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FORD PLATES
for PHOTOMICROGRAPHY

| LFORD LIMITED manufacture a wide range of plates and
films which adequately covers every requirement of the
metallurgist whether for laboratory research or record pur-
poses. Experience has proved that for the photomicrography
of polished specimens there is no better plate than the Ilford
Chromatic for general use where achromatic lenses are used in

conjunction with deep yellow or green filters.

The

the
purpose.

ILFORD

Process Plate
H.&D. 25 For all cases
where high resolution
is necessary.

ILFORD
Chromatic Plate
H. & D. 135 For

polished steel sections,
In conjunction with a
green filter.

ILFORD

Rapid Process Pan-
chromatic Plate

H. & D. 100. For speci-
mens showing oxide or
sulphur films but fre-
quently used for all
specimens.

ILFORD

S.R. Panchromatic

selection

liford booklet “ Photography as an aid
Work ” provides the research worker with a concise guide to
of photographic materials
A copy should be in every research laboratory.

Mild steel sprayed on mild steel

for every

base by wire pisto

to Scientific

scientific

Plate

rocess

H. & D. 700. A faster ) P : .

late Base Metalfferrlte_ (white), pearlite (half tone)
p . Sprayed Metal— 1st phase (white), 2nd phase (half tone), pores (black
ILFORD . (By courtesy ofMessrs. Metallisation Ltd., Staffordshire Education Committei
Hypersensmve and H. A. MacColl, B.Sc.)
Panchromatic
Plate Technical Details
H. & D. 3,500. FOr  grcHED—Picric Acid EYEPIECE—X 6 compensating

conditions of low in-
tensity lighting, such as
work  with polarised
light at high magnifica-

tions.

ILFORD LIMITED

MAGNIFICATION—X 150

LIGHT SOURCE— 100 c.p. Paint
OBJECTIVE—16 mm. achromat olite D.C.

N.A. O. 28 FILTER—IIford Micro 3 (green'
PLATE—IIford Chromatic

EXPOSURE—50 secs.

« LONDON

ILLUMINATION—GIass slip ver-
tical illumination

« [LFORD
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SIQCK.BIN LIGHTING

FLUORESCENT

The importance of being
able to find what you want
when you want it means
that you need suitable
lighting to see where it is.
Benjamin Stock Bin
Lighting Units have been
specially designed for this
purpose, they direct the
light into the racks where
the goods are and shield
the eyes of the storekeepers
from glare. Your local
Benjamin Engineer can
give you details.

BEN: AMJN

DISCHARGE —
[ UJ L

FILAMENT

The Benjamin Electric Ltd., Brantwood Works, Tottenham, London,

Telegrams: < Benjalect. Southtot. London™

J

L) | u

1

N.17

Telephone : Tottenham 5252 (5 lines)

L

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 gve you tA b I b about ALUMINIUM

NORTHERN ALUMINIUM COMPANY LTD., «mmp».««
Makers of NORAL Products
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Aye, it’s a grand song but it doesna’ do for minds to go roaming in the
gloaming of incorrectly lighted workshops and factories. That’s bad for
production. Incorrect lighting is a bar to concentration and imposes a strain
upon the workers’ health, while correct lighting increases production.

If your installation needs better planning or changes are required to take
care of new processes, or extensions are necessary—consult the G.E.C.
Take advantage of the knowledge G.E.C. lighting specialists have gained
in helping war-time factories towards full production.

FOR ANY STANDARD OF
ii.LUMINATION

Adyt. of The General Electric Co., Ltd., Magnet House, Kingsway, W.C.2. L.E.I6
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“Oilite”

reduces bear-

ing failures to a

minimum wherever 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

of the component, whilst, where necessary, addi-
tional lubrication can be readily embodied in the
design without difficulty. The accuracy of finished
dimensions and limits is equal to that of the highest
grade machined bearings, thus making for ease of
assembly and fitting. As an alternative to force
fitting, “Oilite” can, if desired, be embodied

in Light Metal Die Castings during casting,

thus reducing the manufacturing oper-

ations of the components, although

Oil must be impregnated later.

Advts.

Bronze of cellul

structure impregnat

with

lubricating

\%

ar
ed

oil
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SUPERMIX PRICES

Developer :
to make 1 gall. 6/6
.2, M /-
5 271-

Fixer:

to make 1 gall. 5/6
» 2, 91-
" 5 . 23/-

LICHT METALS September, 1944

VICTOR £ufzeaM (<X,

X-RAY FILM PROCESSING CHEMICALS

cti04 ecuHf 04 that-
You simply pour these liquid concentrates into your tanks and
add water ., 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.

attd ad ecanonucol ad thud -
With these longer-lasting Supermix solutions you can process
up to 75% more films than with conventional processing
chemicals. Unusual speed of developing (3 minutes at 68° F.)
and fixing (less than 1 minute) will expedite your darkroom
work ; or, by developing 5 to 6 minutes you can reduce Xx-ray
exposure 20% to 25% to economise in tube life. LONG-LIFE

SPEED CONVENIENCE are the hall-

marks of Victor SUPERMIX.

VICTOR X-RAY CORPORATION Ltd.

15-19 Cavendish Place, London, W.i LANgham 4074

BIRMINGHAM BRISTOL ~ GLASGOW  MANCHESTER DUBLIN
BELFAST EXETER LEEDS SHEFFIELD NOTTINGHAM LIVERPOOL
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The Birmingham Aluminium Cast (]BQB) ‘(o Ltd.
Birmid Works' -« Smethwick-40 iIrmingham
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THE

REDUX

PROCESS

JL HE Redux process provides, through the use of
synthetic resin adhesives, a method of bonding light alloys
and steel with a strength exceeding that of riveting—'and
also of making strong joints between metal and wood.
After prolonged tests Redux has been adopted by a
number of firms engaged in essential work and there is
every reason to believe that when the guns cease firing,
the Redux process will find many new applications.
Realising the immense possibilities of the Redux process
in the fabrication of articles made from light alloys
Aero Research Ltd. will be happy to give full information
of the process and its suitability for any particular task.

AERO RESEARCH LIMITED
DUXFORD CAMBRIDGE

B.K.L. ALLOYS LTD.

‘FACTORY CENTRE,
KINGS NORTON, BIRMINGHAM

Phone: Grains:
KINGS NOItTON 11G2/5 ALINGOTS, BIKMINGHAM

aluminium ingots
AND CAST ALLOYS IN AC-

feA" TESTAL 4

| o.7.05P§8!ffeation » K 1 occordance
for »HIGH GRAdk-u J ES&\L 0
| A A

1
JOHN MEERLOO & SONS oo szswnere required is aiso suppties

74 .LONDON RD. KINGSTON-ON-THAMES of TITANIUM
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If a suitable design of burner is used, the

trouble can usual
a High Alumina

be overcome using
irebrick such as NETTLI

(42/44% Alumina)—a point proved by the
practical experience of several customers.
An additional protection to the brickwork
ts)y washcoating with Maksiccar Il. or Stein
illimanite  Cement will often be _found
economic. _ Further information will be

gladly supplied on

request.

JOHN G.STEIN&C®LTD scoriano

7 mam

DAY &
NIGHT

SERVICE !

AVAILABLE

TELEPHONE

For anodistrtg of Aluminium

(om
mi its alloys; Cbromating of
- .
Magnesium:' Zinc & Cadmium

Plating: EI-Tin, etc., to A.l.D.
specifications. We are specially

5 .
equipped with large up to date

. 0o -
plant capable of handling bulk

work at speed. Also HEAVY

NICKEL and Hard Chrome

available at short notice.

¥ & £
URGENT WORK HANDLED
IMME DIATELY

RADCLIFFE 2637-

dm 1030

CREOSOTE-
PITCH FIRING

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

IN A MODERN PLANT

. want
Yoo r N -

or nL

+ Owing to the restricted use of
Aluminium, Dies for producing
Aluminium Castings can be modified
for Brass Production.

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

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

NON-FERROUS

DIE CASTING CO. LTD.

North Circular Road, Cricklewood,
LONDON, N.W. Telephone: GLAdstone 6377
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NON-FERROUS CASTIN

ALUMINIUM BRONZE

IN PRODUCTION WITH

Advts. X

G 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
who lest the finished
product.

(KENTA. L, IS LT

SPECIALISTS IN NON-FERROUS CASTINGS
HEAD OFFICES: COMMERCIAL ROAD. STROOD
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Any curing, drying or baking
process which can be safely carried outin a
short time at a high temperature, instead of
along time ata low temperature, isspecially
suited to the use of infra-red radiant heat.
Paint and ink drying, biscuit baking, fur
drying and several other specialised pro-
cesses demanding high rates of heat transfer
have for years been carried out more
cheaply, quickly and efficiently by radiation
(or infra-red) from a gas source.

Many existing gas-fired appliances may
be regarded as of the infra-red type, and
existing conveyor ovens can in some cases
be equipped with infra-red units, but,
where new plant is to be installed, it is well
to bear in mind the advantages of 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 auxilialy

apparatus.
Veprgl widue range of flux density, which can be
varied by turhing the _taP.
4. Evendistribution of radiation. | |
5. No material difference in drying time due to

w

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

S

SEND FOR A COPY
OF THIS BROCHURE
which deals comprehen-
sively with the subject.

BRITISH COMMERCIAL GAS
ASSOCIATION | GROSVF.NOR
PLACE, LONDON, S.WiI

LIGHT METALS
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There seems little doubt about
that, as one looks around. Butas one
looks around, one realises, too, that
production was oftenagood deal better
than production methods.

‘So what?” you say, ‘We were
asked for output first, second and last!’
Agreed. And the results are excellent
—butonly in the special circumstances
since Dunkirk.

Sounder methods are needed to
weather the imminent withdrawal of
more men from industry . ..and to
organise an efficient set-up to greet
the peace.

Through these four years Kardex
has been solving problems and.
gathering new experience which can
now be applied to today’s special
headaches.

it 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.

KARDEX VISIBLE CONTROL SYSTEMS
1-19. NEW OXFORD STREET. LONDON. W.C.I
CHAntery iBSS

["ADMINISTRATIVE MACHINE TOOLS"
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“"Yrep slantpe”™ Qerqgings

in ~“leLlron maqnesium alleys

= Sola Producer» and Propritton of tho Trtdt Muk "Elektron” : MAGNESIUM ELEKTRON LIMITEO. Abbey Houie. London. N.W.I = Ueenied Manufacturac«*
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. SEM = Sheet. Extrusions, fortints 4 Tubes <lAMES BOOTH
ft CO. (1915) LIMITED. Arjyle Street Work». Nechell». Birmingham. .7 = Sheet. Extrusms. Etc.; BIRMETALS LIMJTED Woodgatc. Quinton. Birmingham
« Suppliers of Mignnlum and “Elaktron” Matal for the British Empire: F. A. HUGHES ft CO. UMITED. Abbey Home. Baker Street. London. N'W |
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ALUMINIUM & ALLOY RE-HEATING FURNACES

TheFurnaceillustrated
is healed by a series
of Gas Fired Radiants.
The waste gases from
the radiants can be di-
verted either into the
heating chamber in
contact with the pro-
duct, or can be evacu-
ated direct to the
chimney. The temper-
ature is controlled by
Multi-Zone Automatic
PyrometricEauipment,
which together with
the Gibbons' System
of Heating and Fan
Re-circulalionensures
close temperature
control.

Gibbons Bros. Ltd.,
Dibdale Works,
Dudley. Phone 3141

FOR ALUMINIUM AND ALLOY BILLETS OR SLABS

gibbons . o s

M-W 71)

couthitjuti&u to the te/UvHicjue 0j

l Insulation?! |

KIMOLO

. - . . I STANDARD GRADE
KIMOLO Insulating Bricks, now in plentiful supply, pro-
vide the up-to_—dateganswer to heat-?nsulation %?o . | INSULATING BRICK
Manufactured in Kent from local materials they haveproved,
both in official tests and in wide application, toequal or better
the performance of insulating bricks dependent on imported
materials, _Engineers, metallurgists, chemists, and all in
charge of fuel-burning plant aré cordially invited to apply

at once for full technical data.

CL Otuitnfdt of QhvfccZ'b
kfjfvoductCcm

. KIMOLO MANUFACTURERS LTD.
[UOrS: CELLACTITE &BRIT1SH URALITE LTD.

Terminal se, 52, Grosvenor Gardens, London, S.W.1.
_SL(PanF 5127 (4 Imeﬁ).
Cellactlte-Sowest-London.

TAS/CLB.305
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Wolf

O kc/iyien<H ile Q ~iucA tned ¢n Q ~“hcludéry

5.WOLF E- CO. LTD .PIONEER WORKS. HANGER LANE. LONOON. W.5. PERivale S63I-3

1444
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ON ITS METTLE

Throughout the national effort runs the need for
metal—more metal, better metal, tougher metal—
strengthened and vitalised by heat treatment.

G.E.C. Electric 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 more exacting uses.

ELECTRIC
FURNACES

Adt of Tre Grerdl Hledric @ Lid, Magret Huse, Kingsny, Lo wic2

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 1d. stamp for leaflet.

THE SHANNON LIMITED

IMPERIAL HOUSE (Dept. E.2), 15-19 KINGSWAY, LONDON, W.C.2
And at Birmingham, Bristol, Liverpool. Manchester, Newcastle, Glasgow (Agent)
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METALASTIK BUSHES

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

These bushes take the place of a design employing
4BI forgings extensively machined, but do the work Sﬁlﬁ-
just as well and save man - and - machine
hours ... and money.
The metal housing Is pressed-yet 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 I I I
a flanged construction simplifies the design
of the equipment to which the bush is fitted.
These bushes are used for many purposes,
for vibration insulation, also for
mountings for oscillating parts.
A reminder: with ourcomplete vibration research
equipment we can analyse vibrations however
complex and from whatever cause, and so far
have never failed toprovide arubbermounting

which reduces them to tolerable limits.

Metalastik Ltd. Leicester



CRYOLITE was the crystal key
unlocking the door to the indus-
! trial production of aluminium.
The two 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- .vijjjfl
thetically. To split alumina into oxygen
BHRTI' and aluminium needs a heavy electric
current, and the alumina must be molten.
Alumina melts at over 2000°C., but a 10 per
cent, mixture of alumina In cryolite melts at
under I000°C., and the passage of an electric
current through such a mixture throws out the
oxygen, leaving the molten aluminium at the
bottom of 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

Temporary Head Office:
SALISBURY HOUSE, LONDON WALL, LONDON, EC2

Telephone : CLErkcnwell 34*4 Telegram* *Cryolite, Ave, London



VOL. VII. No. 80. SEPTEMBER, 1944,

Editor:

TEMPLE PRESS LTD. E. J. GROOM, M.Inst MET.

Dealing Authoritatively
with the Production, Uses

Mmgrg Cirectar: and Potentialities of Cfices:
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EDITORIAL OPINION

Don’t Shoot! Call The Doctor !

NLY with the greatest reticence do we add our voice to that growing volume

of opinion which says "Well, thank goodness the war is nearly over." We

certainly believe this statement to be true, but, at the same time, feel a
little anxiety over our readiness to meet the situation which will arise when
peace breaks out.

For a long time now the world has been divided into two camps—post-war
planners, on the one side, and those who say "L et’s wait until the show is over,”
on the other; it must be admitted 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 admit
that 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, at this stage, it is still too early
to make hard and fast decisions. Only one essential can be postulated. Plans for
the post-war period there must be, and they must exist in a presentable, workable
form within the space of the next 12 months.

It is inevitable that many of the schemes about which we have heard so much
will prove impracticable, but it is vital that all internecine quarrels be eliminated:
times are too critical to mock the unsuccessful enthusiast with a cry " Physician
heal thyself  rather the doctor must be called in, schemes recast, plans readjusted
and purged to meet conditions as they will he, and not as it was hoped
they might have been.

The difficulties which face us all are alarming in their number and, immensity.
Argument, 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.
We 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 that centre of dissent, and quite a false appearance of
incoherence has been created. Once again we hear whispered the possible out-
break of a " war of the metals.” (The title of an alarming report presented by
” Fortune ” in 1939.)

Raw-material competition we must expect, for only by this means can real pro-
gress be assured; but we believe that this will be friendly competition based
on the respective merits of the materials concerned, and not the sinister political
gambling which certain nervous subjects have been led to fear. For, in the long
run-, the ultimate 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 that 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 may not sell steel ones, anyway.

The force of this elementary argument seems to have escaped many, some of
whom would have us believe that 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. Whilst from the viewpoint of purely personal interest the con-
summation of this latter dream would be desirable, we know that 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 that the vast con-
sumer field is fully appreciative of its merits; but balance is required and past
experience teaches us that 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, that 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 making 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, fundamentally, 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.

Contents
Page Page
SPECIAL ARTICLES Aluminium for Beginners .. 459
Chemical Protection of Mag-
nesium AlOYS. ..o 413 REGULAR FEATURES
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and Photocells .437 Commercial..... 423
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Chemical Protection of
MAGNESIUM ALLQOYS

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

for the protection of magnesium and its
alloys, those using chromate solutions have
proved outstandingly successful. A range of
such treatments exists, varying with respect to
solution composition and time and temperature
of treatment. They are employed for giving

OF the numerous chemical methods developed

protection to wrought alloys in the form of
sheet, rod, etc., as well as to castings during
storage, during fabrication processes and for

protection under service conditions. In addition
they are used as preparatory treatments prior to
painting or enamelling. All these processes
need careful control in operation in order that
the best results may be obtained. Such control
is applied by periodic analysis of solutions, by
pH measurements and by stipulating the
amount of work that can be treated before
fresh additions become necessary. However,
the function of each bath ingredient specified,
and variation in effectiveness with the use of a
solution over a period of time are not always
fully appreciated.

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.

The Magnesium Metal Corpn., Ltd., has
recently completed British patents 558983 (19.14),
and 559071 (1944). which are, in effect, treatises
on the subject of chromate protection, giving
much detail on the influence of the chromate
itself, metallic salt and other additions, pH
control and the influence of the factors of time
and temperature.

B.P. 558983 relates to the surface treatment
of magnesium-base alloys, especially those
referred to in D.T.D. specifications, but also
others outside this range. The functions of the

treatment are, first, to give protection to the
metal during transit and storage, whether
in the form of castings, sheet, extrusions, or

forgings; secondly, to serve as a base for paint,
etc., giving superior adhesion and enhanced
protective powers to the applied film.

The use of dichromates and of chromates to
inhibit the corrosion of magnesium has long been
known. The protection afforded is due to the
formation of a protective film by reaction on
the surface of the metal. Simple dichromate
solutions do not have much practical value
because rate and extent of film formation are
severely limited. Consequently, a number of
processes have been devised (many of them
patented), whereby the film can be built up
and given the necessary qualities to yield the
protective powers desired.

A treatment that combines all the desired
attributes would embrace the following:—

(a) Minimum dimensional change should
occur so that articles machined to close
tolerances can be treated without harm.

(b) Raw materials employed must be
inexpensive and, due precautions being
taken, relatively harmless to operators.
Rate of consumption must be reasonably
low, and bath stability should be high.
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() Time of treatment must be as short
as possible, for example, preferably not
more than a few minutes.

(d) Treatment should, ideally, be capable
of operation at ordinary shop temperature.

(e) The process must be easy to operate
mechanically and the solutions must be
stable and readily maintained.

The present patent claims to differ from all
that have hitherto appeared, in so far as it
closely fulfils this schedule. It surveys, further-
more, existing patents that cover one or more
of these points. Thus: B.P. 287450 describes
the use of an acid, such as nitric acid, added to
the solution with the object of increasing rate
of film formation. This patent states that
hydrochloric or sulphuric acids must not be
used, whereas the present patent finds sulphuric
acid to be eminently suitable. The objection
found with the nitric-acid type of solution is
that it is operated at high acidity, which makes
it unpleasant in use and causes marked dimen-

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 the work. Again, due to the
extent of reaction, the solution rapidly becomes
exhausted.

These objections are overcome by B.P. 305197
which omits the acid addition, but requires the
solution to be used boiling; this is a disadvan-
tage, not offset by any decrease in treatment
time, which, in actual fact, is stated to be one
hour or longer.

B.P. 331853 used a heated solution at 95-
mo degrees C., the solution being neutral or
acid, and containing an alkali metal dichromate
together with an aluminium salt or compound
such as potash alum; the function of this
aluminium salt is not specified. The process
requires long treatment time (1-10 hours) and
it entails careful attention, to ensure that losses
by evaporation are made up.

B.P. 353415 uses an aqueous solution contain-
ing a chromate or dichromate which may be of
an alkali metal, of an alkaline earth metal or
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of ammonia or of one of the substituted
derivatives of ammonia which are stable in
hot aqueous chromate or dichromate solutions.
The solution also contains salts of one or more
of such metals or bases without the use of
compounds of magnesium or of aluminium or
of salts of the heavy metals. Adgain, the func-
tion of the salts is not stated. Sodium sulphate
is given as an example. Disadvantages to this
process are as follow:— The specification calls
for pH value to be maintained between 3 and
5, hence frequent small additions of acid are
required; in the range of pH 5 to 7, where these
additions are unnecessary, the solution is less
effective. Again, it is a hot solution requiring
lengthy treatment time. |In the present specifi-
cation, short treatment time, and ease of
operation in the most effective pH range are
secured. For this purpose a sulphate chosen
from the group comprising those of which the
cation remains stable at the concentrations and
pH ranges employed is added. Ihe quoting
of a minimum concentration, and a critical
choice of the remaining constituents comprising
the dichromate, a buffer acid and a salt
mixture to control the pH in the effective
range, are also features of the present patent.

B.P. 450589 uses a cold solution of dichromate
and magnesium sulphate. An objection to it is
that the work must be racked out of electrical
contact with the suspension and a long treat-
ment time of one to two hours is necessary.
B.P. 506836 describes a dichromate solution
containing chromic sulphate and is preferably
used at boiling point. The present patentees
state that such solutions are wunsuitable as
hydrogen ion concentration changes rapidly and
that they tend to sludge.

B.P. 510353 covers a process with or without
the application of electric current, using a cold
aqueous solution containing” chromic-acid ions
and ions of one or more activating salts. Con-
stituents are chosen and proportions arranged
so that with additions of acid or alkali the
pH range required for producing the desired
film in the cold is achieved in a maximum of
two hours. The solution is such that its pH
value is not changed by more than two by the
addition of 12 gms. of potassium hydroxide per
litre. The specification reveals that activating
salts are used to provide a buffering effect over
the pH range 3-5 and that the choice of
cation is of first importance. Aluminium alums
or aluminium salts are preferred, whereas
chromium and iron alums are unsuitable and
nickel and magnesium sulphates particularly
unsuitable. The anion of the activator salts is
of less importance and it is stated that it may
be sulphate, nitrate, chloride, or other salt of
aluminium, although the chloride_ is not very
satisfactory. In contrast with this, the anion
for the present patent is of first importance,
because it has a different role to fulfil. Again,
the same patent claims the use of potassium
or other permanganate, whereas the present
patent finds permanganates to be deleterious.
The treatment time is half an hour in the cold,
but the solution cannot be heated to shorten
this period, otherwise the speed of reaction is
too rapid to obtain coatings of good adherence.
Contrasted with this, the present patent can
yield satisfactory' coatings in less than 10
minutes in the cold.
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B.P. 482689 and 510487 describe treatment of
magnesium alloys by immersion in a heated

solution of alkali dichromate and nickel
sulphate, chromium sulphate or nickel-
ammonium sulphate, plus an acidifying agent

which may be acetic acid or ammonium acetate.
The first of these specifications states that, at
35-50 degrees C. three-quarters of an hour’s
immersion is necessary, whereas at 90-100
degrees C. five minutes is required. At the same
time the bath is less stable at the higher tem-
peratures. A further objection to the process is
the use of heavy metal salts, as there is always
a tendency to produce in the coating heavy
metal deposits which may give rise to corrosion.
In contrast with this, the present patent gives
good commercial protection in a short time at
room temperature, even in one to three minutes
in certain circumstances. Again, when higher
temperatures are required for speeding-up the
process, as, for instance, to fit in with other
operations, the bath s still stable. Heavy
metal salts are definitely avoided because they
either form heavy metal deposits in the coating,
or precipitated or colloidal matter with spon-
taneous change in pH. Double decomposition
between the bath constituents may also occur.

The object of the present patent is to provide
an improved process for the protection of
magnesium-base alloys wusing the dichromate
method, incorporating short time treatment at
room temperature, avoidance of strongly acid
baths and the use of economic, stable solutions.
To this end, particular ingredients and con-
centrations are employed which constitute an
essential and new combination with respect to
the following factors:—Dichromate concentra-
tion, sulphate concentration, hydrogen ion
concentration and the use of a buffer agent, the
cations of all salts being chosen to meet par-
ticular requirements as follow:—1.—W ithin the
specified pH range, cations shall be stable in
aqueous solutions and not undergo changes of
their own account. 2.—The cations shall be
stable in the presence of dichromate ions. 3.—
The cations shall not react with other constitu-
ents in such a manner as to prevent the
attainment or maintenance of the sulphate and
dichromate ion concentrations specified. 4. —
The cations shall not react with magnesium, or
form other metal deposits on the surface of the
magnesium.

The essential requirements of the claim are:—
(a).Dichromate ion concentrations not less than
0.05 molar and preferably between 0.2 and 0.5

molar. This region is the optimum when the
other factors are also at their optima. Con-
venient sources of dichromate ions to ensure

that the cation simultaneously introduced shall

satisfy all the foregoing requirements, are the
dichromates of hydrogen, lithium, sodium,
magnesium, potassium or ammonium. These
may be used singly or in combination. (b)

Sulphate ions in concentration in less than 0.2
molar and preferably between 0.6 and 1.0 molar.
The most convenient sources of sulphate ion
are the sulphates of hydrogen, lithium, sodium,

magnesium, potassium or ammonium, singly or
in combination. Sulphates of aluminium,
nickel, chromium and the alums of nickel,

ammonium, sulphate are not suitable. When a
piece of magnesium is immersed in a dichromate
solution the magnesium reacts with the
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dichromate and the reaction products form a
film on the surface which inhibits further
attack, but is too thin to be of practical value
when the solution is withdrawn. The film is
highly porous and film formation would j)roceed
further if magnesium cations could diffuse
outwards through the pores. They can only do
this if the corresponding anions can diffuse into
the pores to permit further dissolution of
magnesium and continued film formation by
reaction with the dichromate. For satisfactory
film formation it appears that there must be a
balance between inward diffusion oi anions and
the rate at which the protective reaction pro-
ducts can be formed. The rate of diffusion of
anions into the pores depends Ol their size and
charge and sulphate ones are claimed to be the
only suitable ones in this respect. Chloride
ions are too small, diffuse too quickly and cause
pitting. The same is true to a lesser extent of

Fig. 4.—Curves showing relationship between
duration of treatment and subsequent
corrosion rate of the treated alloy.

bromide ions, and, whilst iodide ions might be
satisfactory, they are unsuitable because they
are oxidized by the dichromate. Nitrate ions
are about the same size as sulphate ions, but
have only a single charge. Nitrate ions would
be oxidized. All other ions are too large or
form insoluble reaction products with mag-
nesium which clog the pores and stop further
film formation. Not only is sulphate essential,

but its concentration is important. Fig. 1
graphically shows the relationship between
sulphate concentration in moles per litre and
corrosion rate in empirical units employing
uniform treatment times. There is an optimum
concentration of 0.26 to 1.0 molar. There is

little loss in protection with higher concentra-
tions, but below this region concentration is
critical and protection rapidly falls so that less
than 0.2 molar is of no practical value, (c)
Ammonium ions improve the protective value
of the film for any given time of treatment.
The concentration is sufficient if the ammonium
salt be used for one of the other ingredients
(@) or (b). (d) The rate of film formation
increases with increase in acidity of the solu-

E
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Fig. 5.—Curves showing optimum, minimum

and* maximum pH values of bath for

magnesium-base alloys of varying aluminium
content.

tion. At the same time the weight of metal
dissolved from the work piece increases and,
therefore, dimensional tolerances limit the per-
missible increase in acidity. The protective
value is also affected if acidity falls outside
certain limiting ranges for each type of solution.
The effect of pH variation upon protection for
two particular alloys using solutions covered by
this invention is shown in Fig. 2. There are
marked indications of an optimum pH value
for each alloy. Generally speaking, the optimum
depends upon the aluminium content of the
alloy as shown in Fig. 3, which gives the rela-
tion between hydrogen ion concentration and
percentage of aluminium in alloys treated with
certain solutions pf this invention. The degree
of protection falls off rapidly on either side of
the optimum values for each alloy, but all
values fall within the extreme pH range of
4-6. The pH values quoted were determined
by the glass electrode method; other methods
of pH measurement may be used, but allow-
ance must be made for variations from the glass
electrode values, (e) Buffer agents. The main-
tenance of pH value at the optimum, or within
the permissible range for a given alloy, is com-
plicated by the fact that the pH rises as mag-
nesium dissolves during treatment. Frequent
controlled additions of acid are necessary, but
can be greatly reduced by incorporating in the
solution a weak acid and one of its salts capable
of buffering the solution within the desired pH

range. Acetic acid is the best and cheapest
organic acid for the buffer mixture, together
with its sodium or ammonium salt. Any of the

other bases listed before under (b) may be used
for this salt. Again, other weak acids of suit-
able dissociation constant and salts of them if
of sufficient solubility may be used in place of,
or in addition to, the acetic acid and acetate.
The buffer acid must not form an insoluble
salt with magnesium and must not be oxidized
by the dichromate ingredients. The following

It
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somewhat diverse group of acids, it is claimed,
is capable of meeting these requirements:—

Propionic. Malonic.
Butyric. Succinic.
Valeric. Glutaric.
Piinelic. Adipic.
Phthalic.

The bath capacity is roughly proportional to
the concentration of the weak acid and its salt.
Periodic major changes to pH can be secured
by additions of the major acid or alkali, namely,
sulphuric, chromic or nitric acids, ammonia,
caustic soda or other alkali from the above list.
The acids and their salts preferred for cold
solutions are single or mixed acids and single
or mixed salts of those acids of the acid group
just mentioned, the cations of the salt being
those of lithium, sodium, magnesium, potassium
or ammonium. For hot solutions the single or
mixed acids and salts are chosen so that the
buffer agent is sufficiently soluble at the operat-
ing temperature, and the following list is given
of suitable ones, the salts being of the same
basis as before:—

Oenanthic. Suberic.
Malonic. Pimelic.
Succinic. Benzoic.
Glutaric. Phthalic.
Adipic.
When it is desired to secure maximum pos-
sible protection, sulphate ion concentration

should not exceed the optimum region indicated
before under (b) and in such cases the major
pH adjustment should be made wusing the
chromic or nitric acid additions. All salts
employed for introducing the dichromate and
sulphate anions, the salt of the buffer acid and
the base for pH adjustment must be chosen
so that their cations meet the following
requirements:—
1.—Within the pH range 4-6 they shall
remain in stable solution in the presence of
dichromate ions, sulphate ions and the buffer
acid. Cations which do not satisfy this require-

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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ment cause loss of dichromate, the formation
of precipitated or colloidal matter or change in
pH with time. This renders the process
impossible or difficult in operation. To test the
suitability of any given type of cation, a
sulphate or dichromate containing this type is
used in compounding the solution; such solution
must be easily filterable through a filter paper
without any appreciable residue and on stand-
ing must not show a change in pH.

2—When magnesium-alloy work is treated,
the cations shall remain in the solution and
shall not form metallic or undesirable deposits
on the surface of the work which would reduce
the protective value of the film. This can be

determined by a simple corrosion test noted
below.
The cations of hydrogen, lithium, etc,,

already mentioned, satisfy the requirement and
are eminently suitable for the solutions covered
by the patent. Examples of other cations
which satisfy the requirements are tetra methyl
ammonium ions, tetra-ethyl-ammonium ions
and n methyl-pyridinium ions.

Treatment time to obtain best results for any
particular alloy depends upon the composition

of that alloy. Generally speaking, time of treat-
ment must be increased as the aluminium
content of the alloy increases. In some cases
there is an optimum region for the time of

treatment as shown by the shape of curve e.

in Fig. 4. This curve applies to an alloy of
the following composition:—
Per cent.
Aluminium 7.5
Zinc . . 0.4
Manganese . 0.2
Curve d applies to an alloy containing:—
Per cent.
ATUM INTUM e 6.0
Zinc 1.0
Manganese . 0.2
The maximum curvature on curve d corre-
sponds to approximately nine minutes. In
curve e the maximum is approximately seven
minutes. It is noted, however, that, with the
alloy d an increase time of treatment up to
30 minutes is not detrimental, whereas with

curve e an increased time, other things being
equal, reduces the degree of protection, i.e., it
increases the corrosion rate in respect of the
effect obtained by treatment at a lower time
corresponding to the knee of the curve.

In general, the optimum value for any of the
variables can be determined by accelerated
corrosion tests representative of the particular
service conditions to which the article is going
to be subjected. Salt-water immersion or spray
is commonly recognized as simulating marine-
atmospheric exposure, and it is on this basis
that the data given in the patent specifications
have been based. Variations in the ionic con-
centrations do not cause sudden changes in the
effectiveness of the solution, and it is possible,
therefore, to select working limits having regard
to the degree of protection required. Drag-out
losses are always minimized by using the lower
concentrations in any range and by allowing a
few seconds draining time after treatment before
removing the work from above the vat.
Dichromate concentration tends to fall with use,
and additions must be controlled by analysis.
Sulphate concentrations may rise if this acid
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is used in preference to chromate or nitric for
major adjustment of pH value.

An advantage arising from the fact that good
protection is obtained by a short period treat-
ment in the cold is that the treatment may be
applied as a simple swabbing process when it
is necessary to finish parts that are already
assembled.

Cut edges of sheet, welds,
maintenance are given as examples in this
respect. On the other hand, if the same solu-
tions be heated, the time of treatment may be
further reduced and in some applications this

repairs and even

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

may more than offset the disadvantages
involved by the heating. The solutions are
stable on heating with the possible precaution
to avoid evaporation loss or volatile acid, such
as acetic, in which case this acid can be substi-
tuted in part, or solely, by one of the less
volatile acids already stated to be suitable for
the purpose.

In all cases pre-cleaning is desirable. Solvent
degreasing is advocated and this can be fol-
lowed, if necessary, by one of the standard

methods for cleaning magnesium, except that
sand and shot blasting or the use of hydro-
fluoric acid dips should be avoided, because
they reduce the protective value of the treat-
ment. A quick pickle in cold dilute acid such
as nitric or sulphuric or a mixture of the two
is satisfactory, exc.ept, again, if dimensional loss
has to be minimized, then either chromic acid
or alkaline cleaner can be used. It is recom-
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mended, in the latter case, that the treatment
time should be extended. Another treatment
is anodic polishing in accordance with British
Patent Nos. 550175 and 550176. Specific
examples are then given as follow:—

For magnesium alloys substantially free from
aluminium and containing up to 2.5 per cent,
manganese. For example, D.T.D. 118, 140A
and 142, three minutes’ immersion at room
temperature in the following solution gives a
high degree of protection:—

Ammonium, sodium or

potassium dichro-

mate, singly or

mixed . . 50-100 parts by wt.
Ammonium sulphate

(or, if desired, the
equivalent amount of
sodium sulphate if
the ammonium salt is
used for one of the

other constituents) .. S0-120 Y

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

Acetic acid . .
Hydrated sodium ace-
tate (or the equiva-
lent amount of
ammonium acetate,
particularly if the
ammonium salt be
not wused for the
other constituents) 25 "
W ater to make up to 1000 "

10 parts by wt.

W ith this solution the pH value must be
adjusted; for example, with ammonia to
5.2-5.9, preferably 5.5. The resultant film
examined after washing is greenish or gold

brown, thoroughly adherent, protective in itself
and providing an excellent basis for paint
coating. Good protection is also given by this
solution with the treatment time reduced to one
minute or, alternatively, with the three-minute
time and concentrations reduced by as much as
50 per cent.

For alloys containing
example, D.T.D. 59A, S8B,
285, 289, 325, 34S and 350,

aluminium, for
136A, 120A, 281,
a high degree of
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is obtained from this solution with
an.immersion time of eight to 12 minutes, but
with the pH value adjusted in accordance
with Fig. 3 to suit the aluminium content. In
this figure the curve a represents the pH
values for maximum protection and the curves
b and c¢ give the working range for good
protection. For example, for an alloy contain-
ing aluminium 6.0 per cent., zinc 1.0 per cent,
and manganese 0.2 per cent., the pH range
should be 4.8-53 and preferably 5.0-5.1. For
an alloy containing aluminium 7.5 per cent.,
zinc 0.4 per cent, and manganese 0.2 per cent.,
the pH range should be adjusted to 4.6-5.2
and preferably 4.5-4.9. The resultant film is an
adherent black protective film, also providing
an excellent basis for paint. Here, again, for a
good degree of protection the treatment time
may be reduced by five to eight minutes or the
concentrations down to 50 per cent, with the
eight to 12-minute time.
The recommended range of ingredients
follows:—
Bichromate (Cr20r) over 0.05 molar (up
to saturation point).
Sulphate (S0 4) over 0.2 molar. (In cases
where the dichromate concentration is
increased, the sulphate concentration should

protection

is as

preferably follow suit up to saturation
point.)

Buffer mixture, e.g., acetic acid and
sodium acetate, total acetate concentration

as acetic acid plus sodium acetate together,
over o.t molar CII,COO—.

When other weak acids and their salts
are used as buffer mixtures, these concen-
trations must be altered having regard to
the equivalent weight of the acid relative to
that of acetic acid.

pH 4-6 depending on alloy composition
and time of treatment.

Time of treatment: This depends on the
composition of the alloy, the solution com-
position and its pH, and varies between
0.5-30 minutes.

W here the degree of protection is that corre-
sponding to temporary protection of parts
during fabrication, storage or transit, the follow-
ing formulations are suggested:—

Dichromate (Cr,0 T) over 0.1 molar (up
to saturation point).

Sulphate (SOJ over 0.3 molar. (In cases
where the dichromate concentration is
increased, the sulphate concentration should

preferably follow suit up to saturation
point.)

Buffer mixture, e.g., acetic acid and
sodium acetate, total acetate concentration

as acetic acid plus sodium acetate together,
over 0.1 molar CH,COO—.

When other weak acids and their salts
are used as buffer mixtures, these concentra-
tions must be altered having regard to the
equivalent weight of the acid relative to that
of acetic acid.

pH 4-6 depending on
and time of treatment.

Time of treatment varies between 0.5 and
30 minutes as in the previous example.

For parts requiring a good average degree of
protection, the formulations recommended are:—

Dichromate (Cr2:) 0.1 to 0.6 molar.

Sulphate (SO,) 0.4 to 2.0 molar.

alloy composition
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Buffer mixture, e.g., acetic acid and
sodium acetate, total acetate concentration

as acetic acid plus sodium acetate together,
from 0.2 molar CH3OO—to i.0 molar
CHaCOO—.

When other weak acids and their salts
are used as buffer mixtures, these concen-
trations must be altered having regard to
the equivalent weight of the acid relative
to that of acetic acid.

pH 4-6 depending on the alloy composi-
tion and time of treatment.

Time of treatment varies between 0.5 and
30 minutes.

Optimum composition for protective
of the highest order is given by:—

Bichromate (Cr2 .) 0.2 to 0.5 molar.

Sulphate (SO,) 0.6 to 1 molar.

Buffer mixture, e.g., acetic acid and
sodium acetate, total acetate concentration
as acetic acid plus sodium acetate together,
0.2 to 1.0 molar CHaCOO—. When other
weak acids and their salts are used as buffer
mixtures, these concentrations must be
altered having regard to the equivalent
weight of the acid relative to that of acetic
acid.

Ammonium ions (NH,), 0.4 to 3 molar.

pH 4.6-5.9 depending on the alloy com-
position and time of treatment.

Time of treatment: 1-30 minutes depending
cn the alloy composition.

Major pH adjustments in this case should
preferably be made by nitric, not sulphuric,
acid, to maintain the sulphate ion concen-
tration at the optimum.

An earlier type of solution which may be
employed, which is not now considered as good

values

as the solutions given in the previous para-
graphs, comprise:—
Sodium By weight
dichromate  Na2Cr20 7.2H20 100 parts
Ammonium
dichromate  (NHOsCroO? 100 parts
Ammonium i
sulphate  (NH4)2S0.i 100 parts
Sodium acetate CH3.COO Na.3H20 50 parts
Acetic acid CH3.COOH 20 parts
Water to — 1,000 parts

This solution is used at room temperature and
under such conditions forms a protective coating
on magnesium and magnesium base alloy sur-
faces in a time not exceeding 10 minutes. For
example, on a magnesium-base alloy conforming
to D.T.D. Specification 11S, a protective coat-
ing is formed in from one to two minutes. The
composition may need to be adjusted slightly
to suit particular alloy compositions. As the
solution is not strongly acid, no special care
need be taken with regard to containers and
manipulation.

The effect of increased temperature may be
profited by to shorten treatment time. A mag-
nesium alloy containing 7.5 per cent. Al, 0.4
per cent. Zn and 0.2 per cent. Mn is given a
cleaning pre-treatment as described and treated
for 10 minutes in the optimum solution (con-
taining adipic acid and sodium adipate and of
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pH 4.85 (measured in the cold by glass elec-
trode) heated to 60-80 degrees C. After wash-
ing, the specimen is found to be coated with a
black adherent film. When tested by a saline
test in known manner, the protective value of
this film is found to be of the order of twice
that obtained by treatment at room tempera-
ture under the optimum conditions; instead of
taking the benefit of the heat by increased
protection for the same time of treatment, it
may be taken by similar protection for a shorter
time of treatment.

British Patent 559071 (1943) relates to the
electrolytic protective surface treatment of
magnesium-base alloys. It refers to B.P. 558983

and states that the same degree of protection
can be obtained with reduced time by subjecting
the work to an electrolytic treatment in solu-
tions containing the same constituents as those
stated for the chemical treatment, but at a
slightly different concentration range of sulphate.

Alternatively, a higher degree of protection is
claimed by applying the electrolytic treatment
for the same treatment time. The patent points
out that several electrolytic treatments have
been proposed, but none of them satisfy all the
essentials previously set out. Thus, B.P.
498626 describes an anodic treatment for mag-
nesium and its alloys. This consists in making
the work the anode in the solution containing
one or more oxidizing agents or ions from the
water soluble compounds of the group consisting
of chromates, dichromates, oxalic acid, acetic
acid, nitrates, permanganates and chlorides in
the presence of one or more water soluble salts
having an ion of the group consisting of
sulphates, fluorides, phosphates, borates and
molybdates, the pH of the solution being main-
tained on the acid side. The pH of the solution
is preferably between 2 and 5, temperature
from 20-80 degrees C. and current from 1-100

amps'./sq. ft. Treatment time depends upon the
strength of the solution, the current density
and the thickness of film required. As an

example, is given 45-60 mins. at 5-10 amps./sq.
ft. at 50 degrees C.

The discovery upon which the patent is based
is stated to be the presence of oxidizing ions in
the solution that will enter the film formed on
the magnesium. There appears to be some
doubt here concerning the ability of some of the
compounds mentioned to behave as oxidizing
agents. The present patent claims the essential
combination to be dichromate plus sulphate
plus acetic acid or some other buffering agent.

B.P. 510353 covers treatment with, or without,
the aid of electric current in cold water solution
of chromic acid ions and ions on one or more
activator salts. The solution has a hydrogen
ion concentration curve which remains for a
considerable variation of added acid or alkali,
this pH range being that required for producing
a protective adherent film in the cold for a
period not exceeding 2 hrs. The pH value is
such that it does not change by more than 2
by the addition of 12 grams of potassium
hydroxide per litre of solution. The activator
salt is intended to provide buffering effect from
pH 3-5 and the choice of cation is stated to
be of primary importance. Aluminium alums
or other aluminium salts are preferred, but
chromium and iron alums are unsuitable and
nickel and magnesium sulphates are even more
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unsuitable. It is to be noted that magnesium
sulphate is a suitable addition for a different

purpose in the present patent.

Again, in B.P. 510353 the anion of the
activator salt is stated to be of secondary import-
ance and it may be sulphate, nitrate, chloride
or other salt of aluminium, but the chloride is
said to be not very satisfactory. The anion in
the present patent is of greatest importance.
Potassium or other permanganate is claimed,
but for the present patent is deleterious,

B.P. 515648 covers immersion of the work in
an electrolyte, in which is also immersed a
metal more electropositive than magnesium and
which remains substantially unattacked by the
electrolyte and connecting this metal with the
workpiece by means of a conductor out of con-
tact with the electrolyte. Preferably the electro-
lyte is a solution of alkali-metal chromate or
dichromate containing 5-12 per cent, and prefer-
ably 10 per cent, of chromate or dichromate
and 0.05 per cent.-0.5 per cent, of alkali metal
bisulphate when dichromate is the base and
5-15 per cent, of this addition when chromate
is the base; pH is adjusted to 3.5-3.9 for the
dichromate solutions and 4.5-6.0 for the
chromate solutions. No buffer agent is men-
tioned.

The present patent, B.P. 559071, resembles
B.P. 558983, except for the electrolytic feature
and sulphate-ion concentration. The range
covered for this item is not less than 0.5 molar
and preferably between 1.0 and r.5 molar. The
optimum pH value for particular aluminium
contents is shown in Fig. 5. Fig. 6 shows the
relationship between anode current density and
corrosion rate. Fig. 7 shows the effect of time
of treatment with reference to anode current
density with respect to a number of metals.
Tig. S gives the relationship of time of treatment
against the rate of corrosion from the aspect
of illustrating optimum conditions.

The magnesium-alloy workpiece is immersed
in the solution and made the anode. The
cathode consists of a metal from the hydrogen
side of magnesium in tlje " standard electrode
potential series."

Lhe degree of protection has been found to
depend on the magnitude of the current passing

from anode to cathode as indicated in Fig. 6.
This curve shows that when the current is
increased beyond that corresponding to the

knee of the curve, there is not much improve-
ment in protection. In general, this corre-
sponds to about T0-20 amps./sq. ft. of work
surface. W ith higher current densities there is
a danger of films becoming powdery instead of
adherent. The higher current densities have to
be obtained with external current, but the lower
ones are produced by merely connecting the
work to the cathode. W ith increased anode
current density there is a tendency for dichro-
mate to be reduced at the cathode and the
reduction compounds to form a sludge. The
resulting loss of dichromate causes a drop in
current efficiency. This tendency depends on
the material used for the cathode and it becomes

less in the order aluminium, lead, nickel,
chromium, iron, stainless steel, silver, gold,
palladium, platinum and rhodium. Cathodes

of stainless steel, silver or chromium are pre-
ferred, or, better still, gold, palladium, platinum
or rhodium. They can be used in the form of
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a thin electro-deposited coating on cheaper base
material.

The tank itself can be used as cathode, but
with irregular-shaped work, shaped cathodes
ensure greater uniformity of the protective film.
The nature of the connector between anode and
cathode is important. With the preferred
materials named, the connector should be nickel
or copper, or, preferably, tin, lead, cadmium,
zinc, aluminium or magnesium and the con-
nector need not be insulated from the solution.
The time of treatment to secure the best results
is determined by the cathode surface and by
the composition of the magnesium alloy. In
general, it must be increased with increasing
aluminium content.

In some cases there is an optimum region as
shown by curve a in Fig. 8. This curve
applies to an alloy containing 7.5 per cent,
aluminium, 0.4 per cent, zinc and 0.2 per cent,

manganese. Curve b applies to an alloy
containing 6 per cent, aluminium, 1 per cent,
zinc and 0.2 per cent, manganese. Both were
electrolytically treated, using a stainless steel

cathode and current density of 5-S amps./sq. ft.
The maximum curvature in curve a corre-
sponds to about 6 mins. and in b 11 mins.
In the case of b increase up to 30 mins. is
not detrimental, but prolonged treatment causes
loss of adhesion.

Cleaning pre-treatments for the electrolytic
processes are as mentioned with the chemical
immersion process.

Specific examples of the treatments may be
cited as follow:—The solution in which the pro-
tective treatment is applied consists of—

Ammonium, sodium or
potassium dichro-
mate, singly or
mixed . .

Ammonium sulphate,
or if desired the
equivalent amount of
the other sulphates
mentioned above 15*50 "

Acetic acid . . 10 "

Hydrated sodium ace-
tate (or the equiva-
lent amount of
ammonium acetate) 25 "

W ater to make up to 1000 "

For a magnesium-base alloy workpiece of
composition according to D.T.D. 118, 140A or
142, a higher degree of protection is secured by
immersing the workpiece in the above solution
of pH adjusted to between 4.8 and 5.8, but
preferably 5.3. Also immersed in the solution,
but not touching the workpiece, is a cathode
plate composed of stainless steel or mild steel
or of copper, nickel or mild steel sheet plated
with a thin deposit of chromium or rhodium.
The workpiece and cathode are connected to a
supply of current in such manner that, in terms
of the convention previously mentioned, the
current flows from the cathode to the workpiece.
The supporting clamp for the workpiece is
adapted as the electrical connectors, and that
part of it in contact with the solution should
be of mild steel, zinc, tin or cadmium, coated
mild steel or copper, but preferably aluminium
base alloy. The portion outside the solution
may be of the same material or any other usual
electrical conductor material. Depending on the

50-100 parts by wt.
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contour of the workpiece one or more flat or
shaped cathodes are used and suitably spaced
so that the current can be adjusted to be reason-
ably uniform between 10 and 20 amps./sq. ft.
of anode surface. After treatment in this
manner for 3-5 mins. the workpiece is taken
out, washed, dried, and found to be coated with
an adherent greenish brown to black protective
film which will also serve as an excellent basis
for the wusual type of paint adapted for this
purpose.

In cases where a good but not such a high
degree of protection is sufficient, the treatment
time may be reduced to 1-3 mins. Alternatively,
the above concentration may be reduced by as
much as 50 per cent, and the treatment time
kept at 3-5 mins.

If any sludge be formed, which is least likely
to happen with a precious metal-coated cathode,
and tends to adhere to the cathode surface, it
can easily be removed by light swabbing. If
the contour of the workpiece permits the
cathode to be placed sufficiently close to give
the same current density, which is assisted by
heating the solution, an equal or suitable degree
of protection is secured without the external
source of current merely by connecting the
workpiece directly to the cathode.

For a workpiece of composition according to
Specifications D.T.D. 59A, S8B, 136A and 120A,
a high degree of protection is secured in
identical manner except that the treatment time
is increased to 5-10 mins. and the pH of the
solution adjusted to suit the aluminium content
of the alloy as indicated in Fig. 1. In this
figure the central curve c represents the pH
values for maximum protection. A tolerance is
provided at each side of this curve as shown
by the curves d and e. The shaded area
between the curves d and e gives the work-
ing range for good protection. Thus for an
alloy containing 6 per cent. Al, t per cent. Zn
and 0.2 per cent. Mn. the pH range should be
4-5 to 5.3, but preferably 4.9. For an alloy
containing 7.5 per cent. Al, 0.4 per cent. Zn,
and 0.2 per cent. Mn, the pH should be adjusted
to between 4.4 and 5.2, but preferably to 4.8.
After treatment the workpiece is washed and
dried and found to be coated with an adherent
black protective film which also provides an
excellent basis for the usual type of paint coat-
ings adapted for the purpose.

In cases where a good but not such a high
degree of protection is sufficient, the treatment
time may be reduced to 3-5 mins. Alternatively,
the above concentrations may be reduced by as
much as 50 per cent, and the treatment time
kept at 5-10 mins.

In all cases the same solution may be
repeatedly used, occasional major adjustments
in pH to maintain the desired values being
made by additions of sulphuric acid until the
sulphate concentration reaches 200 parts by
weight, when nitric acid should be used instead.

A further recommended range of ingredients
comprises:—

Dichromate (Cr:0 ) over 0.05 molar (up
to saturation point).

Sulphate (SOJ over 0.05 molar.

Buffer mixture, e.g., acetic acid and
sodium acetate, total acetate concentration
as acetic acid plus sodium acetate together,
over 0.i molar CH,COO—.
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When other weak acids and their salts
are used as buffer mixtures, these concen-
trations must be altered having regard to

the equivalent weight of the acid relative to
that of acetic acid.

pH 4-6 depending on
and time of treatment.

Time of treatment: This depends on the
composition of the alloy, the solution com-
position and its pH and varies between
0.5 and 30 mins.

Where the degree of protection required is
that corresponding to temporary protection of
parts during fabrication, storage or transit, the
formulation suggested isi—

Dichromate (Cr.0.) over
to saturation point).

Sulphate (SO,) 0.05—2 molar. (Note: For
cases where the dichromate is above about
0.3 molar, the sulphate concentration should
be correspondingly increased.)

Buffer mixture, e.g., acetic acid and
sodium acetate, total acetate concentration
as acetic plus sodium acetate together, over
0.1 molar CH,COO—.

When other weak acids and their
are used as buffer mixtures, these con-
centrations must be altered having regard
to the equivalent weight of the acid relative
to that of acetic acid.

pIT 4-6 depending on alloy composition and
time of treatment.

Time of treatment as in previous example,
namely, 0.5 to 30 mins.

Optimum composition for protective value of
the highest order is:—

Dichromate (Cr-O,) 0.2-0.5 molar.

Sulphate (SOJ 0.1-1.5 molar. (Note: For
pases where the dichromate is above about
0.3 molar, the sulphate concentration should
be correspondingly increased.)

Buffer mixture, e.g., acetic acid and
sodium acetate, total acetate concentration
as acetic acid plus sodium acetate together,
0.2 to 1.0 molar. When other weak acids
and their salts are used as buffer mixtures,
these concentrations must be altered having
regard to the equivalent weight of the acid
relative to that of acetic acid, pH 4.6-5.9
depending on the alloy composition and
time of treatment.

Time of treatment 1-30 mins.
on the alloy composition.

An earlier type of solution which may be
employed, but which is not now considered as
good as solutions given in the previous example,
comprises the following ingredients:—

alloy composition

0.1 molar (up

salts

depending

%/welght

Sodium dichromate .. NaoCryOy.sh”O.. Q0 parts
Ammonium dichromate NHJo r |Oy 00 parts
Ammonium sulphate .. 100 parts
Sodium acetate.. co 2 Na 3H20 50 parts
Acetic acid CH .CooH 20 parts
Water to 1,000 parts

This solution is used electrolytically at room
temperature and, under such conditions, forms
a protective coating on magnesium and mag-
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nesiuin-base alloy surfaces in a time not exceed-
ing io mins. For example, on D.T.D. 118, a pro-
tective coating is formed in from one to two
minutes. The composition may need to be
adjusted slightly to suit particular alloy com-
positions. As the solution is not strongly acid,
10 special care need be taken with regard to
containers and manipulation.

General Considerations

By working substantially cold, no special skill
in manipulation is required to avoid undue loss
of ammonia by evaporation with consequent
change of pH. High concentration of ammonium
ions appears to be desirable, and apparently
anions other than sulphate do not yield the
desired results.

In connection with the buffering of the solu-
tion, it appears that the buffer capacity (or
resistance of the solution to change of pH) is
roughly proportional to the concentration of the
weak acid and the salt.

The new treatment provides an excellent
basis for the usual type of paint coating applied
to magnesium alloys. Adhesion of the paint
film and corrosion resistance in the painted
state are good.

Electrolytic treatments do not necessarily give
the same degree of protection with all alloys.
For instance, whereas the electrolytic treatment
causes marked improvement in the case of mag-
nesium-base alloys containing aluminium, the
improvement in the case of magnesium-base
alloys containing manganese additions only is
but slight. These effects are illustrated by the
following table based on a process in which
acid-cleaned specimens were connected externally
with a stainless steel electrode immersed in the
bath, and after treatment compared by standard

3 per cent. XnCi solution immersion test with
specimens similarly treated but without the
stainless steel. The following corrosion test
results are the average of three specimens in
each case:—
Alloying additions Treatment
8% Al. 0.3 Vvh Ordina
0.3 Zn to D.T.D. 59A Electrolytic
1.8% Mn to D.T.D. 118 Ordinary
Ordinary
Electrolytic
Electrolytic

During the electrolytic treatments the current
density dropped from 19 mA/cma just after
the end of the

immersion to _t3 mA/cnr at
treatment. On the aluminium-containing alloys
the dimensional change after five minutes’

electrolytic treatment was about 0.0002-0.0003 in.
From these figures it follows that the improve-
ment in resistance in the case of the aluminium-
containing alloys by wusing the electrolytic
treatment is three times that obtained by the
non-electrolytic treatment.

These and other tests on pure magnesium
and alloys to D.T.D. 11S and 59A show that the
dimensional change caused by the application
of treatment is too small to measure with an
ordinary (thousandths) micrometer. This is
extremely useful because machining tolerances
do not have to be altered. The solution is
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stable on standing. Containing vessels may be
of steel or stoneware or any type of vessel
suitable for any other chromate solutions. The
solution has a long life, and can be replenished,
when the pH becomes too high, by the addition
of chromic or sulphuric acid.

The abstracts presented here indicate the
intensity and thoroughness of work done
towards perfecting commercially practicable

treatments for the corrosion protection of mag-

nesium and magnesium-base alloys. The free
availability of these metals in the post-war
period and, in fact, the probability of there
being an excess, renders the research by no

means premature. It portends the establish-
ment of commercial treatments, using solutions
prepared Irom simple chemicals, controlled
within optimum limits by routine but simple
chemical tests and maintained by straight-
forward additions of chemicals at regular
intervals. The position should develop in a
manner similar to that established for iron and
steel using phosphate-base solutions, in which
field parkerizing, bonderizing, granodizing, etc.,
have become universally established processes,
foolproof in operation and control, and certain
in effectiveness.

A secondary issue arising from what might be
termed this " codification ” process in regard to
chromate treatments, is the beneficial effect it is
likely to exert on paint-research programmes
covering the wultra-light alloys. The problems
here are similar to, but somewhat more intense
than, those besetting the paint technologist
when he comes to deal with aluminium-base
alloys. Granted that, in both cases, schedules
have been worked out which have proved satis-
factory for the stringent demands of the aircraft
industry, yet, here, the scope is limited largely
within the boundaries of pure " protection.””
Moreover in actual practice, paint treatment of
magnesium alloys for aircraft purposes is mainly
in the hands of specialists. If, as we hope, the

Time o Corrosion Equivalent
treatment test time weight loss
5 mins. 043

5 mins. 17 hours 0.14

2 mins. 2 days 0.067

5 mins. 2 days 0.075

2 mins. 2 days 0.053

5 mins. 2 days 0.066

ultra-light alloys do achieve in the civilian field
that success for which their qualities most
assuredly fit them, then a call will be made for
surface treatment techniques capable of being
carried out by non-specialists even though these
may be highly skilled workmen.

If it be borne in mind that, even at the
present time, problems on the surface prepara-
tion of aluminium for painting have by no
means been finally solved despite the known
value of anodic treatment and the degree of
perfection already attained in the technique, the
contribution made by this clearing up of the
" chromate position ” for magnesium may be
assessed at its true value.

Finally, the possibility is not to be ruled out
that the post-war period may see the develop-
ment of radically different methods.



September, 1944

\IDUM INIUM

FARN HAM

LICHT METALS

Advts.

/?irJ~fetals will' play an indispensable part in solving the
tf*m ed)”~w | an0 structural problems of the future. It is the
func}%r‘\/ of Hfcuminium Applications Ltd. to provide
tech assistance to Designers and Constructors in all
indtfftries s/w xa

are considering improvements in their
PAOduct thus enabling them to utilise fully the outstanding

jdvantajfes of HIDUMINIUM ™ aluminium alloys.
Q) i i *hi
F

lle e[ }d Kgn‘rm

kit i
¢l * e«xallertmnérfxm'fram D).

PPLICATIONS

ROAD

Xix



XX Advts. LIGHT METALS September, 1944

Installations for the Production
f

Carburetted Water Gas
Blue W ater Gas
Producer Gas

Special Gas
for Synthetic Processes

Hydrogen

Ancillary Plant

for
Waste Heat Steam Production; Gas Cooling & Cleaning;
Fuel Handling & Charging;
Ash & Dust Disposal ; etc.

Foe erﬁeld Row2107

Established 1892



1944

NEWS

Aluminium-alloy Hopper Cars

T HE Missouri Pacific Lines recently placed
an order with the American Car and
Foundry Co. for 25 aluminium-alloy hopper cars
—the first lot to be purchased by any railroad
for regular revenue service.
The cars, designed by Car and Foundry in
co-operation with the engineering staffs of the

September,

Missouri Pacific and the Aluminum Co. of
America, are to be' constructed at the South
St. Louis plant of the railroad equipment
builder.

L. \V. Baldwin, chief executive officer of the
Missouri Pacific Lines, said the «cars were
especially adapted to the transportation of
sulphur and coal. An order was subsequently
issued in Federal Court here, authorizing the
purchase, subject to the approval of the War

Production Board.

The order brings a step nearer to reality the
widely heralded use of lightweight metals in
post-war railroad freight transportation.
Because aluminium is lighter than steel, it was
pointed out that the new cars will carry a load
of 76J tons without imposing any more weight
on the axle and without requiring any more
locomotive effort than an all-steel car carrying
a load of only 70 tons.

Aluminium Finishes are Important

HE March issue of " News-Letter * (Alcoa,

U.S.A.) contains an interesting illustrated
page on the many surface finishes that may be
applied to aluminium-alloy articles.

It stresses the importance of the subject, for,

it is stated, metals are being increasingly sold
on surface appearance: designers, manufac-
turers and merchants have become surface

conscious. Finishes give the metal the longest
possible life, as added protection is conferred,
and they may give new characteristics, such as

the high light reflectivity used in the field of
illumination. Intensive research work
continues.

Alcoa Imaglneering Again
T HE Aluminum Co. of America is con-

tinuing its suggestive imagineering notebook

in a " News-Letter 7 series called ” The
Aluminum Shape of Things to Gome." Two
pages of the Notebook have appeared in the

and March dealing with
home

issues for
aluminium in
respectively.
The first page quotes the opinion of a
prophesying American scientist that things that
move will be made of aluminium and mag-
nesium, things that stay put of iron and steel.
In 1939, 29 per cent, of American aluminium
went into land, air or water transportation
equipment. Although drastic modifications in
car design are not expected immediately
after the war, ultimately the lighter weight car
will come with its greater efficiency and

February
transport and in the
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Technical
and Commercial

General,

economy. To the normal uses of aluminium
in automobile construction will be added rear
axle housings, wheels, front axles, among other
running gear parts, it is suggested. The
advantages of aluminium in truck bodies and
coach construction are already appreciated.

In the home, aluminium ware is already too
well known to be stressed, but Alcoa predict
new attractive finishes for domestic utensils.
In decoration, aluminium strip may be used to
relieve the harsh lines of door or panelled wall,
or as detail on wooden tables and chairs.
Aluminium mesh, either singly or in combina-
tion with textiles, will find use as curtain
material. Aluminium chairs and tables, popular
before the war in offices, hotels and trains, will
find ready acceptance in the home. In the
illustration it is interesting to see that American
designers have broken away from the precon-
ceived notion that metal furniture must of
necessity be tubular.

Aluminium in Ecclesiastical Architecture

NDER the title " Aluminum Goes to

Church,"” Alcoa's " News-Letter " for March
recalls the fact that the dome and parts of the
roof of St. Joachin’s Church in Rome were
covered with 14-gauge commercially pure sheet
as long ago as 1897.

Illustrations are given of American examples
of aluminium applications in church architec-
ture and fittings, including a church spire at the
German Evangelical Protestant Church, Pitts-

burgh, consisting of aluminium castings hung
on a steel framework, and part of the high
altar structure at the Cathedral of the

Immaculate Conception, St. Cloud, Minnesota,
where, incidentally, the pulpit is constructed of
aluminium and bronze.

L.ight-metal Scrap in U.S.A.

HE Non-ferrous Scrap Dealers” Report

No. 16 of the Mineral Industry Surveys of
the United States Department of the Interior
(Bureau of Mines), released on June 22, 1944,
indicates that, in U.S.A., " stocks of aluminium
reached a new all-time high at the close of
April with 31,543 tons, compared with 29,973
tons (revised) at the end of the previous month.

" It appears that there need be no great
concern over the mounting inventory of alu-
minium scrap other than wrecked aircraft
reported by scrap-metal dealers, for a study
of dealer transactions in other types of scrap,
such as copper and brass with which dealers
are more familiar, indicates that working stocks
should be anywhere from one-third to one-half

again as large as monthly shipments to
consumers.

" Leaving out wrecked aircraft, which is a
separate problem, dealers’ shipments of other
types of aluminium scrap in April, 1944,

totalled 14,143 tons, and closing stocks of scrap,
excluding aircraft, totalled 26,156 tons."

G
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Humour in Advertising

S ;i result of correspondence and an
editorial comment on the place of pure art
and humour in advertising, which appeared in

" Light Metals" for August, further letters
have now reached us; these are reproduced
in extcnso. Only in one instance is humorous
publicity denounced as quite out of place
in technical periodicals, but, in all cases,
caution is advised as to when and where it be
employed. Quite correctly, correspondents

draw attention to the need, at all times, for a
factual basis for technical advertising, whether

or not non-informative matter—humour or
purely decorative art—be grafted on to this
foundation.

Aspects 0/ Publicity

" This matter of technical advertising is one
on which | feel 1 have special claims to speak,
for | have had opportunity to view it from an
unusually wide range of aspects.

1 was educated and have worked as a metal-
lurgist and engineer; | have been advertising
manager to a famous engineering company, and
sales promotion manager to the largest producer
of steel and allied products in the British
Empire. Until very recently | have edited the
export engineering supplement of a well-known
journal, and for the past 10 years | have been
a partner in an advertising consultancy which
specializes in and handles nothing but technical
advertising. Out of this experience | have for-
mulated very definite ideas on 'the right
kind ’ of advertising.

" fn normal circumstances (i.e., before the
war) the art of general advertising of ‘con-
sumer ' commodities is to work through the
emotions—display, pride, envy, greed or sex.
This stimulation may be exquisitely disguised
or crudely apparent, but the basis of appeal is
emotional.

" A motorcar or a radio set is a product of
engineering skill of a high order, but it is not
(in general) bought by technically minded per-
sons, and so is not advertised as a technical
product.

“ A man will buy a motorcar for many reasons
other than to provide transport or because his
old one is worn out, and these reasons involve
personal idiosyncrasies, personal taste, personal
needs and personal emotions. He may deny
himself other things to buy it; he will make
sacrifices. He is usually not much concerned
about its design or construction or about the
material of which the crankshaft is made.

“ The same man, in his capacity of purchaser
of technical products, does not buy a gasholder,
a light casting, a filter press or an automatic
loom because he admires its lines. He buys only'
after a critical examination of his need for it,
of its design and materials and construction, of
what it will do, what it will save or earn in
hard cash.

" The buyer of technical products is usually
at least as well-informed as to his own require-
ments as is the seller. In fact, the buyer fre-
quently draws up a schedule of his require-
ments in the form of a rigid specification, with
full knowledge of the import of each item and
the reaso.n for its inclusion, together with some
tightly binding clauses as to output under speci-
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fied conditions or
percentage.

" Contrast this with a washing powder, where
the housewife is completely ignorant of its com-
position, properties, true cost and efficiency, arid
is content to take these ‘for granted.’

efficiency expressed as a

W ith these pointers in mind, | can defi-
nitely say that, with normal markets and
conditions of demand and supply, the more
factual and informative a technical advertise-

ment the better.

“ If the product be one of which a photo-
graph gives the most informative idea, a
photograph should be wused; if an arresting
(artist's) drawing of the product or its relation-
ship to its uses is the best way of hammering
home a specific point, by all means use the
artist; if lengthy letterpress is necessary to tell
the full story, then use plenty of ‘copy'’ or an
all-copy advertisement. Humour is not barred,
but needs to be handled with a delicate hand;
the facetious is always wrong.

" The point is that the prospective purchaser
is looking for information and must have it
before he buy's; if much of this information can
be given in an advertisement so that the buyer
is familiar with the outstanding claims and con-
structional features before the seller's representa-
tive is called in, then the time elapsing between
the first approach and the completion of sale is
considerably shortened. This is the true func-
tion of technical advertising.

What of War-time Advertising ?

" All previous comments apply to normal
conditions; most of them still apply equally to
war-time conditions." But, in time of war, other

considerations intervene; many producers are
severed by controls, metc., from their normal
markets and customers; they have nothing to
sell.

" To advertise to sell nothing is much more
difficult than to advertise something for sale.
This is the real reason for the present spate of
humorous, artistic and completely non-informa-
tive advertisements designed to sell nothing;
prestige, ‘house," institutional (or whatever you
like to call them) maybe, but really they are
indulging in that old-fashioned pastime of
' keeping one’s name before the public.’

" This is a perfectly legitimate function of
technical advertising when circumstances, as
they' so often do to-day, tend strongly to divorce
the producer from his normal customers, with
whom he seeks to keep some kind- of touch.

" Whether this humorous or artistic adver-
tising, giving little or 110 information about the
product, and sometimes even leaving the adver-
tiser’s name 'obscure, is good advertising is a
debatable point. My own feeling is that such
advertisements irritate the man who wants to
buy something now, but amuse and please many
others who are very likely potential customers.
Particularly do they irritate the technologist
and the professional buy'er, but they very fre-
quently influence for good the director or
administrator, who often is the man who says
the last word.

” To quote some specific examples; several
series of ’institutional * advertisements for The
United Steel Companies, Ltd., have created ex-
ceptional interest at home and abroad. The
editors of journals in Australia and elsewhere
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have reproduced them in editorial pages with
commendations to the readers to look and do

These advertisements are non-factual
illustrated ' artistically by
well-known artists, 'copy * and artwork art-
matched together; dignified, restrained, rather
visionary, and scarcely mentioning steel. Simi-
lar, but somewhat more factual series by I.C.T.
are also noteworthy.

" Humour in advertising
personally, intensely admire
one noted manufacturer of small tools, for its
humour and for certain excellencies in adver-
tising technique, and for the results which |
know it must bring. But | know several
engineers to whom these advertisements are
anathema and who have gone so far as to say
that they will not buy from a concern which
engages in such ‘silly * publicity. This preju-
dice, if further analysed, seems to be based upon
a dislike of facetiousness and not of humour or
wit, for some of the very same men admire the
wit of the advertising .of tubes by Accles and
Pollock and subsequent advertisers.

“ One point more about highly artistic pre-
sentations: | continually in my practice encoun-
ter this situation. A-client will say that he has
immensely admired a certain advertisement, it
is marvellous artwork, and why can't he have
something like it ? So | ask him to show me;
a search follows through a pile of journals
(many of them American, perhaps), a search
complicated by the fact that he can’t for the
life of him remember the name of the advertiser
or what he advertised!”—Frank Rawi.inson.

likewise.
about products,

is two-edged. |,
the advertising of

Time and Place for Humour

“ Your Editorial and correspondence in the
August issue of your journal prompts the
following:—

" W hat is the object of advertising? | would

suggest that advertisements are used mainly to

replace the human salesman and thereby to
reach a far larger prospect than is possible
otherwise.

" If this be so, surely an advertisement should

embody all the qualities that your successful
salesman possesses, or try to do so as far as
possible.

" Years ago | was taught to work to a
formula; here it is—A.A.1.D.D.A.—Approach,
Attention, Interest, Desire, Decision, Action.

" Now, the salesman, or the advert., must
make a proper approach; this done, either must
gain attention. These two qualities surely
imply an understanding of human nature. |If

to reach this stage humour is employed, and it
must be the right kind of humour, then there
can be no objection to its employment, although
what may be verbally humorous may not look
so printed.

After this you will not interest your prospect
unless you know what you are talking about,
or rather, letting your prospect do the talking
and show by your replies that you know your
subject in a way that interests him.

" Now this is where an advertisement is up
against it, because although it may be full of
information, it cannot, like the salesman, hear
what the prospect is NOT saying; it cannot
study him, it cannot bring into play a par-
ticular knowledge for that specific type of
human nature. An advertisement is unable to
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react, and although it may be a speciality
advertisement, intended to interest only a

certain type of prospect, it is limited as already
stated.

" Having reached the stage of interest, can
the advertisement create a desire to possess or
to use, or to obtain any details not so far
disclosed? This brings us to a stage where it
seems that the salesman and the advertisement
now no longer take parallel courses, but this is
also governed by other factors. Are you selling
a highly specialized product, or technical
service? Is it a general user demand product
or service or is it restricted? We appreciate
that what it is governs the type of advertise-
ment in the first instance and also the type of
salesman who at this stage where service is
concerned may no longer be a salesman, but has
become a highly technical representative.

“ This matter is now sbecoming so involved
that it seems to be beyond the capacity of a
letter to elucidate, so | will try to reach my
conclusion by saying that if your advertisement
reaches the desire stage it is extremely unlikely
that anything further will result unless the
human being now appears, and yet a successful

advertisement should be able to get to the
decision stage at least.
" We now reach the answer to whether

humour is out of place or not and that is it all
depends upon what you are selling, and it also
depends upon the experience of your prospect.

To give one instance—how many of your
readers have experienced the difficulties of
drilling holes in undrillable places—their atti-
tudes and contortions—but surely on looking
back this has something funny in it. Well, an
excellent series of very humorous advertise-
ments has appeared in the ' Daily Telegraph ’

by a firm of lightweight tool (drill) specialists.
The humour in this case immediately shows that
the advertiser understands the problem that his
goods are designed to overcome and appears
to be about the best way in which to put this
fact before the prospect. So far as | am con-
cerned this has so appealed to me because oi
its obvious truth, that |I know what and where
to buy when | want such tools.
" Truth in advertising! Does
humour? It would be serious if it didn't (for
the advertiser).”—For Durston, Lang and Co,,
Ltd., Harold Durston, Technical Director.

this include

Levity Misplaced

" Your editorial in the August issue of ‘ Light
Metals,” with the relevant correspondence,
deals with a subject very much in my mind
at the present time. | have therefore read the
opinions expressed with considerable interest.

" My own personal view is that these so-called
humorous advertisements are definitely out of
place in technical and other specialized journals.
They may be permissible in the popular and
lay Press read in our more leisured moments,
but for technical publications they merely give
the quite unfounded impression of cheap-jacks

trying to gate-crash into a sphere, the high
standards of which they neither know nor
really appreciate, in the hope of selling catch-
penny lines.

" In this connection there is one point to be
remembered and that is that no two people have
the same sense of humour and what to one
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person would be amusing would appear as plain
silly to another. Following on from this, we
must also bear in mind that the English sense
of humour is 'peculiar' and is not always
appreciated by even our best friends overseas.

" To my mind, therefore, a very considerable
risk is run by adopting a frivolous attitude in

advertising, for such humorous displays are
more likely to annoy than amuse the home
reader, and in any case they do not give that

impression of desire to

assist' a customer,

reliability and a real
which is desirable in the
technical journal primarily intended for home
consumption and essential in overseas publica-
tions if we are to retrieve, let alone expand, our
export markets. We have a certain prestige
to maintain and pseudo-humorous advertise-
ments certainly do not inspire confidence either
in the goods advertised or the manufacturer,
and are not the type of propaganda which will
appeal to overseas buyers who wish to know
more of the details of our undoubted achieve-
ments in the engineering industry.
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really tangible and not highly imaginary con-
nection with the products advertised. It is
quite likely that these works of art attract
attention and may even be remembered as
pretty pictures, but | doubt very much if the
name of the advertiser or his products would
also be remembered.

“ Advertisements are the advertisers’ shop
window and there is something to be said for
the old style lay-out which gave the name of
the manufacturer in prominent type and a near-
catalogue description with, perhaps, an illustra-
tion of his wares. Such displays could hardly
be said to be attractive, although they could,
if suitably worded, fulfil the necessary function
of arousing curiosity which leads to readers
sending inquiries with the consequent opportu-
nity for- the advertiser to state his case more
fully.

" The ideal to my mind is a combination of
the old conservative and modern artistic style,
for it is essential to have an attractive layout,
to arouse the curiosity of the reader by illustra-

W hilst not in quite the same category, | feel tion and skilful wording, and to give a very
that the ‘art for art sake ’ style, too, is to be definite impression of reliability and solid
deprecated unless the subject matter has a technical achievement."—E.G.

SCIENCE, UNIVERSITY, INDUSTRY!
URING recent months there has been a jt js to lie regretted that similar emphasis is

spate of reports’by one or other body on
the future of science in the Universities and
Technical Institutes. The Association of Scien-
tific Workers, which has rapidly become an
important force amongst scientists, has now
added its views* on the policies and reforms
which should be carried out after the war if
science is to maintain its position as the explorer

and guide of industrial progress. Oon many
questions, e.g., curriculum, government, and
salaries, the_ report is very similar to that of

the Association of University Teachers, but it is
restricted, in large measure to the physical
and biological sciences, touching agricultural,
medical and social science only in so far as they
interlock with the principal subjects.

W ithin this framework the report offers an
extensive discussion under the main headings
of, degree courses, teaching, research, applied
science, extra-mural activities, and the post-war
problem; a useful summary of recommendations

is attached, together with appendices giving
proposed salary scales for academic and
technical stall.

Degree courses, it is argued, should be

emancipated from the scourge of over-specializa-
tion. There should be available a broader
background upon which intending experts could,
in later stages of the course, build up their
specialized subject. The syllabus should be so
arranged, too, that during his last year a student
could tackle a simple research problem, so that
selection of post-graduate students could be
easier and more certain. Emphasis is laid on
the need for science courses for non-scientists;

* Science in the Universities, Report submitted to
the University Grants Committee of the Treasury.
(Association of Scientific Workers.  Oxonian Press. 15.)

not put on the need for non-scientific courses
for scientists. Anyone who has to read scientific
books and research papers cannot fail to realize
the widespread lack of ability 011 the part of
many scientists to express themselves in elegant
and accurate language, a serious fault which
might be mitigated by a compulsory course in
literature, or perhaps history, for all scientists.

Though the report treats teaching and research
in separate sections, they are so intimately
connected that they should be reviewed together.
The impact of each on the other is so important
that it is essential that all teachers should have
ample time (half-time is suggested) for research.
When administrative duties are too heavy to
allow heads of departments to take an adequate
part in both teaching and research, assistance
should be provided, as part of the accepted
set-upj to help in purely administrative work.
Selection, training, and remuneration of staff
should follow the same general lines as suggested
by the A.U.T., while the provision of a sabba-
tical year and the opportunity of exchange of
personnel between universities, research associa-
tions and industries are considered essential for
the maintenance of a healthy, progressive spirit
and a proper perspective. Research, which
should be fundamental and not special to the
problems of any private concern, must be
fostered by adequate grants (¢250 p.a.) to
post-graduate students, and by the provision of
research  fellowships (£500 p.a.) for post-
doctoral students who desire, and are fitted for,
further research before entering industry’ or
teaching. The importance of frequent inter-
change of views and personnel between various
institutions carrying on research is stressed,
particularly between sciences where progress is
being made on the border-line. The formation
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of a system of Research Committees responsible
to a Universities Academic Council to
co-ordinate the development of research s
strongly advocated, these committees admini-
stering special Government grants for research.
Attention is also drawn to the need for adequate
training and remuneration of laboratory tech-

nical staff, whose functions are destined to
become more and more important.
Departments of applied science and tech-

nology, as well as improved technical institutes
within the framework of the universities,
adequately and separately maintained by special
Government grants, are suggested. The possi-
bility of capitalizing on discoveries of potential

commercial value should be left to a central
body modelled on the U.S. " Research
Corporation."”

Extra-mural, or extension, facilities should

be available for adult education, run by joint
committees operating under a Graduate Studies
Board.

The post-war is studied from the
angles of increased numbers, accommodation
and staffing, and the consequent increase in
expenditure is estimated in terms of 1939 money
values, ft is suggested that the Government
grant should increase during five years from
double to quadruple its present value.

Nuffield College Report on Industry and Science

g\luffield College: Problems of Scientificiand Industrial
ese)arch. A“Statement. Oxford University Press.

problem

1944)

Yet another prominent authority has also
seen fit to issue a report on industry and
science, and to indicate the direction in which

post-war development must proceed if the best
advantage is to be taken of our native ability
and aptitude for scientific and technical
progress.

W hilst a large and speedy increase in research
workers is necessary, it is claimed that, in spite
of 110 permanent shortage of trained personnel,
our lack of vision in educational provisions has
led to the loss of a considerable proportion of
our potential skill. This lack of foresight has
not been restricted entirely to our much-
maligned Local Education Authorities, and
emphasis is laid on the fact that even now, in
spite of the great awakening of industry to the
importance of research, a great many indus-
trialists still have but a hazy conception of what

research is and of how it can be instituted as
an aid to industry. Furthermore, there is still
a great void between the more academic

universities and
knowledge so
the

research characteristics of our
the translation of the new
acquired into obvious improvements in
quality and speed of industrial output.

In general, the report continues, the research
associations have not fulfilled the hopes that
were held at their initiation. The reasons for
their comparatively disappointing performance
are many, but are to be sought mainly in lack
of adequate funds for the projection of really
large-scale researches. It may be necessary for
the Government to provide for a much greater

allotment of funds to research associations,
including, it is suggested, a compulsory levy on
all  firms within the particular industries
affected.

One very important point which the state-

ment makes is the desirability of interchange of
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personnel throughout a given industry, includ-
ing firms, research associations and universities.
It is in this respect, in fact, that the report
touches most closely on one of the major causes
of the gap between the research and application,
between the academic work of the universities,
including the near-academic work of the
research associations and the more empirical
ad hoc investigations carried out by indepen-
dent industrial laboratories. There are a very
limited number of universities and colleges at
present whose teaching personnel have any
really live contact with industry, and unfortu-
nately there is a similar, though less marked,
lack of interchange of ideas between the
research associations and the firms which help
to support them.

The function of patents in the enlightened
new era which is coming is discussed at some
length. The stultifying influence which very
wide patents have in the past had on progress
may, it is suggested, be modified if the Govern-
ment or the planning authority is given power
to grant licence to manufacture under any
given patent to any approved firm if such action
is deemed to be in the public interest. It is
pointed out that this adjustment of patent
rights might be of very marked assistance in
carrying out the policy of full employment in
the post-war period.

The part which the universities are expected
to play is not minimized, and the Nuffield report
acknowledges the necessity for a vast increase
in expenditure in these institutions. Not only
equipment and accommodation, but also teach-
ing staff must be considerably increased,
especially in the newer universities. The
technical colleges should be raised in status and
be shown similar increased financial aid in order
that scientists associated with them may be
able to give of their best to the community.
Great emphasis is laid on the importance of
retracting scientific experts from the ad hoc
researches which have forcibly engaged their
attention during the war, and allowing them
to go back completely to the freedom of action
which they enjoyed previously. This freedom
has encouraged the investigation of the funda-
mental problems—" basic ideas "—which must
always remain the basis of any applied research,
and must consequently be always a few stages
ahead of development.

There is a final and very interesting sugges-
tion to the effect that a research corporation
should be formed to act 011 behalf of all the
universities and technical colleges in the matter
of patenting discoveries which have arisen dur-
ing the pursuit of fundamental research and
which may be of commercial value. The proceeds
from patents have led to the development of at
least one very excellent research department in
one American university, and the idea has been
followed by others. It should be no deterrent
that there was finally some question as to the
validity of the patents in this case, since this
only cropped up when the patent had almost
run its course.

This suggestion seems to form the basis of a
very profitable source of income for our
impoverished institutions, and is an eloquent
commentary on our appreciation of the excel-
lence of our academic researchers.—E. R.
Roberts.



428 LICHT

METALS September, 1944

PAN-AMERICAN ANTI-CORROSION SCHEME

N instructive article on corrosion protection
of light alloys under arduous service appears
in the American journal " Metal Finishing,”
dated February, 1944, The maintenance of
seagoing aircraft is detailed by the Chief
Chemist of the Pan-American Airways System
in an account entitled ” Clippers v. Corrosion.”
Adequate corrosion protection is particularly
important as these aircraft are exposed to salt
water and spray during taxi-ing, take-off and
landing. AIll the external surfaces of Clippers
are of anodized aluminium alloy, to which the
zinc chromate primer readily bonds. The
specification is designated AN-TT-P-f>56a. It
is sprayed in one thin coat on to the prepared
clean surface and allowed to air-dry for a period
of between 30 mins. and 3 hrs. The top coats
consist of three films of a lacquer containing
aluminium pigment in the proportion 2 Ib. to
5 gallons of vehicle, to Specification AN-TT-L-51.
The entire structure is covered with this finish,
except for the hull below the water line, which
is finished after zinc chromate priming with a
heavy coat of a black glyceryl-phthalate enamel
applied by brush.

Internal structural members are coated with
two light coats of the zinc-chrome primer to
which is added a half-pound of aluminium

This is stated to be a highly
effective treatment. At any position where sea
water might collect, as, for example, between
the cabin floorboards and the hull, cloth bags
containing potassium dichromate are provided
at the lowest point, in order that the passivify-
ing agent will dissolve and constantly maintain
a corrosion inhibiting solution.

powder per gallon.

STOVING BY

“ The Application of Radiant Heat to Metal
Finishing J. H. Nelson and H. Silman.
Chapman and Hall, Ltd. 1944. Price 8s. 6d.

'PHE
J- been

time required for paint film drying has

spectacularly reduced following the
application of " infra-red ” methods. For
example, a synthetic-base zinc-chrome primer
coating can be dried by radiation In about one
minute as compared with the 90 mins. required
by the more orthodox convection method.
Time saving of this order is obviously attractive
during intensive wartime production, regardless
of whether the process itself be economic, or
the equipment as used efficient. It will be
known to those readers who have seen infra-red
installations that they are often quite elemen-

tary structures merely supporting banks of
lamps.
In this slim book Nelson and Silman have

made a critical survey of the infra-red process
for paint and enamel stoving, and to the
reviewer, at least, who has had some experi-
mental acquaintance with infra-red, many points
of great practical importance are suggested.
The principles of heat transfer are critically
considered and, whilst it is probable that little
fresh ground is broken, there is a salutary fresh-
ness in being brought down to the fundamental
physics of drying processes. All too seldom is
this sort of analysis embarked upon in industry.

Routine inspection takes place after every
trip. Careful examination is made for corrosion

around rivet heads, corrosion due to abrasion
from floating objects, and at the joining edges
of hull plates. Slightly corroded rivet heads
will be cleaned down to the metal, reprimed
and finished; severely corroded rivets will be
replaced. Abrasions affecting the paint film
will be reprimed and finish coated. Blemishes

in appearance are rectified by a light spray of
top coat blended into the surrounding ground.
Touch-up work must be rigidly controlled on
account of weight considerations.

National Certificates in Metallurgy

| T had been expected that the scheme for
National Certificates in Metallurgy in which
The Iron and Steel Institute, the Institution of
Mining and Metallurgy and The Institute of
Metals are co-operating with the Board of
Education would be launched in time to allow
colleges and schools to start their courses in

the academic year beginning September, 1944,

This has, unfortunately, proved impracticable.
The scheme will now come into operation so
that courses will begin in September, 1945,
and the first examinations will be held in 1946
for the Ordinary Certificate. Colleges and
schools are being advised to this effect by the
Board of Education, so that as much progress
as possible can be made in anticipation.

INFRA-RED

The treatment of radiant

published in

recent theoretical
heating by Tiller and Garber,
America, is referred to and the conclusions
given at the end of the theoretical chapter,
important from the point of view of equipment
design, are summed up in three rules: the tem-
perature difference between source of radiation
and the work must be as great as possible;
because the quantity of heat transferred by
radiation depends on the fourth power of the
temperature difference, radiation is the most
efficient method of heating; and, third, the air
temperature in a radiation oven should be such
that there is a minimum transfer of heat by
other than radiation.

It will be seen that the realization of such
rules implies powerful criticism of many infra-
red installations at present in production use.

A very full account of the preparation of
reflectors used in conjunction with the infra-red
lamps is given. Anodized.aluminium is stated
to be the best material.

In their consideration of plant construction
and design, Nelson and Silinan keep to the
forefront of discussion the need for control of

convection which, if ignored, leads to waste of
power. Attempts at such control by means of
canvas sheets are only a makeshift and are in
no' sense a substitute for carefully designed
enclosed ovens.
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X-Ray Technology
NDER the title " X-ray Darkroom Prac-
tice,” llford, Ltd., have recently issued an
informative brochure of great value to personnel
engaged in industrial radiography. |In essence
it constitutes an indispensable appendix to many
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formulation, developing technique and the
diagnosis  of  faulty radiographs are all
adequately dealt with; in a separate leaflet
the use of lead screens for industrial purposes

is covered.

Even experienced radiographers, we venture
to suggest, will find the section dealing with
defects in radiographs of the utmost interest
and value.

NEW PATENTS REVIEWED

standard textbooks already available on the
subject.

Darkroom procedure, chemical stock and
560,881. Improvements in or relating to
Granted: Die Casting or Injection Mould-
25.4.44. ing. Patentee: William Edward

O’Shei, a citizen of the U.S.A., of “ Fernwood,”
Alton Road, London, S.W .15.

The aim of the present invention is to provide
a means whereby the necessary minimum
pressure of metal injection may be certainly
achieved and indicated in pressure die casting
or similar injection moulding. The fluid metal
under pressure is caused to act upon a yieldable
wall inserted in the mould so that the cast
material causes the movable portion to move,
producing a test piece either separate to, or as
part of, the casting proper, the dimensions of
such test pieces giving an indication of the
pressure used. Preferably the yieldable wall is
arranged to project into the casting pressure,
so that the spring adjustment may be so
arranged that under the correct pressure the
fluid material produces a flat surface having
neither depression nor increased thickness of
section.

561,046.
Granted:

Improvements in Methods of
Cleaning Articles of Magnesium
3.5.44. or Magnesium Alloys. Patentees:
Wingfoot Corporation, of 1144 East Market
Street, Akron, Ohio, U.S.A.

This invention has for its object the removal
of surface impurities such as magnesium
hydroxide, elemental sulphur, borax, and
sodium silicofluoride without substantially
attacking the magnesium itself and thus main-
taining machine tolerances. The use of an
aqueous solution of chromic anhydride is an
effective cleaning agent but has the disadvan-
tage of appreciably attacking the metal,
magnifying surface pits and pores and destroy-
ing machine tolerances. The present invention
consists in the addition of small quantities of
chromic trifluoride to the aqueous chromic acid.
The method of cleaning magnesium articles
comprising treatment therefore with an aqueous
solution containing 15 per cent, to 30 per cent,
by weight of chromic acid and above 1 per
cent, by weight of chromium trifluoride, used at
a temperature of at least 150 degrees F. but
considerably below boiling point of the solution,
is claimed.

561,651. Process and Apparatus for the
Granted: Manufacture of the Alkaline
30.5.44. Earth Series. Patentees: Motrac
Motormaker and Tractoren A.G., Badenstrasse

323, Zurich, Switzerland.

This invention relates to the manufacture of
metals of the alkaline earths, such as magnesium
and the like. Oxides or carbonates in a heated
container are subjected to the action of a

heated gaseous mixture of chlorine and carbon
monoxide, this apparatus being positioned above
a receiver of the molten anhydrous chloride
which also acts as an electrolytic bath. Any
gaseous carbon compound which acts as a
reducing agent may be mixed with chlorine.
The anhydrous chloride is electrolyzed in the
known manner. The advantages of this inven-
tion are said to be that the homogeneously
mixed gases have a substantially higher rate of
reaction than does a gas reacting upon two
solids, and that since the reaction of the oxide
or carbonate with chlorine and carbon monoxide
is exothermic and the electrolyte offers some
electrical resistance, the electric power con-
sumed balances the heat loss of the whole
apparatus so that it is only necessary to heat
the furnaces independently at the beginning of
the reaction. Chlorine generated by the electro-
lysis is used in the system. The metal so formed
is pure, as the iron or aluminium which may
be present are volatilized as chlorides.

561,748. Improvements in or relating to

Granted: Flux for Use in the Treatment

2.6.44. of Light Metal.
Magnesium Elektron, Ltd., of Abbey House,
Baker Street, London, N.W.l, and Harry

Rowland Leech, of 12, Rutland Drive, Salford, 7,
near Manchester.

This invention relates to flux for use in the
melting of light metals consisting of magnesium,
magnesium base alloys and aluminium base
alloys containing magnesium, and to the Kkind
which is thinly fluid, or non-inspissated of low
melting point, intended more particularly
merely for protecting the metal against oxida-
tion. It has been found that for this type of
alloy a satisfactory flux may contain rpuch less
magnesium chloride than has hitherto been
used, with consequent economy, since anhydrous
magnesium chloride is the most expensive
ingredient of such fluxes. One claim is for a
flux having a composition within the following
range:—

Magnesium chloride not less than 4 and
not more than 20 per cent.

Calcium chloride not less
not more than 55 per cent.

Sodium chloride not less than 5 and not
more than 40 per cent.

Potassium chloride not
not more than 40 per cent.

Magnesium oxide o to 5 per cent., the
sodium and potassium chloride together
amounting to between 30 and 60 per cent.,
the ingredients, excluding any impurities
therein, amounting to at least 95 per cent,
of the total.

British Patent No. 539,023 is referred to.

than 25 and

less than 5 and

Patentees:
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MACHINING OF LIGHT ALLOYS WITH DIAMOND TOOLS

Fig. ! Sright).—Cuttin% angles for turning tools. Clearance

angle (a) lies’as a rule
s

advan ? educ :
obfained in this way at some slight cost in accuracy.

Fig. 2 (below).—Multiple

facet diamond tool show-

@ essential dimensions.

(Compare with Fig. 4
below.)

HAPED diamond tools have been intro-

duced to an increasing extent into workshops

as a result of the development of light
metals, plastics and other specialized structural
materials, because of more exacting demands
for dimensional accuracy, and by reason of a
demand for surface finishes of a smoothness
which, some io years ago, were still beyond
the range of measuring instruments.

Fig. 3.—Study of surface
finish obtdined _ on
diamond - turned piston
skirts: a, angle_ between
axis of workpiece and
rear edge diamond
tool | deg., surface finish
satisfactory but somewhat
matt; b, angle between—

Literature on diamond tools s somewhat
sparse and deals mainly with their general
application, with the form of tool edges” their
adjustment, and so on.1 Tool and production
engineers, however, are usually interested in the
solution of a special problem relating to a
certain material, such as the turning of light-
metal pistons or the boring of lead-bronze
bearings, and here existing literature does not
give much help. Therefore, in the following
pages, an attempt has been made to collect and

etween 5-9 degreeS for turning tools.
as been suggested that the clearance angle of diamond-
turnln? tools for light metals might in cerfain cases  with
age be reduced to zero; an excellent surface finish is

Summarising the
Diamond ai a Cutting Material

Advantages of

and Keferriig in Particular to the
Machining ojAluminium Alloy Pistons

compare available data relating to the machin-
ing of light metals with shaped diamond tools.
Diamond is especially suitable as a cutting
material for turning and boring on account of
the following properties:—
(a) Great wear resistance and hardness
of the cutting edge.
(b) High polish of the surface of the
cutting edge.

—axis of workpiece and

a rear edge of ~diamond

tool 6 ~degs., surface

exhibits moderate gloss:

¢, angle between axis of

workpiece and rear edge

of diamond tool 15 degs.,

bad surface finish but
high gloss.

(c) Inertness, which prevents chemical
reaction or welding between tool and
workpiece.

These qualities of the diamond may be due
to the way in which the carbon atoms are
packed. The high polish of the cutting edge
results in an easy llow of chip. Thus cutting
pressure and friction are reduced. Welding of
the chip to the diamond cutting edge has,
generally, not been observed.3

Wear of a diamond cutting edge is due, more

Fcijg. 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 minute chipping which is more pro-
nounced when the diamonds are incorrectly
orientated. Machining with diamond tools is
the last finishing operation, no further grinding
or lapping is necessary; a preliminary roughing
operation is usually required. In a very few
rare cases only has honing after diamond boring

Fig. 7—Diamond turning ring grooves in light-alloy
pisten.  Special problen)s as to tool form arise heré.
(See Fig. 8 below.)

been applied, but, with modern improvements
in surface finish, this second operation does not
seem to be necessary and, indeed, may be even
dangerous, owing to the risk of spoiling the
machined surface.

BACTC ||:_i 3 GiI—Ma_Cft]ining (t)g
ight-alloy pistons Wi
REST dl%mond.y FgI'h use of

diamond _tools for this
Urpose s yery exten-
gIVE[J and %Jrryreasons
connected ~ with  the
structure of many com-
monly used aluminium-
base” piston _alloys it
appears unlikely” that
it will be superseded
\%any other material
ere” highest . grade
finish IS required.

i2A niAVnan

Cutting Angles for Turning Tools

For the production of geometrically correct
surfaces it is essential that only one cutting
edge be in operation at a time. The clearance
angle a (Fig. i) lies usually between 5 to 9
degrees for turning tools, and 8 to 15 degrees
for boring tools. A variation in the clearance
angle for boring tools is necessary owing to the
correlation between thickness of diamond tip
and diameter of bore, unless a secondary clear-
ance be introduced. In this connection’ it has
been suggested that the clearance angle of a
diamond turning tool for light metals (Fig. 1)
be reduced to zero so that the clearance face
rubs slightly on the workpiece; thus a very
good surface results, although precision may be
impaired. The general practice is, however, to
have a very small rear-adjusting angle of
between 2 degrees to zero, which obviously
produces a similar effect, and generally without
disadvantage; this question is dealt with later.

The point angle £ is 120 degrees, if possible,
for straight surfaces and for tools with one
cutting edge, and 170 degrees for multiple facet
tools (Fig. 2). Tools for stepped bores, shoulder
turning and special profiles need point angles of
less than 90 degrees, but owing to the weakening
effect on the cutting edge and a probable
influence on surface finish, the use of this tool
shape should be confined to the applications
mentioned.

The rake angle 7 is from o to 3 degrees. A
rake of angle of o degree considerably facilitates
tool production and checking and has been long
in use. Some materials, such as lead bronze,
need negative rake angles.

The front adjusting angle xt is 45 degrees for.

Fig. 8. —Diamond groov-
ing tools (see Fig. 7
ahove) : 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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tools with one cutting edge, and 18 to 30 degrees
for multiple facet tools. The rear adjusting
angle x, should be about 1 to 2 degrees.

The influence of the rear adjusting angle x;
is clearly shown in Table 1 in connection with
Fig. 3, referring to facet edge diamond tools.3
It is obvious from these investigations that
surface quality is influenced by the rear adjust-
ing angle, which should be chosen as small as
possible.

A convenient tool shape is a large circular
form providing for an infinite number of cutting
facets (Fig. 4). Such circular forms were con-
sidered by some investigators as very suitable
to avoid turning marks,4 and to obtain a high
surface finish on aluminium. Improved tech-

nique in equipment and surface inspection
showed, however, that optimum results in
surface finish on aluminium pistons (down to

Fig. 10 (right).—Multiple
tool fixture for simultane-
ous machining of all
grooves in a piston show-
|r(11g adjusting_device and
adjustment ~for median
machine diameter.

i micro-inch = o0.000.00i in.) could be obtained
with a tool form shown in Fig. 5 having facets
with rounded corners.5

Economical Cutting Speeds
W ith diamond tools there is virtually no limit
to the cutting speed, other than absolute
freedom from vibration. Sometimes cutting
speeds as high as 6.600 to 16.500 ft./min. are
used.* In this particular case feeds of 0.1 to
0.02 mm./rev. (0.004 to 0.000S in./rev.) were
employed and the diameter of the workpiece
was probably comparatively large. As a general
guide the following cutting speeds may be con-
sidered as economical:—
Work-hardening aluminium alloys
temper)—650 to 1,000 ft./min.
Unalloyed aluminium—1,500 to i,Soo ft./min.
Magnesium alloys—1,000 to 1,250 ft./min.
Rate of Feed and Depth of Cut
Feed and depth of cut are, of course,
dependent on" the shape of the diamond tool
edge, and in order to obtain a good surface

(soft
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finish, the feed must in no circumstances be
more than a fraction of the length of the cutting
edge. Small feeds and light cuts, after pre-
liminary machining with other tools, preferably
sintered carbides, account for good surface finish
and are economical because they allow high
cutting speeds. Feeds of 0.0008 to 0.004 in./rev.
and a cutting depth of 0.008 to 0.025 in- are
frequently applied.

Cutting Force

Small feeds, light cuts at high peri-
pheral speeds and a highly polished diamond
tool edge all tend to reduce friction,

and the cutting forces are consequently quite
small. Investigations carried out on turning
aluminium with diamond tools showed that the
main cutting force was sometimes less than 1 lb.
This small load on the cutting edge, however,

Fig. 9 (extreme left).—Diamond groove

tool as in Fig. 8a; "special cold Setting

arrangement ((:a proximately natural size).

At thé right of the illustration of the com-

pleted tool is presented a diagrammatic
plan and elevation of the tool.

results in a specific pressure up to 200 tons/
sq. in., a stress which no tool material other
than diamond could be expected to stand for
any reasonable time.

Growth of the aircraft industries affected
machining methods for light-metal parts to a
large extent. Jointing faces on light-metal
castings have to be carefully machined, small
surfaces are sometimes diamond faced on a
lathe, bigger areas being produced on special

milling machines. The milling heads sometimes
carry two to six diamonds in special holders,
and operate at cutting speeds of about 1,500 to
3,000 ft./min. Diamond milling tools are more
suitable than hard-metal tools for this kind of
work, the latter, it is observed, tending to
break more readily when faces with grooves,
etc., are machined.

Machining Eight-alloy Pistons

The most important present use of shaped
diamond tools is that for the finishing of light-
alloy pistons for internal-combustion engines.
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(See Figs. 6 and 7.) It is claimed that 25,000

pistons can be turned without injuring the
diamond tool. They are therefore more econo-
mical by far than hard-metal tools, especially

for the machining of light alloys of the high-
silicon type.7 The diamond turning tool is not
influenced by slots and piston grooves.

For facing the piston crown a tool with a
burnishing effect is sometimes used which is
said to produce a smooth and dense surface to
which gum and carbon deposits may not easily
adhere. Piston grooves are first rough cut
and then finish grooved with special tools,
which are preferably held in special devices
sometimes on the back attachment of the lathe.
The shape of the diamond grooving tool is
determined by the profile of the groove, the
side of which must be very smooth to give the
smallest friction effects.

Fig. 9 shows a special tool evolved for this
particular purpose. The cover plate fits into a
wedge-like recess in order to prevent lateral and
longitudinal movement of the diamond. If the
facet width were to correspond to the width of

the ring groove (Fig. Sa) the tool would be
more or less useless once the edges become
blunted. To overcome this difficulty two types

of tool combinations have been developed. One
is a single diamond (Fig. 8b) of width less than
that of the groove to be produced. It faces at
first one side, travels along the bottom of the
groove, and then faces the other flank of the
groove. The other type of grooving tool s
shown in Fig. 8c. It consists of two diamonds,
each of which machines one flank and a portion
of the groove bottom. Both diamonds are fed
in simultaneously. In most cases, due to the
narrowness of the grooves one diamond is
arranged aboVe the other and each is positioned
radially with regard to the piston. For both
types of grooving tool, very sensitive adjust-
ments are provided. The groove edges after
finishing may be chamfered (de-burred) with a
single diamond having two cutting edges.
(Fig. sd.)

Feed Raft
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~ 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-
; d, cut begins ; c, cut ends; g, feed.

Instead of machining the groove successively
with different tools, multiple tool attachments
for mass production have been developed. By
radial adjustment of the tool edges and tool
holders in relation to the piston all danger of
adjustment below or above centre line can be
eliminated. Thus the operations of finishing a
ring groove and chamfering it afterwards can
be combined. By suitable arrangement the
attachment may comprise, also, sets of com-
bined tools, to machine all grooves of a piston
at the same time. Such a device is shown in
Fig. 10. Each groove is machined by two
diamonds for facing the sides and one for
chamfering the edges, each of the three diamonds
being individually adjustable.

As already mentioned, diamond turning is
the finishing operation and may result in
mirror-like surface finish of about one micro-
inch (0.00000i in.).

The exactness of dimensions is stated to be
within limits of £0.00012 in. and the clearance

Fig. 12—Cutting
propertiesof dia-
mond and high-
speed steel tool
compared on the
asis of coeffi-
cient of friction
and feed rate.

in,Jrev.



434 LIGHT METALS September, 1944

between piston ring and

groove is eventually not

more than 0.0006 in.4 This

precision cannot be im-

proved by lapping or

superfinishing and accounts

for the long life of light-

metal  pistons. Recent

investigations* showed that

when pistons have been in

use for a long period, most

of them still bear the

turning grooves (or marks

of the grinding operation).

The wear does not take

place on the piston skirts,

but on the cylinder bore,

piston rings or possibly the

ring grooves. The surface

finish is, therefore, con-

sidered to be * good

enough " at 4 to 8 micro-

ins. for the skirt and 16 to 32 micro-ins. (or
rougher) for the crown,9 especially when a
protecting film (e.g., graphite) is applied to
guard against corrosion during cold starting.

For certain sizes of piston and for certain
alloys it has been claimed that sintered carbide
tools give good results. An article which
appeared recently in “ Aluminium ” (Germany)s
throws some light on this problem. Sintered
carbide tools produce very smooth surfaces
which are comparable with those produced by
diamond, as shown in Table 2. However, the
durability of sintered carbide tools is much less
than that of diamond tools. If we compare
the pistons which can be turned without
readjusting the tool, we have 1,000 to 1,200 in
the case of the faceted diamond tool and 80
to 100 in the case of the sintered carbide tool,
i.e., a ratio of 12 to 1.

Again, if we compare the time after which
the diamond tool has to be removed from the
machine (after several readjustments of a new
facet) with that of the sintered carbide tool, we
obtain a ratio of 1 to 50.

The data referring to the regrinding of sintered
carbide tools, after turning 2,000 to 3,000 pistons,
are obviously incorrect, as it is not possible
to re-lap these tool tips 25 to 30 times, without
regrinding them. Nothing is known of the
special cutting edge applied in this case.

Fig. 13 (left). —Diamond

cutting edge after run on

aluminium, (Equivalent

magnification in reproduction
meters.

5 .-
(@E{\ﬁrrne Miing

Fig. 14 (below).—High-speed
steel tool after run on alumin-
ium. _ (Equivalent magnifica-
tion in reproduction /5 dia-

(@ ,Qﬁi% Milirg

Fig. 15—Sintered carbide tool edge nqt dia-
mond lapped. (Equivalent magnification in
reproduction 80 diameters.)
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It may be added that, in comparison with
a sintered carbide tool, the cutting time of
which corresponds to a cutting length of about
18.7 miles, the cutting length of a diamond edge
is about 1,250 miles, giving a ratio of diamond
tool to sintered carbide tool of 67 to 1.  This
capacity is not reached at the present time by
any other material and, moreover, there s
practically no upper limit to the cutting speeds
attainable.

Although the advantages of diamond turning
tools for light metals seem obvious, it is felt
that further comparative cutting tests of
diamond and sintered carbide tools are highly
desirable. These tests could perhaps be con-
ducted on a line similar to those by M. 1C
Merchant of the Cincinnati Milling Machine Co.,
comparing a diamond tool and a high-speed
steel tool.3 This investigation comprised speed
and feed tests amounting to about 160 measure-
ments. Coefficients of friction and cutting
forces were plotted against cutting speeds and
feed rates for workpieces of steel, copper,
aluminium and brass. Fig. 12 shows as an

Fig. 16 (above).—High-
speed steel tool not
stoned., s_Equ_lvaIent
magnification in repro-
duction 160 diameters.)

Fig. 18 (right). —Lund
Duplex f|ne-m|||_|n?
machine. The two light-
alloy cutter heads carry
three _diamond tools at
a 28-in. diameter circle.
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ig. 17—Diamond tool edge. (Equivalent
magnification in reproduction 80 diameters.)

example the relation of coefficient of friction
versus feed rate. For the whole feed range the
diamond tool generated less friction on the

aluminium workpiece than the high-speed steel
tool. Photomicrographs before and after use
presented additional information on what had
taken place at the cutting edge. Figs. 13 and
14 show a diamond tool and an [i.S.S. tool alter
the test run on aluminium.

It is of particular importance for test purposes
and in practice that the sintered carbide tools
have really sharp cutting edges. This can only
be obtained by using diamond grinding wheels
or laps. Unless sintered carbide tools are
treated in this way they show a jagged edge
(Fig. 15) and, in this respect, seem nearer in
appearance to a H.S.S. tool which is not
“ stoned " (Fig. 16) than to a well-polished
diamond tool (Fig. 17).
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Table 1.—Diamond-turned Piston Skirts.

Angle between | joojot Profile L
al)ggeognvc\il%lgr 3 oflle depth for Surfacedfmlsh
p edg accordin .1 mm. appearance
diamond tool ~ S¢nmal feedf
a 1 deg. * 0.002 mm. Satlsfg\tl:\}ﬁa
matt
b 6deg. * 0.005 mm. Moclierate
gloss
¢ 15deg. 0011 mm. hlgh

*See Fig. 3.
fSurfacg roughnesses of 1/40 to 180 of these
values are now standardized in the British Industrglz:zsl

(See Industrlal Diamond Review,” Vol. 4,

pp. 29-32)

Boring of Gudgeon Pin Holes

Gudgeon pin holes on light-metal pistons
are finished on special automatic diamond

boring machines. When the pistons come to
the machine there is about 0.005 in- left in the
bore for finishing, and the final size is held to
a tolerance of 0.0006 in. for the size of the hole,
which must also be true within a limit of
0.0005 in. per in. Speeds of about 5,000 r.p.m.
are obtained and it is claimed that the finish
is superior to internal grinding, whilst produc-
tion is twice as fast.

No figures are available for comparing
economy of sintered carbide and diamond
boring tools. Conditions, however, are prob-
ably similar to those described for turning tools.

A special problem arises in the setting, fine

the

adjustment and balancing of the boring
tools. The shank holding the diamond is
inserted and clamped radially or at another

suitable angle to the boring bar and adjusted

by a micrometer which allows of fine radial
adjustment of the diamond. Care should be
taken to avoid direct contact between the

measuring device and »the diamond.

If hard-metal and diamond tools be used in the
same set up for preliminary and finish boring,
good care has to be taken that the hard-metal
edge has left the cut before the diamond tool

enters it. (Fig. 11))
Table 2.—Precision Turning of Light-metal
Pistons.
Tool Diamond Sintered car-
bide (Widia)
Form of cutting edge Multiple Speciall
9edg facets gﬁ%undy
Cutting time (Standzeit) ~ 4.000 to 5000 80 to 100

pstons up to plstons up to

(r)t(:)%rmdmz%o reIaPpmp
pistons for plstons up to
each facet regrinding
Profile depth for 0.10 mm. 0.001 to 0,001 to
feed and good condition ~ 0.006 mm. 0.004 mm.
of cutting edge
Reflection for the same Higher Lower

profile shape and depth
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Milling of Light Alloys

Milling of light metals with diamond
for the production of flat surfaces or
has been successful and economical. In prin-
ciple, the action of the individual diamond of
a multiple milling tool is the same as the action
of a turning tool. A recent development has
been the Duplex Fine-milling Machine of John
Lund, Ltd. (Crosshills, near Keighley), for
machining two parallel and flat opposed sur-
faces in light alloy to extremely fine tolerances
(Fig. 18). Two opposed milling heads are
mounted on rigid bases which are bolted to the
main bed. The positioning of the heads is
obtained by means of narrow guides. The
carefully balanced light-alloy cutter heads are
30 ins. in diameter and carry three equally
spaced diamond tools on a 28-in. diameter circle.
The peripheral cutting speed is 2.500 ft./min.
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Light Alloys In Metal Rectifiers
and Photocells

Concluding from “ Light Metals,” 144///29S, a Study of the
Selenium Rectifier, and Introducing a Comprehensive Discussion
on Photocells and the Role of Light Metals in their Construction

D ETAILED study of the electrical charac-
teristics of the selenium rectifier is both
interesting and intriguing. Space here only

permits of the salient features being reproduced

and therefore the attention of readers interested
is drawn to the papers already cited, especially
those of Williams and Thompson and Richards.

Fig. 35 (after Williams and Thompson) refers
to instantaneous resistance characteristics for a

temperature of 20 degrees C. It shows curves
comparing the resistance of the copper/copper-
oxide rectifier with that of the selenium
rectifier as the voltage is increased, the voltages
being applied only for sufficient time for
measurements to be taken. The resistance
shows a maximum value close to zero voltage
in each case, higher for the copper/copper-oxide
couple than for the selenium couple. Fig. 36
(after Williams and Thompson) graphs the volt-
ampere characteristics for the selenium rectifier
for a series of temperatures; note the different
scales for forward and reverse characteristics
respectively. These should be compared with
those given for the copper-oxide rectifier. It is
seen that the forward curves are equally spaced

for equal increments of temperature, whereas
the effect of temperature upon the forward
characteristics of the copper-oxide rectifier

becomes less marked as the temperature rises.

Regarding creep  effects, Williams and
Thompson state that these are generally nega-
tive with no recovery’ during rest. " Ageing "
during prolonged service is exceedingly small,
but cannot always be neglected.

It is also interesting to note that Williams and
Thompson state that rectification can be secured
from properly made selenium couples without
electrical forming, although, of course, it is not
so marked as with the formed ones. They give

typical values graphically, as reproduced in
F>g. 37- ) -
. Kipphan gives the curve in Fig. 38 for the

static characteristics, forward and 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.

Forward

Reverse *50

reduced to milliamperes/sq.cm. He states that
tests indicate that the thickness of the barrier
or blocking layer is of the order of io*4 cm.
No heating-up time is necessary to obtain out-
put when the load is switched on because,
contrary to the thermionic valve rectifier,
electron emission is not dependent upon thermal
effects. He claims no deterioration of the
electrodes during service operation, and there-
fore the anticipation of indefinite life, claims
which are, broadly speaking, confirmed in
practice.  Further, he states that the only
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change in service that occurs is a slight increase
in forward resistance during the first ro.ooo
hours of operation. This is then compensated
by an increase in the a.c. voltage by about
5 per cent, if necessary.

Fig. 39 (after Kipphan) shows the rectifica-
tion ratio, for forward to reverse current at low
voltages. In actual operation, of course, the

Fig. 37 (above).—\Volt - ampere
characteristics ‘'of formed "and
unformed ~ selenium_ couples.
(IAfter Williams and Thompson.)
twill 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.)

voltage drop at the load causes a large difference
between voltages across the rectifier in the
forward and reverse directions. The maximum
usual voltage possible in the reverse direction is
given at iS volts. A continuous current density
in the forward direction of about 50 milli-
amperes/sq. cm. is permitted, corresponding to
a voltage drop of about i volt. Fu:. 38 shows

the reverse current for a reverse voltage of 18
volts is about 1 milliampere. This gives an
meffective ratio of 50/1 for forward/reverse
current at full load current conditions and
under full reverse voltage. At very- low

voltages, the rectification ratio approaches unity

1944
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and under these
operation results.
The recommended ultimate temperature limit

conditions very inefficient

for service operation of the selenium rectifier is
70 to 75 degrees C. Loads arc usually specified,
and designs effected, so that the operating

temperature rise does not exceed 40 degrees C.,
giving the useful temperature of 35 degrees C. as
the maximum ambient value permissible. Fan
cooling, or convection cooling by design
arrangement, as well as cooling fins, are
methods resorted to to improve cooling as
necessitated in particular equipments. Fig. 40
is given by Kipphan for short period overload,
showing permissible time for overloads of
various magnitudes, on the assumption that the
interval between overloads is sufficient for
the cooling of the rectifier, and at least 30 mins.
Fig. 41 is used for short cooling periods.

Fig. 42 gives load ratings in relation to
ambient temperatures to cover usage at values
of the fatter about 35 degrees C.

The forward resistance falls with temperature,
and Fig. 43 shows this for the range - 30
degrees C. to - 75 degrees C. The variation
in reverse resistance of the same range is given
il Fig. 44. These are both from Kipphan's
paper.

Regarding efficiency of the selenium rectifier,
this is defined in several ways. Fig. 45 shows

it at full load voltage for 3-phase and for
single phase battery and resistance loads.
Fig. 46 shows it as a function of rectified

voltage.

Figs. 47 and 4S are included as of interest in
showing the use of the oscillograph for record-
ing the dynamic forward and reverse char-
acteristics respectively of the selenium couple;
they are taken from Carole Clarke’s paper.

The field of application for metal rectifiers is

large and grows continuously; it is, in fact,
almost unlimited. Battery charging was one of
the first services satisfied. With a series

resistance or choke of suitable magnitude, auto
matic tapering of the charging current to any
desired final current is securable. Various
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VINAGNESIUM Alloys have contributed
¢greatly to the advance of aircraft

design, and are an essential factor in many
other industrial products. Among many pro-
pertieswhichtfe magnuminium basealloys
possess, apart from their lightness ofweight
—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
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FURNACES of every type continue to operate
o 3 ator nearcapacity, refractories are subjected
to ever greater strain and wear. Good
refractories, properly applied, are increasingly
important to steady and efficient production.
General Refractories engineers and technical
staff, backed by specialised refractories
experience in” every industry, are at
the service of users to advise upon the
choice ofrefractories andthe|rsunab|l|ty
for any particular set of conditions.
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devices for automatic switching off or transfer
to a second battery set-up can be arranged.
applications for

Other

Jr
la

simple

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. 4 (below).—Overload rating

and_operating time for a selenium

rectifier on intermittent operation.
After Kipphan.)
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need for batteries followed where direct current
required
rectifying systems, with or without smoothing

and could be taken through

devices, direct from a.c. mains.
Electric motors, inductive loads
as for lifting magnets, magnetic
brakes, relay operation, switching

systems, etc., are examples. For
electro-acoustic systems, filters to
remove or minimize residual ripple
are necessary; applications of this
kind fall within the fields of tele-
phonic and radio communications.

Electroplating, and electro-
chemical finishing and electro-
metallurgical processes, perhaps
represent the direction in which
most development has been
achieved during recent years,
especially in this country. In

the electro-deposition of zinc,
cadmium, nickel, copper, chro-
mium, tin, the precious metals,
etc., it is very useful to have
individual rectifier systems on
each vat or barrel. Automatic

plating can be neatly and econo-

mically catered for in the same
way. Electro cleaners and pickling

processes, anodizing, etc., all fall
into the same category. So do
metal recovery processes from acid
dipping, pickling and descaling
operations, when these are
operated electrolytically.

Fig. 49 (after Carole Clarke)
shows an electroplating rectifier
unit of 6-volt i,500-amp. capa-
city, and demonstrates its neat-
ness and compactness. The
cabinet of equipment is self-

contained, including ammeter and
voltmeter, control handles and
indicator lights.

Fig. 50 (after Richards) demon-
strates the construction of an oil-
cooled rectifier. It will be noted
that the conventional assembly of
the discs in stacks upon a spindle
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has been discarded, and replaced by a method
which comprises the mounting of the selenium
couples flat on metal plates. The latter are of
copper to promote rapid heat distribution for
cooling by means of the oil. The copper plate
could advantageously be replaced by aluminium
or aluminium-alloy sheet for the same purpose.
Fig. 51 (also after Richards) shows an auto-
matic electroplating plant having rectifier
equipment of this type mounted on an overhead

SURROUNDING TEMPERATURE OC
VOLTS

Fig. 42 (above).—Load ratings

inrelationship to ambient_tem-

peratures between 35 and 7505
(After Kipphan.)

Fig. 43 (right).—Forward volte}ge
drop and cell tenc%erature or
full load and 1 full load.

o
(After Kipphan.)

Fig. 44 ébelow).—Reverse cur-
rent and cell temperature for
normal voltage and fraction of
normalvoltage. (AfterKipphan.)
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runway. Eighteen 1,000 amp. units are
involved and they feed all the d.c. requirements
of the plant for the preparatory cleaning
operations as well as for the electro deposition
process.

Oil cooling is also used for high-voltage
rectifiers, and Fig. 52 (after Richards) shows

the make-up of a unit for an output of 33 kv.
at 70 milliamperes. The overall size is about
3 ft. cube, the tank housing the rectifier, con-
denser and transformer. It is the
type used for electrostatic precipita-
tion of dusts, spray, fume, smoke,
etc. Modern installations using
such equipment  are generally
designed not merely to eliminate
industrial atmospheric nuisances,
but at the same time to effect a
recovery of a product so as to more
than offset the cost of installation,
operation and maintenance.
Another important application in
a field closely allied to the fore-
going is for cathodic protection of

plant installations, especially in
large scattered works and across
open country. Pipe line installa-

tions are a prominent example, and
Fig- 53 (after Carole Clarke) shows
an apparatus for this purpose. It

has an output of 14 wvolts, 100
amps., and is designed for pole
mounting, being housed in a damp-
proof, weather-resisting cabinet.
Yet another large use for metal
rectifiers is for starter-equipment for
internal-combustion engines. This
is made possible by the low forward
resistance of the selenium couple

and the compactness of the
assembly. Use of a rectifier starter,
especially  for difficult engines,
means less wear and tear on bat-
teries, and minimized recharging
effort. Further, it gives constant

output even when a heavy current
is drawn from it for a comparatively
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long time. Richards gives the data reproduced
in Fig. 54 for a truck starter, comprising a

rectifier made in two halves so that by means
of a switch either 12-volt or 24-volt output at

%

- 3PHASE
<BATTERY LOAD)
RESISTANCE ,,

LOAD AS % OF NORMAL CURRENT

Fit*. 45 (aboveg_._—Effluen of

selenium rectifier operafing

t full load voltage. (After
Kipphan.

Fig. 46 (right).—Efficiency of 1
the selentum rectifier ex-
pressed as. a function on

rectified voltage.

the same kilowatt rating can readily be obtained.

A range of battery charging equipments
(after Kippham) are shown in Figs. 55 (port-
able, 2 to 24 volts in 2-volt steps), 56 (water-
tight design, output 15 amps. 28 volts), 57 and

Table 7.—Sensitivity of Thirteen Selenium

Photocells to White Light— Preston’s
Test Results.
Cell No. A »A, lumen
1 32 460
2 24 45
3 12 210
4 16 230
5 12 175
6 8 165
7 8 125
8 27 505
9 3 575
10 2 540
11 20 415
12 74 580
13 23 480

AA = microamperes.
/iA lumen = microamperes lumen.
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55 (for charging a 20-cell battery, adjustable
from 4.5 to 7 amps.) and 59 (for charging two
batteries with change-over from 40 volts 4S
amps, to 80 volts 24 amps.).

Photocells

Photocells, as the name suggests,
are instruments for the detection
or measurement of illumination,
or variations in the latter. Two
distinct types will be discusseel,
the rectifier and the thermionic
varieties. In the rectifier photo-
cell, the energy of the incident
radiation becomes available as
electrical energy in the closed
circuit of which the photocell
forms a part, no battery being
necessary. In  the thermionic
type, which in its simplest form
consists essentially of a diode
valve, a potential is maintained

SINGLE
PHASE

T ~owec*or SISCSIN ERICS

RECTIHQO VOLTACGC ---

between the two electrodes to promote emission
of electrons. One electrode is sensitized, and
the emission of electrons varies in accordance
with fluctuations in the intensity of incident
light, thus rendering possible detection or
measurement of the latter.

The rectifier photocells are represented by the
copper-oxide and selenium types. The con-
struction of these is not so very different from
that of the corresponding rectifiers already

Table 8.—Preston's Test Results for Load
Characteristics of Thirteen Selenium
Photocells—ratio of photoelectric currents
at 500 ohm. external circuit resistance
and negligible resistance.

500 0 S50

Cell No. Cell No.
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described. The copper-oxide type does not Properties and Use in Photometry,” " Journal of
edirectly involve the light alloys in the essen- the Inst, of Elec. Engineers,” Vol. 79, No. 47S,
tials of its construction. However, information p. 424, October, 1936. This deals in a very

will be given appertaining to it for comparison
with the other types. The selenium type like-
wise does not essentially require the light
metals, but can use aluminium or aluminium
alloy for the base plate, and the more recent

practices favour this metal for the purpose.
Information will be given therefore upon the
construction and development of the selenium
photocell.

Of the thermionic types, the casium photocell
is outstanding, and probably the only one pro-
duced commercially. One of the alkali metals
is essential to its functioning, and casium is the
one normally employed. Consequently, as much
data as is available will be given upon this.
The two types, rectifier and thermionic, will be
dealt with separately. .

Metal Rectifier Photocells

Much technical literature exists upon the
rectifier photocells, and one of the outstanding
papers published in this country during the past
decade is that by J. S. Preston, entitled “ The
Selenium Rectifier Photocell: Manufacture,

Table 9.—Preston’s Values for Current
Ilumination Characteristics for Circuit
Resistance Values of 10 and 200 ohms.

Cell No. Rio R20
1 0.82 0.70
2 0.79 0.67
3 0.84 0.74
4 0.94 081
5 0.88 071
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
n 1.00 0.90
12 0.96 0.75
13 0.97 0.93

lucid manner with the field covered by the title.
The same journal, page 435, presents an article
entitled " The Selenium Rectifier Photo-Electric
Cell: Its Characteristics and Response to Inter-

mittent Illumination,” by J. T. MacGregor-
Morris and R. M. Billington. This article refers
also to the copper-oxide photocell. A more
recent contribution to the field is included in
the paper on " Metal Rectifiers” already
referred to by A. L. Williams and L. E.
Thompson (J.1.E.E. 1941). Useful contribu-

Fig. 47 (Ie_ftt).—OsciIIogram of dynamic_forward current

characteristic of selenium rectifier. ~ Fig. 48 (above).—

Oscillogram of dynamic reverse current characteristic
of selenium rectifier.

tions, especially with reference to methods of
preparation and production of selenium photo-

cells, are contained in the Russian technical
Press, outstanding items being the following:—
" A New Method of Preparing Selenium

Rectifier Photo Electric Cells,” by I. C. Frievert
and N. B. Berdnikov, " The Journal of Tech-
nical Physics,” Vol. 7, No. 13, 1937. " The
Mass Production of Selenium Rectifier Photo-
Elements Using Aluminium Metal Base Plates,”
by T. I. Moldaver, " Bulletin of the Academy of
Science of the U.S.S.R.," p. 705, No. 5/6, 1938.
All these papers contain a bibliography, that
in Preston’s article being particularly compre-
hensive. Abstracts and illustrations are taken
from these authorities in the following. The
selenium rectifier photocell will be discussed
first.

Selenium Rectifier Photocell

Briefly, the selenium photocell consists of a
metal base plate covered with a thin, con-
tinuous and uniform film of selenium. This
selenium is heat treated to bring it into the

Table 10.—Preston’s Test Values on Selen-
ium Photocells for Colour Sensitivity at

2,300°K. and 3,000°K., Indicating Uni-

formity over this Range.

Cell Sensitivity for 2,300°K.

el

Sensitivity for 3,000°K.
Electrocell .. 107
Electrocell .. 1.09
Electrocell .. 107
ell No. 1 .. 118
Cell No. 7 105
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right allotropie state, and in such
a manner that it is converted into
the optimum condition of crystal-
linity. The base plate serves as
one connection to the closed
circuit. The selenium surface is
the one that is exposed to the
source of light of particular con-
cern, and across the selenium is
developed the resultant potential
difference.  The other electrical
connection to the closed circuit
has to be taken from the selenium
surface. This is achieved by
covering it with a transparent
metal film, usually precious metal
(gold, palladium, etc.), or of alu-
minium, applied by cathode
sputtering or evaporation in
vacuum. This metal film is
obviously exceptionally thin, but
is sufficiently continuous elec-
trically to collect the " current.”
However, the actual electrical
contact is reinforced by metal
spraying a collecting ring of
fusible alloy such as Wood’s
metal around the periphery.
Obviously, masking is necessary
because the transparent metal
film must not extend to the edge
of the disc for fear of short-circuit-
ing to the metal base plate.
Likewise, the sprayed metal ring

Fig. 4 left).—A seleni ifier for electro- iti Its, i
jg. 49 (above, left).—A selenium rectifier for electro-deposition, @ﬁﬂ‘%}\ﬁé@%ﬂ&ﬂ‘lc@ﬂ

Fig. 50 (above, right).—lllustrating, after Richards, the construction of an oil-cooled selenium
rectifier. 1t 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 el_ectrgglating lant with oil-cooled rectifier of the type illustrated
in Fig. 50, mounted on overhead runway.
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must not contact the
outer edge, yet i
must make good con-
tact with the trans-
parent metal film
without wunduly' re-
ducing the effective
surface area of the
selenium film.
Finally, the trans-
parent metal film is
given mechanical
protection by means
of a thin spray
coating of selected
transparent lacquer
or varnish, chosen
to cause minimum
loss of photo-electric
efficiency, and to
have no deleterious
influence upon the
metal or selenium
layers. This con-
struction is shown
diagrammatically in
Fig. 60. The base-
plate may be iron
or mild steel, in
which case it should
be protected, pre-
ferably with a suit-
able metal coating,
nickel-plating being
usual for this. On
the other hand, the
more  recent  ten-
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Her, 52 (left).—High-voltage rectifier, after Richards, with output

of 70 milliamps at 33
rectifier, condenser and transformer all housed

. cube with

kv., overall size about 3 .
in tank. Fig. 53

(above).—Selenium rectifier unit, output 14 volts, 200 amps.
mountéd 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

g:)%r;]t égitg{ll'?/t.ions, especially in | ge Sﬁaﬁ%worllﬁ axiﬂl é r%j

dency is to wuse aluminium,
may or may not be nickel
to the process
selenium coating.

Examination of one form of selenium

in which case it
coated, according
adopted for applying the

rectifier

photocell representing modern commercial pro-
duction in this country showed the following
primary features. The plates were about

1/32 in. in thickness and, rectangular in shape,
1 by 1¢-in. dimensions:- The base plate was
mild steel and the selenium had been applied
directly without an intermediate electroplate
layer. The front electrode was gold, visually
not apparent. The collecting ring of peripheral
spray metal was zinc. The reverse surface of
the back electrode was also protected from
rusting by means of a metal-sprayed coating of
zinc. The transparent surface of the gold front
electrode was protected by means of a thin layer
of a hard lacquer of nitro cellulose base.

For efficiency of output, that is, maximum
transformation of light energy into electrical
energy, several fundamentals must be given full
attention in practice. The same attention s
needed for maximum stability, minimum drift
and minimum ageing when not in use.

Surface perfection of base plate seems to be
the first factor of extreme practical importance.
The base plate should be perfectly flat and free
from all blemishes. A smooth and almost
polished surface is the ideal, providing adhesion
of the selenium is not mitigated by excessive
polish. Blemishes obviously mean lack of
uniformity in the selenium coating, which must
be the thinnest practicable in conformity with
complete freedom from porosity., pinholes or
Jack of continuity. Pits, dents and even
.scratches in the base plate are reproduced in

the selenium coating. They promote porosity
and discontinuities in the latter, through which
the front electrode will inevitably pass, either
during the process of its application or during
operation. Initial short-circuits, or potential
short-circuits, are thereby caused. The purity
of the selenium, or selenium mixture, must of
course be maintained at the predetermined
standard. Heat treatment to give optimum
structure must be rigidly controlled. Regarding
the front electrode, the application of a thin
transparent film of good adhesion in intimate
contact with the selenium surface evidently
entails a scientific operation to be designed and
controlled by experts; yet its operation can be
reduced to simple control with the capabilities
of an ordinary unskilled operator. The thick-
ness of gold must be sufficient to give continuity
and to carry the currents produced. Yet it
must not be thicker than this, otherwise unneces-
sary light absorption occurs, and the sensitivity
and efficiency of the cell suffers. Strict precau-
tions must be taken during its application to
avoid any short-circuiting to the base plate at
its peripheral edge, that is, masking must be

positive, accurate and effective. The same
remarks hold when applying the collecting
ring, with the additional warning not to con-
taminate the transparent gold surface. Over-

heating, too, must be avoided during its spraying,
otherwise the heat treatment of the selenium
may be partially offset. It is for this reason
that one of the lower-melting-point alloys, such
as already illustrated in dealing with selenium
rectifiers, is preferred to a metal such as zinc
which, as just indicated, is sometimes encoun-
tered in commercial cells. Finally, the lacquer-
ing is not a mere finishing operation, but a
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delicate instrument-assembly process. It must
be uniform and thin if the cell sensitivity is not
to be adversely affected. At the same time,
continuity must be provided and adhesion
assured.

If mild steel be used as the base metal, special
grades with respect to surface condition should

be used. Great care in packing, transport,
storage and handling is essential. Rusting
must be avoided at all costs; this is by

Series
Parallel
load,amperes

Fig. 54 (above).—\Voltage and current of_truck
starter for_intérnal combustion engine. Fig. 55
E)below).—Ponable charging equipment for car
atteries 2-24 volts in steps of 2 volts. FI%._ 56
(right),—Battery-charging equipment in water-tight
container: d.c. output 28 volts, 15amps. Flf?' 5?
(below, nght?.—Equlpment for charging or float-

ing a 20-cell lead battery : adjustable from 45
to 7 amps.
no means simple. Further, protection of the

reverse side of the cell, with retention of elec-
trical contact properties, is entailed. This
necessitates electroplating in the uncoated stage,
for example with a heavy coating of nickel, or
metal spraying in the finished condition. W ith
the latter care must be taken not to short-circuit
over the edges of the front electrode.

The use of aluminium, or of aluminium alloy,
greatly simplifies matters. These metals in sheet
or strip form are regularly produced with
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almost mirror-like finish; they are packed and
protected for transport to safeguard against
mechanical damage from grit or by scratching,
as well as for protection from atmospheric
corrosion. Deterioration is much less likely

than with steel and considerably more easy to
prevent. Further, better attention is given to
dimensional limits. The material may be used
bare or. if desired, it can quite readily be pro-
tected by electroplating, as with nickel.

The aluminium-base light alloys thus have
much to recommend them. Some of the patents
already referred to in the rectifier section also
appertain to photocells. Attention in particular
is called to B.P. No. 476,790 that covers the use
of light alloys of the aluminium series, as well
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as the vacuum evaporation method of applying
the selenium. B.P. Nos. 497,034, 532,221,
529,957 and 508,180 also appertain, and it will
have been noted that they refer to aluminium-
type base plates, vacuum treatments for them.

_Fitg. 58 (above).—Apparatus as in Fig. 57. showing

internal details. Fig. 59_gbelow).—Charg|n%0equ|F—

ment which can be switched ‘over from volts

48 amps, to 80 volts 24 akr)ncf)s. Designed for churging
two battcrics.

vacuum application of the selenium, and also
mention aluminium as the front electrode. Two
successive selenium coatings to eliminate weak
or porous spots are referred to in B.P. No.
482,239. U.S. patent No. 2,203,328, referring to
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selenium rectifiers and photocells, covers a mass
method of heat treatment. The discs, com-
prising metal base plates covered with the layer
of amorphous selgnium, are stacked with inter-
leaving discs of metal foil having a protective

Fig. 60 (above).—lllustrating construction of n
rectangle selenim 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 meltin

point cell spray, conducting rln%;_ E, transparen

Erotec_tlve acquer or varnish. Fig. 6l (below).—
howing electrical circuit as in 8 otocell above:
A photocell; B, back electrode; C. selenium film;
D, front electrode with collecting ring ; M, measur-

ing instrument in Series.

layer upon its surface to prevent damage to the
selenium by chemical action. Pressure is
applied, and heat treatment performed, with this
pressure imposed. The heat treatment is con-
tinued until the desired degree of crystallization
is secured. Thus the operations of perfecting
the surface condition and heat treatment are
combined in the one process. It is speculated,
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too, that the superficially protected foil
signifies anodically treated aluminium or light
alloy.

It is proposed, now, to present brie! abstracts
from some of the technical publications in order
to indicate the characteristics that are desired
or obtainable in rectifier photocells.

Preston’s paper reviews the knowledge on sele-

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

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

Fig. 64 (righq.—Efficier_ncy of selenium rectifier
photocells for obligue illumination.

nium photocells available at that time, gives
information from the examination of the con-
struction of commercially produced units,
describes methods developed at the National
Physical Laboratory for making such cells, and
gives the characteristics determined on the com-
mercial and laboratory product. The character-
istics are then discussed in relation to the
requirements essential for accurate photometry.

In introducing the subject, the author points
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out that in the selenium photocell energy from
the incident radiation is rendered available as

electrical energy in the circuit containing the
cell, no battery being necessary. Conversion
from radiant to electrical energy takes place

directly in the cell, but the efficiency of conver-
sion is quite low, being of the order of 0.5 per
cent, or less. The actual conversion efficiency for
any given cell naturally varies with the spectral
distribution of the incident light, but it also
varies with the electrical loading in circuit with
the cell and the value of the illumination inci-
dent upon the cell. The conversion of radiant
into electrical energy occurs at the boundary
surface of a conductor and a semi-conductor.
The conductor is usually a metal. Examples of
semi-conductors are selenium and copper oxide,
'file conversion causes at least an initial transfer

of electrons from the semi-conductor to the con-
ductor across the boundary surface.

In the absence of an externa] return path for
these electrons, the transfer produces changes in
potential which oppose further flow and, conse-
quently the net current across the boundary falls
almost instantaneously to zero. As a result, a
difference of potential then exists between the
conductor and the semi-conductor, and the
value of this P.D: is a function of the incident
illumination. If a return path is provided for
the electrons, as through the external circuit,
the transfer is maintained and the resulting cur-
rent is dependent upon the incident illumination
and the electrical resistance in the circuit. Pro-
vision is made in practice for the return path by
means of a second metallic electrode in contact
with the semi-conductor. The two metal elec-
trodes are connected electrically in series
through the external measuring instrument, as
shown diagrammatically in Fig. 61. It s
necessary to utilize the thinnest possible layer
of semi-conductor in order to maintain the inter-
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nal resistance of the cell to a minimum possible
value.

Preston states that these conditions are at
best satisfied by a form of cell comprising a thin
sandwich of semi-conductor between two metal
plates. The "upper " plate can be in the form
of a grid, the light penetrating through the holes
or interstices to fall on the semi-conductor. Or
it may be a translucent metal layer deposited
upon the semi-conductor, as by cathode sput-
tering or vacuum evaporation. It is possible for

Fig. 65 (above).—Selenium rectifier photocell:

frequency/current curves under intermittent

illumination of constant mean value of approx-

imately 1 . Fig. 66 (below).—Variation

and sensitivity of selenium rectifier photocells
along a diameter.

the photo-electric action to occur at the boun-
dary of the translucent electrode with the semi-
conductor, in which case they arc classified as
Vorderwand cell. If the semi-conductor is trans-
parent, the photo-electric action can occur at
the boundary of it with the back electrode; such
cells are classed as Ilinterwand type. |If a par-
ticular construction of cell falls in both cate-
gories, the net output of the cell is the difference
between the two opposing actions.

The selenium-rectitier photocell is of the vor-
derwand class,and the capacity of even the thin-
nest useful layers of selenium preclude any possi-
bility of light from reaching the back electrode.
The chief requirements for the front electrode
are properties of high electrical conductivity
and of low optical absorption. The highest
efficiency in practice is attained from the sput-
tered or vacuum-evaporated metal films, pro-
duced under controlled conditions to give the
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structure and thickness best suited to the
requirements defined.

Preston found little information to assist in

the production of good-quality selenium photo-
cells to be derived from published papers or
patent specifications, but obtained limited data
from commercial cells by a detailed examination
of them. He found most manufacturers at that
date used iron in some form for the back elec-
trode, and that it was usually roughened in order
to assure adhesion of the selenium. He assumed

0 10 o)
TEVFERATLRE °C

Fi Qbove) Temperature/ urrent

ch ractens ics_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

characterlstlc for cell No. 9 at illumination
50 M with external circuit resist-

ance of 1,000 ohms.  Fig. 69 (below).—

Temperature,'current  characteristic for

cell No. 9 at illumination of 400 M

and external circuit resistance negllglble
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the selenium to be applied in the molten or
plastic condition and then pressed or rolled to
the desired thickness, but refers to the Russian
work upon selenium evaporation in vacuo and
condensation upon the electrode surface. W ith
all methods, a heat treatment must follow in
order to convert the selenium into the appro-
priate sensitive state. This thermal treatment
causes a change in appearance from a glossy
black surface to one that is matt grey, the
actual appearance of the latter depending some-
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what upon the degree of chilling to which the
molten or plastic selenium is subjected in the
earlier stages. Shrinkage of the selenium occurs
in the final heat treatment, and care has to be
taken to avoid peeling of the selenium film, or
the formation of cracks or fissures. |If the latter
be present, continuity of the front electrode
cannot be assured, and there may be the possi-
bility of it passing through the apertures to
short-circuit upon the back electrode.
Regarding the deposition of thé front elec-
trode, Preston points out that, in addition to
the vacuum processes already mentioned, chemi-
cal deposition is feasible. He considers one of
the noble metals is probably necessary because
of the chemical reactivity of selenium, and that
*gold is frequently used, this one being distin-
guished by its distinctive colour. Contact to it
is made by a sprayed peripheral ring of metal
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TEVRERATLRE °C
Fig. 70 (abhove).—Temperature/current

characteristics for cell No. 9 at illumina-
tion of 400 M.C. and external cnrcunt
resistance of 1,000 ohms.

(belowg—Temperature/cur ent
characteristics for cell No. 6 at illumina-

tion of 400 M.C. and external circuit
resistance negligible.
105
103 / /

o B8 /7
/

20 30°C

near the edge of the cell, it not being obvious
whether this is applied before or after the front
electrode. However, in some cells, this sprayed
ring is dispensed with,and instead contact is made
by means of light copper fingers, but this type
is usually mounted in a protective casing pro-
vided with a glass window. The other type is
more general, and a protective coat of lacquer
or varnish safeguards it against handling.
Various sizes and shapes of cell are available,
the limitation being the resistance of the trans-
lucent metal front electrode. If this becomes
too great it can outweigh the advantages of the
larger light-collecting area. Finally, Preston
refers to the possibility of admixtures of related
elements to the selenium for the semi-conducting
layer, sulphur and tellurium being possible.
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Two methods of making selenium photocells
have been developed by the N.P.L. They differ,
first, in the keying of the selenium to the
iron disc and, secondly, in the final state of the
surface of the cell.

The first method was due to Barnard. He used
a clean steel disc only slightly roughened; on

72 (above).—Backwall rectifier photocell:
AR ring electrodes B, semi-conductor (cu&)

rous, oxide); C, metal disc (copper)
barrier plan’ Arrow shows' direction of
electron flow.
c” [ P — .. rp
"B -
/
A HL U

Ag 73 (above).—Frontwall rectifier photocell:
ring electrodes; B, semi-conductor (cup-
rous oxide); C, metal disc (oppe%
barrier plane’; E. metal film gold or platinum.
Arrow shows'direction of electron flow. Fig.
74 (below). —Spectral sensmwgl selenium
rectlfler p otocell Frcwen and Berdnikov

this is spread the selenium mixture consisting
of 90 per cent, selenium, 10 per cent, sulphur in
a molten condition. To facilitate the spreading
operation, the steel disc, used as a base plate,
is held in a recess of suitable depth in a brass
plate maintained at the necessary temperature.
At the completion of the coating and when there
is sufficient of the selenium compound to fill the
recess, the surface is rolled over with a cold
steel roller. The coated disc is then cooled
rapidly for the selenium compound to solidify.
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The next operation is heat treating to anneal
the selenium, a period of three hours at 165
degrees C. being used. The presence of sulphur
in the mixture prevents the latter peeling from
the steel plate during the heat-treatment opera-
tion. The front electrode is next applied. Gold
or platinum is used, and the method employed
is cathode sputtering. A deposition period of

IUUMINATION-LUX

75 (above).—Relationship between
ou put and illumination for Freivert and
Ber n| kov selenium rectifier photocell.

6 (below).—Temperature coefficient

of the relvert and erdmkov selenlum
rectifier photocell. Fi Og —Tem-
erature coefficient the re|vert and

erdnikov selenium rectifier photocell.

about three minutes with a current density in
the discharge ui about 10-4 amperes per square
cm. is emplQyed. The peripheral edge of the
disc is protected by means of an aluminium ring.

The second method, due to Preston, uses clean
steel as the base plate, roughened by treatment
in hot dilute sulphuric acid. After this it is
very thoroughly washed and heated nearly to
red heat in order to drive off all traces of grease
or moisture. The disc is maintained at an appro-
priate temperature and sufficient pure selenium
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applied to give a thin uniform coating. A clean
glass plate (such as a lantern-slide cover-glass),
preheated on a hot plate at the same tempera-
ture as the disc, is carefully lowered on to the
selenium surface until it contacts the whole sur-
face, care, of course, being taken to ensure that
no air bubbles are included. Slight pressure is
applied to expel excess selenium. The disc, with
the glass plate adhering, is chilled by placiitg on
a cold metal block, disc side down. W hen
thoroughly cold the disc is annealed for A-i
hour at 200 degrees C. The glass plate is then

split away from the selenium, which it leaves
with a smooth specular surface. A ring of
fusible alloy is next applied, and then wire

leads are attached to this and to the back of
the steel disc. The front electrode of platinum
is then applied by vacuum cathode sputtering,
and with the leads of the cell connected through
an indicating instrument outside the vacuum
enclosure. This enables the optimum thickness
of front electrode to be applied. Finally, the
cell is dipped in varnish or lacquer and dried.
.Matt variety is preferred for maximum response
to oblique illumination.

Cells made by these processes have

pared with commercial cells, and it is not
claimed that they necessarily have a high
standard of performance. Preston considered

that the state of preparation of the selenium
surface before application of the front electrode
is a very important factor influencing the per-
formance of the finished cell. Also, the condi-
tions of deposition of the front electrode, for
example, with reference to the presence of gas,
are likewise very important.

In the summary of photometric requirements
and properties a comparison is made between
the cells made by the N.P.L. methods and com-
mercial cells. They were all circular, and dia-
meters referred to relate to the sensitive area
and not to the overall size. 111 the tabulated
and graphical data the various cells are referred
to by numerals, thus:—

Cell No. 1—N.P.L. manufacture,
selenium, specular surface,
tered upper electrode, coated glossy Frigi-
lene lacquer, diam. 42 mm.

Cell No. 2—N.P.L. manufacture as No. 1,
except final lacquer, which was Ercalene
matt, diam. 42 mm.

pure
platinum-sput-
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Cell No. 3.—N.P.L. manufacture, selenium
sulphur, matt surface, platinum-sputtered
upper electrode, coated Frigilene lacquer,
which dried somewhat matt on the matt cell
surface, diam. 38 mm.

Cell No. 4—N.P.L. manufacture, pure
selenium, specular surface, silver-evaporated

1
CUHKENT

~~

TIME PERIOD-MONTKS

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, hy?othetlcal
barrier layer; 1, sputtered gold front electrode.

7 rixto} - MOHS

upper electrode, coated best paper varnish
(turpentine), diam. 42 mm.

Cell No. 3.—N.P.L. manufacture as No. 4,
diam. 42 mm.

Cell No. 6.—Weston Photronic cell in
N.P.L. mounting nearly flush with no glass
window, diam. 35 mm.

Cell No. 7.—Weston Photronic cell in
standard mounting with glass window, diam.
40 mm.
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Cell No. S.~'Electrocell, Feb. 20, 1935,
diam. 37 mm.
Cell No. 9.--Electrocell, March 8, 1935,
diam. 37 mm.
Cell No. jo.—Electrocell, May 24, 1935,
Specially roughened surface, diam. 37 mm.
Cell No. 1l.—Infram cell supplied 1935,
dated March 27, 1934, wused in N.P.L.

mounting, diam. 35 mm.
Cell No. 12—S.A.F. cell (Large), diam. 57

mm.
Cell No. 13.—Tungsram cell S.41, No.
839. In standard mount, diam. 35 mm.

In this list, where no mounting is mentioned,
the cell was used in the unmounted state with
electrical connections made by means of small
metal clips. The properties considered were as
follow:—

(a) Sensitivity to white light.—This
considered of primary importance with respect
to photometric accuracy, but the sensitivity of
a cell to white.light is a measure of the torque
available in the measuring instrument and an
indication of the type of instrument that should
be used. Tests were made at an illumination
value of 50 metre-candles (m.c.), using a tung-

ulJ

sten light-source of colour temperature approxi-
mately 2,360 degrees K. Circuit resistance was
negligible, and the current output of the various

cells and the corresponding figure in micro-
amps. per lumen are given in Table 7. It is
noted that they fall in two groups, the first

including Nos. 1 and 2 and Nos. 8 to 13, among
which there is considerable uniformity, and the
second comprising Nos. 3 to 7, inclusive.

(b) Drift.—The term " drift " denotes change
in the output of the cell at constant illumination
during the period immediately subsequent to
exposure to light, and the cell having been kept
in total darkness for some time previous to
exposure. Results are shown in Fig. 62. The
curves demonstrate the cell output at a given
time after the instant of exposure as a per-
centage of the final value. Curves for two
values of illumination, 1,000 and 400 m.c.
respectively, are included. For the tests the
external circuit was kept closed, and its resist-
ance in all cases was less than 10 ohms. In all
cases the photocell was kept in the dark for at
least 24 hours before testing. Usually, the rate
of recovery in the dark is slower than the drift
that takes place upon exposure. Tests were
also made using filters to absorb the infra-red
rays in order to determine whether the drift was
due to thé infra-red radiation or to heating
effect. Results were negative in both cases.
Tests were also made to determine if drift were
associated with current passing through the cell,
again with negative results.

(c) Load characteristics.—The load character-
istic is the curve showing the effect of intro-
ducing external resistance into the circuit
containing the cell, while illumination is main-
tained constant. It is not of direct interest in
photometry except in so far as it indicates the

is not
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effect of circuit resistance on the shape of Of selective sources or those giving line
the illumination characteristic. Table 8 gives the ~ SPectra. ~ The colour characteristics for tung-
results, the figure given being the ratio of the  Sten light sources are shown in Fig. 63. In

current flowing when the external resistance is
500 ohms, to that when it was negligibly small.
The illumination was maintained at 1,000 m.c.

Cells giving the highest ratio are usually found
to be the most satisfactory' in other respects,
such as smallness of temperature coefficient and
linearity of response. The superiority of all the
manufactured cellsoverthe laboratory product is
significant.

(tl) Current illumination
Current illumination

characteristics.—
characteristics of a cell
are usually expressed graphically, but such
curves do not clearly show deviations from
linearity of characteristic. Preston, therefore,
gives detailed figures in Table 9. This gives the
ratio of sensitivities of the cell at two arbitrarily
chosen illumination values of 1,000 and 400 m.c.
The R 10 gives this ratio for an external circuit
resistance of 10 ohms, and the column R
calculated from:—

(Current output at 1,000 m.c.) (400).
(Current output at 400 m.c.) (1,000).

For comparison of two unequal illuminations
of identical spectral quality, the cell output
should be proportional to the illumination to a
sufficient degree of accuracy over the desired
range. The smaller the range, the less stringent
this requirement. The results given show the
higher the illumination value, or the higher the
circuit resistance, the greater is the deviation
of the cell characteristics from the straight line.
The best conditions, therefore, result when illu-
mination values do not vary too widely, when

1oy

they are not excessively high and when the
resistance in circuit with the photocell is as
small as possible.

(e) Colour sensitivity.—This is considered

under two sections, namely, tungsten lamps at
different colour temperatures and a comparison

this the sensitivity for a colour of 2,320 degrees
K. was taken with roo as the reference. It was
observed in many cases that the curves continue

Fig. 81 (left).—Apparatus for
application” of selenium by
evaporation according to
Moldaver: 1 gloss bel
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 stand upon which
selenium container rests; 5.
steel bearing for handle (4).

Fig. 82 (below).—Ageing of
sé enium( rect‘#?er photlo ells.

to flatten out at higher colour*temperatures, so
that from about 2,700 degrees K. to 3,000 degrees
K. the sensitivity' remains almost constant.
Results were also obtained on a number of cells
for comparative sensitivities for colour tempera-
tures 2,300 degrees K. and 3,000 degrees K.
Results are given in Table 4. Information is
given under this section for suitable colour cor-
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rection, using a liquid filter containing cupric
chloride and potassium dichromate.

In the case of selective and line spectrum
sources it was found that different cells differ
markedly in their relative sensitivity; a differ-
ence not only existing in the behaviour of cells
of different types, but cells of the same type
show marked dissimilarity. This rather sug-
gests that experience with the technique of
making photocells is of primary importance if a
uniform and consistent product is to be
obtained. The colour sensitivity of the selenium
cell is by no means identical with that of the
eye. The type of sensitivity curve shows a
maximum in the yellow-green region and
diminishing values toward the two ends of the
visible spectrum. No two cells of one type can
be assumed to be alike.

(I) The Cosine Law.—When considering
oblique illumination, the effective sensitive sur-
face of the cell should obey the cosine law.

EMJ

1 \

a

/ . URRENE\ 6
\ CURRENT

E.MJ.

TTIME PERIOD—DAIS

Fig. 83.—Ageing of selenium rectifier photocells;
heavy gold front electrode.

According to this, exposure successively to light
incident at various angles, the illumination E
being adjusted in each case to bring the cell out-
put to a constant pre-arranged value, the value
of E should be related to the angles of incidence
by the equation:—

E* - e

cosfl *

In this equation E# is the value for normal inci-
dence and 8 is the angle of incidence. In
practice it is found that for a simple cell with
no correcting device the value of E found
to be necessary for an angle of incidence of 8
is always greater than shown by the equation.
Fig. 64 for various cells shows comparative
efficiency for light incident at various angles.
The lack of efficiency at oblique angles is partly
due, of course, to the increase in proportion of
the light which is reflected at the surface of the
cell by the glass window or protective varnish
coating. Curve (a) is, therefore, included for
comparison to show the percentage of incident
light which will enter a single polished surface
at each angle of incidence as compared with
that which will enter at normal incidence (cal-
culated for a refractive index of 1.55). The
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identity of this curve with that for ced No. 1
is interesting. This particular cell had a highly
specular surface on the selenium and was coated
with a glossy cellulose lacquer of refractive
index near 155. The efficiency of this cell,
therefore, was almost independent of the angle
of incidence.

(9) Applicability 0/ Talbot's Law.—Talbot's
law, as applied to photocells, states that the
current output of a photocell when exposed to
an intermittent illumination is equal to the
output obtained when the cell is exposed to a
steady illumination of the same mean value,
and the same energy distribution.

Preston states that the vacuum-tvpe emission
cells almost universally obey this law, but that
rectifier cells do not appear always to do so.
The NPL-produced cells consistently showed a

rise in output with rise in the frequency of
intermission of the illumination, the mean
value of the latter being constant. The output

appeared to approach a steady value for high
frequencies, but in general the limiting value
was not reached at a frequency of 300 per sec.
On the other hand, the commercial cells. Nos. 7,
9, 11, 12 and 13, did not show any such varia-
tion in output. Fig. 65 shows the results on
the NPL cells, giving frequency/current curves
for the selenium rectifier ceils when under
intermittent illumination of a constant mean
value 100 metre-candles. Values using ordinary
sector discs of i and 1 transmission are given
over the range of frequency of o to 300 cycles/
sec. The increase in output is of the order of
20 per cent, and 7 per cent, for the two discs.
In testing the commercial photocells, sector
discs of transmission j, I. 5 1, 1 and 1 were
used. Cells 7, 11 and 13 were found to conform
to Talbot's law within 0.5 per cent., which is
the margin of experimental error. Cell No. 9
showed slight deviation, which was greatest for
discs, of lowest transmission. Thus for the |
sector, the deviation was per cent, deficiency
in output for the intermittent as compared with

steady illumination. Similarly, cell No. 12
showed 31 per cent, deviation for the 1 sector
disc. The tests were made at a mean illumina-

tion of 100 m.c. This means a steady illumina-
tion of 100 m.c. or an illumination of 400 m.c.
interrupted by a i sector disc, etc., etc.

When using sector discs of this type the
intensity of illumination on the photocell
during the period of illumination is higher than
the corresponding steady illumination of the
same mean value. Consequently the cell will
not be operating at the same point on the
current/illumination characteristic as for this

corresponding steady illumination value. It
may, therefore, be expected that a deviation
from linearity of the current/illumination char-

acteristic will be associated with a deviation
from Talbot's law, an expectation confirmed by
the results found 041 cells Nos. 9 and 12. Both
showed appreciable deviation frgm the linear
current/illumination characteristic, cell No. 12
being the worse. Both show a departure from
Talbot’s law, again No. 12 being the worse.
Further, the departure is in the direction
expected, that of lower effective sensitivity for
sector discs of low transmission.

The practical use of sector discs and the
application of Talbot’s law is only required
when it is necessary to measure unusually high
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illumination outside the range of the instrument.
The tests results indicate that the procedure is
sound provided that the cell in question has
approximately linear current/illumination. The
indications, too, are that when the latter
quality is not linear, then the error that results
is of the same order as that experienced when
using a steady illumination of the same value
without employing sector discs.

(h)
of the Cell—When
photocell is used,

the whole surface of a
lack of uniformity of sensi-
tivity may not be of undue importance. If a
restricted area or only a point be utilized,
uniformity becomes of first-rate importance.
This is even more critical if the local area or
point is not definitely fixed, as may quite con-
ceivably be the case. The use of photocells in
spectrophotometry illustrates this point; in this
sphere they form an integral unit of densi-
meters, used for measuring the intensities of
spectral lines on the photographic negative.
Measurement of flux in the beam of light trans-

mitted through optical systems is another
example.

Typical results from Preston's tests are
shown in Fig. 66. The test procedure was as

follows:—The cell was mounted on a traversing
system whereby it coukl be moved through
measured distances in its own plane behind a
screen having a circular aperture of 5 mm.
diameter. A constant illumination of i.,000 m.c.
was maintained on the latter. The cell was
moved in increments so as to traverse the spot
of light across a diameter on the sensitive area.
Results were expressed by taking the cell
output in each position as a percentage of the
highest value obtained in the traverse for that
particular cell. From the curves it will be
seen that one laboratory cell was exceedingly
poor in this respect, particularly over its central
area. On the other hand, commercial cells
Nos. 9 and 13 showed up very well indeed on
the tests.

(J) Temperature Coefficient—A sound know-
ledge of temperature characteristics of a photo-
cell is obviously important in most applications.
It is particularly essential when using an
instrument for quantitative measurements over
a period of time, or from time to time. How-
ever, any study of temperature/output rela-
tionship must be extremely accurate, otherwise
it can be very misleading. Preston points out
the difficulties in making a practical assessment
of this quality. He found that the cell must
be mounted in an open ring mounting so that
circulation of air to both back and front of the

cell itself can be ensured. |If this is not so,
accurate temperature control of the cell is
impossible. The cell temperature can then be

determined by soldering a thermocouple to the
back of the cell; fusible alloy is used for the
soldering in order to avoid damage by over-
heating. In the case of cells mounted in boxes,
the light source must be outside the box so as
to avoid its variable heating effect, and screens

must be freely used to avoid illuminating
anything other than the cell itself. This is
necessary in case temperature changes or con-

densation of moisture alters the reflectivity of
the surfaces inside the enclosure, precautions
which are not obvious- at first sight, and which
may not occur to the unwary.

Uniformity of Sensitivity over the Surface
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Precautions respecting the conditions of use
of the cell are also important. Considerations
of drift render it essential to expose the cell to
the test illumination for some hours before
commencing the test measurements. The
circuit for measuring the cell output should be
kept unbroken throughout.

Preston discusses his results from curves in
which circuit output is plotted against tempera-
ture. Readings were taken over a complete
temperature cycle, the arrows in the drawings
showing the direction of the cycle. The
illumination and circuit resistance are stated in
the diagrams.

Figs. 67, 68, 69 and 70 relates to cell No. 9.
The following deductions can be made:—The

introduction of resistance in the external
circuit reduces the temperature coefficient
algebraically; the higher the illumination, the
greater is the reduction. At an illumination
value of 400 m.c. the coefficient is about
+0.1 per cent, per degree C.- on a circuit of
negligible resistance. It drops to -0.15 per
cent, per degree C. 011 a 1,000 ohm. circuit.
At an illumination value of 50 m.c. it is

+0.15 per cent, per degree C. on low resistance,
and about +0.08 per cent, per degree C. for a

1,000 ohm. circuit.
It appears, therefore, that there is an
optimum circuit resistance to give zero tem-

perature coefficient for any one given illumina-
tion value.

Preston says that the curves also show the
presence of temperature hysteresis of some

kind. Fig. 71 is for cell No. 6 with an illumina-
tion of 400 m.c. with negligible circuit resist-
ance. It shows marked hysteresis and demon-

strates the necessity for traversing the full tem-
perature cycle when making tests. The
hysteresis was much less marked when the
circuit was 1,000 ohms. After studies to deter-
mine if the effect was caused by spurious
thermoelectric efTects external to the cell,
Preston came to the conclusion that it definitely
was not, and that undoubtedly temperature
hysteresis is a characteristic of all selenium
photocells.

Preston emphasizes that the results given
must not be regarded as representative of par-
ticular makes of cell. Considerable variation is
found from cell to cell, and a figure for tempera-
ture coefficient can only be given as roughly
from 0.1 to 0.2 per cent, per degree C. for the
better grades of cell when on short circuit.

From the entire research, Preston drew the
following conclusions in relation to the product
at that date:—The uniformity of characteristics
of different cells of one type leaves a good deal
to be desired. A small percentage proves
unsatisfactory for accurate photometric pur-
poses on account of large drift, high tempera-
ture coefficient, unstable output, and change of
sensitivity with age. Selection from a batch
is thus desirable for precision measurements,
this being determined by the degree of accuracy
required and generally by drift and linearity of
response, but in particular cases by uniformity
of sensitivity over the surface, temperature
coefficient, or by the conditions of usage. Cells
can be selected that satisfy requirements, but
average quality is sufficiently distant from the
ideal to render precautions necessary. Care
must be taken to avoid misleading or valueless
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The first airship builtfor the Navy, launched
at Barrozv-hi-Furness, May 22nd, jgil

WHEN WE WERE YOUNG

Nineteen hundred and eleven saw also the launching of Cellon; but that
was not a matter of public interest. Yet though it could not be seen at the
time, it was a matter of national interest, for Cellon is playing no small part
in the country’s war effort. The industrial progress of the past thirty-two

years is reflected accurately in the development of Cellon.

CELLON LTD., KINGSTON-ON-THAMES. TEL.: KINGSTON 1234 (5 lines).

CELLON "+ -

CERRIC CERRUX

CELLON



xxvi Advts. LICHT METALS September, 1944

C ARRY on shaving, dear lad, and don’t cut yourself. We 're only pointing out to
these gentlemen that your razor is a die casting, or more correctly, it is three

die castings. The curve of the bladeholder, the positioning of the prongs, the decoration

of the handle, all of these were settled once and for all in the original die. Then out

came the razors in thousands and tens of thousands, all complete, all alike—a razor about

every two seconds. In case we are embarrassing the young man, take a look round the

bathroom, gentlemen, and try to count the die castings. Taps, window fittings, plugs,

handles, towel-holder—all die cast. Surprised ? You might give yourself another

surprise if you spent half-an-hour in your own machine-

shop. Die casting can save uncountable man - hours

spent in turning, grinding, milling, and the rest of it.

If you like we 1 come and have a look round with you

to point out what could be saved in time and money.1l

British Die Casting Co., Ltd., Pembroke Works, Pembroke Rd., London, N.ro. 'Phone: Tudor 259416

C.RC.I
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results; colour correction may be necessary.
Nevertheless, the selenium rectifier photocell
has proved its worth and indispensability in

commercial practice, and much progress in its
manufacture has been achieved since that date.

It is not proposed to make detailed abstracts
from the paper by MacGregor-Morris and
Billington, which deals with the characteristics
and response to intermittent illumination; a few
pertinent facts from the introduction, conclusion

and discussion will, however, be recorded. A
reference to the copper-oxide rectifier will be
included, although it is out of place in this
section.

The authors refer to the Lange cell,announced
first in 1930, with a claim that it gave relatively
large currents when exposed to the visible parts
of the spectrum. This Lange cell consists of a
copper anode and a light sensitive cathode of
cuprous oxide. They are made by heating a
strip of copper electrically for 20 hours in an
atmosphere of oxygen at a temperature of about
1,040 C. The copper becomes coated with a
film of cuprous oxide, and this in turn by a
layer of cupric oxide. The latter is removed by
means of aqua regia, leaving a thin layer of
cuprous oxide. The ohmic resistance of the

duplex combination in the direction from
cuprous oxide to copper is several thousand
times as great as that in the direction from
copper to cuprous oxide. This unilateral
characteristic is stated to be localized in the
surface of separation between the semi-
conductor (cuprous oxide) and the metal.
Lange refers to the interlayer as the

“ sperrshicht,” now commonly termed blocking
layer or barrier layer, and it plays an important
part in the functioning of this cuprous-oxide/

copper photocell, and likewise in all rectifier
photocells.

The authors state that the cuprous-oxide/
copper cell functions as a rectifier because,

under the influence of an electric field, electrons
pass more readily from the copper to the
cuprous oxide than they do in the reverse
direction. But when exposed to light radiations,
electrons tend to pass from the oxide to the
copper. In short, they assert that when acting
as a rectifier, the cuprous oxide is positive and
the copper is negative, but when serving as a
rectifier photocell, the reverse is the case; this
direction of current flow holds good for all
rectifier photocells.

When the oxide surface is exposed to light,
the photoelectric action takes place at the sur-
face of separation of the cuprous oxide and the
copper disc, and the direction of electron flow
is from the oxide to the copper, i.e., in the
same direction as that of the incident light.
The cell belongs to the " back wall " type, or
Hinterwand class, because the incident light has

to penetrate the semi-conductor to reach the
active boundary which is formed on the
" back " of the cuprous oxide. This is illus-

trated in Fig. 72.

The cuprous oxide may be coated by cathodic
sputtering (or by vacuum evaporation) with a
metallic conducting film, this wusually being
gold or platinum. This metal layer is
designedly very thin, almost transparent,
because the incident light has to penetrate this
to reach the cuprous oxide. The boundary
layer now exists between the sputtered metal
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layer and the cuprous oxide. The photo-
electric action thus occurs at the front face of

the cuprous oxide, anil the cell is said to be
of the " front wall ” or Vorderwand type. The
electron flow still occurs in the direction

from semi-conductor to metal that is in a direc-
tion opposite to that of the incident light. This
is shown in Fig. 73.

The development of the selenium photocell
followed and MacGregor-Morris and Billington
refer to two types, distinguished by their
internal resistance values. They are similar in
construction and characteristics, one having a
very much higher internal resistance than the
other. The authors say that essentially they
consist of a thin film of grey metallic selenium
deposited evenly over the surface of an iron
disc. Two electrodes in the form of copper
rings are provided, pressing upon the iron disc
and the selenium film respectively. The unit
is mounted in a phenolic-resin case fitted with
a glass window, the whole being evacuated and
sealed for preservation against the atmosphere.

MacGregor-Morris and Billington investigated
no-load and load characteristics, internal
resistance, temperature effect, the Campbell-
Freeth compensation circuit and the effect of

applied external voltage. In their researches,
they used the Weston " Photronic ” cells, and
the Everett Edgcuinbe " Autophotic ” cells,

these having respectively 2.07 and 1.62 sq. ins.
sensitive surface area. Briefly, their conclusions
were as follow:—

(a) Current is an essentially more funda-
mental property of the rectifier photocell
than the E.M.F.

(b) Total current generated (external and
internal leakage) is strictly proportional to
the illumination.

(c) Current in the external circuit is only
proportional to the illumination provided
that the external resistance is small com-
pared with the internal resistance.

(d) This dependency for linear response
upon the value of the external resistance
can be compensated for.

(e) For the cells tested, the current out-
put was of the order of 1 to 3 microamperes
per foot candle.

(f) Current
temperature.

(g) Internal resistance of the cell is the
only property affected by temperature.

(h) Reduced sensitivity with increasing
temperature is due to change in internal

generated is unaffected by

resistance and not to a reduction in the
current generated.
(i) Response to intermittent illumination

is poor because the output is reduced with
frequency and the decay curve is delayed.
They suggest at that stage of development,
that the rectifier photocell was inapplicable to
sound-recording and television, due to reduction
of output with increase in frequency, and to
distortion of wave-form, but that it was suitable
for photometric measurements. Extensive
applications were being found in this last field,
because of ease and simplicity in making
measurements, and fair accuracy is possible if
the resistance of the measuring circuit employed
be kept low and constant, and if the necessary
temperature correction be made. For precision
photometry and intermittent sources of illumi-
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nation, further development is required. The
great advantage of selenium rectifier photocells
is the absence of auxiliary apparatus such as a
battery.

Finally, with regard to nomenclature,
MacGregor Morris and Billington use the expres-
sion " photo-electric cells ” as a generic term
applying to all devices in which light controls
electrical energy and make the following sub-
division:—

(a) Photo-emissive cells to include
vacuum and gas-filled types of Elster and
Geitel classes; these are sometimes referred
to as the ” alkali cells.”

(b) I’hoto-conductive cells to embrace
cells dependent upon the change in resis-
tivity of selenium when illuminated.

(c) Rectifier types of photocell to cover
all those dependent upon a semi-conductor
in intimate contact with a metal.

The two U.S.S.R. contributions referred to are
of approximately the same date, but they differ
with respect to the recommended method of
applying the selenium coating to the base metal.
Freivert and Berdnikov apply liquid selenium
and press with a glass plate, whereas Moldaver
describes the merits of evaporation and stresses
the use of an aluminium base plate.

Dealing first with the work of Freivert and
Berdnikov, these authors refer to the work at a
large number of Russian centres on selenium
photocells and, to contrast with their own
methods, summarize the existing general proce-
dure for producing such cells as under:—

(@) The application of a thin layer of
selenium to a metal plate by sublimation of
the selenium in a high vacuum.

(b) The heat treatment of this selenium
coating by heating at 200 degrees C. to
2x0 degrees C. for several hours.

(c) The application of a semi-transparent
front electrode over the selenium layer by
cathode sputtering of the metal in vacuum.

They claim to produce selenium photocells of
superior sensitivity by their method, which they
also state is simpler for production practice..

Their base plate can be aluminium, iron or
glass, metallized by a layer of metal such as
gold. The surface of the base plate is brought
to a high condition of smoothness by finishing
with fine abrasive. A pool of molten selenium
is placed 011 the plate and is uniformly and
evenly spread by means of a glass plate. The
amount of selenium taken and the pressure
applied to the glass plate control the thickness
of selenium layer. The sandwich consisting of
metal-base-plate/selenium /glass-cover-plate is
heat treated at 200-210 degrees C .forseveral hours.
The glass is then removed, coming away quite
easily and leaving the selenium with a bright
mirror-like appearance, and having perfect
smoothness. The front electrode is applied by
cathode sputtering in the usual way. For this
they use gold, sputtering with air as the residual
gas, pressure about 0.10 1N of mercury,
achieving this vacuum with an oil pump. For
units having a surface area of 10 sq. cms., they

claimed higher sensitivity than with the
vacuum-evaporated types, the values being of
the order of 400 to 50 microamps/lumen. In

other respects, there was close resemblance of
properties. Spectral sensitivity is shown by the
typical curve in Fig. 74. In this, the photo-
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electrical energy in empirical current units is
plotted against wavelength in millimicroms. The
relationship between the photo-electric current
011 closed circuit with an external resistance of
0.63 ohms, and the illumination intensity in
luxes is shown in Fig. 75; the corresponding
photo-electric potential 011 open circuit is illus-
trated in the same drawing. The authors state
that the curves in Fig. 75 closely follow those
for selenium photocells made by the evaporation

process, but that sensitivity shown in Fig. 74
is superior.
Temperature coefficient was also examined.

Values on one cell were as follow when illu-
minated with an intensity of 20 lux:—On closed
circuit, the change in photo-electric current was
+ 0.22 per cent, per degree for the range of 5.5
degrees C. to 32 degrees C. External resistance
was 6.3 ohms. On open circuit, the change in
potential was - 135 per cent, per degree for
this temperature range. These results are shown
in detail in Fig. 76.

mValues 011 another cell for a temperature
range of 6 to 47 degrees C. showed a tem-
perature coefficient of nil for the short circuit
current and of - 00.67 Per cent, per degree for
the open circuit E.M.F. This is illustrated for
the full range in Fig. 77.

For maintaining sensitivity, Freivert and
Berdnikov found it necessary to coat the sensi-
tive surfaces with a thin layer of clear varnish.
They found polyvinyl-acetate solutions and
benzyl-cellulose lacquer suitable media. The
effect of this varnishing was found to decrease
the open circuit potential several fold, and to
increase the closed circuit current from 15 to 20
per cent. These effects are explained by the
decrease in the quantity of light reflected from
the surface, i.e., greater absorption when
varnished.

By taking measurements using a Taylor’s
sphere, the reflection before and after varnishing
was 40 per cent, and 27 per cent, respectively.
The reciprocal of the ratio of the corresponding
absorptions (60percent, and 73 per cent.) is 1.22,
which closely agrees with the ratio of r.2 that
they found for the photo-electric currents with
and without the varnish coating. The decrease
in the open circuit potential after varnishing,
and its gradual recovery' over a period of time,
is explained by a penetration of the semi-trans-
parent gold layer by the liquid varnish, this
decreasing its resistance. Recovery occurs in
time due to the drying-out of solvents.

Regarding stability, the authors give two sets
of curves for closed circuit current and open cir-
cuit potential measured at intervals over a
period of time. The cells upon which data were
recorded were not varnished. It will be seen
that current remains approximately constant and
that potential increases, rapidly at first, tending

to become constant after a time. The same
phenomena are observed with varnish-coated
cells. The curves are reproduced in Figs. 78

and 79.

Freivert and Berdnikov explain the improved
sensitivity that they obtain as based upon the
mirror-like nature of the surface and consequent
lower inherent resistance of the gold front elec-
trode. They give the short-circuit current of the
photocell as follows:—
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where A is a constant. E the illumination inten-
sity, K the resistance of the barrier layer, 1?2
the resistance of the selenium film and K, that
of the gold electrode. They substantiate their
hypothesis by taking glass plates (area 20 mm.
by 10 mm.) and coating with selenium, one by
each method. After heat treatment, gold elec-
trodes were fixed to the ends, and the resistance
of the selenium layers measured. In each case
it was greater than ioa ohms. They were then
gold sputtered side by side, and the resistance

of the gold layer determined. On the smooth
surface of the selenium produced by their
method, the resistance was 54 ohms, whereas

on the more rough surface from the evaporation
process it was 3,350 ohms. They considered the
point established, and, even if not the full
explanation, there is undoubtedly very much
in the point.

Finally, the authors state that the same pro-
cedure can be employed when using selenium
mixtures, such as those containing sulphur,
tellurium or certain metals, for instance, alu-
minium. These mixtures are utilized to vary
spectral sensitivity and to improve sensitivity
generally. As an example, photocells made from
selenium containing 2 per cent, of aluminium
are mentioned.

Moldaver's paper is concerned with the com-
mercial production of photocells, it being stated
that at that time 20,000 cells had been made by
the process described. The paper also contains
investigational results of a study into changes
in closed circuit current and open circuit poten-
tial which occur with time. All the rectifier
photocells concerned have an aluminium base
plate.

Moldaver considers that many of the troubles
encountered in the manufacture of photocells
are due to insufficient understanding of the
essential semi-conductor material, selenium.
Like sulphur, it has many allotropes, and these
are probably more numerous and less well under-
stood than those of sulphur. Normally, the sele-
nium as applied to the metal base plate is in the
amorphous, glass-like form of the vitreous allo-
trope. After heat treatment it exists as the
metallic allotrope. Moldaver’s laboratory' experi-
ments showed that the condition of the selenium
could be profoundly influenced by the condi-
tions of application if vacuum evaporation were
employed. This statement holds good even for
layers of selenium of identical thickness and the
same visual appearance, after-operations, of
course, being kept constant. Thus entirely dif-
ferent photo-electric effects were produced. The
evaporation conditions that could be varied to
produce these results included degree of vacuum,
rate of evaporation and the temperature of the
base plate upon which condensed. Moldaver
was unable to explain these phenomena, finding
them very obscure; nor could he explain the dif-
ference in behaviour between photocells pro-
duced by the evaporation process and those made
by the molten selenium method. He assumes
them due to isomeric and polymeric differences
in the selenium, due to variations in temperature
and other conditions obtaining during the coat-
ing operation. He reminds readers that the
same peculiarities occur with sulphur. Thus
flowers of sulphur and rock sulphur are both
rhombic allotrope, yet have different physical
properties, e.g., solubility in carbon disulphide.

LIGHT METALS

457

This is due to polymeric condition, the quickly
condensed flowers not having had time to poly-
merize to the eight atomed modification.

Moldaver gives the sectional view in Fig. So
for the diagrammatical representation of the
(Item 2). Item 6 is in effect a table in the
aluminium base plate, Item 3 the selenium film,
Item 2 the barrier layer and Item 1 the trans-
parent gold electrode. Of various ways of
applying the selenium,viz., pressing in the liquid
condition, cathode sputtering, electro-deposition
and vacuum evaporation, he chose the latter
for large-scale production purposes because it
gave most consistent results.

Regarding the process of applying selenium
by evaporation, the  vacuum equipment
employed by Moldaver is shown iq F"ig. Si. It

is simple in design and follows the usual lines
for apparatus employed in metal evaporation.
It consists of a glass bell-shaped jar (ltem 1)
that fits closely on to a heavy steel base plate
(Item 2). Item 6 is in effect a table in the
form of a hollow disc through which cooling
or warming water can be passed. The discs
to be selenium-coated are shown in positions 8,
there being eight such holders positioned con-
centrically around the disc. The temperature
of the base plates can thus be controlled by
the water-cooling or water-wanning system
closely to a desired value. The small container
for the selenium (ltem 3) is held, on a stand
by means of which it can be rotated from the
external handle (ltem 4) which passes through
the steel bearing (5).

Actually, the crucible of selenium is heated
electrically through a winding of 2 to 40 ohms,,
using a current of 4 to 6 amps. The crucible
may be of silica, although iron can be used
because any slight reaction products formed by
heating with the selenium are non-volatile. In
practice, vacuum is reduced to the order of
0.5 mm. of mercury, and then thev current is
passed around the container of selenium. After
a period of 10 to 15 mins. the base plate above
the crucible is bright with condensed selenium.
The crucible is then moved forward one posi-
tion to the next plate, and thereafter moved on
at intervals of 2 mins.; when undej the second
and seventh discs, the current is reduced by
15 to 20 per cent. The rotation is continued in
this way for a second coating at 2-min.
intervals. The mercury thermometer shown at
7 gives the temperature of the disc and there-
fore of the selenium base plates. Temperature
gradually rises, and when it reaches ,39 degrees
C., cooling water is circulated to maintain this
figure.

The selenium-coated plates are removed from
the sublimation chamber and loaded into a

muffle furnace. Temperature is raised to
206 degrees C., and a short heat treatment
given. From this process the plates are

returned to the evaporation equipment, a second
application of selenium made exactly as in the
first operation; they are then heat treated for
one hour at aofi degrees C.

The peripheral edge of the selenium is next
coated with varnish and allowed to dry. The
ring of low-melting-point alloy is then applied
by spray, but with the selenium-coated disc
warm at a temperature between 70 and 75
degrees C. Then, they are gold sputtered in
high vacuum, wusing an electrode voltage of



458

1,300 to 1,500 vplt?, and a cathode current of
1.0 to 1.5 milliamps/sq. cm. Finally, they are
varnished for protection of the sensitive surface.

From the process description, the operations
in Moldaver’s process are lengthy and, at first
sight, appear cumbersome. In contrast with
this view is the fact that large quantities have
been produced commercially in this manner.
Undoubtedly the practical layout of the opera-
tions to hasten flow of work can assist, and the
process can be made semi-automatic. Further,
the description apparently covers the first
version of the procedure, and much can be done
to render it more fully automatic, along the
lines of small radio valve machinery, a pro-
cedure that can eliminate manual, control _of
heating rates and increase the selenium coating
portion of the process. Again, tunnel-type
ovens electrically heated are so developed to-day
with respect to uniformity of heating that the
final heat treatments need present no problems,
but can be very reliably performed at low cost.
The breaking of the vacuum and baking
between the two selenium coatings is, however,
rather surprising, but presumably essential to
obtain a dense, pore-free coating, and one
having a flat surface.

Moldaver states that the deposit on each disc
is about 0.3 to 0.6 grams. This is a very large
variation, and the need for closer control should
have been anticipated. He does not mention
the area concerned, but assuming from 1 to 2
sq. ins., the diagram of the apparatus indicates
something of this order, then the actual thick-
ness of selenium is relatively high, being of the
order of 0.006 in. or more.

The purity of the selenium employed is given,
viz..—

Per cent.
Tellurium 0.137
Sulphur 0.10 or less
Copper 0.021
Bismuth 0.059
Iron 0.035
Silicon 0.092
Silver Traces.
Thallium Traces.

This corresponds to an ordinary commercial
selenium, high tellurium variety, and certainly
is not a special purity material.

Moldaver made a detailed study of the char-
acteristics of photocells over the range of
20,000 produced. He found fairly good photo-
electric properties, with short circuit currents in
the range 300 to 600 micro amperes per lumen,
but experienced rapid ageing. Consequently, he
studied the latter with a view to determining
the fundamental cause. Fig. 82 shows curves
typical of this ageing propensity. The cells
used for these tests were protected with
polyvinyl acetate varnish after one day. Open
circuit e.m.f. and closed circuit current were
recorded over a period of 70 days. Constancy
was reached after about a month.

To determine if ageing were associated with
the occurrence of structural changes in the
selenium  film, Moldaver carried out an
exhaustive X-ray examination of the cells used
for the ageing tests. All the radiographs were
identical, so that it had to be concluded that
the selenium films were structurally identical,
that is, no allotropic or crystallographic
changes occurred with storage.
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The period at which gold sputtering was
applied was studied for the range of three days
to two months, then varnish was applied and
a further study made over 14 days. No change
in ageing properties occurred and, therefore, no
clues to its causes were established, other than
to confirm that it was a question of changes in
the barrier layer. Exposure to chemicals in a
limited way was studied, wusing chlorine,
fluorine and acetone, all of which exerted a
deleterious influence. Chlorine in one second’s
exposure reduced the voltage to nil and the
current to a few micro amps./lumen. Changes
upon exposure to moist atmospheres, dry
atmospheres (calcium chloride desiccator) and
under complete water submersion were investi-
gated, with the following results:—

(a) Immersion in water over a range of
temperatures up to 70 degrees C., for times
from half to 5 mins., before or after gold
sputtering—no deterioration in character-
istics and no evidence of reduced stability.

(b) Immersion in water of varnished and
unvarnished cells for periods of 1 to 20
days: some deteriorated in one day, some
did not. Those which deteriorated corroded
at the periphery, and this was probably the
cause of damage. Further periods caused
selenium to be attacked, amorphous red
spots appearing.

(c) Desiccation immediately after manu-

facture: normal ageing occurred, and in no
case did improved stability result.
Generally, it was concluded that moisture did

not cause the initial rapid ageing.

Finally, the effect of gold thickness was
studied. The normal time for gold sputtering
was 35 secs.; therefore three successive applica-
tions for 35 secs, each were made. He gives his
results in the form of the curves reproduced in

Fig. S3. These are rather different from the
curve forms shown in Fig. 82, but marked
improvement in ageing is apparent. Further

work is being done in this connection, but the
importance of the gold thickness is clearly
established.

Moldaver's work is significant and exceedingly
interesting. The vacuum evaporation has much
to recommend it, in freeing the coating opera-
tion of the skill of the operator. The double
coating of selenium, cooling of the base plate
during coating and the use of aluminium base
plates are commendable advances in production
methods. He claims, too, greater speed of
selenium coating than in any previously devised
methods. Obviously much remains to be done,
and can be achieved, to simplify these opera-
tions. At the same time, further work by
Moldaver pn higher purity selenium, and then
upon the influence of admixtures of tellurium
and of sulphur would be welcomed. Again, it
is felt that he should consider the influence of
thickness of the selenium layer, especially in the
direction of much thinner layers.

The vacuum technique employed by Moldaver
calls attention to the method of the General
Electric Co. of America previously referred to,
reference " Steel,” September 9, 1940, Vol. 107,
p. 49. In this process 100 discs are coated with
selenium under the vacuum jar and presumably
given only one coating.

(To be continued)
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ALUMINIUM FOR BEGINNERS

In response to a recent requestfrom an industrial
concernfor a very elementary ““interest talk” dealing
with the history and field of application ofaluminium,
we present here an account meeting all the necessary

requirements of accuracy and brevity.

It is suggested

that it mightform a basis for a schools’ broadcast

IFE, in war or peace, would be very different
if we had no aluminium. This light metal
has taken a big part in engineering production in
the last 25 years or so. For example, aluminium
has become a commonplace in domestic equip-
ment, not only as pots and pans but as vacuum
cleaner parts, in washing machines and the
like; the aeroplanes we see in the sky are so
obviously aluminium externally that we are
often tempted to tall into the trap of thinking
they are all aluminium. It is broadly true that
the modern aeroplane is only possible because
of aluminium, but the aeroplane is an example
of how many metals, each selected for its own
special properties, are combined by the skilful
engineer to work together to give a degree of
efficiency unobtainable by the use of any single
metal.
Familiar as aluminium these

we are with

clays, the story behind its development and
application is not widely known; the story is
often unknown to adults, and even many

engineers could not tell you how aluminium is
won from the earth's crust.

Producing the Metal

Ninety-nine years ago aluminium was first
produced as a compact material. Before then,
all that had resulted from the experiments of
the German scientist, Wohler, was a grey'
metallic powder. (In 1855 aluminium was sold
at about ¢100 per Ib.; now it costs about ts.

per Ib.) Bunsen, the German inventor of the
burner that bears his name, produced alu-
minium by electrical means in 1854, and the

French chemist Deville checked his result later
in the same year. Although aluminium was
known to exist in extremely' large quantities as
chemical compounds with oxygen and other
elements, no method was known of extracting
the new metal from them. Bunsen and Deville
succeeded because they' used comparatively'
simple compounds formed in the laboratory".
Their raw material was not found in nature;
cheap production of aluminium could not come
until a method was found of dealing with
natural raw material.

In 1856 a young American, Charles Martin

Hall, found how to do this, and then the
aluminium industry was born. Hall discovered
that aluminium oxide could be dissolved in

molten cryolite—another natural compound of
aluminium—and that when an electric current

was passed through the solution decomposition
took place, giving aluminium and oxygen. The
great advantage of Hall's process was that all
naturally occurring materials were used. Suit-
able aluminium oxide occurs in North and
South America, and France, and is known as
bauxite. It is, at present, a strategic material
that became in extremely short supply on the
German occupation of France.

The industrial production of aluminium was
one of the greatest advances of American
science; as soon as quantity production could
be obtained, the metal ceased to be a laboratory
curiosity and became ready to be applied to
engineering work. The present famous Alu-
minum Company of America is a direct
descendant of Charles Martin Hall’s weak child.

Birth of High-strength Alloys

Engineers and manufacturers were intrigued
by the low weight and attractive appearance of
aluminium, but the pure metal alone was too
soft to be of much use. The addition of other
metals to form alloys gave increase of strength.
It was not until 1907, however, that any great
advance was made in this subject. A German
scientist, Wilm, produced an alloy containing
a few per cent, of copper and under 1 per cent,
of magnesium, and found that when it was
heated to 500 degrees C. and quenched in water
the alloy became progressively harder and
stronger, reaching maximum properties in four
or five days. Wilm's alloy', which has become
known as Duralumin, was then approximately
" as strong as steel,” and engineers now began
to take notice of the new metal. Incidentally,
the subject of heat treatment began to be
studied, the phenomenon observed by Wilm
being studied by British metallurgists at the
National Physical Laboratory' in particular.

It is not too much to say that a large pro-
portion of aluminium alloy' application is based
upon Wilm’s discovery, for similar heat-treat-
able alloys are wuniversally used for forgings,
sheet and extrusions. It is true that these
methods of producing shapes in metal were
only successful after metallurgists of many
nationalities had studied the physical properties
of aluminium, for each metal has its working
peculiarities. The methods used for steel fabri-
cation are not necessarily' applicable to other
alloys. In older industries science has often
learned a lot from craftsmen, but in the case
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of aluminium science had to show the craftsmen
what to do to produce useful articles satis-
factorily.

In addition to the production of metal shapes
by mechanical working there is the other well-
known method which consists of pouring molten
metal into a mould of suitable internal form.
The mould may be of sand, of iron, or steel,
and occasionally of plaster. The simplest
casting is of complicated shape as compared
with the cylindrical or rectangular block
required for forging, rolling or extrusion. Sound
castings can only be made if solidification of the
molten metal proceeds progressively from point
to point, and such even solidification is rendered
difficult by change of section. Another difficulty
is that many alloys have a long freezing range;
that is to say, for a considerable period of the
cooling time they are neither truly liquid nor
solid: they are pasty. Because of this fact it is
often extremely difficult to make sure that the
spaces left after partial solidification are com-

pletely filled by still molten metal. Foundry-
men graphically describe such alloys as
" hungry,” because castings made from them
require a lot of " feeding ” before they are
full up. Castings that are going to be made
into important aircraft parts—on which brave

men’s lives may depend—are always examined

by X-rays before they leave the foundry. Inci-
dentally, this radiographical inspection also
prevents labour being wastefully wused on

machining operations.

Light Alloys for Casting

Tight metal scientists have sought, and con-
tinue to search, for the perfect casting alloy.
Duralumin might be called the historic alloy for
wrought purposes, and, similarly an alloy
known as Alpax is a well-established alloy for
casting purposes. Alpax consists of aluminium
and silicon in the proportions required to form a
mixture exhibiting many of the properties of a
chemical compound; in particular, the mixture
has a definite freezing (and melting) point.
Alpax has no extended freezing range, therefore,
in the molten state it is very fluid and very
intimately takes the shape of the mould form,
and, further, very' thin sections may be success-
fully made. It is probably the easiest moulding
aluminium alloy for these reasons. Its strength,
however, is only moderate.

Many stronger alloys are
them strong enough to
forgings on aircraft. The strength of a casting
depends to a large extent on the speed with
which the molten metal cools to solidification
point. A die casting is stronger than a sand
casting of the same shape because the iron of
the mould conducts heat away so quickly that
solidification is quick; sand moulds have much
less heat conductivity. Metal crystals in die
cast metal are small because they do not have
time to grow, and, in general, the smaller the
crystal the stronger the metal.

The biggest advance in foundry alloys resulted
from the discovery' that small quantities of
titanium effectively controlled the grain size, so
that as long as the moulding technique neces-
sary to produce sound castings is observed
excessive crystal growth is prevented. Castings
:produced in titanium-bearing aluminium alloys

known, some of
replace aluminium
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are thus very uniform in mechanical properties
as the physical conditions due to different rates
of solidification are minimized. Not more than
one-fifth per cent, of titanium is required _to
obtain this advantage and, it is worth pointing
out, this small titanium addition was a British
invention.

Aluminium in Engineering

Aluminium alloys are now accepted as engi-
neering materials. Alloys have been developed
for such special purposes as maintenance of
strength at high teipperatures for use in internal-
combustion engines, and pleasing untarnishable
appearance for architectural structures and
decoration. It is not too much to say that there
is an alloy for every requirement, whether it
is cheapness, strength or appearance.

The metals that are most difficult to extract
from the earth are wusually’ the metals that
corrode most easily. It might be anticipated
that aluminium would fall into this class, but
the chemical expectations are modified, so to
speak, by the presence of a film of great pro-
tective value which is spontaneously formed by
the action of oxygen upon the metal. Alu-
minium alloys do not corrode at all m normal
atmospheres.

Some alloys have been successfully developed
for sea conditions; lifeboats are frequently' con-
structed of them and, after the war, when
aluminium is free for anyone to use again, or
in the more distant future, it is likely that a
large part of the superstructure of® ships will
be made from the specialized aluminium alloys.

The natural oxide film giving adequate pro-
tection for many purposes may be increased in
thickness by means of an electrical processing

called anodizing, when greater protection is
required. Anodizing, again, is a British inven-
tion. The anodized film is of a curiously

attractive translucent appearance by itself, but
it can be dyed simply, giving further possibili-

ties of intriguing finishes of any” colour. The
film is also of great assistance in promoting
adhesion and conferring superior _protective

powers when painting or lacquering is specified.

Problem to be Solved

Many difficulties have been encountered and
solved since Charles Martin Hall developed his
method for aluminium production. At least
one problem, however, remains for present or
future metallurgists to work on, for molten
aluminium alloys absorb hydrogen very readily,
this gas being evolved on solidification. Great
care must be exercised during melting, therefore,
to prevent hydrogen pick-up, or pinholes
caused by hydrogen will be found throughout
the mass of solid metal. In spite of this ever-
present difficulty, perfectly satisfactory castings
and forgings in aluminium alloys are produced
in immense quantities. The Air Forces of the
Allies provide a confirmation of this, but light-
alloy metallurgists are looking forward to the
day when, the war won, they can extend the
uses of their metal to the arts of peace.

In innumerable fields aluminium can play' its
part in reducing unnecessary' weight and making
the world lighter and brighter.
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Mr. Huntsman loses his secret

BENJAMIN HUNTSMAN (1704-1776) confounded the Steel Makers of Sheffield by

Carburizing Box made in
Heat ReS| nlg Steel Ey

CASTINGS LIMITED.

his invention of crucible cast steel, which was infinitely superior
to anything being produced at that time. So many efforts were
made to discover his secret that he found it necessary to cast only
at night, while he stayed on the premises all the time. It is
related that his secret was eventually discovered by an un-
scrupulous competitor, who, disguising himself as a half-starved,
poorly clad beggar on a cold winter s night, prevailed on the
workmen to allow him to warm himself by the furnace, from
whence he watched the whole operation.

BROCKHOUSE CASTINGS LIMITED now produce fine steel
castings to any commercial specification, specialising in heat-
resisting steels made by the modern equivalent of the Huntsman
process. They will be glad to receive your enquiries for mild
steel special or alloy steel castings.

CASTINGS in STEEL

BROCKHOUSE CASTINGS LTD.

WEDNESFIELD, WOLVERHAMPTON
Telephone * Fallings Park 31221
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In addition to
many types of

THEAVALGAVBC? |

ATTERCLIFFE ROAD,

Telephone 23665
Manufacture special

IMMERSION THERMO-COUPLES
for quick and accurate temperature readings of
MOLTEN METALS.

The Amalgams Co. Ltd. also Manufacture
OHARDENITE CASE HARDENING COMPOUND
$ EUTECTOID CASE HARDENING COMPOUND

# HARDITTE ( »
CASE HARDENING COMPOUND

ILFAR -

ALL COLD
ROLLING
OPERATIONS
Aluminium Alloy Ingots to Specification
CANLEY COVENTRY Roe 3673
‘ALUMINIUM
For cold rolling of non-ferrous and ferrous metals
D-Diamond*D hardened steel rolls are esteemed SAND & GRAVITY DIE CASTINGS
by the most important users in the country : h FOR ALL TRADES
all sizes from the smallest upwards Q e

BRIDGE FOUNDRY 1td¥
DANIEL DONCASTER & SONS LIMITED WEDNESBURY e STAEFS

PENISTONE ROAD e« SHEFFIELD 6 'PHONE: WEDNESBURY 0109
'GRAMS: ALSPELCO, WEDNESBURY

HaVtrt alio of FORCINGS, DROP FORGINGS. HEAT-RESISTING
STEEL CASTINGS & HARDENED FORGED STEEL ROLLS = ==ccccccccccaooo
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FIRTH-BROWN ,

IMI I T
C A R B

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

" A "o

D E

Grades for machining steel.

Advts.

metallic materials.

Grade Applications

A A tough grade which will
Brown withstand severe Intermittent

cutting.

B A general purpose grade
Red suitable for most operations.
C A very hard grade for
Green machining chilled iron,

ceramics, etc.

A chart giving details of “MITIA"

Grade Applications

T.A.5 A heavy duty grade for rough
Mauve 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.

Carbide

grades and their uses is available on request-

XXiX

THOS FIRTH £ JOHN BROWN LTD SHEFFIELD

Lasso ldentification 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 for high priority
work owing to restrictions on raw

materials.
CABLE ASSEMBLIES LTD.
(Subsidiary of Herts Pharmaceuticals Ltd.)

BESSEMER

>|PKLIXE3

ROAD, WELWYN

GARDEN

CITY
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ALUMINIUM alloyed with
MANGANESE, TITANIUM CHROMIUM. \
NIOBIUM. TANTALUM. TUNGSTEN. BORON.
VANADIUM/ZIRCONIUM. MOLYBDENUM.
IRON. SILICON. MAGNESIUM. NICKEL. ETC.
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MASTERALLOYS

BLACKWELLS METALLURGICAL WORKS LTD.

ESTABLISHED /SS~&=—~

Works:
Td - Blackwell, Liverpool.
Td - Garston 980 (3 lines).
Phosphor Bronze fIPH I R flp Gun MeU' |p'Eots
“Tandem*W hite Metal Alloys INIg1~ s s s for all purposes
“Eyre* Aluminium and T 4% Phosphor

Aluminium Alloys Bronze Rods

SMELTING COMPANY LIMITED
TANDEM WORKS, MERTON ABBEY, S.W.I9

Telephone: MITCHAM 2031 (A l.oei)

--------------------- SITUATIONS VACANT —----mmmmmmmmmmmeeeee
A PROGRESSIVE COMPANY, located 50 mile» north of London,
require the services of a young engineer to undertake the ex-
ploitation of a new technical process of vital interest to the
lightengineering and metalindustries. Theappointment offers
excellent prospects to an energetic man with suitable technical
qualificationsand practical experience. W rite, stating age, ex-
perience. salary required, to Box A9348, SAMSON CLARKS.
57-fil, Mortimer Street, W .I. 80/1

DIE

Castings in Aluminium

CASTINGS

Complete range of Gravity and Pressure Die ,

THERMETAI HOUSE. GARSTON, LIVERPOOL 19
Banks Road. Speke Road and Church Road, Garston

ANODISING and
CHROMATING

PLANTS, FLUXES
and CHEMICALS

R. CRUICKSHANK, LTD., Camden Street,
BIRMINGHAM, 1. Phone: Cent. 7213

These ALD. oved Laboratories are now
wsed exclusively by all leading, Alrcraft
Producers for ~ the” X-| Examination of
Class 1and Class Il ings.
INDUSTRIAL AND
METALLURGICAL

X-RAY SERVICE

LONDON LABORATORIES:

Grove Works. Grove Place. ACTON. London. W 3.
d Office and Midland Laboratories:
Wentworth Road. Harborne. BIRMINGHAM.

-------------------------- MISCELLANEOU S~ --mmmmmmmmmmmmm e
MONOMARK Service. Permanent London address
redirected 5/- p.a Write BM/MON092, W .C.I

Letters
84/3124

SUBSCRIPTION RATES: Light Metal* will he sent post paid
for one year for 20/-. Shorter periods pro rata. Send
remittance to the publishers.

Specialists in ™
Pressure Castings in
ZINC, LEAD and TIN
BASE, also Gravity
Castings— BRASS and
ALUMINIUM BRONZE
AID. APPROVED

Zinc Base = Lead Base <« Tin Base|

DYSON & CO., ENFIELD (919) LTD., Southbury Works, Ponders End

TELEGRAMS: =*D'ESINKER. PHONE. ENFIELD."
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, » : HORRISFLEX Flexible Sljakwvi?

s has been specially developer ' :

SynITTT filing, grinding and polishing cot

;TTrymmium, Elektron, Non-ferrous Alloys and

“esmis -Overhead suspension, bench and floor t

* T v.ble, the two latter being readily portable. RE
and Cutters are manufactured In a large v;

tSfat es. many having been specially devel-

il :4.for work on Intricate engine parts.

|mm.t.c jSFLEX Equipment Is also Ideal for Y74

,.ing and removing paint and rust. jj =
-EX Wire circular brushes and refill ] 5
tV',>V*> rfor buffing and metal cleaning In- /:.;
i elude cylinder head. 71:'Sk
?ralve seat and tube Hii'tm

|glgidts brushes In variety. We Jjf/ZHMj
SgMr n;anutaci err Folilh- = oK

Advts.
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JOHN
prpvs Al E

CASTINGS
IPCs 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 & Telegrams: LONDON— ENTerprise 1167-8-9 LONDON, NI



