
LIGHT ALLOY PISTON FORGINGS supplied to the 

A I R C R A F T  I N D U S T R Y  during 1 9 4 3
by fU-CH DUTY ALLOYS LTD
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DE PENDABIL IT Y,

REFINED ALUMINIUM ALLOY INGOT 
IS OUR .ONE JOB 
AND WE DO IT 

AT THE HIGHEST LEVEL OF EXCELLENCE 
KNOWN TO SCIENCE

LIGHT ALLOY PRODUCTS  C &  MINWORTH. B IRM INGHAM
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ILFORD PLATES
for PHOTOMICROGRAPHY
I L FO R D  LIM ITED  m anufacture a  wide range o f  plates and 

films which adequately covers every requirem ent of the 
metallurgist whether for laboratory research o r record  pur

poses. Experience has proved that for the photom icrography 
o f polished specimens there is no better plate than the Ilford 
Chrom atic for general use where achrom atic lenses are used in 
conjunction with deep yellow or green filters.

The Ilford booklet “  Photography as an aid to  Scientific 
W ork ” provides the research w orker with a concise guide to 
the selection o f photographic m aterials for every scientific 
purpose. A copy should be in every research laboratory.

ILFORD  
P ro cess Plate
H .& D . 25 For all cases 
where high resolution 
is necessary.
ILFORD
C h ro m a tic  Plate
H. & D. 135. For 
polished steel sections, 
in conjunction with a 
green filter.
ILFORD
R ap id  Process Pan
c h ro m a tic  Plate
H. & D. 100. For speci
mens showing oxide or 
sulphur films but fre
quently used for all 
specimens.
ILFO RD
S.R. P a n ch ro m a tic  
P late
H. & D. 700. A faster 
plate.
ILFO RD
H y p e rse n sitiv e
P a n ch ro m a tic
P late
H. & D. 3,500. For 
conditions of low in
tensity lighting, such as 
work with polarised 
light at high magnifica
tions.

M ild steel sprayed on m ild steel base by w ire pisto 
process

B a s e  M e ta l — f e r r i t e  ( w h i te ) ,  p e a r l i t e  ( h a l f  t o n e )
S p r a y e d  M e ta l — 1 st p h a s e  ( w h i te ) ,  2 n d  p h a s e  ( h a l f  t o n e ) ,  p o r e s  (b la c k

(By courtesy o f  Messrs. Metallisation Ltd., Staffordshire Education Committei 
and H. A. MacColl, B.Sc.)

ETCHED —Picric Acid 
M AG N IFICA TIO N —X 150 
OBJECTIVE— 16 mm. achromat 

N.A. O. 28 
ILLU M IN A TIO N —Glass slip ver

tical illumination

Technical Details
EYEPIECE—X 6 compensating 
LIG HT SOURCE— 100 c.p. Point 

olite D.C.
FILTER—Ilford M icro 3 (green' 
PLATE—Ilford Chromatic 
EXPOSURE—50 secs.

I L F O R D  L I M I T E D  • I L F O R D  • L O N D O N
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L

S l Q CK . BIN LIGHTING

T he  im portance o f  being 
able to  find w hat you w ant 
when you w ant it means 
tha t you need suitable 
lighting to  see where it is. 
B e n j a m i n  S t o c k  Bi n  
Lighting Units have been 
specially designed for this 
purpose, they direct the 
light into the racks where 
the goods are and  shield 
the eyes o f  the storekeepers 
from glare. Y our  local 
Benjamin Engineer can 
give you details.

B E N 7 A M J N
F L U O R E S C E N T

________________________ I___

I I I
D I S C H A R G E  —

 Ü J  L
F I L A M E N T

I I I I | | | | 1
The Benjamin Electric Ltd., Brantwood W orks, Tottenham, London, N .I7
T e le g ra m s : •* B enjalec t. S o u th to t . L o n d o n ”  T e le p h o n e  : T o tte n h a m  5252 (5 lines)

J_______________I________ LJ______________I________ U____________ 1_________L «93
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\POST-DATED INVITATION 

TO BUSY MANUFACTURERS 

AND DESIGNERS
When you have a moment to spare you may wish 

to consider the post-war possibilities 

of Aluminium in relation to your business.

The potential uses of Aluminium alloys have increased enormously 

during the last few years and very few industries will remain 

unaffected by this development after the war.

Write to Northern Aluminium and we will tell you if

and how Aluminium can play an

important part in your particular post-war business.

We can give you tA b  I b  about ALUMINIUM

NORTHERN ALUMINIUM COMPANY LTD., «mm».«« 
Makers of NORAL Products
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Aye, i t ’s a g rand  song b u t i t  doesna’ do for m inds to  go roam ing in  tbe 
gloam ing of incorrectly  ligh ted  w orkshops and  factories. T h a t’s b ad  for 
p roduction . Incorrect lighting  is a b a r  to  concentra tion  an d  im poses a stra in  
upon th e  w orkers’ health , while correct lighting  increases production . 
I f  your insta lla tion  needs b e tte r  p lanning or changes are requ ired  to  tak e  
care of new  processes, or extensions are necessary— consult the  G.E.C. 
T ake advan tage of the knowledge G.E.C. lighting  specialists have gained 
in  helping w ar-tim e factories tow ards full production .

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

¡ ¡ . L U M I N A T I O N

Adyt. o f  The General E lectric Co., Ltd., M agne t House, K ingsw ay, W.C.2. I.E.I6
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B r o n z e  o f  c e l l u l a r  

s t r u c t u r e  i m p r e g n a t e d  

w i t h  l u b r i c a t i n g  oi l

“ Oilite”  
reduces bear
ing failures to a 
minimum w herever it 
is applied , to suitable com
ponents. The lubricant content 
is ample to cope with variations in 
speed and load over a considerable range, 
and will do this continuously during the life 
o f  the component, whilst, where necessary, addi
tional lubrication can be readily embodied in the 
design w ithout difficulty. The accuracy of finished 
dimensions and limits is equal to that o f the highest 
grade machined bearings, thus making for ease o f 
assembly and fitting. As an alternative to force 
fitting, “ O ilite”  can, if desired, be embodied 
in Light Metal Die Castings during casting, 
thus reducing the manufacturing oper
ations o f the components, although 
Oil must be impregnated later.
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VICTOR £ufzeáM ¿<x, 

X-RAY FILM PROCESSING CHEMICALS

S U P E R M IX  P R IC ES
Developer  :

to  make 1 gall. 6/6
„  2 „  M /-
. .  5  „  2 7 / -

F ix e r :
to  make 1 gall. 5/6
„ 2 „ 91-
„  5 „  23 /-

 c t i  0 4  e c u H f  0 4  t h a t  -

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

 a t t d  a d  e c a n o n u c o l a d  t h u d  -

With these longer-lasting Superm ix  solutions you can process 
up to 7 5 %  more films than with conventional processing 
chemicals.  Unusual speed of  developing (3 minutes at  6 8 °  F.) 
and fixing (less than 1 minute) will expedite  your darkroom 
w ork  ; or, by developing 5 to  6 minutes you can reduce x-ray 
exposure  2 0 %  to  2 5 %  to  economise in tube life. LONG-LIFE 
 S P E E D  C O N V E N I E N C E  are the hall

marks of  Victor  SUPERMIX.

VICTO R X -R A Y  CORPORATION Ltd.
I5-I9 C a v e n d is h  P lace ,  L o n d o n ,  W.i L A N g h a m  4074
BIRMINGHAM BRISTOL GLASGOW MANCHESTER DUBLIN 
BELFAST EXETER LEEDS SHEFFIELD NOTTINGHAM LIVERPOOL



The Birmingham Aluminium Cast 
Birmid Works' - • Smethwick -40

(1903) Co. Ltd. 
Birmingham

Septem ber,  1 9 4 4 LIGHT M ET A LS A dvts .  vii
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T H E

R E D U X
P R O C E S S

JL H E  R edux  p rocess prov ides, th rough  the  use of 
syn the tic  resin  adhesives, a  m ethod o f bonding light a lloys 
and  steel w ith  a  s treng th  exceeding th a t  o f r iv e tin g —'and 
also  o f m aking stro n g  jo in ts  b e tw een  m etal and  w ood. 
A fte r  prolonged tests  R edux  has been ad o p ted  by a 
num ber o f  firms engaged in  essen tia l w o rk  an d  th e re  is 
every  reaso n  to  believe th a t  w hen  the  guns cease firing, 
the  R edux  p rocess  w ill find m any n ew  ap p lica tio n s. 
R ealising  the  im m ense possib ilities  o f the R edux  process 
in the  fa b rica tio n  o f  a r tic le s  m ade from  light a lloys 
A ero  R esea rch  L td . w ill be happy  to  give full in fo rm ation  
o f th e  p ro cess  and its su itab ility  fo r an y  p a r tic u la r  ta sk .

A E R O  R E S E A R C H  L I M I T E D
DUXFORD CAMBRIDGE

JOHN M EERLO O  & SONS
7 4 . LONDON RD. KINGSTON-ON-THAMES

B.K.L. ALLOYS LTD.
‘ FACTORY CENTRE,

KINGS NORTON, BIRMINGHAM
P h o n e:

K IN G S N O ltT O N  1IG2/5
G rains:

A L IN G O T S, B IK M IN G H A M

a l u m in iu m  i n g o t s
AND C A ST  ALLOYS IN  AC -

feA '; TESTAL 4
I  sp ec ifica tio n  K- I  D .T .D . 4 24  ' r i . , ,  n occo rd an cc  

for »HIGH GRAdk ■■ u'' J ESTAL 'o  
I Ä , Ä C<1

D .T .D . 424 w h e re  re q u ire d  is  a lso  su p p lie d  
S O D I U M  M O D I F I E D  o r  w ith  th e  a d d itio n  

of T I T A N I U M
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IN A MODERN PLAN T

; y<; 8®S SSJS £ ~7- •"
URGENT W ORK HANDLED 
I M M E  D I A  T  E L Y

R A D C L I  F F E 2 6 3 7 -

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

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

JOHN G.STEIN&C°LTD S C O T L A N D

DAY &  
N IG H T
S E R V I C E

AVAILABLE

For anodistrtg of Aluminium
i <-< ¡ÜJ '■

and its  alloys; C brom ating of
■ ■

M agnesium :' Zinc & Cadmium 

Plating: El-Tin, etc., to  A.I.D.

specifications. W e a re  specially
? ■ ■: 5 ‘ . , ‘ 

equipped with large up to  date
. o -

plant capable of handling bulk
: . . .• - . • . . 

work a t  speed. Also HEAVY

, NICKEL and H ard  Chrom e
' '

a v a ila b le  a t  s h o r t  n o tic e .

dm  1030

w a n t '
Yoü. r ^ -

or nL
•  O w ing to the restr icted use of  

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

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

•  O u r  Highly Skilled Technical Staff, 
Modern Foundries and many years ’ 
Experience are  at Y o ur  Service.

N O N - F E R R O U S  
D IE  C A S T IN G  C O . LTD .
N o rth  C irc u la r Road, Cricklew ood,
L O N D O N , N .W . Telephone: GLAdstone 6377TELEPHONE
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ALUMINIUM BRONZE
IN  PR O D U C T IO N  W ITH

(KENTÂ1 L0 ÏS  LT1 a
S P E C IA L IST S  IN  N O N -FERRO U S C A ST IN G S 
HEAD OFFICES: COMMERCIAL ROAD. STROOD

NON-FERROUS CASTING TECHNIQUE

Control . . . 
Consistency. 
Confidence .

The care which is taken aiul the 
skill which is exercised in every 
detail of modern non-ferrous 

foundry work is best 
appreciated by those 
wrho lest the finished 
product.
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["ADMINISTRATIVE MACHINE TOOLS"

Any curing, drying or baking 
process w hich can be safely carried out in a 
short time a t  a high tem perature, instead of 
a long time a t a  low tem perature, is specially 
suited to the use of infra-red rad ian t heat. 
Pain t and ink drying, biscuit baking, fur 
drying and several o ther specialised pro
cesses dem anding high rates of heat transfer 
have for years been carried ou t m ore 
cheaply, quickly and efficiently by radiation 
(or infra-red) from a gas source.

M any existing gas-fired appliances may 
be regarded as of the infra-red type, and 
existing conveyor ovens can in  some cases 
be equipped w ith infra-red units, but, 
w here new p lant is to be installed, it is well 
to  bear in m ind the advantages o f the 
gas-fired tunnel :—
1. Simple, robust, inexpensive and compact, giving

long life with minimum maintenance.
2 . Easily constructed in different sizes and shapes,

without the need for complicated auxiliaiy 
apparatus.

3 . Very wide range of flux density, which can be
varied by turning the tap.

4 . Even distribution of radiation.
5 . No material difference in drying time due to 

colour.
6 . Low capital, fuel and maintenance costs.

Further information is contained in a Paper, entitled 
* Radiant Heating for Industrial Purposesfree on request.
SEND FOR A COPY 
OF THIS BROCHURE 
which deals comprehen
sively with the subject. 
B R IT ISH  CO M M ERCIA L GAS 

ASSOCIATION I  GROSVF.NOR 

P L A C E , L O N D O N , S .W I.

T h e r e  seems little  doub t about 
that, as one looks around. B ut as one 
looks a round , one realises, too, that 
p roduction  was of ten a good deal b e tte r 
than  p roduction  m ethods.

‘So w h a t? ’ you say, ‘W e w ere 
asked fo r ou tp u t first, second and la s t! ’ 
Agreed. A nd the resu lts are excellent 
—b u t only in the special circum stances 
since D unkirk .

Sounder m ethods are needed to 
w eather the  im m inent w ithdraw al of 
m ore m en from  in d u stry  . . . and to 
organise an efficient se t-up  to greet 
the peace.

T h ro u g h  these fo u r years K ardex 
h as  b e e n  so lv in g  p ro b le m s  and. 
gathering new experience w hich can 
now  be applied  to today’s special 
headaches.

i t  PRODUCTION CONTROL, by A. R. Jackson. 
The above booklet presents an outline of produc
tion control problems and practical solutions. 
Sent on application for If- post free to Dept. Z.9 
Kardex systems are available only to essential 
industries.

K A R D E X  V I S I B L E  C O N T R O L  S Y S T E M S
1 - 1 9 .  NEW O X F O R D  S T R E E T .  L O N D O N .  W. C. l  

CHAntery iBSS
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•  Sola Producer» and Pro prit to n  o f  tho T r td t M u k  "Elektron” : MAGNESIUM ELEKTRON LIMITEO. Abbey Houie. London. N.W .I •  Ueenied Manufactura«* 
Castings &  forgintt: STERLING METALS LIMITED. NoetHey Road. Foleihill. Coventry •  CaUirtix: THE BIRMINGHAM ALUMINIUM CASTING (19031 COMPANY 
LIMITED. Birmld Work». Smethwick. Birmingham •  J. STONE *  COMPANY LIMITED. Deptford. London. S E M  •  Sheet. Extrusions, f or tints 4  Tubes • IAMES BOOTH 
ft CO. (1915) LIMITED. Arjyle Street Work». Nechell». Birmingham. .7 •  Sheet. Extrusms. Etc.; BIRMETALS LIMJTED Woodgatc. Qulnton. Birmingham
• Suppliers o f  M ignnlum  and "Elaktron " Matal for the British Empire : F. A. HUGHES ft CO. UMITED. Abbey Home. Baker Street. London. N  W  I

^ ) r e p  s l a n t  p e ^  Q e r q i n q s  

i n  ^ l e L l r o n  m a q n e s i u m  a l l e y s



couthitjuti&u to the te/UvHicjue o j
I I n s u l a t i o n !  I

K I M O L O
KIMOLO Insulating Bricks, now in plentiful supply, pro
vide the up-to-date answer to heat-insulation problems. 
Manufactured in Kent from local materials they have p ro v ed , 
both in official tests and in wide application, to equal or better 
the performance of insulating bricks dependent on imported 
materials. Engineers, metallurgists, chemists, and all in 
charge of fuel-burning plant are cordially invited to apply 

at once for full technical data.

CL Otuitnfdt o f  QhvfccZ'b 
k fjfvoductCcm

I  STA N D A RD  G R A D E 
I INSU LA TIN G  BRICK

Sole KIMOLO MANUFACTURERS LTD.
Distributors: CELLACTITE &BR1T1SH URALITE LTD. 

Terminal House, 52, Grosvenor Gardens, London, S.W.l. Telephone: SLOane 5127 (4 lines).Telegrams: Cellactlte-Sowest-London.

FOR A L U M IN IU M  AND A LLO Y  B IL L E T S  OR SLABS

g i b b o n s
R  E - H E A T I N G  F U R N A C E .  S

M-W .71)

xiv Advts .  LIGHT M ET A LS

A L U M IN IU M  & A LLO Y  R E -H E A T IN G FU RNA CES
TheFurnaceillu stra ted  
is hea led  b y  a series 
of G a s  Fired Rad iants. 
The w aste gases from 
the radiants can  b e  d i
verted  e ithe r into the 
heating cham ber in 
contact w ith the p ro 
duct, or can be e va cu 
a t e  d d i r e c t  to  t h e  
ch im ney. The tem per
ature is contro lled  by 
M ulti-Zone Autom atic 
Pyrom etricEau ipm ent, 
w h ich  together w ith 
the G ib b o n s ' System  
of H eating  and Fan 
Re-circula1 ion ensures 
c lo s e  t e m p e ra tu re  
control.
Gibbons Bros. Ltd., 
D i b d a l e  W o r k s ,  
Dudley. Phone 3141

September, 1 944

T A S /C L B .305



September, 1944 LICHT METALS Advts. XV

5 .W OLF E- CO. LTD . P IO N E E R  W O RKS.  H A N G ER  LA N E .  LONOO N. W.5. PERivale S63 I-3

Wolf
O k c /ù ÿ ie n < H i//e  Q ^ iu c Ä tn e d  ¿ n  Q ^ h c /u ó é r y

1444
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E L E C T R I C  
F U R N A C E S

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

L e t  t h e m  a l l  k a n q  

t o g e t h e r /

Why let your documents play hide and seek in leaning, 
sagging folders when they can be filed quickly and 
found instantly in Shannograph full-vision flat top 
folders, which hang on a metal frame and never slip 
or hide. An infinite variety of indexing is possible on the 
flat top, with fixed or movable signals on the Visible 
Edge for progress, production control, etc. Frames 
fit any standard filing cabinet or deep desk drawer. 
Send Id. stamp for leaflet.

THE SH A N N O N  LIMITED
IMPERIAL HOUSE (Dept. E.2), 15-19 KINGSWAY, LONDON, W.C.2

And at Birmingham, Bristol, Liverpool. Manchester, Newcastle, Glasgow (Agent)

ON ITS METTLE
Throughout the national effort runs the need for 
metal— more metal, better metal, tougher m etal— 
strengthened and vitalised by heat treatm ent. 
G .E.C . E lectric  Furnaces provide an answer to every 
problem of hardening, tempering, annealing, nitriding, 
etc., by which the inherent strength and stamina of 
metal are developed to meet ever m ore exacting uses.
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M E T A L A S T I K  B U S H E S

4BI

with an annular rubber cushion 
[rubber-to-metal weld]

These bushes take the place o f  a design employing 

forgings extensively machined, but do the work 
just as well and save man - and - machine 

hours . . . and money.

The metal housing Is p re sse d -ye t  rigid; 

a good example of  the fact that Metalastik 

engineering is not confuted to rubber 
only, but is focused upon metal and 

rubber united by the Metalastik rubber- 

to-metal-weld In order  to produce an 

outstanding result.The bush at the bottom 

is of a different type; in some applications 
a flanged construction simplifies the design 
of  the equipment to which the bush is fitted.

These bushes are used for many purposes, 
f o r  v i b r a t i o n  i n s u l a t i o n ,  a l s o  f o r  
mountings for oscillating parts.
A reminder: with our complete vibration research 

equipment we can analyse vibrations however 

complex and from whatever cause, and so far 

have never failed to provide a rubbermounting 

which reduces them to tolerable limits.

Metalastik Ltd. Leicester

StlR111

i l l



CRYOLITE was the crystal key 
unlocking the door  to the indus- 

’ trial production of  aluminium. 
The tw o pioneers , Hall in America 

and Heroult  in France, hit upon the ,
use of  this flux in the year 1886. .]

CRYOLITE is a double  fluoride of 
aluminium and sodium which occurs in 

Nature,  but is now produced syn- .vJjjfl
thetically. To  split alumina into oxygen 

B H R r '  and aluminium needs a heavy electric 
current,  and the alumina must be molten.

Alumina melts at  over  2000°C.,  but a 10 per 
cent,  m ixture  of  alumina In cryolite  melts  at 

under IOOO°C., and the passage of  an electric 
current through such a m ixture  throw s ou t the 

oxygen, leaving the molten aluminium at the 
bottom o f  the bath. With detail refinements 

the Hall /Heroult discovery of  the value of  cry.olite 
is still the basis of  aluminium production to-day.

E CRYSTAL KEY

T e m p o ra ry  H e a d  O ffice :
SALISBURY HOUSE, LONDON WALL, LONDON, E.C.2
T e lep h o n e  : C L E rkcnw ell 34*4 T e leg ram *  * C ry o lite , A ve, London
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LO N D O N , E .C .r

EDITORIAL OPINION
D on’t Shoot ! Call The Doctor !

NLY with the greatest reticence do we add our voice to th a t growing volume
of opinion which says "W ell, thank  goodness the war is nearly over." We
certainly believe this statem ent to be true, but, a t the same time, feel a 

little anxiety over our readiness to meet the situation which will arise when 
peace breaks out.

F or a long time now the world has been divided into two camps—post-war 
planners, on the one side, and those who say " L e t ’s wait until the show is over,” 
on the other; it m ust be adm itted that, lately, frequent desertions have occurred 
from the latter group.

The more cautious of those who realized early the need for initiating schemes 
of post-war reconstruction were, from the beginning, only too ready to adm it 
tha t the final shaping of any plans would depend upon the result of innumerable 
political, economic, social and other factors which would emerge when hostilities 
ceased. Others, less restrained, were deceived by a mirage and saw the Golden 
Age already looming on the horizon. Even now, a t this stage, it is still too early 
to make hard and fast decisions. Only one essential can be postulated. P lans for 
the post-war period there must be, and they m ust exist in a presentable, workable 
form within the space of the next 12 months.

I t  is inevitable th a t m any of the schemes about which we have heard so much 
will prove impracticable, but it is vital tha t all internecine quarrels be e lim inated : 
times are too critical to mock the unsuccessful enthusiast with a  cry "  Physician 
heal thyself rather the doctor m ust be called in, schemes recast, plans readjusted 
and purged to meet conditions as they w ill he, and not as it was hoped 
they m ight have been.

The difficulties which face us all are alarm ing in their num ber and, immensity. 
Argum ent, friendly or acrimonious, is waged over details, and the onlooker may 
be tempted all too readily to draw false conclusions from the picture as he sees 
it presented in the popular Press, or hears it stated from the public platform. 
W e might cite, as an example, the somewhat undignified bickering which has 
broken out over world monetary plans for the New Age. Partisans have arranged
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themselves round this or tha t centre of dissent, and quite a false appearance of 
incoherence has been created. Once again we hear whispered the possible out
break of a "  w ar of the m etals.”  (The title of an alarm ing report presented by 
” Fortune ”  in 1939.)

Raw-m aterial competition we must expect, for only by this means can real pro
gress be assured; but we believe th a t this will be friendly competition based 
on the respective merits of the materials concerned, and not the sinister political 
gam bling which certain nervous subjects have been led to fear. For, in the long 
run-, the ultim ate destiny of all the new materials—metals and non-metals— which 
have come into current use to a greater or lesser extent during the past 25 years 
will be this: the bag will be shaken down and the contents sieved and sorted, the 
final position being such th a t each will stand complementary to the other. Such 
has been- the course of evolution from the Stone Age upwards. If the Eskimo still 
uses bone needles for sewing his skins, it is only because, in the Arctic, the "  little 
shop round the corner ”  is a long way off and m ay not sell steel ones, anyway.

The force of this elementary argum ent seems to have escaped many, some of 
whom would have us believe tha t the years to come will see the dawn of an ” All- 
Plastic ”  Age; others, well meaning but equally misguided, talk in terms of an "  All- 
Aluminium "  Age. W hilst from the viewpoint of purely personal interest the con
summ ation of this la tter dream would be desirable, we know tha t it cannot be so.

Each group of interests will, quite rightly, strive to push to the forefront its own 
particular creation, and, by publicity of all types, make certain tha t the vast con
sumer field is fully appreciative of its merits; but balance is required and past 
experience teaches us tha t to some projects we must regretfully say "  no ,” even 
though, in so doing, we lose the opportunity of selling a  few more thousand tons of 
light metal or a few more square miles of polyvinyl-chloride sheet.

Perhaps, because of this, it is vital, in the formulation of our own particular 
post-war plans, tha t we are fully aware from the beginning of our precise stand. 
This can be achieved only by  taking full advantage of every possible opportunity 
for corporate and individual research. Positive data we know we must have to 
meet the flood of inquiries which will come in; negative data, even if we do not 
broadcast it, should be filed to prevent others m aking mistakes which we ourselves 
must not commit again.

Aluminium and magnesium have won their places in the engineering world not 
solely on account of sales talk , but, fundam entally, because they have fulfilled 
physical needs. Light-metal forgings and castings, rivals though they may have 
appeared in the past, have each attained their own level in response to definite 
mechanical and economic demands.
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Chemical Protection of
MAGNESIUM ALLOYS

Summary, with Commentary, of 
Some Recent Patents Embodying 
Comprehensive Detail Regarding 
Fundamental Theory o f Chromate 
Processes and Their Commercial 

Application

OF  th e  n u m ero u s  c h em ica l m e th o d s  d e v e lo p ed  
for th e  p ro te c tio n  of m ag n esiu m  a n d  its  
a llo y s , th o se  using  c h ro m a te  so lu tio n s  h a v e  

p ro v ed  o u ts ta n d in g ly  successfu l. A range  of 
such  tre a tm e n ts  ex ists , v a ry in g  w ith  re sp ec t to  
so lu tio n  co m p o sitio n  a n d  tim e a n d  te m p e ra tu re  
o f  tre a tm e n t.  T h e y  a re  em p loyed  fo r g iv ing  
p ro te c tio n  to  w ro u g h t a lloys  in  th e  form  of 
sh ee t, rod , e tc .,  as  well a s  to  c a s tin g s  d u rin g  
s to rag e , d u r in g  fa b ric a tio n  p rocesses a n d  for 
p ro te c tio n  u n d e r serv ice  co n d itio n s . In  a d d itio n  
th e y  a re  used  a s  p re p a ra to ry  tre a tm e n ts  p r io r  to  
p a in tin g  o r  en am ellin g . All th e se  p rocesses 
need  carefu l c o n tro l in  o p e ra tio n  in  o rd e r  th a t  
th e  b e s t re su lts  m a y  be  o b ta in e d . S u ch  co n tro l 
is ap p lie d  by  p e rio d ic  a n a ly sis  o f so lu tio n s , by  
p H  m e a su rem en ts  a n d  b y  s t ip u la tin g  th e  
a m o u n t of w ork  th a t  c an  be  t re a te d  before  
fresh  a d d it io n s  becom e necessa ry . H ow ever, 
th e  fu n c tio n  o f each  b a th  in g re d ie n t specified, 
a n d  v a ria tio n  in effec tiveness w ith  th e  use of a 
so lu tio n  o v e r  a pe rio d  of tim e  a re  n o t a lw ay s  
fu lly  a p p re c ia te d .

Fig. 1.—Curve showing relationship between 
sulphate content of treatment bath and the 

corrosion rate of treated alloy.

Fig. 2.—Curve showing relationship 
between pH of bath and corrosion 

rate of treated alloy.

T h e  M agnesium  M eta l C o rpn ., L td . ,  h a s  
re cen tly  co m p le ted  B ritish  p a te n ts  558983 (19.14), 
a n d  559071 (1944). w h ich  are , in effect, tre a tises  
on  th e  s u b je c t of c h ro m a te  p ro te c tio n , g iv ing  
m uch  d e ta il  on  th e  in fluence of th e  c h ro m a te  
itse lf, m e ta llic  s a l t  a n d  o th e r  ad d itio n s , p H  
c o n tro l a n d  th e  in fluence of th e  fa c to rs  o f tim e  
an d  te m p e ra tu re .

B.P. 558983 re la te s  to  th e  su rface  tre a tm e n t 
of m ag n esiu m -b ase  a lloys, esp ec ia lly  th o se  
re fe rred  to  in D .T .D . spec ifica tions, b u t  also  
o th e rs  o u ts id e  th is  ran g e . T h e  fu n c tio n s  of th e  
t r e a tm e n t  a re , first, to  g ive  p ro te c tio n  to  th e  
m e ta l d u r in g  t ra n s i t  a n d  s to ra g e , w h e th e r  
in  th e  fo rm  o f c as tin g s , sh ee t, e x tru s io n s , o r 
fo rg ings; second ly , to  se rv e  a s  a  b a se  fo r p a in t, 
e tc ., g iv in g  su p er io r a d h es io n  a n d  en h an c ed  
p ro te c tiv e  pow ers to  th e  a p p lie d  film .

T h e  use of d ic h ro m a te s  a n d  of c h ro m a te s  to  
in h ib it  th e  co rro sion  of m ag n esiu m  h as  long  been 
know n . T h e  p ro te c tio n  a ffo rd ed  is d u e  to  th e  
fo rm atio n  of a  p ro te c tiv e  film b y  rea c tio n  on 
th e  su rfac e  of th e  m e ta l. S im p le  d ic h ro m a te  
so lu tio n s  d o  n o t h a v e  m u ch  p ra c tic a l v a lu e  
b ecau se  ra te  a n d  e x te n t  o f film fo rm atio n  a re  
sev e re ly  lim ited . C o n seq u en tly , a n u m b e r of 
p rocesses h a v e  been  d e v ised  (m a n y  of th em  
p a te n te d ) ,  w h e reb y  th e  film  can  b e  b u i l t  up  
an d  g iven  th e  necessa ry  q u a litie s  to  y ie ld  th e  
p ro te c tiv e  pow ers d esired .

A tre a tm e n t  th a t  com bines  all th e  desired  
a t t r ib u te s  w ou ld  em b race  th e  fo llow ing :—

(a) M in im um  d im e n s io n a l c h an g e  shou ld  
o c cu r so t h a t  a r tic le s  m ach in ed  to  close 
to le ra n c es  c an  be  t re a te d  w ith o u t h a rm .

(b ) R aw  m a te ria ls  em p loyed  m u s t be 
in ex p e n siv e  a n d , d u e  p re c au tio n s  be ing  
ta k e n , re la tiv e ly  h a rm less  to  o p e ra to rs . 
R a te  of c o n su m p tio n  m u s t be  reaso n ab ly  
low , a n d  b a th  s ta b i l i ty  sh o u ld  be  h igh .
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(c) T im e  o f t r e a tm e n t  m u s t be  as  s h o r t  
a s  possib le , fo r e x am p le , p re fe ra b ly  n o t 
m ore th a n  a  few m in u te s .

(d) T r e a tm e n t  sh o u ld , id ea lly , be  c ap a b le  
of o p e ra tio n  a t  o rd in a ry  shop  te m p e ra tu re .

(e) T h e  p rocess m u s t be  easy  to  o p e ra te  
m e c h an ic a lly  a n d  th e  so lu tio n s  m u s t be 
s tab le  a n d  re a d ily  m a in ta in e d .

T h e  p re s en t p a te n t  c la im s to  d iffer from  all 
t h a t  h a v e  h i th e r to  a p p e a re d , in  so fa r  a s  it 
c lo se ly  fulfils th is  sch ed u le . I t  su rv ey s , fu r th e r
m ore, e x is tin g  p a te n ts  th a t  co v er one o r m ore  
of th ese  p o in ts . T h u s : B .P . 287450  desc ribes  
th e  use of a n  acid , su ch  a s  n itr ic  acid , ad d ed  to  
th e  so lu tio n  w ith  th e  o b je c t of in c reasin g  ra te  
of film fo rm atio n . T h is  p a te n t  s ta te s  th a t  
h y d ro ch lo ric  o r  su lp h u ric  a cid s  m u s t n o t  be 
used , w h e re as  th e  p re sen t p a te n t  finds su lp h u ric  
ac id  to  be e m in e n tly  su ita b le . T h e  o b jec tio n  
found  w ith  th e  n itric -ac id  ty p e  o f so lu tio n  is 
th a t  i t  is o p e ra te d  a t  h ig h  a c id ity , w h ich  m akes  
i t  u n p le a sa n t in  use a n d  cau ses  m a rk ed  d im en-

Fig. 3.—Curves showing relationship 
between aluminium content of alloys 
treated and pH (optimum, minimum and 
maximum) of chromate solution for 

satisfactory treatment.

sional loss in th e  w ork . A gain , d u e  to  th e  
e x te n t  of reac tio n , th e  so lu tio n  ra p id ly  becom es 
e x h au s te d .

T h ese  o b jec tio n s  a re  overcom e b y  B .P . 305197 
w h ich  o m its  th e  ac id  a d d itio n , b u t  req u ires  the  
so lu tio n  to  be used  bo iling ; th is  is a  d is a d v a n 
tag e , n o t offset b y  a n y  d ecrease  in tre a tm e n t 
tim e , w h ich , in  a c tu a l fa c t, is s ta te d  to  be  one 
h o u r o r  longer.

B .P . 331853 u sed  a  h e a te d  so lu tio n  a t  95- 
m o deg rees  C ., th e  so lu tio n  b e in g  n e u tra l o r 
acid , a n d  co n ta in in g  a n  a lk a li m e ta l d ic h ro m a te  
to g e th e r  w ith  a n  a lu m in iu m  s a lt  o r c o m p o u n d  
su ch  a s  p o ta s h  a lu m ; th e  fu n c tio n  of th is  
a lu m in iu m  s a lt  is n o t specified . T h e  p rocess 
req u ire s  long  tre a tm e n t  tim e  (1-10 h o u rs ) a n d  
i t  en ta ils  carefu l a t te n t io n , to  ensu re  th a t  losses 
b y  e v ap o ra tio n  a re  m ad e  up .

B .P . 353415 uses a n  a q u eo u s  so lu tio n  c o n ta in 
ing  a c h ro m a te  o r d ic h ro m a te  w h ich  m ay  be  of 
a n  a lk a li m e ta l, o f a n  a lk a lin e  e a r th  m e ta l o r

of a m m o n ia  o r  of one o f th e  s u b s ti tu te d  
d e r iv a tiv e s  of a m m o n ia  w h ich  a re  s ta b le  in 
h o t aq u eo u s  c h ro m a te  o r d ic h ro m a te  so lu tions . 
T h e  so lu tio n  a lso  c o n ta in s  s a lts  of one o r m ore 
of su ch  m e ta ls  o r bases w ith o u t  th e  use of 
co m p o u n d s  of m ag n esiu m  o r of a lu m in iu m  o r 
of sa lts  of th e  h e a v y  m e ta ls . A gain , th e  fu n c 
tio n  of th e  sa lts  is n o t s ta te d . S o d iu m  su lp h a te  
is g iven  a s  a n  e x am p le . D is a d v a n ta g e s  to  th is  
p rocess a re  a s  fo llow :— T h e  sp ec ifica tio n  calls  
fo r p H  v a lu e  to  b e  m a in ta in e d  b e tw een  3 an d  
5, hence  f r e q u e n t sm all a d d itio n s  o f a c id  a re  
req u ire d ; in  th e  ra n g e  of p H  5 to  7, w here  th e se  
a d d itio n s  a re  u n n ece ssa ry , th e  so lu tio n  is less 
effective . A g a in , i t  is  a  h o t  so lu tio n  req u irin g  
le n g th y  t r e a tm e n t  tim e . In  th e  p re s en t specifi
ca tio n , s h o rt t r e a tm e n t  tim e , a n d  ease of 
o p e ra tio n  in th e  m o s t e ffec tive  p H  ran g e  a re  
secu red . F o r  th is  p u rp o se  a  su lp h a te  chosen  
from  th e  g ro u p  co m p ris in g  th o se  of w h ich  th e  
c a t io n  re m a in s  s ta b le  a t  th e  c o n c e n tra tio n s  a n d  
p H  ran g es  em p lo y ed  is a d d e d . I h e  q u o tin g  
of a m in im u m  c o n ce n tra tio n , an d  a c ritica l 
cho ice  o f th e  re m a in in g  c o n s ti tu e n ts  co m p ris in g  
th e  d ic h ro m a te , a  b u ffer a c id  a n d  a  s a lt  
m ix tu re  to  co n tro l th e  p H  in  th e  effective  
range , a re  a lso  fe a tu re s  o f th e  p re s en t p a te n t .

B .P . 450589  uses a  cold s o lu tio n  of d ic h ro m a te  
a n d  m ag n esiu m  s u lp h a te . A n o b jec tio n  to  i t  is 
t h a t  th e  w ork  m u s t b e  ra c k ed  o u t  o'f e le c tr ica l 
c o n ta c t  w ith  th e  suspension  a n d  a long  t r e a t 
m e n t tim e  o f one to  tw o  h o u rs  is n ecessary . 
B .P . 506836 d e sc rib e s  a  d ic h ro m a te  so lu tion  
c o n ta in in g  ch ro m ic  su lp h a te  an d  is p re fe ra b ly  
u sed  a t  b o ilin g  p o in t. T h e  p re s e n t p a te n tee s  
s ta te  th a t  such  so lu tio n s  a re  u n su ita b le  as  
h y d ro g e n  ion  c o n c e n tra tio n  ch an g es  ra p id ly  a n d  
th a t  th e y  te n d  to  sludge.

B .P . 510353  co v ers  a  p rocess w ith  o r w ith o u t 
th e  a p p lic a tio n  of e lec tr ic  c u rre n t, using  a cold  
aq u eo u s  so lu tio n  con ta in ing^  ch ro m ic -ac id  ions 
a n d  io n s  o f on e  o r  m ore  a c t iv a tin g  s a lts . C on
s ti tu e n ts  a re  c h o sen  a n d  p ro p o r tio n s  a rra n g e d  
so t h a t  w ith  a d d itio n s  of ac id  o r a lk a li th e  
p H  ran g e  re q u ire d  fo r p ro d u c in g  th e  d esired  
film  in  th e  co ld  is a ch iev ed  in a  m ax im u m  of 
tw o  h o u rs . T h e  so lu tio n  is s u c h  t h a t  its  p H  
v a lu e  is n o t ch an g ed  b y  m ore  th a n  tw o  b y  th e  
a d d itio n  o f 12 gm s. of p o ta ss iu m  h y d ro x id e  p e r  
litre . T h e  spec ifica tion  rev ea ls  t h a t  a c t iv a tin g  
s a lts  a re  u sed  to  p ro v id e  a  b u ffer in g  effect o v e r 
th e  p H  ra n g e  3-5 a n d  t h a t  th e  cho ice  of 
c a tio n  is o f f irs t im p o r tan c e . A lu m in iu m  a lu m s  
o r  a lu m in iu m  s a lts  a re  p re fe rred , w h ereas  
ch ro m iu m  a n d  iron  a lu m s a re  u n s u ita b le  a n d  
n ick e l a n d  m ag n esiu m  s u lp h a te s  p a r tic u la r ly  
u n su ita b le . T h e  an io n  of th e  a c t iv a to r  s a lts  is 
o f less im p o r tan c e  a n d  i t  is  s ta te d  t h a t  i t  m ay  
b e  s u lp h a te ,  n itr a te ,  chloride, o r o th e r  s a lt  of 
a lu m in iu m , a lth o u g h  th e  chloride_ is n o t v e ry  
s a tis fa c to ry . In  c o n tra s t  w ith  th is , th e  an io n  
fo r th e  p re s en t p a te n t  is of first im p o rtan c e , 
b ecau se  i t  h a s  a  d iffe ren t ro le  to  fulfil. A gain , 
th e  sam e  p a te n t  c la im s th e  u se  of p o ta ss iu m  
o r  o th e r  p e rm a n g a n a te , w h e reas  th e  p re se n t 
p a te n t  finds p e rm a n g a n a te s  to  b e  d e le te r io u s. 
T h e  t re a tm e n t  t im e  is h a lf  a n  h o u r in th e  co ld , 
b u t  th e  so lu tio n  c a n n o t be  h e a te d  to  sh o rten  
th is  p eriod , o th e rw ise  th e  sp eed  of re a c tio n  is 
to o  ra p id  to  o b ta in  co a tin g s  of good a d h eren c e . 
C o n tra s te d  w ith  th is , th e  p re s e n t p a te n t  can  
y ie ld  sa tis fac to ry ' c o a t in g s  in  less th a n  10 
m in u te s  in th e  cold .
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B.P. 482689 and 510487 d esc rib e  t re a tm e n t  of 
m ag n e siu m  a llo y s  b y  im m ersion  in  a  h ea ted  
so lu tio n  of a lk a li d ic h ro m a te  a n d  n ickel 
su lp h a te ,  ch ro m iu m  s u lp h a te  o r n ickel- 
a m m o n iu m  s u lp h a te , p lu s  a n  ac id ify in g  a g e n t 
w h ich  m a y  be  a ce tic  ac id  o r am m o n iu m  a c e ta te . 
T h e  firs t of th ese  sp ec ifica tio n s  s ta te s  th a t ,  a t 
35-50 deg rees  C. th re e -q u a rte rs  of a n  h o u r ’s 
im m ers io n  is necessa ry , w h ereas  a t  90-100 
deg rees  C. five m in u te s  is req u ired . A t th e  sam e  
tim e  th e  b a th  is less s tab le  a t  th e  h ig h e r te m 
p e ra tu re s . A fu r th e r  o b je c tio n  to  th e  p rocess is 
th e  use o f h e av y  m e ta l sa lts , a s  th e re  is a lw ay s  
a  te n d e n cy  to  p ro d u ce  in th e  c o a tin g  h eav y  
m e ta l d e p o s its  w h ic h  m a y  g ive rise to  corrosion . 
In  c o n tra s t  w ith  th is , th e  p re sen t p a te n t  g ives 
good c o m m erc ia l p ro te c tio n  in a  s h o r t  tim e  a t  
ro o m  te m p e ra tu re , ev en  in  one to  th re e  m in u te s  
in c e r ta in  c irc u m s tan c e s . A gain , w hen  h ig h e r 
te m p e ra tu re s  a re  req u ired  fo r speed in g -u p  th e  
p rocess, a s , for in s ta n ce , to  fit  in w ith  o th e r  
o p e ra tio n s , th e  b a th  is s till s tab le . H e av y  
m e ta l s a lts  a re  d e fin ite ly  a v o id ed  b ecau se  th e y  
e ith e r  fo rm  h e a v y  m e ta l d e p o sits  in th e  co a tin g , 
o r p re c ip ita te d  o r co llo idal m a tte r  w ith  sp o n 
ta n e o u s  ch a n g e  in p H . D o u b le  d eco m p o sitio n  
be tw een  th e  b a th  c o n s ti tu e n ts  m a y  also  occur.

T h e  o b je c t o f th e  p re s e n t p a te n t  is to  p ro v id e  
an  im p ro v ed  p rocess fo r th e  p ro te c tio n  of 
m ag n e siu m -b ase  a llo y s  u s in g  th e  d ic h ro m a te  
m e th o d , in c o rp o ra tin g  s h o r t  t im e  t re a tm e n t  a t  
room  te m p e ra tu re ,  a v o id a n c e  of s tro n g ly  acid  
b a th s  a n d  th e  use of econom ic, s ta b le  so lu tio n s . 
T o  th is  en d , p a r t ic u la r  in g re d ien ts  an d  con 
c en tra tio n s  a re  em p lo y ed  w h ich  c o n s ti tu te  a n  
e ssen tia l a n d  new  co m b in a tio n  w ith  re sp ec t to  
th e  fo llow ing  fac to rs :—D ic h ro m a te  c o n ce n tra 
tion , s u lp h a te  c o n c e n tra tio n , h y d ro g en  ion 
c o n c e n tra tio n  an d  th e  use of a  b u ffer a g en t, th e  
c a tio n s  of a ll s a lts  b e in g  ch osen  to  m ee t p a r 
tic u la r  req u ire m e n ts  a s  follow :— 1.— W ith in  th e  
spec ified  p H  range , c a tio n s  sh a ll be  s ta b le  in 
aq u eo u s  so lu tio n s  a n d  n o t u n d erg o  ch an g es  o f 
th e ir  ow n a cc o u n t. 2.—T h e  ca tio n s  sh a ll be  
s tab le  in  th e  p resen ce  o f d ic h ro m a te  ions. 3.— 
T h e  c a tio n s  shall n o t re a c t  w ith  o th e r  c o n s ti tu 
en ts  in such  a  m a n n e r as  to  p re v e n t th e  
a t ta in m e n t  o r m a in te n a n c e  of th e  s u lp h a te  an d  
d ic h ro m a te  ion c o n c e n tra tio n s  specified . 4.— 
T h e  ca tio n s  sh a ll n o t  re a c t w ith  m agnesium , o r 
fo rm  o th e r  m e ta l d e p o s its  on th e  su rface  of th e  
m ag n esiu m .

T h e  e ssen tia l req u ire m e n ts  o f th e  c la im  a re :— 
( a ) . D ic h ro m a te  ion c o n ce n tra tio n s  n o t less th a n
0.05 m o la r a n d  p re fe ra b ly  b e tw een  0.2 a n d  0.5 
m o la r. T h is  region  is th e  o p tim u m  w hen  th e  
o th e r  fa c to rs  a re  a lso  a t  th e ir  o p tim a . C on
v e n ien t sou rces of d ic h ro m a te  ions to  ensu re  
th a t  th e  c a t io n  s im u lta n eo u s ly  in tro d u ce d  shall 
s a tis fy  a ll th e  foregoing re q u irem en ts , a re  th e  
d ic h ro m a te s  o f h y d ro g e n , lith iu m , sod ium , 
m a g n esiu m , p o ta ss iu m  o r am m o n iu m . T hese  
m a y  be  used  s ing ly  o r in co m b in a tio n . (b) 
S u lp h a te  ions in c o n c e n tra tio n  in less th a n  0.2 
m o la r  a n d  p re fe ra b ly  b e tw ee n  0.6 an d  1.0 m olar. 
T h e  m o s t c o n v en ien t sou rces of su lp h a te  ion 
a re  th e  s u lp h a te s  o f h y d ro g en , lith iu m , sod ium , 
m ag n esiu m , p o ta ss iu m  o r a m m o n iu m , s ing ly  o r 
in c o m b in a tio n . S u lp h a te s  o f a lu m in iu m , 
n ickel, ch ro m iu m  a n d  th e  a lu m s  o f n ickel, 
a m m o n iu m , su lp h a te  a re  n o t su ita b le . W h en  a 
p iece  of m agnesium  is im m ersed  in a  d ic h ro m a te  
so lu tio n  th e  m agnesium  re a c ts  w ith  th e

d ic h ro m a te  a n d  th e  re ac tio n  p ro d u c ts  fo rm  a  
film on th e  su rface  w hich  in h ib its  fu r th e r  
a t ta c k ,  b u t  is too  th in  to  be  o f p ra c tic a l v a lu e  
w hen  th e  so lu tio n  is w ith d ra w n . T h e  film  is 
h ig h ly  p o ro u s  a n d  film fo rm atio n  w o u ld  j)roceed 
fu r th e r  if m ag n esiu m  ca tio n s  cou ld  d iffuse  
o u tw a rd s  th ro u g h  th e  pores. T h e y  can  o n ly  do  
th is  if th e  co rre sp o n d in g  an io n s  can  d iffuse  in to  
th e  po res to  p e rm it fu r th e r  d is so lu tio n  of 
m ag n esiu m  a n d  co n tin u e d  film fo rm a tio n  by  
re ac tio n  w ith  th e  d ic h ro m a te . F o r  s a tis fa c to ry  
film fo rm atio n  i t  a p p e a rs  th a t  th e re  m u s t be a  
b a la n ce  be tw een  in w ard  d iffu sion  oi an io n s  a n d  
th e  ra te  a t  w h ich  th e  p ro te c tiv e  re a c tio n  p ro 
d u c ts  can  be  fo rm ed . T h e  ra te  of d iffu sion  of 
an io n s  in to  th e  p o res  d ep en d s  011 th e ir  size a n d  
ch arg e  a n d  s u lp h a te  ones a re  c la im ed  to  be  th e  
on ly  s u ita b le  ones in th is  re sp ec t. C h lo ride  
ions a re  too  sm all, d iffuse  too  q u ic k ly  a n d  cause  
p ittin g . T h e  sam e  is tru e  to  a  lesser e x te n t of

Fig. 4.—Curves showing relationship between 
duration of treatment and subsequent 

corrosion rate of the treated alloy.

b ro m id e  ions, a n d , w h ils t iod ide  ions m ig h t be 
s a tis fa c to ry , th e y  a re  u n su ita b le  b eca u se  th e y  
a re  ox id ized  b y  th e  d ic h ro m a te . N itra te  ions 
a re  a b o u t th e  sam e  size as  s u lp h a te  ions, b u t  
h a v e  on ly  a  single  ch arg e . N itra te  ions w ould  
b e  ox id ized . A ll o th e r  ions a re  too  la rg e  o r 
fo rm  in so lub le  reac tio n  p ro d u c ts  w ith  m ag
nesium  w h ich  clog th e  pores a n d  s to p  fu r th e r  
film fo rm atio n . N o t on ly  is s u lp h a te  e ssen tia l, 
b u t  its  c o n c e n tra tio n  is im p o r ta n t.  F ig . 1 
g ra p h ic a lly  show s th e  re la tio n sh ip  b e tw een  
s u lp h a te  c o n c e n tra tio n  in m oles p e r litre  an d  
co rrosion  ra te  in em p irica l u n its  em p lo y in g  
un ifo rm  t r e a tm e n t  tim es . T h e re  is an  o p tim u m  
c o n c e n tra tio n  of 0.26 to  1.0 m o la r. T h e re  is 
l i t t le  loss in p ro te c tio n  w ith  h ig h e r c o n c e n tra 
tions, b u t  below  th is  reg ion  c o n ce n tra tio n  is 
c ritic a l a n d  p ro te c tio n  ra p id ly  fa lls  so t h a t  less 
th a n  0.2 m o la r is of no  p ra c tic a l v a lu e , (c) 
A m m onium  ions im p ro v e  th e  p ro te c tiv e  v a lu e  
of th e  film fo r a n y  g iven  tim e  of tr e a tm e n t .  
T h e  c o n ce n tra tio n  is su ffic ien t if th e  a m m o n iu m  
s a lt  b e  u sed  fo r one of th e  o th e r  in g re d ie n ts  
(a) o r (b ) . (d) T h e  ra te  o f film  fo rm atio n
in c reases  w ith  in c rease  in a c id ity  of th e  solu-
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Fig. 5.—Curves showing optimum, minimum 
and* maximum pH values of bath for 
magnesium-base alloys of varying aluminium 

content.

tio n . A t th e  sam e  tim e  th e  w e ig h t of m e ta l 
d isso lv ed  from  th e  w ork  p iece  in creases  a n d , 
th e re fo re , d im en s io n a l to le ran ces  l im it th e  p e r
m issib le  in c rease  in a c id ity . T h e  p ro te c tiv e  
v a lu e  is a lso  a ffec ted  if a c id ity  fa lls  o u ts id e  
c e r ta in  lim itin g  ran g es  fo r each  ty p e  o f so lu tion . 
T h e  effect of p H  v a ria tio n  up o n  p ro te c tio n  fo r 
tw o  p a r tic u la r  a llo y s  u sing  so lu tio n s  co v ered  by 
th is  in v e n tio n  is show n  in  F ig . 2. T h e re  a re  
m a rk e d  in d ic a tio n s  o f a n  o p tim u m  p H  v a lu e  
fo r each  a llo y . G enerally  sp ea k in g , th e  o p tim u m  
d e p en d s  upo n  th e  a lu m in iu m  c o n te n t of th e  
a llo y  a s  show n in  F ig . 3, w h ich  g ives th e  re la 
tio n  b e tw een  h y d ro g e n  ion  c o n c e n tra tio n  a n d  
p e rc e n tag e  of a lu m in iu m  in  a llo y s  tre a te d  w ith  
ce r ta in  so lu tio n s  pf th is  in v e n tio n . T h e  degree  
of p ro te c tio n  fa lls  off ra p id ly  on e ith e r  side of 
th e  o p tim u m  v a lu e s  for e ac h  a llo y , b u t  all 
v a lu e s  fa ll w ith in  th e  ex tre m e  p H  ran g e  of
4-6. T h e  p H  va lu e s  q u o te d  w ere  d e te rm in e d  
b y  th e  g la ss  e lec tro d e  m e th o d ; o th e r  m e th o d s  
of p H  m e a su re m e n t m a y  be  used , b u t  a llow 
an c e  m u s t be  m a d e  fo r v a r ia tio n s  from  th e  g lass 
e le c tro d e  v a lu e s , (e) B u ffer a g e n ts . T h e  m a in 
te n a n ce  of p H  v a lu e  a t  th e  o p tim u m , o r w ith in  
th e  pe rm issib le  ran g e  fo r a  g iven  a llo y , is co m 
p lic a te d  by  th e  fa c t  t h a t  th e  p H  rises a s  m a g 
nesium  d isso lv es  d u r in g  tre a tm e n t.  F re q u e n t 
co n tro lled  a d d itio n s  o f a c id  a re  necessa ry , b u t  
can  be  g re a tly  red u c ed  b y  in c o rp o ra tin g  in th e  
so lu tio n  a  w eak  ac id  a n d  one of its  s a lts  c ap a b le  
of buffering  th e  so lu tio n  w ith in  th e  d e sired  p H  
range . A cetic  ac id  is th e  b e s t a n d  c h ea p e s t 
o rg an ic  a c id  fo r th e  bu ffer m ix tu re , to g e th e r  
w ith  its  so d iu m  o r  a m m o n iu m  sa lt. A n y  of th e  
o th e r  b ases  lis te d  before  u n d e r (b) m a y  b e  used  
fo r  th is  s a lt .  A g a in , o th e r  w eak  ac id s  o f s u i t 
a b le  d isso c ia tio n  c o n s ta n t a n d  s a lts  of th em  if 
o f su ffic ien t so lu b ility  m a y  be  used  in  p lace  of, 
o r  in a d d it io n  to , th e  a c e tic  ac id  a n d  a c e ta te . 
T h e  b u ffer a c id  m u s t n o t fo rm  a n  inso lub le  
s a l t  w ith  m ag n esiu m  a n d  m u s t  n o t be  o x id ized  
b y  th e  d ic h ro m a te  in g red ien ts . T h e  fo llow ing

so m ew h a t d iv e rse  g ro u p  of acid s, i t  is c la im ed , 
is c ap a b le  of m e e tin g  th e se  re q u ire m e n ts :—

P ro p io n ic . M alonic.
B u ty ric . S uccin ic .
V aleric . G lu ta ric .
P iinelic . A dip ic .
P h th a lic .

T h e  b a th  c a p a c ity  is ro u g h ly  p ro p o r tio n a l to  
th e  c o n ce n tra tio n  o f  th e  w eak  ac id  a n d  its  s a lt .  
P e rio d ic  m a jo r  ch an g es  to  p H  can  be secu red  
by  a d d itio n s  o f th e  m a jo r  ac id  o r a lk a li, n am e ly , 
su lp h u ric , c h ro m ic  o r n itr ic  ac id s, a m m o n ia , 
c au s tic  so d a  o r  o th e r  a lk a li from  th e  a b o v e  lis t. 
T h e  ac id s  a n d  th e ir  s a lts  p re fe rred  fo r cold 
so lu tio n s  a re  s ing le  o r m ix ed  ac id s  a n d  single 
o r m ixed  sa lts  of th o se  ac id s  of th e  ac id  g roup  
ju s t  m e n tio n e d , th e  ca tio n s  of th e  s a lt  be ing  
th o se  o f lith iu m , so d iu m , m ag n esiu m , p o ta ss iu m  
o r a m m o n iu m . F o r  h o t  so lu tio n s  th e  single  o r 
m ix ed  ac id s  a n d  s a lts  a re  chosen  so t h a t  th e  
bu ffer a g e n t is su ffic ien tly  so lub le  a t  th e  o p e ra t
ing  te m p e ra tu re ,  a n d  th e  fo llow ing  lis t is g iven  
of su ita b le  ones, th e  s a lts  b e in g  of th e  sam e 
ba sis  a s  befo re :—

O e n an th ic .
M alonic.
Succ in ic .
G lu ta ric .
A dip ic .

S uberic .
P im elic .
B enzo ic .
P h th a lic .

W h en  i t  is d esired  to  secu re  m ax im u m  pos
sib le  p ro te c tio n , s u lp h a te  ion c o n c e n tra tio n  
sh o u ld  n o t exceed  th e  o p tim u m  reg ion  in d ic a ted  
before  u n d e r  (b) a n d  in su ch  cases th e  m a jo r  
p H  a d ju s tm e n t  sh o u ld  be  m ad e  using  th e  
ch ro m ic  o r n itr ic  ac id  a d d itio n s . A ll sa lts  
em p lo y ed  for in tro d u c in g  th e  d ic h ro m a te  and  
su lp h a te  an io n s, th e  s a l t  of th e  b u ffer ac id  a n d  
th e  b ase  fo r p H  a d ju s tm e n t  m u s t be  chosen  
so t h a t  th e ir  c a tio n s  m ee t th e  fo llow ing  
re q u ire m e n ts :—

1.— W ith in  th e  p H  ran g e  4-6 th e y  shall 
rem ain  in s ta b le  so lu tio n  in th e  p resence  of 
d ic h ro m a te  ions, s u lp h a te  ions a n d  th e  bu ffer 
a c id . C atio n s  w h ich  d o  n o t s a tis fy  th is  req u ire -

Fig. 6.—Curve showing relationship between 
anode current density in electro-chromate 
treatment, and subsequent corrosion rate of 

the treated alloy.
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m e n t c au se  loss of d ic h ro m a te , th e  fo rm atio n  
of p re c ip ita te d  o r  co llo id a l m a tte r  o r  c h an g e  in 
p H  w ith  tim e . T h is  ren d ers  th e  p rocess 
im possib le  o r d iff ic u lt in o p e ra tio n . T o  te s t  th e  
s u ita b il i ty  o f a n y  g iven  ty p e  of c a tio n , a 
s u lp h a te  o r d ic h ro m a te  c o n ta in in g  th is  ty p e  is 
u sed  in  c o m p o u n d in g  th e  so lu tio n ; su ch  so lu tio n  
m u s t be  eas ily  filte rab le  th ro u g h  a filte r p a p e r  
w ith o u t a n y  a p p re c iab le  re s idue  a n d  on  s ta n d 
ing  m u s t n o t show  a  ch an g e  in  pH .

2.— W hen  m ag n esiu m -allo y  w o rk  is tre a te d , 
th e  c a tio n s  sh a ll re m a in  in th e  so lu tio n  an d  
sh a ll n o t fo rm  m e ta llic  o r u n d esirab le  d e p o sits  
on  th e  su rface  o f  th e  w o rk  w h ich  w ould  reduce  
th e  p ro te c tiv e  v a lu e  of th e  film . T h is  c an  be 
d e te rm in e d  by  a  s im p le  corrosion  te s t  no ted  
below .

T h e  ca tio n s  o f h y d ro g e n , lith iu m , e tc ., 
a lre a d y  m en tio n ed , s a tis fy  th e  re q u ire m e n t and  
a re  em in e n tly  su ita b le  fo r th e  so lu tio n s  covered  
b y  th e  p a te n t .  E x a m p le s  of o th e r  c a tio n s  
w h ich  sa tis fy  th e  re q u ire m e n ts  a re  te tra  m e th y l 
a m m o n iu m  ions, te tra -e th y l-a m m o n iu m  ions 
a n d  n  m e th y l-p y r id in iu m  ions.

T r e a tm e n t  tim e  to  o b ta in  b e st re su lts  fo r an y  
p a r t ic u la r  a llo y  d e p en d s  upo n  th e  c o m p o sitio n  
of th a t  a llo y . G en era lly  sp ea k in g , tim e  of t r e a t 
m e n t m u s t be  inc reased  a s  th e  a lu m in iu m  
c o n te n t of th e  a llo y  increases. In  som e cases 
th e re  is a n  o p tim u m  reg ion  fo r th e  tim e  of 
tre a tm e n t  as  show n by  th e  s h ap e  o f c u rv e  e. 
in  F ig . 4. T h is  c u rv e  ap p lie s  to  a n  a llo y  of 
th e  fo llow ing  co m p o sitio n :—

P e r  cen t.
A lu m in iu m  . .  . .  . .  7.5
Z inc . .  . .  . .  . .  0.4
M anganese  . .  . .  . .  0.2

C u rv e  d  a p p lie s  to  a n  a llo y  c o n ta in in g :—
P e r cen t.

A lu m in iu m ..........................................6.0
Zinc . .  . .  . .  . .  . .  1.0
M anganese  . .  . .  . .  0.2

T h e  m ax im u m  c u rv a tu re  on  cu rv e  d  co rre 
sp o n d s  to  a p p ro x im a te ly  n ine  m in u te s . In  
c u rv e  e th e  m ax im u m  is a p p ro x im a te ly  seven  
m in u te s . I t  is n o ted , h ow ever, th a t ,  w ith  th e  
a llo y  d a n  inc rease  tim e  o f t r e a tm e n t  u p  to  
30 m in u te s  is n o t d e tr im e n ta l, w h ereas  w ith  
c u rv e  e a n  inc reased  tim e , o th e r  th in g s  b e in g  
eq u al, red u c es  th e  deg ree  of p ro te c tio n , i.e ., it 
increases  th e  co rro sion  ra te  in re sp e c t of th e  
e ffec t o b ta in e d  b y  t re a tm e n t  a t  a  low er tim e  
co rre sp o n d in g  to  th e  k nee  of th e  cu rve .

In  g eneral, th e  o p tim u m  v a lu e  fo r a n y  of th e  
v a ria b le s  c an  be  d e te rm in e d  b y  a c c e le ra ted  
co rro sio n  te s ts  re p re s e n ta tiv e  o f th e  p a r tic u la r  
serv ice  c o n d itio n s  to  w h ich  th e  a r tic le  is going 
to  be su b jec te d . S a lt-w a te r  im m ersion  o r sp ra y  
is co m m o n ly  recogn ized  a s  s im u la tin g  m arine- 
a tm o sp h e r ic  ex p o su re , a n d  i t  is  on  th is  basis  
th a t  th e  d a ta  g iv en  in th e  p a te n t  spec ifica tions  
h a v e  b een  b ased . V a ria tio n s  in  th e  ion ic  co n 
c e n tra tio n s  d o  n o t c au se  su d d en  ch an g es  in th e  
e ffec tiveness of th e  so lu tio n , a n d  i t  is  possib le , 
th e re fo re , to  se lec t w o rk in g  lim its  h a v in g  regard  
to  th e  deg ree  o f p ro te c tio n  re q u ired . D rag -o u t 
losses a re  a lw ay s  m in im ized  b y  using  th e  low er 
co n ce n tra tio n s  in a n y  ran g e  a n d  b y  a llo w in g  a 
few  seconds  d ra in in g  tim e  a f te r  t re a tm e n t  before  
re m o v in g  th e  w ork  from  ab o v e  th e  v a t .  
D ic h ro m a te  c o n ce n tra tio n  te n d s  to  fall w ith  use, 
a n d  a d d itio n s  m u s t b e  co n tro lled  b y  an a ly sis . 
S u lp h a te  c o n ce n tra tio n s  m a y  rise  if th is  acid

is used  in p reference  to  c h ro m a te  o r  n itr ic  fo r 
m a jo r  a d ju s tm e n t  o f p H  v a lu e .

A n  a d v a n ta g e  a ris in g  from  th e  fac t th a t  good 
p ro te c tio n  is o b ta in e d  by  a  s h o r t  p e rio d  t r e a t 
m e n t in th e  co ld  is th a t  th e  t r e a tm e n t  m ay  be  
ap p lie d  a s  a  s im p le  sw ab b in g  p rocess w hen  it 
is n ecessa ry  to  fin ish  p a r ts  th a t  a re  a lre a d y  
a ssem bled .

C u t edges of sh ee t, w elds, re p a irs  a n d  even 
m a in te n an c e  a re  g iven  as e x am p les  in th is  
re sp ec t. O n th e  o th e r  h a n d , if th e  sam e  so lu 
tions  be h ea ted , th e  tim e  of t r e a tm e n t  m a y  be 
fu r th e r  reduced  a n d  in som e a p p lic a tio n s  th is

Fig. 7.—Current-time curves for various 
cathode materials.

m ay  m ore th a n  offset th e  d is a d v a n ta g e s  
in v o lv ed  by  th e  h e a tin g . T h e  so lu tio n s  a re  
s tab le  on  h e a tin g  w ith  th e  possib le  p re cau tio n  
to  a v o id  e v ap o ra tio n  loss o r v o la tile  a c id , such  
a s  ace tic , in  w h ich  case  th is  ac id  can  be s u b s ti
tu te d  in p a r t ,  o r  so le ly , by  one of th e  less 
vo la tile  a c id s  a lre a d y  s ta te d  to  be su ita b le  fo r 
th e  p u rp o se .

In  a ll cases p re -c lean in g  is d e s irab le . S o lv e n t 
d eg reas in g  is a d v o c a te d  a n d  th is  c an  be  fol
low ed, if necessa ry , b y  one o f th e  s ta n d a rd  
m e th o d s  for c lean in g  m ag n esiu m , e x ce p t th a t  
s an d  a n d  sh o t b la s t in g  o r th e  use of h y d ro 
fluoric ac id  d ip s  sh o u ld  be  av o id e d , b ecau se  
th e y  reduce  th e  p ro te c tiv e  v a lu e  o f  th e  t r e a t 
m en t. A q u ick  p ick le  in co ld  d ilu te  ac id  such  
a s  n itr ic  o r  s u lp h u ric  o r a  m ix tu re  of th e  tw o  
is s a tis fa c to ry , exc.ept, a g a in , if d im en s io n a l loss 
h a s  to  be m in im ized , th e n  e ith e r  ch rom ic  acid  
o r  a lk a lin e  c le an e r  c a n  be used . I t  is reco m 
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m en d ed , in th e  l a t t e r  case, th a t  th e  tre a tm e n t 
tim e  sh o u ld  be e x te n d ed . A n o th e r  tre a tm e n t 
is an o d ic  p o lish in g  in a cco rd an ce  w ith  B ritish  
P a te n t  N os. 550175 an d  550176 . Specific 
e x am p les  a re  th e n  g iven  a s  fo llow :—

F o r  m ag n esiu m  a llo y s  s u b s ta n tia lly  free from  
a lu m in iu m  a n d  c o n ta in in g  u p  to  2.5 p e r  c en t, 
m a n g an ese . F o r  e x am p le , D .T .D . 118, 140A 
a n d  142, th re e  m in u te s ’ im m ersio n  a t  room  
te m p e ra tu re  in th e  fo llow ing  so lu tio n  g ives a 
h ig h  deg ree  of p ro te c tio n :—

A m m o n iu m , sod ium  or 
p o ta ss iu m  d ic h ro 
m a te , s ing ly  or
m ix ed  . .  . .  50-100 p a r ts  b y  w t.

A m m o n iu m  su lp h a te  
(or, if d esired , th e  
e q u iv a le n t a m o u n t of 
sod ium  su lp h a te  if 
th e  am m o n iu m  s a l t  is 
used  fo r one of th e  
o th e r  c o n s ti tu e n ts )  . .  S0-120 ,,

Fig. 8.—Curves showing relationship between 
duration of electro-chromate treatment and 
subsequent corrosion rate of the treated alloy.

A cetic  ac id  . .  . .  10 p a r ts  b y  w t.
H y d ra te d  sod ium  ace 

ta te  (o r th e  e q u iv a 
le n t  a m o u n t o f 
am m o n iu m  a c e ta te , 
p a r t ic u la r ly  if th e
a m m o n iu m  s a lt  be 
n o t used  for th e
o th e r  c o n s ti tu e n ts )  25 ,,

W a te r  to  m a k e  up  to  1000 ,,
W ith  th is  so lu tio n  th e  p H  v a lu e  m u s t b e  

a d ju s te d ; fo r ex am p le , w ith  a m m o n ia  to  
5.2-5.9, p re fe ra b ly  5.5. T h e  re s u lta n t film 
e x am in ed  a f te r  w ash in g  is g reen ish  o r  gold 
b ro w n , th o ro u g h ly  a d h e re n t , p ro te c tiv e  in itse lf 
an d  p ro v id in g  an  e x ce llen t b asis  fo r p a in t  
co a tin g . G ood p ro te c tio n  is a lso  g iv en  b y  th is  
so lu tio n  w ith  th e  t re a tm e n t  tim e  red u c ed  to  one 
m in u te  o r , a l te rn a tiv e ly , w ith  th e  th re e -m in u te  
tim e  a n d  c o n ce n tra tio n s  red u ced  b y  as m u c h  as 
50 p e r  c en t.

F o r  a llo y s  c o n ta in in g  a lu m in iu m , for 
e x am p le , D .T .D . 59A, S8B, 136A, 120A, 2S1, 
285, 289, 325, 34S a n d  350, a  h igh  d eg ree  of

p ro te c tio n  is o b ta in e d  from  th is  so lu tio n  w ith  
a n .im m e rs io n  tim e  o f e ig h t to  12 m in u te s , b u t  
w ith  th e  p H  v a lu e  a d ju s te d  in a cco rd an ce  
w ith  F ig . 3 to  s u i t  th e  a lu m in iu m  c o n te n t. In  
th is  figure  th e  cu rv e  a  rep re sen ts  th e  p H  
v a lu e s  fo r m a x im u m  p ro te c tio n  a n d  th e  cu rv es  
b  a n d  c g ive  th e  w o rk in g  ran g e  fo r good 
p ro te c tio n . F o r  e x am p le , fo r a n  a llo y  c o n ta in 
ing  a lu m in iu m  6.0 p e r  c en t.,  zinc 1.0 p e r c en t, 
an d  m an g an ese  0.2 p e r  c e n t .,  th e  p H  ran g e  
sh o u ld  be 4.8-5.3 a n d  p re fe ra b ly  5.0-5.1. F o r  
an  a llo y  c o n ta in in g  a lu m in iu m  7.5 p e r  c en t.,  
zinc  0.4 p e r  c en t, a n d  m an g an ese  0.2 p e r  c en t.,  
th e  p H  ran g e  sh o u ld  be a d ju s te d  to  4.6-5.2 
a n d  p re fe ra b ly  4.S-4.9. T h e  re s u l ta n t  film  is an  
a d h e re n t b la c k  p ro te c tiv e  film , a lso  p ro v id in g  
an  e x ce lle n t b a s is  fo r p a in t. H ere , a g a in , fo r a 
good deg ree  of p ro te c tio n  th e  t re a tm e n t  tim e  
m a y  be reduced  b y  five to  e ig h t m in u te s  o r th e  
c o n ce n tra tio n s  dow n  to  50 p e r  c en t, w ith  th e  
e ig h t to  12-m inute  tim e.

T h e  reco m m en d ed  ran g e  of in g re d ie n ts  is as  
follow s:—

B ic h ro m a te  (C r2O r) o v e r 0.05 m o la r (up  
to  sa tu ra t io n  p o in t) .

S u lp h a te  (S 0 4) o v e r 0.2 m o la r. (In  cases 
w h ere  th e  d ic h ro m a te  c o n ce n tra tio n  is 
increased , th e  s u lp h a te  c o n c e n tra tio n  sh o u ld  
p re fe ra b ly  follow  s u it  u p  to  s a tu ra t io n  
p o in t.)

B uffer m ix tu re , e .g ., a ce tic  ac id  a n d  
sod ium  a c e ta te ,  to ta l  a c e ta te  c o n ce n tra tio n  
as a ce tic  ac id  p lu s  so d iu m  a c e ta te  to g e th e r, 
o v e r o . t  m o la r C II,C O O — .

W h en  o th e r  w eak  ac id s  a n d  th e ir  sa lts  
a re  used  a s  bu ffer m ix tu res , th e se  co n cen 
tra tio n s  m u s t be a lte re d  h a v in g  reg a rd  to  
th e  e q u iv a le n t w e ig h t of th e  ac id  re la tiv e  to  
t h a t  of ace tic  acid .

p H  4-6 d e p e n d in g  on  a llo y  co m p o sitio n  
a n d  tim e  o f tre a tm e n t.

T im e  o f tre a tm e n t:  T h is  d e p en d s  on  th e  
co m p o sitio n  of th e  a llo y , th e  so lu tio n  co m 
p o sitio n  a n d  its  p H , a n d  v a rie s  b e tw ee n  
0.5-30 m in u te s .

W h ere  th e  deg ree  o f p ro te c tio n  is th a t  co rre 
sp o n d in g  to  te m p o ra ry  p ro te c tio n  o f p a r ts  
d u r in g  fa b ric a tio n , s to ra g e  o r tra n s it ,  th e  fo llow 
ing  fo rm u la tio n s  a re  su g g ested :—

D ic h ro m a te  (C r,0 T) o v e r 0.1 m o la r (up  
to  s a tu ra t io n  p o in t) .

S u lp h a te  (S O J  o v e r  0.3 m o lar. (In  cases 
w h e re  th e  d ic h ro m a te  c o n c e n tra tio n  is 
in c reased , th e  su lp h a te  c o n c e n tra tio n  sh o u ld  
p re fe ra b ly  follow  s u i t  up  to  s a tu ra t io n  
p o in t.)

B uffer m ix tu re , e .g ., a ce tic  a c id  a n d  
sod ium  a c e ta te , to ta l  a c e ta te  c o n ce n tra tio n  
a s  a c e tic  a c id  p lu s  sod ium  a c e ta te  to g e th e r , 
o v e r 0.1 m o la r C H ,C O O — .

W h en  o th e r  w e ak  ac id s  a n d  th e ir  sa lts  
a re  used  a s  bu ffer m ix tu res , th e se  c o n c e n tra 
tio n s  m u s t b e  a lte re d  h a v in g  reg a rd  to  th e  
e q u iv a le n t w e ig h t of th e  a c id  re la tiv e  to  t h a t  
of a ce tic  acid .

p H  4-6 d e p e n d in g  on  a llo y  co m p o sitio n  
a n d  tim e  of tre a tm e n t.

T im e  o f t re a tm e n t  v a rie s  b e tw een  0.5 a n d  
30 m in u te s  a s  in th e  p re v io u s  ex am p le .

F o r  p a r ts  re q u irin g  a  good a v e rag e  d eg ree  of 
p ro te c tio n , th e  fo rm u la tio n s  re co m m en d ed  a re :—

D ic h ro m a te  (C r20 : ) 0.1 to  0.6 m o lar.
S u lp h a te  (S O ,) 0.4 to  2.0 m o la r.



September, 1 944 LICHT METALS 419

B uffer m ix tu re , e .g ., a ce tic  ac id  an d  
sod ium  a c e ta te ,  to ta l  a c e ta te  c o n c e n tra tio n  
a s  a ce tic  ac id  p lu s  sod ium  a c e ta te  to g e th e r, 
from  0.2 m o la r CH3COO— to i .o  m o la r 
CHaCOO—.

W h en  o th e r  w eak  acid s  a n d  th e ir  sa lts  
a re  u sed  a s  b u ffer m ix tu res , th ese  c o n ce n 
tra tio n s  m u s t be a lte re d  h a v in g  reg a rd  to  
th e  e q u iv a le n t w e ig h t of th e  ac id  re la tiv e  
to  t h a t  of ace tic  acid .

p H  4-6 d e p en d in g  on  th e  a llo y  com p o si
tio n  a n d  tim e  of tre a tm e n t.

T im e  of tr e a tm e n t  v a rie s  b e tw een  0.5 a n d  
30 m in u te s .

O p tim u m  c o m position  fo r p ro te c tiv e  va lu es  
o f th e  h ig h e s t o rd e r is g iven  b y :—

B ic h ro m a te  (C r20 .) 0.2 to  0.5 m olar. 
S u lp h a te  (S O ,) 0.6 to  1 m olar.
B uffer m ix tu re , e .g ., a ce tic  acid  an d  

sod ium  a c e ta te , to ta l a c e ta te  c o n ce n tra tio n  
a s  ace tic  a c id  p lu s  sod ium  a c e ta te  to g e th e r, 
0.2 to  1.0 m o la r C H aCOO— . W h en  o th e r  
w eak  ac id s  an d  th e ir  s a lts  a re  used  a s  bu ffer 
m ix tu re s , th e se  c o n ce n tra tio n s  m u s t be 
a lte re d  h a v in g  reg a rd  to  th e  e q u iv a len t 
w e ig h t o f th e  a c id  re la tiv e  to  th a t  of ace tic  
acid .

A m m onium  ions (N H ,) ,  0.4 to  3 m o lar. 
pH  4.6-5.9 d e p en d in g  on th e  a llo y  com 

position  a n d  tim e  of tre a tm e n t.
T im e  of tre a tm e n t:  1-30 m in u te s  d e p en d in g  

cn  th e  a llo y  co m p o sitio n .
M ajo r p H  a d ju s tm e n ts  in th is  case  shou ld  

p re fe ra b ly  b e  m ad e  b y  n itr ic , n o t su lp h u ric , 
ac id , to  m a in ta in  th e  su lp h a te  ion co n cen 
tra tio n  a t  th e  o p tim u m .

A n e a r lie r ty p e  of so lu tio n  w h ich  m a y  be 
em p lo y ed , w h ich  is n o t now  consid e red  a s  good 
as th e  so lu tio n s  g iven  in  th e  p re v io u s  p a ra 
g ra p h s , co m p rise :—

Sodium
dichromate Na2Cr20 7.2H20

By weight 
100 parts

Ammonium
dichromate (NHOsCroO? 100 parts

Ammonium
sulphate (NH4)2SO.i 100 parts

Sodium acetate CH3.COO Na.3H20 50 parts
Acetic acid CH3.COOH 20 parts

Water to — 1,000 parts

T h is  so lu tio n  is u sed  a t  room  te m p e ra tu re  a n d  
u n d e r  such  co n d itio n s  fo rm s a  p ro te c tiv e  c o a tin g  
on  m a g n esiu m  a n d  m ag n esiu m  b ase  a llo y  su r
faces in  a  t im e  n o t exceed in g  10 m in u te s . F o r  
e x am p le , on a  m ag n esiu m -b ase  a llo y  con fo rm ing  
to  D .T .D . S p ec ifica tio n  11S, a  p ro te c tiv e  c o a t
ing  is fo rm ed  in from  one to  tw o  m in u te s . T h e  
co m p o sitio n  m a y  n eed  to  b e  a d ju s te d  s lig h tly  
to  s u i t  p a r t ic u la r  a llo y  co m p o sitio n s. A s th e  
so lu tio n  is n o t s tro n g ly  acid , no  spec ia l care  
need  be  ta k e n  w ith  reg a rd  to  c o n ta in e rs  a n d  
m a n ip u la tio n .

T h e  effect of inc reased  te m p e ra tu re  m a y  b e  
p ro fited  b y  to  sh o rte n  t r e a tm e n t  tim e . A m ag 
nesium  a llo y  c o n ta in in g  7.5 p e r c en t. A l, 0.4 
p e r  c en t. Zn a n d  0.2 p e r  c en t. M n is g iv en  a 
c le an in g  p re - tr e a tm e n t a s  d esc rib ed  a n d  tre a te d  
fo r 10 m in u te s  in  th e  o p tim u m  so lu tio n  (con 
ta in in g  a d ip ic  ac id  a n d  sod ium  a d ip a te  a n d  of

p H  4.85 (m easu red  in th e  co ld  b y  g lass elec
tro d e ) h e a ted  to  60-80 deg rees C. A fte r w a sh 
ing , th e  sp ec im en  is fou n d  to  be  c o a ted  w ith  a 
b lack  a d h e re n t film . W h en  te s ted  by  a saline  
te s t  in k now n  m an n e r, th e  p ro te c tiv e  v a lu e  of 
th is  film  is fo u n d  to  be of th e  o rd e r of tw ice  
t h a t  o b ta in e d  by  t re a tm e n t  a t  room  te m p e ra 
tu re  u n d e r th e  o p tim u m  c o n d itio n s ; in s tead  of 
ta k in g  th e  b en efit of th e  h e a t b y  inc reased  
p ro te c tio n  fo r th e  sam e  tim e  of tre a tm e n t,  it 
m ay  be  ta k e n  by  s im ila r p ro te c tio n  for a  sh o r te r  
tim e  of tre a tm e n t.

B r i t i s h  P a t e n t  559071 ( 1 9 4 3 ) re la te s  to  th e  
e le c tro ly tic  p ro te c tiv e  su rface  t re a tm e n t  of 
m ag n esiu m -b ase  a llo y s . I t  refers to  B . P .  558983  
a n d  s ta te s  th a t  th e  sam e  deg ree  of p ro tec tio n  
can  be  o b ta in e d  w ith  red u c ed  tim e  by  su b jec tin g  
th e  w ork  to  a n  e le c tro ly tic  t re a tm e n t  in  so lu 
tio n s  c o n ta in in g  th e  sam e  c o n s ti tu e n ts  a s  those  
s ta te d  fo r th e  ch em ica l tre a tm e n t,  b u t  a t  a 
s lig h tly  d iffe ren t c o n ce n tra tio n  range  of s u lp h a te .

A lte rn a tiv e ly , a  h ig h e r deg ree  of p ro te c tio n  is 
c la im ed  b y  a p p ly in g  th e  e le c tro ly tic  tre a tm e n t 
fo r th e  sam e  tr e a tm e n t  tim e . T h e  p a te n t  p o in ts  
o u t th a t  s ev e ra l e le c tro ly tic  tre a tm e n ts  h a v e  
b een  p roposed , b u t  none  o f th em  s a tis fy  all th e  
e ssen tia ls  p rev io u sly  se t o u t. T h u s , B . P .  
49 8 6 2 6  desc rib es  a n  an o d ic  t r e a tm e n t  fo r m ag
nesium  a n d  i ts  a llo y s . T h is  co n sis ts  in  m ak in g  
th e  w ork  th e  a n o d e  in th e  so lu tio n  co n ta in in g  
one o r m ore o x id iz in g  a g en ts  o r ions from  th e  
w a te r  so lub le  co m p o u n d s  o f th e  g ro u p  co n sis tin g  
of c h ro m a te s , d ic h ro m a te s , oxa lic  acid , ace tic  
acid , n itra te s , p e rm a n g a n a te s  a n d  ch lo rid es  in 
th e  p resen ce  of one o r m ore w a te r  so lub le  sa lts  
h a v in g  an  ion  o f th e  g ro u p  co n sis tin g  of 
s u lp h a te s , fluorides, p h o s p h a te s , b o ra te s  an d  
m o ly b d a te s , th e  p H  of th e  so lu tio n  b e in g  m a in 
ta in ed  on th e  ac id  side. T h e  p H  of th e  so lu tion  
is  p re fe ra b ly  b e tw een  2 a n d  5, te m p e ra tu re  
from  20-80 deg rees  C. a n d  c u r re n t from  1-100 
am p s './sq . ft. T re a tm e n t  tim e  d e p e n d s  upo n  th e  
s tre n g th  of th e  so lu tio n , th e  c u rre n t d e n s ity  
a n d  th e  th ic k n e ss  of film  req u ire d . A s an  
ex am p le , is g iven  45-60 m ins. a t  5-10 a m p s ./s q . 
ft. a t  50 deg rees  C.

T h e  d isco v e ry  u p o n  w hich  th e  p a te n t  is b a sed  
is s ta te d  to  be  th e  p resence  of o x id iz in g  ions in 
th e  so lu tio n  th a t  w ill e n te r  th e  film  fo rm ed  on 
th e  m ag n esiu m . T h e re  a p p e a rs  to  be som e 
d o u b t he re  co n ce rn in g  th e  a b il i ty  of som e of th e  
co m p o u n d s  m e n tio n ed  to  b e h av e  as o x id iz ing  
ag en ts . T h e  p re s en t p a te n t  c la im s  th e  essen tia l 
co m b in a tio n  to  be  d ic h ro m a te  p lu s  s u lp h a te  
p lu s  a ce tic  ac id  o r som e o th e r  b u ffering  a g en t.

B . P .  510353  co v ers  tre a tm e n t  w ith , o r w ith o u t, 
th e  a id  of e lec tr ic  c u rre n t in co ld  w a te r  so lu tion  
of c h ro m ic  ac id  ions a n d  ions o n  one o r m ore 
a c t iv a to r  sa lts . T h e  so lu tio n  h a s  a  h y d ro g en  
ion c o n ce n tra tio n  c u rv e  w h ic h  re m a in s  fo r a  
co n sid e ra b le  v a r ia tio n  o f ad d e d  ac id  o r  a lk a li, 
th is  p H  ran g e  b e in g  t h a t  req u ired  fo r p ro d u c in g  
a  p ro te c tiv e  a d h e re n t  film  in  th e  cold for a  
p e rio d  n o t ex ceed ing  2 h rs . T h e  p H  v a lu e  is 
such  th a t  i t  does n o t ch an g e  b y  m o re  th a n  2 
b y  th e  a d d itio n  of 12 g ram s of p o ta ss iu m  
h y d ro x id e  p e r  li tr e  of so lu tio n . T h e  a c t iv a to r  
s a lt  is  in te n d e d  to  p ro v id e  b u fferin g  effec t from  
p H  3-5 a n d  th e  cho ice  of c a tio n  is s ta te d  to  
b e  of p r im a ry  im p o rtan c e . A lu m in iu m  a lu m s 
o r o th e r  a lu m in iu m  s a lts  a re  p re fe rred , b u t  
ch ro m iu m  a n d  iro n  a lu m s  a re  u n s u ita b le  a n d  
n icke l a n d  m ag n esiu m  s u lp h a te s  a re  e ven  m ore
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u n su ita b le . I t  is to  be  n o te d  th a t  m agnesium  
s u lp h a te  is a  s u ita b le  a d d itio n  fo r a  d iffe ren t 
p u rp o se  in  th e  p re s e n t p a te n t.

A gain , in  B .P . 510353 th e  a n io n  o f th e  
a c t iv a to r  s a l t  is s ta te d  to  be  of seco n d a ry  im p o r t
an c e  a n d  i t  m a y  be  s u lp h a te , n itr a te ,  ch lo ride  
o r  o th e r  s a lt  of a lu m in iu m , b u t  th e  ch lo rid e  is 
sa id  to  be  n o t v e ry  s a tis fa c to ry . T h e  an io n  in 
th e  p re s e n t p a te n t  is  of g re a te s t im p o rtan ce . 
P o ta s s iu m  o r o th e r  p e rm a n g a n a te  is c la im ed , 
b u t  fo r th e  p re sen t p a te n t  is d e le te r io u s,

B .P . 515648  covers im m ersion  of th e  w ork  in 
an  e le c tro ly te , in w h ich  is a lso  im m ersed  a 
m e ta l m o re  e lec tro p o sitiv e  th a n  m ag n esiu m  a n d  
w h ich  re m a in s  s u b s ta n tia l ly  u n a tta c k e d  b y  th e  
e le c tro ly te  a n d  c o n n ec tin g  th is  m e ta l w ith  th e  
w orkp iece  b y  m ea n s  of a  c o n d u c to r  o u t o f co n 
ta c t  w ith  th e  e le c tro ly te . P re fe rab ly  th e  e le c tro 
ly te  is a  so lu tio n  o f a lk a li-m e ta l c h ro m a te  o r 
d ic h ro m a te  c o n ta in in g  5-12 p e r  c en t, a n d  p re fe r
a b ly  10 p e r  c en t, of c h ro m a te  o r d ic h ro m a te  
a n d  0.05 p e r  c e n t .-0.5 p e r  c en t, of a lk a li m e ta l 
b isu lp h a te  w hen  d ic h ro m a te  is th e  b ase  an d
5-15  p e r  c en t, of th is  a d d itio n  w hen  c h ro m a te  
is th e  b ase ; p H  is a d ju s te d  to  3.S-3.9 fo r th e  
d ic h ro m a te  so lu tio n s  a n d  4.5-6.0 for th e  
c h ro m a te  so lu tions . N o bu ffer a g e n t is m en 
tioned .

T h e  p re sen t p a te n t,  B .P . 559071 , resem bles
B .P . 558983 , e x c e p t fo r th e  e le c tro ly tic  fe a tu re  
a n d  s u lp h a te - io n  c o n c e n tra tio n . T h e  range 
covered  fo r th is  ite m  is n o t less  th a n  0.5 m o la r 
an d  p re fe rab ly  b e tw ee n  1.0 a n d  r.5  m o lar. T h e  
o p tim u m  p H  v a lu e  fo r p a r t ic u la r  a lu m in iu m  
co n te n ts  is show n  in F ig . 5. F ig . 6 show s th e  
re la tio n sh ip  b e tw ee n  a n o d e  c u rre n t d e n s ity  an d  
co rrosion  ra te . F ig . 7 show s th e  effect o f tim e  
o f tr e a tm e n t  w ith  reference to  an o d e  c u rre n t 
d e n s ity  w ith  re sp e c t to  a  n u m b e r  of m e ta ls . 
T ig . S g ives th e  re la tio n sh ip  o f tim e  o f tre a tm e n t  
a g a in s t th e  ra te  of co rrosion  from  th e  a sp e c t 
of illu s tra t in g  o p tim u m  co n d itio n s .

T h e  m agn esiu m -allo y  w o rkp iece  is im m ersed  
in th e  so lu tio n  a n d  m ad e  th e  an o d e . T h e  
c a th o d e  c o n sis ts  of a  m e ta l from  th e  h y d ro g en  
side of m ag n esiu m  in tlje  "  s ta n d a rd  e lectrode  
p o te n tia l se r ie s ."

'1 he d eg ree  of p ro te c tio n  h a s  been  found  to 
d e p en d  on  th e  m a g n itu d e  o f th e  c u r re n t pass in g  
from  a n o d e  to  c a th o d e  as in d ic a ted  in  F ig . 6. 
T h is  c u rv e  show s th a t  w hen  th e  c u r re n t is 
in c reased  b ey o n d  t h a t  co rre sp o n d in g  to  th e  
kn ee  o f th e  cu rv e , th e re  is n o t m u ch  im p ro v e 
m e n t in p ro te c tio n . In  g eneral, th is  co rre 
sp o n d s  to  a b o u t T0-20 a m p s ./s q .  ft. o f w ork  
su rface. W ith  h ig h e r c u r re n t d e n sit ie s  th e re  is 
a  d a n g e r  o f film s beco m in g  p o w d e ry  in s te ad  of 
a d h e re n t . T h e  h ig h e r  c u r re n t  d e n sitie s  h a v e  to  
be o b ta in e d  w ith  e x te rn a l c u rre n t, b u t  th e  low er 
ones a re  p ro d u ced  b y  m ere ly  c o n n ec tin g  th e  
w o rk  to  th e  c a th o d e . W ith  in c reased  anode  
c u rre n t d e n s ity  th e re  is a  te n d e n c y  fo r d ic h ro 
m a te  to  be  red u ced  a t  th e  c a th o d e  a n d  th e  
re d u c tio n  co m p o u n d s  to  form  a s ludge. T h e  
re s u ltin g  loss of d ic h ro m a te  cau ses  a  d ro p  in 
c u rre n t efficiency. T h is  te n d e n cy  d e p en d s  on 
th e  m a te ria l u sed  fo r th e  c a th o d e  a n d  i t  becom es 
less in  th e  o rd e r  a lu m in iu m , le ad , n ickel, 
ch ro m iu m , iron , s ta in le s s  stee l, s ilve r, gold, 
p a lla d iu m , p la tin u m  a n d  rh o d iu m . C a th o d es  
o f s ta in les s  stee l, s ilv e r o r ch ro m iu m  a re  p re 
fe rred , o r, b e t te r  s till, go ld , p a lla d iu m , p la tin u m  
o r rh o d iu m . T h e y  c a n  be used  in th e  form  of

a  th in  e lec tro -d ep o sited  c o a tin g  on  c h e a p e r  b ase  
m a te ria l.

T h e  ta n k  itse lf c an  be  used  a s  c a th o d e , b u t  
w ith  ir reg u la r-sh ap ed  w ork , sh a p e d  c a th o d es  
en su re  g re a te r  u n ifo rm ity  of th e  p ro te c tiv e  film. 
T h e  n a tu re  of th e  c o n n ec to r b e tw ee n  a n o d e  a n d  
c a th o d e  is im p o r ta n t .  W ith  th e  p re fe rred  
m a te r ia ls  n am ed , th e  c o n n e c to r  sh o u ld  be  n icke l 
o r  co p p er , o r, p re fe ra b ly , tin , lead , cad m iu m , 
zinc, a lu m in iu m  o r m ag n esiu m  a n d  th e  co n 
n e c to r  need  n o t be in s u la te d  from  th e  so lu tio n . 
T h e  tim e of t r e a tm e n t  to  secu re  th e  b e s t re su lts  
is d e te rm in e d  b y  th e  c a th o d e  su rface  a n d  by  
th e  co m p o sitio n  of th e  m ag n esiu m  a llo y . In  
general, i t  m u s t be  in c reased  w ith  in c rea sin g  
a lu m in iu m  c o n te n t.

I n  som e cases  th e re  is an  o p tim u m  region as 
sh o w n  b y  c u rv e  a  in  F ig . 8. T h is  cu rv e  
a p p lie s  to  a n  a llo y  co n ta in in g  7.5 p e r  c en t, 
a lu m in iu m , 0.4 p e r  c en t, zinc  a n d  0.2 p e r  c en t, 
m an g an ese . C u rv e  b  a p p lie s  to  a n  a llo y  
c o n ta in in g  6 p e r  c en t, a lu m in iu m , 1 p e r  c en t, 
zinc  a n d  0.2 p e r  c en t, m an g an ese . B o th  w ere  
e le c tro ly tic a lly  tre a te d , u sing  a  s ta in le ss  s teel 
c a th o d e  a n d  c u rre n t d e n s ity  of 5-S a m p s ./s q . f t. 
T h e  m ax im u m  c u rv a tu re  in  c u rv e  a  co rre 
sp o n d s  to  a b o u t 6 m ins. an d  in b  11 m ins. 
In  th e  case  of b  inc rease  up  to  30 m ins. is 
n o t d e tr im e n ta l ,  b u t  p ro lo n g ed  t r e a tm e n t  cau ses  
loss o f ad h esio n .

C lean in g  p re - tre a tm e n ts  fo r th e  e le c tro ly tic  
p rocesses a re  a s  m en tio n ed  w ith  th e  ch em ica l 
im m ersion  p rocess.

Specific ex am p les  o f th e  t re a tm e n ts  m a y  be 
c ite d  a s  follow :— T h e  so lu tio n  in w h ich  th e  p ro 
te c tiv e  t re a tm e n t  is a p p lie d  co n sis ts  of— 

A m m o n iu m , sod ium  o r 
p o ta ss iu m  d ic h ro 
m a te , s in g ly  o r
m ix ed  . .  . .  50-100 p a r ts  b y  w t.

A m m o n iu m  s u lp h a te , 
o r  if d esired  th e
e q u iv a le n t a m o u n t of 
th e  o th e r  s u lp h a te s  
m en tio n e d  a b o v e  . .  15*50 ,,

A cetic  acid  . .  . .  10 ,,
H y d ra te d  sod ium  a ce 

ta te  (o r th e  e q u iv a 
le n t a m o u n t of
am m o n iu m  a c e ta te )  25 ,,

W a te r  to  m ak e  u p  to  1000 ,,
F o r  a m ag n esiu m -b ase  a llo y  w o rk p iece  of 

c o m p o sitio n  a cc o rd in g  to  D .T .D . 118, 140A o r 
142, a  h ig h e r deg ree  of p ro te c tio n  is secu red  b y  
im m e rs in g  th e  w o rkp iece  in  th e  a b o v e  so lu tio n  
of p H  a d ju s te d  to  b e tw een  4.8 a n d  5.8, b u t  
p re fe ra b ly  5.3. A lso im m ersed  in th e  so lu tio n , 
b u t  n o t  to u c h in g  th e  w o rk p iece , is a  c a th o d e  
p la te  com posed  of s ta in less  s tee l o r m ild  steel 
o r o f c o pper, n icke l o r m ild  s tee l s h e e t p la te d  
w ith  a  th in  d e p o s it of ch ro m iu m  o r rh o d iu m . 
T h e  w o rk p iece  a n d  c a th o d e  a re  co n n ec ted  to  a  
su p p ly  of c u r re n t in su ch  m a n n e r th a t ,  in  te rm s 
of th e  co n v en tio n  p rev io u s ly  m en tio n ed , th e  
c u r re n t flow s from  th e  c a th o d e  to  th e  w orkp iece. 
T h e  s u p p o rtin g  c la m p  fo r th e  w o rk p iece  is 
a d a p te d  a s  th e  e le c tr ica l co n n ec to rs , a n d  t h a t  
p a r t  of i t  in c o n ta c t  w ith  th e  so lu tio n  sh o u ld  
b e  of m ild  stee l, z inc , tin  o r c ad m iu m , c o a ted  
m ild  s tee l o r  c o p p er , b u t  p re fe ra b ly  a lu m in iu m  
b ase  a lloy . T h e  p o rtio n  o u ts id e  th e  so lu tio n  
m a y  be  of th e  sam e  m a te ria l o r a n y  o th e r  u su a l 
e le c tr ica l c o n d u c to r  m a te r ia l. D e p en d in g  on  th e
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c o n to u r  of th e  w o rkp iece  one o r  m ore fla t or 
sh ap e d  c a th o d es  a re  u sed  an d  s u ita b ly  sp aced  
so th a t  th e  c u r re n t c an  b e  a d ju s te d  to  b e  reaso n 
a b ly  un ifo rm  b e tw een  10 a n d  20 a m p s ./s q .  f t. 
o f a n o d e  su rface. A fte r  t re a tm e n t  in  th is  
m a n n e r  fo r 3-5 m ins. th e  w o rkp iece  is ta k e n  
o u t, w ash ed , d ried , a n d  found  to  be c o a ted  w ith  
an  a d h e re n t g reen ish  b row n  to  b lack  p ro te c tiv e  
film w h ich  will a lso  serve  a s  an  ex ce lle n t basis  
fo r th e  usual ty p e  of p a in t  a d a p te d  fo r th is  
p u rpose .

In  cases w here  a  good b u t  n o t such  a  h igh  
d eg ree  o f p ro te c tio n  is su ffic ien t, th e  tre a tm e n t  
tim e  m a y  be red u ced  to  1-3 m ins. A lte rn a tiv e ly , 
th e  a b o v e  c o n c e n tra tio n  m a y  be  reduced  b y  as 
m u ch  a s  50 p e r  c en t, a n d  th e  t re a tm e n t  tim e  
k e p t  a t  3-5 m ins.

I f  a n y  sludge  be  fo rm ed , w h ich  is le a s t lik e ly  
to  h a p p e n  w ith  a p rec io u s  m e ta l-c o a ted  c a th o d e , 
an d  te n d s  to  a d h e re  to  th e  c a th o d e  su rface , i t  
c an  eas ily  be  rem o v ed  b y  l ig h t sw ab b in g . If  
th e  c o n to u r  of th e  w o rk p iece  p e rm its  th e  
c a th o d e  to  be  p laced  su ffic ien tly  close to  g ive 
th e  sam e  c u r re n t d e n s ity , w h ich  is a ss is ted  b y  
h e a t in g  th e  so lu tio n , a n  eq u al o r su ita b le  deg ree  
of p ro te c tio n  is secu red  w ith o u t th e  e x te rn a l 
sou rce  of c u r re n t m ere ly  b y  c o n n ec tin g  th e  
w o rkp iece  d ire c tly  to  th e  c a th o d e .

F o r  a  w o rk p iece  of co m p o sitio n  a cco rd in g  to  
S p ec ifica tio n s  D .T .D . 59A, S8B, 136A a n d  120A, 
a h ig h  deg ree  of p ro te c tio n  is secu red  in 
id e n tic a l m a n n e r  e x ce p t th a t  th e  t r e a tm e n t  tim e  
is increased  to  5-10 m ins. an d  th e  p H  of th e  
so lu tio n  a d ju s te d  to  su it th e  a lu m in iu m  c o n te n t 
o f th e  a llo y  a s  in d ic a ted  in F ig . 1. In  th is  
figure  th e  c en tra l c u rv e  c rep re sen ts  th e  p H  
v a lu e s  fo r m ax im u m  p ro te c tio n . A to le ra n c e  is 
p ro v id e d  a t  each  side of th is  c u rv e  a s  show n 
b y  th e  cu rv e s  d  a n d  e. T h e  sh ad ed  a rea  
b e tw een  th e  cu rv es  d  a n d  e g ives th e  w o rk 
in g  ran g e  fo r good p ro te c tio n . T h u s  fo r a n  
a llo y  c o n ta in in g  6 p e r c en t. Al, t p e r  c en t. Zn 
a n d  0.2 p e r c e n t. M n. th e  p H  ran g e  sh o u ld  be
4-5 to  5.3, b u t  p re fe ra b ly  4.9. F o r  a n  a lloy  
c o n ta in in g  7.5 p e r c en t. A l, 0.4 p e r c en t. Zn, 
a n d  0.2 p e r  c en t. M n, th e  p H  shou ld  be a d ju s te d  
to  b e tw een  4.4 a n d  5.2, b u t  p re fe ra b ly  to  4.8. 
A fte r  t re a tm e n t  th e  w o rkp iece  is w ash ed  an d  
d rie d  a n d  fou n d  to  be  co a ted  w ith  an  a d h e re n t 
b la c k  p ro te c tiv e  film w h ich  a lso  p ro v id e s  an  
e x ce llen t b a s is  fo r th e  u su a l ty p e  of p a in t  c o a t
ings a d a p te d  fo r th e  p u rp o se .

In  cases w here  a good b u t  n o t such  a  h igh  
d eg ree  of p ro te c tio n  is suffic ient, th e  t re a tm e n t 
tim e  m a y  b e  red u ced  to  3-5 m ins. A lte rn a tiv e ly , 
th e  a b o v e  c o n c e n tra tio n s  m a y  be  red u ced  b y  as 
m u ch  as 50 p e r  c en t, a n d  th e  t re a tm e n t  tim e  
k e p t  a t  5-10 m ins.

In  all cases th e  sam e so lu tio n  m a y  be  
re p e a te d ly  used , o ccasional m a jo r  a d ju s tm e n ts  
in  p H  to  m a in ta in  th e  desired  v a lu e s  b e in g  
m ad e  b y  a d d itio n s  of su lp h u ric  acid  u n til th e  
su lp h a te  c o n ce n tra tio n  reach es  200 p a r ts  b y  
w e igh t, w hen  n itr ic  ac id  sh o u ld  b e  used  in s tead .

A fu r th e r  reco m m en d ed  ran g e  o f in g red ie n ts  
com p rises:—

D ic h ro m a te  (C r:0 T) o v e r 0.05 m o la r (up  
to  s a tu ra t io n  p o in t) .

S u lp h a te  (S O J  o v e r 0.05 m o la r.
B uffer m ix tu re , e .g ., a ce tic  ac id  a n d  

sod ium  a c e ta te , to ta l  a c e ta te  c o n ce n tra tio n  
a s  a ce tic  a c id  p lu s  so d iu m  a c e ta te  to g e th e r , 
o v e r  0. i  m o la r  C H ,C O O — .

W h en  o th e r  w eak  ac id s  a n d  th e ir  s a lts  
a re  used  a s  bu ffer m ix tu res , th e se  c o n ce n 
t ra tio n s  m u s t be a lte re d  h a v in g  reg a rd  to  
th e  e q u iv a le n t w e ig h t of th e  ac id  re la tiv e  to  
th a t  of a ce tic  acid .

p H  4-6 d e p en d in g  on a lloy  com p o sitio n  
a n d  tim e  o f tre a tm e n t .

T im e of t re a tm e n t:  T h is  d e p en d s  on  th e  
c o m p o sitio n  o f th e  a lloy , th e  so lu tio n  com 
p osition  a n d  its  p H  an d  v a rie s  be tw een  
0.5 a n d  30 m ins.

W h ere  th e  d eg ree  of p ro te c tio n  req u ired  is 
t h a t  co rre sp o n d in g  to  te m p o ra ry  p ro te c tio n  of 
p a r ts  d u r in g  fa b ric a tio n , s to rag e  o r t ra n s it ,  th e  
fo rm u la tio n  suggested  is:—

D ic h ro m a te  (C r.O .) o v e r 0.1 m o la r (up  
to  s a tu ra t io n  p o in t) .

S u lp h a te  (S O ,) 0.05— 2 m olar. (N o te : F o r 
cases w here  th e  d ic h ro m a te  is a b o v e  a b o u t 
0.3 m o la r, th e  s u lp h a te  c o n ce n tra tio n  shou ld  
b e  co rre sp o n d in g ly  in c reased .)

B u ffe r m ix tu re , e .g ., a ce tic  ac id  a n d  
sod ium  a c e ta te ,  to ta l  a c e ta te  co n c e n tra tio n  
a s  a ce tic  p lu s  sod ium  a c e ta te  to g e th e r, o v e r 
0.1 m o la r C H ,C O O — .

W h en  o th e r  w eak  ac id s  a n d  th e ir  sa lts  
a re  used  a s  bu ffer m ix tu re s , th e se  con 
c e n tra tio n s  m u s t b e  a lte re d  h a v in g  regard  
to  th e  e q u iv a le n t w e ig h t o f th e  acid  re la tiv e  
to  th a t  o f a ce tic  acid .

pIT 4-6 d e p en d in g  on a llo y  com p o sitio n  a n d  
t im e  of t re a tm e n t.

T im e  of t re a tm e n t  as in p re v io u s  ex am p le , 
n am e ly , 0.5 to  30 m ins.

O p tim u m  c o m p o sitio n  for p ro te c tiv e  v a lu e  of 
th e  h ig h e s t o rd e r  is:—

D ic h ro m a te  (C r-O ,) 0.2-0.5 m o lar. 
S u lp h a te  (S O J  0.1-1.5 m o la r. (N o te : F o r  

pases w here  th e  d ic h ro m a te  is a b o v e  a b o u t 
0.3 m o la r, th e  s u lp h a te  c o n c e n tra tio n  shou ld  
be co rre sp o n d in g ly  in c reased .)

B uffer m ix tu re , e .g ., a ce tic  acid  a n d  
sod ium  a ce ta te , to ta l  a c e ta te  c o n ce n tra tio n  
a s  a ce tic  ac id  p lu s  sod ium  a c e ta te  to g e th e r, 
0.2 to  1.0 m o lar. W h en  o th e r  w eak  acid s  
an d  th e ir  sa lts  a re  used  as bu ffer m ix tu res , 
th e se  c o n c e n tra tio n s  m u s t be  a lte re d  h a v in g  
reg a rd  to  th e  e q u iv a le n t w eigh t o f th e  ac id  
re la tiv e  to  th a t  o f a c e tic  acid , p H  4.6-5.9 
d e p en d in g  on  th e  a llo y  c o m p o sitio n  an d  
tim e  o f  tre a tm e n t.

T im e  of t r e a tm e n t  1-30 m in s . d e p en d in g  
on  th e  a llo y  co m p o sitio n .

A n e a r lie r ty p e  of so lu tio n  w h ic h  m ay  be  
em p lo y ed , b u t  w h ic h  is n o t now  consid e red  as 
good a s  so lu tio n s  g iven  in th e  p rev io u s  ex am p le , 
com prises  th e  fo llow ing  in g red ie n ts :—

By weight
Sodium dichromate .. NaoCryOy.sh^O.. 100 parts
Ammonium dichromate (NHJoCr-iOy .. 100 parts
Ammonium sulphate .. (NH4)2$04 100 parts
Sodium acetate.. CH3.c0 2 Na.3H2 0 50 parts
Acetic acid CH3.C0 0 H 20 parts
Water to 1,000 parts

T h is  so lu tio n  is used  e lec tro ly tic a lly  a t  room  
te m p e ra tu re  a n d , u n d e r  su ch  co n d itio n s , fo rm s 
a  p ro te c tiv e  co a tin g  on m ag n esiu m  a n d  m ag-
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nesiu in -b ase  a llo y  su rfac es  in a tim e n o t ex ceed 
ing  i o  m ins. F o r  e x am p le , on  D .T .D . 118, a  p ro 
te c tiv e  c o a tin g  is fo rm ed  in from  one to tw o 
m in u te s . T h e  co m p o sitio n  m a y  need  to  be 
a d ju s te d  s lig h tly  to  su it p a r t ic u la r  a lloy  com 
p ositions . A s th e  so lu tio n  is n o t s tro n g ly  acid , 
110 sp ec ia l care  need  be  ta k e n  w ith  re g a rd  to 
co n ta in e rs  a n d  m a n ip u la tio n .
General Considerations

B y  w o rk in g  s u b s ta n tia lly  cold , no  spec ia l sk ill 
in m a n ip u la tio n  is re q u ired  to  av o id  u n d u e  loss 
of a m m o n ia  b y  e v ap o ra tio n  w ith  c o n se q u e n t 
ch an g e  of p H . H igh c o n c e n tra tio n  of a m m o n iu m  
ions a p p e a rs  to  b e  d e s irab le , an d  a p p a re n t ly  
an io n s  o th e r  th a n  s u lp h a te  do  n o t y ie ld  th e  
d e sired  re su lts .

In  co n n ec tio n  w ith  th e  b u fferin g  of th e  so lu 
tio n , i t  a p p ea rs  th a t  th e  b u ffer c a p a c ity  (o r 
re s is tan ce  of th e  so lu tio n  to  ch an g e  of p H ) is 
ro u g h ly  p ro p o r tio n a l to  th e  c o n ce n tra tio n  of th e  
w eak  a c id  a n d  th e  sa lt .

T h e  new tre a tm e n t  p ro v id e s  a n  e x ce llen t 
ba s is  fo r th e  u su a l ty p e  o f p a in t  c o a tin g  ap p lie d  
to  m ag n esiu m  a llo y s . A dhesion  of th e  p a in t  
film a n d  co rrosion  re s is tan ce  in  th e  p a in te d  
s ta te  a re  good.

E le c tro ly t ic  t re a tm e n ts  do  n o t necessa rily  g ive  
th e  sam e  deg ree  of p ro te c tio n  w ith  all a lloys. 
F o r  in s tan ce , w hereas  th e  e le c tro ly tic  tr e a tm e n t  
causes m a rk e d  im p ro v em e n t in th e  case  of m ag 
n esiu m -b ase  a llo y s  c o n ta in in g  a lu m in iu m , th e  
im p ro v e m e n t in  th e  case  of m agnesium -base  
a llo y s  c o n ta in in g  m an g a n ese  a d d itio n s  o n ly  is 
b u t  s lig h t. T h ese  effects a re  i llu s tra te d  b y  th e  
fo llow ing  tab le  b ased  on a  p rocess in w h ich  
ac id -c lean ed  spec im ens w ere  co n n ec ted  ex te rn a lly  
w ith  a  s ta in le s s  s te e l e lec tro d e  im m ersed  in  th e  
b a th ,  a n d  a f te r  t r e a tm e n t  c o m p a red  b y  s ta n d a rd  
3 p e r  c en t. X nC i so lu tio n  im m ersion  te s t  w ith  
sp ec im en s s im ila rly  t r e a te d  b u t  w ith o u t th e  
s ta in le s s  s tee l. T h e  fo llow ing  co rrosion  te s t  
re su lts  a re  th e  a v e rag e  o f th re e  sp ec im en s in 
e ac h  case :—

s ta b le  on s ta n d in g . C o n ta in in g  vessels m a y  be 
of s tee l o r s to n ew are  o r a n y  ty p e  of vessel 
s u ita b le  fo r a n y  o th e r  c h ro m a te  so lu tio n s . T h e  
so lu tio n  h a s  a long  life, a n d  can  be  rep len ish ed , 
w h en  th e  p H  becom es to o  h igh , b y  th e  a d d itio n  
o f ch ro m ic  o r  su lp h u ric  acid .

T h e  a b s tr a c ts  p re sen te d  here  in d ic a te  th e  
in te n s ity  a n d  th o ro u g h n e ss  of w o rk  d one  
to w ard s  p e rfe c tin g  co m m erc ia lly  p ra c tic a b le  
tre a tm e n ts  fo r th e  co rro sion  p ro te c tio n  of m ag 
nesium  a n d  m ag n esiu m -b ase  a llo y s . T h e  free 
a v a i la b il i ty  of th e se  m e ta ls  in th e  p o s t-w a r 
pe rio d  a n d , in  fa c t, th e  p ro b a b ility  of th e re  
b e in g  a n  excess, ren d e rs  th e  re sea rch  by  no  
m ean s  p re m a tu re .  I t  p o rte n d s  th e  e s ta b lish 
m e n t of co m m erc ia l tre a tm e n ts ,  u s in g  so lu tio n s  
p re p a re d  Irom  s im p le  ch em ica ls , co n tro lled  
w ith in  o p tim u m  lim its  b y  ro u tin e  b u t  s im p le  
c h em ica l te s ts  a n d  m a in ta in e d  b y  s t r a ig h t
fo rw a rd  a d d itio n s  of ch em ica ls  a t  reg u la r 
in te rv a ls . T h e  p o sitio n  sh o u ld  d e v e lo p  in a 
m a n n e r  s im ila r to  t h a t  e s ta b lish e d  fo r iron  a n d  
s tee l u sing  p h o s p h a te -b a s e  so lu tio n s , in w h ich  
field p a rk e riz in g , b o n d eriz in g , g ran o d iz in g , e tc ., 
h a v e  becom e u n iv e rsa lly  e s ta b lish e d  p rocesses, 
foo lp roof in  o p e ra tio n  a n d  co n tro l, a n d  c e r ta in  
in  e ffectiveness.

A  seco n d a ry  issue a ris in g  from  w h a t  m ig h t be  
te rm e d  th is  "  co d ific a tio n  ”  p rocess in  reg a rd  to  
c h ro m a te  tre a tm e n ts ,  is th e  benefic ia l effect i t  is 
like ly  to  e x e r t on  p a in t-re se a rch  p ro g ram m es  
cov erin g  th e  u ltra - lig h t a llo y s . T h e  p ro b le m s 
h e re  a re  s im ila r  to , b u t  s o m ew h a t m ore  in ten se  
th a n , th o se  b e se ttin g  th e  p a in t  tech n o lo g is t 
w h en  h e  com es to  d e a l w ith  a lu m in iu m -b ase  
a llo y s . G ra n te d  th a t ,  in b o th  cases, sch ed u les  
h a v e  b een  w orked  o u t w h ich  h a v e  p ro v e d  s a tis 
fa c to ry  fo r th e  s tr in g e n t d e m a n d s  of th e  a irc ra f t  
in d u s try , y e t, he re , th e  scope is lim ited  la rg e ly  
w ith in  th e  b o u n d a rie s  o f p u re  "  p ro te c tio n .’’ 
M oreover in a c tu a l  p ra c tic e , p a in t  t r e a tm e n t  of 
m agnesium  a llo y s  fo r a irc ra f t  p u rp o se s  is m a in ly  
in  th e  h a n d s  o f sp ec ia lis ts . If, a s  we hope , th e

Alloying additions Treatment Time o 
treatment

Corrosion 
test time

Equivalent 
weight loss

8% AI. 0.3 Mn Ordinary 5 mins. 0.430.3 Zn to D.T.D. 59A Electrolytic 5 mins. 17 hours 0.14
1.8% Mn to D.T.D. 118 Ordinary 2 mins. 2 days 0.067Ordinary 5 mins. 2 days 0.075Electrolytic 2 mins. 2 days 0.053Electrolytic 5 mins. 2 days 0.066

D u rin g  th e  e le c tro ly tic  tre a tm e n ts  th e  c u rre n t 
d e n s ity  d ro p p e d  from  19 m A /c m a ju s t  a f te r  
im m ers io n  to  _t3 m A /c n r  a t  th e  end  of th e  
tre a tm e n t .  O n th e  a lu m in iu m -c o n ta in in g  a lloys  
th e  d im e n s io n a l c h an g e  a f te r  five m in u te s ' 
e le c tro ly tic  t r e a tm e n t  w as  a b o u t  0.0002-0.0003 in . 
F ro m  th e se  figures i t  follow s th a t  th e  im p ro v e 
m e n t in  re s is tan ce  in  th e  case  o f th e  a lu m in iu m - 
c o n ta in in g  a llo y s  b y  u sing  th e  e le c tro ly tic  
tre a tm e n t  is th re e  tim e s  t h a t  o b ta in e d  b y  th e  
n o n -e lec tro ly tic  tre a tm e n t.

T h ese  a n d  o th e r  te s ts  on  p u re  m agnesium  
an d  a llo y s  to  D .T .D . 11S a n d  59A show  th a t  th e  
d im e n s io n a l c h an g e  cau sed  b y  th e  a p p lic a tio n  
of t re a tm e n t  is to o  sm all to  m easu re  w ith  an  
o rd in a ry  ( th o u s a n d th s )  m ic ro m ete r. T h is  is 
ex tre m e ly  u sefu l b ecau se  m a c h in in g  to le ran ces  
d o  n o t h a v e  to  be  a lte re d . T h e  so lu tio n  is

u ltr a - l ig h t a llo y s  d o  a ch iev e  in th e  c iv ilian  field 
th a t  success fo r w h ich  th e ir  q u a litie s  m o s t 
a s su re d ly  fit  th e m , th e n  a  call w ill be  m ad e  fo r 
su rface  t r e a tm e n t  te c h n iq u e s  c ap a b le  of b e in g  
ca rried  o u t  b y  n o n -sp ec ia lis ts  ev en  th o u g h  th e se  
m a y  be h ig h ly  sk illed  w orkm en .

I f  i t  be  b o rn e  in  m in d  th a t ,  even  a t  th e  
p re s e n t tim e , p ro b lem s on  th e  su rfa c e  p re p a ra 
tio n  o f a lu m in iu m  fo r p a in tin g  h a v e  b y  no 
m ean s  b een  fina lly  so lved  d e sp ite  th e  k n o w n  
v a lu e  of an o d ic  t re a tm e n t  a n d  th e  d eg re e  of 
pe rfe c tio n  a lre a d y  a t ta in e d  in th e  te c h n iq u e , th e  
c o n tr ib u tio n  m a d e  by  th is  c le a r in g  up  o f th e  
"  c h ro m a te  position  ” fo r m ag n esiu m  m ay  be 
assessed  a t  its  t ru e  va lue .

F in a lly ,  th e  p o ss ib il ity  is n o t to  be  ru led  o u t 
t h a t  th e  p o s t-w a r p e rio d  m a y  see  th e  d e v e lo p 
m e n t of ra d ic a lly  d iffe ren t m e th o d s .
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P P L I C A  T I O N S\ I D U M I N I U M

F A R N  H A M  R O A D

/? i^ J^ fe ta ls  will' play an indispensable part in solving the 
ttf̂ m e d )^ w l an0 structural problems of the future. It is the 
functrcn/ of Hfcuminium Applications Ltd. to provide 
techn\&.\ assistance to Designers and Constructors in all 
indtfftries J / w X\q  are considering improvements in their 
P^Oduct^thus enabling them to utilise fully the outstanding 

j^dvantajfes of HIDUMINIUM ^  aluminium alloys.
•fa 'J$hl weight and high strength * high thermal and electrical conductivity,
1 i high resis tance to corrosion ‘ workability, / -̂r“ Yi

ease of fabrication non-toxic and j)).-
cl;’-:',- * excellent appearance.



XX Advts. LIGHT METALS September, 1944

Installations for the Production
o f

Carburetted W ater Gas
Blue W ater Gas

Producer Gas
Special Gas 

for Synthetic Processes
Hydrogen

A ncillary P lant
fo r

Waste Heat Steam Production; Gas  Cooling &  Cleaning; 
Fuel H an d l in g  &  Ch arg in g  ;

Ash &  Dust Disposal ; etc.

Temporary Address: Winkfield Manor, Ascot . . Berks,
Phone: Winkfield Row 2107

E s t a b l i s h e d  1 8 9 2

London Add rets:Humglas House, Carlisle Place, London, S.W.l
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NEWS
Aluminium-alloy Hopper Cars

T H E  M issouri P ac ific  L in es  recen tly  p laced  
an  o rd e r w ith  th e  A m erican  C a r a n d  

F o u n d ry  Co. fo r 25 a lu m in iu m -a llo y  h o p p e r  cars  
— th e  firs t lo t  to  be  p u rc h a se d  b y  a n y  ra ilro ad  
fo r re g u la r  rev en u e  serv ice .

T h e  cars, desig n ed  b y  C ar a n d  F o u n d ry  in 
co -o p e ra tio n  w ith  th e  en g in eerin g  s ta ffs  of th e  
M issouri P ac ific  a n d  th e  A lu m in u m  Co. of 
A m erica , a re  to  b e ' c o n s tru c te d  a t  th e  S o u th  
S t. L o u is  p la n t  o f th e  ra ilro ad  e q u ip m e n t 
b u ild e r.

L . \V . B ald w in , ch ie f e x ec u tiv e  officer of th e  
M issouri Pac ific  L ines, sa id  th e  c a rs  w ere 
e sp ec ia lly  a d a p te d  to  th e  tra n s p o r ta tio n  of 
s u lp h u r  a n d  coal. A n o rd e r  w as su b se q u e n tly  
issued  in F ed e ra l C o u rt h ere , a u th o r iz in g  th e  
p u rc h ase , s u b je c t  to  th e  a p p ro v a l of th e  W ar 
P ro d u c tio n  B o ard .

T h e  o rd e r  b rin g s  a  s te p  n e a re r  to  re a lity  th e  
w ide ly  h e ra ld e d  use o f lig h tw e ig h t m e ta ls  in 
p o s t-w a r ra ilro ad  fre ig h t t ra n s p o r ta tio n . 
B ecau se  a lu m in iu m  is lig h te r  th a n  s tee l, i t  w as 
p o in te d  o u t  th a t  th e  new  c a rs  w ill c a r ry  a  lo ad  
of 76J to n s  w ith o u t im p o s in g  a n y  m ore  w e ig h t 
o n  th e  ax le  a n d  w ith o u t re q u irin g  a n y  m ore 
lo co m o tiv e  e ffo rt th a n  a n  a ll-s teel c a r  c a r ry in g  
a  load  of o n ly  70 tons.

Aluminium Finishes are Important
T H E  M arch  issue o f "  N e w s-L e tte r "  (A lcoa, 

U .S .A .) c o n ta in s  a n  in te re s tin g  i llu s tra te d  
p a g e  on  th e  m a n y  su rface  fin ishes t h a t  m a y  be 
a p p lie d  to  a lu m in iu m -a llo y  a rtic le s.

I t  s tre sses  th e  im p o r tan c e  of th e  su b jec t, for, 
i t  is  s ta te d , m e ta ls  a re  be ing  in c reasin g ly  sold 
on su rface  a p p ea ra n c e : designers , m a n u fa c 
tu re rs  a n d  m e rc h a n ts  h a v e  becom e surface  
conscious. F in ish e s  g iv e  th e  m e ta l th e  lo n g est 
p ossib le  life, a s  ad d ed  p ro te c tio n  is co n fe rred , 
a n d  th e y  m a y  g ive  new  c h a rac te r is tic s , su ch  as 
th e  h igh  lig h t re fle c tiv ity  used  in  th e  field  of 
illu m in a tio n . In te n s iv e  re sea rch  w ork  
co n tin u es.

Alcoa Imaglneering Again
T H E  A lu m in u m  Co. of A m erica  is con 

tin u in g  its  su g g es tiv e  im ag in ee rin g  n o teb o o k  
in a  "  N e w s-L e tte r ” series  ca lled  ”  T h e  
A lu m in u m  S h a p e  of T h in g s  to  G om e."  Tw o 
p ag es  o f th e  N o teb o o k  h a v e  a p p e a re d  in th e  
issues for F e b ru a ry  a n d  M arch  d e a lin g  w ith  
a lu m in iu m  in  t r a n s p o r t  a n d  in  th e  hom e 
re sp ec tiv e ly .

T h e  firs t page  q u o te s  th e  op in io n  o f a 
p ro p h e sy in g  A m erican  sc ie n tis t t h a t  th in g s  th a t  
m ove  w ill be m ad e  of a lu m in iu m  a n d  m ag 
n esium , th in g s  th a t  s ta y  p u t  o f iron  a n d  stee l. 
In  1939, 29 p e r  c en t, of A m erican  a lu m in iu m  
w e n t in to  la n d , a ir  o r w a te r  tra n s p o r ta tio n  
eq u ip m e n t. A lth o u g h  d ra s tic  m o d if ica tio n s  in 
c a r  d esig n  a re  n o t ex p ec ted  im m ed ia te ly  
a f te r  th e  w ar, u ltim a te ly  th e  lig h te r  w e ig h t c a r 
will com e w ith  its  g re a te r  efficiency a n d

General, Technical 
and C o m m e r c i a l

e conom y . T o  th e  no rm al uses o f a lu m in iu m  
in au to m o b ile  c o n s tru c tio n  will b e  a d d ed  re a r 
a x le  housings, w heels , f ro n t ax les, am o n g  o th e r  
ru n n in g  g ear p a r ts ,  i t  is su g g ested . T h e  
a d v a n ta g e s  of a lu m in iu m  in t ru c k  bod ies an d  
co ach  c o n s tru c tio n  a re  a lre a d y  a p p re c ia te d .

In  th e  hom e, a lu m in iu m  w a re  is a lre a d y  too  
w ell k n o w n  to  b e  s tressed , b u t  A lcoa p re d ic t 
new  a t t r a c t iv e  fin ishes fo r d o m estic  u tensils. 
In  d e co ra tio n , a lu m in iu m  s tr ip  m ay  be  u sed  to  
re lieve  th e  h a rsh  lines of d o o r o r p an e lled  w all, 
o r a s  d e ta il on  w ooden  tab le s  a n d  c h a irs . 
A lum in ium  m esh , e i th e r  sing ly  o r in c o m b in a 
tio n  w ith  te x tile s , will find use a s  c u r ta in  
m a te r ia l. A lu m in iu m  c h a irs  a n d  ta b le s , p o p u la r  
before  th e  w ar in offices, h o te ls  a n d  tra in s , w ill 
find re a d y  a cc e p ta n c e  in th e  h om e . In  th e  
illu s tra tio n  i t  is in te re s tin g  to  see th a t  A m erican  
d esig n e rs  h a v e  b ro k en  a w ay  from  th e  p re c o n 
ceived  n o tio n  th a t  m e ta l fu rn itu re  m u s t of 
necessity  be tu b u la r .

Aluminium in Ecclesiastical Architecture
U N D E R  th e  t i t le  "  A lu m in u m  G oes to 

C h u rc h ,"  A lco a 's  "  N ew s-L e tte r  "  fo r M arch  
reca lls  th e  fa c t t h a t  th e  dom e a n d  p a r ts  o f th e  
roof of S t. J o a c h in ’s  C h u rch  in R om e w ere 
covered  w ith  14-gauge co m m erc ia lly  p u re  sh ee t 
a s  long  ag o  a s  1897.

I l lu s tr a tio n s  a re  g iv en  o f A m eric an  ex am p les  
of a lu m in iu m  a p p lic a tio n s  in c h u rc h  a rc h ite c 
tu re  a n d  f ittin g s , in c lu d in g  a  c h u rc h  sp ire  a t  th e  
G e rm a n  E v a n g e lic a l P r o te s ta n t  C h u rch , P i t t s 
b u rg h , co n sis tin g  o f a lu m in iu m  ca s tin g s  h u n g  
o n  a  s teel fram e w o rk , a n d  p a r t  of th e  h igh  
a l ta r  s tru c tu re  a t  th e  C a th ed ra l of th e  
Im m a c u la te  C o n cep tio n , S t. C loud, M inneso ta , 
w here , in c id e n ta lly , th e  p u lp it  is  c o n s tru c ted  of 
a lu m in iu m  a n d  bronze.

L.ight-metal Scrap in U.S.A.
T H E  N on-fe rrous  S c rap  D ealers’ R e p o r t 

N o . 16 of th e  M ineral In d u s try  S u rv ey s  of 
th e  U n ite d  S ta te s  D e p a r tm e n t of th e  In te r io r  
(B u reau  of M ines), re leased  on  J u n e  22, 1944, 
in d ica tes  th a t ,  in U .S .A ., "  s to ck s  of a lu m in iu m  
reach ed  a  new  a ll-tim e  h igh  a t  th e  c lose of 
A pril w ith  31,543 to n s , co m p a red  w ith  29,973 
to n s  (rev ised ) a t  th e  e n d  o f th e  p re v io u s  m o n th .

"  I t  a p p e a rs  th a t  th e re  n eed  be no  g re a t 
concern  o v e r th e  m o u n tin g  in v e n to ry  o f a lu 
m in iu m  sc rap  o th e r  th a n  w reck ed  a irc ra f t  
re p o rte d  b y  sc rap -m e ta l d ea le rs , fo r a  s tu d y  
of d e a le r  tra n s a c tio n s  in  o th e r  ty p e s  of sc rap , 
su ch  a s  co p p er a n d  b ra ss  w ith  w h ich  d ea le rs  
a re  m ore  fam ilia r, in d ic a te s  t h a t  w ork ing  s to ck s  
sh o u ld  b e  a n y w h e re  from  o n e -th ird  to  one -ha lf 
ag a in  a s  la rg e  a s  m o n th ly  s h ip m e n ts  to  
consum ers .

"  L e a v in g  o u t  w recked  a irc ra f t,  w h ich  is a 
sep a ra te  p ro b lem , d e a le rs ' s h ip m e n ts  of o th e r  
ty p e s  o f a lu m in iu m  s c rap  in  A p ril, 1944, 
to ta lle d  1 4,1 43 to n s , a n d  c losing  s to ck s  of scrap , 
ex c lu d in g  a irc ra f t,  to ta lle d  26,156 to n s ."

G



424 LIGHT METALS September, 1944

Humour in Advertising
A S ;i re su lt of c o rresp o n d en ce  a n d  an  

ed ito ria l c o m m e n t on  th e  p lace  o f p u re  a r t  
a n d  h u m o u r in  a d v e r tis in g , w h ich  a p p e a re d  in 
"  L ig h t M e ta ls "  fo r A u g u st, fu r th e r  le tte rs  
h a v e  now  reach ed  u s ; th e se  a re  rep ro d u ced  
in extcnso. O nly  in one in s ta n ce  is h u m o ro u s  
p u b lic ity  d e n o u n ce d  a s  q u ite  o u t o f p lace 
in te ch n ica l pe riod ica ls , b u t,  in  a ll cases, 
c au tio n  is a d v ise d  as to  w h en  a n d  w h e re  i t  be 
em p lo y ed . Q u ite  c o rre c tly , c o rre sp o n d en ts  
d ra w  a tte n t io n  to  th e  need , a t  a ll tim es , fo r a  
fa c tu a l basis  for te c h n ica l a d v e r tis in g , w h e th e r  
o r n o t n o n -in fo rm a tiv e  m a tte r—h u m o u r  o r 
p u re ly  d e c o ra t iv e  a r t— be g ra f te d  on  to  th is  
fo u n d a tio n .

Aspects 0/ Publicity
"  T h is  m a t te r  of te c h n ic a l a d v e r tis in g  is one 

on  w h ich  I feel 1 h a v e  sp ec ia l c la im s to  speak , 
fo r  I  h a v e  h a d  o p p o r tu n i ty  to  v iew  i t  from  an  
u n u s u a lly  w ide  ran g e  o f a sp ec ts .

1 w as e d u ca te d  a n d  h a v e  w o rk ed  a s  a  m e ta l
lu rg is t a n d  en g in eer; I  h a v e  b een  a d v e r tis in g  
m a n a g e r  to  a  fam o u s  en g in eerin g  co m p a n y , a n d  
sales  p ro m o tio n  m a n a g e r  to  th e  la rg e s t p ro d u c e r 
o f s te e l a n d  a llie d  p ro d u c ts  in  th e  B r itis h  
E m p ire . U n til  v e ry  re c en tly  I  h a v e  e d ite d  th e  
e x p o r t  en g in eerin g  s u p p le m e n t o f a  w ell-know n  
jo u rn a l,  a n d  fo r  th e  p a s t  10 y e a rs  I  h a v e  b een  
a  p a r tn e r  in  a n  a d v e r tis in g  c o n su ltan c y  w h ich  
spec ia lizes  in  a n d  h an d le s  n o th in g  b u t  te c h n ic a l 
a d v e r tis in g . O u t o f th is  ex p erie n ce  I  h a v e  fo r
m u la te d  v e ry  d e fin ite  ideas  on  ' th e  r ig h t 
k in d  ’ o f ad v e r tis in g .

"  fn  n o rm a l c irc u m s tan c e s  (i.e ., b efo re  th e  
w a r) th e  a r t  of gen era l a d v e r tis in g  of ‘ con 
su m er ' co m m o d itie s  is to  w ork th ro u g h  th e  
em o tio n s—d is p la y , p rid e , e n v y , g reed  o r sex. 
T h is  s t im u la tio n  m a y  b e  e x q u is i te ly  d isgu ised  
o r c ru d e ly  a p p a re n t ,  b u t  th e  b a s is  o f a p p e a l is 
em o tio n a l.

"  A m o to rc a r  o r a  rad io  se t is a  p ro d u c t of 
en g in eerin g  sk ill o f a  h ig h  o rd e r, b u t  i t  is n o t  
(in  g en era l) b o u g h t b y  te c h n ica lly  m in d ed  p e r
sons, a n d  so is n o t  a d v e r tis ed  a s  a  te c h n ica l 
p ro d u c t.

“  A m a n  w ill b u y  a  m o to rc a r  fo r m a n y  reasons 
o th e r  th a n  to  p ro v id e  tra n s p o r t  o r b ecau se  h is  
o ld  one  is w o rn  o u t,  a n d  th e se  rea so n s  in v o lv e  
p e rso n a l id io sy n crasie s , p e rso n al ta s te ,  perso n al 
needs  a n d  p e rso n a l e m o tio n s . H e  m a y  d e n y  
h im se lf o th e r  th in g s  to  b u y  i t ;  he  w ill m ak e  
sacrifices. H e is u su a lly  n o t m u c h  co ncerned  
a b o u t  i ts  d esig n  o r c o n s tru c tio n  o r a b o u t  th e  
m a te r ia l  of w h ich  th e  c ra n k s h a f t  is m ad e .

“  The sam e  m a n , in h is  c a p a c ity  of p u rc h a se r  
of te c h n ica l p ro d u c ts , does  n o t b u y  a  g a sh o ld e r, 
a  l ig h t c as tin g , a  filter p ress  o r  a n  a u to m a tic  
loom  b ecau se  h e  a d m ire s  its  lines. H e  b u y s  only' 
a f te r  a  c r itic a l e x a m in a tio n  of h is  n e ed  fo r it, 
o f its  d e s ig n  a n d  m a te ria ls  a n d  c o n s tru c tio n , of 
w h a t  i t  w ill d o , w h a t  i t  w ill sav e  o r e a rn  in  
h a rd  cash .

"  T h e  b u y e r  of te c h n ic a l p ro d u c ts  is u su a lly  
a t  le a s t a s  w ell-in fo rm ed  a s  to  h is  ow n re q u ire 
m e n ts  a s  is th e  seller. I n  fac t, th e  b u y e r  fre
q u e n tly  d ra w s  u p  a  sch ed u le  of h is  req u ire 
m e n ts  in th e  fo rm  o f a  rig id  sp ec ifica tio n , w ith  
fu ll k n o w led g e  of th e  im p o r t o f each  item  an d  
th e  reaso.n fo r  its  in c lu s io n , to g e th e r  w ith  som e 
t ig h t ly  b in d in g  c lauses  a s  to  o u tp u t  u n d e r  sp ec i

fied c o n d itio n s  o r efficiency ex p re ssed  a s  a  
p e rcen tag e .

"  C o n tra s t  th is  w ith  a  w a sh in g  p ow der, w here  
th e  housew ife  is c o m p le te ly  ig n o ra n t o f its  com 
p o sitio n , p ro p e rtie s , t ru e  c o s t a n d  efficiency, arid  
is c o n te n t to  ta k e  th e se  ‘ fo r g ra n te d .’

W ith  th e se  p o in te rs  in m in d , I  c an  defi
n ite ly  s a y  th a t ,  w ith  n o rm al m a rk e ts  an d  
co n d itio n s  of d e m a n d  a n d  s u p p ly , th e  m ore  
fa c tu a l a n d  in fo rm a tiv e  a  te c h n ic a l a d v e r tis e 
m e n t th e  b e tte r .

“  I f  th e  p ro d u c t  be  one  o f w h ich  a  p h o to 
g ra p h  g ives th e  m o s t in fo rm a tiv e  id e a , a  
p h o to g ra p h  sh o u ld  be u sed ; if a n  a rre s tin g  
( a r t i s t 's )  d ra w in g  of th e  p ro d u c t o r its  re la tio n 
sh ip  to  its  uses is th e  b e s t w a y  o f h a m m e rin g  
hom e a  specific  p o in t, b y  a ll m eans  use  th e  
a r t i s t ;  if le n g th y  le tte rp re s s  is n ece ssa ry  to  te ll 
th e  fu ll s to ry , th e n  use p le n ty  o f ‘ copy' ’ o r  a n  
a ll-co p y  a d v e r tis e m e n t. H u m o u r  is n o t b a rre d , 
b u t needs  to  be  h a n d le d  w ith  a  d e lic a te  h a n d ; 
th e  fa ce tio u s  is a lw ay s  w rong.

"  T h e  p o in t  is t h a t  th e  p ro s p e c tiv e  p u rc h a se r  
is lo o k in g  fo r in fo rm a tio n  a n d  m u s t h a v e  i t  
b efo re  he  buy 's; if m u c h  o f th is  in fo rm a tio n  c an  
b e  g iven  in a n  a d v e r tis e m e n t so  t h a t  th e  b u y e r  
is fam ilia r  w ith  th e  o u ts ta n d in g  c la im s a n d  c o n 
s tru c tio n a l fe a tu re s  before  th e  se lle r 's  re p re sen ta 
tiv e  is c a lled  in , th e n  th e  tim e  e lap sin g  b e tw ee n  
th e  first a p p ro a c h  a n d  th e  c o m p le tio n  of sa le  is 
co n sid e rab ly  sh o rte n ed . T h is  is th e  t ru e  fu n c 
tio n  o f te c h n ic a l a d v e r tis in g .

W hat o f W ar-time A dvertising  ?
"  All p re v io u s  c o m m e n ts  a p p ly  to  n o rm al 

co n d itio n s ; m o s t of th e m  s till a p p ly  e q u a l ly  to  
w a r-tim e  c o n d itio n s .' B u t,  in  tim e  o f w ar, o th e r  
co n sid e ra tio n s  in te rv e n e ; m a n y  p ro d u ce rs  a re  
severed  b y  co n tro ls , ■ e tc ., from  th e ir  n o rm a l 
m a rk e ts  a n d  c u sto m ers ; th e y  h a v e  n o th in g  to  
sell.

"  T o  a d v e r tis e  to  sell n o th in g  is m u c h  m o re  
d iff icu lt th a n  to  a d v e r tis e  so m eth in g  fo r sa le . 
T h is  is th e  real reaso n  fo r th e  p re s en t s p a te  of 
h u m o ro u s , a r t is t ic  a n d  c o m p le te ly  non -in fo rm a- 
t iv e  a d v e r tis e m e n ts  d esigned  to  sell n o th in g ; 
p re s tig e , ‘ h o u se , ' in s ti tu tio n a l  (o r w h a te v e r  yo u  
lik e  to  call th e m ) m a y b e , b u t  re a lly  th e y  a re  
in d u lg in g  in t h a t  o ld -fash io n ed  p a s tim e  of 
' k eep in g  o n e ’s n a m e  b e fo re  th e  p u b l ic .’

’’ T h is  is a  p e rfe c tly  le g itim a te  fu n c tio n  of 
te c h n ic a l a d v e r tis in g  w hen  c irc u m s tan c e s , a s  
they ' so o f te n  d o  to -d a y , te n d  s tro n g ly  to  d iv o rce  
th e  p ro d u c e r  from  h is  n o rm al cu sto m ers , w ith  
w hom  he  seeks to  k eep  som e k ind - o f to u ch .

"  W h e th e r  th is  h u m o ro u s  o r  a r t is t ic  a d v e r
tis in g , g iv in g  l i t t le  o r  110 in fo rm a tio n  a b o u t  th e  
p ro d u c t,  a n d  so m etim es  ev en  le a v in g  th e  a d v e r
t is e r ’s  n a m e  ’ o b scu re , is good a d v e r tis in g  is a  
d e b a ta b le  p o in t .  M y ow n fee ling  is t h a t  su c h  
a d v e r tis e m e n ts  i r r i ta te  th e  m a n  w ho  w a n ts  to  
b u y  so m e th in g  now , b u t  a m u se  a n d  p lea se  m a n y  
o th e rs  w ho  a re  v e ry  lik e ly  p o te n tia l  c u sto m ers. 
P a r tic u la r ly  d o  th e y  ir r i ta te  th e  te c h n o lo g is t 
a n d  th e  p ro fessional buy 'er, b u t  th e y  v e ry  fre 
q u e n tly  in fluence  fo r  good  th e  d ire c to r  o r 
a d m in is tra to r ,  w h o  o ften  is th e  m a n  w ho  say s  
th e  la s t  w ord .

”  T o  q u o te  som e specific  ex am p les ; seve ra l 
series  of ’ in s ti tu tio n a l ’ a d v e r tis e m e n ts  fo r T h e  
U n ite d  S tee l C o m p an ies , L td .,  h a v e  c re a te d  ex
c ep tio n a l in te re s t  a t  h o m e  a n d  a b ro a d . T h e  
e d ito rs  o f jo u rn a ls  in A u s tra lia  a n d  e lsew here
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h a v e  rep ro d u c ed  th e m  in ed ito ria l pages w ith  
c o m m e n d a tio n s  to  th e  readers  to  look a n d  do  
likew ise . T h ese  a d v e r tis em e n ts  a re  n o n -fac tu a l 
a b o u t  p ro d u c ts , i l lu s tra te d  ' a r t is t ic a l ly  b y
w ell-know n  a rt is ts ,  ' c opy  ’ a n d  a r tw o rk  art-
m a tc h ed  to g e th e r; d ign ified , re s tra in e d , ra th e r  
v is io n a ry , an d  sca rce ly  m e n tio n in g  s tee l. S im i
la r, b u t  so m ew h a t m o re  fa c tu a l series b y  l.C.T. 
a re  a lso  n o te w o rth y .

"  H u m o u r  in a d v e r tis in g  is tw o-edged . I,
pe rso n ally , in te n se ly  a d m ire  th e  a d v e r tis in g  of
one  n o ted  m a n u fa c tu re r  of sm all too ls , fo r its  
h u m o u r  a n d  for c e r ta in  exce llenc ies in a d v e r
tis in g  te c h n iq u e , an d  fo r th e  re su lts  w h ich  I  
k n o w  it  m u s t b r in g . B u t  I k n o w  sev e ra l 
eng ineers  to  w hom  th e se  a d v e r tis e m e n ts  a re  
a n a th e m a  a n d  w ho  h a v e  gone  so fa r  a s  to  say  
t h a t  th e y  w ill n o t b u y  from  a conce rn  w h ich  
engages in  such  ' silly  ’ p u b lic ity . T h is  p re ju 
d ice , if fu r th e r  a n a ly se d , seem s to  be  b a sed  u p o n  
a  d is lik e  o f fa ce tio u sn ess  a n d  n o t o f h u m o u r  o r 
w it, fo r som e o f th e  v e ry  sam e  m en  a d m ire  th e  
w it of th e  a d v e r tis in g  .of tu b e s  b y  A ccles a n d  
P o llo ck  a n d  su b se q u e n t a d v er tis e rs .

“  O ne  p o in t  m ore  a b o u t  h ig h ly  a r t is t ic  p re 
se n ta tio n s : I  c o n tin u a lly  in m y  p ra c tic e  e n co u n 
te r  th is  s i tu a tio n . A -c lien t w ill say  t h a t  he  has 
im m en se ly  a d m ire d  a  c e r ta in  a d v e r tis e m e n t, i t  
is m arv e llo u s  a r tw o rk , a n d  w h y  c a n 't  he  h a v e  
so m e th in g  like  i t  ? So I a sk  him  to  show  m e; 
a  sea rc h  fo llow s th ro u g h  a  pile of jo u rn a ls  
(m a n y  of th e m  A m erican , p e rh a p s ) ,  a  sea rch  
c o m p lic a te d  b y  th e  fa c t  t h a t  he can’t for the  
life of him  rem em ber the name o f the advertiser 
or w hat he a d vertised !”— F r a n k  R a w i . i n s o n .

Time and Place for Humour
“  Y o u r E d ito r ia l a n d  co rresp o n d en ce  in th e  

A u g u s t issue  of y o u r jo u rn a l p ro m p ts  th e  
fo llow ing:—

"  W h a t  is th e  o b je c t of a d v er tis in g ?  I  w ould  
su g g es t t h a t  a d v e r tis e m e n ts  a re  used  m a in ly  to  
re p la c e  th e  h u m a n  sa le sm an  a n d  th e re b y  to  
re a ch  a  fa r la rg e r  p ro sp e c t th a n  is possib le  
o th e rw ise .

"  I f  th is  b e  so, su re ly  a n  a d v e r tis e m e n t sh o u ld  
em b o d y  a ll th e  q u a litie s  th a t  y o u r successfu l 
sa le sm an  possesses, o r try  to  d o  so a s  fa r  a s  
possib le .

"  Y ears  ag o  I  w as  ta u g h t  to  w o rk  to  a  
fo rm u la ; h e re  i t  is—A .A .I .D .D .A .—A p p ro a c h , 
A tte n tio n , In te re s t ,  D esire , D ecision , A ction .

"  N ow , th e  sa le sm a n , o r th e  a d v e r t .,  m u s t 
m a k e  a  p ro p e r  a p p ro a c h ; th is  done , e ith e r  m u s t 
ga in  a tte n tio n . T h ese  tw o  q u a litie s  su re ly  
im p ly  a n  u n d e rs ta n d in g  o f h u m a n  n a tu re . I f  
to  re a ch  th is  s tag e  h u m o u r  is em p lo y ed , a n d  i t  
m u s t be  th e  r ig h t k in d  o f h u m o u r, th e n  th e re  
can  b e  no  o b je c tio n  to  its  em p lo y m e n t, a lth o u g h  
w h a t  m ay  be v e rb a lly  h u m o ro u s  m a y  n o t look  
so p rin ted .

A fte r th is  yo u  w ill n o t in te re s t y o u r  p ro sp e c t 
un less  y o u  know  w h a t yo u  a re  ta lk in g  a b o u t, 
o r ra th e r ,  le t t in g  y o u r p ro sp e c t do  th e  ta lk in g  
a n d  show  b y  y o u r  rep lies th a t  y o u  know  y o u r 
s u b je c t  in  a  w ay  th a t  in te re s ts  h im .

"  N ow  th is  is w here  a n  a d v e r tis e m e n t is up  
a g a in s t  it, b ecau se  a lth o u g h  i t  m ay  be  full of 
in fo rm a tio n , it c an n o t, lik e  th e  sale sm an , h e a r  
w h a t th e  p ro sp e c t is N O T  say in g ; it c a n n o t 
s tu d y  h im , it c an n o t b r in g  in to  p la y  a  p a r
t ic u la r  know ledge  fo r t h a t  specific  ty p e  of 
h u m a n  n a tu re .  A n a d v e r tis e m e n t is u n a b le  to

re a c t , a n d  a lth o u g h  i t  m ay  be  a  sp ec ia lity  
a d v e r tis e m e n t, in te n d e d  to  in te re s t o n ly  a 
c e r ta in  ty p e  of p ro sp e c t, i t  is  lim ited  a s  a lre a d y  
s ta te d .

"  H a v in g  reach e d  th e  s ta g e  of in te re s t, can  
th e  a d v e r tis e m e n t c re a te  a  d esire  to  possess o r 
to  use, o r to  o b ta in  a n y  d e ta ils  n o t so  fa r 
disclosed? T h is  b rin g s  u s to  a  s tag e  w h ere  it 
seem s th a t  th e  sa le sm an  a n d  th e  a d v e r tis e m e n t 
now  no lo n g er ta k e  p a ra lle l courses, b u t  th is  is 
also  g o v ern ed  b y  o th e r  fa c to rs . A re  y ou  selling  
a  h ig h ly  spec ia lized  p ro d u c t, o r te ch n ica l 
serv ice? Is  i t  a gen era l user d e m a n d  p ro d u c t 
o r  serv ice  o r is i t  re s tric ted ?  W e  a p p re c ia te  
t h a t  w h a t i t  is  g o v ern s  th e  ty p e  of a d v e r tis e 
m e n t in th e  firs t in s ta n ce  a n d  a lso  th e  ty p e  of 
sa le sm an  w ho a t  th is  s tag e  w h ere  serv ice  is 
co n ce rn ed  m a y  no  lo n g er be  a  sa le sm an , b u t  h a s  
becom e a  h ig h ly  te c h n ica l re p re sen ta tiv e .

“  T h is  m a tte r  is now  • b ecom ing  so  in v o lv e d  
th a t  i t  seem s to  be  b ey o n d  th e  c a p a c ity  of a  
le t te r  to  e lu c id a te , so I w ill t r y  to  re a ch  m y 
conclusion  b y  say in g  th a t  if  y o u r  a d v e r tis e m e n t 
re ach es  th e  desire  s tag e  i t  is  e x tre m e ly  u n like ly  
th a t  a n y th in g  fu r th e r  will re s u lt un less th e  
h u m a n  b e in g  now  a p p ea rs , a n d  y e t  a  successfu l 
a d v e r tis e m e n t sh o u ld  be  a b le  to  g e t  to  th e  
d ec isio n  s tag e  a t  le a s t.

"  W e now  re ach  th e  an sw er to  w h e th e r  
h u m o u r is o u t of p lace  o r n o t a n d  th a t  is i t  all 
d e p en d s  upo n  w h a t yo u  a re  selling , a n d  i t  also  
d e p en d s  upo n  th e  e x p erien ce  of y o u r  p ro sp e c t. 
T o  g iv e  one in s ta n ce— how  m a n y  of y o u r 
re a d e rs  h a v e  ex p erien ced  th e  d ifficu lties  of 
d rillin g  holes in u n d ril lab le  p laces— th e ir  a t t i 
tu d e s  a n d  c o n to rtio n s—b u t  su re ly  on  look ing  
b ack  th is  h as  so m eth in g  fu n n y  in it. W ell, a n  
e x ce lle n t series  o f v e ry  h u m o ro u s  a d v e r tis e 
m en ts  has a p p ea re d  in th e  ' D aily  T e le g ra p h  ’ 
by  a  firm  of lig h tw e ig h t tool (d rill) spec ia lis ts. 
T h e  h u m o u r in  th is  case  im m e d ia te ly  show s th a t  
th e  a d v e r tis e r  u n d e rs ta n d s  th e  p ro b lem  th a t  h is  
goods a re  d esigned  to  ove rcom e a n d  a p p e a rs  
to  b e  a b o u t  th e  b e s t  w ay  in w h ich  to  p u t  th i s  
fa c t  b e fo re  th e  p ro sp e c t. So  f a r  a s  I  a m  c o n 
cern ed  th is  h a s  so a p p ea le d  to  m e b ecau se  o i 
its  ob v io u s  t ru th ,  th a t  I  know  w h a t a n d  w here  
to  b u y  w hen  I  w a n t such  tools.

"  T r u th  in ad v ertis in g ! D oes th is  inc lude  
h u m o u r?  I t  w ou ld  be  serio u s  if i t  d id n 't  (for 
th e  a d v e r t is e r ) .” — F o r  D u rs to n , L a n g  a n d  Co., 
L td .,  H a r o ld  D u r s to n ,  T ech n ica l D ire c to r.

Levity Misplaced

"  Y o u r ed ito ria l in  th e  A u g u s t issue of ‘ L ig h t 
M eta ls ,’ w ith  th e  re le v a n t co rresp o n d en ce , 
d ea ls  w ith  a  su b je c t v e ry  m u ch  in m y  m ind  
a t  th e  p re s e n t tim e . I  h a v e  th e re fo re  re a d  th e  
o p in io n s  exp ressed  w ith  co n sid e ra b le  in te re s t.

"  M y ow n perso n al v iew  is t h a t  th e se  so-called  
h u m o ro u s  a d v e r tis e m e n ts  a re  d e fin ite ly  o u t  of 
p lace  in  te ch n ica l a n d  o th e r  spec ia lized  jo u rn a ls . 
T h e y  m a y  be  p e rm issib le  in  th e  p o p u la r  an d  
la y  P ress  read  in  o u r  m ore  le isu red  m o m en ts , 
b u t  fo r te c h n ica l p u b lic a tio n s  th e y  m ere ly  g ive 
th e  q u ite  u n fo u n d ed  im pression  of c h eap -jack s  
t ry in g  to  g a te -c ra sh  in to  a  sp h ere , th e  h igh  
s ta n d a rd s  of w h ich  th e y  n e ith e r  k n o w  n o r 
re a lly  a p p re c ia te , in th e  h o p e  o f selling  c a tc h 
p en n y  lines.

"  In  th is  co n n ec tio n  th e re  is one p o in t  to  be  
rem em b ere d  a n d  th a t  is  t h a t  n o  tw o  p e o p le  h a v e  
th e  sam e  sense of h u m o u r  a n d  w h a t to  one
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perso n  w ou ld  b e  a m u sin g  w ould  a p p e a r  as  p la in  
silly  to  a n o th e r . F o llo w in g  on from  th is , we 
m u s t a lso  b e a r  in m in d  t h a t  th e  E n g lish  sense 
of h u m o u r is '  p e c u l ia r ' a n d  is n o t a lw ay s  
a p p re c ia te d  b y  even  o u r  b e s t  fr ien d s  overseas.

"  T o  m y  m in d , th e re fo re , a  v e ry  co n sid e rab le  
risk  is ru n  b y  a d o p tin g  a  friv o lo u s  a t t i tu d e  in 
ad v e r tis in g , fo r su ch  h u m o ro u s  d is p la y s  a re  
m ore  like ly  to  a n n o y  th a n  a m u se  th e  hom e 
re a d e r , a n d  in  a n y  case  th e y  do  n o t g ive  th a t  
im p ressio n  o f re lia b ility  a n d  a real desire  to  
a s s is t ' a c u sto m er, w hich  is d e s irab le  in th e  
te c h n ica l jo u rn a l p r im a r ily  in te n d e d  fo r hom e 
c o n su m p tio n  a n d  essen tia l in ove rseas  p u b lic a 
tions  if we a re  to  re triev e , le t a lo n e  e x p an d , o u r 
e x p o r t  m a rk e ts . W e h a v e  a  c e r ta in  p res tig e  
to  m a in ta in  a n d  p seu d o -h u m o ro u s a d v e r tis e 
m e n ts  c e r ta in ly  d o  n o t in sp ire  confidence  e ith e r  
in  th e  goods a d v e r tis ed  o r  th e  m a n u fa c tu re r , 
a n d  a re  n o t th e  ty p e  of p ro p a g a n d a  w h ich  w ill 
a p p e a l to  ove rseas  b u y e rs  w ho  w ish  to  know  
m ore  of th e  d e ta ils  of o u r u n d o u b te d  ach iev e 
m e n ts  in th e  en g in eerin g  in d u s try .

W h ils t n o t in q u ite  th e  sam e  c a teg o ry , I  feel 
t h a t  th e  ‘ a r t  for a r t  sak e  ’ s ty le , too, is to  be 
d e p re c a te d  un less th e  s u b je c t m a tte r  h as  a

rea lly  ta n g ib le  a n d  n o t h ig h ly  im a g in a ry  con 
n e ction  w ith  th e  p ro d u c ts  a d v e r tis e d . I t  is 
q u ite  like ly  th a t  th e se  w o rk s  of a r t  a t t r a c t  
a t te n t io n  a n d  m a y  even  be rem em b ered  as 
p re t ty  p ic tu re s , b u t  I d o u b t v e ry  m u ch  if th e  
n a m e  o f th e  a d v e r tis e r  o r h is  p ro d u c ts  w ould  
a lso  be rem em b ered .

“  A d v e rtis em e n ts  a re  th e  a d v e r tis e r s ’ shop  
w indow  a n d  th e re  is so m eth in g  to  be  said  for 
th e  o ld  s ty le  la y -o u t w h ich  g a v e  th e  n a m e  of 
th e  m a n u fa c tu re r  in p ro m in e n t ty p e  an d  a  n e a r
c a ta lo g u e  d e sc rip tio n  w ith , p e rh a p s , a n  illu s tra 
tion  of h is  w ares. S u ch  d is p la y s  cou ld  h a rd ly  
be said  to  be  a ttra c t iv e ,  a lth o u g h  th e y  cou ld , 
if s u ita b ly  w orded , fulfil th e  n ecessa ry  fu n c tio n  
of a ro u s in g  c u rio s ity  w h ic h  le a d s  to  read ers  
sen d in g  in q u ir ies  w ith  th e  co n se q u e n t o p p o r tu 
n ity  for- th e  a d v e r tis e r  to  s ta te  h is  case  m ore 
fu lly .

"  T h e  ideal to  m y  m ind  is a  co m b in a tio n  of 
th e  o ld  c o n se rv a tiv e  a n d  m o d ern  a r t is t ic  s ty le , 
fo r i t  is essen tia l to  h a v e  a n  a t t r a c t iv e  la y o u t, 
to  a ro u se  th e  c u rio s ity  of th e  re a d e r  by  i llu s tra 
tio n  a n d  sk ilfu l w ord ing , a n d  to  g ive  a  v e ry  
d e fin ite  im pression  of re lia b ility  a n d  solid  
te ch n ica l a c h ie v e m e n t." — E .G .

SCIENCE, UNIVERSITY, INDUSTRY!
D U R IN G  re c e n t m o n th s  th e re  has b een  a  

s p a te  o f re p o r ts ’ b y  one o r o th e r  bo d y  on 
th e  fu tu re  o f science in  th e  U n iv e rs itie s  a n d  
T ec h n ic a l In s ti tu te s .  T h e  A ssoc ia tion  of S c ien 
tif ic  W o rk ers , w h ich  h a s  ra p id ly  becom e an  
im p o r ta n t  force a m o n g s t s c ien tis ts , h a s  now  
a d d e d  its  view s* on  th e  po lic ies a n d  refo rm s 
w h ich  sh o u ld  be  c a rried  o u t  a f te r  th e  w a r if 
sc ience  is  to  m a in ta in  i ts  p o s itio n  a s  th e  ex p lo re r 
a n d  gu ide  of in d u s tr ia l p rog ress. O n m an y  
q u e stio n s , e .g ., c u rricu lu m , g o v e rn m en t, an d  
sa la ries , the_ re p o r t is v e ry  s im ila r  to  th a t  of 
th e  A ssoc ia tion  o f U n iv e rs ity  T e a ch ers , b u t  i t  is 
re s tric ted , in la rg e  m e a su re  to  th e  p h y s ica l 
a n d  b io lo g ica l sciences, to u c h in g  a g ric u ltu ra l, 
m ed ical a n d  socia l science o n ly  in  so  fa r a s  th e y  
in te rlo c k  w ith  th e  p rin c ip a l su b jec ts .

W ith in  th is  fram ew o rk  th e  re p o r t  offers an  
e x te n s iv e  d iscussion  u n d e r  th e  m a in  head in g s  
of, deg ree  courses, te a ch in g , re sea rc h , a p p lied  
science , e x tra -m u ra l a c tiv itie s , a n d  th e  p o s t-w a r 
p ro b le m ; a  useful s u m m a ry  of re co m m e n d a tio n s  
is a t ta c h e d ,  to g e th e r  w ith  a p p en d ice s  g iv ing  
p ro p o sed  s a la ry  sca les  fo r a cad em ic  a n d  
te c h n ica l s ta l l.

D eg ree  cou rses , i t  is a rg u e d , sh o u ld  be 
e m a n c ip a te d  from  th e  scou rge  of o v er-specia liza- 
tio n . T h e re  sh o u ld  be  a v a ilab le  a  b ro a d e r  
b a c k g ro u n d  upo n  w h ich  in te n d in g  e x p e r ts  cou ld , 
in la te r  s tag e s  o f th e  cou rse , b u ild  up  th e ir  
sp ec ia lized  su b jec t. T h e  sy lla b u s  sh o u ld  be  so 
a rra n g e d , too, t h a t  d u r in g  his la s t  y e a r  a  s tu d e n t 
c o u ld  ta c k le  a  s im p le  re sea rch  p ro b lem , so th a t  
s e lec tio n  of p o s t-g ra d u a te  s tu d e n ts  c o u ld  be  
eas ie r a n d  m ore  c e r ta in . E m p h a s is  is la id  on  
th e  n eed  fo r science co u rses  fo r n o n -sc ien tis ts ;

* Science in the Universities. Report submitted to 
the University Grants Committee of the Treasury. 
(Association of Scientific Workers. Oxonian Press. 1 s.)

i t  is to  lie re g re tte d  t h a t  s im ila r e m p h a sis  is 
n o t  p u t  on th e  need  for non -sc ien tific  courses 
fo r sc ie n tis ts . A n y o n e  w ho  h a s  to  re a d  scien tific  
b ooks a n d  re sea rch  p a p e rs  c a n n o t fail to  rea lize  
th e  w id esp read  lack  o f a b il i ty  011 th e  p a r t  of 
m a n y  sc ie n tis ts  to  e x p re ss  th e m se lv e s  in  e leg an t 
a n d  a c c u ra te  lan g u ag e , a  serious  fa u l t  w h ich  
m ig h t be  m itig a te d  b y  a  co m p u lso ry  co u rse  in  
l i te ra tu re ,  o r p e rh a p s  h is to ry , fo r all sc ien tis ts .

T h o u g h  th e  re p o rt tre a ts  te a c h in g  a n d  re sea rc h  
in  se p a ra te  sec tions , th e y  a re  so in tim a te ly  
c o n n e c te d  th a t  th e y  sh o u ld  be  rev iew ed  to g e th e r. 
T h e  im p a c t of each  on  th e  o th e r  is so  im p o r ta n t  
t h a t  i t  is  e ssen tia l th a t  a ll te a ch e rs  sh o u ld  h a v e  
a m p le  t im e  (h a lf- tim e  is suggested ) fo r  re sea rc h . 
W h en  a d m in is tra tiv e  d u tie s  a re  too  h e a v y  to  
a llow  h ead s  o f d e p a r tm e n ts  to  ta k e  a n  a d e q u a te  
p a r t  in  b o th  te a c h in g  an d  re sea rch , a ss is tan c e  
sh o u ld  be  p ro v id e d , as  p a r t  of th e  a c c e p te d  
se t-u p j to  h e lp  in  p u re ly  a d m in is tra t iv e  w ork . 
S e lec tion , tra in in g , a n d  re m u n e ra tio n  o f s ta ff 
sh o u ld  follow  th e  sam e  gen era l lines  a s  suggested  
b y  th e  A .U .T ., w hile  th e  p ro v is io n  o f a  s a b b a 
tic a l y e a r  a n d  th e  o p p o r tu n i ty  o f ex ch a n g e  of 
p e rso n n el b e tw een  u n iv e rs itie s , re sea rch  assoc ia 
tio n s  a n d  in d u s trie s  a re  co n sid e red  essen tia l for 
th e  m a in te n a n c e  of a  h e a l th y , p ro g ressiv e  s p ir i t  
a n d  a  p ro p e r  p e rsp e c tiv e . R esearch , w h ich  
sh o u ld  b e  fu n d a m e n ta l a n d  n o t spec ia l to  th e  
p ro b lem s o f a n y  p r iv a te  concern , m u s t be 
fo s te red  b y  a d e q u a te  g ra n ts  (¿250 p .a .)  to  
p o s t-g ra d u a te  s tu d e n ts ,  a n d  b y  th e  p ro v is io n  of 
re sea rch  fe llow sh ips  (£500 p .a .)  fo r p o s t
d o c to ra l  s tu d e n ts  w ho  desire , a n d  a re  fit ted  for, 
f u r th e r  re sea rch  be fo re  e n te r in g  in d u stry ' o r 
te ach in g . T h e  im p o rtan c e  of f r e q u e n t  in te r 
c h an g e  o f v iew s a n d  p e rso n n e l b e tw ee n  v a rio u s  
in s ti tu tio n s  c a r ry in g  o n  re sea rch  is s tre ssed , 
p a r t ic u la r ly  b e tw ee n  sciences w here  p rog ress  is 
b e in g  m ad e  on  th e  b o rd e r-lin e . T h e  fo rm atio n
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of a  sy s tem  o f R ese arch  C o m m ittees  responsib le  
to  a  U n iv e rs itie s  A cadem ic  C ouncil to  
co -o rd in a te  th e  d e v e lo p m e n t of re sea rch  is 
s tro n g ly  a d v o c a te d , th e se  c o m m itte e s  a d m in i
s te r in g  spec ia l G o v e rn m e n t g ra n ts  fo r re sea rch . 
A tte n tio n  is a lso  d raw n  to  th e  need  fo r a d e q u a te  
t r a in in g  a n d  re m u n e ra tio n  of la b o ra to ry  te c h 
n ica l staff, w hose fu n c tio n s  a re  d e s tin e d  to  
b eco m e m ore a n d  m ore im p o r ta n t.

D e p a r tm e n ts  of a p p lied  science an d  te c h 
no logy , a s  well a s  im p ro v ed  te ch n ica l in s titu te s  
w ith in  th e  fram ew o rk  of th e  u n iv e rs itie s , 
a d e q u a te ly  a n d  s e p a ra te ly  m a in ta in e d  b y  special 
G o v e rn m e n t g ra n ts , a re  suggested . T h e  possi
b il i ty  of c a p ita liz in g  on d isco v eries  of p o te n tia l 
co m m erc ia l v a lu e  sh o u ld  be  le f t to  a  c en tra l 
b o d y  m ode lled  on  th e  U .S . "  R esearch  
C o rp o ra tio n ."

E x tra -m u ra l,  o r ex ten sio n , fac ilitie s  shou ld  
b e  a v a i la b le  fo r a d u l t  ed u ca tio n , run  by  jo in t 
co m m itte e s  o p e ra tin g  u n d e r a  G ra d u a te  S tu d ies  
B o ard .

T h e  p o s t-w a r p ro b lem  is s tu d ie d  from  th e  
an g le s  of in c reased  n u m b ers , acco m m o d a tio n  
a n d  staffing , a n d  th e  co n se q u e n t in c rease  in 
e x p e n d itu re  is e s tim a te d  in te rm s  of 1939 m oney 
v a lu e s , f t  is sug g ested  th a t  th e  G o v e rn m e n t 
g ra n t  sh o u ld  in c rease  d u r in g  five y e a rs  from  
d o u b le  to  q u a d ru p le  its  p re s en t va lue .

Nuffield College Report on Industry and Science
(Nuffield College: Problems of Scientific and Industrial
Research. A Statement. Oxford University Press.
1944),
Y e t a n o th e r  p ro m in e n t a u th o r i ty  h a s  a lso  

seen  fit to  issue  a  re p o r t  o n  in d u s try  a n d  
science , a n d  to  in d ic a te  th e  d ire c tio n  in w h ich  
p o s t-w a r d e v e lo p m e n t m u s t p roceed  if th e  b e s t 
a d v a n ta g e  is to  b e  ta k e n  of o u r  n a tiv e  a b il i ty  
a n d  a p t i tu d e  fo r sc ien tific  a n d  te c h n ica l 
p rog ress.

W h ils t a  la rg e  a n d  sp eed y  in c rease  in re sea rch  
w o rk e rs  is nece ssa ry , i t  is c la im ed  th a t ,  in  sp ite  
o f 110 p e rm a n e n t s h o rta g e  of tra in e d  p ersonnel, 
o u r lack  of v ision  in e d u c a tio n a l p ro v is io n s  h a s  
led  to  th e  loss of a  c o n sid e rab le  p ro p o r tio n  of 
o u r p o te n tia l  sk ill. T h is  lack  o f fo res ig h t h a s  
n o t  been  re s tr ic te d  e n tire ly  to  o u r m uch- 
m a lig n ed  L ocal E d u c a tio n  A u th o rit ie s , a n d  
e m p h a sis  is la id  on th e  fa c t  th a t  e v en  now , in 
s p ite  of th e  g re a t  a w ak e n in g  of in d u s try  to  th e  
im p o r tan c e  o f re sea rch , a  g re a t  m a n y  in d u s 
tr ia l is ts  s till h a v e  b u t  a  h a z y  c o n cep tio n  o f w h a t 
re sea rc h  is a n d  o f how  i t  c an  be  in s t i tu te d  as 
a n  a id  to  in d u s try .  F u r th e rm o re , th e re  is s till 
a  g re a t  v o id  b e tw een  th e  m ore  a c ad em ic  
re sea rc h  c h a ra c te r is tic s  o f o u r  u n iv e rs itie s  an d  
th e  tra n s la tio n  of th e  new  k now ledge  so 
a cq u ire d  in to  o b v io u s  im p ro v e m e n ts  in th e  
q u a l i ty  a n d  speed  of in d u s tr ia l o u tp u t.

In  general, th e  re p o r t  co n tin u es , th e  re sea rch  
a sso c ia tio n s  h a v e  n o t fu lfilled  th e  h o p es  th a t  
w ere  h e ld  a t  th e ir  in itia tio n . T h e  reaso n s  for 
th e ir  c o m p a ra tiv e ly  d is a p p o in tin g  p e rfo rm an ce  
a re  m a n y , b u t  a re  to  be s o u g h t m a in ly  in  la ck  
of a d e q u a te  fu n d s  fo r th e  p ro je c tio n  o f re a lly  
la rg e -sca le  researches. I t  m a y  b e  n ece ssa ry  for 
th e  G o v e rn m e n t to  p ro v id e  fo r a  m u ch  g re a te r  
a l lo tm e n t o f fu n d s  to  re sea rch  a sso c ia tio n s, 
in c lu d in g , i t  is suggested , a  co m p u lso ry  le v y  on 
a ll firm s w ith in  th e  p a r t ic u la r  in d u s trie s  
a ffec ted .

O ne  v e ry  im p o r ta n t  p o in t  w h ic h  th e  s ta te 
m e n t m ak e s  is th e  d e s irab ility  o f in te rc h a n g e  of

perso n n el th ro u g h o u t a  g iv en  in d u s try , in c lu d 
ing  firm s, re sea rch  asso c ia tio n s  a n d  un iv e rs itie s . 
I t  is in th is  re sp ec t, in fa c t, t h a t  th e  re p o r t 
to u c h e s  m o s t closely  on  one o f th e  m a jo r  causes 
of th e  gap  be tw een  th e  re sea rch  a n d  a p p lic a tio n , 
b e tw een  th e  a ca d e m ic  w ork  of th e  u n iv e rs itie s , 
in c lu d in g  th e  n ear-aca d em ic  w o rk  o f th e  
re sea rch  asso c ia tio n s  a n d  th e  m ore e m p ir ic a l 
ad hoc  in v e stig a tio n s  ca rried  o u t b y  in d e p e n 
d e n t  in d u s tr ia l la b o ra to rie s . T h e re  a re  a  v e ry  
lim ited  n u m b e r of u n iv e rs itie s  a n d  colleges a t  
p re s e n t w hose te a ch in g  p e rso n n el h a v e  a n y  
rea lly  liv e  c o n ta c t  w ith  in d u s try , a n d  u n fo r tu 
n a te ly  th e re  is a  s im ila r, th o u g h  less m a rk ed , 
la c k  of in te rc h a n g e  of id ea s  b e tw een  th e  
re sea rc h  asso c ia tio n s  a n d  th e  firm s w h ich  h e lp  
to  s u p p o r t  th em .

T h e  fu n c tio n  of p a te n ts  in th e  en lig h te n ed  
new  e ra  w h ic h  is com in g  is d iscussed  a t  som e 
le n g th . T h e  s tu lt ify in g  in fluence  w h ic h  v e ry  
w ide  p a te n ts  h a v e  in  th e  p a s t  h a d  on p ro g ress  
m a y , i t  is  su g g ested , b e  m odified  if th e  G o v ern 
m e n t o r th e  p la n n in g  a u th o r i ty  is g iv en  pow er 
to  g ra n t  licence  to  m a n u fa c tu re  u n d e r  a n y  
g iven  p a te n t  to  a n y  a p p ro v e d  firm  if su ch  ac tio n  
is d eem ed  to  b e  in  th e  p u b lic  in te re s t. I t  is 
p o in te d  o u t  t h a t  th is  a d ju s tm e n t  of p a te n t  
r ig h ts  m ig h t be  of v e ry  m a rk e d  a ss is ta n c e  in 
c a r ry in g  o u t  th e  p o licy  o f fu ll em p lo y m e n t in 
th e  p o s t-w a r p eriod .

T h e  p a r t  w h ich  th e  u n iv e rs itie s  a re  e x p ec te d  
to  p la y  is n o t m in im ized , a n d  th e  N uffield  re p o r t 
ack n o w led g es  th e  necessity  fo r a  v a s t  inc rease  
in  e x p e n d itu re  in  th e se  in s ti tu tio n s .  N o t on ly  
e q u ip m e n t a n d  a cc o m m o d a tio n , b u t  a lso  te a c h 
ing  s ta f f  m u s t b e  c o n sid e ra b ly  in c reased , 
e sp ec ia lly  in  th e  n ew er un iv e rs itie s . T h e  
te c h n ica l co lleges sh o u ld  be ra ised  in s ta tu s  a n d  
b e  show n  s im ila r  in c rea se d  fin an c ia l a id  in  o rd e r 
t h a t  s c ie n tis ts  a sso c ia ted  w ith  th e m  m a y  be  
a b le  to  g ive  of th e ir  b e s t  to  th e  c o m m u n ity . 
G re a t e m p h a sis  is la id  on  th e  im p o r tan c e  of 
re tra c tin g  scien tific  e x p e r ts  from  th e  ad hoc 
re sea rch es  w h ich  h a v e  fo rc ib ly  engaged  th e ir  
a t te n t io n  d u rin g  th e  w ar, a n d  a llo w in g  th e m  
to  go b a c k  c o m p le te ly  to  th e  freedom  of a c tio n  
w h ich  th e y  e n jo y ed  p rev io u s ly . T h is  freed o m  
h a s  en co u rag ed  th e  in v e s tig a tio n  o f th e  fu n d a 
m e n ta l p ro b lem s— "  b asic  id ea s  " —w h ich  m u s t 
a lw a y s  re m a in  th e  b a sis  of a n y  a p p lie d  resea rch , 
a n d  m u s t c o n se q u e n tly  be  a lw a y s  a  few  stag es  
a h e a d  o f d e v e lo p m en t.

T h e re  is a  fin a l a n d  v e ry  in te re s tin g  sugges
tio n  to  th e  effec t t h a t  a  re sea rch  c o rp o ra tio n  
sh o u ld  b e  fo rm ed  to  a c t  011 b e h a lf  o f a ll th e  
u n iv e rs itie s  a n d  te ch n ica l colleges in th e  m a tte r  
of p a te n t in g  d iscoveries  w h ich  h a v e  a risen  d u r 
ing  th e  p u rs u it  of fu n d a m e n ta l re sea rc h  a n d  
w h ich  m a y  be  of c o m m erc ia l v a lu e . T h e  p ro ceed s  
from  p a te n ts  h a v e  led to  th e  d e v e lo p m en t o f a t  
le a s t one v e ry  e x ce lle n t re sea rc h  d e p a r tm e n t in 
one A m erican  u n iv e rs ity , a n d  th e  id ea  h a s  been  
fo llow ed b y  o th e rs . I t  sh o u ld  b e  no  d e te r re n t  
t h a t  th e re  w as fina lly  som e q u e s tio n  a s  to  th e  
v a lid ity  of th e  p a te n ts  in  th is  case, s in ce  th is  
o n ly  c ro p p ed  u p  w h en  th e  p a te n t  h a d  a lm o s t 
ru n  its  cou rse .

T h is  su ggestion  seem s to  form  th e  b a sis  of a  
v e ry  p ro f ita b le  so u rce  of incom e fo r o u r 
im p o v e rish e d  in s titu tio n s , a n d  is an  e lo q u e n t 
c o m m e n ta ry  on  o u r  a p p re c ia tio n  of th e  excel
lence  of o u r  a cad em ic  re sea rch e rs .— E . R . 
R o b e r t s .
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PAN-AMERICAN ANTI-CORROSION SCHEME
A N  in s tru c tiv e  a r tic le  on  co rro sion  p ro te c tio n  

of l ig h t a llo y s  u n d e r  a rd u o u s  serv ice  a p p ea rs  
in  th e  A m erica n  jo u rn a l "  M eta l F in ish in g ,” 
d a te d  F e b ru a ry , 1944. T h e  m a in te n an c e  of 
seago ing  a irc ra f t  is d e ta ile d  by  th e  C hief 
C h em ist of th e  P an -A m e ric a n  A irw ay s S y s tem  
in  a n  a c c o u n t e n title d  ”  C lip p e rs  v . C o rro s io n .”

A d e q u a te  co rro sion  p ro te c tio n  is p a rt ic u la r ly  
im p o r ta n t  a s  th e se  a irc ra f t  a re  ex posed  to  s a lt  
w a te r  a n d  sp ra y  d u rin g  tax i-in g , take -o ff an d  
la n d in g . A ll th e  e x te rn a l su rfaces  o f C lippers 
a re  of a n o d ized  a lu m in iu m  alloy , to  w h ich  th e  
zinc c h ro m a te  p rim e r re a d ily  b o n d s . T h e  
sp ec ifica tio n  is d e s ig n a te d  AN-TT-P-f>56a. I t  
is s p ra y e d  in one th in  c o a t on  to  th e  p re p a re d  
c lean  su rface  a n d  allow ed  to  a ir-d ry  fo r a  pe rio d  
o f b e tw een  30 m ins. a n d  3 h rs . T h e  to p  c o a ts  
c o n sis t of th re e  film s of a  la cq u er co n ta in in g  
a lu m in iu m  p ig m e n t in  th e  p ro p o r tio n  2 lb . to  
5 g a llo n s  of veh ic le, to  S p ec ifica tio n  A N -TT -L -51. 
T h e  e n tire  s t ru c tu re  is co v ered  w ith  th is  finish, 
e x c e p t fo r th e  h u ll be low  th e  w a te r  line, w h ich  
is fin ished  a f te r  zinc  c h ro m a te  p rim in g  w ith  a  
h e a v y  c o a t  of a  b la c k  g ly c e ry l-p h th a la te  en am el 
a p p lie d  b y  b ru sh .

In te rn a l  s tru c tu ra l  m em b ers  a re  c o a ted  w ith  
tw o  l ig h t  c o a ts  o f th e  z inc-ch rom e p rim e r to  
w h ic h  is a d d ed  a  h a lf-p o u n d  of a lu m in iu m  
p o w d er p e r  ga llon . T h is  is s ta te d  to  be  a  h ig h ly  
e ffec tive  tre a tm e n t .  A t a n y  p o s itio n  w here  sea 
w a te r  m ig h t co llect, as, fo r  e x am p le , b e tw een  
th e  c ab in  flo o rb o ard s  a n d  th e  h u ll, c lo th  b ag s  
c o n ta in in g  p o ta ss iu m  d ic h ro m a te  a re  p ro v id ed  
a t  th e  lo w est p o in t, in  o rd e r  t h a t  th e  p ass iv ify - 
ing  a g e n t w ill d isso lv e  a n d  c o n s ta n tly  m a in ta in  
a  co rro sion  in h ib itin g  so lu tio n .

R o u tin e  in sp ec tio n  ta k e s  p la ce  a f te r  ev ery  
tr ip . C arefu l e x am in a tio n  is m ad e  fo r co rrosion  
a ro u n d  r iv e t  h eads , corrosion  d u e  to  a b ra s io n  
from  flo a tin g  o b je c ts , a n d  a t  th e  jo in in g  edges 
of h u ll p la te s . S lig h tly  co rro d ed  r iv e t h ead s  
w ill b e  c lean ed  dow n  to  th e  m e ta l, rep rim ed  
a n d  fin ished ; sev e re ly  co rro d ed  r iv e ts  will be 
re p lac ed . A b rasio n s  a ffec tin g  th e  p a in t  film  
will be re p rim ed  a n d  finish co a ted . B lem ishes 
in  a p p e a ra n c e  a re  rec tified  b y  a  l ig h t  s p ra y  of 
to p  c o a t b len d e d  in to  th e  s u rro u n d in g  g ro u n d . 
T o u ch -u p  w ork  m u s t be rig id ly  c o n tro lle d  on 
a c c o u n t of w e ig h t co n sid e ra tio n s .

National Certificates in Metallurgy
I T  h ad  b een  e x p ec te d  th a t  th e  sch em e  for 

N a tio n a l C ertifica te s  in  M eta llu rg y  in w h ich  
T h e  Iro n  a n d  S teel In s t i tu te ,  th e  In s ti tu t io n  of 
M ining  a n d  M eta llu rg y  a n d  T h e  In s t i tu te  of 
M eta ls  a re  co -o p e ra tin g  w ith  th e  B o ard  of 
E d u c a tio n  w ould  be  la u n c h e d  in tim e  to  allow  
colleges a n d  schools to  s ta r t  th e ir  cou rses in 
th e  a cad em ic  y e a r  b eg in n in g  S e p te m b e r, 1944.

T h is  has, u n fo r tu n a te ly , p ro v ed  im p ra c tic a b le . 
T h e  sch em e  will now  com e in to  o p e ra tio n  so 
t h a t  cou rses w ill beg in  in  S ep tem b e r, 1945, 
a n d  th e  first ex am in a tio n s  w ill be he ld  in 1946 
fo r th e  O rd in a ry  C ertif ic a te . C olleges a n d  
schools a re  b e in g  a d v ise d  to  th is  effect by  th e  
B o ard  o f E d u c a tio n , so th a t  a s  m u ch  prog ress 
a s  possib le  c an  be  m ad e  in  a n tic ip a t io n .

ST OV IN G  BY IN FR A-R ED
“  T h e  A p p lica tio n  of R a d ia n t H e a t  to  M etal 
F in ish in g  J .  H . N elson an d  H . S ilm an . 
C h ap m a n  a n d  H a ll, L td . 1944 . P r ic e  8s. 6d. 
' P H E  tim e  re q u ire d  fo r p a in t  film  d ry in g  h a s  
J -  b een  sp e c ta c u la r ly  red u c ed  fo llow ing th e  

a p p lic a tio n  o f "  in fra -re d  ”  m e th o d s . F o r  
e x am p le , a  sy n th e tic -b a se  z inc-ch rom e p rim e r 
c o a tin g  c an  be d rie d  b y  ra d ia tio n  In a b o u t  one 
m in u te  a s  c o m p a red  w ith  th e  90 m ins. req u ired  
b y  th e  m ore o r th o d o x  co n v ec tio n  m e th o d . 
T im e  s a v in g  of th is  o rd e r  is o b v io u sly  a t t r a c t iv e  
d u r in g  in te n s iv e  w a rtim e  p ro d u c tio n , regard less  
o f w h e th e r  th e  p rocess itse lf  be  econom ic, o r 
th e  e q u ip m e n t a s  used  effic ien t. I t  will be 
k now n  to  th o se  re ad e rs  w ho  h a v e  seen in fra -red  
in s ta l la t io n s  t h a t  th e y  a re  o f te n  q u ite  e lem en 
t a r y  s tru c tu re s  m ere ly  su p p o r tin g  b a n k s  of 
lam p s .

In  th is  slim  bo o k  N elson  a n d  S ilm an  h a v e  
m a d e  a  c r i tic a l s u rv e y  o f th e  in fra -red  p rocess 
fo r p a in t  a n d  enam el s to v in g , a n d  to  th e  
rev iew er, a t  le a s t, w ho  h a s  h a d  som e e x p eri
m e n ta l  a c q u a in ta n c e  w ith  in fra -red , m a n y  p o in ts  
of g re a t p ra c tic a l im p o r ta n c e  a re  suggested . 
T he  p rin c ip le s  o f h e a t  tra n s fe r  a re  c r itic a lly  
c o n sid e red  a n d , w h ils t i t  is p ro b a b le  th a t  lit t le  
fresh  g ro u n d  is b ro k en , th e re  is a  s a lu ta ry  fresh 
ness in b e in g  b ro u g h t d o w n  to  th e  fu n d a m e n ta l 
p h y s ics  of d ry in g  p rocesses. A ll too  seldom  is 
th is  so rt of a n a ly s is  e m b a rk e d  u p o n  in  in d u s try .

T h e  re c e n t th e o re tic a l t re a tm e n t  of r a d ia n t 
h e a t in g  b y  T ille r  a n d  G a rb e r, p u b lish e d  in 
A m erica , is re fe rred  to  a n d  th e  co n clu sio n s  
g iv e n  a t  th e  end  of th e  th eo re tic a l c h a p te r , 
im p o r ta n t  from  th e  p o in t  of view  o f e q u ip m e n t 
design , a re  su m m ed  up  in th ree  ru les: th e  te m 
p e ra tu re  d ifference  b e tw een  sou rce  of ra d ia tio n  
a n d  th e  w o rk  m u s t b e  a s  g re a t  a s  possib le ; 
b ecau se  th e  q u a n t i ty  o f h e a t  tra n s fe rre d  b y  
ra d ia tio n  d ep en d s  on  th e  fo u r th  po w er o f th e  
te m p e ra tu re  d ifference , ra d ia tio n  is th e  m o s t 
e ffic ient m e th o d  of h e a t in g ; a n d , th ird ,  th e  a ir  
te m p e ra tu re  in a  ra d ia tio n  o ven  sh o u ld  be  su ch  
th a t  th e re  is a  m in im u m  tra n s fe r  o f h e a t  b y  
o th e r  th a n  ra d ia tio n .

I t  w ill be seen  th a t  th e  re a liz a tio n  o f such  
ru le s  im p lies  pow erfu l c ritic ism  of m a n y  in fra 
red  in s ta lla t io n s  a t  p re s en t in  p ro d u c tio n  use.

A v e ry  full a c c o u n t o f th e  p re p a ra tio n  of 
re flec to rs  u sed  in  c o n ju n c tio n  w ith  th e  in fra-red  
la m p s  is g iven . A n o d iz ed . a lu m in iu m  is s ta te d  
to  be  th e  b e s t  m a te ria l.

I n  th e ir  c o n sid e ra tio n  of p la n t  co n s tru c tio n  
a n d  design , N e lson  a n d  S ilin an  k eep  to  th e  
fo re fro n t o f d iscuss ion  th e  need  fo r co n tro l of 
c o n v ec tio n  w h ich , if igno red , le ad s  to  w a ste  of 
pow er. A tte m p ts  a t  su ch  co n tro l b y  m ean s  of 
c a n v a s  s h e e ts  a re  o n ly  a  m a k e sh if t a n d  a re  in 
n o ' sense  a  s u b s ti tu te  fo r c a re fu lly  desig n ed  
enclosed  ovens.
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X-Ray Technology
U N D E R  th e  t i t le  "  X -ra y  D a rk ro o m  P ra c 

tic e ,”  Ilfo rd , L td .,  h a v e  re c en tly  issu ed  a n  
in fo rm a tiv e  b ro c h u re  of g re a t  v a lu e  to  perso n n el 
engaged  in  in d u s tr ia l ra d io g ra p h y . In  essence 
i t  c o n s ti tu te s  a n  in d isp e n sa b le  a p p e n d ix  to  m a n y  
s ta n d a rd  te x tb o o k s  a lre a d y  a v a ilab le  on  th e  
su b jec t.

D a rk ro o m  p ro ced u re , ch em ica l s to ck  an d

fo rm u la tio n , d ev e lo p in g  te c h n iq u e  a n d  th e  
d iagnosis  o f fa u lty  ra d io g ra p h s  a re  all 
a d e q u a te ly  d e a l t  w ith ; in  a  sep a ra te  lea fle t 
th e  use of lead  screens fo r in d u s tr ia l pu rp o ses  
is covered .

E v e n  ex p erien ced  rad io g rap h e rs , we v e n tu re  
to  suggest, w ill find th e  sec tio n  d e a lin g  w ith  
d e fe c ts  in ra d io g ra p h s  of th e  u tm o s t in te re s t 
an d  va lue .

NEW  PATENTS REVIEWED
560 ,881 . Im p ro v em en ts  in o r re la tin g  to

G ra n te d : D ie  C astin g  or In je c tio n  M ould-
25 .4 .44 . ing. P a te n te e : W illiam  E d w a rd  

O ’S hei, a  c itizen  of th e  U .S .A ., of “  F e rn w o o d ,”  
A lto n  R o ad , L o n d o n , S .W .15.

T h e  a im  of th e  p re s en t in v e n tio n  is to  p ro v id e  
a  m eans  w h ereb y  th e  necessa ry  m in im u m  
p re ssu re  of m e ta l in jec tio n  m ay  be c e r ta in ly  
ach iev e d  a n d  in d ic a ted  in p ressu re  d ie  c a s tin g  
o r  s im ila r in je c tio n  m o u ld in g . T h e  fluid m e ta l 
u n d e r  p re s su re  is cau sed  to  a c t  upo n  a  y ie ld ab le  
w a ll in se rted  in th e  m o u ld  so th a t  th e  c a s t 
m a te ria l cau ses  th e  m o v ab le  p o rtio n  to  m ove, 
p ro d u c in g  a  te s t  p iece  e i th e r  se p a ra te  to , o r  as  
p a r t  of, th e  c a s tin g  p ro p er, th e  d im en sio n s  of 
su c h  te s t  p ieces g iv in g  a n  in d ic a tio n  of th e  
p re ssu re  used . P re fe rab ly  th e  y ie ld a b le  w all is 
a rra n g e d  to  p ro je c t in to  th e  c a s tin g  p ressu re , 
so t h a t  th e  sp rin g  a d ju s tm e n t m a y  b e  so 
a r ra n g e d  th a t  u n d e r  th e  co rrec t p re ssu re  th e  
flu id  m a te ria l p ro d u c es  a  fla t su rface  h a v in g  
n e ith e r  d ep re ss io n  no r in c reased  th ick n e ss  of 
sec tio n .

561 ,046 . Im p ro v em en ts  in M ethods of
G ra n te d : C lean ing  A rtic les  of M agnesium

3 .5 .44 . o r M agnesium  A lloys. P a te n te e s : 
W in g fo o t C o rp o ra tio n , of 1144 E a s t  M ark e t 
S tre e t ,  A k ro n , O hio , U .S .A .

T h is  in v e n tio n  h a s  fo r its  o b je c t th e  rem o v a l 
of su rface  im p u r itie s  su ch  as m agnesium  
h y d ro x id e , e lem en ta l su lp h u r , b o ra x , a n d
so d iu m  silicofluoride  w ith o u t su b s ta n tia l ly
a t ta c k in g  th e  m ag n esiu m  itse lf a n d  th u s  m a in 
ta in in g  m a ch in e  to le ran ces . T h e  use of an  
a q u eo u s  so lu tio n  o f ch ro m ic  a n h y d r id e  is an  
effec tive  c lean in g  a g e n t b u t  h a s  th e  d is a d v a n 
tag e  of a p p re c ia b ly  a t ta c k in g  th e  m e ta l,
m a g n ify in g  su rface  p its  a n d  pores a n d  d e s tro y 
ing  m ac h in e  to le ran ces . T h e  p re s en t in v e n tio n  
co n sis ts  in th e  a d d itio n  of sm all q u a n ti t ie s  of 
ch ro m ic  trif lu o rid e  to  th e  a q u eo u s  ch ro m ic  acid . 
T h e  m e th o d  o f c lean in g  m ag n esiu m  a rtic le s  
c o m p ris in g  t re a tm e n t  th e re fo re  w ith  a n  aq u eo u s  
so lu tio n  c o n ta in in g  15 p e r  c en t, to  30 p e r  cen t, 
b y  w e ig h t o f ch ro m ic  a c id  a n d  a b o v e  1 p e r 
c e n t, b y  w e ig h t of ch ro m iu m  triflu o rid e , u sed  a t  
a  te m p e ra tu re  of a t  le a s t 150 degrees F .  b u t 
c o n sid e ra b ly  be low  bo iling  p o in t of th e  so lu tion , 
is c la im ed .

561,651 . P rocess an d  A p p a ra tu s  for th e
G ra n te d : M an u fac tu re  of th e  A lk a lin e
30 .5 .44 . E a r th  Series. P a te n te e s : M otrac  

M o to rm ak e r a n d  T rac to re n  A .G ., B ad e n s tra sse  
323, Z u rich , S w itze rlan d .

T h is  in v e n tio n  re la te s  to  th e  m a n u fa c tu re  of 
m e ta ls  o f th e  a lk a lin e  e a r th s , such  a s  m agnesium  
a n d  th e  like . O xides o r c a rb o n a te s  in a  h e a ted  
c o n ta in e r  a re  s u b jec te d  to  th e  a c tio n  of a

h e a te d  gaseous m ix tu re  of c h lo rin e  a n d  ca rb o n  
m onox ide , th is  a p p a r a tu s  b e in g  p o s itio n ed  a b o v e  
a re c e iv e r of th e  m o lten  a n h y d ro u s  ch lo ride  
w h ich  a lso  a c ts  a s  a n  e le c tro ly tic  b a th . A ny  
gaseous ca rb o n  c o m p o u n d  w h ich  a c ts  as  a 
red u c in g  a g e n t m ay  be m ix ed  w ith  ch lo rine . 
T h e  a n h y d ro u s  ch lo rid e  is e lec tro ly zed  in th e  
k n o w n  m a n n e r. T h e  a d v a n ta g e s  of th is  in v e n 
tion  a re  sa id  to  be  t h a t  th e  h o m ogeneously  
m ix ed  gases h a v e  a  s u b s ta n tia lly  h ig h e r ra te  of 
re ac tio n  th a n  d o es  a  gas re a c tin g  upo n  tw o 
solids, an d  th a t  since th e  reac tio n  of th e  ox ide 
o r c a rb o n a te  w ith  ch lo rin e  a n d  c a rb o n  m on o x id e  
is e x o th e rm ic  a n d  th e  e le c tro ly te  offers som e 
e le c tr ica l re s is tan ce , th e  e lec tr ic  p o w e r con 
su m ed  b a la n c e s  th e  h e a t  loss of th e  w hole  
a p p a r a tu s  so th a t  it is o n ly  n ece ssa ry  to  h e a t 
th e  fu rn aces  in d e p e n d en tly  a t  th e  b eg in n in g  of 
th e  reac tio n . C h lo rine  g e n e ra ted  b y  th e  e lec tro 
ly s is  is used  in th e  sy stem . T h e  m eta l so fo rm ed  
is p u re , a s  th e  iron  o r a lu m in iu m  w h ich  m ay  
be p re s en t a re  vo la tiliz e d  a s  ch lo rides.

561 ,748 . Im p ro v em en ts  in o r  re la tin g  to
G ra n te d : F lu x  fo r U se in th e  T re a tm e n t

2 .6 .44 . of L ig h t M eta l. P a te n te e s : 
M agnesium  E le k tro n , L td .,  of A b b ey  H ouse , 
B ak e r  S tre e t, L o n d o n , N .W .l ,  an d  H a rry  
R o w lan d  L eech , of 12 , R u tla n d  D riv e , S a lfo rd , 7 , 
n e a r  M an ch este r.

T h is  in v e n tio n  re la te s  to  flux  fo r use in  th e  
m e ltin g  of l ig h t m e ta ls  co n sis tin g  o f m agnesium , 
m ag n esiu m  b ase  a llo y s  a n d  a lu m in iu m  b ase  
a llo y s  co n ta in in g  m agnesium , a n d  to  th e  k ind  
w h ich  is th in ly  fluid, o r n o n -in sp issa ted  o f low  
m e ltin g  p o in t, in te n d e d  m ore  p a rtic u la r ly  
m ere ly  fo r p ro te c tin g  th e  m e ta l a g a in s t o x id a 
tion . I t  h a s  b e e n  found  t h a t  fo r th is  ty p e  of 
a llo y  a  s a tis fa c to ry  flux  m a y  co n ta in  rpuch  less 
m ag n esiu m  ch lo rid e  th a n  h a s  h i th e r to  been  
used, w ith  c o n seq u en t econom y , since  a n h y d ro u s  
m ag n esiu m  ch lo rid e  is th e  m o s t e x p en siv e  
in g re d ie n t of su ch  fluxes. O ne  c la im  is fo r a  
flux h a v in g  a  com p o sitio n  w ith in  th e  fo llow ing 
ran g e :—

M agnesium  ch lo rid e  n o t less th a n  4 a n d  
n o t m o re  th a n  20 p e r c en t.

C alcium  ch lo rid e  n o t less th a n  25 a n d  
n o t  m ore  th a n  55 p e r  c en t.

S od ium  ch lo rid e  n o t less th a n  5 a n d  n o t 
m ore  th a n  40 p e r  c en t.

P o ta s s iu m  ch lo rid e  n o t less  th a n  5 a n d  
n o t m ore  th a n  40 p e r  cen t.

M agnesium  o x id e  o to  5 p e r c en t.,  th e  
sod ium  a n d  p o ta ss iu m  ch lo rid e  to g e th e r  
a m o u n tin g  to  b e tw een  30 a n d  60 p e r  c e n t.,  
th e  in g red ien ts , ex c lu d in g  a n y  im p u ritie s  
th e re in , a m o u n tin g  to  a t  le a s t 95 p e r  cen t, 
o f th e  to ta l.

B ritish  P a te n t  N o . 539,023 is re ferred  to .



430 LICHT METALS September, 1 944 September, 1944 LICHT METALS 431

MACHINING OF LIGHT ALLOYS W ITH DIAMOND TOOLS
Fig. ! (right).—Cutting angles for turning tools. Clearance 
angle (a) lies as a rule between 5-9 degrees for turning tools. 
It has been suggested that the clearance angle of diamond- 
turning tools for light metals might in certain cases with 
advantage be reduced to zero ; an excellent surface finish is 

obtained in this way at some slight cost in accuracy.

Fig. 2 (below).—Multiple 
facet diamond tool show
ing essential dimensions. 
(Compare with Fig. 4 

below.)

Summarising the A d v a n ta g e s  o f  
Diamond ai a C u ttin g  M a te r ia l  
and Keferriig in Particular to the 
Machining oj Aluminium A lloy Pistons

S H A P E D  d ia m o n d  too ls  h a v e  been  in tro 
duced  to  a n  in c re a sin g  e x te n t in to  w o rk sh o p s 
a s  a  re s u lt of th e  d e v e lo p m e n t o f lig h t 

m e ta ls , p la s tic s  a n d  o th e r  sp ec ia lized  s tru c tu ra l  
m a te r ia ls , becau se  o f m ore ex ac tin g  d em a n d s  
for d im e n s io n a l a cc u ra c y , a n d  b y  reason  o f a 
d e m a n d  fo r su rface  fin ishes of a  sm o o th n e ss  
w h ic h , som e io  y e a rs  ago, w ere  s till b ey o n d  
th e  ran g e  of m easu rin g  in s tru m e n ts .

co m p a re  av a ilab le  d a ta  re la tin g  to  th e  m a c h in 
ing  o f lig h t m e ta ls  w ith  sh ap ed  d ia m o n d  too ls .

D iam o n d  is e sp ec ia lly  su ita b le  a s  a  c u t t in g  
m a te r ia l fo r tu rn in g  a n d  b o rin g  on a c c o u n t of 
th e  fo llow ing  p ro p e rtie s :—

(a) G re a t w e a r  re s is tan ce  a n d  h a rd n e ss  
of th e  c u t t in g  edge.

(b ) H ig h  p o lish  o f th e  su rface  o f th e  
c u tt in g  edge.

Fig. 3.—Study of surface 
finish ob t a i ne d  on 
diamond - turned piston 
skirts: a, angle between 
axis of workpiece and 
rear edge of diamond 
tool I deg., surface finish 
satisfactory but somewhat 
matt; b, angle between—

a —axis of workpiece and 
rear edge of diamond 
tool 6 degs., surface 
exhibits moderate gloss: 
c, angle between axis of 
workpiece and rear edge 
of diamond tool 15 degs., 
bad surface finish but 

high gloss.

is so m ew h a t 
th e ir  general

L i te r a tu re  on d ia m o n d  tools 
sp a rse  a n d  d ea ls  m a in ly  w ith  
ap p lic a tio n , w ith  th e  form  of too l edges”  th e ir  
a d ju s tm e n t,  a n d  so o n .1 T ool a n d  p ro d u c tio n  
eng ineers, h ow ever, a re  u su a lly  in te re s ted  in  th e  
so lu tio n  of a  sp ec ia l p ro b lem  re la tin g  to  a  
c e r ta in  m a te r ia l, su ch  a s  th e  tu rn in g  o f lig h t-  
m e ta l p is to n s  o r th e  b o rin g  of lead -b ro n ze  
b e arin g s, a n d  here  e x is tin g  l i te ra tu re  d o es  n o t 
g ive  m uch  h e lp . T herefo re , in th e  fo llow ing 
pages, a n  a t t e m p t  h a s  b e en  m a d e  to  c o llec t a n d

(c) In e rtn e ss , w h ich  p re v e n ts  ch em ica l 
re ac tio n  o r w e ld in g  b e tw een  to o l a n d  
w orkp iece.

T h ese  q u a litie s  of th e  d ia m o n d  m a y  b e  d u e  
to th e  w a y  in  w h ich  th e  ca rb o n  a to m s  a re  
p a c k e d . T h e  h ig h  po lish  o f th e  c u t t in g  edge 
re su lts  in  a n  easy  llow  o f ch ip . T h u s  c u tt in g  
p re ssu re  a n d  fr ic tio n  a re  red u ced . W eld in g  of 
th e  ch ip  to  th e  d ia m o n d  c u tt in g  edge has, 
gen era lly , n o t  been  o b se rv e d .3

W e a r o f a  d ia m o n d  c u t t in g  edge is d u e , m o re

Fig. 4 (left). Diamond tool with large circular 
edge (compare with faceted form in Fig. 2 above).

(right). Faceted diamond tool with corners 
of facets rounded. This latter type of tool has 
been found to give optimum surface finish on 

aluminium pistons.
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or less, to  m in u te  c h ip p in g  w h ich  is m ore p ro 
n o u n c ed  w h en  th e  d ia m o n d s  a re  in c o rrec tly  
o r ie n ta te d . M ach in in g  w ith  d ia m o n d  too ls  is 
th e  la s t  fin ish in g  o p e ra tio n , no  fu r th e r  g rin d in g  
o r la p p in g  is n e ce ssa ry ; a  p re lim in a ry  ro u g h in g  
o p e ra tio n  is u su a lly  req u ired . In  a  v e ry  few 
ra re  cases o n ly  h a s  h o n in g  a f te r  d ia m o n d  b o rin g

Fig. 7.—Diamond turning ring grooves in light-alloy 
pistcn. Special problems as to tool form arise here. 

(See Fig. 8 below.)

been  a p p lie d , b u t ,  w ith  m o d ern  im p ro v e m e n ts  
in su rfa ce  fin ish , th is  second  o p e ra tio n  does  n o t 
seem  to  be  n ecessa ry  a n d , indeed , m a y  b e  even 
d an g ero u s, ow ing  to  th e  risk  of spo iling  th e  
m ach in ed  su rface .

Fig. 6.—Machining of 
light-alloy pistons with 
diamond. The use of 
diamond tools for this 

i2A niAMnwn purpose is very exten- 
sive, and for reasons 
connected with the 
structure of many com
monly used aluminium- 
base piston alloys it 
appears unlikely that 
it will be superseded 
by any other material 
where highest grade 

finish is required.

C utting  Angles for Turning Tools
F o r  th e  p ro d u c tio n  of ge o m e tric a lly  c o rre c t 

su rfaces  i t  is e ssen tia l t h a t  o n ly  one c u tt in g  
edge be in  o p e ra tio n  a t  a  tim e . T h e  c learan ce  
an g le  a  (F ig . i )  lies u su a lly  b e tw een  5 to  9 
deg rees fo r tu rn in g  tools, a n d  8 to  15 deg rees  
fo r b o rin g  too ls. A v a ria tio n  in th e  c le aran ce  
ang le  fo r b o rin g  too ls  is necessa ry  ow ing  to  th e  
c o rre la tio n  b e tw een  th ick n ess  of d ia m o n d  tip  
a n d  d ia m e te r  of bo re , un less a  seco n d a ry  c le a r
an ce  be  in tro d u ced . In  th is  conn ec tio n ’ i t  h as  
b een  sug g ested  th a t  th e  c le a ran ce  ang le  of a  
d ia m o n d  tu rn in g  tool fo r l ig h t m e ta ls  (F ig . 1) 
b e  red u ced  to  zero so th a t  th e  c le aran c e  face  
ru b s  s lig h tly  on th e  w o rk p iece ; th u s  a  v e ry  
good su rface  re su lts , a lth o u g h  prec ision  m a y  be  
im p a ire d . T h e  gen era l p ra c tic e  is, h ow ever, to  
h a v e  a  v e ry  sm all re a r-a d ju s tin g  an g le  of 
b e tw een  2 deg rees to  zero, w h ich  o b v iously  
p ro d u ces  a  s im ila r effect, a n d  g e n era lly  w ith o u t 
d is a d v a n ta g e ; th is  q u estio n  is d e a l t  w ith  la te r .

T h e  p o in t a n g le  £ is 120 degrees, if  possib le , 
fo r s tra ig h t su rfaces  an d  fo r too ls  w ith  one 
c u t t in g  edge, a n d  170 deg rees for m u ltip le  fa c e t 
too ls  (F ig . 2 ). T oo ls for s tep p e d  bores, sh o u ld e r 
tu rn in g  a n d  spec ia l profiles need  p o in t ang les o f 
less th a n  90 degrees, b u t  ow ing  to  th e  w eak en in g  
effect on  th e  c u tt in g  edge a n d  a  p ro b ab le  
in fluence on  su rface  fin ish , th e  use of th is  tool 
s h a p e  sh o u ld  b e  confined  to  th e  a p p lic a tio n s  
m en tio n ed .

T h e  rak e  an g le  7 is from  o to  3 deg rees. A 
ra k e  o f an g le  of o d eg ree  c o n sid e rab ly  fa c ilita te s  
tool p ro d u c tio n  a n d  c h eck in g  a n d  h a s  b een  long  
in use. Som e m a te ria ls , su ch  as lead  b ronze , 
need  n e g a tiv e  rak e  angles.

T h e  fro n t a d ju s t in g  an g le  x t is 45 d eg rees  for.

Fig. 8.—Diamond groov
ing tools (see Fig. 7 
above) : a, tool of same 
width as ring groove, 
not recommended form ; 
b, tool narrower than 
ring groove; c. tool 
with two diamonds ; d. 
tool for chamfering the 

groove edge.
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to o ls  w ith  one c u t t in g  edge, a n d  18 to  30 degrees 
fo r  m u ltip le  fa c e t too ls . T h e  re a r  a d ju s t in g  
an g le  x ,  sh o u ld  be  a b o u t 1 to  2 degrees.

T h e  in fluence  of th e  re a r  a d ju s t in g  ang le  x ; 
is c le a r ly  sh o w n  in T a b le  1 in c o n n ec tio n  w ith  
F ig . 3, re fe rr in g  to  fa c e t  edge d ia m o n d  to o ls .3 
I t  is o b v io u s  from  th e se  in v e s tig a tio n s  th a t  
su rfa ce  q u a li ty  is in fluenced  b y  th e  re a r  a d ju s t
ing  ang le , w h ich  sh o u ld  be chosen  a s  sm all as  
possib le .

A c o n v e n ien t tool s h ap e  is a  la rg e  c ircu la r 
form  p ro v id in g  fo r a n  in fin ite  n u m b e r of c u tt in g  
fa c e ts  (F ig . 4 ). S u ch  c irc u la r  fo rm s w ere  con 
s id ered  by  som e in v e s tig a to rs  a s  v e ry  s u ita b le  
to  a v o id  tu rn in g  m a rk s ,4 a n d  to  o b ta in  a  h igh  
su rface  fin ish  on  a lu m in iu m . Im p ro v e d  te c h 
n iq u e  in eq u ip m e n t a n d  su rface  in sp ec tio n  
show ed , h ow ever, th a t  o p tim u m  re su lts  in 
su rfa c e  finish on  a lu m in iu m  p is to n s  (dow n to

fin ish , th e  feed m u s t in no  c irc u m stan ces  be 
m ore th a n  a  frac tio n  of th e  le n g th  of th e  c u tt in g  
edge. Sm all feeds a n d  l ig h t c u ts , a f te r  p re 
lim in a ry  m a c h in in g  w ith  o th e r  tools, p re fe ra b ly  
s in te red  carb id es, a cc o u n t fo r good su rface  finish 
an d  a re  econom ica l becau se  th e y  a llow  h ig h  
c u tt in g  speeds. F eed s  of 0.0008 to  0.004 in . / re v .  
a n d  a  c u t t in g  d e p th  of 0.008 to  0.025 in - a re  
freq u e n tly  ap p lied .

C utting  Force 
S m all feeds, l ig h t c u ts  a t  h igh  p e ri

p h e ra l speeds a n d  a  h ig h ly  p o lish ed  d ia m o n d  
tool edge all te n d  to  red u ce  friction , 
a n d  th e  c u tt in g  forces a re  co n se q u e n tly  q u ite  
sm all. In v e s tig a tio n s  carried  o u t on tu rn in g  
a lu m in iu m  w ith  d ia m o n d  too ls  show ed  t h a t  th e  
m a in  c u tt in g  force w as so m etim es less th a n  1 lb . 
T h is  sm all lo ad  on  th e  c u tt in g  edge, how ever,

Fig. 9 (extreme left).—Diamond groove 
tool as in Fig. 8a; special cold setting 
arrangement (approximately natural size). 
At the right of the illustration of the com
pleted tool is presented a diagrammatic 

plan and elevation of the tool.

Fig. 10 (right).—Multiple
tool fixture for simultane
ous machining of all 
grooves in a piston show
ing adjusting device and 
adjustment for median 

machine diameter.

i  m ic ro -in ch  =  o.ooo.ooi in .) co u ld  b e  o b ta in e d
w ith  a  too l form  show n  in F ig . 5 h a v in g  face ts  
w ith  ro u n d e d  co rn e rs .5 
Econom ical C utting  Speeds 

W ith  d ia m o n d  too ls  th e re  is v ir tu a lly  no  l im it 
to  th e  c u t t in g  speed , o th e r  th a n  a b so lu te  
freedom  from  v ib ra tio n . S o m etim es c u tt in g  
sp ee d s  a s  h ig h  a s  6.600 to  16.500 f t . /m in .  a re  
used.* In  th is  p a r t ic u la r  case  feeds o f 0.1 to
0.02 m m ./re v . (0.004 to  0.000S in . / re v .)  w ere 
em p lo y e d  a n d  th e  d ia m e te r  o f th e  w orkp iece  
w as p ro b a b ly  c o m p a ra tiv e ly  la rge . A s a  general 
g u id e  th e  fo llow ing  c u tt in g  speeds m a y  be con 
s idered  a s  econom ica l:—

W o rk -h a rd e n in g  a lu m in iu m  a llo y s  (so ft 
te m p e r)— 650 to  1,000 f t . /m in .

U n a llo y ed  a lu m in iu m — 1,500 to  i,Soo f t . /m in .  
M agnesium  a llo y s— 1,000 to  1,250 f t . /m in .  

R a te  of Feed and D epth  o f Cut 
F eed  a n d  d e p th  of c u t  a re , of course, 

d e p e n d e n t on" th e  s h a p e  of th e  d ia m o n d  too l 
edge, a n d  in o rd e r  to  o b ta in  a  good surface

re su lts  in a  specific  p re ssu re  up  to  200 to n s / 
sq. in ., a  s tre ss  w h ich  no  too l m a te r ia l o th e r  
th a n  d ia m o n d  c o u ld  be ex p ec ted  to  s ta n d  fo r 
a n y  rea so n ab le  tim e .

G ro w th  of th e  a irc ra f t  in d u s tr ie s  a ffec ted  
m a c h in in g  m e th o d s  fo r lig h t-m e ta l p a r ts  to  a  
la rge  e x te n t.  J o in tin g  faces on lig h t-m e ta l 
c a s tin g s  h a v e  to  be  carefu lly  m a c h in ed , sm all 
su rfaces  a re  so m etim es d ia m o n d  faced  on  a  
la th e , b ig g e r a re a s  b e in g  p ro d u ced  on  spec ia l 
m illing  m ach in es . T h e  m illing  h ead s  so m etim es 
c a r ry  tw o  to  s ix  d ia m o n d s  in  spec ia l ho lders , 
a n d  o p e ra te  a t  c u t t in g  sp eed s  of a b o u t  1,500 to
3,000 f t . /m in .  D iam o n d  m illing  too ls  a re  m ore 
su ita b le  th a n  h a rd -m e ta l too ls  for th is  k in d  of 
w ork , th e  la t te r ,  it is o b serv ed , te n d in g  to  
b re a k  m ore re ad ily  w hen  faces w ith  g rooves, 
e tc .,  a re  m ach in ed .

M achining E ight-alloy P istons
T h e  m o s t im p o r ta n t  p re s en t use  of sh ap e d  

d ia m o n d  too ls  is t h a t  fo r th e  fin ish in g  o f lig h t-  
a llo y  p is to n s  fo r in te rn a l-c o m b u s tio n  engines.
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(See F ig s . 6 a n d  7.) I t  is c la im ed  th a t  25,000 
p is to n s  c an  be  tu rn e d  w ith o u t in ju r in g  th e  
d ia m o n d  too l. T h e y  a re  th e re fo re  m ore  econo
m ical b y  fa r  th a n  h a rd -m e ta l too ls, espec ia lly  
fo r th e  m a c h in in g  of l ig h t a llo y s  of th e  h igh- 
s ilicon  ty p e .7 T h e  d ia m o n d  tu rn in g  too l is n o t 
in fluenced  by  s lo ts  a n d  p is to n  grooves.

F o r  fac in g  th e  p is to n  c ro w n  a  too l w ith  a 
b u rn ish in g  effect is so m etim es used  w h ich  is 
s a id  to  p ro d u ce  a  sm o o th  a n d  dense  su rface  to  
w h ich  gum  a n d  ca rb o n  d e p o sits  m a y  n o t easily  
ad h e re . P is to n  g rooves a re  firs t ro u g h  c u t  
a n d  th e n  fin ish  g rooved  w ith  spec ia l tools, 
w h ic h  a re  p re fe ra b ly  he ld  in spec ia l dev ices 
so m etim es  on  th e  b a ck  a t ta c h m e n t  of th e  la th e . 
T h e  s h ap e  of th e  d ia m o n d  g ro o v in g  to o l is 
d e te rm in e d  b y  th e  profile  o f th e  groove, th e  
s ide  of w h ic h  m u s t be  v e ry  sm o o th  to  g ive  th e  
sm alle s t fr ic t io n  effects.

F ig . 9 show s a  spec ia l too l evo lved  for th is  
p a r t ic u la r  p u rp o se . T h e  c o v er p la te  fits in to  a 
w edge-like  recess in  o rd e r  to  p re v e n t la te ra l a n d  
lo n g itu d in a l m o v e m e n t o f th e  d ia m o n d . If  th e  
fa c e t w id th  w ere  to  c o rresp o n d  to  th e  w id th  of 
th e  rin g  g roove  (F ig . Sa) th e  tool w ould  be 
m ore  o r less useless once th e  edges becom e 
b lu n te d . T o  overcom e th is  d ifficu lty  tw o  ty p es  
o f to o l co m b in a tio n s  h a v e  b een  d ev elo p ed . O ne 
is a  s ing le  d ia m o n d  (F ig . 8b) of w id th  less th a n  
th a t  of th e  g roove  to  be p ro d u c ed . I t  faces a t  
f ir s t on e  s ide , tra v e ls  a lo n g  th e  b o tto m  o f th e  
g roove , a n d  th e n  faces th e  o th e r  flan k  of th e  
g roove . T h e  o th e r  ty p e  of g ro o v in g  too l is 
show n  in F ig . 8c. I t  c o n sis ts  of tw o  d iam o n d s , 
e ach  of w h ich  m a ch in es  one flan k  a n d  a  p o rtio n  
of th e  g roove  b o tto m . B o th  d ia m o n d s  a re  fed 
in  s im u lta n eo u s ly . In  m o s t cases, d u e  to  th e  
na rro w n ess  of th e  g rooves one d ia m o n d  is 
a rra n g e d  aboV e th e  o th e r  a n d  eac h  is p o s itio n ed  
ra d ia lly  w ith  reg a rd  to  th e  p is to n . F o r  b o th  
ty p e s  of g ro o v in g  tool, v e ry  sen s itiv e  a d ju s t
m e n ts  a re  p ro v id ed . T h e  g roove  edges a f te r  
fin ish in g  m a y  b e  ch am fe red  (d e -b u rred ) w ith  a 
s ing le  d ia m o n d  h a v in g  tw o  c u tt in g  edges. 
(F ig . Sd.)

 ̂ Fig. 11.—Arrangement for using hard-metal and diamond 
tool in the same set-up; the hard-metal tool has left the 
cut before the diamond enters it: a. hard metal; h, dia

mond ; d, cut begins ; c, cut ends; g, feed.

In s te a d  o f m a c h in in g  th e  g roove  successive ly  
w ith  d iffe ren t too ls, m u ltip le  too l a t ta c h m e n ts  
fo r m ass p ro d u c tio n  h a v e  b een  d ev elo p ed . B y 
rad ia l a d ju s tm e n t o f th e  too l edges a n d  too l 
h o ld e rs  in  re la tio n  to  th e  p is to n  all d a n g e r  of 
a d ju s tm e n t  below  o r a b o v e  c en tre  lin e  c an  be 

, e lim in a te d . T h u s  th e  o p e ra tio n s  of fin ish ing  a  
ring  g roove  a n d  c h am fe rin g  i t  a f te rw a rd s  can  
be  co m b in ed . B y  su ita b le  a r ra n g e m e n t th e  
a t ta c h m e n t  m a y  com prise , a lso, s e ts  of co m 
b in ed  tools, to  m a c h in e  all g rooves  of a p is to n  
a t  th e  sam e  tim e . S u ch  a  dev ice  is show n  in 
F ig . 10. E a c h  g roove  is m ach in ed  b y  tw o  
d ia m o n d s  fo r  fac in g  th e  sides a n d  one  fo r 
c h am fe rin g  th e  edges, each  of th e  th re e  d ia m o n d s  
b e in g  in d iv id u a lly  a d ju s ta b le .

As a lre a d y  m en tio n ed , d ia m o n d  tu rn in g  is 
th e  fin ish ing  o p e ra tio n  a n d  m ay  re su lt in 
m irro r-like  su rface  fin ish  o f a b o u t  one m ic ro 
inch  (o.oooooi in .) .

T h e  e x ac tn e ss  o f d im e n s io n s  is s ta te d  to  be  
w ith in  lim its  of ±0.00012  in . a n d  th e  c learan ce

Fig. 12.—Cutting 
properties of dia
mond and high
speed steel tool 
compared on the 
basis of coeffi
cient of friction 

and feed rate.

Feed R a ft in,Jrev.
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Fig. 13 (left). — Di a mo n d  
cutting edge after run on 
a l umi n i um.  (Equivalent 
magnification in reproduction

75 diameters.)(Courtesy Cincinnati Milling Machine Co.)

Fig. 14 (below).—High-speed 
steel tool after run on alumin
ium. (Equivalent magnifica
tion in reproduction 75 dia

meters.)(Courtesy Cincinnati Milling Machine Co.)

b e tw een  p is to n  rin g  an d  
g roove  is e v en tu a lly  n o t 
m ore  th a n  0.0006 in .4 T h is  
p rec ision  c a n n o t be im 
p ro v e d  b y  la p p in g  o r 
su p erfin ish in g  a n d  acc o u n ts  
fo r th e  long  life o f lig h t- 
m e ta l p is to n s . R ec e n t 
investigations*  show ed  th a t  
w hen  p is to n s  h a v e  b een  in 
use fo r a  long  p eriod , m o s t 
of th e m  s till b e a r  th e  
tu rn in g  g rooves  (o r m a rk s  
of th e  g rin d in g  o p e ra tio n ) .
T h e  w e ar does  n o t ta k e  
p lace  on th e  p is to n  sk irts , 
b u t  on th e  c y lin d e r  bo re , 
p is to n  rin g s  o r  p o ssib ly  th e  
rin g  grooves. T h e  su rface  
fin ish  is, th e re fo re , co n 
s idered  to  be  *' good 
en o u g h  "  a t  4 to  8 m icro
ins. fo r th e  s k ir t  a n d  16 to  32 m icro-ins. (or 
rou g h er) fo r th e  c ro w n ,9 e sp ec ia lly  w hen  a  
p ro te c tin g  film  (e .g ., g ra p h ite )  is a p p lie d  to  
g u a rd  a g a in s t  co rro sion  d u r in g  co ld  s ta r t in g .

F o r  c e r ta in  sizes of p is to n  a n d  fo r c e r ta in  
a llo y s  i t  h a s  been  c la im ed  t h a t  s in te re d  ca rb id e  
to o ls  g ive  good re su lts . A n a r tic le  w h ich  
a p p e a re d  re c en tly  in  “  A lu m in iu m  ” (G e rm a n y )s 
th ro w s  som e lig h t o n  th is  p ro b lem . S in te red  
ca rb id e  to o ls  p ro d u ce  v e ry  sm o o th  su rfaces  
w h ich  a re  c o m p a ra b le  w ith  th o se  p ro d u c ed  by  
d ia m o n d , a s  show n in T a b le  2. H o w ev e r, th e  
d u ra b il i ty  of s in te re d  ca rb id e  too ls  is m u ch  less 
th a n  t h a t  o f d ia m o n d  too ls. I f  we co m p are  
th e  p is to n s  w h ich  c a n  be  tu rn e d  w ith o u t 
re a d ju s t in g  th e  too l, we h a v e  1,000 to  1,200 in 
th e  case  o f th e  fa ce ted  d ia m o n d  to o l a n d  80 
to  100 in  th e  case  o f th e  s in te re d  c a rb id e  tool,
i.e ., a  ra tio  o f 12 to  1.

A gain , if we c o m p are  th e  tim e  a f te r  w h ich  
th e  d ia m o n d  too l h as  to  be  rem o v ed  from  th e  
m a ch in e  (a f te r  sev e ra l re a d ju s tm e n ts  of a  new  
face t) w ith  th a t  of th e  s in te re d  c a rb id e  too l, we 
o b ta in  a  ra tio  o f 1 to  50.

T h e  d a ta  re fe rr in g  to  th e  re g rin d in g  o f s in te re d  
ca rb id e  too ls, a f te r  tu rn in g  2,000 to  3,000 p is to n s, 
a re  o b v io u s ly  in co rrec t, a s  i t  is n o t possib le  
to  re -la p  th e se  to o l tip s  25 to  30 tim es , w ith o u t 
re g rin d in g  th e m . N o th in g  is know n  o f th e  
sp ec ia l c u t t in g  edge ap p lie d  in  th is  case.

Fig. 15.—Sintered carbide tool edge not dia
mond lapped. (Equivalent magnification in 

reproduction 80 diameters.)
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Fig. 16 (above).— High
speed steel tool not 
stoned. ( Equ i va l en t  
magnification in repro
duction 160 diameters.)

Fig. 18 (right). — Lund 
Duplex f ine-mi l l i ng 
machine. The two light- 
alloy cutter heads carry 
three diamond tools at 
a 28-in. diameter circle.

I t  m ay  be  a d d ed  th a t ,  in co m p ariso n  w ith  
a  s in te red  ca rb id e  too l, th e  c u tt in g  tim e of 
w h ich  co rre sp o n d s  to  a  c u t t in g  le n g th  of a b o u t 
18.7 m iles, th e  c u tt in g  le n g th  of a d ia m o n d  edge 
is a b o u t  1,250 m iles, g iv in g  a  ra tio  of d ia m o n d  
too l to  s in te red  c a rb id e  tool of 67 to  1. T h is  
c a p a c ity  is n o t rea ch ed  a t  th e  p re s e n t tim e by  
a n y  o th e r  m a te r ia l a n d , m oreover, th e re  is 
p ra c tic a lly  no  u p p e r  l im it to  th e  c u t t in g  speeds 
a tta in a b le .

A lth o u g h  th e  a d v a n ta g e s  o f d ia m o n d  tu rn in g  
too ls  for lig h t m e ta ls  seem  o b v ious , i t  is fe lt 
th a t  fu r th e r  c o m p a ra tiv e  c u t t in g  te s ts  of 
d ia m o n d  a n d  s in te re d  c a rb id e  to o ls  a re  h igh ly  
d es irab le . T hese  te s ts  cou ld  p e rh a p s  be  con 
d u c te d  o n  a  line  s im ila r to  th o se  by  M. 1C. 
M erch a n t of th e  C in c in n a ti M illing M ach in e  Co., 
co m p a rin g  a d ia m o n d  tool a n d  a  h igh-speed  
s tee l to o l.3 T h is  in v e stig a tio n  com prised  speed  
a n d  feed te s ts  a m o u n tin g  to  a b o u t 160 m easu re 
m en ts . C oefficients of fr ic tion  an d  c u tt in g  
fo rces w ere p lo tte d  a g a in s t c u tt in g  speeds a n d  
feed ra te s  fo r w orkp ieces  o f stee l, copper, 
a lu m in iu m  a n d  b ra s s . F ig . 12 sh o w s as an

Fig. 17.—Diamond tool edge. (Equivalent 
magnification in reproduction 80 diameters.)

ex am p le  th e  re la tio n  of coeffic ient o f fr ic tio n  
v e rsu s  feed ra te . F o r  th e  w hole  feed  ran g e  th e  
d ia m o n d  too l g e n e ra ted  less fr ic tio n  on  th e  
a lu m in iu m  w o rk p iece  th a n  th e  h ig h -sp eed  s teel 
too l. P h o to m ic ro g ra p h s  before  an d  a f te r  use 
p re sen te d  a d d itio n a l in fo rm a tio n  on w h a t had  
ta k e n  p lac e  a t  th e  c u tt in g  edge. F ig s . 13 a n d  
14 show  a  d ia m o n d  tool a n d  an  I i .S .S . to o l a l te r  
th e  te s t  ru n  on a lu m in iu m .

I t  is of p a r t ic u la r  im p o r tan c e  fo r te s t  p u rp o ses  
a n d  in p ra c tic e  t h a t  th e  s in te red  c a rb id e  tools 
h av e  re a lly  sh a rp  c u tt in g  edges. T h is  c an  on ly  
b e  o b ta in e d  b y  using  d ia m o n d  g rin d in g  w heels 
o r  la p s. U nless s in te re d  ca rb id e  too ls  a re  
t re a te d  in  th is  w ay  th e y  show  a jag g ed  edge 
(F ig . 15) a n d , in th is  re sp ec t, seem  n e a re r  in 
a p p e a ra n c e  to  a  H .S .S . too l w h ich  is n o t 
“  s to n ed  "  (F ig . 16) th a n  to  a  w e ll-po lished  
d ia m o n d  tool (F ig . 17).
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Table 1.— Diamond-turned Piston Skirts.

Angle between 
axis of work
piece and rear 

edge of 
diamond tool

Light-slot
profile 

according to 
Schmaltz

Profile 
depth for 
0.1 mm. 

feedf

Surface finish 
and 

appearance

a 1 deg. * 0.002 mm. Satisfactory,
somewhat

matt
b 6 deg. * 0.005 mm. Moderate

gloss

c 15 deg. * 0.011 mm. Bad, high 
gloss

* See Fig. 3.
f Surface roughnesses of 1/40 to 1 80 of these 

values are now standardized in the British Industries. 
(See "Industrial Diamond Review,” Vol. 4, 1944, 
pp. 29-32.)

Boring o f Gudgeon Pin Holes 
G udgeon  p in  holes on  lig h t-m e ta l p is to n s  

a re  fin ished  on sp ec ia l a u to m a tic  d ia m o n d  
b o rin g  m ach in es . W h en  th e  p is to n s  com e to  
th e  m ac h in e  th e re  is a b o u t 0.005 i_n - le f t  in th e  
bo re  fo r fin ish ing , a n d  th e  final size is he ld  to  
a  to le ran ce  o f 0.0006 in . fo r th e  size of th e  hole, 
w h ich  m u s t a lso  be  t ru e  w ith in  a  l im it  of 
0.0005 in . p e r  in . S peeds  of a b o u t 5,000 r .p .m . 
a re  o b ta in e d  a n d  i t  is c la im ed  t h a t  th e  fin ish  
is su p e rio r to  in te rn a l g rin d in g , w h ils t p ro d u c 
tio n  is tw ic e  as fa s t.

N o  figures a re  a v a ila b le  fo r c o m p a rin g  th e  
econom y o f s in te red  ca rb id e  a n d  d iam o n d  
b o rin g  too ls . C o n d itio n s , h o w ev er, a re  p ro b 
a b ly  s im ila r  to  th o se  d esc rib ed  fo r tu rn in g  too ls.

A spec ia l p ro b lem  a rises  in th e  se tt in g , fine 
a d ju s tm e n t  a n d  b a la n c in g  of th e  b o rin g  
too ls . T h e  sh an k  h o ld in g  th e  d ia m o n d  is 
in se rted  a n d  c la m p ed  rad ia lly  o r a t  a n o th e r  
su ita b le  an g le  to  th e  b o rin g  b a r  a n d  a d ju s te d  
b y  a  m ic ro m e te r w h ich  a llow s of fine rad ia l 
a d ju s tm e n t  of th e  d ia m o n d . C are  sh o u ld  be 
ta k e n  to  a v o id  d ire c t c o n ta c t  b e tw ee n  th e  
m e asu rin g  dev ice  a n d  ►the d ia m o n d .

If  h a rd -m e ta l a n d  d ia m o n d  to o ls  be  used  in  th e  
sam e  s e t  up  fo r p re lim in a ry  a n d  fin ish  boring , 
good care  h a s  to  be ta k e n  t h a t  th e  h a rd -m e ta l 
edge h a s  le f t  th e  c u t  befo re  th e  d ia m o n d  tool 
en te rs  it. (F ig . 11.)

Table 2.— Precision Turning of Light-metal 
Pistons.

Tool Diamond Sintered car
bide (Widia)

Form of cutting edge Multiple
facets

Specially
ground

Cutting time (Standzeit) 4.000 to 5,000 
pistons, up to

rcgrinding.
1.000 to 1,200 

pistons for 
each facet

80 to 100 
pistons, up to 

relappinp. 
2,000 to 3,000 
pistons, up to 

regrinding

Profile depth for 0.10 mm. 
feed and good condition 
of cutting edge

0.001 to 
0.006 mm.

0.001 to 
0.004 mm.

Reflection for the same 
profile shape and depth

Higher Lower

Milling of L ig h t A lloys  
M illing  of lig h t m e ta ls  w ith  d ia m o n d  too ls  

fo r th e  p ro d u c tio n  o f fla t su rfaces  o r profiles 
h a s  b een  successfu l a n d  econom ica l. In  p r in 
cip le , th e  a c tio n  of th e  in d iv id u a l d ia m o n d  of 
a  m u ltip le  m illing  tool is th e  sam e  a s  th e  a c tio n  
of a  tu rn in g  too l. A re c e n t d e v e lo p m en t has 
b een  th e  D u p le x  F in e -m illin g  M ach in e  of J o h n  
L u n d , L td . (C rosshills, n e a r  K e ig h le y ) , for 
m a c h in in g  tw o  p a ra lle l a n d  fla t opp o sed  su r
faces in lig h t a llo y  to  ex tre m e ly  fine to le ran ces  
(F ig . 18). T w o  o p posed  m illin g  h ead s  a re  
m o u n te d  on rig id  b ases  w h ich  a re  b o lte d  to  th e  
m a in  bed . T h e  p o s itio n in g  of th e  h ead s  is 
o b ta in e d  b y  m ea n s  o f n a rro w  gu ides. T h e  
ca re fu lly  b a la n c e d  lig h t-a llo y  c u t te r  h ead s  a re  
30 ins. in d ia m e te r  a n d  c a rry  th re e  eq u a lly  
sp aced  d ia m o n d  too ls  on a 28-in. d ia m e te r  c irc le . 
T h e  p e rip h e ra l c u tt in g  speed  is 2.500 f t . /m in .
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Light Alloys in Metal Rectifiers 
and Photocells

Concluding fro m  “ Light Metals,” 1̂ 44///29 S, a Study o f  the 
Selenium Rectifier, and Introducing a Comprehensive Discussion 
on Photocells and the Role o f Light Metals in their Construction

D E T A IL E D  s tu d y  o f th e  e le c tr ica l c h a ra c 
te r is tic s  of th e  selen ium  rec tifie r is b o th  
in te re s tin g  a n d  in tr ig u in g . S pace  h e re  on ly  

p e rm its  o f th e  sa lien t fe a tu re s  b e in g  rep ro d u ced  
a n d  th e re fo re  th e  a t te n t io n  o f re a d e rs  in te re s ted  
is d ra w n  to  th e  p a p e rs  a lre a d y  c ited , e spec ia lly  
th o se  o f W illiam s  a n d  T h o m p so n  a n d  R ic h a rd s .

F ig . 35 (a f te r  W illiam s  a n d  T h o m p so n ) re fe rs  
to  in s ta n ta n e o u s  re s is tan c e  c h a ra c te r is tic s  fo r a

te m p e ra tu re  of 20 deg rees C. I t  show s cu rv es  
c o m p a rin g  th e  re s is tan ce  o f th e  c o p p e r /c o p p e r-  
ox ide  rec tifie r w ith  t h a t  o f th e  selen ium  
rec tifie r a s  th e  v o lta g e  is in c reased , th e  v o lta g e s  
b e in g  a p p lie d  o n ly  fo r su ffic ien t tim e  fo r 
m e a su re m e n ts  to  b e  ta k e n . T h e  res is tan ce  
show s a  m a x im u m  v a lu e  c lose  to  zero v o ltag e  
in each  case , h ig h e r fo r th e  co p p er /c o p p er-o x id e  
co u p le  th a n  fo r th e  selen ium  coup le . F ig . 36 
(a f te r  W illiam s  a n d  T h o m p so n ) g ra p h s  th e  v o lt- 
a m p e re  c h a ra c te r is tic s  fo r th e  se len iu m  rec tifie r 
fo r a  series  o f te m p e ra tu re s ;  n o te  th e  d iffe ren t 
sca les fo r fo rw a rd  a n d  rev e rse  c h a ra c te r is tic s  
re s p e c tiv e ly . T hese  sh o u ld  be  c o m p a red  w ith  
th o se  g iven  fo r th e  co p p er-o x id e  rec tifie r. I t  is 
seen  t h a t  th e  fo rw ard  cu rv e s  a re  eq u a lly  sp aced  
fo r e q u a l in c re m e n ts  o f te m p e ra tu re ,  w h ereas  
th e  effec t o f te m p e ra tu re  u p o n  th e  fo rw ard  
c h a ra c te r is tic s  of th e  co p p er-o x id e  rec tifie r 
b eco m es  less m a rk e d  a s  th e  te m p e ra tu re  rises.

R eg a rd in g  c reep  effects, W illiam s  a n d  
T h o m p so n  s ta te  th a t  th e se  a re  g en era lly  n e g a 
t iv e  w ith  n o  recovery’ d u rin g  res t. "  A geing "  
d u r in g  p ro lo n g ed  serv ice  is ex ceed in g ly  sm all, 
b u t  c a n n o t a lw ay s  b e  neg lec ted .

I t  is a lso  in te re s tin g  to  n o te  t h a t  W illiam s a n d  
T h o m p so n  s ta te  t h a t  re c tific a tio n  c an  b e  secu red  
from  p ro p e rly  m a d e  selen ium  coup les  w ith o u t 
e lec trica l fo rm ing , a lth o u g h , of cou rse , i t  is n o t 
so m a rk ed  a s  w ith  th e  fo rm ed  ones. T h e y  g ive 
ty p ic a l v a lu e s  g ra p h ic a lly , a s  re p ro d u c e d  in  
F>g. 37 -

E . K ip p h a n  g ives th e  c u rv e  in F ig . 38 for th e  
s ta t ic  c h a ra c te r is tic s , fo rw ard  a n d  reverse ,

Fi«. 35 (left).—Instantaneous resistance characteristics 
of selenium and copper-oxide rectifiers at 20°C.

Fig. 36 (below). — Volt-ampere characteristics of 
selenium rectifier at temperature interval 20-80°C.

Reverse -*5 0

red u c ed  to  m illiam p e re s /sq .c m . H e  s ta te s  th a t  
te s ts  in d ic a te  t h a t  th e  th ic k n e ss  of th e  b a rr ie r  
o r b lo ck in g  la y e r  is of th e  o rd e r  of io*4 cm . 
N o  h e a tin g -u p  tim e  is n e cessa ry  to  o b ta in  o u t
p u t  w h en  th e  lo ad  is sw itch ed  on  becau se , 
c o n tra ry  to  th e  th e rm io n ic  v a lv e  rec tifie r, 
e le c tro n  em ission  is n o t  d e p e n d e n t u p o n  th e rm a l 
effects. H e  c la im s  n o  d e te r io ra tio n  of th e  
e lec tro d es  d u r in g  se rv ice  o p e ra tio n , a n d  th e re 
fore th e  a n tic ip a t io n  o f in d e fin ite  life, c la im s 
w h ich  a re , b ro a d ly  sp eak in g , con firm ed  in 
p ra c tic e . F u r th e r ,  h e  s ta te s  t h a t  th e  on ly

Forward
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c h a n g e  in  serv ice  t h a t  occu rs is a  s lig h t inc rease  
in  fo rw a rd  re s is ta n ce  d u r in g  th e  first ro.ooo 
h o u rs  of o p e ra tio n . T h is  is th e n  c o m p e n sa te d  
b y  a n  in c rease  in th e  a .c . v o lta g e  b y  a b o u t 
5 p e r  c en t, if n ecessary .

F ig . 39 (a f te r  K ip p h a n )  show s th e  rec tifica 
tio n  ra tio , fo r fo rw ard  to  rev e rse  c u r re n t a t  low  
v o lta g e s . In  a c tu a l  o p e ra tio n , of cou rse , th e

a n d  u n d e r  th e se  c o n d itio n s  v e ry  inefficien t 
o p e ra tio n  re su lts .

T h e  reco m m en d ed  u lt im a te  te m p e ra tu re  l im it  
for serv ice  o p e ra tio n  o f th e  se len iu m  rec tifie r is 
70 to  75 degrees C. L o ad s  a rc  u su a lly  spec ified , 
a n d  desig n s  e ffected , so t h a t  th e  o p e ra tin g  
te m p e ra tu re  rise  does n o t  ex ceed  40 deg rees  C., 
g iv in g  th e  usefu l te m p e ra tu re  o f 35 deg rees C. as 
th e  m ax im u m  a m b ie n t v a lu e  p e rm issib le . F a n  
cooling , o r c o n v ec tio n  coo ling  b y  design  
a rra n g e m e n t, a s  w ell a s  coo ling  fins, a re  
m e th o d s  re so rted  to  to  im p ro v e  coo ling  a s  
n e c e ss ita te d  in  p a r t ic u la r  e q u ip m e n ts . F ig . 40 
is g iv en  b y  K ip p h a n  fo r s h o r t  p e rio d  o v erlo ad , 
sh ow ing  p e rm iss ib le  t im e  fo r o v e rlo ad s  of 
v a rio u s  m a g n itu d e s , on  th e  a ss u m p tio n  t h a t  th e  
in te rv a l be tw een  o v e rlo ad s  is su ffic ien t for 
th e  coo ling  of th e  rec tifie r, a n d  a t  le a s t 30 m ins. 
F ig . 41 is used  fo r s h o r t  coo ling  periods.

F ig . 42 g ives lo ad  ra tin g s  in re la tio n  to  
a m b ie n t te m p e ra tu re s  to  co v er u sage  a t  v a lu e s  
of th e  f a t te r  a b o u t  35 deg rees C.

T h e  fo rw ard  re s is ta n c e  falls w ith  te m p e ra tu re ,  
a n d  F ig . 43 show s th is  fo r th e  ra n g e  -  30 
deg rees  C. to  -  75 d eg rees  C. T h e  v a r ia tio n  
in  reve rse  re s is tan ce  of th e  sam e  ran g e  is g iven  
¡11 F ig . 44. T h ese  a re  b o th  from  K ip p h a n 's  
p ap er .

R eg a rd in g  efficiency o f th e  se len iu m  rec tifie r, 
th is  is de fin ed  in  sev e ra l w ay s. F ig . 45 show s 
i t  a t  fu ll load  v o lta g e  for 3 -phase a n d  for 
s ing le  p h a se  b a t te ry  a n d  re s is tan ce  loads.

Fig. 37 (above).—Volt - ampere 
characteristics of formed and 
unformed selenium couples. 
(After Williams and Thompson.) 
It will be noticed that rectifica
tion. although more marked with 
the formed couples, nevertheless 
can be attained without electrical 

forming.

Fig. 38 (right).—Static character
istic of a selenium rectifier disc of 
effective surface area 1 sq. cm. 

(After Kipphan.)

v o lta g e  d ro p  a t  th e  lo ad  cau ses  a  la rg e  d ifference 
be tw een  v o lta g e s  acro ss  th e  re c tifie r in  th e  
fo rw a rd  a n d  rev e rse  d ire c tio n s . T h e  m a x im u m  
u su a l v o ltag e  possib le  in  th e  reve rse  d ire c tio n  is 
g iv en  a t  iS v o lts . A c o n tin u o u s  c u r re n t d e n sity  
in  th e  fo rw ard  d ire c tio n  of a b o u t  50 m illi- 
a m p e re s /s q .  cm . is p e rm itte d , co rre sp o n d in g  to  
a  v o lta g e  d ro p  o f a b o u t  i  v o lt. F u :. 38 show s 
th e  rev e rse  c u r re n t  fo r a  rev e rse  v o ltag e  of 18 
v o lts  is a b o u t  1 m illiam p e re . T h is  g iv es  an  
■effective ra tio  of 50/1 for fo rw a rd /re v e rse  
c u r re n t  a t  fu ll lo ad  c u r re n t c o n d itio n s  a n d  
u n d e r  fu ll reve rse  v o lta g e . A t  very- low  
v o lta g e s , th e  re c tific a tio n  ra tio  a p p ro a c h e s  u n ity

F ig . 46 sh o w s i t  a s  a  fu n c tio n  o f rec tified  
v o ltag e .

F ig s . 47 a n d  4S a re  in c lu d ed  a s  o f in te re s t  in 
sh ow ing  th e  use o f th e  o sc illo g ra p h  fo r rec o rd 
ing  th e  d y n a m ic  fo rw ard  a n d  rev e rse  c h a r
a c te r is tic s  re sp ec tiv e ly  of th e  se len iu m  coup le ; 
th e y  a re  ta k e n  from  C aro le  C la rk e ’s p a p er .

T h e  field  o f a p p lic a tio n  for m e ta l re c tifie rs  is 
la rg e  a n d  g row s c o n tin u o u s ly ; i t  is, in  fac t, 
a lm o s t u n lim ited . B a t te r y  c h a rg in g  w as  one  of 
th e  f irs t se rv ices  sa tisfied . W ith  a  series 
re s is tan ce  o r ch o k e  of s u ita b le  m a g n itu d e , a u t o  
m a tic  ta p e r in g  o f th e  c h a rg in g  c u r re n t to  a n y  
d e sired  final c u rre n t is sec u rab le . V arious
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G N U M fN I l  1/
UM B A S E  A L L O Y S

THE L I G H T E S T  C A S T I N G S  

FOR W H E E L  H UBS

v/ /̂AGNtSIUM Alloys have contributed 
¿greatly to the advance of aircraft 

design, and are an essential factor in many 
other industrial products. Among many pro
perties which tfe M A GN U M IN IU M  basealloys 
possess, apart from their lightness of weight 
—one-fourth the weight of steel—are their 
very excellent machining qualities, which 
make these alloys extremely 
materials to use. Technical 
be sent on request to the

M A .G N E S I  UM C.A S T  I N G. S- & . P R O D MX T S t  T D S L O U G H
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GEI1ERRL REFRACTORIES

R E F R R C T O R I E S  - o j  fitd u & ú u a/

FIRE BRICKS • BASIC BRICKS 

ACID-RESISTING MATERIALS 

CEMENTS AND COMPOUNDS 

INSULATION • SILICA BRICKS 

S I L L I  M A N I T E  • S A N D S

0 3
FURNACES o f e v e ry  type  con tinue  to ope ra te  

at o r  nea r capacity , re fra c to r ie s  a re  sub je c ted  
to e ve r g re a te r s tra in  and w ea r. G ood  

re fra c to rie s , p ro p e r ly  a pp lie d , a re  in c re a s in g ly
im po rtan t to s teady and e ffic ien t p roduc tio n .
G ene ra l R e frac to ries  eng in ee rs  and techn ica l
staff, backed  b y  spec ia lised  re fra c to rie s  
expe rie n ce  in  e v e ry  in dus try , a re  at 
the se rv ice  o f users to adv ise  upon  the  
cho ice  o f re fra c to r ie s  and th e ir s u ita b ility  
fo r  any p a r t ic u la r set o f cond itions .
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d ev ices  fo r a u to m a tic  sw itch in g  off o r  tra n s fe r  
to  a  second  b a t te ry  se t-u p  c an  be  a rra n g e d . 

O th e r  s im p le  a p p lic a tio n s  fo r e lim in a tin g
Jr
la

need  fo r b a tte r ie s  fo llow ed  w here  d ire c t c u rre n t 
w as re q u ire d  a n d  cou ld  be  ta k e n  th ro u g h  
rec tify in g  sy stem s, w ith  o r w ith o u t sm o o th in g  

dev ices , d ire c t from  a .c . m a in s . 
E lec tr ic  m o to rs, in d u c tiv e  lo ad s  
a s  fo r lif ting  m ag n e ts , m ag n e tic  
b rak es , re lay  o p e ra tio n , sw itch in g  
sy stem s , e tc ., a re  ex am p les . F o r  
e lec tro -aco u stic  sy stem s, filters  to 
rem ove  o r m in im ize res idual ripp le  
a re  n ece ssa ry ; a p p lic a tio n s  of th is  
k in d  fa ll w ith in  th e  fields of te le 
p h o n ic  a n d  rad io  co m m u n ica tio n s .

E lec tro p la tin g , a n d  e lec tro 
chem ica l fin ish ing  a n d  e lec tro 
m eta llu rg ica l p rocesses, p e rh ap s  
re p re sen t th e  d ire c tio n  in w h ich  
m o s t d e v e lo p m en t h a s  been 
ach iev ed  d u rin g  re c en t years , 
esp ec ia lly  in th is  c o u n try .  In  
th e  e lectro -deposition  of zinc, 
c ad m iu m , n ickel, co p p er , ch ro 
m ium , tin , th e  p rec io u s  m e ta ls , 
e tc ., i t  is v e ry  usefu l to  h av e  
in d iv id u a l re c tifie r sy s tem s  on 
each  v a t  o r b a rre l. A u to m a tic  
p la tin g  can  be n e a tly  a n d  econo-

Fig. 39 (above).—Rectification ratio 
for selenium couple for forward to 
reverse current at low voltages. 

(After Kipphnn.)

Fig. 40 (right).—Short-period current 
overload capacity of a selenium 

rectifier. (After Kipphnn.)

Fig. 41 (below).—Overload rating 
and operating time for a selenium 
rectifier on intermittent operation. 

(After Kipphan.)
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m ically  c a te red  fo r in th e  sam e 
w ay . E lec tro  c lean ers  a n d  p ick lin g  
p rocesses, an o d iz in g , e tc ., a ll fall 
in to  th e  sam e ca teg o ry . So do 
m e ta l re co v ery  processes from  acid  
d ip p in g , p ick lin g  a n d  desca ling  
o p e ra tio n s , w h en  th e se  a re  
o p e ra te d  e le c tro ly tic a lly .

F ig . 49 (a f te r  C arole  C larke) 
show s a n  e le c tro p la tin g  rec tifie r 
u n i t  of 6 -v o lt i,500 -am p . c a p a 
c ity , a n d  d e m o n s tra te s  its  n e a t
ness a n d  co m p actn ess. T h e  
c a b in e t of e q u ip m e n t is self- 
co n ta in ed , in c lu d in g  a m m e te r  an d  
v o ltm e te r , c o n tro l h an d le s  an d  
in d ic a to r  lig h ts .

F ig . 50 (a f te r  R ich ard s) d e m o n 
s tra te s  th e  co n s tru c tio n  of an  oil- 
cooled  rec tifie r. I t  will be n o ted  
t h a t  th e  c o n v en tio n a l a ssem b ly  of 
th e  d iscs in s ta c k s  upo n  a  sp ind le
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h as  been  d isca rd e d , a n d  re p laced  b y  a  m e th o d  
w h ich  co m p rises  th e  m o u n tin g  of th e  selen ium  
c oup les  f la t on  m e ta l p la te s . T h e  la t te r  a re  of 
c o p p e r to  p ro m o te  ra p id  h e a t d is tr ib u tio n  for 
coo ling  b y  m eans  of th e  oil. T h e  c o p p e r  p la te  
cou ld  a d v a n tag e o u s ly  be  rep laced  b y  a lu m in iu m  
o r a lu m in iu m -a llo y  sh ee t for th e  sam e  pu rpose . 
F ig . 51 (a lso  a f te r  R ic h a rd s )  show s a n  a u to 
m a tic  e le c tro p la tin g  p la n t  h a v in g  rec tifie r 
e q u ip m e n t of th is  ty p e  m o u n te d  on  a n  o v e rh ead

SURRO UNDING TEMPERATURE OC 

VOLTS

ru n w a y . E ig h te e n  1,000 a m p . u n its  a re  
in v o lv ed  a n d  th e y  feed a ll th e  d .c . re q u ire m e n ts  
o f th e  p la n t  fo r th e  p re p a ra to ry  c lean in g  
o p e ra tio n s  a s  w ell a s  fo r th e  e lec tro  d e p o sitio n  
p rocess.

O il coo ling  is a lso  used  fo r h ig h -v o lta g e  
rec tifie rs , a n d  F ig . 52 (a f te r  R ic h a rd s)  show s 
th e  m ak e -u p  o f a  u n i t  fo r a n  o u tp u t  of 33 k v . 
a t  70 m illiam p e re s . T h e  o v e ra ll size is a b o u t
3 f t. cu b e , th e  ta n k  ho u sin g  th e  rec tifie r, con 

d e n se r  a n d  tra n sfo rm er. I t  is th e  
ty p e  used  fo r e le c tro s ta tic  p re c ip ita 
tio n  of d u s ts , sp ra y , fum e, sm oke, 
e tc . M odern  in s ta lla t io n s  using  
su ch  e q u ip m e n t a re  g en era lly  
desig n ed  n o t m ere ly  to  e lim in a te
in d u s tr ia l a tm o sp h e r ic  nu isan ces, 
b u t  a t  th e  sam e  tim e  to  effect a 
re co v ery  of a  p ro d u c t so as to  m ore 
th a n  o ffset th e  c o st of in s ta lla t io n , 
o p e ra tio n  a n d  m a in te n an c e .

A n o th e r  im p o r ta n t a p p lic a tio n  in 
a  field closely  a llied  to  th e  fore
g o ing  is fo r c a th o d ic  p ro te c tio n  of
p la n t  in s ta lla t io n s , esp ec ia lly  in 
la rge  sca tte re d  w orks  a n d  across 
open  c o u n try . P ip e  line  in s ta lla 
tio n s  a re  a  p ro m in e n t e x am p le , a n d
F ig- 53 (a f te r  C aro le  C larke) show s 
a n  a p p a r a tu s  for th is  p u rp o se . I t

Fig. 42 (above).—Load ratings 
in relationship to ambient tem
peratures between 35 and 75CG 

(After Kipphan.)

Fig. 43 (right).—Forward voltage 
drop and cell temperature for 
full load and 1 Oth full load. 

(After Kipphan.)

Fig. 44 (below).—Reverse cur
rent and cell temperature for 
normal voltage and fraction of 
normalvoltage. (AfterKipphan.)

h a s  a n  o u tp u t  of 14 v o lts , 100 
a m p s., a n d  is desig n ed  fo r po le  
m o u n tin g , b e in g  h o u sed  in  a  d a m p - 
p roo f, w e a th e r-re s is tin g  cab in e t.

Y e t  a n o th e r  la rg e  use fo r m e ta l 
rec tifie rs  is fo r s ta r te r -e q u ip m e n t fo r 
in te rn a l-c o m b u s tio n  eng ines. T h is  
is m ad e  possib le  b y  th e  low fo rw ard  
re s is tan c e  of th e  selen ium  coup le  
a n d  th e  c o m p ac tn e ss  o f th e  
a ssem b ly . U se of a  re c tifie r s ta r te r ,  
esp ec ia lly  fo r d ifficu lt eng ines, 
m ean s  less  w ear a n d  te a r  on  b a t 
te rie s , a n d  m in im ized  rech a rg in g  
effo rt. F u r th e r ,  i t  g ives c o n s ta n t 
o u tp u t  even  w h e n  a  h e a v y  c u rre n t 
is d ra w n  from  i t  fo r a  c o m p a ra tiv e ly
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long  tim e . R ic h a rd s  g ives th e  d a ta  rep ro d u ced  
in F ig . 54 fo r a  t ru c k  s ta r te r ,  co m p ris in g  a  
re c tifie r m ad e  in  tw o  h a lv e s  so th a t  b y  m eans 
of a  sw itch  e ith e r  12-volt o r 24-volt o u tp u t  a t

%

LOAD AS % OF NORMAL CURRENT

5S (fo r ch a rg in g  a  20-cell b a t te ry ,  a d ju s ta b le  
from  4.5 to  7 a m p s .)  a n d  59 (for ch a rg in g  tw o  
b a tte r ie s  w ith  ch an g e -o v e r from  40 v o lts  4S 
a m p s, to  80 v o lts  24 a m p s .) .

P ho to c e lls  
P h o to ce lls , a s  th e  n a m e  suggests , 

a re  in s tru m e n ts  fo r th e  d e te c tio n  
o r m e a su re m e n t of illu m in a tio n , 
o r v a ria t io n s  in  th e  la t te r .  T w o  
d is t in c t  ty p e s  will be discusseel, 
th e  re c tifie r a n d  th e  th e rm io n ic  
va rie tie s . In  th e  rec tifie r p h o to 
cell, th e  energy  o f th e  in c id e n t 
ra d ia tio n  becom es a v a i la b le  as 
e lec trica l energy  in th e  closed 
c irc u it of w h ich  th e  p h o to ce ll 
fo rm s a  p a r t ,  no  b a t te ry  being  
n ecessary . In  th e  th e rm io n ic  
ty p e , w h ich  in its  s im p le s t form  
c o n sis ts  e ssen tia lly  o f a d io d e  
v a lv e , a  p o te n tia l is m a in ta in e d

- 3-PHASE 
•BATTERY LOAD) 
.RESISTANCE „ 

SINGLE 
PHASE

J

Fit*. 45 (above).—Efficiency of 
selenium rectifier operating 
at full load voltage. (After 

Kipphan.)

Fig. 46 (right).—Efficiency of 
the se l eni um rectifier ex
pressed as a function on 

rectified voltage.

* —- 5 - -i z c wiec* or 5ISCS IN ERICS

/
1

!
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th e  sam e  k ilo w a tt  ra tin g  can  read ily  be  o b ta in e d .
A ran g e  o f b a t te ry  c h a rg in g  e q u ip m e n ts  

(a f te r  K ip p h a m ) a re  show n in F igs. 55 (p o r t
ab le , 2 to  24 v o lts  in 2-vo lt s te p s ) ,  56 (w a te r
t ig h t  design , o u tp u t  15 a m p s . 28 v o lts ) , 57 a n d

Table 7.— Sensitivity of Thirteen Selenium
Photocells to W h ite  L igh t— Preston’s 

Test Results.

be tw een  th e  tw o  e lec tro d es  to  p ro m o te  em ission  
of e lectrons. O ne  e lec tro d e  is sensitized , a n d  
th e  em ission  of e lec tro n s  v a rie s  in acco rd an ce  
w ith  f lu c tu a tio n s  in  th e  in te n s ity  of in c id e n t 
lig h t, th u s  re n d e rin g  possib le  d e te c tio n  o r  
m e a su re m e n t o f th e  la t te r .

T h e  rec tifie r p h o to ce lls  a re  re p re sen te d  by  th e  
co p p er-o x id e  a n d  selen ium  ty p e s . T h e  con 
s tru c tio n  of th e se  is n o t so v e ry  d iffe ren t from  
th a t  o f th e  co rre sp o n d in g  rec tifie rs  a lre ad y

Cell No. 1* A » A, lumen Table 8.— Preston's Test Results for Load
Characteristics of Thirteen Selenium

1 32 460 Photocells— ratio of photoelectric currents
2 24 345 at 500 ohm. external circuit resistance
3
4

12
16

210
230 and negligible resistance.

5 12 175
6 8 165 Cell No. •500 '0 Cell No. >500 ¡o
7 8 125
8 27 505
9 31 575 1 0.36 8 0.78

10 29 540 2 0.41 9 0.72
11 20 415 3 0.43 10 0.56
12 74 580 4 0.23 11 0.55
13 23 480 5 0.74 12 0.63

6 0 80 13 0.77
a A == microamperes. 7 C.8J
/iA lumen = microamperes lumen.
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d e sc rib e d . T h e  co p p er-o x id e  ty p e  does  n o t 
•d irectly  in v o lv e  th e  l ig h t a llo y s  in th e  essen
tia ls  of its  c o n s tru c tio n . H ow ever, in fo rm atio n  
w ill be  g iv e n  a p p e r ta in in g  to  i t  fo r c o m p ariso n  
w ith  th e  o th e r  ty p e s . T h e  selen ium  ty p e  lik e 
wise does  n o t  e sse n tia lly  req u ire  th e  lig h t 
m e ta ls , b u t  c an  use a lu m in iu m  o r  a lu m in iu m  
a llo y  for th e  b a se  p la te , a n d  th e  m ore re c e n t

p ra c tic e s  fa v o u r th is  m e ta l for th e  p u rpose . 
In fo rm a tio n  w ill b e  g iv en  th e re fo re  u p o n  th e  
c o n s tru c t io n  a n d  d e v e lo p m e n t of th e  selen ium  
p h o to ce ll.

O f th e  th e rm io n ic  ty p es, th e  cæ siu m  p h o to ce ll 
is o u ts ta n d in g , an d  p ro b a b ly  th e  on ly  one p ro 
d u c ed  co m m erc ia lly . O ne  o f th e  a lk a li m e ta ls  
is e ssen tia l to  its  fu n c tio n in g , a n d  cæ sium  is th e  
one n o rm a lly  em p lo y ed . C o n seq u en tly , a s  m u ch  
d a ta  a s  is a v a ilab le  w ill be  g iven  up o n  th is . 
T h e  tw o  ty p e s , re c tifie r a n d  th e rm io n ic , w ill be 
d e a l t  w ith  s e p a ra te ly . .

M etal Rectifier Photocells
M uch tec h n ica l l i te ra tu re  e x is ts  upon  th e  

rec tifie r p ho toce lls , a n d  one of th e  o u ts ta n d in g  
p a p e rs  p u b lish e d  in th is  c o u n try  d u r in g  th e  p a s t 
d e ca d e  is t h a t  b y  J .  S. P res to n , e n title d  “  T h e  
S e le n iu m  R ec tif ie r P h o to ce ll: M an u fac tu re ,

Table 9.— Preston’s Values for Current 
Illumination Characteristics for C ircuit 
Resistance Values of 10 and 200 ohms.

Cell No. Rio R-200

1 0.82 0.70
2 0.79 0.67
3 0.84 0.74
4 0.94 0.81
5 0.88 0.71
6 1.00 0.95
7 0.98 0.94
8 0.95 0.89
9 0.97 0.93

10 0.95 0.83
11 1.00 0.90
12 0.96 0.75
13 0.97 0.93

P ro p e r tie s  a n d  U se in P h o to m e tr y ,"  "  J o u rn a l of 
th e  In s t ,  of E lec . E n g in e e rs ,"  V ol. 79, No. 47S, 
p . 424, O c to b er , 1936. T h is  d e a ls  in a  very  
luc id  m a n n e r w ith  th e  field c overed  b y  th e  title . 
T h e  sam e  jo u rn a l, page  435, p re sen ts  a n  a r tic le  
e n title d  "  T h e  S e len ium  R ec tif ie r P h o to -E le c tric  
Cell: I ts  C h a rac te r is tic s  a n d  R esponse  to  In te r 
m itte n t I l lu m in a t io n ,"  b y  J .  T . M acG regor- 
M orris a n d  R . M. B illin g to n . T h is  a r tic le  re fers  
a lso  to  th e  co p p er-o x id e  p h o to ce ll. A m ore 
re c en t c o n tr ib u tio n  to  th e  field is inc lu d ed  in 
th e  p a p e r  on "  M eta l R ec tifiers  ”  a lre a d y  
re ferred  to  b y  A. L . W illiam s a n d  L . E . 
T h o m p so n  ( J .I .E .E .  1941). U sefu l c o n trib u -

Fig. 47 (left).—Oscillogram of dynamic forward current 
characteristic of selenium rectifier. Fig. 48 (above).— 
Oscillogram of dynamic reverse current characteristic 

of selenium rectifier.

tio n s , e spec ia lly  w ith  re ference  to  m e th o d s  of 
p re p a ra tio n  a n d  p ro d u c tio n  of se len ium  p h o to 
cells, a re  c o n ta in ed  in th e  R u ss ia n  te ch n ica l 
P ress, o u ts ta n d in g  item s b e in g  th e  fo llow ing :— 
"  A  N ew  M eth o d  of P rep a rin g  S e len ium  
R ec tif ie r P h o to  E lec tric  C ells ,"  b y  I. C. F r ie v e r t 
a n d  N . B . B erd n ik o v , "  T h e  J o u rn a l o f T e c h 
nica l P h y s ic s ,"  Vol. 7, N o. 13, 1937. "  T h e
M ass P ro d u c tio n  of S e len ium  R ec tif ie r P h o to - 
E lem e n ts  U sing  A lu m in iu m  M eta l B ase  P la te s ,"  
by  T . I. M oldaver, "  B u lle tin  of th e  A cad em y  of 
S c ience o f th e  U .S .S .R .,"  p . 705, N o . 5 /6 , 1938. 
All th ese  p a p e rs  c o n ta in  a  b ib lio g rap h y , th a t  
in P re s to n ’s a r tic le  be ing  p a r t ic u la r ly  co m p re 
h ensive . A b s tra c ts  a n d  i l lu s tra tio n s  a re  tak en  
from  th e se  a u th o r it ie s  in th e  follow ing. T h e  
selen ium  rec tifie r p h o to ce ll w ill b e  d iscussed  
first.

Selenium  Rectifier Photocell
B riefly , th e  selen ium  p h o to ce ll co n sis ts  o f a  

m e ta l b ase  p la te  co v ered  w ith  a  th in , con 
tin u o u s  a n d  un ifo rm  film o f se len ium . T h is  
se len ium  is h e a t  tre a te d  to  b r in g  i t  in to  th e

Table 10.— Preston’s Test Values on Selen
ium Photocells for Colour Sensitivity at 
2,300°K. and 3,000°K., Indicating U n i

formity over this Range.

Cell
Sensitivity for 2,300°K.
Sensitivity for 3,000°K.

Electrocell .. 1.07
Electrocell .. 1.09
Electrocell .. 1.07
Cell No. 1 .. 1.18
Cell No. 7 .. 1.05
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m u s t n o t c o n ta c t  th e  
o u te r  edge, y e t  i: 
m u s t m ak e  good con
ta c t  w ith  th e  tra n s 
p a re n t m e ta l film 
w ith o u t u n d u ly ' re
d u c in g  th e  effective  
su rface  a re a  of th e  
s e 1 e n  i u m  film . 
F in a lly , th e  tra n s 
p a re n t m e ta l film is 
g i v e n  m e c h an ic a l 
p ro tec tio n  b y  m eans  
of a  th in  sp ray  
c o a tin g  o f se lec ted  
tra n s p a re n t la c q u e r  
o r v a rn ish , chosen  
to  c au se  m in im um  
loss of pho to -e lec tric  
efficiency, an d  to  
hav e  no  d e le te rio u s  
in fluence up o n  th e  
m e ta l o r  se len iu m  
lay e rs . T h is  con 
s tru c tio n  is show n 
d ia g ra m m a tic a l!y in 
F ig . 6o. T h e  base
p la te  m ay  b e  iron  
o r m ild  stee l, in 
w h ich  case  i t  sh o u ld  
be p ro te c te d , p re 
fe ra b ly  w ith  a  su it
a b le  m e ta l co a tin g , 
n ic k e l-p la tin g  b e in g  
usual fo r th is . O n 
th e  o th e r  h a n d , th e  
m ore re c en t te n -

Fjg. 49 (above, left).—A selenium rectifier for electro-deposition, 6 volts. 1,500 amps.(Courtesy W. Green Electric Co.)
Fig. 50 (above, right).—Illustrating, after Richards, the construction of an oil-cooled selenium 
rectifier. It will be noted that the conventional assembly of the discs in stacks upon a spindle 

has been discarded, the selenium couples being mounted flat on metal plates.
Fig. 51 (above).—Automatic electroplating plant with oil-cooled rectifier of the type illustrated 

in Fig. 50, mounted on overhead runway.

r ig h t a llo tro p ie  s ta te ,  a n d  in such  
a  m a n n e r  t h a t  i t  is co n v e r te d  in to  
th e  o p tim u m  c o n d itio n  o f c ry s ta l-  
lin ity . T h e  b ase  p la te  serves as 
one co n n ec tio n  to  th e  closed
c irc u it. T h e  se len iu m  su rface  is 
th e  one t h a t  is exposed  to  th e  
source of l ig h t of p a r t ic u la r  con 
cern , a n d  acro ss  th e  selen ium  is 
dev e lo p ed  th e  re s u lta n t p o te n tia l 
difference. T h e  o th e r  e lec trica l
co n n ec tio n  to  th e  closed  c irc u it 
ha s  to  b e  ta k e n  from  th e  selen ium  
su rface. T h is  is a ch iev ed  b y  
co v erin g  i t  w ith  a  tra n s p a re n t 
m e ta l film , u su a lly  p rec io u s  m e ta l 
(gold, p a llad iu m , e tc .) ,  o r of a lu 
m in iu m , ap p lie d  b y  ca th o d e  
s p u tte r in g  o r e v ap o ra tio n  in
v a c u u m . T h is  m e ta l film  is
o b v io u sly  e x ce p tio n a lly  th in ,  b u t  
is su ffic ien tly  c o n tin u o u s  e lec
tric a lly  to  co llec t th e  "  c u r r e n t .” 
H ow ever, th e  a c tu a l e lectrica l 
c o n ta c t  is re in fo rced  b y  m eta l 
sp ra y in g  a co lle c tin g  rin g  of 
fusib le  a llo y  su ch  a s  W o o d ’s 
m e ta l a ro u n d  th e  p e rip h e ry .
O b v io u sly , m ask in g  is n ecessary  
b ecau se  th e  tra n s p a re n t  m e ta l 
film m u s t n o t e x te n d  to  th e  edge 
of th e  d isc  fo r fe a r of sh o rt-c irc u it
ing to  th e  m e ta l b a se  p la te . 
L ikew ise , th e  s p ra y ed  m e ta l ring
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Fier. 52 (left).—High-voltage rectifier, after Richards, with output 
of 70 milliamps at 33 kv., overall size about 3 ft. cube with 
rectifier, condenser and transformer all housed in tank. Fig. 53 
(above).—Selenium rectifier unit, output 14 volts, 200 amps., 
mounted in drip-proof, weather-resistant cabinet and designed 
for pole mounting. Equipment of this design is intended par
ticularly for supplying current for the cathodic protection of 
plant installations, especially in large scattered works and across 
open country. (Courtesy Electrical Facilities Inc.)

d e n cy  is to  use a lu m in iu m , in  w h ich  case  i t  
m ay  o r m a y  n o t be  n ick e l co a ted , a cco rd in g  
to  th e  p rocess a d o p te d  fo r a p p ly in g  th e  
selen ium  co atin g .

E x a m in a tio n  of one form  of se len ium  rec tifie r 
p h o to ce ll re p re sen tin g  m o d e rn  co m m erc ia l p ro 
d u c tio n  in  th is  c o u n try  show ed  th e  follow ing 
p r im a ry  fea tu re s . T h e  p la te s  w ere  a b o u t 
1/32 in . in th ic k n e ss  a n d , re c ta n g u la r  in sh ap e , 
1 by  1 ¿-in. d im ensions: - T h e  b ase  p la te  w as 
m ild  s tee l a n d  th e  selen ium  h a d  been  a p p lie d  
d ire c tly  w ith o u t a n  in te rm e d ia te  e le c tro p la te  
la y e r . T h e  fro n t e le c tro d e  w as gold , v isu a lly  
n o t  a p p a re n t .  T h e  co llec tin g  rin g  o f p e rip h e ra l 
s p ra y  m e ta l w as z inc. T h e  reve rse  su rface  of 
t h e  b a c k  e lec tro d e  w as a lso  p ro te c te d  from  
ru s tin g  by  m e an s  of a  m e ta l-s p ra y ed  c o a tin g  of 
zinc. T h e  tra n s p a re n t  su rfac e  o f th e  gold fro n t 
e le c tro d e  w as p ro te c te d  b y  m e an s  o f a  th in  la y e r  
o f a  h a rd  la c q u e r  of n itro  cellu lose  base .

F o r  efficiency o f o u tp u t,  t h a t  is, m a x im u m  
tra n s fo rm a tio n  of l ig h t energy  in to  e lectrica l 
en ergy , sev e ra l fu n d a m e n ta ls  m u s t be  g iv en  full 
a t te n t io n  in  p ra c tic e . T h e  sam e a t te n t io n  is 
needed  fo r m a x im u m  s ta b i l i ty ,  m in im u m  d rif t 
a n d  m in im u m  ageing  w hen  n o t in use.

S u rface  p e rfec tio n  of b a se  p la te  seem s to  be 
th e  firs t fa c to r  of e x trem e  p ra c tic a l im p o r tan c e . 
T h e  b a se  p la te  sh o u ld  b e  p e rfec tly  f la t a n d  free 
from  all b lem ishes. A sm o o th  a n d  a lm o s t 
p o lish ed  su rface  is th e  idea l, p ro v id in g  ad h es io n  
o f th e  se len iu m  is n o t m itig a te d  by  excessive 
p o lish . B lem ishes o b v io u sly  m ea n  lack  of 
u n ifo rm ity  in th e  selen ium  co atin g , w h ich  m u s t 
be th e  th in n e s t  p ra c tic ab le  in co n fo rm ity  w ith  
co m p le te  freedom  from  porosity ., p in h o le s  or 
.lack of c o n tin u ity .  P its , d e n ts  a n d  even  
.sc ra tch es  in th e  b ase  p la te  a re  rep ro d u c ed  in

th e  selen ium  c o a tin g . T h e y  p ro m o te  p o ro sity  
a n d  d isco n tin u itie s  in th e  la t te r ,  th ro u g h  w h ich  
th e  fro n t e lec tro d e  will in e v ita b ly  pass , e ith e r  
d u rin g  th e  p rocess of its  a p p lic a tio n  o r d u rin g  
o p e ra tio n . In it ia l  sh o rt-c irc u its , o r p o te n tia l 
sh o rt-c irc u its , a re  th e re b y  c au sed . T h e  p u r ity  
of th e  selen ium , o r se len iu m  m ix tu re , m u s t of 
course  be m a in ta in e d  a t  th e  p re d e te rm in e d  
s ta n d a rd . H e a t t re a tm e n t  to  g ive o p tim u m  
s tru c tu re  m u s t be  rig id ly  co n tro lled . R eg a rd in g  
th e  fro n t e lectrode, th e  a p p lic a tio n  of a  th in  
t ra n s p a r e n t  film of good a d h es io n  in in tim a te  
c o n ta c t  w ith  th e  selen ium  su rface  e v id e n tly  
e n ta ils  a  sc ien tific  o p e ra tio n  to  be  desig n ed  an d  
co n tro lled  b y  e x p e r ts ; y e t  its  o p e ra tio n  c an  be 
re d u ced  to  s im p le  c o n tro l w ith  th e  c ap a b ilit ie s  
o f a n  o rd in a ry  u n sk illed  o p e ra to r . T h e  th ic k 
ness o f go ld  m u s t be su ffic ien t to  g ive  c o n tin u ity  
a n d  to  c a rry  th e  c u rre n ts  p ro d u c ed . Y e t it 
m u s t n o t be th ic k e r  th a n  th is , o th e rw ise  u nneces
sa ry  l ig h t a b so rp tio n  occu rs, a n d  th e  s e n s itiv ity  
a n d  efficiency of th e  cell suffers. S tr ic t  p re c au 
tio n s  m u s t be  ta k e n  d u r in g  its  a p p lic a tio n  to  
a v o id  a n y  sh o rt-c irc u itin g  to  th e  b ase  p la te  a t  
its  p e rip h e ra l edge, t h a t  is, m ask in g  m u s t be 
p o s itiv e , a c c u ra te  a n d  effec tive . T h e  sam e 
re m a rk s  ho ld  w h e n  a p p ly in g  th e  co llec tin g  
ring , w ith  th e  a d d itio n a l w arn in g  n o t to  c o n 
ta m in a te  th e  t ra n s p a r e n t  gold su rfac e . O v e r
h e a tin g , too , m u s t be av o id ed  d u rin g  its  sp ray in g , 
o th e rw ise  th e  h e a t tre a tm e n t of th e  selen ium  
m a y  be p a r t ia l ly  offset. I t  is fo r th is  reason  
th a t  one o f th e  lo w er-m e ltin g -p o in t a llo y s , such  
a s  a lre a d y  i llu s tra te d  in  d ea lin g  w ith  selen ium  
rec tifie rs , is p re fe rred  to  a  m e ta l such  a s  zinc 
w h ich , a s  ju s t  in d ic a ted , is so m etim es e n co u n 
te re d  in  com m erc ia l cells. F in a lly , th e  la c q u e r
ing  is n o t  a  m ere  fin ish ing  o p e ra tio n , b u t  a
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d e lic a te  in s tru m e n t-a s se m b ly  process. I t  m u s t 
b e  u n ifo rm  a n d  th in  if th e  cell s e n s it iv ity  is n o t 
to  be  ad v e rse ly  a ffec ted . A t  th e  sam e tim e , 
c o n tin u ity  m u s t b e  p ro v id ed  an d  adhesion  
a ssu re d .

I f  m ild  s tee l be used  a s  th e  b a se  m e ta l, specia l 
g rad es  w ith  re sp e c t to  su rface  c o n d itio n  sh o u ld  
b e  used . G re a t care  in p ack ing , tra n s p o r t,  
s to ra g e  a n d  h a n d lin g  is e ssen tia l. R u s tin g  
m u s t be av o id ed  a t  all c o s ts ; th is  is b y

a lm o s t m irro r-like  fin ish ; th e y  a re  p a c k e d  a n d  
p ro te c te d  fo r tra n s p o r t  to  safeg u ard  a g a in s t 
m ech an ica l d a m a g e  from  g r it  o r by  sc ra tc h in g , 
a s  w ell a s  for p ro tec tio n  from  a tm o sp h e r ic  
co rro sion . D e te r io ra tio n  is m uch  less like ly

th a n  w ith  s teel a n d  co n sid e ra b ly  m ore easy  to  
p re v e n t. F u r th e r ,  b e tte r  a t te n t io n  is g iven  to 
d im e n s io n a l lim its . T h e  m a te r ia l m a y  be used 
b a re  o r. if d esired , i t  c an  q u ite  re ad ily  be p ro 
te c ted  by  e le c tro p la tin g , a s  w ith  nickel.

T h e  a lu m in iu m -b ase  l ig h t a llo y s  th u s  h a v e  
m u c h  to  recom m end  th e m . Som e of th e  p a te n ts  
a lre a d y  re fe rred  to  in  th e  re c tifie r sec tion  also  
a p p e r ta in  to p h o to ce lls . A tte n tio n  in p a r t ic u la r  
is called  to  B .P . N o. 476,790 th a t  covers th e  use 
of l ig h t a lloys  of th e  a lu m in iu m  series, a s  well

n o  m ea n s  s im p le . F u r th e r ,  p ro te c tio n  of the  
rev e rse  side  of th e  cell, w ith  re te n tio n  of elec
tr ic a l  c o n ta c t  p ro p e rtie s , is e n ta iled . T h is  
n e c e ss ita te s  e le c tro p la tin g  in  th e  u n c o a ted  s tage , 
fo r e x am p le  w ith  a  h e a v y  co a tin g  o f n icke l, o r 
m e ta l s p ra y in g  in  th e  fin ished  c o n d itio n . W ith  
th e  la t te r  c a re  m u s t  be ta k e n  n o t to  s h o rt-c irc u it 
o v e r  th e  edges of th e  fro n t e lec tro d e .

T h e  use of a lu m in iu m , o r of a lu m in iu m  a lloy , 
g re a tly  sim plifies  m a tte rs . T h ese  m e ta ls  in  sh ee t 
o r  s tr ip  form  a re  reg u la rly  p ro d u c ed  w ith

Fig. 54 (above).—Voltage and current of truck 
starter for internal combustion engine. Fig. 55 
(below).—Portable charging equipment for car 
batteries 2-24 volts in steps of 2 volts. Fig. 56 
(right).—Battery-charging equipment in water-tight 
container: d.c. output 28 volts, 15 amps. Fig. 5? 
(below, right).—Equipment for charging or float
ing a 20-cell lead battery : adjustable from 4.5 

to 7 amps.

load,amperes

Series
Parallel
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a s  th e  v a cu u m  e v ap o ra tio n  m e th o d  of a p p ly in g  
th e  selen ium . B .P . N os. 497,034, 532,221,
529,957 a n d  508,180 a lso  a p p e r ta in ,  a n d  i t  w ill 
h a v e  been  n o ted  th a t  th e y  re fe r to  a lu m in iu m - 
ty p e  b a se  p la te s , v a cu u m  tre a tm e n ts  fo r th em .

se len iu m  rec tifie rs  a n d  pho to ce lls , co v ers  a  m ass 
m e th o d  of h e a t  tre a tm e n t.  T h e  d iscs, com 
p ris in g  m e ta l b a se  p la te s  co v ered  w ith  th e  la y e r  
of a m o rp h o u s  selqn ium , a re  s tack ed  w ith  in te r
le a v in g  d iscs  of m e ta l foil h a v in g  a  p ro te c tiv e

Fig. 60 (above).—Illustrating construction of n 
rectangle selenium rectifier photocell: A, metal
base plate, iron or aluminium; B. thin selenium 
film ; C. transparent metal film, front electrode, 
gold, platinum, silver or aluminium ; D, low melting 
point cell spray, conducting ring; E, transparent 
protective lacquer or varnish. Fig. 61 (below).— 
Showing electrical circuit as in photocell above: 
A, photocell; B, back electrode; C. selenium film; 
D, front electrode with collecting ring ; M, measur

ing instrument in series.Fig. 58 (above).—Apparatus as in Fig. 57. showing 
internal details. Fig. 59 (below).—Charging equip
ment which can be switched over from 40 volts 
48 amps, to 80 volts 24 amps. Designed for churging 

two bdttcrics.

v a cu u m  a p p lic a tio n  o f th e  selen ium , a n d  also  
m en tio n  a lu m in iu m  a s  th e  f ro n t e le c tro d e . T w o  
success ive  selen ium  c o a tin g s  to  e lim in a te  w eak  
o r po rous  s p o ts  a re  re ferred  to  in B .P . N o. 
482,239. U .S . p a te n t  N o. 2,203,328, re fe rr in g  to

la y e r  upo n  its  su rface  to  p re v e n t d a m a g e  to  th e  
selen ium  b y  ch em ica l a c tio n . P ressu re  is 
a p p lied , a n d  h e a t t r e a tm e n t  p e rfo rm ed , w ith  th is  
p ressu re  im posed . T h e  h e a t  t r e a tm e n t  is con 
tin u e d  u n til  th e  d esired  deg ree  of c ry s ta lliz a tio n  
is secu red . T h u s  th e  o p e ra tio n s  o f p e rfe c tin g  
th e  su rface  c o n d itio n  a n d  h e a t  tre a tm e n t a re  
c o m b in ed  in  th e  one p rocess. I t  is sp ec u la te d ,
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to o , th a t  th e  su p erfic ia lly  p ro te c te d  foil 
signifies a n o d ic a lly  tre a te d  a lu m in iu m  o r  l ig h t 
a lloy .

I t  is p ro p o sed , now , to  p re s e n t b rie ! a b s tr a c ts  
from  som e o f th e  te ch n ica l p u b lic a tio n s  in o rd e r 
to  in d ic a te  th e  c h a ra c te r is tic s  th a t  a re  desired  
o r o b ta in a b le  in  re c tifie r pho to ce lls .

P re s to n ’s p a p e r  rev iew s th e  k now ledge  on  sele-

Fig. 62 (above).—Drift curves for selenium 
photocells.

Fig. 63 (below).—Colour characteristics of 
selenium photocells for tungsten light.

Fig. 64 (right).—Efficiency of selenium rectifier 
photocells for oblique illumination.

n iu m  p h o to c e lls  a v a ila b le  a t  th a t  tim e , g ives 
in fo rm a tio n  from  th e  e x am in a tio n  o f th e  co n 
s tru c tio n  o f co m m erc ia lly  p ro d u c e d  u n its , 
de sc rib e s  m e th o d s  d e v e lo p ed  a t  th e  N a tio n a l 
P h y s ic a l L a b o ra to ry  fo r m a k in g  su ch  cells, a n d  
g ives th e  c h a ra c te r is tic s  d e te rm in e d  on th e  com 
m erc ia l a n d  la b o ra to ry  p ro d u c t. T h e  c h a ra c te r 
is tic s  a re  th e n  d iscussed  in  re la tio n  to  th e  
re q u ire m e n ts  e ssen tia l fo r a c c u ra te  p h o to m e try .

In  in tro d u c in g  th e  su b jec t, th e  a u th o r  p o in ts

o u t  th a t  in  th e  selen ium  p h o to ce ll en erg y  from  
th e  in c id e n t ra d ia tio n  is re n d e re d  a v a i la b le  as  
e le c tr ica l energy  in th e  c irc u it c o n ta in in g  th e  
cell, no  b a t te ry  b e in g  necessa ry . C onversion  
from  r a d ia n t  to  e le c tr ica l en erg y  ta k e s  p lace  
d ire c tly  in th e  cell, b u t  th e  efficiency of co n v e r
sion  is q u ite  low , b e in g  o f th e  o rd e r of 0.5 p e r 
c en t, o r less. T h e  a c tu a l  co n v ersio n  efficiency for 
a n y  g iv en  cell n a tu ra lly  v a rie s  w ith  th e  sp ec tra l 
d is tr ib u tio n  of th e  in c id e n t lig h t, b u t  i t  a lso  
v a rie s  w ith  th e  e lec trica l lo ad in g  in c irc u it w ith  
th e  cell a n d  th e  v a lu e  of th e  i llu m in a tio n  in c i
d e n t  upo n  th e  cell. T h e  conv ersio n  of r a d ia n t 
in to  e lec trica l en e rg y  occu rs a t  th e  b o u n d a ry  
surface  of a  c o n d u c to r  an d  a  sem i-co n d u cto r. 
T h e  c o n d u c to r  is u su a lly  a m e ta l. E x a m p le s  of 
sem i-co n d u cto rs  a re  se len iu m  a n d  c o p p er ox ide, 
'f ile  co n v ersio n  causes a t  le a s t a n  in itia l tra n s fe r

of e lec tro n s  from  th e  sem i-co n d u c to r to  th e  con 
d u c to r  acro ss  th e  b o u n d a ry  su rface.

In  th e  a b sen ce  o f a n  e x te rn a ] r e tu rn  p a th  for 
th e se  e lec tro n s, th e  tra n s fe r  p ro d u ces  ch an g es  in 
p o te n tia l  w h ic h  o p p o se  fu r th e r  flow  a n d , conse
q u e n tly  th e  n e t  c u r re n t across th e  b o u n d a ry  fa lls 
a lm o s t in s ta n tan e o u s ly  to  zero. A s a re su lt, a 
d ifference  o f p o te n tia l  th e n  ex is ts  b e tw een  th e  
c o n d u c to r  and  th e  sem i-co n d u cto r, a n d  th e  
v a lu e  of th is  P .D : is  a  fu n c tio n  of th e  in c id e n t 
illu m in a tio n . I f  a  re tu rn  p a th  is p ro v id e d  for 
th e  e lectrons, as  th ro u g h  th e  e x te rn a l c irc u it, 
th e  tra n s fe r  is m a in ta in e d  a n d  th e  re su ltin g  c u r
re n t  is d e p e n d e n t u p o n  th e  in c id e n t illu m in a tio n  
a n d  th e  e le c tr ica l re s is tan ce  in  th e  c irc u it. P ro 
v is io n  is m a d e  in  p ra c tic e  fo r th e  re tu rn  p a th  b y  
m ean s  of a  second  m e ta llic  e lec tro d e  in  c o n ta c t  
w ith  th e  sem i-co n d u cto r . T h e  tw o  m e ta l elec
tro d e s  a re  co n n ec ted  e le c tr ica lly  in  series  
th ro u g h  th e  e x te rn a l m e asu rin g  in s tru m e n t, as  
sh o w n  d ia g ra m m a tic a lly  in  F ig . 61. I t  is 
n e cessa ry  to  u tiliz e  th e  th in n e s t  possib le  la y e r  
of sem i-co n d u c to r in  o rd e r  to  m a in ta in  th e  in te r
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n a l re s is tan ce  of th e  cell to  a  m in im u m  possib le  
v a lu e .

P re s to n  s ta te s  t h a t  th ese  c o n d itio n s  a re  a t  
b e s t sa tisfied  b y  a  form  of cell co m p ris in g  a  th in  
san d w ich  o f sem i-co n d u c to r b e tw een  tw o  m e ta l 
p la te s . T h e  " u p p e r  "  p la te  c an  be  in th e  form  
of a  g rid , th e  l ig h t p e n e tra tin g  th ro u g h  th e  holes 
o r in te rs tic e s  to  fa ll on  th e  sem i-co n d u cto r . O r 
i t  m a y  be a  tra n s lu c e n t m e ta l la y e r  d ep o sited  
upo n  th e  sem i-co n d u c to r , a s  b y  c a th o d e  s p u t
te rin g  o r v a cu u m  e v a p o ra tio n . I t  is possib le  for

s tru c tu re  a n d  th ic k n e ss  b e s t su ite d  to  th e  
re q u ire m e n ts  defined .

P re s to n  found  li t t le  in fo rm a tio n  to  a ss is t in 
th e  p ro d u c tio n  o f g o o d -q u a lity  se len ium  p h o to 
cells to  b e  d e riv ed  from  p u b lish ed  p ap ers  o r 
p a te n t  sp ec ifica tio n s , b u t  o b ta in e d  lim ited  d a ta  
from  co m m erc ia l cells b y  a  d e ta ile d  ex a m in a tio n  
o f th e m . H e  fo u n d  m o s t m a n u fa c tu re rs  a t  t h a t  
d a te  u sed  iron  in  som e form  for th e  b a c k  elec
tro d e , a n d  t h a t  i t  w as u su a lly  ro u g h en ed  in o rd e r 
to  a ssu re  a d h es io n  of th e  selen ium . H e  assu m ed

Fig. 65 (above).—Selenium rectifier photocell: 
frequency/current curves under intermittent 
illumination of constant mean value of approx
imately 100 M.C. Fig. 66 (below).—Variation 
and sensitivity of selenium rectifier photocells 

along a diameter.

th e  p h o to -e lec tric  a c t io n  to  o ccu r a t  th e  b o u n 
d a ry  of th e  tra n s lu c e n t  e le c tro d e  w ith  th e  sem i
co n d u c to r , in w h ic h  case  th e y  a rc  classified  as 
Vorderwand  cell. If  th e  sem i-c o n d u c to r is tra n s 
p a re n t,  th e  p h o to -e le c tric  a c t io n  c an  o c cu r a t  
th e  b o u n d a ry  o f i t  w ith  th e  b a c k  e lec tro d e ; su ch  
cells  a re  c lassed  a s  Ilin terw and  ty p e . If  a  p a r 
t ic u la r  c o n s tru c tio n  of cell fa lls in  b o th  c a te 
gories, th e  n e t  o u tp u t  of th e  cell is  th e  d ifference 
b e tw een  th e  tw o  o p p o s in g  a c tio n s .

T h e  selen iu m -re c titie r  p h o to c e ll is of th e  v o r
d e rw a n d  c lass, a n d  th e  c a p a c ity  o f ev en  th e  th in 
n e st usefu l lay e rs  of se len iu m  p re c lu d e  a n y  possi
b il i ty  of l ig h t from  reach in g  th e  b a c k  e lec tro d e . 
T h e  ch ie f re q u ire m e n ts  fo r th e  f ro n t e lec tro d e  
a re  p ro p e rtie s  of h ig h  e lec tr ica l c o n d u c t iv ity  
a n d  of low  o p tic a l a b so rp tio n . T h e  h ig h e st 
e ffic iency in  p ra c tic e  is a t ta in e d  from  th e  s p u t
te re d  o r v a c u u m -e v a p o ra te d  m e ta l film s, p ro 
d u c ed  u n d e r  co n tro lle d  c o n d itio n s  to  g ive  th e
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Fig. 67 (above).—Temperature /current 
characteristics for cell No. 9 with illumin
ation of 50 M.C. and with external circuit 

resistance negligible.
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Fig 68 (above).—Temperature /current 
characteristic for cell No. 9 at illumination 
50 M.C. and with external circuit resist
ance of 1,000 ohms. Fig. 69 (below).— 
Temperature,'current characteristic for 
cell No. 9 at illumination of 400 M.C. 
and external circuit resistance negligible.
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th e  se len iu m  to  be  a p p lie d  in th e  m o lten  o r 
p la s t ic  c o n d itio n  a n d  th e n  p ressed  o r  ro lled  to  
th e  desired  th ick n ess , b u t  re fers  to  th e  R ussian  
w o rk  up o n  se len iu m  e v ap o ra tio n  in v a c u o  an d  
co n d en sa tio n  upo n  th e  e lec tro d e  su rface . W ith  
a ll m e th o d s , a  h e a t  tr e a tm e n t  m u s t  follow  in 
o rd e r  to  c o n v e r t  th e  selen ium  in to  th e  a p p ro 
p r ia te  sen s itiv e  s ta te .  T h is  th e rm a l t re a tm e n t 
causes a ch an g e  in a p p e a ra n c e  from  a  g lossy 
b lack  su rfa c e  to  one th a t  is m a t t  g rey , th e  
a c tu a l  a p p e a ra n c e  o f th e  la t te r  d e p en d in g  som e
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w h a t u p o n  th e  deg ree  of ch illin g  to  w h ich  th e  
m o lten  o r  p la s t ic  se len iu m  is su b jec te d  in  th e  
ea r lie r s tag e s . S h r in k ag e  of th e  selen ium  occu rs 
in  th e  final h e a t  tre a tm e n t,  a n d  ca re  h as  to  be 
ta k e n  to  av o id  p eeling  of th e  selen ium  film , o r 
th e  fo rm atio n  o f c ra c k s  o r fissures. I f  th e  la t te r  
be p re sen t, c o n tin u ity  of th e  fro n t e lectrode  
c a n n o t b e  assu red , a n d  th e re  m a y  be  th e  p o ssi
b i l i t y  o f it p a ss in g  th ro u g h  th e  a p e r tu re s  to 
s h o r t-c irc u it u p o n  th e  b a ck  e lec tro d e .

R eg a rd in g  th e  d ep o sitio n  of th é  f ro n t  e lec
tro d e , P re s to n  p o in ts  o u t  th a t ,  in a d d itio n  to  
th e  v a c u u m  processes a lre a d y  m e n tio n e d , c h e m i
cal d e p o sit io n  is feasib le . H e  considers  one of 
th e  nob le  m e ta ls  is p ro b a b ly  n e cessa ry  because  
o f th e  c h em ica l re a c t iv ity  of se len ium , a n d  th a t  

* gold is f req u e n tly  used , th is  one b e in g  d is t in 
gu ish ed  by  its  d is tin c tiv e  co lour. C o n ta c t to  it 
is m ad e  by  a  sp ra y e d  p e rip h e ra l r in g  of m e ta l
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T w o m e th o d s  of m a k in g  selen ium  ph o to ce lls  
h a v e  b een  dev elo p ed  by  th e  N .P .L . T h e y  differ, 
first, in th e  k ey in g  of th e  selen ium  to  th e  
iron  d isc  an d , seco n d ly , in th e  final s ta te  o f th e  
su rface  o f th e  cell.

T h e  first m e th o d  w as d u e  to  B a rn ard . H e  used 
a  c lean  s tee l d isc  o n ly  s lig h tly  ro u g h en ed ; on

n

Fig. 72 (above).—Backwall rectifier photocell: 
AA, ring electrodes ; B, semi-conductor (cup
rous oxide); C, metal disc (copper); 0,
barrier plan Arrow shows direction of 

electron flow.
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Fig. 73 (above).—Frontwall rectifier photocell: 
AA, ring electrodes; B, semi-conductor (cup
rous oxide); C, metal disc (copper); D, 
barrier plane ; E, metal film, gold or platinum. 
Arrow shows direction of electron flow. Fig. 
74 (below). — Spectral sensitivity, selenium 
rectifier photocell, Frcivert and Berdnikov 

processes.

Fig. 70 (above).—Temperature /current 
characteristics for cell No. 9 at illumina
tion of 400 M.C. and external circuit 
resistance of 1,000 ohms. Fig. 71 
(below).— T e mp e r a t u r e / c u r r e n t  
characteristics for cell No. 6 at illumina
tion of 400 M.C. and external circuit 

resistance negligible.
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n e a r  th e  edge o f th e  cell, i t  n o t b e in g  o b v io u s  
w h e th e r  th is  is a p p lie d  b efo re  o r a f te r  th e  fro n t 
e lec tro d e . H ow ever, in  som e cells, th is  sp ray ed  
r in g  is d isp en sed  w i th ,a n d  in s te a d  c o n ta c t  is m ad e  
b y  m ean s  of lig h t c o p p e r  fingers, b u t  th is  ty p e  
is u su a lly  m o u n te d  in  a  p ro te c tiv e  cas in g  p ro 
v id ed  w ith  a  g lass w indow . T h e  o th e r  ty p e  is 
m o re  gen era l, a n d  a  p ro te c tiv e  c o a t of la c q u e r  
o r v a rn is h  safeg u a rd s  i t  a g a in s t h an d lin g .

V arious  sizes a n d  sh ap e s  of cell a re  av a ilab le , 
th e  l im ita tio n  b e in g  th e  re s is ta n c e  of th e  tra n s 
lu c e n t m e ta l f ro n t e lectrode. I f  th is  becom es 
to o  g re a t  i t  can  o u tw e ig h  th e  a d v a n ta g e s  o f th e  
la rg e r lig h t-co llec tin g  a re a . F in a lly , P res to n  
re fers  to  th e  p o ss ib ility  of a d m ix tu re s  o f re la ted  
e le m en ts  to  th e  selen ium  fo r th e  sem i-co n d u ctin g  
lay e r, s u lp h u r  a n d  te llu riu m  b e in g  possib le .

th is  is sp re ad  th e  se len iu m  m ix tu re  co n sis tin g  
of 90 p e r  c en t, se len ium , 10 p e r c en t, s u lp h u r  in 
a  m o lten  c o n d itio n . T o  fa c ilita te  th e  sp read in g  
o p e ra tio n , th e  s teel d isc , used  a s  a  b a se  p la te , 
is he ld  in a  recess of s u ita b le  d e p th  in a  b rass  
p la te  m a in ta in e d  a t  th e  necessa ry  te m p e ra tu re . 
A t th e  c o m p le tio n  of th e  c o a tin g  a n d  w hen  th e re  
is su ffic ien t of th e  selen ium  c o m p o u n d  to  fill th e  
recess, th e  su rface  is ro lled  o v e r w ith  a  cold 
s tee l ro ller. T h e  c o a ted  d isc  is th e n  cooled 
ra p id ly  for th e  se len ium  c o m p o u n d  to  so lid ify .
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T h e  n e x t o p e ra tio n  is h e a t  tre a tin g  to  an n ea l 
th e  selen ium , a  p e rio d  of th re e  h o u rs  a t  165 
degrees C. b e in g  used . T h e  p re sen ce  of su lp h u r 
in  th e  m ix tu re  p re v e n ts  th e  la t te r  p ee lin g  from  
th e  s tee l p la te  d u r in g  th e  h e a t - tre a tm e n t o p e ra 
tio n . T h e  f ro n t e le c tro d e  is n e x t a p p lie d . Gold 
o r p la tin u m  is used , a n d  th e  m e th o d  em p lo y ed  
is c a th o d e  sp u tte r in g . A  d e p o sitio n  period  of

IU U M IN A T IO N -LU X

Fig. 75 (above).—Relationship between 
output and illumination for Freivert and 
Berdnikov selenium rectifier photocell. 
Fig. 76 (below).—Temperature coefficient 
of the Freivert and Berdnikov selenium 
rectifier photocell. Fig. 77 (right).—Tem
perature coefficient of the Freivert and 
Berdnikov selenium rectifier photocell.

a b o u t th re e  m inutes w ith  a  c u rre n t d e n s ity  in 
th e  d isch a rg e  u i a b o u t  1 0 -4 a m p e re s  p e r  square 
cm . is emplQyed. T h e  p e rip h e ra l edge o f th e  
d isc  is p ro te c te d  b y  m eans of a n  alum inium  ring.

T h e  seco n d  m e th o d , d u e  to  P re s to n , uses c lean  
stee l a s  th e  b a se  p la te , ro u g h en ed  b y  tre a tm e n t 
in  h o t d ilu te  s u lp h u ric  a c id . A fte r  th is  i t  is 
v e ry  th o ro u g h ly  w ash ed  a n d  h e a ted  n e a r ly  to  
red  h e a t  in  o rd e r  to  d riv e  off a ll tra c e s  of g rease  
o r m o is tu re . T h e  d isc  is m a in ta in e d  a t  a n  a p p ro 
p r ia te  te m p e ra tu re  a n d  su ffic ien t p u re  selen ium

ap p lie d  to  g ive  a th in  un ifo rm  c o a tin g . A c lean  
g lass p la te  (su ch  a s  a  lan te rn -s lid e  cover-g lass), 
p re h e a ted  on  a  h o t p la te  a t  th e  sam e  te m p e ra 
tu re  a s  th e  d isc , is c a re fu lly  low ered  on to  th e  
selen ium  su rface  u n til  i t  c o n ta c ts  th e  w ho le  s u r
face, c are , of cou rse , b e in g  ta k e n  to  en su re  th a t  
no  a ir  b u b b le s  a re  in c lu d e d . S lig h t p re ssu re  is 
a p p lie d  to  expel excess se len iu m . T h e  d isc , w ith  
th e  g lass p la te  ad h er in g , is ch illed  b y  p lac iitg  on 
a  co ld  m e ta l b lock , d isc  s ide  d ow n . W h en  
th o ro u g h ly  cold th e  d isc  is a n n ea led  fo r A-i 
h o u r a t  200 deg rees  C. T h e  g lass p la te  is th e n  
s p l i t  a w a y  from  th e  selen ium , w h ich  i t  leaves 
w ith  a  sm o o th  s p ec u la r  su rface . A  rin g  of 
fu s ib le  a llo y  is n e x t  ap p lie d , a n d  th e n  w ire
lead s  a re  a t ta c h e d  to  th is  a n d  to  th e  b a c k  of
th e  s tee l d isc . T h e  fro n t e le c tro d e  of p la tin u m  
is th e n  a p p lie d  b y  v a c u u m  c a th o d e  s p u tte r in g , 
a n d  w ith  th e  le ad s  of th e  cell co n n ec ted  th ro u g h  
a n  in d ic a tin g  in s tru m e n t o u ts id e  th e  v acu u m  
enclosu re . T h is  en ab les  th e  o p tim u m  th ic k n e ss  
of fro n t e le c tro d e  to  be  a p p lie d . F in a lly , th e  
cell is d ip p e d  in  v a rn is h  o r  la c q u e r  a n d  d ried . 
.M att v a r ie ty  is p re fe rred  fo r m ax im u m  response  
to  o b liq u e  illu m in a tio n .

Cells m ad e  b y  th e se  p rocesses h a v e  b een  co m 
p a red  w ith  co m m erc ia l cells, a n d  i t  is n o t

c la im ed  t h a t  th e y  necessa rily  h a v e  a  h igh  
s ta n d a rd  o f p e rfo rm an ce . P res to n  considered  
th a t  th e  s ta te  o f p re p a ra tio n  of th e  selen ium  
su rfa c e  b efo re  a p p lic a tio n  of th e  f ro n t e lec tro d e  
is a  v e ry  im p o r ta n t  fa c to r  in flu en c in g  th e  p e r
fo rm an ce  of th e  fin ished  cell. A lso, th e  c o n d i
tio n s  o f d ep o sitio n  o f th e  f ro n t e lec tro d e , for 
ex am p le , w ith  re fe rence  to  th e  p resen ce  of gas, 
a re  likew ise  v e ry  im p o r ta n t.

In  th e  s u m m a ry  of p h o to m e tr ic  re q u ire m e n ts  
a n d  p ro p e rtie s  a  co m p a riso n  is m ad e  b e tw een  
th e  cells m ad e  b y  th e  N .P .L . m e th o d s  a n d  com 
m erc ia l cells. T h e y  w ere a ll  c ircu la r, a n d  d ia 
m e te rs  re fe rred  to  re la te  to  th e  sen s itiv e  a rea  
a n d  n o t  to  th e  o v e ra ll size. I11 th e  ta b u la te d  
a n d  g ra p h ic a l d a ta  th e  v a rio u s  cells  a re  re fe rred  
to  b y  n u m e ra ls , th u s :—

Cell No. 1.—N .P .L . m a n u fa c tu re , p u re  
se le n iu m , s p ec u la r  su rfa ce , p la tin u m -s p u t
te re d  u p p e r  e lec tro d e , c o a ted  glossy  F rig i- 
len e  lacq u er , d ia m . 42 m m .

Cell N o. 2.— N .P .L . m a n u fa c tu re  a s  N o . 1, 
e x ce p t final la cq u er , w h ich  w as E rca len e  
m a t t ,  d ia m . 42 m m .
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Cell No. 3.— N .P .L . m a n u fa c tu re , selen ium  
s u lp h u r, m a t t  su rface , p la tin u m -s p u tte re d  
u p p e r  e lec tro d e , co a ted  F rig ilen e  lacq u er, 
w h ic h  d rie d  so m ew h a t m a t t  on  th e  m a t t  cell 
su rface , d ia m . 38 m m .

Cell N o. 4.—N .P .L . m a n u fa c tu re , p u re  
selen ium , sp e c u la r  su rface , s ilv e r-ev ap o ra ted

-'E lec trocell, F eb . 20, 1935, 

-E le c tro ce ll,  M arch  8, 1935,
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Fig. 78 (above).—Change in characteristics with time 
for the Freivert and Berdnikov selenium rectifier photo« 
cell. Fig. 79 (below).—Change in characteristics with 
time for Freivert and Berdnikov selenium rectifier 
photocell. Fig. 80 (right).—Moldaver’s representation 
of selenium rectifier photocell: 4, aluminium base
plate; 3, selenium evaporated film; 2, hypothetical 

barrier layer; I, sputtered gold front electrode.

7/>*X rtxto} -  MOUTHS

u p p e r  e le c tro d e , c o a ted  b e s t  p a p e r  v a rn ish  
( tu rp e n t in e ) ,  d iam . 42 m m .

Cell N o. 3.—N .P .L . m a n u fa c tu re  as  N o . 4, 
d ia m . 42 m m .

Cell N o. 6.— W esto n  P h o tro n ic  cell in 
N .P .L . m o u n tin g  n e a r ly  flu sh  w ith  no  g lass 
w in d o w , d iam . 35 m m .

Cell N o. 7.— W esto n  P h o tro n ic  cell in 
s ta n d a rd  m o u n tin g  w ith  g lass w indow , d iam . 
40 m m .

Cell No. S.~ 
d ia m . 37 m m .

Cell N o. 9 .-  
d ia m . 37 m m .

Cell No. j o .— E lec tro ce ll, M ay 24, 1935, 
Specially  ro u g h en ed  su rface , d iam . 37 m m .

Cell No. 11.—In fra m  cell su p p lie d  1935, 
d a te d  M arch  27, 1934, used  in  N .P .L .
m o u n tin g , d iam . 35 m m .

Cell No. 12.— S .A .F . cell (L a rg e ) , d iam . 57 
m m .

Cell No. 13.—T u n g sra m  cell S .41, No. 
839. In  s ta n d a rd  m o u n t, d iam . 35 m m .

In  th is  lis t, w here  no  m o u n tin g  is m e n tio n ed , 
th e  cell w as used  in th e  u n m o u n te d  s ta te  w ith  
e le c tr ica l c o n n ec tio n s  m ad e  b y  m e an s  o f sm all 
m e ta l c lip s. T h e  p ro p e rtie s  conside red  w ere as 
fo llow :—

(a) S en s itiv ity  to w hite  lig h t.—T h is  is n o t 
conside red  o f p r im a ry  im p o rtan c e  w ith  re sp ec t 
to  p h o to m e tr ic  a cc u ra c y , b u t  th e  se n s it iv ity  of 
a  cell to  w h ite .l ig h t  is a  m easu re  of th e  to rq u e  
a v a i la b le  in th e  m e asu rin g  in s tru m e n t a n d  an  
in d ic a tio n  of th e  ty p e  of in s tru m e n t t h a t  shou ld  
b e  used . T e s ts  w ere m a d e  a t  a n  illu m in a tio n  
v a lu e  of 50 m e tre -ca n d les  (m .c .) , u s in g  a  tu n g -

U J

s ten  lig h t-so u rce  of co lo u r te m p e ra tu re  a p p ro x i
m a te ly  2,360 deg rees K . C irc u it re s is tan c e  w as 
neg lig ib le , a n d  th e  c u rre n t o u tp u t  of th e  v a rio u s  
cells a n d  th e  co rre sp o n d in g  figure  in  m icro- 
am p s . p e r lu m e n  a re  g iv en  in  T a b le  7. I t  is 
n o te d  t h a t  th e y  fa ll in  tw o  g ro u p s , th e  firs t 
in c lu d in g  N os. 1 a n d  2 a n d  N os. 8 to  13, am o n g  
w h ich  th e re  is c o n sid e rab le  u n ifo rm ity , a n d  th e  
second  co m p ris in g  N os. 3 to  7, in c lu s ive.

(b ) D rift.—T h e  te rm  "  d r i f t  "  d en o te s  ch an g e  
in  th e  o u tp u t  of th e  cell a t  c o n s ta n t  illu m in a tio n  
d u r in g  th e  p e rio d  im m e d ia te ly  s u b se q u e n t to  
e x p o su re  to  lig h t, a n d  th e  cell h a v in g  b een  k e p t  
in to ta l  d a rk n e ss  fo r som e tim e  p rev io u s  to  
ex p o su re . R e su lts  a re  show n  in  F ig . 62. T h e  
cu rv e s  d e m o n s tra te  th e  cell o u tp u t  a t  a  g iven  
tim e  a f te r  th e  in s ta n t  o f ex p o su re  a s  a  p e r
c en tag e  of th e  final v a lu e . C u rv es  fo r tw o  
va lu e s  of illu m in a tio n , 1,000 a n d  400 m .c . 
re sp e c tiv e ly , a re  in c lu d ed . F o r  th e  te s ts  th e  
e x te rn a l c irc u it w as  k e p t  c losed , a n d  its  re s is t
an ce  in a ll  cases w as less th a n  10 ohm s. In  all 
cases th e  p h o to ce ll w as  k e p t  in th e  d a rk  fo r a t  
le a s t  24 h o u rs  b efo re  te s tin g . U su a lly , th e  ra te  
o f re co v ery  in  th e  d a rk  is s low er th a n  th e  d r if t  
t h a t  ta k e s  p lace  u p o n  ex p o su re . T e s ts  w ere 
a lso  m a d e  u s in g  filters  to  a b so rb  th e  in fra-red  
ra y s  in o rd e r  to  d e te rm in e  w h e th e r  th e  d r i f t  w as 
d u e  to  th é  in fra-red  ra d ia tio n  o r to  h e a tin g  
effect. R esu lts  w ere n e g a tiv e  in  b o th  cases. 
T e s ts  w ere a lso  m a d e  to  d e te rm in e  if d r i f t  w ere 
asso c ia ted  w ith  c u r re n t p a ss in g  th ro u g h  th e  cell, 
ag a in  w ith  n e g a tiv e  re su lts .

( c) Load characteristics.— T h e  lo ad  c h a ra c te r 
is tic  is th e  cu rv e  sh o w in g  th e  effec t o f in tro 
d u c in g  e x te rn a l re s is tan ce  in to  th e  c irc u it 
c o n ta in in g  th e  cell, w h ile  illu m in a tio n  is m a in 
ta in e d  c o n s ta n t. I t  is  n o t o f d ire c t in te re s t in 
p h o to m e try  e x ce p t in  so fa r  a s  i t  in d ic a te s  th e
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e ffec t of c irc u it re s is ta n ce  on  th e  s h a p e  of 
th e  illu m in a tio n  c h a ra c te r is t ic .  T a b le  8 g ives th e  
re su lts , th e  figure g iv en  b e in g  th e  ra tio  of th e  
c u r r e n t  flow ing w h en  th e  e x te rn a l re s is tan ce  is 
500 o h m s, to  t h a t  w h en  i t  w as  neg lig ib ly  sm all. 
T h e  illu m in a tio n  w as m a in ta in e d  a t  1,000 m .c .

of se lec tiv e  sou rces o r th o se  g iv in g  line  
s p e c tra . T h e  co lo u r c h a ra c te r is tic s  fo r tu n g 
s te n  lig h t so u rces  a re  sh o w n  in  F ig . 63. In  
th is  th e  s e n s it iv ity  fo r a  co lo u r of 2,320 degrees 
K. w as ta k e n  w ith  roo as th e  re ference. I t  w as 
o b se rv ed  in  m a n y  cases t h a t  th e  cu rv e s  c o n tin u e

C ells g iv in g  th e  h ig h e s t ra t io  a re  u su a lly  found  
to  be  th e  m o s t s a tisfac to ry ' in  o th e r  re sp ec ts , 
s u c h  a s  sm a lln ess  o f te m p e ra tu re  coeffic ien t a n d  
lin e a r ity  of re sponse . T h e  s u p e r io rity  o f a ll  th e  
m a n u fa c tu re d  cells  o v e r  th e  la b o ra to ry  p ro d u c t is 
s ig n ifican t.

(tl) Current illum ination characteristics.—  
C u rre n t i llu m in a tio n  c h a ra c te r is tic s  of a  cell 
a re  u su a lly  e x p ressed  g ra p h ic a lly , b u t  su ch  
cu rv e s  do  n o t  c l e a r l y  show  d e v ia tio n s  from  
lin e a r ity  of c h a ra c te r is tic . P re s to n , th e re fo re , 
g iv es  d e ta ile d  figures in  T a b le  9. T h is  g ives th e  
ra tio  o f s e n s itiv itie s  of th e  cell a t  tw o  a rb i t r a r i ly  
ch o se n  illu m in a tio n  v a lu e s  o f 1,000 a n d  400 m .c . 
T h e  R 10 g iv es  th is  ra tio  fo r a n  e x te rn a l c irc u it 
re s is tan ce  of 10 o hm s, a n d  th e  c o lu m n  R ,„ ,  
c a lc u la te d  fro m :—

(C u rre n t o u tp u t  a t  1,000 m .c .)  (400).
(C u rre n t o u tp u t  a t  400 m .c .)  (1,000).

F o r  c o m p a riso n  of tw o  u n e q u a l illu m in a tio n s  
o f id e n tic a l s p ec tra l q u a l i ty ,  th e  cell o u tp u t  
sh o u ld  be  p ro p o r tio n a l to  th e  illu m in a tio n  to  a 
su ffic ien t deg ree  o f a c c u ra c y  o v e r th e  d esired  
ra n g e . T h e  sm a lle r  th e  ran g e , th e  less s tr in g e n t 
th is  re q u ire m e n t. T h e  re su lts  g iv en  show  th e  
h ig h e r  th e  i llu m in a tio n  v a lu e , o r th e  h ig h e r  th e  
c irc u it  re s is tan ce , th e  g re a te r  is th e  d e v ia tio n  
o f th e  cell c h a ra c te r is tic s  from  th e  s t r a ig h t  line . 
T h e  b e s t  c o n d itio n s , th e re fo re , re s u lt w h en  illu 
m in a tio n  v a lu e s  do  n o t v a ry  too  w id e ly , w h en  
th e y  a re  n o t ex cessive ly  h ig h  a n d  w h en  th e  
re s is ta n c e  in c irc u it  w ith  th e  p h o to c e ll is  as  
sm a ll as  possib le .

(e) Colour se n sitiv ity .—T h is  is co n sid e red  
u n d e r  tw o  sec tio n s , n a m e ly , tu n g s te n  la m p s  a t  
d iffe ren t co lo u r te m p e ra tu re s  a n d  a  co m p a riso n

Fig. 81 (left).—Apparatus for 
application of selenium by 
evaporation accor d i ng  to 
Moldaver: 1. gloss bell jar
vacuum chamber; 2, steel 
base plate: 6, hollow disc
table to take cooling or heat
ing water : 8, discs to be selen
ium coated: 3, container fci 
selenium; 4, handle for rotat
ing a s t and upon which 
selenium container rests; 5. 
steel bearing for handle (4).

Fig. 82 (below).—Ageing of 
selenium rectifier photocells.

to  f la tte n  o u t  a t  h ig h e r colour^ te m p e ra tu re s ,  so 
t h a t  from  a b o u t  2,700 deg rees  K . to  3,000 degrees 
K . th e  sen s itiv ity ' re m a in s  a lm o s t c o n s ta n t. 
R esu lts  w ere  a lso  o b ta in e d  on  a  n u m b e r  o f cells 
fo r  c o m p a ra tiv e  sen s itiv itie s  fo r  co lo u r te m p e ra 
tu re s  2,300 deg rees  K . a n d  3,000 deg rees K . 
R esu lts  a re  g iv en  in T a b le  4. In fo rm a tio n  is 
g iv en  u n d e r  th is  s ec tio n  fo r s u ita b le  co lo u r co r
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re c tio n , u s in g  a  liq u id  filte r  c o n ta in in g  cu p ric  
c h lo rid e  a n d  p o ta ss iu m  d ic h ro m a te .

In  th e  case  o f se lec tiv e  a n d  lin e  sp ec tru m  
so u rces  i t  w as fo u n d  t h a t  d iffe ren t cells  d iffer 
m a rk e d ly  in th e ir  re la tiv e  s e n s it iv ity ;  a  d iffer
ence  n o t  o n ly  ex is t in g  in th e  b e h a v io u r  o f cells 
of d iffe ren t ty p e s , b u t  cells of th e  sa m e  ty p e  
sh o w  m a rk e d  d is s im ila r ity . T h is  r a th e r  sug 
g e s ts  t h a t  ex p erien ce  w ith  th e  te c h n iq u e  of 
m a k in g  p h o to ce lls  is of p r im a ry  im p o rtan c e  if a  
u n ifo rm  a n d  c o n s is te n t p ro d u c t is to  be 
o b ta in e d . T h e  co lo u r s e n s itiv ity  of th e  se len iu m  
cell is  b y  no  m ean s  id e n tic a l w ith  th a t  o f th e  
eye. T h e  ty p e  of se n s it iv ity  cu rv e  show s a 
m a x im u m  in th e  yellow -g reen  reg ion  an d  
d im in ish in g  v a lu e s  to w a rd  th e  tw o  e n d s  o f the  
v is ib le  s p e c tru m . N o  tw o  cells of one  ty p e  can  
b e  a ssu m ed  to  be  a like .

(I) The Cosine L a w .— W h en  con sid e rin g  
o b liq u e  i llu m in a tio n , th e  e ffec tive  sen s itiv e  su r
face  of th e  cell sh o u ld  o bey  th e  cosine law .
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Fig. 83.—Ageing of selenium rectifier photocells; 
heavy gold front electrode.

A ccord ing  to  th is , ex p o su re  success iv e ly  to  lig h t 
in c id e n t a t  v a rio u s  ang les, th e  illu m in a tio n  E  
b e in g  a d ju s te d  in each  case  to  b rin g  th e  cell o u t
p u t  to  a  c o n s ta n t p re -a rran g ed  v a lu e , th e  v a lu e  
o f E  sh o u ld  b e  re la te d  to  th e  ang les  of inc idence  
b y  th e  e q u a tio n :—

E *  -  e
cosfl *

In  th is  e q u a tio n  E #  is th e  v a lu e  for n o rm al in c i
d en ce  a n d  8 is th e  a n g le  of in c idence . In  
p ra c tic e  i t  is fo u n d  th a t  fo r a  s im p le  cell w ith  
no  co rre c tin g  d e v ic e  th e  v a lu e  of E  fo u n d  
to  be  n e ce ssa ry  fo r a n  an g le  o f inc idence  of 8 
is  a lw ay s  g re a te r  th a n  show n  b y  th e  e q u a tio n . 
F ig . 6.4 fo r v a rio u s  cells  sh o w s c o m p a ra tiv e  
effic iency fo r l ig h t in c id e n t a t  v a rio u s  an g les. 
T h e  la c k  o f efficiency a t  o b liq u e  ang les  is p a r t ly  
d u e , o f cou rse , to  th e  increase  in p ro p o r tio n  of 
th e  lig h t  w h ic h  is re flec ted  a t  th e  su rface  of th e  
cell b y  th e  g lass w indow  o r  p ro te c tiv e  v a rn is h  
co a tin g . C u rv e  (a ) is, th e re fo re , in c lu d ed  fo r 
co m p a riso n  to  show  th e  p e rc en tag e  of in c id e n t 
lig h t w h ich  w ill e n te r  a  single  p o lish ed  surface  
a t  each  an g le  o f in c id en ce  a s  co m p a red  w ith  
t h a t  w h ich  w ill e n te r  a t  n o rm al inc idence  (c a l
c u la te d  fo r  a  re fra c tiv e  in d ex  o f 1.55). T h e

id e n ti ty  o f th is  c u rv e  w ith  th a t  fo r ce’d No. 1 
is in te re s tin g . T h is  p a r t ic u la r  cell h a d  a  h ig h ly  
sp e c u la r  su rface  on  th e  selen ium  an d  w as co a ted  
w ith  a  glossy  cellu lose  la c q u e r  of re frac tiv e  
in d ex  n e a r  1.55. T h e  efficiency of th is  cell, 
th e re fo re , w as a lm o s t in d e p e n d e n t o f th e  ang le  
of in c idence .

(g) A pplicab ility  0 / Talbot's Law .— T a lb o t 's  
law , as  a p p lie d  to  pho to ce lls , s ta te s  th a t  th e  
c u rre n t o u tp u t  of a  p h o to ce ll w h en  exposed  to  
a n  in te rm i t te n t  i llu m in a tio n  is eq u al to  th e  
o u tp u t  o b ta in e d  w hen  th e  cell is exposed  to  a  
s te a d y  illu m in a tio n  of th e  sam e  m ean  v a lue , 
a n d  th e  sam e  energy  d is tr ib u tio n .

P re s to n  s ta te s  t h a t  th e  v a c u u m -tv p e  em ission  
cells a lm o s t u n iv e rsa lly  o b ey  th is  law , b u t  th a t  
re c tifie r cells d o  n o t a p p e a r  a lw ay s  to  d o  so. 
T h e  N P L -p ro d u c e d  cells c o n s is te n tly  show ed  a 
rise in  o u tp u t  w ith  rise in  th e  freq u en c y  of 
in te rm iss io n  of th e  illu m in a tio n , th e  m ean  
v a lu e  o f th e  la t te r  b e in g  c o n s ta n t.  T h e  o u tp u t 
a p p e a re d  to  a p p ro a c h  a  s te a d y  v a lu e  fo r h ig h  
frequencies, b u t  in g en era l th e  lim itin g  v a lu e  
w as n o t reach ed  a t  a freq u en cy  o f 300 p e r  sec. 
O n th e  o th e r  h a n d , th e  co m m erc ia l cells. N os. 7, 
9, 11, 12 a n d  13, d id  n o t show  a n y  su ch  v a r ia 
tio n  in  o u tp u t .  F ig . 65 show s th e  re su lts  on 
th e  N P L  cells, g iv in g  f r e q u e n c y /c u rre n t cu rv es  
fo r th e  selen ium  rec tifie r ceils  w hen  u n d e r 
in te rm it te n t  illu m in a tio n  of a c o n s ta n t m ean  
v a lu e  100 m e tre -can d les . V a lues  u sing  o rd in a ry  
sec to r d iscs  of i a n d  1 tran sm iss io n  a re  g iven  
o v e r th e  ran g e  of freq u en cy  of o to  300 c y c les / 
sec. T h e  increase  in o u tp u t  is of th e  o rd e r  of 
20 p e r  c en t, a n d  7 p e r  c en t, fo r th e  tw o  d iscs.

In  te s tin g  th e  com m erc ia l p ho toce lls , sec to r 
d iscs  o f tra n sm iss io n  ¡, I. 5, 1, 1 a n d  1 w ere 
u sed . C ells 7, 11 a n d  13 w ere fo u n d  to  conform  
to  T a lb o t 's  law  w ith in  0.5 p e r  c e n t.,  w h ich  is 
th e  m arg in  of e x p er im e n ta l e rro r. Cell N o. 9 
sh o w ed  s lig h t d e v ia tio n , w h ich  w a s  g re a te s t for 
d isc s , of lo w est tran sm iss io n . T h u s  fo r th e  |  
sec to r, th e  d e v ia tio n  w as  p e r  c en t, defic iency  
in o u tp u t  fo r th e  in te rm it te n t  a s  c o m p a re d  w ith  
s te a d y  i llu m in a tio n . S im ila r ly , cell N o. 12 
show ed  3I p e r  c e n t, d e v ia tio n  fo r th e  1 sec to r 
d isc. T h e  te s ts  w ere m ad e  a t  a  m ean  illu m in a 
tio n  of 100 m .c . T h is  m ea n s  a s te a d y  illu m in a
tion  of 100 m .c . o r a n  illu m in a tio n  of 400 m .c. 
in te r ru p te d  b y  a  i  s e c to r d isc, e tc ., e tc .

W h en  u s in g  sec to r d iscs of th is  ty p e  th e  
in te n s ity  o f illu m in a tio n  on th e  pho toce ll 
d u r in g  th e  p e rio d  of illu m in a tio n  is h ig h e r  th a n  
th e  co rre sp o n d in g  s te a d y  illu m in a tio n  of th e  
sam e  m ea n  v a lu e . C o n seq u en tly  th e  cell will 
n o t be o p e ra tin g  a t  th e  sam e  p o in t on  th e  
c u rre n t/ i l lu m in a tio n  c h a ra c te r is tic  as  fo r th is  
c o rre sp o n d in g  s te a d y  i llu m in a tio n  v a lu e . I t  
m a y , th e re fo re , be  e x p ec ted  t h a t  a  d e v ia tio n  
from  lin e a r ity  of th e  c u rre n t/ i l lu m in a tio n  c h a r
a c te r is tic  w ill be  a sso c ia ted  w ith  a  d e v ia tio n  
from  T a lb o t 's  law , a n  e x p ec ta tio n  con firm ed  b y  
th e  re su lts  fo u n d  041 cells N os. 9 a n d  12. B o th  
sh o w ed  a p p re c iab le  d e v ia tio n  frqm  th e  lin e a r 
c u r re n t/ i l lu m in a tio n  c h a rac te r is tic , cell N o. 12 
b e in g  th e  w orse. B o th  show  a  d e p a r tu re  from  
T a lb o t’s law , a g a in  N o. 12 be ing  th e  w orse. 
F u r th e r ,  th e  d e p a r tu re  is in th e  d irec tio n  
ex p ec ted , t h a t  of lo w er effective sen s it iv ity  fo r 
s e c to r  d iscs  o f low  tran sm iss io n .

T h e  p ra c tic a l use o f sec to r d iscs  a n d  th e  
a p p lic a tio n  of T a lb o t’s law  is  o n ly  req u ired  
w hen  i t  is  n ecessa ry  to  m easu re  u n u su a lly  h ig h
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illu m in a tio n  o u ts id e  th e  range  of th e  in s tru m e n t. 
T h e  te s ts  re su lts  in d ic a te  th a t  th e  p ro c ed u re  is 
so u n d  p ro v id e d  th a t  th e  cell in  q u e stio n  h a s  
a p p ro x im a te ly  l in e a r  c u rre n t/ i l lu m in a tio n . T h e  
in d ic a tio n s , too , a re  th a t  w hen  th e  la t te r  
q u a l i ty  is n o t lin ea r, th e n  th e  e rro r  th a t  re su lts  
is  of th e  sam e  o rd e r  as  th a t  e x p erie n ced  w hen  
u s in g  a  s te a d y  i llu m in a tio n  o f th e  sam e  v a lu e  
w ith o u t  em p lo y in g  sec to r discs.

(h )  U niform ity  of S en s itiv ity  over the Surface 
of the  Cell.— W h en  th e  w hole  su rface  of a 
ph o to ce ll is used , la c k  o f u n ifo rm ity  o f sensi
t iv i ty  m ay  n o t be  of u n d u e  im p o r ta n c e . If  a  
re s tr ic te d  a re a  o r on ly  a  p o in t be u tilized , 
u n ifo rm ity  becom es of firs t-ra te  im p o rtan ce . 
T h is  is even  m ore  c ritic a l if th e  loca l a rea  o r 
p o in t  is n o t d e fin ite ly  fixed , as  m ay  q u ite  co n 
ce iv ab ly  be th e  case . T h e  use of p h o to ce lls  in 
s p e c tro p h o to m e try  illu s tra te s  th is  p o in t; in th is  
sp h ere  th e y  form  a n  in te g ra l u n i t  o f d e n s i
m e te rs , used  fo r m easu rin g  th e  in te n s itie s  of 
s p ec tra l lines  on th e  p h o to g ra p h ic  n eg a tiv e . 
M easu rem en t of flux  in th e  b eam  of lig h t tra n s 
m itte d  th ro u g h  o p tic a l sy s te m s  is a n o th e r  
e x am p le .

T y p ica l re su lts  from  P re s to n 's  te s ts  a re  
sh o w n  in  F ig . 66. T h e  te s t  p ro ce d u re  w as as 
follow s:—T h e  cell w as m o u n te d  on  a  tra v e rs in g  
sy ste m  w h e reb y  i t  co u k l be  m o v ed  th ro u g h  
m easu red  d is ta n ce s  in  its  ow n p la n e  b e h in d  a 
screen  h a v in g  a  c irc u la r  a p e r tu re  of 5 m m . 
d ia m e te r . A c o n s ta n t  illu m in a tio n  of i.,ooo m .c. 
w as  m a in ta in e d  on th e  la t te r .  T h e  cell w as 
m o v ed  in  in c re m e n ts  so a s  to  tra v e rs e  th e  sp o t 
of l ig h t acro ss  a  d ia m e te r  on  th e  sen s itiv e  a rea . 
R e s u lts  w ere  e x p ressed  by  ta k in g  th e  cell 
o u tp u t  in each  p o sitio n  as a  p e rc en tag e  o f th e  
h ig h e s t v a lu e  o b ta in e d  in th e  tra v e rs e  fo r th a t  
p a r t ic u la r  cell. F ro m  th e  c u rv e s  i t  w ill be  
seen  t h a t  one la b o ra to ry  cell w as exceed ing ly  
p o o r in th is  re sp ec t, p a r t ic u la r ly  o v e r its  c en tra l 
a re a . O n th e  o th e r  h a n d , c o m m erc ia l cells 
N os. 9 a n d  13 show ed  u p  v e ry  well in d e ed  on 
th e  te s ts .

(j) Tem perature Coefficient.— A so u n d  k n o w 
ledge  of te m p e ra tu re  c h a ra c te r is tic s  of a p h o to 
cell is o b v io u s ly  im p o r ta n t  in m o s t a p p lic a tio n s . 
I t  is  p a r t ic u la r ly  e ssen tia l w hen  using  a n  
in s tru m e n t for q u a n t i ta t iv e  m e a su re m e n ts  o v e r 
a  p e rio d  of tim e , o r from  tim e  to  tim e . H ow 
ever, a n y  s tu d y  o f te m p e ra tu re /o u tp u t  re la 
tio n s h ip  m u s t  be  ex tre m e ly  a c c u ra te , o th e rw ise  
i t  can  be v e ry  m is lead in g . P re s to n  p o in ts  o u t 
th e  d ifficu lties  in  m a k in g  a  p ra c tic a l a sse ssm en t 
of th is  q u a li ty .  H e  fo u n d  t h a t  th e  cell m u s t 
b e  m o u n te d  in a n  o pen  rin g  m o u n tin g  so th a t  
c irc u la tio n  of a ir  to  b o th  b a ck  a n d  fro n t o f th e  
cell its e lf  c an  be  en su red . I f  th is  is n o t so, 
a c c u ra te  te m p e ra tu re  co n tro l o f th e  cell is 
im possib le . T h e  cell te m p e ra tu re  c an  th e n  be 
d e te rm in e d  b y  so ldering  a  th e rm o c o u p le  to  th e  
b a c k  of th e  cell; fusib le  a llo y  is u sed  fo r th e  
so ldering  in o rd e r  to  a v o id  d a m ag e  b y  o v er
h e a tin g . In  th e  case  o f cells m o u n te d  in boxes, 
th e  l ig h t sou rce  m u s t be  o u ts id e  th e  b o x  so as 
to  a v o id  its  v a ria b le  h e a t in g  effect, a n d  screens 
m u s t  be  free ly  used  to  av o id  illu m in a tin g  
a n y th in g  o th e r  th a n  th e  cell itse lf. T h is  is 
necessa ry  in  case  te m p e ra tu re  ch an g es  o r con 
d e n sa tio n  of m o is tu re  a lte rs  th e  re fle c tiv ity  of 
th e  su rfac es  inside  th e  enclosure , p re c a u tio n s  
w h ich  a re  n o t obvious- a t  f ir s t s ig h t, a n d  w h ich  
m a y  n o t  o ccu r to  th e  u n w ary .

P rec a u tio n s  re sp ec tin g  th e  co n d itio n s  o f use 
of th e  cell a re  a lso  im p o r ta n t .  C o n sid e ra tio n s  
of d r i f t  re n d e r i t  e ssen tia l to  ex pose  th e  cell to  
th e  te s t  illu m in a tio n  fo r som e h o u rs  b efo re  
co m m en cin g  th e  te s t  m easu rem en ts . T h e  
c irc u it fo r m easu rin g  th e  cell o u tp u t  sh o u ld  be 
k e p t u n b ro k e n  th ro u g h o u t.

P re s to n  d iscusses  h is  re su lts  from  cu rv e s  in 
w h ich  c irc u it o u tp u t  is p lo tte d  a g a in s t  te m p e ra 
tu re . R ead in g s  w ere  ta k e n  o v e r a  co m p le te  
te m p e ra tu re  cycle, th e  a rro w s  in  th e  d ra w in g s  
show ing  th e  d ire c tio n  of th e  cycle . T h e  
illu m in a tio n  a n d  c irc u it re s is tan ce  a re  s ta te d  in 
th e  d iag ram s.

F igs . 67, 68, 69 a n d  70 re la te s  to  cell N o . 9. 
T h e  fo llow ing  d e d u c tio n s  can  be  m a d e :—T h e  
in tro d u c tio n  of re s is tan c e  in th e  e x te rn a l 
c irc u it red u ces  th e  te m p e ra tu re  coeffic ient 
a lg e b ra ic a lly ; th e  h ig h e r  th e  illu m in a tio n , th e  
g re a te r  is th e  re d u c tio n . A t an  illu m in a tio n  
v a lu e  o f 400 m .c . th e  coeffic ien t is a b o u t 
+ 0 .1  p e r  c e n t ,  p e r  deg ree  C.- on a  c irc u it of 
neg lig ib le  re s is tan ce . I t  d ro p s  to  -0 .1 5  p e r 
c en t, p e r  deg ree  C. 011 a  1,000 o hm . c ircu it. 
A t  a n  illu m in a tio n  v a lu e  of 50 m .c . i t  is 
+ 0 .1 5  p e r  c en t, p e r d eg ree  C. on  low res istan ce , 
an d  a b o u t  + 0 .0 8  p e r c en t, p e r  d eg ree  C. fo r a
1,000 oh m . c ircu it.

I t  a p p ea rs , th e re fo re , th a t  th e re  is a n  
o p tim u m  c irc u it  re s is tan ce  to  g ive  zero te m 
p e ra tu re  coeffic ien t fo r a n y  one  g iven  illu m in a 
tio n  v a lu e .

P re s to n  say s  t h a t  th e  cu rv e s  a lso  show  th e  
p resen ce  of te m p e ra tu re  h y s te res is  of som e 
k in d . F ig . 71 is fo r cell N o. 6 w ith  a n  illu m in a 
tio n  of 400 m .c . w ith  neg lig ib le  c irc u it re s is t
an ce . I t  show s m a rk e d  h y s te re s is  a n d  d e m o n 
s tra te s  th e  necessity  fo r tra v e rs in g  th e  full tem 
p e ra tu re  cy c le  w h en  m a k in g  te s ts . T h e  
h y s te res is  w as  m u ch  less m a rk e d  w hen  th e  
c irc u it w as 1,000 o h m s. A fte r  s tu d ie s  to  d e te r 
m ine  if th e  effec t w as  cau sed  b y  sp u rio u s  
th e rm o e le c tric  efTects e x te rn a l to  th e  cell, 
P re s to n  cam e  to  th e  conclusion  th a t  i t  d e f in ite ly  
w as n o t, a n d  t h a t  u n d o u b te d ly  te m p e ra tu re  
h y s te re s is  is a  c h a ra c te r is t ic  o f a ll se len ium  
p h o to ce lls .

P re s to n  em p h a size s  th a t  th e  re su lts  g iven  
m u s t  n o t be  reg a rd ed  a s  re p re s e n ta tiv e  of p a r 
t ic u la r  m ak es  of cell. C o n sid e rab le  v a ria tio n  is 
fo u n d  from  cell to  cell, a n d  a figure fo r te m p e ra 
tu re  coeffic ien t c an  on ly  be  g iven  as ro u g h ly  
from  0.1 to  0.2 p e r  c en t, p e r  deg ree  C. fo r th e  
b e t te r  g rad es  of cell w hen  on s h o r t  c ircu it.

F ro m  th e  e n tire  re sea rch , P re s to n  d rew  th e  
fo llow ing  conclusions  in re la tio n  to  th e  p ro d u c t 
a t  th a t  d a te :— T h e  u n ifo rm ity  o f c h a ra c te r is tic s  
of d iffe ren t cells  of one  ty p e  le av es  a  good d e a l 
to  be  d e sired . A sm all p e rc e n tag e  p ro v es  
u n s a tis fa c to ry  fo r a c c u ra te  p h o to m e tr ic  p u r
poses  on a c c o u n t of la rg e  d r if t ,  h ig h  te m p e ra 
tu re  coefficient, u n s tab le  o u tp u t ,  a n d  c h an g e  of 
s e n s itiv ity  w ith  age. S e lec tio n  from  a  b a tc h  
is th u s  d e sirab le  fo r p rec isio n  m e a su rem en ts , 
th is  b e in g  d e te rm in e d  b y  th e  d e g ree  of a c c u ra c y  
re q u ire d  a n d  g en era lly  b y  d r if t  a n d  lin e a r ity  of 
response , b u t  in p a r t ic u la r  cases b y  u n ifo rm ity  
of se n s it iv ity  o v e r th e  su rface, te m p e ra tu re  
coeffic ient, o r b y  th e  c o n d itio n s  o f usage. Cells 
c a n  be  selec ted  th a t  s a tis fy  re q u irem en ts , b u t  
a v e rag e  q u a li ty  is su ffic ien tly  d is ta n t  from  th e  
idea l to  re n d e r  p re c a u tio n s  nece ssa ry . C are  
m u s t  be  ta k e n  to  a v o id  m is lead in g  o r va lu e less
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N ineteen  h u n d red  and  eleven saw also th e  launching o f  C e llo n ; b u t tha t 

was no t a m atte r o f  public  interest. Y et though  it could no t be seen at the 

tim e, it  was a m atter o f  national in terest, for Cellon is playing no small part 

in  th e  coun try ’s w ar effort. T h e  industria l progress o f  the past th irty -tw o  

years is reflected accurately in  the  developm ent o f  Cellon.

C E L L O N  L T D . ,  K IN G S T O N -O N - T H A M E S . T E L . :  K I N G S T O N  1234  (5 lines).

CELLON
C E R R I C  C E R R U X

CELLON

T h e , jw f e c ł

The first airship built fo r  the N a v y , launched 
at Barrozv-hi-Furness, M ay 22nd, j g i l

W H E N  W E W E R E  YOUNG
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C A R R Y  o n  sh a v in g , d ea r  lad , a n d  d o n ’t  c u t  you rse lf . W e  ’re  o n ly  p o in tin g  o u t  to  
th e se  g e n tle m e n  th a t  y o u r  razo r is a  d ie  cas tin g , o r  m o re  co rre c tly , i t  is th re e  

d ie  castings. T h e  cu rv e  o f  th e  b la d e h o ld e r , th e  p o sitio n in g  o f  th e  p ro n g s , th e  d e c o ra tio n  
o f  th e  h a n d le , a ll o f  th ese  w ere  se ttle d  on ce  a n d  fo r  all in  th e  o rig in a l d ie . T h e n  o u t 
cam e  th e  razo rs  in  th o u sa n d s  a n d  ten s  o f  th o u sa n d s , a ll co m p le te , a ll a like— a  ra z o r  a b o u t 
ev ery  tw o  seco n d s. I n  case w e a re  e m b a rra ss in g  th e  y o u n g  m a n , tak e  a  look  ro u n d  th e  
b a th ro o m , g e n tle m e n , a n d  try  to  c o u n t th e  d ie  cas tin g s. T a p s ,  w in d o w  f ittin g s , p lu g s , 
h a n d le s , to w e l-h o ld e r— all d ie  cast. S u rp r ise d  ? Y o u  m ig h t g ive y o u rse lf  a n o th e r  
su rp r ise  i f  y o u  sp e n t h a lf -a n -h o u r  in  y o u r  o w n  m a c h in e -  
sh o p . D ie  cas tin g  ca n  save u n c o u n ta b le  m a n  -  h o u rs  
sp e n t in  tu rn in g , g r in d in g , m illin g , a n d  th e  r e s t  o f  it.
I f  y o u  like w e ’11 com e a n d  h av e  a  look ro u n d  w ith  y o u  
to  p o in t o u t  w h a t co u ld  b e  sa v ed  in  t im e  a n d  m o n e y .1

British D ie Casting Co., L td ., Pembroke W orks, Pembroke R d., London, N .ro . 'Phone: Tudor 259416

C.R.C. I
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re su lts ; co lo u r co rrec tio n  m ay  be  n ecessary . 
N e v erth e less , th e  se len iu m  rec tifie r p h o to ce ll 
h as  p ro v e d  its  w o rth  a n d  in d is p e n sa b ility  in 
co m m erc ia l p ra c tic e , a n d  m u c h  p rog ress  in its  
m a n u fa c tu re  h a s  b een  a ch iev e d  since th a t  d a te .

I t  is n o t p ro p o sed  to  m ak e  d e ta iled  a b s tr a c ts  
from  th e  p a p e r  b y  M acG regor-M orris a n d  
B illin g to n , w h ich  d e a ls  w ith  th e  c h a ra c te r is tic s  
a n d  resp o n se  to  in te rm it te n t  illu m in a tio n ; a  few 
p e r t in e n t fa c ts  from  th e  in tro d u c tio n , conclusion  
a n d  d iscu ss io n  w ill, how ever, be  reco rded . A 
reference  to  th e  co p p er-o x id e  rec tifie r will be 
in c lu d ed , a lth o u g h  i t  is  o u t  o f p la ce  in  th is  
sec tion .

T h e  a u th o rs  re fe r to  th e  L a n g e  cell, a n n o u n ce d  
first in 1930, w ith  a  c la im  t h a t  i t  g a v e  re la tiv e ly  
la rg e  c u rre n ts  w h en  ex p o sed  to  th e  v is ib le  p a r ts  
of th e  s p ec tru m . T h is  L an g e  cell co n sis ts  of a 
co p p e r  a n o d e  a n d  a  lig h t s en s itiv e  c a th o d e  of 
c u p ro u s  ox ide . T h e y  a re  m ad e  b y  h e a tin g  a  
s t r ip  of c o p p e r e le c tr ica lly  fo r 20 h o u rs  in  an  
a tm o s p h e re  of o x ygen  a t  a  te m p e ra tu re  of a b o u t 
1,040 C. T h e  co p p e r  beco m es c o a te d  w ith  a  
film o f c u p ro u s  ox ide , a n d  th is  in tu rn  b y  a  
la y e r  o f c u p ric  ox id e . T h e  la t te r  is rem o v ed  by  
m e a n s  of a q u a  reg ia , le a v in g  a  th in  la y e r  of 
cu p ro u s  o x id e . T h e  o h m ic  re s is ta n ce  of th e  
d u p le x  co m b in a tio n  in th e  d ire c tio n  from  
cu p ro u s  o x id e  to  c o p p e r  is s ev e ra l th o u s a n d  
tim e s  a s  g re a t  a s  t h a t  in th e  d ire c tio n  from  
co p p e r  to  c u p ro u s  o x ide . T h is  u n ila te ra l 
c h a ra c te r is t ic  is s ta te d  to  be  lo ca lized  in th e  
su rface  o f sep a ra tio n  b e tw een  th e  sem i
c o n d u c to r  (cu p ro u s  ox ide) a n d  th e  m e ta l. 
L a n g e  refers  to  th e  in te r la y e r  a s  th e  
“  s p e r r s h ic h t,”  now  co m m o n ly  te rm e d  b lo ck in g  
la y e r  o r b a r r ie r  lay e r, a n d  i t  p la y s  a n  im p o r ta n t 
p a r t  in th e  fu n c tio n in g  of th is  cu p ro u s -o x id e / 
c o p p e r  p h o to ce ll, a n d  likew ise  in a ll  re c tifie r 
pho to ce lls .

T h e  a u th o rs  s ta te  t h a t  th e  cu p ro u s -o x id e / 
co p p e r  cell fu n c tio n s  a s  a  rec tifie r b ecause , 
u n d e r  th e  in fluence of a n  e lec tr ic  field, e lec tro n s  
p a ss  m ore  re a d ily  fro m  th e  co p p e r  to  th e  
cu p ro u s  o x id e  th a n  th e y  d o  in th e  reve rse  
d ire c tio n . B u t  w hen  exposed  to  lig h t rad ia tio n s , 
e le c tro n s  te n d  to  p ass  from  th e  ox ide  to  th e  
c o p p er . In  s h o rt, th e y  a s s e r t t h a t  w h en  a c tin g  
a s  a  rec tifie r, th e  c u p ro u s  o x id e  is p o s itiv e  a n d  
th e  c o p p e r  is n eg a tiv e , b u t  w h en  se rv in g  a s  a 
re c tifie r p h o to ce ll, th e  reve rse  is th e  case ; th is  
d ire c tio n  of c u r re n t flow h o ld s  good fo r all 
rec tif ie r p h o to ce lls .

W h en  th e  o x id e  su rface  is ex posed  to  lig h t, 
th e  p h o to e le c tr ic  a c t io n  ta k e s  p lace  a t  th e  su r
face  of se p a ra tio n  o f th e  c u p ro u s  ox ide  a n d  th e  
c o p p e r  d isc , a n d  th e  d ire c tio n  of e le c tro n  flow 
is from  th e  o x id e  to  th e  co p p er , i.e ., in  th e  
sam e  d ire c tio n  a s  t h a t  of th e  in c id e n t lig h t. 
T h e  cell be longs to  th e  "  b a ck  w all "  ty p e , o r 
H in te rw a n d  c lass, b ecau se  th e  in c id e n t lig h t h a s  
to  p e n e t ra te  th e  sem i-co n d u cto r to  re ach  th e  
a c t iv e  b o u n d a ry  w h ich  is fo rm ed  on  th e  
"  b a c k  "  of th e  c u p ro u s  ox ide . T h is  is illu s
t r a te d  in  F ig . 72.

T h e  c u p ro u s  o x id e  m a y  be  c o a ted  b y  c a th o d ic  
s p u tte r in g  (o r b y  v a c u u m  e v a p o ra tio n )  w ith  a  
m e ta llic  c o n d u c tin g  film , th is  u su a lly  b e in g  
go ld  o r  p la tin u m . T h is  m e ta l la y e r  is 
d esig n ed ly  v e ry  th in ,  a lm o s t t ra n s p a re n t ,  
b e ca u se  th e  in c id e n t lig h t h a s  to  p e n e tra te  th is  
to  re a ch  th e  c u p ro u s  ox ide . T h e  b o u n d a ry  
la y e r  now  ex is ts  b e tw een  th e  s p u tte re d  m e ta l

la y e r  a n d  th e  c u p ro u s  ox ide . T h e  p h o to 
e le c tr ic  a c t io n  th u s  occu rs a t  th e  f ro n t face  o f 
th e  c u p ro u s  ox ide , an il th e  cell is sa id  to  be  
o f th e  "  f ro n t w all ”  o r  V o rd e rw an d  ty p e . T h e  
e lec tro n  flow s till o ccu rs  in th e  d ire c tio n  
from  sem i-co n d u c to r to  m e ta l th a t  is in  a  d irec 
tio n  o p p o s ite  to  th a t  of th e  in c id e n t lig h t. T h is  
is show n in F ig . 73.

T h e  d e v e lo p m e n t o f th e  se len iu m  p h o to ce ll 
follow ed a n d  M acG regor-M orris a n d  B illin g to n  
re fe r to  tw o  ty p e s , d is tin g u ish ed  b y  th e ir  
in te rn a l re s is tan ce  v a lues. T h e y  a re  s im ila r in 
c o n s tru c tio n  a n d  c h a ra c te r is tic s , on e  h a v in g  a  
v e ry  m u ch  h ig h e r in te rn a l re s is tan ce  th a n  th e  
o th e r . T h e  a u th o rs  s ay  th a t  e sse n tia lly  th e y  
co n sis t of a  th in  film  of g rey  m e ta llic  se len iu m  
d e p o s ited  ev en ly  o v e r th e  su rface  o f a n  iron  
d isc . T w o e lec tro d es  in th e  form  of co p p e r 
rin g s  a re  p ro v id e d , p ressing  u p o n  th e  iro n  d isc  
a n d  th e  selen ium  film  re sp ec tiv e ly . T h e  u n it  
is m o u n te d  in a  pheno lic -res in  case  fit ted  w ith  
a  g lass w indow , th e  w hole  b e in g  e v a c u a te d  a n d  
sea led  for p re se rv a tio n  a g a in s t  th e  a tm o sp h ere .

M acG regor-M orris a n d  B illing ton  in v e s tig a te d  
no -load  a n d  lo a d  c h a ra c te r is tic s , in te rn a l 
re s is tan ce , te m p e ra tu re  effect, th e  C am pbell- 
F re e th  c o m p en sa tio n  c irc u it a n d  th e  effec t of 
a p p lie d  e x te rn a l v o ltag e . In  th e ir  researches, 
th e y  used  th e  W esto n  "  P h o tro n ic  ”  cells, a n d  
th e  E v e re t t  E d g c u in b e  "  A u to p h o tic  ”  cells, 
th e se  h a v in g  re sp ec tiv e ly  2.07 a n d  1.62 sq. ins. 
sen s itiv e  su rface  a re a . B riefly , th e ir  conclusions  
w ere  a s  follow :—

(a ) C u rre n t is a n  e ssen tia lly  m ore  fu n d a 
m e n ta l p ro p e r ty  of th e  re c tifie r p h o to ce ll 
th a n  th e  E .M .F .

(b ) T o ta l  c u rre n t g e n era ted  (e x te rn a l an d  
in te rn a l leak ag e) is s tr ic t ly  p ro p o r tio n a l to  
th e  illu m in a tio n .

(c) C u rre n t in th e  e x te rn a l c irc u it is o n ly  
p ro p o r tio n a l to  th e  illu m in a tio n  p ro v id e d  
t h a t  th e  e x te rn a l re s is tan ce  is sm all co m 
p a re d  w ith  th e  in te rn a l re s istan ce .

(d) T h is  d e p en d en cy  fo r  l in e a r  re sp o n se  
u p o n  th e  v a lu e  of th e  e x te rn a l re s is tan ce  
c a n  be co m p e n sa te d  for.

(e) F o r  th e  cells  te s ted , th e  c u rre n t o u t
p u t  w as of th e  o rd e r  o f 1 to  3 m ic ro am p e re s  
p e r  fo o t can d le .

(f) C u rre n t g en e ra ted  is u n a ffec ted  by  
te m p e ra tu re .

(g ) In te rn a l re s is ta n c e  o f th e  cell is  th e  
o n ly  p ro p e r ty  a ffec ted  by  te m p e ra tu re .

(h ) R ed u c e d  sen s itiv ity  w ith  in c reasin g  
te m p e ra tu re  is d u e  to  ch an g e  in in te rn a l 
re s is tan ce  a n d  n o t to  a  re d u c tio n  in  th e  
c u rre n t g en e ra ted .

(i) R esp o n se  to  in te rm it te n t illu m in a tio n  
is p o o r b e cau se  th e  o u tp u t  is reduced  w ith  
freq u e n cy  a n d  th e  d e cay  c u rv e  is d e lay ed .

T h e y  su g g es t a t  th a t  s tag e  of d e v e lo p m en t, 
t h a t  th e  re c tifie r p h o to ce ll w as in a p p lic ab le  to  
so u n d -reco rd in g  a n d  te lev ision , d u e  to  re d u c tio n  
of o u tp u t  w ith  in crease  in  freq u en cy , a n d  to  
d is to r tio n  o f w ave-fo rm , b u t  th a t  i t  w as s u ita b le  
fo r p h o to m e tr ic  m e asu re m en ts . E x te n s iv e
a p p lic a tio n s  w ere b e in g  fo u n d  in th is  la s t  field, 
b ecau se  of ease  a n d  s im p lic ity  in  m ak in g  
m e asu rem en ts , a n d  fa ir  a c c u ra c y  is possib le  if 
th e  re s is ta n ce  of th e  m e a su rin g  c irc u it  em p lo y ed  
b e  k e p t low  a n d  c o n s ta n t,  a n d  if th e  necessa ry  
te m p e ra tu re  co rrec tio n  be  m ade . F o r  p rec isio n  
p h o to m e try  a n d  in te rm it te n t  sou rces of illu m i
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n a tio n , fu r th e r  d e v e lo p m en t is req u ired . T h e  
g re a t  a d v a n ta g e  o f se le n iu m  rec tifie r  p h o to ce lls  
is th e  a b sen ce  o f a u x il ia ry  a p p a r a tu s  su ch  a s  a  
b a t te ry .

F in a lly ,  w ith  re g a rd  to  n o m e n c la tu re , 
M acG regor M orris a n d  B illin g to n  use th e  e x p re s 
sion  "  p h o to -e le c tric  cells  ”  as  a  g en eric  te rm  
a p p ly in g  to  a ll  d ev ices  in  w h ic h  l ig h t co n tro ls  
e le c tr ic a l en e rg y  a n d  m ak e  th e  fo llow ing  s u b 
d iv is io n :—

(a) P h o to -em iss iv e  cells to  in c lu d e  
v a c u u m  a n d  gas-filled  ty p e s  of E ls te r  a n d  
G e ite l c lasses ; th e se  a re  so m etim es  re fe rred  
to  a s  th e  ”  a lk a li ce lls .”

(b ) l ’h o to -c o n d u c tiv e  cells to  em b race  
cells d e p e n d e n t u p o n  th e  ch an g e  in resis
t iv i ty  of se len iu m  w h en  illu m in a te d .

(c) R ec tif ie r ty p e s  of p h o to c e ll to  c o v er 
a ll th o se  d e p e n d e n t u p o n  a  sem i-co n d u cto r 
in in tim a te  c o n ta c t  w ith  a  m e ta l.

T h e  tw o  U .S .S .R . c o n tr ib u tio n s  re fe rred  to  a re  
of a p p ro x im a te ly  th e  sam e  d a te ,  b u t  th e y  d iffer 
w ith  re sp ec t to  th e  re co m m en d ed  m e th o d  of 
a p p ly in g  th e  se len iu m  c o a tin g  to  th e  b ase  m e ta l. 
F re iv e r t  a n d  B erd n ik o v  a p p ly  liq u id  se len iu m  
a n d  p re s s  w ith  a  g lass p la te , w h ereas  M old av er 
d esc rib es  th e  m e r its  of e v ap o ra tio n  a n d  s tresses 
th e  use o f a n  a lu m in iu m  b a se  p la te .

D ealin g  firs t w ith  th e  w o rk  o f F re iv e r t  a n d  
B e rd n ik o v , th e se  a u th o rs  re fe r to  th e  w o rk  a t  a 
la rg e  n u m b e r  o f R u ss ia n  cen tre s  on  se len iu m  
p h o to c e lls  a n d ,  to  c o n tra s t  w ith  th e ir  ow n 
m e th o d s , su m m a riz e  th e  ex is t in g  g en era l p ro ce 
d u re  fo r  p ro d u c in g  su ch  cells  a s  u n d e r:—

(.a) T h e  a p p lic a tio n  of a  th in  la y e r  of 
se len iu m  to  a  m e ta l  p la te  b y  su b lim a tio n  of 
th e  se le n iu m  in  a  h ig h  v a c u u m .

(b ) T h e  h e a t  t re a tm e n t  of th is  se len ium  
co a tin g  b y  h e a t in g  a t  200 deg rees  C. to  
2x0 deg rees  C. fo r sev e ra l h o u rs .

(c) T h e  a p p lic a tio n  of a  se m i-tra n s p a re n t 
fro n t e le c tro d e  o v e r th e  se le n iu m  la y e r  b y  
c a th o d e  s p u tte r in g  o f th e  m e ta l in  v a cu u m .

T h e y  c la im  to  p ro d u c e  se len iu m  p h o to ce lls  o f 
su p e r io r  sen s it iv ity  b y  th e ir  m e th o d , w h ic h  th e y  
a lso  s ta te  is s im p le r fo r p ro d u c tio n  p rac tic e ..

T h e ir  b ase  p la te  c a n  be a lu m in iu m , iron  o r 
g lass, m e ta lliz ed  b y  a  la y e r  of m e ta l  su ch  as 
go ld . T h e  su rfa c e  of th e  b a se  p la te  is b ro u g h t 
to  a  h ig h  co n d itio n  o f sm o o th n ess  b y  fin ish in g  
w ith  fine a b ra s iv e . A poo l of m o lte n  selen ium  
is p lac ed  011 th e  p la te  a n d  is u n ifo rm ly  a n d  
e v e n ly  sp re ad  b y  m ea n s  o f a  g lass p la te .  T h e  
a m o u n t  of se len iu m  ta k e n  a n d  th e  p ressu re  
a p p lie d  to  th e  g lass  p la te  c o n tro l th e  th ic k n e ss  
o f se len iu m  la y e r. T h e  san d w ic h  co n sis tin g  of 
m e ta l-b a se -p la te /s e le n iu m  /g la s s -co v e r-p la te  is 
h e a t  tre a te d  a t  200-210 d eg rees  C .fo rse v e ra l  h o u rs . 
T h e  g lass is th e n  re m o v ed , co m in g  a w ay  q u ite  
e a s ily  a n d  le a v in g  th e  se len iu m  w ith  a  b r ig h t  
m irro r-lik e  a p p e a ra n c e , a n d  h a v in g  p e rfe c t 
sm o o th n ess . T h e  f ro n t e le c tro d e  is a p p lie d  by  
c a th o d e  s p u t te r in g  in  th e  u su a l w a y . F o r  th is  
th e y  use go ld , s p u t te r in g  w ith  a ir  a s  th e  re s id u a l 
gas, p ressu re  a b o u t  0.10 111111. of m e rc u ry , 
ach iev in g  th is  v a c u u m  w ith  a n  o il p u m p . F o r 
u n its  h a v in g  a  su rfa c e  a re a  o f 10 sq . cm s., th e y  
c la im ed  h ig h e r  sen s it iv ity  th a n  w ith  th e  
v a c u u m -e v a p o ra te d  ty p e s , th e  va lu e s  b e in g  o f 
th e  o rd e r  of 400 to  50 m ic ro a m p s /lu m e n . In  
o th e r  re sp ec ts , th e re  w as c lose  re sem b lan ce  of 
p ro p e rtie s . S p e c tra l s e n s i t iv i ty  is sh o w n  b y  th e  
ty p ic a l  c u rv e  in  F ig . 74. In  th is , th e  p h o to 

e le c tr ica l en erg y  in e m p iric a l c u rre n t u n its  is 
p lo tte d  a g a in s t  w a v e le n g th  in  m illim ic ro m s. T h e  
re la tio n s h ip  b e tw ee n  th e  p h o to -e le c tric  c u rre n t 
011 c losed  c irc u it  w ith  a n  e x te rn a l re s is ta n c e  of 
0.63 o h m s, a n d  th e  i llu m in a tio n  in te n s ity  in 
lu x es  is sh o w n  in F ig . 75; th e  c o rre sp o n d in g  
p h o to -e le c tric  p o te n tia l  011 o pen  c irc u it  is  illu s 
tra te d  in th e  sam e  d ra w in g . T h e  a u th o rs  s ta te  
t h a t  th e  cu rv e s  in  F ig . 75 c lo se ly  follow  th o se  
fo r se len iu m  p h o to ce lls  m a d e  b y  th e  e v ap o ra tio n  
process, b u t  t h a t  sen s it iv ity  sh o w n  in  F ig . 74 
is su p erio r.

T e m p e ra tu re  coeffic ien t w as a lso  ex am in ed . 
V alues  on  one  cell w ere  as follow  w h en  illu 
m in a te d  w ith  a n  in te n s i ty  of 20 lu x :— O n c losed  
c irc u it, th e  ch an g e  in  p h o to -e le c tric  c u r re n t w as 
+  0.22 p e r  c en t, p e r  d e g ree  fo r th e  ran g e  o f 5.5 
deg rees C. to  32 deg rees  C. E x te r n a l  re s is tan ce  
w as 6.3 o h m s. O n  o p e n  c irc u it,  th e  c h an g e  in  
p o te n tia l  w as -  1.35 p e r  c en t, p e r  deg ree  fo r 
th is  te m p e ra tu re  ra n g e . T h ese  re su lts  a re  sh o w n  
in d e ta il  in  F ig . 76.

■Values 011 a n o th e r  cell fo r  a  te m p e ra tu re  
ra n g e  o f 6 to  47 deg rees C. show ed  a  te m 
p e ra tu re  coeffic ien t of n il fo r th e  s h o r t  c irc u it  
c u r re n t a n d  of -• 00.67 P er c en t, p e r  deg ree  fo r 
th e  o p e n  c irc u it  E .M .F . T h is  is i l lu s tra te d  fo r 
th e  fu ll ran g e  in  F ig . 77.

F o r  m a in ta in in g  s e n s it iv ity ,  F re iv e r t  a n d  
B e rd n ik o v  fo u n d  i t  n e c e ssa ry  to  c o a t  th e  sen s i
tiv e  su rfaces  w ith  a  th in  la y e r  o f c le a r  v a rn ish . 
T h e y  fo u n d  p o ly v in y l-a c e ta te  so lu tio n s  a n d  
b en zy l-ce llu lo se  la c q u e r  s u ita b le  m ed ia . T h e  
effec t of th is  v a rn is h in g  w as fo u n d  to  decrease  
th e  o p e n  c irc u it  p o te n tia l  s ev e ra l fold, a n d  to  
in crease  th e  c losed  c irc u it c u rre n t from  15 to  20 
p e r c en t. T h ese  effects a re  e x p la in ed  b y  th e  
decrease  in  th e  q u a n t i ty  o f lig h t re flec ted  from  
th e  su rface , i.e ., g re a te r  a b so rp tio n  w h en  
v a rn ish e d .

B y  ta k in g  m e a su re m e n ts  u s in g  a  T a y lo r ’s 
sp h e re , th e  re flec tio n  be fo re  a n d  a f te r  v a rn ish in g  
w as 40 p e r  c e n t, a n d  27 p e r  c en t, re sp ec tiv e ly . 
T h e  rec ip ro c a l o f th e  ra tio  o f th e  co rresp o n d in g  
a b so rp tio n s  (60 p e r  c en t, a n d  73 p e r  c e n t .)  is  1.22, 
w h ich  c lo se ly  ag rees  w ith  th e  ra t io  of r.2  th a t  
th e y  fo u n d  fo r  th e  p h o to -e le c tr ic  c u rre n ts  w ith  
a n d  w ith o u t  th e  v a rn is h  c o a tin g . T h e  decrease  
in  th e  o p e n  c irc u it  p o te n tia l  a f te r  v a rn is h in g , 
a n d  its  g ra d u a l recovery ' o v e r a  p e rio d  o f tim e , 
is ex p la in ed  b y  a  p e n e t ra tio n  of th e  sem i-tra n s 
p a re n t go ld  la y e r  b y  th e  liq u id  v a rn is h , th is  
d ec rea s in g  its  re s is tan c e . R ec o v e ry  occu rs  in  
t im e  d u e  to  th e  d ry in g -o u t o f so lv en ts .

R e g a rd in g  s ta b i l i ty ,  th e  a u th o rs  g iv e  tw o  se ts  
o f cu rv e s  fo r c losed  c irc u it  c u r re n t a n d  o pen  c ir
c u i t  p o te n tia l  m e a su re d  a t  in te rv a ls  o v e r a  
pe rio d  of tim e . T h e  cells u p o n  w h ich  d a ta  w ere 
rec o rd ed  w ere  n o t v a rn ish ed . I t  w ill b e  seen 
th a t  c u r re n t  re m a in s  a p p ro x im a te ly  c o n s ta n t  a n d  
t h a t  p o te n t ia l  in c reases, ra p id ly  a t  first, te n d in g  
to  b eco m e  c o n s ta n t  a f te r  a  tim e . T h e  sam e  
p h e n o m e n a  a re  o b se rv ed  w ith  v a rn ish -c o a te d  
cells. T h e  c u rv es  a re  re p ro d u c ed  in  F ig s . 78 
a n d  79.

F re iv e r t  a n d  B e rd n ik o v  e x p la in  th e  im p ro v ed  
s e n s itiv ity  t h a t  th e y  o b ta in  a s  b a sed  u p o n  th e  
m irro r-lik e  n a tu re  o f th e  su rface  a n d  c o n se q u e n t 
low er in h e re n t  re s is ta n c e  o f th e  go ld  f ro n t elec
tro d e . T h e y  g iv e  th e  s h o r t-c irc u it c u r re n t of th e  
p h o to c e ll a s  fo llow s:—

A E R
I  =  ----------------------

R  +  R , +  R .



September, 1944 LIGHT METALS 457

w here  A  is a  c o n s ta n t.  E  th e  illu m in a tio n  in te n 
s i ty ,  K  th e  re s is tan c e  of th e  b a rr ie r  la y e r , 1?! 
th e  re s is ta n c e  o f th e  se le n iu m  film  a n d  K , th a t  
of th e  go ld  e lec tro d e . T h e y  s u b s ta n t ia te  th e ir  
h y p o th e s is  b y  ta k in g  g lass  p la te s  (a re a  20 m m . 
b y  10 m m .) a n d  c o a tin g  w ith  se len iu m , one b y  
eac h  m e th o d . A fte r  h e a t  t re a tm e n t,  go ld  e lec
tro d es  w ere  fixed  to  th e  en d s, a n d  th e  re s istan ce  
of th e  se len iu m  la y e rs  m ea su red . In  eac h  case  
i t  w as g re a te r  th a n  io a ohm s. T h e y  w ere  th e n  
go ld  s p u tte re d  side  b y  side, an d  th e  re s is tan ce  
o f th e  go ld  la y e r  d e te rm in e d . O n th e  sm o o th  
su rface  o f th e  se len iu m  p ro d u c e d  b y  th e ir  
m e th o d , th e  re s is tan ce  w as 54 o h m s, w h ereas  
on  th e  m o re  ro u g h  su rfa ce  from  th e  e v ap o ra tio n  
p rocess i t  w as 3,350 o h m s. T h e y  consid e red  th e  
p o in t  e s ta b lish e d , a n d , even  if n o t  th e  fu ll 
e x p la n a tio n , th e re  is u n d o u b te d ly  v e ry  m u ch  
in th e  p o in t.

F in a lly , th e  a u th o rs  s ta te  t h a t  th e  sam e  p ro 
ced u re  c an  be  em p lo y ed  w hen  using  selen ium  
m ix tu re s , su ch  a s  th o se  c o n ta in in g  su lp h u r, 
te l lu r iu m  o r c e r ta in  m e ta ls , fo r  in s ta n ce , a lu 
m in iu m . T h ese  m ix tu re s  a re  u tiliz ed  to  v a ry  
s p ec tra l s e n s it iv ity  a n d  to  im p ro v e  s e n s itiv ity  
g e n era lly . As a n  e x am p le , p h o to ce lls  m a d e  from  
selen ium  c o n ta in in g  2 p e r  c e n t, of a lu m in iu m  
a re  m en tio n ed .

M o ld av e r 's  p a p e r  is co n ce rn ed  w ith  th e  co m 
m erc ia l p ro d u c tio n  of p h o to c e lls , i t  b e in g  s ta te d  
t h a t  a t  th a t  t im e  20,000 cells h a d  b een  m a d e  b y  
th e  p ro cess  d esc rib e d . T h e  p a p e r  a lso  c o n ta in s  
in v e s tig a tio n a l re su lts  o f a  s tu d y  in to  ch an g es  
in  c losed  c irc u it c u r re n t a n d  o pen  c irc u it p o te n 
tia l  w h ich  o ccu r w ith  tim e . All th e  rec tifie r 
p h o to ce lls  co n cern ed  h a v e  a n  a lu m in iu m  b a se  
p la te .

M o ld av e r co n sid e rs  t h a t  m a n y  of th e  tro u b les  
en c o u n te red  in  th e  m a n u fa c tu re  of p h o to ce lls  
a re  d u e  to  in su ffic ien t u n d e rs ta n d in g  of th e  
e ssen tia l s em i-c o n d u c to r m a te r ia l, se len ium . 
L ik e  s u lp h u r , i t  h a s  m a n y  a llo tro p e s , a n d  th ese  
a re  p ro b a b ly  m ore  n u m ero u s  a n d  less w ell u n d e r
s to o d  th a n  th o se  o f su lp h u r. N o rm a lly , th e  sele
n iu m  a s  a p p lie d  to  th e  m e ta l b ase  p la te  is in th e  
a m o rp h o u s , g lass-like  fo rm  of th e  v itreo u s  allo- 
tro p e . A fte r  h e a t  t r e a tm e n t  i t  ex is ts  a s  th e  
m e ta llic  a llo tro p e . M o ld av e r’s lab o ra to ry ' e x p eri
m e n ts  show ed  th a t  th e  c o n d itio n  of th e  selen ium  
co u ld  b e  p ro fo u n d ly  in fluenced  b y  th e  co n d i
tio n s  o f a p p lic a tio n  if v a c u u m  e v ap o ra tio n  w ere 
em p lo y ed . T h is  s ta te m e n t  h o ld s  good  ev en  for 
la y e rs  o f se len iu m  of id e n tic a l th ic k n e ss  a n d  th e  
sa m e  v isu a l a p p e a ra n c e , a f te r-o p e ra tio n s , of 
course, b e in g  k e p t  c o n s ta n t.  T h u s  en tire ly  d if
fe re n t p h o to -e le c tric  effects w ere p ro d u ced . T h e  
e v a p o ra t io n  c o n d itio n s  t h a t  cou ld  b e  v a rie d  to  
p ro d u c e  th e se  re s u lts  in c lu d ed  deg ree  o f v a cu u m , 
ra te  o f e v ap o ra tio n  a n d  th e  te m p e ra tu re  of th e  
b a se  p la te  u p o n  w h ich  con d en sed . M o ldaver 
w as  u n a b le  to  e x p la in  th e se  p h e n o m e n a , find ing  
th e m  v e ry  o b scu re ; n o r  cou ld  he  ex p la in  th e  d if
ference in b e h a v io u r  b e tw een  p h o to ce lls  p ro 
d u c ed  b y  th e  e v a p o ra t io n  p rocess a n d  th o se  m ad e  
b y  th e  m o lten  se len iu m  m e th o d . H e  assum es 
th e m  d u e  to  isom eric  a n d  p o ly m eric  d ifferences 
in th e  se len iu m , d u e  to  v a ria t io n s  in  te m p e ra tu re  
a n d  o th e r  c o n d itio n s  o b ta in in g  d u r in g  th e  c o a t
in g  o p e ra tio n . H e  re m in d s  re ad e rs  t h a t  th e  
sam e  p e c u lia r itie s  o ccu r w ith  su lp h u r. T h u s  
flow ers o f s u lp h u r  an d  rock  s u lp h u r  a re  b o th  
rh o m b ic  a llo tro p e , y e t  h a v e  d iffe ren t p h y s ica l 
p ro p e rtie s , e .g ., s o lu b ility  in  c a rb o n  d isu lp h id e .

T h is  is  d u e  to  p o ly m e r ic  c o n d it io n , th e  q u ic k ly  
condensed  flo w e rs  n o t h a v in g  h ad  t im e  to  p o ly 
m e rize  to  th e  e ig h t a to m e d  m o d if ic a t io n .

M o ld av er g ives th e  sec tio n a l v iew  in F ig . So 
fo r th e  d ia g ra m m a tic a l re p re sen ta tio n  of th e  
( I te m  2 ). I te m  6 is in  e ffect a  ta b le  in th e  
a lu m in iu m  b ase  p la te , I te m  3 th e  selen ium  film, 
Item  2 th e  b a rr ie r  la y e r  a n d  I te m  1 th e  t r a n s 
p a re n t gold e lec tro d e . O f v a rio u s  w a y s  of 
a p p ly in g  th e  se len iu m , v iz ., p ressin g  in  th e  liq u id  
c o n d itio n , c a th o d e  s p u tte r in g , e lectro -deposition  
a n d  v acu u m  e v ap o ra tio n , he  chose th e  la t te r  
fo r la rge-sca le  p ro d u c tio n  pu rp o ses  b ecau se  i t  
g av e  m o s t c o n s is te n t re su lts .

R eg a rd in g  th e  p rocess of a p p ly in g  selen ium  
b y  e v a p o ra tio n , th e  v a c u u m  e q u ip m en t 
em p lo y ed  by  M o ld av e r is show n iq F"ig. S i. I t  
is s im p le  in d esign  an d  follow s th e  u su a l lines 
for a p p a r a tu s  e m p loyed  in  m e ta l ev ap o ra tio n . 
I t  co n sis ts  o f a  g lass b e ll-sh ap ed  ja r  ( I tem  1) 
t h a t  fits  closely  on  to  a  h e av y  s teel b ase  p la te  
( I te m  2). I te m  6 is in  effec t a  ta b le  in th e  
form  of a  hollow  d isc  th ro u g h  w h ich  cooling 
o r w a rm in g  w a te r  c an  be  passed . T h e  d iscs 
to  be  se len iu m -co a ted  a re  show n  in  p o sitio n s  8, 
th e re  b e in g  e ig h t su ch  h o lde rs  p o s itio n ed  co n 
cen tr ic a lly  a ro u n d  th e  d isc . T h e  te m p e ra tu re  
of th e  b a se  p la te s  c a n  th u s  be co n tro lled  b y  
th e  w a ter-co o lin g  o r w a te r -w a n n in g  sy stem  
closely  to  a  d e s ired  v a lu e . T h e  sm all c o n ta in e r  
fo r th e  se len iu m  (I te m  3) is h e ld , on  a  s ta n d  
b y  m ean s  of w h ich  i t  can  be  ro ta te d  from  th e  
e x te rn a l h a n d le  (I tem  4) w h ich  passes th ro u g h  
th e  s tee l b e a r in g  (5).

A c tu a lly , th e  c ru c ib le  of se len ium  is h e a ted  
e le c tr ica lly  th ro u g h  a  w in d in g  of 2 to  40 o h m s., 
using  a  c u r re n t of 4 to  6 a m p s. T h e  c ru c ib le  
m ay  be  of silica, a lth o u g h  iron  c a n  b e  used  
b ecau se  a n y  s l ig h t reac tio n  p ro d u c ts  fo rm ed  by  
h e a t in g  w ith  th e  selen ium  a re  n o n -v o la tile . In  
p ra c tic e , v a cu u m  is red u ced  to  th e  o rd e r  of 
0.5 m m . of m e rc u ry , a n d  th e n  thev c u rre n t is 
p a sse d  a ro u n d  th e  c o n ta in e r  of se len ium . A fte r 
a  pe rio d  of 10 to  15 m ins. th e  b a se  p la te  ab o v e  
th e  c ru c ib le  is b r ig h t w ith  co ndensed  selen ium . 
T h e  c ru c ib le  is th e n  m oved  fo rw ard  one posi
tio n  to  th e  n e x t p la te , a n d  th e re a f te r  m oved  on 
a t  in te rv a ls  of 2 m in s .; w h en  u n d e j th e  second 
a n d  sev e n th  d iscs, th e  c u r re n t is red u ced  by  
15 to  20 p e r  c en t. T h e  ro ta tio n  is co n tin u e d  in 
th is  w ay  fo r a  second  co a tin g  a t  2-m in. 
in te rv a ls . T h e  m e rc u ry  th e rm o m e te r  show n  a t  
7 g ives th e  te m p e ra tu re  o f th e  d isc  a n d  th e re 
fore of th e  selen ium  b a se  p la te s . T e m p e ra tu re  
g ra d u a lly  rises, a n d  w hen  i t  reach es  ,39 degrees
C., coo ling  w a te r  is c irc u la ted  to  m a in ta in  th is  
figure.

T h e  se le n iu m -co a ted  p la te s  a re  rem oved  from  
th e  s u b lim a tio n  c h a m b e r a n d  lo ad ed  in to  a 
m uffle fu rn ac e . T e m p e ra tu re  is ra ised  to  
206 deg rees  C ., an d  a  s h o r t  h e a t  tre a tm e n t 
g iven . F ro m  th is  p rocess th e  p la te s  a re  
re tu rn e d  to  th e  e v ap o ra tio n  eq u ip m e n t, a  second  
a p p lic a tio n  of selen ium  m ad e  e x a c tly  as  in the  
firs t o p e ra tio n ; th e y  a re  th e n  h e a t tre a te d  for 
one h o u r a t  aofi degrees C.

T h e  p e rip h e ra l edge of th e  selen ium  is n e x t 
co a ted  w ith  v a rn is h  a n d  a llow ed  to  d ry . T h e  
rin g  of lo w -m eltin g -p o in t a llo y  is th e n  a p p lied  
b y  sp ra y , b u t  w ith  th e  selen iu m -co a ted  d isc  
w arm  a t  a  te m p e ra tu re  b e tw een  70 a n d  75 
deg rees  C. T h en , th e y  a re  gold s p u tte re d  in 
h igh  v a cu u m , using  a n  e lec tro d e  v o lta g e  of
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1,300 to  1,500 vp lt? , a n d  a c a th o d e  c u rre n t of
1.0 to  1.5 m illiam p s /s q . cm . F in a lly , th e y  a re  
v a rn ish e d  fo r p ro te c tio n  o f th e  sen s itiv e  su rface.

F ro m  th e  p rocess d e sc rip tio n , th e  o p e ra tio n s  
in  M o ld av e r’s p rocess a re  le n g th y  a n d , a t  f irs t 
s ig h t, a p p e a r  cu m b erso m e. In  c o n tra s t  w ith  
th is  v iew  is th e  fa c t  t h a t  la rg e  q u a n ti t ie s  h a v e  
been  p ro d u ced  co m m erc ia lly  in th is  m an n e r. 
U n d o u b te d ly  th e  p ra c tic a l  la y o u t of th e  o p e ra 
tio n s  to  h a s te n  flow of w o rk  can  a ss is t, a n d  th e  
p rocess can  be m ad e  s em i-a u to m atic . F u r th e r ,  
th e  d e sc rip tio n  a p p a re n t ly  co v ers  th e  first 
version  of th e  p ro ced u re , a n d  m u ch  can  be done  
to  re n d e r  i t  m ore  fu lly  a u to m a tic ,  a lo n g  th e  
lines  of sm all ra d io  v a lv e  m a c h in e ry , a  p ro 
ced u re  th a t  c an  e lim in a te  m an u a l, co n tro l _ of 
h e a tin g  ra te s  a n d  inc rease  th e  se len iu m  c o a tin g  
p o rtio n  of th e  p rocess. A gain , tu n n e l- ty p e  
o vens  e lec tr ica lly  h e a ted  a re  so d ev e lo p ed  to -d ay  
w ith  re sp ec t to  u n ifo rm ity  of h e a tin g  th a t  th e  
final h e a t  tre a tm e n ts  need  p re s en t no  p rob lem s, 
b u t  c an  be  v e ry  re lia b ly  p e rfo rm ed  a t  low  cost. 
T h e  b re a k in g  of th e  v a c u u m  a n d  b a k in g  
b e tw een  th e  tw o  selen ium  co atin g s  is, how ever, 
ra th e r  su rp ris in g , b u t  p re s u m ab ly  essen tia l to  
o b ta in  a  dense , pore-free  c o a tin g , a n d  one 
h a v in g  a  f la t su rface.

M o ld av e r s ta te s  th a t  th e  d e p o s it  on  each  d isc  
is a b o u t 0.3 to  0.6 g ram s. T h is  is a  v e ry  la rg e  
v a r ia tio n , a n d  th e  n eed  fo r c lo se r co n tro l sh o u ld  
h a v e  b e en  a n tic ip a te d . H e  does n o t m en tio n  
th e  a rea  con ce rn ed , b u t  a ssu m in g  from  1 to  2 
sq . in s., th e  d ia g ra m  of th e  a p p a r a tu s  in d ic a te s  
so m eth in g  of th is  o rde r, th e n  th e  a c tu a l  th ic k 
ness of se len iu m  is re la tiv e ly  h igh , b e in g  of th e  
o rd e r  of 0.006 in. o r m ore.

T h e  p u r ity  of th e  selen ium  em p lo y ed  is g iven , 
v iz .:—

P e r  c en t.
T e llu r iu m 0.137
S u lp h u r 0.10 o r less
C o p p er 0.021
B ism u th 0.059
Iro n 0.035
Silicon 0.092
S ilver T races.
T h a lliu m T races.

T h is  co rresp o n d s  to  a n  o rd in a ry  com m erc ial 
se len ium , h ig h  te llu riu m  v a r ie ty , a n d  c e r ta in ly  
is n o t a  spec ia l p u r ity  m a te r ia l.

M o ld av e r m a d e  a  d e ta ile d  s tu d y  o f th e  c h a r
a c te r is tic s  of p h o to ce lls  o v e r th e  ran g e  of
20,000 p ro d u c ed . H e  fo u n d  fa irly  good p h o to 
e lec tr ic  p ro p e rtie s , w ith  s h o r t  c irc u it c u rre n ts  in 
th e  ran g e  300 to  600 m ic ro  am p e re s  p e r  lu m en , 
b u t  e x p erie n ced  ra p id  ageing . C o n seq u en tly , he 
s tu d ie d  th e  l a t te r  w ith  a  v iew  to  d e te rm in in g  
th e  fu n d a m e n ta l cause . F ig . 82 show s cu rv es  
ty p ic a l o f th is  ag e in g  p ro p e n s ity . T h e  cells 
u sed  fo r th e se  te s ts  w ere p ro te c te d  w ith  
p o ly v in y l a c e ta te  v a rn ish  a f te r  one d a y . O pen  
c irc u it e .m .f. a n d  closed  c irc u it c u r re n t w ere 
rec o rd ed  o v e r a  p e rio d  o f 70 d a y s . C o n sta n cy  
w as reach ed  a f te r  a b o u t a  m o n th .

T o  d e te rm in e  if ag e in g  w ere  a sso c ia ted  w ith  
th e  o ccu rren ce  of s tru c tu ra l  ch an g es  in  th e  
selen ium  film , M o ld av er c a r rie d  o u t an  
e x h a u s tiv e  X -ra y  e x am in a tio n  of th e  cells used  
fo r th e  ag e in g  te s ts . All th e  ra d io g ra p h s  w ere 
id e n tic a l , so t h a t  i t  h a d  to  be  c o n clu d ed  th a t  
th e  se len iu m  film s w ere s tru c tu ra lly  id e n tic a l , 
th a t  is, no  a llo tro p ic  o r c ry s ta llo g ra p h ic  
ch an g es  o c cu rre d  w ith  s to rag e .

T h e  p e rio d  a t  w h ich  go ld  s p u tte r in g  w as 
ap p lie d  w as s tu d ie d  fo r th e  ran g e  of th re e  d a y s  
to  tw o  m o n th s , th e n  v a rn is h  w as ap p lie d  a n d  
a  fu r th e r  s tu d y  m a d e  o v e r 14 d a y s . N o  ch an g e  
in ageing  p ro p e rtie s  o c cu rred  a n d , th e re fo re , no  
c lues  to  its  cau ses  w ere  e s ta b lish e d , o th e r  th a n  
to  confirm  t h a t  i t  w as a  q u e stio n  of c h an g es  in  
th e  b a rr ie r  la y e r. E x p o su re  to  ch em ica ls  in  a  
lim ited  w ay  w as  s tu d ie d , u s in g  ch lo rin e , 
fluorine a n d  a ce to n e , a ll of w h ich  e x e r te d  a  
d e le te r io u s  in fluence . C h lo rine  in  one seco n d ’s 
ex p o su re  reduced  th e  v o lta g e  to  n il a n d  th e  
c u rre n t to  a  few  m ic ro  a m p s ./ lu m e n . C hanges 
up o n  e x p o su re  to  m o is t a tm o sp h e re s , d ry  
a tm o sp h e re s  (ca lc iu m  ch lo rid e  d e sic c a to r) an d  
u n d e r  c o m p le te  w a te r  su b m ersio n  w ere  in v e s t i
g a ted , w ith  th e  fo llow ing  re su lts :—

(a) Im m ersio n  in w a te r  o v e r a  ran g e  of 
te m p e ra tu re s  u p  to  70 deg rees C ., fo r tim es  
from  h a lf  to  5 m in s ., b efo re  o r a f te r  gold 
s p u tte r in g — no d e te r io ra tio n  in c h a ra c te r 
is tic s  a n d  no ev id en ce  o f red u ced  s ta b i l i ty .

(b) Im m ersio n  in w a te r  of v a rn ish e d  a n d  
u n v a rn is h e d  cells fo r p e rio d s  of 1 to  20 
d a y s : som e d e te r io ra te d  in one d a y , som e 
d id  n o t. T h o se  w h ich  d e te r io ra te d  co rroded  
a t  th e  p e rip h e ry , a n d  th is  w as  p ro b a b ly  th e  
cau se  of d a m ag e . F u r th e r  p e rio d s  caused  
selen ium  to  be  a t ta c k e d , a m o rp h o u s  red 
sp o ts  a p p ea rin g .

(c) D esicca tio n  im m e d ia te ly  a f te r  m a n u 
fa c tu re : n o rm al ag e in g  occu rred , a n d  in no  
case  d id  im p ro v ed  s ta b i l i ty  re su lt.

G e n era lly , i t  w as  c o n clu d ed  t h a t  m o is tu re  d id  
n o t cause  th e  in itia l ra p id  ageing .

F in a lly ,  th e  effect of gold th ic k n e ss  w as 
s tu d ie d . T h e  n o rm a l t im e  fo r gold  s p u tte r in g  
w as 35 secs .; th e re fo re  th re e  successive  a p p lic a 
tio n s  for 35 secs, each  w ere  m ade . H e  g ives his 
re su lts  in  th e  fo rm  of th e  cu rv e s  rep ro d u ced  in 
F ig . S3. T h ese  a re  r a th e r  d iffe ren t from  th e  
c u rv e  fo rm s show n  in F ig . 82, b u t  m a rk e d  
im p ro v e m e n t in ag e in g  is a p p a re n t .  F u r th e r  
w ork  is b e in g  d o n e  in th is  co n n ec tio n , b u t  th e  
im p o r ta n c e  o f th e  go ld  th ic k n e ss  is c learly  
e s tab lish ed .

M o ld av e r 's  w o rk  is s ig n ific an t a n d  exceed ing ly  
in te re s tin g . T h e  v a cu u m  e v ap o ra tio n  h a s  m u ch  
to  reco m m en d  it, in  free ing  th e  c o a tin g  o p e ra 
tio n  o f th e  sk ill of th e  o p e ra to r . T h e  d o u b le  
co a tin g  of se len ium , coo ling  of th e  b a se  p la te  
d u r in g  c o a tin g  a n d  th e  use of a lu m in iu m  b ase  
p la te s  a re  c o m m en d ab le  a d v a n c e s  in p ro d u c tio n  
m e th o d s . H e  c la im s, too , g re a te r  speed  o f 
se len iu m  co a tin g  th a n  in a n y  p re v io u s ly  dev ised  
m e th o d s . O b v io u s ly  m u c h  re m a in s  to  be  done , 
a n d  c an  be a c h iev ed , to  s im p lify  th e se  o p e ra 
tio n s . A t th e  sam e tim e , fu r th e r  w o rk  b y  
M o ld av e r pn h ig h e r  p u r ity  se len ium , an d  th e n  
up o n  th e  in fluence  o f a d m ix tu re s  o f te llu riu m  
a n d  of s u lp h u r  w ould  b e  w elcom ed . A gain , i t  
is fe lt t h a t  he  sh o u ld  c o n sid e r th e  in fluence of 
th ic k n e ss  o f th e  selen ium  la y e r , esp ec ia lly  in th e  
d ire c tio n  of m u ch  th in n e r  la y e rs .

T h e  v a c u u m  te c h n iq u e  em p lo y e d  b y  M old av er 
c a lls  a t te n tio n  to  th e  m e th o d  of th e  G eneral 
E le c tr ic  Co. of A m erica  p re v io u s ly  re fe rred  to , 
re ference  "  S te e l ,"  S e p te m b e r 9, 1940, V ol. 107, 
p . 49. In  th is  p rocess 100 d iscs  a re  c o a te d  w ith  
selen ium  u n d e r  th e  v a cu u m  ja r  a n d  p re su m ab ly  
g iven  on ly  one co a tin g .

(To be continued)
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ALUMINIUM FOR BEGINNERS
In response to a recent request fro m  an industrial 
concern fo r  a very elementary “ interest ta lk ” dealing 
with the history and field o f application o f aluminium, 
we present here an account meeting all the necessary 
requirements o f accuracy and brevity. I t  is suggested 
that it might fo rm  a basis fo r  a schools’ broadcast

L I F E ,  in  w a r o r peace , w o u ld  be v e ry  d iffe ren t 
if we h a d  no  a lu m in iu m . T h is  lig h t  m e ta l 

h as  ta k e n  a  b ig  p a r t  in  en g in eerin g  p ro d u c tio n  in  
th e  la s t  25 y e a rs  o r so. F o r  ex am p le , a lu m in iu m  
h a s  becom e a  co m m o n p lace  in  d o m e stic  e q u ip 
m en t, n o t  o n ly  as p o ts  a n d  p a n s  b u t  a s  v a cu u m  
c lean e r p a r ts ,  in w ash in g  m a c h in es  a n d  th e  
lik e ; th e  a ero p la n es  we see in  th e  sk y  a re  so 
o b v io u sly  a lu m in iu m  e x te rn a lly  th a t  w e are  
o ften  te m p te d  to  ta ll  in to  th e  t r a p  of th in k in g  
th e y  a re  all a lu m in iu m . I t  is b ro a d ly  tru e  th a t  
th e  m o d e rn  ae ro p la n e  is  o n ly  possib le  b ecau se  
o f a lu m in iu m , b u t  th e  ae ro p la n e  is a n  ex am p le  
o f how  m a n y  m e ta ls , e ach  selec ted  fo r its  ow n 
sp ec ia l p ro p e rtie s , a re  c o m b in ed  b y  th e  sk ilfu l 
eng in eer to  w o rk  to g e th e r  to  g ive a  deg ree  of 
efficiency u n o b ta in a b le  b y  th e  use of a n y  single  
m e ta l.

F a m il ia r  a s  w e a re  w ith  a lu m in iu m  th ese  
clays, th e  s to ry  b e h in d  its  d e v e lo p m e n t an d  
a p p lic a tio n  is n o t  w id e ly  k n o w n ; th e  s to ry  is 
o f te n  u n k n o w n  to  a d u lts ,  a n d  ev en  m a n y  
eng ineers  c o u ld  n o t te ll yo u  how  a lu m in iu m  is 
w on  from  th e  e a r th 's  c ru s t.

Producing the Metal

N in e ty -n in e  y e a rs  ag o  a lu m in iu m  w as  first 
p ro d u ced  as a  c o m p a c t m a te r ia l. B efore  th e n , 
a ll  t h a t  h ad  re su lted  from  th e  e x p e r im e n ts  of 
t h e  G e rm a n  sc ie n tis t,  W o h le r, w as  a  grey' 
m e ta llic  p o w d er. ( In  1855 a lu m in iu m  w a s  so ld  
a t  a b o u t ¿100 p e r  lb . ;  now  it  co sts  a b o u t ts . 
p e r  lb .)  B u n sen , th e  G erm an  in v e n to r  of th e  
b u rn e r  t h a t  b ea rs  h is  n am e , p ro d u c e d  a lu 
m in iu m  b y  e lec tr ica l m ean s  in 1854, a n d  th e  
F r e n c h  c h em is t D ev ille  ch eck ed  h is  re s u lt la te r  
in  th e  sam e  y e a r . A lth o u g h  a lu m in iu m  w as 
k n o w n  to  ex is t in  ex trem ely ' la rg e  q u a n ti t ie s  as  
ch em ica l c o m p o u n d s  w ith  o x y g en  an d  o th e r  
e le m en ts , no  m e th o d  w as k n o w n  of e x tra c tin g  
th e  new  m e ta l from  th e m . B u n sen  a n d  D ev ille  
su cceed ed  b ecau se  they ' used  co m p ara tiv e ly ' 
s im p le  c o m p o u n d s  fo rm ed  in  th e  lab o ra to ry '. 
T h e ir  ra w  m a te ria l w as  n o t found  in  n a tu re ;  
c h ea p  p ro d u c tio n  o f a lu m in iu m  co u ld  n o t  com e 
u n til  a  m e th o d  w as found  of d e a lin g  w ith  
n a tu ra l  raw  m a te ria l.

In  18S6 a  y o u n g  A m erican , C h arle s  M artin  
H a ll,  fo u n d  how  to  do  th is , an d  th e n  th e  
a lu m in iu m  in d u s try  w as b o rn . H a ll d isco v ered  
th a t  a lu m in iu m  o x id e  cou ld  b e  d isso lv ed  in 
m o lten  c ry o lite — a n o th e r  n a tu ra l  co m p o u n d  of 
a lu m in iu m —a n d  th a t  w hen  a n  e lectric  c u rre n t

w as  p assed  th ro u g h  th e  so lu tio n  d eco m p o sitio n  
took  p lace, g iv in g  a lu m in iu m  a n d  o xygen . T h e  
g re a t  a d v a n ta g e  of H a ll 's  p rocess w as  t h a t  a ll 
n a tu ra lly  o ccu rrin g  m a te ria ls  w ere used. S u it
a b le  a lu m in iu m  ox ide  occu rs in N o rth  a n d  
S o u th  A m erica , a n d  F ran c e , a n d  is k n o w n  as 
b a u x ite . I t  is, a t  p re sen t, a  s tra te g ic  m a te ria l 
t h a t  b e ca m e  in  ex tre m e ly  s h o r t  s u p p ly  on th e  
G e rm an  o c cu p a tio n  of F ran c e .

T h e  in d u s tr ia l  p ro d u c tio n  of a lu m in iu m  w as 
one of th e  g re a te s t a d v an c e s  of A m erican  
science ; a s  soon a s  q u a n t i ty  p ro d u c tio n  cou ld  
be  o b ta in e d , th e  m e ta l ceased  to  be  a  la b o ra to ry  
cu rio s ity  a n d  becam e  re a d y  to  be a p p lie d  to  
en g in eerin g  w ork . T h e  p re sen t fam ous A lu 
m in u m  C o m p an y  of A m erica  is a  d irec t 
d e sc e n d a n t of C h arles  M artin  H a ll’s  w eak  ch ild .

Birth of High-strength Alloys

E n g in ee rs  a n d  m a n u fa c tu re rs  w ere  in tr ig u ed  
b y  th e  low  w eigh t a n d  a t t r a c t iv e  a p p ea ra n c e  of 
a lu m in iu m , b u t  th e  p u re  m e ta l a lone  w as too  
so ft to  be of m u ch  use. T h e  a d d itio n  of o th e r  
m e ta ls  to  fo rm  a llo y s  g av e  in crease  of s tre n g th . 
I t  w as  n o t  u n til  1907, h ow ever, th a t  a n y  g re a t 
a d v a n c e  w as m ad e  in  th is  su b je c t. A G erm an  
sc ie n tis t, W ilm , p ro d u ced  an  a llo y  co n ta in in g  
a  few  p e r  c en t, of co p p er a n d  u n d e r  1 p e r  cen t, 
of m ag n esiu m , a n d  found  th a t  w h en  i t  w as 
h e a ted  to  500 degrees C. a n d  q u e n ch e d  in w a te r 
th e  a llo y  b ecam e  p ro g ressiv ely  h a rd e r  a n d  
s tro n g er, re ach in g  m ax im u m  p ro p e rtie s  in fou r 
o r  five d a y s . W ilm 's  alloy', w h ich  h a s  becom e 
k n o w n  a s  D u ra lu m in , w as th e n  a p p ro x im a te ly  
"  a s  s tro n g  a s  s te e l ,”  a n d  eng ineers now  b egan  
to  ta k e  n o tic e  o f th e  new  m e ta l. In c id e n ta lly , 
th e  s u b je c t  o f h e a t  t r e a tm e n t  b eg an  to  be 
s tu d ie d , th e  p h en o m en o n  o bserved  b y  W ilm  
b e in g  s tu d ie d  b y  B ritish  m e ta llu rg is ts  a t  th e  
N a tio n a l P h y s ic a l L ab o ra to ry ' in p a rtic u la r .

I t  is n o t to o  m u ch  to  say  t h a t  a  la rg e  p ro 
p o r tio n  of a lu m in iu m  alloy' a p p lic a tio n  is b a sed  
u p o n  W ilm ’s d isco v e ry , for s im ila r h e a t- tre a t-  
a b le  a llo y s  a re  u n iv e rsa lly  used  fo r forgings, 
s h e e t a n d  e x tru s io n s . I t  is tru e  t h a t  these  
m e th o d s  of p ro d u c in g  sh ap e s  in  m e ta l w ere 
o n ly  successfu l a f te r  m e ta llu rg is ts  of m a n y  
n a tio n a litie s  h a d  s tu d ie d  th e  p h y s ica l p ro p e rtie s  
o f a lu m in iu m , fo r  e ac h  m e ta l  h a s  its  w o rk in g  
p ecu lia r itie s . T h e  m e th o d s  u sed  fo r s tee l fa b r i
c a tio n  a re  n o t necessarily ' a p p lic ab le  to  o th e r  
a llo y s . In  o ld e r in d u s tr ie s  science h a s  o ften  
le a rn ed  a  lo t  from  c ra f tsm e n , b u t  in  th e  case



of a lu m in iu m  science  h a d  to  show  th e  c ra ftsm e n  
w h a t  to  d o  to  p ro d u ce  usefu l a r tic le s  s a tis 
fa c to rily .

In  a d d itio n  to  th e  p ro d u c tio n  of m e ta l  sh ap e s  
b y  m e c h an ic a l w o rk in g  th e re  is th e  o th e r  w ell- 
know n  m e th o d  w h ich  co n sis ts  of p o u rin g  m o lten  
m e ta l in to  a  m o u ld  of s u ita b le  in te rn a l form . 
T h e  m o u ld  m a y  b e  o f san d , of iron , o r steel, 
a n d  o c casio n a lly  of p la s te r . T h e  s im p le s t 
c a s tin g  is o f co m p lic a ted  s h a p e  a s  co m p a red  
w ith  th e  cy lin d ric a l o r re c ta n g u la r  b lock  
re q u ired  fo r fo rg ing , ro llin g  o r e x tru s io n . S o u n d  
c a s tin g s  c an  o n ly  be  m ad e  if  so lid ific a tio n  of th e  
m o lte n  m e ta l p ro ceed s  p ro g ress iv e ly  from  p o in t 
to  p o in t, a n d  s u c h  ev en  so lid ifica tio n  is ren d ered  
d ifficu lt b y  c h an g e  of sec tio n . A n o th e r  d ifficu lty  
is t h a t  m a n y  a llo y s  h a v e  a  lo n g  freez ing  ran g e ; 
t h a t  is to  s a y , fo r a  co n sid e rab le  p e rio d  o f th e  
co o lin g  tim e  th e y  a re  n e ith e r  t ru ly  liq u id  n o r 
so lid : th e y  a re  p a s ty .  B ecau se  o f th is  fa c t  i t  is 
o ften  e x tre m e ly  d iff icu lt to  m a k e  su re  t h a t  th e  
sp ac e s  le f t a f te r  p a r t ia l  so lid ifica tio n  a re  co m 
p le te ly  filled  b y  s till m o lten  m e ta l. F o u n d ry - 
m e n  g ra p h ic a lly  d e sc rib e  su ch  a llo y s  as  
"  h u n g ry ,”  b ecau se  c a s tin g s  m a d e  from  th e m  
re q u ire  a  lo t  of "  feed in g  ”  b e fo re  th e y  a re  
fu ll u p . C astin g s  t h a t  a re  go ing  to  b e  m ad e  
in to  im p o r ta n t  a irc ra f t  p a r ts —on w h ic h  b ra v e  
m e n ’s liv e s  m a y  d e p en d —a re  a lw a y s  e x am in ed  
b y  X -ra y s  b e fo re  th e y  le a v e  th e  fo u n d ry . In c i
d e n ta lly ,  th is  ra d io g ra p h ic a l in sp ec tio n  a lso  
p re v e n ts  la b o u r  b e in g  w aste fu lly  u sed  on  
m a c h in in g  o p e ra tio n s .

Light Alloys for Casting

T ig h t  m e ta l sc ie n tis ts  h a v e  so u g h t, a n d  co n 
tin u e  to  sea rch , fo r th e  p e rfe c t c a s tin g  a llo y . 
D u ra lu m in  m ig h t b e  ca lled  th e  h is to ric  a llo y  fo r 
w ro u g h t p u rp o se s , a n d , s im ila rly  a n  a llo y  
k n o w n  a s  A lp a x  is a  w e ll-e stab lish ed  a llo y  fo r 
c a s tin g  p u rp o se s . A lp a x  co n sis ts  of a lu m in iu m  
a n d  silicon  in  th e  p ro p o r tio n s  re q u ire d  to  fo rm  a  
m ix tu re  e x h ib itin g  m a n y  o f th e  p ro p e rtie s  o f a 
c h em ica l co m p o u n d ; in  p a r tic u la r ,  th e  m ix tu re  
h a s  a  d e fin ite  freez ing  (a n d  m e ltin g ) p o in t. 
A lp ax  h a s  no  e x te n d e d  freez ing  ra n g e , th e re fo re , 
in th e  m o lte n  s ta te  i t  is v e ry  flu id  a n d  v e ry  
in tim a te ly  ta k e s  th e  s h a p e  of th e  m o u ld  fo rm , 
a n d , fu r th e r ,  very' th in  sec tio n s  m a y  b e  success
fu lly  m ad e . I t  is  p ro b a b ly  th e  e as iest m o u ld ing  
a lu m in iu m  a lloy  fo r th e se  reasons. I t s  s tre n g th , 
ho w ev er, is o n ly  m o d e ra te .

M an y  s tro n g e r  a llo y s  a re  k n o w n , som e of 
th e m  s tro n g  en o u g h  to  re p lace  a lu m in iu m  
fo rg ings  on  a irc ra f t.  T h e  s tre n g th  o f a  c as tin g  
d e p e n d s  to  a  la rg e  e x te n t  on  th e  speed  w ith  
w h ich  th e  m o lte n  m e ta l  cools to  so lid ifica tion  
p o in t. A  d ie  c a s tin g  is s tro n g e r  th a n  a  s a n d  
c a s tin g  of th e  sam e  s h ap e  b ecau se  th e  iron  of 
th e  m o u ld  c o n d u c ts  h e a t  a w a y  so q u ic k ly  t h a t  
so lid ifica tion  is q u ic k ; s a n d  m o u ld s  h a v e  m u ch  
less h e a t  c o n d u c t iv ity .  M eta l c ry s ta ls  in d ie  
c a s t  m e ta l  a re  sm a ll b ecau se  th e y  d o  n o t h a v e  
tim e  to  g row , a n d , in  gen era l, th e  sm alle r th e  
c ry s ta l  th e  s tro n g e r  th e  m e ta l.

T h e  b ig g est a d v an c e  in fo u n d ry  a llo y s  re su lte d  
from  th e  d iscovery ' t h a t  sm all q u a n ti t ie s  of 
t i ta n iu m  effec tive ly  co n tro lle d  th e  g ra in  size, so 
t h a t  a s  lo n g  a s  th e  m o u ld in g  te c h n iq u e  neces
sa ry  to  p ro d u c e  so u n d  c a s tin g s  is o b serv ed  
ex cessiv e  c ry s ta l  g ro w th  is p re v e n te d . C as tin g s  

: p ro d u c e d  in  t i ta n iu m -b e a r in g  a lu m in iu m  a lloys
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a re  th u s  v e ry  un ifo rm  in m ech an ica l p ro p e rtie s  
as th e  p h y s ica l co n d itio n s  d u e  to  d iffe ren t ra te s  
of so lid ifica tio n  a re  m in im ized . N o t m ore th a n  
one-fifth  p e r  c e n t, of t i ta n iu m  is re q u ire d  _ to  
o b ta in  th is  a d v a n ta g e  a n d , i t  is w o r th  p o in tin g  
o u t, th is  sm all t i ta n iu m  a d d itio n  w as a  B ritish  
in v e n tio n .

Aluminium in Engineering

A lu m in iu m  a llo y s  a re  now  a c c e p te d  a s  eng i
n ee rin g  m a te ria ls . A lloys h a v e  b e en  d ev e lo p ed  
for su ch  spec ia l p u rp o se s  a s  m a in te n a n c e  of 
s tre n g th  a t  h ig h  te ip p e ra tu re s  for u se  in in te rn a l-  
co m b u stio n  eng ines, a n d  p le a s in g  u n ta rn is h a b le  
a p p e a ra n c e  fo r a rc h ite c tu ra l  s tru c tu re s  a n d  
d e co ra tio n . I t  is  n o t too  m u c h  to  say  th a t  th e re  
is a n  a llo y  fo r ev e ry  re q u ire m e n t, w h e th e r  i t  
is  ch ea p n ess , s t re n g th  o r a p p ea ra n c e .

T h e  m e ta ls  t h a t  a re  m o s t d ifficu lt to  e x tra c t  
from  th e  e a r th  a re  usually ' th e  m e ta ls  th a t  
co rro d e  m o s t eas ily . I t  m ig h t be  a n tic ip a te d  
t h a t  a lu m in iu m  w o u ld  fa ll in to  th is  c lass , b u t  
th e  c h em ica l e x p e c ta tio n s  a re  m odified , so to  
sp ea k , b y  th e  p resen ce  o f a  film  of g re a t  p ro 
te c tiv e  v a lu e  w h ic h  is s p o n tan e o u s ly  fo rm ed  b y  
th e  a c tio n  o f o x y g en  u p o n  th e  m e ta l. A lu 
m in iu m  a llo y s  do  n o t  co rro d e  a t  a ll m  n o rm a l 
a tm o sp h e re s .

Som e a llo y s  h a v e  b e en  successfu lly  d ev e lo p ed  
fo r  sea  c o n d itio n s ; lifeb o a ts  a re  freq u en tly ' con 
s tru c te d  of th e m  a n d , a f te r  th e  w a r, w h en  
a lu m in iu m  is free  fo r  a n y o n e  to  u se  a g a in , o r 
in  th e  m o re  d is ta n t  fu tu re , i t  is lik e ly  th a t  a  
la rg e  p a r t  of th e  s u p e rs tru c tu re  of^ sh ip s  w ill 
b e  m ad e  fro m  th e  spec ia lized  a lu m in iu m  a llo y s .

T h e  n a tu ra l  o x id e  film g iv in g  a d e q u a te  p ro 
te c tio n  fo r m a n y  p u rp o se s  m a y  b e  in c reased  in 
th ic k n e ss  b y  m e an s  of a n  e lec tr ica l p rocess ing  
c a lled  an o d iz in g , w h e n  g re a te r  p ro te c tio n  is 
re q u ire d . A nod iz ing , a g a in , is a  B r itis h  in v e n 
tio n . T h e  a n o d ized  film  is o f a  c u rio u s ly  
a t t r a c t iv e  tra n s lu c e n t a p p e a ra n c e  b y  itse lf, b u t  
i t  c an  be d y e d  s im p ly , g iv in g  fu r th e r  p ossib ili
tie s  of in tr ig u in g  fin ishes of any^ co lou r. T h e  
film  is a lso  of g re a t  a ss is tan c e  in  p ro m o tin g  
ad h es io n  a n d  co n fe rrin g  su p e r io r  _ p ro te c tiv e  
p o w ers  w h e n  p a in t in g  o r la c q u e r in g  is spec ified .

Problem to be Solved
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M an y  d ifficu lties  h a v e  b een  en co u n te red  a n d  
so lv ed  s in ce  C h arles  M artin  H a ll d e v e lo p ed  h is  
m e th o d  fo r a lu m in iu m  p ro d u c tio n . A t le a s t  
o ne  p ro b le m , h o w ev er, re m a in s  fo r p re s e n t o r 
fu tu re  m e ta llu rg is ts  to  w o rk  on, fo r m o lten  
a lu m in iu m  a llo y s  a b so rb  h y d ro g en  v e ry  read ily , 
th is  gas b e in g  ev o lv ed  on  so lid ifica tio n . G re a t 
care  m u s t  be  ex erc ised  d u r in g  m e ltin g , th e re fo re , 
to  p re v e n t h y d ro g e n  p ic k -u p , o r p in h o le s  
cau sed  b y  h y d ro g e n  w ill be  fo u n d  th ro u g h o u t  
th e  m ass o f so lid  m e ta l. I n  s p ite  o f th is  ev e r
p re s e n t d iff ic u lty , p e rfe c tly  sa tis fa c to ry  cas tin g s  
a n d  fo rg ings in  a lu m in iu m  a llo y s  a re  p ro d u ced  
in  im m en se  q u a n ti t ie s .  T h e  A ir F o rce s  o f th e  
A llies p ro v id e  a  co n firm a tio n  of th is , b u t  lig h t-  
a llo y  m e ta llu rg is ts  a re  lo o k in g  fo rw a rd  to  th e  
d a y  w hen , th e  w a r w on, th e y  c a n  e x te n d  th e  
u ses  o f th e ir  m e ta l to  th e  a r ts  o f peace .

In  in n u m e ra b le  fields a lu m in iu m  c a n  p lay ' its  
p a r t  in  re d u c in g  u nnecessary ' w e ig h t a n d  m a k in g  
th e  w o rld  l ig h te r  a n d ‘b rig h te r .
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BENJA M IN H U N TSM A N  (1704-1776) confounded th e  Steel M akers of Sheffield by
his invention of crucible cast steel, w hich w as infinitely  superior 
to any th ing  being produced  a t th a t time. So m any efforts were 
m ade to discover his secret th a t he found it necessary to cast only 
a t night, while he  stayed on th e  premises all th e  time. It is 
related  th a t his secret was eventually  discovered by an  u n 
scrupulous com petitor, w ho, disguising himself as a  half-starved, 
poorly clad beggar on a  cold w inter s night, prevailed on th e  
workm en to allow him to warm himself by th e  furnace, from 
w hence he  w atched  th e  w hole operation.

BROCKHOUSE C A STIN G S L IM IT E D  now  produce fine steel
castings to any  commercial specification, specialising in heat- 
resisting steels m ade by th e  m odern equivalent of th e  H untsm an 
process. T h ey  will be  glad to receive your enquiries for mild 
steel special o r alloy steel castings.

Mr. Huntsman loses his secret

Carburizing Box made in 
Heat-Resisting Steel by
B R O C K H O U S E  
CASTINGS LIMITED.

CASTINGS in STEEL
B R O C K H O U S E  C A S T I N G S  L T D .  
W E D N E S F I E L D ,  W O L V E R H A M P T O N
T elephone * - Fallings P ark  31221

Holdens
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ALL  COLD 

R O L L I N G  

OPERATIONS

In addition to 
many types of

THE AMALGAMS C? I!?,
ATTERCLIFFE ROAD, SHEFFIELD,
------------------------------------- Telephone 23665 ------------------- —--------------- — — —

Manufacture special
I M M E R S I O N  T H E R M O - C O U P L E S
for quick and accurate temperature readings of

MOLTEN METALS.
The Amalgams Co. Ltd. also Manufacture 

0H A RD EN ITE CASE HARDENING COMPOUND 
$  EUTECTOID CASE HARDENING COMPOUND 

#  HARDITTE ( »
  CASE HARDENING COMPOUND -----

•ALUMINIUM 
CASTINGS
SAND &  GRA VITY DIE CASTINGS 

FOR A L L  TRA DES
Qh e
B R I D G E  F O U N D R Y  ltd*! 
W E D N E S B U R Y  • STAFFS
'PHONE: WEDNESBURY 0109------------------------
---------------- 'GRAMS: ALSPELCO, WEDNESBURY

For cold rolling of non-ferrous and ferrous metals 
D-Diamond*D hardened steel rolls are esteemed 
by the most important users in the country : 

all sizes from the smallest upwards

DANIEL DONCASTER & SONS LIMITED 
PENISTONE ROAD • SHEFFIELD 6

HaVtrt alio  of FO RC IN G S, D RO P FO RG IN GS. HEAT-RESIST ING 
ST EEL  CA STIN G S & H A RD EN ED  FORGED  STEEL  RO LLS

ILFAR APPROVED LISTS

Aluminium Alloy Ingots to Specification
CANLEY COVENTRY Phone 3673
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FIRTH-BROW N ,

IM I II T  II Ä " '
C A R B I D E

Grades for machining cast-iron, 
non-ferrous metals and non- 

metallic materials.
G rade  App lication s

A  A  t o u g h  grade which will
Brow n  withstand severe Interm ittent

cutting.

B A  general p u r p o s e  g r a d e
Red suitable for most operations.

C A  v e r y  h a r d  g r a d e  f o r
Green m a c h i n i n g  c h i l l e d  i r o n ,

ceramics, etc.

Grades for machining steel.
G rade Applications

T.A.5 A  heavy duty grade for rough
M au ve  machining under bad conditions.

T.A. A  general purpose grade for
Yellow  alloy steel bars and forgings.

T.E.10 A  harder grade than T.A.,
Blue  useful on mild and low alloy

steels.

T.E. An extremely hard and wear-
Grey resistant grade designed for

finish turning.

A chart g iv in g  details o f  “ M IT IA "  Carb ide  
grades an d  their uses is ava ilab le  on request-

T HOS FI RTH '£  J O H N  B R O W N  LTD SHEFFIELD

Lasso Identification Tape will solve 
all your marking problems and save 
pounds in time and labour. Lasso 
provides neat filmic markers which 
can be applied quickly and easily at 
any point without disconnecting the 
leads. No tools are needed to attach 
it, and it is durable and legible, 
impervious to heat and fluids.

Supplies of Lasso Tape are 
available only fo r high priority  
work owing to restrictions on raw  
materials.

>•] PKLIXE3

CABLE A SSEM BL IES LTD.

(Subsid iary  of Herts Pharm aceuticals Ltd.) BESSEM ER ROAD, WELWYN GARDEN CITY
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Specialists in ^  
P r e s s u r e  C a s t in g s  in  
ZINC, LEAD and TIN 
BASE, also Gravity  
Castings— BRASS and 
ALUMINIUM BRONZE
AID. APPROVED A

DIE CASTINGS

“ L I O N  B R A N D ’

ALUMINIUM alloyed with
MANGANESE, TITANIUM. CHROMIUM. \  
NIOBIUM. TANTALUM. TUNGSTEN. BORON. 
VANADIUM/ZIRCONIUM. MOLYBDENUM. 
IRON. SILICON. MAGNESIUM. NICKEL. ETC.

MASTERALLOYS

ESTABLISHED /S<5£>

Telegrams - Blackwell, Liverpool.
Telephone - Garston 980 (3 lines).

BLACKWELLS METALLURGICAL WORKS LTD.
THERMETAl HOUSE. GARSTON, LIVERPOOL 19

W o r k s :  B a n k s  Road . Spe ke  Road  and C h u rch  R o ad , G a r s to n

C o m p le t e  r a n g e  o f  G r a v i t y  a n d  P r e s s u r e  D ie  , 
C a s t in g s  in  A l u m i n i u m  Zinc Base • Lead Base • Tin Base |

DYSON & CO., ENFIELD (1919) LTD., Southbury Works, Ponders End
TELEGRAMS: **D'ESINKER. PHONE. ENFIELD."

--------------------- S IT U A T IO N S  V A C A N T---------------------
A  P R O G R E S S IV E  C O M PA N Y , lo c a te d  5 0  m ile»  n o r t h  o f  L o n d o n ,  
r e q u i r e  t h e  s e rv ic e s  o f  a  y o u n g  e n g in e e r  t o  u n d e r ta k e  t h e  e x 
p lo i t a t i o n  o f  a  n e w  te c h n ic a l  p ro c e s s  o f  v i ta l  i n t e r e s t  t o  th e  
l i g h t  e n g in e e r in g  a n d  m e ta l  in d u s t r ie s .  T h e  a p p o in tm e n t  o ffe rs  
e x c e l le n t  p r o s p e c ts  t o  a n  e n e rg e t ic  m a n  w ith  s u i ta b le  te c h n ic a l  
q u a l i f ic a t io n s  a n d  p r a c t i c a l  e x p e r ie n c e .  W r i te ,  s t a t i n g  a g e ,  e x 
p e r ie n c e .  s a l a r y  r e q u i r e d ,  t o  B o x  A 9 3 4 8 , S A M S O N  C L A R K S . 
5 7 - f il ,  M o r t im e r  S t r e e t ,  W . l .________________________________ 80 /1

-------------------------- M IS C E L L A N E O U S --- -----------------------
M O N O M A R K  S e rv ic e .  P e r m a n e n t  L o n d o n  a d d r e s s .  L e t t e r s  

r e d ir e c te d  5 /-  p .a .  W r i te  B M /M 0 N 0 9 2 , W .C . l .  8 4 /3 1 2 4

S U B S C R IP T IO N  R A T E S : L ig h t  M e ta l* w ill he  s e n t  p o s t  pa id  
f o r  o n e  y e a r  f o r  2 0 / - .  S h o r te r  p e r io d s  p ro  r a t a .  S end  
re m it ta n c e  to  th e  p u b lish e rs .

These A.l.D. Approved Laboratories are now 
used exclusively by all leading Aircraft 

Producers for the X-Ray Examination of 
Class 1 and Class II Castings.

IN 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  LA B O R A T O R IE S :

Grove W orks. Grove Place. A CTO N . London. W  3.
Head Office and Midland Laboratories:53. W entw orth  Road. Harborne. B IRM IN G H A M .

Phosphor Bronze f l P H  I  R  f l P  Gun MeU' |p'Eots
"Tandem* W hite  Metal Alloys E l  I  | ^ S  | | ^  Bearings for all purposesCYnC"Eyre* Aluminium and M fff ll  8 ^ ^  Chill Cast Phosphor

Aluminium Alloys Bronze Rods

SMELTING COMPANY LIMITED
TANDEM WORKS, MERTON ABBEY, S.W.I9

T elephone: MITCHAM 2031 (A l.oei)

R. C R U IC K S H A N K ,  LTD., Camden Street, 
B IR M IN G H A M ,  1. P h o n e : C e n t . 7213

ANODISING and 
C H R O M A T I N G

PLANTS, FLUXES 
and CHEMICALS

P r in t e d  In  E n g la n d  a n d  P u b l is h e d  M o n th ly  b y  t h e  P r o p r i e to r s ,  T E M P L E  P R E S S  L T D .,  B O W L IN G  G R E E N  L A N E , L O N D O N , E .C . l .



September, 1 944 LIGHT METALS Advts.

, » : H O R R IS F L E X  Flexible Sljakvvi? 
! ,- has been specially developer ' :

:;;::;!TTT : filing, grinding and polishing cot
;T T r v m m iu m ,  Elektron, Non-ferrous Alloys and  
'‘‘•smis -Overhead suspension, bench and floor t  
’ T v.ble,' the tw o latter being readily portable. RE 

and  Cutters are manufactured In a large v; 
t-S'fat es. many having been specially devel- 

i/ :4 . fo r w ork on Intricate engine parts.
|||■■■ .t.c jSFLEX  Equipment Is also Ideal for />'//,
, . i n g  and removing paint and rust. j j  ■

- E X  W ir e  circular brushes and refill j  '5
r'V',>V‘>,rfor buffing and metal cleaning In- /:  .J; 
j . .  elude cylinder head. ’ ! : 'Sk

?ralve seat and tube Hii'tm
|g|gJ4ts brushes In  variety. W e  J j f / H M j
S g M r  n;anutaci e rr FoliJh- _■ : ::K

- 
" 

'
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JOHN
ALUMINIUM
ALLOY
CASTINGS DALE

P R E S S U R E  T I G H T
l PCs We specialise in the manufacture of medium and

high strength aluminium alloy castings to with- 
v; stand high pressures, suitable for Pumps and

connections in Hydraulic and Fuel Systems.
JOHN DALE LTD., BRUNSWICK PARK RD., NEW  SOUTHGATE, 
Telephone &  T e legram s: L O N D O N — EN T erp rise  1167-8-9  LONDON, N.ll


