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EDITORIAL OPINIO N 

Roll Up! Roll Up! 

F ESTIVITIES during Bank Holidays on Hampstead H eath were, in pre­
war days, enlivened by the cries of the hoopla and coconut-shie men 
en join ing merry-makers to pay their money and try their skill at winning 

for nothing those shiny new watches or milky nuts tqat no amount of money 
can purchase nowadays. During the period which began on May 30, however, 
and will end on July 14 , Messrs. Selfridge, Ltd„ need no such whippers-in 
to attract sightseers to the Aluminium Exhibition, for, in all, these average 
some li ,OOO p er day. ' 

Possibly we may be considered as prejudiced witnesses , for the subj ect 
matter of the display is very near to our hearts, and care was taken from the 
very fir st to ensure that presentation should be as faultless as humanly possible. 
Nevertheless, we believe it is true to say that every one of those responsible 
for the organization of "Aluminium-from War to Peace" has been more 
than gratified by the reception accorded to it by the public. 

No secret formula or magie spell is responsible for the success achieved: 
continuity of presentation and singleness of aim are the factors to which this 
must be attributed, and the Exhibition Committee and the Management and 
staff of Messrs. Selfridge are to be congratulated on their insistence in main­
taining the rigid standard first laid down during initial discussions on the 
project. In "Aluminium-from War to Peace," a very great service has been 
rendered to aluminium users throughout this country, to export interests, 
and to buyers from the Dominions a.nd abroad. When its allotted time in 
London has elapsed, it is hoped that those in the provinces may have an 
opportunity of visiting the exhibition and of expressing in turn, as. they will, 
the enthu$iasm aroused at the initial showing, for, truly, it may be seen a 
dozen times, and yet not lose in novdty. 
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All at Sea 

A T this late date in the history of metals (and of light and ultra-light metals 
in particular) , need no longer exists to refer again to the essential fallibility 
of pure laboratory tests for determining resistance to corrosion in service. 

On factory roofs and laboratory window-sills, in the chief chemist's bath­
room, and in selected spots at less-popular seaside resorts, we invariably find 
a neat array of metal strips or panels suitably arranged to obtain maximum 
benefit from the sporadic bursts of sunshine experienced in these islands; from 
fumes produced by la,boratory assistants in a hasty attempt to remove excess 
acid with ammonia, from steam arising from the statu tory "five inches" in 
the morning tub, or from corrosive media invariably present in inshore \vaters. 
Railway tunnels , domestic geysers, even the common chimney, too, are all 
apt to be found carrying these mysterious tablets: the country is plastered 
with such specimens, in every conceivable metal and alloy, treated at its surface 
with every known concoction or by every known process devised by man or 
ordained by providence . 

Simultaneously, at selected centres, alternating dip apparatus or the con­
ventional humidity chamber or salt spray will be found in full blas t ~ yet the 
grievous fact must be admitted, these combined operations, in very rare 
instances only, achieve more than mediocre success, for an alloy which appears 
to stand up satisfactorily to the ozone and salt-laden air of Southend is quite 
Jikely to fai! if exposed to the effluent from the Yellow River, whilst the 
specimen which corrodes like fun in the flue of the household geyser with­
stands most creditably the worse onslaughts to which it may be subjected in 
the gasworks. High-purity magnesium ingot can be stockpiled in the open 
air for months on end in the pure dry air of Central Canada. Similar metal 
behaves remarkably well even in our own moisture-laden, smoky atmosphere, 
but few magnesium founders would agree to take this fact at its face value 
and leave their metal lying for long in a nearby field. 

It is because of this that, nowadays, fina! judgrnent as to the suitability of a 
materia! for a given purpose is invariably based on an actual service test. 
Wrong conclusions, however, must not be drawn : laboratory tests, as we all 

BRITISH AIR.CR.AFT EXHIBITION 

WE would direct readers' attention to the comprehensive display of British 
aircraft which is being exhibited on the John Lewis site in Oxford Street, 

London, under the auspices of the Ministry of Aircraft Production, with the 
assistance of the Ministry of lnformation. 

ALUMINIUM-FR.OM WAR TO PEACE 

I N response to numerous requests from public, commercial and industrial 
interests, Messrs. Selfridge have arranged that the exhibition " Aluminium­

from War to Peace," now being held at their store in Oxford Street, will 
continue until Saturday, July 14. 
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know, have, in the past, yielded data of infinite value to the pure research man 
and to the industrialist. What might be termed "generał " exposure tests, 
again, have yielded further information confirming, or sometimes confiicting 
with, the results of experiments in vitro: as is well known, the final service 
test is frequently assessed in the light of these preliminary investigations. 

In connection with the use of light and ultra-light alloys under marine con­
ditions, corrosion phenomena have frequently given rise to grave doubts, or 
even to violent controversy. The truth of this statement may be proved by 
reference to certain experiences recorded in the Pacific warzone. 

It is against this generał background that we draw attention to the opening 
account in this issue of " Li·ght Metals." Here is described how a ship set 
sail, gaily festooned with some 150 castings of various types in different alu­
minium and magnesium alloys; all had been va,:iously treated, and distribution 
and controls were so arranged that some true opinion, it was hoped, could be 
formed of the behaviour of the alloys on re-examination after the vessel had 
returned to port. 

It so happened, however, that the voyage was a little more protracted than 
had been expected, and many months elapsed before the trial castings were 
seen again. They had been exposed to almost every type of hazard that every 
sea and ocean could summon up. 

It is not our purpose here to attempt a detailed analysis of the results; these 
will be found, summarized rather briefły, it is true, in the record to which we 
have referred. We would point out, however, that photographs of all the 
surviving specimens (and some, unfortunately, were lost in transit) have been 
reproduced in order to demonstrate quite conclusively that all too much of 
the loose talk regarding vulnerability of aluminium and magnesium to sea­
water attack is based on very insecure grounds. Certainly, some specimens 
have been markedly corroded; however, we are left wondering what would 
have happened, say, to mild-steel test pieces exposed under similar conditions 
in the same sites. 

To those who still doubt the wisdom of exposing light alloys to the perils of 
the sea (and same such doubters stili roam abroad), we recommend at least a 
close study of these illustrations. The original photographs may, if necessary, 
be consulted in the files of the Aluminium Developmen1 Association. 
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LIGHT ALLOYS UNDE} MARINE CONDITIONS 
PERHAPS the mo· t Irequent objection put 

forwa rd by engineers and designers who 
should b.e interested in t he structural 

potentia li ties of light metals is that " thcy 
corrode." One is tempted to reply t ha t steel 
ru st s, a nd tha t its effective use often depends 
upon suita b le protective trea tment such as 
plating, or, more simpl y , red-l ead pa inting . Jt 
is, indeed, not far from the truth to say tha t 
there is some corrosion problem associa t ed 
wit h t he use of a ll commercia l meta Is. \Nh y , 
then, should the light a lloys of a luminium, and 
the ultra-light alloys of magnesium be picked 
out for special condemna tion? 

Jt has been pointed out tha t a h istory of the 
engineeri ng uses of al uminium would he of grea t 

Plate I 

Brief Note Summariz ing Results 
of Exposure Tests on a R ange 
of Small Castings in Light and 
Ultra-Light Alloys, Subjected to 

in terest-a history deta ili ng t he fai lures as well 
as the successes ; in t he absence of such a n 
account, one may only suspect tha t a mongst 
the fa ilu res would be fo unrl ill-conceivcd 
a ttem p ts to use untrea ted a luminium in 
situations incompatible with its chemical 

Different Protective Treatments, 
D uring a Prolonged V oyage 
with Wide Variations of 
Climate and Corrosion Ha zard 

p roperties . During wha t might be desc ribed 
as the a luminium peace years-tha t is, from 
1919 to 193g-developments in corrosion­
resistant treatrnents a nd in the a lloys them­
elves took place tha t should have nega ti ved 

act ive opposit ion t o t heir use. P erhaps the 

best example of suc h dc,·elopment in cach case 
1s the a nodic ox ida tion process a nd the 
magnesium - aluminium alloys respectiveh·. 
Anodic oxida tion is accepted by the engineering 
world as being the su rest protec tion scheme 
to be specified , whilst the na me " B irma­
brigh t," a nd those of alloys like it, a re 
sv nonymous with corrosion resista nce . This i.:" 
a·ll well known , of course , t o aerona utical 
engineers, but stili the t radition of extreme 
corrodibility persists in the engineering worl d 
a t la rge. 

~lagn esium -base a lloys, however, have not 
ac hie,·ed their coming-of-age in t his respect. 
~ot onl y ha ,.e they been u sed too of ten 

(Conlinued on page 314) 
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(Conlinued / rom page 309) 

solely (and often unwillingly) because of low 
specific gravity , a nd in spite of a lleged poor 
corrosion resistance, but they a re often 
frank ly thought of •as being purely a ircraft 
ma teria ls h a ving meagre post-wa r commercia l 
potentia li ties . 
lt can be agreed that magnesium is chemic­

a ll y active, but its p osition at the active end 
of the electro-chemica l series has influenced t oo 
much, it is suggested , the thoughts of ma n y 
wri ters on magnesium. Again, the adversely 
critical views of engineers on magnesium alloys 
a re too often based on wha t they rem ember of 
their schoolboy's elementary chemistry. 
Magnesiu m is almost impossible to use, they 
argue, for even boiling water is d ecomposed b y 
it (forgetting that such knowledge is based upon 
the reaction of pure metall ic magnesium in the 
form of powder or thin ribbon, which is 
obviously a very different matter from the 
ox idation reactions of comparatively m assive 
magnesium a lloy castings or forgings). 

Jt is, of course, true that earl y productions 
of magnesium castings were often contam ina t e<l 
by flux inclusions, but the trouble can now b e 
said to have been elimina ted. Such t eething 
troubles are unfortunately , a nd, it may be 
suggested, unreasonabl y, remembered now the 
ch ild has grown up. L et them be forgotten, 
from now on. 

Authorities vary considerably in the 
emphasis they put on the corrodibility of 
magnesium alloys. Carpenter a nd R obertson in 
" Metals " (Oxford University Press, 1939) list 
amongst " the most notable characteristics of 
magnesium ... its chemica l activity which 
gives it a low resistance to corrosion " ; while, 
on the other ha nd, H a ughton a nd Prytherch: 
" :\1agnesium and its Alloys " (H.M.S.O„ 1937). 
a lthough sta ting that the reactive na tu re of the 

metal causes it to corrode very readily, record 
the interesting fact " tha t a piece of magnesium 
a lloy a nd a piece of steel were left exposed on 
a window-sill for about a vt"ar. At the end of 
this p eriod the magnesium a lloy was only 
lightly coated with corrosion product, wh ile 
steel was covered with a thick layer of rust ." 

La boratory corrosion t ests often seem m erely 
to confirm the fact tha t magnesium a lloys 
corrode, whilst, indeed, it is doubtful if any 
correla tion ex ists between the results of salt 
spray , intermittent immersion, constant immer­
sion and service conditions. L abora tory tests 
may serve t o make comparisons between the 
resista nce of differentl y treated test samples, 
the resultant order of merit finding refi ection 
in the gradation of practical results to be 
expec ted when the same fini sh es a re used under 
service conditions. It is felt, however, that, 
too often, the experimental results appea r to 
be so poor that it is not likely t ha t the mattrial 
would ever get as fa r as practical applications. 

Now whatever be the truth of the corrodi­
bility of light a lloys under suitable servi ce 
conditions, it may be repeated once more that, 
in the application of both aluminium-base and 
magnesium-base a lloys, there is a minimum 
protection scheme to be specified. Anodic 
ox ida tion h as been m entioned in the case of 
a lum inium a lloys, whi lst th e sta nda rd treat­
ment for magnesium a lloys is the one known 
as R .A.E. 30-min . chromate treatment. 
Although these treatmen ts are protective to 
some extent, their chief value is in the fact 
that they act as key films for subsequent 
painting. 

Many paint schemes have been proposed, 
a nd, indeed , some a re sufficiently standardized 
to be included in the D.T.D. series of Ministry 
of Aircraft Prod uction specifica tions. Grea t 
interest centres around lacquers based upon 
synthet ic resins at the p resent time, as is 

Table 1.-Details of Samples Tested . 

No. r'late Alloy I 
Typ e of Treatme nt La cq uer Scheme Cas ting 

---
1AS 1- 6 5 D.T.D. 133b Sand Anod ized Stovi ng 
2AS 1~ 7 D.T.D. 133b Sand Anod ized Air-dry ing 
3AS 1- 6 5 D.T.D. 133b Sand N il Nil 
1AD 1- 6 3 D.T.D. 133b Die Anod ized Stoving 
2AD 1- 6 2 D.T.D. 133b Die Anod ized A ir-dryin g 
3AD 1- 6 6 D.T.D . 133b Di e Nil N il 

1BS 1- 6 5 D.T.D. 424 Sa nd Anodized Stoving 
2BS 1- 6 1 D.T.D. 424 Sand Anod ized Air-dryi ng 
3BS 1- 6 1 D.T.D. 424 Sand Nil N il 
1 BD 1- 6 6 D.T.D. 424 Die Anod ized Stovi ng 
2BD 1~ 7 D.T.D. 424 Die Anod ized Air-drying 
3BD 1- 6 3 D.T.D. 424 Di e N il N il 

1CS 1~ 4 D.T.D. 165 Sand Anodiz ed Stov ing 
2CS 1- 6 1 D.T.D. 165 Sa nd Anod ized Air-dryin g 
3CS 1 ~ 3 D.T.D. 165 Sand Nil Nil 
1CD 1- 6 2 D.T.D . 165 Die Anod ized Sto ving 
2CD 1~ 2 D.T.D. 165 Die A nod ized Air-drying 
3CD 1- 6 1 D.T.D. 165 Die N il Nil 

' 
1DS 1- 6 6 D.T.D. 136a Sand l Chromated { Stoving 
2DS 1- 6 7 D.T.D. 136a Sand ) (R.A.E. 30-min utes} Air-dryi ng 
5DS 1- 6 1 D.T.D. 136a San d N il Nil 
1DD 1- 6 4 D.T.D. 136a Die } Chro mated { Stovi ng 

~gg t~ , 4 D.T.D. 136a D ie (R.A .E. 30-minutes) Air-d rying 
4 D.T.D. 136a D ie N il Nil 
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Table 2.- Distribution of Specimens. 

Exposed I 
Sheltered Deck Sheltercd 

Stoving ~ Air-drying ~ Stoving ~ 
o:: o: o:: 

Sand cast Sand cast Sand cast 
1AS 1 and 2 5 2AS 1 and 2 7 1AS 3 and 4 5 
1 BS 1 and 2 5 2BS 1 and 2 1 1 BS 3 and 4 :s 
1CS 1 and 2 4 2CS 1 and 2 1 1CS 3and 4 4 
1DS 1 and 2 6 2DS 1 and 2 7 1DS 3 and 4 6 

Die cast Di e cast Die case 
1AD 1 and 2 3 2AD 1 and 21 2 1AD 3 and 4 3 
1BD 1 and 2 6 2BD 1 and 2 7 1BD 3 and 4 6 
1CD 1and2 2 2CD 1 and 2 2 1CD 3 and 4 2 
1DD 1 and 2 4 2DD1 and 2 4 1DD 3 and 4 4 

,omewhat na tura!. B oth stoving a nd a ir-Llry ing 
... c hem es are in usc. 

.\n interesting field t est in which representa­
t in light a lloy. , both a luminium-base a nd 
magnesium-base, were submitted to exposure on 
boa rd ship has recentl y been ca rri ed out b y 
~lagna l Prodocts Limited, in the course of t ests 
on lacquers developed by tha t compa ny for the 
protection of light a lloys. 

Sand a nd die-castings in the following 
spec ifi ca tions, R.R. 50 (D.T.D. i33b), D.T.D. 
4 24, "Birmabright" (D.T.D. 165), and 
" E lektron A.Z. 9r" (D.T.D. i36a) , were 
exposed in va rious locations on board a ta nker. 
E ach set, except one, of a luminium alloy cast ­
ings in each a lloy group were anodized, and 
further protected with one coa t of zinc chrome 
air-d ry ing or sto ving primer ha ving a synthetic 
resin base follow ed b y one coat of aluminiom 
pigmented synthetic resin base a ir-dry ing or 
stoving top coat; simila rl y , the magnesium 
a lloy castings were chroma ted , a nd followed by 
one of the schemes deta iled a bove. r\ complete 
~e t of castings in each a lloy grou p were allowed 
to rema in in the " as-cast " condition, pa rtl y 
in order to act as a control se t, a nd pa rtl y to 
de termine the inherent corrosion resistance of 
t he a lloys under test. 

Table I gives pa rticula rs of sa mples trea ted 
together with reference numbers serving as 
index to the illustra tions. 

Table 2 shows the ship positions in whic h 
the sa mples were exposed. Two specimens of 
each a lloy group were tested on the deck 
(exposed position), a nd in the chief engineer 's 
offi ce (sheltered deck position), a nd in the 
engine room (sheltered position) . 

I Air-drying e Stoving ll A ir-drying ~ ~ ~ 

o: o: o: 
·-

Sand cast Sand cast Sand cast 
2AS 3 and 4 7 1AS 5and6 5 2AS 5 and 6 7 
2BS 3 and 4 1 1 BS 5 and 6 5 2BS 5 and 6 1 
2CS 3 and 4 1 1CS 5 and 6 4 2CS 5 and 6 1 
2DS 3 and 4 7 1 DS 5 and 6 6 2DS 5 and 6 7 

D ie cast D ie cast Die cast 
2AD 3 and 4 2 1AD5and6 3 2AD 5 and 6 2 
2BD 3 and 4 7 1BD5and6 6 2BD 5 and 6 7 
2CD 3 and 4 2 1CD 5 and 6 2 2CD 5 and 6 2 
2DD 3 and 4 4 1DD5 and 6 4 2DD5 and 6 4 

The samples were subjected to extremes of 
temperature during the 13 rn onths they were a t 
sea, for the journey was a s follows: Engla nd­
New York-Pa na ma-Pacific Ocean-Falkland 
l~ l es - . ..\n ta rctic - South .·\frica - Persia -
. \us t ra lia-Pa na ma--Curapo-Engla nd. 

The sa mples after t est were exa mined 
v isua ll y , which is perhaps not a very sati fac­
tory rnethod of assessing corrosion t est results 
in gen era ł, but se rves to sh ow gradation of 
results of cast ing protection in an extended 
test as this. The fuli va I ue of the t est was 
probably los t in so fa r as sorn e of the samples 
were really t ested to d estruction and no 
information was obta ined on the length of 
useful liJe, for obvious reasons. Many 
criticisms rnay no doubt be made of the t est, 
but the fact rern a ins that interesting and 
instructive results were ob ta ined . The illus­
trations should be ca refull y studied . 

Ge neral conclusions may be summa rized: 
B irrna bright was far a nd a way the best a lloy 
fo r corrosion resista nce . The a lloys RR 50 
a nd D.T.D. 424 " ·e re a pproxima tely equa l, 
whil st the rnagnesium a lloy carn e last. But 
even a lthough the sa mples fell in this 
expected order there were ma ny surprises, and 
it is s uggested tha t a fal se impression would be 
o bta ined if this 5ta ternent were accepted at i ts 
face va lue. For, with rde rence to loca tion, 
protected magnesium alloy stood up surpris­
ingly well in the sheltered deck position a nd 
protection was adequa te for use in sheltercd 
positions. It may be concluded that lacquered 
Birma bright, RR 50 a nd D.T.D. 424 are soit­
a ble for exterior a nd interior use, wbilst non­
Jacquerecl a luminium alloys, but especially 

Table 3.-Distribution of Control " As-cast " Specimens . 

Exposed „ Sheltered deck Sheltered 

I o::~ Die case .„ 
Sand case l_o:_~-l·--D-ie_c_as_c __ 1 _0:_~_ 1 ._s_a_n_d_c_a_s_c_:I-~- ~ie case I ~ Sand case ~ 

o: 
------ 1 

3 AS 1 and 2 
3 BS 1 and 2 
3 CS 1 and 2 
5 DS 1 and 2 

5 3 AD 1 and 2 
1 3 BD 1 and 2 
3 3 CD 1 and 2 
1 5 DD 1 and 2 

6 3 AS 3 and 4 
3 3 BS 3 and 4 
1 3 CS 3 and 4 
4 5 DS 3 and 4 

5 3 AD 3 and 4 
1 3 BD 3 and 4 
3 3 CD 3 and 4 
1 5 DD 3 and 4 

6 3 AS 5 and 6 
3 3 BS 5 and 6 
1 3 CS 5 and 6 
4 5 DS 5 and 6 

5 3 AD 5 and 6 
1 3 BD 5 and 6 
3 3 CD 5 and 6 
1 5 DD 5 and 6 

Note.- lt will be observed from th e illustrations that unfortunately some of the specimens are missing ; 
perha ps this is only to be expectcd considering the naturc of the test. 

6 
3 
1 
4 
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Birmabright, and lacquered magnesium alloy 
are suitable for interior fittings. 

The results showed one further unexpected 
property of lacquer film s. It is broadly 
accepted that a ir-drying lacq uers a re markedly 
inferior to stoving lacquers, and yet the tests 
show under these conditions that an a ir-drying 
lacquer ex.bibited but a slight tendency to 
flake, and hence showed better ad hesion and 
corrosion resista nce. 

The practical lesson may be gathered from 
t his extensive fie ld test that light a lloys should 
be t ested out under actual service conditions, 
for until that is done, suitability for purpose 
and choice of protective scheme cannot be fore­
cast. \ V ho woukl ha ,.e said that magnesium­
alloy castings even protected with the best 
protective methods known at present would be 
adeq uate for use i1\ the marine a tmosphere of a 
ship 's engine-room? 

Heat Treatment of 

MAGNESIUM-ALLOY CASTINGS 
Concluding from " Light Meta!s," 1945/8/172, a Com­
prehensive Survey of the Founding of Magnesium A lloys. 
The Technique and Plant R equirements fo r the Heat­
treating of Ultra-light-alloy Castings are Discussed, and 

Reference is M ade to the Use of Inert A tmospheres 

IT will have bee n infevred from preceding 
a rticles that the usual magnesium alloys 
a re those which canta.in about 8 to 11 per 

cent. of aluminium and small a mo unts of 
zinc in the o rder of about I per cent. In 
addition, norma ! a lloys contain a small per­
centage of ma nga nese to impro ve corrosion 
resistance , but this constibuent does not 
appear to take pa-rt in. the structural changes 
d ue t o heat treatment. 

The principle o f heat treatment of 
ma gnesium a lloys is to obtain a solution 
of a n intermetallic constituent, which , 
separa ting out during sol idification. and 
na tum! c_sioling, i_s taken into solid olution 
by mea ns o f thermal t reatmen t at a tem­
perature a little below that at wl]ich the 
constituent is actually mo lten . It is not 
n ecessary, for ou-r purpose . to r eview the 
various estimates that appear in the litera­
ture on the actual percentage solubility of 
t he al uminium-magnesium compound at 
room temperature and at temperature of 
complete solidification . The se estimates 
a re, in fact, widety different. 

The effect of the h eat treatment described, 
more accurately te rm ed " solu tion treat­
me nt," is to improve th e mechanical p roper­
ties, an a ppreciable enha ncement of tensile 
strengt h and ductility being obtained. Th e 
0 .1 per cent. proof stress a nd BrineB ha rd­
ne ss a re but slightly a ffected. As indicat ed, 
the t emperature o f so lution treatment is 
a:bout 430 degrees C. , as the melting poin t 
ot the constituent wh ich is to be dissolved 
to 435 degrees C. 

The physical form a nd size of the eutectic 
constituent is s.uch that co mparatively long 
periods at treatment temperatu.re a re 
required to produce adequate sol ution . In 
practice complete sol ution is · seidom 
achieved. Castings so t reated may be 
further heated a t a temperature of 250 
degrees C. to give a furth er improvement 
in tensile strength . This condition is kno wn 
as " full y heat treated," o r is described as 
being " solution treated and aged "; in this 
co ndition the O. I per cent. proof stress and 
Brinell ha rdness a re increased; t he elonga ­
tion, however , is dec reased. 

British a ircraft design ers usually spec ify 
magnesium-alloy castings to he either in the 
as-cast o r solution-treated condition , in 
sharp distin ction to American reąuirements 
which, al most witho ut except ion , are for 
full y heat-treated casti ngs; no explanation 
ca n be o ffered for t hi s d ifference in view­
point. 

The thermal treatment known as 
" a nnealing " is sometimes uractised to 
relieve casting stresses, bu t i.n "this case, in 
" -hich a low temperature treatment is given 
to as-cast matęrial , no improve ment in 
mechanical properties is obtained . The 
chief advantage of a nnealing lies in the fact 
that castings of thin section are no t so 
likely to distort d urin g s u bseąuen t machin­
ing o pera tions during which the cast skin 
is removed . It should be men,ti.oned that 
the DTD specifications covering solution­
treated ma g11esium-a lloy castings a nd fully 
heat-treated magn esium-a lloy castings a re 
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n.umbered .28 1, 289 and 285 respectively. 
The alloys to the speci.fication DTD 59A 
and 136A a re the as-cast fonns of these 
heat-trea ted alloys . For the purpose of 
comparison the following table is given to 
show the specifioation requirements:-

ings, when removed from the bath, are, of 
course, covered with a film of solidified 
chroma te salts which have to be removed by 
\\"ashing. The drag-out loss is, therefore, 
considerable, but above all there is the 
danger of the incidence of dermatitis asso-

-
As cast Solution treated Solution treated and aged 

U.T.S. Ełong. U.T.S. Ełong . U.T.S. El~~g . 
tons /sq . in. % tons /sq . in . Of tons /sq . in. / O .. 

DTD 59A 9 2 DTD 289 13 
DTD 136A 8 - DTD 281 13 

The me thod by which heat treatment is 
perfo rmed will now be descri'bed. 

The simplest m ethod of heating mag­
nesium-alloy castings to the solution-treat­
ment t emperature is by the use of the 
fu sed-chromate salt bath, in. which a 
mixture of p otassium dichromate . and 
sodium dichromate is heated to cause 
melting. The design of equipment is , of 
co urse , si.m ila r t o tha t used for the t reat­
m ent of a luminium a l!oys in normalizing . 
It should be emphasized as strongly as 
possible , however , that the salts used for 
aluminium treatment react explosively with 
magnesium alloys, and must not on any 
account therefore be used in conjunc tion 
with the ultra-light alloys. The salt bath 
may be heated by gas, oil, electricity or 
solid fu el, the furnace design and flue 
a rrangements being such that there is no 
appreciable temperature gradient w ithin. 
the bath. The chromate salt bath is·, 
furth er, extremely effi cien.t in heat exchange. 

It should be noted that magnesium-alloy 
castings are of !ower specific gravity t ha n 
t h e molten salt and, therefore, t hey fl oat. 
T o overcome this diffic ulty, castings t o be 
t reated a re loaded into a perforated metal 
'basket, the casti.ngs being, in the simplest 
cases, secured by iron wire. 

It is often fo und , however , t hat other 
m ean.s of sinking have to be adopted , fo r at 
the t emperature o f t reatment the materia! 
has litt le mech ani-cal strength and is eas ily 
distorted . In such cases it is n ecessary to 
make use of jigs designed to support th ose 
sections of a casting \\" h ich might warp on 
accidental stressing during the period of 
immersion in the salt . Iron jigs may be 
used on t he ground of cheapn.ess , but , as · 
they will mate rially increase t he weight o f 
ch a rge to be loaded, it is preferable to use 
a luminium jigs . ' The speciJlc gravity of 
a luminium jigs is sufficiently higher to effect 
s inking. The salt-ba th method , then , is 
simple, t hermally effi cient, and compa ra­
tively inexpensive in eq u!pment costs. 
Practical disadvantages are that the cast-

6 - - -
4 DTD 285 13 1 

ciated with ch rome compounds. The method 
is covered by British patents. 

It was long thought that the salt-bath 
method provided the only satisfacto ry 
means of heat treatin.g magnesium a lloys, 
for, as they were treated virtually in 
absence of a ir , no o xidation could t a ke 
p lace. This oxidation was foared to be an 
ever present possibility jf air-circulating 
ovens " ·ere used. It was found, h owever, 
t ha t provided a suitaJbly controlled tem­
perature was maintained within the oven , 
standard equipment could be used. The 
principles o f jnert atmospheres-that is, 
inert as fa r as mągp.esiurn is concerned­
present t wo satisfac to ry a lternatjves . First, 

-a n atmosphere may be used from which 
oxygen a nd moisture have been removed , 
and second , an atmosphere in which sulphur 
dioxide or carbon d ioxide is present in 
sufficient quantities t o restrain oxida tion . 
T o make use of the first princ iple it is neces­
sary to use gas~buming a ppa ratus giving a 
mix t ure of gases resul t ing from t he incom­
plete combustion of town gas, the gases 
being nitrogen , carbo n monoxide and carbon 
dioxide. The 1rnter presen t in this gas is 
removed by passing through som e d~hydrat­
ing substance. This method is in produc­
tion use , but requi.res co nstant a nalytical 
c hecks to ensure absence of free ·oxygen. 
The ,presence of even I or 2 per cent. o f this 
ele ment is suffic ient to cause violen.t oxida­
t ion w(th consequent scrapping of t he work. 
The use o.f incomple tely b umt gas has been 
applied both t o electric and gas-fired ovens. 

The second method, consisting of the 
.in t roduction of carbon dioxide or sulphur 
diox ide, necessitates t he use of a cylinder 
supply of these gases, although a supply of 
sulphur dioxide m ay be obtained in situ by 
t he introduction t o the cha rge of iron 
pyrites decomposing on heating to give 
sulphur dioxide. These methods m ay again 
be applied to norma! equipment fired by 
electricity or gas. There is n eed for prac­
tica l investigation to ascertain just how far 
these atmospheres a re rea lly essential; 
American work has shown tha t, a t least for 
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sa me a lloys, no atmosphere requirements 
need be observed; jt has to be remembered 
t ha t the surface cha racteristics of the com­
ponents may have a bearin.g on this ub ject. 
In t hose cases where a corrosion-resistant, 
tough cast surface is present, iner t a tmo­
spheres may n ot be necessary, a nd, as a 
matter of fact, a n American p ro posal to 
pre-treat magnesium with hydrofluoric acid 
in order to prod uce a p rotective fil m , has 
been fo und to be satisfactory o n ex peri­
m ental beat-treatmen t batches . 
. The t ech n ica l implicat ions of th is in nova­
tion a re such tha t no apology need be made 
he re for a short digression . Somewhat un­
fo rt unately, as we have pointed o ut in 
ea rlier sections of this account, there is a 
tendency in certa in quarters t o regard m ag­
n esium a nd rnagnesium-base alloys as quite 
special .phenomena in t he metallurgical 
worl d. T o a lesser extent, t he same com­
ment applies to a luminium a nd aluminium­
base aJ loys. The d ifficul ties wh ich ha.ve 
a risen as a result of 1t his fa lse attitude a re 
ma ny and serious in the eng ineering world; 
somewhat luckily, however, t hey do not 
exert a ny materia! influence fo r ha rm in 
connec:tion with process operat ions . 

To em phSLsize the ord inary nature of mag­
nesium it sho uld be remem bered at once, 
th<!!t t he use of protective atmospheres ·to 
gua rd against surface damage or meta l loss 
d uring heat treatmen t is not confined to the 
ul t ra-ligh t a lloys; on the con trary. where 
ec:onom y a nd practice permi t , or where t he 
value of t he materia! being treated is suffi ­
ciently great, in er t atrnospheres a re used in 
conj·unction with the h eavy metals a nd the 
a lloy steels. T he only d ifference between 
t he two ma in gro ups lies in t he nature o f 
t he gaseous protective med ium used. 

It is ha rdly t o be ex.pected that ma.g­
nesium-base a lloy exhibiting the resistance 
to a ttack at high tem perature characteri sti c 
of t he t rue heat- resisting materia ls will be 
developed. The t heory of these, it will be 
recalled, is, in genera l , based eit her on the 
presence of a perma nently resistan t sur face 
film una lt ered by heating witbin the norma! 
working range, or , ma re commonly, upon 
t he a b ility of t he a lloy in questiun t o pro­
duce, continually, a new film as t he ol<l is 
destroyed- or removed. This is u ua lly 
achieved by com bin in g with the a lloy an 
element giving . ri se, usua lly to a n oxide, 
which diffuses preferentia lly a nd continu­
a lly t o the surface. lt is essen t ia l , inciden t­
ally, t hat such film s sho uld, o f course, be 
" continuous " in structure a nd here the 
fund a menta l difference between t he phy sical 
properties of t he magnesium-oxide film a nd 
t he a luminium-oxide film emerges . The re­
sistance to surface attack o f a luminium in 
t he heated state by a ir is d ue to t he im ­
permeable nature of t he alumina film a lways 
presen t; the .magnesium-oxide film is quite 
porous to a ir. 

The use o f t he fluoride caating referred to 

prom pts a n in teresting com parison with a 
recently developed techn ique for t he ma in­
tenance in a clean co nd ition of steel surfaces 
designed pa rticula rly fo r hot ga lvanizin g or 
other surface fin ishing. The meta l, cleaned 
in it ially by mecha nical means, is coated with 
a glass, t he effect of which is v irt ually that 
of a n ext remely high-viscosit y , iner t cover­
in g flu x. The materia! may be hea t trea ted, 
t he glass film remaining in tact . \Vhen it is 
desired to operate on t he metallic surface 
itsel f, t he component is sub jec ted to same 
sui table thermal or mechanical shock which 
ca uses the glass " cover " to sha tter and 
dro.p o ff , if necessary in sit u , leaving prob­
ably a clea n meta llic su rface in contact with 
the zinc bath, etc. 

In defence of t his d igressi-:rn it can only 
be sa id that it has beep made in order t o 
drive home t he essen t ia l fact, wh ich mu t 
be real ized once a nd fo r all, that magnesium­
base a lloys a re not frea ks in th e world of 
meta ls. 

T o revert once mare to a ur main sub ject 
of di cussion , the methods a nd equipment 
descri bed a re pr\ma ril y wit h reference to 
solu t io n t reatmen t; if the second agein g 
t reatment is required, t he castin gs may be 
t reated in a ny type of oven provided the 
temperature is .uniform , for at this com ­
pa ratively mild heat no question of oxida­
tion a rises. It should be noted, however, 
that the · salt bath cannot be u ed fo r t his 
pu rpose as the salt mixture is solid at the 
tem perature al treatment. 

DTD speci.f?cation s sta t e that ca tings and 
test sa m pies a re to be t rea ted at a tempera­
ture not exceed i.ng 435 degrees C. for a 
period of no t less t ha n 16 hours a nd cooled 
in a ir or quenched in oil or water. Th ree 
observa t ions may be made on t his state­
men t. It is da n gerous, i.n· p ractice, to use 
a tem perature a pproaching 435 degrees C., 
fo r if t his tempera turt> \s exceęded, within a 
very short time the castin gs are spoil t d ue 
to fu sion of e utectic . In addition t here is 
no safeguard against oven tem peratu re 
irregula rities a nd for t h i reason in practice 
t he temperature of trea t men t should n ot 
exceed 430 degrees C., and on ly that pro­
vided the oven t emperature does not at a ny 
point ri se above 435 degrees C. Complete 
sol ution of the eu tectic requires a n extremely 
long period a nd is, in fact, seidom achieved 
in p ractice. The period of 16 ho urs appears 
t herefore to be shor t a nd it may be fo und 
necessary to inc rease t he t ime to as much as 
30 ho urs to obtain a sufficien t degree of 
soJ.ution to give sati sfac tory test results. 
Fi nally, castin gs are usually allowed to cool 
in air , but a n a ir blast is preferable since 
it lessens the possibilities of precipitat ion 
d uring cooling. Precipitat ion , if it does 
occur , will resul t in loss of ductili ty. 

T he agein g treatmen t consists O·f reheat­
ing t he castin gs to a t emperature not greater 
than 21 O degreęs C. fo r a period of not less 
tha n ei ght ho urs. 
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ALUMINIUM---
from W AR TO PEACE 

d'i 

THE Rt. Hon. Ernest Brown, the new Minister for Aircraft Production, inaugu­
rating the Exhibition. Seated at the right are the Mayor and Mayoress of 

Marylebone and the Hon. Geoffrey Cunliffe, whilst seated at the speaker's ldt is 
Mr. Holmts, Chairman of Selfridges. 
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THE exhibition " Aluminium from War to P eace " is designed to tell the story 
of aluminium and to show in broad outl ine how light m etals, which have, for 
the past five years , been reserved almost entirely for wartime needs are 

being re-adapted once again to the services of a world at peace. 
To da te, the number of visitors daily passing through the Exhibition Hall in 

Se!fridge's has averaged 8,000, whilst the alumin ium house on a nearby site continues 
to dra w some 3,000 sightseers p er day. It will not be surprising, therefore, if the 
reader of the account which is to follow finds his curiosity only half satisfied or 
his qu estions answered but in part. For amongst this large number are included 
not only the general public, the chief interest of which is in consumer goods for 
domestic and allied purposes, but also a large body representing diverse professions, 
trades and industries from Great Britain, the Empire and foreign lands. 

In many instances such visitors are already well acquainted with the uses of 
a luminium and queries are inspired by the sight of novel d esigns or novel applications 
of the metal. In other cases, however, the use of aluminium is contemplated for 
the first time. Clearly it has not been possible to show anyth ing more than a 
frac tion of the vast field already served or capable of b eing served by light metal, 
and certain well-establ ished applications are , by reasons of limitatior: of time and 
space, un represented. 

H 
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On all matters of doubt, there­
fore, for answers to problems 
concerni r.•g the use of alu ­
minium in fields not touched 
upon in the exhibition, upon 
questions as to the suitabi lity of 
aluminium with respect to 
existi ng designs, or the modi­
fication of desigr.s in order to 
facilitate the replacement of 
heavy metal by aluminium, the 
visitor is enjoined to consult the 
Information Officer in the 
Exhibition H all. Alternatively, 
inquiries may be addressed to 
the I nformation Officer, Alu­
mir.·ium Development Associa­
tion, Union Chambers, 63, 
Temple Row, Birmingham, 2. 
Telephone, Midland 0847 . 

P articular interest attaches to 
the entrance screen and tableau 
of murals which form the 
approach to the exhibi tion. 
These works, designed by Ralph 
Lavers a nd executed by Starkie 
Gardr.er and Co., Ltd ., were 
originally conceived t o t ell the 
story of aluminium, and, at the 
same tim e, to express in them­
selves the personality of the 
metal. Original:y the whole of 
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PANEL illustrating 
possibilities of pro­

duction of small cast­
ings of varying in­
tricacies of design in 
aluminium alloys. 

the screen was to 
be anodized and 
dyed light grey, 
medium grey and 
dark grey, the 
murals being left 
in the natura] alu­
m1r.mm colour. 
Subsequently, tbese 
suggestions we re 
amended , anodiz­
ing to be in light 

GROUP of light-alloy door furniture 
of conventional designs . 
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REPRODUCED above is the panel setting out details of the forging technique 
for light alloys, together wit h representative examples. At the foot of the 

page is the panel dealing with the properties and uses of aluminium sheet. 

323 

grey , dark grey a nd black to suit the a rtist a nd to fit in with the a nod izing t echnique. 
After ea rly ex periments it was decided to a ba ndon any attempt to show perspective 

as the th ickness of the materia ls being used al ready possessed a third d imensional 
value. Time was short a nd the utmost s implification was essential ; for this reason 
all details not absolutely necessary were discarded . After consulta tion with the 
a rt ist it was agreed that the murals were to b e a combina tion of dra wing a nd 
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SET out on the panel illustrated here is a series of examples showing the range 
of possibilities presented by the anodizing and dyeing technique for aluminium. 

At the foot of the page is an illustration showing part of the piston exhibit. 

m odelling a nd to be produced as cut-outs from sheet of various thicknesses, the 
required effects being achieved by suitably engraving, texturing and chasing. 

The '' Foreword '' a nd the text embodied in the screen a nd approach a re printed 
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in Gill sans, the lettering being left in the natura! colour of the metal on a black, 
anod ized ground, thus matching the murals themselves. 

In the murals around the " foreword " pa nel the attempt is made to show how 
a luminium takes its place alongside traditional materials such as bronze . In this 
regard, a useful service is done to light metals and for those who contempla te their· 
use, for, in the minds of many, there tends to exist, consciously or unconsciously, 
a suspicion tha t the newness of a luminium implies a degree of social inferiority in 
compa rison with the established and traditional materials, such as iron and bronze. 
ln symbolic sequence, th e " foreword " panel d epicts " Genesis," the Stone Age, 
the Bronze Age , the Iron Age, a nd the new-bom spirit of " Alumin ium," which is 

for FOtts 

PANEL illustrating a variety of plain, coloured, and embossed 
aluminium foils for packaging and other purposes. 

th us d epicted as a liirnal descendent of a great line a nd not as a newcomer and a 
stra nger to the ideals of the past. 

The symbols of stone. bronze and iron a re du plicated and positioned 01~ both 
sides of the " foreword " panel, with " Genesis " on the underside and " Aluminium " 
on the top side, fitted between circula r disc features, the murals themselves running 
between the two exits a nd depicting in sequence the winning of bauxite, r eduction, . 
alloying, pouring, extruding, rolling, forging a nd casting . 

In achieving designs of the highest a rtistic m erit , sight h as not been lost of 
necessity for representing with diagra mma tic accuracy the processes entailed in the 
production of aluminium metal in its various semi-manufactured forms. From these 
murals the v isitor may obtain a tolerably accura te idea of a luminium production from 
the ingot stage to casting , sheet or extrusion. 

For the last three murals, symbolizing t ransport by la nd , sea a nd air, traditional 
subjects were deliberately chosen by the a rtist to break the customary link between 
light m etals a nd such modern conceptions as the aeroplane and speedboat. Further­
more, th ese panels were designed to emphasize and to relieve the great simplicity 
of the treatment accord ed to the industrial symbols. 
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It must be pointed out that on this type of work, unless a designer has the ful1 
sympathy and help of a team of com petent craftsmen, success is jeopardized. 

In the murals, the prospective user of a luminium is presented with a synopsis of 
the forms in which the metal and its a lloys can be obtained, namely, castings and. 
various semi-manufactured and manufactured forms, such as sheet, extrus ions and 
forgings. Elsewhere in the exhibition will be found panels depicting the range of 
possibilities in each of those fi elds; these should be studied in comparison with the 
various manufactured articles comprising the body of the display. Particular 
attention is directed to the use which is made of semi-macufactured forms, more 
especially complex sections, from which, ofter.' by simple manipulation (bendi ng, 

CURVED bay window and accessory furniture. The metalwork here 
is in anodized and dyed aluminium, the windows, desk top, handles 

and armrests of chair being in Perspex. 

for instance), finished articles can be produced with a minimum of machining. Ot her 
exhibits serve to show how such forms can be combined with castings to give 
assemblies requiring minimum time and plant for production. Above all other metals 
and alloys, aluminium possesses the greatest capacity for adapting itself in this way 
to the needs of modern ind ustry and art, whether for purely d ecorative features, 
the murals for instar.ce , or strictly utilitarian items . 

For sand castings there is virtually no size limit. To some extent, however, 
thinness of sections obtainable will depend both on the size and the design of the 
casting , as well as upon the a lloy in which it is executed. Gravity die-castings, 
again, are obtainable in all sizes , the upper size limit being governed principally by 

{Text con linued on p. 333) 
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PLAN AND DESIGN DETAILS OF ALUMINIUM HOUSE. The house is rectangular 

in plan , 29 ft. 11 ins . by 22 ft . 6-ł ins. , with central entrance. 

floor area :-Ho use 

Shed 

Accommodation 

living room 

Sed room No. 1 

Bedroom No. 2 

Kitchen 

Bathroom and w.c. combined 

HallJ .. 

Oucside shed 

630 sq. ft. 

32 sq. ft. 

662 sq . ft. 

14 ft. 4,\ ins. 

12 ft. 2;i ins. 

9 ft. 5a ins. 

9 ft. 3 ins. 

5 ft. 6 ins. 

4 ft . 10 ins . 

8 ft. O in. 

Ceil ing height 7 ft. 6 ins. 

Si z e Floor area 

X 10 ft. 11 2 ins. 157 sq. ft. 

X 10 ft . 11 ~ ins. 135 sq . ft. 

X 10 ft. 11 2 ins. 105 sq . ft. 

X 10 ft. 11 2 ins. 102 sq. ft. 

X 10 ft. 11 ! ins. 57 sq . ft. 

X 10 ft. 11 ! ins. 48 sq . ft. 

X 4 f t. O in. 32 sq . ft. 
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SHOWN above is a front view of the aluminium 
house, whilst below is shown the rear view. 

July, 1945 
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V !EW of the aluminium house illustrated above shows the light-metal 
roof. Below is seen th' lounge, looking towards the fireplace. 

329 
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/\ BOYE is shown another view of the łounge 
~ and, bełow, is illustrated the best bedroom. 

j uly, 1945 
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PICTURED above is the guest bedroom in the aluminium house and, 
below, may be seen the kitchen, the door at the left being open 

to show the lounge. 

331 
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A FURTHER view of the kitchen in the aluminium house is 
„ illustrated above, whilst below is shown the bathroom. 

July , 1945 
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the cost of producing the necessary 
permanent mould. Minimum sec­
tion thicknesses will, in this case, 
once more be governed by des ign 
and choice of alloy. 

Pressure die-castir.5's must in the 
main stili be considered as catering 
principally for smaller castings, 
maximum dimensions being strictly 
limited by the expense and techni­
cal difficulty involved in the 
production of very ląrge dies. 
Numerous examples of all types of 
castings will b e found exhibited. 

In the rolled form, light a lloys 
may be obtained in a ll thicknesses, 
ranging from an inch or more down 
to less than .002 in.; the maximum 
dimensions of a sheet or strip being 
governed by its final thickness. 
Extrusions include tubes of a ll 
thicknesses and bores, and sections 
up to a size included within a 16-in . 
c ircle . Forg ings a nd pressings may 
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be produced in a luminium and its 
a lloys to d esigns and dimensions 
possible in any other metal. 

From these general data it will 
be seen that the designer is not 
limited in his scope by the use of 
light alloys. Intricacies of d esign 
a nd service requirements will, as 
in the case of heavy m etals, 

T EFT. Designed by R. Lavers, the 
L seal shown here is beaten from 
aluminium sheet and is mounted on a 
Perspex pedestal and is balancing a 
large blown Perspex bal!. 

BELOW. Designed for casting in 
aluminium, the figurette " Spirit 

of Aluminium " by J. W oodford, R.A., 
stands on an aluminium plinth, on the 
facets of which are engraved Perspex 
plaques illustrating symbolically the 
fields of science and art where light 
metals find application. The bal! in 
the hands of the figure is in Perspex 
and the whole is covered with a 
Perspex shade. 
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RIGHT. Decorative wali screen 
wrought in aluminium, antique 

finish. 

influence the possibility of economic pro­
duction and, furthermore, will determine 
the particular light alloy to be used. 

Two extreme cases might be quoted to 
illustrate this point; the large plane 
mirror in the bathroom exhibit, and the 

A LUMINIUM door and frame. The 
door itself is machined from a I-in. 

aluminium plate. Lights and windows are 
in Perspex. 

equally large concave naval searchlight 
mirror showu nearby, are machined from 
massive aluminium sheet of high purity 
in order that they may be satisfactorily 
treated by an anodic process to give a 
permanent surface of maximum reflec­
tivity. At the opposite end of the scale 
the casings of the small hand tools, shown LARGE decorative panel with anodized 

design in live colours. 
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V IEW of kitchen of the 
future showing elec­

tric oven and hot plate. 
In all the units here, exten­
s1ve use is made of light 
met ais. 

e1~ewhere, are die-cast 
in easy-running alloys 
in order to facilitate 
the obtaining of the 
somewhat complicated 
forms required, and, 
furthermore, to enable 
reasonably thin sec­
tions to be achieved. 
The hydroplane and 
the light-alloy dinghy 
are both built up 
from a magnesium­
al uminium alloy of 
the intrinsically high 
corrosion - resistance 
required for marine 
applications such as 
this. 
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From the murals, the panels illustrating the p ossibi lities of d yed anodic finishes, 
and numerous exhibits throughout the hall, a generał picture may be obtained 
not only of the ra nge of finishes which it is possible to impart to aluminium surfaces, 
but also of the scope offered to the designer on the one hand, and the user requiring 

specific effects on the 
other. 

Whilst on this subject, 
opportunity m i g h t be 
taken to refer to the joint 
use of light metals with 
other materials in engineer­
ing and d ecorative struc­
tures. In practice the use 
of a single materia], how­
ever general its applic­
ability, is rarely possible, 
and really satisfactory re­
sults can be achieved only 
by using each materia! in 
its correct form and ir.- its 
correct place. H ere we 

GROUP of kitchen utensils 
in heavy-gauge aluminium. 
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GROUP of aluminium sauce­
pans of modern design. 

would direct attention to the 
two very different exhibits, 
namely, that showing a 
cycle embodying light-alloy 
components used in con­
junction with steel, and to 
the very novel curved bay 
window featuring dyed and 
anodized aluminium, to­
gether with transparent 
plastics. A fuller d escrip­
tion of this last item is 
warranted . 

The interior c o I o u r 
scheme is based on anodized 
alum in ium dyed pale blue 
and terra cotta, the exterior 
b eing aluminium in natura! 
fmish. The whole of the 
structure is in light metal, 
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the dado being built up of thick bent plates ar.d extruded sections anodized a nd dyed. 
The sill is in thick P erspex with aluminium-plate hacking; behind th e il! an 
illuminated trough is provided with a Perspex cover plate housing continuous strip 
lighting to illuminate curtains from below; supporting columns on both sides are 
constructed in thick aluminium sheet with timber hacking, the " interior " columns 
being built up from solid-drawn aluminium tube. Artificial-silk curtains processed 

with a plastic facing are 
hung on a sliding track of 
entirely new design. 

The curved windows are 
in thick Perspex, two 
being arranged to open 
by means of a continuous 
window lift; these are 
counterbalanced. The cir­
cular light fitting in the 
ceiling supports a P erspex 
reflecting plate, the pris­
matic sections of which are 
machined. The writing 
desk is entirely of alu­
mm1um anodized a n d 
dyed, the top being P er­
spex laid over stretched 

A LUMINIUM coffee pot, 
f-\. teapot, muffin dishes and 
cocktail set. 
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„1he''peropechve"ellecteduoedbythe1upenn>~· 

1;.,n of the v•ri""olr ... ńaced 1hce10 ~ do... 1n•i-•M>n 
... ;UeN1ble.......,deiad1oft...,1u1ura1ob,.oblaiMJd. 
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from th..t inunedoarely 1di1cent, at the left, may be 
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cunenldeoil'n,.ndl'ł!hlmetah, 
inthepreoent..dayachemeofthing1. 
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ABOVE. Fireside com­
panion set in aluminium. 

RIGHT. Chair, trolłey and 
table lamp, assembled 

from aluminium tube and 
secti:>ns. 

BELOW. The lines and 
appearance ol a super­

sports model are presented 
by this toy motorcar built up 
from aluminium sheet and 
pressmgs. 
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crushed Vaumol grai n hide . The drawers 
are of hardwood faced with P erspex and 
hide, and fitted with Perspex handles. 
The revolving chair is formed from a. 
curved aluminium plate supported on a 
light-alloy ped estal, a plastic roller bear­
ing a nd spindle being provided for the 
rotary movement. It is upholstered in 
hide to match the desk , whilst the arm 
rests are of P erspex overla id on hide. 
The various furnishings, such as book 
ends, table lamp and standard lamp, a re 
all in aluminium ; the standard lamp· 
incorporating P erspex ..in its d esign. The 
inkstand and pen a re a lso in P erspex. 

The items shown in the exhibition 
cover the requirements of users in every 
field, ranging from the aluminium sauce-

pans of modern des ign to the !a test type 
of operating table executed in a luminium. 
One general lesson may be drawn:­
whilst, broadly, there are few structural 
or engineering assemblies which cannot 
be built in light alloys, there is, neverthe­
less , a trend to the d evelopment of designs 
specifically adapted to these materials. 
This is dictated partly by the intrinsic 
mechanical properties of light metals , 
which differ as much from those of heavy 
metals as do those of the heavy metals 
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GROUP of children's toys, nursery lurniture and perambulator. Light alloys 
here meet the demands of minimum deadweight, ease of production and 

attractiveness in appearance and finish. 

and the steels amongst themselves. It is governed partly, however, by the need 
and desirability for profi.ting by the unique properties of aluminium-its light weight, 
its high corrosion resistance, the ease with which it may be fabricated, and the wide 
variety of surface fi.nishes which may be impa rted to it . It is, indeed, on account 
of this latter group of considerations that a luminium has found so extensive a field 
of applica tion. Transference of design directly from a nother mate rial to light metal 
is, in most cases, technically and economically unsound and will frequently re~ult 

10 full use not being made of the possibilities which its use presents. 

DOLL'S house assembled lrom toy 
structural units in aluminium. 
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For this reason ma ny novel d esigns 
in household furniture, fo r exa mple, 
will be seen which would be qu ite 
incapable of realization in wood or 
p lastics , a nd esthetically unsatisfactory 
if produced in steel or heavy meta l. 
Nevertheless, where the need exists for 
the duplication of conventional exterior 
forms then this is possible, as shown, 
fo r exa mple, by the chest of drawers 
a nd writing desk (both finished in 
stoved cream ena mel ), designed for use 
on board ship. In these two cases a 
d egree of lightness a nd durability has 
been achieved quite impossible with 
timber, a nd , furthermore, as compa ra­
tively light-ga uge sheet has been 
employed, no space has been lost in the 
fo rm of heavy drawer fronts a nd reba ted 
dra wer bottoms . 
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L E FT . H:1dro­
plane, the body 

of which is assem­
bled from corrosion­
resistant light-alloy 
sheet . This boat 
suffered prolonged 
immersion in water, 
but when recovered 
exhibited no serious 
corros1on whatso­
ever. 

A BOVE. The rocking­
horse shown here 

features a cast aluminium 
base, giving rigidity 
wit ho ut ex ces si ve weight. 

L EFT. In the lore­
ground is a light­

alloy dinghy, whilst in 
the background may be 
seen chairs of various 
designs with light-alloy 
frames, a small wrought 
screen in aluminium 
together with cabinet 
and table lamp. 
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Visitors will appreciate that, to use light alloys to adva ntage, the engineer must 
d esign for these materials , whilst the producer of non-engineering structures will 
obviously be advised to take adva ntage of the school of industria l designers versed 
in the use of a luminium a nd capable of utilizing to the full its ma ny unique qualities. 

To quote concrete exa mples, we would commend particula r attention, on the one 
hand, to the light-a.lloy extending ladder, a nd , ·on the other, to the " door a nd 
fra m e '' exhibit. The lightness a nd rigidity of the ladder should b e noted in con­
j unction with the hollow-section structure of the sides. The door is, in ma ny respects , 
quite unique. In spite of its ease of movement a nd light a ppearance, it is actually 
machined from I-in. solid aluminium pla te, the design being form ed by simple 
drilling and reamering of holes, into the la rger of which a re fitted fiu sh P erspex 
discs , whilst ' in the case of the sma ll holes coloured vinylite plastic inserts a re faced 
on each side with thinner P erspex discs. The d oor, which is hung on top and bottom 
pivots, is provided with P erspex ha ndles , th e surrounding screen being glazed wi th 
thick P erspex. The ma in fra me is constructed of extruded rectangula r-section tu be. 
The whole assembly is in natura! aluminium colour, satin fini shed a nd lacqu ered. 

P erhaps of more general interest may be quoted the light-alloy barrow a nd hay 
ra ke, these two items representing a field of a ppl ication a t present but little exploited . 
Maximum lightness and ba la nce are here combined with the high corrosion resistance 
necessary for equipment a nd applia nces undoubtedly to be called on to face in use 
quite severe weathering conditions . Again, it will be noticed tha t exterior design, 
whilst conforming closely to convention, has , nevertheless , b een modified to suit 
all -aluminium construction and to take full a d vantage of the possibilities offered . 

From such severe exhibits a s the opera ting ta ble a nd the a rtificia l limbs, a nd from 
architectural conceptions, such as the murals a nd the curved ba y window, we may 
pass to another field, tha t of children' s toys . Specialized properties are call ed for 
in materials which cater for the toy- making industry, a nd t hese a re fully met by 
a luminium. E cenomy in first cost , ease of working , availabili ty in light gauges a nd 
a menability to the reception of the widest possible range of finishes; a ll these require­
ments a re a utoma tically met . The toy motorcar a nd the doll 's house serve to 
illustrate this point. 

In the domestic field the scope of light meta l is illustra ted by a n a ttracti ve range 
of cooking utensiJs , to some of which , incidenta lly, colour a nd enha nced comfort 
a re added by the -simulta neous use of plastics. A sma ll cockta il set indicates how 
adva nced d esigns may be achieved in the m etal. Gas stoves a nd water h eaters 
may b e rendered more a ttractive, lighter a nd thermally more eflicient by the judicious 
incorporation of aluminium components . Aluminium has been shown to b e a ble to 
sta nd up eminentl y satisfactorily to prolonged heat an d moisture deposition . 

In the aluminium kitchen may be seen a n assembly embodying th e !a test designs 
in light m etal. Washing machine, wringer, dish washer a nd s ink a re a ll executed in 
light alloy which provides the necessary combination of sta inJessness a nd intrinsic 
attractiveness .in colour. 

The alumir.~um house which was opened to p ublic ex hib ition by Mr. Dunca n 
Sa ndys, Minister of W orks, on Tuesday, June 5, has, of a ll t he indi vidual exhibits, 
proved the rnain popular a ttraction . A plan of the house and various exteri or and 
interior views a re reproduced elsewhere in this account. In co1xluding this review 
of the exhibition " Alurninium-from Wa r to P eace," we can not d o better tha n -
present the officia! synopsis giving deta ils of its construction ar.d erection. 

The house was originall y conceived b y the Aircraft Industry's R esearch Organ iza­
tion for Housin g . This organization employed Hiduminium Applica tior:s , Ltd„ as 
d esigners under th e supervision of A. Goldberg, the a rchitect bein g A . F. Hare. The 
house is now sponsored b y M.A.P„ whic h has reta ined Hiduminium A pplications ar.d 
the architect as consultants on d esign a nd process development . 
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The house on view at the exhibition is one of sever., t emporary types to be supplied 
t o locaL a uthorities under the Housing (T emporary Accommodation) Act, 1944. 
Under this Act, the temporary houses wi:t be provided an d owned by the Government. 
The loca! a uthorities will choose th e tenants, fix a nd receive the re1~'t, manage the 
houses and keep them in repa ir. An order for 50,000 aluminium houses has been 
placed by the Minister of Works , the Ministry of Aircraf t Production acting as agents 
for production. This order is being treated on lines similar to the ma nufacture 
of a ircraft . Production will take place a t five centres : Bristol Aeroplane Co„ at 
VVeston-super-Mare; Hawksleys, Ltd„ a t Hucclecote; Vickers-Armstrongs, Ltd„ at 
Chester a nd Blackpool; Blackburn Aircraft, Ltd„ at Dumbarton. 

The Bristol Aeroplane Co. act as the parent firm of th e group, and High Duty 
A lloys , Ltd„ are t echnical advisers to them. The exhibition house was produced 
a t the Bristol Aeropla ne Co. with Hiduminium Applicat io r.s as design consultants. 

P roduction will begin on a small scale this month at the parent factory and will be 
followed shortly at the other works , and will ever.•tu ally build up to a peak production 
of 5,000 houses a month. 

CONSTRUCTION 
General.-The hou se is completely prefabricated in four separa te units , each ur.•it 

approximate size 22 ft . Gt ins. long by 7 ft. 6 ins. wide. E ach unit is assembled in the 
factory, where all fitments a re installed a nd fina! decoration is carried out. 

Site Erection.-Consists of hoisting the ui:,its on to b rick dwarf-wall foundations 
and then connecting the four un its together at floor, wal ls and roof with t apered 
pins. U nit A.-Consists of kitchen a nd ha lf living room. Unit B .-Consists of 
bathroom, w .c„ service unit, a ll pi ping and drains, boiler fi re and half living room. 
Unit C.-Consists of part bedrooms, ha ll and wardrobe cupboards. Unit D.-Consists 
of part bedrooms Nos. I and 2. 

Floor .-Aluminium alloy extruded section framed pa nels with T. a nd G . boa rding. 
Walls.-Fram es of aluminium alloy extruded ar.d rolled strip sections riveted 

together, clad externally with 20-gauge aluminium-alloy sheet riveted to fra mes . The 
frames are fill ed solid with li ghtweight aerated concrete providing thermal insulation . 
The external sheet cladding is stuck to the infilling with bitumen adhesives . The 
panels are faced ir.,ternally with pl aster board or building board fixed to ply battens 
screwed to alu minium-alloy fra me a nd stuck to infill with bitumen adhesives. Site 
joints are made with aluminium-alloy sprin g elips forming a double capillary groove. 

Internat P artitions .- Aluminium-al\ oy fra mes filled with aerated concrete a nd faced 
each side with p laster board or b uild ing boa rd stu ck to ir.>fi.11. · 

Ceilings.-Plaster board or building board supported by al umin ium-a lloy channel­
sections spanning between roof trusses, with layer of insulation m ateria! fixed to top 
of ceiling boards. 

Roof.-Form ed of two trusses a1~d two trussed purlins ·constructed of alumini um 
alloy extruded a nd rolled sections bolted to walls a nd spina! partition. Covered with 
aluminium-alloy panels 2 ft. 6 ins. wide, formed with a Boughing section covered 
with layer of insula tion and faced internally with aluminium-alloy sheet. The panels 
are formed a t sides a nd ridge with a n upstand which is covered with an aluminium­
alloy rolled strip cloak with capillary groove. The eave overhang, complete with 
gutter, is constructed of alumini um a lloy. 

Windows .- Windows, interr.al and external surrounds, are in aluminium alloy. 
Doors.-Doors a nd fra mes are in timber. 
Fittings.--Kitchen and bathroom unit and c upboa rd units similar to the M.O .W. 

standard units are constructed in al umir.•ium alloy. 
Pro~ec tive Trea tment .-Aluminium a lloy is naturally highly resista nt to atmo­

spheric corrosion , but, as a n additional precaution, structural sections and wall facir.•gs 
und ergo a special anti-corrosive trea tment. 
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Commentary on 

PRESS URE DIE CASTIN-G 
Observations on a Paper by]. L. Erickson , 
Which Appeared in " Light Metals," 

1945/8/173. 

By 
E. CARRINGTON 

A N attem pt has been made in the 
following notes to comment upon 
Eric.k.son's very interesting paper, both 

from the theoretical and practical point of 
v iew. 

In his introduction, Erickson says that 
porosity " is indirectly respon!'lible for ( I ) 
the almost universal opinion of engineers 
that pressu.re die castings are inferior to 
sand and gravity die rastings as regards 
uniformity of tensile _and fatig:ue strength 
properties, and (3) high reiect10n rates m 
cases where the pressure die castings must 
be absolutely radiographically sound." As 
reaards ( I ) it LS obvious from his O\\'n article 
th~t not only engineers, but metallurgists 
and die casters realize that pressure die 
casting,; are not universally sound . He him­
self has shown thi.s by rejecting a large 
proportion of bars because of unsoundness, 
often more than 50 per cent . being 
discarded. 

This js most surprising. T est bar.s were 
made by different methods in order to see 
what kind of bars were obta1ned, and then 
all the doubtful bars were discarded. This 
deieats the whole ob ject of the experiments. 
In some cases only 30 per cent . \\·ere radio­
graphically sound. It may 
therefore be said tha t those 
tested were " accidentally " 
good, and that the dis­
carded bars were really 
representative of the kind 
of castings obtained undcr 
those particular conditions. 
If Erickson had cast 1 OO 
bars, and only one had 
been sound , would he 
have tested that one and 
said i t represented the 
type of bar made under 
those conditions? Su rely all 
the bars should have been 
tested, and their conditions 
reported on, in order to 
obtain a general id ea as to 

Fig. 1.-ldeal Aow according to 
F tommer. 

the castings to be expected under each set 
of conditions. 

As regards (3), it is again surprising to 
find that pressure die castings " must be 
absol utely radiographically so und ." Jn 
this country the Air Ministry classifies 
a ll pressure castings as Class III , and 
none need be rad iographed, because they 
would not be expected to appear radio­
graphically sound. They are, of course, 
quite suitable for the purpose for which 'lhey 
are used, as a li ttle rough work with a 
harnmer will soon show. 

One of the ways in which attempts are 
made to obtain castings free from porosity 
is said to be the use of " heavy and 
abundant straight vents," and yet, although 
these a re very often used in practice, no 
attempt is made to use them in these 
experiments. The function of vents is not 
merely to allow air t" escape, but to control 
the speed of escape. If the air escape com­
paratively slowly, it has a cushioning effect 
and prevents excessive turbulence . \Vhen 
the metal reaches the end of the vent the 
vent has done its job, and i.f there is stili 
air in the interior of the casting, solidifica tion 
will be so quick that it will be unable to 
escape. Th e writer would certainly like to 
see pure-free pressure castings. All those 
which he has examined were porous in the 
middle, although the pores in castings ma.de 
by a cold chamber machine qm generally 
only be seen under a micro.scope. Manufac­
turers may advertise " that high pressures 
"·ill produce pore-free castings " in America, 
b ut they do not do so in England. 

There is another possible way in which 
porosity in pressure castings may be mini­
mized, which has not been mentioned by 
Erickson. Ziesenheiml ca lis this method 
"Prefill Injection." He suggests that the 
gravity die-casting process points the way 
to better prnssure die castings. Jn this 
process the metal is poured into a heated die 
and fills the die slowly from bottom to top, 
thus driving all the air before it . " Alu­
minium castings so made were superior to 
those made at high injection velocity in 

1 " Metal lndustry," 1944 ,'65/219. 
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Fig. 2.-Actual Row according to Frommer. 

press ure-die-cast ing machines . It becam e 
eviden t t hat if t he vir t ue of .s low ino vemen t 
o f metal co uld be com bined with hi gh fin a! 
pressure on t he metal as it chili? . . . a 
great fo rwa rd step wou ld be ma de." T•he 
prefi ll inj ectio n syst em works on t his prin­
ciple . T he metal is injec ted comparatively 
slowly so as t o allow t he a ir to escape, a nd 
then pressure is immediately a pplied 
hrdraulically, in ord er to compress a n y 
gas ""hich h as been trapped. A large gate 
is used in orde r to allow t his pressure to 
be a pplied . lt is cla imed tha t in additio n 
to giv ing so und castings, such a system of 
inj ection gives a long d ie life. 

T'hi s method seems more likely to give a 
sound cas ting t ha n b ui lding machines wi t h 
mo unting injection pressures which must 
give greater t urb ulence a nd high er gas con­
ten t. 

L ater, Erickson expla in s defects obtain ecl 
on heat t rea tmen t 11·it h castin gs macie by 
h igh pressure, a nd castings 11·it h overflow, 
h ut does not mention those ma de wi th goocl 
,-ent ing . This o mission see'ITIS rea ll y 
importa n t. H e t hen ays t hat castin gs m ade 

""ith a very high pressure b ut with n either 
o verflo ws n or venting, were " radiographic­
a lly so uncl. " Fra nkly, if castings w hich we 
know t o conta in gas appea r racliogra p'hically 
so und, it is time that we eithe r changed our 
radiogra phic techniqu e o r st opped using 
ra diography . The question arises a s t o 
whether a castin g of the test-bar ty;pe, wbich 
conta ined evenl y distri'buted microscopic 
gas cavities, would simply give a som ewha t 
<l a rker b ut uniform X-ray nega tive, and 
whether such d a rkness might be lo.oked upon 
·as d ue to d a rk-room t echnique. 

It is s uggest ed tha t a ba r be prepared 
from wro ught ma t e ri a l a nd radiographed 
with each bat ch of experimenta l bars in 
order to p rovide a sta nda rd . 

The work previously carried out b y 
Erickson, showing the different effec t s of 
d ifferen t gases, is very interesting. It 
would be in structi ve to t ry " ai r " with 
inc reased oxy gen , a nd pure nitrogen. 

On e important point rega rding these gases 
a ppears t o ha ve been missed: t ha t is t heir 
moisture content . In view of the readiness 
of al uminium t o split up wa ter , t o form 
al uminium oxide a nd h ydrogen gas which 
rea dily d issolves in m olten aluminium , all 
gases used fo r t hese experiments sho uld be 
thoroughl y dried by passing them th rough 
severa! feet of silica gel. 

The d ie used for these experimen ts is a lso 
interes ting, but .it would appear tha t t oo 
much is ta ken fo r granted as t o tp.e way in 
11'hich t he met al will fi li it. Frommer2 h as 
suggest ed tha t the idea! direction of flow t o 
fili a pa rallel-sided m ould wo uld b'! a s shown 
in Fig . l , b ut t ha t t he ac tua l flow is a s 
shown in Fig . 2. According t o t his , meta l 
would be entering the second ba r ca v.ity of 
Erickson 's mould before it had fill ed the 
first. a nd thu s both bar ' wo uld contain a ir , 
r elative amounts proba bl y depending upon 
t he size of t he interconnecting ga t e . 

K oster a nd Johring2 ha ve ca rried o ut 
experiments in which \Vood ' s m et a l was 
pressure ca st in to a glass mo uld, the process 
being phot ogra phed b y uH:ra-rapid cinema­
tography (3,600 pictures per sec .). Fig. 3 
shows t he pictures obtain ed when filling a 
t est.ba r mo uld, a nd it will be seen tha t the 

2" Die Gresserei,"" 1941 /26 '521. 

Fig. 3.-Filling of a test-bar mould . 
Reading from left to right, the ilłus­
tration at the extreme łeft shows the 
rnould 4 x 10-3 secs. after pourins;r 
had commenced. The succeeding 
illustrations show the appearance of 
the mould at intervals of 12 x JO-li , 
20 X JO-li . 34 X l(}-3, 43 X IO-li. 
57 X IO-li, 62 X 10-3, 67 X IO-li , 
74 x IQ--3, and 82 x 10-3 secs., the 
Jast representing the moułd in its. 

compłetely fiłled state. 
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fl ow of metal is similar to that suggest ed 
by Frommer. 

Bra nd t3 carried out experiments which 
suggested that the metal does not fl ow in a 
parallel-sided st ream, as suggested by 
Frommer. H e says that the direc tion of 
flow is essentially m ainta ined, but the metal 
spreads until it contacts the \\·alls and keeps 
on fl owing until it reaches the farthest part 
of t he die. The rate of fl ow is reduced, du e 
to the spread ing and the resistance of 
trapped a ir. This m eth od of fl ow would 
al,so leave a pocket of air at the en tra nce 
to Erickson 's first bar. 

The shape of the runn er F m ay have a 
good deal of effect upon the ty.pe of bar 
produced jn the second half of the mould. 
Koster and Ji:ihring2 used two U tubes, one 
semi-circular in shape a nd the other 
rectangular, as shown in Fig. 4. The flow 
of meta l in these mould s is shown in Figs . 
5 a nd 6, a nd it will he n oticed that although 
there must be much more turbulence in the 
rectangula.r mould than in the semi-circular 
one, the fopmer gives a mare gas-free casting, 
because the metal in the semi-circular mould 
is thrown by centrifugal force in a t hin 
stream round the outside of the mould a nd 
thus traps a good deal of a ir when it gets to 
the far end. Even "·hen the mould is 
" full " there is stili an air pocket at the 
entrance. In view of the curvature of the 
runner F in Erickson 's mould it is quite 
possible that air is similarly trapped. 

Another point connected with the die 
shape which Erickson has ignored is the 
butt, and the runner bet\\·een the butt and 
the first test· bar. Before the metal is 
actually injected by the piston there is quite 
a lot of air between it and the mould 
proper. If there are corners and changes 
of direction in this pa rt of the die, turbu­
lence will take place hefore the me tal enters 
the t est-ba r cavities. Examination of the 
photograph of the casting shows tha t there 
are changes of direction. Moreover, at the 
entrance of the first test-bar cavity there is 
a curve somewhat resembling that of the 
U mould used by K oster and Ji:ihring2, and 
it may therefore be reasonably expected that 
in addition to turbulence in the buitt there 
,,-iii be gas at the entrance to the first bar 
cavity because of the metal running round 
the outside of the cun·e between the butt 
and the mould. 

In describing the types of possible test 
bars, und er types Al and A , type Al is said 
to have no escape for air, and to be quite 
similar to those m ade commercially in 
generał practice. The question immediately 
arises, wh y are no vents used in general 
prac tice? In the case of the experimental 
-mould there is ob,-iously a desire to try the 
effect of entrapping as much air as poss ible, 

3 "Techn. l'.entralbl. prakt. Metallarbeit.' . 1937/47/751; 
819; 893. 

but why is the air not allowed to escape 
from a com mercial test-bar mould ? If runs 
had been carried out usi ng vents in the 
experimental die, same light might have 
been thrown on this question . Again, type 
A test bar is said to be similar to the 
standard commercial pressure die castincr 
" 'where all the air is trapped as it is mad~ 
with a small gate." How does the amount 
of a ir trapped depend upon the gate? Metal 
enters the mould through the gate at a 
very high pressure, and solidifies under 
that pressure, so that no a ir ca n e'cape 
through the gate. Hence, if th ere are 

Fig. 4.-Shape of moulds used by 
Koster and Johring. 

neither overftows nor vents, all the air is 
trapped, whatever the size of gate . 

T ype BBI. H ere it is stated that the 
first bar, BI, is cast after the mai n air mass, 
which .ti lls the cavity CDE before the meta l 
enters, has been compressed into the second 
cavi ty GHI. This assumes that the metal 
acts like a liquid piston and pushes all the 
a ir before it . K oster and J i:ihring ha ve 
sho"·n quite conclusively that this is not 
so, and while most of the ai r will have been 
pushed foP1rnrd, it is probably in correct to 
say that the metal in the cavity CDE 
sol1difies with much less chance of coming 
in contact "·ith air than does the metal 
which makes bar B. 

Type D. H ere again th e assumption is 
made that all the ajr is compressed in the 
runner F, and that the bar is presumably 
free from ai r. A glance at Fig. 5 shows 
that if the second leg of th e rounded U 
mould were cut off or stopped up at the 
finish of the curve as sho·wn. by the li ne on 
the fifth picture, there would be a very 
co nsiderable amount of a ir in the straight 
portion (i.e., the test bar) when the 
ro unded portion " ·as fill ed . 

Type E. \Vhile the BI bar might contain 
a ir because o f the action of centrifugal force 
on th e metal het\1·een the butt and the firs.t 
test-bar cavity, causing it to run on the 
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outside of the cun·e only. and thus to allo11· 
air to remain on the inside, "'ith the E bar 
the air \\'Ould be left in the first mould 
because of the flow of the metal through a 
small gate as sho11·n in Figs. 5 and 6. 

T~·pe F. In this type of shot the metal 
is said to com press the air in,to the cavi ty F. 
W hy, then, 40 per cent. scrap? (Table 2, 
"Light Metals," April, p . 183.) 

Type G . If part CDEF is "filled sol id " 
hefore the casting process is complete, ho"' 
is it posstble to know that thtre are no cold 
shuts in either of the bars? 

B tests performed on test bars. I . R ad io­
gra.phic inspection. Criticism has already 
betn made on the scrapping of a ll bars 
\\'hich were not " absol utely free from even 
the slightest porosity," both as regards the 
actual scrapping of the bars and the pos­
s ibility o[ obtaining bars \\'ithout porosity . 

2 . T cnsile test. H ere again we have a 
L.trge proportion (sometimes a very large 
proportion) of the bars scrapped. Surely 
the object of any experiment is to see \\'hat 
h3ppens, bu t if \\'e deliberately close our 

Table 1.-Effect of Heating. 

____________ I lype C ::_p• Cl 

Radiographica!ly sound after 
heating ( ~~ ) o 100 

Yield { Belo re heating „ 21,000 31,000 

(lb. / ins.2) After heating .. 12,500 11 ,500 
% loss .. .. 40.5 62.9 

Max. stress { Before heating 41,000 51 ,000 
(lb . 2) After heat1n~ 19,000 21 ,000 

• 1 tns. ~·~ loss .. 53.7 58.8 

{ Before heating 4.0 8.0 
Elongation °0 After heating 21 .0 23.0 

lncrease .. 525 287 

Yield ( Before heating 51.2 60.8 

Max. stress -{ After heating 65.6 54.8 
l 0 o difference + 28.5 - 9.8 

for unmodified 13 per cent . si licon alloy is 
578 degrees C „ and for the modified alloy 
564 degrees C.) . If sound a nd unsound bars 
had been heated it might have been possible 
to s?e some connection bet\\'een the amount 

Fig. S.-Progress of fillinw: for a rounded U-type mould. Reading from leh to right. the illustration at the extreme 
left shows the moułd 6 x 10-3 secs. after pourina: has commenced. Succeedina: illustrations show the mould at 
intervala of 8.5 x IQ-3, 17 x IQ-3, 24 x IQ-3, 34 x 10-3, 38 x IQ-3, 54 x 10-3, 58 x 10-3, 72 x IQ-3 and 86 x IQ-3 sece„ 

the last ilłustration showing the mould completely filled. 

eyes to a large proportion of 11·hat happens, 
it is not much use reporting on the other 
par t. The object of the 11·o rk is " to deter­
min e specifically the effect 11·hich trapped 
air ( necessarily confined \\'ithi.n the die 
ca\'ity of the stee l die mould used in th e 
manufacture of pressure die cas tings ) has 
upon the solidification of the molten metal 
11 hich is forced in to the die cavity un der 
high pressure," but the bars \\'hich sho\\' 
thi;: trapped air are scra pped, and th ose 
\\'hich do not are retained ! 

3. :Vletallogra phic inspection. The best 
and the 11·orst bar, as r egards physical tests, 
\\'ere exami ned und er the m.icroscope, hut 
instead o[ examining comparahle seclions, 
one \\'as seciioned in the gauge Jength and 
the other in the grip portions. It is a pity 
tha t the 11·orst part of each har 1rns n ot 
photographed. That is the part \\'hich 
ll'Ou!d interest a ll foundrymen. 

6. H eat treatment. H ere again, only hars 
"hich appeared sou nd "'ere heat treated. 
( Incidentally, 525 degrees C. is not "close 
to the solidus temperaturc." The solid us 

of "isibl e trapped air and the degree of 
blistering. 

No"' Jet us tum to the results obtained 
from the heated bars . In the conclusions 
it is sta tcd that " the presence of trapped 
air 11·ithin the die cavity affect the metal 
11·hich is forced to solid ify in its presence in 
such a 11·av that heat treatment of the cast 
metal is nót feasible." In the first place it 
is hardly possible to dra\\' such a conclusion 
"'hen a non-heat-treatable alloy "'as used . 
In the second place, examination of the 
tensile results after heating (Table 6 , 
" Light Metals," April, p. 186) shows that-

1. \Ve have two kinds of bar, one of 
which (C) was unsound after being heated, 
ll'hile the other kind (Cl) was so und. 
Presumably , then, the C !1ars have more 
trapped air and are therefore '' not 
heat treatable." After heating for 60 
minutes, however, the tensile strength of 
the C bar has dropped by 53.7 per cent„ 
hut that of the " sound " Cl bar has 
clropped by 58.8 per cent. The yield point 
of the C har has dropped by 40 .5 per cent. 
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against 62.9 per cent. for the (1 bar. The 
elongation has increased by 525 per cent. 
for the C bar agai nst only 287 per cent. for 

the " soun<l " (I bar. The ratio -~y'-i-·e_ld __ 
max . stress 

has increased by 28.5 per cent. for the C bar, 
but has dropped by 9.8 per cent. for the CI 
bar. 

From this it would appear that the more 
" heat treata:ble " bars show much more 
depreciation in properties than the bars 
which proved to be radiographically unsound 
after being heated. The conclusion quoted 
above cannot therefore be justi.fied. This 
cond usion continues: " By pressure die 
casting aluminium alloy in steel dies from 
which air has been force<l, beat treatability 
of the metal so cast is assured." Th is 
method has =t b een tried , however, as in 
none of the shots was the ai r able t o escape , 
a nd in view of the photographs of K oster 
and Johring all would contain some air. 

Phase I , Table 2, Alloy No. 47 . Shot 
t ype A-Al. The ph ysical propert\es of both -

' . ii 

Ll : 

the sol idifyi ng metal in the cavity ." .. . 
" As the iarthest part of the die filled up , 
n ew hot met a l entered the die . Directly 
this metal carne to rest there was a definite 
temperature gradient set up between the die 
wall and the centre of the test bar die cavity 
just filled with metal." The fact is, o<f 
course, that the temperat~re gradient 
becomes less. As n ew metal at 1,250 
degrees F. (675 d egrees C .) was p ushed 
through the die , held at 400 degrees F. 
( 200 degrees C.) the die was warmed up and 
the metal cooled. \\/hen the injection was 
complete there was new hot m etal in co ntact 
with warmed-up die walls in cavity CDE, 
and cooler metal in contact with cooler die 
walls in cavity GHI. It appears probable 
that there would be less chilling effect in 
cavity CDE than in cavity GHI, and that 
one might therefore expect a modi.fied 
stmcture in cavity GHI rather than in CDE. 
As Erickson says, the fact that this was not 
so may be du e to the effect of a larger gas 
con tent in the metal in the second caYity. 

• 
• '~ ~ 

i ' 

., 
~I , 

• ~ 

..: ~ I'! 

Fig. 6.-Fiłling process for U-type mould of rectangular form. Reading from łeft to right , the illustration at the 
extreme łeh shows the mould 4 x J0-3 secs. aher pouring had commenced Succeeding ilłustrations show the 
mould at ;ntervals ol 8.5 x 10-3, 16 x 10-3, 21 x 10- 3, 31 x 10-3, 41x10- 3, 55 x 10-3, 63 x 10-3 and 85 x 10-3. The 

iłlustration at the extreme right shows the mould at the termination of pouring. 

A and Al bars were inferior to those of the 
test bars cast similarly, i.e., with the same 
si ze ga te, but cast " in the absence of air," 
namely, E and (I test bars respectively. 
H ow can it be sa id that any of the bars was 
cast " in the absence of a ir " when jn every 
case the mould was full of a ir and there 
were no vents? Moreover, one of the two 
classes of " superior" bars (E ) bad 20 per 
cent. of its number rejected as radio­
graphically un sound; gas appears to have 
been .picked u,p , then ! 

Shot T ype B-BI. It is presumed that 
" the test bars Bl made in cavity GHI " 
should read " made in cavity CDE." 

Shot T ype C-Cl. It is interesting to see 
here that Erickson agrees with K oster a nd 
Johring that the metal which enters the 
cavity through a sm all gate fill s the cavity 
from the end farthest from the gate. 

Shot Type Dl. In explaining the 
superiority of BI , (1 a nd Dl bars the \\Ti ter 
says that this may be due to the fact th a t 
the metal " solidified in a prel)eated die 
cavity, i. e., d ue to amore pronounced tem­
pera ture gradient between the die wali and 

Shot T ype E-El . See the rounded U 
tube. The second bar should be at least 
as sc und as the first . Erickson says: 
'' Radiographs of all of the E-El type shots 
sho wed that the region of maximum 
porosity existed within the cavity F. " 
There was , therefore, porosity elsewhere, but 
80 per cent. of the E bars and 40 per cent. 
of the EI bars were looked upon as radio­
graphically sound (Table 2, "Light 
Yretals," April , p. 183). 

Shot Type F. It is said that the add ition 
of a n overflow produ ces a better bar. This 
is shown by comparing F bars (with over­
tlow) with A bars (same gate b ut no 
overflow). It should be pointed out , how­
ever , that only 60 per cent. of the F bars 
were sound, against 70 per cent. of the A 
bars (Table 2, " Light Metals," April , p. 
183). 

Phase II. C-Cl sh ot s were made at 
increasing temperatures . It is stated that 
the properties of (I bars improved , and that 
those of C bars were una ffected. A few 
lines farther down, however, " as the tt-m­
perature increased, the percentage of C test 



July, 1945 LI GHT M ETALS 347 

bars rejected due to the presence of porosity 
increased." How, then, can it be said that 
the properties of C bars were unaffected? 

Phase III. lt is n ot easy to see the object 
of these experiments. The meta l was held 
at quite low temperatures, even the highest 
used (700 degrees C.) being less than is often 
req uired for making a pressure die casting. 
Moreover, instead of imitating die-casting 
practice by agitating the melt frequently, or 
taking some metal out and thr_owing it back, 
the melt is allo-wed to remain in the pot 
with its protective film of oxide unbroken. 
Under such conditions, when neither oxida­
tion nor gas abso rption can t ake place, and 
where " stewing " cannot cause r eversion to 
the unmodified condition, because the metal 
is al ready unmodified, it is difficult to see 
how the properties of the bars could be 
materially affected . 

Phase V. The scrapping of unsound bars 
and the conclusions to be drawn from a 
study of the tensile results obtain ed on 
tested bars have al ready been dealt with. 

In view of t he objection "·hich ma v be 
fo und to the assumption that any bars have 
been cast " in the absence of air," and to 
the way in which bars have been tested as 
if they represented the r esults obtained 
und er certain conditions when actually 
60 per cent. may have been scrapped because 
of porosity, it is impossLble to agree with 
the conclusions drawn. 

I . Th e presence of trapped air does 
appear to affect the metal, but it is not 
elear what is meant by the h eat treatment 
being feasible as no attempt was made to 
heat treat a heat-treatable alloy. lt cannot 
be logically stated that " by pressure die 
cas ting aluminium alloys in to steel dies from 
which the air has been forced heat treat­
a'bil ity of the metal so cast is assured ," 
because in no case has the air been forced 
from the die. \Vhen two substances with 
such low viscosities as liquid aluminium and 
air are thrown together at a high speed and 
u nder a high pressure it is !m,possible to 
·keep them apart . Some intermixture must 
take place. Admittedly there is a great 
probability that the gas content of t he 
metal in different parts of the die will vary , 
but that is very different from all the gas 
being in one part and none of it in another. 

2. In view of the difficulty of judgin g 
the photomicrographs, a nd even o f saying 
which is the best type for a casting mad e 
under condi tions which do not allo"· norma! 
crystallization, it is preferabl e not to com­
ment on this concl usion, but to accept :\Ir . 
Erickson' s statement . · 

3. In view of the fact that modi.fication 
is carried out precisely to give better 
ph ysical properties, it would have been very 
surprising if in these experiments th e 
m odified structure had not given better 
test-bar results. 

4. This is practically the same as" o . 2, 

as the ad ve rse e/Iect e n the microstructure 
m entioned in No. 2 is probably caused by 
the interna] porosity mentioned in No. 4. 
The reading of lboth these conclusions, 
however , suggests that turbulence alone can 
give porosity . How does this occur? The 
on ly way in which turbulence !tself can 
occur is by metal being projected across 
some part of the mould where there is no 
" ·all to confine it . If this happens the metal 
must be rn the presence of air, and therefore 
both air and turbulence have their effect 
upon the casting. lt may be said that the 
metal coming along later would take the 
place of that pushed forward, and would 
therefore not be in contact with air, but this 
is not so. Turbulence can only be caused 
by a change of direction, and this means 
the presence of corners. It is most di.ffićult 
to remove any gas from an enclosed space 
wi th corners , and it is therefore sugge~ted 
that in no case have test bars been subjected 
to turbulence in the absence of air. 

5. The conclusion that the presence of 
air in the die cavity " t ends to prevent the 
norma! eutectic aluminium-silicon alloy from 
developing the modified structure '' is very 
interesting, and it would appear well worth 
white to carry out furth er work. 

The impression gained, then, after careful 
reading a nd re-reading of Erickson's paper, 
is that, whilst the information obtained is 
useful it is impossible to dra w such definite 
concl usions from it as Mr. Erickson has 
done. The reasons for this are:-

1. In his four classifications of condi­
tions, only one can defin.itely be said to have 
existed, namely , confined air and turbulence. 
When injecting meta l into an irregularly 
sha ped cavity at about 11 tons / sq . m . 
there must always be turbulence. Also if 
one starts with a cavity full of air, an<l 
injects metal witho ut releasing the a ir, there 
must al ways be air, and while it will be 
un evenly distrib<Uted it is impossible to 
if!1agine a ll of it being in one part of the 
die and none in another. 

2. The scrapping of poor bars is a most 
serious matter and ma y have given an 
entirely wrong impression of the whole of 
the experiments. 

3. Table 6 (" Light :VIetals, " April, p. 
186 ) cloes not in any way justify the 
assumption that the bars with higher gas 
content are " not heat treatable." 

4. There is no justifica tion for the 
assumption that the meta l will enter the 
gate at I as a " ·id e, even stream, and will 
act like a liquid piston. 

In spite of the above the account of this 
work is very interesting, and it is hoped 
that :Vlr . Erickson "·i!l ca.rry out a great deal 
more research work on the same subject. lt 
is suggested that in view of the difficulty in 
a nodizing pressure die castings, anodizing 
tests might also be carried out in addition 
to tensile tests. 
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Light Alloys zn 

Photocells, Rectifiers and Condensers 
The Properties of Interleaving Papers are Critical, and, 
Physical(y and Chemical(y, are Related to the Electrode 
Metals. ( Account continuedfrom "Light Metals," 1945/8/292) 

THE previous section of this article con­
cl uded a brief presentation of the 
characteristics of the metal-electrode 

m aterials (tin-coated paper, metallic tinfoils 
and aluminium foils). Before passing on 
t o the dielectric m ate ria ls, it is of interest 
t o illustrate with figures some of the state­
m ents made concerning the ]ower electrical 
values exhibited by condensers having tin­
coated paper electrodes. These a re sum­
marized in Table 43, an~] some explanation 
of them is necessary. For the compari son , 
the condensers were produced under condi­
tions as closely identical as practicable. 
The need for this precaution becomes mare 
and mare apparent as one goes mare deeply 
into the subject of condenser materials and 
processes. 

Considering first batch Nos. 1, 2 and 3, 
the only materia] difference concerned the 
electrode materials, which are clearly 
recorded in the table. The paper employed 
was the same throughout, the same making 
from one source of supply. The impreg­
nant, paraffin wax, was the same. Pro­
cessing conditions were identical , the batches 
being made under production conditions at 
the same time in order that the influence, 
if any, of temperature and humidity would 
be equal. The only variation in processing 
from norma! was extended pre-drying, this 
being decided by experience as desirable to 
ensure the best electrical results from the 
tin-coated electrode condensers. The elec­
trical test re~ults a re average values, 
insulation resistance l>eing determined on 

all condensers in each tatch, and breakd O\\'Il 
to destruct ion on a percen.tage. lt will be 
seen that using tin-coated paper electrodes 
the characteristics are 011ly 50 per cent. of 
the values obtained when a luminium foi l is 
em ployed. Prior spa rk in g of the tin­
coated paper made no significant difference. 

The remaining data in the Table, batches 
Nos. 4, 5 and 6, refer to simila r trials using 
a different impregnant. This was a high­
melting-point petroleum-hydrocarbon "-ax, 
the use of which gives a bet_ter temperature 
characteristic to the condenser, i.e„ mare 
stable capacity, power facto r a nd insulation 
values between 20 a nd 60 degrees C. The 
results lead to the same concl usions, viz„ 
insulation resistance is actually less than 
50 per cent. of that for al uminium foil con­
densers, and electric strength about 60 per 
cent. 

\Vhen tinfoil is used instead of al umi nium 
foil, electrical values are obtained closely 
identical with _those derived from the latter , 
a nd stili about 100 per cent. higher than 
those from condensers having tin-coatecl 
paper electrodes. Electrically, therefore, 
the tin and a luminium foils are equivalent, 
and tin-coated paper inferior. 

F IXED PAPER CONDENSERS 
Paper lnterleaving 

The paper in terleaving of a fixecl paper 
conclenser is the rigicl medium that keeps 
the metal foil electrodes spacecl at a pre­
determined distance apar_t from one another. 
It provides the means of carrying the 

Table 43.-Comparison of Electrical Test Results on Condensers having Metal Fai! and. Metal­
coated Paper Electrodes, measured at 60° F. 

-
Number Number 

lnsulation Breakdown 
Batch Type of foil of of Type of impregnant 

resistance, 
voltage, No. megohms/ foils papers microfarad volts A.C. 

1 Aluminium metal .. .. 2 4 Paraffin wax 9.500 1.050 
2 Tin-coated paper 2 2 Paraffin wax 5,000 550 
3 Tin-coated paper pr~:,iousiY 

sparked .. .. .. 2 2 Paraffin wax 5,000 570 
4 Aluminium metal .. .. 2 4 High melting m i nerał wax 10,500 1,100 
5 Tin-coated paper 2 2 High melting mineral wax 4,500 700 
6 Tin-coated paper p r~:,ious.I). 

I sparked .. .. .. 2 2 High melting minera! wax 4,400 710 
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Table 44.-Summary of Types of Ce ndenser Paper Covered by Tests in Tables Nos. 

I 
Sample No. Origin Supplie r 

1 Ameri can A 
2 American B 
3 French c 
4 French c 
5 French o 
6 German E 
7 German F 
8 German E 
9 British G 

10 British H 
11 British H 
12 British H 
13 British H 
14 Brit ish H 

d ielectric impregnan t of wax, jelly, oil or 
other flui d a nd, t herefore , itself m ust , willy 
n illy, const itute a pa rt o f this d ielectric. 
Bearin g t hese featu res in mind as funda­
mentals, together with the se rvice fun c­
tioning requi rements of the condenser , as 
well as the nceds fo r sa tisfactory conti nuous 
prod uction of t he uni ts, the sal ient qua li ty 
cha racteristi cs of a paper ti ssue fo r t he 
purpose ca n be enumera ted . These a re 
br iefty lis ted as requirements below:-

(1 ) A thin tissue pa per , as unifo rm in 
th ickness as possible thro ughout its 
Jength a nd across its width. 

(2) Ava ila bility in continuo us Jength 
on reels. 

( :l) Un iforml y wound wit h eve n t e nsio n 
and free from creases a nd tears. 

(4) High mechanical strength, includ­
ing tensile, b ursting and tear stre ngths . 

(5 ) High p ropensities fo r oil or wax 
ahsorption. 

(6) Uni fo rmity of fibrous tex t ure a nd 
freedom fro m patches of mat ted fi bre or 
ex tra neous incl usio ns tha t mi gh t lead t o 
areas of ]ower wax or oil a bsorptio n. 

(7) A paper of unifo rm comp ressibili ty 
and extensibili ty. 

Table 45.-Physical Test Results on Condenser 
Papers. 

Sam pl e Substance , weight Thickness, Density, 

No. bas is , grams pe r inches X grams per 
sq. me tre 1,000 c.c. 

1 13.0 O.SO 1.02 
2 12.2 0.49 0.97 
3 12.8 0 .46 1.11 
4 10.1 0.37 1 .10 
5 13.0 0.49 1 .08 
6 12.8 0 .41 1.24 
7 12.0 0.50 o 95 
8 12.5 0 .40 1 .24 
9 11.8 0.47 0.99 

10 11.6 0 .49 1.01 
11 12.0 0.43 1.10 
12 12.1 0.49 0.95 
13 14.1 0.50 1.13 
14 10.5 0.40 1.01 

Com position Appearance 

Linen Brownish , unbleach ed 
Linen Brown ish , unbleached 
Lineo Wh ite. bleached 
Linen White, bleached 
Line n White, bleached 
Linen White, bleached 
Linen White, bleached 
Linen White, bleached 
Linen Brown ish , unbleached 
Line n Wh ite, bleached 
Linen Brown ish , unbleached 
Linen Brownish , unbleached 
Linen Brown ish. unbleached 
Line n Brownish , unbleached 

(8 ) F reedom from chemicals or from 
a ny non-fi brous ingredients tha t impart 
low electrical insula tion or electric 
strength , or which , in the presence of 
moisture, m ight ionise t o y ield elec­
t ri ca lly or electrochemically conducting 
p rod ucts, o r which may be soluble in the 
impregnating medium a nd thereby !ower 
its electric stren gth a nd ·insula t ion , or 
impoverish its po we r facto r or permit­
t iv it y values . 

(!)) F reedom from a ny chemicals or 
other ingredients t ha t may ca use corro­
sion of the meta l foil electrodes (a lu­
mini um or t in), d uring the process of 
ma nu facture of t he condenser units, 
durin g shelf life or in se rvice . 

(10) F reeclom from cond uctin g par­
ticles, whether these be inclusions of 
metal or carbon, or whether they be slime 
spots. 

(11) F reedom from p in-holes or porous 
patches . 

( 12) An elect ricaJ qual ity of pa per, with 
high d ielectric st rength, high insulat io n. 
resist a nce, low power fac tor , a nd hig h 
permi t tivi.t y or d ielectri c co nsta nt . 

(Ul) Co nsta ncy of qua lity in a ll t hese 
resp ects from roll to roll in the same 
batch , a nd frorn batch t o ba t ch. 

The pa pers employed ra nge in thickness 
from o.ooo:~ to 0.0005 in . for genera l pur­
poses , with t hicker gauges in much sa:naller 
qua ntity for a few specia l applications . 
These pa pers a re extraord ina ril y pure in the 
c hemical sense, mecha nically st rong a nd 
uniform both physica lly a nd electricall y. 
After a ll is said a nd done, this raw 
ma teria! is only paper , and it must be 
stressed at t he o utset t hat it reflects m uch 
credit upon t he effort, both research a nd 
ind ust ri al, of the p rod ucers, fo r the success 
t hey have achieved in main taining control 
fo r the prod uc tion of suc,h a n ordina ry t y pe 
of ra w ma teria ! in such high grade and to 
such a degree of prec ision . 

The natura! water supply i.n the district 
in which th e pa per is made has some bear-
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ing upon quality , for it is evident that this 
has to be used for preparing the pulp and 
for all washing p urposes. Thus, in a peaty 
district where water is somewhat acidic, a 
paper may be slightly on the acid side o.f 
neutral, whereas in a chalky or limestone 
area, jt wj]! result in a slightly alkaline 
p roduct. The paper is manufactured in the 
principal countries of the world, Great 
Britain, France, Germany, Japan , U.S .A„ 
etc. It is usually found that pa per mill s 
specialize in this class of high puri·ty, high 
strength, thin tissue paper, whi.ch has 
outlets for purposes other than for elec-

. trical insulation . Th us , similar materia! is 
used for transfers, such as employed for 
pottery, for cigarettes and for ca1'bons. 
The manufacture of the actual canbons, or 
even of transfers, of course, needs to he 
segregated from insulation papers . 

Up to about 15 years ago the lowest 
thickness of condenser paper generally 
available was 0.0005 in„ a nd practically the 
whole of it was a linen rag tissue. Subse­
q uent to that period , 0.0004 in. a nd 
0 .0003 in. thicknesses have become regu­
larly available, and much wood stock paper 
has been used and es tablish ed as satis­
factory . 

To convey some Jmpression of the 
problems that are involved in the man ufac­
t ure of condenser tissue, the following brief 
notes are given , outlining the pmcedure for 
t he usual 0 .0005-in. linen rag stock paper. 
T he starting poin t is flax waste in the form 
of short ends from the carding machin es, 
and it is hand picked to remove extraneou s 
matter before it is passed forward for pro­
cessing. The selocted materia! is washed 
and then, to remove non-cellulosic, resinous 
or acid-forming components, jt is h eated 
with a suspension of milk of lime in steam­
heated revolving drums . The time period 
fo r treating is something of the order of 
12 hours. Alkali, soda or potash is not 
used for these tre:;ttments, because of its 
absoI"ption a nd reten•tion of the fib re. The 

liquor is then strained off a nd the fibro us 
res id ue pressed and passed ·through a 
mechanical operation in a machine known 
as a " devil," which p ulls the fibres a pa rt. 
Short ends a re removed by sieving opera­
tions. Bleaching and washing operations 
folio"" these being carried out in mixing 
machines. The pulp is t hen lbeaten in 
h eated mixers . This is followed by a centri­
fugal operation for the removal of heavy 
impurities. It is stored as a con<:entrated 
slip in tanks provided " ·ith stirrers, and 
drawn from these and diluted with water fo r 
passing to the paper-making machines. On 
the way to the latter , a further centrifuging 
process is incl uded \n order to remove fina! 
traces of dirt or heavy partides. The usual 
felti ng, drying and calendering operations 
folio w. Air conditioning of the buildings 
in which the open processes of the paper 
machlne, during the dry ing and calendering, 
seem to be essential, at least with respect 
to dirt a nd other impurities . Carbon spots , 
due to soot in the atmosphere, are a 
common source of trouble, giving points of 
low elect ri cal breakdown on test. Never­
theless, ai r conditioning does not seem to 
be generally practised, " ·hich is an evident 
weakness . 

Apart from self-appa ren t factors of fib.re 
composition, quality, with special r eference 
to chemica l impurities, a nd thickness, the 
electrical properties of the paper may be 
dependent upon the degree of beating to 
whi<:h the pulp is subjected, and are affected 
by the degree of calendering and the 
density and porosity of the finish ed product. 
R eference will be made to these factors 
later, but they are mentioned at this stage 
because it cannort be too strongly stressed 
that, in comparing the merits of various 
metal foils, for example, al uminium versus 
tin foil, by means of various electrical tests 
upon similar condensers made with them, 
the papers in these condensers m ust be 
iden tical. It is not suffic ient to use papers 
that are the same on chemical tests and 

Table 46.-Chemical Test Results on Condenser Papers. 

Sample 
React ion 

oH value pH value afte r Ash Moisture Alcohol Wate r soluble 
No . colourmet ri c 72 hrs. at 1250 C. O ' % soluble % % .o 

----
1 Neutral 7.2 5.5 0 .22 7 .6 0 .23 O.SO 
2 Neutral 7.2 5.4 0.16 6.7 0 .58 1.57 
3 Alkaline 9 .0 8.6 0 .92 6.8 0 .42 0 .58 
4 Alkaline 8 .6 8 .5 1.27 7.0 0 .57 0 .62 
5 Neutral 8 .4 8 .4 1.15 6.9 0 .55 0 .60 
6 N e utral 6.8 5.5 0 .60 6.5 0 .42 2.50 
7 Neutral 8.2 8.0 0.46 6.6 0 .30 1.05 
8 Alkaline 9.4 9.2 2.45 6.9 1.25 1.10 
9 Alkaline 8.6 8.4 0.90 6.8 0.45 1.43 

10 Neutral 8.4 8.3 0.18 7.9 0.28 0.73 
11 Neutral 6.1 5.7 0 .08 6.9 ' 0 .24 1.16 
12 Neutral 8.0 7.8 0.25 8.0 0.40 1.15 
13 N e utral 7.8 7.6 0 .29 6.7 0 .57 0 .33 
14 Neutral 7.9 7 .8 I 0.28 6.5 0 .75 0.45 
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Table 47.-Mechanical Test Results on Condenser Papers aefore and After Dry Heat Test. 

As received 

Sample No. Tensile strength Elongation 
oz . on i" strip or ,o 

1 20.5 2.4 
2 21.5 1.9 
3 28.0 1.9 
4 26.5 1.8 
5 27.0 2.0 
6 22.0 2.0 
7 28.0 2.0 
8 27.2 2.0 
9 26.0 1.9 

10 24.3 2.2 
11 23.0 2.0 
12 27.0 2.1 
13 32.5 2.4 
14 20.8 1.9 

t hickness. The condensers in eac h batch 
should be made from the same rolls of paper 
to ensure as closely as possible that paper, 
\\·hich has had the same degree of beating 
a nd calendering, is used thro ugho ut . This 
is just as essen tial as ensuring the same 
processing conditions. Otherwise, mislead­
ing results may be obtained a nd th e wrong 
conclusiom; drawn. 

Excessive beating is sa id to cause a 
tendency towards greater hydration which 
means better a,'bsorbency and, in consequence, 
a greater retention of undesirable chemicals 
during washing operations . The more 
hydrated the paper the greater is the 
difficu lty i.n rernoving moisture from con­
denser units in. the drying operations. The 
trend is thu s t owards !owe r insulation 
resistance values in the fina! condensers. 

Experience, too , seems to indicate that 
the greater t he calendering, the !ower is the 
insulation resista nce . On the other hand , 
as t his should increase density a nd reduce 
porosity, one wo uld expect better elec tric 
strength. This is not borne out in practice, 
a lthough high densi ty a nd low porosity are 
essenotial to high electrical strength. In 
sho rt, these two qual i ties mu st be achieved 
by means other than by heavy calendering, 
i.e„ such factors as fibre size and con t rol 
of the paper-ma king operation itself have 
to be closely studied and controlled to 
provide for them . 

These thin elec trical papers present a 
differen t problem from the thicker ones 
employed in cabie a n<l coil insulation . 
These range from 0.00175 to 0.0 10 in. in 
t hickness. Studies upon them have indi­
ca ted that low density , highly pornus types 
are to be preferred provided a high ratio 
of impregnant to paper is maintained. With 
the thin materials used for condensers, 
ho"·ever , heavier beating of the fibre is 
entailed in order to get down to the thick­
ness va lues, especially with wood stock 
papers and thicknesses as low as 0.003 in . 

Alter 72 hours at 125oc . 

T ensi le strength Elongation 
oz. on i" strip O( , o 

20.0 2.2 
22.0 1.8 
29.5 1.8 
25.5 1.7 
27.5 2.0 
21.0 2.0 
25.0 1.8 
27.0 2.0 
27.4 1.9 
24.5 2.2 
23.0 2.0 
27.8 2.0 
36.0 2.7 
21 .5 2.0 

If a high qual ity density paper can be 
sec ured witho ut excessjve beating, o r with 
beating that on ly cuts the fibres raJt:her than 
pounding and rnacera ting them, tben a low 
impregnation ratio should be tolerable, but 
as soon as much hy<lration of the fibre is 
permitted , a higher impregnation ratio is 
desirable in order to offset the impoverish­
men•t of insulation by the greater retention 
of moisture and of chemicals . In practice, 
however, the impregnation ratio is la rgely 
determined by process conditions , with 
spec ja ł reference to the pressures im.posed 
upon the un·its, the method of appl ying t his 
pressure and the conditions obtain·ing when 
this is applied . It will be seen later when 
process is dealt with that the most favour­
able factors for these condi tions, a nd for 
producing condensers of uniform quality to 
close oapacity limits, do tend to a low 
impregnation ratio. Therefore, much 
reliance has to be placed upon the papoc 
manufacturer, controlling both the beatin·g 
and the calendering conditions ,-ery closely. 

Much work has heen done by condenser 
manufacturers upon condenser t issues with 
a view to establishing qualities most suited 
to their n eeds . Electrical t esting has not 
yielded as much information as would be 
expected . The reasons fo r this are tha t it 
is very difficult , if not impossible, to t est 
the materia! for insulation. resistance, elec­
tric strength , power factor and permi ttivity , 
in the perfectly dry co ndition, and tests 
made under con trolled humidities a re not 
very info.rmative because in a condenser the 
paper is in a thoroughly dry and impreg­
na ted condition. Chemical t ests have 
proved more helpful, and it is largely upon 
the results of t he intensive work by 
ch emists that the moder11J methods of 
eva luation of condenser papers a re founded. 
These researches have included simple 
physical t ests which, too, have been found 
very useful in evaluation. 

All t his laboratory work h as been ca rried 
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o ut alongside closeiy controlled prod uction, 
much of it with the use of pilot plants in 
which conditions could be varied, while stili 
maintaining close co ntrol, so that the 
chemical a nd phys\cal tests could be corre­
!ated with conden er qual ity; the latter 
included all the essentia! electrical ,·alues 
of capacity. electric strength , in sulation 
resistance, po\\·er factor a nd permittivity. 

Of the varietv of tests used for this 
eval uation of condenser paper, the follow ing 
gives brief details of some of the most 
useful. 

Chemical quality is given major attention. 
Freedom, or degree of freedom from retained 
chemicals, is covered by reaction to indi­
cator pa pers, pH value estimations on water 
extrocts, a mount of impuri.ty extractable 
"·ith \\'ater, or \\'ith alcohol, total ash on 
incineration, a nd, in more recent years, by 
taking \\'ater extracts a nd dete rmining elec­
trical co nd uctivity and pH value electro­
metr:caJ!y. 

Ph ysical quality is assessed from the 
substa nce, namely, \\·eight basis, thickness 
a nd density, a nd , nowadays, by porosity. 
Mechanical properties a re covered hy tensile 
strength and elongation measurements, and 
sometimes additionally with bursti ng 
strength tests. Electrical tests are usually 
con.fmed to breakdown values \\'ith alter­
nating current on the materia] in the " as 
received " condition . 

Ageing characteristics and resistance to 
h eat are exami ned by subjecting specimens 
to a period of dry heat and then repeating 
the mechanical and electri cal tests. 

General features covered indude the 
followi ng:-

Fibre com position, \\'hich is determined 
by pulping the paper and examining micro­
scopically. A small sample of the paper is 
to rn into small pieces and boiled gently " ·ith 
diluted ca ustic potash (0. 5 per cent. hy 
"·eight) for a few mjnutes to remove no n-

cell ulosic mate riał. The paper is then 
thorou•ghly \vashed by shak\ng severa! times 
\\' ith distilled \\·ate r til l free from alkali . 
lt i_s then pulped by shaki ng \\'ith \\·ater. 
The pulp is diluted \\'i.th water and a small 
sample of the suspension is d ried on a micro­
scope slide for examination and assessment 
in the usual way. 

Visual examination is made for pin-holes 
crossed ńbres, sl ime spots, carbon spot~ 
metal pa rticles a nd the like. Colot 
generally shows whether the material 
bleached or unbleached. 

The briefl y mentioned list of tests rea• 
a little more amplifi.cation, on accou 
the ir importance, and, therefore , 
practica l detal Is are presented belo w. 

The reaction tes t is usua lly ca rr ied ou 
indicated previously un de r t he section de<>. 
ing with t he electrode foils. Samples of the 
paper in contact with red and blue bib ulous 
li·tm us paper, moistene<l \\' ith distilled \\'ater, 
a re pressed between glass plates for a period 
of 1 O minutes. The test pieces are exami ned 
carefully at the end of this time, "·hen no 
signs o f acidity should be e,·iclent, and not 
more tha n th e sligh test evidence of alka­
linity. No do uble reaction o r \\·hite spots 
on the litmus paper should bP ,·isible, as 
this indicates !ocal contaminaticn as ll'ith 
cai:<bon or metal particles. 

The pH value can be quickl y determined 
colorimetricallv. A 2 gm. sampl e in 
small pieces is placed in an Erlenmeyer 
nask; 100 ml. of hot, pure distilled water 
is ad<led and the mixfore simmered fa.­
I O minutes. The liquid is decanted and 
made up to 100 ml. \\'ith the same " ·ater 
(to compensate evaporation losses). Jt is 
rapidly cooled and p il val ue determin ed 
colorimetricall y with the standard B.D.H. 
indica tors or their eq ui vale n t. 

Ash is determined by complete incin era­
tion , carry in g out th e test slo\\·ly and ca re­
fully to avoid losses . 

Table 48.-Electric Strength Test Results (Mean Values) on Condenser Papers Before and 
After Heat Test. 

Electric scrength volts A.C. Electric scrength volts A.C. afrer 72 hours ac 12SOC. 

Sample No. 

One chi ckness Two chicknesses Three th icknesses One thickness Two chicknesses Three thicknesses 

1 350 620 960 300 590 960 
2 370 680 950 350 650 950 .. 
3 380 770 1,260 360 660 960 
4 300 620 760 300 620 810 
5 310 630 770 310 630 800 
6 350 700 1,020 350 710 1,040 
7 350 760 1,080 350 760 1,080 
8 350 800 1 ,100 350 810 1 ,050 
9 280 640 900 290 640 940 

,; 

10 330 580 940 300 600 870 
11 300 560 900 250 500 840 
12 310 610 950 320 600 940 
13 300 700 950 300 680 980 
14 300 520 850 310 550 970 
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Table 49.-Average Values for lnsulation 
Resistance of Condensers Made with 

Various Linen Base Papers. 

lnsulation resistance values , megoh ms 'microfarad. 

Sample 1-----~---------­
No. 

Ave ragc val ue Remarks 

6,SOO 
14,SOO 
3,000 Ve ry high pH and ash va lues 
9,SOO 

s s.soo 
f> 1,000 Hig h ash , ve ry hig h w ater 

soluble values 
400 Rather high water .iOlu ble, 

8 1,000 
low density 

Very high ash, pH and sol uble 
matters 

9 3,000 High ash and water soluble 
10 3,SOO 
11 10,000 
12 3,000 High w a te r soluble, low 

densit y 
13 2,SOO 
14 3,600 

Th e " ·ater a nd alcohol extracts are 
standardized to six hours' period of hot 
Soxhlet extract ion, syphoning approxi­
mately once in 15 minutes . The extrac ts 
are ca refull y evaporated to dryness, a nd 
dried to consta nt " ·eight at 105 to 11 0 
degrees C. 

Total moisture content is sometimes 
determined, mare as a value-for-money 
reason than fo r qual ity evaluation. It is 
determined by heating a sample to constant 
weight at 105 to 110 degrees C. and expres­
sing the loss in weight as a perce n tage of 
the original weigh t. 

Acidity or a lkalinity a re sometimes 
ac tually made on samples by ex traction 
te9ts , followed by titration with N / 100 
al ka li o r acid respectively. 

Substance is usually expressed in terms 
of grams per sq. metre, co mputed from the 
weight of a n a ppropriate length of the 
pa per. Severa! tests a re made from sa mples 
taken at intervals along the roll, a nd from 
,-a rious rolls, a nd a ,·e raged . 

Thickness is measuretl by micrometer 
measurement. It is usua lly taken on JO 
superimposed thicknesses of the paper and 
taking the average of 1 O readings .. 

Density is calculated from the we1ght a nd 
lhickness values, irom the relationship:­

D ensity gms. / c.c. = 
(Wt. basis in gms./sq . m .) 

(Thickness in in ches) x 10000 x 2.54 
T ensile strength and elongation are 

measured on a paper-test ing mac hin e, using 
a 7-in . acting length. Bursting strength i 
measured on an Ashcroft tester. The elec­
tric strength t ests a re instantaneous values 
wilh the A .C. voltage gradually ra i sed to 
breakdo"·n. 

T ypical heat test conditions fo r age ing 
incl ude 72 hours at 120 to 125 degrees C„ 
with the samples freely exposed in a hot-ai r 
0ven. 

Jn, illu st ration of same of th ese po·ints, 
test values have been briefly summarized in 
T ables 44 to 49 incl usive. The pa pers 
concerned were all linen base tissues irom 
" ·idely separated but reputable sources. 
Table 44 summa rizes them , showing that 
both bleached and unbl each ed papers were 
included. Table 45 gives phys1ca l data, 
sho" ·ing thicknesses from 0.000·37 to 
0.00050 ins„ a nd calculated densities (on 
mate ria ł in the condition " as received ") 
from 0.95 to 1.24. 

Table 46 sho \\·s chemical results . PH 
,-al ues ra nge from 6. 1 to 9.4, ash from O.OS 
to t he very high figure of 2.48 per cent„ 
alcohol sol u,ble matter from 0.23 to 1. 25 per 
cent„ an<l water sol uble matte.r from 0.33 
to 2 .50 per cent. 

Table ~7 deals with mecha nical t ests 
before and after conditioning by the severe 
hea t test. No deteriorating effect of the 
la tter is revealed. Table 48 covers electric 
strength tests on single, double and trelble 
thicknesses, before and a fter heat test . It 
sho \\·s that this does no t provide a 
d iscriminatory method of eva luation. 

Table 49 gives average in sulation resist­
a nce values from condensers made with 
these papers, all process conditions being 

Table 50.-Dielectr ic Strength of Condenser Papers and of Corr.esponding Condensers. 

Breakdow n voltagc of 0.0004-i n. condenser paper , volts (alternati ng curren t) 
Avc rage break-

down valu e 
of 1-mfd . con-
densers, usi ng 
two sheets of 

Sample Sample Sample Sample Sample Sampl e Sample Sample Sample Sample Ave r- paper between 

No. 1 No. 2 No. 3 No. 4 No. S No. 6 No. 7 No. 8 No . 9 No. 10 age t infoils ; volts 
(alternating 

cu rrc nt) 
-------- --- - - ------

Lot No. 4T „ soo 42S soo 500 490 490 S1 S S20 S1S sos 496 6SS 
Lot No. 2T „ 490 490 290 27S soo 490 48S 49S soo soo 4S1 679 
Lo t No. 7T „ soo soo S1S S1S S1S S1S S20 S20 sos sos S11 9S4 
Lot No. ST .. S20 S20 S3S S2S S30 S20 S2S S2S S3S S20 S2S 1,024 
Lot No. 1620T S90 S70 S90 780 S60 630 S60 730 630 620 626 1.603 



.354 LIGHT METAL~ July, 1945 

Table 51.-Test Data on 0.0004-in. Condenser Paper. 

Porosity of paper , ce. 
Density of 

Paper paper as 
received 

Maximum Minimum Average 

----
Lot No. 4T .. 16.9 6.7 9.7 0.960 
Lot No. 2T „ 21.7 5.3 12.6 0.955 
Lot No. 60 „ 10.9 0.9 4.4 1.020 
Lot No. 7T „ 9.0 4.4 6.0 0.947 
Lot No. ST „ 4.5 1.7 2.6 1.014 
Lot No. 3T .. 4.6 2.7 3.7 0.966 
Lot No. 90 .. 13.4 2.5 6.2 0.960 
Lot No. 10 „ 3.2 1.0 1.9 1.020 
Lot No. 12P „ 3.1 0.7 1.4 1.160 
Lot No. 13P „ 2.6 0.6 0.9 1.160 
Lot No. 20 6.9 1.6 3.6 1.000 
Lot No. 1620T 2.9 2.7 2.9 0.956 

the same as fa r as controllable over a peri od 
of time. In the remarks col umn, comrnents 
are made to explain low insulation values 
from the test results on the papers them­
selves. Nevertheless, they are not full 
explanations, nor can all electrical peculiari­
ties be accounted for in this way. Thu s, 
the explanation for the exceptionally low 
insulation value on sample No. 7 is not 
couvincingly covered. On the contrary, the 
poor performance of No. 8 would be fully 
anticipated from the chernical characteristics 
of the paper. 

In America, apparently the lb reakdo·w11 
voltage of a condenser is regarded as a more 
discerning characteristic than is insulation 
resistance. From thi.s a11gle they tend t o 
disprove the importance of density a nd pay 
full attention to porosity in the condenser 
paper. Un<ler equal con.ditions it may be, 
o.f course, that the pro<luction of higher 
density in a paper gives the low porosity 
value, b ut it is danger011s to assume this. 
The low porosity should be achieved by 
processing to give the right texture a nd 
uniformity, even if this gives higher density . 
but not by higher calen<lering which may 
intro<lu ce other undesir<11ble features. 

The q uestion of · po rosi ty is both 
intriguing a nd important, and in view of 

Conducting paths per square Average brcakdown 
feet value of 1 mfd . con-

denser~ using two 
sheets of paper be-
tween tinfoils; volts 

Maximu m Minimum Average (alt.ernating current) 

---- ---
7 2 4 655 
5 3 4 660 
6 5 6 945 
6 ~ 5 954 
5 4 4 1.024 

13 4 i6 1,032 
15 10 12 1,060 
17 10 13 1,136 
16 11 13 1,275 
24 10 16 1,340 
10 5 7 1,430 
19 16 17 1,603 

this, together \\'ith the fact that control of 
porosity seems to be fundam entally a correct 
line of attack, a precis of R oman's original 
\\'Ork will be given. 

The Importance of Porosity in the Testing 
of Condenser Paper 

The importance of the " porosity " of 
condenser paper and of ha ving a uni form 
degree of porosity, was first pointed out by 
F. L. R oman in a paper to the American 
Society fÓr Testing :Vlaterials , in June, 1930. 
The paper discussed the relationship bet\\'een 
severa! characteristics of condenser paper 
manufactured from linen stock and the 
dielectric strength or breakdown voltage of 
condensers produced using this paper. The 
condenser tissues in vestigated were of 
0.0004-in. and 0 .0005-in. thicknesses and 
o riginated from American and foreign 
sources. 

The conclusions drawn by R oman from 
the investigation i11 cluded the fact that 
variations in density of paper exert no 
noticea:ble effect upon the breakdown 
voltage of the corresponding co11densers. 
Conducting paths through the paper, " ·hen 
present in small num.bers, were sh0\\'11 to 
ha ve no important effect on the breakdo\\·n 
,·oltage of conde11sers ha , ·jng t\\'O sheets of 

Table 52.-Test Data on 0.0005-in. Condenser Paper. 

Lot No. St 
Lot No. 01 . . 
Lot No. D2 . . 
Lot No. S2 
Lot No. 0 3 
Lot No. 53 
Lot No. Hi 
Lot No. H 2 .. 

Paper 

Poros ity of paper, etc. 

Maximum Minimum 

25.2 4.6 
22.0 2.9 
9.6 1.2 
6.4 1.6 
2.4 0.7 
3.6 1.5 
0.6 0.4 
0.6 0.2 

Average 

14.1 • 
11.6 

4.6 
3.1 
1.5 
2.3 
0.5 
0.4 

Avcrage breakdown valve 
of 1 mfd. condcnsers, using 
two sheeu of paper between 
tinfoils; volts (altcrnating 

current) 

712 
747 
955 

1,260 
1,416 
1,671 
1,679 
1,712 
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Table 53.-Porosity Tests of Uniform and Non-uniform Condenser Papers. 

0.0004-in . condenser paper, uniform in porosity-
Lot No. 1620-T 

Po rosi ty, ce . 
Ult imate die lectric strength of 
corre!:ponding condensers, volts (15 samples) (alternating current) (50 units) 

2.7 1,320 1,750 1,950 2,100 
2.7 1,400 1,740 1 ,050 1,950 
2.9 2,020 1,460 1.280 1,520 
2.9 2,400 1,380 1,040 1,540 
2.9 1,460 1,660 2,160 1,550 
2.9 1,640 1 ,760 1,800 1 ,150 
2.9 1 ,800 1,750 1,500 1,190 
2.9 1,150 1,320 1,250 1,920 
2.9 1,020 1 ,750 1,940 1,460 
2.9 1 ,220 1,950 1,860 1,440 
2.7 1,850 1,580 1,720 1,960 
2.9 1,380 2,120 2,000 -
2.9 - 1,480 ·1,400 1,440 -
2.9 
2.9 

Average ,. 2.9 Average .. „ „ 1,603 
Maxi mum 2.9 
Minimum 2.7 

pa per between the metallic foi ls. However , 
the percen tage of short-circuit condensers 
or of those fai.l ing at low voltages is 
expected to increase approximately as the 
square of the number of conducting paths 
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Fig. 18 L - Relationship between porosity of 
condenser paper to break.down voltage of 
condensers, using two sheets of paper between 

metallic foils . (See Ta bies 51 and 52.) 

14 

O. OOOŚ-in . condenser paper, non-uniform in porosity-
Lot No. 889-S 

Porosity, ce. Ultimate di electric strength of 
correspond ing condensers, volts (15 samples) (alternuing current) (SO units) 

4.5 700 250 800 1,330 
3.9 1 ,240 830 1,750 1,450 
5.1 510 1 ,240 640 1,440 
5.5 690 1,080 800 610 
4 .2 660 1,350 1 ,190 710 
5.0 520 580 1,120 850 

16.0 660 1,070 810 1,440 
15.4 660 400 1,330 250 
18.4 550 560 480 420 
16.2 860 1,220 720 1,240 
14.9 650 1,720 1,220 970 
14.9 700 1,230 700 -
3.9 1,170 580 500 -
4.1 
4.0 

Average 9.1 A verage . . „ „ .. 889 
Maximum18.4 
Minimum 3.9 

per unit area of the paper. On the other 
hand, variations i_µ porosity of the paper 
were shown to have a marked influence on 
the breakdown strength of the correspond­
ing condensers an d, from the work carried 
out, R oman put forward recommendations 
on the porosity requirements for papers for 
use in low-voltage condensers and for those 
employe<l in hlgh-voltage condensers. 

The funda mental reason for the work 
arose from the fact that with the increase 
in production r equirements for cond ensers , 
the quantity of condenser tissue employed 
became very large and yet no adequate test 
methods had been applied to ensure t hat 
satisfactory paper could be evaluated a t the 
inspection stage, in order to guarantee t he 
m a nufacture of conden sers to meet speci.fied 
electrica l requirements. Production t rials 
by actually making batches of condensers 
" ·ere n ecessary and it cou ld n ot b e assured 
that by this means the influence of paper 
qual ity could be interpreted due to the 
influ ence of processing technique or varia­
tions in it under manufacturi!Jg condition s. 
The work en tailed, therefore, a study of the 
characteristics o f conden se1 papers and an 
attempt to correlate them with electrical 
characteristics in t he product produced 
unrle r controlled conditions. 

The investigation studied properties of 
electrical strength, cond ucting paths, 
density, and porosity, all measured on the 
papers , and correlated these wjth electric 
strength in the fini_shed condensers. Each 
of these items is dealt with br!efly below. 
Elec tric Strength of the Paper 

In Table 50 are given R oman's r e'sults on 
electric strength of condenser papers and tłie 
average values for the corresponding con­
densers of I mf. capacity, rnanufactured 
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with two shee ts of paper between th e tin­
foil electrodes . From this can be seen t he 
influence of p apers of low breakdown 
voltage and of high breakdown voltage. 
For making the measurements on th e 
pa pers , the various sampl es were all condi­
tioned together for one hour at 105-110 
d egrees C. and kept in the desiccator until 
required for breakdown test. In the act ual 

ducting path i.s effec tive over a n area of 
1-32 in. diameter , and that a total of 12 sq. 
ft. of pa per a re required in a 1-mfd. con­
denser , ha ving two pa pers bet\\·een metal 
foils, the probability th at two conducti ng 
paths will co me in contact " ·hen .each pa per 
has 30 such paths per sq. ft . is approxi­
mately d erived from the follo,"·ing 
fo rmula :-

Arca of conducting 
path in sq . ins. X 

No. of sq. ft . of pai red paper i n 
cond enser X 

Sq . of No. of conductin ~ 
paths pe r sq. ft. 

,,. 
4 (1 /32)2 X 6 X (30)2 

144 

t est two sheets of pa per " ·ere removed 
together from th e des icca tor and placed 
between two s hee ts of tinfo il; this pi le-up 
" ·as tested immedia tely between brass elec­
trodes with fi at pol ished contact surfaces in 
accordance with A.S .T .M. methods. The 
electrodes were cylindrical rods, 2 in s . in 
diamet er, a nd had the co n.tact surfaces 
ro un ded to a raciius of one-eighth the dia­
meter of the elec trodes a nd they were 
a rranged to tran smit a constant pressure 
of 15 lb./sq . in. to the pile- up. The con­
d en sers themselves for t est were al l made 
together under as nearly as possib le the 
same conditions and were impregna ted with 
the same materia!. 

T ests were also made on condenser papers 
condition ed for 24 hours at 65 per cen t . 
humidity and 21 degrees C. immediately 
prior to testing. The electric strength 
values obtained were fo und to be in th e 
same relative order as for t he d ried pa pers . 
The electric strength test s, however , were 
not considered entirely satisfactory because 
check t ests showed tha t sl ight differences 
in the methods of sam pling or in th e t est 
determination itsel f, could easil y cause 
greater variation than shown by t he papers 
t hemsel ves as t evealed by the t est res ul t s 
given in Table 50. It was conduded tha t 
comparative electric strength t ests give a 
slight indication of th e comparative dielec­
tric strength of condensers produced with 
them, but that the method of t esting is not 
suitable for routin e testin g and for showing 
whether a paper is capable of producing a 
condenser of specified b reakdow n voltage . 

R elation between Conducting Paths in the 
Paper and the Elec tric Strength of 
Condensers 

Considera tion of the number of conduct­
ing pa ths per unit area of the paper is 
logical a nd R oman poin ts out that paper 
manufacturers have directed thei r main 
atten tion towards reducing these conducting 
particles. In commercial papers, h e gives 
30 per sq. ft . as the limit rarely eX'ceeded, 
the A.S .T.M. t est method bejng employed. 
On the assumption that the average con-

144 

4.142 
144 = 2.88 per cent. 

With IO cond ucting paths per sq. ft. the 
probability would only be 0.32 per cen t . , 
o r a hout I in 300. 

The assumptions m ade in deriving the 
form ula a re only a pproximately correc t a nd , 
further, a portto,n of the paper extends 
lbeyond th e metallic foils. Again, it has to 
be ass umed that th e conducting paths st ili 
exist a fter the im pre gna tion of the con­
denser unit. Nevertheless the form ula 
serves to show t he numbe( of condensers 
tha t may be expected to fai! at very low 
voltages due to conducting pa ths in the 
pa per, and t hat th is num ber is small if the 
number of cond uc ting paths per sq. ft. is 
kept within the usua l range. 

The influence of conducting paths on the 
elec tric strength of the corresponding con­
densers, when the conductin g paths do n ot 
meet in the pa ired pa pers , is not so " ·ell 
known. In Table 5 1 data is given " ·hich 
shows tha t condensers ha ving high dielec­
t ri c strength ca n be p roduced using paper 
in which the num ber o f conducting paths is 
within th e usual range. Thus, papers o.f lot 
N os . 1620T and 2D showed the bes t diel ec ­
tric strength in condensers and had 17 and 7 
conducting paths respectively, whereas 
pa pers in condensers which broke down at 
!ower voltages had fewer conducting oaths. 
R oman points out that it would be absurd 
to assume t ha t a n in crease in the num ber o f 
conducting paths ""o uld be benefi cial to the 
dielectri c strength of the condensers a nd it 
is evident t hat t he better elec tric strength of 
condensers made from paper , havin g the 
higher number of cond ucting paths , is du e 
to the pa per concerned bein g of better 
quality i.n some other respect s. 

R elation be tween Density of Paper and 
Electric Streng th of Condensers 

The data in Table 51 a lso ind icates that 
the ave rage a ppa rent density of the con­
denser paper has no irnporta nt effect upon 
the electric strength of the corresponding 
condenser. For exam ple , papers lot N os . 
2T and 1620T have a pproxima tely the same 
density, whereas the condensers made from 
them sbowed a verage breakdown voltages 
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of 680 a rid 1&03 respectively . Again , pa per 
No . 1620T was amo ng t hose of lowest 
density a nd highes t area per lb . a nd yet 
it gave conden sers having the hi ghest elec­
tric stren gth . 

R oman poin ts out t hat these findin gs are 
con t ra ry to the usua l unde rstand ing on 
other insulatin g papers a nd suggests t hat 
changes in density an<l in other cha racter­
istics of t he pa per , such as degree of h ydra­
tion ,- a ffect t he degree of penetration of t h_e 
impregnatin g materi.al. lt may also t end 
to preven t thorough d rying and complet e 
impregnation. Consequen tly i t is possible 
t ha t an increase in density would be det ri­
menta l i:ather than beneficial, under pro­
duction conditions , even though h igh 
density were fo und to b e advantageous fo r 
unimpregnated or t horough ly impregnated 
pa pers . 

R elation between Porosi ty of Paper and 
Electric S trength of Condensers 

The influence of porosity is shown i n the 
data in Table 51 and m ore completely by 
that gjven in Taible 52 and represen ted 
gra phically in Fig. 181. These defi ni tely 
indicat e t hat, in generał , co ndensers of low 
d ielectric stren gth are prod uced from paper 
of high poros~ty and con densers of high 
dielectric strength a re produced when pa per 

"9f low porosity is employed. F ig . 181 
shows the average rela tion between po rosity 
of the paper and t he breakdown voltage of 
conden sers under t h e par>ticular conditions 
of manufacture encoun tered. It is k nown 
that variations in manufacturing process 
of t he condensers accoun t for som e of the 
apparent discrepa ncies in breakdown 
voltages obtained on condensers made with 
papers oJ' a.bout t he same porosity. It is 
also to be expected t ha t th e electri c strength 
of condensers p roduced under manufac­
t uring conditions will be !ower than t hose 
produced under idea! labora tory circu m­
stances. 

Using pa pers of American a nd other 
so urces, R oman records t hat o,·er a period 

when severa! mill ion condensers were pro­
duced, no instance occurred in which con­
densers of h igh breakdown val ue co uld not 
be p roduced frorn paper of un iform low 
porosity or jo which hi.gh electric strength 
condensers could be produced from papers 
of high porosity. All these condensers were 
"·ound fro m paper having a ppa rent densi tv 
fro m 0.9 to 1. 2 and cond ucting paths from 
2-25 per sq . f t. a nd used two papers between 
metallic foils . 

Not only is low porosity necessary, but 
reasonable unifo rmity of the pa per from the 
point of view of porosity is desirable . 
Non-uniformity in porosity corresponds to 
lack of uniformity in the formation of the 
paper sheet. When the paper only shows 
a small percentaee of its a rea with high 
porosity spots t here is little danger of the 
spots coming in con tact when the paper is 
p a ired. If t he percen tage of the area of t he 
paper wh ich .is of high porosity is large, a 
considerable port ion of t he pa per wi.l l break 
down at low voltages. 

This is shown by t he in formation in 
Table 53 . Paper lot No . 1620T of t hickness 
O. 0004 in . is of low po rosi ty and excep­
tiona ll y un iform . P a per No. 889S, which 
is 0 .0005 in. in· th ickness , is non-uniform 
in porosity. The condensers made with t he 
first of t hese papers are all o f high electric 
strength a nd t he b reakdown voltage of t he 
best un it from this lot is less than 2ł times 
that of the poo rest uni t . Th e con densers 
made fro m t he second pa per range from 
very poor to very good with the breakdown 
voltage of the best unit seven times that of 
the poorest. 

T he percentage devia tion of t he p reak­
down voltage of each individ ual condenser 
from t he average b reakdown voltage of t he 
correspond in g lot is shown graphically in 
F ig. 182 . T he condensers made fro m the 
0 .0004-in . paper of un iform porosity are 
grouped much m ore closely along the zero 
deviation line t han t he condensers made 
from the 0 .0005-in . paper . of non-uniform 
porosity. This close grouping to the zero 
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line is a n important cha racteri stic if co n­
densers a re to be used close to their ra ted 
val ue because it is evident t hat condensers 
" ·ith the closest grouping must show t he 
smallest number o f fail ures . 

The data presen.ted indicates t ha t t hick­
ness does not improve breakdown voltage 
of t he condenser unless the increased thick­
ness of paper is from a materia! of low 
porosity. lt would be expect ed t hat it 
would be less difficult to m ake thicker paper 
of !ower porosity , but papers of 0 .0005 in. 
in t hickness have not been a ppreciabl y 
better than those of 0.0004 in . from the 

· viewpoint of porosity. F urther , in general , 
condensers made from 0.0004-in . mate ria ł 
have shown a pproxima tely the same ave rage 
electric strength as those made from 
0.0005-in. materia!. 
Method of De terminin g Porosity 

R om an 's a pparatus for determinin g 
po rosity is a modification of one previously 
designed by the Westinghouse E lectric and 
Ma nufacturing Company , and has the 
advantage that, except fo r the clampin g 
device, it can reaoily be assembled from 
componen ts obtained from the normal 
a pparatus suppliers . The clamping device 
itself is sim.ple a nd easily made. Any 
ad justments that a re necessary a re made in 
t he connections to ma inta i.n the ąir space 
from t he O ce. reading of t he b urette to the 
paper in the clamp a t approximately 11 ce . 

The a ppara tus is used as foll ows:-
The stop-cock is opened , approximately 

250 ce. of water a re poured into t he 
aspirator bottle and the height of t he 
bottle is ad justed t o give a reading of 
O ce. in burette wit h the water in the 
b urette a nd aspirator at the same level. 
H older is fixed to hold the aspirator 
i n t h is position. The aspira.tor l;Jottle is 
t hen removed from this holder and wit h 
the stop-cock sti.11 open it is Iowered un til 
the b urette reading is 88.7 ce ., aga in wi t h 
th e water level the same in the burette 
and in the aspirator. The ring holde r 
is fix ed to hold the aspirato r bottle in t his 
position. The a ppa ra tus is then ready for 
opera tion . 

Wi th t he aspi rato r in the upper position 
and the wa ter in the burette read ing O ce., 
t he sa mple o f pa per to be t ested is inserted 
be tween the jaws of clamps a nd the 
wing lever i t ightened. The stop-cock 
is closed a nd the aspirator placed in 
the !ower ho·lder. The stop-cock is t hen 
opened for 15 secs . a nd re-dosed . The 
a pi ra tor •bottle is r-aised until t he water in 
t he bottle and in the burette a re on the 
sa me level and a reading of t he nu.rober o f 
ces . o f a ir which have been dra \\·n through 
t he paper i recorded. This is the porosity 
value of the sample. 

R ou tine tes t s for po rosi ty a re made of 
paper held under ordi na ry room conditions, 

b u t for close checks tests a re made imme­
diately afte r condi tioning fo r 24 hours at 
65 per cent . humjdity a nd 70 ·degrees F . 
F o r the inspection of la rge batches of paper 
of reasonably unifo rm qual~Y ~ three sa mples 
from ea ch of fi vt rolls c."l'a~en from eac h 
2,000 lb . of paper a re considered a sufl:i cien t 
check. For non-un iform pa pers, or t hose 
from unknown sources, the number of 
samples should be from 5-10 t imes more 
numero us . 

Con trol of Porosity of Conden ser Paper 
The porosity limits natura lly depen d 

upon service requirements of the condensers. 
:\lost condensers having two papers oetween 
foi ls are used in service at low vo1 tages a nd 
for such condensers a reasonably uni form 
paper with a maximum average porosity of 
6 ce. is expect ed to y ield condensers of 
adequ ate electric strength. Higher porosjty 
can be tolerated for very low voltages, but 
the re a re very few instances where such 
pa per can be used with advantage . 

lt has a lready been stressed that not only 
mu st ma ximum porosity be controlled, but 
a lso a verage porosity , and it is suggested­
that in stipulating a maximum average 
porosity of 6 ce. this can be qual ified by 
specify ing n ot more than. one reading in 
15 to exceed 8 ce. 
. F o r condensers Jor use at high voltages 
1t 1s advantageo us to select papers of !ower 
porosity. F or example, maximum avera ge 
porosity of 3 ce. with not more t han one 
single reading in 15 greater t han 5 cc. is 
sugges ted as adequate safeguard . Stricter 
requirements do not seem justified, nor 
could they be generally met by paper 
manu fact urers . 

Concl11sion 
. R nma n 's conclu sions irom his investiga­

t10ns are to the effec t t hat varia tions in 
density of cond enser paper have n o notice­
a ble effect. upon the electric strength of 
correspondmg condensers. Specification 
requirements fo r minimum a pparent density 
seem, therefore, to be unnecessary. Con­
d uc ting paths in small numbers, likewise 
ha ,·e no importa n t effect when the con­
densers consist of two papers between the 
meta llic foils. N evertheless it is desirable 
to ensure that the number ·of conducting 
paths is small. Va riation in porosity is 
importa nt in rela tion to electric strength 
a nd reasonable unifo rmity in this respect, 
together with a low porosity value, is 
advantageo us. 

R oma n' s work is very . convincing and 
forth er con sideration will be given to this 
aspect in t he next section. N evertheless, it 
is st ressed tha t t he porosity characteristic 
<loes not cover a ll qua lity aspects of con­
denser tissue, and of these the chemical 
foa tures can by n o means be neglec ted ! 

(To be continued} 
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LIGHT-ALLOY BICYCLES 
An Account is Given of the Ear!J History of the 

Together with a D iscussion on the Theory 

of More R ecent fy D evelop ed Models 

Aluminium­

alloy Bicycle, and 

Pr acti ce 

THE problem of sa t is fac tory b icycle 
design i not an easy one to d iscuss . 
It is simple to ask what consti t utes a 

good bicycle, b ut much more difficul t to 
provide a satisfactory a nswer. An explana­
tion in genera l t erms, such as periorman:::e , 
reliab ility, response a nd fini sh can readi ly 
ne framed to mect the a.pproval of the 

Fig. 1. - The Caminargent frame iomt : 
uppermost diagram, steering head joint ; A, 
Duralumin top tube ; B, Duralumin head 
tube ; C, Steeł lug; D, Durałumin reinforc­
ing słeeve; E, Diametrical pin ; F, Rivets ; 
G, T apered chuck. Centre ilłustration : 
Form of tapered chuck. Lower diagram : 

Bottom bracket. 

majority o f cyclist s or would-be cyclist s, 
b u t it is doubtful whether a detailed ana lysis 
of a ll the facto rs, pa rti cularly periormapce 
a nd response, in t erms of st resses, strains, 
mod ul i of elasticit y, a nd so on , has ever heen 
worked out , or , if so, it must clea rly t e 
reposing in orne confidential fi le , since nu 
such a nalysi appea rs to ha ve been pub­
Jished . 

However, in the absence of a ny better 

Note.-T extura l references to the ilłu strations con· 
ta ined in this part o f the account wi ll be found in the 
concluding sectio ns whic h will appear in the AuRust 
issue of " Light M etals ." 

basis of discussion , let us exa mine thcse 
req uirements, as typifi ed in genera l t t rms. 
a nd see how light metals fit into the µicturc . 
First, Jet us consider perfo rmance. In a ny 
machine economy of effo rt is always a desir­
able factor. In the case of the bicycle, its 
importa nce is magnified ma ny t imes by 
virtue of the l imi ted motive power av:i. il­
ahle . Huma n efl ort will obvi ously va ry 

Fig. 2.-Front fork of French ongm, cast 
(gravity die-cast ?) in APM alłoy and weigh­

ing 430 gms. 

from one per on t o another, hut in a ll cases 
it i' desirable to a pproach as closelv as 
possible to a condit ion of efTort less r iding. 
Th effort which has to be made to propel 
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a b icycle at a given speed a long a level snr­
face depends on a number of factors, some 
of them extremely complex to defme. The 
type a nd condition of the t yres, the gt:ar 
ratio employed , friction in t he bearings, tl:e 
road surface itself and wind resistance are 
importa nt facto rs not a ll of which can be 
'inftuenced by the use of light-alloy con­
st ruction . 

It is probable t hat reduction in wcight 
<loe~ red uce frictiona l resistance both in the 
bearin gs and between the t yres and the road ; 
it may a lso enable the use of na rrower t y rcs, 
with an inherent reduced fri ctiona l resi<t­
ance. It is interesting to note tha t , in one 
case, weight was saved by the use of light­
alloy construction to enable a n aluminium­
alloy wind shield to be fitted over the whole 
of the front of the b icycle, t hus reducing 
wind resista nce. 

But it is when we come to consider the 
influence of weight on effort in cycling ;ip 
a n inclined surface tha t the value of light­
ness becornes most a pparent. F ew roads a re 
level for more than a few yards , and only a 
small incline is req u i red to increase the 
cyclist's effort to a ma rked extent. The 
increased effort req u i red to mai n tai n a uni­
fo rm speed is actually \V Sin a where a is 
the ang le of inclina tion of the road surfilce 
to the hori zontal and W is the >veight of 
the machin e, plus the rider. The in creased 
effort is, therefore, direct ly proportiona l to 
\V , so that the weight o f the m achin e 
becomes a significant factor in determining 
performance on the road. Other advantages 
which accrue from weight red uction in a 
b icycle a re more rapid accelerat ion for the 
sa me huma n exertion, a nd better braking, 
or, a lterna tively , lighter b rakes may he 
fitted , lessening stili furth er the wcight of 
the mach ine. It is im porta nt to note tl~at 
the ti me lost by a reduc tion of a verage ~peed 
by, say, 2 m.p .h. on an up-hill stretch of 
road cannot be rega ined by a 2 m .p.h. 
increase of a verage speed on a downhill 
stretch of equa l length, so tha t, on a n undu­
latin g road, lightweight construction results 
in an increased a vera ge speed of travel. It 
a lso reduces fatigu e, as it is a n esta b li shcd 
fact tha t effort stead ily a pplied is less tiring 
than one which has to be var ied according 
to the road conditi ons encountered. 

I t is obvious, therefore, t ha t li ghtweight 
const ruction in a bicycle is advantageous, 
and it is not surprising t o frnd that light 
a lloys and, to a smaller extent, the ultra­
li ght a lloys , have been employed fo r this 
purpose . The different methods which have 
been empl oyed, and t he extent to which 
al uminization has been successful , \\·iii be 
reviewed la ter. 

Let us now consider the remaining genera l 
factors ; fir st, response. Presumably, respon se 
mea ns t he menta l interpretation of the 

mec ha nical link between the feet, transm1 t ­
ing the brain 's stimulus of effort requir"!d, 
a nd the immedia t ely subsequ ent sensation 
of movement. Presumably, rapid accelera­
tion , easy running characteristics, a nd small 
dra g on inclines a re importa nt facto rs lead­
ing to what might be cal!ed good or ready 
response characteristics in a lively mount. 
As has already been show n, lightweight con­
struction is advantageous in prómoting these 
charact eri stics and, therefore, it m ay be 
implied that, from some points of view a t 
least , the lightweight b icycle would he a 
more responsive mount than a heavier a nd 
more sluggish steel mach ine . 

In practice, however, the light-all oy 
b icycle has sometimes been criticized on !.he 
very grounds of poor response. Light-alloy 

Fig. 3.-Part view of the Delage cycle frame 
( 1930), showing novel method of overcoming 
assembly difliculties by means of specia l lugs. 

era n ks have bee n s1 i<l t o deft ect to a grea ter 
extent than steel c ranks under the presrnre 

. applied by the feet a nd to give ri se to a 
feeling o f sluggishn ess a nd insecurity. This 
is only what wou lcl be expected of light-a lloy 
replicas of steel cra nks, a nd points clirectly 
to poor design. Both the a lumin ium- c. nd 
the m agnesium-base a lloys a re possessed of 
!ower mod uli of elasticity tha n steel, a nd , 
in consequ ence, it becomes necessary to 
i nc rease the section of l ight-a lloy com­
ponen t s in order to retain the rigidi ty asso­
ciated with their steel pmtotypes. It is 
importa n t to note a t this ju ncture that the 
densities o f the ligh t a nd ultra-light alloys on 
t he one hand and of the various commercial 
st eels on the other ha nd differ to a greater 
extent tha n the moduli of elasticity , so that 
it is poss ible to design ligh t -alloy components 
with a rigidity equa l to that of the corre·· 
sponding steel member, but stili with con 
siderably less weight. 



362 LIGHT METALS july , I 945 

Another objection, also resulting from tl:e 
low modulus of elasticity of the ligh t alloys, 
has been raised regarding the " whip " of 
the aluminium-alloy frames. Some whip 
is a lways desirable, if only to absorb 10ad 
shocks, but complaints have been made that 
a luminium a lloys carry this propertv too 
far. Here, agai n , the problem would ~eem 
to be largely bound up with design and 
method of fabrication. The foct that sat is­
factory frames have been built in small quan­
tities would lead one to anticipate that this 
problem, even in the case of mass-produced 
frames, is by no means insoluble. 

\Vith regard to reliability, light alloys are 
at some disadvan tage in view of their rela­
ti,·ely low fatigue strength, but where the 
highest stresses are involved, 
as in the frame, des ign s have 
taken this factor in to account 
with such success that the 
drawback of fatigue can be 
eliminated from the present 
d iscussion. On the road now 
are bicycles incorporating light­
alloy components which have 
been ridden hard for 10 years 

Fig. 4.-Component parts 
of the all- light-alloy 

Caminargent bicycle. 

or more without any other troubles and 
breakdowns than are normally encountered 
with conventional " all-steel " machines. 
From the point of view of corrosion 
resistance, the li ght alloys are infinitely 
superior to the ferrous metals. As for 
finishing, apart from dyed anodic coatings, 
sati factory methods of chromium plating 
have now been evolved; light alloys can be 
painted and enamelled like steel components 
and they can be celluloid covered when 
required, as for handlebars. From these 
points of view, aluminium-base alloys are 
certainly not inferior to steel and brass in 
regard to quality and attractiveness of finish 
possible. Their inheren t corrosion resist­
ance and a ttracti ve sil very a ppearance, on 
the other hand, allows both the aluminium­
and the magńesium-base a lloys to be used 
in the polished but unpainted and unplated 
condition, while the appearance of dyed 
anodized aluminium is something which 
cannot •be matched in any other materiał. 

Historical 
The bistory of the aluminization of 

bicycles begins concurrent with the com­
mercialization of aluminium. In 1893, 

Clement, in Paris, exhi•bited racing models 
w1th lrnus of unall oycd aluminium, whilst, 
even before 1896, alumini um frames were 
in use on somc French machines. A cycle 
manufactured .by MM. Cycles San Soudures 
En Lu-mi-Num, Paris, and introduced into 
this country i_n I 896, will be illustrated. 
Excluding the front fork, the frame of this 
machine was cast in one piece in light alloy. 
Only recently has the casting technique 
again attracted attention. 

Albout the year 1904 , extensive experi­
ments began to be made on the use of alu­
minium alloys in the form of sheet azhl 
castings. At that time, bicycle manufac­
turers had not been established for many 
year?, and they were definitely in terested 

in methods of reducing the weight of 
their manufactures, a procedure \\·hich 
they recognizeJ to be distinctly advan­
tageous. As a result, gearca.ses, whecl rims, 
mudguards, chain guard.;, seat castings, 
lamp . locks and parcel carriers were all 
fabricated in pure aluminium or in alu­
minium alloys for use on the heavy anJ 
cumbersome mach ines which, however, were 
considered to be the la t word in design in 
those days. E,·en al umi ni um frames and 
gcarcases were produc;ed, cast in one piece 
in heated iron moulds, with front and rear 
forks, handlebars and seat pillars as sepa­
rate castings. However, light alloy:; in 
190~ had by n o means reac hed the same 
stage of dęvelopment as they have to-day. 
Casting technique was poor and, in an\' 
case, castings are not always the best form 
in which to use light meta:s. It is not 
surprisi ng, therefore, to fincl that interest 
in the light alloys died out as improvemen ts 
began to be effected in the steel tubing 
a\·ailahle, which made the advantao-es of 
aluminization less apparent with the 

0 
some­

" ·ha t primitive fabrication techniques 
~ mployed at that time. 

(To be concluded} 
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