h e  collapse

Results 
egard

o f  th e  m a s t ,  i t  is  e a s y  to  se e  t h a t  if  th e  
c a b le s  b e  f ix e d  r ig id i ly  in  t h e  c la m p s ,  t h e  
fo rc e s  a c t i n g  u p o n  th e  s u p p o r t  in  th e  
e v e n t  o f  b r e a k d o w n  o f  tw o  c o n d u c to r s ,  
b e in g  o f  th e  o r d e r  o f  s e v e ra l  h u n d r e d  k i lo 
g r a m s ,  im p lie s  a  s t r u c tu r e  f o r  t h e  s u p 
p o r t in g  to w e r  o f  a  v e r y  h e a v y  a n d  c o s t ly  
ty p e .

Merit of Sliding Type

T h is  c i r c u m s ta n c e ,  n a tu r a l l y ,  u r g e d  
d e s ig n e rs  to  s e e k  n e w  w a y s  a n d  m e a n s  o f  
r e d u c in g  s t r e s s e s  r e s u l t in g  f ro m  r u p tu r e  
o f  th e  c o n d u c to r s .  F o r  t h e  p u r p o s e ,  
v a r io u s  ty p e s  o f  s u p p o r t s  w i th  a n  
in c r e a s e d  f le x ib i l i ty ,  a s  w e ll a s  d i f f e r e n t  
m e th o d s  f o r  s e c u r in g  th e  c a b le s  to  t h e  
c la m p s ,  w e r e  s u g g e s te d .  T h u s ,  o n  th e  
o n e  h a n d ,  th e r e  h a v e  b e e n  d e s ig n e d  
s p e c ia l  m e ta l  s u p p o r t s  f i t te d  w i th  t u r n -  
b r a c k e t s ,  th e r e b y  a t t a i n i n g  s t r e s s  r e d u c 
t io n ,  a t  th e  m o m e n t  o f  c a b le  f a i lu r e ,  u p  
to  15 to  20 p e r  c e n t .  O n  th e  o t h e r  h a n d ,  
th e r e  h a v e  a p p e a r e d  n o v e l  ty p e s  o f  
c la m p s ,  c a p a b le  o f  d i s e n g a g in g  th e  c o n 
d u c to r  w h e n  th e  te n s io n  in  i t  e x c e e d s  a  
c e r ta in  sp e c if ie d  v a lu e .  A s  a  r e s u l t  o f  
th is ,  th e  c a b le  s l id e s  in  t h e  c la m p ,  t h e r e 
b y  e q u a l iz in g  th e  te n s io n s  in  n e ig h b o u r 
in g  s p a n s  a n d ,  c o n s e q u e n t ly ,  r e le a s in g  to  
a  c o n s id e ra b le ,  d e g r e e  t h e  s u p p o r t in g  m a s t  
o f  c r i t ic a l  s t r e s s e s , w h ic h  o th e r w is e  m ig h t  
le a d  to  b r e a k d o w n .

I n  th i s  fie ld  o f  s p e c ia l  in te r e s t  a r e  th e  
“ T F ” t y p e  o f  t h e  b n e  s u p p o r t s  m a d e  o f
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w o o d ,  d e s ig n ed  to g ive  in c re a sed  f lexi
b i li ty ,  a n d  a lso  t h e  s lide  c la m p s  a s  
re ce n t ly  a d o p te d  on som e  o f  the  h e a v y  
d u t y  l ines in  R u ss ia .  T h ese  c lam p s ,  b y  
a l lo w in g  th e  c ab le  t o  m o v e  free ly  in th e  
case  of a n y  excess ten s io n s  in th e  line, 
were  ab le ,  p ra c t ic a l ly ,  to  g u a r d  t h e  s u p 
p o r t  a lm o s t  c o m p le te ly  f ro m  ov e rs t res s 
ing. A s a  co n se q u en c e ,  th e re  h a v e  been  
a ch ie v e d  v e r y  a p p re c ia b le  econom ic  
a d v a n ta g e s  in  th e  c o n s t ru c t io n  o f  t r a n s 
m ission  lines.  I t  b e c a m e  poss ib le  to 
increase  sp a n  len g th s  u p  to  200 to  225 
m etres ,  a n d  s im p li fy  t h e  e rec t ion  of 
c o n d u c to r s .  T h u s  th e  to ta l  c o n s t ru c t io n  
cost  of one  k i lo m e tre  o f  h ig h -v o l ta g e  
o v e r h e a d  l ine  co u ld  be  r e d u ced  b y  15 to 
20 p e r  cen t .

Difficulties with S.C.A.
H o w e v e r ,  a ll  these  a d v a n t a g e s  a cc ru in g  

f rom  the  a p p l ic a t io n  of slide c la m p s  w ere  
a sso c ia ted  w i th  t h e  use  o f  c o p p e r  c o n d u c 
tors. I n  a t t e m p t s  to  ut il ize  su c h  c la m p s  
in c o n n ec t io n  w i th  s teel-cored  a lu m in iu m  
cab les ,  i t  h a s  been  fo u n d  t h a t  th e y  are  
to ta l ly  u n su i ta b le  o n  a c c o u n t  of t h e  l ik e 
l ih o o d  of se r ious  d a m a g e  to  th e  sof te r  
m e ta l ;  th e  des igners ,  th en ,  w e re  a g a in  
c o n f ro n te d  w i th  the  o r ig in a l  p ro b lem  of 
e rec t in g  th e  l ine  s u p p o r t s  fo r  th e  c o n 
d u c to r s  a t t a c h e d  b y  m e a n s  of t h e  c lam p s  
of a  f ixed ty p e ,  n e cess i ta t in g  s t ro n g e r  s u p 
p o r t in g  m as ts .  H e n c e  th e  co s t  p e r  k i lo 
m e t re  of a  s ing le-c i rcu i t  l ine a t  110 k v .  
c a lc u la te d  fo r  a n  e q u iv a l e n t  c o n d u c t iv i ty  
( fo r  e x a m p le ,  w i th  c o p p e r  of  95 m m . 2 
cross-sec tion ,  a n d ,  c o r re sp o n d in g  to this ,  
193.7 m m . 2 fo r  s teel-cored  a lu m i n iu m ) ,  
w a s  f o u n d  to  be  h ig h e r  fo r  s tee l-re in forced  
a lu m i n iu m  c ab le s  t h a n  t h a t  fo r  c o p p er  
c o n d u c to r s .

I f  w e  n e g le c t  a  s l ig h t  increase  in  s t ru c 
t u r a l  w e ig h t  o f  l ine  s u p p o r t s  d u e  to  a  
h ig h e r  w in d  p re ssu re ,  w h ic h  is in ev i tab le  
a s  the  d i a m e te r  of  s teel-cored  a lu m in iu m  
c ab le  is a p p r o x im a te ly  1.5 g r e a t e r  t h a n  
t h a t  o f  th e  c o p p e r  co n d u c to r ,  i t  is to  be  
e x p e c te d  th a t ,  in the  e v e n t  of e rec t ing  
s tee l- re in fo rced  a lu m in iu m  cab les  in slide 
c la m p s ,  the  s a m e  v a lu e s  of  co s t  w ou ld  
r e su l t  fo r  o n e  k i lo m e tre  of  th e  t r a n s m is 
sion l ine  as  fo r  those  e m p lo y in g  c o p p e r  
c o n d u c to r s .  H e n ce ,  in th is  case, th e

s t r u c tu r e  of  th e  s u p p o r t s  w o u ld  n o t  
re q u ir e  a n y  se r ious  m od if ica t ions ,  b u t  
w o u ld  a l low  th e  u t i l iza t ion  of t h e  s u p p o r t 
ing  m a s ts  d e s ig n ed  fo r  c o p p e r  co n d u c to rs ,  
b y  m e re ly  re p la c in g  th e  l a t t e r  b y  steel- 
co red  a lu m in iu m  cab les ,  a n d ,  k e e p in g  th e  
s a m e  sp a n ,  o n ly  s t i ffening th e  m a s t  b y  
m e a n s  o f  tw o  d iag o n a l  ties. T h u s ,  
d e p e n d in g  on  th e  re la t iv e  p r ices  for  c o p 
p e r  a n d  a lu m in iu m ,  th is  m e th o d  in t ro 
d u ces  e conom ic  a d v a n t a g e s  o n  th e  p a r t  of 
s tee l -re in fo rced  a lu m in iu m  cab les .  I t  is 
c le a r  t h a t  th e  successfu l  so lu t ion  of th is  
p ro b le m  d i rec t ly  d e p e n d s  as  to w h e th e r  or 
n o t  it is poss ib le  to  c o n s t ru c t  a  su i tab le  
s lide  c la m p  for s teel-cored  a lu m in iu m  
cab le .

T h e  fu n d a m e n ta l  re q u i r e m e n ts  to  
w h ic h  th e  des ign  of a n y  slide  c la m p  sh o u ld  
co n fo rm ,  i r resp ec tiv e  o f  the  c o n d u c to r  
m a te r i a l  w h ic h  it  h a s  to  s u p p o r t ,  m a y  be 
fo rm u la te d  as  fo l low s:—

( 1 ) T h e  w e a r  o f  t h e  c o n d u c to r  in the 
c la m p  m u s t  be  r e d u c e d  to a  m in im u m .

(2) T h e  effort  n e ce ssa ry  to m o v e  the  
c o n d u c to r  in t h e  c la m p  sh o u ld  h a v e  a  
suffic iently  la rge  v a lu e  in o r d e r  to  a v o id  
c o n s t a n t  d isp la c e m e n t  of t h e  cab le  a n d ,  
co n se q u en t ly ,  its  excess ive  w ear .

(3) T h e  v a lu e  o f  th is  e ffort  sh o u ld  n o t  
b e  so g r e a t  a s  uselessly  to  increase  th e  
lo ad in g  o f  th e  l ine  s u p p o r t  a t  th e  m o m e n t  
o f  r u p tu r e  o f  the  cab le .

(4) O ne  a n d  th e  s a m e  c la m p  sh o u ld  b e  
ab le  to a c c o m m o d a te  c o n d u c to r s  of 
v a r io u s  cross-sections,  i .e . ,  i t  m u s t  b e  of 
u n iv e r s a l  a p p l ic a t io n .

Special Wear Problems

W h e n  th e  p ro b le m  of a d o p t in g  c o p p e r  
s lide  c la m p s  fo r  c o p p e r  c o n d u c to r s  w as  
first p u t  f o rw a rd ,  n o  a p p re h e n s io n  was 
fe lt  a s  re g a rd s  excess ive  w e a r  a n d  t e a r  of 
th e  c ab le  m a te r ia l .  I t  w a s  a n t i c ip a te d  
th a t ,  a l t h o u g h  w e a r  w as  b o u n d  to  take  
p lac e ,  i t  w o u ld  o c c u r  to  a  v e r y  l im ited  
e x te n t  on ly .  B y  a n a lo g y ,  i t  w as  t h o u g h t  
t h a t  a  s im ila r  p i c tu r e  sh o u ld  h o ld  good  for 
stee l-cored  a lu m in iu m  cab le  o r  p u r e  a l u 
m in iu m  c o n d u c to r  in a  slide c la m p  m a d e  
of a lu m in iu m .  I n  e i th e r  case,  t h e  c o n 
d u c to r  m a te r i a l  is p l a c e d  u n d e r  re la t iv e ly
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iden t ica l  c o n d i t io n s  a n d ,  co n se q u en t ly ,  
w e a r  a n d  d a m a g e  o f  t h e  m a te r i a l  sh o u ld ,  
e ssen tia l ly ,  be  s im ila r .

T o  c le a r  th is  q u es t io n ;  th e re  w ere  
ca r r i e d  o u t  spec ia l  e x p e r im e n ts  a t  the 
T c h e ly a b in s k  S ta te  R e g io n a l  E lec tr ic  
P o w e r  S ta t io n ,  R u ss ia .  H e re ,  u n d e r  th e  
g e n e ra l  d i rec t io n  o f  R a k u s h e f f 1, c o m p r e 
hens ive  tes ts  w ere  m a d e  on  th e  requ is ite  
ty p e s  of s lide  c l i m p .  T h r e e  t y p e s  w ere  
tes ted .  T h e  first w a s  of cas t  i ron ,  h a v in g  
tw o  cas t - i ro n  ro l le r  bea r in g s ,  a n d  re p re 
se n ted  a  v a r ie ty  e m p lo y e d  fo r  su p p o r t in g  
c o p p e r  c o n d u c to r s  w i th  a  c ross  sec tion  of 
95 m m . 2 on  th e  S o u th  U ra l s  n e tw o rk  
o p e r a t e d  a t  110 k v . ,  a n d  w i th  a n  a g g re 
g a te  len g th  of a b o u t  280 kilonrs. T h e  
second  ty p e  w a s  of t h e  sa m e  des ign ,  b u t  
w i th  a lu m in iu m  ro l le r  b e a r in g s .  This 
fo rm  w a s  m a d e  to s u p p o r t  s teel-cored  a l u 
m in iu m  cab les  w ith  a  c ross  sec tion  of 
95 m m . 2. T h e  th i rd  ty p e  w as  o f  a 
shu t t le - l ik e  p a t t e r n  a n d  d es ig n ed  fo r„sup-  
p o r t in g  s tee l -re in fo rced  a lu m in iu m  cab les  
of the  s a m e  d i a m e te r  (95 m m . 2) ;  i t  w as  
w h o l ly  o f  a lu m in iu m  shee t .

T h e  e x p e r im e n ts  w ere ,  fi rs t  o f  all , c o n 
c e r n e d  w i th  t h e  e v a lu a t io n  o f  w e a r  a n d  
t e a r  o f  the  c o n d u c to r  in t h e  course  of its 
m o v e m e n t ,  a n d  the  d e te rm in a t io n  o f  the. 
e ffo r t  re q u ire d  to  d isp lac e  t h e  cab le ,  t h a t  
is, th e  force  n ecessa ry  to o v e rco m e  th e  
f r ic t ional  re s is tance  o f  th e  c ab le  u p o n  
th e  in n e r  su r face  o f  t h e  c la m p .

T h e  b o d y  of t h e  c la m p  w a s  p u t  on  a 
s t re tc h e d  cab le ,  a f te r  w h ic h  th e  n ece ssa ry  
load  w as  a p p l i e d  to  th e  c la m p ,  a n d  the  
v a lu e  o f  t h e  s l id ipg  f r ic t ion  e s t im a te d .  
T h e  first  to  u n d e r g o  te s t  w as  a  s teel-cored  
a lu m in iu m  c ab le  in a  c la m p  fu rn ish e d

w i th  a lu m in iu m  rol le r  b e a r in g s ,  fo l low ed  
b y  th e  c o m p a r a t iv e  tes ts  o n  th e  c o p p e r  
c o n d u c to r  in t h e  s l ide  c la m p  w i th  cas t-  
i ron  ro l le r  b e a r in g s .  T h e  re su l ts  of th e  
tes ts  a re  g iv en  in T a b le  1.

Conductor Damage
!

T h ese  c la m p s  w ere  fo u n d  to  cau se  g re a t  
d a m a g e  to  t h e  c o n d u c to r s ;  im m e d ia te ly  
a f te r  th e  first  s l id ing  m o tio n ,  d e ep  
sc ra tc h e s  a p p e a r e d  on  t h e  cab le .  T h e  
in ju r y  to  th e  c o n d u c to r  in d u c e d  b y  th e  
ro l le r -b ea r in g  c la m p  w a s  of a  c h a r a c t e r  
s o m e w h a t  d i f fe ren t  f ro m  t h a t  c a u s e d  b y  the  
s h u t t le - tv p e  c la m p .  I n  t h e  first  case ,  i t  w a s  
o b se rv ed  t h a t  in th e  i n d iv id u a l  s t r a n d s  
o f  th e  c ab le  d e fo rm a t io n  to o k  p lace .  
O w in g  to  t h e  sm a ll  c o n ta c t  a r e a  b e tw ee n  
t h e  ro l le r  b e a r in g  a n d  th e  cab le ,  s e p a ra te  
s t r a n d s  of t h e  l a t t e r  b e c a m e  f la t ten ed  a n d  
its su r fa ce  g r a d u a l ly  a s s u m e d  a  g lossy  
a p p e a r a n c e .  T h e  c r u s h e d  s t r a n d s  s p r e a d  
o u t ,  fill ing th e  cav i t ie s  o f  t h e  cab le ,  so 
t h a t  f inal ly  i t  to o k  on  th e  a p p e a r a n c e  of 
a  sm o o th  m e ta l  ro d .  T h e s e  a l te ra t io n s  
o c c u r re d  w i th  b o th  t h e  a lu m i n iu m  a n d  
c o p p e r  cab les  w i th in  a p p r o x im a te ly  th e  
s a m e  p e r io d  o f  t im e .  F ig s .  2 a n d  3 
i l lu s t ra te  t h e  a p p e a r a n c e  of t h e  c o p p e r  
a n d  s tee l -co red  a lu m i n iu m  cab les  p r io r  to  
a n d  a f t e r  th e  test.

A s m a y  b e  seen, the  c h a n g e  in th e  
s t ru c tu re  o f  the  c ab le s  is so m a r k e d  t h a t  
t h e  a p p l i c a t io n  of th is  t y p e  of c la m p  is 
o u t  of  th e  q u e s t io n .  S u c h  a  r e su l t  w as  
o b ta in e d  a f te r  a p p r o x im a t e ly  350 m o v e 
m en ts  o f  t h e  c la m p  fi t ted  w i th  a lu m in iu m  
ro lle r  b e a r in g s .  D e fo rm a t io n  of th e  
c ab le  b eg ins  a t  once ,  g r a d u a l ly  increases ,

Table 1.

No. Clamp Conductor Vertical 
load, kg.

Effort required 
to move 

conductor in 
clamp, kg.

Static coefficient 
of friction

Partial Average
1 Cast-iron clamp having two 

cast-iron roller bearings Copper of 95 mm.- cross- 
section 100

200
300

8
14-
23

0.080
0.070
0.077 j. 0.0757

2 Same design furnished with 
aluminium roller bearings Steel-cored aluminium of 

95 mm.- cross-section 200 18 0.090 -

3 Aluminium rollerless,
shuttle-like pattern

Steel-cored aluminium of 
95 mm.2 cross-section 200 100 0.500 -
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No. Clamp Conductor Vertical load,
kg.

Effort required 
to move con

ductor in clamp, 
kg-

Static coefficient of friction

Partial Average

1 Oak Steel-cored 100 26 0.260 Ialuminium of 
95 mm.2 

cross-section
200
300

51
79

0.255
0.263

I 0.259

2 Spruce Steel-cored 
aluminium of 95 mm.2 
cross-section

100
200
300

20
44
67

0.200
0.220
0.223

j- 0.214 
f

a n d  u l t im a te ly  lea d s  to  a  co m p le te  loss 
of i ts  o r ig in a l  sh a p e  a n d  th e  acq u is i t io n  
of a  du l l  m a t t  a p p e a r a n c e .  I n ju r ie s  su s 
t a in e d  b y  th e  su r fa ce  of t h e  c o n d u c to r  
in d ic a te  c o n s id e ra b le  effect o n  its  
m ec h a n ic a l  ch ara c te r i s t ic s ,  in p a r t icu la r ,  
its ten s i le  s t r e n g th .  T h u s  a  cab le  su s
p e n d e d  in  ro l le r  c la m p s  will, in th e  course  
of t im e ,  d u e  to  c o n s t a n t  m o v em e n t ,  
b eco m e  n o tc h e d  a n d  c o n s t r ic ted ,  fea tu res  
w h ic h  in e v i t a b ly  l e a d  to  an  in c re a sed  r isk  
of m ec h a n ic a l  fa ilure .

Need for Adequate Friction

T h is  t y p e  of c la m p  sh o u ld  a lso  be  c o n 
s ide red  a s  u n su i t a b le  fo r  t h e  r e a so n  t h a t  
s l id in g  f r ic t io n  is v e r y  s l igh t;  th e re fo re ,  
a n y  o ccu r re n ce  of in e q u a l i ty  in t en s io n  
a lo n g  th e  c o n d u c to r  (ev en  o f  so  sm all  a n  
o r d e r  a s  f r o m  15 to  20 k g . ).  w h ic h  m a y  
a r ise  in n e ig h b o u r in g  sp a n s ,  in s ta n t ly  
re su l ts  in t r a n s la t io n a l  m o t io n  of th e  
c ab le .  I t  is t ru e  t h a t  th e  su sp en s io n  of 
th e  c ab le  to  t h e  s t r in g  of in su la to rs ,  d u e  
to  t h e  flexib i li ty  of th e  l a t te r ,  r e d u ces  
m o v e m e n ts  o f  t h e  c o n d u c to r s  in  th e  
c la m p s ;  n o n e  t h e  less,  in ju r ie s  su s ta in ed  
b y  th e  su r fa ce  of the  c ab le  a t  th e  p o in ts  
of its  c o n ta c t  w i th  t h e  ro l le r  b e a r in g s  still 
r e m a in ,  e v e n  in t h e  case  o f  co m p le te  
im m o b i l i ty  of th e  en t i re  sy s tem ,  a s  t h e  
specific lo a d in g  a t  t h e  a re a  of c o n ta c t  is 
too  g reat .

T h e  roller-less , sh u t t le - ty p e  c la m p  c o n 
s t ru c te d  w h o l ly  o f  a lu m in iu m  sh e e t  h a s  a  
d i s t in c t  a d v a n t a g e  o v e r  t h e  ro l le r  c la m p  
in t h a t  i t  g ives  a  h ig h  s ta t ic  f r ic t ion ,  i .e . ,  
t h e  force ,  w h ich  m u s t  b e  a p p l i e d  b e fo re

t h e  c ab le  s t a r ts  to  m o v e ,  is a p p rec ia b le ,  
a t t a in in g  t h e  v a lu e  o f  a b o u t  100 kg. 
T h u s ,  c a s u a l  d i sp la c e m e n t  of t h e  c o n 
d u c to r  c o n se q u e n t ,  f o r  e x a m p le ,  on 
u n e q u a l  lo a d in g  of th e  n e ig h b o u r in g  
s p a n s  w i th  ice co a t in g s ,  a re ,  to a  g re a t  
e x te n t ,  o b v ia te d ,  b u t  a t  t h e  sa m e  t im e  
d a m a g e  to  th e  c a b le  a s  a  r e su l t  of m o v e 
m e n t  in  th e  c la m p  is still  v e ry  su b s ta n t ia l .  
F r i c t io n a l  re s is tan ce  is so in ten se  t h a t  
ev en  a  s ingle  m o t io n  o f  t h e  c o n d u c to r  in 
th e  c la m p  is e n o u g h  to  p a r e  off sh a v in g s  
f r o m  th e  b o d y  of t h e  c ab le  u p  to  
0 .5 -1 .0  m m .  thicjr .

So, in th e  e v e n t  of r u p t u r e  o f  a  c o n 
d u c to r  in  t ran s m is s io n  sy s te m s  e rec ted  in 
s lide  c la m p s  of t h e  ro l ler- less  (or s h u t t le 
like) , ty p es ,  th e  su rface  of t h e  c ab le  is 
b o u n d  to  b e  se r iously  sc ra tc h e d .  T h i s  is 
b o u n d  to  in v o lv e  a n  ev er- in c re a s in g  risk  
o f  m e c h a n ic a l  fa i lu re  of t h e  l in e  a f te r  
eac h  b r e a k d o w n .

T h e  m o s t  efficacious w a y  to  p r e v e n t  
i n ju r y  to  t h e  su rface  o f  th e  c ab le  in t h e  
s l ide  c la m p  is e i th e r  to  c o n s t r u c t  t h e  
e n t i re  c la m p  o f  a  m a te r ia l  w h ic h ,  b y  
v i r tu e  o f  its  so f tness ,  is in ca p a b le  of  
d a m a g i n g  th e  c o n d u c to r ,  o r  to  m a k e  f rom  
th is  m a te r i a l  o n ly  those  p a r t s  of  th e  c la m p  
w h ic h  a re  in  d i rec t  c o n ta c t  w i th  t h e  cab le .  
F o r  in s tan ce ,  i t  w o u ld  b e  poss ib le  to  fit 
in a  c la m p  ' o f  t h e  s h u t t le  t y p e  a  l in in g  
of lead ;  h o w e v e r ,  su c h  a  so lu t ion  c a n n o t  
be  r e g a rd e d  as  su i tab le  fo r  steel-cored  
a lu m in iu m  cab les  on  a c c o u n t  of  the  
d a n g e r  of  e lectro ly tic  co rros ion .

O n  th e  bas is  o f  these  c o n s id e ra t io n s  i t  
w as  d e c id ed  to t ry  w o o d  as  a  c o n s t ru c t io n  
m a te r i a l  fo r  th e  s lide  c la m p s .  W i t h  a p p ro -
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p ria te  d im ensions, a  c lam p m ade of su it
ab le  hardw ood (fo r exam ple, oak) will 
have  qu ite  ad eq u a te  m echanical strength  
a n d  a t  th e  sam e tim e will p rov ide  reason
ab le  assu rance  th a t  the conduc to r will not, 
u nder norm al w orking conditions, be sub 
jected to dam age. T he only  adverse 
fac to r in th is  case (and  one very  difficult 
to o b v ia te ) is, of course, the com bus
tib ility  of w ood. H ow ever, the possibility  
of ignition of the w ooden clam p can be 
reduced by  m eans of p roper design.

A general a rran g em en t of the com 
p o n en t p a rts  in th e  slide c lam p con
structed  of w ood is illu stra ted  in F ig . 4.

T he possib ility  of w ater abso rp tion  by  
the wood a n d  th e  leach ing  o u t of corrosive 
substances is ap p aren tly  ignored here. 
O ak does n o t seem  the happ ies t choice of 
h a rd  wood, and  beech w ould appear, on 
the face of it, m ore suitable. T he  use 
of certa in  ru b b er m ixes, or of the ru b b er
like plastics (e .g ., po ly isobu ty lene), 
m igh t also be investigated .

O ak Proves Satisfactory

W ith  the oak clam ps, a fte r a  great 
num ber of m ovem ents, no traces of in ju ry  
to the conduc to r w as observed , the only 
result of a  "  w orking ”  being the fo rm a
tion  in the wood of a groove ab o u t 3 mm . 
deep. T he  spruce clam p w as found to be 
less su itab le , as the groove form ed in it 
w as deeper, th e  value  of the sta tica l fr ic 
tion was from  15 to 20 per cen t, sm aller 
than  for oak , and  the cru sh ing  of the ou ter 
layers of the  spruce was m ore consider
ab le . In  both  cases the slid ing of the 
cab le  in the clam p w as across the  g ra in , 
i.e ., a t righ t angles to the direction  of the 
wood fibres.

In  o rder to app roach  correctly  the 
ev a lua tion  of the results ob ta ined , it  is 
essential, first, to consider those forces 
w hich ac t upon the conducto r u nder 
norm al conditions of service. T he com 
pa ra tiv e  values of these forces are  p re
sented  in  T ab le  3.

M aking use of th e  sta tic  coefficient of 
fric tion , as g iven in  T ab le  2, it is easy to 
estim ate th a t th e  va lue  of the sliding force 
fo r a  steel-cored a lum in ium  cable of 
95 m m .2 cross-section in  th e  w ooden (oak) 
clam p is ab o u t 34.7 kg. w ith a span of

Fig. 3 (above).—Cable 
lengths as in Fig. 2 after 
test. Note flattening of 
the individual strands 
composing cable, also 
evidence of kinking and 
grooving. This damage 
resulted from sliding of 
the cable in contact with 

the metal surface.

Fig. 4 (right). — 
Viewof the wooden 
slide clamp in the 
assem bled  and 
dismantled state. 
Note radius given 
to lower side of 
slide. Results of 
tests of clamps of 
this type in oak 
and spruce are 
sum m arized in 
Table 3. The soft
wood grooved too 

readily.

Fig. 5 (below).—Diagram of the composite wood- 
metal slide clamp: side view and cross-section. 
The general view shows the component parts 
together with a superimposed metal plate on which 
are mounted horn gaps. Side view shows the 
position of the conductor on the wooden cushion 
and details of method for fixing structural elements 

to the frame.
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200 m etres, and  ab o u t 43.4 kg. w ith  a 
sp an  of 250 m etres, in the absence of w ind 
and  ice coating . In  relation  to  the w ind 
load  (free from  ice coating) th is consti
tu tes in bo th  cases 38.6 per cen t., i.e ., 
over one-th ird  of the w ind pressure. W ith 
a  c lam p of the  ro ller-bearing  type, on the 
basis of th e  d a ta  of T ab le  1, we ob ta in  a 
sliding friction equal to 12.1 kg. w ith a 
span  of 200 m etres an d  15 kg . w ith a span  
of 250 m etres. In  o ther w ords, in 
o rder to  m ove ,the cable in th e  clam p, it 
is necessary  to  app ly  a pu lling  effort, the 
value  of w hich is, approx im ate ly , only 
13.3 per cent, of the w ind pressure.

Surface Damage Avoided

As is seen, the risk of in ju ry  to the con
ductor, in the even t of using th e  ro ller 
type  of clam p, is m uch  m ore serious th an  
th a t from  the wooden clam ps, in conse
quence of the. considerab ly  grea ter 
m obility  of th e  cable supported  b y  roller 
bearings. T h is is qu ite  understandab le , 
fo r the fluctuations in th e  force of w ind, 
w hich lead  to  th e  varia tio n  in  th e  w ind 
loading on the conducto r in the tw o neigh
bouring  spans by 38.6 p e r cen t., are of 
m uch less frequen t occurrence th an  those 
w ith a  change of load of 13 per cent. 
T hus, w ith  the oak  clam ps, m ovem ents of 
the cable will tak e  place less frequen tly  
th an  in the case of th e  ro ller-bearing 
d am p s . As the w ooden u n it; as such, is 
incapable of causing dam age to  con
ductors, it follows th a t  reduction  of cable 
m ovem ents in  th e  c lam p is of in terest 
m erely from  the v iew po in t of a  decrease 
in the w ear and  tea r o f the d a m p  itself, 
and  of avoid ing  excessive sag, w hich is 
observed w ith  the ro ller-type clam p.

H itherto , we h ave  d ea lt w ith  a  cable 
assum ed to  be  free from  ice coating. 
S peaking generally , in th e  even t of ice- 
load ing  on the conductors, the possib ility  
of th e ir  m ovem ents in the clam ps is 
g rea tly  d im in ished . N evertheless, here 
again , w ooden clam ps h ave  an  advan tage  
over those of the roller type , for in o rder 
th a t the cable m ay begin to slide, it is 
necessary th a t the w eight of ice form ed 
on th e  conducto r in the  neighbouring  span 
(w hich, p rio r to  th is, w as com pletely  free 
from  the ice load) should be, approxi-

Fig. 2 (above).—Shown 
here are two lengths of 
cable, one in copper (A) 
and one in steel-cored 
aluminium (B) prior to 
testing in various types 
of clamp under opera
ting conditions. Note 
clear demarcation of 

component strands.

Fig. 1 (above, left). 
—View of two 
types of slide 
clamp designed for 
supporting steel- 
cored aluminium 
cable. These types 
were teste  d by 
Rakusheff and are 
described in this 
account. The alu- 
mimum-roller type 
and the rollerless 
form in aluminium 
sheet are shown.
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m ately , from  45 to 52 kg., depend ing  on 
the length  of the span , as aga in s t from  15 
to  18 kg. in  th e  case of th e  ro ller-bearing 
clam ps.

As the average  com pressive streng th  of 
ice, depending  on tem pera tu re , is from 
10 to 25 k g ./c m .2, it is obvious th a t the 
force required  to  crush  th e  ice crust 
form ed on th e  cable will be very  sm all. 
Indeed , assum ing  th a t  th e  coating  form ed 
close to the c lam p is 20 m m . th ick , we will 
have, for a  steel-cored alum in ium  cable 
of 95 m m .2 cross-section, a to ta l ice area 
equal to  ab o u t 1.3 cm .2 T he shearing  
force requ ired  to  cu t th is  lay e r will be 
from  13 to 33 kg., an  average  of ab o u t 
19 to  20 kg.

B y m aking  use of the foregoing d a ta , it 
is possible to  tab u la te  genera l values of 
th e  forces requ ired  fo r the sliding m otion 
to  occur in the clam p u nder various con
d itions of loading, as ind ica ted  in T ab le  4. 
These values have  been com puted  for a 
steel-reinforced . a lum in ium  cable of 
95 m m .2 cross-section.

T hus, if th e  conductors be calcu lated  
for sendee  a t  a  tem p era tu re  ju s t under 
freezing po in t (say, —5 degrees C .), w ith 
a tten d an t w ind loads an d  ice coatings, 
then , in the even t of failure of the cable, 
it is necessary  to  reckon th e  torsional 
stresses w hich the line su p p o rt should  
w ithstand  a t  n o t over 150 kg. O n th e  
o th e r h an d , in the case of calcu lations for 
conductors for d u ty  a t  low er tem pera tu res 
(say, — 40 degrees C .) , b u t in th e  absence 
of w ind, it is sufficient to  design a  support 
capable of w ithstand ing  forces produced 
by breakdow n of ’ the cable as equal to 
50 kg.

In  either case, w ith  spans of 200 to  250

m etres, w ind' p ressure is th e  decisive fac
to r. T he  w orst conditions for overhead  
transm ission line involve a  com bination  
of low tem pera tu re , w hich tends to 
d im inish  the  sag, and  snow  or ice coat
ings, w hich, in add ition  to  increasing the 
w eight p e r u n it leng th  of the cable and  
th u s augm enting  the sag, also increase its 
overall p ro jec ted  area  per u n it length; 
consequently , w ind pressures, due to the 
som ew hat la rg e r d iam eter o f steel-cored 
alum in ium  cables, m ay  m ake the total 
re su ltan t load  sufficiently h eav y  to  ta x  to 
the lim it th e  m echanical streng th  of the 
line suppo rt and  even im peril th e  p e r
form ance of its du ties.

Improved-wood Clamps

As a lready  m entioned , the easy com 
bustib ility  of wood is an  adverse  fac to r 
m ilita ting  against its adop tion  a s  a  con
struction  m ateria l for th e  w ooden slide 
clam ps in transm ission  lines. A no ther 
very  serious shortcom ing  of wood is its 
liab ility  to  decay . N evertheless, b y  the 
app lica tion  of su itab le  m ethods of trea t
m en t b o th  these d raw backs can , to  a  g rea t 
ex ten t, be m itigated .

In ju ry  to  the clam ps due to  flash-over 
across th e  string  of in su la to rs m ay  be 
com bated  by  fitting the usual pro tec
tive devices, such as ho rn  gaps. As, 
how ever, protection  aga in s t the d irect 
action  of arcing  should  be g iven  n o t only 
to  the w ooden clam p, b u t  to th e  conducto r 
itself, it follows th a t  the s tru c tu re  of the 
c lam p should possess som e m etal conduc t
ing com ponent, w hich is d irectly  con
nected w ith  the conductor, w here, then , 
the horn  gaps m ay  be m ounted.

T h is m etal p a r t of the  w ooden clam p

Table 3.

Conductor Span,
metres

Weight of 
conductor 
in span, 

kg.

Tension in 
conductor 
free from 

ice-coating, 
kg.

Wind load 
with ice- 
coating, 

kg.
Ice-loading,

kg.

Weight of 
conductor 
with ice- 
coating, 

kg.

Copper of 95 mm,2 cross-section 200 169 60.6 156.3 127.4 297
Copper of 95 mm.2 cross-section 250 211 75.8 195.4 159 370Steel-cored aluminium of 95 mm.2 cross-

section 200 134 90.3 186.4 162.6 297Steel-cored aluminium of 95 mm.2 cross-
section 250 167.5 112.8 233 203 372
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Table 4.

23

Span,
metres

Nature of force, 
load

Weight of 
conductor, 

kg-

Resultant load 
comprising weight 

of conductor -f wind 
pressure, kg.

Weight of 
conductor -f- 
ice-coating, 

kg.

Resultant force comprising 
weight of conductor -f- 
ice-coating ~ wind- 

loading, kg.

200 Resultant tension in con
ductor

134 162 287 315

200 Effort required to move 
conductor in clamp

34.7 42 77 91 -f 20* 111

250 Resultant tension in con
ductor

167.5 202 373 407.5

250 Effort required to move 
conductor in clamp

43.5 52.4 96.5 111 +  20" 131

N.B.—20* is average shearing force, in kg., required to cut the layer of ice.

should no t carry  any  o i th e  conduc to r’s 
load, the w hole w eight of w hich m ust be 
supported  by  the w ooden body  of the 
clam p. F ig . 5 illustrates the construction  
of a  m ixed  w ood-m etal slide clam p fu r
nished w ith a top m etal p la te  w hich 
carries the horn  gaps and  ensures the 
by-pass flow of cu rren t aw ay  from  the 
wooden p arts , th u s p ro tecting  the wooden 
body  of the un it from  the ill-effects of 
arcing .

Design o f  IV ojd-M eta! Clamps

In  th e  construction  of slide c lam ps of 
th is type  care should  be taken  to p rev en t 
the form ation of closed electro-conductive 
contours, w hich are  insu lated  by  m eans of 
in terposed w ooden com ponents from  the 
horns of th e  arc-suppressing  device, as 
o therw ise, in  such  a case, there is 
ob ta ined  a  short-circu ited  transfo rm er 
causing  an  ex tra  loss o f energy in th e  line, 
h ea ting  of th e  short-circu ited  p a rts  of the 
clam p, a n d  an  increased d isp lacem ent of 
phases.

In  the com posite clam p, w hich is 
housed in a  m etal fram e, as depicted  in 
F ig . 5, a ll the tensile stresses are carried  
by  th e  m etal com ponents, w hilst the 
w ooden p a rt serves only as a  com pression 
m em ber ac ting  as a cushion for th e  sus
pended  cable.

To p rev en t excessive w ear of the 
clam ps, th ey  m ust be designed in such  a 
m anner th a t  p ressu re  exerted  b y  the 
w eigh t of the cable on  th e  w ooden com po
nen ts should no t exceed, for oak, 10-15 
kg. per square cen tim etre  of th e  p ro 

jected  a rea  of th e  conduc to r upon  the 
p lane  of th e  clam p.

T he com bustib ility  of the w ooden 
stru c tu re  o f the  c lam p can, to  a  consider

a b l e  degree, be averted  by selecting a  
h a rd , dense v a rie ty  of wood, w hich  is d if
ficult to  ignite, for exam ple, oak . G ener
ally  speak ing , ac tu a l b u rn in g  of the 
c lam ps con tain ing  w ooden elem ents could 
hard ly  be expected u n d e r the usual condi
tions of service in  overhead  transm ission 
lines. W h a t m ay  occur, how ever, is 
superficial charring , w hich, fortunate ly , 
does n o t affect the m echanical streng th  of 
the un it, for, as is know n, u n d er the 
action  of a  flam e, wood loses its  s treng th  
fa r  m ore slowly th a n  m etal.

T he  coating  of w ood w ith various fire
proof m edia a n d . pa in ts, o r its trea tm en t 
w ith  special anti-flam e com pounds canno t 
be recom m ended, as m ost of these com 
positions are no t indifferent to  alum in ium . 
O ne of th e  m ost effective m eans for the 
p ro tection  of the w ooden p a rts  of the 
clam p is its im pregnation  w ith  a  com 
pound chem ically  inert to  the conducto r 
m ateria l, such  as, fo r instance, resins th a t 
a re  perfectly  neu tra l to  lig h t m etal; 
a lte rnative ly , the w ooden elem ents m ay 
be coated  w ith a  th in , tough  lay e r of 
a lum in ium  by  m eans of the sp ray  gun. 
M etallized wood will be pro tected  not 
m erely  from  ignition, bu t largely, also, 
from  decay.

F ro m  a general list of chem ical su b 
stances used for p reservative  tre a tm en t of 
w ood, there  should  be excluded those 
com pounds w hich co n ta in  ce rta in  h a lo 
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gen com pounds (e.g ., chlorides) on 
accoun t of the ir deleterious action on 
a lum in ium . F o r the sam e reason, the 
oxides and  o ther com pounds of heavy  
m etals should  also be re jec ted ; chrom ium  
com pounds m ay  possib ly  be ad m itted  fo r 
use here, how ever. A  good all-round  
m ethod  consists in surface trea tm en t, or, 
b e tte r still, in im pregnating , w ith 
phenolics or o ther type  of syn thetic  
resins, fo r exam ple, by  the process 
developed by the au th o r .2

Treatment M edia to A vo id

P a in tin g  of the w ooden elem ents of 
slide c lam ps w ith  boiled linseed oil, or 
the ir im pregnation  w ith tran sfo rm er oil, 
m u s t be avo ided— th e  form er on accoun t 
of th e  inadequacy  of the results ob ta ined , 
and  the la tte r  in consequence of the 
a lm ost tw o-fold reduction  of th e  friction 
coefficient of the conducto r in the clam p, 
an d , m oreover, ow ing to  th e  increased 
fire h aza rd  of a  pe tro leum -im pregnated  
w ood.

Of the m ethods now em ployed w ith a 
view  to reducing  th e  to rsional forces, to 
w hich the line suppo rt is sub jected  a t  the 
m om ent of failu re  of a  conductor, the 
application  of tw in b rackets, com bined 
w ith  th e  securing  of the cables in clam ps 
of a  fixed type, a re  found  to  g ive satis
factory  results. In  th is case, prov ided  
th a t th e  operation  of erecting  the cable 
in the c lam p be carried  o u t in a correct 
m anner, there  will be no slid ing  of the 
conducto r a t the points of its a ttach m en t, 
an d , consequently ' com plete im m unity  of 
the  cab le  to  dam age. H ow ever, th e  
degree to w hich torsional stresses in the 
suppo rts are  low ered w ith th e  aid of th is 
con trivance  is re la tively  sm all, being 
ap p rox im ate ly  15 to  20 p e r cen t. T he 
o th er v a r ie ty  of c lam p is of a  ra th e r  con 
troversial n a tu re . T his is of an  ejector 
type , designed on  th e  princip le  th a t, in  
the even t of a  certa in  definite load  occur
ring  a long  the conductor, th e  la tte r  is 
au tom atica lly  d isengaged and  is allow ed 
to  drop to the g round . In  this case there  
is no guaran tee  aga in s t in ju ry  to  th e  cable 
b y  its fall from  a he igh t of 9-10 m etres

and  th ro u g h  d ragg ing  on the g round  due 
to  the  difference of tension in  the neigh 
bou ring  spans; hence th e  app lica tion  of 
th is ty p e  of c lam p to steel-reinforced 
alum in ium  cab les is cond itioned  by  
special factors. As a  rule, w hen erection 
work h as to  be done on hard ,, rocky 
ground , w here the risk of in ju ry  to  the 
cab le  by  its falling  an d  d ragg ing  on the 
ea rth  is very  g rea t, the  adop tion  of 
the  e jec to r c lam p for suppo rting  steel- 
cored a lum in ium  cables is h a rd ly  justifi
ab le . On th e  co n tra ry , in  flat, grass- 
covered  localities th is type  m ay  be found  
useful.

Suspension of the conductors in slide 
an d  sem i-slide (disengaging) clam ps of 
the usual construction  as a t  p resen t 
em ployed, a lthough  capable  of safe
guard ing  the line su p p o rt aga in s t exces
sive torsional stresses a t  th e  m om ent of 
m echanical fa ilu re  of th e  conductor, 
a tta in s  th is ad v an ta g e  by  th e  sacrifice 
of th e  cab le  surface, w hich m ay  suffer 
severe in ju ry , due to  slid ing fric tion . 
B earing  in m ind  how carefu lly  the 
unw ind ing  of a  steel-cored alum in ium  
cable from  th e  d ru m  and  its suspension 
and  a tta ch m en t to the line su p p o rt have  
to  be carried  out, all w ith  the sole aim  
of avo id ing  surface dam age, it is clear 
th a t de libera te  w ear and  tear, inev itab le  
w ith m etal slide clam ps, render these 
devices alm ost useless.

Value o f W ood Demonstrated

As m ay  read ily  be seen, the only  effec
tive  m ethod capab le  of p ro tec ting  an 
alum in ium  conducto r from  in ju ry  a t 
po in ts of su p p o rt Is th e  app lica tion  of the 
w ooden o r  com posite, w oo d -m eta l. slide 
clam ps. C lam ps of th is ty p e  definitely  
o iler a  h igh ly  favou rab le  perform ance, 
both  in respect of the va lu e  of slid ing 
friction  for th e  cable , as well as w ear of 
the m ateria l of th e  c lam ps them selves.

(T o  be continued)

R E F E R E N C E S

(1 )  R a ku sh eff; Electricity, N o. 1 4 , 1932. //. 
Electrical Industry, X ,  601, 1942. ( 2 )  B ra jn ikp ff; 
Chemical Products, N o. 3,71, 1939.
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Fig. 103.—Voltage characteristic ot electrolytic 
condenser.

I N' the opening section of this discussion on 
electrolytic condensers presented on pages 
565 and 566 of “ Light Metals *’ for December, 1944, the basic structural principles and applica

tions of various types of condenser were briefly 
outlined. The account on the pages referred to 
concluded with a reference to the forming pro
cess and to the electrolyte designated in big. 
102 on page 565 by the letters E.E. This 
electrolyte, strictly speaking, is the second elec
trode of the combination, and the so-called 
second electrode (M1( M3) is really the con
venient practical way of securing a manipulable 
contact. The electrolyte itself is a conducting 
material in the form of a liquid, a paste, or a 
solid. This electrolyte is not necessarily the 
actual one in which the first electrode is 
“ formed,” but contains similar ingredients and 
is, therefore, of like nature. It has to fulfil 
functions other than those of contact. Thus, 
the dielectric film as first produced is porous, 
and in the condenser permits current to pass. 
The electrolyte, therefore, has to serve the pur
pose of quickly repairing the film or of providing 
a new one, immediately an electrical load is 
placed on the condenser.

In paper and iiiica condensers, the particular 
metal employed for the electrodes is of 
secondary importance. In electrolytic con
densers, it is of primary importance, because it 
must permit the formation of a suitable film, 
and the maintenance of this film during opera
tion. Aluminium has unique properties in this 
direction.

The dielectric film produced on aluminium by 
the electrochemical process of forming, which is 
an oxidation process, consists in part of alu
minium oxide. The dielectric strength of the 
film and the voltage that it will withstand in

A n  E x h a u s t i v e  D i s c u s s i o n  i s  

P r e s e n t e d  o n  t h e  T h e o r y , 

P r a c t i c e ,  a n d  O p e r a t i o n  o f  t h e  

E l e c t r o l y t i c  C o n d e n s e r .  I n  

P a r t i c u l a r ,  t h e  P r o p e r t i e s  o f  

t h e  A l u m i n i u m - o x i d e  F i l m  

a r e  C o n s i d e r e d .  ( C o n t i n u e d  

f r o m  “ E i g h t  M e t a l s , ”

A 4 4 l 7 b 66)

service without rupture are functions of thick
ness and physical structure. These factors are 
determined by the nature of the chemical solu
tion from which it is produced, and the process 
conditions (temperature, voltage, time, etc.) 
employed.

In the completed condenser, the filmed elec
trode, known as the anode, is always the posi
tive pole of the condenser. Coursey points out 
that as electrolytic condensers are polarized, 
they are, generally speaking, suitable for use 
only in circuits in which they are subjected to 
unidirectional voltages, in order that the current 
through them is not reversed. Thus the elec-
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Fiy. 104.—“ Insulation resistance" of electrolytic 
condenser.
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trode M i is always positive and M i always 
negative. If the reverse connections be made, 
the dielectric film will become destroyed by 
dissolution in the electrolyte, gas will be 
evolved, and the condenser may burst.

Again, in contrast with the other types, the 
electrolytics are .characterized by a relatively 
high-leakage current which continuously passes 
under the influence of an applied voltage when 
they are irt use. Although this leakage current 
is generally considered to be very small, it is 
largely compared with the minute leakage cur-

Fitr. 105. — Recovery curves 
fo r electrolytic condensers 
plotted from tests on commer
cial types. Curve A shows 
poor recovery or “reforming" 
time, and curve B. good re
covery or “reforming** time.

with this, as the applied voltage is increased 
on an electrolytic condenser, it can be seen from ’ 
Fig, 103 that the leakage current gradually 
increases at first, and then very rapidly increases 
as shown by the sudden turn in the curve. 
Thus, an indication of approach to the limiting 
safe voltage is given. The reason for tile change 
is largely a thermal one, viz., energy loss in the 
condenser dissipated as heat, becoming larger 
and larger, and the leakage current becoming 
further increased by the increased temperature. 
Conditions such as these are very unstable and, 
finally, failure of the condenser occurs.

Some measure of self-healing is exhibited by 
electrolytic condensers and the mechanical con
struction of the condenser may determine in 
some degree the form of failure when subjected 
to excessive voltage. Under construction in this 
sense is inferred the type with respect to the 
electrolyte, whether this be liquid, a viscous 
paste or a solid, corresponding to the commer
cial descriptions wet, semi-dry and dry con
densers. With the wet type, excessive voltage 
punctures the dielectric film and audible 
sparking occurs under the liquid, due to heat 
and electrolytic action of the large leakage 
current. With the semi-dry type, excessive 
voltage ultimately causes the mechanical spacer

Fig. 106 (Below),—Variation 
of capacity/cm.2 with forma
tion voltage. (After Bairsto 

and Mercer.)

RECOVERY TIME IN MINUTES

rent through the insulation of paper or mica 
condensers.

In the usually accepted sense of the expres
sion *' insulation resistance,” it should be noted 
that electrolytic condensers have no insulation 
resistance. The dielectric film has, of course, a 
resistance value, and in the case of a well- 
known brand of 450-volt electrolytic condenser 
of capacity of S microfarads, it is of the order 
of 2 megohms. Coursey points out that this is 
equivalent to an insulation resistance value of 
1(1 megohm microfarads, which is compared 
with a good ¡taper condenser for which the 
insulation resistance would amount to some 
thousands of megohm-microfarads, a figure of 
quite different order. Again, the resistance 
value of the electrolytic is not constant, but 
varies widely with the applied .voltage, because 
the leakage current is very minute for lotv volt
ages, rising rapidly as the voltage is increased 
beyond the rated value for the particular con
denser. The nature of this variation is shown 
by the typical curve in Fig. 103, whilst the 
corresponding values for the so-called insulation 
resistance are shown graphically in Fig. 104.

The curves demonstrate another point of 
difference between the electrolytics and the 
paper or mica condensers. I 11 the case of the 
latter, the applied voltage can be gradually 
increased up to a critical value at which sudden 
puncture or rupture, of the condenser occurs; 
this value is the breakdown voltage. In contrast

FORMATION VOLTAGE

of paper or cloth, which is used to separate the 
metal electrodes, to char by excessive local 
heating. The Him may also puncture, and then 
gas is liberated, which may mechanically sepa
rate the plates, due to the suddenness of its 
liberation; this may prevent a short circuit from 
forming. Both with the wet and semi-dry types, 
a momentary overload will result in resealing, 
but a maintained overload will cause enough 
overheating to destroy the condenser. With 
the dry type, excessive voltage usually produces 
a sudden puncture and complete failure as with 
paper and mica condensers.
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Coursey points out that in radio-receiver 
circuits, when excessive voltage on the con
denser causes higher leakage current, the latter 
on the rectifier tends to keep the voltage down, 
so there is some measure of protection, but, 
nevertheless, a sustained overload will still tend 
to cause thermal damage to the electrolytic 
condenser.

Electrolytics are operated much nearer to 
their maximum safe voltages than is possible 
with the paper and mica types. A margin of 
safety between operating voltage and breakdown 
voltage in the ratio of i to 5 or 1 to 6 is usual 
for the paper and mica condensers, whereas a 
ratio of 1 to 1.2 or 1 to 1.5 is the normal for
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Fig. 107 (above).—Capacity-time change of electro
lytic condensers operated at half formation voltage 
(both with ammonium-borate solution of same 
conductivity). Different temperatures. (After 

Siegmund.)
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Fig. 108.—Capacity-time change of electrolytic 
condensers operated at half formation voltage, both 
at room temperature ; ammonium-borate solutions 

of different conductivities. (After Siegmund.)

electrolytic condensers. It is the physical and 
chemical constructional nature of the two types 
that accounts for this discrepancy and makes 
the close margin for electrolytics a safe one. 
Nevertheless, the small margin of safety must be 
borne in mind when fixing other portions of the 
circuit in which used.

Power factor is another discriminating 
feature of electrolytic condensers. The electro
lyte is not a perfect conductor and possesses a 
definite resistance value against the current 
flowing through it. This resistance is consider
able with wet condensers, but can be not
ably less with semi-dry or dry electrolytics, 
because the electrodes can be spaced closer 
together, thus reducing the resistance through 
the path of separation.

Alternating or ripple current through the con
denser is accompanied by the development of 
heat and the corresponding energy loss. This is 
expressed numerically as a power factor value.

400 FREQUENCY CYCLES
Fig. 109. — Capacity-frequency nnd resistance- 
frequency change of aluminium condenser formed 
at 100V. and operated at 65V. d.c. (After 

Siegmund.)

which for dry types may be from 5 to 10 per 
cent., but for wet types may reach values as 
high as 25 to 30 per cent. These values set a 
limit to the amount of maximum permissible 
ripple voltage that can be tolerated superim
posed upon the normal d.c. voltage of the 
condenser without causing deterioration from 
overheating.

Intimately connected with the power factor 
is the effective value of the capacity of the 
condenser and the manner in which it changes 
with variations in the frequency of the ripple 
voltage. The series resistance of the electrolyte 
reduces the effective capacity of the condenser 
to alternating current. Further, when these con
densers are used for smoothing rectified alter
nating currents, the effective a.c. capacity is 
the only one with which the user is really 
concerned. This value in microfarads is gener
ally measured and quoted at a frequency of 50 
cycles. With condensers having a small power 
factor,, the change between 50 cycles and" 100 
cycles, which is the normal ripple frequency for 
double wave rectification, can be neglected. For 
high power factor condensers, this is not so, 
and the difference becomes important.

The degree of stability of the dielectric itself 
(as compared with paper and mica) is another 
peculiarity of electrolytic condensers. With 
paper and mica condensers, no change should 
occur in the dielectric of properly made com
ponents when they stand idle, unused, and with 
110 applied voltage. With electrolytics, some 
changes may occur under such conditions,

Fig. 110.—Specific resistance of ammonium-borate 
solution (after Siegmund). Boric acid content is 
given in grams in 19 litres of water: Curve A, 
neutral solution, pH equals 7.0; curve B, constant 

proportion of boric acid and ammonium.
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although research and develop
ment is always towards the 
elimination of such changes.
When a d.c. voltage is applied 
to an electrolytic condenser after 
it has laid idle, there is a sudden 
rush of current-initially, and this 
only gradually falls to the normal 
leakage current value. This com
pares to the so-called. ” absorp
tion ” characteristic of paper and 
mica condensers, although it is 
much more pronounced. With 
high-grade electrolytics, this ab
normal leakage current is, for all 
practical purposes, over in a frac
tion of a minute, although earlier 
commercial condensers showed it 
persisting for longer periods.
Typical curves are shown in 
Fig. 105. ,

Coursey summarizes the salient 
features and merits in usage.
The advantage is small size for a 
given microfarad capacity, and, 
in consequence, lower cost. Dis
advantages are centred in their peculiar 
properties, which demand special consideration 
in practical applications. The disadvantages
apply limitations in their application to the 
smoothing of d.c. circuits having a compara
tively small a.c. ripple element. He points out 
that electrolytic condenser design must be a 
compromise between the effects of conflicting 
properties and requirements, and that probably 
the semi-dry types offer the best solution, com
promising between the advantages and disad
vantages of the two extremes of wet and dry.

An informative contribution to the technical 
literature on the subject was an article by Kollo 
Appleyard, entitled: "  The Aluminium Electro
lytic Condenser ” in "  The Philosophical Maga
zine," Vol. 8, 1929, and reprinted by R. E. W. 
Maddison in "  Electrical Communication,” 1931. 
This paper dealt with anodic polarization, the 
theories of electrolytic valve action, anodic-film

Fig. 111.—Percentage varia
tion (•/) with temperature, of 
capacity and equivalent 
series resistance of 48V 
condenser at 1,000 cycles 
(after Siegmund): A, capacity 
curve : B, equivalent series- 

resistance curve.
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formation, thickness of the film, 
its electrical strength arid electro
static capacity, the electrodes and 
electrolyte for electrolytic con
densers, the influence of impurity, 
condenser properties a ad other 
electrical characteristics. As this 
publication is regarded as a
fundamental reference document, 
the following abstracts and illus
trations are taken from it.

Anodic Polarization
Between the electrodes of an

electrolytic cell there i$ a natural 
potential difference or voltage; 
the same can be said of an
electrode in contact with an elec
trolyte. If the voltage be altered 
from its equilibrium value by any 
cause, electrodes or electrode are 
said to be polarized. If the 
voltage be made more positive 
than the equilibrium value, the 
electrode is anodically polarized 
and, if more negative, it iscatliodicaUy polarized. Such polarization can 

result from several different causes:—
(a) From the impressing of an external 

voltage on the electrodes of the cell.
(b) From changes in concentration of the 

electrolyte in the cell.
(c) From interference with the normal 

electrode reaction, as, for example, by the 
production of a non-conducting film upon 
that electrode.

The formation of a non-conducting film anodic
ally upon an electrode is an important phenome
non in the aluminium electrolyte condenser, and 
the physics and chemistry of the film and its 
formation are interesting.

A metal dissolves anodically to produce metal 
ions which are capable of combining with ions in 
the electrolyte. If this combination produce a 
substance which is sparingly soluble, deposition 
of it upon the anodic electrode may result, and 
this will hinder further dissolution of the metal. 
The effective area of the electrode in the elec
trolyte thereby becomes reduced and, in con
sequence, the current density upon the areas not

F«g.. 112 (above).—De Bruyne and Sanderson. 
Equivalent circuit; two similar electrolytic con
denser plates. Fig. 113 (below).—Oe Bruyne and 
Sanderson. Equivalent circuit; two similar plates 

of equal area.
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Fig. 114.—Equivalent 
circuit of an electro

lytic condenser.

R2

affected becomes increased. An increased polar
ization is then necessary in order to maintain 
a given current and, as a result, the electrode 
reaction may become modified. If the electrode 
become completely covered by such a film, 
exceedingly high polarizations may occur.
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Obviously, tile physical properties of the elec
trode film will vary with all the circumstances 
of its formation. Among the properties referred 
to are its thickness, porosity, and electrical con
ductivity or resistance. The circumstances 
mentioned will include the composition of the 
electrode and the physical nature of its surface, 
and composition of the electrolyte, temperature 
and electrical conditions. It is the formation of 
films of poor electrical conductance upon metal 
anodes which makes the commercial production 
of electrolytic condensers and rectifiers feasible, 
because some such films enable high voltages to 
be maintained between the electrode and the 
electrolyte, they prevent the discharge of anions 
or the discharge of any appreciable current, and 
they remain relatively stable when the anode 
film is made a cathode..

Unidirectional current conductance is the char
acteristic property of the anode film upon 
which its rectifying property is dependent. 
Thus, when the electrode is made positive, the 
film forms and then the current passing is very 
small; on reversing the polarity, current is con
ducted. Therefore, the film acts as a valve, 
and under appropriate conditions of arrange
ments of electrodes possessing these films, the 
rectification of alternating current becomes 
possible. Again, the films exhibit a very high 
electrostatic capacity, and it is this property that 
is the basis of their use in electrostatic 
condensers.

There is no reason why all metals should not 
exhibit these electrical characteristics if suitable 
conditions can be established for film formation, 
and it has been established that most metals do 
behave in this way. At the same time, only 
two have found commercial exploitation in this 
direction. These are aluminium and tantalum. 
Both of these have been used commercially for 
rectifiers, but for electrostatic condensers, alu
minium alone has been utilized.
Theories of Electrolytic Valve Action

As always in such circumstances, a number of 
theories have been gradually built up as know
ledge extends and are formulated to explain 
both the unidirectional current-flow character
istics and the dielectric properties of the anode 
films. They are grouped into two classes and 
referred to as the gas-Ulm theory and the soiid- 
film theory respectively, dependent upon whether 
the film is considered to be gaseous or solid. 
It is pointed out that, although a visible oxide 
film is present on a formed anode such as_ alu
minium, it is considered certain that this visible 
layer is not the active one, but that another 
inner film is formed which is responsible for the 
electrical behaviour of the electrode.
The Gas-film Theory

The high resistance of the aluminium anode 
film is attributed by K. E. Guthe (" Phys. 
Rev." 15, p. 327, 1902) to the presence of a thin 
film of gaseous oxygen which covers the anode 
and prevents the passage of negative ions from 
the electrolyte to the electrode. He likens the 
film produced on the anode surface to a semi- 
permeable membrane which allows only certain 
ions to pass through it and become discharged. 
In the original paper the well-known copper 
ferrocyanide semi-permeable membrane is com
pared with the aluminium anode shown to be 
similar in behaviour. Thus, it was shown that

with copper and platinum electrodes in an elec
trolyte, the electrodes being separated by the 
copper-ferrocyanide membrane, a high resistance 
exists when current is passed in the direction 
from copper to platinum, whereas in the oppo
site direction the resistance is very low.

A. Giinthe-Schulze ("Ann. Phys." 4, 21, p. <729, 
1906, and 4, 22, p. 543, 1907- Also "  Elektrische 
Gleichrichter und Ventile," J. Kösel and F. 
Pustet, München, 1924) is also an outstanding 
exponent of the gas-film theory. He considers 
that, during the formation period, two films are 
produced simultaneously, these comprising an 
inactive solid oxide film and an active gas film. 
This solid oxide film does not contribute either 
to the rectifying properties or the condenser 
characteristics of the electrode, but its function 
is to hold the oxygen gas film in position. It is 
the oxygen gas film that has the dielectric quali
ties. The pores of the oxide layer which are

Fig. 115 (uppermost).—Frequency characteristics, 
for capacity, of the equivalent circuit shown in 
Fig. 114. for different values of Ha. Fig. 116 (lower 
illustration).—Frequency characteristics, for dis
sipation factor, of the equivalent circuit shown in 

Fig. 114, for different values of R'J.

not occupied by gas are filled with electrolyte, 
and it is considered that electrons from the 
metal electrode can cross the gas film, whereas 
ions from the electrolyte are unable to pass 
through it.

A H. Tavlor (” Ann. Phys.," 4. 30, P- 9«7, 1909) extends the Giinthe-Schulze hypothesis 
and concludes that the gas film is held betiveen 
a layer of aluminium hydroxide and the alu
minium electrode, and that the gas in contact 
with the aluminium surface combines partially 
with it to yield a thin film of aluminium oxide.

The Solid-film Theory 
Numerous other workers ascribe the rectifying 

and condenser properties of the aluminium anode 
to the presence of a solid film which may act 
as one of the following;—

(a) A Wehnelt interrupter;
(b) an ohmic resistance;
(c) a true dielectric;
(d) a semi-permeable membrane.
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For details, the original references can be 
consulted; these are as follows:—

M. Jacob, "  Sammlung Elektrot. Vor
träge," .9, p. 1, 1906.

W. Mitkiewicz, "  Phys. Z.," 2, p. 747,
390T.

W. Ti. Mott, "  Electroch. Ind.," 2, jd. 352,
1904.

W. W. Taylor and TrK. H. Inglis, "Phil. 
Mag.," 6, 5, p. 301, 1903.

C. I. Zimmerman, "Trans. Amer. Elec
troch. Soc.," 5, j). 147, 1904, and 7, p. 309,
1 9 0 5 .

Fis. 117 (lower illustration).—Photomicrosraph 
(X 35) of translucent oxide film placed between 
crossed Polaroid discs. (Uppermost illustration) 
PhotomicroRraph (X 70) of etched surface of 

aluminium foil by reflected liRht.

J. Slepian (" Trans. Amer. Electroch. Soc.," 
54, p. 201, 1928) applies the principle of ther
mionic rectification to elucidate the operation of 
thin films on the solid film theory basis for 
electrolytic and other rectifiers. He considers 
that the gas film theory of rectification is unten
able for the following reasons:— First, a gas film 
has a low dielectric constant, a little over unity, 
and, therefore, it is difficult to account for a 
sufficient lowering of the work function to

permit electron emission from a metal surface 
at ordinary temperatures. Secondly, the work 
function for the escape of ions from an aqueous 
solution should be less in the case of electrons 
escaping from a metal surface. Thirdly, elec
tronic conduction may be imparted to the 
electrolyte without in any way destroying the 
rectifying properties of the film. He, therefore, 
prefers to attribute the behaviour of a valve 
anode to the solid film that covers the surface of 
the electrode. For aluminium, he thinks the 
film consists of a transition or dehydration pro
duct of aluminium hydroxide that is produced 
during the process of forming. He considers 
that this film possesses insulating properties 
because of an almost complete lack of free 
electrons, exactly as in the case of a vacuum. 
Electron emission from the metal electrode into 
the insulating film is then controlled by a work 
function just as is the case from a metal to a 
vacuum. Further, as a result of the definite 
time period which is required for electrons to 
traverse the film from one electrode to the other, 
space-charge effects arise and these reduce the 
current flow to a very small value.

The dielectric constant of the film also influ
ences the work function. The extent of the 
attraction exerted by the dielectric on the elec
trons escaping from the metal surface depends 
upon whether the work function forces are 
operative within or without the dielectric layer. 
Assuming a dielectric constant of 13, the work 
function may be reduced to from 1/13 to 1/7 
of its value for vacuum. As electron emission 
is approximately proportional to the work func
tion, it follows tiiat it is possible for electron 
emission to occur at ordinary temperatures into 
a film of dielectric constant of about 13, and 
that the electric field necessary to enable elec
trons to overcome the work function will be 
proportionally reduced.

This has assumed that the dielectric film is 
uniformly distributed over the surface of the 
electrode. The forces of the work function are 
operative through a distance of about 10—8 cms.; 
this is of the order of atomic dimensions, and 
would mean that the film is discontinuous. It 
is possible that where the film is built up on the 
electrode itself, the work function is suppressed 
at some areas and operative at others, and elec
trons will pass from the metal to the film only 
at certain discreet points. The combination of 
a favourably polarizable junction with one that 
is non-polarizable, gives an asymmetric arrange
ment which will give the unidirectional current 
flow of characteristics upon which the produc
tion of electrolytic rectifiers and condensers is 
dependent.

F. M. Gentry (" Science," 66, p. 2S4, 1927;
"  Trans. Amer. Electroch. Soc.," 54, p. 232, 
192S; H. O. Siegmund, "  Trans. Amer. Elec
troch. Soc.," 53» P- 203, 1928, and "  B.S.T.J.," 
8, p .  41, 1929) mathematically established that 
the electronic conduction in unidirectional cur
rent non-metallic films follows essentially the 
same law as for electronic conduction in vacuum. 
Calculated and observed values for current 
passed at various voltages by the film of an 
aluminium electrolytic condenser agreed
satisfactorily.

In support of the solid-layer theory, it is 
recorded that a condenser having calcium 
fluoride as solid dielectric, and which is analo
gous to the electrolytic type, has been prepared
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(N. V. Philips, Gloelampenfabrieken, E.P. 184, 
436), and is constructed as follows:—A  metal 
filament covered with a layer of this salt is fused 
into a glass vessel, the walls of which are 
covered locally with a metal layer. The
vessel is exhausted to a high vacuum. The
filament is then heated first to vaporize the salt 
layer and, finally, to a higher temperature in 
order to volatilize it and deposit it 011 the salt 
layer. The dielectric is 100 to 150 molecules 
thick ond has a breakdown voltage of about 10V 
volts per cm.

W. \V. Taylor and T. K. H. Inglis (" Phil.
Mag.," 6, p. 301, 1903) reproduced the essential
characteristics of an aluminium anode of the 
electrolytic condenser by depositing a film of 
aluminium hydroxide upon a platinum anode. 
The film behaves as a semi-permeable membrane 
in permitting the diffusion of certain salts, but 
not others. A. L. Fitch (" Phys. Rev.," 2, 9, 
p. 15, 1917) developed a theory based 011 a 
double dielectric consisting of a gas and solid 
layer to account for the behaviour of the alu
minium anode.

Fig. 118.—Variation of power factor (at 25CC.) and 
120 cycles with voltage rating, for plain (lower 
curve), and etched (upper curve), plate dry 

electrolytic condensers.

Formation of the Anode Film 
When one of the so-called valve metals (e.g., 

aluminium or tantalum) is made the anode in 
an electrolyte, the voltage required to maintain 
a given current density increases almost, propor
tionally with the time of the closed circuit. At 
a certain voltage, partial breakdown, and at a 
still higher voltage, complete breakdown, of the 
film occurs. This period of polarization is 
known as the "  formation period."

The formation of the dielectric film can be 
achieved with direct or alternating current. On 
aluminium, the film, as it first appears, is trans
parent and colourless, but as it builds-up in 
thickness, the interference colours become 
visible and, after usage, the increased thickness 
causes the film to be greyish. The current 
density at any given voltage and frequency 
influences the time of formation. The greater 
the current density (or the smaller the surface 
area) the quicker is the formation. H. D. Holler 
and J. P. Schrodt (U.S. Bureau of Standards, 
Tech. Paper No. 265, 1924) give the following 
figures:—

(a) 25 volts d.c. to an area of 1 sq. cm. 
of aluminium anode gave almost instant 
formation, current being reduced to nearly 
zero in 3 secs.

(b) 120 volts d.c. to an area of 300 sq. cm. 
caused such slow formation that several

Fig. 119.—Change with temperature of power 
factor (triangular plotting points) and capacity 
(X plotting points), of dry electrolytic condensers, 

as functions of voltage rating.

hours were necessary to yield complete 
formation.

(c) Using a.c., but otherwise similar con
ditions, formation periods were five times 
as long.

(d) Electrolyte composition and tempera
ture influenced the formation times.

H. Sutton and J. W: W. Willstrop (J. Inst. 
Metals, 38, p. 259, 1927) showed that upon 
heating anodically treated aluminium in vacuo, 
the amount of gas evolved was negligible and 
concluded that the film consists of aluminium 
oxide and not hydroxide, which is interesting in 
relation to Sleplan's views given before.
Thickness of the Active Layer 

It has already been indicated that a distinction 
has to be drawn between the visible oxide layer 
and the inner active layer. The thickness of the

Tic 
voltage rating

Fig. 120.—Change with temperature of the ratio 
of low temperature to room temperature (25°C.) 
impedance at 160 cycles, of dry electrolytic con

densers as a function of voltage rating.
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Fig. 121.—Change of relative zeta potential of 
AI2O3 in boric acid solutions as a function of the 

concentration of ammonium borate.

assumption that the dielectric constant is unity. 
Capacity measurements of thickness are affected 
by frequency, but at a given value for the 
latter, the electrostatic capacity is a function of 
the applied voltage. This capacity is taken as 
a measure of the thickness of the active layer. 
The tabulated values show the increase in thick
ness with increasing voltage and the gręater 
thickness on aluminium than on tantalum.

Resistance of the Active Layer
Evidence mostly points to the resistance of 

the active layer being purely ohmic in nature, 
although it has been attributed to a counter e.m.f. 
A Gunthe-Schulze (“ Phys. Z.,” 22, p. 146, 
1921) showed the resistance is a function of the 
thickness of the layer at any particular applied 
voltage, i.e., it is dependent also upon voltage.

Table 20 gives data appertaining to tantalum 
formed at 100 volts d.c. at 20 degrees C. in 0.05N 
potassium nitrate solution. Tantalum was 
employed in preference to aluminium because

latter has been determined by the following 
methods:—

(a) Measurements of electrostatic capa
city, assuming a dielectric constant of unity.

(b) Estimation from interference colours.
(c) Determination by chemical analysis.

The last two methods, of course, assume that
the entire thickness of film is effective as dielec
tric. A  summary of values is given by G. E. 
Bairsto and R. Mercer ih "  Trans. Far. Soc.,” 7, 
p. 1, 1911. Capacity measurements yield results 
of different order from those of other methods 
of determination. Thus they give figures of the 
order of io~6 cm. for aluminium formed at 
100 volts, whereas other methods give values 
from 20 to too x to-6 cm.' The capacity 
measurements are practically independent of the 
electrolyte, and these results suggest that the 
anodic film produced 011 aluminium does, in 
fact, consist of two layers. Gunthe-Schulze (loc. 
cit.) asserts that the thickness of the active 
layer is dependent upon the metal employed and 
the applied voltage, and that it is independent 
of the electrolyte for aqueous solutions, the 
temperature, and the mode of formation.

In Table 19 are given relative thickness data 
(ratio of absolute thickness to dielectric thick
ness) for the active layer on aluminium and on 
tantalum formed at various voltages on the

Fig. 122—Effect of addition of various positive 
ions on the relative zeta potential of AI2O3 in 

boric acid solutions.

Fig. 123.—The relative zeta potential of “ Cello
phane" and Al‘20.1 in glycol/water mixtures 

containing 10 gms. borax per litre.

results are not obscured by the incomplete 
insolubility of this metal in the electrolyte as 
they are with aluminium. It can be seen that 
the current decreases more rapidly than the 
thickness of the active layer increases, so that 
the resistance of the active layer at constant 
voltage increases very rapidly with decreasing 
forming current.

Table 21 gives further resistance values over 
a range of voltages, first, for aluminium formed 
in ammonium borate solution at 350 volts d.c. 
and, secondly, for tantalum in 0.05N borax 
solution formed for one day at 200 volts d.c.

The data given in Tables 20 and 21 for resist
ance of the active layer show that the discharge 
of an electrolyte condenser takes place more 
slowly than it would if it possessed a constant 
ohmic resistance. The time of discharge is 
greater the longer the period of charging, 
because the ratio e/i is greater, although the cor
responding change in electrostatic capacity and 
thickness of active film is much less. The 
figures in Table 21 should be taken as indicating 
only the general trend of the voltage resistance 
characteristic because the individual values 
given have to allow an interval to elapse 
between readings, and are also dependent upon 
whether the voltage is increasing or decreasing.
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W. R. Mott gives the specific resistance of the 
film formed on aluminium in phosphate and sul
phate solutions as 10 x io10 and 0.8 x iot0 
ohms./c.c. respectively at 25 degrees C., the 
resistance decreasing as a logarithmic function 
of temperature (" Electroch. Ind.," 2, p. 352,
1904). W. E. Meserve computes the resistance 
of the solid layer to be 3.4 x io,s ohms./c.c. 011 
the assumption that it is aluminium oxide, A=03 
(" Phys. Rev.," 30, p. 215, 1927).

The values in Table 22 are due to H. O. 
Siegmunde for aluminium formed in ammonium 
borate solution at 350 volts d.c., and show cur- 
rent-voltage characteristics. The d.c. leakage 
current value of an electrolytic condenser at 
constant voltage decreases with time. At a 
potential less than the forming voltage, the d.c. 
current leakage through the film is about 
one micro-ampere per sq. cm. Schulze, in his 
paper, quoted 0.15 micro-ampere per sq. cm. 
for aluminium formed at 110 volts in ammonium 
borate solution. The leakage current greatly 
increases when corrosion occurs at the electrodes 
and may rise to 20 or 30 fold. Corrosion pro
duct, if accumulating between the electrodes, 
may even deform the plates, cause them to 
touch and x̂ roduce a short circuit. The result 
of this may well be the total destruction of the 
condenser and of comjionents associated with 
it in the circuit.

The values in Table 23 for aluminium formed 
in an 'ammonium borate solution at 105 volts
d.c. for 140 hours, and tested at 100 volts d.c., 
show that the leakage current increases, and the 
resistance of the active layer decreases, as the 
ambient temperature rises. They are due to 
Bairsto and,Mercer (" Trans. Far. Soc.," 7, p. 1, 
1911). The current-temperature relationship 
corresponds to an exponential curve (i = Aeat), 
and for the figures given in Table 23, 
i = 2.o4e0085t). The constant A seems to be 
independent of the electrolyte but dependent 
upon the formation time. The reverse holds 
good for "  A." This is demonstrated by the 
values given in Table 24.

Dielectric Strength of the Anode Film
When the voltage across the anode film 

exceeds a certain value, sparking is observed to 
result at the surface. This voltage of breakdown 
according to Schulze is dependent upon the 
valve metal, upon the nature of the electrolyte 
and upon the concentration of the latter; it is 
independent of temperature and current density. 
Further, the maximum voltage that can be 
maintained across the film is dependent upon 
the nature of the electrolyte which is used for 
forming the film and upon the concentration of 
free ions in it. It appears to be independent of 
the valve metal, the current density and the 
temperature. Schulze, in "  Elektrot und 
Maschinenbau," 27, p. 247, 1909, gives the maxi
mum voltages for the film jiroduced on alu
minium in o.iN solutions of various stilts. These 
are reproduced in Table 25.

Schulze, in the treatise by Kosel and Pustet, 
also gives values for tantalum formed in 0.05N 
solutions containing metal-free hydroxyl, for
mate, propionate and phosphate ions. For these 
and the like, the maximum e.m.f. is about 4S0 
volts. If the cation is not one of a heavy metal 
it has no influence. The maximum voltage is 
greatly influenced if there is a heavy metal in 
the anion complex; thus for tantalum in 1.05N

solutions of such anions the maximum voltage is 
about 100 volts or less, viz.:—

Chromium in di-chromate anion (Cr20.)" 
133 volts approx.

Iron in ferricyanide (FeCcN6)" '  84 volts 
approx.

Platinum in platinichloride (PtCL)" 28 
volts approx.

Over the dilution range 0.5 to 0.05N an increase 
of about 1 per cent, in the dilution of the elec
trolyte produces an increase of about \ per cent, 
in the maximum voltage; at very low concen
trations, very high values up to about 1,900 
volts may be attained.

For aluminium formed in ammonium phos
phate solutions, W. R. Mott (" Electroch. Ind.," 
2, p. 352, 1904) quotes an electric strength value 
of io6 volts per cm., and C. I. Zimmerman 
(Trans. Amcr. Electroch. Soc., 7, p. 309, 1905) 
gives 5 to 6 x io* volts/cm.

Electrostatic Capacity of the Active Layer
Cai>acity measurements are relied upon as one 

means of estimating film thickness. Electrostatic 
capacity varies approximately inversely with 
the potential applied to form the film. For 
aluminium it amounts to 0.7 microfarads/sq. 
cm. for formation at 10 volts d.c. (Schulze, 
"  Phys. Z.," 22, p. 146, 1921) and 0.18 mf./sq. 
cm. at 30 volts d.c. (Siegmund). In Fig. 10S 
the average results of several workers are 
expressed graphically, these applying to alu
minium in aqueous electrolytes. N. A. de 
Bruyne and R. W. W. Sanderson (" Trans. Far. 
Soc.," 23, p. 42, 1927) investigated the rate of 
growth of the film on an anode of aluminium, 
and found that the reciprocal of the capacity 
increased to its final steady value approximately 
logarithmically with time.

When the voltage applied to an electrolytic 
cell is higher than that at which it was origin
ally formed, the film adjusts itself to the new 
voltage. For a cell of large electrode surface, 
thę increased voltage may cause a heavy flow of 
current, which in turn may result in overheating 
and damage to the cell if the readjustment to the 
film cannot occur with sufficient rapidity. A 
current limiting device has to be included in 
the circuit to protect against such a contingency.

On the other hand, a cell operated much 
lower than its forming voltage is characterized 
by a very slow readjustment to the new condi
tion. Thus an electrolytic condenser with con
tinued working gradually accommodates itself 
to the lower voltage and its capacity slowly 
increases due to a reduction in film thickness by 
virtue of electrolytic action. This rate of change 
is affected by temperature and by conductivity 
of the electrolyte; it is more rapid at high tem
peratures and conductivities. This is demon
strated by the curves in Figs. 107 and 108. 
Bairsto and Mercer concluded that the variation 
of capacity with temperature is a characteristic 
of the electrolyte.

Again, the capacity' of an electrolytic con
denser decreases with frequency. The change 
which occurs is greater for electrolytes of high 
specific resistance and for films formed at lower 
voltages.

The capacity/frequency characteristic of a 
new aluminium electrolytic condenser and on 
the same unit after a y'ear’s continuous service 
is shown in Fig. no. The anode plates in this
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case were corrugated, and this also influenced 
the fall in capacity.

The Electrodes
(a) The Anode. The purity of the metal used 

for the anode of electrolytic condensers and rec
tifiers is of first importance, having considerable 
influence upon the efficiency, life and corrosion 
of the cell.

For rectifiers, the copper content of aluminium 
is important and apparently a copper-free 
material is necessary. With copper up to 0.05 
per cent, current delivery and life fall off 
rapidly, and with copper over 0.15 per cent.

Fir. 124.—Photomicrographs (X 50) of corrosion, 
due to fibrous spacers in aqueous electrolytes, on 

formed aluminium anodes.

life is reduced disastrously (W. E. Holland,
Trans. Amer. Electroch. Soc.," 54, p. 232, 1928).
For condensers, Siegmund showed that the 

degree of purity of the aluminium affects the 
following factors:— (a) The formation time of 
the active layer; (b) the d.c. leakage of the 
film; (c) the number of cell failures from 
corrosion.

Formation is more rapid with aluminium of 
99.6 per cent, purity than it is with that, of 
only 99.1 per cent. The d.c. leakage is also 
lower with the higher purity metal; for alu
minium formed at 60 volts for 24 hours, 99.1 per 
cent, purity material passed approximately 3 microamps./sq. cm. and 99.6 per cent, material 
passed only 0.5 microamps./sq. cm. The purer 
aluminium is said to be more readily corroded 
by the electrolyte, but in ammonium borate

electrolyte best results are said to be obtained 
with an aluminium of 0.24 per cent, silicon 
content. *

Corrosion in electrolytic condensers shows 
itself by the pitting of the electrodes, the 
development of growths on the anode surface, 
and by the deposition of sludge. Corrosion may 
commence soon after the component has been 
placed in sendee, or it may be delayed for some 
months. Failure from corrosion may be rapid, 
but, on the other hand, corroded units may 
continue to function for some years: This may
indicate that a corrosive influence can be 
eliminated or retarded with time by chemical 
action that produces a protective film over the 
affected area.

(b) The Cathode. A formed aluminium elec
trode when made a cathode offers only a small 
resistance to current flow if the voltage is 
above a certain minimum value. This minimum 
potential is dependent upon the valve metal, the 
thickness of the active layer, the nature and the 
concentration of the electrolyte, but it is 
independent of temperature.

The cathode or negative plate in a condenser 
operating on a d.c. circuit serves only to make 
contact with the electrolyte. It is not subjected 
to any intentional formation, but there is a 
tendency for a film to form on the cathode, 
assuming it to be a valve metal, during the 
periods of discharge. This can be overcome by 
using an inert, i.e., non-valve metal, or an 
aluminium alloy containing sufficient of an 
element such as silicon, which hinders film 
formation. Thus, with an alloy containing less 
than 99 per cent, of aluminium, it is possible 
to have a current density of about 1 milliamp. 
a.c./sq. cm. of negative plate without sufficient 
film forming to affect the capacity of the cell 
(Siegmund).

The Electrolyte. The formation of the active 
film on the anode takes place in both'acid and 
alkaline electrolytes. Acid ions favour the 
formation of the insulating layer on an 
aluminium anode; alkaline ions favour its 
removal when the electrode is made a cathode. 
Provided a similar reaction occurs in each case 
at the anode surface, results with different elec
trolytes are fundamentally the same, but the 
electrical characteristics of the cell, e.g., resist
ance and power factor, may vary widely. 
Generally, the most suitable electrolytes have 
proved to be aqueous solutions of ammonium 
or alkali salts of weak acids, such as borates, 
oxalates, tartrates, citrates and salts of other 
organic acids. To augment formation of 
aluminium plates, C. Poliak adds about 3 per 
cent, of a chromate to an alkaline or neutral 
electrolyte (FTP., 23, 442, 1897, and 933, 1988). 
Bairsto and Mercer suggested ammonium molyb- 
date solution as a suitable electrolyte. It does 
not follow that an electrolyte which is suitable 
for a condenser is suitable for a rectifier.

Ammonium borate has shown itself to be out
standingly good electrolyte for electrolytic con
densers. Fig. no, after Siegmund, shows the 
specific resistance values for solutions con
taining various portions of boric acid and 
ammonia. The aridity of ammonium borate 
solution decreases with increased dilution, as 
shown by the intersection of the dotted curve 
for constant ratio boric acid-ammonia, and the 
neutral solution, pH curve. The fact is also
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Fig. 125.—Method of making
connection to anode foil.

shown that the specific resistance of the elec
trolyte is determined mainly by the ammonia 
content, and the acidity or alkalinity by the 
boric acid constituent. The control of the pH 
value of the borate solutions can be effected by 
adding certain sugars or glycerol (British 
Thomson-Houston Co., EP. i5>792» I9°S).

The selection of an electrolyte for an electro
lytic condenser has to take care of the following 
factors:—

1. Specific resistance of the electrolyte 
and its influence upon the electrical charac
teristics of the unit.

2. The corrosive action of the solution 
upon the metal of which the electrodes are 
composed.

3. The life of the solution, e.g., in the 
case of aluminium electrolyte condensers, 
the rate at which it becomes saturated with 
aluminium hydroxide, bearing in mind the 
fact that, during usage, the small current 
leakage is accompanied by a solution of the 
metal.

In general, as would be expected, the lower 
the specific resistance of the solution, the more 
rapidly does it become charged with aluminium 
hydroxide. This is clearly demonstrated by 
the practical data given in Table 26. At the 
same time, high specific resistance increases the 
electrical impedance of the cell.

Precipitation of hydroxide from aluminium 
electrolytic condensers is more rapid at higher

cell. The following results from Schulze (" Z. 
Elektroch.,” 20, p. 307, 1914) make it evident 
that extremely small amounts of foreign sub
stances can interfere with the functioning of 
the cell:—Using an aluminium anode in 0.22N 
borax solution, sodium chloride in a concentra
tion of 2.5 x io~4N produces a noticeable 
retardation informing rate. This quantity is 
about 0.5 per mil. of the borax, and is sufficient 
to produce a turbidity with silver nitrate solu-

Fig. 126 (left).—Showing first fold according 
to method in Fig. 125. Fig. 127 (right).
Showing second fold in method according 

to Fig. 123.

temperatures. Again, deterioration occurs if the 
condenser is allowed to stand idle, because the 
electrolyte attacks the film.

Effect of Impurities in the Electrolyte
The formation of the anode film is highly 

sensitive to the presence of impurities, in soifie 
cases even in very minute quantities, in the 
electrolyte. Thus strong acids, heavy metals 
and halogen, nitrate and chlorate ions, destroy 
the unidirectional conductivity of an aluminium

Fig. 130.—Showing arrangement of layers ' 
A, anode : B, cambrics or paper; C, cathode. 
Arrow shows direction of winding or rolling.

tion. Any electrolyte giving this reaction should 
be rejected for purposes of electrolytic condenser 
or rectifier production. Bromine and iodine 
ions act similarly to the chlorine ions. The 
action of sodium nitrate is not so great; a con
centration of 0.002N (equivalent to i per cent, 
of the borax) retards film formation. A slight 
alkalinity of the electrolyte is not objectionable, 
but strong alkalinity destroys the valve action. 
Sodium hydroxide in borax solution produces 
sodium metaborate. The metaborate is not 
hydrolyzed much more than the tetraborate, 
and, therefore, the sodium hydroxide does not 
become effective until its concentration exceeds 
that of the borax.

Table 27, after Bairs to and Mercer, shows the 
enormous increase in leakage current of an 
aluminium anode when halogen ions are present, 
the aluminium anode being in ammonium phos
phate, and formed at no volts d.c., the measure
ments being made at 20 volts d.c.

In the case of borax electrolytes, if a sub
stance that itself will allow film formation but 
to a lesser extent than the borax does (e.g., a 
sulphate, an acetate, etc.) is added to the solu
tion, it will exert an unfavourable influence. 
Taylor and Inglis (" Phil. Mag.," 6, 5, p. 301, 
1903) have shown that those salts such as 
potassium chloride, potassium nitrate, etc., 
which destroy the functioning of an aluminium

Fig. 128 (left).—Side view of termination of 
electrode foils. Fig. 129 (right).—End view of 
termination of electrode foils : A, aluminium 
foil tab ; B, tinned copper strip ; G, tinned 
steel clip ; D. braided flexible wire ; E, 

soldered joint.
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Fig. 131.—Method oi holding nnode 
lengths of foil for forming: A, anode 
foil; B, glass or phenolic resin sus
penders ; C, glass or phenolic resin 

supporting rod.

cell, are those that easily diffuse through an 
aluminium oxide membrane. Other salts that 
tlo not diffuse through are shown to be without 
effect.

Condenser Properties of Formed Electrodes
The work of C, I. Zimmerman ("Trans. Amer. 

ILlectroch. Soc.," 5, p. 147, i9°4, and 7, P- 3°9,1905), should be consulted for his exhaustive 
work 011 the electrical properties of the electro
lytic condenser.

The active layer on a formed aluminium 
electrode constitutes an asymmetric dielectric 
in so far as it can retain positive charges only 
on the side in contact with the metal. A 
single-formed electrode immersed in an electro
lyte constitutes an asymmetric cell. If compared 
with an ordinary mica or paper condenser, the 
metal anode and the electrolyte comprise the 
two conducting materials, and the active layer 
or film corresponds to the dielectric.

Two formed electrodes immersed in an elec
trolytic, consisting of two asymmetric cells in 
series opposed connection, are equivalent to two 
ordinary jrlate condensers in series, but the 
internal distribution of electrostatic charges is 
quite different from that which obtains in the 
condenser analogy, because of the rectifying 
properties of the film. The potentials are in 
opposition to one another in the two-electrode 
electrolytic condenser as contrasted with the 
series effect of the two potentials in the two- 
plate condensers. The condenser action of thé 
two series-opposed asymmetric cells results from 
the energy changes accompanying the variations 
in distribution of the constant charge held by 
the unit. Such an arrangement will not pass
d.c., whereas a.c. causes a leading current in 
the circuit of which the combination forms a 
part.

The behaviour of an electrolytic condenser 
consisting of two series-opposed asymmetric 
cells under the influence of an a.c. voltage is 
interesting. Current flows until the impressed 
voltage across the terminals of the cell reaches 
its maximum. When this is so, one electrode 
of the cell has maximum voltage applied to it, 
and, therefore, has maximum change. As the 
potential decreases from its maximum value.

I
- O -

the electrode that was positive starts to dis
charge current into the circuit, and the charge 
which is held starts to accumulate on the other 
electrode, which then thus becomes positive. For 
any subsequent variation in voltage, but for a 
given maximum applied voltage, the total 
coulomb charge remains constant. In contrast 
with this, the charge in an ordinary plate con
denser varies with the applied voltage. In 
consequence of the constant electrostatic charge 
existing in the electrolyte cell, a uniform 
difference of potential is set up between the 
electrolyte and any point outside the 
cell in the external circuit which is neutral 
with respect to the a.c. pressure. The electro
lyte is always negative with respect to the 
neutral a.c. pressure reference point. The 
arithmetical sum of the potentials across the two 
films is constant and equals the maximum volt-

Fig. 132.—Showing anode foil in forming bath and 
folded end connections A-A, taken to nnode 

connections B-B.

age impressed on the condenser terminals. The 
algebraic sum of the instantaneous values is 
equal to the instantaneous value of the 
impressed voltage.

The potential difference existing between the 
electrolyte and either electrode is the resultant 
of a uniform potential equal to one-half of the 
maximum instantaneous value of the voltage 
impressed on the cell, and an a.c. voltage equal 
to one-half of the effective value of the voltage 
impressed on the cell. This is a pulsating 
unidirectional pressure. Each film is subjected 
to an a.c. component equal to one-half the 
pressure impressed on the condenser, and, 
further, each film is subject to the maximum 
pressure impressed on the cell, instead of one- 
half, as is the case with two ordinary plate 
condensers connected in series.

- A / v y v v

D.C.
SUPPLY

+

Fig. 133.—Showing arrangement for 
forming : Direct - current supply
through variable resistance, R ; A. 
ammeter: V, voltameter; AA, anode 
foil; CC, cathodes; T, thermometer.

Energy Variation Within the Cell 
When the charge on one electrode is at a 

maximum, that on the other is at zero. The 
energy stored at maximum voltage is given by 
the following expression:—

\Y| = 1/2 QEmax.
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Table 19.

Volcage
Relative thickness 6/e

Aluminium Tantalum

50 6.4 4.1100 10.3 7.1
150 16.1 11.6200 22.3 17.0
250 29.3 22.9
300 37.1 28.8
350 46.6 34.6
400 58.0 40.3
450 71.0 45.0
500 85.9 49.1

<5 = absolute thickness. € = dielectric thickness.

in which Q is the charge in coulombs and E max
is the maximum voltage.

At the moment when the applied voltage 
becomes zero, each film holds one-half of the 
charge at one-half of the voltage, and the stored 
energy becomes:—

W„ , = 1/4 QE max 
The energy variation is the difference between 
W, and \V3, or 1/4 QEmax, or one-half of 
the total energy stored in the condenser when 
maximum voltage is impressed on the terminals. 
The contrast should  ̂be noted, viz:— An electro
lyte condenser consisting of two asymmetric 
cells in series opposition stores and gives up 
only one-half of its total charge, whereas a plate 
condenser gives up its total charge. Further, 
in an electrolytic condenser one film charges 
while the.other discharges, whereas in a plate 
condenser both electrodes charge and discharge 
together.

In the case where the two electrodes of an 
electrolytic condenser are not of the same elec
trostatic capacity, the charge stored in the 
condenser is independent of the capacity of the 
smaller electrode, and is determined solely by 
the maximum charge capable of being stored 
by the larger electrode. If one of the electrodes 
of the cell has negligible capacity, the unit no 
longer reacts on an a.c. circuit like an ordinary 
condenser, since it is able to receive charge but

is unable to return it. In this case, the poten
tial difference between the smaller electrode and 
the electrolyte has a theoretical maximum value 
of twice the maximum pressure applied to the 
terminals.

Electrical Losses of the Electrolytic Condenser
The losses in ah electrolytic condenser com

prise the following:—
(a) A loss which is constant at all fre

quencies due to the inherent conductivity of 
the active film; this is equivalent to a high 
resistance in parallel with the capacity.

(b) A dielectric loss which, with ordinary 
types of electrolytic condenser increases 
with frequency.

(c) A loss due to the resistance of the 
electrolyte, i.e., 1R 2 losses. The most suit
able electrolytes have low conductivity 
(i.e., high resistance); these losses are 
appreciable. The electrolyte resistance 
remains almost constant over a wide range 
of frequencies.

(d) Losses due to electrolytic decomposi
tion.

The composition of the electrolyte has a large 
influence upon the power factor of an electro
lytic condenser when used on an a.c. circuit. 
Thus, Metropolitan-Vickers Electric (EP., 
155,579) quotes a power factor of 40 per cent, for 
the electrolyte composition of 30 gm. of boric 
acid, 5 gm. ammonium borate and r litre of 
water, but with the addition of 4 gm. caustic 
soda and 0.5 gm. sodium fluoride the power 
factor falls to 4.2 per cent. Power factor 
increases with the applied a.c. voltage and with 
the time of the closed circuit. Schulze (“ Elek. 
troc und Maschinenbau," 27, p, 247, 1909) used 
an aluminium condenser on a.c. It consisted 
of 10 aluminium plates of 9.7 x 16.5 x 0.1 cm. 
in saturated ammonium borate (NH4 H.B.04) 
solution. Alternate plates were anode and 
cathode; his results are given in Tables 28 
and 29.

Siegmund's condensers using ammonium 
borate solution of specific resistance 225 ohms 
showed power factors of the order of 9 per cent, 
at 60 cycles. Table 30 gives some values at 
different frequencies for capacity and the equiva
lent series resistance for this type of condenser.

Table 20.

Time
Forming 
current, 1 mA.

Cell voltage, 
e volts

Thick
Solid
layer
an

less of
Active
layerÔan

sa r ohms1 —ohms ¡f¿n 0

10" 100 27 113 2.50 _ _
30 100 73 160 3.53 — —

40 100 101.3 270 6.00 1.01 X 103 0.17 x 103
55 11 101.3 300 6.62 9.22 1.39
90 4.1 101.3 305 6.74 24.7 3.67
2' 3.1 101.3 307 6.78 32.7 4.82

10 1.16 101.3 325 7.17 87.2 12.2
60 0.54 101.3 335 7.39 188 25.5

260 0.37 101.3 350 7.72 278 36.0
450 0.25 101.3 355 7.82 413 52.8

2,880 0.11 101.3 360 7.93 922 116
7,340 0.07 101.3 390 8.60 1,450 169
8,780 0.06 101.3 395 8.72

■

1,582 181

12.5 cm.2 tantalum in 0.05 N. KNO3. Formed at 100 V. d.c. Temperature 20°C.
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Table 21.

Voltage
Aluminium.
-r — r ohms. 1

Voltage
Tantalum.

— — r ohms. 1

350 2.2 X 10i 200 0.21 X 103
300 3.8 180 0 52
250 4.0 160 1.10
200 4.0 140 1.88
150 5.3 120 2.40
100 9.5 100 2.94
50 28.0 80 3.80
25 90.0 60 4.28

* 40 5.00
t

* 1,000 cm.2 of aluminium in ammonium borate 
solution. Formed at 350 V. d.c. (H. O. Siegmund).

t 12.5 cm.2 of tantalum in 0.05 N. borax solution. 
Formed for one day at 200 V. d.c. (A. Gunthe- 
Schulze).

Fig. i i '2 shows the percentage variation of these 
values with temperature.

N. A. de Bruyne and R. W. W. Sanderson 
suggested that an electrolytic condenser with 
two similar plates was equivalent to the network 
shown in Fig. 112, and for two electrodes of 
equal area this network reduces that shown in 
Fig. 113. The capacities are shown shunted by 
resistances to represent the leaky condensers at 
the electrodes. There is, however, no simple 
network capable of accurately representing the 
electrolytic condenser.

Application
The unidirectional current conducting charac

teristics of aiuminium and tantalum anodes is 
applied to the rectification of alternating current 
in order to supply a source of direct current for 
battery charging. Best results for rectification 
are obtained with high current density at the 
anode, low inductance and low resistance of the 
external circuit, and low temperature. The
e.m.f. of the rectified current is lowered by the 
capacity effect of the cell (A. Nodon, "  Comptes 
Rendus,” 136, p. 445, 1903). The i3R  losses are 
high, due to the low conductivity of the electro
lyte and the high resistance of the active film. 
In using high current density, therefore, the 
heat generated due to these losses is confined to 
a small space and, inr consequence, there is a 
large rise in temperature. This has to be offset 
by design features. Either the volume of the 
electrolyte must be kept large, or special pro
vision must be made for cooling the electrodes 
or electrolyte, or a combination of these features 
must be embodied. The cathode in electrolytic 
rectifiers may be lead, iron or carbon or the 
metal container itself.

W. S. Horry (“ Trans. Amer. Electroch. 
Soc.," 7, p. 237, 1905) refers to the use of the 
blocking effect of the electrolytic cell, due to the 
high resistance of the aluminium anode film, 
for preventing arcs or interrupting an inductive 
circuit. For this purpose, the breakdown voltage 
of the cell should be greater than the normal 
working voltage of the circuit. In the interrup
tion of an inductive circuit, the high voltage 
surge breaks down the film, but this reforms 
when the circuit is operated again. Electro
lytic lightning arrestors also utilize this break
down characteristic of the aluminium anode.

The high electrostatic capacity available at

the anode of the electrolytic cell has caused 
large uses for static condensers. They cannot be 
used in a.c. circuits at high frequency because 
of high losses. Their chief usefulness is in low 
voltage circuits for protection against surges of 
steep wave front, and for use on d.c. circuits in 
which it is required to filter out a.c. ripple.

In telephone circuits, a smooth d.c. output is 
necessary so as not to interfere with conversa
tions, and specially built generators have been 
used. An ordinary generator can be used for 
charging the exchange battery associated with 
telephone circuits provided it be used in con
junction with a filter circuit made up of chokes 
and condensers. These eliminate the a.c. ripple 
and thus prevent hum in the circuits (R. L. 
Young, "  B.S.T.J.," 6, p. 702, 1927).

For use on a d.c. circuit, an electrolytic 
condenser needs only to have one of its elec
trodes constructed of a valve metal such as 
aluminium or tantalum, and the other may be 
a non-valve metal. The condenser action is 
maintained so long as the valve metal is kept 
positive. Such an arrangement on a.c. acts 
more as a rectifier.

L. Strasser (" E.T.Z.," 20, p. 498, 1899) shows 
how aluminium electrolytic condensers can be 
used for the production of high voltage d.c. A 
number of cells are connected in series and 
rapidly discharged in succession by means of a 
rotary commutator. Thus, the bank of cells is 
discharged in series.

Finally, the article states that the bulk and 
cost per microfarad of an electrolytic condenser 
are considerably less than those of an ordinary 
plate condenser operating at the same voltage. 
Efficiency is not so great at higher voltages, and 
here, therefore, the economy is not so apparent 
because the energy-storing capacity of a con
denser varies as the square of the impressed 
voltage.

An account of recent researches on aluminium 
electrolytic condensers and modern views on 
their construction and operation is given by 
P. Robinson and J. Burnham in the "  Journal 
of the Electrochemical Society," 1943.

In this the electrolytic condenser is considered 
in terms of its equivalent circuit, which consists 
of a condenser having aluminium oxide as 
dielectric, in series with one of which the dielec
tric is the solvent of the electrolyte. The 
aluminium-oxide dielectric is considered to be 
shunted by a high resistance which is substan-

Table 22.

Voltage,
D.C.

Current density, 
amp./1,000 cm.2

-  6 0.8
-  5 0.4
-  4 0.1

4- 40 0.0001
4- 80 0.0005
4- 120 0.0015
4- 160 0.003
4- 200 0.005
+  240 0.006
4- 280 0.007
4- 320 0.009

Aluminium formed in ammonium borate solution 
at 350 V. d.c.
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tially the leakage resistance of the condenser. 
Likewise, the solvent dielectric is shunted by a 
resistance which is the resistivity of the electro
lyte. In general, the paper discusses the 
characteristics of a condenser as functions oi 
temperature and frequency in terms of the four 
variables, and also electrochemical interactions. 
Further, the electro-phoretic potentials of the 
various physical constituents of the condenser 
when immersed in electrolytes are discussed in 
relation to corrosion and related phenomenon.

The authors give an introductory review of 
the aluminium electrolytic condenser. Its name 
originates from the fact that it consists of an 
aluminium anode that lias been subjected to a 
voltage in an electrolytic cell. When a d.c. 
voltage is applied to such a cell, the surface of 
the aluminium becomes electrolytically oxidized, 
and this process is normally called "formation."

Table 23.

Temperature,
toC.

mA./cm.2
i Ohms/cm.2

15 0.0075 13.3 X 106
30 0.025 4.0
40 0.059 1.60
50 0.186 0.54
60 0.375 0.27
70 0.600 0.17
75 0.757 0.13

Aluminium formed in ammonium borate solution 
at 105 V. d.c. for 140 hours. Tests at 100 V. d.c.

T able 24.— Show ing th e  co n s tan t “ A ” 
d e p e n d e n t on fo rm atio n  tim e , and “ A ”  d e 
p e n d e n t upon th e  e le c tro ly te  com position .

Electrolyte
Time of formation

8 hours 140 hours

Ammonium molybdate i =  3.55e°'0G4t i =  2.04e0-062*

Ammonium borate .. i =» 3.55e0-085' / =  2.04e°-OS5t

Once this process of formation starts and the 
oxide film is formed, it is irreversible. Conse
quently, terms such as current density, over
voltage, composition of the anolyte, have no 
definite significance. Again, impurities in the 
original aluminium anode are important, but so 
is their distribution in the metal surface. _ The 
thickness of the oxide film formed is a linear 
function of the applied voltage. It is of the 
order of io—< cm. thick for 1,000 v. It is 
this very thin film that accounts for the high 
capacities per unit plate area.

In commercial practice, plain plate and etched 
plate condensers are referred to. This etching 
is a preliminary operation, which in effect 
increases the surface area and, therefore, greatly 
increases the capacity’ per unit of apparent area. 
The value of the condenser is dependent upon the 
electrical quality of the oxide film, and this is 
determined by the maximum formation voltage 
and the leakage current per microfarad. Desir
able conditions, of course, are minimum leakage,

T able 25.— M aximum  V oltages fo r A lum inium  
Form ed in V arious E lectro ly tes .

Sodium sulphate.................... 40 V.
Potassium permanganate................ 112
Ammonium chromate .. .. ., 122
Potassium cyanide............ . .. 295
Ammonium bicarbonate................ 425
Sodium silicate .. .. .. 445
Ammonium phosphate (? dibasic) .. 460
Ammonium citrate.. ,. .. .. 470
Borax..................................  <80
Citric a c id .......  .. .. 536

and the lowest value obtainable is dependent 
upon the chemical nature of the electrolyte. 
The maximum obtainable voltage is likewise 
dependent on the solution in which formed, and 
actually it may be expressed as some inverse 
function of the concentration of the solute.

The practical rating of an electrolytic con
denser is a large fraction of the voltage to which 
the anode is formed. This formation voltage 
determines the voltage overload that can be 
withstood. Therefore, in a properly made 
electrolytic condenser, the voltage breakdown 
is accurately controlled by the manufacturing 
processes, and there is no question of designing 
the condenser to withstand a flash voltage of 
two or three times the working voltage as is 
the case with paper condensers.

Wet and dry electrolytic condensers are' 
differentiated by the electrolytic solution in 
which they operate. A  wet condenser uses a 
water solution as the electrolyte, and a dry one 
uses a non-aqueous electrolyte. The wet con
denser has usually rigid electrodes com
paratively widely separated. The dry condenser 
employs thin flexible metal strip electrodes 
with thin porous separators between them; 
the composite strip is wound on a mandrel into 
a compact cylinder, and subsequently impreg
nated with its non-aqueous electrolyte.

The application of electrolytic condensers is 
mainly determined by the large capacity for 
small space. Typical condensers consist of a 
filmed aluminium anode, a spacer impregnated 
with electrolyte, and an unfilmed aluminium 
cathode. For a.c. currents, two formed alu
minium electrodes with electrolyte-saturated 
spacers between them are the fundamental form 
of construction.

The equivalent electrical circuit is given in 
Fig. 114. In this, Ci is the condenser, with the 
dielectric consisting of the oxide film, and with 
the anode as one armature plate, and an 
imaginary conducting layer as the other. R i 
is the leakage resistance of the condenser. C2 
is the condenser with the dielectric consisting 
of paper saturated with electrolyte,, with the

Table 26.

Sp. resistance of Approx. life at 25© C. before
ammonium borate aluminium hydroxide

solution separates out

75 ohms. 4-1 year
150 1-3 years
300 over 5 years
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Table 27.

January, 1945

Electrolyte
Gm. 

PO4 ion 
a

Gm. 
Cl ion 

b
Ratio
a

—  =  CT mA.
cm.2

Ratio
¡(J
¡0

130 c.c. NH4NaHPO] .. 
130 c.c. NH-tNaHPO-i

0.59 ~ - 0.0013 1
-f 3J c.c. KCI aq. 0.57 0.048 0.084 0.157 121

4| c.c. KCI aq. 0.57 0.062 0.109 0.26 204
-f 5} c.c. KCI aq. 0.56 0.076 0.136 0.471 362

- c.c. KCI aq. 0.56 0.090 0.161 0.972 750
-f l\ c.c. KCI aq. 0.56 0.105 0.191 1.89 1,450

Aluminium anode formed at 110 V. d.c. Measurements made at 20 V. d.c.

cathode as one plate and an imaginary con
ductor of Ci as the other. R2 is the resistivity 
of the electrolyte.

From mathematical considerations of these, 
Robinson and Burnham give Figs. 115 and 
116 to show capacity changes with frequency 
and dissipation factor changes with frequency.

With regard to the formation of the oxide 
film, this is substantially in accordance with 
Faraday's laws of electrolysis; 95 per cent.- 
electrolytic efficiency is obtained.

The oxide film has been reported as of crystal
line structure essentially cubic. There is, how
ever, much doubt on this, and the present 
authors finally concluded that it is probably of 
an amorphous nature. They found the film to 
be biréfringent and, therefore, the crystal to be 
of lower symmetry. They illustrate the bire
fringence as shown in Fig. 117. In A is a 
microphotograph of the film in transmitted 
light between crossed nicols. In B  is shown the 
grain structure of the surface of the aluminium 
electrode. The authors stress that the striking 
parallel between the mosaic pattern in the two 
photographs indicates that the orientation of 
the aluminium oxide crystals is determined by 
the crystal face that the metal presents to the 
solution. -The fact that thick films are homo
geneous in conjunction with the properties of 
the film,-such as its ability to absorb dyes, etc., 
strengthens the belief that the film is amorphous.

Factors such as effect of pressure and electro
lyte resistance on breakdown of aluminium 
anodes and design factors in relation to capacity, 
power factor, temperature effects, are considered 
in detail.

Fig. 118 gives relation between dissipation 
factor and voltage rating for etched plates and 
for plain plates. This shows the importance of 
the ratio of actual surface area of the anode to

geometrical area. Fig. 119 shows change of 
power factor and of capacity of dielectric 
condensers with temperature as a function of 
the voltage rating. Fig. 120 shows the change 
in the ratio of low temperature to room tem
perature impedance with temperature of dry 
electrolytic condensers as a function of voltage 
rating.

Much attention is given to corrosion and 
electrokinetic properties, and some very sound 
data are presented. It has already been stated 
that Faraday's law of electrolysis holds good in 
the ideal case, and it should hold good very 
closely in practice. In some instances it is 
found that the current efficiency is low, and 30 
per cent, reduction is quite common. This can 
occur due to impurities in the aluminium or 
impurities in the electrolyte. For example, 
0.1 atomic per cent, of iron in the aluminium 
is sufficient to lower current efficiency by 30 per 
cent. Soluble sulphates, and still more so 
chlorides, are also known to give reduced current 
efficiency and to cause very high leakage current 
in the final condenser. A phenomenon associated 
with the presence of these elements is often 
referred to as corrosion. Usually this corrosion 
shows its influence after the condenser has been 
standing idle. Despite the fact that it is an 
easy matter to observe the effect of impurities 
such as iron in the aluminium or chloride in 
the electrolyte in a qualitative sense, it is very 
difficult to measure the effects quantitatively 
and even more difficult to account for them. 
The authors, therefore, investigated the effects 
of impurities in terms of electrokinetic relation
ships existing in the condenser. They point out 
that in most electrochemical devices the elec
trolytes are fairly good conductors and the 
electrokinetic effects are slight, whereas in the 
electrolytic condenser the electrolytes are rela-

T able 28.

Condenser
Losses,
watts.

Calculated
capacity

mF.
Power
factor

Temp.
°C.

Formation
voltage

d.c.

Residual 
current at 

d.c. forming 
voltage 
amp.

Peak value 
of applied 

a.c.

Time of 
closed a.c. 

circuit, 
mins.Current,

amps.
Voltage

a.c.

1.26 27.4 2.25 146.3 0.065 19.7 40 0.003 ca. 33 120
1.35 59.2 4.0 72.6 0.050 18.0 80 0.0045 ca. 84 60
1.72 113.4 23.0 48.2 0.118 22.8 160 0.0037 ca. 159 60
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I N T E R N A T I O N A L  R E C O R D S

I N T E R N A T I O N A L  A L L O Y S  L T D . ;  S L O U G H ,  B U C K S .  
P h o n e : SLO U G H  23212. G ra m s: INTALLOYD, SLOU GH

HE list of Olympic victors 
/  begins in 776 B.C. T he modern 

series of Olympic games was 
initiated at Athens in 1896, 

since when the development of 
athletic prowess, as expressed by 
international records, has been re
m arkable. For the pole ¡ump, the 
international record of 15 ft. 1 \  ins. 
was set up by Cornelius Warmerdam, 
of U.S.A., at M odesto, Cab, in 1942.

T h e  record of International AlloysLtd. 
in supplementing the nation’s supplies 
of essential light metals cannot be fully 
published till after the war. M ean
while, for post-war developments, 
please note the name—‘ INTAL are 

* and will be makers of aluminium 
alloys for every conceivable purpose.

S n t o r n a t io n a l A llo y s  L t d
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R A Y  T U B E S
W h e n e v e r  t h e  O s c i l lo g ra p h  t r a c e  r e q u i r e s  r e c o r d in g  IL F O R D  L IM IT E D  

c a n  su p p ly  th e  M O S T  S U IT A B L E  p h o to g r a p h ic  m a te r i a l .  I lfo rd  L im ite d  m a r k e t  
a  fu ll r a n g e  o f  p a p e r s ,  film s a n d  p la te s  f o r  p h o to g r a p h ic  r e c o r d in g  o f  a ll ty p e s  
u se d  in s c ie n tif ic  a n d  in d u s t r ia l  in v e s tig a t io n s .  T h e  fo llo w in g  is a  s e le c t io n  o f 
m a te r i a l s  sp e c ia l ly  m a d e  fo r  O S C IL L O G R A P H  R E C O R D IN G :

C O D E N A T U R E C H IE F  U S E S

5RI0I Film— Panchrom atic.
Very high speed. 
Medium con trast.

Specially su itab le  fo r record ing  red fluo rescen t screens 
of cathode ray tubes (Phosphate  screens) and so m e
tim es used for g reen  and blue screens.

H.P.3 Plate— Panchrom atic.
M edium co n trast.

Som etim es used fo r record ing  single tran sien ts  as it  is 
slightly faste r than  5R I0I.

5G9I Film— O rth o ch ro m atic . 
Very high speed. 
Medium co n trast.

The fastest m aterial for reco rd ing  g reen  and blue 
ca thode ray tu b e  screens. Specially su itab le  fo r re c o rd 
ing single fast transien ts .

5G4I Film— O rth o ch ro m atic . 
Medium speed. 
High co n trast.

O w ing to  its h igher c o n tra s t it is capable of giving a 
d en ser trace  than  5G9I bu t req u ire s  a longer exposu re .

5B52 Film— Blue sensitive. 
High speed. 
M edium co n trast. 
O n o range base.

A new  film specially for reco rd ing  blue fluorescen t 
screens of ca thode ray tubes. O n account of its special 
m ethod  of m anufacture th e re  is a m inim um  of image 
spread  enabling traces, in w hich th e  sp o t velocity varies 
o v e r a w ide range, to  be successfully reco rd ed . Also 
su itab le  fo r high speed processing.

SB5I Film— Blue sensitive. 
High speed. 
High con trast.

Very w idely used fo r reco rd ing  blue fluo rescen t screens 
b u t w ith o u t th e  special characteristics of 5B52. These 
tw o  films re q u ire  app rox im ately  th e  sam e exposu re .

BPI Paper Glossy.
Blue sensitive. 
High speed. 
High con trast.

Very w idely used fo r reco rd ing  blue fluo rescen t screens 
and also fo r many o th e r  form s o f reco rd ing  w h ere  a 
paper base is requ ired .
A pprox im ately  th e  sam e speed as 5B5I film.

8B2I Film— Blue sensitive. 
Medium speed 
High co n trast.

Suitable fo r th e  d irec t reco rd ing  of high speed e lec trons 
in an evacuated  tube.

For an explanation of the code numbers used and for fuller details of these and other recommended 
materials, write for a copy of the Ilford booklet “ Photography as an Aid to Scientific Work."
I L F O R D  L I M I T E D  .  I L F O R D  .  L O N D O N
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lively poor conductors and the electrokinetic 
effects are quite marked. The average currents 
are low, but the current density at a particular 
point may be high. Again, the amount of 
material transported by electrophoresis may be 
100 times the weight of ions carrying the current.

For preliminary experiments a formed anode 
was dissolved in hydrochloric acid, leaving the 
film in suspension. This film was washed, by 
electrodecantation with water and then with 
borax solutions. The migration of the pieces 
of film so prepared were observed. It was 
established that the electrokinetic properties of 
the film were closely the same as those for

Table 29.

Calculated
capacity.

mF.
Voltage.

A.C.
Current.
Amp.

Losses.
Watts

Power
factor

43.9 102.8 1.42 8.6 0.059
43.9 82.8 1.14 5.0 0.053
43.8 73.6 1.01 3.5 0.047
43.6 59.2 0.81 1.7 0.041

alundum, and, consequently, the work was 
continued, using alundum diaphragms. The 
zeta potential measurements were made by 
applying a voltage across a porous alundum 
diaphragm and measuring the rate of electro
osmosis of the solution through the diaphragm. 
The actual measurement recorded was the time 
required lor the meniscus of the liquid to move 
through a unit distance. Under these conditions 
the rates of osmosis are approximately propor
tional to the zeta potentials.

Fig. i2i shows the relative zeta potentials of 
aluminium oxide in boric acid and water solu
tion, to which various concentrations of 
ammonia were added. It is important to note 
that the potential of the film was negative at 
all concentrations, indicating that the tendency 
of the film when a voltage is applied is to stay 
on the anode. It was also observed, although 
it may only be a coincidence, that electrolytes 
which impart the highest potentials to the film 
are those which give the best shelf life in wet 
electrolytic condensers.

In another series of tests, a boric acid solu
tion which gave a negative zeta, potential was 
used, and to it was added thorium nitrate: 
0.017 gins./litre of thorium nitrate was found 
to give a maximum positive zeta potential. This 
was followed by experiments, using boric acid 
solutions containing ferric iron, aluminium, lead 
and calcium. Results are shown in Mg. 122 for 
the change in electrokinetic potential with con
centration of the added ion. In the case of 
iron, it is seen that it imparts a large positive 
potential to the aluminium. It can be assumed, 
therefore, that the influence of iron impurity in 
the aluminium is for some of it to be oxidized 
to ferric iron, which, when it is transported 
to the cathode, carries possibly 100 times its 
weight of aluminium oxide. This is supported 
by the fact that using aluminium containing 
o'1 to 0.3 per cent, of iron, the current efficiency 
in forming is approximately proportional to the 
iron content.

The influence of the aluminium ion seems 
anomalous because some aluminium ions must

be present in the electrolyte. It should have 
a drastic effect similar to thorium. However, 
if to the solution illustrated in Fig. 122 which 
gives the maximum positive potential, ammonia 
is added, the potential falls and then becomes 
negative as aluminium precipitates as hydroxide. 
This shows why no troubles are encountered in 
commercial electrolytes from this phenomenon. 
Commercial electrolytes have a pH value close 
to the isolectric point of aluminium hydroxide, 
and at that point the equilibrium concentration 
of aluminium is a minimum. Average condi
tions, therefore, are such as to suppress the 
aluminium ions. The effect of any impurities 
which permit the formation of aluminium ions 
will be severe. It is probably in this direction 
acidic ions such as chloride ion are so detri
mental, i.e., that a local concentration of 
chloride ion which increases permissible concen
tration of the aluminium ion, causing disin
tegration and migration of the film in such areas.

Regarding air-line corrosion, the authors con
sider that, below the air line, aluminium oxide 
has a strongly negative potential, and at the 
air line the potential is nearly zero. Air-line 
corrosion does exist. Electrokinetic considera
tions also explain the failure in substituting an 
aqueous electrolyte in a dry condenser. In 
short, it is not practicable to take a dry

Table 30.

Frequency Initial
value

Value after 
one year’s 

service

r 60 640m F. 930m F.
400 570 860Capacity < 1,000 540 840

I 2,000 520 830
, r 60 0.37 0.27Equivalent j 400 0.15 0.125series 1.000 0.14 0.12resistance ! 2.000 0.12 0.11

Condenser formed at 100 V. d.c. and operated 
continuously for one year at 66 V. d.c. (Values have 
been read from a small scale graph.)

condenser and impregnate it with the same 
electrolyte used in a wet one.

Fig. 123 gives their measurements for 
aluminium oxide and for cellophane in 10 gms./ 
litre of borax in water and then replacing the 
water gradually by glycerine. It is seen that 
in the water solution, both cellophane and alu
minium oxide have negative potentials There
fore, with a "  dry "  condenser impregnated with 
"  wet "  electrolyte, during operation the cello
phane would plate out on the anode and would 
interfere with the normal functioning of the 
anode. This causes corrosion, as shown in 
Fig. 124.

In the glycol-rich solutions, cellulose has 
a positive potential, with aluminium oxide nega
tive. Consequently, an anode in such an 
electrolyte would be uncontaminated by any 
cellulose. Dry commercial condensers use a 
glycol-rich electrolyte, the water content being 
well below the limit indicated in Fig. 123, and 
the salt content much higher. Ruben’s patent 
U.S. Xo. 1,891207 covers this aspect.

(T o  be continued.)
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A l u m i n i u m  i n  

T h e  C h e m i c a l  I n d u s t r y

I n  T h i s ,  t h e  F i n a l  P a r t  o f  t h e  A c c o u n t  C o n c l u d e d  

f r o m  “ L i g h t  M e t a l s j p Ą Ą j y f j j i ,  t h e  A p p l i c a b i l i t y  

o f  A l u m i n i u m  f o r  t h e  C o n s t r u c t i o n  o f  V a r i o u s  I t e m s  o f  

A p p a r a t u s  f o r  S p e c i f i c  P u r p o s e s  i n  t h e  F i n e  a n d  H e a v y  

C h e m i c a l  I n d u s t r i e s  i s  F x a m i n e d

F OR many years past, the value of aluminium 
in the handling of concentrated nitric acid 

and nitrous fumes has been recognized by the 
large producers of the acid who have made 
extensive use of the metal in the construction 
of their plant and transport equipment.

In order to understand the basis on which 
aluminium is able to take such an important 
place in the industry, it may be advisable to 
recapitulate and to comment on the information 
given earlier in this article relevant to the effect 
of nitric acid on aluminium. A curve was 
developed showing reduction in thickness of 
aluminium plates of 99.3 per cent, purity when 
immersed in nitric acid of different concentra
tions for a period of four weeks. This is only 
one of a number of graphs which have been 
published, and these several curves are not all 
in complete agreement, as might be expected 
when it is appreciated that the purity of the 
nitric acid is not taken into consideration. 
That cited indicates a maximum reduction 
of 0.0064 in. corresponding to a concentration of 
30 per cent, acid by weight, i.e., maximum 
attack takes place at this concentration. In 
some cases the maximum rate of attack has 
been stated to be higher (0.0087 in. in one case) 
whilst, in other instances, it has been lower, 
but, in all cases, the curves do show that 
maximum attack takes place at concentrations 
between 15 and 50 per cent, nitric acid and that 
outside this range, and particularly near the two 
ends of the scale, attack is slight. The figures 
given for reduction in thickness in very dilute 
or concentrated acid, which is what we are most 
concerned with here, are invariably in good 
agreement.

In designing aluminium chemical plant, it is 
generally considered that, for heavy plant of a 
permanent nature, the maximum loss in weight 
by chemical attack which can be sustained 
economically and technically per day is x gm. 
per sq. m. of exposedv,surface area. Reference 
to the graph supplemented by calculations 
involving the density of aluminium shows that 
this rate of attack occurs with acid of about 
1 per cent, or 80 per cent, concentration and 
that at 90 per cent, concentration and above, 
the rate of attack is scarcely more than half 
the limiting figure. It is with nitric acid, sub
stantially free from impurities, particularly 
sulphuric acid and chlorides, of concentration

above 90 per cent, by weight and, occasionally 
down to 80 per cent, by weight, that aluminium 
equipment is employed and, in this capacity, it 
gives better service and greater all-round satis
faction than any other available material.

The rate of attack increases with rise in 
temperature and is greatly accelerated by the 
presence of impurities such as chlorides, free 
sulphuric or hydrochloric acid, and copper salts. 
The content of these materials must not be 
allowed to exceed a very small figure (around 
0.01 per cent.) or the dangerous pitting type of 
corrosion may ensue. The presence of dissolved 
lower oxides of nitrogen is also detrimental; it 
is due to the formation of these lower oxides 
in still acid that aluminium is attacked to a 
greater extent by still acid than by acid which 
is kept in motion. Stirring vanes are commonly 
fitted to aluminium tanks in which nitric acid 
might otherwise remain undisturbed for a time. 
Dry nitrogen oxides are not very corrosive, 
although the moist gases are more so and may 
occasionally exert a vigorous attack. Nitrous 
acid exerts only a slight attack on aluminium.

In the early days when light metals first made 
their appearance in the nitric-acid industry, 
metal of 99.3 per cent, purity was the best that 
could usually be obtained. In recent years 
99.5 per cent, metal has been used, but the 
superior corrosion resistance of the 99.8 per cent, 
metal, now so generally available, should ensure 
even greater' satisfaction of aluminium equip
ment than in the past. It is unfortunate that 
no immunity to attack or substantial reduction 
in the rate of attack is provided by M.B.V. or 
anodic treatment as the coatings produced are 
dissolved by the acid. The rate of attack does 
not diminish with time, showing that tha metal 
does not become passive.

The Manufacture of Nitric Acid
Nitric acid is made on a large scale by three 

methods, (a) from sodium nitrate, (h) by the 
electric arc process, (c) by the oxidation of 
ammonia. In the first process sodium- nitrate is 
heated with concentrated sulphuric acid in a 
large cast-iron retort set in brickwork, the nitric 
acid is distilled off and is condensed in tubes 
cooled partly by air and partly by water, whilst 
oxides of nitrogen formed are absorbed by water 
in a stoneware tower packed with hollow stone
ware cylinders or balls. The whole process
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may be carried out under reduced pressure 
when the reaction takes place more rapidly and 
at a lower temperature, with consequently less 
decomposition. .

Aluminium is employed lor the construction 
of plant used in this method of production to 
a smaller extent than in the other two methods 
of manufacture due mainly to the presence of 
sulphuric acid which, as previously stated, 
greatly' increases the corrosive attack of nitric 
acid on aluminium. Thus, the retort is made 
of cast iron, a material which, although 
dissolved by liquid nitric acid, is unattached by 
nitric-acid vapour and is fairly resistant to 
concentrated sulphuric acid, probably due to 
the formation of a. protective coating. The 
condenser often consists of stoneware U-tubes, 
horizontal glass tubes or S-shaped tubes of 
silicon iron, but aluminium has been employed 
satisfactorily for the construction of these con
denser tubes where the design of the plant is 
such that little sulphuric acid is carried over 
as far as the condensing apparatus. The metal 
has also been used satisfactorily for the con
struction of the absorption towers, although 
these are more frequently made of stoneware.

For running oft the concentrated acid and for 
storing and transporting it, aluminium piping, 
tanks, drums and other containers are commonly 
employed and have given every satisfaction.
The Arc Process

At the high temperature of the electric arc, 
atmospheric nitrogen and oxygen unite to form 
oxides of nitrogen which may be absorbed to 
give nitric acid. This process was first worked 
experimentally at Manchester in 1900 and later 
developed in Norway from 1902 onwards, using 
electricity from hydro-electric schemes.

In this process a furnace is formed by the arc 
burning between t>vo water-cooled copper poles, 
the arc being spread out into the fgrin of a 
disc by means of an electro-magnet. Air is 
drawn through this flame, which is at a tem
perature of about 3,000 degrees C., and com
bination occurs between the oxygen and 
the nitrogen:-—

N, +  O, = = =  2 NO
The reaction is reversible, the equilibrium 

concentration of nitric oxide at 3,000 degrees C. 
being about 5 per cent, by volume, but only 
0.4 per cent, at 1,500 degrees <J. The gases 
leaving the furnace are, therefore, very rapidly 
cooled to about 1,000 degrees C. to fix the 
equilibrium, and a yield of about 1 per cent, 
nitric oxide is obtained. Further cooling is 
carried out in two stages, first to 150 degrees C. 
in a heat exchange apparatus in which steam is 
generated which is later used to evaporate 
solutions formed in the course of the opera
tions; then to 50 degrees C. in large pipes 
exposed to the air.

Right from the early days of the process 
aluminium has been the material chosen for the 
construction of these pipes due_ to its resistance 
to the gases coupled with its high thermal con
ductivity and the ease with which the pipes 
can be formed and connected. Aluminium 
would not be suitable for the previous stages 
of cooling due to the high temperatures involved.

When the gases have cooled below; 600 
degrees C. formation of nitrogen dioxide 
begins:—

2 NO +  O- - 2 NO,

This is a somewhat slow process and, to give 
the reaction time to go to completion, the gases 
are passed through a large empty iron "  oxidiz
ing ” tower before going on to the absorption 
towers. It is suggested that the use of a sheet 
aluminium lining to the iron oxidizing towers 
would be advantageous.

The absorption towers are gigantic affairs, 
usually three or four in number, 65-80 ft. high 
and iS ft. in diameter, built of granite slabs 
and packed with broken quartz.. The usual 
arrangement is to employ four towers in series, 
through which the gases are passed in turn. 
Water is fed into the top of the last tower to 
be reached by the gases and the weak acid 
which collects at the bottom is fed into the top 
of the third tower, and so on, so that the solu
tion leaving the first tower is the most concen
trated, having run counter current to the gas 
stream. The formation of the acid takes place 
as follow-s:—

2 NO. +  H.O = =  UNO. +  UNO,
3 UNO. =5= =  UNO, +  2 NO +  H.O

The nitric oxide is re-oxidiz.ed by the excess
of air present, forming nitrogen dioxide which 
re-enters the solution.

For the apparatus required for absorption, 
aluminium is unsuited because the concentration 
of acid involved is within the range most 
dangerously corrosive to the metal; neither is it 
suitable for use in the concentration apparatus, 
as concentration is carried out in the presence 
of sulphuric acid.
The Oxidation oj Ammonia

The catalytic oxidation of ammonia is the 
most important industrial process for the manu
facture of nitric acid and is one in which
aluminium finds extensive application in such 
components as reaction vessels; absorption 
columns; cooling coils for the concentration of 
the acid; digesters; pressure piping; storage and 
transport tanks; and piping for nitrous gases.

This process is based on the fact that if a 
mixture of ammonia and air or oxygen is passed 
over a suitable catalyst, generally heated
platinum, the ammonia becomes oxidized to 
nitric oxide which, on cooling, undergoes spon
taneous further oxidation to nitrogen dioxide, 
after which the gas may be absorbed in water 
with the formation of nitric acid, as in the arc 
process:—

4 NH, +  5 O. = 4 NO +  6H.O
2 NO +  O. = 2 NO,
2 NO, +  H,0 = = =  HNO. +  UNO,
3 H N O ,= = =  HNO, +  2 NO +  H.O

In general, all plant which comes into contact 
with nitrogen oxides, nitric acid or the initial 
gases is made of aluminium, partly because of 
the excellent service which it gives under 
corrosive conditions, partly because of its 
advantageous thermal characteristics, and partly 
because aluminium piping and tubes are so 
readily formed to shape, connected, and, when 
necessary, replaced. But the main impetus to 
the use of aluminium was the demand for an 
acid free from heavy metal contamination which 
would, therefore, ensure freedom from the danger 
of spontaneous explosion in products, such as 
ammonium nitrate explosives, made from the 
acid.

The best results are obtained when the gas
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passes rapidly over the. catalyst; with a slow 
current of gas, much free nitrogen is formed. 
A mixture of pure ammonia gas with twice its 
volume of oxygen and sufficient steam to render 
the mixture non-explosive, or, alternatively, a 
mixture of 1 volume of ammonia gas and 7.5 
volumes of air filtered free from dust (in 
aluminium dust precipitation equipment) are 
passed through aluminium pipes to the catalyst 
chamber. This, in its most usual form, consists 
of a rectangular aluminium box across which a 
series of fine aluminium gauzes are stretched. 
The mixture of gases is passed very rapidly 
through the box, which is heated electrically. 
Alternatively, the gas stream may be heated to 
500 degrees C. before passing into the apparatus, 
when the reaction proceeds automatically, with
out the application of further heat. The
efficiency of the process is such that more than 90 per cent, of the ammonia is converted into 
nitric oxide and, with the mixture of ammonia 
and air, 1 sq. ft. of dbuble catalyst gauze will 
produce seven tons of nitric acid in 24 hours.

The oxides then pass to two cooling towers 
arranged in series. In the first tower they are 
cooled by passing over aluminium pipes through 
which water is circulated, whilst, in the second 
tower, the operation is repeated except that
refrigerant is pumped through the aluminium 
pipes to liquefy the bulk of the nitrogen dioxide 
passing through the tower. A 26 degrees Be 
solution of calcium chloride is the most fre
quently used refrigerant, and aluminium is 
generally satisfactory in contact with it; in
practice, however, additions of 1-2 per cent, 
sodium dichromate inhibitor are added to the 
refrigerant and these greatly increase the life 
of the aluminium apparatus.

From the cooling towers the liquid product is 
taken in aluminium pipes to storage tanks
constructed of welded aluminium and fitted with 
agitating devices to keep the liquid in motion.

The vapours which escape liquefaction in the 
cooling towers are rich in nitrogen pentoxide and 
are absorbed in concentrated nitric acid in 
absorption lowers constructed entirely of alu
minium. Residual oxygen, nitrogen, ammonia, 
water vapour ami. inevitably, droplets of nitric 
acid, pass into the atmosphere.

From the storage tanks the flow diagram 
divides according to whether it is desired to 
produce pure nitric acid or an inorganic nitrate. 
If the former is to 'be made the liquid nitrogen 
dioxide is pumped to an autoclave in which it 
is oxidized under pressure and in the presence 
of water to form what is known as red acid, 
consisting of concentrated nitric acid containing 
dissolved oxides of nitrogen (nitrogen dioxide 
and pentoxide). These oxides are removed by 
passing the acid through a bleaching column, 
or steam jacketed tower, maintained at a tem
perature- of 100 degrees C., when they boil oil 
and are returned to the cooling towers for 
further cooling and refrigeration. The bleach
ing column or tower is of all-aluminium con
struction, whilst the pump which drives the 
liquid nitrogen dioxide into the autoclave 
contains many parts in aluminium alloy. The 
acid is finally cooled in aluminium heat 
exchange apparatus and stored in aluminium 
tanks fitted with aluminium stirring apparatus 
to remove any lower oxides of nitrogen which 
may be formed, and are finally transported in 
aluminium tank cars and wagons, drums and

smaller containers. It has already been told 
how the need for a nitric acid free from heavy 
metal contamination led to developments and 
improvements in the drums and , other alu
minium containers then being made for acetic 
acid. The remarks made about other types of 
containers for acetic acid apply witji equal force 
to those intended for use with nitric acid, which 
really run along parallel lines.

Aluminium syphons are among the auxiliary 
equipment used in the manufacture of nitric 
acid.

If, on the other hand, it is desired to produce 
au inorganic nitrate, the cooled nitrogen dioxide 
(liquid or gas) is led into a suitable solution 
of the desired metallic radical. For example, 
to form calcium nitrate, the nitrogen dioxide is 
passed through milk of lime to produce first a 
mixture of calcium nitrate and nitrite and, 
later, nitric acid, which converts the nitrite 
present into nitrate.

Ammonium nitrate, an important constituent 
of explosives, is formed by blowing ammonia 
gas mixed with air and steam into the cooled 
and fully oxydized gas stream. The reaction 
takes place as follows:—
4 NO, +  O, +  2 MX) +  4 N H3 =  4 NH .NO ,

Solid ammonium nitrate is deposited as a 
powder. Alternatively, the product may be 
made by neutralizing nitric acid with ammonia 
or ammonium carbonate, or by other means. 
Whichever method is employed, aluminium has 
proved invaluable as a material of construction 
for the vessels employed since traces of alu
minium which may pass into the crystallized 
product are not catalytically active and do not 
render the nitrate unstable. This greatly 
reduces the danger of spontaneous detonation of 
ammonium nitrate explosives, such as has been 
encountered when traces of other metals have 
been present.

A striking feature about aluminium equip
ment in the nitric acid industry is the size of 
some of the plant employed. This will be 
apparent from the fact that storage tanks 
with capacities of 1S-25 c.m. are common in 
France. Railway tank wagons for use on the 
lines operated by the Campagnie du Chemin de 
fer du Nord were limited to 13 cubic metres, 
and were built of aluminium sheet 14 to 16 mm. 
thick. Aluminium is used for the conveyance 
of pure nitric acid and silicon iron for sulpho- 
nitric acid.

Containers for nitric acid are fabricated by 
welding and, because of the high performance 
desired, the greatest care and skill are required 
in the welding operation. Only autogenous 
welding should be employed. It is essential 
that the weld metal is homogeneous in structure 
and free from pores. Porosity is avoided most 
easily when using sheets about 6-7 mm. thick. 
The weld must also be free from flux and oxide 
inclusions. It should not be left in the as-welded 
condition, in which it is less resistant to corro
sive attack, nor should it be roughly hammered.

The surface of the weld should be ground and 
thoroughly washed to remove flux, which tends 
to concentrate on the surface. The seam should 
then be lightly hammered and well annealed 
by means of a blow-pipe at a temperature of 
about 350-400 degrees C. This is always advis
able even with the thinner grades of sheet, but 
with metal thicker than about 6-7 mm. it is
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S E L F  -  L U B R I C A T I N G

B R O N Z E  B E A R I N G S
Oilitc ” reduces bearing failures to a minimum wherever it is applied to 

suitable components. The lubricant content is ample to cope with variations in speed 

and load over a considerable range, and will do this continuously during the life of 

the component, whilst, where necessary, additional lubrication can be readily embodied 

in the design without difficulty. The accuracy of finished dimensions and limits is 

equal to that of the highest grade machined bearings, thus making for case of assembly 

and fitting. As an alternative to force fitting, “ Oilitc ” can, if desired, be embodied 

in Light Metal Die Castings during casting, thus reducing the manufacturing 

operations of the components, although Oil must be impregnated later
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 -but if she worked in a wartim e factory slic would also love the good
lighting w ithout which she could not keep up her high ra te  of output.
Incorrect lighting is a drag upon workers’ health and dulls enthusiasm , 
whilst correct lighting prom otes increased production. I f  your installation 
needs be tte r planning or changes are required to  take care of new processes, 
or extensions are necessary— consult the G.E.C.
Take advantage of the knowledge G.E.C. lighting specialists have gained 
in helping wartim e factories towards full production.

F O R  A N Y  S T A N D A R D  O F  

I L L U M I N A T I O N

Advt. of The General Electric Co., Ltd., Magnet House, Kingsway, W.C.2. I.E./7
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essential. In autogenous welding for the nitric 
acid industry, the use of oxy-hydrogen has been 
found to give better resuLts than oxy-acetylene. 
Light Metals in the Petroleum Oil Industry

It is now generally recognized in the oil 
industry that, in certain directions, the use of 
aluminium and aluminium alloys is definitely 
advantageous. Although the tonnage of metal 
thus consumed is not large to date, there is 
every reason to expect a considerable expansion 
in the utilization of light metals after the war.

The advantage to be gained by the use of 
aluminium is mainly a reduction in upkeep 
expenditure due to the high resistance of the 
metal, compared with that of iron and 
galvanized iron, to the corrosive substances 
that are jjresent in crude and partly refined 
oils. Particularly does this apply to high 
sulphide oils which are notoriously hard on iron 
but with which aluminium has given a very 
satisfactory life. Occasionally the low density 
of the metal is of imp’ortance,. as, for example, 
in gauging equipment, dippers and transporta
tion equipment; in other cases the high thermal 
conductivity of the metal is beneficial.

From the chemical point of view aluminium 
is unattacked by gaseous liquid or solid hydro
carbons, aliphatic or aromatic, and is generally 
unattacked to any serious extent by inorganic 
or organic sulphur compounds. Its use, there
fore, in contact with crude oil composed of 
hydrocarbons which are soluble in each other, 
and more or less mixed with sand, sulphur, 
oxygen and nitrogen compounds with water 
would appear to offer many advantages as 
regards resistance to corrosion and consequent 
length of life.'

Extraction of the Oil.— It is not known how 
far aluminium hits any application in the air 
lift operations of oil wells, but it is believed 
to be very small at the moment. Nevertheless, 
the idea commends itself for consideration 
because of the considerable success which has 
attended the use of aluminium tubing in similar 
operations in sulphur wells where the metal is 
employed in much the same way as in oil wells 
and is exposed to the same corrosive agents, 
namely, water of high salt content, sulphur 
(molten in this case), sulphurous gases, chiefly 
hydrogen sulphide, and ordinary atmospheric 
conditions. Actually the conditions in oil 
mining are less corrosive than those attending 
the mining of sulphur with aluminium tubes 
since the latter operation is carried out at a 
temperature in excess of 250 degrees F. It is 
possible that the disastrous corrosion of ferrous 
metals experienced by the sulphur industry has 
not been felt to anything like the same extent 
by the oil industry and hence the comparative 
lack of interest in aluminium oil-winning equip
ment. Nevertheless, taking a long-term point 
of view, it might be an ultimatê  economy to 
make use of aluminium protection in some form 
or other) by using aluminium alloy tubes or, 
more likely, by employing a lining of aluminium 
either in the form of a thin wall or as a thick 
metallized coating.

Where the crude oil is mixed with such a 
large quantity of sand as to render pumping 
impossible and to necessitate the use of some 
sort of ladling or dipping equipment, winning 
of the oil may be simplified by the use of an 
aluminium alloy ladle. In this instance lighter

weight necessitates less energy for the windlass 
or, alternatively, a ladle of greater carrying 
capacity can be fitted without altering the 
remainder of the plant. In either case the use 
of aluminium in place of heavy metal effects ah 
appreciable reduction in working costs.

Flow Tanks.— From the well, the crude oil 
passes first to flow tanks. These are relatively 
small structures, generally of about 550 barrels 
capacity, in which the oil is kept for a short 
time before passing on to main storage tanks. 
In the flow tanks, much of the sand and coarser 
suspended matter precipitates to the bottom 
and, with the frequent presence of brine, which 
sinks and forms a layer between the precipi
tated matter and the oil, and the sulphurous 
materials present in the oil, the container metal 
is exposed to considerable hazards, both 
mechanical and chemical. Great trouble has 
been experienced with iron flow tanks. The 
sulphurous gases collect at the top and attack 
the metal, forming loose ferrous sulphide scale, 
which then falls down into the brine layer and 
gives rise to electrochemical corrosion of the 
lower part of the container wall. The solution 
to the difficulty appears to lie in the use of 
aluminium either for the whole tank or at least 
for the top, sides and roof. In this way the 
elimination of sulphide scale is ensured and 
galvanic corrosion prevented. Results of 
numerous installations of riveted or welded flow 
tanks of aluminium or aluminium alloy have 
shown that the light metal is entirely satisfac
tory. It is now becoming quite customary in 
new plant to install all-aluminium flow tanks, 
and it has been proved that, although the initial 
cost is greater, the longer life of the tank and 
the smaller leakage, especially under severely 
corrosive conditions, entirely justifies the added 
capital investment. The success of aluminium 
in this connection suggests its application in 
other items of plant, such as gas separators and 
electric dehydrators, where resistance to the 
corrosive action of well fluids after they have 
left the well is of importance.

The storage tanks present a different problem 
economically because of their huge size, often
55,000 barrels or more. These tanks suffer from 
the same corrosion troubles as the flow tanks, 
perhaps to a slightly less degree, but, on the 
other hand, leakage is a far more serious and 
expensive matter, and the corrosion of large 
storage tanks for both crude and refined pro
ducts regularly causes great losses of material. 
Unfortunately, the size of the container makes 
the cost of all-aluminium equipment impossibly 
high, even if the project were possible technic
ally, but there are a number of important 
measures which can be, and often are, taken to 
reduce corrosion by the use of aluminium.

Chief among these is the use of aluminium in 
the roof construction, using one of a number of 
methods. The roof may consist of wooden 
trusses and purlins over which heavy-gauge 
aluminium sheeting may be fixed, or the alu
minium may be applied in the form of foil on 
the underside of a wooden decking or of a 
covering of rqofing felt. In other cases, a thick 
coating of aluminium may be applied to the 
underside of a roofing of sheet iron by spraying. 
Adequate protection to the inside walls of an 
iron tank is given by aluminium foil applied 
over an adhesive paint on the steel wall, in
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much the same way as wall paper is applied 
to plaster walls. Wooden roof construction is 
no longer employed in this country, owing to 
the added lire hazard, although it is still being 
used to a small extent in the U.S.A. Current 
practice in this country is to employ all-steel 
tanks, the inside lower 'walls of which are pro
tected by a cement wash; it is admitted that 
extensive and serious corrosion occurs and that 
frequent renewal of the cement work is a messy 
and inconvenient operation.

The piping connecting the flow tanks to the 
storage tanks and which transports the oil 
through the plant in which it is distilled, 
filtered, etc., may be of aluminium. Tubes up 
to 10 ins. in outside diameter are available com
mercially, but larger tubes can be made without 
much difficulty by forming and welding or 
riveting sheet metal. Where piping passes
underground the metal needs to be protected 
by the application of a thick coating of 
bituminous paint. As an added precaution, 
however, aluminium foil should be wrapped 
round the outside of the pipe to seal cracks in 
the bituminous coating which form inevitably as 
the pipe beds down.

There is, however, another aspect to the use 
of aluminium in pipe lines and storage tanks 
and that is that the high reflectivity of the 
metal assists in maintaining an even temperature 
inside the container and, in particular, it is 
most efficient in minimizing evaporation by the 
heat of the sun. It is important to note that 
aluminium surfaces do not readily dull and, 
because of this, considerable and extending use 
of aluminium is being made for the external 
treatment of tanks and pipe lines. Again, there 
is no set rule to the way in which aluminium 
is employed, and sheet, foil, sprayed metal coat
ings and films of aluminium paint are all 
valuable and effective treatments, each with its 
own particular sphere of usefulness. Sheet metal 
and foil are similar in reflection characteristics 
and are more efficient than either metallized or 
paint coatings. If paint coatings are employed, 
the newer paste aluminium products possess a 
higher reflectivity than paints prepared in the 
old way by mixing dry aluminium pigment into 
an oily medium. If powder is employed, the 
coarser grades may often give a higher reflec
tivity than the finer paint grades. Metallized 
coatings are more dull, but they are also more 
permanent than paint coatings when applied in 
reasonable thickness. The condition of the top 
of a storage tank has the greatest influence on 
evaporation losses, and it is not uncommon to 
find a metal foil covering applied to the outside 
of the roof whilst the sides are painted.

The elficiencv of aluminium in reducing 
evaporation losses and the relative efficiencies of 
aluminium foil and paint become obvious from 
the results of tests on three 80,000 barrel tanks 
in Texas. In these tanks, the evaporation losses 
over a period of 90 days were:—

Tank 1.— Unpaintecl .. .. 375 barrels
Tank 2.— Sides and roof coated

with aluminium paint .. 240 barrels.
Tank 3.— Sides coated with 

aluminium paint, roof covered 
with aluminium foil .. .. 81 barrels.

The U.S. Bureau of Mines Technical Paper 
No. 365 details the results of evaporation loss 
measurements in five horizontal tanks situated

at bulk-storage stations. The tanks measures 
20 ft. long by 10 ft. diameter and measurements 
were made over the period May 29 to October 15, 
1930, a pressure-relief figure of 202 being main
tained in all cases. The results are given in 
Table 20:—

Table 20.— Effect of E x te rn a l T re a tm e n t  on 
T ank E vapora tion  Losses

Evaporation
Tank External treatment losses

Gallons %
A White paint + insulated housing 112 1.40
B Covered with aluminium foil 170 2.12
C Red paint 284 3.54
D 2 coats aluminium paint .. 187 2.34

in considering the results shown in this table, 
it must not be overlooked that the white paint 
on Tank A was used in conjunction with an 
insulated housing. Had the experiments been 
conducted over a longer period of time, the 
results might well have been more favourable 
to Tanks B and D, as aluminium foil and paint 
dirty and dull less rapidly than white paint, 
and there is every reason to believe that alu
minium foil applied over the insulation of Tank 
A would have provided an even power figure 
for evaporation losses.

Reverting to the subject of the chemical cor
rosion of storage tanks, a report on tests made 
011 all-aluminium and on composite steel and 
aluminium storage tanks in Texas makes 
interesting reading. Two tanks of equal capa
city and shape were produced, one being 
entirely of aluminium and its alloys, the other 
of composite construction with the top ring and 
deck of aluminium. After being in use for 
exactly one year, the tanks were opened, cleaned 
and inspected by officials representing the 
owners, the Bureau of Mines and the producers 
of the metal. They were reported to be in 
excellent condition and practically free from 
corrosion due to oil and water.

The all-aluminium tank had been used for 
“ bad oil "  direct from the well, carrying over 
30 per cent, of water, and the tank, therefore, 
contained some S ins. to 10 ins. of brine on the 
bottom at all times. At the water level of the 
lower ring some discoloration was apparent, 
which was so faint that it could not be detected 
by touch and there was no roughened surface. 
The metal in the oil phase was free from dis
coloration and as smooth and bright as when 
rolled. This statement also included rafters, 
channels, ladders and bolts. New steel bottoms 
in an adjoining tank installed at the same tin.ie 
as the aluminium tank and handling the same 
oil, developed leaks in six months, whereas the 
aluminium bottom was not pitted halfway, 
through after a period of 12 months. Tin* com
posite aluminium-steel tank was used for the 
treated oil, which did not contain more than 
1 i per cent, of water and was practically free 
from hydrogen sulphide. Both the steel and 
aluminium were in good condition, substan
tiating the theory that the use of aluminium in 
the vapour phase will protect the steel below 
by preventing the formation of sulphide scale.
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The results of such a test, when summed up, 
indicate that in this particular type of plant an 
aluminium tank will have a long and useful 
life with a minimum of upkeep, and that it can 
more than justify its additional first cost. No 
evidence of galvanic action was discovered 
between the various aluminium alloys used, or 
between the aluminium and steel in the com
posite tank.

In another case, where particularly sour oil 
was stored in a tank with a floating roof, pro
tection was applied to the latter by metal spray, 
and a number of metals were first applied to 
different portions of the roof for comparison 
purposes. It was found that zinc and cadmium 
gave very little protection, whereas aluminium 
was highly effective. Slightly better protection 
was afforded by a thick coating of lead, but 
the weight of such a thick coating of dense 
metal created a problem of its own.

Distillation
By means of distillation, crude petroleum oils 

are separated into fractions such as light petro
leum, heavy benzene, light and heavy kerosene 
and gas oil. Aluminium is unattacked by all 
these materials and by the sulphurous com
pounds present in the oil and which cause 
serious corrosion of ferrous metals employed in 
distillation apparatus. Moreover, the good 
thermal conductivity of aluminium, its lightness 
and the fact that it does not discolour the 
product commend it for use in most distillation 
plants. Unfortunately, the temperatures 
employed in the fractionation of petroleum 
oils are too high to allow the use of massive 
aluminium except in certain less important 
accessories, such as bubble caps, and in the 
lower temperature side of the plant. Thus, 
heating worms placed in a furnace, the tem
perature of which may be anything up to 220 
degrees C., are used for passing the distillate to 
rectifying columns, the light metal being 
employed mainly to ensure the absence of dis
coloration in the product.

Aluminium as a material of construction for 
bubble caps has been an outstanding success 
in reducing upkeep costs. In one case, measure
ment of the relative corrodibility of aluminium 
and cast-iron bubble caps after being in service 
16,217 hours showed that the cast-iron caps 
corroded 10.8 times as fast as those in 
aluminium.

A number of heat exchangers fitted to 
cracking as well as distillation apparatus have 
been made of aluminium.

In the form of a sprayed-on coating, however, 
aluminium is employed as a protection for the 
steelwork of fractionating columns, both inside 
and out, even for the high temperature parts of 
the plant. Because of the importance of this 
aspect of the subject, it will be dealt with in 
further detail later.
Filtration and Sweating

After distillation, the products are cooled in 
aluminium heat exchangers and then stored for 
a sufficient time to allow the entrapped oil to 
separate from the paraffin, after which the mate
rial is filtered through a metal gauze. Aluminium 
gauze may be used with advantage on account 
of its lightness and non-discolouring properties. 
The final product is eventually taken to the 
main storage tanks, often passing through inter-

inedfate storage tanks on the way. Thus, the 
Anglo-Iranian Oil Co. installed 26 tanks, each 
of 2,000-gallon capacity, between the refineries 
and the stores of one installation in 1935. Alu- 
minium covers were employed for all the man
holes and all-aluminium construction was 
employed for one tank, so that the behaviour 
of the metal in comparison with iron and steel 
could be observed over a number of years.

The finished oil, although ready for the many 
and varied uses to which petroleum products 
are put, is still not without corrosive effect on 
ferrous metals, and the arguments applied to the 
use of aluminium in storage tanks for crude oil 
apply, although with diminished force, to con
tainers for the storage of the refined product. 
The external treatment of the tanks to increase 
heat reflectivity and so to reduce evaporation 
losses is as important as ever, and even where 
no use of aluminium is made inside the storage 
tanks, it is still quite customary to paint the 
external surface with aluminium paint, and 
occasionally, to cover the top with aluminium 
foil.

In the final handling and transport of the oil, 
aluminium does not play such a prominent part. 
An aluminium dock hose was made by the 
California Oil Tool Co. in 1938. It was built 
up from aluminium-alloy tubing in two dia
meters of 4 ins. and 6 ins., and made into 
self-contained 50-ft. lengths. Each length con
tained five joints and 12 swivel points, so that 
maximum flexibility could be obtained. The 
hose was capable of handling petroleum pro
ducts under pressures up to 500 lb. per sq. in. 
In comparison with canvas hose, the strength 
and non-leaking characteristics of the ligh't- 
metal hose were much appreciated, whilst the 
absence of danger through sparking and the 
light weight of the equipment placed it far 
ahead of flexible steel hose for safety and ease 
of handling. The weight of one 50-ft. length 
of 6-in. hose, complete with fittings and flanged 
end was only 490 lb., which meant that it could 
be handled by dock labour and did not require 
the use of a crane.

In containers for rail and water transport, 
massive aluminium is not often employed. 
There is, however, a significant move throughout 
the transport world towards the increasing use 
of aluminium in the construction of transport 
equipment of all kinds, not so much from the 
corrosion point of view but because it is recog
nized that the decrease in deadweight obtained, 
though demanding an increased initial capital 
outlay, is an eventual economy of considerable 
magnitude.

At the moment aluminium paint is much used 
on such transportation equipment to protect the 
steel sheeting from atmospheric corrosion and to 
provide some measure of heat insulation. How
ever, there is every sign that future develop
ments may include the use of sheet aluminium 
for constructional purposes and crumpled alu
minium foil lor efficient thermal insulation.

For controlling the flow of petroleum pro
ducts along pipe lines or from containers, a 
number of special types of valve have been 
constructed in aluminium. One type,- made in 
Pittsburgh in 1938, was a cylindrical design 
operated bv a handwheel which turned a 
screwed rod in the valve bonnet. It was made 
in a number of sizes between I in. and 3 ins.
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Another design, consisting of a light-alloy body 
lined with Barronia metal and fitted with a 
Barronia metal tapered cock has been referred 
to and illustrated earlier in this article.

Aluminium valves and valve seats may be 
employed on general service reciprocating 
pumps handling cold oil. Satisfactory service 
is obtained even in the handling of sour oils 
which normally cause serious corrosion of steel 
valves and valve seats. Disc-type aluminium 
valves are satisfactory for reciprocating reflex 
pumps handling light oil fractions at tempera
tures up to 200 degrees F. These valves may, 
therefore, be employed in contact with hot oil 
from the distillation or cracking plant.

Aluminium is regularly employed for the con
struction of conservation or breather valves, 
being used for the valves, valve stems, seats 
and guides. The main advantage of aluminium 
for this purpose is the absence of sparking 
which, although not probable with steel valves, 
is always a possibility and, if it does occur, it 
generally causes a most serious accident. For 
this reason aluminium is generally the material 
chosen for the construction of flame arresters 
attached to the breather outlets of oil storage 
tanks. They consist principally of alternate 
layers of flat and corrugated aluminium sheet 
and stand up very well to corrosion both by 
the atmosphere and by the vapours from the 
contents of the tanks.

The ” Varec ” Vapour Recovery Systems Co. 
make considerable use of aluminium in the 
construction of vejits, flame arresters and pres
sure valves on storage tanks; gauges of all 
kinds; swing and swivel joints on hoses and 
pipe lines; and hand holes, manholes and 
covers for equipment of all types. Apart from 
the resistance of the metal to corrosion, and its 
freedom from sparking, this concern note that 
it is not excessively brittle at high temperatures 
and does not fly into pieces if struck by a stream 
of water or foam from a fire extinguisher when 
heated to 400-500 degrees F. by a conflagration. 
Apparently, this behaviour is not uncommon 
with valves and other components in alternative 
metals, and it adds materially to the difficulty 
of extinguishing a conflagration.

Metallizing in the Oil Industry
The undoubted advantages of aluminium to 

the oil industry  ̂ havg led to extensive experi
ments on the use of sprayed light-metal coatings 
on steel structures. In this form, some of the 
advantages of aluminium, notably a large 
measure of the corrosion resistance, absence of 
contamination and high reflectivity for light and 
heat, which are characteristic of the massive 
metal, are imparted to the steel structure 
without the heavier initial capital outlay of an 
all-aluminium structure. This is not to say 
that metallizing will necessarily give the same 
satisfactory" performance as massive aluminium, 
but it has the advantage that it is a treatment 
which can be applied to existing steel structures 
and that where the expense of massive alu
minium is viewed with some timidity or where the 
life of the metal under the conditions appertain
ing is an unknown quantity, aluminizing often 
provides a half-way stage both in price and in 
performance. To these advantages must be 
added the considerable degree of resistance to 
high temperature oxidation which sprayed

aluminium coatings impart to steel apparatus.
It is not surprising, therefore, to find a con

siderable utilization of aluminized steel in the 
oil industry. Dow gauge pots, valves and 
dephlegmaters are commonly sprayed with 
aluminium. So are many of the component 
parts of Dow hot oil pumps, and it has been 
found that this treatment has greatly improved 
the wearing properties of the valve parts. 
Formerly heavy corrosion was experienced, but 
this was almost completely eliminated by the 
application of a heavy coat of aluminium. 
The aluminization of the dome of a flash tower 
gave rise to considerable satisfaction. It was 
also applied to the interior of a Dublis coke 
chamber and both the coating and the under
lying steel were found to be in good condition 
after nine months of service, adequate protec
tion having been given against chemical attack, 
chiefly by hydrogen sulphide, and abrasion 
caused by the movement of coke.

In one installation considerable trouble was 
experienced through high temperature oxidation 
of the tubes in the water-cooled walls of boilers 
in the power plant. This was entirely eliminated 
by the application of a coat of aluminium 
0.013 in. thick. Finally, in 1935, the Asiatic 
Petroleum Co. aluminized the entire interior of 
a petrol fractionating column for use in the 
Dutch West Indies. The column measured 94 ft. long by 13 ft. diameter and altogether
6,000 sq. ft. of surface were first grit blasted 
and then sprayed with aluminium to a thick
ness of 0.01S in., using 1,300 lb. of light metal. 
This is a most interesting experiment since the 
corrosion resistance and the absence of con
tamination afforded by the use of aluminium 
coatings would be very welcome, but the high 
temperatures involved have hitherto prohibited 
the use of the metal in massive form except for 
minor components. It is hoped that informa
tion will be made available to show how 
successful sprayed-on coatings of aluminium 
have been in this particular application.

Aluminium in the Salt Industry
Neither crude nor refined salt can be 

manipulated or transported in contact with the 
majority of metals, not only because it is 
extremely corrosive but also because traces of 
metal, if picked up, will spoil the colour of the 
dry salt. Wood is used a great deal in contact 
with salt, but has the disadvantage that any 
grains of salt left on the wood, or \yhich find 
their way into the grain of the wood, absorb 
moisture from the air and dissolve in it so that 
the salt gradually permeates the wood.

Aluminium, on the other hand, possesses 
remarkable resistance to corrosion both by the 
salt crystals and by the atmosphere when the 
metal is not in contact with the salt. At the 
same time, any corrosion products which do 
form do not discolour the salt and are, of course, 
completely non-poisonous. Grains of salt cannot 
work into the metal as they do in wood and 
the smooth aluminium surface is easily cleaned 
and maintained in a dry and thoroughly 
hygienic condition.

For these reasons aluminium is employed to a 
considerable extent in the salt industry in 
operations where the metal runs no risk of con
tact with aqueous salt solutions which are 
corrosive- to aluminium. In the mining and
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earlier refining operations, the metąl finds appli
cation in such auxiliaries as shovels, rakes and 
drain chutes, but its major application is in salt 
drying plant. The* following, which is a 
description of a "  Sirocco "-type salt-drying 
plant, may be taken as typical of such 
equipment.

The salt, which may contain 5-10 per cent, 
moisture, is supplied to the dryer on a rubber 
belt conveyor running on cast alpax rollers. The 
salt is deposited from the conveyor belt into an 
almasilium (0.8 per cent. Si, 0.8 per cent. Mg, 
remainder Al) hopper of riveted construction, 
and is then supplied at a uniform rate to the 
buckets of a vertical elevator. The buckets are 
in light metal and are made in one piece by 
deep drawing of almasilium sheet. The 
elevator operates in a wooden shaft lined on 
the inside with thin aluminium sheeting. From 
the top of the elevator the salt drops down a 
short chute, made of riveted aluminium, into 
the top of the drying tower, passing, en route, 
through a special distributor which, at the same 
time, prevents the ingress of cold air. The 
chute is built up from riveted almasilium sheet, 
and the parts of the distributor which come 
into contact with the salt are also of aluminium. 
The drying tower has an outer shell made of 
almasilium sheets riveted together and suitably 
strengthened by extruded sections in the same 
alloy.

The drying mechanism consists of seven 
almasilium plates arranged one above the other, 
and, over them, hot air is circulated on the 
counter-current principle by the use of suitable 
baffles. The salt is gradually raked from one 
plate to the other by rakes carried by rotating 
arms which are attached to a vertical shaft 
passing up the centre of the tower. The various 
baffle plates which guide the salt are made of 
almasilium sheet. The central shaft is made of 
special corrosion-resistant steel and is protected 
from contact with the salt by an outer tube of 
almasilium. The dried salt has a moisture 
content of 0.2-0.3 per cent, and is removed from 
the bottom of the drying tower by means of a 
screw conveyor, the parts of which may be 
cast in an aluminium alloy of low copper con
tent and heat treated to obtain satisfactory wear 
resistance. The dry salt is then lifted up by a 
bucket elevator, similar to the one previously 
described, and deposited through a vibrating 
sieve into a storage bunker. The vibrating 
sieve is built up. from almasilium extruded 
sections and aluminium gauze. The storage 
bunker is built up from aluminium sheets 
riveted together and strengthened by extruded 
sections and the bottom of the bunker, through 
which the salt is removed, is an aluminium- 
silicon alloy casting.

The drying tower is fitted with a cyclone type 
of dust precipitator and an 8-meter high 
chimney, all of which are made entirely of 
almasilium.

Similar installations have been built for the 
drying of coarse-grained salt, which is much 
more abrasive, and also for drying potassium 
chloride, and in all cases the results have been 
very satisfactory.

Often, wooden containers for the bulk trans
port of table and industrial salts are lined with 
aluminium sheet of not less than 99.5 per cent, 
purity with the double object of making the

box salt-tight and of preventing the ingress of 
moisture. The same treatment is sometimes 
applied to wooden storage bunkers, and in both 
these cases aluminium is definitely superior to 
zinc, tin or galvanized iron, which are the 
metals most commonly employed for lining 
wooden containers.
Aluminium in the Soap Industry

In the soap industry, aluminium is employed 
in two roles only, but nevertheless, quite 
important roles. The first is in the construction 
of storage tanks for the fatty acids which con
stitute the principal raw material used in the 
manufacture of soap. The other role occurs at 
the extreme far end of the processing scale and 
takes the form of wrappings for the finished 
product. In both these roles aluminium has 
been chosen because it exhibits a satisfactory 
resistance to corrosion by the materials in con
tact with it and because what corrosion does 
inevitably occur, either through reaction with 
the soap or with the atmosphere, docs not result 
in any discoloration or spoilage of the material. 
In addition, aluminium, by its inherent charac
teristics, makes an attractive package «and adds 
less to weight than would, say, lead foil.

Aluminium is remarkably resistant to the 
higher fatty acids such as stearic, palmitic, 
oleic and margaric acids, and consequently, 
aluminium is used for stills, condenser coils, 
filter presses, drying and storage vats, etc., 
employed in their production. In the handling 
of these acids aluminium vessels not only have 
the advantage of avoiding discoloration of the 
product, such «as is encountered when other 
metals are used, but, if the solid acids, such «as 
stearic, are solidified in suitably shaped alu
minium vessels, they do not adhere to it «and 
can be removed without difficulty. For high 
temperature work, aluminium-silicon alloys are 
said to be more resistant to attack by these 
acids than is aluminium itself. Completely 
anhydrous acids may react violently with alu
minium, but only traces of water will completely 
prevent the reaction and. as completely water- 
free acids are not met with in industry, this 
hazard may be eliminated from practical 
consideration.

The tanks in which the fatty acids are stored 
for use in the industry may reach large propor
tions. The Persil works near Basle, for instance, 
have an aluminium tank 7-5 metres in diameter 
and 7.2 metres high, with a capacity of 284,000 
litres, while some years before the war four 
fatty acid storage tanks were made in France for 
a Belgian concern, each measuring 19 ft. in 
diameter and 29 ft. 6 ins. high. Such tanks «are 
practically always made by autogenous welding 
of aluminium alloy sheet, which gives a leak- 
proof construction of high strength, rigidity and 
corrosion resistance. Frequently they contain 
heating systems, relying on steam circulating 
through coils of aluminium piping to fuse low- 
melting fatty acids. Aluminium pipes then 
take the molten acid from the storage tanks 
into the works. The value of the thermal 
characteristics of the light alloys in heat 
exchange equipment has previously been com
mented upon.

The Persil tank was erected about the year 
1934 by the autogenous welding of aluminium 
sheets. The latter varied in thickness from top 
fo bottom of the container, being 5 mm. thick
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at the top and 12 mm. thick at the bottom, 
thus effecting maximum economy of materials. 
It stood on a concrete base, contact between 
the metal ami alkali in the cement being pre
vented by a layer of bitumen. A lid was fitted, 
constructed of aluminium sheets on a framework 
of anticorodal extruded "  T ” sections. The 
total weight of aluminium employed in the 
complete tank was 5,520 kilos.

The Belgian tanks were also made by the 
autogenous welding of aluminium sheets. The 
metal employed was of 99.5 per cent, purity, and 
the thickness of the sheets varied from 13 mm. 
at the top of the tank to 15 mm. at the bottom. 
Steel angle stiffeners were attached at the top, 
and the tanks were covered with dome-shaped 
lids of aluminium sheet, assembled by riveting. 
The tanks stood on a bitumen insulating layer 
011 a concrete foundation and contained two 
separate systems of steam pipes in aluminium, 
designed to melt the fatty acid and to maintain 
it at a temperature of 70 degrees C. Aluminium 
pipes were installed to convey the molten fatty 
acids from the tanks to the works.

In the intermediate operations involved in 
the manufacture of soaps and soap products, 
strong alkalis are mostly present, which render 
the use of aluminium impossible.

For the packaging of the final product, 
aluminium may be employed in a number of 
forms. Mostly it is used in the form of foil 
wrapping for shaving sticks and tablets of toilet 
soap. Impact extruded containers of aluminium 
are employed for the packaging of shaving 
creams. An innovation of the post-war period is 
likely to be the use of deep-drawn or impact- 
extruded cans for holding shaving sticks. Small 
numbers of such containers were on the market 
before the war and were far in advance of the 
normal tinplate containers which rusted almost 
before they left the shop, whilst they had the 
advantage over plastic cases in not being fragile 
or easily damaged.

Aluminium is not unaffected by soaps and 
soap products, but corrosion is not so severe as 
with iron and the corrosion product is not so 
unsightly as' iron rust, whilst attack can, for 
all practical purposes, be prevented either by 
lacquering or, preferably, by the addition of a 
suitable inhibitor to the soap. Tooth pastes 
have a similar action to soap on aluminium and 
the practice of making inhibitor additions to 
tooth pastes destined " to be packaged in alu
minium collapsible containers is now widespread, 
and, as everyone knows from personal experi
ence, as such containers are part of our daily 
life, the result is quite satisfactory.
Aluminium in Sulphur Mining

The most important worked deposits of 
sulphur are in Sicily and in America, in the 
Southern States of Louisiana and Texas. In 
Sicily, the native sulphur occurs in outcrops or 
near the surface and it is dug by normal 
methods of outcrop or shallow mining. The 
material thus obtained, containing about 15-25 
per cent, sulphur, is stacked in lumps in brick 
kilns built on sloping hillsides and covered with 
powdered ore. The ore is kindled at the top 
and sets fire to some of the lump ore. The heat 
generated by the combustion of about 30 per 
cent, of the sulphur serves to melt the rest 
which flows off into wooden moulds and is then 
exported for purification, mostly by distillation.

Aluminium does not enter into these mining 
and refining operations.

In America, however, the sulphur deposits 
occur deep down below clay, quicksand and 
rock, and a totally different method of mining 
is practised which yields a pure product not 
requiring refining. A boring is made to the 
deposit and four concentric pipes are sunk. 
Superheated water at 155 degrees C. is forced 
down the annular spaces between the outer 
three pipes, which fuses the sulphur deposit. 
Compressed air-is then forced down the centre 
pipe and this forces an emulsion of molten 
sulphur and air bubbles up to the surface 
through the remaining annular space, that is, 
between the centre pipe and the next concentric 
tube. This emulsion is taken to a large wooden 
vat where sulphur of 99.5 per cent, purity 
solidifies and is ready for immediate use.

In recent years it has been found possible, 
in some cases, to use only two concentric pipes, 
steam and superheated water being pumped 
down through the annular space between the 
pipes and molten sulphur coming up the centre.

Although the sulphur obtained in this way 
is so pure, the equipment is exposed to con
siderable corrosion dangers by reaction with the 
molten sulphur, hydrogen sulphide and organic 
sulphides, all at elevated temperature. The 
resultant corrosion of plant and discoloration 
of the product, which occurs when ferrous and 
cuprous metals are employed, has led to the 
adoption of aluminium for parts of the appa
ratus coming into contact with these corrosive 
materials, because .of the known high resistance 
of aluminium to sulphur, hydrogen sulphide and 
organic sulphides. In this way the exception
ally high purity of the product is maintained. 
Thus, aluminium has been employed for certain 
of the concentric pipes, the inner two where four 
concentric pipes are employed, or just the inner 
one where only two pipes are used. The outer 
pipe is always made of iron, partly for cheap
ness, but mostly because it suffers considerable 
abrasive contact with earth, sand and rock and, 
because of the disposition of the water and 
compressed air streams, an aluminium outer 
tube would show no advantage beyond reduced 
weight.

The double concentric tube has been employed 
mostly in Texas coastal fields, and ordinary 
screw joints have proved perfectly satisfactory 
when treated with a suitable anti-seize lubricant,
e.g., a mixture of petrolatum and zinc.

The metal has also been employed to some 
extent in the transport and handling of molten 
and solid sulphur and for piping exposed to 
sulphur and sulphurous fumes. A light-alloy 
wheelbarrow has found wide use for the 
handling of sulphur. Not only does it ensure 
the maintenance of a high purity undis
coloured product, but, being light in weight, it 
enables a greater useful load to be carried by 
one man without any increase in the energy 
consumed. The weight of a wheelbarrow is a 
source of wasted energy in the transport of 
whatever load the barrow is carrying, and a 
small saving in this weight results in a large
decrease irr^ttr^ptal energy consumed in using
a wh.e'^^l4^.ijwjE;pughout the- day. In the 
barro>y; referred & reduction in weight of from 
58 ill® down to 29 jib. has been effected by 
ma/kfaig /the''Tramew'ojrk of extruded duralumin
an«“ the box in slieei durafinox.

1 '
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W H E N  

W E  W E R E  Y O U N G

From such beginnings grew the aircraft industry. 

It has been Cellon’s privilege to march in step with 

this phenomenal development and, in some respects, 

help to speed it. Cellon was founded in 1 9 1 1 and 

has found the succeeding years pregnant with 

opportunity; it has flourished during the days of 

the greatest industrial and scientific advance in 

history. That Cellon now holds a position in the 

van of the production of industrial finishes is proof 

of the progress made since 1911 .

CELLON LTD. KINGSTON-ON-THAMES. TEL.: KINGSTON 1234 (5 lines) 

Thorp-Hambrock Co., Ltd., Montreal. Cellon Corporation Pty., Ltd., Sydney,

T h e  p e h ß c t  U f ü s k -

The ßrst aerial post in Great
to make sure that it •will be

Hendon to Windsor, A  ‘rehearsal* 
on the day> Sept. gy i g i l .

C E L L O N

C E R R 1 C  C E R R U X  
■ ■ ■ ■ ■ ■ ■ ■  > .
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----------------------------------- Telephone 23665 --------------------------------——•
M a n u f a c t u r e  s p e c i a l

I M M E R S I O N  T H E R M O - C O U P L E S
f o r  q u i c k  a n d  a c c u r a t e  t e m p e r a t u r e  r e a d i n g s  o f

M O L T E N  M E T A L S .

T h e  A m a l g a m s  C o .  L t d .  a l s o  M a n u f a c t u r e  
# H A R D E N I T E  C A S E  H A R D E N I N G  C O M P O U N D  
© E U T E C T O I D  C A S E  H A R D E N I N G  C O M P O U N D  

#  H A R D I T T E  (Hs“ s)
 C A S E  H A R D E N I N G  C O M P O U N D  ------------

I L F A H
ON A.I.D. 

APPROVED LISTS

A l u m i n i u m  Alloy Ingots to Specification

CANLEY COVENTRY Phone 3673

• A L U M I N I U M  

C A S T I N G S
SAND & GRAVITY DIE CASTINGS 

FOR ALL TRADES
O he
B R I D G E  F O U N D R Y  ltd! 

W E D N E S B U R Y  • S T A F F S
'PHONE: WEDNESBURY 0109--------------------
--------------'GRAMS: ALSPELCO, WEDNESBURY

M U R E X  L T D .  R A I N  H  A M , E S S E X

H A R D E N E R S
F O R  T H E  

A L U M I N I U M  I N D U S T R Y

T I T A N I U M  

C H R O M I U M  

C O B A L T ,  e t c .

A L L O Y E D  W I T H  A L U M I N I U M  

A N D  O T H E R  E L E M E N T S  T O  

I N D I V I D U A L  R E Q U I R E M E N T S  

’P H O N E :  R A I N H A M ,  E S S E X ,  2 4 0

A  M U R E X  M E T A L L U R G I C A L  P R O D U C T
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G L O ' C R A C K
T H E  NEW  F L U O R E SC E N T  METHOD 

OF C R A C K  D E T E C T IO N
p r o d u c e d  b y  F l u o r e s c e n t  D e v e l o p m e n t s ,  L t d . ,  
s u b s i d i a r y  o f  C o l lo id a l  R e s e a r c h  L a b o r a t o r i e s ,  L td . ,
6 6 / 7 0 ,  P e t t y  F r a n c e ,  W e s t m i n s t e r ,  S . W . l .

S UITABLE f o r  t h e  d e t e c t i o n  o f  s u r f a c e  c r a c k s  a n d  p o r o s i ty  
in  F e r r o u s  a n d  N o n - f e r r o u s  M e ta l s ,  C e r a m ic s ,  R a d io  
V a lv e s ,  S i n t e r e d  C a r b id e s ,  G la s s ,  e t c . ,  a n d  a s  u s e d  b y  

l e a d i n g  F o u n d r i e s  a n d  A i r c r a f t  M a n u f a c t u r e r s ,T e s t  H o u s e s ,  
E l e c t r o n i c  T u b e  M a k e r s ,  S p a r k i n g  P lu g  M a n u f a c t u r e r s ,  e tc .

Demonstrations in London and Birmingham by arrangement with the Sales Agents .—

C. T E N N A N T ,  S O N S  &  CO.,  L T D .
15, A m e ric a  S q u a re , L o n d o n , E .C .3 - Royal 3 \30  
41, W a te r  S tre e t, B irm in g h a m , 3 - Central 2435

To SMELTERS & USERS oTALllMINmM
LARGE QUANTITIES of SEGREGATED

c S ^ t m h a $ llM M ( w i0  s p $ & M $ a a fi
AVAILABLE for IMMEDIATE DISPOSAL

R .  J .  C O L E Y tf S O N « — 1 1 ?

L O N D O N  

BIGGLESWADE

JUBILEE W ORKS. CHAPEL ROAD. HOUNSLOW . MIDDLESEX M A NCHESTER



ALUMINIUM alloyed with
MANGANESE. TITANIUM. CHROMIUM. \  
NIOBIUM.TANTALUM. TUNGSTEN. BORON, 
VANADIUM. ZIRCONIUM. MOLYBDENUM. 
IRON. SILICON. MAGNESIUM. NICKEL. ETC. j.

Specialists In ^  
PressureCastings in 
ZINC, LEAD and TIN 
BASE, also Gravity 
Castings—BRASS and 
ALUMINIUM BRONZE
AJ.D. APPROVED A
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“ L I O N  B R A N D ”! WSM £323», g%£3

AND ALUMINIUM
MASTER ALLOYS

ESTABLISHED IS& 3
Telegrams
Telephone

Blackwell, Liverpool. 
Garston 980 (3 lines).

B L A C K W E L L S  M E T A L L U R G IC A L  W O R K S  L T D .
THERMETAL HOUSE. GARSTON, LIVERPOOL 19

Works: Banks Road, Speke Road and Church Road. Garston

D I E  C A S T I N G S
Complete range of Gravity and Pressure I 

Castings in Aluminium Zinc Base • Lead Base • Tin Base %

D Y S O N  & C O .,  ENFIELD (1919) L TD ., S o u th b u ry  W o r k s ,  P o n d e r s  E nd
TELEGRAMS: "OIESINKER. PHONE. ENFIELD.” TELEPHONE: HOWARD 1484 (I LINES)

A N O D I S I N G  a n d  

C H R O M A T I N G

P L A N T S ,  F L U X E S  
a n d  C H E M I C A L S

R. CRUICKSHANK, LTD., Camden S tree t, 
BIRM INGHAM , 1. 'Phone: Cent. 72I3

MISCELLANEOUS
MONOMARK Service. Permanent London address. Letter« 
redirected 5/-p.a. Write BM/M0NO92, W.C.l. 84/3121

SUBSCRIPTION RATES : Light Metal* will be sent post paid 
for one year ior 20/-. Shorter periods pro rata. Send 
remittance to the publishers.

D. Approved Laboratories are now 
dusively by all leading Atrcralt 
:rs for the X-Ray Examination of 
I and Class II Castings.
N D U S T R 1 A L  A N D  
M E T A L L U R G I C A L  
X - R A Y  S E R V I C E

LONDON LABORATORIES: 
Grove Works. Grove Place, ACTON. London. W.3.
Hpid Office and Midland Laboratories :
53, Wentworth Road. Harborne. BIRMINGHAM. 17

Printed in Eugland and Published Monthly by the Proprietors, TEMPLK PRESS LTD., BOWLING GREEN LANE .LONDON, E.C.l.

Phosphor Bronze | | B f i  Cun Metal Ingots-Tandem'Whr.e Metal Alloys H  H  B L Jf Bcanngt for all purposes
C Y f l C-Eyre* Aluminium and HN| 8^^ Chill Cast PhosphorAluminium Alloys B l  ■ B B Bfli Bronze Rods

SMELTING COMPANY LIMITED
TANDEM WORKS. MERTON ABBEY. S.W.19

Telephone: MITCHAM 2031 (4 Imes)
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F L E X I B L E  S H A F T  E Q U I P M E N T  

™  T O T ?  s s er eul swh 'e I
phone : Shirk/ 123̂ B. O. MORRIS LTD., SHIRLEY, BIRMINGHAM, ’grams : MorrUÜ«. B-ham
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J O H N

A L U M I N I U M

A L L O Y

C A S T I N G S

D A L E

m M  
J H i

R E S S U R E  T I G H T

W e  s p e c i a l i s e  in  t h e  m a n u f a c t u r e  o f  m e d iu m  
a n d  h ig h  s t r e n g t h  a lu m in iu m  a l lo y  c a s t i n g s  to  
w i t h s t a n d  h ig h  p r e s s u r e s ,  s u i t a b l e  f o r  P u m p s  
a n d  c o n n e c t i o n s  in  H y d r a u l i c  a n d  F u e l  S y s te m s .

J O H N  D A L E  LTD ., BR U N SW ICK  PA R K R D ., N E W  SO U TH G A TE, L O N D O N , N.11 
Telephone & Telegrams: LONDON—ENTerprise 1167-8-9


