
T he human frame is cast in many 
shapes, as evidenced by this close-up 
of massive lawyer Jaggers (superbly 
ynayed by F r a n c i s  l .  s u l l i v a n )  and 
his sly clerk Wemmick ( I v o r  
b a r n a r d ) .  A scene from “ G R EA T 
EX PEC TA TIO N S * \ This Cine- 
g u i l d  p r o d u c t i o n  ( G . F . l ) .  
D istribution) has fulfilled great 
expectations — due to a perfect 
casting by David l^ean and Ronald 
Neame.

By jx:rmission of C..1 .1)
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Aluminium makes progress economical

m m r n m  n m  u m
A  M E M B E R  O F  T H E  A L U M I N I U M  L I M I T E D  G R O  U  P , M  O  N T R £ A L , C A N A D A

G R O S V E N O R  H O U S E ,  P A R K  L A N E ,  L O N D O N

The largest d istributors o f  a lum inium  and its alloys in the

T H E  D A N D Y  C H A R G E R  O P  18 . . . A n  
unprecedented advan ce in  in d iv id u a l 
lo co m o tio n . Of one m an-pow or. W ith  a  
fa v o u ra b le  w in d, it  w ou ld  do 6-8 m .p.h. on 
the le v e l —  and a lm o st  a n y th in g  d o w n h ill. 
T h e  v elocip ede w as exp en sive and w as 
used o n ly  b y  th e  w e a lth y . T h e  P rin c e  
R e g e n t is  sa id  to h ave  in te re ste d  h im s e lf  
in  the m a ch in e.

b e c o m e . . .

T h is  p ro to ty p e  d f th e  m o st m o dern pow er-aided pedal c y c le  is  designed 
by B . G . B ow den, M .S .A .E ., M .I.A .E . A  su p e r stre a m lin e d  m a ch in e  in  
pressed a lu m in iu m  a llo y  a nd  w e ig h in g  10 p e r ce n t, to 12 per ce n t, less 
th a n  a  sta n d a rd  m odel o f e q u iv a le n t pow er. T h e  d y n a -m o to r in  the 
r e a r  w heel ch arg e s a  b a tt e r y  co n cealed below  th e  h a n d le b a rs, to pro vid e  
a u x il ia r y  pow er on g ra d ie n ts. L a m p s  a re  b u ilt  in to  the m udg uards. 
T h e  c y c le  also h a s  a b u ilt - in  ra d io .

As long as man is  human, he w ill go on perfecting the amenities 
of life. His genius these days is  turned largely towards new and 
happier ways of bringing together hundreds of established ideas 
— and this raises alum inium  to very special prominence. What
ever you make, do or design, alum inium  has the unique properties 
necessary to give substance to your ideas —  as, for example, high 
strength to weight ratio ; good behaviour under corrosive condi
tions; high thermal and electrical conductivity; ease- and 
economy of casting and fabrication.
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For all Infra-Red Lamp Healing consult the G.E.C.

Another very successful application of G.E.C. Infra- 
Red Lamp Heating is here illustrated.

This plant, installed in the works of Messrs 
Carbodies Ltd., Coventry, is stoving the surface primer 
coat on Hillman Minx Coupe bodies. Stoving time, 
20 minutes. Loading, 79 kW.

Advt. o f  The General Electric Co. Ltd., M agne t House, K ingsw ay, London ,-W .C .2.
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Aluminium 

Casting 
Alloys

The ALAR Folder 
describes the properties 

and applications oi 
the more common 

aluminium casting alloys.

Copies are available, 
free of charge, to the 

foundry and engineering 
industries upon application 

to the
Development Officer.

LLOY R e s e a r c h  o f  t h e  f o l l o w in g  f ir m s  :-~-

B.K .L. A llo y s  L td . En fie ld  R o llin g  M ills  (A lum in ium ) L td .
The E y re  Sm elting  Co ., L td . In te rna tiona l A llo y s  L td .
L ig h t A llo y  P roducts Co. (B irm ingham ) L td . T . J. P riestman L td .

The W o lve rham p ton  M eta l C o ., L td .

ALAR LTD., 6 OLD JEWRY, LONDON, E.C.2 

Development Officer : 35 NEW BROAD STREET, LONDON, E.C.2,



FROM BATTLESHIPS TO BUSES

CELLON LIM ITED, KINGSTON-ON-THAM ES, SURREY. TE L E PH O N E : KINGSTON 1234 (S LINES:
cvs— 556
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T he w ar taugh t m any people m any things. It ta u g h t us th a t 

there is a satisfactory  answ er to  every finishing problem , if 

only som eone takes the troub le  to  find it. In  those days, o f  

course, the righ t answ er m ean t the difference between life 

an d  death , the success o r failure o f  a long-term  policy o f  w ar 

production . But w hat o f  today ? Surely the post-w ar prosperity  

o f  the British people is a  good enough stim ulus to  though t 

and effort ? We th ink  so ; an d  the Cellon technical service 

departm en t are right on  the ir toes. If you r finishing problem  

is beginning to  get you dow n, w rite to  us now  an d  pass the 

w orry on. W hatever y o u r p ro d u c t m ay be— a bus o r a bath , a  

doll o r  a d o o r-hand le— so far as the shortage o f  m aterials 

lerm its, we can  help. Every finishing prob lem  is ou r 

c o n c e rn —an d  we m ean tha t.
GELLON
GERRIG
GERRUX
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I L F O R D  X-RAY FILMS
FOR INDUSTRIAL RADIOGRAPHY

NDUSTR IAL RAD IO G RAPH Y to-day has a need for a 
range of sensitised materials varying in their proper
ties according to the work to be done. Every 
requirement of Industrial Radiography is fully covered 

by the three Ilford X-ray films described on this 
.page. The following diagram shows their characteristic 
curves.

1. Ind u str ia l Film  A  with Ilford 

Standard Tungstate Screens

I a. Ind u str ia l Film  A  with Ilford 

H igh  Definition Screens

2. Ind u str ia l Film  A  with llforo 

Lead Screens

3. Ind u str ia l Film  B  with Ilford 

Lead Screens

4. Ind u str ia l Film  C  with Ilford 

Lead Screens

ILFORD Industrial X-ray Film A
An exceptionally fast screen film which can also be used without screens or with metal 
screens— a truly "general purpose” film, suitable for the radiography of all structures 
from the lightest to the heaviest whether with X-rays or Gamma rays.

ILFORD Industrial X-ray Film B
A  fast non-screen film, insensitive to the fluorescence of salt screens, but usable with metal 
screens— an improvement on the general purpose film A  for all exposures which either 
must be made without salt screens for the sake of definition, or which can economically 
and for preference, be made without salt screens.

ILFORD Industrial X-ray Film C
A slow, fine grain, high contrast film for the detection of the finest detail in light structures, 
or in thin sections of heavier materials which can be easily penetrated.

The following Ilford booklets contain full information of all Ilford Indus
trial X -ra y  m aterials and will prove useful to Industrial Radiographers:

"  Ilford P ro d u c ts  fo r  In dustria l A pp lica tio n s  o f X -ray s  and G am m a 
R ays.’*

“  X -ray  D a rk ro o m  P ra c tic e .”

I L F OR D L I MI T E D  * I L F O R D  • L O N D O N
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Rapid and 
concentrated 
heating for 
hardening, 
annealing, 
brazing, 
forging, 
hot pressing, 
etc.

T > IR L E C  h ig h  - f re q u e n c y  in d u c tio n  
e q u ip m e n t is now  b e in g  su p p lie d  fo r 

a u to m a tic , d is to rtio n le s s , sca le  - free  
h e a tin g  o p e ra tio n s .
S pecia lly  d es ig n ed  B IR L E C  w o rk -feed in g  
a n d  p ro c e ss -tim in g  e q u ip m e n t ca n  h e  
p ro v id e d  to  fit in to  m e c h a n ise d  p r o 
d u c tio n  sy s tem s .
P o w e r u n i ts  o f  a l te r n a to r ,  v a lv e  o r 
sp a rk -g a p  ty p e s  a re  su p p lie d , a c co rd in g  
to  th e  re q u ire m e n ts  o f  th e  jo b .

B IR L E C  induction heating, proved in 
the stress of war, is bringing neiv speed 
and precision to peace-time production.

B IR L E C  L IM IT E D . T y b u rn  R oad, E rd ing ton . Birm ingham ,* 21-
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H igh  Precision

VACUUM COATING
by

E V A P O R A T IO N  & SPUTTERING  
> PROCESSES

Vacuum  coating by the evaporation 
and cathodic sputtering techniques 
provides new and  revo lu tio nary p ro 
cesses for coating m etallic and non- 
m etallic bases w ith thin films of precious 
and  other metals, alloys, and non-m etallic 

materials.

Established applicatio ns for these new 
techniques in clu d e  doatings for ceram ics, 
plastics, electro-typing, photo-cell 
elements, anti-refiecting and super- 
reflecting optical surfaces and  m any 
others where norm al plating methods 
are unsuitable. T h e  possibilities for 
light metals are lik e ly  to be far reaching.

T h e  com bination unit illustrated offers 
m axim um  facilities for experim enting 

w ith these new techniques.

" n /ä c : L J  L J  r - i

A dvice on  h ig h  v acu u m  pro b lem s in  sc ien ce  or in d u stry  is a lw ay s  a v a ilab le  
from  th e  C o m p a n y ’s T e c h n ic a l D e p a r tm e n ts . D eta ils  of th e  C o m p an y  s 
o th er h ig h  v a c u u m  e q u ip m en t— R o ta ry  Oil o r  M e rc u ry  D iffusion  Pum ps, 

G au g es . V alves, e tc .— will a lso  b e  se n t on req u e s t.

W. EDW ARDS & CO. (LONDON) LTD.
KANGLEY BRID G E ROAD, LONDON, S.E.26 

Telephone: SYDENHAM  7026 CABLES ■ EDCOHIVAC
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I s  S ° f. o v e r h e a t i n g  

w o r t h  2 0 °/o  

o n  y o u r  f u e l  b i l l s  ?
In offices factories workshops stores shops hotels restaurants blocks of flats etc.

Even slight overheating of buildinis can 
cause a serious waste of fuel. Since space 
heating accounts for nearly 20% of the total 
national consumption of fue. for all 
industrial purposes, it is obvious that very 
substantial economies are possible. These 
economies can only be secured if space 
heating is properly controlled.
Whenever the heat supply cannot be 
reliably controlled by the operating staff it is 
advisable to instal thermostatic control in 
order to prevent wasteful overheating.
The following typical examples show the 
savings possible:—
EXAMPLE A. The outdoor temperature 
is40° F. and the required indoor tempera
ture is 60°. Due to lack of control of the 
heating system the indoor temperature 
rises to 65° F. How much fuel is wasted 
by this excess temperature of 5 degrees ? 
On the chart follow the dotted line “A" 
upwards from 40“ on the bottom scale to 
the curve representing 65°. Continue 
horizontally to the scale on the right-hand 
side.
You will see that OVERheating by 5°—by 
no means unusual—can waste 20 per cent of 
the heating fuel.
EXAMPLE B. A spring day with 
outdoor temperature of 51° F. We still 
require an indoor temperature of 60° F 
If, due to inadequate control of the heating 
system, the indoor temperature is allowed 
to rise by as little as 1° F. this very slight

SAVE FUEL

HEAT LOSS DUE TO OVERHEATING

OUTSIDE AIR TEMPERATURE, DEGREES F.

The c h a rt  above show s the  ex te n t o f  fuel w astage 
due to  the  o verhea ting  of room s and buildings 

(see exam ples)

overheating can waste as much as 10 per 
cent of the heating fuel.
OVERheating by only 4 degrees (a rise to 
64° F.) can waste as much as 30 per cent of 
the fuel.

CUT COSTS
C O N T R O L  Y O U R  S P A C E  H E A T I N G

Issued by the M in istry  o f Fuel and Power
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Î.C.I. M e ta l s  D iv is io n  offer a range o f  light alloys fo r  

all purposes. Details will gladly be discussed with 

architects, engineers, and all users o f these materials. 

IMPERIAL CHEMICAL INDUSTRIES LTD. LONDON S.W.l 

manufacturers o f  non-ferrous metals o f every description
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'r / s  ?

p ia n o  keys and the casing bolts 
of turbines . . . clinical thermo

meters and cathode ray tubes . . . 
radio valves and copper oxide 
rectifiers . . . kiln cars, bottle 
moulds and innumerable equally 
diverse products all call for the 
application of ‘ dag ’ colloidal 
graphite in their manufacture or use. 
It is impossible to describe in 
full the extreme versatility of

' d ag .’ It is almost easier to say 
what ‘ d a g ’ won’t do! If you 
have problem s which involve high- 
tem perature or dry  lubrication, 
forging, moulding or casting, the 
imparting of electro-conductivity 
to non-conducting materials or 
the achievement of absolute opacity 
— then you have a use for ‘ dag .’ 
Full technical information will be 
gladly sent on request.

E. G. A C H E S O N  LTD 9 G A Y F E R E  S T R E E T W E S T M I N S T E R S.W.1

A L S O  M A N U F A C T U R E R S  O F  C O PP ER  W IR E  &  
STR IP  FO R  E LE C T R IC A L  A N D  O T H E R  PU RPO SES

D U R C 1 L IU M  (»«AJ 
A L U M A G N E S E

P O N D E R S  E N D  • E N F I E L D  • M I D D L E S E X
Telephone: How ard  1601 Telegrams: Cuwire, Enfield

£ & £  K A Y E  LTD.

C A N  B E  T H E  A N S W E R  TO  
Y O U R  M A T E R I A L  P R O B L E M

If you require a metal which machines 
freely, finishes well, is inexpensive and in 
addition" combines lightness with strength 
. . . you will find what you need among the 
modern range of Light Alloys.

Light Alloys are in abundant supply and 
each has its own particular qualities. We 
could help you to select the most suitable 
Alloy for your particular purpose.

' k  W rite  for Details o f  our Range o f Alum inium  and  
Strong Light Alloys in Bars, Tubes and  Sections.

TAYLOR 1233
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WITH STEEL SHOD BOOTS
T he Army were searching for a finish that would 
give Flame Throwers a dull Khaki surface which 
would withstand the roughest treatment without 
flaking or chipping. They tested a Schori-sprayed 
Polythene. Among other trials the Schori-sprayed 
Flame Thrower body was placed on the ground and 
kicked about with steel-tipped boots. After examina
tion the Schori-sprayed Polythene was still intact. 
It also stood up to immersion in corrosive fuel and a 
large contract resulted. M anufacturers, therefore, 
who require a  really tough, colourful finish that 
simply will not wear off, a finish that resists acids, 
chemicals and all substances, will find Schori-sprayed 
Polythene the perfect surface. Over50Non-M etallic 
and Metallic Schori finishes 
are available. L icensees 
throughout the Country.

SCHORI METALLISING PROCESS LTD., BRENT CRESCENT, NORTH CIRCULAR RD., LONDON, N.W.10. ELGAR 7393
vjDZ6
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CAST AWAY 
DEAD WEIGHT
Castings usually account for most of the 
dead weight in a design. ELEKTRON 
Magnesium Alloy Castings are 40% to 
75% lighter than those in other metals 
and are finding new applications every 
day in post-war products from buses to 
binoculars, from typewriters to toys. 
Sand, gravity die and pressure die cast
ings can be supplied. Apart from their 
lightness, ELEKTRON castings possess 
exceptional machmability, resistance to 
fatigue and freedom from " pin-holing " 
and other defects. They are easier to 
design, too, because cored holes and 
pockets can be eliminated without 
appreciable addition to weight. ELEK
TRON offers no particular machine shop 
problem s if certain elementary rules 
a re observed.
Next time you are thinking in terms of 
castings, rem em ber that F. A. Hughes & 
Co. Ltd., who have over 20 years' ex
perience in Magnesium Alloys, freely 
offer you advice both on design and 
production aspects of ELEKTRON.

Write to the METALS DEPARTMENT, 
F. A. Hughes & Co. Ltd., Abbey House, N.W .l.

S i L l l £ T B ® S 5 I
M A G N E S I U M  A L L O Y S

C
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Shape the Future with

B R I T I S H  A L U M I N I U M

A lu m in iu m  for com m ercia l vehicle bodyw ork  is no new  
deve lopm en t; a lu m in iu m  bodies w ere  in  p ro d u c tio n  20 years ago 
a n d  m a n y  o f  th e m  h av e  ou tlived  several chassis u n d e rn e a th  them , 

h irs t on ly  the  p an e llin g , then  th e  fram ew ork  an d  u n d erb e are rs , 
a n d  finally  in teg ra l chassis an d  bodyw ork  have been  co n stru c ted  in  
a lu m in iu m  w ith  conspicuous ad v a n ta g e  in  th e  w ay o f  increased  
pay load , longer life an d  decreased  m a in ten an ce .

T h e  a lu m in iu m  tip p e r  is an  exam ple  o f  specialised  bodyw ork  
w here  p rac tica l experience u n d e r  th e  m ost a rd u o u s  conditions, 
in c lu d in g  the  h an d lin g  ol w et ab rasive  m a teria ls  such as san d  an d  
gravel, has p roved  conclusively th a t a lu m in iu m  bodyw ork  is an 
in v estm en t th a t  pays h an d so m e div idends.

Does a lu m in iu m  figure in  y o u r p lans for m ore  efficient h an d lin g  
a n d  tra n sp o rt ? 11 so, w e shall be p leased  to  co -o p e ra te  w ith  you.

B r i t is h  A lu m in iu m  P r o d u c ts  in c lu d e :—  PLATE, SHEET, COILED STRIP,
CIRCLES AND DRAWN SECTIONS; EXTRUSIONS, TUBING, WIRE AND 
RIVETS; SCA CABLE AND BUSBARS; INGOTS, SLABS, BILLETS AND 
WI R E B A R S ;  C A S T I N G  A L L O Y S ;  G R A N U L E S  A N D  P O W D E R .

Issued  by TH E BRITISH ALU M IN IU M  CO. LTD., SALISBURY HOUSE, LONDON, E.C.3
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ED ITO RIA L O PIN IO N

In a Persian Market

P R IC E  tickets an d  fixed charges arc , it w ou ld  ap p ear, in stitu tions pecu lia r 
by trad itio n  to  W estern econom y; O rien ta l com m erce (at low er levels, 
a t all events) is still run  on the haggling system , w ith price cu tting  on 

the b u y er’s p a r t  as an end in itself, irrespective of the n a tu re  of the goods 
being purchased . A ll of us have experienced , and  still encoun ter, a ttem pts 
a t s im ilar p rac tice here, a lthough , it m ust be adm itted , the m ere achievem ent 
o f a low buying p rice is rare ly  the sole incentive. E ast and  W est have, 
how ever, th is in com m on— a barga in  is alw ays attractive.

In the rea lm  of m odern  m etal-finishing technology, barga in  hun ting  can , 
on first princip les, rarely  be considered  a  w orth -w hile  pursu it, fo r in m ost cases 
now adays, finish is intended to  do far m ore  than  m erely p lease the eye.

M etal finishing is a  science, the aim  of w hich m ay certain ly  be, in p a rt, 
to  enhance shelf appeal, b u t m uch  m ore often  than  no t, is to  invest the m etal 
trea ted  w ith  im proved  service qualities. F or this reason , o f the varied  and 
num erous surface trea tm en ts w hich m ay be given to  m etal w are, choice is 
usually  m ade of th a t w hich accords best w ith the w ork w hich the item  to 
be trea ted  m ust fulfil. D eta ils o f the  selected processes are then  arran g ed  to  
give, w here possib le, requisite  decorative  ap p earan ce  or co lour an d  p rice range.

I f 'a  certa in  m in im um  stan d ard  of serv iceability  be requ ired , an d  if a certain  
definite level o f artistic  m erit m ust be a tta in ed , com para tive  cost m ust 
necessarily  be a secondary  consideration . A  b rush  finish w ith  an a ir-d ry ing  
lacq u er is usually  cheaper than  a first-class stoved finish, an d  bo th , in general, 
a re  less costly  an d  of m ore  general app licab ility  than  a v itreous-enam el finish, 
bu t. in the tru ly  technological sense, neither can rep lace  th e  o ther, e ith er as 
regards ap p earan ce  o r in ab ility  to  m eet dem ands in the field; each  has its 
specific m erits and  sphere of usefulness.
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C erta in  readers have q u arre lled  w ith a s ta tem en t by F rank  T ay lo r, on 
page 18 of “ L igh t M e ta ls ” fo r Ja n u a ry , 1947, in w hich the au th o r rem arks 
th a t anodizing  is not, co n tra ry  to m ost peop le’s op in ion , a cheap process. 
W ith equa l tru th  he m ight have gone on to  say th a t neither is silver p la ting , 
o r the p roduction  of h a rd  chrom ium  finishes. C heap  finishes m ay frequen tly  
be the source of a double danger, th a t o f cheapness in ap p earan ce  and 
unsa tisfac to riness in service. T h e  decision as to w hether o r no t a certain  
finish shall be used, canno t, obviously , on quality  w ork, be decided solely 
on a cost basis; this is pa rticu la rly  true  of anodizing. T he anodic finish is o f a 
highly  specialized n a tu re , w hilst the anodized  an d  dyed finish is v irtually  
un ique, and  represen ts the only com m ercial instance of a surface trea tm en t 
giving a co loured  pro tective layer in tegral w ith the base.

T o  pursue o u r exam ina tion  of the offending po rtions of- F ran k  T a y lo r’s 
com m en tary  in m ore detail, he la te r goes on to say th a t, in the case of certain  
sim ple pressings, the cost of anodizing  and  dyeing m ay actua lly  be g rea ter 
than  th a t o f the m ateria l an d  p roduction  charges fo r the w ork itself. T his 
m ay qu ite  conceivably  be true , b u t equally  true  is it to  say, th a t w hereas the 
u n trea ted  pressing w ould p ro b ab ly  not be sa tisfac to ry  for the service requ ired  
of it, the anod ica lly  ox id ized  artic le  is capab le  exactly  of fulfilling the task 
assigned to  it. T he dem ands to  be m ade m ay be those of electrical 
in su lation , w ear resistance, o il-re ta in ing  p roperties, perm anence of reflection 
characteristics, o r even those  of a purely  decorative type. N ow  only by 
anodizing  w ith  o r w ithou t dyeing, can these dem ands be satisfactorily  met 
a t the p resen t tim e, and  if they m ust be m et, then cost becom es, as we have 
sa id  before, a secondary  consideration  because the “  finish ” is ac tua lly  a 
p a r t o f the job.

F o r  certa in  specific purposes it is true, w here the quan titie s requ ired  will 
justify  the step , con tinuous au to m atic  p lan t will obviously  be cap ab le  of 
reducing  the charges en tailed  on o rd inary  batch  opera tions. T h is is true, 
how ever, of any p roduction  cycle. W ithin  lim its som e regu la tion  of cost, 
too, is possible, by q uality  contro l. T h e  p re lim inary  finishing and anodizing  
of an ash tray  do no t call fo r the critical supervision necessary in the case 
of la rge a lum in ium  reflectors fo r  op tical instrum ents. B ecause of th is it m ay 
even be dem onstra ted  th a t, for certain  cheaper repe tition  lines, it m ay  be less 
costly  to  anodize and  dye th a n  to  stove enam el.
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M e t a l l ic  J o i n i n g  o f  L i g h t  A l l o y s

In  the T h ird  Tart o f this Account, Continued f  rom “  Light 
Metals,”  1947/1 of 10S, are Discussed Fluxes f o r  the Solder
ing of A lum inium , Theory and Practice of H a rd  Solders and 
Soldering f o r  Light Alloys, and the Mechanical and Corrosion 

Properties of Soldered joints

I N the preceding sections o f 'th is  article 
soldering has been considered from  the 
aspect of suitable solders and their 

ability to alloy and  provide a strong bond 
with aluminium . The prim ary require
m ent in all soldering processes is to pre
sent to the solder a chemically clean 
metallic surface, and with alum inium  the 
problem is effectively to remove the tena
cious and readily formed oxide layer. 
As has been mentioned, this can be 
achieved by friction soldering methods, 
using either the soldering iron itself or a 
solder which includes an abrasive 
material. F or spidering metals other than 
light alloys the established practice is to 
employ fluxes for cleaning and to p ro 
m ote alloying, and consideration will now 
be given to these methods as applicable 
to aluminium .

With regard to fluxes, there is even less 
positive inform ation available than there 
is for the solders. Organic materials 
such as stearine, oleic acid and petroleum  
jelly are used, but they serve as blankets 
to protect the soldering during the opera
tion rather than as fluxes. The true fluxes 
are som ewhat complex mixtures of 
halides. They are deliquescent and cor
rosive, and must be completely removed 
by suitable washing operations immedi
ately after soldering. The following 
represent typical groups o f such fluxes:—

(a) Potassium chloride 
Lithium ch lo rid e .. 
Sodium fluoride . .  
Beryllium fluoride

(b) Potassium  chloride 
Calcium chloride 
Cryolite . .

1 part by wt.

(c) Zinc chloride base fluxes, includ
ing am m onium  chloride, sodium 
chloride and potassium  fluoride 
as addition agents in various pro
portions.

(d) Zinc chloride, base fluxes, includ
ing sodium fluoride, potassium 
chloride and potassium fluoride 
as adm ixing ingredients.

(e) Zinc chloride base fluxes with 
am m onium  chloride and stannous 
chloride as addition agents.

(f) Basic alum inium  chloride as the 
base, with potassium fluoride as 
additive.

These fluxes can be used in the usual 
way as finely ground powders, o r as 
aqueous solutions or as suspensions in 
industrial methylated spirit.

These fluxes are very close in com posi
tion and nature to those used in the flame 
welding of light alloys, and, as such, can 
be expected to be more efficient at the 
upper end of the tem perature range used 
for soldering. Drawing an analogy with 
fluxing in the soft soldering of copper, its 
alloys, and the heavier metals generally, 
there is no preparation with the fluxing 
activity of the hydrochloric acid base 
solutions such as “ killed spirit ” and 
aqueous zinc chloride, with their 
num erous modifications. Again, there is 
no equivalent to the non-corrosive 
fluxes of resin base, such as colophony 
resin in industrial spirit solution, o r in 
the mixed solvent butyl alcohol and car
bon tetrachloride. Therefore, in solder
ing light alloys, cither a flux is employed 
and a subsequent washing operation 
applied to remove all traces of the flux,
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or friction soldering has to be relied 
upon. In the latter case, a “ blanket 
flux ” can be used. Petroleum  jelly may 
safely be employed for this purpose. 
Fatty materials such as oleic acid and 
stearine should n e t be used if light alloy 
is being joined to copper or its alloys, 
unless the fat is subsequently removed, 
for example, by means of a solvent. 
Actually, a resin base flux is sometimes 
quite satisfactorily used for this purpose.

The soldering operation is assisted by 
making a separate operation of the pre
lim inary “ tinning ” o f the surfaces to be 
joined. This is perform ed by friction 
soldering with or w ithout flux, or by dip 
soldering, applying the flux and then

joint. In the case of a wire to a tag, 
mere twisting of the form er to the latter 
suffices. F or heavy work, clamping 
together wtih some pressure is advisable. 
Lighter sections can be eyeletted or folded 
together. The parts are then soldered by 
friction soldering, running a fillet o f 
solder along the junction, o r by heat and 
pressure alone or with additional solder 
as a fillet. It is preferred that the solder 
should be of the same composition as the 
original material used for the tinning, 
although this is not essential. Actually 
resin-cored solder of the lead/tin  series 
can be safely and successfully used, but 
naturally it will not wet and merge with 
the alum inium  solder with the same

Table 4.— Durability Tests on Friction-soldered Junction without Flux.

Al-Si alloy se c tio n  
to  A l-M n alloy s h e e t

L ight alloy s h e e t  
m a te ria l, lap p ed  jo ins, 

all c o m b in a tio n s  of 
A l, A l-Si, A l-M n, 

and d u ra lu m in

D u ra lu m in  s tr ip  to  
c o p p e r  s tr ip

A!-Mn s tr ip  to  c o p p e r  
w ire

B efore  te s tin g All ju n c tio n s  had th e  a p p e a ra n c e  of n ea tly  e x e c u te d , so u n d  so ld e rin g s .

A fte r  t e s t in g . . T h e  s o ld e r  becam e 
heavily  c o rro d e d  to  
w h ite  c o rro s io n  p r o 
d u c ts .

T h e  so ld e r  and a re a  
a ro u n d  so ld e r , h eav
ily c o rro d e d  to  w h ite  
c o rro s io n  p ro d u c ts .

W h ite  c o rro s io n  heavy 
a t  th e  ju n c tio n  of th e  
s o ld e r  and th e  
c o p p e r  ; so ld e r  be
cam e v e ry  du ll.

H eavy w h ite  c o r r o 
s i o n  d e v e l o p e d  
a ro u n d  th e  ju n c tio n ; 
th e  s o ld e r  becam e 
du ll and slig h tly  
w h ite  w ith  c o rro s io n .

T h e  ju n c tio n  was 
v e ry  w e a k  and p a r
ted  'u n d e r  lig h t t e n 
sion .

C r o s s - b r e a k i n g  
s tr e n g th  a t  th e  ju n c 
tio n  of all specim en s 
neg lig ib le .

J u n c tio n  had b eco m e  
v e ry  w eak  in t e n 
s io n  and in c ro s s 
b reak in g  d ire c tio n .

Ju n c tio n  had a p p e a r 
ance  o f  a d ry  jo in , 
and gave no  ev id en ce  
o f  p r o p e r  alloying .

C o r ro s io n  was so 
heavy th a t  th e  w ire  
fell aw ay f ro m  th e  
lig h t alloy u p o n  
h and ling .

inserting the work in a bath of the alu
minium solder at the required tem pera
ture. It is useful to have the flux mix
ture molten for this purpose because the 
work is fluxed and preheated sim ul
taneously and can be quickly transferred 
to the dip solder pot. In most cases this 
preliminary “ tinn ing" allows the use of 
flux and its subsequent removal.

Following prelim inary tinning of the 
m ating surfaces with alum inium  solder, 
the junction is effected by fixing the parts 
together and soldering. This fixing 
together is not always essential, but is 
very helpful in contributing to a sound

facility as it will when applying it to a 
pure tin or tin-lead alloy base. It is, how
ever, very useful for delicate junctions 
and thin gauges where much heating is 
not possible.

W here the joining" of light alloys to 
copper rich metals, o r to steels, is 
involved, the surfaces of these metals 
should be pre-tinned in the usual way, 
not necessarily with pure tin, but, at least, 
with a tin-lead alloy. The junction can 
then be m ade to the “ tinned ” alum inium  
in the usual way, using alum inium  or tin / 
lead solder.

There is a strong tendency to produce
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merely a “ dry joint ” in soldering with
out flux. This tendency is prom oted by 
the reluctance of the solder to alloy with 
the light alloy, as well as by the presence 
of the oxide film. In practice, every 
effort is made to build a fillet o f solder 
around the join to enhance strength. In 
this connection, a num ber of junctions 
made, using a solder containing 33 per 
cent, o f zinc, 0.6 per cent, lead, rem ainder 
tin, were examined. The alum inium  alloy 
was pre-tinned with this solder alloy by 
friction soldering. Copper was pre-tinned 
with soft solder. The parts were clamped 
together for the actual soldering, and 
w’ere pre-heated before soldering with an 
iron. The junctions were examined 
before and after subjecting to W.T. 
Spec.- K .110 durability test, comprising

with abrasive, coated with stearine and 
heated. They were then tinned with the 
alum inium  solder, which was applied by 
means of a soldering iron! and rubbed 
until a m irror-like surface was procured. 
The parts so prepared were assembled in 
position and clamped. They were then 
heated through the outer surfaces with the 
iron. Specimens prepared in this way and 
submitted to the same cycles of the above 
durability test were evaluated as set out 
in Table 5.

In view of the contrast in quality o f the 
joints m ade with these two solders, as 
well as the fact that the second series still 
left something to be desired, a further 
study was made using the 33 per cent, 
zinc alloy. M eticulous care was taken 
with the first stage of friction soldering

Table 5.— Durability Tests on Friction-soldered Junctions with Flux.

A lu m in iu m  to  c o p p e r  s tr ip A lu m in iu m  to  c o p p e r  w ire A lu m in iu m  to  a lu m in iu m

W h ite  c o rro s io n  d ev e lo p e d  a t  all ju n c tio n s .

T h e  jo in t  w as still q u ite  firm , th e  fille ts  of 
so ld e r  a t  th e  ju n c tio n  s till b e ing  so u n d .

U p o n  pee lin g  th e  c o p p e r  s tr ip  aw ay, b lack en 
ing was fo u n d  to  have o c c u rre d  a t  th e  
in te rfa c e , in d ica tin g  th a t  th e  jo in t  was n o t 
p ro p e r ly  m ade o v e r  th is  a rea , a lth o u g h  
so u n d  a ro u n d  th e  p e rip h e ry .

W h ite  c o rro s io n  a t  th e  ju n c tio n . 

T h e  w ire  still held  firm ly .

T h e  w ire  cou ld  be p ee led  away, 
m ain ly  by v ir tu e  of its  g r e a te r  
s tr e n g th  th an  th a t  of th e  so ld e r.

W h ite  c o rro s io n  a t  th e  ju n c tio n .

T h e  ju n c tio n  w as s til  ( s tro n g  and 
re q u ir e d  c o n s id e rab le  e ffo r t  to  
b rea k .

* All th ese  sam ples w e re  n o tic e a b ly  s u p e r io r  to  th o se  p rev io u s ly  d e ta ile d .

one dry and two wet cycles. The dry 
cycle consisted of six hours at 71 degrees 
C., cooling off in the test cabinet, and two 
cycles each of six hours at 60 degrees C. 
and 100 per cent, humidity, cooling olf in 
the test cham ber for the rem ainder of the 
24-hour day.

The solderings before and after the test 
conditions were assessed as set out in 
Table 4.

In contrast with the foregoing, 
markedly superior results were obtained 
by giving special attention to the friction 
soldering. For example, junctions of 
light alloy to light alloy and to copper 
were examined. The solder in this case 
analysed 43.0 per cent, zinc, 1.3 per cent, 
silver and the rem ainder tin. The copper 
com ponents were preliminarily tinned. 
The alum inium  com ponents w ere cleaned

in order to give maximum opportunity  of 
ensuring a metal-to-metal junction
between the solder and the base metal.

The first raw material used was alu
minium, 0.080 in. thick and approxi
mately 1 in. wide. This material, 
thoroughly degreased by means of tri- 
chlorethylene, was cleaned with abrasive, 
and then “ tin n e d "  with the alum inium  
solder over an area (and edges) to make 
a junction with approxim ately 1-in. over
lap. The tinned areas were held together 
and joined by heating with an iron, and 
by building a fillet around the periphery.

Half of these samples were submitted 
to the one dry and two wet cycles o f the 
durability conditions of W.T. Spec. K .l 10. 
W hite corrosion resulted, heaviest on the 
solder and where abrasive cleaning had 
extended. The junctions were still firm.
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All the test pieces were then broken in a 
tensile machine. It will be noted that, 
due to the lap, the pull was not purely in 
tension, but there was some cross-break
ing com ponent. Detailed results are 
given in Table 6 . They show no 
deterioration due to the durability test, 
and indicate that all junctions were 
sound. Only one specimen cam e adrift 
at the lap, and this showed generally clean 
mating surfaces, with little white corro
sion on the interfaces. It was considered 
that a good soldering job had been per
formed, and also that the good fillet of 
solder around the junction had protected 
the lapped join from  interfacial penetra
tion of moisture during the exposure test.

A second specimen tested comprised 
two strips of m agnesium-containing light 
alloy, I in. thick and 11 ins. wide, sol
dered to a lap join with about 2-in. over
lap. A fter soldering, the test piece was 
twisted without the joint showing any 
evidence of failure. Subjection to the 
durability test caused fairly heavy white 
corrosion products to form  over the 
solder and adjacent to the soldered junc
tion. The junction could then be peeled 
apart, but not by any means easily, by a 
longitudinal pull. Some penetration of 
moisture had occurred during the test, 
about 25 per cent, o f the interfacial areas 
having whitened. The rem ainder o f these 
areas were metallically clean.

Two pieces of sheet of the same 
material, one bent to an angle, were sol
dered together, providing a good fillet of 
the solder. General slight whitening 
occurred in the corrosion test, with heavy- 
whitening over the solder. No strength 
deterioration resulted, and the pieces 
could not be peeled apart by hand.

A piece of the sam e sheet m aterial was 
friction soldered or “ tin n ed "  over one- 
third o f its surface and subjected to the 
durability test. Corrosion occurred gener
ally, but was heaviest on the solder. The 
latter could not, however, be peeled off 
the surface.

Again, a piece o f this m aterial was 
soldered to a piece of 60/40 brass strip, 
bent to an angle. In this case the surface 
of the light alloy was first friction 
soldered and the brass tinned with an 
ordinary tin /lead  solder. 'Ęhe two were 
held together and then soldered, using 
resin-cored solder o f com position tin 
60 per cent., antim ony 1 per cent., lead 
39 per cent. Under the durability-test 
conditions, the tin /lead  solder alloy 
remained quite bright, although any areas 
o f uncovered alum inium  solder became 
fairly heavily corroded to white corrosion 
com pounds. The light - alloy sheet 
became fairly generally corroded to a 
white film or spots, but it was noted that 
quite marked corrosion products, mainly 
white o r grey in colour, were produced 
on the brass. The two pieces of metal 
were pulled apart, but only by holding 
in a vice, and with great difficulty. The 
mating surfaces were quite clean. The 
use of the ordinary soft solder for the 
fillet was considered very beneficial, and 
it no doubt contributed appreciably to 
the m aintenance of the strength of the 
junction by its moisture-sealing proper
ties.

The com position of the alum inium  
alloy used in these tests was: Magnesium, 
2 per cent.; manganese, 1.5 per cent.; 
silicon, 0.3 per cent.; iron, 0.2 per cent.; 
alum inium , remainder.

Table 6.— Tensile Strength Test Values on Soldered Aluminium Strip Specimens.

S am ple
N o. C o n d itio n

T ensile  
b reak in g  load , 

ac tu a l, lb.

S tre n g th , 
lb ./sq . in. of 
c ro ss-sec tio n

S tre n g th , 
lb ./sq . in . of 

lap a re a
N a tu re  o f b rea k

1 As so ld e re d 1,030 13,000 1,037 In th e  a lu m in iu m  s tr ip
2 As so ld e re d 1.008 14.000 995 In th e  a lu m in iu m  s tr ip
3 As so ld e re d 1,020 13.400 1,025 In th e  a lu m in iu m  s tr ip
4 A f te r  d u rab ility  t e s t 1 .123 13.400 996 In th e  a lu m in iu m  s tr ip
5 A f te r  d u ra b il ity  te s t 1 ,133 13,860 906 S o ld e re d  lap cam e a p a rt*
6 A f te r  d u rab ility  t e s t 1,182 14,080 1,057 In th e  a lu m in iu m  s tr ip

* N o te .— T h is  sam p le  had th e  lo n g es t lap (1 ^ ins.) and  th e re fo re  th e  g re a te s t  c rp ss -b re a k in g  c o m p o n e n t.
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In the sam e investigation, the use of 
the alum inium  solder was considered on 
aluminium -silicon alloy castings. In  one 
case a hollow casting o f wall thickness 
about rs in. was cut in two and the 
mating surfaces trued. They were 
“ tinned ” with the alum inium  solder, 
then clamped together and soldered with 
this same alum inium  solder. The junc
tion was quite strong, but after the 
durability test the two pieces cam e.apart 
under applied shock. Regarding co rro 
sion, the aluminium -silicon alloy became 
generally- white, with fairly heavy 
corrosion along the line of the join.

The com position of the aluminium - 
silicon alloy was as follows: Silicon. 
10.8 per cent.; iron. 1 per cent.: copper, 
trace; manganese, traces; aluminium , 
remainder.

The general conclusions to be drawn 
'from  these experiments are as follow:—

(1.) Sound, alum inium -soldered junc
tions can be m ade in the light alloys.

(2) To achieve the best possible results, 
pre-tinning by friction soldering is neces
sary and must be efficiently perform ed.

(3) A good fillet of solder around the 
periphery of the junction is desirable.

(4) O rdinary tin /lead  soft solder as the 
fillet-producing m aterial is beneficial.

(5) The tin /zinc type of solder cor
rodes under m oist conditions to a greater 
extent than the light alloy.

(6) If coppers or brasses are soldered 
to light alloys, these, too, m ay corrode 
under dam p conditions by virtue of the 
bimetallic o r multi-metallic junction.

The adverse bimetallic effects can be 
mitigated, and often fully negatived, by 
varnishing or finishing with other organic 
media, such as paint, enamel or 
lacquer. The organic medium must be 
appropriately chosen to exhibit good 
adhesiveness and a high impermeability 
to moisture.

W hen the junction is in tension (solder 
in shear), it has been shown that good 
strength, equal to that o f the base 
m aterial, can be anticipated. P roof 
against vibration and shock has not been

established, and the same good results 
cannot be expected if the joint is exposed 
to cross-breaking stresses o r to anything 
that can prom ote “ unpeeling.”

W here thin gauges are concerned, two 
opposing factors have to be given atten
tion. The actual strength of the thin 
m aterial is lower, inversely proportional 
to thickness, and the strength of the 
soldering is approxim ately the sam e as 
that when used to join thicker material. 
From this angle, properly executed 
solderings should be quite satisfactory, 
especially if they are designed to take the 
strain in the plane of the junction rather 
than a t right angles to it, and to be more 
reliable than joints in thicker gauges. 
Against this is the greater difficult) 
associated with cleaning thin m aterial by 
abrasive means, and in friction soldering, 
due to the intrinsically low strength of 
the material. Very thin alum inium  foils, 
such as those employed in fixed paper 
condensers (thickness usually about 
0.0002 in. and generally less than 
0.0010 in.) are thus not sufficiently strong 
for these processes to be applied. They 
can, however, be soldered when sup
ported. The thicker foils, such as used 
in electrolytic condensers, acoustic 
diaphragm s and other applications, can 
be dealt with satisfactorily because they 
have sufficient strength to withstand the 
mechanical operations.

Until research indicates sound reasons 
for complex alloy com positions, a 
straight tin /zinc binary alloy with a small 
pasty range is recommended for friction 
soldering. It is considered that the alloy 
of 70 per cent, tin, 30 per cent, zinc, 
having a pasty range from  197 degrees C. 
to about 250 degrees C.. is a satisfactory 
choice for thin-gauge materials. It 
should be operated a t a tem perature of 
270 degrees C. to 300 degrees C. For 
the actual soldering of the “ pre-tinned ” 
parts, a eutectic com position is advo
cated, preferably erring on the tin-rich 
side of this com position. The alloy of 
91 per cent, to 92 per cent, tin, 8 per cent, 
to 9 per cent, zinc is suggested where it 
is desired or advisable to use the same
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composition as for “ tinning.” O ther
wise, the eutectic tin-lead alloy is sug
gested, and there is slight preference for 
it. . Again, any deviation from  the 
eutectic should be on the tin-rich side, 
e.g., 63 to 65 per cent, tin, 35 to 37 per 
cent. lead. This com position can advan
tageously be used in the form  of resin- 
cored solder wire.

The surfaces to be joined by soldering 
require, after pre-tinning, holding 
together rigidly for the soldering proper. 
Light-gauge parts can be held by eye
leting or riveting (using, of course, light- 
alloy eyelets o r rivets), o r in simple 
clamps. Again, there is no reason why 
they should not be dealt with in the usual 
type of soldering fixtures, in which the 
controlled heating is applied between 
electrically heated carbon electrodes. 
There is the possibility o f developing 
several procedures with tools of this type. 
F or example, a thin strip o r washer of 
the tin-lead eutectic solder can be 
included between the ore-tinned surfaces 
of parts to be joined, these surfaces 
having been thinly coated with resin flux 
in suitable spirit solution. Again, a 
“ tinning paste " may be used, this con
sisting of the triturated solder powder in 
emulsion with resin in a suitable carrier 
(e.g., butyl alcohol). ■■ Such a paste is 
applied by brush to the pre-tinned 
surfaces.

Any of these procedures are applicable 
to parts previously prepared by a thin or 
thick copper plating, by a com bination of 
copper and tin plating, or by a dual 
copper/silver plating. The sodium 
zincate pretreatm ent procedure fo r the 
plating is satisfactory for this soldering, 
and all details were given in previous 
issues of this journal. It is quite p rac
ticable to electro-plate com ponents, small 
tags, o r even strip in thin gauges, but 
economics have to be considered, 
although with quantity production there 
is often available the means to render 
such platings both practicable and 
economic.

Using the resistance electrode pro
cedure for the soldering heat, it is

necessary to hold the parts under the 
electrodes until they have cooled below 
the eutectic tem perature of the solder- 
employed before the pressure is released. 
W ater-cooled electrodes assist here.

This suggests another apparatus using, 
for example, a pneum atic press of appro
priate size, electrical resistance heating, 
water cooling, and all operations worked 
out to a balanced cycle with autom atic 
control. In this method, the surfaces to 
be joined are pre-tinned. In the case of 
the flight alloys, electro tin plating is suit- 

, able. This involves, for example, a pre
lim inary copper plating followed by tin 
plating from  sodium stannate solution. A 
thin layer o f nickel is usually advantage
ous between the copper and the tin 
because it retards the rate of diffusion of 
tin into copper during the joining process, 
and ensures maximum soundness of join. 
In the soldering process itself, the two- 
surfaces have to be accurately located in 
the press so that when the two electrodes 
are brought together the surfaces are 
truly in contact. Floating or spring load
ing of the electrodes assists in providing 
this accuracy. The electrodes are so 
designed as to concentrate the heat where 
required for the joining to the two su r
faces; and they may be of hard, high- 
resistance carbon, o r chrom ium -plated 
mild steel, o r a com bination of these 
according to the nature of the joint to be 
made. They are held by the tubular 
water-cooled copper electrodes proper, 
which are fixed, one to the base of the 
press, and one to the ram . Control, by 
means of a single press button, gently 
brings the parts together between the 
electrodes, applies a predeterm ined pres
sure, a brief heating cycle o f predeter
mined wattage, this followed immediately 
by a cycle o f pressure alone during which 
cooling occurs, and finally brings the elec
trodes apart.

The thickness of tin coating required 
for this type of joining is from  0.0003 in. 
to 0.0020 in., according to the nature of 
the parts and the accuracy of flatness o f 
the surfaces. A very thin film o f resin 
flux is helpful in the m ore difficult cases. 
There is no reason why this procedure
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Sam ple N o . 1 2 3

A lloy  c o m p o s itio n  % —  
A lum in ium 95.0 100.0
C o p p e r 5.0 — 32.0
S ilver — — 51.5
Z in c — — 16.5

100.0 100.0 100.0

Flux c o n te n t  %  
C o m p o s itio n  o f  flux

17.5 15.5 15.0
C h lo r id e s  and C h lo r id e s  and B orax  and b o r ic  acid

f lu o rid e s  o f so d iu m  
and po tass iu m

flu o rid e s  of so d ium  
and  p o tass iu m

should not be applied for soft soldering of 
light alloy parts having pre-tinned 
surfaces.

Instances have been reported of the 
soft soldering of very thin alum inium  
foils. In these cases, the foil in its 
assembly has been secured to Bakelite 
paper-lam inated sheet with synthetic 
adhesive, and has form ed part o f an elec
tric circuit. Copper leads have been 
soldered to such alum inium  foil which in 
this condition will withstand friction 
soldering. D irect soldering with resin- 
cored solder and a paste-resin flux has 
been reported to be successful, but no 
im portant industrial applications have as 
yet been noted.

In the case o f fine wires, these can be 
cleaned with abrasive paper, twisted 
together and friction soldered with alu
m inium solder, the 70/30 tin-zinc alloy 
having been successfully used for this 
purpose. F or alum inium  to copper joints, 
the copper wire must be pre-tinned. H ow 
ever, it is to be noted that the solder will 
not flow between the turns of the twists, 
but can only be superficially applied by 
friction methods. G ood electrical 
junctions can be made in this way, despite 
the fact that only a sheath of the solder 
alloy with soldering proper only on the 
peaks of the wire, is provided.*

H ard  soldering is applicable to all but 
the thinnest o f foils. It is virtually the 
sam e as flame welding, but has the advan
tage that the hard solder can be obtained 
with a core of flux. Flux has to be 
removed after this form  of joining, as

* S ee  “  L ig h t M e ta ls ,"  1946, 12, 671. I ta lia n  e x 
p e rien ce  sh o w ed  th a t  w ith  h e a v ie r  g au g es, in d iv id u a l 
t in n in g  of e a ch  s tr a n d  w as e ssen tia l. j

with all other methods, otherwise corro
sion to destruction occurs. H ard  solder
ing is effected, using a torch in the same 
way as in the brazing of steels, copper and 
its alloys. The torch chosen should give 
the sm allest and coolest flame appropriate 
to the particular job undertaken.

Table 7 gives test results on a num ber 
o f hard solders. Usually it is advisable 
to choose an alloy of sim ilar com position 
to that o f the m aterials being joined, but 
this is not always possible; for example, 
when joining dissimilar metals. I t will be 
seen that one of the materials m entioned 
(No. 3 in Table 7) is an ordinary copper/ 
zinc/silver solder alloy; there seems to 
be no purpose in using this unless one 
of the base metals concerned is other than 
light alloy, e.g., copper, brass, etc.

In general the use of hard  solders is not 
advocated because of the difficulties in 
removing the flux, particularly with thin 
gauge material. W hen this problem  can 
be satisfactorily solved, successful joining 
can be assured. F o r example, joints 
m ade with the hard  solders No. 1 and 2 
(Table 7) in thin-gauge alum inium  were 
examined by dissolving in 5 per cent, 
caustic soda solution. No selective attack 
by this reagent occurred, the samples g ra
dually dissolving from  the outside 
inwards, and no voids or discontinuities 
in the junctions were revealed.

Consideration o f the Bim etallic Junction
One objection to the soldering o f a lu 

m inium  alloys is the unavoidable fo rm a
tion of a bim etallic junction. M uch has 
been made of this shortcom ing, and, 
adm ittedly, it is very right tha t serious

F.
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consideration should be given to this fea
ture. A t the same time, it is very wrong 
to allow this consideration alone to pre
vent the use of soft soldering as a method 
of joining. Truly under humid condi
tions local action can occur due to the 
electrolytic cell that is form ed, and, m ore
over, under some adverse circumstances, 
the resultant corrosion may be very 
damaging. On the other hand, there are

circumstances when no such action 
occurs, others when its occurrence is of 
little consequence, and many others in 
which the bimetallic junction can be safe
guarded by means o f a protective finish.

Bimetallic junctions are, o f course, p ro
duced in the soft soldering of the other 
metals, steels, copper and its alloys, etc. 
Rarely is consideration given to this fact 
in practice, and the limelight that is

Table 8.— Electrode Potentials against Normal Calomel Cell for Various Metals in Artificial
Sea Water at 25° C.

A. Base M etals— Iro n s  and  S teels

M etal
P u re  iro n  
Mild s te e l
M edium  c a rb o n  s te e l  
S ilv e r s te e l ,  ca rb o n  1 .1%

A v erag e

P o te n tia l V. 
0.46 
0.59 
0.42 
0.50

0.49

B Base M etals— C o p p e rs ,  B rasses and B ronzes

M etal
C o p p e r
B r a s s ............................................................................
P h o s p h o r  b ro n ze  
H igh te n s ile  brass 
A lu m in iu m  b ro n ze

A v erag e

P o te n tia l V. 
0.25 
0.26 
0.22 
0.26 
0.26

0.25

C . Base M etals— N ick e l and  N ick e l A lloys

M etal
N ickel 
M onel m etal
C u p ro -n ic k e l (70/30) . .  . . . .  
N ick e l s ilv e r

A v erag e

P o te n tia l  V . 
0 .24  
0 .24  
0.22 
0.24

0.24

D. Base M etals— A lu m in iu m  and  A lu m in iu m  A lloys 
(C o p p e r-f re e )

M etal
A lu m in iu m
A lu m in iu m /silico n  alloy 
A lu m in iu m -m ag n esiu m  a l lo y . .

A v erag e

P o te n tia l  V. 
0.80 
0.80 
0.82

0.81

E. Base M etals— A lu m in iu m  A lloys c o n ta in in g  C o p p e r

M etal
D .ira lu m in

P o te n tia l V. 
0.62

F. J o in tin g  M etal— O rd in a ry  S oft S o ld e rs  and  T h e ir  
In g re d ie n ts

M etal
S oft s o ld e r  (50/50  tin -lead  alloy) 
T in  . .  . .  . .  . .  
Lead

P o te n tia l  V. 
0 .50  
0.40 
0.60

G . J o in t in g  M eta l— S ilv e r S o ld e rs  (B razing  A lloys)

M etal
S ilver
C o p p e r
Z in c
Tin ............................................... ; ; ; ;

P o te n tia l V. 
0 .02 
0.25 
1.05 
0.40

H. Jo in tin g  M etal— B razing  Brass

M etal
B razing  brass
C o p p e r
Z inc

P o te n tia l V. 
0.26 
0.25 
1.05

I. Jo in tin g  M etal— C o p p e r

M etal
C o p p e r

P o te n tia l V. 
0.25

J. J o in t in g  M etal— A lu m in iu m  S o ft S o ld ers

M étal
T in -z in c  (80 20) alloy . .
Z in c -cad m iu m  alloy 
T in -z in c-cad m iu m  alloy

T in  .............................................................
Z inc
C ad m iu m  . .

P o te n tia l V. 
1.00
1.04 
1.00 
0.40
1.05 
0.76

K. Jo in tin g  M etal— A lu m in iu m  H ard  S o ld e rs

M etal
A lu m in iu m  h a rd  so ld e rs
A lu m in iu m
Silicon
C o p p e r
Z in c  . .  . .  . .  . .  . .  * *

P o te n tia l  V. 
0 .60  to  0.82 

0.80

0.25
1.05

N o te s .— (1) T h e  va lu es  g iven  a re  m ea su red  values. 
(2) T h e  ab o v e  values a re  all n e g a tiv e . (3) O f  tw o  m eta ls
in c o n ta c t ,  th e  o n e  having  th e  m o re  n e g a tiv e  value__
i.e ., th e  h ig h e r  n u m erica l p o te n tia l— w ill ten d  to  c o rro d e .  
(4) It sh o u ld  be p o in te d  o u t  th a t ,  in p ra c tic e , se rv ice  
b e h a v io u r  m ay sh o w  m ark e d  d isc re p an c ie s  f ro m  th a t  
w h ich  m ig h t  be assu m ed  fro m  la b o ra to ry  d a ta  o f  th i
ty p e . In p a rt ic u la r ,  p rec ise  c o n d it io n s  o f e x p o s u re __
i.e ., to  a ir , w a te r ,  sp ray  o r  soil a tta c k — and  in itia l surface 
c o n d itio n  (p a in te d , d e g re a se d  o r  o th e rw is e )  m ark ed ly  
in flu en ce  re su lts .
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thrown upon the same type of joint in 
the alum inium  alloys is certainly missing. 
Some thought will therefore be given to 
this phase of the subject.

In practice, any corrosive action that 
may develop will be dependent upon the 
nature of the metals form ing the junc
tion; the physical compactness, porosity 
and surface roughness; the conditions of 
tem perature, hum idity and atm osphere 
w ith respect to corrosive agents such as 
sulphurous com pounds, salt, acidic 
bodies, dirt, dust, etc.; and the tendency 
fo r either or both metals to form  passive 
coatings or to lose passivity under these 
conditions. A  good guide, although not 
always a certain one, to the extent of 
trouble likely to arise from  bimetallic 
disparity, can be obtained from  a study 
o f the electrode potential of the metals in 
sea water. The greater the difference in 
the values for metals in contact, the 
greater the reaction tha t is likely to occur 
between them  under dam p or otherwise 
adverse conditions. The metal with the 
m ore negative potential will be m ore sus
ceptible to corrosion.

E lectrode potentials for the solders and 
the materials for which they are employed 
are  given in Table 8. U nder conditions 
o f herm etic sealing or with air condition
ing, when conditions of dampness an d /o r  
corrosive chemicals can be eliminated, no 
trouble from  bimatallic junctions is to be 
expected. W hen condensation is likely, 
and salt, as in m arine atm ospheres, pos
sible, the potential difference between 
metals in contact m ust be as small as 
possible, and certainly not m ore than 
0.25 volt. F or conditions interm ediate 
between these circumstances, 0.50 volt 
difference may be tolerated. W hen volt
age differences greater than these maxima 
are unavoidable, the junctions should be 
protected by varnishing or other means.

Com paring the potentials o f copper 
and zinc with tha t for brass, it will be 
seen that copper is the predominatirig 
factor, and that zinc does not raise the 
value for brass. The same obtains with 
nickel silver, but, on the o ther hand, 

copper lowers the value for alum inium  in

the alloy duralum in. In the case of soft 
tin /lead  solder, it will be seen that the 
potential is the mean of those for tin 
and lead. These points stress the im port
ance o f determining the values for the 
metals concerned rather than estimating 
them from  the values for the con
stituent elements. They also indicate 
that any values should be considered 
with caution for conditions other than 
those due to salt o r hum id atmospheres.

F rom  a study of the figures in Table 8, 
it will be seen that the soft solders h a r
monize well with the steels, giving 
practically no potential difference. With 
copper, brasses, bronzes, nickels and 
nickel alloys, the potential difference is 
about the 0.25-volt limit, which is quite 
satisfactory.

W ith the copper-free alum inium  alloys, 
the alum inium  solders show a difference 
of about 0.20 volts, which is very satis
factory. With the copper containing 
alloys, they show a disparity o f about 
0.40 volts, which is rather high, but still 
not considered bad except under the 
w orst conditions. The tin /lead  soft 
solders are very close to the aluminium 
copper alloys, and about 0.30 volts from  
the copper-free alloys. It is interesting 
to see how the zinc constituent is the pre
dom inating factor in the aluminium 
solders with regard to this potential.

Regarding hard solders, the silver and 
brazing m aterials are likely to be within 
0.25 volts of steel, and sim ilar to the 
value fo r copper, brasses, etc. The 
silver solders are too far removed from  
the alum inium  alloys (copper free) to be 
safe, but are closer to the copper contain
ing alum inium  alloys. The true hard 
alum inium  solders give little o r no 
difference from  the values for the 
alum inium  alloys.

Summarizing briefly, if the recognized 
solders are employed for joining a lu 
minium alloys, potential differences 
created are no greater than those estab
lished with the heavier metals, where 
soldering has been employed as a recog- ' 
nized joining process for years. The 
bogy of potential difference, although



1 2 0 L IC H T  M E T A L S M a rch , 1 94 7

Table 9.— Electromotive Series of the Metals.

M etal P o te n tia l V.
P o tass iu m 4-2.6
S od ium 4-2 .4
B arium 4-2 .6
S tro n tiu m 4-2 .5
C alcium 4-2 .4
M agnesium 4-1 .3
A lu m in iu m 4-1 .0
M anganese 4-0 .82
Z in c 4  0.51
Iron 4-0 .2
C ad m iu m 4 0.2
C o b a lt 4-0 .05
N i c k e l ............................................................................ - 0 .0 2
Lead - 0 .1 2
Tin - 0 .1 4
H y d ro g e n - 0 .2 4
A rsen ic - 0 .5 3
C o p p e r - 0 .5 8
B ism uth - 0 .6 3
A n tim o n y - 0 .7 1
M ercu ry - 0 .9 9
Pallad ium - 1 .0 3
S ilv e r - 1 .0 4
P la tin u m - 1 .1 0
G old - 1 . 7

N o te s .— (1) T h e  f ig u res  q u o te d  a re  s in g le -e le c tro d e  
p o te n tia ls  o f th e  m eta ls  in so lu tio n s  of th e  g ram -eq u iv a le n t 
of th e i r  io n s. T h ey  r e p r e s e n t  th e  ch a rg e  o f th e  solution—  
I.e ., a p o s itiv e  v a lu e  in d ic a te s  a te n d e n c y  fo r  th e  m eta l to  
g o  in to  s o lu tio n  to  p ro d u c e  th is  value ; a n e g a tiv e  v a lu e  
sh o w s  a te n d e n c y  fo r  io n s  to  leave  th e  s o lu t io n  and  to  
d e p o s it  o n  th e  m e ta l. (2) O f  tw o  m eta ls  In c o n ta c t ,  th e  
o n e  having  th e  m o re  p o s itiv e  p o te n tia l  In th e  lis t  w ill 
te n d  to  c o r ro d e ,  and  th e  p o te n tia l  b e tw e e n  th e m  w hich  
a c c e n tu a te s  th is  c o rro s io n  is th e  d iffe re n c e  b e tw e e n  th e  
values g iven .

dem anding proper attention, must not be 
advanced as an argum ent against solder
ing alum inium . Such an unfounded 
criticism only serves to fog the issue.

The electrom otive series of the metals 
has been included in Table 9, because 
some of the elements mentioned in the 
alum inium  solder compositions have not 
been included in Table 8. Their omission 
is due to absence of data. The single 
electrode potentials suggest that m an
ganese is a safe addition, but that 
bism uth, arsenic and antim ony should be 
regarded with suspicion.

It should be indicated, however, that 
every caution is required in the practical 
interpretation of the data given in 
T able 9. In the field, bimetallic couples 
are rarely free to m anifest their proper
ties unhindered, and frequently one is 
dealing, not with true metallic couples, 
but rather with, say, a metal in conjunc
tion with a metal oxide; alum inium  and 
chrom ium  are cases in point here.

(To be continued.)

M a g n e s i u m  M o u l d i n g  S a n d s

A  B rie f Survey of Magnesium Casting Technique by 
F . A .  A llen, A .I.A l.  A  New Method of Preparing 
Synthetic Aloulding Sands is Suggested and Offered 

f o r  Further Research

T H E molten-metal technology of 
magnesium-base alloys is based 
upon the necessity o f com bating the 

som ewhat vigorous oxidation to which 
magnesium alloys are subject at elevated 
tem peratures. Protection from  the 
a ir must be afforded during melting, 
and also from  the air together with the 
m oisture of the m ould, in the process of 
sand casting. If molten magnesium alloy 
is not so protected, melting losses will be 
high and, indeed, undesirable com posi
tional changes will occur, since it appears 
that the magnesium  oxidizes preferentially 
to the remaining alloying constituents.

In extrem e cases, of course, actual 
burning takes place. The presence of 
m oisture in the moulding sand introduces 
a fu rther com plicating factor, for m ag
nesium a t high tem peratures reacts with 
water, giving hydrogen and magnesium 
oxide. Unless this reaction is restrained, 
unsoundness in the casting results, even 
if violent evolution of hydrogen does not 
cause m ore or less dangerous explosions. 
W hen inhibition of the reaction is incom 
plete—allowing the action to proceed in 
some m easure—local increases o f tem 
perature a t the mould face are sufficient 
to cause the form ation of w hat appear to
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be com bination products o f metal and 
silica.

M olten-magnesium alloys are protected 
during melting, and whilst they are in the 
molten condition, by a fused flux cover, 
consisting of mixtures o f salts, chiefly 
chlorides and fluorides, of which 
anhydrous m agnesium chloride usually 
form s the largest part. The com position 
of the flux is adjusted to give a suitable 
melting point; preferably, the flux should 
be molten a t a tem perature below that of 
the final fusion point of the alloy, so that 
by the time the alloy is completely molten 
the flux that has been added during the 
initial heating period can form  an isola
ting cover. Physical properties, such as 
specific gravity and viscosity, are also 
im portant.

Opinions differ as to the requirem ents 
under these heads, but all are agreed that 
definite separation of flux and molten 
metal is essential, fo r if separation is not 
achieved contam ination of the m etal with 
chlorides is inevitable, serious corrosion 
soon resulting. It was, indeed, just this 
contam ination that was responsible for 
the ill-repute o f magnesium-alloy articles 
at the com m encem ent o f their industrial 
application. Thanks to greater under
standing of the problem  and modern 
specialized fluxes, these days are long 
past; this unfortunate history is only 
m entioned again to serve as a cautionary 
word to those founders who contem plate 
magnesium-alloy founding as the material 
becomes economically attractive.

The norm al practice of superheating 
magnesium alloys to refine the grain, 
underlines the need fo r efficient isolation 
during the whole melting process, as a 
tem perature o f 900 degrees C. is reached. 
It is well known that the speed o f a 
chemical reaction, o f which oxidation is a 
special case, o f course, is greatly 
increased with increase of tem perature. 
W hen the m etal has cooled to pouring 
tem perature, the flux cover is prevented 
from  entering the mould with the metal 
stream  either by the rem oval from  the 
metal surface o r because its physical p ro 

perties are so distinct from  those of the 
metal there is little tendency for the 
cover to move forw ard as the pot is tilted. 
In both these cases, however, some 
transient protection from  oxidation must 
be applied as the molten metal passes 
through the air in its passage from  pot to 
mould.

In the first method of flux removal, 
tem porary protection is afforded by the 
application to the molten metal o f 
sulphur, which successively melts, 
vaporizes and burns to form  sulphur 
dioxide. This gas restrains oxidation but 
does not completely prevent it, fo r bu rn 
ing, once com menced, cannot be stopped 
by the application of sulphur. In both 
pouring techniques indicated above the 
actual m etal stream  is dusted with 
sulphur as it passes through the air.

This brief discussion of molten 
m agnesium-alloy practice will serve to 
introduce the m ain subject of oxidation 
inhibitors for m oulding sand, during the 
development o f which thesis will be 
described a novel m ethod fo r the incor
poration of an inhibiting substance 
having, in addition, it is believed, con
siderable practical advantages.

In addition to free oxygen in the air 
contained within the mould cavity, from  
which the molten magnesium must be 
protected, the sand of the m ould contains 
moisture, and against this, too, protection 
must be provided. Control o f moisture 
content o f the m oulding sand would, 
therefore, seem to be a fundam ental 
requirem ent, but in practice strict control 
o f sand for m agnesium-alloy casting is 
necessary for other considerations also. 
F or example, owing to the low specific 
gravity o f the m olten metal, com para
tively little hydrostatic pressure is exerted 
on the air o r gases contained within the 
m ould, and a m ould o f the highest gas 
perm eability must be achieved in  order 
that back-pressures will not build up, 
hindering the m etal from  flowing into 
sharp corners o r restricted sections of the 
mould.

Perm eability values o f the order
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required can be obtained by the use of 
“ synthetic ” sand, consisting of silica 
sand of regular grain size with an 
addition of a clay-like substance to give 
the degree of plasticity necessary for 
moulding. Bentonite o r a native china 
clay is added in the correct proportion to 
dry silica sand and, after intim ate mixing, 
a known am ount o f water is added. By 
this method, therefore, moisture is con
trolled a t som e low figure, whereas in a 
natural sand the m oisture may vary 
within wide limits.

N atural sands may contain up to about 
10 per cent, water, and this precludes 
their use, and would do even if they were 
sufficiently permeable— which they are 
not. In contrast, the use of the so-called 
synthetic sand allows fo r a sand mix 
:ontaining the minimum am ount o f water 
consistent with producing a m ouldable 
sand. The am ount o f w ater necessary to 
achieve these conditions is norm ally about 
3.5 per cent.

M any substances have been proposed 
for incorporation with the sand as inhibi
tors of the water-magnesium reaction. 
T he use of sulphur and boric acid, either 
together o r singly, are well known in this 
connection. Fluorides, particularly that 
known as am m onium  bifluoride, have 
also a wide use. Such addition agents 
act in cither o f two ways: by producing 
a gas less reactive to magnesium than air, 
or by form ing a continuous surface film 
on the molten metal and so protecting it 
from  oxidation. Incidentally, the neces
sary use of these substances unfortunately 
results in the fum e nuisance of 
m agnesium-alloy sand foundries, and, as 
far as is known up to the present, no 
inhibitor has been proposed which is 
odourless and yet effective. Misguided 
attem pts to use nitrogen as a displacer of 
air from  the m ould have only provided 
confirm ation of the fact that magnesium 
readily combines with this element.

Synthetic sands containing the inhibit
ing additions indicated above have been 
successfully used for m any years. Quite 
apart from  their effectiveness in restraint

of oxidation, however, these sands suffer 
slightly from  a disadvantage from  the 
moulder’s point o f view. M oulders 
accustomed to working in natural sands, 
as com monly used in alum inium  or iron 
foundries, com plain that silica-sand mixes 
are dry to work. It must be accepted 
that there is point in this practical 
criticism, and some probationary period, 
in which he may attain the correct “ feel ” 
for the material, must be allowed the 
moulder new to the magnesium field.

In further consideration of this aspect 
o f magnesium moulding sands, it is' 
generally accepted that the sand also dries 
quickly. That is, because of the low 
moisture content, the high permeability 
and the nature of the sand, an open 
mould loses water rapidly by evaporation 
at the mould surface, with the p ro
nounced tendency to surface dam age by 
crumbling. M oulds for magnesium-alloy 
casting should not remain open for long 
periods on the floor, but should be closed 
and poured as soon as possible. It would 
appear that m oisture is more loosely held 
in the synthetic mixes than in naturally 
bonded sands.

Silica-sand mixtures detailed in the 
American Press frequently show the 
addition of small am ounts of hygroscopic 
substances, of which glycerine is an 
example. Such additions are, presum 
ably, made to com bat excessive drying by 
reason of their water-absorbing property.

Arising from  the foregoing discussion, 
it will be appreciated that the use of 
artificially bonded moisture-controlled 
silica-sand com positions, though neces
sary to the a rt o f magnesium-alloy sand 
casting, nevertheless, brings attendant 
disadvantages. It is believed that the 
problem  may be solved simply, bringing 
sand technique for magnesium alloys in 
one step near to the position enjoyed by 
alum inium  and other non - ferrous 
moulding.

It has been found that, when solid 
boric acid and solid am m onium  
bifluoride— both substances com monly 
used as inhibitors—are mixed together, an
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unexpected reaction takes place, fo r a wet 
mass is form ed. The reaction may, 
perhaps, be symbolized as follows:— 

H3BO3 + 2 NH.1HF2 =
B oric  acid . am m o n iu m

b iflu o rid e .
N H 4BF1 +  N H 3 - r  3H oO  

a m m o n iu m  am m o n ia . w a te r ,
b o ro flu o rid c .

The am m onium  borofluoridc produced 
is known to act as an inhibitor; when, 
therefore, the required proportions of 
boric acid and am m onium  bifluoride are 
separately added to the dry sand contain
ing the bonding agent, and the whole 
mixed, the above reaction proceeds 
within the sand mix, thus effectively 
adding water and  am m onium  boro- 
fluoride, the am m onia gas escaping to 
atm osphere.

A sand so prepared has m arkedly 
different properties in respect o f “ feel " 
and drying from  those to which free 
w ater is added separately. F or instance, 
this sand loses m oisture a t a much slower 
rate and, further, it rem ains m ouldable at 
a free m oisture content so low that 
norm al sands would be unworkable. It 
may be conjectured that the w ater 
form ed within the mass as the result o f a 
chemical reaction combines m ore closely 
with the bonding m aterial than does 
added w ater, which, in com parison, is but 
poorly incorporated by such mechanical 
means as light milling and mixing in a 
foundry mill

It has been accepted that it is alm ost 
impossible to repair accidental dam age 
to moulds com posed o f synthetic sand, 
and this was largely because of the exces
sive drying speed of such sand. If, 
however, sand of the type suggested, that 
is with m oisture added as the result o f a 
chemical reaction in situ, is used, m inor 
modifications m ay be m ade successfully. 
One o f the incidental problem s o f m ag
nesium  sand casting m entioned above, 
that o f having to pour moulds quickly to 
safeguard crum bling due to drying, would 
also be solved by the use o f the sand 
described. Consequent upon the slower 
drying rate, it may be that better organi
zation o f melting can be achieved.

Briefly, some experimental data may be 
given. A mix of sand of the following 
com position was m ade:—

D ry  B edford  sand . .  . .  . .  400  gm s.
B e n to n ite  . .  . .  . .  . .  . .  14 gm s.
B oric  acid . .  . . . .  . .  . .  12 gm s.
A m m o n iu m  b iflu o rid e  . .  . .  . .  12 gm s.
S u lp h u r . .  . .  . . 12 gm s.
W a te r  ..................................................................12 c.c.

It will be apparent that part of the 
m oisture was added as free water and 
part as a result o f the reaction between 
the boric acid and the am m onium  
bifluoride. This is confirmed by the fact 
that a determ ination of the moisture 
content gave approxim ately 5 per cent, 
w ater present. If  all the m oisture had 
been added by the adjustm ent of the 
quantities of acid and fluoride, it is likely 
that the perm eability would have been 
seriously decreased.

A second mix, consisting of:—
D ry  B edford  sand  . .  . .  . .  400 gm s.
B e n to n ite  . .  . .  . .  . .  . .  14  gm s.
B oric  acid . .  . .  . .  . .  . .  12 gm s.
S u lp h u r . .  . .  . .  . .  . .  12 gm s.

was made, to which was added sufficient 
w ater to give approxim ately 5 per cent. 
A t the end of 36 hrs. the first sand was 
found to contain 2.2 per cent, water and 
was still mouldable, while the second 
sand, typical of norm al technique, con
tained only 1.2 per cent, water; further, 
it had become so friable that moulding, 
or repair to a mould m ade from  it, would 
have been impossible.

The valuable effect o f adding w ater by 
means of the chemical reaction suggested 
persists, for following the norm al prac
tice of sand ieration and tem pering with 
water after mould knock-out, the original 
properties reappear: the sand “ feels ” 
right to the m oulder, and again does not 
dry out as quickly as sands to which all 
the m oisture is provided by free w ater 
addition.

Publication of the above composition 
for a m agnesium-alloy moulding sand is 
m ade so that further practical tests on the 
foundry scale m ay be made. It is hoped 
that the results will be com m unicated in 
due course, as it is by free exchange of 
inform ation tha t progress in the mag
nesium foundry industry will be achieved.
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M e t a l l i z a t i o n  w i t h  A l u m i n i u m
By C. R. Draper

A n  'Exhaustive Study of A l l  Current Techniques and 
Equipment f o r  the Coating of Metallic and Non- 
metallic Bases with Alum inium . Theory and Practice 
are Considered in Detail, with Particular Respect to the 
Scope and Economics of Various F ields oj Application

AN important branch of modern tech
nology is the necessity for applying 

surface skins which are different in nature or 
character from the base over which they are 
applied. Very often they are applied for 
purposes of decoration; still more frequently 
to combine decoration with resistance to cor
rosion, whilst in other cases the achievement 
of an increased resistance to corrosion may 
be the predominating factor. These are 
generalities. More specific examples from 
the host which crowd to mind would include 
deposition for building-up worn or under
sized components; coatings for obtaining 
increased resistance to high temperature 
oxidation; for reducing emmissivity; for 
producing a conducting surface on a non
conductor; for achieving selective chemical, 
physical or metallurgical actions as, e.g., in 
masking compositions for engraving, multi
colour dyeing of anodized surfaces and for 
masking the non-working faces of soldering 
iron bits to reduce the rate of deterioration 
and to prevent the unwanted adhesion of 
solder to these parts.

Coatings may be metallic or non-metallic 
in character, depending on the desired pro
perties of the skin and on the nature of the 
underlying base. Very often a number of 
alternatives is possible by means of which 
the same end may be achieved; then con
siderations of cost and convenience of appli
cation come into the picture. The science 
of surface treatment is, indeed, an involved 
subject about which few would claim to have 
more than a superficial knowledge of all 
branches.

In this article, we propose to deal with 
one very small section of this vast subject 
which, although of moderately recent 
development, already has certain important 
achievements to its credit. Coating with 
aluminium or with alloys of which alu
minium forms an essential constituent is 
important for a number of reasons. 
Aluminium is recognized to be remarkably 
resistant to sulphurous fumes and by 
applying a surface skin of aluminium to steel 
or other metal, it is possible to achieve a

similar measure of chemical resistance in 
cases where light-metal construction is not 
feasible for one reason or another. Much 
of the well-known resistance of aluminium to 
atmospheric corrosion may be transferred to 
other metals by applying an aluminium skin 
free from cracks, pores and gross amounts 
of oxide. Again, unalloyed aluminium and 
particularly super-purity metal are of greater 
corrosion resistance than many aluminium- 
base alloys and in cases where the mechanical 
properties of the unalloyed metal are inade
quate or where bulk renders the use of 
massive super-purity metal prohibitive in 
cost, much the same desirable resistance can 
be obtained by applying a coating of the 
more resistant pure metal to the cheaper or 
stronger material.

Sometimes, where there is nothing against 
the use of light-metal construction for new 
equipment, as in the case of certain small 
items used in the bleaching and dyeing 
industries, there is a reluctance to scrap 
existing appliances which are quite satisfac
tory except in so far as their heavy metal or 
wooden construction renders them liable to 
excessive corrosion, or to the contamination 
or staining of solutions or materials with 
which they make contact. In such cases 
great improvements can be effected at low 
cost by applying an aluminium coat by the 
flame-spraying process.

Where items are subject to much abrasion, 
the relatively thin coating of soft unalloyed 
metal is soon worn away. In these cases, 
sprayed coats of harder aluminium-base alloy 
are beneficial. The potentialities of sprayed 
aluminium-base alloys have yet to be fully 
explored but, already, it is obvious that they 
possess important possibilities in numerous 
directions. To cite another example, sprayed 
hydronalium (Mg 3 per cent.-12 per cent.; 
Mn 0.2 per cent.-0.5 per cent.; Si 0.2 per 
cent.-1.0 per cent; A1 remainder) not only 
possesses good wearing and corrosion- 
resisting qualities, but is also capable of 
taking a high polish, which has proved of 
value in applications where the production 
of a polished surface.is also of importance.
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I he  G ull d o esn ’t w orry  a b o u t the p o w e r oi Q  (G rav ity ) —  he rises ab o v e  it  becau se  he s 
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ALL-ALUMINIUM 10-TONNER 
8 years  non- s top  per formance

M essrs. Bulmers , L td. employ a io -tonner illustrated is still in service
delivery fleet o f 49 vehicles, 20 of after covering 200,000 miles and carry-
vvhich are of all-aluminiurh design, ing 25,000 tons. On one occasion,
varying in capacity from 3 to 10 tons. 
F rom  the experience gained in running 
this fleet, Messrs. Bulmers have given 
us the following interesting facts :—

u p k e e p —A lum inium  bodies cost only 
a fraction o f the upkeep of tim ber and 
steel bodies. Except for re-painting, 
m aintenance costs are negligible.

d u r a b i l i t y — In durability, aluminium 
construction has exceeded expecta
tions. Even after 8 years the bodies 
are still fit for years to come. T he

when it crashed over a parapet, the 
aluminium body sustained only super
ficial damage, while the cab, not of 
aluminium, had to be repaired. 
p r o f i t s —Aluminium construction, by 
its lightness, gives a greater pay-load, 
and greater speed (as it comes w ithin 
lower taxation limits).
A lum inium  alloys may profitably solve 
your transport problems. W rite to 
our Technical Development D epart
m ent for further information.
We can give you facts about ALUMINIUM

NORTHERN ALUMINIUM COMPANY LTD.
BANBURY, OXON Makers of NORAL Products

One o f  M essrs. B u lm e rs* 20 a ll- 
alum inium  trucks, w ith N o ra l under - 
fra m e , corrugated f lo o r , channel 
stanchion sideposts and ta rpa u lin  
supports.



A lum inium  coatings on heavy m etals, 
especially a fte r  su itab le  heat treatm ent, a re  
cap ab le  o f providing a high degree o f resist
ance to oxidation  a t elevated tem peratu res. In 
the case o f iron  and steel, such pro tection  
m ay be given a t tem pera tu res up to  1,000 
degrees C., a lthough  it is no t usually  
perm anent a t tem peratures above 800 
degrees C.

V ery different in effect is the app lication  
of a lum in ium  to glass by the m etal spray 
process o r the evapora tion  technique. By 
this m eans there  m ay be produced front- 
surfaced m irro rs  o f great perm anence and 
high reflectivity, pavem ent lights o f 
increased efficiency, glass screens coated 
w ith a  “ s i lv e r” decoration  w hich is also 
an  electric heating  elem ent and  b locks w hich 
can  be b u ilt in to  h igh walls by  a process of 
so ft soldering.

A ll these and m any o th er effects are 
ob tained  th rough  the p roduction  o f  re la
tively th in  coatings o f a lum in ium  or 
a lum in ium -contain ing  m ateria ls on  a base 
w hich m ay be m etallic o r  non-m etallic  in 
character. T here  are  seven m ain  m ethods 
of p roducing  these coatings, nam ely, sp ray 
ing processes, m ethods in w hich the  object 
to be  trea ted  is heated in con tact with 
a lum in ium  pow der o r  an  a lum in ium -iron  
alloy , dipping, electrochem ical, evaporation , 
spu ttering  and  m echanical processes. 
M echanical M ethods o f Alum inizing

M echanical m ethods o f p lating  have been 
know n fo r  very m any years. Sheffield 
plate, fo r  instance, w hich involves the 
laying o f noble  m etal sheets upon a  base 
m etal and  then  un iting  them  by m echanical 
m eans is m uch o lder th an  electro-plating  
and  the  silver coating  o f copper articles was 
practised in this co u n try  long b e fo re  the 
electro ly tic  m ethod  was discovered. In 
recent years, a lum in ium  has been app lied  to 
o th er m etals by th is m eans. T h u s a lu 
m inium  layers can be produced  on steel by 
rolling  the tw o m etals together u n d e r su it
ab le  conditions. E xtensive use  w as m ade 
o f this process in G erm any  in the years 
im m ediately preceding the  w ar to  obtain  
enorm ous quantities o f  a lum inium -coated  
steel strip . In  view o f th e  great difference 
in hardness o f th e  tw o m etals, it was not 
possible to  s ta rt ro lling  the  com bination  
until the  steel strip  h ad  been reduced m ore 
o r  less to  the  requ ired  thickness and  it was 
fo u n d  p re fe rab le  to  com plete the  ro lling  of 
the steel strip  first and  then  to  app ly  the 
a lum in ium  in the fo rm  o f foil. Two 
processes have  been used to secure the 
bonding o f the  tw o m etals. In  one case, 
the steel strip  is p re-heated  and  then, with 
the a lum in ium  foil in place, it is passed 
th rough  the  ro lling  m ill w hilst the  tem pera
tu re  is m ain tained  a t betw een 300 degrees 
and  400 degrees C. In  the  second process, 
the strip  steel, w ith  the a lum in ium  foil
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positioned on one o r bo th  sides, is passed 
th rough  the ro lls cold. O f these two 
m ethods, ho t p lating  has the  advantage  that 
the adhesion of the a lum in ium  to  the  steel 
can be obtained by using a  com paratively  
low ro lling  pressure, while, on the  o th er 
hand, cold  plating  elim inates the expense of 
a  furnace fo r  p re-heating  the steel, but 
requires the  use o f high ro lling  pressures.

O ne o f the big disadvantages o f the 
m echanical m ethod of p lating  lies in  the  fact 
that only flat (strip) m ateria l can be dealt 
w ith, and shaped articles m ust be treated  
before  form ing. H ere, certain  difficulties 
have been encountered . T hus if the p lated 
m ateria l is requ ired  fo r  deep-draw ing it 
m ust be annealed  a f te r  rolling. This 
annealing  caused considerab le  difficulties 
in view o f the fact th a t a lum in ium  will 
readily  com bine w ith steel a t the  norm al 
annealing  tem pera tu res (500 degrees to  600 
degrees C.) w ith the fo rm ation  of the 
brittle  com pound FeAl.,. It was therefore 
necessary to  develop a steel w ith as low a 
recrystallization  tem pera tu re  as possible and 
one w hich w ould react w ith the  a lum inium  
a t as high a tem pera tu re  as possible. Some 
help in developing such m ateria l was 
ob tained  from  experim ents on the  p lating  o f 
basic Bessem er steel, w hich was found  to 
react with a lum in ium  a t 600 degrees C. as 
com pared  w ith 490 degrees-500 degrees C. 
fo r  open-hearth  steel, i t  was then  fu rth e r 
observed th a t the setting-in o f the reaction 
betw een steel and a lum inium  could  be 
sh ifted  to h igher tem peratures by certain  
add itions to the steel; silicon was p a rticu 
larly  effective in p roducing this effect.

In view o f the fact that basic Bessem er 
steel does no t possess sufficiently good deep- 
draw ing p roperties it was found  necessary 
to develop a sim ilar non-reactive open- 
h earth  steel. T his p rob lem  was successfully 
solved, the  tem pera tu re  o f the setting-in o f 
the  reaction  in the  case o f particu larly  soft 
steel being raised fro m  500 degrees to 
570 degrees C .. this u p p e r tem pera tu re  being 
sufficiently high to com pletely so ft-anneal a 
strongly  cold-ro lled  strip  steel fo r  all deep- 
draw ing purposes. The relevant patent 
specification show s th a t this p ro perty  o f the 
steel is ob tained  by increasing the oxygen 
and nitrogen contents. This, therefore, 
enabled the  p roduction  of a lum inium -plated  
steel strip  w ithout the fo rm atio n  o f the  b rittle  
and undesirable in term ediate layer o f FeAl.,. 
T he a lum in ium -coated  steel strip  thus 
ob tained  has m any  applications in diverse 
fields o f w hich perhaps the  m ost prom ising 
is the food-canning  industry. C ans o f this 
m aterial m ust be designed w ith flanged and 
n o t so ldered  jo in ts. Melchior*1) has described 
how  F e ran , a  com posite  a lum inium -strip- 
steel m ateria l in w hich the  a lum in ium  coat 
represents 6 pe r cent, o f the to ta l thickness 
has been used in p lace o f lead fo r the
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ex ternal covering o f  electric cables and 
insulation  tubes.

A lclad and  sim ilar m aterials a re  m ade by 
the m echanical bonding o f layers o f re la 
tively p u re  a lum inium  to  sheets o f  copper- 
con tain ing  a lum in ium  alloys. T he latter, 
a lthough  m echanically  strong, a re  less 
resistant to corrosion  than  unalloyed a lu 
m inium , and  alclad  com bines the  streng th  o f 
the co re  w ith  the  resistance of the coating. It is 
im portan t to  no te  th a t the p u re  a lum in ium  
coating  confers cathodic  p rotection  upon  the 
a lio?  exposed a t cu t edges and also often 
confers som e pro tection  to rivets m ade o f the 
stronger b u t less resistant alloys. O bviously 
the replacem ent o f  som e po rtio n  of the  total 
thickness by unalloyed a lum in ium  m ust 
result in som e reduction o f overall m echani
cal strength  as com pared  with a un ifo rm  slab 
of the strong  a lum in ium  alloy . W here this 
sm all reduction  in strength  can n o t be 
to le rated , the surface layer m ay be o f one of 
the  h igh-strength  a lum in ium  alloys which 
arc  free fro m  co pper and  o th er alloyed 
m etals w hich m ake fo r  reduced corrosion 
resistance. D u ra lp la t is o f this type.

U nfo rtunate ly , bo th  these types o f m ate
rial suffer from  the d isadvantage th a t they  
are  n o t su itable fo r  lengthy exposure a t  high 
tem peratures, diffusion o f copper in to  the 
surface  layers resulting  in a  steady decline 
in corrosion  resistance. A ccording to K eller 
and B row n®  this danger is negligible at 
tem pera tu res below  800 degrees F. (427 
degrees C.); copper will reach the surface at 
910-930 degrees F. (488-499 degrees C.) if 
the heating  is prolonged.

Tests upon  alclad , no tab ly  by D ix (3) and 
by R ackw itz and  Schm idt®  and upon  dural- 
p ja t by M eissner®  and S tenzel®  have p ro 
vided evidence of the • excellent p rotection  
afforded to the underly ing  light a lloy  by the 
m ore highly resistant coating . I t  shou ld  be 
noted, how ever, th a t no t all light a lloys can 
be protected in this way. As E dw ards and 
Taylor®  have pointed  out, alloys con tain ing  
M gZ n, are  anodic tow ards a lum in ium  and 
w ould no t be protected by the  la tte r a t  cu t 
edges. In po in t o f fact, a lum in ium  accele
rates the corrosion  o f m ost, if no t all, o f the 
m agnesium -base alloys.

M echanically  p lated  strip  is o f excellent 
quality , possessing a  fine surface finish and 
bearing a substan tia l thickness o f coating  
m etal. Nevertheless, the fact th a t it is 
lim ited to sheet m etals does im pose a  very 
serious lim ita tion  to  its m ore general use.

Dipping Processes
A nu m b er o f  m ethods have been devised 

fo r producing  coatings o f  a lum in ium  on iron  
and  steel by d ipping the heavy m etal in to  
m olten  a lum inium . W hilst this m ight at 
first sight ap p ear to be a  sim ple operation , 
it is, in fact, m ost difficult to co n tro l and  
o ften , in insufficiently experienced hands, 
gives very p o o r results. T his is due, princi

pally, to  two factors. If  a  thick oxide skin 
separa tes the iron  and alum in ium , no co atin g  
is form ed: on  the o th er hand, if the skin is 
en tirely  absen t, the  a lloying reaction  betw een 
the two m etals proceeds too  rapidly. In 
all successful coatings produced in this way, 
som e reaction  betw een the two m etals takes 
place so th a t no sim ple line o f dem arcation  
between the  base and the coating , but a 
g radual transition  involving the presence of 
com pounds is developed. Proceeding o u t
w ards from  the unaltered  iron  o f the base 
m aterial, there  is first a  region of m ixed 
crystals becom ing w eaker in iron  un til only 
the  com ponent FeA l is present. F u r th e r  
tow ards the  outside, som e alum inium  is also 
encountered  so that the ex terio r surface, on 
which depends such characteristics a s  resist
ance to  corrosion  and high tem pera ture  
oxidation , consists o f a m ixture o f a lu 
m inium  and FeA l,.

F rom  m any po in ts of view the presence 
o f this in term etallic  com pound is unw elcom e 
on account o f its brittleness. M alleability  
decreases m arkedly  as the thickness o f the 
F eA l, layer is increased and  the w hole co a t
ing will be very brittle  if the im m ersion tim e 
in the m olten a lum in ium  is too prolonged 
o r the tem pera tu re  too  high. Because o f  
this, the process o f ho t d ipping is sometimes, 
referred  to  as dip calorizing, the  fo rm ation  
o f this com pound  being also unavoidab le  in 
the calorizing  process.

M odifications o f the basic process have 
been devised to im prove the adhesion of the 
coating  in o rder to counteract, to a large 
extent, this, brittleness, the m ost im portan t 
being due to F ink, D elgren, R odriguez. 
N illson, Alerieff and th a t fo rm ing  the  basis 
o f the Servarizing process. T he F ink  p ro 
cess®  is one o f a num ber in w hich this 
im provem ent is effected by the rem oval o f 
the oxide film w hich tends to h inder p ro p er 
adhesion. F ink  achieves this by heating  the 
iron o r steel in hydrogen, w hich is taken  up 
by the heavy m etal no t only rem oving the 
danger o f the oxide reappearing  but, also, 
p robab ly  favouring  alloying w ith the a lu 
m inium . T he process can readily  be m ade 
con tinuous fo r  alum inizing  w ire o r strip . The 
m ateria l is first passed th rough  dilu te h y dro 
ch loric  acid, then th rough  a furnace, where 
it is heated to 600 degrees C ., and im m ed
iately a fte rw ard s th rough  boric acid  and 
on to a  second fu rnace  in w hich it is heated 
to 900 degrees C .-1,000 degrees C . in an 
atm osphere  o f hydrogen. It then  passes 
th rough  the bath  o f m olten a lum inium , 
th rough  a  die to  ensure co rrec t d iam eter and 
to rem ove tears, an d  on to a revolving drum . 
T he tem pera tu re  o f  the a lum inium  is from  
700 degrees C .-720 degrees C. and  the  wire 
(or strip) is passed th rough  it a t the ra te  of 
6 ft.-15 ft. per m inute.

A leriefFs m eth o d ®  depends on annealing  
the  steel in a n  a tm osphere  con tain ing  h y d ro 
gen, n itrogen, a n d . a quan tity  o f w ater
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vapour carefu lly  regulated  so th a t the m ix
tu re  is oxidizing a t low and reducing a t high 
tem peratures. T he gas m ix tu re  is passed 
th ro u g h  the p lan t coun ter-cu rren t to the  steel 
to be coated. Thus, as the steel enters cold, 
it becom es covered w ith an  oxide film which 
im proves the abso rp tio n  of rad ia tion  and 
thus accelerates its rise in tem peratu re. W hen 
this has risen sufficiently, the oxide is 
reduced and the surface  decarbonized. 
Before entering the d ipping bath , the steel 
is cooled to the tem pera ture  o f the m olten 
a lum in ium  and  as the a tm osphere  at this 
tem pera tu re  is neither oxidizing n o r reduc
ing, any troubles due to  hydrogen super
charge a re  avoided and the presence of an 
oxide film is also elim inated. Because of 
the absence o f oxide, only a sho rt period of 
im m ersion is necessary to give a thick 
adheren t coating  consisting o f unalloyed 
a lum in ium  in the o u ter pa rt and the com 
ponent F eA l, below  it. N evertheless, despite 
the presence of this alloy  layer, the co at is 
said to possess considerab le  flexibility, p re
sum ably  because o f the excellence o f the 
bond  betw een the  two m etals.

In the N illson process, the surface of the 
iron is cleaned by pickling in a m olten flux 
consisting o f 10 per cent, cryolite, 20 per 
cent. Z nC I2, 30 per cent. N aC l and 40 per 
cent. CaC L.
..S im ilarly , the  D elgren process fo r  strip 

and w ire m akes use o f a m olten flux, but 
it is equally  concerned w ith the m ethod of 
passage of the w ork from  the flux to the 
a lum inium  bath . T he flux em ployed con
sists o f a m olten m ix ture  of zinc chloride 
and am m onium  chloride. T he m olten a lu 
m inium  is kept in a cylindrical con ta iner 
open a t the b o tto m  and imm ersed in m olten 
lead. T he iron w ire o r strip  enters the  a lu 
m inium  from  below  a t the  lead-alum inium  
junction , and the fo rm ation  of alum inium  
oxide thus avoided. T he w hole ap p ara tu s 
is a irtigh t and is filled with a reducing 
a tm osphere.

T inn ing  o r galvanizing the  iron surface 
before im m ersion in the m olten  alum inium  
is a great help in ob tain ing  adheren t light- 
m etal coatings free from  excessive b rittle 
ness. T he Seryarizing process(w>, follow ing 
the sam e principle, m akes use o f an under
coat o f cadm ium  to facilitate  coating by 
d ipping in m olten alum inium . T his process 
was developed fo r  p rotecting  furnace parts 
and h eat-trea tm en t boxes from  oxidation, 
and has given excellent results in this 
app lication . E vans (11> has rep o rted  th a t 
som e short-tim e lab o ra to ry  tests have sug
gested th a t a lloy  coats m ade by this 
process a lso  possess possibilities fo r resisting 
co rrosion  by m oistu re  a t o rd inary  tem 
peratures. .

It will be seen from  the above th a t the 
essential steps in the  ho t d ipping process 
com prise the  rem oval o f scale and oxide 
from  the surface  o f  the iron by m ethods

involving the use o f pickling acids, follow ed 
by heating  in a reducing a tm osphere  o r in a 
su itab le  liquid flux, and subsequent im m er
sion in m olten  alum inium . It is essential to 
p repare  the surface properly  and to  prevent 
it fro m  oxidizing during  transference to the 
a lum in ium  bath . It is also im portan t to 
ad ju s t the conditions o f trea tm en t in such a 
w ay as to avo id  as m uch as possible the 
fo rm ation  o f the b rittle  F e A l,  layer, which 
proves troublesom e unless the adhesion  is 
very good.

T he necessity fo r drastic p re-treatm en t in 
acids, m olten flux m ixtures o r  hydrogen a t 
high tem peratures, fo llow ed by im m ersion 
in m olten alum inium , im poses severe 
restrictions on the  n a tu re  o f the article  
which can be so treated. Size is lim ited to 
that w hich can be accom m odated  by the 
m elting po t and  shape to  that w hich avoids 
pockets and allow s d rainage o f excess 
m olten  m etal.

Calorizing and Related Processes
T h e  C aloriz ing  process consists essentially 

in heating the article  in con tact with 
a lum in ium  pow der, a lum ina and am m onium  
chloride  when diffusion of the a lum inium  
in to  the  basis m etal occurs. T he process can 
be applied to ferrous and n o n-ferrous m etals 
alike and it results in a reduction  of the 
effect o f high tem pera tu re  ox idation , the 
wasting effect o f som e form s o f  corrosion  
and o f the  deleterious effect o f  certain  gases. 
Exam ples o f m etals w hich have been 
successfully treated  in this way include cast, 
w rought and m alleable iron; various steels, 
including nickel and chrom ium  steels;
copper and  brass. E qual p ro tection  is no t 
afforded to all m etals, how ever. T hus
greater benefit is obtained by trea ting  m ild 
steel th an  cast iron , particu la rly  if the  m ild 
steel articles have been subjected to  som e 
degree o f w orking, e.g., by pressing, rolling, 
and spinning.

Sand blasting is an  essential prelim inary  
to  trea tm en t and  as this a lso  holds good fo r  
m etal spraying, this subject will be dealt 
w ith separately.

The original C aloriz ing  process was 
invented by T. van A ller in 1911 and 
developed by the G .E .C . o f Schenectady. 
U.S.A., but, like m any  a n o th e r v a luab le  
process, num erous varian ts have been
patented  and the m ethods in use to -day  are  
m odifications of, and im provem ents on, the  
orig inal invention. T h e  result, how ever, is 
fundam en ta lly  the sam e in all cases and  
com prises the fo rm ation  of an  a lloy  betw een 
a lum in ium  and the basis m etal w ith,
usually , a  thin film o f  unalloyed a lum inium  
on the extrem e surface. In the  m ain  p ro 
cess, th is is achieved by  sandblasting  the  
a rticle  to  rem ove scale, ru st and  grease, 
placing it in an a ir-tigh t re to rt w hich is 
p a rtly  filled with the  caloriz ing  m ix ture  and



subjecting the w hole to  a  h igh tem peratu re  
fo r several hours. T he calorizing  m ixture 
consists o f  a lum in ium  pow der, a lum ina (to 
prevent the m etallic  grains from  fusing 
together) and a  sm all am o u n t o f am m onium  
(or, less frequen tly , sodium ) ch loride  to  help 
build  up the coat: zinc pow der o r g raphite  
a re  som etim es added. T he p roportions 
usually  qu o ted  are  a lum in ium  49 per cent., 
a lum ina  49 per cent, and am m onium  
ch lo ride  2 pe r cent. If ch rom ium  is present 
in the steel, diffusion o f a lum inium  is 
g reatly  dim inished and , to  assist in building 
up a su itab le  a lloy  coat, the chloride  con
tent m ust be increased: Ipavic °® recom 
m ends the m ixture o f 27 per cent, a lu 
m inium , 68 p e r cent, a lum ina and 5 p e r cent, 
am m onium  chloride.

T h ro u g h o u t the process, the access o f  air, 
w hich w ould  oxidize the a lum in ium  pow der, 
m ust be prevented. Som etim es this is 
achieved by the use o f a hydrogen a tm o 
sphere; a lternatively  the  re to rt m ay be fitted 
w ith valves w hich allow  th e  passage of o u t
going gases, bu t no t o f incom ing a ir, and 
the vaporized  am m onium  ch loride  is relied 
upon to sweep the a ir  from  the cham ber 
during  the heating process.

T he extent o f  perm eation  o r alloying 
varies w idely according to  the  com position  
o f  the  calorizing  m ix ture  and  the  du ra tio n  
o f the treatm ent. It m ay extend only a  few 
thousand ths o f an inch o r  it m ay perm eate 
the en tire  m ass, in effect transfo rm ing  the 
w hole o f the base m etal in to  an  a lum inium  
alloy. T he resistance o f a lum in ium -con ta in 
ing iron  alloys to  high tem pera tu re  oxidation  
is well know n. W ith an  a lum in ium  conten t 
o f ab o u t 9.5 per cent., scaling o f such alloys 
becom es practically  negligible in the region 
of 900 degrees C .; a t this stage the alloy  is 
covered with a  reddish or w hite oxide film 
which inhibits fu rth e r oxidation.

T he caloriz ing  process p roperly  app lied  is 
capab le  o f im porting  a  sim ilar degree o f 
resistance to h igh-tem pera tu re  oxidation. 
C urves published by R uder0 ® show  a 
m arked  re ta rd a tio n  o f a ttack  by h igh-tem 
p era tu re  ox idation  betw een 800: 1,000 degrees 
C . A bove 1,000 degrees C . renew ed diffu
sion o f a lum in ium  in to  the iro n  im poverishes 
the  surface layers, b u t som e protection  is 
still conferred . F o r o rd inary  purposes, 
therefo re , the lim iting tem pera tu re  fo r 
efficient an d  reasonab ly  p e rm anen t p ro tec
tion  is considered  to be betw een 900 and
1,000 degrees C . F o r  service a t  h igher tem 
peratures, e ither the  diffusibility o f the  a lu 
m inium  m ust be reduced o r  its co n ten t in 
the  body o f the m etal m ust be increased. 
As a lready noted, diffusion is dim inished if 
the iron con tains chrom ium 0 0 , w hilst w ith 
regard  to the a lternative , R ollason  el al. 
note0 ® th a t it is possible by a to ta l im preg
n a tio n  of the m etal, w hich gives an  a lu 
m in ium  conten t o f ab o u t 15 per cent., to
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render the article  resistant practically  up to 
its m elting point.

As stated, m any varian ts on the basic p ro 
cess have been described.- E. D . M artin  has 
suggested the use o f  a  m ixture o f 50 per 
cent, a lum in ium  pow der, 45 per cent, 
a lum ina and  5 per cent, am m onium  chloride, 
w ith a  trea tm en t tem pera tu re  o f  810 degrees 
C.-830 degrees C. T h is trea tm en t w as found  
to increase the  life o f iron  and steel articles 
exposed a t tem peratures o f betw een 800-
1.000 degrees C. fro m  five to sixfold as com 
pared w ith the life o f un treated  articles 
exposed to  the  sam e conditions. A G .E.C . 
p a ten t0 ® specifies a  m ixture o f 70 per cent, 
a lum in ium  pow der, 23 per cent, am m onium  
chloride  and 7 per cent. zinc. T h e  iron 
articles a re  heated  w ith this m ix ture  in a ir
tight ro ta tin g  d rum s a t 450 degrees C ., then 
rem oved and heated fo r an o th er 15-20 
m inutes a t 700-800 degrees C. to  com plete 
diffusion. As an  a lte rna tive  to the  zinc 
add ition , g raphite  m ay be used, the com 
position  o f the  m ixture then being a lu 
m inium  pow der 60 per cent., g raph ite  30 
per cent., and 10 per cent, am m onium  
ch loride, the reaction  tem pera ture  being 
raised from  450 degrees C . to 700 degrees C.

T h e  A liting treatm ent w hich was used 
extensively by K ru p p s overcom es the 
necessity fo r  m ain tain ing  an  inert a tm o 
sphere du ring  trea tm en t by replacing  a lu 
m inium  pow der w ith a  pow dered iron-alu- 
m inium  a lloy  con tain ing  40-50 pe r cent. Fe 
with 5 per cent, am m onium  chloride. T he 
trea tm en t tem pera ture  is som ew hat higher, 
cem entation  usually  being carried  ou t a t 900- 
1,200 degrees C. fo r periods up to  ab o u t 
8 hours. T he tim e an d  tem pera tu re  o f 
trea tm en t depend upon  the conditions un d er 
w hich the  articles a re  intended to operate  in 
service, bu t the surface  skin generally  co n 
tains 10-15 per cent, a lum inium  and  is 
covered by an  extrem ely th in  layer o f 
m etallic alum in ium . F u rth e r  heating  causes 
this a lum in ium  to penetra te  in to  the  steel, the 
surface  thereby losing its silvery w hite co lou r 
and tak ing  on a dull grey appearance.

T h e  m echanical p roperties o f  this coating  
a re  bette r th an  those of the coating  obtained 
by the tru e  calorizing trea tm ent, bu t occa
sional d isin tegration  o f these coatings on  
carbon-bearing  iro n  has been reported . 
Bauklo and  Boke°®  a ttrib u te  this to the 
fo rm ation  o f a lum in ium  carbide, A1.,C3, 
w hich is decom posed by dam p air.

A d isadvantage o f the caloriz ing  and 
A liting  processes is the fact th a t articles to be 
trea ted  m ust be d ism antled  and packed w ith 
the calo riz ing  o r A liting  m ixture in to  a  su it
able con tainer. T h is n a tu ra lly  im poses 
lim ita tions o n  th e  size o f a rticle  w hich can 
be dealt w ith an d  it also m eans th a t com 
ponen ts o f  equipm ent in  use can n o t be 
trea ted  w ith o u t dism antling. E . D . M artin
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has therefo re  suggested the alum inium  
ch lo ride  process in w hich a thin coating  of 
a lum in ium  is fo rm ed on the ironw ork  
by treating  the la tte r w ith alum inium  
ch lo ride  v a p o u r a t 900-1,000 degrees C . T he 
alum inium  ch lo ride  is produced  separately  
by heating  a m ix ture  o f 45 per cent, a lu 
m inium  pow der, 45 per cent, a lum ina and 
10 per cent, am m onium  chloride  a t 600 
degrees C. So fa r  as is know n to the  w riter, 
this process has no t been used com m ercially .

As one m ight an tic ipate , the  m ain use of 
calo riz ing  is fo r  th e  p ro tec tio n  of furnace 
p a rts  against h igh -tem pera tu re  oxidation , 
but som e use h as been m ade o f it fo r  the 
p ro tec tion  of iron  against corrosion . Thus,_ 
the  use o f caloriz ing  fo r  buried  pipes has 
been explored in A m erica. N ealey07* 
describes a process in w hich the  pipes, 
to g eth e r w ith the  caloriz ing  m ixture , are  
sealed  in steel re to rts  w hich a re  revolved in 
a  gas-fired fu rnace  heated  to 1,500-1,800 
degrees F . (815-980 degrees C.). T he pipes 
are  then  rem oved, cleaned in boiling  w ater 
and  heated  a second tim e in a  fresh m ixture. 
L ogan and T ay lo r0 ® rep o rt that caloriz ing  
buried  pipes re ta rd s co rrosion  but does no t 
com pletely  prevent soil action . I t  should  
be rem arked  here th a t in G erm any  coatings 
o f  a lum in ium  applied  by flame spraying 
have been used in place of lead fo r  cover
ing underg round  electric cables. It is 
u n d erstood  th a t sa tisfac to ry  pro tec tion  was 
afforded.

Flam e Spraying
O f a ll the m ethods fo r  m etallizing  with 

alum in ium , flam e spraying is the m ost versa
tile and  it is, on  this account, o f  considerab le  
im portance. F u n dam en ta lly , it involves 
m elting the m etal o r alloy  to  be sprayed and 
pro jec ting  it, in the fo rm  o f fine d roplets, 
on to the article  to be trea ted  by m eans o f a 
gaseous b last using a  pistol which, a lth o u g h  
in som e ways is rem iniscent of the spray  
pistol used fo r  app ly ing  pain ts and lacquers, 
is, natu ra lly , o f very different construction . 
In the pow der process the m etal is neces
sarily  m elted, bu t its tem pera tu re , on reach 
ing the surface to be coated , m ust be above 
the sin tering  tem pera tu re  o f the m etal 
pow der.

H istorically , it is in teresting  to  observe 
th a t, a lthough  flam e-spraying m ethods had 
been in use fo r  a nu m b er o f years fo r  the 
p roduction  of m etal pow ders fo r use in the 
m an u factu re  o f  storage b a tte ry  p lates, etc., 
n o  one  ap p ears to  have envisaged any p rac
tical app lication  o f the coatings w hich were 
unavoidab ly  produced  on  screens, etc., d u r
ing the  op eratio n  of this process. Indeed, 
the  idea o f coating  objects by a fine m etallic 
spray , conceived by D r. M . U. Schoop in 
1911, resulted  from  an  observation  o f a  very 
different character, nam ely, th a t w hen firing 
w ith a sm all-bore  rifle at targets placed in
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fro n t o f a stone wall, leaden bullets w ould  
ad h ere  to  the  w all as flattened m asses, and  
when touch ing  o r  overlapp ing  one a n o th e r  
they appeared  to  be welded together. In  
fact. D r. Schoop’s early  experim ents on 
coating  w ith a  m etal spray  were conducted  
w ith the aid  o f a sm all cannon , w ithou t 
success as it so happened , since there  is a  lim it 
to  the velocity o f the m etal particles in the 
spray  above w hich excessive rebound  takes 
place. F ro m  this unprom ising  beginning. 
D r. Schoop, with his assistants, H erkenra th . 
B aucrlin , M atzinger an d  W erner, Schoop, 
Jung  and Schori have produced a  num ber 
o f ro b u st and reliable types of m etal spray 
ap p ara tu ses w hich have been based upon 
three m ain processes, nam ely, the use of 
m olten  m etal, w ire and pow der.

T he earlier designs o f m olten m etal pistols 
w ere very cum bersom e affairs, bu t the 
m odern  ap p ara tu s is very m uch im proved. 
In a  typical m odern pistol the  m olten  m etal, 
previously m elted in a  separate  fu rnace, is 
held in a m alleable iron co n ta in er heated  by 
m eans of a Bunsen bu rn er with gravity  feed 
to the  nozzle. T he flame is also  used to  p re 
heat the com pressed a ir  required  fo r p ro 
ducing the spray. T he a ir  stream  is carried  
by  a stainless steel pipe coiled ju st in fro n t 
o f the b u rn e r to the nozzle, w hich is of 
silver steel (0.035-in. d iam eter). A  lim itation  
o f the gravity-fed pisto l is the fact th a t over
head w ork is no t alw ays possible since the 
pistol m ust alw ays be slightly inclined 
dow nw ards. In modified designs, the  nozzle 
is m ade to project upw ards and the w hole 
design o f the pistol is such as to overcom e 
this disadvantage. H ow ever, it is also 
necessary to  m ake these m odified designs o f 
m olten  m etal pistol in m in ia tu re  sizes only 
since the  w eight o f the n o rm al a p p ara tu s  is 
such as to m ake overhead w ork extrem ely 
fatiguing. A n o th er d isadvan tage o f the 
m olten m etal piston is the ra te  a t w hich the 
nozzle and co n ta in er are a ttacked  by the 
m olten m etal. Silver-steel nozzles have an 
average life of 1-1J hours, and , a lthough  
they are  renew able w ithin two o r three 
m inutes, in practice they a re  seldom  replaced 
in any th ing  like this tim e. R efrac to ry  
liners o f  M organ ite  o r fused co rundum  
assist by p ro longing  th e ir life to  ab o u t 13 
hours, bu t they are  expensive and som etim es 
fail in a  very short tim e, due to the different 
coefficients o f expansion of the steel and 
the re frac to ry  lining.

Iro n  is dissolved by m olten  a lum in ium  
and in consequence progressive a ttack  o f the 
co n ta in er takes place. Im p o rtan t, a lso , is 
the  con tam ination  of th e  alum in ium , w hich 
is ob jectionab le  from  m any p o in ts o f  view. 
R efrac to ry  linings have been tried b u t they 
have not p roved to o  successful, due. again, 
to  expansion troubles.

I t  is possible to elim inate m ost o f the co n 
tam ination  by w ork ing  tow ards th e  fu rth e r
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extrem e of the p isto l’s range when the 
heavier particles fa ll ou t o f the  spray  under 
the influence of gravity. T his does, of course, 
involve a considerable w astage o f m etal and 
w ould n o t n o rm ally  be attem pted . T he 
norm al w orking distance is 5 ins.

A s the  nozzle w ears, the spray  becom es 
coarser. It a lso  becom es som ew hat irregu
lar, since the  w ear on the nozzte is not 
regular, and  to m aintain  a un ifo rm  thickness 
the speed o f spraying is increased. T he type 
of sp ray  produced  is influenced by the p ro 
jection o f the nozzle from  the a ir feeder; the 
longer the p ro jection  the finer the spray. 
F o r heavy coatings, therefore, it is an ad v an 
tage to  sh o rten  the nozzle, but if this is 
carried  too  fa r, the spraying becom es uneven.

O ccasionally the nozzle becom es filled with 
d ross w hich has to be rem oved by poking 
w ith wire. O th er disadvantages o f the 
m olten  m etal pistol a re  th a t its weight and 
the tem pera tu re  o f  the  m olten  m etal con
tainer w hich is in close p roxim ity  to  the 
o p era to r m ake the la tte r’s task m ost u ncon
genial, w hilst it is im possible to coat the 
inside o f any bu t the largest con ta iners and 
difficult to  execute outside jobs w here cold 
d raugh ts p laying on the reservoir and the 
need fo r  frequen t replenishm ent from  a fu r
nace w hich is p robab ly  inside the  building 
lead to  loss o f tim e and  difficulty in m ain
tain ing  correct spraying tem peratu re. In the 
case o f  a lum in ium  and its alloys, the la tter 
is 50-100 degrees C . above the m elting point.

H ow ever, this process requires neither 
com pressed oxygen n o r  com pressed fuel 
gases and  the fac t th a t it a llow s the use o f 
m etals in their cheapest fo rm , nam ely, 
as ingots, has proved a ttrac tive  fo r  som e 
purposes.

T he w ire pistol is perhaps the m ost widely 
used form  of m etal-spraying app liance at 
the present time. T he m odern  w ire pistol 
is a  robust and reliable piece of ap p ara tu s 
w eighing som e 31 lb., and w ith it it is po s
sible to co at any solid substance with a  layer 
o f alum inium , zinc, lead, tin. copper, iron, 
nickel, b ronze, brass, etc., in thicknesses from  
0.002 in. upw ards. In this a p p ara tu s  the 
m etal to be sprayed is in troduced in to  the 
a p p ara tu s  in the fo rm  o f a  w ire 1-2 mm. in 
d iam eter and is fed to the nozzle co n 
tinuously  and un iform ly  a t the rate  o f  6 ft. to 
30 ft. per m inute, th ro u g h  m echanism  
operated  by an a ir-driven tu rb ine. At the 
nozzle, the w ire is m et by a  reducing flame 
o f oxy-acetylene o r oxy-coal gas and  is 
m elted a t a  ra te  equal to  the  ra te  o f feed. 
U nder these conditions, the end o f the w ire 
is m elted an d  is m et by a  b last o f  a ir  a t 40 lb. 
to 50 lb. pressure, converted  into a spray  and 
sho t ou t in a  diverging cone having an  inner 
zone of reducing gas and  an o u te r zone of 
air.

T h e  tu rb ine  ro to r is carried  on  ball b ear
ings and runs at 12,000 to 40,000 r.p.m .. 
the ac tual speed being regulated by m eans
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o f the a ir  con tro l valve. F o r  feeding p u r
poses, the w ire is gripped betw een two ser
rated ro llers w hich are positively driven at 
equal speeds. In terna l gears a re  frequently  
sealed in grease ba ths to prevent access of 
m etal shavings and splinters, w hich w ould 
cause prem ature  w ear. As w ith the m olten 
m etal pistol, burn ing  of the nozzle tip can 
be a problem , but this has been greatly  
reduced in certain  designs o f p istols by 
m aking use o f heat-resistant m ateria ls such 
as nichrom e. S toppages m ay occur in use 
due to the b lockage o f gas passages by dust 
o r  to  the adhesion  o f m etal accum ulations 
in the nozzle o r  in the w ire o r  gas tubes; 
fo rm ation  of these accum ulations is hindered 
by  rubb ing  the nozzle and  tube surfaces with 
g raphite. In operation , a ir an d  gas p res
sures m ust be carefu lly  w atched; on  no 
account m ay the a ir  pressure  recom m ended 
fo r th a t instrum en t be a ltered , bu t a sm all 
latitude m ay be allow ed in the ad justm ent 
o f the  gas pressure.

T he w ire pistol is versatile  in  ch arac te r and 
can  read ily  be adap ted  to m eet p a rticu la r 
requirem ents fo r w hich the sim ple hand 
pistol is inadequate. T hus, fo r outside  w ork, 
o r  to m eet cases w here ne ither com pressed 
a ir  n o r  gas a re  available, com plete po rtab le  
o r  m obile p lan ts have been designed and 
such equipm ent is in use bo th  in this
coun try  and ab road . Such m obile equ ip 
m ent m ay take the fo rm  of a  lo rry  
fitted with an  oil engine and a com pressor, 
a sand b last ap p ara tu s , gas cylinders an d  the 
necessary loose equipm ent. A gain, fo r
spray  coating  the outside  o f large  m etal 
pipes, m achines have  been bu ilt on  the
principle o f the lathe  in w hich the  tube  is
held betw een two cen tres and  slowly ro ta ted  
w hile the  p isto l is carried  on  a  slide rest and 
slowly traverses the length  o f the  pipe. If 
the size o f the w ork  to be coated  w arran ts 
the p rovision  o f m ore com plicated  equ ip 
m ent, m ore than  one pistol m ay be carried  
a t in tervals a long  the  m achine to  hasten 
production , each pistol m etallizing  only a 
portion  of the tube. T his principle has been 
m uch extended in the  case o f  the  pow der 
pistol, to be described next, to the coating  
o f such com plicated  profiles as cylinder 
heads by m ass-production  m ethods.

F o r  m etallizing the bores o f tubes w ith 
in ternal d iam eters o f betw een 1 in. and  3 ins., 
ro ta ry  nozzles a re  used. T hese spin 
a ro u n d  the axis o f the pistol and  app ly  a 
un iform  co a t on a cylindrical su rface  of 
w hich the centre is the bo re  o f  the nozzle. 
A bove 3-in. diam eter, the m etal is not 
throw n fa r enough to ensure  a  satisfactory  
coating , a lth o u g h  this m ethod  o f application  
m ay be used fo r  app ly ing  a  th in  coating  fo r  
build ing  up w orn  o r  oversize housings w hich 
have to  tak e  a  fo rced  fit liner o r  bearing. 
Below 1-in. diam eter, m echanical co n 
siderations preclude the  use o f  ro tating  
nozzles. T he ro ta ting  nozzle is not too
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satisfac to ry  w ith all m etals. T in  and  lead 
are  particu larly  troublesom e to spray  by 
this m eans, bu t no difficulty is encountered 
w ith alum inium .

Extension nozzles consisting essentially o f 
a n  extension tube fitted to  a  s tandard  pistol 
can  be used w ith advantage fo r coating  su r
faces no t easily reached by the standard  
pistol.

F o r coating  the bores o f  larger diam eter 
tubes, deflector nozzles a re  useful in w hich 
the m etal spray  is projected a t an  angle to 
the pistol. T hese m ay be o f tw o types, one 
in w hich an angle nipple is fitted to an 
extension tube to deflect the spray  th rough  
an  angle o f ab o u t 45 degrees and the o ther 
in which an a ir  je t is used to deflect the 
spray.

In the fan spray nozzle, two jets o f air 
d iam etrically  opposite  to each o th er im pinge 
on the a tom ized stream  o f m olten metal 
issuing from  the cen tral orifice o f the 
pistol and form  a  spray  sim ilar in shape to 
the flame from  a bats-w ing burner. This 
m ay be in the fo rm  o f a  thin wide o r a 
narrow  thick rib b o n  and it overcom es the 
defect exhibited by the standard  spray  in 
coating  large surfaces, th a t the  centre  o f the 
spray  cone is alw ays th icker than  the outside 
regions, so th a t each  section sprayed m ust 
overlap  to secure a  un iform  coating.

F or spraying heavy m etal coatings fo r 
build ing-up purposes especially robust 
pistols have been designed capab le  o f 
handling w ire rods up to  jj-in. in diam eter. 
N atu rally , such pistols weigh considerably  
m ore than  the stan d ard  designs, bu t it is 
interesting to no te  th a t som e reduction has 
been achieved by the  use o f light m etals in 
this construction . T hus a pistol w hich in 
the standard  m odel weighs 51 lb. is also 
availab le  w ith an  a lum inium  head, in w hich 
case the w eight is only 4 lb. T h is pisto l is 
cap ab le  o f depositing  4.1 lb. o f a lum inium  
per h o u r  using 45 cubic ft. o f oxygen and 
45 cubic ft. o f a ir  pe r m inute.

W ire pistols use com pressed coal gas, 
hydrogen, dissolved acetylene, o r  p ropagas 
as fuel. O f these, hydrogen, acetylene and 
propagas a re  used from  cylinders fitted with 
fine co n tro l regulators. C oal gas m ay be 
ob tained  from  cylinders, bu t is m ore  usually  
run  in fro m  the m ains th rough  a non-return  
valve and com pressed to 25-30 lb. per sq. in. 
on the site by m eans o f a  sm all com pressor. 
T he a ir  supply  is ob tained  from  a standard  
type o f a ir  com pressor operating  a t 50 p.s.i. 
p ressu re /20  cubic ft. pe r min. m inim um , the 
ho rizon tal type being preferable , as it offers 
less chance fo r  oil to  get th rough  to the 
pistol.

The Powder Pistol
W e com e now  to  the pow der type of 

p istol w hich daily  is assum ing a position  of 
g reater im portance in the m etallizing indus

try. As the nam e im plies, this type o f pistol 
utilizes the m aterial to be sprayed in the 
fo rm  of a fine powder. As such, its ap p li
cation  is no t confined to the spraying of 
m etals; indeed, considerab le  use is being 
m ade o f it to apply coatings o f th iokol, po ly
m erized shellac, bitum en, poly thene and 
o th er plastics, ebonite, su lphur, asbestos 
m ixtures, and waxes to m any kinds o f base 
m ateria l fo r  decorative, chem ical o r  electrical 
engineering purposes. Again, in the realm  
of m etals, the pow der pistol is ideal fo r 
applying m etals where it is no t practicable 
to m aintain  them  in the m olten  condition  o r 
where, perhaps, because of their b rittle  
nature , they canno t be  ob tained  in the form  
o f wire. It is also* the only m ethod of 
co-spraying im m iscible m etals o r  m ixtures 
o f m etals and non-m etals such as zinc and 
glass.

T he first a ttem pts to em ploy a  pow der 
m ethod o f spraying, involved the  application  
of pressure to the inside o f the pow der co n 
tainer to force the cold pow der at high speed 
on to  the surface to be treated. An obvious 
prob lem  w hich was very soon encountered  
in the developm ent o f the pow der pistol wa< 
that o f preventing the m etal pow der from  
packing together as it passed from  the 
pow der co n ta in er to the nozzle o f the  gun. 
T h is was overcom e by sucking the pow der 
along by m eans of a partial vacuum  created 
at o r  near the nozzle. It was then  discovered 
th a t the m ere p ro jec tion  o f cold m etal pow der 
on to a  surface was insufficient to p roduce  an 
adheren t coating  and th a t it w ould be neces
sary to heat the powder. T h e  experim ent 
was then  tried o f heating the a ir b last, bu t 
this, too, was unsuccessful. It was, in fact, 
found  necessary to  heat the pow der alm ost 
to m elting point as it left the nozzle before 
sa tisfactory  deposits could  be ob tained , and 
the sim plest way of doing this was to blow 
it th rough  a  sufficiently ho t flame.

T he m odern  pow der pistol has developed 
a long  these lines and  is, essentially, a  co n 
tainer from  w hich a  steady supply  o f pow der 
is d raw n into the pistol u n d e r a  reduced 
pressure and then directed, by a  b last o f 
air, on to the  surface to be sprayed th rough  
an  a n n u la r flame o f  com busted  gas. As with 
the w ire p istol, th e  gases em ployed as fuel 
include acetylene and  p ropane  in conjunction  
with com pressed oxygen. T he pistol con
tains two in jec to r arrangem ents. O ne in the 
hand le  fo r  m ixing the  fuel gases and  p re 
venting back-firing in the pipes is sim ilar 
to  th a t used in any  o rd in ary  blow pipe, the 
o th er is used fo r asp ira ting  the  m etal 
pow der. T h e  com pressed a ir supply  is split, 
the m ain stream  going direct to  the nozzle 
while the  rem ander is passed th rough  an 
aux iliary  nozzle w here a p a rtia l vacuum  is 
created  to draw  along  the pow der. T he 
ch am b er into w hich this nozzle opens is co n 
nected to the a tm osphere  by a sm all pipe
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ABOVE. U niversal ap p a ra tu s  for 
t either evaporation  o r spu ttering  

(C ourtesy W. E dw ards an d  Co. 
(London), L td.). A t th e  right is the  
Schori m etal sp ray in g  pistol (C ourtesy 
Schori M etallizing Process, Limited).

w hilst a sm all eccentric air tu rb ine  creates 
a certain  am o u n t o f vibration  and tends to 
reduce packing.

T he success o f the pow der pistol is largely 
b ound  up w ith the quality  o f the pow der 
em ployed. C arefu l a tten tion  m ust be paid 
to such factors as particle  size, particle  shape, 
chem ical com position , oxide content, density 
and rate o f flow. Particle  shape is o f  im p o rt
ance because this largely co n tro ls  the ra te  a t 
w hich the pow der will flow th rough  fine o ri
fices; purity  and low oxide con ten t a re  essen
tial if the highest degree o f p ro tection  is to 
be conferred  upon  the article  being sprayed.

T he Schori m etal spraying pistol is illus
trated  below.
A Comparison of the Three Types of 

Pistol
R ollason. T u rn e r and Budgen in their 

book on M etal Spraying (19> have given an
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opening in to  the back of the handle , w here 
it is conveniently  closed in service by the 
o p e ra to r’s thum b. T he orifice m ust be closed 
before sufficient suction is generated  to 
aspirate the pow der, this a rran g em en t thus 
providing a sim ple and re liable  con tro l w hich 
a t th e  sam e tim e safeguards against the  p os
sibility o f  the spray  com ing into operation  
when the pistol is laid aside. T he Schori 
pow der pistol w hich operates in this m anner 
is a  handy and  w ell-balanced tool, light to 
hand le  and easy to  con tro l.

C onsiderab le  ingenuity  h as been show n 
in the developm ent o f a sa tisfacto ry  design 
o f pow der co n ta in er with the object o f 
ensuring  a  steady and co n tro lled  flow of 
pow der. O ne successful design is ra th e r  like 
an  egg-tim er in design, th e  feed to the 
pistol being taken from  the constriction  
betw een the upper and low er con tainers

excellent sum m ary in tab u la r fo rm  o f the 
principal characteristics o f typical m olten 
m etal, w ire an d  pow der pistols. T hese early  
conclusions still hold good to -day ; to 
them  we w ould add a num ber o f  obser
vations. O bviously the m olten  m etal pistol 
is o f lim ited app licab ility , bu t it does m ake 
use o f  m etal in its cheapest fo rm , nam ely, 
as ingot o r bar. It can  only deal with 
m etals w hich will fo rm  hom ogeneous m elts 
and even then it is no t su itable fo r use with 
the  h igher m elting p o in t m etals and alloys. 
A lum inium -silicon a lloy  w ith a  m elting 
poin t o f  a ro u n d  600 degrees C. is generally  
considered to  be  the  h ighest m elting point 
m ateria l w hich can  be sprayed satisfactorily  
by the  m olten  m etal pistol.

T he w ire pistol is the  one w hich has had 
the  greatest app lication , p a rticu larly  in this 
country . E vans <u > _in the section of his



classic volum e dealing with the subject of 
pro tec tion  by m etallic coatings recom m ends 
th a t “ A robust pistol o f  the wire type 
should  be used fo r  app ly ing  a lum inium  
c o a ts ” and m akes no m ention  o f e ither the 
m olten  m etal o r  pow der pistols. R ollason,
T u rn e r and Budgen sta te  th a t w ire pistols 
a re  essential fo r  the  build ing up of thick 
deposits in salvage w ork . Y ielding coatings 
o f m etal which can  be alm ost free from  
co n tam ination  except by oxide, and surfaces 
w ith good resistance to oxidation , can be 
produced. In the spraying of kitchen 
ranges, au tom obiles, m otorcycles, household 
m ateria ls and  so on w ith alum inium , the 
w ire pistol em ploying w ires 0.04-0.06 inches 
in d iam eter has given the m ost satisfactory  
results. T he w ire pistol is p ro b ab ly  the 
m ost expensive of the th ree  types to  work 
and  the fact th a t the  m etal to  be sprayed
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m ust be in the fo rm  of a  fine w ire im poses 
a  severe lim ita tion  to its po ten tial range of 
utility. In practice, how ever, this does not 
p rove such a  disadvantage, as the  largest 
p roportion  o f spraying is carried  ou t with 
zinc, a lum in ium  and lead, all o f w hich can 
be draw n in to  th in  wires. T he fact that the 
w ire pistol, w ith  the aid  o f su itab le  adap to rs, 
is capab le  o f  spraying the  in ternal surfaces 
o f long tubes and deep bores is a  great 
advantage.

Perhaps the chief d isadvantage o f the wire 
pistol is the  fact th a t it has a  nu m b er of 
w earing parts and is no t so ro b u st as the 
o th er types. N evertheless, it is the most 
w idely used a t the m om ent and  has given 
excellent service since its in troduction  in 
1922.

T he pow der pistol is no tew orthy  fo r  its 
flexibility w ith respect to the  variety  of

A BOVE is pictured a n  ap p a ra tu s  
for m etallizing by  the  sputtering  

process (C ourtesy W. E dw ards and  
Co. (London), L td.) At th e  left is the 
M ark 16 w ire-type pistol m anufactured  
by M etallization, Ltd.

m aterials th a t may be sprayed. T hus, it is 
ab le  to  deal with m etals and alloys whose 
m elting points a re  to o  high fo r  use in the  
m olten  m etal ap p ara tu s  o r  w hich do not 
fo rm  hom ogeneous m elts o r w hich cannot 
be d raw n in to  th in  wires. A ll m etals 
and alloys can be ob tained  in the  fo rm  of 
pow der, a lthough  different m ethods o f 
m anufactu re  p roduce  m ateria ls o f very 
different quality  fro m  the  po in t o f view o f  
the requirem ents o f the pow der pistol. It 
has recently been show n th a t the b rittle  
n a tu re  o f inter-m etallic  com pounds is n o  
d isadvantage w hen they are  applied  as a  th in  
film, and  this has opened up wide possib ili
ties fo r the u tiliza tion  o f  m etals w ith special 
characteristics w hich cou ld  no t previously  
be em ployed. Such com pounds w hich a re  
easily pow dered and ad m irab ly  su itab le  to  
flam e spraying include the zinc, a lum in ium
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and  m agnesium  in ter-m etallic  com pounds 
and speculum  m etal.

It is no t necessary fo r  the  pow der to be 
m etallic in character. T he only requ ire 
m ents being th a t it should  soften  and 
becom e plastic du rin g  its passage th rough  
the flame, bu t that it does no t decom pose 
under these conditions. In  consequence, 
the  pow der pistol has been em ployed fo r  
sp ray  coating  w ith such m ateria ls as glass, 
b itum en, plastics and  synthetic  rubbers . A 
num ber o f these m ateria ls can , o f  course, 
be sprayed in so lu tion  o r suspension in a 
volatile  solvent by m eans o f the o rd inary  
pa in t spray. A p articu la r advan tage  of 
flame spraying, how ever, is the  ab ility  to 
dispense w ith volatile  solvents w hich are 
expensive, in very sho rt supply, frequen tly  
inflam m able and dangerous to  the o p e ra to r 
on  the account o f  their toxic n a tu re ; the 
absence o f any tim e lag w hilst w aiting  fo r 
the sprayed coat to dry o r harden  off; the 
absence of the necessity fo r  dry ing ovens 
and the ab ility  to produce thick coatings in 
one  app lication . Since the  occurrence of 
pores and defects leading to  prem ature  
fa ilu re  o f the film and a ttack  o f the  surface 
a re  rough ly  in inverse p ro p o rtio n  to  the  
thickness o f the  coating  it is generally 
necessary to m ake several app lications w ith 
the pain t spray  in o rd er to  o b ta in  the 
required  thickness o f coat, w hereas w ith 
flame spraying this can be achieved in one 
operation .

M oreover, n o t all plastics a re  so luble  in 
pain t spraying solvents, in w hich cases flam e 
spraying m ay provide the  only practicable  
m ethod of app lication . Polythene is one 
such exam ple. T his m ateria l, w hich was 
developed by the l.C .I. du rin g  the  w ar, is a 
w hitish translucen t plastic, tough  and 
flexible, odourless and  tasteless, w ith o u t
standingly good dielectric p roperties an d  an 
am azing  resistance to  solvent m aterials. It 
has trem endous po ten tialities in the 
chem ical, food, electrical and  radio  indus
tries which w ere realized to  a sm all extent 
du ring  the  last year o r  tw o o f the w ar. T he 
flame spray ing  process using the  pow der 
pistol ap p ears to  be  the  only m ethod by 
w hich this im portan t m ateria l can  be applied 
in the fo rm  o f thin o r thick coatings to a 
m etal basis; no  difficulties a re  encountered  
by m ixing the pow dered po lythene with 
o th er pow dered m aterials and  it thus 
becom es possible to  spray  th e  m aterial 
either pigm ented fo r  decoration  o r  filled fo r  
m odification o f m echanical, electrical and 
o th er p roperties. T h e  pow der pistol has 
a lso  been used to  good effect in th e  spraying 
o f  polym erized shellac-base com pounds w ith 
pigm ents o r fillets fo r  coating  tran sfo rm er 
and junction  boxes, sw itch gear, instrum ent 
boards and  panels and  as dom estic  finishes; 
the synthetic  ru b b e r th ioko l fo r  the  p ro tec
tion o f ships’ hulls, tailshafts and brackets,

condensers, chem ical p lan t, vessels fo r  oils 
and solvents, ligh t alloys fo r  use in the 
tropics and steel w ork  exposed to  chem ical 
fum es etc.; b itum en com pounds suitably 
filled fo r  the w aterproofing  of concrete and 
brickw ork, fo r insulation, sealing and 
im pregnation  in the  chem ical and  electrical 
field and fo r the w aterproofing  and acid- 
proofing of floors, structures, vats, etc. 
M ixtures o f m etals and non-m etals such as 
alum inium  and  glass o r a lum inium  and 
b itum en have been sprayed by the pow der 
pistol to fulfil p a rticu lar requirem ents. 
O ther advantages o f  the pow der pistol 
include its low weight, the high ra te  of 
app lication , and the  absence o f m oving 
parts o r  o f com ponents liable to becom e out 
of adjustm ent.

F o r  m any applications, including th a t o f 
increasing the resistance to a ttack  by a tm os
pheric and o th er fo rm s of corrosion , the 
purity  o f the  sprayed co at is o f the  greatest 
im portance. W ith the m olten m etal pistol 
as described above it is no t possib le to  p re 
ven t so lu tion  of iron  and o th er con tam inants 
fro m  the inner walls o f the  m elting p o t and 
fro m  the nozzle and  the connecting  ch am 
bers. C onsiderable  am ounts o f oxide and 
dross a re  fo rm ed , too , and a lto g e th e r this 
m ethod of spraying m ust be considered to 
give the  least sa tisfacto ry  result as fa r  as the 
purity  o f the a lum in ium  coating  is con
cerned. W ith the  w ire and pow der pistols 
there  is little  chance fo r  m etal pick-up, espe
cially  w hen re frac to ry  nozzles are  em ployed, 
bu t there  is still som e oxide fo rm atio n  which 
spoils the con tinu ity  o f the  coating  and 
reduces its pro tective  efficiency. T he pow der 
pistol, due to the fact th a t it is no t necessary 
to cause ac tual fusion of the  m etal in the 
flame, is fundam en ta lly  capab le  o f p roduc
ing a lum inium  coatings having a low  oxide 
con ten t. P r io r  to the„w ar, how ever, it was 
n o t too  sa tisfactory  in this regard , sim ply 
because the pow der itself was insufficiently 
p u re  and a lready  contained  an  appreciable  
oxide con ten t, together w ith a  certain  am oun t 
o f o th er con tam ination . Sidery and  B raith- 
waite<20> cla im  th a t be tte r adhesion  is exhi
bited by coatings o f  a lum in ium  applied  by 
the w ire pisto l th an  by those applied  by  the 
pow der pistol. In  in term itten t salt spray 
tests carried  ou t by R ollason(15>, a  sam ple 
sprayed  w ith a lum in ium  by the pow der p ro 
cess developed ru st spots w ith in  26 days. 
O th e r sam ples w ere coated  w ith  alum inium - 
silicon by the w ire process and  by the m olten  
m etal process. T h a t p roduced  by the w ire 
process was unaffected and  b righ t a fte r  
exposure fo r  periods up  to 170 days; using 
the  m olten  m etal pistol, the deposit soon 
becam e covered w ith a w hite corrosion  p ro 
d uct and  was practically  destroyed a fte r  70 
days exposure. D uring  the w ar, how ever, a 
great deal o f a tten tion  has been directed 
tow ards the developm ent o f g reatly  im proved
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qualities o f pow der, m ore free  from  
m etallic con tam ination  and w ith an oxide 
con ten t of less than  0.5 per cent., and  it is 
possible that, using th is im proved powder, 
coatings can  be  ob tained  w hich are  m ore 
free  f ro m  contam ination  than  those w ith the 
w ire pistol, a lthough  the w riter is unaw are 
o f any  experiments, undertaken  to prove this 
po in t. A fu rth e r d isadvantage of the pow der 
p isto l w hich now  seem  to have been largely 
overcom e was th a t it som etim es produced 
irreg u lar coatings con tain ing  “ lum ps.” 
These, how ever, a re  recent developm ents no t 
yet transla ted  into general practice, and it is 
pop u larly  considered th a t the m ost satisfac
to ry  coatings a re  ob tained  by using the w ire 
pistol.

A ctually , the am o u n t o f oxide form ed d u r
ing a tom iza tion  is sm all. F o r  one th ing  it 
is d o u b tfu l w hether the m etal is really 
m olten  once it has left the gun, and fo r 
an o th e r there  is very little m ovem ent o f 
the a ir  stream  relative to  the m etal particles, 
except fo r  the very b rief interval of 
tim e in w hich they are  gathering  speed. 
C onsequently  the  oxygen co n ten t o f  the  a ir 
layer im m ediately  ad jacen t to the m etal p a r
ticles is rap id ly  dim inished and is not 
replaced before  cooling  and deposition  takes 
place.

On the question o f cost, the m olten  m etal 
m ethod of spraying is generally  cheapest 
because it uses ingot m aterial. In  aw kw ard 
positions, and in endeavouring  to cope w ith 
overhead  w ork, this advan tage  is easily lost 
th ro u g h  slow er w ork ing  and greater fatigue. 
T h e  w ire pistol is a  little  m ore expensive to 
o p era te  th an  the pow der pistol due to the 
co st o f draw ing the m etal into th in  wires.

Recognizing the im portance o f m inim izing 
the oxide co n ten t of the sprayed coat. 
Schoop designed a w ire pistol in which the 
h o t m etal w as m ain tained  in a n eu tra l a tm o 
sphere  o f ca rb o n  dioxide. A tom ization  was 
c arried  o u t by a b last o f p reheated  carbon  
d ioxide and the w ire passed no t th rough  a 
flam e b u t th rough  a tube fitted w ith fins on 
its ex te rnal surface  w hich absorbed  heat 
from  two oxy-acetylene flames. T he carbon  
dioxide was prehea ted  by passing these fins. 
A lthough  it is understood  to  have produced 
extrem ely  hom ogeneous coatings, no exten
sive use o f this pistol has been m ade in this 
country .

M ore recently a re tu rn  has been m ade to 
the  m ojten  m m l  system  fo r spraying super
purity  alum inium . T h e  details o f the m ethod 
adop ted  presents a  great refinem ent over the 
m ethod described above. As is well know n, 
the corrosion  and tarn ish  resistance of super
p u rity  a lum in ium  in m any environm ents is 
greatly  superio r to that o f m etal o f com 
m ercial purity , and it has fo r som e tim e past 
been used as a cladding fo r stronger o r less 
expensive m etal fo r  a num ber o f purposes 
in the chem ical industry and  elsew here; the

super-pu rity  layer being applied m ostly  by 
the m echanical m ethod o f rolling. T he need 
fo r  applying it by spray  pistol arose from  
developm ents in the design o f electrolytic 
condensers w here, fo r  purposes o f increased 
efficiency, it was desired to coat the elec
trodes w ith a lum inium . I t  was found  that 
the efficiency and life o f these electrodes was 
so dependent on the freedom  of the a lu 
m inium  coating  fro m  contam ination  that it 
was w orth  while to em ploy super-purity  
m etal. This, was applied  as a spray, using 
a w ire pistol em ploying super-purity  a lu 
m inium  wires o f sm all diam eter.

J. B. B rennan has poin ted  o u t<M) th a t 
this can  be done m ore efficiently and m ore 
cheaply  by spraying m olten  super-purity  a lu 
m inium  obtained by m elting pigs, bars o r 
billets o f the m etal in a fused alum ina 
crucible. Essentially, the p lant w ith which 
it was p roposed  to  carry  ou t this operation  
consisted o f an  open top  crucib le heated 
externally  by electrical m eans and com 
pletely enclosed by a  pressure cham ber. A 
fused a lum ina pipe ran fro m  inside the 
crucib le to  the outside o f the  pressure ch am 
ber, fro m  w hence a lead cou ld  be taken  to  
the spray  gun. In  use. super-pu rity  metal 
was in troduced  in to  the crucible, the pressure 
ch am b er closed and inert gas passed in to 
rem ove a ir  from  the cham ber and the c o n 
necting pipe. T h e  pressure was then reduced 
to a tm ospheric  and the cu rren t was turned 
on until the a lum in ium  was m olten. T o 
ob tain  a feed to the gun, the pressure  o f the 
inert gas was increased causing a stream  of 
m olten m etal to issue from  the pipe w ithout 
im posing any stra in  on  the fragile  and 
expensive crucible o f fused alum ina. 
A n o th er advan tage of the gas ch am ber was 
that the gas in it lagged the  crucible and 
thereby greatly  assisted in the m aintenance 
of correc t tem perature.

C haracteristics and A pplications o f Sprayed 
C oats

T h e  adhesion  of sprayed m etal coats 
varies widely according to conditions. Thus, 
with p ro p er care, it is possible to produce a 
sprayed coating  of a lum in ium  on glass w hich 
can be separated  only by the  use o f co n 
siderable force and which, when it is broken 
off. tears with it a great num ber o f little  glass 
splinters. T hus a lum in ium  offers the  key to 
the  so lu tion  of finding a  m ethod  of b u ild 
ing glass assem blies w hose tensile streng th  is 
th a t o f  the  glass itself. T hus glass building 
blocks have been built in to  high w alls and 
com plete buildings by first spraying the su r
faces to  be joined w ith alum in ium , and then 
with copper. Such surfaces can  then  be 
soldered together using a low -tem perature 
fu rnace  and low  pressures. T he issue o f th is 
jo u rn a l fo r  M ay, 1939.con ta ins a  pho tograph  
of a  w all 15 m etres high built in this way 
with ho llow  bricks of toughened glass with
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m etallized edges. T his m ethod of soldering 
also  provides a m eans o f m aking sealed 
jo in ts  betw een glass and m etals o r  by 
m etallizing bo th  com ponents, then betw een 
glass and non-m etals or, in fact, betw een any 
two m ateria ls capab le  o f being m etallized. 
A n undercoat o f a lum in ium  can be applied 
to glass in cases w here it is desired to  p roduce 
an  adheren t coating  of a n o th e r m aterial 
which is itself less strongly  adheren t to glass.

T h e  high tension of a lum inium  to glass is 
believed to  be due to the fo rm ation  of a 
thin film of a lum inium  silicate at the in te r
face,, bu t is very dependent on a  p ro p e r p re 
lim inary treatm ent being given to the glass, 
including heating  to  700 degrees C. im m edi
ately p rio r to spraying. Som e care and prac
tice a re  necessary to secure the best results. 
Q uartz, on the o th er han d , m ay be given 
an  adheren t and even coating  o f alum inium  
m uch m ore readily.

In spraying a lum inium  on to the o th er non- 
m etals, how ever, it is no t alw ays possible ,lo 
achieve as great a m easure o f adhesion  as 
m ight be desired, and som e roughening  of 
the surface  is indispensable. M ateria ls  such 
as w ood, paper and m illboard , m ay be 
sprayed satisfactorily  w ith a lum in ium  p ro 
vided there is som e m echanical keying. 
C oarse, unglazed papers and open grain 
unfilled w oods give better adhesion  as m ight 
be anticipated . N evertheless, the  adhesion 
produced is no t alw ays sufficient to w ithstand 
the stresses induced by the very different 
coefficients of expansion. In m etallizing 
w ooden surfaces with a lum in ium , fo r 
exam ple, it is found  that the coating , no t 
in frequently  detaches itself a t sharp  co rners 
and  a t  the edges and cu rls up  even though  
the surface is well roughened, show ing that 
the coating  is un d er strain . It was, fo r 
exam ple, fo u n d  to be im practicab le  to alu- 
m inize w ooden aerop lane  p ropellers owing 
to  the danger o f  peeling follow ing dam age 
to the coating  a t the  tip and edges. N ever
theless, there  are  m any less onerous ap p li
cations. particu larly  in the  decorative field, 
fo r  w hich coatings o f a lum in ium  and  o th er 
m etals on  w ood and o th er non-m etals a re  
invaluable.

As regards m etal-to-m etal adhesion , this 
is due to the app lication  o f surface  forces 
exerted betw een two m etals in close con
tact, reinforced to  som e extent by m echanical 
effects due to “ roo ting  ” o f the coating  in 
pores and depressions in the m etal surface. 
In these respects the m echanism  by which 
a lum in ium  and o th er m etals adhere  when 
sprayed on to cold o r nearly  co ld  surfaces 
is rem iniscent o f th a t occurring  in e lectro 
deposition processes. M oreover, a s  in e lectro 
plating , adhesion  is influenced b o th  by  the 
p relim inary  trea tm en t o f the  surface  to  be 
coated  and  by the  conditions under which 
coating  occurs, the fo rm er being the m ore 
im portan t, provided th a t certain  variab les in

the  coating  technique are  kep t w ithin certain  
well-defined limits.

T here  a re  also  these differences, how ever, 
(a) th a t in electro-plating , the deposited p a r
ticles from  w hich the  coating  is bu ilt up  are  
o f atom ic dim ensions, w hereas in m etal 
spraying they, a lthough  still sm all, are 
d im ensionally  o f a  very m uch h igher order, 
and (b) th a t unlike electro-deposited  m etals, 
there  is no  tendency fo r the sprayed m etal 
to fo llow  the crystal structu re  o f the  base 
m etal. W hereas in electro-plating  the  g reater 
difficulty o f securing good adhesion to a 
polished than  to  an  etched surface  is due in 
part to the d isordered  arrangem ent o f  the 
surface  m olecules resulting  from  the po lish
ing op eratio n , in m etal spraying the sam e 
increased difficulty is due only to  the 
decrease in the nu m b er o f keying positions.

G ood  adhesion is p rom oted  by securing 
in tim ate con tact betw een the  two m etals. T he 
first essential before  applying a sprayed co at
ing is, therefo re , to  clean the surface  to be 
coated  very thoroughly , paying p a rticu la r 
a tten tion  to the rem oval o f  scale, oxide 
incrusta tions, and  so on, and o f films of 
grease and oil.

T he size o f  the sprayed m etal particles and 
the velocity with w hich they are projected 
on to  the m etal surface are reflected in a 
peculiar effect w hich results in a greatly  
reduced adhesion to a polished m etal surface. 
T he phenom enon has been investigated 
by R obert H opfelt. D irecto r o f the 
M etallisato r A .G .. A ltona. w hose conclu
sions a re  sum m arized and illustra ted  in 
R ollason’s book previously referred  to .<15> 
If a  m etal particle , w hich is su rrounded  by a 
certain  am o u n t o f a ir, strikes in a heated 
condition  upon a  sm ooth m etal plate, it 
m akes a gliding m ovem ent before  com ing 
to rest. A certain  am oun t of rebound  takes 
place and the particle  during  its gliding 
m ovem ent m ay leave the  surface  and  re tu rn  
to it a num ber o f times before  m otion 
ceases. T he result is a wavy o r  slightly 
co rrugated  deposit w hich is in close con tact 
w ith the su bstra tum  a t only a few poin ts so 
th a t in ferio r adhesion is obtained. If, how 
ever, the  su bstra tum  is previously sand 
blasted, the  surface  is roughened  and  sharp  
elevations and depressions a re  produced. A 
sprayed m etallic particle  m eeting such a  
surface is b rough t im m ediately to  rest 
w ithou t hav ing  a chance to rebound. 
M oreover, the heat o f the particle  together 
w ith th a t p roduced  by its sudden cessation 
o f m ovem ent expands and  rem oves m uch 
o f  the su rround ing  a ir  so th a t it is b ro u g h t 
closer to the substra tum . Sand blasting  is, 
in fact, the secret o f success in m etal sp ray 
ing, and the coating  operation  will rare ly  
give sa tisfactory  results in the absence o f 
this p relim inary  surface treatm ent.

D eliberate  a ttem pts have been m ade to 
rem ove the a ir  layer betw een the  coated  and
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the coating  m etal in an endeavour to 
im prove adhesion . T he influence of this 
type o f a ir cushion is a fam ilia r facto r. 
T hus, two sm ooth ly  polished and  flat plates 
will adhere  to each o th er m uch m ore tightly 
when wetted or w arm  than when dry or 
cold, the exp lanation , according to H opfelt, 
lving in the fact that w etting rem oves the 
adhering  layer o f a ir from  the surfaces and 
that w arm ing acts sim ilarly  by causing 
expansion and therefo re  partia l expulsion o f 
the in term ediate a ir layer. These principles 
have been applied in practice to the op era 
tions o f soldering and au togenous welding 
w ith the addition  of fluxes and high pres
sure respectively to b reak  th rough  the  oxide 
film w hich is present, and a ttem pts have 
been m ade to extend them  to the operation  
of m etal spraying. I t  was thought th a t it 
m ight be advan tageous to  m aintain  the 
a rticle  a t an  elevated  tem pera ture  during  
spraying to effect expansion and partial 
rem oval o f  the adhering  and  occluded 
air-layer. U n fo rtunate ly , scorching and 
ox idation  take place and  the result is 
unsatisfactory . Sim ilarly, if a  very short 
nozzle d istance is used, the particles m ay 
be projected  on to the m etal substra tum  
with such force th a t welding takes place, 
b u t again  the deposit is unsatisfactory , being 
so rich in oxide that it is useless fo r most 
p ractica l purposes.

T he fineness o f the m etal spray  has an 
influence on the adhesion  produced since 
sm all particles are  able to penetrate  m ore 
easily into the pores of the surface than  are 
coarse  ones, resulting in better m echanical 
keying. Since the fineness o f the  spray  is 
largely connected  w ith the a ir pressure 
em ploved and the position o f the burner, 
these represent factors w h ith  are under the 
co n tro l o f the operato r.

The Sand-blasting Operation
A brasive b lasting m ay be carried  out by 

one of three  system s: (a) a pressure system  
in w hich com pressed a ir is used to force 
the abrasive  fro m  a  closed co n ta in er along 
a p ipe line and  discharge it th rough  a nozzle 
on  to the w ork ; (b) a  suction system  rem ini
scent o f the m echanism  of the  pow der pistol 
in w hich the abrasive is sucked up into a 
gun and is then projected  on to  the w ork 
by com pressed a ir; and (c) a m echanical 
system  in w hich the  abrasive is fed on to 
im pellers ro tating  a t h igh  speed and  flung 
on to the w ork by cen trifugal action. Of 
these th ree  system s, the  first is the  m ost 
im portan t and m ost w idely used. T he suc
tion  system  is less efficient though  of g reater 
sim plicity, w hilst the m echanical system  is 
best suited  to the treatm ent o f sm ajl objects 
handled  in barre ls o r By a  ro tary  table or 
conveyor belt w hich bring  th e  object to the 
nozzle ra th e r than  the nozzle to the  object.

An efficient exhaust system  is requ ired  
under H om e Office R egulations to  rem ove

and filter the dust-laden a ir w hich is 
the inevitable result o f abrasive-blasting  
operations, and in consequence this is 
no t carried  ou t in the open shop. C ham bers 
o r  room s are  provided fo r the blasting o f 
large objects and cabinets fo r  treating  
sm aller w ork. In the  one case, the  o p era to r 
stands inside the room  and  directs the blast 
on to the w ork th ro u g h  a  nozzle at the  end 
o f a flexible hose, w hilst in the o th er he 
stands outside the cab inet and m oves e ither 
a nozzle over the  w ork  or the w ork under a 
fixed nozzle. Sm all articles m ay also  be 
dealt w ith on ro tary  tables o r  conveyor belts 
o r  in ro ta ting  barrels. In  the  last case, the 
articles a re  tum bled while th e  abrasive b last 
is projected  th rough  one o r bo th  ends o f the 
barrel.

N atu rally , p ro tec tion  m ust be provided fo r 
o p erato rs using hand-contro lled  nozzles, 
since the process is unp leasan t, and in the 
absence o f p ro p e r p recau tions m ay be d an 
gerous to their health . Such pro tec tion  m ay 
take the fo rm  of a com bined head gear 
which com pletely covers the head and 
includes bo th  goggles and resp ira to r. W here 
the o p e ra to r stands inside the cabinet, it is 
advisable fo r him  to  w ear a  com plete p ro 
tective suit supplied w ith fresh air.

F ac to rs  Affecting the Efficiency of 
Sand Blasting

W e have a lready  described how  sand 
b lasting can im prove the adhesion of sprayed 
m etal coats to non-m etals, and  particu larly  
to m etals, by thoroughly  cleaning the su r
face, by providing num erous sm all inden ta
tions o r pores in which the sprayed coat 
m ay an ch o r itself, and  by arresting  the flight 
o f the sprayed particles, all o f  which result 
in a m ore in tim ate con tact betw een the two 
surfaces on which u ltim ately  adhesion 
depends.

N atu rally , the  extent to w hich this occurs 
in practice is dependent on the variables o f 
the blasting  operation . T hus, articles should 
be sprayed as soon  as possible a fte r  b lasting 
and handled only w ith gloves to  avoid  the 
deposition of m oisture o r  the  tran sfer
ence o f grease. T he size o f the inden tations 
o r pores produced  should  be of the  sam e 
o rder as the size o f the sprayed m etal 
particles, and  considerab le  p ressure  and  a 
hard abrasive m ust be em ployed to  produce 
the open grain struc tu re  desired.

Sand and flint a re  bo th  very good a b ra 
sives, bu t they pow der rapid ly  in use and 
produce a  dust w hich is dangerous to 
b reathe; m oreover, the use o f sand o r o th er 
substance con tain ing  free  silica as an  a b ra 
sive in b lasting a p p ara tu s  is now  proh ib ited . 
R ound  steel shot has no cu tting  edges and 
is b u t a p o o r abrasive. On the  o th er hand , 
crushed chilled cast iron  is angular, h ard  
and  sharp , and  possibly the  best a ll-round
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abrasive to  em ploy. It is m ore expensive 
than  sand and flint, but it lasts 10 to 20 times 
as long before  its efficiency is seriously 
reduced by pu lverization . A bout 10 to 
30 lb. per sq. in. is the range o f pressures 
m ost used in sand-blasting  operations p re 
p a ra to ry  to  m etal spraying. W ith steel 
abrasives, a t least double  the pressure is 
required to cope with the h igher density of 
the m etal abrasive. F ine an g u la r shot used 
at the low er end of the pressure  range is 
su itab le  fo r b lasting non-ferrous m etals and 
soft non-m etallics, say N o. 60 grit used at 
20 lb. per sq. in. pressure, and the pressure 
is increased and a  coarser g rit is em ployed as 
the hardness o f the m ateria l to be treated  
and the toughness o f the skin to be rem oved 
increase. It is false econom y to a ttem p t to 
m ake do w ith a ir  pressures which a re  too 
low. Below certain  lim iting pressures, the 
tim e fo r  treatm ent increases enorm ously  and 
the roughness produced m ay no t be 
sufficient to p rom ote  good adhesion  of the 
sprayed m etal coating.

T he nozzles o f abrasive blasting  guns are. 
n a tu ra lly , subject to  a  good deal o f w ear. 
T hey  m ay be inexpensively m ade from  
o rd inary  cast iron  and replaced a t frequen t 
intervals, o r  they  m ay be lined w ith som e 
very hard  m aterial, such as b o ron  or 
tungsten carbide. Lined nozzles are  expen
sive, bu t they have the advan tage  o f m ain 
tain ing  steady conditions over fa ir  periods 
o f time.

F o r  best results the nozzle should  be held 
a t an  oblique angle and n o t perpend icu lar 
to  the  w ork , a t a  distance o f ab o u t 12 ins.

Porcela in , q u a rtz  and enam el a re  best 
given a  p re lim inary  m atting  o f the surface 
by m eans o f a  very fine blast.

A t this junctu re, it is no t in ap p ro p ria te  to 
rem ark  th a t the m etal-spray ing  operation  
itself is no t w ithou t risk o f in ju ry  to the 
health  o f the operato r. Lead, cadm ium , 
copper, brass, b ronze, tin  and  zinc all give 
rise to  various toxic effects and it w ould  
a p p ea r th a t a lum in ium  is p ro b ab ly  the least 
dangerous m etal to spray  fro m  this po in t o f 
view.

Appearance o f the Sprayed M etal Coating
T h e  appearance of a  n o rm al sprayed 

m etal coating  is alw ays m at. As one w ould  
an tic ip a te  fro m  its m ode of fo rm ation , the 
deposition  o f m etal particles o f the  size p ro 
duced by the  a ir  b last o f  the spray  gun 
which bond by a process o f sintering ra th e r 
than  fusion can lead only to  fo rm atio n  of a 
ro u g h  non-reflecting surface. Since m etal 
sp ray ing  is u sually  carried  ou t fo r  purposes 
o f p ro tec tion  only, this is no t usually  a  dis
advan tage; in fact, it is a great advan tage  in 
cases w here add itional p ro tec tion  is afforded 
by subsequent coating  w ith an organic  
coating  com position , as will be explained 
late r, since it provides a m uch b e tte r key fo r

the coating. H ow ever, w here appearance  is 
o f  im portance, sprayed m etal coatings, p a r
ticu larly  o f alum in ium , can be m ade to  look 
m uch  m ore attractive . B rushing w ith a fine 
w ire b rush  im parts a  satiny  sheen o f co n 
siderable decorative value. T he brushes 
used on a lum in ium  coatings should  con tain  
wires o f steel o r  nickel silver and  n o t brass, 
w hich m igh t tend to  d isco lour the  a lum inium  
surface.

A h igh  polish m ay be conferred  by 
o rd inary  m ethods, but, owing to the ro u g h 
ness o f the sprayed surface, it is u sually  
necessary to com m ence by em ery bobbing 
follow ed by grease bobbing, m op with 
a tripo li com pound  and com plete w ith a  so ft 
m op and finishing conrpo. In o rd er to 
allow  fo r  the am o u n t o f m etal rem oved 
during  these operations, it is essential th a t 
the sprayed coat be in itially  no t less than
0.015 in. in thickness. H am m ered effects 
m ay be produced  in the usual way. bu t care  
m ust be taken no t to  stretch th e  th in  coat 
unduly, which w ould cause it to p a r t  from  
the under surface.

C hasing and ' patin izing  m ay also  be 
carried  out. Patin iz ing  is m uch em ployed 
on m etallized articles o f p las te r o f paris. 
terra  co tta , etc., w hich are  desired to 
resem ble artistic  m etal w are. On such su r
faces it is essential to ob tain  the p a tina  by 
a d ry  process, using, e.g., hydrogen su lph ide. 
If  acids and liqu ids a re  em ployed they tend 
to soak into the under surface  and then to 
seep ou t later, causing stains and o th e r  
dam age. T h is can be prevented  by im preg
nating  the article  with paraffin w ax before- 
m etallizing, bu t since this in tu rn  reduces 
the adhesion ob tained  by closing the  p o res 
in the  surface, it is not generally  recom 
m ended.

Porosity o f the Sprayed Coating
One w ould no t an tic ipate  th a t a co alin g  

form ed  by the  deposition  of m etal particles, 
w hich agg lom erate  only th rough  a process 
o f sin tering  and w hose surfaces include a 
fa ir p ro p o rtio n  o f oxide, w ould be very free 
from  pores. Indeed, such is the case, and  
one o f the chief ob jections to sprayed  
m etals is porosity . A ctually , w ith certain  
o f the low er m elting-point m etals and by 
carefu l m an ipu lation  o f the a ir  p ressure  
em ployed, it is possible to  obtain  cond itions 
under which the deposited particles fuse  
together and produce a  substan tia lly  non- 
porous coating . R ol!ason<15> m entions th e  
spraying o f a piece o f m etallic sodium  with 
lead and tin to  p roduce a coating  so free  
from  pores th a t no  action  occurred  when 
the  sprayed sodium  was th row n in to  w ater.

T . E verts(i3) has investigated in som e 
detail the effect o f various o p erating  cond i
tions on the  porosity  o f the  sprayed  co at 
using a w ire p isto l and oxy-hydrogen flame. 
In the case o f alum in ium , increasing the
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thickness o f the  coating  appeared  to  have 
very little  effect, a lth o u g h  thick coatings o f 
steel show ed a  g reatly  reduced perm eability  
to  gases. T h e  p o ro sity  o f a lum in ium  c o a t
ings increased rapidly  when the distance of 
the  nozzle fro m  the surface  was increased 
fro m  10 cms. to  15 cms. and decreased ju st 
as sharp ly  when the  hydrogen pressure was 
increased from  1.3 to 1.8 atm ospheres. The 
presence o f excess oxygen in the flame had 
very little  effect on the porosity  o f the  a lu 
m inium  coats, neither had an  increase in 
th e  a ir  pressure em ployed, but in all cases 
an increase in the ra te  o f feeding the w ire 
over th a t norm ally  em ployed tended to 
increase porosity  due to  a fa ilu re  to liquefy 
the  wire. T he orig inal p ap er con tains data  
on a  n u m b er o f m etals investigated and is 
m ost instructive, but, o f course, it relates 
on ly  to  the particu la r pistol and  system  of 
spraying, fuel gases, etc., em ployed in the 
investigation. U nder these conditions, the 
variables best suited to  the  p roduction  o f 
so und  a lum in ium  sprayed coats are: sp ray 
ing d istance 2 ins., hydrogen pressure 2.4 
a tm ospheres, oxygen pressure 2.3 a tm o 
spheres, a ir pressure 2.7 a tm ospheres, and 
ra te  o f w ire feed 18.3 ft. per min. A very 
considerab le  im provem ent w as effected in 
this way, and  it w ould  ap p ear th a t o f all the 
m etals investigated, a lum inium  coatings a re  
the m ost susceptible to a reduction  in 
porosity  by a tten tion  to the actual spraying 
conditions.

E verts also, a ttem pted  to estim ate the  num 
ber o f pores in sprayed coatings by direct 
counting  under the m icroscope. His results 
indicate that, in com parison with zinc and 
lead, the pores in sprayed a lum in ium  coats 
a re  few in num ber but large in size. His 
actual figures a re :— F o r  a  porous a lum inium  
coating , 22 pores per sq. mm., each pore 
being 0.002-0.02 m m. in diam eter; fo r a  
dense a lum in ium  coating , 45 pores pe r sq. 
m m., each pore  being 0.0003-0.0007 m m. in 
d iam eter; fo r a zinc coating, 1,000 pores per 
sq. mm. w ere found  w ith diam eters o f 
betw een 0.0001 and 0.001 mm.

Schnorrenberg(24) has also  investigated the 
effect o f  p roduction  variab les on  the  porosity  
o f sprayed coals, and has m ade recom m en
dations fo r op tim um  values fo r  use in 
spraying a lum inium .

Treatments to Reduce Porosity.
T h ere  are , how ever, a  n u m b er o f ways in 

w hich th e  porosity  o f a  sprayed m etal coat 
m ay be reduced, perhaps the best o f which 
consists sim ply in th e  subsequent app lication  
o f an  organic coating  com position  which 
will also prevent de terio ra tion  o f the m etal 
coat. T he com bina tion  o f sprayed a lu 
m inium  follow ed by an iron  oxide pain t 
gives really  rem arkab le  p ro tec tion  to iron  
and steel un d er the  m ost severe conditions. 
N o t the  least im portan t fac to r in this p ro 
tective ensem ble is the excellent key which

the porous alum inium  surface provides fo r 
the pain t coatings. N o t all organics a re  
equally  effective in this connection ; iron 
ox ide/linseed  oil pain t, e.g., h as been found  
to give vastly better protection  to  sprayed 
a lum inium  on iron  than  unpigm ented oil 
varnishes.

An a lte rna tive  p ro tection  is to  precipitate  
an insoluble com pound  in the  pores o f the 
sprayed m etal coating  by chem ical m eans.

It is also  possible to  effect som e im prove
m ent by m echanical m eans, such as po lish
ing, ham m ering, w ire b rushing, burnishing 
and blasting w ith round  shot, which 
am oun ts to  m uch the sam e th ing  as 
burnishing. A rticles sprayed in rum bling 
barre ls w orking on the principle o f  the sand 
blasting  barre l, a re  know n to acquire  a metal 
coating  w ith high adhesion and very low 
porosity . N o d o u b t this is due to the b u rn 
ishing action  o f one article  rubb ing  against 
ano ther.

Everts®* h as  recorded the results o f som e 
tests on the effects o f heating, grinding 
and polishing on the soundness o f 
som e sprayed m etal coatings. M easur
ing the soundness o f a  coating by 
the tim e taken fo r I 1. o f  gas to penetra te  
1 sq. mm. o f the coating  0.5 mm. thick un d er 
an  excess pressure o f 1 a tm osphere  a t 15 
degrees C ., he fo und  th a t heating  produced  
an  eleven-fold increase in the  soundness o f 
a lum inium  coats, w hilst grinding gave a  
235-fold and polishing a 320-fold im prove
m ent. ,

In  som e cases readily  fusib le  and flowable 
m etals (tin and zinc) can be used to  fill the  
pores o f a sprayed m etal coat. T hus 
porosity  in sprayed brass o r nickel m ay be 
e lim inated by applying a co at o f tin and  
then heating to ab o u t 240 degrees C . T he 
tin m elts and fills the pores. I f  the  tin is 
applied as an  in term ediate coating  betw een 
two layers, the  appearance and o th er ch ar
acteristics o f the upper layer o f the  p rincipal 
coating  m etal a re  no t greatly  altered, 
a lthough  the  pores in it m ay be effectively 
sealed. Zinc is a  particu larly  satisfactory  
u nderlayer fo r trea tm en t w ith tin in this 
way, due to the p roduction  o f a  tin-zinc 
alloy , and this fo rm  o f p rotection  has given 
good results in the trea tm en t o f the in te rio r 
surfaces o f  m ilkcans; the zinc a lloy  is said 
to  be  as harm less fro m  the  toxicity  po in t o f 
view as tin.

T hick coatings o f  a lum in ium  a re  very 
satisfacto ry  fo r  filling cavities in iron , brass, 
co p p er and  a lum in ium  vessels. T hey do not 
exhibit any perm eability  to  w ater, even 
under pressure, bu t m etals o th er than  
a lum in ium  used in this way are  liab le to give 
rise to  som e leakage.
Density o f Sprayed M etal Coats

Schnorrenberg<W) has m easured the 
density o f a num ber o f sprayed m etals and 
com pared  these w ith the densities as cast.
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He found  that the density o f  the sprayed 
a lum in ium  was som e 9 per cent, less than 
that o f the cast m etal as com pared  with 6.4 
per cent, fo r  tin , 8.6 per cent, fo r  zinc, 11.3 
per cent, fo r bronze. 11.8 per cent, fo r  brass, 
14 per cent, fo r  lead  and 15.9 per cent, fo r 

copper.
T his difference in density is, o f course, a 

m easure  o f the unsoundness o f the  coating. 
It is, how ever, no t a  very re liab le  m easure, 
p a rtly  because castings m ay them selves 
be unsound unless very carefu lly  produced 
and, therefo re , no t very su itab le  fo r  use as 
standards o f com parison  and partly  because 
it gives no in fo rm ation  ab o u t the size and 
disposition of the voids, o r  ab o u t the oxide 
co n ten t, w hich na tu ra lly  affects the  density. 
P rovided the voids a re  sufficiently fine, one 
unsound  coating  m ay be m uch less p e r
m eable th an  a n o th e r exhibiting  a  sm all 
num ber o f m uch larger pores, especially 
w here liquids are  concerned.

Abrasion Resistance of Sprayed 
Aluminium Coatings

Sprayed coats o f  unalloyed alum inium  
a re  ra th e r so ft and  fo r use in conditions 
w here they are  liable to  abrasion  by dust 
particles, it is as well to  pro tect them  with 
a  hard  coat o f paint. An a lte rna tive  is to 
use a coating  of a lum in ium  alloy , em ploying 
m ethods such as those w hich have been 
developed fo r app ly ing  alum inium -base 
coatings specifically fo r  resisting high tem 
p era tu re  oxidation . In the A lum eticren 
process ,® ', fo r  exam ple, a lum in ium  is 
sprayed on to iron  fu rnace bars. These are 
then trea ted  a t 1,000 degrees C. to  produce 
an  iron-alum inium  alloy  o f considerable 
hardness. S im ilar alloys m ay also  be 
form ed a t m uch low er tem peratures. A lter
natively, an  alum in ium -base  a lloy  m ay be 
sprayed o r a lum in ium  and a lloying ingredi
ents sprayed sim ultaneously , using a pow der 
pistol to  produce an alum in ium -base  coating 
h a rd er than  unalloyed a lum inium .

The Nature o f the Sprayed M etal Coat
A great deal o f speculation , false th eo ris

ing and practical experim ent have been 
undertaken  in an  a ttem p t to  solve the 
prob lem  o f w hy fa irly  sound ad heren t m etal 
coatings can be produced using the flame 
pistol. It w ould be sim ple to  understand  if 
the m etal particles reached the  surface to  be 
coated  in the  m olten condition , bu t except 
when the  nozzle is held  very close to  the 
object, th is is n o t so, since com bustib le  
m ateria ls such as fine fabrics can  be m eta l
lized w ithou t danger; the  hand  held a few 
inches from  the nozzle receives a  m etallic 
coating  and  yet experiences little  m ore  than  
a w arm  b last o f a ir, w hilst, according to 
R ollason415), a  th erm o m eter held  in the 
spray  4 to  5 ins. from  the  nozzle o f a  gun

spraying iron  registers only ab o u t 70 
degrees C.

Yet it is c lear that, in the w ire and m olten 
m etal p istols a t least, the m etal m ust be 
m elted a t som e tim e or it could  no t be 
atom ized. T he theory  has been p u t fo rw ard  
that the m olten a tom ized particles a re  first 
chilled by the a ir  blast, bu t th a t the energy 
o f the cool particles on im pact with 
the surface  to be . coated is converted 
into heat sufficient to cause the fo rm er 
to revert fo r  a m om ent to the plastic 
state. N ow , during  this very b rief period 
the particles becom e welded into a  firmly 
adhering  and coheren t layer, w hilst the 
high velocity a ir  stream  m aintains the su r
face being sprayed a t a safe tem perature. 
This theory  was first ventilated  by G u n th e r 
and Schoop and a lthough  no one doubts 
that the  a ir  b last chills the atom ized p a r
ticles and keeps the depositing surface  cool, 
the rem ainder o f the theory  was questioned 
alm ost from  the first. Severiil au tho rities 
spoke against it in proceedings against 
G erm an P aten t 258,505 on A pril 27. 1909. 
A rnold® ! pointed ou t th a t pho tom icro- 
scopic exam ination  of sprayed m etal su r
faces proved  only th a t the particles were in 
the soft cond ition  w hen, o r  im m ediately 
a fte r, they  reached the  surface being sprayed 
and gave no  evidence to  prove th a t any 
fusion o r welding took  place under norm al 
conditions. He fu rth e r show ed that the 
kinetic energy of the particles was, in fact, 
theoretically  insufficient fo r welding by 
fusion.

O ther theories have been advanced, 
including one in w hich the  cold m etallic 
particles a re  assum ed to be ham m ered into 
the  pores o f the  surface by  the great force 
behind them . T he hypothesis favoured  by 
R ollason,(15> w hich w ould a p p ea r to  be the 
m ost plausib le and  w hich is founded  upon  a 
considerab le  volum e o f  experim ental 
evidence,* is th a t the  particles are  m elted 
com pletely  o r partia lly  in the  flame, depend
ing on the spraying ap p ara tu s , and cool 
fa irly  slow ly w hile travelling  in the  a ir  
stream , since there  is little  relative- m otion 
betw een the  two. W hen the  pistol is held 
close to  the a rtic le  (1-3 ins.), the  particles 
are  still m olten  w hen they  strike  th e  surface. 
Splashes a re  form ed w hich interlock. A fte r 
deposition , the  particles a re  rap id ly  cooled 
by the  a ir  stream  w hich rushes by, and  w hich 
also  keeps the  base m ateria l cool. A t 
g rea ter distances fro m  the  nozzle, the 
particles a re  cooled below  their freezing 
point, so th a t the  particles do  no t fo rm  
splashes, but th e ir kinetic energy is sufficient 
to  defo rm  them  in to  a  lam inated  packing

* Rollason, Turner and Budgen’s work on Metal 
Spraying contains a summary of the bulk of this 
evidence, together with a number of informative 
photomicrographs and X -ray photographs.
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-O f  sw cetnm king and w rapping there is no 
end], . b u t while u r  m easure o u tp u t in tons to 
avoid adventures iimi>ng millions, there  is no sueh 
escape Tor wrapping.* lftachinc..' The precise, 
lightning-like m nV enantsaof the tn ech am ea l fingers 
dem onstrate dramatifiMlyP one o f F ight .Metals' 
ou tstand ing  jobs re d u c in g  the n o n p ro d u c t iv e  mass 
o f  th in g s that m ore. They cut the  sta rting  inertia 
of high-speed reciprocating parts  . . .  of mem bers 
th a t stop, s ta r t and stop again . . . and  of fast 
ro ta ting  com ponents. Consequently there is 
m uch less wear and tear . . . fewer replacem ents 
and less m aintenance . . . reduced power consum p
tion and, of course, increased output- I V  th is .

vivid picture of Light Metals a t work add strength, 
toughness, machinability and ready adaptability 
to fabrication — also that they arc non-toxic, 
rustless and possess high thermal and electrical 
conductivity. And in addition, unlike every other 
metal, aluminium is in abundant supply a t about 
30% less than the pre-war price. ALMIN are not 
machine manufacturers — they advise such firms 
on how to speed up production, and assist them to 
improve the efficiency and appearance of their 
products.

SOME FACrS ABOUT LIGHT METALS . . .

A lu m in iu m  a llo ys are as strong as steel, m a ch ine as 
fa st as bra ss, a n d  are o n ly  o n e-th ird  o f  the weight. I n  
ra p id ly -m o v in g  m a ch in e ry, light-w eight a lu m in iu m  
a llo ys reduce w ear on b e a rin g s , cut p o w er costs. 
A lu m in iu m  is  abund ant a n d  is  cheaper than ever before
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enclosing fine pores. A t still g reater dis
tances, the particles fo rm  a  heaped sand-like 
m ass w ith high porosity . It is possible th a t 
sin tering  processes, as understood  in  pow der 
m etallurg ical operations, a re  involved. I t  is 
conceivable th a t th e  particles o f  m etal reach 
ing th e  surface to  be sprayed a re  above the 
sin tering  tem pera tu re, but, unlike pow der 
m etallurg ical processes, the pressures 
involved by the  im pact o f the  particles 
can n o t be very high. N evertheless, since 
m uch o f the pressure  em ployed in the sin ter
ing of pow dered com pacts is necessary to 
overcom e the  resistance o f the grains to  the 
m ovem ents requ ired  in com paction , it is no t 
im probab le  th a t the  pressure due to  the 
im pact velocity o f the particles is quite 
sufficient to produce a sintered com pact in 
th in  layers a t a  time.

F inally , the  possibility  o f undcr-cooling  of 
the m etal particles, due to the extrem ely 
rapid  chilling, should  no t be overlooked. It 
is difficult to  pred ict the possible extent o f 
under-cooling u n d e r such conditions, and it 
m ay be th a t this is the  key to  the  so lu tion  of 
this problem .

The Cost o f M etal Spraying
T o ask fo r the  cost o f m etal spraying is 

ra th e r like saying “ how  long  is a  piece o f 
string? ”  I t  varies according to  the  size of 
the  article , the  m ate ria l o f w hich it is m ade 
and  its condition , the  ease w ith w hich it can 
be handled , the  m etal to  be deposited, the 
m ethod  em ployed an d  th e  skill o f  the w o rk 
men. W hen edges a re  coated , a good deal 
o f the m etal sprayed is lost, w hilst w ith 
heavy articles a  good deal o f  tim e m ay be 
w asted m anipu lating  the  article.

T h e  cost o f m etal spraying tends to  be 
based on the  a rea  covered in co n trast to 
galvanizing, w hich is charged on weight. 
A lum inium  costs a little  m ore than  zinc and 
lead to  spray , a little  less th an  co p p er and 
considerably  less th an  tin , steel and 
cadm ium .

Som e Applications of Sprayed Aluminium  
Coats

1. As a Protection Against the Corrosion 
o f Iron and Steel

I t  is a  good m any years now  since Sir 
R o bert H adfield m ade his m uch-quoted 
estim ate o f  the cost to  this coun try  o f the 
corrosion  o f iron  and  steel, and nam ed a 
m inim um  figure o f 28 m illion pounds per 
year. Evidence w ould  seem to  suggest th a t 
th is is certain ly  no t an  exaggeration, 
especially w hen one also  considers d e te rio ra 
tion, w hich is due  indirectly  to  corrosion . 
W ith in  the  past few  years fundam ental 
research  by  F . P. Bowden and his co llab o ra 
to rs has show n th a t w ear o f a ttritio n  takes 
p lace on ly  under conditions in w hich an 
ox idation  o r sim ilar chem ical action  is
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possible, and  the deduction  has been 
d ra w n (27) th a t the great m ajo rity  o f dis
carded an d  w orn -ou t m achines a re  exam ples 
no t o f w ear bu t o f corrosion.

M any  form s of p ro tec tion  against c o rro 
sio n  are , o f course, com m only  practised— 
painting, galvanizing, e lectroplating , e.g., bu t 
a ll m ethods have their lim ita tions and  few 
give pro tec tion  fo r  long periods on outside 
exposure. T he one brigh t spot in the picture 
o f rust and d e terio ra tion  is the success which 
has been ob tained  in recent years with 
sprayed coatings o f m etallic alum inium . 
T he versatility  o f the flame process fo r 
spraying a lum inium  is such th a t this m ethod 
o f coating  is o f a lm ost universal app lica
bility  and the  excellent resistance to  c o rro 
sion w hich is conferred  fo r long  periods of 
tim e does offer the  prospect o f  m aterially  
reducing the present losses th rough  
corrosion.

Fundam en ta lly , there  w ould ap p ear to be 
two chief w ays in w hich iro n  and  steel m ay 
be protected against corrosion  by the 
app lication  of a  coating. O ne is by the  ap p li
cation  o f a  coating  w hich is unbroken  and 
com pletely n o n -porous fo rm ing  an  effective 
b a rrie r betw een the fe rro u s m etal and the 
co rrod ing  environm ent. Such an ideal state 
of affairs is, o f course, difficult to a tta in  
and is seldom  reached in practice. W hen it 
is reached it is difficult to  m aintain  since a 
deep scratch  o r  a hard  knock m ay penetrate  
or rem ove a sm all p o rtion  o f the coating , in 
w hich case its con tinu ity  and  m axim um  p ro 
tective efficiency is destroyed. It is no t 
lim ited to  m etallic coatings and , in fact, 
non-m etallic  m ateria ls a re  o ften  safer to  use. 
Pa in ts and  varnishes fa ll in to  this category. 
T hey  function  very largely by excluding the 
corrod ing  m edium , and  when the la tte r suc
ceeds in penetra ting  the pores o f  th e  coating , 
corrosion  begins. T he passivating  effect o f 
chrom atic  pigm ents, the sacrificial effect of 
m etallic zinc pigm ents and o th er p igm ent 
functions m ay serve to delay a ttack , b u t u lti
m ately corrosion  is inevitable, and  it p ro 
ceeds un d er the  pain t film with everiincreas- 
ing rap id ity  as the la tte r is lifted to  expose 
m ore of the  base m etal to attack .

M etallic  coatings also  m ay be em ployed 
to function  as excluding agents, b u t they, 
too , can seldom  be produced  free  from  
pores. M oreover, should  they  be h igher in 
the electrochem ical series than  the  base 
m etal, there  is a  danger th a t they may 
accelerate corrosion  a t discontinuities in the 
coating. E lectro-deposited  nickel on  steel is 
an exam ple o f a  m etallic coating  protecting  
by exclusion. Thick coats o f nickel sub stan 
tially  free fro m  pores give good p ro tection  
against a tm ospheric  corrosion , bu t w ith th in 
ner coats, which a re  alw ays porous, rust 
spots soon app ear a t the  pores and rusting 
is accelerated  by the presence of the  su r
rounding  nickel. A  pre-requisite  o f any
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m aterial em ployed in this w ay fo r  the reduc
tion o f corrosive a ttack  is th a t it shall itself 
be stab le  in character and of adequate  resist
ance to the corrod ing  m edium .

T he second m ethod  o f p ro tecting  a  base 
m etal is by the use o f a  m etal w hich is m ore 
electronegative, bu t w hich is itself less 
readily  corroded  than  the base m etal. T his 
is som etim es referred  to as sacrificial p ro tec
tion, since, o f  the two m etals concerned, it is 
the coating  w hich is corroded  first— sacri
ficed to preserve the base. G alvan ized  iron 
is an exam ple o f a com bination  o f this type. 
T h is type o f p ro tection  is obviously lim ited 
to m etals on m etals, since it involves the 
transference of electric charges, bu t it does 
no t require  a  com pletely  hom ogeneous co at
ing. T h e  zinc coating  on galvanized iron 
continues to pro tect the iron from  a tm o 
spheric a ttack  even w here the base m etal is 
exposed a t pores, scratches and cu t edges.

Sprayed a lum in ium  on iron, steel, copper- 
contain ing  a lum inium -base alloys, and on 
m any o th er m etals, appears to  func tion  in 
this way. Its p ro tecting  influence is no t as 
pow erful as th a t  o f zinc, bu t the  beau ty  of 
the  flam e-spraying process is th a t it can be 
applied  to fabricated  articles and  erected 
structures, so th a t any discontinuities in the 
a lum in ium  coating  are  sm all in size and well 
w ithin the range over w hich a lum in ium  will 
exert a  sa tisfactory  protective influence. In 
com parison  with zinc, tin and lead, w hich 
have been favoured  fo r this purpose  in the 
past, a lum in ium  is m ore  slowly oxidized by 
a ir  and  thus re ta ins its appearance  and p ro 
tection over a  longer period  o f time.

If one goes a  step fu r th e r  and  closes the 
pores in the sprayed a lum in ium  coat, w ith 
an  oil varn ish  o r a  pa in t, fo r  exam ple, then  
the coating  begins to function  in b o th  ways, 
by exclusion and  by a  sacrificial effect at 
any discontinuities w hich m ay occur. This 
com bination  gives really  ou tstand ing  p ro tec
tion. It is im portan t to realize that pain t 
fa ilures on steel w ork occur principally  
th rough  lifting by corrosion  p roducts fo rm ed  
initially  a t pores o r  o th er discontinuities in 
the  coating. O rganic coatings applied  on 
alum inized iron are  not subject to this defect 
and their life is very greatly  prolonged.

T h ere  has been a  considerable degree of 
con troversy  regarding the  ability  o f a lu 
m inium  to protect the underly ing  m aterial a t 
exposed parts, bu t the m ost reliable evidence 
is to the effect th a t it does do  so in th e  case 
o f steel specim ens sprayed w ith alum inium , 
using the  w ire pistol, and exposed to 
a tm ospheric  corrosion . F o r  exam ple 
HofT2S), in long-tim e a tm ospheric  exposure 
tests, observed no such effect; B ritton  and 
E vans(29>, on the  o th er hand , hav e  reported  
very differently. In 1931 they exposed sand
blasted  steel specim ens carry ing  coats o f 
sprayed a lum in ium  o f different purities and 
thicknesses a t  fo u r sta tions, som e of the

specim ens being doped with varnish o r 
pain t. In all cases, the a lum in ium  show ed 
itself capab le  o f preventing rusting o f steel 
exposed a t pores, and  th is w as p re 
sum ed to  be due to the conferring  
of cathodic  p ro tection ; the a lum inium  
itself w as only slow ly attacked.

Som e particu la r specim ens exposed at 
C am bridge w ere purposely  scratched to  
expose the iron; a long  these scratches a 
little  rusting  was observed a t first, bu t this 
soon ceased and a f te r  five years was incon
spicuous, a lthough  uncoated  steel specim ens 
suffered actual p e rfo ra tio n  in ab o u t the 
sam e time. A fte r seven years’ exposure in. 
L ondon , C am bridge. o r G ran tch ester 
M eadow s (coun try  a tm osphere), and  a f te r  
fo u r  years' exposure a t Selsey Bill (m arine 
atm osphere), the specim ens w ere still free 
fro m  rust, a lthough  som e change was 
observed in the  a lum in ium  layer, especially 
o f the  specim ens exposed in L ondon w here 
soften ing  had p en etra ted  a lm ost th ro u g h  the 
0.003-in. coats and half-w ay th rough  the 
0.006-in. coats. T his a ttack  seemed to  p ro 
ceed sideways, underm in ing  the a lum inium  
flakes an d  causing the  co a t to  rise In m icro 
scopic blisters o r even to peel off when 
scratched, w hich lead the  investigators to 
suggest that the de te rio ra tio n  m ight p ro 
ceed m ore rap id ly  in situations w here 
ab rasion  o r bend ing  stresses w ere present. 
It shou ld  be po in ted  ou t th a t th is de te rio ra 
tion  w as less p ronounced  w ith relatively 
pure  a lum in ium  (iron 0.06 pe r cent., silicon 
0.005 pe r cent.) th an  w ith com m ercial 
a lum in ium  co n ta in ing  iron  0.7 pe r cent, and  
silicon 0.35 p e r cent.

It should  also be noted  th a t at all fo u r 
sta tions the  app lication  of a single co at o f 
o rd inary  iron o x ide/lin seed  oil pa in t over 
the  a lum in ium  com pletely  prevented  the 
de te rio ra tio n  of the light m etal, even in 
L ondon , and th a t the pain t re ta ined  its 
co lo u r and  good ap p earance  long a fte r 
sim ilar pa in t app lied  d irectly  to steel was 
destroyed by under-rusting . U npigm ented 
varn ish , how ever, had  no t the sam e p ro 
tective action  as the iron oxide pain t. So 
im pressed w as Evans w ith the results of 
these tests th a t h e  has suggested, th a t the 
com bined p ro ced u re  o f  spray ing  w ith 
a lum in ium  fo llow ed  by pa in ting  should  be 
applied  to  the  p ro tec tion  o f steel houses.

D uring  the w ar. confirm ation  o f the p ro 
tective efficiency of a lum in ium  spray plus 
pa in t w as ob tained  from  several app lications 
o f the  process to steelw ork operating  un d er 
onerous conditions. T hus. interesting 
results have em erged in connection  w ith the  
p ro tec tion  o f  cylinders co n ta in ing  hydrogen 
fo r ba lloon  barrages. T hese cylinders had 
to be  exposed to  a ll sorts o f  conditions, 
including m arine  and tro p ical a tm ospheres, 
bu t the protective  system  o f a lum in ium
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spray plus pain t proved reliable and gave 
good pro tection  under severe co n d itions.1111 
These cylinders were m ade of high tensile 
steel with thin walls since it was essential to 
reduce w eight to a m inim um , and only a 
sm all am o u n t o f p itting  w ould have had 
serious consequences.

T u rn e r120! exposed a t  the F o rth  Bridge 
steel test panels coated  w ith a lum in ium  to  a 
thickness o f 0.004 in. by the  w ire and 
pow der processes and  obtained ra th e r 
d ifferent results by the two m ethods. The 
coatings applied . by the pow der m ethod 
fa iled  in less than  a m onth , w hilst those 
app lied  by the  w ire pistol w ithstood two 
years’ exposure  befo re  fa ilu re  finally 
occurred  a long  the  “ strokes ’’ o f the ap p li
cation. A s previously rem arked, Sidery and 
B faithwaite*M> claim  th a t b e tte r adhesion  is 
ob tained  w ith the  w ire pistol th an  w ith the 
p ow der pistol, and th a t this is an  advantage 
w here the  a lum inium  coatings a re  exposed 
to  seaw ater spray , particu la rly  a t elevated 
tem peratures.

R o lla so n 1151 in in term itten t salt spray  and 
field tests ob tained  b e tte r results with the 
w ire pistol than  w ith the m olten-m etal 
pistol an d  with pure  as com pared  with 
a lloyed alum in ium . R ollason also reports 
th a t som e experim ents o f G ru b e r showed 
th a t coatings sprayed in the  presence of 
inert gases w ere greatly  superio r in corrosion 
resistance to those sprayed in the o rd inary  
way using com pressed  air. N o  do u b t the  
influence o f the m ethod of spraying is co n 
nected with the co n ten t o f oxide and . in the 
case o f  the  m olten-m etal p istol, w ith iron  
pick-up fro m  th e  con ta iner. I t  is a pity th a t 
no com parab le  results have yet been p u b 
lished fo r coatings on steel produced  with 
a recent design o f pow der pistol and the 
low oxide-content a lum in ium  pow der w hich 
w as developed du ring  the war.

It is well know n th a t the resistance of 
a lum in ium  itself to corrosive  a ttack  increases 
w ith the  p u rity  o f the m etal, and  th a t the 
alloys w ith co p p er and zinc possess a low er 
resistance th an  unalloyed m etal of com m er
cial purity . T hus, sprayed coatings of 
unalloyed a lum in ium  have been applied  to 
the duralum in  p a rts  o f a irc ra ft to  afford 
add itional p ro tection . T he value of 
super-purity  a lum in ium  fo r  resistance to 
atm ospheric  corrosion  and  to  m any  chem ical 
reagents w hich a ttack  a lum inium  of o rd inary  
p u rity  is now well recognized, bu t its high 
cost and low m echanical p roperties have 
stim ulated  in terest in m ethods by which it 
m ight be applied  as a protective sheath ing 
a t the  sam e time w ithout producing any 
serious con tam ination . T his has proved easy 
enough  in th e  case o f sheet, the two m etals 
being rolled together un d er the influence of 
high pressures and room  tem pera tu re  o r 
m oderate  pressures and elevated tem pera

tures, bu t ra th e r difficult in the case o f flame 
spraying due to the considerable reactivity 
o f the  m olten m etal and its high solvent 
action on o th er metals. W e have a lready 
described a paten ted  m ethod of spraying 
super purity  a lum in ium  fo r the electrodes of 
electrolytic condensers using a  m olten m etal 
pistol supplied" w ith m olten  a lum in ium  from  
a  fused a lum ina crucib le by com pressed 
inert gas*2'21.

T he atm ospheric  and chem ical resistance 
of a lum inium  may be increased by anodic 
oxidation of the surface. T his sam e trea t
m ent m ay be applied to sprayed a lum inium  
coats, bu t is no t to be recom m ended in view 
of the danger o f electro ly te being trapped in 
the pores and seeping ou t a t a la te r date, 
causing dam age to the coating  and perhaps 
to nearby  surfaces on w hich the acid may 
fall. I t  is, in fact, an exaggeration  of the 
problem  encountered  in anodizing  porous 
a lum inium  castings.

W hether o r no t one m etal will afford 
cathodic p rotection  to an o th er depends not 
only on their n a tu re  but also on the co r
rosive environm ent and the conditions under 
w hich corrosive  a ttack  takes place, including 
such factors as tem pera tu re , concen tra tion  
o f reagent, and aeration . T hus, Evans has 
show n1111 th a t steel specim ens sprayed with 
a lum in ium  have rusted in ca rb o n a te  solution 
at cracks in the coating , but no t in sodium  
chloride. A gain, a lthough  under m ost co n 
ditions o f a tm ospheric  .exposure alum inium  
is able to  offer cathodic p rotection  to iron 
and to copper-contain ing  a lum inium -base 
alloys, the reverse is true  fo r m agnesium  and 
fo r  alloys con tain ing  the com pound  MgZn... 
C onsiderable  d iscretion m ust, therefore, be 
used in the application  of electrode po ten 
tials to a prediction of the efficiency of an 
a lum in ium  coating on  an o th er m etal.

Resistance to Sulphurous Gases
A lum inium  excels in its resistance to 

su lphurous gases which are so destructive  to 
iron, steel and copper-base  m etals especially, 
and a lum inium -sprayed articles re ta in  this 
va luab le  characteristic  to a  large  degree.

Rollason*151 has described som e experi
m ents o f G ru b e r in w hich the la tte r sprayed 
alum in ium , ch rom e iron and 18/8 stainless 
steel in carb o n  dioxide, n itrogen and com 
pressed a ir and then exposed the specim ens 
to  hydrogen sulphide a t elevated tem pera
tures in a bubble  tow er o f an  oil refinery, 
i t  was found  th a t a lum in ium  headed the list 
from  the point o f view of corrosion  resist
ance. Ballard*301 m entions an  in teresting  
case o f a gas ho ld er in an  advanced sta te  o f 
corrosion  w hich was effectively trea ted  by 
sand b lasting, spraying w ith zinc and then 
with alum in ium . Evans*111 gives fu rth e r 
details including the  h isto ry  o f the  gas ho lder 
and the  com position  o f the gas.

On the o th er hand , sprayed a lum inium  
does no t seem to have been so successful on
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exposure  to  flue gases. R o ilason1151 refers to 
experim ents in w hich Pessel determ ined the 
relative resistance o f 23 sprayed m etals and 
m etal com binations, in coatings 0.008 in. 
thick, to flue gas con tain ing  SO ,, C O , and 
air. O f the coatings tested only lead by 
itself and lead over E ndura  K A 2 were found  
to pro tect the steel. Sprayed' m olten  silver, 
copper and m onel m etal coatings w ere fairly  
in tact, bu t all o th er coatings, including a lu 
m inium , were a ttacked  severely w ith the  p ro 
duction  o f sulphites and  sulphates.

E rdm ann® 1* credits hydronalium  (3 — 12 
per cent. Mg., 0 .2 - 0 .5  pe r cent. M n, 0.2 
— 1.0 pe r cent. Si1, rem ainder alum inium ) 
w ith excellent corrosion-resisting  qualities, 
and describes the app lication  o f the a lloy  to 
the  p rotection  o f kitchen ranges, au to m o 
biles, m otorcycles, household  m aterials, etc. 
T he w ire pisto l using light m etal w ires 0.04- 
0.06 in. d iam eter gave the best results.

Corrosion Fatigue
O ne very im po rtan t fac to r to be co n 

sidered in engineering calcu lations is the 
influence o f corrosion  on  the fa tigue o f  the 
m etal in question. T he effect o f protective 
coatings on the corrosion-fa tigue  resistance 
o f a  0.5 per cent, c a rb o n  steel such as is 
used fo r  stream line wires in a irc raft has 
been studied by G ough  and Sopw ith using 
ro ta tin g  beam -type tests in the presence of 
a  3 per cent, salt spray. At the conclusion 
of the  tests, the a lum in ium  was covered 
w ith a w hite deposit and  it w as stated that 
a lum in ium  spraying, p lus enam el, gave 
ab o u t as good protection  as galvanizing or 
skeradising, w hereas spraying a lone gave 
ab o u t 20 per cent, less p ro tection . T he 
corrosion -fa tigue  resistance o f  stream line 
w ire steel in salt sp ray  cou ld  be increased 
by a  coating  o f a lum in ium  p lus enam el to 
such an  extent th a t the endurance lim it at 
20 m illion  cycles was little  if any in ferio r to 
the fa tigue limit o f the bare steel in air. 
W ith  a lum in ium  spraying alone, the decrease 
in fa tigue resistance w as 20 per cent, against 
80 per cent, fo r  the unprotected  steel.(15>

Sprayed Aluminium for Resistance to High 
Temperature Oxidation

R esistance to h igh tem pera tu re  oxidation  
is a lm ost as im portan t as resistance to 
atm ospheric  and general chem ical corrosion . 
P la in  iron  and steel parts such as furnace 
bars and  carburizing  boxes which are  used 
a t elevated tem pera tu res oxidize and  scale 
badly , the  scale flakes off an d  the com 
ponent soon becom es useless. P ro tection  
is afforded by the use o f  certain  iron-base 
a lloys w hich possess a  g reater resistance to 
high tem pera tu re  ox idation  than  does p lain  • 
iron. S tructures m ay be com posed entirely  
o f  such alloys as nickel-chrom ium  iron, in 
w hich case their resistance to h igh tem pera
tu re  oxidation  m ay be very high, bu t so

also is their cost. F o r  tem peratures below 
ab o u t 750 degrees C. it is generally  equally  
sa tisfacto ry  and  certain ly  m ore econom ical 
to em ploy a coating  of iron-alum in ium  alloy 
fo r the purpose  o f conferring  resistance to 
ox idation  over a base o f cast o r  w rough t 
iron, the a lloy  coat being produced by 
spraying w ith a lum in ium  and  subsequently  
applying a heat trea tm en t to p rom ote  a lloy  
fo rm ation  w ith the ferrous base. F o r  
m any purposes, alum inized  steel is satisfac
tory fo r exposure a t tem peratures up to
1.000 degrees o r even 1,100 degrees C., but 
above ab o u t 750 degrees C. the streng th  of 
the iron  base is likely to be reduced. The 
calorizing, a litieren  and Servarizing p ro 
cesses fo r  fo rm ing  an  iron-alum in ium  skin 
on iron  and steel parts have a lready  been 
described. C oatings produced by flame 
spraying and subsequent heat trea tm en t a re  
sim ilar in characte r, of m ore general ap p li
cation  due to the versatile  n a tu re  o f the 
spray  process bu t inclined to  be th inner than  
those produced by the m ethods previously 
described.

T he object o f h eat trea tm en t a fte r  sp ray 
ing is to cause som e alum inium  to diffuse 
into the iron and an iron-alum inium  layer 
to be form ed. D iffusion is believed to 
occur in two stages, firstly, a d issolu tion  of 
iron in liquid a lum in ium  w ith the  fo rm ation  
o f a  so lu tion  in equ ilib rium  w ith the solid 
phase a t a  given tem pera tu re  and, secondly, 
diffusion o f the iron-alum in ium  solution 
into the iron. A lum inium  is m ore soluble 
in ferra tic  than  in austenitic  iron w hich is 
believed to account fo r certain  ch arac te r
istics o f the diffusion layer, no tab ly  the 
presence o f co lu m n ar crystals and  a co n 
cen tration  of pearlitc  in fro n t o f  them .

P ro tection  m ust be given to  the sprayed 
a lum in ium  layer to  prevent ox idation  of the 
light m etal during  the heat treatm ent p ro 
cess before  a lloy  fo rm ation  occurs. T h is is 
provided by coatings o f such m ateria ls as 
b itum astic  pain t and the' resu lt is a com 
pound  coating  which consists fundam entally  
o f th ree  layers; ad jacent to and p a rtly  fused 
in to  the iron o r steel base is a  solid solution 
o f iron and alum inium ; next com es a layer 
o f iron-alum in ium  alloy  (FeA I,), together 
with som e free a lum in ium ; and finally a 
thin coating  o f a lum in ium  oxide. In subse
quent use, the  two o u ter layers soon flake 
aw ay, bu t as long as the F eA I, is intact, 
ox idation  and  scaling a re  im possible. On 
exposures at tem peratu res above 1,000 
degrees C ., the light m etal continues to 
penetrate  in to  the steel, thus im poverishing 
the protective  layer un til even tually  it is so 
reduced in a lum in ium  con ten t th a t ox idation  
occurs.

A s w ith sprayed a lum in ium  coatings fo r  
corrosion  resistance, it is found  that the 
resistance to h igh-tem pera tu re  oxidation  
w hich is conferred  by sprayed and heat-
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trea ted  coatings o f a lum in ium  depends very 
largely on the conditions under w hich the 
coatings are  produced  and treated . It has 
been fo und  th a t m ost m etallic an d  non- 
m etallic con tam inan ts o f the sprayed a lu 
m inium  coatings and, in particu lar, the 
presence o f oxide and silicon, have a h a rm 
fu l effect on  the diffusion process. In conse
quence, it is n o t surprising  to  find that sp ray 
ing fo r  h igh-tem pera tu re  ox idation  resistance 
has a lm ost invariab ly  been carried  ou t using 
the  w ire pistol, w hich is generally  regarded 
as producing  less oxide and  o th er co n tam ina
tion  than  the pow der o r  m olten  m etal pistols.

A s to th e  tem pera tu re  o f heat trea tm ent, 
C om m entz(25> recom m ends 1,100 degrees C., 
and  claim s th a t pa rts  so treated  will w ith 
stand  p roducts oJE com bustion  a t tem pera
tures up  to 1,10(3 degrees C „  provided the 
coating  is no t less than  0.6 mm. thick. This 
trea tm en t is an  essential featu re  o f the  G e r
m an A lum itieren process w hich has been 
adop ted  fo r  gra te  bars on  various ships and 
on G erm an  railways, as well as fo r  super
heaters. In a later paper, R eininger(31) 
recom m ends th a t the heating be conducted 
a t  1,000 degrees C ., and th a t the  sprayed a lu 
m in ium  coating  be covered w ith a  layer o f 
flux to p ro tec t it fro m  ox idation . In p rac
tice, how ever, tem pera tu res m uch below  
these recom m endations a re  com m only 
em ployed, particu larly  w here the coating  has 
less onerous ob ligations to  fulfil.

R o llason(15> has described tests to  de te r
m ine the relative efficiencies o f coatings o f 
alum in ium , “  doped ” in th ree  different ways 
before  heat treatm ent, w ith coalings o f a lu 
m inium -cadm ium  alloy , 18/8 austenitic  steel 
and the a lloy  nickel 65 per cent., chrom ium  
15 per cent., iron 20 per cent., and w ith 
un trea ted  m ild steel, Silal and  18/8 nickel- 
chrom ium  steel. A ll three  types o f pistol 
w ere used to p roduce the a lum in ium  co at
ings, unalloyed a lum in ium  being used fo r 
the w ire and pow der pistols and alum inium - 
silicon a lloy  in the  m olten  m etal process. 
T he th ree  dop ing  and h eat trea tm en ts w'ere 
com m ercial processes paten ted  in E ngland, 
F rance  and  G erm any. T hey  com prised: (a) 
T h e  English m ethod. C oating  w ith b itum as- 
tic pain t, heating  rap id ly  to 780 degrees C. 
and m ain tain ing  a t  th a t tem pera tu re  fo r  10 
m ins. (b) T he F rench  m ethod. C oating  
w ith a  sa tu ra ted  so lu tion  of borax  and 
annealing  a t 600 degrees C . fo r  h a lf  an  hour, 
(c) T he G erm an m ethod. C oating  w ith 
w a ter glass, heating  rapid ly  to  800 degrees C. 
an d  m ain tain ing  fo r  15 m ins. T h e  a lu 
m inium -cadm ium  alloy , a lso the  subject o f  a 
B ritish p a ten t (N o. 400,752), w as h eat trea ted  
a t 900 degrees C. fo r 10 m ins. T he nickel- 
chrom ium -iron  coating was sprayed from  
wire, and  bo th  this coating  and that o f  18/8 
austenitic  steel w ere annealed  a t 1.100 
degrees C . fo r  tw o h o u rs  w ithou t p ro tection  
in o rd er to fo rm  a diffused layer. T he Silal

specim en (6 per cent, silicon cast iron) was 
used in the fo rm  of a rod 0.8 in. in diam eter.

T he testing conditions com prised heating 
fo r  5 -hour periods a t 900-925 degrees C. in 
a  muffle furnace, follow ed by quenching in 
w ater, this constitu ting  an  exceedingly d ra s
tic cycle as fa r  as surface scale is concerned. 
T h e  specim ens w ere 'inspected and weighed 
periodically .

T he results show ed th a t the best p ro tec
tion  with a lum in ium  coatings was obtained 
using the w ire pistol and the English (bitu- 
m astic paint) o r  G erm an  (watcrglass) trea t
m ent; the  F rench  trea tm en t consisting of 
coating  w ith sa tu rated  borax solution and 
annealing  a t 600 degrees C. fo r  h a lf  an  hour, 
gave decidedly in ferio r results. T he cad- 
m ium -alum in ium  alloy  layer was very good 
a lthough  slightly  in ferio r to coatings o f 
unalloyed a lum in ium  produced w ith the w ire 
pistol and treated  by the  English o r G erm an 
processes. Less sa tisfactory  w as the  silicon 
cast-iron  specim en, w hilst the  behav iour o f 
the m ild-steel p late  was, as was anticipated , 
very poor. T he best results w ere obtained 
with the specim en sprayed w ith the nickcl- 
chrom ium -iron  alloy , using the  wire pistol, 
which show ed a negligible change in weight 
a fte r 250 hours o f the test cycle and  w ith the 
solid p late o f 18/8 nickel-chrom ium  steel: 
on the o th er hand , p o o r p rotection  was 
afforded by the sprayed coat o f 18/8 austen i
tic steel. T he actu al d u ra tio n s o f the
heating  and quenching cycle requ ired  
to cause a 50 per cent, loss in weight by 
ox idation  and flaking, as recorded by 
R ollason, w ere:—
M ild steel p late    7 hrs.
M.S. p late  sprayed w ith 18/8 

N i-C r steel ... ... ... 50 ..
S tainless 18/8 p late    300 „
M.S. p late  sprayed w ith N i-C r-Fe, 

using the  w ire pistol ... . .. 250* ,.
M.S. sprayed with unalloyed a lu 

m inium , w ire pistol. English 
trea tm en t ... . .. . .. 140 ..

D itto , G erm an treatm ent ... ... 150 ..
D itto , French  trea tm en t ... . .. 45 „
M.S. sprayed with unalloyed a lu 

m inium , pow der p istol, English 
trea tm en t ... ... . .. 90 ,,

D itto , G erm an tre a tm e n t...  ... 80 ..
D itto , F rench  trea tm en t ... ... 60 ..
M.S. sprayed with alum inium - 

silicon alloy , m olten - m etal 
p istol, English trea tm en t ... 85 ..

D itto , G erm an  tre a tm e n t...  ... 50 ..
D itto , F ren ch  t r e a tm e n t   15 ,.
M.S. coated w ith cadm ium - 

a lum inium  alloy  ... . .. 130 „
Silicon cast-iron  specim en ... 100 ..

* Negligible change in Wei ght aitcr 250 hrs.

In view o f the considerab le  degree o f p ro 
tection against h igh-tem pera tu re  ox idation , 
w hich is conferred  by spray ing  with
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alum in ium , it is no t surprising  that this 
process is finding increasing fav o u r fo r  the 
trea tm en t o f fu rnace doors and d o o r posts, 
carburizing  and  an nealing  boxes, and  sim ilar 
app lications. A large num ber o f low- 
tem pera tu re  fu rnaces h as been constructed  
fo r  use a t tem pera tu res up to  550 degrees C. 
w ith an  inner lining o f steel sprayed with 
alum inium . R ollason  refers to  a  cylindrical 
fu rnace approx im ate ly  31 ft. long used fo r 
tem pering w ork a t tem pera tu res up  to 
550 degrees C., w hich w as constructed  in this 
way. T his p a rticu la r fu rnace  had an  inner 
baffle p roviding a p a th  fo r the circu la tion  of 
the fu rnace a tm osphere  by m eans o f a fan 
m ounted in the back. H e  also  refers to  som e 
bright annea ling  fu rnaces com prising  a 
cylindrical bell, which is d ropped  over the 
base carry ing  the charge, the base itself 
being o f m etal-sprayed steel and the charge 
cover o f  steel, m etal sprayed and heat 
treated . A fte r heat trea tm en t, the furnace 
bell is rem oved and  the co n ta in er is sprayed 
w ith cold w ater. M etallizing  has an  added 
advantage  in such cases in th a t it prevents 
the very bad rusting  w hich w ould  o therw ise 
occur on an  un treated  iron surface. L arge 
tanks used fo r sa lt ba ths are  a lum inium  
sprayed and heat treated: R ollason also 
reports th a t alum inizing  is specified for 
a irc raft m anifolds.

W here resistance to  su lp hurous gases, in 
add ition  to  resistance to h igh-tem pera tu re  
oxidation , is involved, the use o f sprayed 
a lum in ium  becom es doubly  a ttractive. T hus, 
a lum in ium -sprayed  steel w ork has been 
em ployed in the construction  o f distillation 
colum ns used in the frac tiona tion  o f tar 
and petro leum  oils. Sprayed-alum inium  
coatings a re  also  o f value in e lim inating  the 
corrosion  and scaling which is inevitably 
associated w ith the use o f iron flue pipes and 
fo r the iron com ponents o f conveyor belts 
w hich have been ad op ted  in gas-fired bakery  
ovens.

In the case o f fu rnace installations, which 
are  protected against h igh-tem peratu re  
ox idation  by the app lication  by spray of 
m etallic alum in ium , it should  also  be 
rem arked th a t the low  em issivity o f the 
light-m etal coating  is a  m ateria l help  in 
reducing heat losses by radiation .

Difficulties a re  som etim es encountered  in 
p roviding against h igh-tem pera tu re  ox ida
tion  of cast iron  over long periods o f tim e, 
due to  the tendency o f m ost grades o f cast 
iron to  grow  un d er the influence o f p ro 
longed heat. A s the a lum in ium -contain ing  
skin does no t grow  a t the sam e rate, a crazed 
effect is som etim es ob tained  and oxidation  
then  proceeds a long  the lines w here the  skin 
has frac tu red . An obvious answ er is to use 
an iron  w hich is less subject to grow th. 
U n fo rtunate ly , they a re  expensive, but since 
m any of them  have also a high resistance to

high tem pera tu re  oxidation, they a re  som e
tim es preferred  in spite o f their cost. An 
additional cause of breakdow n m ay be the 
fo rm ation  of a lum in ium  carbide A l.,0 , 
w hich is decom posed by dam p a ir.<16)

T he use o f a lum in ium  spray  to protect 
against h igh tem pera ture  oxidation  is not 
lim ited to ferrous-base  articles. It has been 
used w ith great success, fo r instance, on 
co p p er parts ; a highly specific application  
of sprayed a lum in ium  in this connection  is 
the finishing of so ldering iron bits to increase 
the  life o f the  non-soldering faces. T his it 
does partly  by reducing oxidation  and 
scaling and partly  by preventing the 
adhesion  (and alloying) o f unw anted solder. 
T he su rface  of co p p er articles so treated 
tu rns a  characteristic  yellow due to the 
fo rm ation  of an  a lum in ium  bronze.

N um erous experim ents have been m ade 
w ith the use o f alloys of alum in ium , but so 
fa r  w ithout finding anything superio r to  the 
pure m etal. A lum  i n i u m -cadm ium  alloy 
affords a lm ost as m uch pro tec tion  as pure 
a lum in ium  and gives a ha rd er coating; 
silicon and oxide reduce the protective 
efficiency o f a lum inium  coatings. A ccording 
to R ollason , two G erm an w orkers, Barden- 
heuer and M uller, have sprayed m ixtures of 
a lum in ium  and chrom ium  (5 0 ; 50), a lu 
m inium  and  nickel (3 0 :7 0 )  and various 
m ixtures o f  alum in ium , chrom ium , nickel 
and silicon, but w ithout success.

Sprayed Aliiiiiiniuni for Building-up
Thick coatings o f a lum in ium  are  very 

sa tisfactory  fo r filling cavities in iron , brass, 
co pper and a lum in ium  castings and fab ri
cated  vessels. T hey do n o t exhibit any 
perm eability  to w ater even under pressure, 
but m etals o th er than  a lum in ium  used in 
this way are  liable to give rise to som e 
leakage. Sprayed a lum in ium  is a co n 
venient m edium  fo r  the rep air o f  defective 
a lum in ium -alloy  castings and  fo r building- 
up w orn com ponents, w hilst it m ay also be 
em ployed fo r “ w e ld in g ” a lum in ium  com 
ponents together.

In view o f the app lication  o f the flame- 
spraying process to such operations as 
these, it becom es of interest to know  som e
th ing of the m echanical p roperties of 
sprayed coats o f a lum in ium  of appreciable 
thicknesses. T h is aspect o f the m etalliza
tion process has been investigated by 
T u rn er and B alla rd '32* who built up com 
paratively  large  solid bodies by spraying 
a lum inium , copper, zinc, tin and iron  into 
steel m oulds. Bars produced  in this way 
could be sawn, filed, planed, turned and 
m achined in m uch the  sam e way as o rd inary  
solid bars, but the m echanical and o th er 
p roperties varied according to  the  direction 
of spraying. T hus, sprayed m etal cou ld  be 
chipped in one direction w ithou t flaking, bu t 
a t right angles to this flaking was liable to
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occur. A gain, on tu rn ing  a ba r in a lathe 
a  sm ooth  surface could be ob tained  on two 
sides, bu t on the o th er two sides at right 
angles to the first a com paratively  rough 
surface was often, though  no t invariably, 
obtained. Sim ilarly in som e Izod tests, 
there  was noted  a  sharp  difference in 
s treng th  betw een the tests tak£n paralle l to 
and those  at right angles to the lam inations. 
A lum in ium  sprayed bars exhibited tensile 
strengths o f a round  4,900 p.s.i., this being 
h igher than  the values obtained fo r zinc, 
copper and tin (4,610, 4,400 and 3,000 p.s.i. 
respectively).

Sprayed m etal bars and , in particu lar, 
bell-shaped fo rm s produced by spraying 
over an iron m andrel to a thickness o f abou t 
i  in. exhibited a  definite m etallic resonance; 
in the case o f  zinc, curiously , this ch arac te r
istic was no t developed until a few days 
a fte r  it was sprayed.

Som e Typical M iscellaneous Applications of 
Sprayed Aluminium

In the m anufactu re  o f au tom obile  m an i
folds, vvhere a very c lean  core  is dem anded, 
alum in ium -sprayed  cores have been used 
with great success.«5) W iring has in m any 
cases been elim inated owing to the support 
afforded by the sprayed m etal coating. 
H ydronalium  has been em ployed in G e r
m any with great success in the m anufactu re  
of autom obiles, m o to r cycles, kitchen ranges, 
and  household goods. In som e instances, the 
applied  coatings have been polished.01) T ank 
w agons used in the tran sp o rt o f chem icals 
and oils a re  sprayed in ternally  and  externally  
to  p ro tec t them  from  corrosion  by the m ate
rial being carried  and from  atm ospheric  co r
rosion . Sim ilarly, pressure vessels used in 
oil refining a re  sprayed in ternally  with 
alum inium .

Jones records07) that during  the w ar a lu 
m inium  spraying using the  pow er pistol and 
h igh-quality  low -oxide grades o f powder, 
p a rticu larly  when m ixed with sm all percent
ages o f zinc, was undertaken  to  an  extensive 
degree fo r  the p ro tection  o f m any  articles 
sent to  the F a r  East and used fo r the trea t
m ent o f d rink ing  w ater and  the like. In all 
branches o f the food  industry  a lum inium  is 
o f  im portance because o f its hygienic n a tu re  
and  its resistance to a ttack  by m any  articles 
o f  food. W here v io len t stirring  is an  essen
tial operation , solid a lum in ium  is n a tu ra lly  
to  be p referred  bu t fo r m any purposes it is 
found  th a t ad equate  p ro tection  is afforded to 
iron vessels by spraying thickly w ith a lu 
m inium  and th u s avoiding the  cost o f all 
light-m etal construction .

C onversely, coatings o f o th er m etals m ay 
be app lied  to  a lum in ium  in cases w here the 
light m etal is exposed to  a ttack . T hus d u ra 
lum in ro llers used, fo r  lig h tn ess .. in the 
m anufactu re  o f photographic  films are 
coated  w ith nickel to  prevent reaction

betw een the film and the alum in ium . Again, 
during  the w ar. unalloyed a lum in ium  was 
sprayed on to light-alloy cylinder heads at 
the w orks o f the W right A eronautical C o r
pora tion , Paterson, New Jersey. Extensive 
experience had show n th a t fo r sea-going 
aerop lanes som e form  of p ro tection  was 
desirable on the light-alloy cylinder heads 
o f  sea-going planes fitted w ith air-cooled 
engines to guard  against the inevitable c o rro 
sion caused by salt spray. E nam elling  was 
tried  but proved relatively unsatisfactory  
under service conditions. Eventually , it was 
determ ined th a t the  m ost fav o u rab le  condi
tions were ob tained  by spraying w ith u n 
alloyed alum in ium , the  m etallized coating  so 
obtained proving to be h ighly resistant to 
salt-w 'ater attack .

T his app lication  is o f  particu la r interest 
in view of the h igh  degree of m echanization  
o f the  process w hich had  eventually  to  be 
undertaken  to cope with the  enorm ous o u t
pu t un d er th e  U .S.A. defence program m e. 
D etails o f  the steps by which this was 
achieved have been given in earlie r pages o f 
this Jo u rn a l,03) and  constitu te  p robab ly  the 
m ost im portan t o f the few  published 
accounts o f the app lication  o f m ass p ro d u c
tion  m ethods to  the flam e-spraying technique.

A t first sight, the W right cylinder heads 
appeared  to be a p o o r subject fo r  au tom atic 
spraying, owing to  the com plicated fo rm  of 
bo th  the head and the barre l, and  hand 
spraying was perform ed  fo r  som e little time. 
How ever, when an increase in o u tp u t beyond 
th e  lim its o f m anual hand ling  becam e im 
perative, app lication  was m ade o f sim ple 
ro ta ting  tab les and rising and falling  spray 
guns, undercuts and  n a rrow  gaps being 
finished off by hand. F rom  this first step, 
the degree o f m echanization  w as slowly 
increased until, finally, a  six-stage process 
was evolved which required  little  m ore  than 
an occasional hand  spo tting  to  m ake good 
m inor defects. A special “ W h ee lab ra to r ” 
sand-blasting  m achine was built by m eans 
of w hich the tim e requ ired  fo r  p re-treatm ent 
was reduced from  15 m inutes to 65 seconds. 
M echanical slinging of the abrasive  was 
found  to give b e tte r results th an  com pressed 
air, and in th is m achine seven separate 
throw ing w heels revolving a t 2.250 r.p.m. 
were used to throw' 10 lb. o f abrasive  against 
the o u ter surface of each cylinder. In p rac 
tice, the com plete cylinder assem bly was 
inserted in to  the blasting  m achine, sm all 
com ponents being  protected by wooden 
blocks, ports and m achined faces by masks, 
and cylinder skirt and flange bo ttom  by 
a heavy ru b b e r cuff on the  supporting  a rb o r.

T he m achine, built to  m ake a lum inium  
spraying o f cylinder heads and barre ls a u to 
m atic, com prised six stations, each contro lled  
by reduction  gears and fully  ad justab le  to 
various m otions and speeds. T h e  parts being 
m etallized w ere progressively covered with 
an  increasingly heavy coating  o f alum inium
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by m etal-spraying guns fed w ith tow n’s gas 
and com pressed air.

In the first sta tion  a  cylinder head  was 
loaded and au tom atically  adjusted . It 
m oved to the  second sta tion  fo r the first o r  
strike coat. H ere  the  cylinder head  ro ta ted  
on a tu rn tab le , but, instead o f being moved 
a lte rna te ly  up and dow n, the tu rn tab le  
rem ained in a  fixed ho rizon tal p lane. A 
spray  gun. m ounted  on an hydraulically  
operated  post, rose and  fell, subjecting the 
revolving cylinder to  a  sp ray  o f a lum in ium  
from  two different directions, as it changed 
angle a t the top and bo ttom  o f its m ovem ent.

T he next sta tion  of the  m achine brough t 
the cylinder in fro n t o f two guns m ounted 
a t fixed opposing angles, w hich likewise 
m oved up and dow n, spraying the upper and 
low er fin surfaces. A t the fo u rth  sta tion , 
two m ore guns, also  m oun ted  a t opposing 
angles, bu t m oving above the  level o f the 
guns a t the th ird  sta tion , sprayed the side 
surfaces o f the head  only. A t the  fifth 
station  m anual lab o u r finally took  over fo r 
the operations o f spraying the upper head 
surfaces. A t the final sta tion , N o. 6, the 
cylinder was inspected, touched up with a 
hand  gun if necessary, and un loaded.

Each gun had its own gauges and con tro ls 
m oun ted  on a panel on the u p p e r part o f 
the m achine, w ithin easy reach of the 
o p era to r. C om pressed a ir  was supplied by 
a 60 h.p. six-cylinder w ater-cooled  Schrann 
a ir  com pressor with a 260 cubic-ft. delivery. 
T he a ir  w as dried by passing it th rough  a 
w ater-cooled  a ir  d rie r o f 300 cubic-ft. 
capacity. A n exhaust fan connected  by a 
duct to  the top  o f  the m achine rem oved the 
fum es o f  the b u rned  gases, but, as an  added 
precau tion , o p era to rs  w ere provided with 
resp ira to rs to keep ou t a irb o rn e  m etal dust.

In the bleaching and dyeing industries, 
sprayed a lum in ium  is o f  im portance fo r  the 
coating  o f m uch o f the p lan t and  acces
sories which the processes undertaken  
require. A lum in ium  has a  specially 
im portan t p lace in the bleaching industry  
because it is the only practicab le  m ateria l 
to use. and , tit the sam e tim e, is neither 
affected by n o r  has any gross dele terious 
action on  hydrogen peroxide. T h ere  is no 
do u b t that such equ ipm en t is best c o n 
structed  e ither o f  solid a lum in ium  o r  o f 
som e m ateria l such as w ood lined with sheet 
a lum in ium . H ow ever, this m ay n o t alw ays 
be possible on the g rounds o f expense. In 
such cases sprayed  a lum in ium  offers a  useful 
a lte rna tive  a t m odera te  cost. A gain, there  
is som e reluctance to  scrap existing w ooden 
equipm ent o r  accessories in fav o u r o f a lu 
m inium . bu t these w ooden com ponents can 
be given a  m odera te ly  thick coating  o f 
a lum in ium  by the flam e-spraying process, 
thus p roviding the  advantages o f  a lum in ium  
construction  to  a  lim ited extent w ithou t the 
necessity fo r  new  equipm ent. P erhaps the

greatest advan tage  of the flam e-spraying 
process in this direction  is the fact th a t it 
enables the app lication  of a lum in ium  to  be 
m ade to fu lly  fab ricated  p lan t in situ. G aps 
and crevices and  fau lts  in a lum in ium  linings 
m ay be closed o r bridged; com ponents in 
o th er m aterials, such as bolts and rivets, 
jo in ts and repairs in silver so ld e r o r  o th er 
m ateria l m ay all be covered w ith a  un iform  
layer o f a lum in ium  possessing a  chem ical 
resistance com m ensurate  with its freedom  
from  co n tam ination .

Evans has re p o rte d 111) a  very different 
app lication  of sprayed alum in ium , nam ely, 
fo r  preven ting  cav itation  on the cast-iron 
propellers o f traw lers.

Sprayed a lum in ium  is used fo r various 
purposes to cover non-m etallic  m aterials. 
W ood is one exam ple and the value  of 
alum inizing on w ood is m ainly a  decorative  
one. Sprayed coats o f  a lum in ium  on w ood 
do no t reduce the susceptibility  o f the  la tte r  to 
changes in m oisture con ten t and dim ensions 
w ith varia tions in hum idity , n e ith e r do they 
reduce the  ab so rp tion  o f w a ter on  soak
ing. T h is applies to all th e  h igher m elting 
m etals applied  by the  flam e-spraying process 
(bronze, b rass and  co p p er in particu lar), bu t 
m etals o f  low er m elting  p o in t (tin, lead, and 
zinc) have been fo und  to  reduce the  sensi
tivity o f w ood to  changes in  the hum id ity  o f 
the a tm osphere  by from  ab o u t one-half to 
one-th ird (15). F requen t sw elling and sh rin k 
age o f the w ood due to  changes in m oisture 
content does, how ever, w eaken the bond, 
never very great, betw een the  m etal film and 
the w ood surface, resulting in cracking and 
la te r peeling. T hus, it appears th a t the m ajo r 
application  o f sprayed a lum inium  on w ood 
is likely to rem ain a  decorative one fo r the 
m om ent a t least.

T he sam e is no t a lto g e th e r true  o f the alu- 
m inization  of o th er non-m etallics. T hus, 
a lth o u g h  the striking results produced by the 
a lum in ization  of dress fabrics and lace, 
som etim es using stencils to  obtain  patterns, 
is fo r  effect only, it is stated  th a t a irsh ip  and 
balloon  fabrics have been treated  in this 
way. N ot, only does this add to the life of 
the  fab ric  but. in add ition , the surface  is 
m ade electrically  conducting  w hich greatly  
reduces the dan g er o f fire follow ing the dis
charge of static  electricity.

A lum in ium  spraying has been used fo r 
the m etallizing o f p ap er and  board , a lthough  
this type o f m ateria l is now  m ore usually  
produced  by the adhesion  of a lum in ium  foil 
o r by prin ting  w ith an  alum inium -pigm ented  
ink. A ccording to  R o llason<15> the m etal 
sp ray  process has been used in several fac 
tories fo r  coating  em bossed o r m oulded 
paper, c ard b o ard  o r papier-m achd goods, 
w hilst a m anufactu ring  w orks a t F ra n k fo rt 
utilized the process fo r  producing  carbons 
with capacities up  to 20 gallons and hoop- 
bound  barre ls o f 70 gallons capacity  fro m



March, 1 9 4 7 L IC H T M ETALS 14 9

specially p repared  and hardened paper 
cylinders. T hese cartons and barre ls were 
supplied to dyew orks, an d  to  m anufacturers 
of chemicals,, m argarine, soap, foodstufEs and 
o th er articles. T he m etal spray  was applied 
a fte r  fabrication  of the carton  and no doubt 
it helped to seal the joints. C inem atograph  
projection  screens have been m ade by spray
ing a lum in ium  onto  a base of linen, c a rd 
board , papier-m ache o r glass; fo r  this ap p li
cation the m at surface of b rillian t a lu 
m inium  particles w hich is produced is ideal. 
N am eplates have been produced by spraying 
alum inium  onto a p late  glass o r  o ther su r
face over a su itable stencil, w hilst o ther 
app lications o f a lum in ium  spray include the 
decoration  of shop fro n ts and exhibition 
stands o f w ood, plastic, etc.. to give them  
the appearance  of solid m etal, and the co a t
ing of p laster casts and effigies.

One app lication  o f the m etallizing process 
which has received considerab ly  m ore a tten 
tion in o th er countries than  in this depends 
on the reflectivity o f the alum inized surface. 
W e have a lready referred  to the p roduction  
o f cinem a projection  screens by spraying a lu 
m inium  onto  a su itable background 
“ canvas." Sim ilarly, c ircu lar cast glass pave
m ent lights have been a lum inized on their 
latera l faces, the reflection from  which has 
greatly  enhanced their light transm ission.

But, in this p a rag rap h  we are  thinking 
m ore o f the reflection characteristics o f 
polished sprayed a lum inium  coats and 
especially o f polished sprayed alum inium - 
m agnésium  alloys. F o r  m any purposes a dry 
m ethod o f decorative plating w ould be 
extrem ely w elcom e and th is developm ent 
m ay well possess im portan t f u t u r e  
potentialities.

Tn view of the  fact that the individual 
particles o f deposited m etal a re  insulated 
from  one a n o th e r by oxide films, except p e r
haps a t po in ts o f sm all surface  area where 
sintering has taken place, it is no t unexpected 
that films of sprayed a lum in ium  possess a 
m uch h igher resistance than that o f the cast 
m etal. It is. therefore, quite  possible to 
em ploy such films as heating  elem ents, and 
when these take the form  o f pa tte rn s sprayed 
over stencil onto a glass surface som e su r
prising possibilities a re  revealed. T hus, a 
rad ia to r bu ilt up from  two panels o f glass 
each 50 by 40 cm . was sprayed with a lu 
m inium  in the fo rm  of a G reek fret co n 
sisting o f 30 strips each 45 by 10 m m . E ach 
panel consum ed 1,000 w atts pe r h o u r a t a 
pressure o f 110 volts and reached a tem pera
ture o f 130 degrees C. Such a rad ia to r 
occupies little  space, is elegant and m odern 
in appearance and can be m anufactu red  very 
cheaply.

A n alte rna tive  possibility is to build  up 
floors o f glass blocks (o r o th er heat-resistant 
insulating  m aterial) w ith an  alum inized un d er
surface  m ade to  operate  a t a tem pera tu re  of 
30 degrees C.

Aluminium Paint
Perhaps the m ost universal m ethod o f  

applying a coating  of a lum inium  in situ co n 
sists in the use o f a lum in ium  pain t. If  the 
organic m edium  is driven off by heat, there 
is Tittle o th er than  a lum inium  left behind and 
this is capab le  o f a lloy ing  w ith the un d er
surface  in the sam e way as sprayed a lu 
m inium ; on the o th er hand , if a lum  nium  
pigm ent is applied  in a  leafing m edium  and 
allow'ed to  stay in th a t condition  a f te r  d ry 
ing, the surface  layer consists o f interleaved 
a lum inium  flakes covered w ith such a thin 
layer o f organic m edium  th a t they do co n 
stitute, to all p ractical purposes, a layer o f 
m etallic a lu m in u m  though with a very d if
fe ren t struc tu re  and to tally  different m ethod 
of adhesion from  a lum in ium  coatings 
applied by the flam e-spraying process. H ow 
ever, a lum in ium  pain ts and lacquers a re  a 
subject in them selves, and since the struc tu re  
of the  a lum inium  layer produced and the 

. m echanism  by m eans o f w hich it adheres to 
- the undersurface a re  so different from  those 

o f a lum inium  coatings produced by any of 
the o th er processes of a lum in ization  dealt 
w ith in this article , it is no t proposed to deal 
w ith them  in any detail. T his section is. in 
fact, no m ore than  a cursory  glance a t the 
subject to  see how  alum inium -pigm ented 
organic coatings line up with o th er m ethods 
of alum inization .

T aking  the first o f the two cases m en
tioned above, pain ting  w ith a lum in ium  paint 
and subsequently  driv ing off the organic 
m edium  by the app lication  o f heat (o r by 
a llow ing it to  be driven off by the heat 
developed in service), does constitu te  a 
m ethod of applying a lum in ium  fo r the pur- 

.pose o f increasing resistance to high-tcm - 
peratu re  oxidat.on . Since, how ever, the 
thickness o f a lum in ium  applied in one coat 
is very sm all, resistance to  ox idation  is only 
effect ve a t relatively low tem pera tu res (up 
to  400 degrees C. o r so). M oreover, 
a lthough  the o rganic m edium  does tend to 
act as a flux during  th e  carbonizing  process, 
facilitating  good adhesion o f the a lum inium  
to the  iron base and protecting  it to  som e 
extent from  oxidation , nevertheless, con- 
s :derab ly  m ore oxide is form ed th an  during  
the  heat trea tm en t o f sprayed coatings using 
the English o r  G erm an  m ethods previously 
described.

In this connection , choice o f vehicles is 
a ll-im portan t w here the tem pera tu re  o f 
exposure is likely to  exceed ab o u t 200 
degrees C. F o r tem peratures betw een 250 
and 400 degrees C., gloss oil and spirit v a r
nish types o f vehicle, and , best o f all, syn
thetics with high volatile  con ten t generally  
give the  best results. W ith a su itab le  vehicle 
and  provided the iron surface is clean and 
free fro m  grease, ru st and pain t befo re  ap p li
cation  o f the a lum inium  coating, a  rem ark
ab le  degree o f adhesion is ob tained  giving 
one the im pression th a t an  alloy  has been
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form ed; this, how ever, does not occur. 
Below 200 degrees C., the choice o f vehicle 
is less im portan t, bu t it is generally  p refer
ab le  to use one o f little  body, th a t is to say. 
o f  low viscosity, and to  d ilu te  it to give a 
freely flowing pain t. In o th er im portan t 
respects, emissivity, corrosion  and  chem ical 
resistance, etc., these coatings a re  not greatly  
different fro m  those produced by spraying, 
except in so fa r as their greatly  in ferio r 
thickness lim its the degree o f p ro tection  
afforded and renders them  m ore vu lnerab le  
to  m echanical dam age and attack .

C oatings o f the second type are  very d if
fe ren t from  sprayed m etal coatings in 
a n o th e r im po rtan t aspect, nam ely, their 
brilliance and low  porosity . These ch arac 
teristics a re  due to the pecu liar p ro p erty  o f 
a lum inium  Hakes, in a leafing m edium , of 
tending to  concen tra te  a t the  surface of the  
m edium , and to a rran g e  them selves in o ver
lapping layers o f  tiny plates each m ore o r 
less paralle l to the surface. In consequence, 
we find th a t a lum in ium  pain t coalings are  
o ften  applied  w here increased v isibility  o r 
reflection is requ ired , e.g., on bridge facings 
and inside factories. B.P. 578.887 claim s the 
app lication  o f a  phosphorescent m ateria l to 
such building m aterials as w ood, plaster, 
b rick ,-stone  and concrete over an  undercoat 
o f 'a lu m in iu m  pain t, the function  of the a lu 
m inium  pa in t being to provide a good 
reflecting background  fo r  the phosphorescent 
m aterial. T he organic  m edium  in w hich the 
a lum inium  pow der is suspended tends 
to close any rem aining pores and  crevices 
and thus a  m etallic  pain t coating  o f rem ark 
ab ly  low porosity  can  be obtained.

T he a lum in ium  coating  applied in the 
fo rn t o f p a in t re ta ins the  chem ical and 
a tm ospheric  corrosion-resisting  ch arac te r
istics o f  the  m assive m etal o r sprayed a lu 
m inium , a lthough  again  its efficiency is som e
w hat lim ited by the  thickness o f m etal which 
can  be app lied  in a  reasonable  nu m b er o f 
coats. It is, therefore, widely em ployed fo r 
pro tec ting  struc tu res o f  all types and of 
various m ateria ls from  the de terio ra ting  
effects o f m any agencies. U nlike sprayed 
coats o f alum in ium , which adhere  to  the base 
m etal by the  forces w hich operate  betw een 
m etals in extrem ely close contact, a lum inium  
paint relies upon the adhesion  of an  organic 
m edium  w hich itself determ ines the life o f 
the  coating  and  th e  length of tim e fo r  which 
the a lum in ium  coating  rem ains efficient.

N evertheless, su itab ly  fo rm ula ted  and 
carefu lly  applied a lum in ium  paint coatings 
are  capab le  o f  perform ing  very carefu l ser
vice. Edwards*34̂  quo tes the  results o f a 
num ber o f field and lab o ra to ry  tests to  illus
tra te  the efficiency o f a lum in ium  pain t bo th  
as a  p rim er and  as a  top  co at in the p ro tec
tion  o f iron  and steel against rust. In som e 
early  tests it was fo u n d  th a t one co at o f 
a lum in ium  paint over one coat o f  red o r 
b lue  lead, o r  tw o coats o f  a lum inium  pain t

were still in very good condition  a f te r  52 
m on ths’ exposure at W ashington. In tests 
carried  ou t to determ ine the su itability  o f 
pain ts fo r  p rotecting  steel w ater tanks, a lu 
m inium  pain ts proved to be as efficient as hot 
b itum inous coatings and su p erio r to any of 
the o th er 12 classes o f organic protective 
exam ined.

As with all o th er fo rm s of alum inizing, the 
care w ith w hich the  process is carried  ou t 
has an  im portan t effect on the  results 
ob tained. In com parison  w ith o th e r p ro 
cesses. however, there  are  m ore variab les 
a ttached  to the pa in ting  trea tm en t w hen one 
takes into consideration  the n u m b er o f  po s
sible v a ria tions in the com position  o f the 
paint, and E dw ards gives som e inform ation  
on the effects o f varying pigm ent co n cen tra 
tion. particle size o f pigm ents and  vehicle 
characteristics.

Ow ing to the presence of a th in  film of oil 
over the a lum inium  layer and also  to  a slight 
darken ing  o r  du lling  o f the a lum in ium  flakes 
which inevitably  occurs during  the  com m inu
tion  process, the  reflectivity o f  the a lum inium  
paint film never equals th a t o f the polished 
m assive m etal, polished sprayed coatings of 
a lum in ium  o r deposits on  polished surfaces 
produced by the processes o f evapora tion  o r 
cathode spu ttering  w hich will be described 
later. In general, the  average perform ance 
of good pain ts varies betw een 60 per cent, 
and 75 pe r cent., bu t th is is still high in 
com parison  w ith m ost o th er organic and 
inorganic coatings and , in consequence, a lu 
m inium  pa in t is o ften  em ployed in factory  
and w arehouse in terio rs to increase the 
general level o f illum ination  o b ta inab le  with 
existing lighting installations. O bjects on the 
road  have been coated  w ith a lum in ium  paint 
to  ren d er them  m ore easily visible a t night; 
an  a lum in ium -pain ted  bridge has been show n 
to be m ore readily  visible to an  oncom ing 
m otorist than  one  freshly  coated  w ith white 
pain t w hilst the de terio ra tion  o f reflectivity 
w ith age is g reater w ith w hite pain t than  w ith 
alum inium . A lum inium  pain t on  the  iron 
fram ew ork  and  a p p ara tu s  in the telephone 
exchange does m uch to increase the  a ttractive  
ap p earance  and  lighting efficiency o f the 
exchange room s.

On the  ex terio r surface o f oil tanks, 
a lum in ium  p a in t is o f  value  n o t on ly  fo r 
pro tection  against corrosion , bu t also  fo r 
reducing evapora tion  losses by steadying the 
tem pera tu re  inside the  con tainer. D uring  the 
day the high reflectivity o f the alum inium  
pain t coaling  m inim izes ab so rp tio n  o f heat 
fron t the  sun 's rays, w hilst du ring  the night 
its low em issivity (abou t 30 per cent, o f that 
of a  black body) reduces the dissipation  o f 
heat to  the  coo ler a tm osphere. Sheet-iron 
m agazines fo r  the storage o f explosives and 
re frig e ra to r cars are  two fu rth e r exam ples in 
w hich a lum in ium  pain t is em ployed because 
o f its h igh  reflectivity and  low  em issivity to 
reduce tem pera tu re  variations.
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T h e  reflectivity o f a lum in ium  pain t is influ
enced by. the care w ith w hich the pow der is 
m ade and the degree of leafing w hich occurs, 
bu t the co lo u r and opacity  o f the  m edium  
em ployed has little effect provided leafing 
occurs. T his is because in such cases the 
film o f oil over and above the leafed layer 
is too  thin to have appreciab le  influence.

In electrical characteristics, alum inium  
pa in t films are  very different from  o th er 
types o f  alum inized coatings. W here leafing 
takes place, the tendency is fo r each flake of 
m etal to  be su rrounded  first by an exceed
ingly thin film of polishing agent and then 
by a th icker (but still quite  thin) film of 
pain t m edium . Since bo th  polishing agent 
and pa in t m edium  are  non-conductors, 
leafed a lum in ium  pa in t films have generally  
a  very high electrical resistance to m oderate 
voltages; above a  certain  poten tial, generally  
a round  100 to 300 volts, the  resistance o f 
these films m ay be broken dow n and cu rren t 
will then  pass. W here leafing does no t 
occur, the film o f polish ing  agen t is absent 
and the reduced suspension of the  p igm ent 
in the  vehicle results in the fo rm er squeezing 
ou t the  vehicle from  betw een the flakes 
w hich can then  m ake contact. Thus, n o n 
leafing a lum ih ium  pain t coatings will often 
conduct electricity under m uch lower 
potentials. A lum in ium  pain t m ay, there 
fore. be em ployed as an insulating  o r a 
conducting  m edium  according to  circum 
stances.

T he low  perm eability  of a lum in ium  paint 
films to m oisture is a  p roperty  o f  great 
practical v a lue  and in opposition  to the 
characteristics o f a lum in ium  coatings p ro 
duced by the  m ethods o f alum in ization  
previously described. M oistu re  perm e
ability  is affected by the thickness o f the 
film, the grade o f pow der em ployed and its 
concen tra tion  in the pain t, qnd on the na tu re  
o f the  m edium  em ployed. A part from  the 
value o f the characteristic  in protective 
app lications o f a lum in ium  pain t on wood 
and m etal, ijt also m akes a lum in ium  paint o f  
value as an in term ediate coat over bitum en 
o r creosote to prevent these m aterials 
“ bleeding ” th rough  the lop coat.

T he resistance of a lum in ium  to su lphur 
and  su lp h u r fum es is retained in a lum inium  
pain t films and m akes the  la tter o f  v a lue  fo r 
use in m any chem ical environm ents, in 
app lications ranging fro m  the painting of 
outside steel w ork a t gas-producing p lan ts 
and oil refineries to the  pa in ting  o f 
lab o ra to ry  fum e cupboards. T he use o f 
white lead  in such app lications is ruled out 
ow ing to  the unw elcom e form ation  of black 
lead sulphide and the use o f such pigm ents 
as zinc oxide and lithopone. the colours of 
which are  no t affected by su lphurous fum es, 
Teads to  a  m uch low er durab ility , a d isadvan
tage w hich is no t a tten d an t on the use of 
a lum in ium  paint.

Electrodeposition o f Aluminium
T he m ethods of producing  coatings o f  

a lum inium  so fa r described are  practical 
m ethods w ith wide app lications w hich are  in 
regu lar use to-day fo r the  trea tm en t o f 
considerable quantities o f iron, steel and 
o th er m aterials. W e com e now  to  three 
m ethods of m ore lim ited app lication , o f 
which the first, the electrodeposition  o f  
a lum inium  is, a t the m om ent, no m ore than  
a lab o ra to ry  curiosity . It has long been 
apprecia ted  th a t a lum in ium  can n o t be 
electrodeposited from  aqueous solutions. 
D eposition  is, how ever, possible from  a 
fused electrolyte con tain ing  a lum in ium  and 
sodium  chlorides at 160-200 degrees C. and 
this m ethod has been given som e study<25L 
A nother m ethod developed by Blue and 
M athers<:!f,> m akes use of the com pounds 
form ed by dissolving a lum inium  b rom ide  in 
benzene, w ith xylene as a brigh ten ing  agent. 
Both those m ethods suffer from  grave dis
advantages; the first is due to the use o f  a 
fused electrolyte w hich produces incrusta
tions o f salts w hich have to  be rem oved 
and the tem pera tu re  of w hich is liable to 
give rise to  troub les by the d isto rtion  o f  
parts o f sm all cross section. In the case of 
Blue and M athers’ m ethod, disadvantages 
a re  inherent in the o rganic m aterials 
em ployed as solvent and  brightener. in p a r
ticu lar th e ir toxicity  and inflam m ability.

It w ould thus appear that electrochem ical 
processes fo r the deposition of a lum in ium  
in their present stage of developm ent are not 
su itable fo r practical app lication . C o n 
venient a lte rna tive  m ethods of deposition 
are  availab le  (flame spraying, cathode sp u t
tering, evaporation). Som e of these a u to 
m atically  p roduce a sm ooth , h ighly reflecting 
film of a lum in ium  on a polished surface, but 
a fte r  flame spraying, buffing is necessary to 
obtain  a bright finish. I t  is interesting to 
note that polished flam e-sprayed coats o f 
alum inium -m agnesium  alloy  w ere officially 
recom m ended in G erm any  as a substitu te  
fo r polished electro-nickel' p late. C ath o d e  
spu ttering  and evapora tion  processes w hich 
enable a h ighly reflecting film of a lum in ium  
to be deposited on a polished surface m ight 
therefore  be com pared  w ith the m odern  
b righ t nickel processes o f electrodeposition  
w hich also  elim inate  the need fo r polishing.

Evaporation Processes
T he techniques o f bo th  the evapora tion  

and the cathode  spu ttering  processes have 
been dealt w ith in som e detail in earlie r 
pages o f this jo u rn a l.<37) Hence, in as fa r  as 
practical details are concerned, the account 
here presented is no m ore than a b rief 
sum m ary, an d  the  earlie r co n tribu tion  should  
be consulted fo r fu ller inform ation .

As its nam e implies, the evapora tion  
technique fo r the  deposition of alum inium  
(and certain  o th er m etals) involves, fu n d a-
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m entally , evapora ting  m etallic a lum inium  
and allow ing som e of the v ap o u r to co n 
dense on the article  to  be coated. T he 
ap p ara tu s em ployed consists essentially o f 
a  cham ber capab le  o f m ain tain ing  a high 
vacuum  and  "the pum ping  equipm ent fo r 
p roviding this vacuum . W ithin the cham ber 
a re  a su p p o rt fo r  the object to be coated  
and the m echanism  fo r holding and evapo
rating  the a lum inium .

T he fo rm  of the ch am ber and the m ateria l 
o f which it is constructed  vary widely 
according to the n a tu re  o f the object to be 
coated . In dealing w ith sm all parts, glass 
bell jars o f heavy construction , as used in 
the lab o ra to ry , stand ing  on an  accurately  
ground glass slab will suffice. In o ther 
cases steel ja rs  are  em ployed, w hilst in 
coating  larger objects such as telescope 
m irro rs w ith a d iam eter of, say, 3 ft. or 
m ore, a steel ch am b er is built up round  the 
ob ject w hich itself rests on a steel slab. 
N a tu ra lly  this is expensive and tim e-con
sum ing, bu t in certain  specialized app lica
tions the results achieved by the evaporated  
a lum in ium  film are  so striking as to  m ake 
the operation  well w orth  while.

T h e  jo in t betw een the ch am ber o r ja r  and 
the base p late  m ust be vacuum  tight, since 
a  high vacuum  is necessary partly  to  protect 
the m etal from  oxidation  and partly  to low er 
its boiling point. T h is is achieved first by 
accurate ly  grinding the bo ttom  rim  o f the 
ja r  on to the base p late and, secondly, by 
the use o f beeswax, picein wax or, p refer
ably, one o f the A piezon com pounds. An 
electric heating  elem ent is o ften  included 
round  the  periphery  o f the base p late  to 
so ften  the w ax and  assist in m aking the 
vacuum  seal. Only the m inim um  am oun t 
o f  w ax should  be em ployed and  it should  
be confined to the o u te r 'e d g e s  o f the rim 
of the ja r  to m inim ize con tam ination  o f the 
a tm osphere  inside the ja r  w hich renders 
evacuation m ore difficult.

V acuum  connections a re  taken th rough  
the base p late to' a su itab le  pum p; diffusion 
an d  oil pum ps have bo th  been used satis
factorily , the la tte r evacuating  dow n to a 
pressure o f I to 10 m m. o f m ercury. The 
pressure  required  fo r the evapora tion  p ro 
cess is low er than  this, a ro u n d  10-ł  m m . of 
m ercury, an d  this fu rth e r exhaustion  is 
achieved by the use o f an  activated  charcoal- 
liquid a ir  system  a ttached  to the vacuum  
connection . D uring  the initial stages of 
exhaustion  the activated  charcoal is baked 
o u t  w ith an electric heater. L ater, the level 
o f the liquid  a ir  is raised to cool the  low er 
portion  o f the charcoal which then  abso rbs 
the bu lk  o f the gas. leaving the upper layer 
still active. R aising the liquid a ir still 
fu rth e r brings these active layers in to  o p e ra 
tion  fo r  the final stage o f absorp tion . An 
indication th a t the requ ired  vacuum  has 
been  ob tained  is the absence o f an y  dis

charge w hen the base p late and the object 
o r the filam ent a re  connected to the opposite  
sides o f a  spark  coil.

In som e form s of ap p ara tu s  a device is 
sealed in the system  betw een the bell ja r  and 
the carbon  trap  to  give som e indication  of 
the vacuum  obtained  inside the bell jar. In 
one instance, this com prised a  discharge tube 
having two a lum in ium  discs as electrodes 
24 m m . d iam eter and 12.8 cm. apart. 
Po ten tia l was applied  to one electrode from  
a hand-opera ted  T esla coil and the o th er was 
earthed , w hen the  fo rm  of the discharge gave 
an ap p ro x im ate  idea of the pressure in the 
jar; w hen the  pressure was sufficiently 
reduced, discharge ceased.

C onsiderable  investigation has been 
directed tow ards ascertain ing  the  best 
m ethod of hand ling  and  evapora ting  the 
m etal to  be deposited , as a  result o f which 
there  a re  th ree  p rincipal m ethods in use 
to-day, nam ely, direct evapora tion  o f the 
m etal off an  electrically  heated coil, ev ap o ra 
tion  from  the surface  o f a  ceram ic o r  silica 
co n ta in er heated  electrically  by an  in ternal 
coil, and the  use o f a condenser discharge 
to  “  explode ”  the m aterial to  be deposited, 
in  the early  experim ents bo th  tungsten and 
p la tinum  wires were successfully em ployed 
fo r the  heating coils in the d irect-evaporation  
m ethod. T h e  m aterial to be evapora ted  was 
m erely slipped in the coil, the equipm ent 
evacuated , and then the  coii was rapid ly  
raised  electrically  to the requ ired  tem p era 
tu re  fo r  evapora tion  by contact. D u rin g  the 
b rief liquid stage, surface  tension  w ould hold 
the m ateria l in the coil.

T he success o f such an  arrangem en t must 
depend on several factors. T hus, the m etal 
m ust adhere  to  the  filam ent over the  full 
range o f o p erating  tem peratures; th a t is to 
say, the m olten  m etal m ust wet and  adhere 
to the filam ent and m ust no t fall off in 
d rops. T his presupposes th a t chem ical 
reaction betw een the tw o m etals to  be 
evapora ted  and  the  filam ent m ust be n o n 
existent, o r  a t  least insignificant. It is also 
to be p referred  th a t no  a lloying takes p lace 
betw een the  two m etals. If an  a lloy  is 
form ed w ith a m elting po in t below  the tem 
peratu re  a t  w hich com plete evapora tion  
occurs, the result is d isastrous. A fu rth er 
requ irem ent is th a t the v ap o u r pressure  o f 
the  coating  m etal a t a tem pera tu re  below  the 
m elting  p o in t of the filam ent m ateria l m ust 
be sufficient fo r  its rap id  an d  com plete 
evapora tion . F o r  the evapora tion  of 
alum in ium , it w ould a p p ea r th a t the most 
sa tisfactory  filam ent m aterials, in o rd e r o f 
m erit, a re  tungsten , tan ta lu m , m olybdenum  
and co lum bium , and . in point o f fact, the 
filam ents m ost generally  em ployed in p rac 
tice a re  m olybdenum  and  tungsten . W hilst 
sa tisfactory  results have been achieved with 
p latinum  filam ents fo r the evapora tion  o f
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a lum in ium , fa ilu re  is m ore com m on clue to 
the  bu rn ing -ou t o f the filam ent. T his is 
p robah ly  the result o f the  fo rm ation  o f a 
iovv-melting-point alloy. C are  is necessary 
in the  use o f tungsten  filam ents to obviate a 
sim ilar, but less grievous, effect. T h e  so lu 
bility o f  tungsten in liquid a lum in ium  is 
lim ited, and provided the filam ent w ire be 
o f sufficient thickness, sa tu ration  o f the 
a lum in ium  is reached before  the wire 
d iam eter is dangerously  reduced. One 
experim en ter em ployed a coil o f tungsten  
w ire 1 /32 in. d iam eter spaced eight tu rns to 
the inch. W ith closer spacing, the  a lum inium  
was found  to sh o rt the tu rn s and cause 
inefficient heating, w hereas w ith w ider 
spacing the coil b u rn t ou t, due to  excessive 
ra tio  o f a lum in ium  to  tungsten. T he dis
solved tungsten is, n a tu ra lly , deposited back 
on the coil as the a lum in ium  evaporates and, 
betw een each use, the coil m ay be heat- 
treated  to sin ter it. T he coil used was ab o u t 
1 in. long and J in. in ternal d iam eter, and 
the pure  a lum in ium  to  be evapora ted  was 
cu t from  foil and  ro lled  into a  cylinder to fit 
easily into the helix. Such a coil w ould be 
used fo r ab o u t a dozen evaporations.

H iram  W. Edwards*38) noted  th a t if he 
used a sho rt piece o f  a lum in ium  w ire la id , 
inside a tungsten  coil, fa ilu re  usually  
occurred  due to arcing  when one end of the 
w ire b roke  con tact with the coil. T his led 
to  his using a  num ber o f pieces o f w ire hung  
fro m  the openly  spaced loops o f th e  heater 
cod , and  la te r to a  sim ilar a rrangem en t using 
a  s tra ig h t filam ent wire. As each piece of 
a lum m ium  m elts, it draw s up to  g lobu lar 
fo rm  on the w ire, then evaporates, w ith 
reduced danger o f  the  filam ent burn ing  out. 
N ext, he successfully tried using a heater 
w ire in the  fo rm  o f a  vertical sine wave, sup 
porting  the a lum in ium , cut into H -shaped 
pieces, on  the  waves. Again, two straight 
h ea te r wires, spaced ab o u t a m illim etre 
a p a r t in a  ho rizon tal p lane, were used with 
th e  m etal supported  on  them . This' gave 
bette r contact and  evapora tion  a t a low er 
h ea ter tem peratu re.

In m odern  com m ercial evaporation  p ro 
cesses fo r  alum inium , E dw ards’s ideas are 
o ften  adopted . 'I hus, a com m on procedure  
is to use a coiled h eater a rranged  h o ri
zon ta lly  w ith the a lum in ium  cut in to  the 
fo rm  of “  flags ” w hich are  inserted betw een 
the tu rns o f the coil. A num ber o f such 
h ea te r  coils a re  su itab ly  a rranged  in the 
sam e ch am b er to p roduce the quan tity  of 
evapora ted  m etal and d istribu tion  required.

As w ith o th e r m ethods of producing  c o a t
ings o f m etallic alum ipium . the m ore free 
fro m  co n tam ination  the be tte r the ch arac 
teristics o f the condensed film. Increased 
freedom  fro m  oxide inclusions can be 
o b ta ined  by m elting the  a lum in ium  in a 
helix in the absence o f the object to  be

coated , this freeing the a lum in ium  fron t 
oxide and  gas. T he object to be coated  is 
then introduced and the evapora tion  p ro 
ceeded with norm ally .

W hen the m aterial to be evapora ted  reacts 
w ith the filam ent, an  indirect m ethod of 
heating  may be used consisting  o f a sm all 
crucib le o f m agnesia, a lum ina o r graphite, 
which m ay be fitted into the filam ent. 'I his 
m ethod o f evapora tion  is said to  be p re 
ferred  fo r  m agnesium , a lthough  it is also 
stated  that sa tisfactory  results have been 
achieved w ith filam ents o f tungsten, tan ta 
lum , .m olybdenum  and co lum bium , as 
w ith a lum inium .

M etal deposition processes in general 
requ ire  very tho rough  c leaning of the su r
face of the object to  be coated  in o rder to 
obtain  ad equate  adhesion , and the ev ap o ra 
tion process is no exception. M etal articles 
a re  thoroughly  degreased, descaled w here 
necessary and preferab ly  given a mild etch. 
N on-m etallic  articles a re  degreased and p re 
ferab ly  slightly  etched o r roughened  by 
m ethods o r  reagents ap p ro p ria te  to their 
chem ical an d  physical p roper.ies . It is 
im portan t that all traces of polishing com 
pounds an d  detergents be rem oved, and 
w here possible it is an  advantage  to “ glow ” 
the article  in the vacuum  cham ber before  
com m encing evapora tion . G lass m ay be 
given a p re lim inary  a lkali w ash, using a 
m ild alkali (sodium  carbonate , silicate, 
phosphate  m ixture), then a w ater wash, 
fo llow ed by a sulphuric-chrom ic acid soak 
and  w ater wash. T he cau tious use o f dilu te 
so lu tions o f a lk a li fluorides in dilute su l
phuric acid has also  been suggested. W ith 
glass it is im p o rtan t to  rem em ber th a t this 
m aterial does no t readily  give un its 
abso rbed  w ater, and  deposition on to  this 
m ateria l heated  to 200 degrees C. yields a 
m ore tenacious coating.

E vapora tion  takes place in all directions, 
and, therefore, to  m inim ize con tam ination  
o f the a p p ara tu s  and the extent o f cleaning 
required, som e form  of screening is often 
em ployed. C o p p er discs and  mica dia- 
ph tagm s m ay be used fo r the purpose. 
A lternatively, a  num ber o f objects m ay be 
arran g ed  ro und  the  filam ent o r filam ents to 
m ake the m axim um  use o f the evapora ted  
m etal.

P roduction  of a condensed film is not 
necessarily lim ited to the deposition o f  pu re  
a lum in ium  o r any o th er p u re  m etal. 
C erta in  alloys can be produced  as ev ap o r
ated  films by m eans o f this ap p ara tu s by 
the sim ultaneous deposition "of the ingre
dients from  separate  h ea te r  filam ents. 
A gain, it has been possible to  “ explode ” 
a lioy  wires by  m eans o f condenser discharge 
and so deposit them . W hen alloys a re  
p laced in th e  heating  spiral the results 
ob tained  depend unon the v ap o u r pressures
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o f the constituen t m etals under the co n d i
tions o f evapora tion . In experim ents, 
speculum  m etal was a success, p robab ly  
because tin and  co p p er have approx im ate ly  
the sam e v ap o u r pressure a t the evapora tion  
tem peratu re. Brass frac tio n a ted , zinc 
depositing before  the copper: sim ilarly  w ith 
jew eller's silver, silver deposited before  
copper. It is possible th a t the high 
m agnesium  alloys, deposited from  two 
heaters, m ay prove  to have valuab le  p rac 
tical app lications. N e ith e r is the technique 
lim ited to the evap o ra tio n  and  condensation  
o f m etals. N on-m etallic  m ateria ls which 
have been evapora ted  include 'quartz , 
fluorite, a lkali halides and silver chloride. 
G lass itself frac tiona tes , leaving an  opal 
residue.

A ny m ate ria l can  be coated  by th is p ro 
cess p rovided it will w ithstand the  high 
vacuum  conditions; there  is no  appreciab le  
elevation of tem pera tu re , and such m ateria ls 
as paper, c lo th , ru b b er and n itro -cellu lose  
m ay be safely  coated . T he thickness o f 
deposit is co n tro lled  by w eighing the am oun t 
o f m ateria l to be evaporated . In practice 
this is very re liab le  and perm its o f the  p ro 
duction o f films o f accurate ly  con tro lled  
thickness, fo r exam ple, fo r the p repara tion  
o f partia lly  reflecting films fo r in te rfero 
m etrie w ork. A tten tion  m ust be paid to  the 
distance from  the filam ent to the object 
since obviously  the density o f deposited 
m etal decreases rapid ly  as the object is 
m oved aw ay fro m  the filam ent. On the o ther 
hand, u n ifo rm ity  o f coating  is im proved by 
using a  large  filam ent-object separation .

One piece o f a p p ara tu s  inco rpora ted  a 
device to  w atch  the ra te  o f evaporation . A 
poten tial o f 200 volts was m aintained 
betw een filam ent, and m etal base. This 
activated the hydrogen, used fo r cleaning 
the m etal to  be evapora ted  and m ade the 
evapora ting  m etal becom e lum inous. W ith 
correc t ra te  o f evapora tion , the discharge was 
bright enough to  be seen in a  w ell-lighted 
room . Incidentally , the discharge was 
th o ugh t to im prove the adhesion of the 
evaporated  m etal to glass.

Aluminized Mirrors
T he applications o f condensed films of 

a lum in ium  include the coating  o f q u a r t/  
c rystals fo r  oscillators, a lum in ium  being 
em ployed fo r con tact and capacity  reasons, 
the coating  of evaporated  silver films, the 
th in  film alum in ium  oxide subsequently  
form ed giving an  im p o rtan t increase in ta r 
nish resistance, and  the coating  of glass and 
q u a rtz  to  p roduce fron t-su rfaced  m irrors 
with h igh reflecting efficiency and low  rate 
o f d e terio ra tion  fo r  precision optical in stru 
m ents and as in ternal m irrors, fo r  infra-red  
lam ps fo r  rad ian t heating equipm ent.

O f these p robab ly  the m ost im portan t and 
certain ly  the m ost spectacu lar is the app lica

tion of the evapora tion  technique to the p ro 
duction  of fron t-alum in ized  m irrors fo r  use 
in telescopes and  o th er optical instrum ents. 
F ron t-su rfaced  m irro rs  a re  essential where- 
ever accurate  observations are  requ ired  to 
elim inate the m ultip le reflections and  lower 
reflecting efficiency o f an ord inary  silver- or 
m ercury-backed plate-glass m irror, but of 
course it exposes the reflecting surface to 
tarn ish ing  and  m echanical dam age. T he 
reflectivity o f pure  a lum in ium  evaporated  
films fo r visible light is nearly  as. good as 
that o f silver, w hich is the finest reflector 
m aterial know n. An alum inized m irro r 
possesses roughly  the sam e reflectivity as 
good quality  silver-backing and is greatly  
superio r to m ercury-backing. In the  u ltra 
vio let region, a lum in ium  has a  reflectivity 
greatly  superio r to silver and , indeed, to 
o th er reflector m etals. T his is a facto r of 
the greatest im portance  when it is rem em 
bered th a t m ost m odern astronom ical w ork 
depends on pho to g rap h y  by low intensity 
illum ination.

An equally  im portan t poin t, how ever, is 
the low  ra te  o f de te rio ra tio n  of a lum inized 
m irrors, w hich is believed to be due to the 
fo rm ation  of a very thin n a tu ra l oxide film, 
the sam e type o f film, incidentally, which 
has given such good results in the p rotection  
of silver films fro m  tarn ishing. Such m irrors 
are, in fact, m ore resistant to tarn ish ing  than  
a re  silver m irro rs  protected  by an  ev apor
a ted  q u a rtz  film. Again, the evaporated  
a lum in ium  adheres to  glass surfaces tenaci
ously, w hereas silver is no t so firmly bonded 
and is m ore easily scratched. A lum inium  
can  be w ashed with soap and w ater at 
regu lar intervals w ithout harm , w hereas 
silver becom es scratched under sim ilar trea t
m ent. A no th er big advantage  is that w hereas 
silver films have a 'n ta rk e d  co lo u r selectivity 
w hich varies w ith age and density, a lu 
m inium  films are  fairly  grey and stable at 
a ll densities.

In view o f the advantages o f evaporated  
a lum in ium  fo r fron t-su rfaced  m irrors it is 
no t surprising  to  find that som e considerable 
app lication  o f the process has been m ade in 
the p roduction  of m irro rs fo r astronom ical 
telescopes, w hich it is a  great advantage  to 
be ab le  to trea t as perm anent fixtures. 
F ron t-su rfaced  m irrors o f silver glass have 
been used fo r  m any years in optical a p p a ra 
tus, b u t the inevitable tarn ish ing  and so ft
ness o f the film preven t them  from  giving 
lasting satisfaction . A lum inium , how ever, is 
m uch less susceptible than  silver to  ta rn ish 
ing an d  a f te r  on ly  three  w eeks' indoor expo
sure, even in the absence o f su lphurous 
fum es, silver has usually  tarn ished  sufficiently 
to bring  its reflectivity below  that o f ordinary- 
po lished a lum in ium  exposed alongside it. 
T h e  big m irro r a t the  M o u n t W ilson o bser
vatory , fo r  instance, used to be resurfaced 
every six m onths: a lum inium  fron t-surfaced
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m irrors; on the o th er hand , have been in use 
under sim ilar conditions fo r upw ards o f 
three years w ith hard ly  any loss in reflec
tivity. A m ong the  first m irro rs to  be treated  
in this way were certain  aux iliary  reflectors 
o f the 60-in, and 100-in. telescopes a t  the 
M ount W ilson observatory . T his was in 
N ovem ber, 1934, and the results w ere so 
satisfacto ry  th a t in F ebruary , 1935, the 60-in. 
m irro r itself and in M arch. 1935, the  100-in. 
m irror, too , were alum inized. In N ovem ber 
o f the sam e year, the British A stronom er 
R oyal, D r. H. Spencer Jones, announced  the 
change-over o f the m irro rs a t G reenw ich 
O bservatory  from  silvered to alum inized 
glass on  accoun t o f the  sm aller degree of 
tarn ish ing  ob tained  in the la tter case. O ther 
big operations o f this type included the 
alum inizing  of the m irro r fo r the 200-in. 
reflecting telescope a t M ount Palom ar, near 
San D iego, just before the w ar, and the 72-in. 
m irro r a t the D om inion A straphysical 
O bservatory .

T h e  usual m ethod of p rocedure  in the case 
o f the larger m irro rs is to first build  up a 
vacuum  cham ber a round  the glass on which 
the a lum in ium  is to be deposited. T he 
cleaning of the glass surface  to  receive the 
m etal film is o f the greatest im portance, and 
it has been found  advisable to carry  this out 
in two stages, the first chem ical cleaning in 
w hich detergents such as certain  su lphonated  
fa tty  a lcohols, follow ed successively by 
potassium  hydroxide, nitric acid, w ater and 
a lcohol, a re  em ployed, and the second is a 
physical m ethod, using a pow erful electric 
discharge fro m  a special electrode, w hile the 
bell ja r  is being evacuated. F o r the heating 
elem ent, tungsten  w ire is used in the fo rm  of 
helical coils -,sc in. in d iam eter and pitched 
fo u r tu rn s to the inch, con ta in ing  10 tu rn s of 
wire. T h e  alum in ium , in the fo rm  of U- 
shaped w ire I mm. in d iam eter and abou t 
1 cm. long, is clam ped to each tu rn  o f the 
spiral, and  fusion of the  a lum in ium  occurs 
in a b o u t .4 secs, in vacuum  when a potential 
of 20 volts is applied  to the tungsten  wire.

T he nu m b er o f coils used fo r  any one 
m irro r depends upon the size o f the m irror, 
and fo r those of large d iam eter the  a lu 
m inium  is d istilled  from  a sufficient nu m b er 
o f sources to perm it o f  the equal d istribution  
of the a lum in ium  film over the w hole su r
face o f the m irror.

T he thickness o f the  ac tual a lum in ium  film 
aim ed at is a uniform  10 n over the w hole 
o f the  reflecting surface  of the  m irro r, and 
this results in the p roduction  o f a surface  
which possesses high reflectivity, is largely 
im m une from  tarn ishing, o f good adhesion 
provided the undersurface  has been ad e 
quate ly  cleansed, and w hich offers consider
able resistance to scratching and abrasion .

So fa r  developm ents have  been practic
ally  confined to  the  deposition  o f pure  a lu 
m inium , bu t there  is evidence to  suggest that.

fo r this type o f app lication , certa in  alloys o f 
a lum in ium  m ay exhibit advantages over the 
pure m etal. Thus, an  a lloy  o f m agnesium  
and a lum in ium  has been found  suitable fo r 
deposition in vacuo  and has a  reflecting 
pow er som e 4 per cent, h igher than  that o f 
a lum inium  itself.

M irrors have been produced com m ercially  
in this way under the trade m ark ” P ancro .” 
and  a re  claim ed to  be su itable fo r use in 
telescopes, oph thalm ic  instrum ents, ste reo 
scopy. galvanom eter m irrors, m oving pic
tures, and applications in which sem i-trans
paren t m irro rs a re  requ ired . A n o th er va ria 
tion is the use of C hro lum in ium , a nam e 
suggested by R. C. Williams*18) fo r the com 
bination  o f an  under-deposit o f chrom ium  
upon which a film of a lum in ium  is later 
deposited.

Such deposits o f a lum in ium  are co m p ara 
tively soft when first form ed, bu t harden 
a lm ost instantly  when washed w ith e ither 
w ater o r alcohol, and are  then so hard  as 
to be scarcely affected when rubbed  with a 
blunt steel instrum ent. T he reflectivity is 
as good if no t bette r th an  th a t o f  pure 
alum inium , and the deposit has the ad v an 
tage that the a lum in ium  layer can be easily 
rem oved if and  when desired by a so lu tion  
o f caustic  po tash , w ithou t rem oving or 
affecting the chrom ium . A n o th er m ethod 
has also been developed fo r rem oving the 
double  film w ithout in ju ry  to  the glass.

G erm an investigators have called  a tte n 
tion to  the reflecting properties o f sprayed 
a lum inium -m agnesium  alloys, and such c o a t
ings were officially recom m ended in that 
cou n try  as substitu tes fo r  polished nickel- 
p lating. E dw ards1391 has con tribu ted  a note 
on a lum in ium /m agnesium  m irrors produced 
by the sim ultaneous evapora tion  of these 
two m etals in vacuum . He does no t give 
accurate  analyses to show  the com position  
o f the film ow ing to the practical difficulties 
associated w ith analysing films o f w hich the 
weight is o f the o rder o f only 1 mg. Results 
that were ob tained  gave 10 per cent.-50 per 
cent, m agnesium , rem ainder alum inium .

E dw ards obtained the  best result by 
evaporation  o f the  two m etals in separate  
pieces, using weights in the p ro p o rtio n  10 
parts alum inium . 1 pa rt m agnesium . It is 
evident that it cannot be assum ed that the 
film com position  is o f  sim ilar order. F irst, 
the evapora tion  process causes general 
deposition, so th a t un iform  coating  o f the 
object by the two m etals does no t neces
sarily  follow . Secondly, a lthough  the m elt
ing poin ts o f the two m etals a re  very close 
(alum inium  658 degrees C ., m agnesium  651 
degrees C.), their boiling poin ts a t  a tm o 
spheric pressure  a re  no t (alum in ium  1,800 
degrees C., m agnesium  1,120 degrees C.). 
T h u s it can be an tic ipated  th a t the v apour 
p ressures un d er vacuum  evapora tion  condi
tions a re  also widely different, w ith th a t o f
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m agnesium  higher, and with the possibility 
o f larger deposition  of this m etal.

It was claim ed th a t m irro rs produced by 
the evapora tion  of the  best p rop o rtio n s o f 
a lum inium  and  m agnesium  should  prove 
invaluable in optical in trum ent m anufactu re  
w here face surfaces o f high reflecting pow er 
a re  required. T he com bination  deposit is 
exceedingly hard  and non-tarn ishab le , 
apparen tly  due to the corrosion  and 
m echanical p ro tec tion  afforded by a very 
thin superficial layer o f a lum in ium  oxide. 
I hcse m irro rs have advantages over silver in 
both these respects.

E dw ards tested m irro rs from  evaporated  
a lum inium  and from  the alum inium -m agne- 
sium  com bination  fo r  reflectivity, w ith fight 
incident a t an angle o f 10 degrees. T he 
source was a tungsten  filam ent, fron t w hich 
the w hite light was filtered and  three ranges 
tested by m eans of the  stan d ard  set o f 
W ratten  th ree-co lour-tak ing  filters as used 
fo r trico lou r reproduction . T he red filter 
(A5) transm its approx im ate ly  the band 7,000 
to 5,800, the green (B58) fron t 6,200 to 4,800, 
and the blue (C5-47) fron t 5,200 to 3,600 A. 
Intensities were m easured by a W eston 
P ho tron ic  nteter.

T he pure a lunvn ium  films reflected 89.5 
per cent, in each of the th ree  regions, and 
a lum inium -m agnes urn 94 per cent. C hem ic
ally  deposited silver, deposited on fo u r su r
faces. show ed 95 per cent, reflectivity a t the 
red and only 85 per cent, a t the bue end of 
the spectrum . T h erefo re , the alum inium - 
m agnésium  com bination  no t only show s 
high reflectivity, bu t un iform ity  over the 
visible region, w ith every possibility o f good 
values in the u ltra-v  olet.

O ne fu rth e r field in w hich thin deposited 
coatings o f a lum .n ium  are  valuab le  as a 
reflection m ed.um  is th a t o f gratings fo r  use 
in in terferom etry . A lum inization  im proves 
the reflectivity o f speculum  nietal gratings 
by ab o u t 50 per cent, fo r visible light, and 
to a  m uch g reater extent in the ' u ltra-v io let 
band. W hen the films a re  thin and the 
grooves a re  shallow , the spectrum  form ed by 
an  alum inized  grating, when viewed w ithout 
a lens, ap p ears to  be crossed by  light and 
dark  bands. T hese do  no t ap p ear when 
using o rd inary  gratings, and only show in 
spectra o f the low er o rd e r when the films 
are  th inner than  4.000 À.

A fu rth e r advan tage  is th a t the  a lum inium  
coating  on the speculum  g rating  can be 
rem oved by a su itab le  solvent (potassium - 
hydroxide) w ithou t a ttack ing  the speculum , 
and thus the  usefulness o f the  bare  speculum  
g ra ting  is not sacrificed. Partia lly  tran s
m itting films o f a lum in ium  have also  been 
deposited on C orex glass and on fused quartz , 
and exam ined w ith a view to  their being 
used fo r in terferom etry . T h eir reflections 
and transm issions w ere m easured over the 
range 2380-4080 A and all show ed the  sam e

general behaviour— a slow decrease in 
reflectivity and a nearly  corresponding  
increase in transm issivity  with decreasing 
w ave-length. T he th icker films had the 
h igher efficiency. In the earlie r experim ents 
w ith ruled a lum in ium  gratings, the first 
a ttem pts were m ade w ith pure a lum inium  
films evaporated  direct on to glass, bu t it 
was found  that the d iam ond point, with 
w hich the ru lings were m ade, stripped the 
a lum in ium  off the glass in patches a long  the 
ruling. Pure  chrom ium  was next tried, but 
it proved so hard  that when the diam ond 
was loaded sufficiently to ru le it the glass 
was disfigured.

Finally , a lum in ium  was deposited on  to 
chrom ium  and success was a tta ined , because 
the a lum in ium  adhered  m ore firmly to the 
ch rom ium  than  to the glass. N o  stripping 
took  place when the ruling was m ade, there 
was no  glass to be affected by the ruling, 
an d  if, by chance, the first ru ling  proved a 
fa ilu re, the a lum in ium  could  be rem oved, 
a  fresh film evapora ted  on to the chrom ium  
and a new ruling  m ade. M oreover, the 
dep th  o f the ruling could  be accurately  co n 
tro lled  by regulating  the thickness o f the 
a lum in ium  film.

T hese rulings have proved very successful 
and are  capab le  o f p roducing spectra of 
g reater intensity than  those obtained with 
prism  instrum ents. As a result, it has been 
possible to ob tain  pho to g rap h s o f iron arc 
spectra with thousands of lines perfectly  
defined, using an exposure o f only five 
seconds. As the  iron arc  spectrum  is the 
m ost generally  used secondary  standard  fo r 
in terpo lating  w ave-lengths, the value  o f the 
ruled a lum in ium  grating  can  be appreciated .
Sputtering

O f considerab le  interest but o f less p rac
tical value at the m om ent is the  sputtering  
process fo r  depositing films o f a lum inium . 
Ih .s  m ethod possesses considerable po ten 

tialities because it supplies the m eans of 
depositing extrem ely thin layer's o f a lu 
m inium  o f con tro lled  thickness which are o f 
interest scientifically and w hich do possess 
certain  practical possibilities.

C a th o d e  spu ttering  is effected in a  rarefied 
atm osphere  between two electrodes. One 
o f these, the cathode, is the m ateria l to be 
deposited as a  spu ttered  film. T h e  other, 
the anode, is o f su itab le  m aterial. The 
cathode is m aintained a t a high negative 
po tential w ith respect to  the anode, and  an  
intense electrostatic  field is created  between 
them . In this field the relatively heavy 
positive ions o f residual gas, directed 
tow ards the cathode, im pact upon it and 
dislodge o r tea r  ou t particles o f m aterial 
from  it. These particles are  p ro b ab ly  of 
m olecu lar dim ensions, and  carry  a negative 
charge, and therefo re  travel tow ards the 
anode a long  the electrostatic  field. If one 
o r m ore objects be placed betw een the
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cathode and anode in the electrostatic  field, 
th a t is in the p a th  o f the negatively charged 
cathode  particles, they will m echanically 
intercept these particles and becom e coated 
w ith the cathode  m ateria l. By arrang ing  fo r 
un iform ity  o f field, and p lacem ent o f the 
objects in that portion  of the field that is 
un iform  (that is, constan t num ber of lines 
o f electrostatic  force  per sq. in. o f cross- 
section), a  un iform ly  cathode-spu ttered  layer 
can be bu ilt up. T h e  thickness o f this layer 
is determ ined by the to ta l time period of 
the operation .

T he prim ary  fields o f application  of 
spu ttered  films are  optics and electricity, and 
the industries concerned are  usually  o f the 
m ore h ighly specialized kinds m anufactu ring  
instrum ents and ap p ara tus. Sputtering  is 
also em ployed fo r the deposition of films of 
chem ical com pounds (e.g., quartz), o r o f 
alloys o r m etal m ixtures (e.g., a lu m in iu m / 
m agnesium ).

E stablished com m ercial applications fo r 
the spu ttering  process include th e  fo llow 
ing:—

G old  o r p latinum  m etals spu ttered  as thin 
films transparen t to light on to selenium  
coatings to provide a low resistance elec
trical con tact fo r photo-electric  cells; gold 
sputtered  as thin films on to copper-oxide- 
type rectifier discs fo r  electrical con tact; gold 
o r silver spu ttered  as relatively thick films 
on to ceram ic base, especially low-loss type, 
fo r  fixed and  variab le  condensers; gold 
spu ttered  as thick films on to precision- 
g round q u artz  crystals fo r oscillators; and 
p a llad ium  as a spu ttered  coating  on the wax 
m asters o f g ram ophone records p rio r to the 
e lectrodcposition  o f copper. In  connection 
w ith this last app lication , gold o r silver has 
been em ployed fo r  this purpose, but 
p a llad ium  is less expensive, quicker in 
spu ttering , h a rd er and  less tarn ishab le  and, 
above all, it does no t possess the  sh o rt
com ing o f tending to  diffuse into the e lectro 
p lated  co p p er m atrix . Industria l applications 
o f  spu ttered  a lum in ium  films have yet to be 
investigated.

T he technique o f cathode sputtering  has 
been understood  fo r ab o u t tw o decades. As 
long  ago as 1933 the N aval Research 
L ab o ra to ry  (U .S.A.) described a technique*40» 
utilizing a  sim ple, yet h ighly adap tab le , type 
o f ap p ara tu s . T he spu ttering  cham ber con
sisted o f a glass bell ja r  approx im ately  
40 cm. high by 18 cm. diam eter, hav ing  its 
flanged bo ttom  periphery  ground to  fit on a 
heavy glass baseplate, vacuum  w ax being 
used to  m ake a  tigh t jo in t. C onnection  to 
the vacuum  pum p w as m ade via a  glass tube 
passing th rough  the centre o f the glass base
p la te  and sealed in to  it by m eans o f  vacuum  
wax. T his tube  also  carried  the lead  to the 
anode, the  la tte r consisting o f a n  a lum inium  
p late  supported  on a glass disc, w hich was

itself loosely supported  on a glass cylinder. 
The cathode assem bly entered th ro u g h  the  
top  of the bell ja r  and consisted o f an  
alum inium  disc a ttached by an a lum inium  
rod to a  m etal p lug fixed in the  bell ja r  and 
sealed with vacuum  wax. T he w ork  to  be 
spu ttered  was supported  on a table, which 
was su itab ly  constructed  e ither o f glass o r 
a lum in ium  wire. Shielding glass sleeves and 
discs were fitted a round  the anode and 
cathode assem blies to confine the  discharge 
as nearly  as practicable to the space between 
the anode and cathode. T hey prevented the 
discharge p lating  upon m etal connections to 
the electrodes and upon the seals. T h is had 
to be avoided as otherw ise the liberation  o f 
gas (which upsets fixed conditions and  m akes 
con tro l im practicable) w ould occur and, 
m oreover, seals m ight be m elted. Rectified 
and unrectified cu rren ts were em ployed at 
poten tials o f 1,000 to  3,000 volts and  
cu rren ts o f  25 to  50 ,M .A . I t  was found  
th a t pow ers above 100 w atts caused exces
sive heating, w hich resulted in p o o r films 
and  difficulty in m aintain ing the  seals. W hen 
exceptionally  pure  sputtered  films w ere 
desired, the cathode and anode w ere m ade 
of the  sam e m ateria l and the w ork w as so 
placed th a t it cou ld  receive its deposit from  
either o r  both o f these electrodes. An 
approx im ately  correct w orking ru le states 
th a t best films are  obtained if  the pressure 
be m aintained such th a t the edge of the 
C ro o k e 's  cathode dark  space is, roughly, 
tangent to  the  object to  be sputtered , but 
apparen tly  this is no t critical. In practice, 
the w ork alw ays receives som e deposit on 
the faces rem ote from  the cathode, a lthough  
only slight. T his phenom enon is com m on, 
especially with slow sputtering. T he deposit 
on the rem ote  face is usually  found  to  be 
m ore uniform , a lthough , o f course, th inner, 
th an  that on the n ear side.

Every care has to be taken to  have every
th ing  chem ically  clean, p a rticu larly  the 
cathode. T h is can  be cleaned chem ically  o r 
by m eans of em ery o r g lasspaper, but m ust 
be free from  grease, including fingerm arks. 
W hen a ca thode  is used fo r the first tim e 
the deposit m ay be slow in form ing, bu t a fte r  
an  h o u r o r  m ore this ra te  increases. The 
surface o f the cathode  ap p ears to  becom e in 
a m ore readily  spu tterab le  condition , which 
is retained even if the  cathode  be rem oved, 
exposed to a ir  and refitted, provided its 
surface  is no t hand led  o r contam inated  in 
any way.

A no ther form  of cathode  sputtering  
cham ber was developed in researches by 
G . L. d ’O m brain  and  C. L. Fortescue a t C ity 
and  G u ilds’ College.*41» T he anode co n 
sisted o f an  a lum in ium  p late  o f ap p ro p ria te  
size and  o f sufficient area  to  d issipate the 
heat developed in at. T he cathode  p late 
paralle l to  the anode was of the  m aterial



to be sputtered , and  was o f a b o u t the sam e 
su rface  a rea  as the object to be coated . T his 
object was supported  from  a vertical pillar 
in a  p lane approxim ately  paralle l to  th a t o f 
the cathode, on  the side o f  the cathode 
rem ote from  the  anode. A rgon , recom 
m ended fo r spu ttering  any easily oxidizable 
m etals, was used fo r  the a tm osphere  and nt 
a pressure  th a t gave a cathode  dark  space of 
fro m  1 to  2 cms. a t  a  supply  voltage 
adjusted  to  give a cu rren t density from  2 
to 3 m illiam peres/sq . cm. o f cathode 
surface. T he position  recom m ended  fo r the 
surface  to  be covered was ab o u t 0.5 cm. 
beyond the end of the d a rk  space. A bou t
1,000 volts w as required  betw een the elec
trodes, w ith  a  series resistance having a 
sim ilar voltage d ro p  betw een its ends in 
o rder to  co n tro l the discharge.

U niform ity  o f the cathode  spu ttered  layer 
wtts checked by depositing  on glass and 
exam ining in transm itted  light. I t  was 
found  th a t the ap p ara tu s gave very un iform  
films when operated  as recom m ended, but 
with the object positioned  between the elec
trodes the  film was very uneven.

T he fo rm  o f ch am ber and vacuum  system 
can  be o f any type th a t gives the results 
required. T hese w orkers used a glass bell 
ja r  with g round flange on a firm brass base 
plate, the junctions being held  vacuum -tight 
by m eans o f A piezon com pounds.

F ilm s were deposited upon m etals and 
non-m etals (plastics, glass and  ceram ics). 
T hey w ere strongly  adheren t, m arkedly  
m ore so th an  sprayed o r e lectro -p lated  m etal 
coatings, o r m etal coatings app lied  from  
collo idal so lu tions and  baked. T he ra te  of 
fo rm atio n  of spu ttered  films was o f the 
o rd er o f 1 |  cm. by 10-6 in 10 m ins. fo r  
co p p er and  one-ten th  o f  th is fo r gold, calcu
lated  fro m  resistance determ inations.

T he exhausting  arrangem en ts recom 
m ended fo r  this equ ipm ent utilize a  sm all 
H yvac pum p driven by a  1 /6  h.p. m o to r. 
T he capacity  o f such a  pum p is 7 litres per 
m in., and  it can  m ain tain  a  vacuum  of 
0.0004 m m . o f m ercury . T he pum p is co n 
nected to the equ ipm ent th rough  an oil trap  
and  a p h o sphorus pentoxide drying ch am ber 
fo r  rem oving m oisture, and  to the a rgon 
supply  line.

T he latest spu ttering  outfits a re  essentially 
m odifications o f this type o f ap p ara tu s to 
su it the p a rticu la r needs o f the articles to  be 
coated , the m etal to be  spu ttered  and  the 
purpose fo r  w hich the film is to  be used. 
Som etim es the  o rth o d o x  be ll-jar type o f 
spu ttering  ch am ber is replaced by a cylinder 
w ith a  rem ovable  top  p late ; in o th er cases 
the w ork  m ay be loaded  th rough  a  hinged 
door. H eavy cast iron  glazed in te rnally  
with a  v itreous enam el coating  and provided 
with a  1-in. thick plate-glass observation  
w indow  are  p o p u la r  m ateria ls o f co n struc
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tion  fo r com m ercial equipm ent. A nodes are 
generally  o f alum in ium , w hilst the  cathode  
m ay be e ither o f the m etal to be spu ttered  
o r  o f b rass polished and e lectro-plated  with 
the  m etal to be sputtered . I t  is essential 
th a t this coating  be un iform , con tin u o u s and 
free fro m  defects. T h e  w ork  p la tfo rm  is 
frequently  o f glass, positioned on the side 
o f the cathode  rem ote fro m  the anode. 
O ccasionally , it is positioned  on the side 
o f the anode rem ote from  the cathode.

A lum in ium  is one of the m etals w hich 
sp u tte r extrem ely slowly, bu t the  ra te  can 
be increased enorm ously  by the in troduction  
o f an inert gas, and  a  residual a tm osphere  o f 
a rg o n  is em ployed in  m odern  com m ercial 
ap p ara tu s . A ir leakage has to  be avoided 
o r  films o f  oxidizable m etals will be
tarnished.

T he relative sputtering  rates o f various 
m etals and the influence o f inert gas a re  well 
dem onstra ted  by the results o f som e experi
m ents carried  ou t by H ulburfi'10/  E m ploying 
a residual gas a tm osphere  o f a ir  co rrespond
ing to a dark  space of 5 cm., to ta l cu rren t 
50 m illiam peres, and cathode  d iam eter
5 cm ., he fo u n d  th a t opaque coatings o f a n ti
m ony, bism uth , cadm ium , gold, lead, 
p latinum , silver, tin and zinc w ere form ed 
in ab o u t 1 h r.; opaque coatings o f  cobalt, 
copper, iridium , iron, nickel, selenium  and 
tellu rium  were form ed in ab o u t 2 hrs.; 
m olybdenum , tan ta lum  a n d  tungsten
required  several hours to  give an  opaque 
coating; w hilst alum in ium , beryllium , 
carbon , chrom ium , m agnesium  and silicon 
spu ttered  extrem ely slowly. In the cases o f 
alum inium , ch rom ium  and silicon, the rate  
o f spu ttering  was increased enorm ously  by 
the in troduction  o f m ercury  vapour, helium  
o r argon  in to  th e  spu ttering  cham ber. In  
this m anner, optically  perfect opaque  films 
cou ld  be ob tained  in less than  15 hrs. T he 
influence o f these m onatom ic gases in this 
d irection  was no t explained. W ith beryllium , 
and residual gas o f hydrogen and  m ercury 
v apour, 60 hrs. failed to produce entirely  
opaque films, a lthough  they w ere optically  
good. W ith  the residual gas consisting o f air, 
g raphite  (bo th  electrodes) gave nearly  opaque 
films in 30 hrs., and  m ercury  v ap o u r did no t 
im prove the ra te . T he films were uniform , 
optically  sm ooth , b lackish in reflected light, 
and the th in n er coatings yellow ish in tran s
m itted light. T hey were m oderately  soft.

H u lb u rt speculates th a t the discharge 
from  the ca thode  is o f  atom ic dim ensions 
and  th a t m uch o f it proceeds in stra igh t lines 
fro m  the  cathode. T his is show n by the 
fa irly  well-defined shadow s th a t can  be cast 
upo n  an  object by in terposing on obstacle 
such as a  d iaphragm . T he “ shadow ed 
area  ” receives no  deposit, o r  very little. In 
practice a reas n o t required  to be sputtered  
can  be m asked by the fo rm ation  o f shadow s 
o r by m eans of closely fitting screens. On
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the o th er hand, the walls o f the vessel and 
a ll the rem ote  surfaces o f fixtures, etc., 
w ithin the cham ber receive som e deposit, 
m uch being due, p resum ably , to diffusion.

C om plex interference effects also occur. 
Thus, when the cathode  em ission passing 
th rough  a hole 2 mm. in d iam eter in a  glass 
p late 2 mm. thick was allow ed to fa ll on a 
glass p late 3 mm. d istan t from  the tube, a 
film was fo rm ed  roughly  co rresponding  to 
the geom etrical shadow  o f the  hole, but 
having an  uncoated  cen tra l spot. W ith  glass 
tubes interposed betw een ca th o d e  and  object, 
the  cathode  particles entered  the  tube only 
to a  dep th  ab o u t equal to the diam eter. W ith 
a concave cathode, particles leaving it n o r
m ally could  be focused, bu t the spot p ro 
duced had a  cen tra l ho le  in it. Sim ilarly, a 
cathode  curved in one axis only (that is, a 
portion  of the curved surface o f a  cylinder) 
and which should  yield a  stra igh t strip o f 
film, exhibited the sam e peculiarity , th a t is, 
a  cen tral line o f no deposit.

Use is m ade o f various cathode  arran g e
m ents according to the  configuration  of the 
surface  to be coated . W ith a fiat cathode 
p late fixed vertically, the objects to be coated 
can be positioned on each side o f it and 
the two loads o f w ork receive th e ir deposit 
sim ultaneously . U sing a vertically  positioned 
cathode  in the shape o f a  wide U, an  object 
w ithin it can be coated  on opposite sides 
in the one operation . A gain, using a wire- 
forrn  cathode, the  internal surfaces o f a  tube 
can be coated . It is evident, how ever, that 
individual difficulties have to be solved. F o r 
exam ple, in coating  tubes, as the length 
becom es greater than  the diam eter, the un i
form ity  o f the coating  becom es less, due to 
the discharge fro m  the anode no t reaching 
all points on  the cathode  wire. D uring  the 
sputtering  operation , the w ork to be coated 
becom es ho t owing to the  abso rp tion  of 
therm al rad ia tion  fro m  the cathode, and if 
this is likely to cause harm , as, fo r exam ple 
when wax g ram ophone m asters o r plastics 
a re  being spu ttered , w ater cooling m ust be 
em ployed o r the process m ust be conducted 
in term ittently , allow ing su itab le  intervals fo r 
cooling.

In  view of the  sm all a m o u n t o f  total 
cu rren t em ployed, it is no t surprising  that 
deposition is slow. In fact, the sputtering  
process is essentially a m eans o f producing 
very thin films o f  a lum in ium  and o ther 
m aterials w hich are  a t the sam e tim e fairly  
uniform  and of con tro llab le  thickness. If 
such films of a lum in ium  have no im portan t 
app lications a t  the m om ent, the sputtering  
process is nevertheless o f interest because it 
is the final link in the chain  o f processes by 
m eans of w hich a lum inium  and a lloy  c o a t
ings m ay be produced in any  desired th ick 
ness— flame spray ing  fo r  coatings fo r  which 
there is theoretically  no  u p p e r lim it to 
the  thickness w hich m ay be produced ;
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calorizing, A liting  and sim ilar processes fo r 
p roducing  alloy coats; organic pain ting  com 
positions fo rm ing  th inner coats; evaporated  
a lum inium  films; and finally, sputtered  a lu 
m inium  films, the thinnest yet produced.

A lthough  every endeavour has been m ade 
in the foregoing review to present as com 
plete a survey as possible o f the various 
techniques dealt w ith, it has, by the na ture  
o f things, proved virtually  im possible 
w ithin this sho rt com pass to cover in detail 
every possible v a rian t o f each, o r  to detail 
every possible application . In this last 
respect, those spheres o f u tiliza tion  developed 
during  the w ar years have only recently 
com e to light and com plete da ta  are, in 
general, no t accessible.

E qually , little  o r  no  reference has been 
m ade to those applications o f an  earlier 
date, which, having been dem onstra ted  at 
the time, were pu t on one side, possibly 
because no use could  be found  fo r them  
in practice, o r because econom ic considera
tions favoured  the adop tion  of alternative  
m ethods. One p a rticu lar instance m ay be 
quo ted  here; nam ely, the p roduction  of a 
flam e-sprayed coating  o f a lum in ium  on cold 
rolled b right annealed  m ild steel sheet, the 
finished product being a fte rw ards cold 
rolled to give a dense bright alum inium  
finish. T he appearance of such sheet was 
very a ttractive , and its corrosion-resisting  
p roperties were surprisingly high, bu t it was 
no t found  practicable in any way to use it 
in place o f tinpla te , this idea having 
o rig inally  p rom pted  the  experim ents. D uring  
th e  w ar years, gas bottles fo r  the filling of 
barrage balloons were flam e-sprayed with 
a lum inium  by m eans of the  w ire p istol, and 
it has been stated  that, in term s o f a rea  of 
m etal covered, this represents by fa r  the 
largest job  o f the type undertaken with 
a lum inium  as the applied m etal.

As in the case o f  every o th er techno
logical advance, practical app lication  of the 
processes described here, and in p a rticu lar 
th a t o f the flam e-spraying system s, is 
governed, not only by purely technical con
siderations, bu t by o thers o f an  econom ic, 
and som etim es even of a political nature . 
In this last instance we will recall the 
a ttem pts m ade in G erm any  to replace 
nickel-p lating  by sprayed films of alu- 
m inium -m agnesium  alloy . E conom ic factors, 
however, m ay prove to be o f the highest 
im portance in fu rth erin g  the sphere o f use
fulness o f the spraying technique.

W here, in pre-w ar days, service requ ire
m ents dem anded special corrosion-resisting  
p roperties fo r  exam ple, o r  qualities fo r 
resisting scaling a t high tem perature, it was 
possible, if the expense w ould w arran t it, 
read ily  to obtain  and  use special non- 
fe rro u s alloys w ith high resistance to 
chem ical a ttack , o r  a lloy  steels designed 
specifically fo r h igh tem pera ture  use.
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These m aterials, even if expensive, were 
readily  availab le  and no difficulties were 
entailed in delivery e ith e r fo r original 
m anufactu re  o r fo r replacem ent. T he posi
tion now, however, is very different indeed; 
delivery dates fo r copper-base alloys are 
uncertain , and in fact they can be obtained 
only on the basis o f high priority . A lloy 
steels a re  in sh o rt supply and. in addition , 
can n o t be ob tained  a t all readily in the 
m ultitude o f fo rm s which w ere on the 
m arket p rio r to 1940.

M ild steel itself is fa r fro m  plentifu l, but 
it is p ro b ab ly  right to say that it is a little 
easier to get a t than  those o th er m ateria ls 
we have m entioned. C onstruc tion , there 
fore, in mild steel treated  initially by 
spraying with m olten alum in ium , with or 
w ithout any subsequent processing, may 
often  prove, even fo r the m ost stringent 
requirem ents, an  avenue of escape from  
otherw ise alm ost insuperable difficulties.

M uch controversy  still su rrounds certain  
o f the theoretical aspects o f sprayed m etal 
coatings, and  finality has by no m eans, been 
reached. In a supplem ent to this review, 
to be presented at a  la te r date, will be 
sum m arized m ore recent research, p a rticu 
larly  th a t set ou t in a paper by B allard  and 
presented  to the Physical Society. M odern 
testing m ethods fo r sprayed coatings will be 
considered at the sam e time.

C om m ent so fa r  has been devoted p rin 
cipally  to flam e-spraying techniques: the 
position with respect to cathodic  spu ttering  
and evapora tion  is som ew hat different. 
These a rts  were practised in specialized 
fields fo r  m any years before  the ou tbreak

of w ar; they w ere regarded, however, as 
m ethods m ore p ro p er fo r  app lication  to  
precision instrum ents, than  in the field of 
general m anufacture , and, excepting fo r a 
very sm all num ber of plants, could  be 
applied  only to relatively sm all surfaces. 
The ou tbreak  of w ar p rom pted the imm e
diate use o f the spu ttering  and evapora tion  
techniques to a large mass o f scientific and 
technical equipm ent fo r  w arfare  purposes, 
and fo r the first lim e p robab ly , these p ro 
cesses m ay be said to have fo u n d  a place in 
m ass-production  organization .

W ith  w idening field o f use, so, also, the 
flexibility o f the equipm ents was increased, 
and m ore im p ortan t, ap p ara tu s was con
structed capable  of dealing w ith m uch 
larger surfaces than  heretofore. Im prove
m ents were effected bo th  as regards speed 
o f evacuation  and efficacy, m ore p a rticu larly  
in connection with the p roduction  o f the 
very h igh vacuum  required  in massive 
cham bers. In som e cases, it is believed, 
developm ents resulted in the creation  of 
equipm ent capab le  o f w hat m ight be 
described as con tinuous production , not 
only, incidentally , fo r  the evapora tion  of 
a lum in ium , but also o f o th er m etals, and 
of non-m etals. T h is increased use and the 
developm ent o f advanced techniques enabled 
econom ies to be effected in the processes a t 
large, and this again reflected in a fu rth e r 
w idening of their field o f usefulness. Some 
details o f the latest types o f equ ipm ent will 
be given in the fo rthcom ing  supplem ent, 
together w ith fu rth e r exam ples o f  current 
app lications o f the processes as operated  fo r 
com m ercial p roduction  purposes.
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HOT AMD COLD ROLLING MILLS FOR STEEL AND NON-FERROUS METALS 
WITH ALL AUXILIARY EQUIPMENT

H Y D R A U L IC  PRESSES FOR THE STEEL, NON-FERROUS, PLASTIC AND
POWDER INDUSTRIES

t u p  I  A C W Y  ENGINEERING COMPANY LTD.
m t  ▼ ▼  I  376, STRAND, LONDON. W.C.2
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Willson Brothers
o f  E P S O M

Manufacturers and Contractors

E P S O M  - S U R R E Y
’Phone: EPSO M  1293Issued  by  the  N a tio n a l  S a v in g s  C om m ittee

H O R S E H ID E ,  W I T H  D O U B L E  P A L M S
W ith  8 in. Gauntlet Cuffs 9 /1 0  per pair.
W ith  4 in. Gauntlet Cuffs 9 /5  per pair.
W ith  2 in. Gauntlet Cuffs 9 / -  per pair.

Gloves are ra ted  a t 2 coupons per pair -Jg
Local Factory Inspector’s certificate can be 
readily obtained and accepted jn lieu of 

coupons.
Sam ple on application.
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U‘A,Lgreed, then.. to give 

the Savings Groups 

all the help ive can ”

WE
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Th e N O N - F E R R O U S  DIE  
C A S T !  N G  C O .  L T D .
N O N F E R D IC A  W O R K S , N O R T H  C IR C U L A R  R O A D ,  
C R IC K L E W O O D , L O N D O N .  N.W .2. G L A D S T O N E  6377.

I t’s easier to save in a

STAFF SAVINGS GROUP

but then why should 
we when there is 
such a demand for 
Brass and other 
non-ferrous Die 
Castings in the 
p o s t - w a r  En
gineering world? 
Perhaps our 25 
y e a r s  of  e x 
perience can be of 
assistance to you.

A successful Savings G roup is an 
im portant asset. I t helps new-comers to 
settle down, and it is a sure indication of 
a friendly spirit throughout the firm. 
G roup saving calls for a special effort 
notv; and wise managements and 
responsible employees fully realise how 
im portant it is for people to go on 
saving the simple way—at work. Check 
up on your own Staff Savings Groups 
to-day, and make sure they represent 
the very best the firm can do.

Lew groups
I f  you have no Staff 
Savings G roup, will you 
get one started right 
away ? Every place of 
e m p lo ym e n t  sh o u ld  
have its own group.

Facilities
Experience shows -that 
the fullest facilities in
duce the highest Savings. 
A sk  your Local Savings 
Committee or Assistant 
Commissioner for details 
of the various schemes.

New members
I f  you have a Savings» 
Group, will you do all 
you can to encourage the 
Staff to join ?— ‘ every 
employee a group mem
ber’ should be the aim.

Savings clubs
These are the ideal way 
o f saving for holidays, 
C h r is t m a s  o r  o t h e r  
special occasions. C lubs 
are popular, easy to run 
and need not interfere 
w ithyourSavingsGroup.

In fo rm a tio n , equipm ent a n d  p u b lic ity  m a ter ia l are 
p ro v id e d  f r e e  o f  charge— a p p ly  to  y o u r  L o ca l S a v in g s  
C o m m ittee  or to  the  N a t io n a l  S a v in g s  C o m m ittee , 
S a n c tu a ry  B u ild in g s, W estm inster^ S .  W . l .



March, 1 9 4 7 LIGHT M ETALS xxiii

( Depending on composition 
and alloy melting condit.ons)

for efficient and economic melting 
o f  Aluminium A lloys A  

7-cwt. Aluminium in 
M IN U T E S

o il/1

i  O verall Furnace i * A ° /
7K Efficiency U U / o

Rising with contin- “T tL 0/  
uous operation to 1 w / o

SKLEflRR PflTEilT UlELTinG FURnfl CE5 LTD - ERST mOORS ROAD-CRRDIFF- 'PHODE48I2-3

solved this 
clothing 

problem!”
say s  Mr. Therm

Here’s as tricky an operation 
as the Textile Industry has to 
show —  the running of  cloth for 
dyeing through open flame from fine 
gas burners, combined with hot-plate. It 
is confidently done with gas because gas is 
as suitable for giving constant heat at great 
accuracy, as it is for every possible variation 
o f  heat. Gas is clean, and it is econo
mical both as a fuel and as a timc-saver.

■V- Combined open flame and hot-plate 
fo r  cloth - singeing plant at 

Standfast Dyers 6? Printers 
L td . ,  L a n c a s te r .

^  J S ,  ^  F 0 R  C H O l C E
I N  T H E  F U T U R E

B R I T IS H  GAS C O U N C IL  •  I  G R O SV EN O R  P L A C E  S  W I
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IMMEDIATE 
d e l i v e r y

NOW IN STOCK 
READY FOR 
YOUR USE

G I L M A N S
j l T E - G R j p

T I T E - G R I P
Rotary Milling Cutters ,  
Files, Rasps, etc.—for 
working in steel,  cast 
iron, gunmetal , alu
minium, brass, bronze, 
electron, wood, ivory, 
bakelite, vulcanite and 
o ther  materials—are pro- 
duced in every shape and 
cut necessary for  such 
work, and they are 
available immediately. 
The utm ost  efficiency is 
ensured when they are 
used in conjunction with 
" M u l t i f l e x ”  F l e x i b l e  
Drive Equipment.

Fullest p articu la rs  on 
request.

ROTARY MILLING CUTTERS

Aient*' ‘phone* I
LONDON L 
A**», >10« ■

NÍWCAJTH BN..i„,i. 24*00 ■ 
MANCHESTER B 
•'«‘l-i-. 227« 
COVENTRY C«..«.rT *?**#
Glasgow
Clotrtl 27*1
CARD4EFLUiuthM Mt 
LEEDS Lit« 2771*

•ELE AST «!'**. »«1—1

G I L M A N S
F.GILM A N (B.S.T.) LIMITED

P IO N EERS  IN INDUSTRIAL  

FLEXIBLE DRIVE EQUIPMENT

I95.HIGH STREET, SMETHWICK4I.STAFFS 1
1 Phon* : Smithwick 1202/5 (-4 lines) 'Grvni : Skitoikilo,'Phon*. Blrmlnihxm J j

heavy section  o n  t h i n  s e c t i o n  

by  Shield A lloys

free. An illustrated booklet giving data on 
pressure, die, and sand-casting’ is available on 
request from Shield Alloys Ltd., Brook Street,  
Tring, Herts. ‘P h on e: Tring 3338/9, 3381/2

THE
R U S H T O N  O R G A N IS A T IO N

has opened an

E X T E N S I V E  M ETAL 
FINISHING FACTORY

at

BLACKBURN WORKS 
R O U N D H A Y  R O A D  
LEEDS 8 le^ o,

All Processes shortly available

All tech nical enquiries to

L O N D O N  O FFIC E S
38-41, W O B U R N  P L A C E , W .C .i

Phone : MUSeum  3161



C A N  DO THE WHOLE ]OB 
FROM B L U E P R I N T  

T O  F I N I S H E D  A S S E M B L Y
W e illustrate a typical example  o f  the 
type of  w ork we are developing for the 
Automobile  Industry, one of  the many 
jobs handled by our  complete and highly 
efficient plant. Most things In light-alloy 
founding and machining—from blueprint 
to  finished assembly—are within the 
scope of  P.B.M.

A t present we cannot promise  speedy 
delivery for new work. O u r  tool-making 
department, geared as it is for high 
capacity, is hard pressed, and there  is a 
serious shortage of  the labour and 
materials of  the standard we require .
W e must refrain from quoting for  a ll that 
is offered to-day, but we intend to maintain 
o ur  existing promises and to stand by any 
new commitments in those  few cases 
where new w ork can be accepted.

«  BOAR « L  COlFfinV LTD
F o u n d r i e s :  Oscott Sh:et Metal & Engineer-
W orks, Shady Lane, |i] ¡1 ing W o rk s : Middlemore
Great Barr, Birmingham. Rd., Handsworth, B'ham.
Tel. : GREat Barr 1794-5 Tel.: NO Rthern  3366-7

M ETALS

PhospftOt Bronze A |  B B BOB BB Cun Metal Ingots
■Tandem* W hite  Metal Alloy* B  B J B  H L _  Bearing* for all purpose*

CYSiC“Eyre* Aluminium and f l y  Chill Cast Phosphor
Aluminium Alloy* b L m  B  B  k  Bronze P.cds

S M E L T I N G  C O M P A N Y  L I M I T E D
T A N D E M  W O R K S .  M E R T O N  A B B E Y .  S . W. I 9

T elephone; MITCHAM 2031 (4 ¡ .re t)
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S O F T  
S O L D E R I N G
Technical and Metallurgical 
Advice and co-operation is 
offered on all Soft-soldering 

Applications.

FRY’S METAL FOUNDRIES LTD.,
T A N D E M  W O R K S . M E R T O N  ABB EY  

L O N D O N ,  S.W.19.
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F A C T S  t o  a id
DEVELOPMENT

Published by T h e  English U n iv e rs it ie s  Press Lim ited 
Fo r T em p le  Press L im i t e d ,  B o w l i n g  G r e e n  Lane,  London ,  E.C.1

Surveying the present knowledge of  the 
structure  and properties  of thin metal films 
and surfaces In general, this treatise,  written 
by an author with unique experience, 
co-ordinates the problems of  metallurgy 
and discusses the production of  thin films, 
with special attention to aluminium as a 
concrete  example .

"T h in  Films and Surfaces,"  which is illus
trated throughout by diagrams and micro
photographs, and contains a list of 242 
bibliographic references, speaks of  many 
Interesting industrial applications of  sp u t
tered ,  evaporated and o ther  thin films, 
and shows the relationship between 
scientific investigation in this field and the 
commercial utilisation of  the facts derived 
therefrom.

By W . Lewis

Price 15/- net

F L U X E S
Sodium Fluoride Calcium Fluoride
Ammonium Barium Fluoride

Bifluoride
Magnesium

Lithium Fluoride

Fluoride1Cryolithionite

R. CRU1CKSHANK, LTD., Camden Street,
BIRMINGHAM, 1 . ’P h o n e : Ce n. 72I3

P A IN T  AD H ESIO N
o n  a l u m in iu m !

I S  A SSU R ED  B Y  U S IN G

CHROM ATOX
(M B V ) POWDER

SEN D  U S  YOUR E N Q U IR IE S

T.M.I
LTD.

TECHNICAL METAL TREATMENTS LTD 
O T F O R D - K E N TTELEPHONE: OTFOBDCK*nt>l69

A S P E C IA L IS E D  S E R V IC E
in all matters connected with the

SALE, LETTING & VALUATION
of all classes of

FACTORIES, W AR EHO U SES, OFFICES 
BUSINESS PREMISES and SITES

for those associated with the

L I G H T  M E T A L  I N D U S T R Y
is offered by

C H A M B E R L A I N  & W I L L O W S
23, M O O R G A T E , L O N D O N , E.C.2

C ity  60I3

IL F A R

Aluminium Alloy Ingots to Specification
CANLEY COVENTRY Phone 3673
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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 ”

Telegrams
Telephone

Blackwell, Liverpool. 

Garscon 980 (3 lines).

W5  AND ALUMINIUM 
MASTERALLCYS

BLACKWELLS METALLURGICAL W O RKS LTD. 
THERMETAl HOUSE, GARSTON. LIVERPOOL 19

W o r k s :  B i n  L i  Road.  Sp e k e  Road end C h u r t h  Ro»d,  G a r s l o n

*“ B r ita in ’s B e s t ” Se rie s o f E xh ib it io n s  

N o . I

E N G IN E E R IN G  and M E T A L C R A F T  
E X H IB IT IO N

to be held in the 
Horticultural Hall, W estm inster,  London 

from  May 12 to  23, 1947

Y O U  S H O U L D  E X H I B I T

Leading firms in many divisions of the Engineering 
and |. Metalcraft Industries are showing at this 
important Industrial Exhibition to which buyers from 
all parts of the U.K. and overseas are being invited. 
A  few stands in excellent locations are still available 
complete with Shell Stand. W rite  for particulars to 

THE BR IT ISH  BU LLET IN  OF C O M M E R C E  
(Exhibition Dept.)

17.18, Henrietta Street, Strand. London, W .C .2.

Y O U  S H O U L D  A T T E N D

Many of the best examples of post-war Engineering 
and Metalcraft production in a variety of fields will 

be shown at the Exhibition.

Open D aily (except Sundays) 
from 9 .3 0  a .m . to 8 .3 0  p.m . 

Admission up J o  6 p .m .. 2 6d. Evenings, / ;-

Tickets may be obtained from the BU LLET IN  at the 
w? above address, or the Exhibition Entrance.

A C O R N  
A N O D I S I N G
C O M P A N Y  o »  L I M I T E D

ACKN O W LED GED  EXPERTS  
ON THE COLOURING OF 

ALUMINIUM

•ALUMINIUM 
CASTINGS
SAND & GRAVITY DIE CASTINGS 

FOR ALL TRADESTBhe
BRIDGE FOUNDRY
W E D N E S B U R Y  • S T A F F S
P H O N E  : W E D N E S B U R Y  0109 ------------------------------
--------------------' G R A M S :  A LSPELCO , W E D N E S B U R Y

Licensed O perators 
o f  the

“ B R Y T A L ”
(Regd. Trade M ark)

PROCESS
for

ELECTRO-BRIGHTENIN G
ALUMINIUM

Obices :
C A R L I S L E  ROAD, 
T H E  H Y D E ,  N.W.9

Colindale 8674

W orks:
A C O R N  W O R K S ,  
B E L L  L A N E ,  N.W.4

Hendon 3976

.D. Approved Laboratories arc now 
xlusively by all leading Aircraft 
crs for the X-Ray Examination of 
s I and Class II Castings.
N D U S T R I A L .  A N D  
M E T A L L U R G I C A L  

X - R A Y  S E R V I C E
L O N D O N  LABORATORIES 

Grove Works. Grove Place, ACTON, London, W.3 
H e ld  O ffice and  M idland l a b o r a to r le t  :

F o u n d r y  L a n e ,  S m e t h w i c k ,  B I R M I N G H A M
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Laboratory Controlled  
P R ES SU R E C A S T IN G S  i n . . .  
Aluminium, Zinc Base (Haxak) 
G R A V IT Y  in . . .
All Standard N on-Ferrous  Alloys

DYSON & CO ENFIELD (1919) LTD 
Southbury Works Ponders End Middx 

HOWard 1484

C L A S S I F I E D  A D V E R T I S E M E N T S
Rate 3d. per word, minimum 3/-. Box Num ber Fee, 1/-

Instructions should be addressed to "  Light Metals,” 
Bowling Green Lane, London, E.C.1.

- B U S IN E S S E S ,  P R E M IS E S .  O F F IC E S ,  ET C . —  
Engineering business for disposal. South Coast; die 
casting, four capstans, Herbert lathes, automatic and 
ancilliary equipment. Box S U ,  care of Knigh:s, 20 
Blackfriars Lane. E.C.4. 110-1
  1—  —  C A S T IN G S  -----------------------------
Klecnkust, I.td., aluminium founders. Specialists: Letter 
makers, name plates, toad signs, number plates. Sheen 
Lane. S.W.14. Phone, Prospect 4444. 119-396

P R O D U C T IO N ,  C A P A C IT Y  A V A IL A B L E  A N D  —  
W A N T E D

Lancashire firm open for press work. Capacity to 120 
tons. Box 6850. care of “ Light Metals.” zzz-403 
Wanted, a tubular steel organization, able to under
take the designs of a new display cabinet for packc'.ed 
seeds. A  new venture with possibilities. Box 6851. 
care of "  Light Metals.” 110-9428

---------------M IS C E L L A N E O U S
Pulverizing and grading of raw materials. Dohm , Ltd., 
467 Victoria Street. London, S .W .l.  zzz-54
Cartons.
W e are large stockists of new and once-used cartons. 
Oncc-used cartons in corrugated and fibreboard are 
carefully sor;ed and are in every respect equal to new. 
W c  would welcome your inquiries. List upon applica
tion.
Export cases.
W e arc able to make any quantity of export cases. 
Delivery within 14 days of receipt of order. A  sample 
case is despatched before purchase for test and inspec
tion. For the home market we can make cases to 
your specification from seasoned converted timber 
withou: licence.
W ooden boxes measuring 21 c. by 12‘i> by 8 always 
in stock at 2s. 3d. each delivered London or F.O.R. 
Full tea chests 4s. 6d. each; half chests 3s. 6d. A ll 
clean and sound, coopered or uncoopercd.
W e  can supply gummed tape up to 3 ins. width, and 
can incorporate the trade mark of your company for 
a charge of Is. per coil extras.
Large stocks of paper always in stock, and your 
inquiries arc welcomed.
Our packing service can accept your goods, pack them, 
see to documents and place on board ship.
I f  your problem is packing, consul: the specialists.
W . Page and Sons. 34. Langside Crescent. Southgate. 
London. N.14. Phone. Palmers Green 5087. 
Redundant cartons, in first-class condition, purchased 
for cash. 110-9928
Aluminium and Duralumin rods in stock for prompt 
delivery.
Large quantities round and hexagon in various 
diameters.
Inquiries invited.
Box 6849. care of “ Light Metals.” 111-9427

Miscellaneous (contd.)
One ton 16 gauge Duralumin sheets, 6 ft. by 3 ft., 
perfect condition. Phone. Archway 3654. 111-9426
Monom arks. Permanent London address. Letters re
directed, 5s. p.a. Write, Monom ark, B C M /M 0 N 0 9 2 ,  
W . C . l. 114-9281

H A R T L E P O O L S  M A C H IN E  S H O P  
F O R

A N Y  S M A L L  M A C H IN E D  C A S T IN G S  IN  IR O N .  
O R D E R S  O F  50 T H O U S A N D  T O  O N E  M IL L IO N  

W A N T E D .
IN Q U IR IE S  T O  

T. M O O R E .
61 C R A T H O R N E  C R E S C E N T ,

M ID D L E S B R O U G H .  110-8578

ED ITO RIAL A N D  BUSINESS 
A N N O U N C EM EN T S

“L IG H T  M E T A L S ” is published in London, England, 
on the first Wednesday of each month, and is obtainable 
to order from newsagents and bookstalls, or by 
post from tb? publishers. Annual subscription rate :—  
26/-, including postage. Shorter periods pro rata. 
Subscriptions are prepayable.
All instructions, matter and passed proofs for all kinds 
of advertisements must reach the Head Office of 
“L IG H T  M E T A L S "  by the 20th of each month to 
ensure insertion in the following month’s issue.

H e a d  O f f ic e s : B o w lin g  G re e n  L a n e , L o n d o n , E .C . l .
Inland Telegrams - - “ Pressimus, Phone, London." 
Cables - - - - -  "  Pressimus. lutndon."
Telephone - - Terminus 3636 ( Private Exchange) .

B ra n c h  O f f ic e s :
5. S U F F O L K  ST R E E T . B IR M IN G H A M .  I. 
Telephone - - - - - - -  M idland  4117-8.

50, H E R T F O R D  S T R E E T . C O V E N T R Y .  
Telephone - - - - - - -  Coventry 62464.
Telegrams - - - - -  “ Presswork, Coventry."
1. B R A Z E N N O S E  ST R E E T . M A N C H E S T E R . 2. 
Telephone - - - - - Blackfriars 5038-9.
Telegrams - - - - "  Presstcork. Manchester."

12. R E N F IE L D  S T R E E T , G L A S G O W .  
Telephone - - - - - -  Central 9036.
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March, 1 9 4 7 LIGHT M ETALS

S I E M E N S - S C H U C K E R T  ( G R E A T  B R I T A I N )  L T D .
G R E A T  W E S T  R O A D  B R E N T F O R D  M ID D L E S E X
T e l . :  EALING 1171-5 G r a m s :  Siemensdyn, Brentford
Offices in London, Birmingham, Cardiff, Glasgow, Manchester, Newcastle ,  and Sheffield 

Represented in Australia, N ew  Zealand, India, and South Africa

A  l i g h t  a l l o y  
c a s t i n g  under  
the tube of a 
standard 220 kV 
apparatus instal
led in our A.I.D. 
Approved Test 
House.

W e  b u i l d

I N D U S T R I A L  X - R A Y  A P P A R A T U S
for the radiography and screening of light meta! cast and 
welded structures; also the inspection of assemblies.

E Q U I P M E N T  U P  T O  4 0 0  k V
F O R  S P E C I A L  A P P L I C A T I O N S



M A R C H , 1947


