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BA.2I co m b in es  com para t ive ly  high mechanical p ro p e r t ie s *  w ith  ex c e l le n t  co r ro s io n  
rés is tance , w o rk in g  p ro p e r t ie s  and w eldab il i ty .
It is re c o m m e n d e d  fo r  m ar in e  w o r k  and as a g ene ra l  p u rp o s e  alloy fo r  t r a n s p o r t ,  
f u r n i tu r e  and many o th e r  industr ies .

* Minimum mechanical properties for sheet and strip

0.1% 
pr. stress 
T/sq. in.

Elongn. 
% in 2 in,

14-201

Lhard

t  according to gauge.

THE BRITISH ALUMINIUM CO. LTD. SALISBURY HOUSE LONDON WALL LONDON E.C.2
Telephone : CLÊrkenweIT 3494 Telegrams : Cryolite, Ave, London
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M etalastik Ltd., Leicester.

W e  have been asked w hy w e show  d ifferen t 

designs o f M etalastik  to rs iona l v ib ra tion  

dam pers w hen  o u rs  is already th e  sim plest 

and m ost effective dam per know n to  industry.

It is sim ply a m a tte r  o f su iting  th e  design to  

th e re q u ire m e n ts d ic ta te d  by th e  c u s to m e r’s 

layou t. T h e re  a re  many factors th a t a re  to  

be considered  befo re a d am per is d e s ig n ed : 

th e  to rsional v ib ra tion  may have a high 

am plitude th a t is a con tro lling  fac to r, dia

m e te r  may be re s tric ted  by o b stru c tio n s  

o r  length  may be lim ited .

W e  are  in th e  fo r tu n a te  position  of having 

a t o u r  disposal various designs and a mass 

of w ell-p roved  ex p e rie n c e ; from  th e se  w e 

have successfully solved all th e  p rob lem s 

b ro u g h t to  us, including som e o f  th e  w o rs t 

cases know n.

O u r  know ledge and extensive te s t  eq u ip 

m e n t are  available in th e  service o f all w ho 

have v ib ra tion  prob lem s to  be solved,
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G .E .C . In fra -  R e d  L am p  In d u str ia l H ea tin g  E q u ip m e n t has p lay ed  an  
im p o rta n t p a r t  in  solving u rg en t w ar-tim e  p ro d u c tio n  prob lem s.
T h is  b ro c h u re  con ta ins p a rtic u la rs  o f  a  v arie ty  o f  ap p lica tio n s, w ith  
descrip tions a n d  illu stra tio n s o f  m an y  in sta lla tions .
E ssentia l a n d  v a lu ab le  in fo rm a tio n  is inc lu d ed  w h ich  w ill help  to  solve 
m a n y  prob lem s b o th  now  a n d  a fte r  th e  w ar.

The General Electric Co., Ltd., Head Office, Magnet House, Kingsway, London, W.C.2



October, 1 945 LICHT METALS Advts. Ili

J u s t  s u p p o s i n g

t h a t  J o h n  D a l e  L t d .  h a d  b e e n  p e r f o r m i n g  t h e i r  m e t a l l u r g i c a l  

m a r v e l s  i n  t h e  d a y s  o f  E n g l a n d ’ s  ‘ w o o d e n  w a l l s  ’— w o u l d  A l u m i n i u m  

A l l o y s  h a v e  t e a m e d  u p  s u c c e s s f u l l y  w i t h  o a k  1 S h i v e r  o u r  t i m b e r s ,  

t h e r e ’s  n o t  a  d o u b t  o f  i t  ! T h a t  i s  o n e  o f  t h e  m o s t  o u t s t a n d i n g  a t t r i b u t e s  

o f  A l u m i n i u m  A l l o y s — t h e y  a r e  e m i n e n t l y  s u i t a b l e  t o  f o r m  p e r f e c t  

p a r t n e r s h i p s  w i t h  a  v a s t  v a r i e t y  o f  o t h e r  m a t e r i a l s .  T h i s  i s  e s p e c i a l l y  

t r u e  i n  b u i l d i n g  ; w h e t h e r  i t ’ s  b u i l d i n g  s h i p s ,  h o u s e s ,  o r  b u s i n e s s e s ,  

A l u m i n i u m  A l l o y s  c a n  m a k e  t h e i r  o w n  u n i q u e  c o n t r i b u t i o n .

J u s t  s u p p o s i n g :

th a t  (rev e rtin g  to  o u r  m a ri
tim e  m o o d ) 1 A lu m in iu m  
A h o y ! ’ w o u ld  o p e n  u p  a  new  
h o riz o n  in  your b u s in e ss—  
w h y  n o t co m e a long  fo r a 
d isc u ssio n  ? F in d in g  new  
uses fo r o u r  A lloys is th e  
sa lt o f life to  us.

J O H N  D A L E  L t d .
L O N D O N  C O L N EY  • HERTFORDSHIRE

Telephone : London Colney 3141
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M E T A L  F I N I S H E S  L T D . ,  C R O M A L 1 N  W O R K S ,  B I R M I N G H A M ,  18 .......  ■amnri

It may be a stiff fight, but the elephant can 
take it, for, like the CROMALIN finish, the 
elephant’s hide offers tough opposition !
No plating process can provide more stubborn 
resistance to  wear and tear than CROMALIN— 
the finish that writes “ finish” to frequent 
replating costs.
CROMALIN is unique in that it can be applied 
not only to  Steel, Brass and Zinc, Alloys, but 
also to Aluminium and its alloys.
Write to us NOW, and let us tell you more 
about it.
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F . i f k t r o N - A l u m i n h j M
NORMAL A HEAT TREATEDMAGNESIUM ALLOYS

•ELEKTRON* FORGINGS

i n  E L E K T R O N  M a g n e s i u m  A l l o y.SABRE . Engine Supercharger Casing

¡STERME!;

TELEPH O N E : CO VEN TRY 8WJI (t LIN ES) TELEG R A M S: STERM ET PH O N E CO VEN TRY
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A l u m i n i u m  C o r p o r a t i o n  

. L i m i t e d

I N V I T E  

E N Q U I R I E S  

F O R  

C IV IL  U SES

Tem porary H ea d  Office :

T elep h o n e : D o!garrog211 T e leg ram s: Fluxode, D olgarrog

L E A D I N G  A L U M I N I U M  F O U N D R I E S  U S E

o u r  N E W  T Y P E  o f  C O R E B I N D E R

S U P I N O L  “ N ”  S E M I - S O U P  O I L

IT PR O D U C E S S T R O N G  C O R ES W IT H  HI GH PERMEABILITY 
A N D  SMALLEST GAS C O N T E N T , SA V IN G  V EN TS A N D  W IRES

E A SY  D I S I N T E G R A T I O N
N O  M E T A L  D I S C O L O R A T I O N

F .  &  M .  S U P P L I E S  L T D . ,

21/23 , C o ld h a r b o u r , L o n d o n , E .14

A l s o  M a n u f a c t u r e r s  o f  D e g a s s e r s ,  R e f i n e r s a n d  C o v e r i n g  A g e n t s  

f o r  A l u m i n i u m  A l l o y s .  P a r t i n g  P o w d e r  o f  e x c e p t i o n a l  q u a l i t y
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Mark

P rospective  c lie n ts  w ill 
p lea se  n o t e :—
P ending th e  conclusion  
o f  W a r  C o n tra c ts  our  
ca p a c ity  fo r th is  w ork  
is lim ite d .

your Enquiries for ELEC TRO D EPO SIT IN G

C O P P E R  

N I C K E L  

C H R O M I U M  

S I L V E R

on Aluminium and most of its Alloys

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

C O M P A N Y  L I M I T E D

4 0  B R O O K  S T R E E T ,  W . I . Telephone: Mayfair 4 5 4 1 .



, f lT  the moment only half the 
story can be told. But, with 
the return  of Peace, we hope 
soon to be able to tell you of 
the war developments which 
will be incorporated in the 
future design and manufacture 
of our Optical - Mechanical * 
Electrical Instrum ents and 
Aircraft Equipment.

P R O G R E S S  b y  Q U A L IT YW ILLIAM JE S S O P  & SO N S, LTD ., 
B R IG H T SID E  W ORKS, SH EFFIEL D .

Also supplied by our Associated Company*
J. J. Savillc & Co. Ltd., Triumph Steel Works, Sheffield.
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cM jl g x L ,

The dark war years are receding, 
and we can see our way to take 
up projects which were laid aside. 
Among these is an important 
development of our Cemented 
Carbide business into the field oj 
dies and similar tools for metal 
forming operations. Now we can 
proceed and plan to meet the 
many demands received for 
Carbide Inserts and Dies.

A t p re se n t  w e a re  in  a  p o s itio n  to  su p p ly  
N ib s  a n d  R in g s , p la in  o r  co red  to  v a r io u s  
sh a p es , a n d  to  an y  an g le  fo r—

W ir e ,  B a r ,  a n d  T u b e  D r a w i n g ,  
E x t r u s i o n ,
P r e s s w o r k ,

D e e p  D r a w i n g ,
S w a g in g ,

C o ld  H e a d in g .

E n q u ir ie s , w h ic h  a re  w e lco m ed , sh o u ld  
g ive fu ll d e ta ils  o f  th e  o p e ra tio n .

isjt/YyuL̂ l̂ s-C/v,
■y^Srwi

O u r  fa c to r y  f o r  the  p r o d u c tio n  o f  f in is h e d  
dies is a p p ro a ch in g  c o m p le tio n , w h en  w e sh a ll  
w elcom e en q u iries  f o r  f in is h e d  “  D U R I T A S ” 
C em e n te d  C a rb id e  D ie s  f o r  a ll  ty p e s  o f  w o rk .

AVIMO LTD., TAUNTON 
Somer s e t  ( Eng l a nd)

Approved under Air Navigation Rules 
for Civil Aviation.



H E A D . W R I G H T S O N
It has the following features:—
HYDRAULIC HOLD DOWN 

PNEUMATICALLY OPERATED MULTI-PLATE CLUTCH 
TWIN DRIVE ON CRANKSHAFT 
POWER DRIVEN LUBRICATION 
PROVISION FOR JIG SHEARING

H E A D . W R I G H T S O N t C ’ L 1 ?

C o n su lta n ts , D e s ig n e rs  a n d  B u ild e r s  to  th e  S te e l  a n d  N o n -F e r ro u s  I n d u s tr ie s  

T H O R N A B Y - O N - T E E S
92-L.9
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S end  us

yo u r en q u ir ies

The machine shown is one of a number buiit for cutting 
6' 6" X T ' Armour Plate having an ultimate tensile strength 
of 100 tons per square inch.

Many other designs of shears are available for heavy 
plates, light plates, sheets, strip, bars, billets and 
sections. In hydraulically, pneumatically and mechanically 
operated types.

B
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To all specifications and fo r all purposes 

Please send enqu iries t o :—

IMPERIAL CHEMICAL INDUSTRIES LTD. 

LONDON, S.W .1.

NOTE: In some cases existing conveyor 
ovens can be adapted to, or combined with, 
radiant heating. The Gas Industry offers 
free technical advice on special problems 
arising out of particular installations.

FURTHER INFORMATION can be found 
in a technical paper “ INFRA - RED 
DRYING ” by F. L. Atkin, M.I.Mech.E., 
M.Inst. Gas E„ sent free on request.

BRITISH GAS COUNCIL

| Because gas is simple.

2 Because gas gives even distribution of
radiation without elaborate apparatus.

3 Because gas Is economical.

4 Because gas gives a very wide range
of flux density at the turn of a tap.

5 Because gas Is reliable.

6  Because gas eliminates any material 
difference in drying time due to colour.

7 Because, gas apparatus is "flexible.”

g Because compact gas-fired tunnels are
easily constructed In different shapes 
and sizes.

if Because gas apparatus Is robust.

I O  Because capital and maintenance costs
are low and there are no complicated
“ extras.”

I, G R O S V E N O R  PLACE, L O N D O N ,  S.W.I



October, 1945 LICHT METALS

F R O M

Advts. xi

m  p a s m ?

T O

F I N E  F I N I S H E S

Wherever the weapons and instruments of war have needed the utmost surface 

protection, the finish specified has been Cellon, Cerrix, Cerrux—or a blend of 

the special ingredients upon which the supreme quality of these tough finishes 

depends.

Beauty has not been part of our war time duty. The high grade raw 

materials always used in Cellon products have necessarily been reserved for use 

wherever human life or the efficiency of our arms have depended upon preservation 

from the elements—including tropical heat, arctic cold and the insidious attack of 

sea-water. Now that these materials are once more becoming available they will 

be placed, as rapidly as possible, at the disposal of industry. Meanwhile, 

excellent substitutes for many purposes can be supplied at once. Consult us for 

help with your problem.

C e r H c

C E L L U L O S E

CELLON LTD., KINGSTON-ON-THAMES • TELEPHONE: KINGSTON 1234 (5 LINES)
Thorp-Hambrock Co. Ltd., Montreal, Canada Cellon Corporation Pty. Ltd., Sydney, Australia
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IN A  MODERN PLAN T

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 
Sillimanite Cement will often be found 
economic. Further information will be 
gladly supplied on request.

C R E O S O T E -  
P I T C H  F I RI NG
A number of firms adopting 
this fuel have encountered 
new Refractory Problems 
caused by corrosion and 
Vitrification Spalling.

R O L L I N G

FOR ALUMINIUM AND
M I L L S

LIGHT ALLOYS
H o t Mills & C o ld  Mills 
f o r  Rolling S h e e t S trip  
an d  Foil. All A uxiliary 

M ach inery
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T W O  C A S T I N G S

—with a Difference

Here is a perfect specimen Here is a faulty specimen

Light-alloy castings which had not previously been under 
radiographic inspection were being machined, when surface 
defects appeared. This prompted an X-ray examination to 
determine the extent o f the defects : and these were revealed 
as the dark diffuse shadows in the radiograph (figure on right)— 
compare with the radiograph of a fault-free casting on the left.

As with this casting, so with many others, radiography before 
machining will eliminate defective specimens before costly 
machining operations have been expended on them. For 
such routine inspection of light alloy castings the supreme 
X-ray film is c IndustreX5 Type D film.

‘ I N D U S T R E X ’ T y p e  D  F I L M

K O D A K  L T D . ,  Kingsway, London, W .C .2
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0 I E I H L E C 1 1

for n il m etfillurgical

H E A T  T R E A T M E N T S

l i g h t  a l l o y  t r e a t m e n t
Vertical cylindrical air-circulation furnaces 

each having a connected rating of 250 kw. 

The furnaces arc fitted with lift and roll-off 

lids, each being capable of accommodating a 

one-ton load of light-alloy forgings.

METALECTRIC FURNACES LTD., C O R N W A L L  RD., SM ETH W ICK , STAFFS phone : SMETHWICK 1561-2

ANODISING & PLATINGS L IM IT E D
H O L L A N D  STREET. RA.DCLIFFE, LANCS.'

W e  d o n ' t  s l e e p  

o n  t h e  j o b , .

Ü Ä Y  &  P 

S E R V I C E

w m

A N I G K I N G

of Aluminium and its alloys in NATURAL 

OR COLOURED FINISHES; Chromating of 

Magnesium; Zinc; Cadmium; El-Tin ; and 

Silver Plating and T e le p h o n e  

o t h e r  p r o c e s s e s .
2 6 3 7 ------ 8

A.I.D. approved.

V T A L
T E C H N I C A L

fSI o  n - F e  r r o u s  

D I E  C A S T I N G  C O  L T D
Nonferdica Works, North Circular Road, 

Cricklewood, London, N.W.2 
’Phone : GLAdstone 6377

P R O B L E M S

We have solved them for Government 
departments and others. Can we 
assist you in your future production 
plans ? Our staff of technical experts 
will at all times be happy to give un
biased advice on any and every Die 
Casting problem involving the use of 
ALUMINIUM-BRONZE, ALUMINIUM 
ALLOYS, BRASS and WHITEMETAL.

dm 1284



October, 1945 LIGHT METALS Advts. XV

D



H I D  U M I N I U M

A P P L I C A T I O N S  L T D .
£>£SJGN£ftS IN LIGHT MLTALi |wG3® MYNOLDS TiJRg XO . LTD
FOR HIGH DUTY AUOYS I TO, m p J  V j y  REYNOLDS ROLLING MILLS LTD

f a r h h a m  r o a d  s l o u c h  b u c k s

It is s tim u la tin g  even to  sp ecu la te  on th e  rehabilil 
in o u r  new  highly co m p e titiv e  w o rld , of th e  m ost com 
m onplace s t ru c tu re  o r  p ro d u c t in te rm s  of L ight M etals. 
To give an idea fo rm , to  qu icken  th e  pace o f a tta in in g  th e  
full functional value of a m echanical p ro d u c t, H idum inium  
A pplications Ltd. (designers to great organisations in the 
light metal industry) inv ite  m anufac tu rers  and o th e rs  to  
sh are  th e ir  ex p erien ce  and facilities in design and con 
su lta tio n . F u r th e r  in fo rm ation  on req u est.
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E D I T O R I A L  O P I N I O N  t

A n o t h e r  N a i l  i n  t h e  C o f f i n

C O N T R O V E R S Y  s t i l l  r a g e s  a r o u n d  t h e  m e r i t s  o f  h i g h - p u r i t y  b a s e  m e t a l  
a n d  h i g h  m a n g a n e s e  a s  s p e c i f ic s  f o r  i m m u n i z i n g  m a g n e s i u m  a l l o y s  a g a i n s t  
u n t i m e l y  d e s t r u c t i o n  b y  c o r r o s i v e  a g e n t s .  O n  b a l a n c e ,  s u p p o r t e r s  o f  

t h e  h i g h - p u r i t y  s c h o o l  s e e m ,  a t  t h e  m o m e n t  to  b e  l e a d i n g ,  a n d  H a n a w a l t  a n d  
N e l s o n  a r e  t o  b e  c o n g r a t u l a t e d  o n  t h e  c o n v i n c i n g  m a n n e r  i n  w h i c h ,  i n  t h i s  
i s s u e  o f  " L i g h t  M e t a l s , ”  t h e y  h a v e  p r e s e n t e d  t h e i r  c a s e .

N e v e r t h e l e s s ,  t h e  e v i d e n c e  r e c e n t l y  p u t  f o r w a r d  b y  F o x  a n d  B u s h r o d  in  
s u p p o r t  o f  t h e  h i g h - m a n g a n e s e  p r a c t i c e  is  n o t  to  b e  r e j e c t e d  o u t  o f  h a n d ,  d e s p i t e  
o b v i o u s  s h o r t c o m i n g s  in  t h e  a u t h o r s ’ e x p e r i m e n t a l  t e c h n i q u e .  F o r ,  p r i o r  to  
t h e  a d v e n t  o f  s u p e r - p u r i t y  m a g n e s i u m ,  s u c h  n o t a b l e  a d v a n c e s  h a d  b e e n  m a d e  
in  t h e  a p p l i c a t i o n  o f  t h e  u l t r a - l i g h t  a l l o y s ,  t h a t  n o  d o u b t  e x i s te d  a s  t o  t h e  f a c t  
t h a t  t h e  c o r r o s i o n  m e n a c e ,  o n c e  s o  d r e a d e d ,  h a d  b e e n ,  in  a  m e a s u r e ,  o v e r c o m e .  
T h i s  w a s  a c h i e v e d  b y  t h e  u s e  o f  h i g h  m a n g a n e s e  c o n t e n t s ,  a s  w e  k n o w ,  c o u p l e d  
w i t h  t e c h n o l o g i c a l  p r o g r e s s  in  t h e  a r t  o f  e x t r a c t i o n  w h i c h  e n a b l e d  a n  i n h e r e n t l y  
p u r e r  m e t a l  to  b e  o b t a i n e d  in  t h e  f i r s t  p l a c e .

I n  a s s e s s in g  t h e  r e s u l t s  o b t a i n e d  b y  t h e  U . S .  i n v e s t i g a t o r s  a n d  c o m p a r i n g  
t h e m  w i t h  t h o s e  d e r i v e d  f r o m  w o r k  i n  t h i s  c o u n t r y ,  i t  is  e s s e n t i a l  t h a t  t h e  t r u e  
p e r s p e c t i v e  o f  t h e  p r o b l e m  b e  p r e s e r v e d .  M a x i m u m  c o r r o s i o n  r e s i s t a n c e  is  
j u s t i f i a b l y  a s s u m e d  to  b e  b o u n d  u p  w i t h  h ig h  p u r i t y  ( a m p l e  e v i d e n c e  i s  a v a i l 
a b l e  in  o t h e r  f i e ld s  o f  m e t a l l u r g y  t o  s u p p o r t  t h i s  s t a t e m e n t )  a n d  t h i s ,  in  t u r n ,  
m a k e s  f o r  g r e a t e r  e a s e  o f  c o n t r o l  in  t h e  f in a l  c o m p o s i t i o n  o f  a n  a l l o y .  I f ,  h o w 
e v e r ,  F o x  a n d  B u s h r o d  e r r e d  in  t h e  c o n c l u s i o n s  t h e y  d r e w  f r o m  t h e i r  r e s e a r c h ,  
i t  is  c e r t a i n l y  n o t  to  b e  i n f e r r e d  t h a t  t h e i r  h i g h - m a n g a n e s e  a l l o y s  h a v e  a  l o w  
r e s i s t a n c e  to  c o r r o s i o n ,  t h o u g h  t h i s  m a y  b e  i n f e r i o r  t o  t h a t  o f  t h e  m e t a l  o f  
H a n a w a l t  a n d  N e l s o n .

A g a i n ,  i f  i t  b e  n e c e s s a r y  t o  g u a r d  a g a i n s t  t h e  m i s i n t e r p r e t a t i o n  o f  s a l t - s p r a y  
d a t a ,  s o ,  e q u a l l y ,  is  i t  n e e d f u l  t o  b e  w a r y  o f  g e n e r a l i z i n g  o n  t h e  b a s i s  o f  
i n d i v i d u a l  f i e ld  t e s t s .  T h e  m a g n e s i u m - a l l o y  b o a t ,  f o r  i n s t a n c e ,  s o  o u t s t a n d 
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i n g l y  s u c c e s s f u l  in  p r o l o n g e d  f r e s h - w a t e r  t r i a l s  in  U . S . A . ,  w o u l d  h a v e  to  
b e  p u t  to  t h e  t e s t  o n  o u r  o w n  l a k e s  a n d  r i v e r s  b e f o r e  i t  c o u l d  b e  j u d g e d  
a s  a  s a t i s f a c t o r y  p r o p o s i t i o n  f o r  u s e  in  G r e a t  B r i t a i n .  H a n a w a l t  h im s e l f

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

d e v e l o p m e n t  o f  t h e  m a g n e s i u m - b a s e  a l l o y s  h a s  n o w  r e a c h e d  t h a t  p o i n t  w h e n  
i t  m a y  s a f e l y  b e  s a i d  t h a t ,  h i g h - p u r i t y  b a s e  o r  h i g h  m a n g a n e s e ,  i n  e i t h e r  c a s e  
c o r r o s i o n  r e s i s t a n c e  to  n o r m a l  a t m o s p h e r e s  a n d  f r e s h  w a t e r  i s  g o o d — b e t t e r ,  
in  f a c t ,  t h a n  t h a t  o f  t h e  m i ld  s t e e l s .  T h e  f a c t  h a v i n g  b e e n  a c c e p t e d  t h a t  
s u r f a c e  a t t a c k  d o e s  t a k e  p l a c e ,  w h e t h e r  t h e  m a t e r i a l  w e  a r e  u s i n g  b e  s t e e l  o r  
m a g n e s i u m ,  i t s  s ig n i f i c a n c e  is ,  a s  a  r u l e ,  t a c i t l y  j u d g e d  in  t h e  l i g h t  o f  t h e  
s e c t io n  th i c k n e s s  c o n c e r n e d .  S t e e l  s h e e t  o f  t h e  s u b t a n c e  n o r m a l l y  u s e d  f o r  
t i n p l a t e  m a n u f a c t u r e  h a s  a  r e l a t i v e l y  s h o r t  l i f e  o n  e x p o s u r e  to  u r b a n  a t m o 
s p h e r e s ;  1 0 - g a u g e  s t e e l  w i l l  r u s t  e q u a l l y  h e a v i l y ,  b u t  h a s  a  l i f e  o f  m a n y  y e a r s  
e v e n  in  t h e  e n t i r e l y  u n p r o t e c t e d  s t a t e .  S i m i l a r l y ,  a n  u l t r a - l i g h t - a l l o y  c a s t i n g  
e x p o s e d  t o  t h e  n o r m a l  h a z a r d s  o f  o u r  c l i m a t e  is  f o u n d  to  b e  a t t a c k e d  w i th  
e x t r a o r d i n a r y  s lo w n e s s ,  a n d  w il l  p r o b a b l y  l a s t  f o r  y e a r s  w i t h o u t  a n y  s e r io u s  

d e t e r i o r a t i o n  in  i t s  s t r e n g t h  p r o p e r t i e s .
S u c h  b e i n g  t h e  c a s e ,  t h e r e  w o u l d  a p p e a r  to  b e  e v e r y  r e a s o n  f o r  a d a p t i n g  

h e r e  t h e  p r o c e d u r e  c u r r e n t  in  U . S . A . ,  n a m e l y ,  t h e  s t i p u l a t i o n  o f  a l l o y s  o n  a  
s u p e r - p u r i t y  b a s e  w h e r e  f o r g i n g s  o r  r o l l e d  o r  e x t r u d e d  p r o d u c t s  a r e  c a l l e d  
f o r ,  w h i l s t  c a s t i n g s  a n d  l e s s  c r i t i c a l  f o r m s  ( u s u a l l y  o f  h e a v i e r  s e c t io n )  c o u l d  
s a f e l y  b e  c a r e d  f o r  b y  t h e  h i g h - m a n g a n e s e  c o m p o s i t i o n s -  A  " b i - m e t a l l i c ”  
s y s t e m  o f  t h i s  s o r t  w o u l d  p r o v i d e  a  r e a d y  m a d e  m e a n s  f o r  c o p i n g  w i th  
t h e  " s e c o n d a r y  m a g n e s i u m ”  p r o b l e m ,  s h o u l d  i t  e v e r  a r i s e  in  t h i s  c o u n t r y .

I t  i s  r e f r e s h i n g  t o  f in d  t h a t  t h e  " p r e j u d i c e  o f  i g n o r a n c e , ”  so  c o m m o n l y  
e x h i b i t e d  h e r e  i n  l e s s - w e l l - i n f o r m e d  c i r c l e s  r e g a r d i n g  t h e  c o r r o s i o n  s t a b i l i t y  
o f  u l t r a - l i g h t  m e t a l ,  i s  n o t  c o n f in e d  s o l e ly  to  t h i s  i s l a n d :  v i s i t o r s  to  t h e  U . S .  
e x p o s u r e  s t a t i o n s ,  w e  l e a r n ,  a r e  f r e q u e n t l y  s u r p r i s e d  to  f in d  " h o w  w e ll  
m a g n e s i u m  s t a n d s  u p  to  t h e  a t m o s p h e r e ” ! T r a d i t i o n  d i e s  h a r d .  W e  l o o k  
f o r w a r d  t o  t h e  i n a u g u r a t i o n ,  o n e  d a y ,  o f  a n  i n t e n s i v e  c a m p a i g n  to  d r i v e  
h o m e  t h e  f in a l  n a i l  i n t o  t h e  c o f f in  o f  t h e  c o r r o s i o n  b o g y ;  m a y b e  t h e  g h o s t  
o f  " i n f l a m m a b i l i t y ”  c o u l d  b e  f i n a l l y  l a i d  a t  t h e  s a m e  t i m e .  B o t h  s t i l l  t e n d  
t o  p o p  u p  in  t h e  m o s t  u n e x p e c t e d  q u a r t e r s ,  a s  e v e n  D r .  D o w  h i m s e l f ,  w e  

b e l i e v e ,  o n c e  a d m i t t e d -
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P R E S S U R E  D I E  C A S T I N G
A n s w e r in g  C r i t ic is m s  o f  h is  In v e s tig a tio n s  ( a n d  the 

C on clu sio n s D r a w n  F r o m  T h e se )  by  E .  C a r r in g to n ,

J . L .  E r ic k s o n  in  T h is  R e p ly  E n la r g e s  on h is  O w n  

E x p la n a t io n  o f  th e M e c h a n ism  o f  M e ta l  F lo w  a n d  G a s  

E n tr a p m e n t  in  P re ssu re  D ie s .  C a r r in g to n ’s  In te rp re ta tio n  

o f  the R e s u l ts  O b ta in e d  by  C e r ta in  C o n tin e n ta l  J C o r k e r s  

is  A l s o  Q u e s tio n e d

U N D E R  the title  "  C om m entary  on 
P ressure D ie-cas ting ,”  C arrington 
in "  L ig h t M etals ”  1945/8/342

presen ts certa in  observations on m y 
p a p e r  "  P ressu re  D ie-casting ,”  w hich 
appeared  in ”  L ig h t M etals ”  1945/8/173.

C arring ton  states th a t  he read , and  
carefu lly  re-read, m y accoun t, ye t, despite 
th is effort on h is p a r t ,  he h as failed  to 
com prehend  the pu rpose of the experi
m ents I  described. E ven  m ore inexcus
ab le  is th e  fa c t th a t  he m isin terp re ts the 
w ork  of o th e r researchers such  a s  F rom er, 
B ra n d t an d  K oster an d  G ohring, w hom 
he cites in  an  effort to  refu te  m y con
clusions.

I t  is m y cand id  opinion th a t  C arrington 
shou ld  have  confined h is com m entary  
m erely  to  ca lling  a tten tio n  to  th e  presence 
of typ in g  errors in m y orig inal paper.*

* (i ) " Light Metals,” April, 1945, p. 1S2, 
column j . The sentence, " The type A testbar 
thus made is similar to the standard commer
cial pressure die castings where all of the air is 
trapped as it is made with a small gate," should 
read: "  The type A testbar thus made is similar 
to the 'Standard commercial pressure, die casting 
where all of the air is trapped and it is made 
with a small gate.”

(2) " Light »Metals,” April, 1945, P- 1S4, 
column 1. The sentence, " These two testbars 
were sectioned one in the gauge length and one 
in each grip section,” should have read: ” These 
two testbars were sectioned once in the gauge 
length and once in each grip section.”

(3) ” Light Metals," April, 1945. P- 185, 
column 2. The sentence, "  The results of this 
type of shot showed that when the air is forced 
out of one cavity CDE, into the other cavity 
GHI, the testbars" B' made in cavity GHI . . . ” 
should have read: “ The results of this type of 
shot showed that when the air is forced out of 
one cavity CDE, into the other cavity GHI,

the testbars B' made in cavity CDE . . .”
(4) ” Light Metals,” April, 1945. P- 186, 

column I. The sentence, " The results of the 
type shots B-B', C-C', and D' raised the question 
as to whether the superior qualities of the B', 
C', and D' testbars resulted solely from the fact 
that the metal which composed them solidified 
in a pre-heated die cavity, i.e., due to a more 
pronounced temperature gradient . . . ” should 
have read: " The results of the type shots B-B', 
C-C', and D' raised the question as to whether 
the superior qualities of the B', C', and D' 
testbars resulted solely from the fact that the 
metal which composed them solidified in a pre
heated die cavity, i.e., due to a less pronounced 
temperature gradient . . . ”

H e, C arring ton , criticizes the experi
m en ta l procedure described, and  asserts 
th a t there is no justification  for m y h a v 
ing draw n  the conclusions recorded. In  
p a rticu la r he questions:—

(1) T he fac t th a t the die cav ity  C D E 
filled w ith  m olten m etal in the m anner 
s ta ted  in th e  article, f

t Carrington writes:—
(a) ” There is no justification for the assump

tion that the metal will enter the gate I as a 
wide, even stream, and will act like a liquid 
piston.”

(b) "  - • - but it would appear that too 
much is taken for granted, as to the way in 
which the metal will fill it.”

(c) " Another point connected with the die 
shape which Erickson has ignored is the butt, 
and the runner between the butt and the first 
testbar. Before the metal is actually injected 
by the piston there is quite a lot of air beteveen 
it and the mould proper. If there are corners 
and changes of direction in this part of the die, 
turbulence will take place before the metal 
enters the testbar cavities.”

(d) "  Brandt carried out experiments which 
suggested that the metal does not flow in a 
parallel-sided stream, as suggested by Frommer. 
He savs that the direction of flow» is essentially
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maintained, but the metal spreads until it con
tacts the walls and keeps on flowing until it 
reaches the farthest part of the die. The rate 
of flow is reduced, due to the spreading and 
the resistance of trapped air. This method of 
flow would also leave a pocket qf air at the 
entrance to Erickson’s first bar.

(e) " Here it is stated that the first bar, 
B', is cast after the main air mass, which fills 
the cavity CDE before the metal enters, has 
been compressed into the second cavity GUI. 
This assumes that the metal acts like a liquid 
piston andL pushes all the air before it. Koster 
and Gohring have shown quite conclusively that 
this is not so, and while most of the air will 
have been pushed forward, it is probably 
incorrect to say that the metal in the cavity 
CDF. solidifies with much less chance of coming 
in contact with air than does the metal which 
makes bar B.”

(f) " In view of the objection which may be 
found to the assumption that any bars have 
been cast 1 in the absence of air,’ and to the 
way in which bars have been tested as if they 
represented tne results obtained under certain 
conditions when actually 6o per cent, may have 
been scrapped because of porosity, it is impos
sible to agree with the conclusions drawn.”

(g) " . . . in none of the shots was the air 
able to escape, and in view of the photographs 
of Koster and Gohring all would contain some 
air.”

(h) " How can it be said that any of the bars 
was cast ‘ in the absence of air ’ when in every 
case the mould was full of air and there were 
no vents ?"

(i) " Here again the assumption is made that 
all the air is compressed in the runner F, and 
that the bar is presumably free from air.”

(j) ” While the B' bar might contain air 
because of the action of centrifugal force on 
the metal between the butt and the first test- 
bar cavity, causing it to run on the outside of 
the curve only, and thus to allow air to remain 
on the inside, with the E bar the air would be 
left in the first mould [CDE] because of the flow 
of the metal through a small gate as shown in 
Figs. 5 and 6.

(2) T he  sensibleness o f d iscard ing  all 
of th e  te s tb ars  w hich  w ere show n to  
possess unsoundness in the gauge 
length*

* Carrington writes: —
(a) “ This is most surprising. Testbars were 

made by different methods in order to see what 
kind of bars were obtained, and then all the 
doubtful bars were discarded. This defeats the 
whole object of the experiments.”

(b) ” Surely all the bars should have been 
tested, and their conditions reported on, in order 
to obtain a general idea as to the castings to 
be expected under each set of conditions.”

(c) “ The scrapping of poor bars is a most 
serious matter and may have given an entirely 
wrong impression of the whole of the experi
ments.”

(3) T he  sensibleness of no t em ploy-

ing  ven ts in  the m aking  of som e tes t
bars. f

t Carrington writes:-—
(a) ” One of the ways in which attempts are 

made to obtain castings free from porosity is 
said to be the use of ' heavy and abundant 
straight vents,’ and yet, although these are very 
often used in practice, no attempt is made to 
use them in these experiments.”

(b) " Later, Erickson explains defects obtained 
on heat treatment with castings made by high 
pressure, and castings with overflow, but does 
not mention those made with good venting. 
This omission seems really important.”

(c) " In describing the types of possible
testbars, under types A' and A, type A' is said 
to have no escape for air, and to be quite similar 
to those made commercially in general practice.”

(4) T he fac t th a t te s tb a rs  w hich w ere 
show n upon  h ea ting  to  con ta in  gas w ere 
called rad iograph ica lly  so u n d .|

t  Carrington writes:—
(a) " Frankly, if castings which we know to 

contain gas appear radiographically sound, it is 
time that we either changed our radiographic 
technique or stopped using radiography.”

(b) " It is suggested that a bar be prepared 
from wrought material and radiographed with 
each batch of experimental bars in order to 
provide a standard.”

f 1) M echanism  o f D ie F ill
C arring ton  is correct in believing th a t  

ce rta in  of m y  conclusions w ould be open 
to  question  prov ided  th e  cav ity  C D E  h a d  
no t filled in the m anner sta ted  in 
m y article. H e has, how ever, failed to  
dem onstra te  th a t the  descrip tion  in m y  
artic le  of the m an n er in w hich cav ity  
C D E  filled is no t an  accu ra te  descrip tion  
of how th e  die ac tu a lly  d id  fill in use.

My artic le  contends th a t  the d ie cav ity  
C D E  w as filled b y  a ray  o f m olten  m etal 
hav in g  a  fro n t w hose cross-sectional a rea  
is equal to  th e  cross-sectional a rea  of th e  
cav ity  C D E , and  th a t in filling cav ity  
C D E  th e  m etal forced th e  a ir  p resen t in 
th e  cav ity  C D E  an d  th e  a ir  p resen t in th e  
ru n n e r ah ead  of it leav ing  no a ir  beh in d . 
(See F ig . 2.)

C arring ton  does n o t believe th is to  be  
the  w ay  in  w h ich  th e  cav ity  C D E  filled. 
I t  is h is opinion th a t  th is  m an n er of fill 
d id  no t occur. T o  su p p o rt h is belief h e  
presents: (1) a  d iag ram  illu s tra ting  th e  
m an n er in w hich F rom m er sta tes a given
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■ Runner ■  D ►.

■ CDE. Test bar Cavity

Metal Raj—»

Where Qo-'tc would 
ordinarily be located

d ; D “ diameter of cavity C and.
<i=* diameter* of incoming metal ray

Fig. 1.—Interpretation by Carrington of mechanism of entry into the CDE cavity by 
the incoming stream of molten metal.

die c av ity  is filled, (2) a  m ention  of 
B ra n d t’s researches, an d  (3) a  series of 
pho tog raphs taken  .by K öster and  
G öhring  illu s tra ting  th e  m anner in w hich 
W ood’s m etal u n d e r pressure filled glass 
dies. C arring ton  calls a tten tio n  especi
a lly  to  the findings of K öster an d  G öhring, 
ad d in g  th a t I  assum ed “  th a t  th e  m etal 
ac ts like a  liqu id  piston and  pushes all 
th e  a ir  before i t ,”  w hile ”  K öster and  
G öhring  have  show n qu ite  conclusively 
th a t  th is  is no t so. . . . ”  A n a ttem p t 
is m ade b y  C arring ton  to  su p p o rt his 
belief th a t th e  c av ity  C D E  w as no t filled 
in  th e  m an n er p ic tu red  in  F ig . 2, b u t w as 
filled in a  m anner sim ilar to th a t show n 
in the illu stra tions of K öster an d  G öhring, 
nam ely  b y  a  narrow  m eta l r a y  w hich sho t 
th ro u g h  the die cav ity  C D E , a  ra y  h av in g  
a  cross-sectional d iam eter less th an  the 
cross-sectional area of the die cav ity  C D E. 
(See F ig . 1.)

I t  is un fo rtu n a te  th a t  C arring ton ’s 
“  carefu l read ing  ” of m y article d id  no t 
reveal to  h im  th e  fac t th a t  th e  gate  I 
w as of a  cross-sectional a rea  equal to  the 
cross-sectional a rea  o f the grip  end  of th e  
te s tb a r cav ity  C D E , for h ad  he noted  th is 
fa c t he  .might not. h av e  been so qu ick  
to  assum e a  sim ilarity  existed  betw een 
th e  filling of the cav ity  C D E  a n d  th e

cav ities show n in the p ic tu res of K oster 
a n d  G ohring.

In  th e  case o f the filling of th e  die cav ity  
C D E , th e  m etal flowed th rough  the  ru nner 
into the grip  end an d  on up  th e  gauge 
leng th  w ith o u t passing th rough  a  gate  
in th e  true  sense of th e  w ord . W hilst in 
th e  case of th e  filling of the cavities 
show n in K oster an d  G ôhring’s illu s tra 
tions, the m etal entered  the cav ity  
th ro u g h  an  orifice hav ing  a cross-sectional 
d iam eter m uch less than  the cross- 
sectional a rea  of th e  cav ity . N atu ra lly  
w here the orifice d iam eter, d , is sm aller 
th an  the  d iam eter, D , o f the cav ity  an d  
th e  velocity  of in jection  is h igh the m etal 
will shoot into the cav ity  as show n in 
F ig . 3, d iag ram  A. In  m y experim en t 
w hen a  sm all gate  w as em ployed a t  I I I  
th e  c av ity  G H I filled in  a  m an n e r con
sisten t w ith  th e  findings o f K oster an d  
G ohring  an d  th e  pred ictions of elem entary  
hydrodynam ics.

W here d =  D , as in  th e  filling of the 
cav ity  C D E , th e  cross-sectional a rea  of 
the incom ing m etal ra y  d 1 equals D, 
therefo re  th e  d ie cav ity  fills as illu stra ted  
in  F ig . 2 a n d  F ig . 3, d iag ram  B, and  
C arring ton  is in e rro r in  assum ing  th e  
cav ity  C D E  filled a s  illu stra ted  in F ig . 1. 
T herefore m uch of his refu ta tion  of m y 
conclusions is w ithou t substan tia tion .
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Fig. 2.—Interpretation by Erickson of mechanism of entry into the CDE cavity by the 
incoming stream of molten metal.

(2 ) D iscarding D efec tive  Testbars
C arring ton  is v e ry  definite in his d en u n 

ciation of the fac t th a t . . . all the 
doubtfu l /bars w ere d isca rd ed .”  Indeed  
he em phatica lly  sta tes, “  T h is defeats the 
w hole ob jec t of th e  ex p e rim en ts .” H ad  
he read  ju s t once more* m y sub-title  or 
m y opening  p a rag rap h , o r  th e  section of 
m y article entitled  “  P urpose  of the  
E x p erim en t,”  I feel certa in  he w ould no t 
have m ade so careless a  sta tem en t.

* Carrington says he gained his impressions of 
my paper after " careful reading and re-reading.”

In  the first p lace th e  purpose of the 
experim ent w as to determ ine w hether or 
no t certa in  die-casting  alloys, w hen cast 
in to  a sealed die cav ity  con ta in ing  con 
fined air, w ould ex h ib it p hysica l proper
ties d ifferent from  those exh ib ited  b y  th e  
sam e alloys cast in a sim ilar die cav ity  
con ta in ing  no air.

I t  w as a fte r  a  m athem atica l considera
tion  of the  va lu e  of ven ts  in a id ing  a ir  to  
escape from  com m ercial d ie-casting  dies 
of several k inds th a t I  concluded  v en ts  to  
be of little  va lue  in m any  instances. Also,
I w as convinced th a t frequen tly  in the 
opera tion  of m an y  com m ercial dies the  
ven ts becam e sealed befo re  th ey  could 
properly  affect the escape of th e  air. The 
follow ing question  then  seem ed in need of

an answ er: D oes trap p ed  a ir  in an y  w ay 
affect the solid ification  of the m o lten  
m eta l w ith in  the die cavity? T he experi
m en t described in m y artic le  w as an 
a ttem p t to  answ er th is p a rticu la r question .

Still an o th e r question  seem ed to  need 
an answ er: M ight it be th e  case th a t 
castings m ad e  by  in jecting  m olten m etal 
in to  a  die cav ity  filled w ith  confined a ir—  
castings w hich  on rad iog raph ic  exam ina
tion  failed  to  ev idence trap p ed  gas 
porosity—-were of a qu a lity  in ferio r to  cast
ings /made b y  in jec ting  the m olten  m etal 
in to  an  evacua ted  die cavity? T h is  ques
tion I  th o u g h t needed to be answ ered as 
it  is th e  case th a t m any  com m ercial die 
castings a re  m ade in  a  sim ilar fashion,
i.e ., the  a ir is trap p ed  w ith in  the d ie 
cav ity  and  subsequen tly  com pressed to 
such a  degree th a t  i t  e ither occupies a  
v ery  sm all volum e locally  o r  it is com 
pressed an d  dispersed th ro u g h o u t the 
w hole m etal m ass. In d eed  th e  ideal con
d itions of th e  so-called pre-fill in jection  
system  (w here the a ir  is com pletely 
forced o u t of th e  die cav ity ) are  seldom  
realized in com m ercial p ractice.

I t  w as obvious from  w h a t w as stated  
in  m y  artic le  th a t  I  w as no t in terested  in 
d iscovering a  newr w ay  to  gate  a  te s tb a r 
o r a  new w ay  - to  p ro d u ce  porosity-free 
testbars . I  w as in terested  sim ply  in lea rn 
ing  th e  com para tive  physica l properties
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Fig.3.—Diagram A shows the mechanism of filling of cavity ODB when incoming metal 
is forced to pass through a small gate. Here the diameter of the gate is less than the 
diameter of the CDE cavity. Diagram B shows mechanism of filling of the GAB 
cavity when incoming metal is forced into the CDE cavity without having to 
through gate. Here the diameter of the gate is equal to the diameter of the ODE 
cavity. In Erickson's experiments the cavity CDE is similar to the cavity ODB, as 
shown in diagram B in this illustration. It is not similar to cavity ODB, shown in 

diagram A, as ODB in diagram A is provided with a small gate.

o f m e ta l cast in  the presence o f trapped  
air and  m eta l cast in the absence of air.

In  th e  course af perfo rm ing  the  experi
m en t m an y  te s tb ars  w ere m ade w hich  d is
p layed porosity  w hen inspected b y  the 
o rd inary  rad iog raph ic  m ethods prescribed  
b y  governm en t specifications.

T hose te s tb a rs  w  li i c  h  con ta ined  
“  de tec tab le  ”  gas porosity , o r o ther 
de tec tab le  defects, w ere d iscarded , for 
had  th ey  been used to  ob tain  d a ta , as 
C arring ton  states th e y  should  h av e  been,* 
a  m ean ingfu l com parison betw een the 
te s tb ars  cast in one w ay  an d  th e  tes tbars  
cast in an o th e r w ay  could no t h ave  been 
o b ta ined .

* He states: " Surely all the bars should have 
been tested, and their conditions reported on, 
in order to obtain a general idea as to the 
castings to be expected under each set of 
conditions.”

T o illu stra te  th is  po in t let us take a 
hypo thetica l exam ple. Suppose w e have 
tw o groups of tes tbars , both  groups are  
of the  sam e a lloy  an d  bo th  groups have 
been cast in th e  sam e m an n er, excep t th a t 
one g roup  w as cast in a sand  m ould  and  
one in a chill m ould . W e desire to  learn  
w hich type  of m ould produces the m ost 
desirab le  type  of m icro-struc ture  as 
regards stren g th  p roperties. T o do th is

we m u s t com pare th e  streng th  of tes tbars 
from  each group . H ow ever, we m ust 
m ake certain  first' th a t  th e  tes tbars  we 
use to ob ta in  ou r d a ta  a re  n o t h o st to  
defects, else we will get a false p ictu re  
of th e  streng th  p roperties of th e  m etal 
m aking  u p  th e  testbars . All tes tbars 
host to  defects m ust not be used, else th a t 
p a rticu la r group  to  w hich th ey  belong 
will seem to be m ade u p  of tes tb ars  w hose 
m icrostructures  a re  m ore inferior as 
regards physica l properties th a n  th ey  
ac tu a lly  are . I f  we m erely  w anted to  
determ ine w hich group , th a t m ade up  of 
chill-cast bars o r  th a t m ade up of sand- 
cast bars , contained the m ost superior 
testbars  we w ould use a ll the tes tb ars  to 
ob ta in  our d a ta . In  so doing we m ight 
d iscover th a t  the sand-cast tes tbars were 
superio r in streng th  properties to the chill- 
c a s t tes tbars ; how ever, th is  resu lt would 
no t be an  indication  of w hich  ty p e  of 
m icrostructure  w as th e  b e tte r  a s  regards 
s tren g th  p roperties, due to  the fac t th a t  
ou r resu lts m igh t h av e  been influenced 
by  reason of th e  chill-cast bars becom ing 
host to  excessive porosity  w hilst the  sand- 
cast bars were non-porous. T o o b ta in  a 
fa ir com parison of the true  streng th  p ro 
perties of the m etal itself com prising  the 
testbars it  is necessary  to  tes t only 
porosity-free testbars .
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T his illu stration  shou ld  explain  w hy  in 
m y experim en t defective tes tbars  w ere d is
carded  an d  no t tested to  ob ta in  d a ta . 
In s tead  of try ing  to  determ ine w hether 
chill o r sand  m oulds p roduced  castings 
hav ing  th e  m ost superio r m icrostructures 
as regards streng th  properties, m y experi
m ent a ttem p ted  to  determ ine w hether the 
presence of a ir in  the die cav ity  o r the 
absence of a ir  p roduced  castings hav ing  
the  m ost superior m icrostructure  as 
regards streng th  properties.

T he results of m y experim ents, of 
course, show ed clearly  th a t there w as a 
p ronounced  difference in the streng th  
properties of th e  m icrostructu re  of tes t
bars cast in to  die cavities con ta in ing  con
fined a ir  and  the m icro structu re  of tes t
b ars cast into die cav ities con ta in ing  no 
air. I t  is un fo rtuna te  th a t  C arring ton  
failed to realize th a t the adm ission of the 
resu lts  of defective tes tbars  w ould have 
defeated "  the w hole ob ject of the 
ex perim en ts .”

(3 ) The Failure to E m p lo y  V ents
C arring ton  d isp layed  reg re t th a t  I  d id  

n o t em ploy ven ts in  m ak ing  th e  testbars 
used to ob ta in  m y d a ta .*

* He states: “ No .attempt is made to use 
[vents] in these experiments."

N o ven ts  w ere em ployed because none 
was needed. V ents a re  em ployed com 
m ercially  to effect th e  escape of a ir  con
fined in th e  die cav ity , ru n n er, b u tt, etc. 
In  the experim en t I described , th e  a ir 
w as purposely  confined an d  n o t perm itted  
to escape. To v en t the cav ity  G H I w ould 
have  been  to  "  d e fea t th e  o b jec t of th e  
exp erim en t,”  w hich was, of course, to  
de term ine the effect of confined a ir  on 
the m etal cast in its presence u nder 
pressure.

C arring ton  rem arks, “  L a te r , E rickson  
explains defects ob ta ined  on h ea t tre a t
m en t w ith  castings m ade b y  h igh  pres
sure, and  castings w ith  overflow, b u t does 
no t m ention those m ade w ith  good v e n t
in g .”  I  fail to  perceive w hy C arring ton  
should  be so concerned . D oes he 
believe th a t I  ind icated  th a t good ven ting  
w ould  n o t  h ave  m ade possible successful 
hea t treatm ent? If so, le t me sta te  th a t

in m y opinion good ven ting  of the cav ity  
G H I w ould have  tended  to produce a 
m ore heat-trea tab le  te s tb a r th a n  it p ro 
duced  w ithou t th e  aid of vents, prov ided , 
of course, the ven ts  were p roperly  p laced. 
No tes tbars  em ploying ven ts were m ade 
because the purpose of the experim ent 
w as no t to  determ ine the  effect of the 
presence of ven ts.

(4 )  R adiographic Inspec tion
C arring ton  is concerned over the fact 

th a t  rad iograph ic  inspection failed  to  
reveal the presence of gas in tes tbars 
w hich w ere la te r  show n to con ta in  gas 
as evidenced from  the fac t th a t  th ey  deve
loped in te rna l and  surface b listers du ring  
hea t trea tm en t. H e calls a tten tio n  to the 
fac t th a t I  said  “  th a t  castings m ade w ith 
a  v ery  h igh pressure b u t w ith  neither 
overflow s n o r ven ting , w ere ' radio- 
g raph ica lly  so u n d ,’ ”  an d  ad d s a  s ta te 
m en t I  d o n ’t believe he w ould seriously 
hold  to, nam ely , "  F ran k ly , if castings 
w hich we know  to con ta in  gas ap p ea r 
rad iog raph ica lly  sound , it  is tim e th a t we 
e ither changed  o u r rad iograph ic  tech 
n ique o r stopped  using  ra d io g ra p h y .”  T he 
purpose  o f rad io g rap h y  has nev er been to 
detec t th e  presence of gas in cast m eta ls—  
it has been ra th e r to  d e tec t th e  presence 
of porosity . R ad io g rap h y  is a t  a  loss to 
de tec t the  presence of a  gas in a m etal. 
R ad io g rap h y  can , how ever, detec t a  pore, 
b u t never a  gas. R ad io g rap h y  in m y 
experim en t w as em ployed solely to  detec t 
porosity , never the presence of a  gas. A 
dissolved gas in cast a lum in ium  is no t 
revealed  on rad iog raph ic  inspection . N or 
can rad iog raphy  revea l th e  presence of 
adsorbed  gases.

I  th o u g h t it im p o rtan t to  call a tten tio n  
in  m y  artic le  to th e  fac t th a t  a tes tbar 
m ay  evidence no porosity  w hen  inspected  
b y  o rd in ary  rad io g rap h y , and  y e t w hen it 
is hea ted  b listers m a y  form  on  its surface 
a n d  in its in terio r— im p o rtan t because 
often  a n  a tte m p t is m ade in com m ercial 
die casting  to com press an d  disperse the 
trap p ed  gases w ith  the a id  of h igh  pres
sures. T he  absence  of m icroscopic 
po ros ity  is, how ever, no g u a ran tee  th a t a  
casting  is hea t trea tab le . A t first I 
th o u g h t th a t such b listers w ere caused  b y
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th e  evolution  of dissolved gas a t  e levated  
tem pera tu res. X -ray  d iffraction studies 
show ed, how ever, th a t  no dissolved gas 
w as presen t. M icro-radiography, on the 
o th er h an d , revealed  th e  presence of u ltra- 
fine, evenly  d is tribu ted  m icro-porosity .

I  m ust apologize for no t m aking  it 
c learer in m y  artic le  th a t w h a t I  m ean t 
b y  a te s tb a r be ing  "  abso lu te ly  free ” 
from  porosity  w as: a  te s tb a r absolu tely  
free of an y  m acroscopic porosity  detec t
ab le  b y  th e  o rd in ary  rad iograph ic  p ro 
cedures called for in  s tan d a rd  X -ray  
inspection practice.

C arrington suggests "  th a t  a  b a r  be pre
p ared  from  w rough t m ateria l and  rad io 
g rap h ed  w ith each ba tch  of experim ental 
b a rs  in o rder to  p rovide a stan d ard . 
T h is ind icates th a t he w as left w ith  the 
im pression th a t no s tan d a rd  w as em ployed 
in the rad iograph ic  inspection. P erm it 
m e to  assure C arrington th a t th e  entire 
rad iograph ic  p rocedure was conducted  in 
accordance w ith  governm ent specifica
tions em ploying t h e  recom m ended 
penetrom eters.

A  R e p ly  to O ther R em a rks
C arring ton  says, " i t  is aga in  su rp ris

ing to  find th a t p ressure die castings 
‘ m ust be abso lu tely  rad iograph ica lly  
so u n d .’ In  th is co un try  the A ir M inistry  
classifies all p ressure castings as Class I I I ,  
and  none need be rad iographed , because 
th e y  w ould no t be expected  to  ap p ea r 
rad iograph ica lly  sound. T hey  are, of 
course, qu ite  su itab le  for the purpose for 
w hich th e y  are  used , as a  little  rough  
w ork w ith  a ham m er w ill soon sh o w .”

F irs t, le t me assure C arring ton  th a t  in 
A m erica C lass I* pressure die castings are 
to -d ay  com m onplace.

* Specification AAF-No. 11347.

M icroscopic porosity-free alum in ium - 
allov  d ie castings a re  no longer a goal in 
U .S .A .— th e y ’re a  fac t! I t  w as tru e  in 
A m erica for a long tim e th a t  die castings 
w ere considered unsu itab le  for stress 
p arts . T o-day , how ever, as a resu lt of 
th e  dem and  fo r la rge  num bers of lig h t
w eigh t stress parts , C lass I  alum in ium -

alloy die castings are  a  fac t. T he  die- 
casting  in d u s try  rose to  the need  w ith the 
requ ired  qu a lity  p roduct.

C arring ton  goes on  to  sta te  th a t  he 
' ‘ w ould ce rta in ly  like to  see pore-free 
pressure castin g s,”  an d  th a t " a l l  those 
w hich he has exam ined w ere porous in* the  
m iddle, a lthough  th e  pores in castings 
m ade by  a co ld-cham ber m achine can 
generally  only be seen u nder a  m icro
scope.”  H un d red s of thousands of alu- 
m inium -alloy  porous-free castings have 
been m ade in A m erica. I t  seems odd  th a t 
none can be found  in E n g lan d  for 
C arring ton  to  e x a m in e !

As regards C arrin g to n ’s s ta tem en t, " A  
large gate is used [in  th e  pre-fill in jection 
m ethod of die casting] in  o rder to  allow 
this p ressure to  be  a p p lie d ,” le t m e say  
th a t I  have  a lw ays considered th e  reason 
for th e  use of a large gate  to  be th a t  it 
decreases th e  velocity  of th e  incom ing 
m etal ra y  an d  thereby  decreases its 
im pact on th e  ca v ity  w all th u s  decreasing 
sp lash ing  and  tu rbu lence  an d  conse
q u en tly  reducing  th e  chance th a t sp lash 
ing m etal will seal off an y  ven ts if 
em p loyed .

C arring ton  in tim ates th a t  I  advocate  the 
em ploym ent of " b u ild m g  m achines w ith  
m oun ting  injection pressu res.”  T he  fact 
is th a t I  said  no th ing  ab o u t w h a t I 
believe is th e  best p ressure d ie-casting 
procedure.

F o r  C arring ton ’s inform ation  th e  v a ri
ous gases em ployed in an  earlier 
experim en t of m ine were all free of w ater 
vapour. I t  is no t sta ted  th a t  the gases 
w ere n o t dried  p rio r to  use as C arring ton  
suggests. (“ I t  w ould be in structive  to  
try  ‘ a ir ’ w ith  increased oxygen, an d  
pure n itrogen . O ne im p o rtan t po in t 
regard ing  these gases ap p ea rs  to  have  
been m issed : th a t  is th e ir  m oisture con 
te n t .” )

C arring ton  asks, " . . .  how is i t  pos
sible to  know  th a t  there  were no cold shu ts 
p resen t in  e ither of the  bars?  ”  I  never 
said  it was possib le.]’ I f  a  cold sh u t had

t Although it is. See X-ray Micrography as a 
Tool for Foundry Control, Leslie W. Ball, Trans. 
A.F.A., June, 1945.

F
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show ed u p  in the frac tu re  of a  tested  b a r 
th e  resu lt of th a t  p a rticu la r b a r  w ould 
have  been d iscarded.*

* Less than o.i of i per cent', contained cold 
shuts.

C arring ton  w rites in rep ly  to m y rem ark  
(nam ely , “ th e  presence of trap p ed  a ir 
w ith in  th e  die cav ity  affects th e  m etal 
w hich is forced to  soldify in its presence 
in such a w ay  th a t h ea t tre a tm en t of the  
cast m etal is not fe a s ib le” ) th a t  it is 
“  h a rd ly  possible to draw  such a conclu
sion w hen a  non -hea t-trea tab le  alloy w as 
u sed .” N ow it w as clearly  sta ted  in m y 
artic le  th a t  “  no testbars w ere h ea t trea ted  
for th e  purpose of im proving  th e ir physical 
p ropertie s .”  H e a t tre a tin g  w as m erely 
done to  determ ine th e  effect of various 
casting  cond itions on th e  form ation  of su r
face blisters, in ternal porosity , and  
dim ensional d isto rtion . W hen  I  sta ted  
th a t ce rta in  tes t bars w ere no t h ea t tre a t
able, th a t  is, th ey  did no t lend them selves 
to  successful hea t trea tm en t, I  sim ply 
m ean t th a t they  b listered , e tc ., w hen 
heated . I t  is obvious th a t, regardless of 
th e  n a tu re  of th e  a lloy  em ployed to  m ake 
a casting , if a  casting  blisters upon h e a t
ing it does no t lend  itself to  h ea t tr e a t
m ent, th a t  is, it is n 't  h ea t trea tab le . I 'm  
inclined to  believe th a t th e  b lister fo rm a
tion is independen t of the  alloy  em ployed.

I th o u g h t it w ould be in teresting  to

learn  w hether th is w aiting  period  h ad  any  
effect on th e  u ltim ate  p roperties of the 
m etal w hen it  was die cast. As to  th e  
va lid ity  of your sta tem en t, “ U nder such 
conditions, w hen n e ither ox idation  no r 
gas abso rp tion  can tak e  p lace . . . ”  I 
have  y e t to  see th a t  hypothesis conclu
sively  verified. I

f I refer you to the papers listed in my biblio
graphy which followed my paper in the " Light 
Metals," April, 1945, issue under the headings: 
Diffusion, Gases Present in Al, Adsorption and 
Sorption, and Origin in Al.

I  am  indeb ted  to  C arrin g to n  fo r calling 
the a tten tio n  of th e  readers of “ L igh t 
M e ta ls”  to certa in  ty p in g  erro rs in  m y 
p ap e r a n d  fo r h is hope th a t  I  can  con
tinue  m y investigations in th e  field of 
p ressure die casting .
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C O R R E S P O N D E N C E

REPRODUCED below will be found corre
spondence on Erickson's paper.

“ I Have just finished M r. Erickson’s article in 'th e  
April, 1945, issue of ‘ Light M etals,’ entitled ‘ Pressure 
D ie-casting.’ and  take  the liberty of writing you with the 
request for clarification of a certain  item.

“ 336 alloy with very low iron was used in the  tests, but 
no inform ation is given as  to w hether these test-bars 
were tested as cast, how soon after casting, or artificially 
aged. T h is  m aterial is very highly susceptible to  air 
ageing and  hardens considerably during the process. 
W e found tha t ageing d ie-cast 356 alloy test-bars and 
castings a t about 155 degrees C. for a  couple of hours 
increased the tensile properties and decreased the 
elongation. Can you shed some light? 356 with very 
low iron seems to  be rather unpopular am ongst the die- 
casters on account of the tendency of the metal to  stick 
to the  die. W hat has been M r. Erickson’s experience?

“ M r. Erickson’s article is extremely interesting and  it 
is particularly pleasing to me. because it furnishes some 
additional proof for some of the claims tha t 1 have m ade 
for quite some time in the face of very strong but

gradually dim inishing opposition tha t the best physical 
and  structural properties of die-castings a re  possible onlv 
with large gate and relatively slow injection speed, so as 
to  prevent splashing of the metal and  air absorption.

" 1 would like to see the article enlarged to take  in the 
effect of large gate and modern injection speed on 
properties and structure of castings themselves, especi
ally where the section is changing from heavy to thin and 
where the metal has to traverse relatively long distances 
between narrow metal w alls."—D .  B a s C i i  (G.E.C., U.S.A.). 

In reply, the author writes as follows:—
“ T he test-bars were all cast and the tensile tests 

performed within 24 hours after the time of casting, 
w ithout expansion.

“ Concerning the tendency of 356 alloy of low iron 
content to stick to the mould, 1 can only say tha t in 
preparing the test-bars 1 noticed no such tendency. 
W hether this alloy would have been likely to  stick if cast 
in some other shape than  tha t of the te st-bar 1 employed 
I cannot say. as W estern Die-Casting Co. seldom received 
orders requiring the 356 alloy. W here this m aterial was 
called for, the grade employed had a  m uch higher alloy 
con ten t."—J .  L. E r i c k s o n .
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L i g h t  A l l o y s  i n

R e c t i f i e r s ,  P h o t o c e l l s  a n d  C o n d e n s e r s

C o n tin u in g  f r o m  “ L ig h t  M e ta ls ,“  L 2 > a  D is c u s 

s io n  on Im p re g n a tin g  M e d ia  f o r  F i x e d  P a p e r  C o n d e n se rs . 

A tte n t io n  is  D ir e c te d  to  C h e m ic a l P r o p e r tie s  in  R e la t io n 

sh ip  to M e ta l  w ith  W h ic h  T h ey  C o m e  in to  C o n ta c t

T H E  ready-com pounded  m ix tu re  of 
paraffin  an d  c a rn au b a  w axes can be 
purchased  to specification com m er

cially . T hree  sam ples from  different 
sources a re  characterized  in T ab le  65.

A n A m erican  specification fo r paraffin  
w ax fo r th e  im pregnation  of p ap e r con
densers calls fo r a 
m ateria l of nom inal 
m elting  p o in t 133/
136 degrees F . w ith  
t h e  f o l l o w i n g  
q u a lity  ch a rac te r
istics : —

(a) T he  w ax  to  
be free  from  low 
m elting  - p o in t 
fractions.

(b) T he  m elt
ing  p o in t to  be 
130 degrees F . 
m in im um  w hen 
determ ined  by  
th e  c o o l i n g  
m ethod  as fol- 
l o w s .  T h e  
m elted  w ax  is p laced  in a  1-in. d iam eter 
boiling  tu b e  to  a  dep th  of 2 ins. T he 
tube  is fitted  w ith  a  cork  ca rry in g  a  
therm om eter, w hich ex tends cen trally  
in to  th e  w ax , an d  a  s tirre r. T he tube  
is ca rried  in  a  conical flask to  serve as 
an  a ir  jacke t. Cooling is recorded by 
tem p era tu re  read ings (to  0.1 degree F .)  
a t ha lf-m inu te  in tervals un til well below  
th e  m elting  p o in t of th e  w ax. T he 
m elting  po in t is in te rp re ted  a s  th a t tem 
p e ra tu re  a t  w hich th e  read ings rem ained  
co n stan t fo r a t  least th ree  read ings.

(c) N eu tra lity  lim ited  by  ac id ity

m ax im um  0.05, expressed in  term s of 
m g m s.K O H /g m ., o r a lk a lin ity  m ax. 
0.10 expressed in  term s of m gm s. H 2SO.i 
p e r gm . of w ax. T he  values a re  d e te r
m ined on a  w a te r ex trac t u sing  N /1 0 0  
sodium  hyd rox ide  or N /1 0 0  su lphuric  
acid  fo r the  titra tio n  for ac id ity  an d  

a lk a lin ity  re 
spectively. T he 
w ater e x trac t is 
o b t a i n e d  b y  
w eighing from  
5 to  10 gms. of 
w ax an d  boiling 
w ith 250 m l. of 
n eu tra l distilled 
w ate r fo r tw o 
hours in an
E rlenm eyer flask 
u n d er reflux. 
T he  titra tio n s are 
perform ed hot, 
above 80 degrees 
C ., using  phenol 
ph tha le in  a s  in 
d icator, shak ing  

continuously  an d  reheating , if neces
sary , to  keep above 80 degrees C.

(d) Specific g rav ity  to be  a p p ro x i
m ate ly  0.90 a t  20 degrees C.

(e) T he  w ax  to  be free from  w ater. 
T he follow ing clauses a re  typ ica l of

specifications used in th is co u n try :—
(a) T h e  m ateria l requ ired  to  b e  a 

refined petro leum  w ax, free from  liqu id  
hyd rocarbons, u n sa tu ra ted  h y d ro 
carbons, a n d  all ex traneous m a tte r .

(b) T he  m elting  p o in t to  be  55- 
58 degrees C ., determ ined  by  the  cool
ing curve m ethod.

T a b le  6 5 .— C h a r a c t e r i s t i c s  o f  C o n d e n s e r  
I m p r e g n a t in g  W a x  M i x t u r e  C o m p r i s i n g  
P a ra f f in  W a x  o f  M e l t in g  P o in t  5 5 ° C .  w i t h  

A d d i t i o n  o f  2 - 3 %  o f  C a r n a u b a  W a x .

Source A B C

Sample No. 1 2 3

Ash on incineration, %
Acid value, mgms. KOH/gm.

0.01 0.01 0.02
0.02 0.20 0.75

Saponification value, mgms. 
KOH gm. 2.1 1.4 1.7

Melting range, °C. 54-59 54-59 54-60
Softening point, °C. .. 54 54 54
Melting point, °C. 58 57 57
Flowing point, °C. 60 60 59
Colour .. Cream Cream Cream
Structure Finely Finely Finely

crystal crystal crystal
line line line
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Sample No. 1 2 3 4 5 6 7 8 9

Grade White White White White White White Yellow Yellow Yellow

Colour White Lemon Pale Pale Cream White Orange Brownish Reddish
yellow yellow yellow brown orange

Acid value,
mgms. KOH/gm. 8.9 13.2 12.4 13.2 10.0 8.2 17.8 22.2 20.4

Ester value,
mgms. KOH gm. 77.9 84.8 94.5 78.8 85.5 83.2 79.7 67.8 74.9

Saponification value,
mgms. KOH/gm. 86.8 98.0 106.9 92.0 95.5 91.4 97.5 90.0 95.3

Specific gravity at
15.5°C. 0.964 0.965 0.970 0.968 0.962 0.958 0.964 0.970 0.969

Melting point, °C. 61 65.5 62 64 62.5 64.5 64 61 62
Ash on

incineration, % 0.01 0.01 0.01 0.01 Trace Trace 0.02 0.04 0.01
Refractive index at

75°C. 1.440 — — — 1.442

(c) Ash on  inc inera tion  to  be less 
th a n  0.001 p e r cent.

(d) T he  w ax  to  be free from  a lk a 
lin ity  an d  free  from  inorganic  acid . 
T he  to ta l ac id ity  no t to  exceed 0.0030, 
expressed in term s of m gm s.K O H /gm .

(e) Saponification value  to  be 0.0030 
m ax . expressed as m gm s.K O H /gm .

(f) V olatility , determ ined  b y  h ea t
ing a 10 gm . sam ple in a  3-in. dia. 
a lu m in iu m  dish fo r fo u r hours a t 
135 degrees C., no t to  exceed 1.0 per 
cen t.

(g) T o ta l su lp h u r con ten t n o t to  
exceed 0.05 p e r cen t.

(h) Specific g rav ity  a t  15.5 degrees 
C. to be betw een 0.880 a n d  0.900.

(i) F la sh  p o in t (close) no t to  be  less 
th a n  200 degrees C ., an d  fire p o in t no t 
to be less th an  220 degrees C.

(j) W hen 3 gm. of w ax is heated  
w ith  3 m l. of concen tra ted  su lphuric  
acid  o n  a  w ater b a th  a t  100 degrees C. 
for six  hours, th e  degree of darken ing  
in colour shall n o t exceed a  ligh t brow n 
or straw .

(k) W hen  heated  on a  w a te r b a th  a t  
100 degrees C. for six  hours w ith  a  strip  
of clean polished copper, half- 
im m ersed, ho stain ing , discoloration

T a b le  6 7 .— E ffe c t o f  H e a t in g  B e e s w a x  w i th  M e ta l  In  O p e n  G la s s  V e s s e ls  f o r  1 4  D a y s  a t  1 1 0 ° C .

Type of beeswax Metal
Acid value after 14 
days at 110°C. 
mgms. KOH/gm.

Other effects

Brown None 13.0 Wax rather more brown

Brown Copper turnings 11.6 Colour of wax dark green due to copper compounds

Brown Copper strip 9.3 Colour of wax dark green due to copper compounds

Brown Iron powder 19.0 Colour of wax dark brown

Brown Steel turnings 10.0 Colour of wax almost black

Brown .. s 

Brown

Aluminium-alloy turnings 
(Al 90%, Cu 4%, Ni 6%) 

Nickel turnings
I 18.0

17.0

Colour yellow, rather lighter 

Colour yellow, rather lighter

Brown Zinc powder 14.8 Colour unchanged

Brown Lead strip 13.0 Colour unchanged

Brown Tin turnings 7.0 Colour of wax darker brown

Bleached None 19.0 Colour of wax brownish yellow

Bleached Copper strip 11.3 Colour of wax dark green due to copper compounds
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Sample No. 1 2 3 4 5 6 7

Colour White Cream Light Brownish Yellowish Greenish Brown

Acidity, mgms. KOH gm... 0.060 0.055
yellow
0.040

yellow
0.071

brown
0.095

yellow
0.044 0.058

Saponification value Nil Nil Nil Nil Nil Nil Nil
Volatility (loss in weight on 

heating 4 hours at 135°C. 
in 3-in. dia. aluminium 
dish), per cent. 1.65 1.64 2.18 2.25 1.60 2.42 1.08

Ash on incineration, % Nil Nil Nil 0.008 0.007 0.003 0.010
Specific gravity at 15.5°C. 0.894 0.892 0.900 0.902 0.904 0.906 0.916
Melting point, °C. .. 58 59 60 61 65 71 76

or corrosive a tta c k  on th e  copper shall 
occur.

(1) W hen  hea ted  on a  w ate r b a th  a t  
100 degrees C. for six  hours w ith  a  piece 
of clean, b r ig h t a lum in ium  foil, h a lf
im m ersed, no sta in ing , discoloration  or 
corrosive a tta c k  on th e  alum in ium  shall 
occur.

(m ) T h e  m ate ria l shall b e  supplied  
in cakes, free  from  w ate r, s traw  and  
ex traneous d irt, an d  pro tected  in tra n s 
p o rt b y  packaging , packages to  consist 
of w ooden cases lined  w ith heav y  
w axed paper.
W hen double  refined or special refined 

m ateria l is s tipu la ted , specifications c a n 
no t be  m uch m ore a rduous th an  th e  
above. In  them , su lp h u r co n ten t is 
som etim es stressed and  requ ired  to  be  nil,

b u t th is  requ ires defining, an d  ra re ly  can  
reg u la r deliveries be  assured  below
0.03 per cen t.

I f  th e  paraffin-w ax m ix tu re  is p u r
chased , th a t  is con ta in ing  add itiona l 
ag en t such  as je lly  o r c a rn a u b a  w ax, then  
the specification  can be  a long  exactly  the 
sam e lines, w ith  th e  follow ing add itions 
o r m od ifica tions:—

(a) C om position—th e  percen tage and  
n a tu re  o f ad d ition  agen t to  be sta ted , 
lim its suggested 2.5 p e r cen t, m in ., 
3 .5  per cen t. m ax.

(b) I f  ca rn au b a  w ax is perm itted , 
acid value to  be increased to  0.12 m ax. 
(m gm s. K O H /g m .) , an d  saponifica
tion  value  to  0.30 m ax . (m gm s. 
K O H /g m .) .
R egu la r inspection of consignm ents of

T a b le  6 9 .— C h a r a c t e r i s t i c s  o f  H ig h  M e l t in g  P o in t  H y d r o c a r b o n  W a x e s  o f  P e t r o l e u m  O r ig in .

Source.. A B C

Sample No. 1 2 3

Colour .. .. .. .. ............. Brownish
orange

Yellow Yellow

Structure

Ash on incineration, %
Acid value mgms. KOH gm.
Saponification value mgms. KOH.gm.
Benzene insoluble matter, %
Loss on heating 4 hrs. at 135°C. in open aluminium dish of 3 ins. dia., %  
Melting point, cC.
Specific gravity at 15.5°C. ..
Specific electrical conductivity at 120°C. in micro-microhms.:

(a) initial
(b) after 21 days in open vessel at 110-120°C...

Power factor tan 6 at 20CC. after vacuum drying at 100-110°C. for 2 hrs.:
at 50 cycles .............................................
at 1,000.000 cycles

Permittivity at 20°C. after vacuum drying at 100 to 110°C. for 2 hrs.:
at 50 cycles .............................................
at 1.000,000 cycles.......................................

All finely micro-crystalline and slightly 
tacky

Nil Nil Traces
0.005 0.02 0.03
Nil Traces Traces
0.03 0.05 0.06
0.04 0.08 0.06

73 72 70
1.07 1.03 1.05

0.1
0.4

0.0001
0.0001

2.32
2.32

0.5
2.0

0.0001
0.0001

2.32
2.33

0.1
0.6

0.0001
0.0001

2.35
2.35
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these w axes is essential, b u t is sim ple, 
an d  no difficulty is encountered  in  m ain 
ta in in g  the desired q u a lity  w hen  th e  
supplier apprec ia tes th a t  th e  m ateria l is 
requ ired  fo r condenser im pregnation .

S im ilar specifications can  cover the 
h ig h er m elting  p o in t paraffin  w axes w ith, 
of course, the lim its of m elting  tem p e ra 
tu re  ad ju s ted  accordingly .

F o r  m an y  years paraffin  w ax  w as th e  
only  really  sa tisfac to ry  w ax  freely  availab le  
in  q u a n tity  fo r condenser m anu fac tu re , b u t 
th e  position  has changed  ap p rec iab ly  in 
th e  past 10 to  20 years . B eesw ax was 
th e  chief electrical w ax ava ilab le  to  com 
pete w ith  paraffin . H ow ever, th is  has 
never been reg a rd ed  a s  a su itab le  con
denser w ax on accoun t of its low er 
insu lation  resistance, an d  poor pow er 
fac to r. I t  is very  expensive a n d  diffi
cu lt to  ob ta in  in co n stan t q u a lity . I t  is 
seasonal, ob ta ined  from  m any  sources in 
g rades of v ary ing  characteristics; fre
q u en tly  in sh o rt supp ly , and  often  a d u l
te ra te d  w ith  ch eap e r w axes a n d  w ith  
farinous m ateria l. R efined g rades a re  
yellow ish o r  w hite , an d  they  can  be  co n 
tro lled  by  close specifications w ith  respect 
to  acid , ester an d  saponification  values, 
g rav ity , refrac tive  'index , m elting  po in t 
and  ash  value . T est resu lts on different 
varieties of pu re  refined w ax  a re  g iven in 
T ab le  06. I t  w ill be seen th a t  beesw ax 
is a  fa tty  w ax  of h igh  ac id  value. I t  is 
no t so stab le  a s  paraffin  w ax , h as som e 
corrosive action  on m eta ls u nder process 
conditions, an d  will rap id ly  green copper 
in  th e  p resence of m oisture.

O ne sim ple inves tiga tion ,' orig inated  
because of the m ark ed  d iscoloration  of 
beesw ax in  th e  p rocessing  tanks , s tud ied

tw o grades of beesw ax and  th e ir  reaction  
w ith  m etals u n d er h ea t a t  110 degrees C. 
fo r 14 days. T he  resu lts a re  of in terest. 
B o th  brow n an d  bleached  w axes were 
used, these h av in g  th e  follow ing average  
ch arac te ris tics :—

Brown Bleached
wax. w ax.

C olour... ... Orange brown Cream
Melting point °C. 62 65
Acid value, mgms.

KOI I / gin.................... 14.2 20.2
Saponification value,

mgms. K O H /gm . ... 83.2 92.3
Ester value, mgms.

K O H /gm . ... 69.0 72.1
A cid/E ster ratio 4.9 3.5
T he  w axes, hea ted  in glass vessels for 

14 days a t  110 degrees C., becam e som e
w hat d a rk e r in colour, an d  ac id ity  
decreased  a  little  (to  13.0 an d  19.0 for 
the  brow n and  b leached  w axes respec
tiv e ly ) , ind ica ting  sligh t decom positional 
change. H ea ted  w ith  various m etals, 
how ever, colour changes a re  m arked ly  
increased, ac id ity  changes becom ing either 
m ore pronounced  o r decreased as 
show n in- T ab le  67. T he  best m etals 
fo r p la n t linings ind icated  by  these tests 
a re  zinc an d  lead . I n  p rac tice  the la tte r  
is sa tisfactory , so is zinc if overheating  be 
avo ided . O therw ise th e  zinc coating  
flakes. A ctually , iron or steel a re  ex ten 
sively  used, b u t m ay  p rom ote  m uch 
darken ing .

T he ozokerite type  of w ax has alw ays 
b een  av a ilab le  fo r condenser m anu fac
tu re . I t  is a  n a tu ra lly  occurring  earth  
w ax, p ro b ab ly  of pe tro leum  origin, and 
in its o rd in a ry  refined sta te  is m arketed  
in various form s, u sua lly  b lack  or 
greenish b lack , and  no t of very  high

T a b le  7 0 .— P h y s ic a l C h a r a c t e r i s t i c s  o f  M ic r o - c r y s t a l l i n e  H ig h  M e l t in g  P o i n t  M in e r a l  
W a x e s  c o m p a r e d  w i th  B e e s w a x .

Type.......................................................... Micro-crystalline high melting point mineral waxes Beeswax

Sample No. 1 2 3 4 5 6 7 8

Micro structure, crystailinity Very fine Very fine Very fine Very fine Fine Very fine Fine Fine
Ubbeholde drip point. °C. . 85 83 84 88 85 110 75 67
Melting point, capillary

tube, oC. 84 81 83 86 83 . 105 72 62
Viscosity 10°C. above melting

point, centipoises 14 20 12 60 15 16 18 20
Specific gravity at 15.5°C. 0.915 — — 0.918 1.05 0.965
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T a b le  7 1 .— C h e m ic a l  T e s t  V a lu e s  o f  M ic r o - c r y s t a l l i n e  H ig h  M e l t in g  P o in t  M in e ra l  
W a x e s  c o m p a r e d  w i t h  B e e s w a x .

Type.................... Micro-crystalline high melting point mineral waxes Beeswax

Sample No......... 1 2 3 4 5 6 7 8

Acid value, mgms. KOH/gm... 
Saponification value,

0.50 0.03 0.05 0.5 0.5 0.4 0.05 18.5

mgms. KOH/gm. 
Ash on incineration, per cent. 
Effect on copper (bright strip, 

half immersed at 100-110°C.

1.2 Traces Traces 1.8 2.0 1.5 Nil 93.5
0.04 Traces Traces 0.10 0.08 0.10 Nil 0.01

for 8 hours)
Thermal oxidation, extended 

hear, test at 110-120°C. in 
open vessel, progress of 
deterioration recorded by 
specific electrical conductiv
ity measurements on samples 
withdrawn at intervals. 
Values in micro-micro-mhos

Nil Nil Nil Nil Nil Nil Nil Greening

28 0.3 0.4 50 50 1.0 0.5 90
35 0.7 0.7 59 64 10 0.8 96
50 1.0 0.7 85 93 40 1.2 115
56 1.2 0.9 94 104 110 1.5 120

14 days 65 1.3 1.0 109 120 250 1.7 122
17 days .. 72 1.4 1.0 120 132 600 1.9 125
21 days .............. 85 1.6 1.1 140 155 1,200 2.0 127

p u rity . I n  m ore h igh ly  refined grades, 
it is referred  to  as ceresin. T he ceresins 
a re  very  good w axes, v a ry in g  from  w hite, 
th ro u g h  various shades of yellow , to  
b row n  in  colour. T hey  a re  free from  
saponifiable m a tte r  an d  qu ite  low  in 
ac id ity , a lth o u g h  no t usually  as low as 
the  paraffin  w axes in  th is respect. Con
tam in a tio n  w ith  m inera l m a tte r , as show n 
by  ash  value, is very  low. V o latility  is a  
little  h ig h er th a n  fo r the paraffins, and  
specific g rav ity  likew ise sligh tly  h igher. 
H igher m elting  po in ts a re  p rac ticab le , b u t 
m elting  is n o t q u ite  so sh a rp  because even 
in the h ighest m elting  g rades, low m elting  
solid hyd rocarbons are  included. D etailed  
characteristics of a  n u m b er of these 
ceresin w axes are  given in T ab le  68 
to  illu stra te  these fea tures. C ontraction  
d u rin g  solidification is a lm ost as h igh as 
w ith th e  paraffins, as can  be  seen from  
T ab le  62 ("  L ig h t M etals,”  S ep t., p. 460).

T h e  ceresins have  never been  seriously 
adop ted  for condenser m anufactu re , p re 
su m ab ly  because th ey  a re  app rec iab ly  
m ore costly  th an  th e  paraffin w axes, and  
no benefit is derived  in electrical ch a rac 
teristics, n o r from  serv iceab ility  of th e  
re su ltan t condensers. L ow er tem p era tu re  
coefficients fo r capac ity , pow er fac to r an d  
insu lation  resistance w ould be expected  a t

first sigh t from  th e  h igher m elting  po in t, 
b u t in  p o in t of fa c t th is  im provem ent does 
no t m ateria lize . A t the sam e tim e these 
w axes are  qu ite  su itab le  chem ically  and  
physica lly , th ey  a re  free from  crystal- 
lin ity , a re  h a rd  an d  dense w ithou t be ing  
b rittle , an d  a re  slightly  tacky . H ow ever, 
it is difficult to  ensure con tinu ity  of sup p ly  
of a  constan t g rade  of m ateria l in suffi
cient q u an tity .

A h igh m elting  p o in t h yd rocarbon  w ax 
show ing m uch  im provem ent over the 
paraffin  w axes w as m ade ava ilab le  a b o u t 
15 years ago, a n d  to -day  sim ilar m ateria ls 
are  av a ilab le  in q u an tity . T he  first of 
these w axes produced  w as of petro leum  
origin, an d  said to be produced  by  refine
m en t from  w ax  residues trap p ed  in  p e tro 
leum  oil p ipe  lines a t  the oil wells an d  
refineries. T h is w ax  was m icro-crystal
line in n a tu re , pale  yellow  to  o range in 
colour, a lthough  “  w hite ”  grades could 
be produced . T ab le  69 gives the ch a ra c 
teristics on som e of these early  w axes. 
Ash values a re  satisfactorily  low , 
ac id ity  of low  o rder (a lthough  no t so 
good as w ith  th e  paraffins), a n d  sapon i
fication value  negligible. T h ey  are  
alm ost com pletely  soluble in  benzene, 
ind icating  freedom  from  non-w axy n o n 
hyd rocarbons. V o latility  is very  low.



484 L IC H T METALS O cto b e r ,  1 9 4 5

M elting p o in t is sh arp  an d  betw een 70 and  
75 degrees C. T his a p p a ren tly  is the 
cause of th e ir p a rticu la r a ttr ib u te , v iz ., 
low tem p era tu re  coefficient of electrical 
characteristics. Specific g rav ity  is n a tu r
a lly  h ig h er th a n  w ith  th e  paraffins, 
nam ely , ab o u t un ity . C ontraction  during  
solidification (see T ab le  62) is still h igh , 
app roach ing  th a t of the paraffins.

Som e electrical values a re  also included 
in  th e  tab le . Specific conduc tiv ity  of 
these w axes is very  low, an d  does no t 
increase m ateria lly  d u ring  use in con
denser processing. T h is is confirm ed by  
th e  low  values a fter h ea ting  fo r 21 days 
a t  110 to  120 degrees C. P ow er fac to r 
is low a t  the norm al frequencies of 50 
cycles an d  a t rad io  frequencies o f 1 m ega
cycle. P e rm ittiv ity  (d ielectric  constan t 
or specific inductive  capacity ) is th e  sam e 
a t  bo th  these frequencies an d  of sim ilar 
o rd e r to th a t fo r paraffin  w ax. T h is signi
fies th a t  the w ax  can be  used in  p lace  of 
paraffin  w ithou t change in  design of th e  
condenser (i.e ., d istance betw een foils and  
area  of foils can  rem ain  the  sam e).

A w ide range of high m elting  po in t, 
m icro-crystalline w axes, is ava ilab le  
to -day , a lthough  i t  is n o t alw ays obvious 
from  supp liers ' descrip tions w h eth er th ey  
a re  of pe tro leum  or ceresin origin, o r a  
m ix tu re  of the  tw o. C onsequently  i t  is 
necessary to  m ake a  selection on th e  basis 
of tests an d  p rac tica l tria ls . T ab le  70 
show s th e  physica l characteristics of som e

of these w axes aga in s t beesw ax for com 
parison . I t  w ill be seen th a t m elting  
po in ts range from  72 degrees C., w hich 
is com parab le  w ith  th a t of the early  w axes 
of th is class, to 105 degrees C. T able 
71 gives the  chem ical characteristics 
fo r the sam e sam ples. Sam ples N os. 2, 
3 a n d  7 a re  equal to  th e  o rig inal type  of 
m ateria l. T he o thers show  h ig h er acid 
values an d  som e saponifiable m a tte r , as 
well as som e m easurab le  ash , b u t still no 
d iscoloration  of copper. F u rth e r , they  
show  m easurab le  deterio ra tion  u nder 
h ea t. B eesw ax, as rep resen ta tive  of th e  
na tu ra l fa tty  w axes, show's up  adversely , 
especially  w ith  respect to  th e  corrosion of 
copper u n d er h ea t. T ab le  72 gives 
electrical characteristics a t  lorv freq u en 
cies (50 cycles), pow er fac to rs fo r N os. 2, 
3 and  7 a re  o u ts tand ing ly  good, w ith  
No. 7 still excellent a t  aud io  frequencies 
(e .g ., 1,000 cycles) and  h igher. N os. 2 
a n d  3 a re  still reasonab le  a t these h igher 
frequencies, an d  so are  N os. 1 and  6, b u t 
th e  o th er w axes ru n  com parative ly  h igh . 
P erm ittiv ities of all of th em  are  of sim ilar 
order, th is ho ld ing  good fo r all th e  fre
quencies a t  w hich tested . Beesw 'ax, as 
before ind icated , show’s u p  adversely .

If best s tab ility  a n d  electrical charac
teristics a re  requ ired , choice is restric ted . 
I f  excep tionally  h igh  m elting  p o in t is 
specifically requ ired , som ething has to  be 
sacrificed in  these o th er d irections. H ow 
ever, a  m elting  p o in t of 72 degrees C. is

T a b le  7 2 .— E le c t r i c a l  T e s t s  f o r  P o w e r  L o ss  a t  2 0 ° C .  o n  S a m p le s ,  A f t e r  C o n d i t i o n i n g  U n d e r  
V a c u u m  a t  1 0 0 - 1 1 0 ° C .  f o r  2  H r s . ,  M ic r o - c r y s t a l l i n e  H ig h  M e l t in g  P o in t  M in e r a l  W a x e s ,  w i th

B e e s w a x  f o r  C o m p a r i s o n .

Type................................. Micro-crystalline high melting point mineral waxes Beeswax

Sample No... 1 2 3 4 5 6 7 8

Power factor, tan <5, at 20°C.:
At 50 cycles 0.0003 0.0001 0.0001 0.0004 0.0005 0.0006 0.0001 0.0025
At 1.000 cycles 0.0004 0.0006 0.0007 0.0005 0.0006 0.0008 0.0001 0.0070
At 10,000 cycles .. 0.0005 0.0007 0.0006 0.0008 0.0009 0.0010 0.0001 0.033
At 100.000 cycles 0.0007 0.0005 0.0004 0.0011 0.0015 0.0009 0.0001 0.027
At 1,000,000 cycles 0.0007 0.0006 0.0003 0.0012 0.0045 0.0006 0.0001 0.015

Permittivity at 20CC. :
At 50 cycles 2.32 2.35 2.40 2.40 2.44 2.38 2.32 —

At 1.000 cycles 2 33 2.36 2.41 2.40 2.43 2.38 2.33 —

At 10,000 cycles . 2.34 2.37 2.41 2.42 2:43 2.37 2.32 —

At 100,000 cycles 2.32 2.36 2.42 2.42 2.42 2.37 2.32 —

At 1,000,000 cycles 2.33 2.34 2.40 2.41 2.42 2.42 2.32 —
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Derivative
Position

of
chlorine

Melting point 
°C.

Boiling point 
°C at 760 mm.

Boiling point

At pressure mm. °C.

a 17 259 14 126
Mono chlor. 56 252 12

Di chlor. 1, 2 35 281 19 152
1, 3 61 291 — —

Di chlor. 1. 4 68 284 12 147
Di chlor. 1. 5 107 (sub) — — —
Di chlor. 1. 6 48 — — ‘
Di chlor. 1. 7 63 286 — —
Di chlor. 1, 8 83 — —

2. 3 120 — —
Di chlor. 2, 6 140 285 — —
Di chlor. 2. 7 114 _

Tri chlor. 1, 2, 3 81 — — —
Tri chlor. 1, 2. 4 92 — —
Tri chlor. 1. 2. 5 78.5 — — —
Tri chlor. 1. 2. 6 92 — —
Tri chlor. 1. 2, 7 88 —
Tri chlor. 1, 2, 8 83.5 — — —
Tri chlor. 1. 3, 5 103 —
Tri chlor. 1. 3, 6 80.5 — — —
Tri chlor. 1, 3, 7 113 — — —
Tri chlor. 1. 3. 8 85/90 — —
Tri chlor. 1. 4, 5 131 — —
Tri chlor. 1. 4, 6 56 66 — —
Tri chlor. 2, 3, 5 109 — — —
Tri chlor. 2, 3. 6 91

Tetra chlor. 1, 2, 3, 4 198 - —

Penca chlor. 1. 2. 3, 4, 5 168 - — —

Hepta chlor. 1, 2. 3, 4, 5, 6, 8 194 - — —

Occo chlor. 1,2, 3, 4. 5, 6.7, 8 203 403 — —

Naphthalene tetra chloride,
CioHsCU.................... 1, 2, 3, 4 182

p ro b ab ly  satisfac to ry  fo r m ost purposes, 
if n o t all of them , prov ided  the  condenser 
is m oun ted  in  th e  equ ipm en t aw ay  from  
o th er com ponents d issipating  m uch  heat.

A pparen tly , m an y  of these w axes are 
specially  processed and  an ti-ox idan ts  
included  to  m inim ize th e  developm ent of 
ac id ity  d u ring  condenser processing. The 
range of tests covered b y  th e  characteris
tics tab u la ted  is sufficiently d iscrim inating  
to detec t a n y  inclusion of th is k ind  th a t 
m ay  be dam aging . I t  should  be  pointed  
out, how ever, th a t there are  num erous 
high m elting  po in t “  hydrocarbon  
w axes on th e  m arke t, in tended  fo r p u r
poses o th e r th an  electrical insu lation , in 
w hich the a p p a re n t m elting  p o in t of the 
paraffins o r ceresins is raised  b y  including 
m etallic  steara tes such as those of zinc o r 
lead . T hese a re  qu ite  unsu itab le  b u t 
read ily  detec ted  b y  test. T h u s , one such 
w ax  show ed a  m elting  p o in t of 94 degrees

C. b u t insip ient fusion a t  77 degrees C. 
an d  an  ash  value of 4.5 per cent. T he 
ash consisted of zinc oxide, w hich w as 
presen t in the w ax as oleate o r steara te .

An A m erican specification for h igh 
m elting p o in t m ineral w ax for the im 
pregnation  of p ap e r condensers stipu lates 
a  m aterial refined from  crude petro leum  
oils of S alt Creek origin, and  one h a v in g  
the follow ing properties:—

(a) To be free from  d ir t and  foreign 
m atte r , and  of uniform  colour.

(b ) M elting p o in t to  be n o t less th a n  
183 degrees F . (72 degrees C .) .

(c) F lash  po in t to  be n o t less th an  
500 degrees F . (260 degrees C .) .

(d ) M atter insoluble in benzene not 
to exceed 0.20 per cen t., w hen  de te r
m ined on a  10 gm . sam ple, dissolved by  
heating  w ith  500 m l. of b e n z e n e ,.a n d  
filtering th rough  a  p repared  G ooch

H
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m ateria l from  th a t source. T ypical of a  
specification for the sam e m ateria l in th is 
coun try  are  the follow ing requ irem en ts:—

(a) M ateria l to  'be an  all-hydrocarbon  
w ax of petro leum  origin.

(b ) C olour to be uniform , yellow or 
yellow ish orange, and  no t d a rk e r th an  
an app roved  sam ple.

(c) T he w ax  to  be  free from  ea rth y  
m atter, d irt, w ater and  all ex traneous 
m atter.

(d ) M elting po in t to be m inim um  72 
degrees C.

(e) Open flash po in t to  be m inim um  
250 degrees C.

(f) M atter insoluble in benzene no t to 
exceed 0.20 p e r cen t.

(g) A cid value n o t to  exceed 0.05, 
expressed in term s of m gm s. K O H /g m . 
of w ax, b u t inorganic acid  and  alkali 
to be en tire ly  absen t.

(h ) Saponification value  no t to 
exceed 0.05, expressed in  term s of 
m gm s. K O H /g m .

(i) A sh on com plete incineration  no t 
to  exceed 0.01 per cent.

( j)  N o corrosion o r ta rn ish in g  of 
co p p er to  occur w hen a  piece of clean, 
b rig h t copper foil is h ea ted , half- 
im m ersed, in th e  w ax  a t  100-110 
degrees C. fo r six  hours .

(k ) T em p era tu re  coefficient of elec
tro sta tic  capac ity  to  be very  low. W hen 
testing  b y  im pregnating  p a p e r /a lu 
m inium  foil condensers by  established

T a b le  7 4 .— T y p ic a l  L a b o r a to r y  C h a r a c t e r i s t i c s  o f  S y n t h e t i c  W a x e s  o f  C h l o r i n a t e d
N a p h t h a l e n e  T y p e .

Sample No. 1 2 3 4 5 6

Commercial description Double Refined, Refined, Refined, Refined, Crude,
refined, M.Pt. 120 M.Pt. 90 M.Pt. 130 M.Pt. 100 M.Pt. 90/
M.Pt. 88/ 
95°C.

125°C. 95°C. 140°C. 1150C. 95°C.

Colour Pale yellow Pale yellow Pale yellow Brownish
white
137

Pale yellow Black

Melting point, °C. .. 94 122 92 111 95
Acidity, mgms. KOH gm.............. 0.004 0.10 0.11 0.012 0.11 —
Acidity, expressed as hydrochloricacid,% 0.00025 0.0062 0.0070 0.0008 0.0070 —
Alkalinity, expressed as KOH, % — — — — — 1.6
Ash, %  ..........................
Volatility, loss in weight 4 hours at

Nil 0.004 0.008 Traces 0.009 2.8

135°C. in 3-in. dia. aluminium dish, °0 13.5 11.2 12.5 7.0 11.8 7.2
Iodine value Nil Nil Nil . Nil Nil Nil
Specific gravity at 15.5°C. 1.53 1.65 1.54 1.55 1.57 1.70
S.I.C. at 1,000 pps., approx. 4.5 5.5 5.0 4.5 5.0

crucible. T he residue on th e  crucib le  is 
w ashed tho rough ly  w ith  h o t benzene, 
dried  a t  100 degrees C. an d  w eighed.

(e) Saponification  value  no t to  
exceed 0.2 m gm s. K O H /g m . w hen 
determ ined  on a  20 gm . sam ple, sapon i
fied by  refluxing w ith  50 m l. of deci- 
norm al alcoholic po tash  and  25 ml. of 
benzene. D ecinorm al su lphu ric  acid  is 
used for back  titra tion  and  phenol 
ph thale in  as ind icator.

(f) T he  w ax to be free from  alkali or 
acid , as show n b y  testing  a  w ate r 
ex trac t. T he w a te r ex tra c t to be p re 
pared  by  boiling  5 gm s. of w ax  w ith  
10 m l. of distilled w ater fo r five 
m inutes, shak ing  periodically . R eac
tion  to  be determ ined  by  change in 
colour of red an d  blue litm us p ap e r in 
con tac t w ith  separa te  portions of the 
w ater ex trac t for 15 m inutes. N o colour 
change to be  ev ident.

(g) T he  w ax to p roduce  no m ore 
th a n  slight b ronzing  of clean copper 
foil w hen hea ted  together for 30 
m inutes a t  375 degrees F . (190 degrees 
C .) .

(h ) M ateria l to be  supplied  in cakes, 
p roperly  packed  in w ooden cases to  
avoid  dam age in transit.
I t  w ill b e  noted  th a t  the foregoing 

clauses for h igh  m elting  p o in t w ax  a re  no t 
p articu la rly  search ing , an d  no m ention is 
m ade of specific elec trical properties. 
P resum ab ly , reliance is upon  ensuring  
source of supp ly  an d  a p rio r know ledge of
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T a b le  7 5 .— R e s u l t s  o f  S t a b i l i t y  T e s t s  o n  C h l o r i n a t e d  N a p h t h a l e n e  W a x ,  D o u b le  R e f in e d ,
M e l t in g  P o in t  9 4 ° C .

Test No. Object Test conditions Summary of results

1 Effect of heat just 
above melting point.

Heated in open vessel for 48 hours at 
115 to 120°C.

No measurable development of 
acidity or change of colour; loss in 

weight due to volatilization.

2 Effect of heat in con
tact with copper.

As in (1) with clean copper strip 
half immersed.

As in (1) and no attack on copper.

3 Effect of heat in con
tact with metals.

Heated for 7 days at 115 to 120°C. 
with clean metals half immersed. 
Mixture contained in flasks protected 
from atmosphere by guard tubes. 
Iron, zinc, copper and brass tested.

Iron became tarnished to slight 
brown colour and some iron entered 
the wax. No effect upon the other 

metals.

4 Effect of overheating 
in contact with 

copper.
Heated in open vessel for 12 hours 
at 220°C. with clean copper foil half 

immersed.

Wax darkened and ionizable chlorine 
was produced. Copper became 
blackish brown in colour, and upon 
exposure to a humid atmosphere 
developed patches of green copper 

chloride within 24 hours.

5 Effect of overheating 
in presence of moist
ure and in contact 

with copper.

As in test No. 4, but with 0.5% 
water added.

As in test No. 4, only deterioration 
more rapid, two hours’ heating being 

sufficient to produce same effect.

6 As in (5), only using 
higher melting wax, 
melting point 125°C.

As in (5 . As in (5).

7 Effect of air just 
above the melting 

point.

Wax maintained thermostatically at 
115 to 120°C., and clean, dry air 
slowly bubbled through the wax and 

then through distilled water.

Unaffected. No ionizable chlorine or 
acidity developed in the wax in 21 

days, nor trapped in the water.

8 Effect of air and 
moisture just above 

melting point.

Wax maintained thermostatically at 
115 to 120°C. Clean, dry air passed 
f rst through distilled water to satu
rate it, then through the molten wax, 
and finally through distilled water to 

collect volatiles.

Definite, but veryslight development 
of ionizable chlorine and acidity in 
the wax after prolonged treatment. 
Expressed in the terms of hydro
chloric acid er cent., the amount of 

this was as under:—
Initially, and in 2 days

Less than 0.00020%
In 7 days.............  0.00020%
In 14 days.............  0.00050%
In 21 days.............  0.00090%

production  m ethods, the capacity  of 
such  condensers, a t  a n y  tem pera tu re  
w hen subjected  to  a hea t cycle from 
20 degrees to 40 degrees C. and  back  
to  20 degrees C ., shall not differ from  
the in itia l capac ity  a t  20 degrees C. b y  
m ore th an  0.5 per cen t. S im ilarly , for 
a  cycle from  20 degrees to 60 degrees 
C. an d  back  to  20 degrees C ., the cap a 
c ity  m easured  a t  an y  tem pera tu re  
du rin g  th is cycle shall no t differ by 
m ore th a n  3 p e r cent, of th e  in itia l cap a 
c ity  a t  20 degrees C.

(1) T he w ax to  be supplied  in cakes, 
securely  packed in w ax-paper lined 
wooden cases.
F o r  th e  w axes of ra th e r  h igher m elting  

po in t b u t n o t q u ite  such good electrical

properties, typ ical specification requ ire
m ents a re  as under:—

(a) M ateria l to  be a  h igh  m elting  
p o in t hydrocarbon  w ax processed to 
give m in im um  of ox idation  d u rin g  use 
in  im pregnation  process.

(b ) C olour to  be  uniform , m ax im um  
darkness o f shade  to  be a brow n no t 
exceeding th a t of an  approved  sam ple.

(c) T o be free from  m ineral acids and  
alkalies, and  organ ic  ac id ity  n o t to  ex 
ceed 0.50, expressed in term s o f mgm s. 
of K O H /g m .

(d ) Saponification va lu e  no t to 
exceed 2.0, expressed in term s of m gm s. 
of K O H /g m .

(e) Ash on com plete  incineration  no t 
to  exceed 0.01 p e r  cen t.
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T a b le  7 6 .— C o n t i n e n t a l  C o m p o u n d s  H a v in g  a  C h l o r i n a t e d  N a p h t h a l e n e  B a se .

Sample No............ 1 2 3

Application Condenser impregnation Condenser. Sealing and 
filling.

Condenser. Sealing and 
filling.

Nature Chlorinated naphthalene, 
paraffin wax mixture

Chlorinated naphthalene 
coal tar pitch mixture

Chlorinated naphthalene/ 
colophony resin/coal car 

pitch mixture

Colour Translucent white Glossy black Glossy black

Melting point, °C. 94 97 120

Acid value, mgms. KOH/gm. .. 0.0045 0.48 4.1

(f) M elting po in t no t to  be  less th a n  
82 degrees C.

(g) F la sh  po in t (open) no t to  be less 
th a n  275 degrees C.

(h) N o  corrosion or sta in ing  w hatso 
ever of copper to  occur w hen clean, 
b r ig h t copper foil is hea ted , half 
im m ersed in the  w ax, a t  100 to  110 
degrees C. fo r six  hours.

(i) T o be packed  in w ax-paper-lined  
w ooden cases, to  give com plete p ro tec
tion  from  deterio ra tion  in  tran s it or 
storage.
M uch advance  has been m ade in  th is 

class of w ax  in  recen t years , an d  for sa tis
fy ing  th e  ever-increasing ran g e  of service 
tem pera tu res, such inert, h igh-m elting  
hyd rocarbon  w axes a re  ind ispensable. 
W hen  fu ll va lue  can  be had  from  indus
tr ia l research  in  recen t years, a n d  w hen 
first p rio rity  can be g iven to  h ighest 
qua lity , fu r th e r ad v an cem en t is to  be 
expected.

A no ther class of w ax, includ ing  m any  
g rades, m ust n o t be overlooked. These 
a re  th e  syn thetic  w axes ob ta ined  from  
chlorination  of n aph tha lene . T hey  have  
specific ad v an tag es over an y  o th er w axes, 
an d  also th e ir shortcom ings, a n d  th ey  
have  a lread y  been  ex tensively  em ployed 
fo r th e  im pregna tion  of fixed p ap e r con 
densers, n o t on ly  in A m erica and  on the 
C on tinen t b u t also in  th is  co u n try . T he  
w axes a re  recognized u n d er p ro p rie ta ry  
o r registered  nam es, such as H alow ax, 
N ib ren  w ax  a n d  Seekay w ax . A  con
sidera tion  of th e ir  p roperties in some 
deta il is justified.

T he  ch lo rina ted  n ap h th a len e  can  claim

properly  to  belong to .  th e  realm  of sy n 
th e tic  p lastics. N ap h th a len e  itself is a 
p u re  hyd rocarbon , chem ically  hav in g  a 
double-ring  struc tu re , colourless, c ry s ta l
line, m elting  po in t 87 degrees C ., inert in 
ch a rac te r. F ro m  its em pirical fo rm ula, 
C,,IH S, it  can  be seen th a t  th e re  a re  eigh t 
h ydrogen  a tom s th a t  can  be  rep laced  by 
ch lorine, an d  th a t m any  differen t com 
pounds, m ono-chlor, d i-chlor, tri-chlor, 
e tc ., can  be produced . D etails of the 
w ell-estabished ch lo rine  derivatives a re  
g iven in T ab le  73, w hich gives da ta  
ap p e rta in in g  to  m elting  poin ts an d  boiling 
points. I t  can  be seen th a t som e of these 
com pounds a re  liqu id  an d  low -m elting 
so lids; o thers are  solid, includ ing  som e 
h av in g  m elting  po in ts as h igh  as 200 
degrees C. T hey  a re  all stab le , inert 
chem icals in the ordinary , sense of these 
term s.

C om m ercially , the ch lo rinated  n a p h th a 
lenes are  p roduced  from  th e  d irect 
ch lo rina tion  of n ap h th a len e , degree of 
ch lo rination  being  determ ined  by  th e  tim e 
a n d  tem p era tu re  of th e  reaction . O bvi
ously, th e  hydroch loric  acid  h a s  to -be 
rem oved subsequen tly  b y  w ash ing  p ro 
cesses. T he  products ob ta ined  a re  m ix
tu res  o f ch lo ronaph thalenes, an d  they  
can  be g raded  in to  w ax-like m ateria ls  on 
a basis of m elting  po in t. C rude m ateria ls  
a re  b lack  a n d  generally  strong ly  a lkaline. 
B y  refinem ent, pale yellow  w axes hav in g  
m arked  cry s ta llin ity  a re  o b ta ined , b u t 
such w axes a re  sligh tly  acidic w ith  hyd ro 
chloric acid . B y  double  refinem ent, 
w axes of negligible acid  value a re  p ro 
cu red , and  it is these th a t a re  used for 
condenser m anufactu re .
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T a b le  7 7 .— D e p r e c i a t i o n  o f  C o n d e n s e r  Im 
p r e g n a t i n g  W a x  in  C o n t i n u o u s  U s e .  T y p e  
o f  W a x - c h l o r i n a t e d  N a p h t h a l e n e  ( D o u b le  

R e f in e d ) ,  M e l t in g  P o in t  9 4 ° C .

Comparative test results 
on representative 

batches

During 
First few 

days of use

After 6 
weeks’ 

operation

Electrical tests on condensers :
8,200 2,500Insulation resistance.

megohms per microfarad 8,000 2,200
at 300 volts, D.C., 68°F. 8,000 1,700

8.000 1,650
7,800 1,450
7,500 1,350
7,500 1,350
7,000 1,100
6,900 1,100
6,500 900

Mean 7,500 Mean 1,500
Power factor (phase angle in

Min. 25 38minutes) at 900 p.p.s., 680F.
Max. 30 45
Mean 27 41

Chemical tests on wax : 0.005 0.070Acidity, mgms. KOH gm. ..
Ash on incineration, % Nil 0.11
Comparative insulation re

sistance values on wax,
320 28megohms

T ab le  74 show s th e  ch ief characteristics 
of the  com m ercial ch lo rinated  w axes. 
M elting po in ts from  ab o u t 70 degrees C. 
to  150 degrees C. a re  possib le, a lthough  
th e  tab u la ted  d a ta  do no t ex tend  over 
th e  full range . I t  is m ateria l sim ilar to 
sam ple N o. 1 th a t  is m ost generally  used 
for condensers. T h is  is a double-refined 
w ax of m elting  p o in t 90 to 95 degrees C. 
A ny of th e  o th er m elting-po in t g rades can 
sim ilarly  be p roduced  in th e  doub le
refined condition . I t  will b e  seen th a t the 
double-refined g rade has an  exceedingly 
low acid  value  an d  low ash  va lue  com 
pared  w ith  th e  co rresponding  figures for 
the  o ther grades. V o la tility  is high w ith 
all of them , a  d is tinc t d raw back , because 
losses an d  clogging of pipe-lines during  
vacuum  im pregnation  are  appreciab le . 
Specific g rav ities a re  h igh , 50 per cent, 
g rea ter th an  those of the high m elting 
po in t m inera l w axes, an d  very  nearly  
doub le  those of th e  paraffin w axes. T h is 
h a s  to  b e  b o rne  in m ind when considering 
th e  cost aspect. A t th e  sam e tim e, the 
h igh  specific inductive  capacities should  
be no ted . T hese figures a re  double those 
of th e  paraffin an d  h igh  m elting  p e tro 

leum  w axes, w hich signifies th a t  sm aller 
condensers can  be m ade w ith  th e  ch lo rin 
a ted  w axes, v iz ., ab o u t h a lf th e  a rea  of 
m etal foil, w ith  the  sam e th ickness of 
d ielectric as w hen using  hydrocarbon  
w axes. T his is one of the m ajo r ad v an 
tages of th e  ch lo rinated  n aph tha lene . 
A no ther is sm all shrinkage d u ring  cool
ing, th is  being alm ost negligible com pared 
w ith  th a t  of th e  o ther w axes, as can  be 
seen from  th e  figures in T ab le  62. 
F u rth e r , th ey  do no t b u rn  an d , inc iden t
ally , th ey  are  m ould- an d  pest-proof.

A p a rt from  th e  d isadvan tage  of h igh 
vo latility , the chlorine elem ent renders it 
necessary  to  tak e  precau tions in using 
th e  w axes to  safeguard  operators from  
h ea lth  hazards. T o x ity  an d  possibilities 
of derm atitis  a re  n o t u n du ly  severe, b u t 
a ll safeguards m ust be  taken  to  ex h au st 
fum es from  open tan k s , an d  to  p reven t 
co n tac t betw een fum e o r w ax  and  op era 
to rs ’ sk in . T he  o th er shortcom ing is th e  
n a tu ra l tendency  u n d er conditions of p ro 
longed heating  o r overheating , o r in the 
presence of m oisture, fo r hydroch lo ric  
acid  to form . A lthough this is only  to  a  
verv  sm all degree, it  is sufficient to  b e  
d is tu rb ing , and  to  resu lt in low insu lation  
values if such w ax is used for condensers. 
T he shortcom ings can n o t be  p reven ted ,

T a b le  7 8 .— D e p r e c i a t i o n  o f  C o n d e n s e r  Im 
p r e g n a t i n g  W a x  in  C o n t i n u o u s  U s e .  T y p e
o f  W a x — P a ra f f in  ( R e f in e d ) ,  M e l t in g  P o in t  

5 8 ° C .

Comparative test results 
on representative 

batches

During 
first few 

days of use

After 6 
weeks’ 

operation

Electrical tests on condensers:
4,000Insulation resistance, 11,500

megohms per microfarad 11.000 3,800
at 300 volts. D.C., 680F. 10,500 3,600

10,100 3,500
10,000 3,200
9,800 3,000
9,800 2,800
9,500 2,600
9,200 2,000
8.500 1,500

Mean 10,000 Mean 3,200
Chemical tests on wax :

Acidity, mgms. KOH gm. 0.0023 0.22
Ash on incineration, % Nil 0.013
Comparative insulation re

sistance values on wax.
megohms Infinity 2,200
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a lthough  u ltim ate ly  inh ib ito rs will be 
found  w hich will p rev en t a n d  m inim ize 
th e  trouble . C onsequently  it has to  be 
taken  care  of by process design and  con
trol. T he  ex ten t to  w hich th e  w ax is, 
a n d  has been, sa tisfactorily  em ployed 
over th e  p as t 10 or 20 years show s th a t  it 
can  be safely used fo r condensers.

T ab le  75 sum m arizes tes t resu lts , show 
ing the ex ten t of in stab ility  of th e  ch lo rin 
a ted  n ap h tha lene  w axes. T h e  tests and  
resu lts  a re  self-exp lanato ry , an d  they  
establish  th a t th e  w axes, s tric tly  speak 
ing, are , u n d er certa in  conditions, 
unstab le , an d  th a t  th e  degree of decom 
position is exceedingly  m inu te . T hey  
lead  to  th e  conclusion th a t , if th e  con
denser un its  a re  fu lly  d ried  before im m er
sion in the w ax, no troub le  from  acid ity  
form ation should  be encountered , a  fac t 
bo rne  o u t in p ractice.

T ab le  76 gives som e d a ta  on Con
tin en ta l p roducts hav in g  a  ch lo rina ted  
n ap h th a len e  base, sam ple N o. 1 being th e  
condenser im prégnan t, an d  th e  o th er tw o 
filling o r sealing  com pounds. T h is 
m ateria l is p rac tica lly  free from  crystal- 
lin ity , p resum ab ly  due  to  th e  paraffin- 
w ax adm ix tu re .

T ab ic  77 gives 1 in teresting  in fo rm a
tion upon th e  deterio ra tion  in ch lo rinated  
n ap h th a len e  w ax d u ring  six  w eeks of con
denser processing. T he  insulation  
resistance values of th e  condenser u n its  
fall to  ab o u t 20 p e r cen t, of th e  orig inal 
value. P ow er fac to r rises 50 per cen t. 
R egard ing  th e  w ax  itself, ac id ity  increases

by  14 tim es; some ex traneous d ir t is 
included, an d  insulation  resistance falls 
to less th an  one-ten th  of th e  orig inal 
value.

T ab le  78 gives sim ilar d a ta  fo r paraffin  
w ax. In su la tion  resistance of th e  con 
denser u n it falls to  30 p e r cen t, of 
th e  orig inal values. T he  ac id ity  of the 
w ax  increases one hundredfo ld , an d  the 
w ax itself show s a  m arked  fall in in su la
tion  resistance.

W ith  b o th  types of w ax, therefore , 
m ark ed  d e te rio ra tio n  occurs, an d  m ust 
be tak en  care of, e ither by  period ic  sc rap 
p ing of th e  reservoir of w ax , o r by  
design ing  th e  p la n t so th a t  th e  m a jo r p o r
tion  of the reservo ir of w ax  is consum ed 
by  th e  load  of un its , an d  a m a jo r q u a n 
tity  of new  w ax is ad d ed  for each new 
load .

T ab le  78 com pares the electric streng th  
of the  ch lo rinated  n ap h th a len e  w ax  
w ith . th a t  of paraffin  w ax b y  b reak 
dow n tests  on condensers. I t  is self- 
exp lan a to ry , and  the conclusion to  be 
draw n  is th a t the  electric streng th s of th e  
tw o types of w ax  a re  identical.

T he  contrac tion  d u ring  solidification is 
considered  an  im p o rtan t fea tu re  of con
denser w axes.

F o r  th is reason w ell-defined m ethods 
have  been developed  fo r th e  assessm ent 
of th is qua lity . T he  process, in general, 
involves the determ ination  of to ta l con
trac tion  of the w ax  in cooling from  100 
degrees C. to  room  tem p era tu re , b u t 
v a ria tions are  possible should  it  be

T a b le  7 9 .— I n f lu e n c e  o f  T y p e  o f  I m p r e g n a t in g  W a x  u p o n  B r e a k d o w n  V o l ta g e  o f  P a p e r  
C o n d e n s e r s .  ( D o u b l e  R e f in e d  C h l o r i n a t e d  N a p h t h a l e n e  W a x ,  M .P t . 9 4 ° C .  v e r s u s  

R e f in e d  P a ra f f in  W a x ,  M .P t . 5 8 ° C .—- o t h e r w i s e  a ll p r o c e s s in g  c o n d i t i o n s  c o n s t a n t . )

Test No.
Paper interleaving, linen stock, 

2 x  0.0005 ins.
Paper interleaving, wood stock, 

2 X  0.0005 ins.

Chlor-naphthalene Paraffin Chlor-naphthalene Paraffin

1 .................... 3,50 i) 3.500 3,500 3,250
2 .................... 3.500 3,500 2,500 3.000
3 .................... 3,000 3.250 3,500 3,000
4 3.000 3.000 3,250 3.000
5 .................... 3,000 3,000 3,250 3,000
6 .................... 2,750 2.750 3,000 3.000
7 2,750 2,750 2,750 2,750
8 2,750 2.500 2,750 2.750
9 .................... 2.250 2.500 *2,500 2.750

10 2,250 2,250 2,500 1.750
Average .............. 2,875 2.900 3,100 2.925
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desired to  m easure con trac tion  from  an y  
o th er tem p era tu re  above the m elting  po in t 
of th e  w ax , if necessary  dow n to  sub-zero 
tem pera tu res. O pera ting  conditions, the 
design of th e  assem bly  in to  w hich the  
condenser is em bodied, an d  o th er like 
fac to rs w ill govern  the choice.

In  pu rchasing  a n d  using the  chloro- 
n ap h th a len e  w axes, a tten tio n  m ust be 
g iven to  hydroch lo ric  ac id ity ; this 
applies to  th e  w ax as pu rchased  an d  
con tinuously  in  processing. I f  th is is 
kep t to  th e  low values ind ica ted  fo r good 
w axes in the foregoing, no undue trouble  
is to  be an tic ipa ted .

T he  n a tu re  o f th e  requ irem en t clauses 
for ch lo ronap thalene  w ax for condenser 
m anu fac tu re , typ ica l of A m erican 
specifications, is show n by  th e  following 
ite m s : —

. (a) T he  ch lo rinated  naph tha lene  
w ax to  be pale  yellow in colour.

(b) T o be free from  nap h th a len e , as 
ind icated  b y  odour.

(c) T o  be  free from  m onochloro- 
nap th a len e  as ind icated  by  th e  absence 
of an y  signs of w etness to  th e  crystals 
in th e  frac tu re  of a  freshly  broken  
sam ple.

(d) T o  be free from  ta r ry  m atter, 
d ir t an d  all ex traneous m atter.

(e) A cid ity  n o t to  exceed 0.04, 
expressed in term s of m gm s. K O H / gm. 
of w ax  w hen tested  as fo llow s: —

A 10 gm . sam ple of th e  g ra ted  w ax 
is w eigh ted , an d  it is th en  refluxed  
for 15 m ins. w ith  50 m l. of neu tra l
ized alcohol. F if ty  m l. of h o t d is
tilled  w a te r is added , an d  tho rough ly  
m ixed , an d  5 m l. of a 1 per cent, 
so lu tion  of pheno lph thale in  is added  
as ind ica to r. T itra tio n  is effected 
ho t w ith  N /5 0  potassium  hydrox ide  
solu tion , end po in t be ing  a p ink  
co loration  persisten t for 30 secs.
(f) V o latility . N o t to  exceed 1.5 per 

cen t, w hen heated , in  an  air-circu lated  
oven for 3 hours a t  105 degrees C.

(g) M elting po in t to  b e  90 degrees C. 
m in ., 98 degrees C. m ax .. w hen de te r
m ined as follows:—

W ax  to a  dep th  of ab o u t 2 ins. 
is p laced in  a  1-in. d ia . tes t tube, 
and  a  therm om eter is cen tra lly  fitted. 
T he tube  is surrounded  by a beaker 
of w ater an d  tem pera tu re  raised  to 
100 degrees C. T hen , w hen 
equilib rium  h as  been a tta in ed , the 
h ea t is rem oved. T he w ax is kep t 
u nder observation  as it  cools until 
th e  first c rystal of ch lo rinated  
naph tha lene  appears . T h is is taken  
as the m elting  point. T hree  de te r
m inations a re  m ade an d  averaged .
(h) Specific g rav ity  to  be 1.39 m in ., 

1.42 m ax ., a t a  tem pera tu re  of 
150 degrees C.
W ith  ad v an tag e , the  specification 

could be m ore rigid w ithou t excluding 
su itab le  com m ercial w axes, and  th e  fol
low ing clauses are  advocated .

(a) M aterial to  be a chlorinated  
n aph tha lene  w ax, free from  n a p h th a 
lene, m onoch lo ronaph thalene, ta rry  
m atter, w ater, d ir t an d  all ex traneous 
m aterial.

(b) A cidity  not to exceed 0.005, 
expressed in term s of mgm s. K O H  / 
gms. of w ax, o r 0.00031 per cent, 
expressed as  hydrochloric acid.

(c) A sh on com plete incineration  not 
to  exceed 0.001 per cent.

(d) V olatility , 4 hou rs a t  135 degrees 
C. in  3-in. d ia . a lum in ium  dish , no t 
to  exceed 14.0 per cent, b y  w eight.

(e) Specific g rav ity  a t  20 degrees C. 
±  5 degrees C. to  be 1.50 to  1.55.

(f) M elting p o in t to  be 90 to 
98 degrees C ., determ ined  b y  cooling 
curve.

(g) N o corrosion o r  ta rn ish in g  of 
clean, b rig h t copper foil, h a lf 
im m ersed, heated  on a  w ater b a th  a t 
100 degrees C. fo r 6 hours.

(h) N o corrosion or ta rn ish in g  of 
a lum in ium  foil, ha lf im m ersed, heated  
on a w ater b a th  a t  100 degrees C. for 
six hours.

(i) T o be supplied  in cakes, packed 
in w ax-paper-lined  w ooden cases to  
g ive full protection  ag a in s t d am age in 
tran s it o r storage.

(To be continued)
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C O R R O S I O N S T A B I L I T Y  O F  M A G N E S I U M  A L L O Y S

Fig. ! (above).—Shown here is a magnesium-alloy canoe after ten years’ service. It should 
be noted that, in spite of the fact that the alloy used in this case was not of high purity, 
and despite the fact that the canoe was not repainted during this period, no corrosion 
has occurred. Fig. 2 (below).—View of part of the exposure station at Wilmington, N.C.

* M etallurgical D ep t., T h e  D ow  Chem ical Co., 
M idland, M ichigan.

— P u r i ty  j C o u p l e d  w ith  H ig h  M a n 

g a n ese . T h e A u th o r s  D r a w  P a r t ic u la r  

A tte n t io n  to  the C a r e  N e e d e d  in  

In te r p r e tin g  S a l t - s p r a y  T e s t  R e s u l ts  

a s  G u id e s  to  P e r fo rm a n c e  in  S erv ic e

fox m any  years  an d  w as restudied in 
detail by H an aw alt, N elson an d  Peloubet. 
B ak k en ,3 in  a  p a te n t on Mg-Al-Mn alloys 
in 1926, sa id : “ P ropo rtions from  0.2 to 
1.0 p e r cen t, of m anganese h av e  been 
found  effective in increasing  the resistance 
to co rro sion .”  H ow ever, Mn add itions to  
Mg-Al alloys do no t accom plish th e  sam e 
results in increasing  th e  sa lt-w ate r co r
rosion resistance as does a low ering of F e  
to  the to lerance lim it. I t  seem s c lear th a t 
th e  reason F o x  an d  B ushrod  d id  n o t com e 
to this conclusion is p rim arily  because 
they  lim ited  th e ir observations to a two- 
to  fou r-day  d u ra tion  fo r th e ir sa lt-w ate r 
test, and  then  assum ed th a t th e ir tes t w as 
com parab le  to  the tests of m uch longer 
du ra tion  used by H anaw alt, N elson and  
Peloubet. A ctually , w hilst low F e  and  
high  Fe-h igh  Mn specim ens, a t  least in  
the as-cast sta te , do h ave  som ew hat the  
sam e corrosion rate  a fte r fo u r days in 
sa lt w ater, fo r con tinu ing  exposure, th e  
corrosion ra te  of the h igh  p u rity  a lloy  
decreases w hilst the corrosion ra te  o f th e  
h igh  Fe-high Mn alloy increases un til th e  
specim en is com pletely  d is in teg ra ted . A s 
can be seen in F ig . 5, there  is a  g rea t d if
ference in th e  corrosion b eh av io u r of th e  
h igh an d  low F e  alloys, an d  they  o n ly  
ap p ea r to  be som ew hat sim ilar if one 
looks a t  the fou r-day  rates. E ven  a t  fou r 
days, v isual exam ination  w ill show  con
siderable su perio rity  fo r  th e  low F e  a lloys. 
A no ther reason fo r the d ifferences in in ter
p re ta tion  of th e  F o x  a n d  B ushrod  d a ta  
w ou ld  seem to  .be th a t  th ey  d isregard  th e  
difference .between 0.005 p e r cen t. F e  an d  
Fe below the to lerance lim it.

J . D .  H a n a w a lt*  a n d  C . E .  N e ls o n * 

P re se n t a  D isc u ss io n  on the C o rro s io n  

R e s is ta n c e  o f  the U l tr a - l ig h t  A l l o y s  

in  T e r m s  o f  a  H ig h  P u r i ty  M a g n e s iu m  

B a se  V e r s u s  one o f  N o r m a l —

T H IS  p ap e r is w ritten  p rim arily  in 
rep ly  to  th e  p ap er by  F o x  and  
B ush rod1 on  “  P ro tec tive  Influence 

of M n in th e  Corrosion of M g-Al A lloys.” 
A second pu rpose  is to  discuss the ques- 
tion o f th e  correlation  betw een the  sa lt
w ater corrosion an d  the  atm ospheric  
stab ility  of com m on Mg alloys.

F o x  an d  B ush rod1 h ave  sta ted  th a t  
th e ir results do  n o t check those of 
H an aw alt, N elson, an d  Peloubet,'- an d , 
m ore p a rticu la rly , th a t a  h igh  M n con ten t 
in a  M g-Al a llo y  will coun te rac t th e  effect 
of h igh  F e  co n ten t an d  give the sam e low 
corrosion ra te  in sa lt solution as is g iven 
b y  the low F e  alloys defined b y  H an aw alt, 
N elson, an d  P eloube t. T h is idea in the 
F o x  an d  B ushrod  p a p e r  h a s  been res ta ted  
by  v arious review ers o f th a t  p ap e r in the 
ab b rev ia ted  form  th a t " i t  is no t the F e 
co n ten t w hich is im p o rtan t, b u t  ra th e r th e  
M n to F e  ra t io .”

T he conclusion of F o x  an d  B ushrod  is 
co n tra ry  to th e  results of the  w ork of 
H an aw alt, N elson and  P eloubet, and  
fu rth er is no t, in the ju d g m en t of th e  
p resen t au th o rs , suppo rted  by  the da ta  
published  by  F o x  an d  B ushrod . F ig . 3 
rep roduces un re touched  p h o tog raphs of 
low F e  a lloy  a fte r  5 i years in 3 p e r cen t. 
N aCl so lu tion . In  con trast, high M n-high 
F e  alloys of th e  com position  claim ed b y  
F o x  a n d  B ushrod  to  h av e  eq u iva len t sa lt
w ater corrosion resistance w ould be com 
pletely  d is in teg ra ted  u n d e r the  sam e con 
d itions w ith in  a  few m onths. T he bene
ficial effeot of Mn h as been w ell know n
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In  a m ore recen t p ap e r by F ox  an d  
B ush ro d 13 F igu res 1* and  2 f  p u rp o r t to  
show  th a t low iron (.001 per cent, or 
less) gives the sam e corrosion ra tes  as 
.023 p e r cent. F e  even w hen tested  fo r 
ab o u t 18 days. I t  is obv ious from  exam 
in ing  th e ir  analysis as given in T ab le  2{ 
th a t  nickel is above th e  to lerance lim it 
show n by F igu re  10§ in th e  p ap er by  
H an aw a lt, N elson and  P e loube t, a n d  th a t 
o th e r elem ents h ave  no t been reported  
w ith in  sufficiently narrow  lim its to  be

certa in  th a t they  h ad  no deleterious 
effects. C om parison of th e  ap pearance  of 
sam ples show n in th e ir  F igu re  7j| to  those 
in F ig . 3 of th e  presen t discussion, c learly  
indicates th a t  F o x  an d  B ushrod  w ere not 
w orking w ith  controlled q u a lity  m ateria l. 
T he p resen t au th o rs  found ,by sad  experi
ence th a t  it w as no t possible to  get ad e 
q u a te  fu ndam en ta l inform ation  oh the sa lt
w ater corrosion effect o f im purities by 
testing  sam ples tak en  from  random  
batches of p ro duc tion  m aterial.

T y p e  o f  T e s t. C o n d i tio n  o f  M a te r ia l. I n g o t
C o m p o s itio n .

A l* % . M û, % . N i, % . F e , % .

A s -c o s t.
1
2
3
4

7-9
7-8
7-7
7-7

0-52
0-51
0*49
0-50

0-28 
0-27 
0-25 
0  21

0-0016  
0  0021 
0-0018  
0 -0016

0 0 2 3  
0-019 
0  005  
0-001

Im m e rs io n  In  
3 %  N »C l 
so lu t io n .

S o lu t io n - t r e a t e d : 24 
h r .  a t  42 0 ° C .

5
6
7
8

7-9
7-9
7-9
7-9

0-51
0-49
0-49
0 -50

0-27
0-25
0-24
0-21

0  0015  
0-0021 
0 0020  
0-0019

0-023
0-016
0-006
0-002

F u l ly  h e a t - t r e a te d  : 24 
h r .  a t  420® C . fo l
lo w e d  b y  18 h r .  a t  
200" C.

9
10
11
12

8-3
8-2
8-1
7-9

0-49
0-51
0-47
0-46

0-23
0-26
0-25
0-24

0-0020
0-0019
0 0 0 1 8
0-0015

0-018
0 -013
0-007
0 -002

A s-c a s t.
13
14
15
16

7-9
7-9
7-7
7-7

0-52
0-50
0-51
0-53

0-28
0-26
0-25
0-23

0-0019
0-0020
0-0017
0-0021

0 -020  
0-012 
0 -004  
0  002

A tm o sp h e r ic . S o l u t io n - t r e a te d : 24 
h r .  a t  4 2 0 "  C . i

17
18
19
20

8-1
7-9
8-0  
7-8

0-55
0-55
0-49
0-56

0-23
0-23
0-22
0 -20

0-0022  
0 -0021  
0  0013  
0  0021

0-024
0 -013
0 -006
0 -004

F u l ly  b e a t - t r e a te d  : 24 f 
h r .  a t  4 2 0 “ C . fo l
low ed  b y  18 h r .  a t*  
200“ C .

21
22
23
•24

7-9
8-0
7-9
8-1

0-50
0-49
0-51
0-50

0-28
0-27
0 -2 6
0-24

0-0016
0-0015
0-0016
0 -0019

0  022 
0 -015  
0 -003  
0  003

* Above, le ft:—Figure I, after 
Fox and  Bushrod, in “ Protec
tive Influence of M anganese in 
C o r r o s i o n  of M agnesium 
A lloys" (" J. Inst. M et.,"  1945/ 
71/258); au thors’ caption reads 
—- Loss-in-w eigbt / time curve 
for alloy conforming to D .T .D . 
specification 59A- (0.023 per 
cent, iron) in immersion tests in 
3 Per cent. NaCI solution." 
t  Above, r igh t:—Figure 2, after 
Fox and  Bushrod, ibid. (ioc. cit., 
p . 259): au thors’ caption  reads 

Loss-in-w eight / time curve 
for alloy conforming to  D .T .D . 
specification 59A (0.001 per 

.cent, iron) in  immersion tests in 
3 per cent. NaCl solution." 
Î  A djacent, left:—T able 2 ,after 
Fox and  Bushrod, ibid. Hoc. cit. 

p .  257).
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T he p resen t p ap e r g ives th e  results of 
experim en ta l w ork w hich w as u nder
taken  to dup lica te  as closely as possible 
the techn ique described  in the  F ox  and  
B ushrod  p ap e r, a n d  com pare it w ith  the 
techn ique  used by  H an aw alt, N elson and  
P eloubet, To th is end, fo u r types of 
M g-Al-M n-Fe alloys w ere stud ied : (1) 
h igh  F e , h igh  M n; (2) high F e , low Mn;
(3) low F e , high Mn; (4) low F e, low 
M n. These alloys w ere cast in (a ) iron 
chill m oulds of the design and  dim en
sions given by  F ox  an d  B ushrod , a n d  (b) 
in sand  m oulds. T he alloys w ere tested 
in  sa lt w ater in the follow ing s ta te s : as- 
cast, H T , H T  follow ed b y  ageing. T he 
sa lt-w ate r tests w ere carried  o u t by  (a) 
a  fo u r-day  con tinuous im m ersion in 3 p e r  
cent. N aC l (p H  =  10.2 b y  add ing  
M gO ); (:b) a  fo u r-day  con tinuous im m er
sion in  3 per cen t. N aCl; (c) a four-day  
a lte rn a te  im m ersion in 3 per cen t. NaCl;
(d ) a  14-day a lte rn a te  im m ersion in 3 
per cent. N aCl; (e) a  28-day a lternate  
im m ersion in 3 per cent. N aCl. O ther 
p e rtin en t experim en ta l d a ta  a re  also g iven 
in th is p ap e r. H ow ever, before proceeding 
w ith  the p resen ta tion  o f th e  experim ental 
d a ta , it is desired to  discuss th e  sub ject of

corrosion of m agnesium  m ore generally . 
Such a  discussion m ay serve to take aw ay 
some of th e  em phasis on sa lt-w ate r corro
sion an d  provide a  b e tte r  perspective for 
the person no t fam iliar w ith  m agnesium .

Com parison of A tm o sp h eric  S ta b ili ty  o f 
M agnesium  w ith  Sa lt-w a ter Tests 

T here is a g rea t difference in degree 
betw een the action  of sa lt w a te r on m ag
nesium  alloys an d  the action  of o rd inary  
atm ospheres. Those fam iliar w ith  m agne
sium  know  th a t castings of m agnesium  
alloys m ade 15 years ago h ave  been left 
outdoors unpro tected  for 15 years w ithout 
serious detrim en t; w hereas, the sam e cast
ings placed in sa lt w ater w ould d is in te
g ra te  w ith in  a few w eeks. In  spite of th is 
good atm ospheric stab ility , a w idespread 
feeling th a t  m agnesium  is poor in corro
sion h as existed . T h is feeling has un 
doub ted ly  been a  g rea t fac to r in inhib iting  
the u tilization  of m agnesium  in m any 
fields. T he  origin of th is false im pression 
ab o u t m agnesium  is p robab ly  due to the 
a lm ost un iversal p rac tice  of subjecting  
m aterials to  th e  sa lt sp ray  test, and , fu r
ther, to  early  experience w ith  m agnesium  
in the days w hen foundry  prac tice  w as

o oo? cv* oo« oo« oio oi O'* o:« oa
IPESCiNT s* j

§ A bove: Figure 10, after H anaw alt, Nelson and Peloubet 
"  Corrosion Studies of M agnesium and its Alloys 
(“ M etals Technology,” S ept., 1941, "A m . Inst. Min. 
M et. E ng .” T ech. Pub. No. 1353, p. 13): a u th o rs
captio n re a d s : “ Effect of nickel on magnesium-alumin- 
um -m anganese and  m agnesium -alum inium -m angan- 

ese-zinc." ii Adjacent, right: Figure 7, after Fox and 
Bushrod, ” Protective Influences^ of M anganese in 
Corrosion of M agnesium Alloys ( J. Inst. M et., 
1945/71 /P late XXX II, facing p .  260); a u th o rs  caption
read s: “ Typical specimens after testing by immersion 
in 3 per cent, sodium chloride so lu tio n : top row, 
specimen from ingots 1. 2, 3 and 4. from left to right, 
after 18 days exposure: middle row, specimens from 
ingots 5, 6, 7 and  8. from left to  right, after 8 days 
ex p o su re ; bottom row, specimens from ingots 9, 10, 
11 and 12, from left to  right, after 12 days exposure. 
In all cases iron contents decrease from left to right.
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Spec.
No.

Alloy
No. AI Ca Cd Cu

*7 *8518 6.4 <0.001 Nil 0.0001
*9 *8565 4.9 <0.001 0.013 0.0001 /

*11
*13

*8567-2 < 
*8644-1 "

Pure
6.0
6.2 <0.001 Nil 0.0001

*15 *8652-2 5.9 <0.001 Nil 0.0001
*18 *8655-2 6.0 — — —
*21 *9030 6.4 0.001 Nil 0.01
*22 *8644-3 6.0 <0.001 Nil 0.00011

Fe Mn

0.0001
0.0025
0.0006

0.10 
! 0.23

— 0.05
0.0005 0.038
0.0001 0.005

0.20
0.00015
0.0003
0.0028

0.10
1-0.038

Ni Pb Si Sn Zn Analysis

Nil
Nil

Nil
0.16

0.003
0.002

Nil
Nil

0.70
0.70

Spect.
Spect.

Pure Mg 
0.001 

<0.001 
Pure Mg 

0.14 
0.001

Nominal
Spect.
Spect.

Nominal
Spect.
Spect.

Nil
Nil

Nil
Nil

Nil
Nil

Nil
Nil

Nil
Nil

0.004
Nil

Nil
Nil

Nil
Nil

Months 
on test

67
67
67
66
66
66
64
66

Fig. 3.—Showing the appearance of low-iron magnesium-base alloys after 5 | years’ 
exposure to 3 per cent, salt solution. Data regarding the composition of these 
specimens are tabulated immediately below the illustrations. (Compare with corrosion 

test pieces of Fox and Bushrod reproduced in footnote on preceding page.)

Alternate immersion, 3% NaCI, 95°F.

not well established, and  occasional flux 
inclusions tu rn ed  w h a t w ould otherw ise 
have  been an  o rd in a ry  atm ospheric  expo
sure into sa lt-w ate r corrosion. A general 
lack  of apprecia tion , a t  least in th e  U nited  
S tates,*  of the good atm ospheric  stab ility  
of m agnesium  h as been  ind ica ted  b y  the 
reactions o f visitors to  the exposure station  
a t W ilm ington, N .C . One location  is a t  
83 ft. from  the ocean an d  the o ther a t

* And in  E ngland, a s  e v i n c e d  by t h e  r e a c t i o n s  o f  
v i s i t o r s  t o  similar e x p o s u r e  t e s t s  h e r e . — E d .

800 ft. W ith in  the p a s t y ea r o r two,
several h u nd red  persons rep resen ting
m an y  U .S . industries h av e  v isited th is  
sta tion , w hich h as on exposure, side by  
side, thousands of specim ens of m etal of 
m any types, including m agnesium , a lu 
m inium , zinc an d  steels. T he v is ito rs
alw ays re tu rn  hom e surprised  and
im pressed by  the o u ts tand ing ly  good 
appearance  of the m agnesium  alloys. 
W hilst se t u p  pu re ly  as a technical tes ting  
g round , the d iscovery of how a  v isit to
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24ST ALUMINIUM

53ST ALUMINIUM

H-1 CAST 
HEAT TREATED

G-1 CAST 
HEAT TREATED

C-1 CAST 
HEAT TREATED

J1 (1.5Zn) EXTRUDED

M(0.06Ca) EXTRUDED

J-1 EXTRUDED

Fig. 4.—Tensile test bars (cleaned) after four years’ coastal exposure at Wilmington, 
N.C. (experimental panel No. 61. Exterior station I, 80 ft. from sea).

th is sta tion  changes peop le’s conceptions 
of the  corrosion resistance of m agnesium  
has b rough t the sta tion  into considerable 
use as a  p lace to  take  th e  person doub tfu l 
a b o u t th e  serv iceab ility  of m agnesium . 
F ig . 2 gives a view  of p a r t of the station  
an d  F ig . 4 show s som e 'm agnesium  speci
m ens a fte r  four y ea rs’ exposure 80 ft. 
from  the sea. A fu rth e r discussion on th is 
corrosion sta tion  is to  be found in an  
artic le  by  J .  A. PeloubetH

T hus, w hilst the sa lt-w ate r corrosion 
tes t can  be used as an  accelerated  test for 
lab o ra to ry  studies, an d  w hilst, for som e 
m etals, it m ay  b ea r som e correlation  w ith  
atm ospheric  exposure, even for com m on 
m agnesium  alloys con ta in ing  norm al 
am oun ts of im purities, the sa lt-w ate r cor
rosion com pared to a tm ospheric  exposure

is re la tively  m uch m ore severe th an  for 
m ost o ther m etals and  the degree of 
correlation  is m uch lower. T he com pari
son is particu la rly  m isleading in the case 
of m agnesium , because of th e  dom inating  
effect of the large po ten tia l differences 
caused by  the im purities in com m on m ag
nesium  alloys when placed in sa lt w ater. 
In  sa lt w ater, m agnesium  stands rem oved 
by 0.7 vo lt o r m ore from the o th er com 
m on m etals in  th e  electrochem ical series. 
T he electro ly tic cu rren ts th u s generated  
are sufficient to p reven t the fo rm ation  of 
protective films w hich w ould be form ed 
in m edia less conducting  electrically . In  
fact, a  p o ten tia l o f th e  m agn itude  of th a t 
betw een F e  an d  Mg if app lied  to  A1 in salt 
solution will p reven t the form ation of the 
otherw ise n a tu ra lly  occurring  p ro tective
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M n : F e  R a t io  v s . T im e  o f  T e s t in g .

LIGHT METALS 4 9 9

44976
Mg, 6AI, 0.3_Mn, <0.001 Fe

44761
Mg, 6AI, 0.3 Mn. 0.020 Fe

44761
Mg, 6AI, 0.3 Mn, 0.020 Fe

44762
Mg, 6AI, 0.06 Mn, <0.001 Fe

44/6 J
Mg, 6AI, 0.06 Mn. 0.020 Fe

Test Chill cast Sand cast Chill cast Sand cast Chill cast Sand cast Chill cast Sand cast

HT hT-A AC HT HT-A AC HT HT-AAC HT HT-A AC HT HT-A AC HT HT-A AC HT HT-A AC HT HT-A AC

4-day Fox and Bushrod, 3% NaCl -f- MgO, pH 
10.2, room temp., total imm. 2.02 0.31 0.32 1.42 0.48 0.31 1.89 6.48 3.98 1.30 1.07 1.67 0.27 0.123 0.086 0.61 0.135 0.080 69.1 51.2

3
71.1 90.1

3.5
3

93.6
3

86.9
3

4-day total imm., 3% NaCl, room temp. 1.32 0.48 0.76 1.32 1.33 2.37 0.63 5.20 4.36 / 1.15 6.52 4.80 0.167 0.351 0.44 0.19 0.41 0.37 58.0 53.1 53.2 82.6
3

92.8 117.7

4-day alt. imm., 3% NaCl, 95°F. .. 1.06 0.97 0.91 0.80 1.07 0.99 4.47 23.3 17.2 4.41 8.06 7.25 0.54 0.56 0.75 0.55 0.46 0.47 64.6 74.4 88.4 100.7 129.3 114.8

14-day alt. imm., 3% NaCl, 95°F.............. 0.49 0.50 0.50 0.50 0.32 0.33 10.4 21.7 30.2 6.0 17.6 24.1 0.32 0.33 0.35 0.37 0.16 0.29 69.4 71.2 46.7 103.3 49.5 53.9

28-day alt. imm., 3% NaCl. 95°F.............. 0.59 0.29 0.23 0.53 0.17 0.28 12.4
13

26.7
13

22.1 13.2 21.7 18.5 0.21 0.35 0.49 0.24 0.28 0.25 __

Av. analysis .. -(

44976 . 44761 44762 44763

AI 6.2 6.0 6.3 6.4
Cd 0.001 <0.01 <0.01 <0.01
Cu 0.01 <0.01 <0.01 0.006
Fe <0.001 0.023 <0.001 0.022
Mn 0.36 0.27 0.057 0.072
Ni 0.001 <0.001 <0.001 0.002
Pb 0.018 0.021 0.023 0.001
Si 0.01 <0.01 <0.01 0.006
Sn 0.001 <0.001 <0.001 0.002
Zn 0.01 <0.10 <0.01 <0.01

Small numerals are actual 
(average) days sample lasted 
if less than the nominal test 

period.

Alloy compositions given at 
head of columns are nominal, 
and average analyses are found 

at foot of table.

coating, and  will cause the A1 to d isin te
g rate  rap id ly . T he significance of the 
w ork of H an aw alt, N elson and  P eloubet2 
was to  determ ine th e  to lerance lim its for 
im purities and  to  show th a t m agnesium  
alloys, if purified of certa in  elem ents, a re  
very  stab le  in* 3 per cen t. N aCl solu tion . 
T he sta tem en t has been m ade th a t there is 
very  little  correlation  betw een th e  sa lt
w ate r tests an d  the  a tm ospheric  exposure. 
T his s ta tem en t m ust be taken  to  ap p ly  
only w ithin th e  lim its o f the experim ents 
to  d a te . M agnesium  alloys of o rd inary  
and  of contro lled  p u rity  a re  on exposure 
a t th e  80- an d  SOO-ft. racks a t  W ilm ing
ton, an d  in industria l and  ru ra l M ichigan. 
T he presen t s ta tu s  of the results is ind i
cated  by  som e d a ta  p resen ted  in T ab le  2 
in  term s of loss in m echanical properties. 
I t  can  be  seen th a t the atm osphere  a t  the 
80-ft. s ta tion  is severe enough  to  show  the 
g rea ter resistance of the contro lled  p u rity  
alloys a fte r  a few years, w hilst a t  th e  m ore 
m ild exposure sta tions a  significant d if
ference h as n o t as y e t been  observed . I t  
will be in teresting  (to  som eone) to  m ake 
the com parison a fte r  50 years  of u n p ro 
tected  exposure to  th e  m ilder a tm o 
spheres. A  m ore general com parison of

various alloys a fte r  four y ea rs’ exposure 
a t  the 80-ft. W ilm ington location  is show n 
in T ab le  3. T hese a re  th e  specim ens pic
tu red  in  F ig . 4. All of the m agnesium  
alloys show n, excep t th e  "  M ”  p lu s Ca, 
are  o f contro lled  pu rity .

In  the U nited  S tates, contro lled  p u rity  
has been in troduced  on ly  for w ro u g h t 
m etal, w hich, because of th in  sections, is 
m ore sensitive to  p roperty  losses due to  
surface a tta c k  th an  are  h eav ie r sectioned 
castings. P resen t A .S .T .M . specifications 
give a  m axim um  of 0.005 p e r cen t, for 
iron and  nickel. A ctually , iron an d  nickel 
in U .S . w rough t alloys w ill be less th an  
the to lerance lim its in p rac tica lly  a ll cases. 
P ro b ab ly  no t a  little  of th e  va lue  of th is  
contro lled  p u rity  g rade of a lloy  lies sim ply  
in the b e tte r  im pression it m akes w hen 
evalua ted  by  the salt-w ate r tes t. A fter 
m agnesium  is b e tte r  know n an d  u tilized , 
an d  the  corrosion fear has been allayed 
by  its good service records, there  will be 
m any  fields of app lication  for w hich con 
trolled p u rity  is unnecessary .

A bou t ten  years ago, m ore th a n  100 
m agnesium -alloy  canoes w ere m ade an d  
sold fo r service in th e  U n ited  S ta tes,

C anada  an d  A laska. E x cep t for some 
cases of stress crack ing  of the gunw ales, 
due to  a  p a rticu la r m ethod  of fab rication  
w hich resulted in h igh residual stresses, 
th ere  h ave  been no corrosion failures 
reportecl. O ne canoe w hich had  been in 
use in M ichigan every  y ear for ten years 
w as exam ined  recen tly . I t  show ed no 
corrosion in spite of the fact th a t it had 
never been repain ted  an d  the orig inal 
p a in t had  been ch ipped  a t various places. 
(See F ig . 1.) T h e  a lloy  used fo r these 
canoes m ade ten years ago w as Mg-4 per 
cen t., A1 3 p e r  cen t. Mn, a n d  w as no t of 
h igh  p u rity . T he rivets w ere 2S a lu 
m inium . Sam ples of 0.051-in. sheet cu t 
from  th is canoe com pletely d is in teg ra ted  
in less than  one day  in a  3 per cent. N aCl 
solution, y e t sim ilar sam ples cu t from  an 
a rea  from  w hich the p a in t h a d  been gone 
for a long tim e, show ed tensile strength  
losses w hen tested  o f less th a n  3 per cent. 
T h is illustrates th a t  sendee experience 
p rov ides inform ation  w hich  no am o u n t of 
accelerated  labo ra to ry  test d a ta  can  take 
aw ay.

A nother illu stration  of the good service
ab ility  of com m ercial g rade m agnesium  
alloys is th a t  of the genera to r cap  p a rts  on 
the F o rd  car. M illions of these m agne
sium  die castings h ave  been in service 
since 1939 w ith no record of corrosion to 
d a te . W hen  enough of such illustrations 
of good serv iceab ility  h av e  been estab 
lished, the contro l of pu rity  of m agnesium  
alloys w ill p robab ly  be  based  pu re ly  upon  
th e  econom ics of th e  m atte r, h igh -pu rity

being  reserved fo r those app lications 
involving m ore severe sa lt a tm ospheres.

E xp erim en ta l Procedure and R esu lts  
T ab le  1 p resents th e  m ean corrosion 

rates fo r five d ifferent labo ra to ry  corrosion 
testing  procedures for a  group of four 
alloys specially  alloyed, cast and  hea t 
trea ted  to p resen t the follow ing variab les:

(a )  Low iron— high m anganese 
(44978).

(b ) H igh iron—high  m anganese
(44761).

(c) Low  iron— low m anganese
(44762).

(d ) H igh iron— low m anganese
(44763).

(e) Sand versus chill casting  in 
each alloy.

(f) As cast (A C ), solution h ea t 
trea ted  (H T ), and  solution hea t 
trea ted  an d  aged (H T A ) sta tes for 
each alloy an d  casting  m ethod.

T he chill m ould  used w as m ade to  be. 
identical to  th a t  described by F o x  and  
B ushrod , and  the sand  m ould h ad  th e  
sam e app rox im ate  shape , b u t w ithou t th e  
taper. M elting p rac tice  conform ed to th a t 
described b y  F o x  and  B ushrod , w ith  the 
substitu tion  of the ap p ro p ria te  Dow  flux 
(310). S ix teen castings w ere m ade in 
each m ould  (chill and  sa n d ) , 32 in  all, for 
each alloy . E ach  casting  w as analysed  
com pletely, in dup lica te . T he average  
analyses a re  shown* a t  th e  foo t of T ab le  I. 
D etailed  analyses an d  corrosion d a ta  a re  
availab le  from  th e  au tho rs  upon  request.
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Fig. 5.—Corrosion rates of chill-cast magnesium-base alloys containing 6 per cent, of 
aluminium and 0.3 per cent, manganese in relationship to iron content. Four-day 
rates are by the method of Fox and Bushrod, whilst the 14-and 28-day rates are by 

alternate immersion in 3 per cent, sodium-chloride solution.

T he hea t tre a tn ien t g iven these alloys 
(H T )  consisted in load ing  the sam ples 
in to  a fu rnace se t a t  (370 degrees F .,  rais
ing  the tem pera tu re  to  730 degrees F . over 
a  tw o-hour period , ho ld ing  a t  730 degrees 
F .  for 16 hours, an d  then  rem oving from 
the fu rnace and  allow ing them  to  a ir  cool. 
T h e  ageing (H T A ) consisted in following 
th e  above tre a tm en t w ith  16 hours a t  350 
degrees F .

T he  sam ples w ere surface scalped and  
g ro u n d  w ith  A loxite cloth to p repare  them  
fo r  the corrosion test.

T he so-called F o x  an d  B ushrod  to ta l 
im m ersion test using sa lt so lu tion  w ith  p H  
ad ju s ted  to  10.2 (w ith MgO) an d  a sim ilar 
check test w ithou t th e  p H  ad ju s tm en t 
w ere ru n  in  large con ta iners so th a t  the 
sam e equ ivalen t volum e of sa lt solution 
(2 litres p e r sam ple) w as used  as in the 
F o x  an d -B u sh ro d  test. M oreover, h igh  
a n d  low p u rity  sam ples w ere p laced in the 
sam e tray s a t  random .

T h e  a lte rn a te  im m ersion tests of 4 to 2S

d ays w ere ru n  on the s tan d a rd  Dow  
m achines w ith  each specim en in an indi
v idua l con ta iner as described in the earlier 
paper.

T he following conclusions m ay  be 
d raw n  from  exam ination  of T ab le  1 : —

(a )  T he  h igh  iron-low m anganese 
alloy (44763) is very  poor.

(b ) T here  a re  no large differences 
betw een the rem ain ing  alloys (h igh  
M n-low F e  (44976), h igh  M n-high F e  
(44761), an d  low M n-low F e  (44762) 
in  th e  fo ur-day  tests, w ith  th e  pos
sible exception  of th e  a lte rn a te  im 
m ersion test on th e  h igh M n-high F e  
alloy  (44761), w hich show s up  sig
nifican tly  worse th an  the  o thers in 
th is group .

(c) In  the longer tests, 14 to  2S 
days, th e  superio rity  of th e  h igh 
p u rity  alloys is c learly  ind icated  in 
com paring  alloys 44976 an d  44762 
w ith  44761 and  44763: 0.3 p e r cent.
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I L F O R D  L e a d  S c r e e n s

f o r  I n d u s t r i a l  R a d i o g r a p h y

200 kVp 10 mA 5  min. 36 in. 2 0 0  kVp 10 mA 3 min. 36 in.

I L F O R D  L E A D  S C R E E N S  I M P R O V E  R A D I O G R A P H I C  Q U A L IT Y

E v e ry  d is c e rn in g  in d u s t r ia l  r a d io g r a p h e r  is a w a re  o f  th e  b e n e f ic ia l a c t io n  o f  le a d  
fo il  p la c e d  in  c o n ta c t  w ith  e a c h  s id e  o f  t h e  film  in  o v e rc o m in g  th e  h a r m f u l  e ffe c ts  
o f  s c a t te r e d  r a d ia t io n .

I l f o r d  L im ite d  h a v e  m a d e  a  th o r o u g h  in v e s tig a t io n  in to  th e  p r o b le m  o f  f in d in g  
th e  m o s t  s u i ta b le  l e a d  a llo y  a n d  o f  d e te rm in in g  th e  o p t im u m  th ic k n e s s  o f  th e  fo il. 
A s  a  r e s u l t  th e y  a r e  n o w  a b le  to  su p p ly  a t  e c o n o m ic a l  p r ic e s  le a d  s c re e n s  c o n s is t in g  
o f  f r o n t  a n d  b a c k  th ic k n e s se s  o f  fo il  m a d e  o f  a  le a d  a l lo y  sp e c ia l ly  s e le c te d  f o r  its  
d u r a b i l i ty  a n d  r a d io g r a p h ic  e ffic ien c y . I l f o r d  L e a d  S c re e n s  a f fo rd  t h e  fo l lo w in g  
a d v a n t a g e s :—

1 M axim um  reduction of scattered radiation reaching the film giving the 
greatest possible im provem ent in contrast.

2 Reduction of exposure tim es up to  SO per cent.
3 Com plete freedom from  grain.
4 Definition indistinguishable from  that obtained w ith  non-screen exposures.
5 M axim um  flexibility and pliability. .
6 M axim um  hardness of surface com patible w ith a useful intensifying action.

Descriptive pamphlet is available on application

ILFORD LIMITED • ILFORD • LONDON



Table 2.—A tm o sp h e r ic  C o r ro s io n  Tests , Magnesium Alloys— Effect of  C o n tro l le d  Purity.

Alloy Condition
Industrial* Sea Coast f

3% NaCI Immersion
1 Year 4 Years 1 Year 4 Years

AI Mn Zn Fe Ni Cu - WT.
Loss

% Loss 
' T.S.

WT.
Loss

%  Loss 
T.S.

WT.
Loss

%  Loss 
T.S.

WT.
Loss

%  Loss 
T.S. Time % Loss T.S.

8.0 0.16 Nil >  0.01 <  0.001 <  0.01 Cast HT _ 3.8 4.6 16.5 45.0 7 Days 100
10.3 0.31 Nil 0.001 0.001 <  0.01 Cast HT — (2 Yr.) 3.S 0.007 6.0 — 0 — 0 1 Year 25.0
6.0 0.20 3.0 >  0.01 <  0.001 <  0.01 Cast HT — 0 — 0 — 0 — 11.8 30 Days 60.0
6.1 0.56 2.8 <  0.001 <  0.001 0.016 Cast HT — (2 Yr.) 4.1 0.010 6.6 0.010 0 0.02 3.9 1 Year 25.0
9.2 0.30 2.2 <  0.001 0.001 <  0.01 Cast HT — (2 Yr.) 0 ___ 0 ___ 0 — 3.2 1 Year 14.2
6.0 0.25 1.1 >  0.01 <  0.001 <  0.01 As Extruded — 1.5 — 4.2 — 21.4 — 68.6 14 Days 76.5
6.0 0.58 1.5 <  0.001 0.001 <  0.01 As Extruded — (2 Yr.) 4.8 0.011 3.5 — 0 0.012 9.5 — —
6.0 0.28 0.71 <  0.001 <  0.001 <  0.01 Sheet — — ___ — __ 4.3 ___ 7.1 ___ ___
6.0 0.50 1.5 <  0.001 <  0.001 <  0.01 Sheet — — — — — 6.4 I — 2.2 — —

* Industrial Atmosphere: Midland, Michigan. f 00-ft. Sea Coast Station: Wilmington, N. Carolina.

T a b le  3 .— 4 - Y e a r  E x p o s u r e — 8 0 - f t .  S t a t i o n ,  W i l m i n g t o n ,  N .C .*  

4  Y e a r s ,  5 .1 .4 0  t o  6 .1 .4 4 .

G-Cast H.T. J-l Ext. 1.5 Zn H-Cast H.T. C-Cast H.T. M-j-Ca Ext. J-l Ex. 24 ST Al 53 ST Al

Symbols .. KK MM JJ LL NN PP GG HH
Al 9.1 5.4 5.2 7.7 0.004 5.7 — —
Zn <0.10 1.6 2.8 2.2 • 

i 2.3 i <0.10 0.80 — —
Mn 0.32 0.73 0.64 0.33 1.9 0.37 — —
Ca — _ _ _ 0.065 — — —
Fe 0.001 <  0.001 <  0.001 <  0.031 0.024 <  0.001 — Si 0.7
Ni 0.001 <0.001 <  0.001 0.001 <  0.001 <  0.001 — Cr 0.25
CuMe <  0.01 <0.01 0.022 <  0.01 <0.01 <0.01 —

1.3
mcd corr. rate 0.008 0.012 0.02 0.008 0.009 0.012 0.012 0.0009
Surface Mach. Mach. Mach. Mach. Mach. Mach. Mach. Mach.

Original properties—o,- £ 9.1 I — I — 13.4 I — I — 9.6 I — I — 8.5 I — I — 6.0 I — I — 12.6 I — I — 16.9 I — I — 21.8 I — I —
Y.S. — 14.6 — — 34.9 — — 13.4 — — 14.3 — — 38.5 — — 33.2 — — 50.0 — — 30.8 —
T.S. — I — I 36.7 — I — I 48.0 — I — I 36.3 — I — I 37.9 — I — I 43.4 — I — I 46.4 — I — I 72.0 — I — I 39.2

Final properties—
%E 9.7 I — I — 9.1 I — I — 9.7 I — I — 9.2 I — I — 1.8 1 — I — 9.9 I — I — 14.0 I — I — 20.1 I — I —
Y.S. — 16.1 — — 33.3 — — 14.5 — — 15.6 — — 34.9 — — 32.2 — — 49.5 — — 30.4 —
T.S. — I — I 36.7 — I — I 43.5 — I — I 34.9 — I — I 36.7 — 1 — 1 38.9 — I — I 43.6 — I — 69.2 — 1 — 1 38.2

* Pictures of these specimens are shown in Fig. 4.
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T a b le  4  — C o m p o s i t i o n  a n d  C o r r o s i o n  R a te s — M g A llo y s  t a k e n  f r o m  G e r m a n  A ir c r a f t»

Castings

Alloy Condition Al Cu Fe Mn Ni Si Zn Corr. Rate 
Med.*

AZG - 6.4
5.8
6.1

0.32
0.02
0.12

0.023
0.003
0.009

0.36
0.10
0.20

0.003
<0.001

0.0013

0.23
<0.01

0.12

3.1
2.3
2.7

29.0
0.3
3.7

A9 - 8.6
7.9
8.2

0.36
0.07
0.15

0.022
0.003
0.009

0.41
0.17
0.27

0.004
<0.001

0.0012

0.14
0.03
0.09

1.0
0.35
0.61

25.2 
2.0

10.2

A9V - 8.7
7.7 
8.2

0.10
0.02
0.06

0.022
0.001
0.013

0.27
0.11
0.19

0.002
0.001
0.001

0.27
0.03
0.13

1.10
0.43
0.55

48.6
0.5

23.5

A9h _ 8.7 0.06 0.023 0.24 0.001 0.09 0.68 2.7

A10 - 10.5
9.1
9.7

0.16
0.04
0.10

0.015
0.001
0.007

3.32
0.19
0.25

0.001
0.001
0.001

0.18
0.04
0.11

0.75
0.49
0.64

34.2
0.4

15.9

AZ31 - 3.3
2.9
3.1

0.05
0.01
0.03

0.024
0.001
0.009

0.35
0.19
0.27

0.002
<0.001

0.001

0.07
<0.01

0.03

1.10
0.75
0.89

29.5
0.1
9.4

AZF - 4.4
4.3

0.24
0.10

0.042
0.011

0.32
0.27

<0.001
<0.001

0.20
0.13

2.9
2.5

1.1
0.8

AZ91 — 10.2
8.6
9.4

0.32
0.08
0.21

0.014
0.001
0.005

0.35
0.18
0.26

0.004
0.001
0.002

0.60
0.04
0.20

0.84
0.63
0.72

17.8
0.8
5.4

Wrought Products

AZM Forgings 7.5 
6.0
6.5

0.12
0.01
0.04

0.026
0.005
0.011

0.27
0.08
0.13

0.006
<0.01

0.0015

0.10
<0.01

0.03

1.10
0.76
0.84

44.5
1.0

16.4

AZ855 Forgings 8.5
7.1
7.7

0.01
<0.01

0.01

0.016
0.001
0.011

0.21
0.11
0.15

0.001
<0.001

0.001

0.01
0.01
0.01

0.31
0.30
0.31

32.0 
0.3

14.1

AZM Extrusion 6.1
5.6
5.9

0.07
0.01
0.03

0.014
0.006
0.010

0.35
0.10
0.19

<0.001
<0.001

0.06
0.02
0.03

0:95
0.76
0.91

7.3
0.2
2.2

► 1 to 4 Weeks Test depending on Corrosion Behaviour. Alternate immersion 3% NaCI

Mn did  n o t coun terac t th e  effect of
0.02 p e r cent, iron as con tended  by  
F ox  a n d  B ushrod , since corrosion 
ra tes for th is a lloy  (44761) are  10 to 
100 tim es as h igh as the controlled 
p u rity  alloys, even w hen the la tte r  
alloys con ta ined  M n as low as 0.06 
per cen t, as in  alloy  44762.

T able  4 presents the analyses and  corro
sion ra tes of a series o f cast and  w rought 
m agnesium  alloys w hich were taken  from

a . G erm an M esserschm itt Me 110 an d  a  
Ju n k e rs  Ju  88 aerop lane  an d  exam ined  
an d  tested in th e  labora to ries of the Dow 

•Chemical C o.5 O nly  the d a ta  on Mg-Al 
base alloys have  been included. These 
;sam ples are of in terest, as th ey  illustrate

a v a rie ty  of alloys w ith  low  an d  h igh  m a n 
ganese an d  iron con ten t. I t  is also  very  
significant th a t , a lth o u g h  th ey  show  in 
m any  cases h igh  iron , copper o r nickel, 
and  h igh  sa lt-w ate r corrosion rates, none 
of these p a rts  ap p eared  to  be significantly  
corroded a fte r  th e ir norm al usage and  
exposure.

T hey  fu r th e r illu stra te  th e  m ain  po in t 
of th is discussion— th a t if the im purities 
(iron , copper a n d  nickel) be low , then  
sa lt-w ate r corrosion rates are good reg a rd 
less of th e  m anganese con ten t, an d , con
versely , if th e  im purities be h igh , th en  the 
sa lt-w ate r corrosion rates are  rela tively  
high even if th e  m anganese is also h igh .

M any of these alloys are  particu larly
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poo r in  corrosion due to h igh  copper con
ten t. In  th is connection, the action of 3 
per cent, zinc to  m odify bo th  high iron 
a n d  h igh copper is well illustrated .

Conclusions
In  so fa r as F ox  and  B ushrod  and  

H an aw a lt, N elson and  P e loube t cover 
the sam e g round , there does not 
a p p e a r  to be an y  difference in experi
m ental results. T he differences come 
ab o u t in the in te rp re ta tion  of the 
d a ta . F rom  the d a ta  and  discussion p re 
sen ted , we d raw  the follow ing conclu
sions:—

1. T he sa lt-w a ter corrosion resist
ance of com m on m agnesium  alloys is 
p rim arily  determ ined  b y  th e  presence 
of im purities, particu la rly  iron, 
nickel, copper an d  silicon, in am ounts 
in excess of o r less th a n  the to ler
ance lim its for each im purity  in the 
p a rticu la r alloy, as outlined in the 
earlie r p ap e r of H anaw alt, N elson 
an d  P eloubet. I f  the im purities are 
less th a n  th e ir  respective tolerance 
lim its, the  corrosion ra te  a fte r  a  one- 
to four-m onth  test in 3 per cen t NaCl 
w ill be of the o rd e r of 0.2 m g ./c m 2/ 
d ay  o r less. I f  an y  of th e  im purities 
su b stan tia lly  exceed th e  tolerance 
lim its, then  th e  corrosion rates w ill be 
from  10 to 100 tim es th a t of the con
trolled p u rity  alloys, depending  on 
the alloy  com position.

2. H igh  m anganese (0 .2  per cent, 
o r over) o r h igh zinc g rea tly  m odify 
th e  b ad  salt-w ate r corrosion effect of 
h igh im purity  con ta in ing  alloys. T his 
has long been recognized an d  is here 
aga in  dem onstrated .

3. T he fou r-day  corrosion tes t as 
used by  F o x  and  B ushrod is not of 
sufficient d u ra tion  to d istinguish  be
tw een alloys of low corrosion rates 
an d  those hav ing  fa irly  low sta rting  
rates, b u t w hich rap id ly  increase w ith 
tim e.

4. Com positions con tain ing  high 
iron an d  h igh m anganese (e .g ., 0.3 
p e r cen t.) of the type  sta ted  b y  F ox  
a n d  B ushrod  a fte r  four-day  tests to 
be  eq u iva len t in corrosion resistance

to h igh p u rity  alloys h ave  m any  tim es 
the corrosion rate of h igh p u rity  

' alloys w hen subjected  to the longer 
tests of the p resen t au thors.

5. I t  has been show n th a t the 
usual heat treating  or hea t trea ting  
and  ageing has no significant effect on 
controlled p u rity  alloys. In  the case, 
how ever, of h igh  iron Mg-Al-Mn 
alloys, even w ith  0.3 per cen t. Mn, 
the corrosion rates becam e h igh  a fter 
h ea t trea ting  or ageing to th e  ex ten t 
th a t they  show ed up  b ad ly  on the 
four-day  tes t an d  were com pletely  
d is in teg ra ted  a t  the end of 14 days.

6. T he four-day  test show ed no 
im portan t corrosion ra te  differences 
betw een a lte rn a te  im m ersion and  con
s tan t im m ersion.

7. N o significant differences in 
corrosion rates w ere noted betw een 
constan t im m ersion tests m ade in 
buffered (p H  10.2) and  unbuffered  
salt solutions.

S. N o im portan t differences w ere 
noted  betw een corrosion rates of chill 
an d  sand  castings.

9. T here is no dependable  correla
tion betw een salt-w ater corrosion test 
results and  b ehav iou r of m agnesium  
alloys in  o rd in ary  atm ospheres. S alt
w ater tests correlate in direction w ith 
th e  resu lts of severe saline 
atm ospheric  exposures.

10. Com m on m agnesium  alloys 
a re  h igh ly  resistan t to atm ospheric  
a ttack , show ing only  sm all w eight 
losses and  negligible loss in  p roper
ties even a fte r years of exposure.

11. I n  a tm ospheric  exposure, the  
effects of alloy com position o r pu rity  
only  show  up , a t  leas t in  term s of 
w eight loss o r p ro p erty  loss, w hen the 
atm osphere is sufficiently m oisture o r 
salt-w ate r laden  to cause local e lectro
lytic a ttack .

Discussion
T he m ain discrepancies betw een th e  

results or, ra ther, conclusions of F o x  and  
B ushrod  as com pared to H an aw alt, 
Nelson an d  P eloubet m ay  all be traced
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b ack  to  th e  assum ption  by  F ox  and  
B ushrod  th a t the 0.5-1.0 m g/'cm 5/d a y  
corrosion rates they  w ere ob ta in ing  oh 
four-day  tes ts w ere th e  eq u iva len t of 0.2 
rates obtained  by  H an aw alt, N elson and  
P eloubet in longer tim e tests (usually  112 
d ay s) . T he four-day  test, how ever, was 
too sh o rt to  develop the corrosion charac
teristics of the specim en, and , as has been 
show n b y  d a ta  p resen ted  here, tw o alloys 
m igh t ap p ea r to  h av e  the sam e corrosion 
rate  w hen m easured  a fte r four d ay s in 3 
p e r cen t. NaCl, y e t d iverge, because of 
th e ir d ifferent characteristics, to corrosion 
ra tes of 0.2 an d  10 or 20 respectively a t 
the end of a  four-w eek test. T he early  
p ap er of H an aw alt, N elson an d  P eloubet 
m igh t be criticized  to  som e e x ten t for 
failure to  p o in t ou t the significance of 
tim e; how ever, the  la te r  p ap e r b y  H a n a 
w alt and  M cN ulty6 specifically stud ied  th e  
corrosion as a  function  o f tim e an d  gave 
the  corrosion ra te  in te rm s of hydrogen  
evolution  d u ring  the early  stages of corro
sion an d  up  to 20 days.

E ven  the h igh p u rity  alloys show n by  
F o x  an d  B ushrod  contain  iron (0.004 per 
cent. F e  or over) in excess of the iron 
to lerance lim it, an d  w ould no t be expected  
to  g ive corrosion rates o f 0.2 m g /cm 2/d a y  
if tested  for two weeks o r over in 3 per 
cen t. N aCl solu tion . S im ilarly , it  has 
been po in ted  ou t th a t the nickel con ten t is 
too h igh  to p erm it th e  in tended  com pari
son of iron effects in  F igures 1 a n d  2 in the 
m ost recen t F o x  an d  B ushrod  p a p e r .13

T he w ritten  discussion g iven in  connec
tion w ith  the F o x  and  B ush rod  p ap e r by  
M essrs. C row ther,7 L id d ia rd 8 and  
L eB rccq 9 a re  of considerable in terest. In  
addition  to  inform ation  elsew here in th is 
pap er bearing  on th is discussion, it is 
desired to m ake a  few fu rth e r com m ents.

W hilst it is true  th a t the largest n u m 
b er of sam ples dea lt w ith  in the orig inal 
H an aw alt, N elson an d  P eloubet p ap e r 
were necessarily  p repared  w ith  distilled 
m agnesium  as a base, m an y  alloys bo th  
large and  sm all had  a t  th a t tim e been 
m ade from  com m ercial p u rity  m agnesium  
an d  alloying m ateria ls  by  iron p rec ip ita 
tion  processes a lready  know n a t  th a t  tim e 
a n d  described in the lite ra tu re . 10- n ’ 12

A n iron prec ip ita tion  process involv ing  
trea ting  the m olten alloy w ith  an  excess 
of m anganese is com m only  used. T h is  
results in alloys th a t are  alw ays sa tu ra ted  
w ith  m anganese a t  th e  tem pera tu re  of 
pouring . N o significant differences in cor
rosion ra te  h ave  been no ted  betw een 
alloys prepared  from  com m ercial m a
teria ls  in this m an n er and  those p repared  
from  all pu re  m ateria ls p rov ided , of 
course, th a t  im purities are w ith in  th e  
to lerance lim its.

Since ab o u t 1941, th e  largest p roportion  
of all m agnesium -w rought alloys in the 
U nited  S tates has been produced in  th e  
contro lled  p u rity  type . These w ould m eet 
the tolerance lim it requ irem ents set forth  
by  H anaw alt, N elson and  P eloubet, even 
though  the ten ta tiv e  specifications, as has 
been poin ted  out, w ould allow  com posi
tions outside those lim its.

W ith  respect to  carry ing  h ig h er m an 
ganese in com m on m agnesium  alloys, it 
has been sta ted  th a t  the m anganese- 
trea ted  w ro u g h t alloys in the U n ited  
S tates a re  a lread y  sa tu ra te d  w ith  m an 
ganese. In  the  casting  alloy  field, m ini
m um  specifications fo r m anganese ex ist on 
all the alloys, and  considerable trouble  in 
foundries a lread y  arises in m eeting these 
m inim um  values due to the lim ited  
so lub ility  o f m anganese  and  the resulting  
tendency  to settle ou t. T yp ica l m an
ganese values are, how ever, m oderately  
h igh, ru nn ing  ab o u t 0.21 per cent, fo r H  
alloy  (M g-6Al-M n-3Zn) and  0.18 per cent, 
for C alloy  (M g-9A l-M n-2Zn). E ven  if 
h igh  m anganese accom plished th e  sam e 
resu lts a s  does controlled pu rity , there  
are  m agnesium  alloys fo r w hich h igh  marr- 
ganese is e ither im practica l o r undesirab le  
fo r o th e r reasons.

T he justifiable criticism  h as been  m ade 
th a t th e  H an aw alt, N elson an d  P eloubet 
p ap e r d id  no t m ake clear w hy m ost, if 
no t all, o f the  d a ta  w ere ob ta ined  on “  as 
cast ”  m etal. T he  prem ise on w hich th is 
choice w as m ade is c learly  b ro u g h t o u t in 
th e  p resen t paper, b u t, un fo rtuna te ly , 
w as, th rough  oversight, le ft o u t of the 
earlier w ork. T he  experim en ta l resu lt is 
th a t, w hilst AC, H T  and  H T A  states have 
large differences in sa lt-w ate r corrosion
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ra tes if F e is high, corrosion ra te  is inde
p enden t of s ta te  for h igh  p u rity  Mg-Al-Mn 
alloys. T h is s ta tem en t applies to hea t 
trea tm en ts  for A1 solub ility  o r p rec ip ita
tion  as used in  the p resen t paper. H ea t 
trea tm en ts  a t  a n  en tirely  d ifferent tem 
p e ra tu re  m ay p rov ide  an o th e r result.

W ith  respect to th e  a tm ospheric  d a ta  
p resen ted  by  F o x  an d  B ushrod , the fol
low ing  com m ents are  offered:—

1. B ased  on long experience w ith 
a tm ospheric  exposure tests, it is felt 
th a t  a n y  tim e less th an  a y e a r o r tw o 
is fa r  too  sh o rt to  show  an y  depend
able trends.

2. W eight loss d a ta  are  also of 
questionab le u tility  in atm ospheric  
exposure evalua tion . M ost such 
d a ta  a re  presen ted  in term s of p e r
cen t. loss in  tensile streng th . T he 
w eigh t loss figures given b y  F o x  and  
B ushrod  w ould a ll be considered to 
be in th e  sam e sca tte r b an d  w ith  the  
exception of the one po in t a t  ab o u t 
0.001 to 0.01 p e rc e n t . Mn.

In  view  of these considerations, the con
clusion t'hat a tm ospheric  d a ta  indicate the 
need for h igh (0.2 p e r cen t.) Mn seems 
unsound . T he idea is no t w ithou t m erit, 
how ever, an d  the  results of long-term  tests 
w ould be an tic ipa ted  w ith in terest.

S um m ary
T he significant factors concern ing  the 

corrosion b eh av io u r o f m agnesium  alloys 
a re  suggested in th e  follow ing p a rag raphs:

C om m on m agnesium  alloys, regardless

of the ir pu rity , a re  extrem ely  resistant, 
even w hen unpro tected , to the corrosion 
a ttack  of o rd in ary  atm ospheres. W hen 

•painted  an d  protected  in the recom 
m ended m anner, they  will show negligible 
change in appearance  o r p roperties a fter 
10 y ea rs’ atm ospheric  exposure.

I f  m axim um  resistance to salt-w ater 
corrosion, e ither in  the form  of coastal o r 
sh ipboard  atm ospheres o r d irect im m er
sion, be required , it is desirable to control 
the p u rity  of th e  alloys to w ithin the 
tolerance lim its outlined in  th e  earlier 
p ap er of the au tho rs. I f  the alloys be  of 
contro lled  p u rity , there is no  h arm fu l 
effect in the usual h ea t-trea ting  o r  ageing 
procedures.
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ABSTRACTS.
* Alternate immersion tests in 3 per cent, aqueous sodium chloride solution were used to study the corrosion 

resistance of very pure (99.983- percen t.) magnesium, and alloys with aluminium, magnesium, zinc, iron, nickel, copper, 
silicon and lead, singly and  in various com binations. Pure magnesium is very resistant to salt-w ater carrosion, and 
this resistance is little affected bv am ounts of iron up to  0.017 per cent, but greater am ounts of iron produce enorm ous 
increase in the corrosion. This “  tolerance lim it" is greatly affected by the presence of o ther elements, thus with 
7 per cent, aluminium the tolerance limit for iron is only about 0.0005 per cent. Similar tolerance limits a re  found 
for nickel and  copper, and are not connected with the solid solubility limits. An electro-chemical theory is advanced 
in evolving the conception tha t increased corrosion occurs when a  critical concentration of ca thodic particles is 
reached. An appendix is detailed of spectro-chemical methods of analysis.

f  M agnesium  alloys of the chemical com position reauired by D .T.D . specification 59A have been examined for 
corrosion-rcsistance. T he specimens were in the form of cylinders machined from ingot and  were in three different 
structu ral states : as cast, solution treated, and  fully heat-treated. T h e  samples had  approxim ately constant 
aluminium (8 per cent.), zinc (0.5 per cent.), and  m anganese (0.25 per cent.) contents and carried varying iron 
contents down to 0.001 per cent. T h e  nickel content of all specimens was 0.0022 per cent, or less. It has been found 
tha t where, as in this case, the m anganese is in the range 0.20—0.30_ per cent, variations in the iron content have no 
appreciable effect on the results of either atm ospheric tests or total-immersion tests; this applies to all three structural 
conditions and  to the alloys of very low iron content. It has been found tha t material in the solution-treated 
condition corrodes faster than  tha t in other states when tested by complete immersion, irrespective of the iron con ten t; 
under conditions of atm ospheric exposure, however, the material in all three structural states shows similar corrosion- 
resistance. Possible reasons for this difference in behaviour under the two conditions of test are discussed.
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L i g h t  A l l o y s  i n  S t r u c t u r a l  E n g i n e e r i n g

C o n c lu d in g  f r o m  “ L ig h t  M e ta ls ,”  S e p te m b e r , p .  4 6 8 , an  

A c c o u n t  A f t e r  K o e n ig  in  “  T ech n isch e K u n d s c h a u ,”  N o s .  

3 2  a n d  3 3 , A u g u s t  4  a n d  1 1 , 1 9 4 4 . A t te n t io n  is  D ir e c te d  

P a r t ic u la r ly  to th e I l lu s tr a t io n s  S h o w in g  V a lu a b le  A p p l i 

ca tion  o f  E x t r u d e d  S ec tion s in  T r a n s p o r t  E n g in eer in g

Fig. 7.—Light alloys in trolleybus construction. 
Indicated here are features calling for the use of 
extruded sections, the method of employment and 
assembly of which is shown in the enlarged views.

Te m p e r a t u r e  lim itations w ith respect 
to  the use of light alloys clearly restrict 
their use in such fields as steam -turbine con

struction or for the more highly stressed 
parts of gas turbines; neither their corrosion 
resistance nor abrasion resistance are su it
able for such purposes as these. However, in 
contrast to  structures designed for use a t 
high tem perature, those designed for opera
tion a t  moderately low or even extremely 
low tem peratures can frequently make good 
use of light alloys. Thus, in the refrigera
tion industry and in transport designed for 
operation in  polar regions or in the stra to 
sphere, alum inium alloys offer great promise.

The peculiar properties conferred upon 
the massive metal by the naturally  occurring 
oxide film which is always present may be 
considered in conjunction w ith the 
behaviour of aluminium a t high tem pera
tures. A t one time, th is th in  film of 
alum ina, the m elting point of which lies 
somewhere above 2,000 degrees C., consti
tuted the greatest hindrance to  the deve
lopm ent of a satisfactory gas weld
ing technique. However, in 
another direction, the artificial

thickening of the film by anodic oxidation 
has led to  developments of the greatest 
technical im portance, and has furthered the 
structural use of light alloys to no small 
extent. Thus, the anodic film may func
tion no t only as a purely decorative device.
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but as a  means whereby the 
high natural reflectivity f o r  
light of the basis metal may be 
preserved. The very high reflectivity 
of alum inium in the infra-red region 
of the spectrum is responsible for its 
successful use in therm al insulating devices. 
From the purely structural point of view, 
the high perm eability of light alloys to 
X-rays has proved of great value both in 
the laboratory  and in the course of routine 
testing.

W hilst on a pure weight basis the specific 
heat and la ten t heat of fusion of aluminium 
alloys arc between two and three times as 
great as those of heavy metals, yet, on a 
volume basis these differences become almost 
negligible. The high heat conductivity 
characteristic of aluminium can be turned 
to good account in the construction of heat 
exchange apparatus and the like.

Problems of vibration frequently call for 
consideration when designing m etal struc
tures. Here, however, the effect of the low 
modulus of elasticity of aluminium is, in 
general, counterbalanced by its proportion
ately low specific gravity. Recently drums 
and rollers designed for taking up wire rope 
have w ith advantage been provided with 
alum inium surfaces, as the coefficient of 
friction between steel and aluminium is 
equal to  m any times th a t of steel on steel. 
I t  is necessary here, incidentally, to  dis
tinguish carefully between an application of 
this type and one involving direct rubbing 
contac t between normal aluminium alloys 
and other metals or light alloys; this should 
be avoided. I t  is also necessary to recall 
th a t where low coefficients of friction are 
desired, as for example, where steel shafts 
are to  run directly against light alloy, then 
special compositions have been developed.

The precautions which m ust be taken in 
aluminium structures to  guard against 
bi-metallic corrosion are well known; they 
usually involve the use of an inert layer

Fig. 8.—Street car 
show ing  struc
tural units built 
up from light- 
alloy extrusions. 
The enlarged sec
tional views show 
how these are 
combined to pro
duce the requisite 

forms.

between the two contacting faces concerned, 
or the employment of some medium for 
surface protection.

Very briefly we have presented here, in 
outline, certa'in of the fundam ental factors 
governing the successful adoption of light 
alloys for engineering structures. I t  remains 
in conclusion to  comment on the available 
forms in which the metal may be purchased 
for use; in th is regard extruded sections 
claim chief attention . Figs. 5 and 6 on 
pages 467 and 46S, respectively, of the 
September issue of "  L igh t M etals,”  illus
tra te  some possibilities in this regard. Figs.
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Fig.. 9.—Like the trolleybus and street car, shown in previous 
illustrations, the railway coach pictured here can also profit
ably make use of extruded aluminium alloys. Methods of 
combining such sections and of assembly are indicated in the 

enlarged views.

7, 8 and 9 in  this conclud
ing part of the account 
show the use to  which 
some of these forms may 
be pu t in practice.

A more detailed discussion on the 
theory and practice of "  light 
design ” was presented by Koenig in lec
ture reported in L ight M etals,” 1943/6/ 
514. Here, appropriately, argum ent centred 
principally on the application of the tech
nique to  commercial vehicles. The conclud
ing paragraphs of the discussion m ay well 
be repeated here, both as a warning and an 
encouragem ent to  engineers contem plating 
the increased use of light metals.

"  In  recent years, various technical and 
economic difficulties associated with the 
practical realization of light design in its 
en tirety  have furthered light-material design 
which ' enables the theory of true light 
design to  be in part, a t  least, achieved by 
more primitive methods. This development 
has been fostered b y  rapid progress in the 
technique of the m anufacture and working 
of light alloys.

“  Vehicle construction in light metals 
represents to-day a  first step to  the ultim ate 
a tta inm en t of real light design, no t only 
because of the saving in deadweight effected, 
b u t also as regards the simplification in 
production and handling which aluminium 
and magnesium alloys have made possible. 
W here heavy m etals have reached their 
lim it in light design, then light metals come 
into the picture, to  extend the evolutionary 
process.

“ Finally, it  should be realized th a t the 
light vehicle, w hether the outcome of light 
design pushed to  the lim it demanded by 
theory, o r a ttained in compromise by the 
use of light alloys, will be the resultant of

a scientific blend
ing of heavy 
metals, 1 i g h t  
metals, plastics 
and wood, specific
ally used in  those 
particular spheres 
where fullest ad 
vantage can be 
taken of the special 
properties o f
each.”

Perhaps, as a 
result of recent ex
periences gained in attem pting  to 
introduce light m etals in to  fields 
h itherto  considered the particu
lar preserves of the heavy ferrous metals, 
emphasis m ust be laid on the need for 
assuring th a t all mechanical-properties data  
are up to  date when considering the adop
tion of alum inium alloys. Older reference 
books, still accepted as standard  works by 
m any branches of structural engineering, 
are often hopelessly inadequate and mis
leading in this respect, and final decisions 
should always be based on information 
obtained from, or confirmed by, the appro
priate departm ents of the light-alloy pro
ducing or fabricating concerns.
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N E W S

CHESS table for “ quadrivalent total chess,” 
according to the system developed by 

Charles Beatty. Designed and constructed by 
J. Starkie Gardner, Ltd., it is built in aluminium 
and Perspex.

G e n e r a l ,  T e c h n i c a l  

a n d  C o m m e r c i a l

T o ta l C hess

SHOWN here are views of boards for 
quadrivalent to ta l chess and to tal 
draughts, according to the system devised 

by Charles B eatty , of Trelydan H all, Welsh
pool, Mon.

The board a t the left, designed and con
structed by J. Starkie Gardner, L td., 
consists, as may be seen, of a base built up 
of accurately machined aluminium squares 
alternately anodized to present a  clear 
metallic surface and a black dyed finish. 
These squares are held together in an 
aluminium frame and are m ounted on a 
heavy aluminium baseplate; their upper 
surface is covered w ith a sheet of clear 
Perspex. Superimposed above the squares 
are two o r three sheets of heavy Perspex, 
accurately engraved into squares cor
responding to those on the board; these 
subsidiary “ planes "  are located by means 
of four corner posts consisting of a through- 
rod passing through appropriate holes in the 
Perspex sheet, spacing being by means of 
tubular aluminium sleeves.

The chess men shown here were made by 
J . Starkie Gardner, L td ., from a special 
design of Ralph Lavers. They are 
machined from solid Perspex left respect
ively clear and  chemically finished in 
a black dye, the stem of the chess men is 
finished m att, 'base and head being polished.

The board is made with standard 1 ¿-in. 
squares or in club size w ith 2^-in. squares.

BOARD and men for 
‘‘ total draughts," 

according to  th e  
system of Charles 
Beatty. Like the chess 
table shown above, 
this set was designed 
and constructed in 
aluminium and Per
spex by J. Starkie 
Gardner, Ltd.
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FURTHER example of chess-board for 
“ Quadrivalent total chess ” by J. Starkie 
Gardner, Ltd. Materials used are, again, 

Perspex and aluminium. The men, de
signed by Ralph Lavers, are in clear and 
black-dyed Perspex.

We understand th a t  printed rules for 
these games will shortly be made available 
by Mr. Charles B eatty . Incidentally, they 
show' no radical departure from those 
applying to  normal two-dimensional chess.

The low'er illustration on the  preceding 
page shows a board and men for “  to tal 
d raugh ts.”  Like the chess-boards, the 
former, built up of alum inium and Perspex, 
is the work of J . Starkie Gardner, L td. 
We are assured by Mr. Charles B eatty  th a t 
"  three-dimensional ” draughts is, essen
tially, no more difficult to  play than  the 
normal game.

W e l d e d  P o n t o o n  B r id g e

JUST before the end of the Pacific W ar, 
the U.S. Army had approved fabri
cation of an  aluminium pontoon bridge 

by  w'elding with the atom ic-hydrogen pro
cess, and also use of the more recently 
developed inert-arc, a.c. process w ithout 
flux. W hilst the bridges are no t likely to 
be built now. the approved method of fabri
cating is a step towards more welding of 
aluminium structures in peace-time.

The pontoon bridge consisted of a  series 
of baulks or hollow square beams of alu
minium alloy, light enough to be placed by 
hand, bu t strong enough to bear 50-ton 
loads. The beams lock together with pins 
and form a flooring which rests on pontoon 
boats. Original specifications for the baulks 
or beams required autom atic carbon-arc 
welding on longitudinal seams, two seams 
being required to make a  box section from 
two extruded channels of light alloy. 
Samples of atomic-hydrogen and inert-arc,
a.c. welding were made up a t the Copco 
Steel and Engineering Co. b y  G.E. engi
neers and subm itted to the Army Engineer 
Board. The inert-arc process received 
approval for making manual closure welds 
on the ends of the baulks.

I t  is claimed th a t use of either the atomic- 
hydrogen or inert-arc process wall produce 
higher quality  welds and better contours at 
higher speeds, and costs will be lower. In 
the case of the inert-arc, a.c. process, it is 
argued th a t time and cost will be reduced 
by the elimination of flux and usual pickling.

N e w  S y n t h e t i c  S to n e

GRANTED a paten t in the U.S. is a 
process which claims to  produce a strong 
and durable structural substance by mixing 

alumino-silicic material with anhydrous 
alummo-silicate m aterial in the presence of 
w ater and an alkaline-earth base. The 
patentees are Paul W. Jones and John W. 
Swezey, of Lafayette, Ind ., who were 
granted P a ten t num bers 2,382,154 and 
2,382,155 and assigned them to the Rostone 
Corp. of Lafayette.

The patents refer to the resulting sub
stance as "  stone.” Solid m aterials in the 
formula are all finally divided in the process 
and only a moist heat treatm ent is claimed 
to be necessary to agglomerate the particles 
into the final conglomerate.

In S e a r c h  o f  A l u m i n i u m

IT will be recalled th a t in the account 
entitled ”  In Search of A lum inium ,” which 

appeared in the Septem ber issue of “  L ight 
M etals,”  an outline was given of the present 
sta tus of light alloys in France. Since then, 
further details have come to light. For 
example, a t  Chambery, a  school has been 
built for technical instruction in the working 
of light metals in industry . The course 
given, here is intended to  direct apprentices 
and young engineers into th a t branch of 
their profession m ost suited to  their par
ticular personal ability.
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A l u m i n i u m — W a r  t o  P e a c e

TH E "  Aluminium Kitchen Q uiz,” 
organized by A.D.A. in connection 
with the recent showing of the Aluminium 

Exhibition a t  Selfridges, London, has pro
voked the following com m entary:—

"  Looking through the August issue of 
' L ight Metals ’ in which my company is 
an advertiser, my a tten tion  was suddenly 
stopped by the article ' Aluminium Kitchen 
Quiz.’ The article seemed of such interest 
th a t I took i t  home for my wife to read as 
we both of us are very interested in cooking, 
both English and Continental, and due to 
war-time domestic difficulties spend much 
more time in the kitchen than normally— 
probably to our great amusement.

"  One point seems to  have been com
pletely overlooked in the article. I t  appears 
to be a universal wish th a t both saucepans 
and frying pans have a lip for pouring, bu t 
nothing has been said about the efficiency' 
of this spout or lip for clean pouring. So 
many, even good quality pans, have lips 
th a t appear to  be ju s t a  dent in the side 
which alm ost invariably will not pour 
properly. I have in mind a very good 
quality  saucepan a t  home made of really 
heavy-gauge metal, flat-bottom ed, with a 
lip a t both sides which would only pour 
cleanly a very small stream of liquid. The 
slightest increase in volume immediately 
gives you a flood running down the outside 
of the saucepan. I t  would appear th a t the 
designing of a lip to pour cleanly under all 
reasonable conditions is a m atter for great 
care and accuracy. This bad pouring 
facility is trouble enough with a saucepan 
containing ordinary liquids, b u t can be 
disastrous with hot fat from a frying pan.

"  Secondly, all pans should have a really 
flat bottom , no t necessarily machined to the 
degree of precision required for electric 
stoves, bu t a t least approaching this 
standard. Modern gas stoves have a 
circular removable metal plate usually found 
over the griller. The full use of the waste 
heat from the griller can be made only if 
the bottom  of the saucepan is flat and 
makes good contac t with the metal plate.

"  Thirdly— insulated plastic handles are 
essential. Those indicated in the sketches 
in some cases appear to  be too long. In the 
case of small vessels sufficient for one hand 
to  grip is all th a t is needed, bu t in the case 
of big frying pans and big saucepans the 
handles should be just long enough for a 
comfortable two-hand grip.

“ Fourth ly— kettles. The opening for
filling should be large enough for the inser
tion of the hand. In districts where water

is hard a considerable am ount of ‘ fur ’ 
rapidly accumulates, and being heavy th is 
is not the easiest thing to tip out. The 
question of refilling a kettle ju s t used and 
the liability to scalding the hand from 
escaping steam front the body can perhaps 
be lessened by placing the opening and lid 
as far back as possible from the spout, and 
having the handle with a three-point sup
port, more or less Y-shaped, a  single leg 
being over the spout and the two remaining 
legs widely dispersed a t  the rear. This gives 
free access to the opening for the tap and 
carries the steam away from the hands. 
The steam escape hole or whistle can also 
be fitted right a t the back.

"  F inally—an article no t mentioned in 
the Quiz, i.e., the triangular sink basket.
I have seen this made of alm ost every 
material possible, from enamel ware to 
plastic, and every one th a t I have seen has 
the same fault. All of them have a num ber 
of fair-sized holes in the bottom , sometimes 
artistically  arranged in pretty  patterns, but 
no t one of them has a hole right in each of 
the three corners. The result is tha t when 
the basket is drained previous to emptying 
the contents into the dustbin a  teaspoonful 
or more of w ater remains in the pocket a t 
the corner between the walls and the nearest 
hole.”—W. G. C u lle n , Deputy Managing 
Director, Photostat, L td.

T h e  L ig h t - a l lo y  M o t o r c a r

TH E subjoined abstract from the U .S. 
periodical, ”  Automobile Topics,” June, 
1945, indicates th a t the m otor industry in 

America is likely to pay increased attention  
to  light alloys:— "  Aluminium ‘ Come-back ’ 
is a  strong possibility for the near future. 
Four years ago the price was around 
20 cents per lb., bu t increased production 
for war has reduced the price of ingots to 
about 15 cents and pig aluminium to 14 
cents per lb. to-day, with corresponding 
reductions in price of fabricated products. 
In the autom otive industry, aluminium has 
been used a t various times for cylinder 
blocks and heads, pistons, crankcases, 
transmission cases, fenders, hoods, body 
panels, and structural shapes and sheets for 
bus and truck bodies and tanks. All of 
these uses m ay be revived and expanded, 
with lightw eight Diesel engines offering an 
additional field for developm ent.”

M is ta k e s  A id  R e c o n v e r s io n

BY the use of w hat was labelled "  com- 
mercial-grade ”  alum inium, a wide range 

of manufacturers in the U.S. were enabled
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to reconvert to civilian production before 
top  grade light metal could be released from 
war. The metal concerned consisted of 
sheet made for aeroplane fuselages and 
wings, but rejected by the Army or the 
N avy because of certain surface imperfec
tions. This was disposed of to plants which 
had received cutbacks or cancellations of 
war contracts before the w ar’s end and were 
able to  reconvert to  civilian outpu t, b u t 
needed raw materials.

The result was th a t a considerable quan
tity  of this commerciul-grade aluminium 
began going into products such as chairs, 
burial caskets, meter boxes, frying pans, 
steak platters, cookie sheets, casseroles,
dustpans, metal aw ning frames, costume 
jewellery, cake covers and pancake turners.

A l u m i n i u m  C o a c h e s  a n d  T r a m s  in  U .S .A .

WIT H  the object of reducing operational 
and maintenance costs and a t  the same 
time improving appearance, ACF-Brill

Motors Co., Philadelphia, P a ., has brought 
ou t a line of aluminium-alloy buses and 
tram car bodies. The body and underframe 
of the nevv bus are alm ost entirely of high- 
strength  extruded alum inium alloy Lbeams 
or structural shapes. Body posts are
flanged extrusions of alum inium alloy and 
the side and panels are of alum inium  sheet 
with riveted construction. Lower edge of

each side of the bus is reinforced against 
damage by an extruded aluminium section 
which also adds stiffening to the body skirt. 
Aluminium is also used for many of the 
fixtures inside and for the extruded frames 
of the windows and the baggage racks.

In Chicago, 111., the Travelite Trailer Co. 
has designed a new automobile trailer for 
family use which is claimed to  save 600 to 
700 lb, of weight by wide use of alum inium 
in the construction. Aluminium is used 
extensively in the body and frame and for 
interior fittings. The "  H om ette,” as the 
trailer is named, contains three rooms, nine 
windows and a complete built-in kitchen and 
sleeping quarters for four persons.

P la s t ic s  A s s i s t  A l u m i n i u m

AN interesting example of co-operation 
between plastics and aluminium men
tioned in Alco Newsletter is found in the 

design of a new type of fluorescent lighting 
unit, using a patented axial-plane m ounting 
of lamps.

This involves the placing of one lamp in 
front of the other ra ther than in the con
ventional horizontal arrangem ent. The 
light from each lamp is thus reflected 
symmetrically from a smaller reflector. 
Aluminium specular reflectors are used, 
giving a combination of permanence and 
high reflectivity, while a louvred, lam i
nated, cellulose acetate sheet is used as a 
shielding to  prevent glare.

B.E.M.A. EXHIBITION

NOTABLE am ongst the items shown a t  
the exhibition recently organized a t  the 
V ictoria Rooms by the Bristol Engineering 

M anufacturers’ Association were those 
which, in various forms, made use of 
alum inium and magnesium alloys.

Magnal Products, L td ., of W armley, 
showed on its  stand a variety  of light-alloy 
castings in alum inium and magnesium pro
duced by the sand, gravity  and pressure 
methods. Of particular interest were sand 
castings sim ulating in appearance side 
views of motorcycles, tanks and jeeps.

These castings, which are depicted in accom
panying illustrations, form part of the 
assemblies which, ultim ately, are to figure 
among the apparatus in an up-to-date 
amusement park.

We are given to  understand by Mr. 
F rank  H aw tin, for whom they were made, 
th a t children of to-day are no longer 
satisfied with conventional roundabout 
horses, chickens and the like, bu t demand 
objects more in keeping w ith this mechan
ized age. We were further told th a t broad 
accuracy in outline and equipm ent is very

C P E C I M E N S  o f
'  w indow furn itu re  

cast in light alloy by  
M agnal P roducts, L td. 
T ;h e s e  i t e m s  a r e  
polished a n d  finished 
in n a tu ra l alum inium  
colour.
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P I C T U R E D  a t
th e  left is part 

of a “  m otorcycle " 
assem bly  cast in 
light alloy for Mr. 
F rank  H aw tin  by 
M agnal P roducts, 
L td. It is designed  
for incorporation  
in to  th e  equipm ent 
of a  Fair.

R I G H T .  A n
o th er exam ple 

of m odern  F un -F a ir 
a p p a r a t u s ;  side 
casting  for “ tan k  ” 
p r o d u c e d  b y  
M agnal Products, 
L td., for M r. F rank  
Hawtin.

essential, as children will no t tolerate any 
obvious inaccuracies.

A further exhibit on the stand was a small 
group of window furniture in cast light 
alloy, finished in the natural colour of the 
m etal. P articularly  striking were one or 
two castings designed to  illustrate the pos

sibilities of a  new lacquer finish developed 
by Magnal Products, L td. The colours— 
eau-dc-nil, Venetian red and chrome yellow 
—possessed notable "  warmth "  and
“  dep th ,"  and would seem to have par
ticular value for interior decorative effects. 
The lacquers are, furthermore, excellent

C H O W N  at th e  
k J le f t ,  an d  an a lo 
gous to th e  castings 
given above, is th e  
side of a  “ jeep ,"  
a fu rth e r  un it to be  
in co rp o ra ted  by  
M r. H aw tin into 
his F u n  Fair. T h is 
cas tin g , a n d  th e  
o th e rs  on  th is page, 
a re  abo u t 50 ins. 
long an d  weigh 
some 30 lb. each .
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A T  th e  left is show n a com- 
 ̂ bm ed secre ta ire an d  chest 

of draw ers fabrica ted  in  light- 
alloy sheet by  E.S.S., L td . T h e  
sam e m odel w ith flap and  
draw er open is p ictu red  a t the  
right. Im m ediately below  is a  
pedestal desk  of conventional 
form, built up  entirely  of light- 
alloy sheet, w hilst the  bottom  
illustration show s a dirty-kit 
locker, also in  light-alloy sheet, 
designed on severely u tilitarian  
lines for sh ip ’s use.

surface protective media against corrosion. 
Another panel .showed small samples of 
M.G.2 sheet anodized and dyed in a  range 
of pleasing shades.

Bristol Metal Spraying and W elding Co., 
L td ., again, am ongst numerous other 
exhibits, showed one of particular interest: 
this was a knife roll in R .R .56. Designed 
originally to  run with light-m etal journals

in direct contac t with bronze 
bearings, it  was found, in 
practice, th a t seizing occurred 
very readily. The journals of 
the roll were, therefore, cu t 
back and faced with high- 
carbon steel applied by 
spraying. In  this way, per
fectly satisfactory running 
was achieved. Incidentally, 
one such knife roll was found 
in a building severely 
damaged by fire as a result 
of enemy action. I t  had 
been partly  fused and, on 
exam ination, it . was found 
th a t the light metal had run 
from the journal, leaving the 
high - carbon - steel facing 
annulus still in tact.

Philpott and Cowiin, L td., 
of Victoria Street, Bristol, 
showed am onst its exhibits 
sand and die castings in 
Alpax. Amongst o t h e r  
exhibitors were Aero Engines, 
L td ., on whose stand was 
shown a new Douglas trans
verse tw in motorcycle. Bristol 
Aeroplane Co. showed its 

Hercules 14-cylinder sleeve-valve radial 
engine; this- unit develops over 1,650
b.h.p.

E .S .S ., L td ., of Feeder Road, Bristol, 
showed, am ongst their m any exhibits, a 
combined secretaire and chest of drawers, 
a  pedestal desk and a d irty -k it locker, all 
fabricated in light-alloy sheet. Detailed 
specifications for these are as follow:—
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Combined secretaire tallboy and chest of 
drawers.

Mainly constructed of 18 S.W .G. L.16 
alum inium.

Overall dimensions: 2 ft. 9 ins. by 1 ft. 
94 ins. by 5 ft. 4 ins.

A pproxim ate weight: 126 lb.
Finish grey, stove enamelled.
Plastic handles and catches; black lino 

inlay on w riting table.
(This item is made in three built-up sec

tions to  perm it of easy passage through 
hatches and bulkhead openings. For use 
on shore establishments, it could be made in 
one-piece construction.)
Pedestal desh.

Mainly constructed of 18 S.W .G. L.16 
aluminium.

Overall dimensions: 4 ft. 04 in. by 2 ft. 
01 in. by 2 ft. 6 ins.

A pproxim ate weight: 105 lb.
Finish grey, stove enamelled.
Plastic handles and catches; black lino 

inlay on top.
D irty-kit locker.

Comprising one to  five com partm ents, 
each measuring a cubic foot internally. 

Constructed mainly of 22 S.W .G. body

with doors in 24 S.W.G. D .T.D . 213.A 
aluminium-manganese alloy.

Anodized.
Piano-type hinges. Tucker hollow rivets 

throughout.
A pproxim ate weight: 3 | lb . per com

partm ent.
I t  should be added th a t the purpose 

of the d irty -k it locker is different from tha t 
of the other furniture, as it is installed in 
banks in the seamen's quarters and is used 
for the same purpose as a dirty-linen 
basket. No particular a tten tion  has, there
fore, been paid to  the decorative finish of 
this item, the sole consideration being to 
obtain as much space as possible w ithin the 
weight limits and w ithout waste of deck 
space.

Particular a tten tion  is drawn to  these 
items, as, whilst they preserve the outw ard 
form and general appearance of the con
ventional wooden types, they do, in fact, 
represent radical progress in design, 
inasmuch as, in compactness and method 
of assembly and operation, they achieve a 
degree of perfection quite impossible of 
a tta inm ent by the cabinet-m aker's art. 
Accompanying illustrations show the 
general appearance of the items enumerated.

P r e s s u r e  D i e  C a s t i n g

IN answer to  Erickson's observations and 
criticisms contained on page 471 of this 
issue of "  L ight M etals,” E . Carrington 

replies as follows : —
“ I thank you for the opportunity  of 

replying to Erickson 's criticism of my notes -  
on his article in ' L ight M etals,’ 1945/8/173. 
L et us take his four points.

“  Mechanism of Die Pill.
"  Erickson says tha t I  have ' failed to 

dem onstrate th a t the description in my^ 
article of the m anner in which cavity CDE 
filled is not an accurate description of how 
the die actually  did fill in use.’ I t  was not 
up to  me to do so. I t  is the job of the 
writer of an article to  do the dem onstrating, 
and I am simply showing th a t there are 
o ther ways of looking a t  the problem, and 
th a t one of them m ay be nearer to the tru th  
than E rickson’s. Erickson has not tried to 
dem onstrate anything; he has assumed, and 
assumed w ithout sound reason.

"  I  am, of course, quite aware th a t E rick

son's cavity CDE has no restrictive gate, 
but is as shown in his Figure 3, Diagram B. 
My object in introducing Koster and 
Gohring’s diagram was no t to  show what 
happened in the cavity CDE, but to  show 
what could and probably did happen before 
the metal reached the cavity CDE. Erickson 
has completely ignored this point both in his 
original article and in his reply to my criti
cism. Koster and Gohring showed tha t 
when the molten metal passed along a 
curved cavity, it went along the outside of 
the cavity and trapped air on  the inside. In 
E rickson's mould we have a bu tt, into 
which the metal is injected in  a haphazard 
way, and this m ixture of splashed metal and 
air is sent along a tube having a double 
bend. (Figure 2, original article, p. 174.) 
I  think th a t it  is quite logical to  expect i t  to 
take a path  roughly as shown in Fig. 1 in 
this reply, and hence, when the incoming 
metal reaches the narrow  p art of the cavity 
CDE, an appreciable am ount of a ir is 
trapped and may still be trapped when the
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cavity G U I is filled. I  hope th a t I  have 
now made this clear, as it seems to me to be 
a point of fundam ental im portance. The 
design of th a t part of the die between the 
molten metal and  the entrance to the cavity 
ODE requires a great deal of thought and 
experim ent before i t  can be confidently 
asserted tha t the metal reaches the cavity 
ODE as shown in Fig. 1, and I m ust con
fess th a t I cannot th ink  of a design which 
would satisfy the conditions required. In 
passing, I would point out th a t Erickson 
says in his criticism th a t ‘ the m etal forced 
the air present in the cavity CDE and the 
air present in the runner ahead of it, leaving 
no air behind. (See Fig. 1 .)' B ut in his 
Figure 2 (p. 474) he actually  shows air being 
left behind a t the point where the cavity 
CDE widens ou t again.

“  In  his Figure I (p. 472), Erickson shows 
a stream of metal injected into CDE 
through a small gate. I t  is obvious even to 
those w ithout scientific training th a t the 
stream  will not be straight as shown, bu t 
will be pulled down by gravity and will be 
more as shown in Fig. 2 here. I t  is 
im portant th a t such diagrams should be 
factual ra ther than ideal. G ravity cannot

Fig. 1.—S uggested  track  of metal 
stream  on entering  cavity  C D E : 
diagram  at left—first injection of 
metal, sp lashing  an d  adm ixture 
w ith air. D iagram  a t righ t—flow 
of metal after b u tt has been  filled.

be ignored and will have a fundam ental 
effect upon the kind of bars obtained.

“  Discarding D efective Test Bars.
“ I have again read E rickson’s opening 

paragraph. I t  says: ' . . .  to determine 
specifically the effect which trapped air 
(necessarily confined within the die cavity  
of the steel die moulds used in the manufac
ture of pressure die castings) has upon the 
solidification of the molten m etal .
(The italics are mine.) In order to find the 
effect of trapped air, he throws away the 
bars which have most of it, or, a t any rate, 
those in which it  shows most! Incidentally,
‘ purpose of the experiment ’ originally 
given is quite different from th a t given in
(2), second paragraph.

"  I am afraid th a t I do no t understand 
the paragraph dealing w ith the comparison 
of sand and chill test bars. I  have no t come 
across the term ' host to defects,’ and the 
whole illustration has little bearing on the 
prohlem. The inclusion of all the test bars 
was im portant from two points of view. In 
the first place, we are trying to get a t the 
tru th— the whole tru th . Erickson is inves
tigating the effect of trapped air. He gets

Fig. 2.—Probable track  of stream  of m etal illustrated  in E rickson s F igure 1 (p. 473) w hen allow ance 
is m ade for effect of gravity. N ote line AB in  E rickson’s F igure 1 an d  Figure 2 w ith b lan k  
space  on  left illustrating his com plete indifference as to w hat h ap p en s to the  m etal before it

reaches cavity  CDE.
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bars which are ' defective,' no t because of 
cold sheets, large grain size or any acci
dental cause, bu t because of trapped air— 
and they are thrown away! I t  is im portant 
th a t we should know how bad a bar can be 
when cast under those conditions, but, 
instead of finding ou t, he ignores the fact 
th a t it is bad a t all. In his original article, 
second paragraph, Erickson says: * This 
porosity is indirectly responsible for (1) 
the alm ost universal opinion of engineers 
th a t pressure die castings are inferior to 
sand and gravity  die castings as regards 
un iform ity .’ H e has shown this lack of uni
form ity quite glaringly in his experiments, 
bu t throws the bad bars away.

"  The second point of view is the 
economical one. We must assume tha t 
these experiments are intended to have a 
bearing on practical die casting problems. 
Would Erickson throw  away 70 per cent, 
of his commercial castings? If he were 
asked to quote for castings, would he ignore 
the possibility of 50 per cent, scrappers and 
risk a dead loss, or would he do some sums 
and work out a fantastically high price, 
based on high losses? H is answer will 
probably be th a t the experiments are 
academic rather than  commercial; bu t I say 
that, in any case, full facts should be 
reported. Moreover, if more than  50 per 
cent, of the bars have to be discarded, the 
discarded bars should be regarded as the 
type made under those conditions, and it 
would be better to scrap the whole lot than 
to report on the m inority.

"  Failure to E m ploy Vents.
“ The question of venting is no t im port

an t here. I merely thought tha t as Erickson 
mentioned it as a  way of improving castings 
(third parag raph ), i t  would have been help
ful to have tried their effect in the course 
of the experiments.

“ Radiographic Inspection.
“ This portion of the criticism is most 

confusing. Erickson tries to explain a t 
some length th a t radiography will detect 
pores, bu t not dissolved gas. He has 
strongly emphasized the point th a t the bars 
used in his tests were ' absolutely free ’ from 
porosity and th a t hundreds of thousands of 
aluminium-alloy porous-free castings have 
been made in America. Now, in his criti
cism, he adm its th a t ‘ micro-radiography, 
on the o ther hand, revealed the presence of 
ultra-fine evenly distributed m icro-porosity. 
W hat are we to  make of all this? Surely 
micro-radiography is radiography, and 
surely micro-porosity is porosity? E ither

the pores were there or they were not, and 
no am ount of hedging will hide the fact tha t 
they were there, and tha t radiography 
revealed them. I always take the expression 
‘ absolutely free ' to mean, literally, ' abso
lutely  free,' and the bars used did not come 
under this category as regards porosity.

" I  do not think tha t any responsible 
radiographer in this country would fail to 
detect micro-porosity by ordinary radio
graphy.

"  I note th a t radiography was carried out 
to Government specifications. I t  is a pity 
th a t while Erickson describes his melting 
practice, which we should look upon as 
routine practice, he gives no details as to 
radiographic technique, which probably 
differs from British technique. Neither does 
he show any radiographs, although he shows 
a large number of photomicrographs.

“ Reply to Other Remarks.
“ Erickson says: ' Microscopic porosity- 

free aluminium alloy die castings are no 
longer a  goal in U .S.A.— they’re a fact ’! 
and yet he now adm its th a t his own * abso
lutely porosity-free ’ test bars contained 
micro-porosity. Moreover, in his original 
article he says: ‘ M anufacturers have
attem pted by the employment of various 
techniques to manufacture porosity-free 
pressure die castings for over 30 years,’ but 
he doesn’t say th a t they have succeeded, 
and I  still don’t  see how they can. I f  they 
can, w hat is the use of research work such 
as Erickson’s?

" As regards the gases used in earlier 
experiments, ' it is not stated th a t the gases 
were not dried .’ Neither is it  stated that 
they were, and I still say th a t this is an 
im portant point and should not have been 
omitted.

"  As regards my point about the ‘ stew
ing ’ experiments (* under such conditions, 
when neither oxidation nor gas absorption 
can take place ’), I have not even pu t for
ward a hypothesis, let alone tried to conclu
sively verify it. I am simply making a 
statem ent based on years of melting prac
tice.

“  Before coming to the last paragraph, I 
would point out th a t Erickson has om itted 
to say one word about my criticism of his 
tables of physical properties, and I  can only 
assume th a t he agrees th a t his conclusions 
cannot be substantiated.

“ The last paragraph reflects the spirit of 
the whole criticism, which, in effect, says 
th a t those who disagree w ith Erickson have 
either failed to understand the various 
papers referred to, or have misinterpreted
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the original article. O ther passages rather 
suggest th a t I am ' getting a t  ' him person
ally, and I am answered in the ' let me tell 
you ’ style of one of our comedians. One 
of my own articles in  your journal is at 
present being criticized by a responsible 
m etallurgist, and I would no t dream of 
answering in such a  way. The object of 
technical articles, and of any discussion 
which they cause, is earnestly and humbly 
to search for the tru th , and, in doing so, 
m any of us will make statem ents which will 
be proved to be wrong, bu t th a t does no t 
m atter in the least so long as our search for 
tru th  is sincere and impersonal.

“  1 am one of those who have unbounded 
confidence in the future of alum inium alloys 
and who will do anything to encourage their 
use where such use would be worth while; 
but I shall always be ready to  criticize any 
a ttem pt to make these alloys appear better 
than they actually  are.

“  In my opinion, Erickson's investiga
tion should have been preceded by a great 
deal of introductory work, to find out (1) 
how the metal actually  did enter the mould. 
This would require a great deal of laborious 
trial and error. (2) The actual gas content 
of typical bars - (' good ’ and ‘ bad ’ bars 
included) by vacuum fusion. (3) A correla
tion of gas content, micro appearance and 
radiographs. (4) How to obtain a reason-

L I G H T - A L L O Y

TH E following le tter has been received 
regarding a discussion, which appeared 

in "  L ight M etals,”  1945/8/417, on the use 
of alum inium in autom obiles: —

'* Two points in ‘ The L ight Automobile ’
(' L ight M etals,’ September, 1945) need 
either correction or explanation.

On the basis th a t ' every pound of light 
alloys introduced saves a pound in all-up 
weight ’ and th a t ' it is possible to substi
tu te  about 40 per cent, of the ferrous 
m aterial in a normal car by light alloys,’ 
your contributor m aintains th a t 0.30 ton 
of a 0.76-ton car is convertible into light 
alloys and th a t this would lead directly to 
a like saving of 0.30 ton in weight.

" I n  short, he proposes to  exchange 
0.30 ton of ferrous material for 0.30 ton  of 
light alloys and to  save 0.30 ton in the 
process. This certainly is no t easy to  accept.

“  Earlier in the same paragraph, on 
p. 423, your contributor calculates 40 per 
cent, of the ferrous m aterial in a  normal car 
of 0.76 ton  to ta l weight, and arrives a t a

ably uniform product. This work would 
occupy several months, bu t is essential if 
the actual investigation is to  be started  with 
some knowledge of w hat is happening and 
some means of checking the results.

"  Finally, the question of the typ ist’s 
errors, to which, I  am told, I  ought to have 
confined myself. These are a most ex tra
ordinary set of errors. I have never seen 
any like them and do no t expect to do so 
again. In  each case the sense of the 
passage has been completely altered, and it 
is most surprising to find, first, th a t they 
were made, and, second, th a t the au thor did 
no t notice them. Actually, 1 only assumed 
No. 3 to be an error. I read the others as 
w ritten, and, of course, criticized them as 
they appeared. Probably the fact th a t 
Erickson has said nothing about them until 
I  have drawn atten tion  to them is due to 
postal delays.

“ 1 could say a good deal about serious 
errors of this kind in a technical article, but 
you, Mr. Editor, would not publish it, 
although, as you have had your leg pulled 
like the rest of us, you might be strongly 
tem pted to do so. I will therefore refrain 
from tem pting you, bu t will have the 
effrontery to rob you of one of your 
inalienable rights by saying, ‘ This
correspondence is now closed.’ ” —E.
Carrington.

M O T O R C A R

figure of 0.30 ton, which would be approxi
m ately correct if all the 0,76 ton were 
ferrous. In fact, p art o f.it consists of glass, 
rubber, ba ttery , upholstery, and o ther non- 
ferrous m aterials. Analysis shows th a t not 
more than  about 80 per cent, of a normal 
car is ferrous.

I t  would seem, therefore, th a t the 
weight replaceable by light alloys is only 
0.24 ton instead of 0.30 ton, and th a t this 
m ust be replaced by 0.12 ton of light alloys 
if there is to  be a pound-for-pound saving 
in weight. In short, the  weight saved would 
be 0.12 ton and the final weight of th is car 
would be 0.64 ton instead of the 0.46 ton 
anticipated by your contributor.

"  The difference is so great as virtually 
to  destroy the whole of your con tribu tor’s 
subsequent argum ent, b u t I feel th a t the 
reduction of the weight of autom obiles is so 
im portan t th a t the article, as published, may 
create an expectation of bigger benefits from 
light alloys th an  they can, in fact, provide.”  

E . P . W illoughby.
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so lu tio n

n  T j  S M E T H W I C K  * S T A F F S
Incandescent Heat Co. Ltd. Telephone : S M E th w ic k  0 8 7 5  (8  l i n e s ) .

L O N D O N  O F F IC E  : 16 G R O S V E N O R  P L A C E , L O N D O N ,  S .W . I .  Ttltphft* : SLO»n* 7803-9818.

. . . t h e  p r o v is io n  o f  a  m e ta l l i c  
d i s t o r t i o n - f r e e  h e a r t h  f o r  h e a t  t r e a t 
m e n t  f u r n a c e s .  T h e  a d v a n ta g e s  o f  
s u c h  p r o t e c t i o n  a r e  w e l l  k n o w n ,  b u t  
u n t i l  n o w  t h e  g e n e ra )  u s e  o f  h e a r t h  
p la te s  h a s  b e e n  h in d e r e d  b y  t h e i r  h ig h  
d i s t o r t i o n ,  w i t h  a t t e n d a n t  c h a rg in g  
a n d  d i s c h a r g in g  d if f i c u l t ie s ,  a n d  r e 
la t iv e ly  s h o r t  l i fe .

N lC R O T E C T IL E S  e l i m i n a t e '  a ll 
t h e s e  d is a d v a n ta g e s  a n d  p r o v id e  
c o m p l e t e  h e a r t h  p r o t e c t i o n  w i t h 
o u t  d i s t o r t i o n .  A d d i t i o n a l  f e a t u r e s  
a r e  : r a p id  h e a t  r e c o v e r y ,  e a sy  
c h a rg in g  a n d  d i s c h a r g in g ,  e v e n  
h e a t  d i s t r i b u t i o n ,  lo n g  li fe  a n d  
e a s y  a n d  r a p id  i n s t a l l a t i o n .  R e 
q u e s t  l e a f le t  E, 10 f o r  d e t a i l s .
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A l u m i n i u m  i n  t h e  C o a l - g a s  I n d u s t r y

P resen tin g  the F i r s t  P a r t  o f  an  E x h a u s t iv e  S u rvey  o j  

the T h e o ry  a n d  P ra c tic e  o f  the A p p l ic a t io n  o f  L ig h t  

A l l o y s  in  C o a l-g a s  P ro d u c tio n  a n d  C o n su m p tio n

T HE role of light metals in the gas 
industry forms a particularly in terest
ing study for tw o reasons. F irst, 

unlike, say, the pain t and varnish industry, 
where the use of light m etals figures 
largely in the m anufacture of the product 
b u t scarcely a t  all in its distribution and 
application, or in certain other branches of 
the chemical industry  where the reverse 
conditions mainly apply, alum inium is 
equally im portant and exhibits a similar 
degree of versatility in the diversity of its 
applications both in the production and 
in the consum ption of gas. In  this respect, 
too, it  differs markedly from its position 
in the gas industry 's  most serious com
petitor, namely, the electricity supply 
industry, where light m etals are employed 
so extensively in the distribution of power 
and in its conversion into other forms of 
energy, bu t possess only a very limited 
application in the generation of electricity.

The second reason is tha t, with only few 
exceptions, the main a ttraction  of alu
minium is to  be found in such characteristics 
as resistance to  oxidation a t  certain elevated 
tem peratures commonly met with in the 
production and consum ption of coal gas 
and to  tarnishing a t  ordinary tem peratures, 
its good heat conductivity  and low emis- 
sivity, the numerous a ttractive finishes in 
which it  can be obtained, ease of fabrica
tion , and, perhaps m ost im portan t of all, 
its good resistance to  the corrosive fumes 
and liquors indigenous to  the production 
of coal gas and to  the products of gas con
sum ption, in which respect alum inium is 
vastly  superior to  iron, steel and copper- 
base m aterials. In  other words, the value 
of alum inium to  the gas industry  is due in 
the main to  characteristics o ther than  low 
density and adequate strength properties, 
which are, perhaps, th e  best-known a ttr i
butes of the light alloys and the properties 
for which they are so rightly famed in 
many branches of industry, including the 
chemical industry in  m any of its  ramifi
cations.

This is n o t to  say th a t the low density 
and adequate strength properties of the

alum inium alloys are un im portant. In 
point of fact, in the ensuing review, quite 
a num ber of instances will be given where 
these characteristics have been the deciding 
factors in the choice of m aterial. I t  is, 
however, refreshing to find a field of 
industry in which other valuable charac
teristics of the light alloys have not been 
overshadowed by this particular property, 
excellent though it  is, and a timely 
reminder th a t aluminium bases its claim for 
industrial consideration on a combination 
of properties which is unique am ong avail
able materials of construction and which 
enables i t  to fulfil m any roles in diverse 
fields of application w ith greater success 
than  o ther available m aterials.

The particular properties which make the 
aluminium alloys of such value to  the gas 
industry are no t possessed to  anything like 
the same degree by the ultra-light alloys 
and, in consequence, magnesium and its 
alloys scarcely come in to  the picture. 
Throughout the whole of the literature, 
there does no t appear to  be a single 
reference to  either an actual, or even a 
potential, application of the ultra-light 
alloys in gas production or consum ption. 
We can visualize a few; for example, cer
tain parts of the framework of heavy' 
street-lighting fixtures, minor parts of p o rt
able gas fires, wheelbarrows used in the gas
works and gas-fitters’ tools, all applications 
where the utm ost reduction in w eight is to 
be achieved and where requirem ents as to  
corrosion resistance, etc., are less stringent. 
But these are all very m inor applications 
and offer no challenge to  the predom inating 
importance of aluminium in this field.

We may add a  third reason for the par
ticular interest attach ing  to  the use of 
aluminium in the gas industry, and th a t is 
simply th a t aluminium has so much to  offer 
to  the gas industry' and, in consequence, 
the scope for alum inization is corre
spondingly' wide. A lready, m any gasworks 
have made extensive use of the light m etal 
and post-war industry' is planning to make 
good use of it  in domestic and industrial 
gas-consuming appliances.
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COPPER • IRON - NICKEL* COBALT • MOLYBDENUM - TUNGSTEN 
LEAD-TIN -AND ALLOY POWDERS OF ALL DESCRIPTIONS

I ł  n i '  t o  P e a c e

T H E  STORY C A N  N O W  BE T O L D

During the war year«« we at Powderloys did not ° ■
advertise, But the output ol our factories poured 
into the war machine in an ever increasing stream. 
Our output grew a$ the war effort of Britain and her 
Allies continually mounted. And our never-ending 
research into all aspects of Powder Metallurgy put us 
in the forefront of metal powder producers.

To-day we arc equipped and ready to assist all Industry. 
.Our powders arc rigorously quality-controlled for 
purity. We can supply almost any metal or alloy 
powder with specific qualities required for most 
Powder Metallurgy applications.

O n/a a  ///q /i P ur/h f Powc/er 
Æ/e/e ¿y te /a /i O i/aZ /łg P roe/uef.

OUR PRODUCTS INCLUDE

Alloy Powders for Sintered Permanent Magnets
Powders for Sintered Metallic Friction Materials
Metallic Lead Powder for Pigments & Lead 

Accumulators

O ur p ro o /u e f/o n  t e  j y M I jg i  

ó a cfro ef ó t/o u rfu p e ró
t e ó o m ło r /e f f ’ to & te h  a r e  M e f te e ś P  

o f  M ote ft/fie  m  M e B/vfteh E m p ire

J  TORRINGTON AVENUE. COVENTRY. 
•PHONEAGRAMS: COVENTRY 66661
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THESE BULLETINS are in every sense practical. They 
provide specialist information for the managing executive 
and the man on the job. Copies arc free from your 
Regional Office of the Ministry of Fuel and Power.

ISSUED BY THE MINISTRY OF FUEL AND POWER

C o n t r o l  t e m p e r a t u r e  a n d

S o u n d ,  h e a t - s a v i n g  

s u g g e s t i o n s

T h e r e  a r e  t w o  m a i n  w a y s  o f  s a v i n g  h e a t — a n d  f u e l : ( 1 )  d o n ’t  a p p l y  

t o  a  j o b  a n y  m o r e  h e a t  t h a n  i t  n e e d s ,  a n d  ( 2 )  p r e v e n t  h e a t  f r o m  

g e t t i n g  a w a y  u n u s e d .  •  T h e  s o l u t i o n  f o r  ( 1 )  i s  o f t e n  t h e r m o s t a t i c  

c o n t r o l ,  a n d  f o r  ( 2 )  p r o p e r  i n s u l a t i o n  o f  a l l  h o t  s u r f a c e s .

O n  b o t h  s u b j e c t s  f i r s t - c l a s s  a d v i c e  i s  g i v e n  i n  t h e  f o l l o w i n g  

B u l l e t i n s  w r i t t e n  b y  e x p e r t s  f o r  y o u r  h e l p  a n d  g u i d a n c e  :

THERMOSTATIC CONTROL FOR HOT WATER
AND STEAM (Bulletin No. 11)

Describes the various methods of 
autom atic temperature control and 
their application in central heat
ing, hot water supply, process 
heating, engine cooling (and waste 
heat recovery), steam production. 
For the best results in fuel saving, 
correct choice of the control 
method for the particular purpose 
is essential. The Bulletin will guide 
you in making that choice.

THERMAL INSULATION OF BUILDINGS
(Bulletin No. 12)

Here, in condensed form, is a 
complete guide to the insulation 
of rooms and buildings to prevent 
excessive loss o f heat.

HEAT INSULATION (LAGGING)
(Bulletin No. 2)

A concise reference-book on 
lagging materials and the effective 
heat insulation of steam and hot- 
water pipes, boilers, economisers, 
calorificrs, cylinders and steam 
chests and other steam spaces.

INSULATION OF FURNACES
(Bulletin No. 17)

The loss o f heat from an uninsu
lated, or badly insulated, furnace 
may be more than 20%. Proper 
insulation may reduce this loss to 
less than 5%, resulting in a fuel 
saving of 15%,
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A number of interesting exhibits a t  a 
recent exhibition in London provided an 
instructive illustration of some of the ways 
in which this is being achieved. Neverthe
less, in reviewing the realized applications 
of aluminium in the gas industry one gains 
the impression th a t there is a  large area of 
profitable ground still to be tilled and wide 
trac ts  which have, as yet, no t even been 
charted. A ltogether, the gas industry is 
a valuable field for the exploitation of 
alum inium and one in which this light 
metal can perform, and, indeed, is already 
performing, an extremely valuable function.
The Value of A lum inium  to the Gas 

Industry . The Resistance of Light 
Alloys to Chemical A ttack

W hen coal is heated ou t of contact with 
air, it  undergoes certain complex changes 
which result in the production of numerous 
volatile gaseous, liquid and solid products 
together w ith a  non-volatile residue of coke. 
The num ber of different products which 
have been identified in the volatile p ro
ducts of coal runs in to  hundreds, so th a t 
the proof of satisfactory corrosion resist
ance lies more in the results of practical 
tests than  on theoretical considerations.

The m ajor m aterials present are, how
ever, tar, amm onia, ammonium carbonate, 
ammonium sulphide, carbon monoxide,, 
carbon dioxide, sulphuretted hydrogen, 
sulphur dioxide, carbon disulphide, hydro
gen, methane, nitrogen, cyanides, acetylene, 
benzene, ethylene and coal tar, the la tte r 
itself consisting of m any different com
pounds, in particular, hydrocarbons, both 
aliphatic and arom atic, acid materials such 
as phenol, basic m aterials such as pyridine, 
creosote (again a m ixture) and pitch. Of 
these substances, only ammonia and the 
ammonium salts, sulphuretted hydrogen, 
carbon disulphide, sulphur dioxide, phenol, 
pyridine, cyanides, creosote and pitch need 
be considered, th e  other substances being 
substantially  w ithout action on wood, iron, 
steel and the usual copper and aluminium- 
base, structural materials.

The action of ammonia on aluminium is 
an interesting one. W hen dry, gaseous 
am m onia has no action on alum inium, not 
even a t  high tem peratures. In  aqueous 
solution, although an alkali, a ttack  by all 
concentrations of ammonia on pure alu
minium and on copper-free aluminium 
alloys is practically negligible a t  tem pera
tures up to  about 50 degrees C., and is only 
very slight a t tem peratures up to  about 
150 degrees C, due to  the rapid formation 
of a protective oxide film. In consequence,

aluminium is being employed quite success
fully in such applications as the construc
tion of ammonia stills, condensers and 
separating columns in coke-oven by
product p lant, and in  equipm ent for the 
production of synthetic ammonia and for 
heating concentrated amm onia under pres
sure. Traces of chlorides and other 
alkalies, however, dissolve the protective 
film and the metal is then attacked. Such 
impurities arc, fortunately, not present in 
coal distillation volatile products. Thus, 
the corrosion of alum inium by moist 
ammonia, though unwelcome, is not par
ticularly serious and is in great contrast 
to  the action of amm onia and ammonia 
liquors on copper- and iron-base materials 
(excepting stainless stee l), where the a ttack  
is often marked.

Sulphur and sulphurous gases such as 
sulphuretted hydrogen and carbon disul
phide have a serious corrosive effect on 
copper and brass, b u t alum inium can be 
used freely in contact with them, substantial 
deterioration being prevented by the forma
tion of a protective film.

Drv sulphur dioxide is w ithout action on 
aluminium. Moist sulphur dioxide implies 
the presence of sulphurous and sulphuric 
acids which are corrosive to  nearly all 
metals. At normal tem peratures, however, 
the rate of a ttack  on aluminium is prac
tically negligible in the absence of certain 
impurities, mostly of the chloride type and 
which, fortunately, are invariably absent 
from coal distillation products, so th a t the 
presence of moist sulphur dioxide consti
tutes only a  slight hazard in  the presence 
of aluminium, whereas its a ttack  on steel 
and copper is severe.

A t normal tem peratures, the action of 
phenols on aluminium is also negligible, 
whilst aqueous solutions a t 60-80 degrees C. 
have only the slightest action on the metal. 
A t higher tem peratures, water-free phenols 
do attack  aluminium vigorously, bu t this 
action may be stopped by the addition of 
water; it does no t occur a t  ordinary 
tem peratures.

Pyridine is virtually  w ithout action on 
alum inium. Creosote attacks the metal 
with the formation of a uniform black film. 
This action may be prevented by anodizing 
and apparatus so treated is quite suitable 
for the storage and handling of creosote. 
In  the dilute form in which i t  is m et with 
in gas production, it  can be safely handled 
in aluminium p lan t w ithout special pro
tection.

Pitch occasionally gives trouble in con
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ta c t with most metals, bu t no t with 
aluminium. Corrosive a ttack  on other 
metals is due, no doubt, to the retention of 
a  proportion of phenol, to which aluminium 
is resistant.

No less striking is the comparative 
im m unity of aluminium to the action of the 
products of the combustion of coal gas, 
although some of the substances concerned 
have a very pronounced action on other 
metals. The 36th R eport of the Jo in t 
Research Committee of the Institu tion  of 
Gas Engineers and of Leeds U niversity 
published in November, 1935, gives details 
of some interesting experiments on the 
corrosion of metals by gas combustion pro- . 
ducts. Tests were carried ou t on samples 
of coal gas w ith low, medium and high 
sulphur contents, these contents being 8, 25 
and 50 grams respectively per 100 cubic ft. 
of gas, and the metals compared were used 
in the form of tubes fabricated from sheet 
and w ater jacketed to keep them a t  a tem 
perature of 40-60 degrees F . As a result, 
water containing dissolved sulphur and 
nitrogen acids condensed on the inside of 
the tubes and, in certain cases, gave rise to 
corrosion. I t  was found th a t the 10 metals 
examined could be divided into three main 
groups as the result of these tests, namely:

Group I .. Lead 
Tin
Solder

Group II .. Aluminium 
Brass 
Copper 

Group III .. Iron
Galvanized iron ! pOQr

V Very good resistance
j

\  Good resistance
J

Zinc ,
Nickel

resistance

These results have reference only to the 
ex ten t of a ttack  and, on further considera
tion, alum inium shows to  greater advan
tage. In Group I, solder is largely inadm is
sible as a material of construction if only 
because it  m elts below the tem perature of 
burning coal gas; it  is expensive and 
possesses very poor mechanical properties. 
N either is lead a practical m aterial. Tin 
is ruled ou t on the question of cost; tin 
plate is quite unsatisfactory because of its 
porosity, whilst, in addition, tin  and tin 
plate soon acquire, when exposed to  a 
source of heat, an unsightly black film which 
is objectionable in domestic apparatus. 
Thus, Group I is eliminated from considera
tion. Similarly, in Group II, the tarnish film 
formed so readily on copper and brass in 
sulphurous atmospheres is unsightly in the 
extreme and could not be tolerated where 
appearance is of the slightest consequence. 
Aluminium, on the other hand, possesses a

high resistance to  unsightly tarn ishing as it 
does to corrosive a ttack , a resistance which 
is particularly marked where high sulphur 
content gases are encountered. In fact, 
the indications are th a t the higher the 
sulphur content the better does alum inium 
behave in comparison with copper, brass 
and the metals in Group I.

Practical considerations, then, pu t alu
minium a t  the  head of the list as regards 
corrosion resistance.

Other Considerations
An engineering m aterial, however, has 

requirements o ther than chemical resistance 
to  satisfy before i t  can be accepted as the 
chosen material of construction, require
ments such as low cost, availability, ease of 
fabrication and finishing possibilities. On 
all these scores aluminium can give a satis
factory answer for itself. In comparison 
with copper-base metals, alum inium fre
quently  proves to be the cheaper. Although 
the cost per ton of alum inium is more than 
th a t of a ton of copper or brass, one ton of 
alum inium occupies roughly three times the 
volume of the same weight of heavy metal, 
so th a t it  does no t follow th a t articles in 
alum inium are more costly than  those in 
copper-base material. In fact, the reverse 
is often the case, and when components are 
compared on a  strength to strength basis, 
or even on a basis of equal rigidity, it  is 
frequently found th a t those in aluminium 
are the cheaper in the long run.

O ther factors which make for economy in 
the use of aluminium and its alloys are the 
ready availability of the metal in a  great 
variety  of semi-manufactured forms and the 
ease w ith which i t  m ay be formed and 
machined. A part from sheet, rod, wire, 
bar and billet, aluminium alloys are supplied 
in a  wide range of extruded sections, the 
use of which can save p lant constructors a 
great deal of fabrication which m ight o ther
wise be necessary. Such sections as H, I 
and T girders, angles, cover strips, drip 
plates, mouldings, and square, octagonal, 
oval, rectangular, round and split tubes 
have obvious applications in the construc
tion of equipm ent for gas works.

L ight alloys are also available as embossed 
sheet for use as tread plates and draining 
boards and  as expanded metal, the last a t  
once suggesting itself for use in the iron 
oxide gas purifiers as the base of the trays 
supporting the hydrated iron oxide purify
ing material. Ąlutiiiniijm rivets are, of 
course, already /very well fcripyyn in many 
branches of industry.

(To be continued.)
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OF BRITISH INDUSTRY

FOR LIGHT WORK. For the
routine inspection of light metal 
and alloy castings, and for general 
crystallography, use Ensign Mettaray 
Industrial X-Ray Film. This is a 
fast non-screen X-Ray film of very 
fine definition and well-balanced 
contrast designed to produce radio
graphs of maximum detail with 
minimum exposures.
FOR HEAVY WORK. For the
radiographic inspection of heavier 
types of metals use Ensign Metta- 
screen Industrial X-Ray Film with 
intensifying screens. Mettascreen 
is particularly well suited for this 
purpose because its high speed per
mits theexposuretimetobe reduced 
to a minimum, and.sinceitmaintains 
ics well-balanced contrast through
out the whole exposure-range, flaw 
detection is greatly facilitated. 
Mettascreen used without screens is 
recommended for the radiography 
of all subjects having a wide range 
of thickness.

X - R A Y  I T

I I w ill o e  e s s e n t ia l  t o  a u v a i iw ^ i .  w. /  . . .— ..

t e c h n o lo g ic a l  r e s o u r c e  in  o r d e r  t o  r e b u i ld  a n d  f i r m ly  

e s ta b l i s h  B r i t a in ’s  t r a d e .  I t  is r e c o g n i s e d  to - d a y  t h a t  

r a d i o g r a p h ic  in s p e c t io n  is a n  in d i s p e n s a b le  a id  in  m o d e r n  

i n d u s t r y .  E n s ig n , w h o  h a v e  s p e c i a l i s e d  in  t h e  m a n u f a c tu r e  

o f  X -R a y  F ilm  f o r  n e a r ly  3 0  y e a r s ,  s u p p ly  f ilm s  s p e c ia l ly  

s u i t e d  t o  i n d u s t r i a l  r e q u i r e m e n t s ,  a n d  t h e  f in e s t  r e s u l t s  

s h o u ld  b e  o b t a in e d  if E n s ig n  f i lm s  a r e  u s e d  as in d i c a t e d .

AN INVITATION. The services of the 
Ensign Technical Department are available 
for any information or advice regarding 
Ensign Industrial X-Ray Films. Enquiries 
to be addressed to Austin Edwards Ltd.,

Ensign Film Works, Warwick.

□N
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To SM ELTERS &  U SER S  o f A LU M IN IU M
LARGE QUANTITIES of SEGREGATED ^

AVAILABLE for IMMEDIATE DISPOSAL

R.J. C0LEYg>S0N(H“ ,IJP
L O N D O N  

B IG G L E S W A D E

J UBI LEE W O R K S , C H A P E L  R O A D , H O U N S L O W , M ID D L E S E X  M A N C H E S T E R

ANODIC TREATMENT
o f  A l u m i n i u m  a n d  i t s  A llo y s

C H R O M A T IN G
o f  M a g n e s iu m  A llo y s

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

TEDDINGTON
TELEPHONE - MOLESEY 240

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

REF. NO. I 38521 /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  F IN IS H ES

dm 953

C o m m e r c i a l

V  X-RAYS LTD
LONDON « BIRMINGHAM

These A.I.D. Approved Laboratories are now 
used exclusively by all leading Aircraft 

Producers lor the X-Ray Examination oi 
Class I and Class N Castings.

INDUSTRIAL AND  
METALLURGICAL 

X-RAY SERVICE
LONDON LABORATORIES r

Grove Works, Grove Place. ACTON, London, W.3.
Head Office and Midland Laboratories :
53. Wcntworih Road. Harborne. BIRMINGHAM. 17

D I E C A S T I N G S

P R E S S U R E

AND
G R A V I T Y

D I E - C A S T I N G

IN

A L U M I N I U M  

Z I N C  &  B R A S S  

A L L O Y S

M OORE’S (B ournem outh ) Ltd. 
285, HOLDENH URST ROAD, 

BOURNEMOUTH
Phone: B0SC0M&E 2400-1

F L U X E S
S o d i u m  F l u o r i d e C a lc iu m  F l u o r i d e

A m m o n i u m B a r i u m  F lu o r id e
B i f l u o r i d e

M a g n e s iu m L i t h i u m  F l u o r i d e

F l u o r i d e C r y o l i t h i o n i t e

R. CRUICKSHANK, LTD., Camden Street,
BIRM INGHAM , 1. ’Phone : Cen.7213.
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G a s  P r o d u c e r  P l a n t

THE spot welding of 2 x 8 s.w.g. in light 
alloys is an outstanding achievement in 
resistance welding, which has been made 
possible by the development of the new 
Fhilips condenser discharge ‘stored energy’ 
welder — the E.I50I.

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

E l e c t r o d e s  a r e  r e t r a c t a b l e  b y  m e a n s  o f  
* H i - l i f t  ’ m e c h a n i s m s  t o  f a c i l i t a t e  w e l d i n g  o f  d e e p  
s e c t i o n s .

^  B r o n z e  c a s t i n g  f o r  l o w e r  p a r t  o f  u p p e r  a r m  
r e d u c e s  e d d y  c u r r e n t  l o s s e s .

M a x i m u m  t h r o a t  d e p t h  o f  3 2 "  a c c o m m o d a t e s  
w i d e  s e c t i o n s  a n d  s p e c i a l  s h a p e s .

< n i n m
G ib b o n s  B ro s . L t d . , D ib d a l e  W o rk s, D u d le y .  P h o n e :  D u d le y  3141 ( P . A . B . X . ) .  G r a m s G i b b o n s ,  L o w e r  G o r n a V *. 

L o n d o n  O ffic e  :  131-4 P a la c e  C h a m b e r s , W estm in ster, S . W . J .  T e le p h o n e s  :  W h ite h a ll 641 7 ~ $  a n d  S 3 S 9 •

PHILIPS INDUSTRIAL (PHILIPS LAMPS LTD.), 
CENTURY HOUSE, SHAFTESBURY AV„ W.C.2

(57E)

General view of operating platform of Producer Plant.

Installation of five me
chanical self-vapourising 
Gas Producers each gasi- 
fyinghaifatonofCokeand 
manufacturing 75,000 
cub. ft. of 1 30B.T.U. Gas 
per hour. We design, 
manufacture and erect 
Gas Producer Plant to 
individual requirements.
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A c o r n  P r o d u c t s  L t d .
CARLtSLE ROAD ■ LONDON • NW9 

COLIndale 8674-5

Sections supplied to the Aircraft, 
Automobile, Textile, Coachbuilding,
Railway, Shipbuilding, Architectural 
Industries, etc., etc.

W A RW IC K  R IM  & SE C T IO N IN G  C O . LTD.
GOLDS GREEN, WEST BROMWICH, ENGLAND
London Agents:—
Munvood Ltd., 24 Grosvenor Gardens, LONDON, S.W.I 

Let ‘ WARICRIM * Sections take the strain

P R A C T I C A L  S H E E T  Fifth Edition 
& P L A T E  M E T A L  10/6 n e t  

W O R K
By E. Arthur Atkins, M.Sc., M.I Mech.E. Revised by 

W. A. Atkins, M.Inst.Met.
Iron and Steel Industry : . . ."  the knowledge contained in 
the hook is of an essentially practical nature. It should 
therefore appeal to all workers in sheet metal and to 
those who have to supervise such work."
Draughtsman : “ The working up of metal and the develop
ment of surfaces is a much more important branch of 
engineering than the student often imagines, and the 
present book should be extremely helpful on the subject."

Pitman flouge. Parker St., King me ay, H’.C.2.
P I T M A N

• 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 n e

B R I D G E  F O U N D R Y  l t d !  

W E D N E S B U R Y  ■ ST A F F S
'PHONE: WEDNESBURY 0109--------------------

------------’GRAMS: AISPEICO, WEDNESBURY

M-W.49S
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L e t  t h e m  a l l  k a n t )  

t o g e t h e r /

W hy let your docum ents play hide and seek in leaning, 
sagging folders w hen they can be filed quickly and 
found instantly in  Shannograph full-vision flat top 
folders, w hich hang on a metal fram e and never slip 
or hide. A n infinite variety o f indexing is possible on the 
flat top, w ith fixed or m ovable signals on the Visible 
Edge for progress, production control, etc. Fram es 
fit any standard filing cabinet o r deep desk drawer. 
Send Id . stamp for leaflet.

THE S H A N N O N  LIMITED
IMPERIAL HOUSE (Dept. E.6), 15-19 KINGSWAY, LONDON, W.C.2
And at Birmingham, Bristol. Liverpool. Manchester. Newcastle. Glasgow (Agent)

F I R T H B R O W N

T  II A  '
C A R B I D E  T I P P E D

S A W S

Essential to high-speed production.

speeds in excess of 3,000 ft. per 
minute with high rates of feed.

>aws a re  f itte d  w ith  ren ew ab le  in se rted
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ALUMINIUM alloyed with
MANGANESE. TITANIUM. CHROMIUM. 
NIOBIUM. TANTALUM. TUNGSTEN. BORON. 
VANADIUM. ZIRCONIUM. MOLYBDENUM. 
IRON. SILICON. MAGNESIUM. NICKEL. ETC.

L I O N  B R A N D '

E S T A B L IS H E D  /8 6 Q
Telegrams - Blackwell, Liverpool.
Telephone - Garscon 980 (3 lines)

fíS -jm A L U M IN IU M
M A S T E R  A L L O Y S

BLACKWELLS METALLURGICAL WORKS LTD.
THERMETAL HOUSE. GARSTON. LIVERPOOL 19

Works: Bmkt Road. Speke Road and Church Road. Garston

Laboratory Controlled 
RESSURE CASTINGS in . . .  

Aluminium, Zinc Base (Mmk) 
GRAVITY in . . .
All Standard Non-Ferrous Alloys

-----------------   a g e n c ie s---------------
ADVERTISER (LONDON), specialised in packaging, closure, 
display and kindred materials, active and enterprising, many 
years successful sales record with excellent home and export 
outlets, wishes to discuss sales agency arrangements with mill or 
manufacturers. Box No. 7472, c/o 44 LIGHT METALS.”

93/s238l
--------------- MISCELLANEOUS ---------------
ADVERTISER, with wide sales experience In home and export 
markets, keen and reliable, capital available, wishes to consider 
active interest in established London firm of agents or manu
facturers of metal foils, film and paper products with scope for 
post-war development. Please address Box No. 7473, c/o 
“ LIGHT METALS." 93/x23Sl
MONOMARKS. Permanent London Address. Letters redirected. 
5/-p.a. Write Monomark BM/M0N092, W.C.l. 96/4277
SIR WILLIAM CRAWFORD & PARTNERS, LTD., Industrial 
Designers, undertake design and styling of new products or 
machines. Working prototypes made if required. 233, High Holborn, W.C.l. Tel. Hoi. 4331. zzz/48
----------- — SITUATIONS VACANT--------------

None of the vacancies under this heading relates to a man 
between the ages of 18 and 50 inclusive ora woman between 
18 and 40 Inclusive unless he or she is excepted from the 
provisions of the Control of Engagement Order, 1945, or the 
vacancy is for employment excepted from the provisions of 

that Order.
PRODUCTION MANAGER PROCESS ENGINEER, with both practical and technical experience, to take charge of depart
ment : all types metal finishes including shotblasting, metal 
spraying, anodising, plating, etc. State age, experience, salary 
required. NOR WEST CONSTRUCTION CO., LTD., Li the r land, Liverpool, 21. 93/1

“ LIGHT METALS ” is published in London, England, 
on the fourth Thursday of the preceding month.
Head Offices: Bowling Green Lane, London, E.C.l

Inland Telegrams - - - '* Pressimus, Phone, London. ” 
Cables - - - - - -  Pressimus, London
Telephone - - - Terminus 3636 (Private Exchange).

•f yre* Aluminium and g f  sSjty «Pafe Chill Cast PhosphorAluminium Alloys m | |  9  Bronze Rods
SMELTING COMPANY LIMITED

TANDEM WORKS. MERTON ABBEY, S.W.19
Telephone: MITCHAM 2031 (4 lines)

Phosphor Bronze Mg 9  Gun Metal Ingots"Tandem* White Meta! Alloys 9  DUB Bearings (or all purposes

Printed in Engl nd and Published Monthly by the Proprietors,TEMPLE PRESS LTD.,BOWLING GREEN LANE, LONDON, E.C.l.
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HORRISFLEX Flexible Shaft s  -I 
has been specially developed for . 
filing, grinding and polishingcom j 

u. m inium , Elektron, N on-ferrous Alloys and 
is. Overhead suspension, bench and floor ty 
ible, the tw o la tte r  being readily portable. REIK 
and C u tte rs are m anufactured in a large vai 

is, many having been specially devel- 
fd r  w ork on in tricate engine parts.



C arbon  is  s u p p l ie d  f o r  in d u s tr ia l  p u rp o se s  i n  v a r io u s  degrees o f p o r o s ity , b u t  
w h en  req u ired  it  can  be m a d e  to  a  v e r y  h ig h  s ta n d a rd  o f  im p e r v ia b il i ty ,  w h ich  
ca n  e a s ily  be d em o n stra ted .
C arbon  i s  m ost ‘■versatile ' i n  i ts  a p p lic a tio n s  : i t  has v a lu e  i n  a b so rb in g  gases or 
— in  cer ta in  fo r m s — o f  h a v in g  neg lig ib le  a b so r p tio n : i t  can  be so ft or h a rd , it 
w ith s ta n d s  th erm a l sh o ck  a n d  h ig h  te m p e ra tu re s— at w h ich  it  re ta in s  a  h igh  
p ro p o r tio n  o f  i ts  streng th— y e t it has a  low  coefficient o f  e x p a n s io n .

I t  is  se lf- lu b r ic a tin g  in  m a n y  a p p lic a tio n s , b u t is  q u ite  a m en a b le  to b e in g  1 o i le d ' 
b y  w a ter , a c id s a n d  s tro n g  ch em ica ls .
I n  sh o rt, i ts  u ses in  m ech a n ica l en g in e er in g  are m a n ifo ld ,  a n d  those h a v in g  
p ro b le m s are in v ite d  to m eet o ur en g ineers w ho h a ve  lo n g  a n d  v a r ied  exp erien ce .

p ro d u c t
T H E  M O R G A N  C R U C IB L E  C O M P A N Y , L T D .,  L O N D O N , S .W .I I
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