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FOREWOR.J 

On 8 October 1976- an agreeaent initiating tbe Joint 

UNIDO/Hungary P?:-ogramme for Co-c1pera tion in tbe .Alu11inil1.a 

Industry was signed by tbe Pres: .. dent of tbe Hungarian Cba•ber 

of Commerce and tbe ExecutiYe Director of the United Nations 

Industrial Developaent Organization /1Th~DO/. Tbe aim of tbe 
Joint Programme is to assist developing countries to establish 

an aluminium industry. Tbe present booklet on tbe economic 

uses of al um.inium was prepared under this progra1111e. 

Aluminium bas experienced a spectacular growth 1n recent 

years. It bas beco11e competitive with other metals, and tbe 

areas of its application have been constantly expanding, since 

the use of aluminium solves 1J18.IJ1 tech.1ical problems in 

important fields such as tra.nsport 1 ~onstruction, packaging 

and. electrical engineering. Hungary, using its own resources 

of bauxite, has developed a fully integr-ated al•1minium industry 

,and has attained 3 remarkable level of aluminium consumption. 

Aluminium. can be regarded as :.. valuable replacement 

uaterial, especially in countries, whether developing or 

d.evoloped, that are poor in heavy nrn-ferrous metals, such as 

Hungary, lJld ia ar:d Iraq. 

Hungary's experience in replacing structural materials 

irrith aluminium am its knowledge of pot~ntial sources of 

~echnologies ani tbe availability of know-how may be of interest 
to countries or coiDpanie s that are planning to replace 

materials with aluminiu.a and to ~avelop their aluainium sector. 

The Hwigarian experienc~ in int;roducing an efficie.n 11yste11 of 

aluminium promotion in coDDexion witb the netionalization of 

the alumi.nium industry 11a1 also be of interest to o tber 

countries. 

This booklet describes tbe uin reasons for using 

alum.tniuiD am examples of 118 tbads of use. It auamarizea 
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Bwi.garian experience in developing tbe iaiustr.t• It is 
written to help those who face siailar tasks ~ objectives. 

The Secrete~·i,i t ·_ t TlliIDO 
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INTRODUCTION 

The utilization of aluminium on an industrial acale in 
a diversity of fields bad been a long process dating back to 
the 1930s, There was a significant rise in aluminium 
production - particularly ~n the North American continent. 
and Germany - during the Secom World War to meet the 
increasing demaai of the war industries, especially in 

aircraft manufacture. Because of the scarcity of otber 
strategic materials then, ao~aver, tbe scope of a:~minium 
11tilizatio.c. encroacbed on other areas as well, electrical 
engineering and transport vehicle manufacture being the two 
most prominent end-·1si.cg sectors, with chemical engineering 
and food procesEing following suit on a more modest scale. 

In the post-war reconstruction pericri when large 
stocks of alumjnium becaae available far civilian use, a 
~eries of new outlets were soon fowx:l including 
prefabricateo utility houses, shipbuilding, as well as 
equipment for t~ electrical engi.neer··.ng a.ai food processizlF 
industries. As from tbe secolli half of tre 1950s, the major 
aluminium concerns of the world made substantial efforts to 
devise new strategies of boosting aluminium consumption, so 
as to firxl new markets for their rising productir:>n. This 
w· ~ tbe time when - on the basis of previous experiences -
the outlines of each aluminiur. usages began to take shape, 
which in the long run have proved to be feasible from both 
a techni~al a.ai economic point of view. The market position 
of aluminium at that tiiE was greatly strengthened by the 
fact that marked shifts in the pricing of other structural 
materials had taken place in favo1.1r of aluminium, a trend 
perpetuating t1:lroughout the coming ye~rs. 

In dealing with the unprecedented growth of aluminium 
consumption since then, r..ext to reviewing ~eneral ·11orl.d. 



trends, also a special c~se study on a particular country 

- Hungary - is preseJ"1.ted. hereunder. In Hungar-y certain 

geophysical and e~onomic factors /abund.snce of bauxite 

resources, lack. of heav;y non-ferraLl..· ae tals ui.ld timber, a 

narrow selecLi:m of steel product~i t.:ive already at a 

relatively eal'~./ time ne<:essitated th!! .3etting-up of an 

integrated o.lu.u.inium iru:ustry. Even b~frre .!..a.::-~~~-scale 

aluminium ope:-': tic.n.s coul:i commence, '1S fr:ir.i Cbc early 1950s 

several minc1r '"'l uu.iniurn fabrica tin.c~ Cl.paci t: e~ were 

installed at lii..:.ft;r-=nt p iints, anl Vi.ll'ious .1clumes were 

launcht d C'J t 1·-. i._;1 engi n~·· :-ing si:-e c ic.: u1t5 an.i a killed 

workers in ,11:·,.f~1·ent br(l,lC~s af usn-fer~ou.1 111t~t1llur~:·. In 

tbe po~t-war .'•'8,iI'~, controls were jiq:u:Je:i witL .1 vi:-w tu 

restrictL1t; ;;l.c.:'. use o~· 3Lructural ::uite.r:i:1ls iL ..;hart : .. mµply 

and sul.Jstituti..n:~ these b,1 aluminium whereve.!' ~ ,•,siole. At 

t~ snrne til!i-::;, ;;r.e v3:-·ic1:1s scienl:i:':i_(: arrl te;~b.: ... ical 

developrent; :i.i;e11ci.e.s GI>t:·3ting un.:ler tbe aus;ii, t:S of the 

L.l:.iminium ind.u.;Lr,y we::.-e --:allei -¥Jrr to updat·: £·arlier 

a.esigns of a::..-lmiLium items ar.d str1F: ture.J and to e.JQlOrt! new 

c.1luminiucn outlets. 

As a r-e~,J.lt, IT!Jst n.in-ferrou;.:; awtal op:!-:'0:,ors haVE: 

ellta:'ed tl~ aJumiuiu;r. 1at.ir·icating field. The av':lilabilit.f of' 

aluminium me :..al coup] (;d with the exrerience of those u.sing 

it, pe::-mi t ted a diversifi(:r-1 ti on vrcigrumme L b<.:· put into 

effect, J..u ~~~ wakP- -::f wb.ictl. large series of aluir.inium 

products meeti:ig ~re r:J:Jst stringent internatiOudl standards 

couLd tJe µt.t 8n ttie rn:ulr..L't /e.g. liquid-gas bottles, beat-

ex~h.anger:;; f:-:ir powt~r plants arrl oil pi1.eliues/. In the face 

country's 

ciorn~stic ;,>4:;r ~,··;Ji 1,11 al1tmiuium consuCl.lrtion rus•: at a dramatic 

cate, far <d1ecid ol cc.·;A··:.--,_d trends .in other fields. At yresent, 

about 30 i)e r Gent a f' ;d l aluminium finis be"! i te r is produced in 

Hw1gary are e1:1 1orted ard only 3-S per cent of 1'-inished 

product consumption i.s imported. 

• 
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Thus Hungary, by dint of its tu.gt:.ly tntegr& ted 
aluminium indust~"""Y aDl backed by half-a-century's 
experience in production ani consumption, is a case in 
point to demonstrate how a.ai w:der wh.a t circWDstances may 

aluminium consumption expam in a dc:lvelopl.Ilg country in due 
course becoming a fairly well industrialized one. 

This case study - believed ~o be applicable in ma!lY 

cases to other countries as well - is concerned with the 
interaction of various economic factors influencing growth 
of aluminium consumption; it is also aimed t~ describe 
experiences arrived at in the operating fielca and consumer 
sectors; concrete examples as to aspects of design, 
pro to type 11an:J.fac ture am serial production, both in HU!lgary 
and elsewhere, are cited to illustrate how optimum solutions 
may be sought for by takinl utmost advantage cf internal 
resources am, by adoptiDg know-how abtained from abroad. In 

conclusion, issues of organ~z~tion, training aDd. scientific 
policy, all essential in promotiDg aluminium consumption, 
are dealt with. Uni.er eachobaptfft' exa11J>les are cited without 
the claim of these being a panacea in solving all 
outstanding problems. Nor are such examples to be treated as 
fixed patterns to be strictly adhered to. Hungar,y's aluminium 
industry came into bei.Dg between the two wnrld wars al.Id it 
b.ad not been before tbe Secom World War that it could 
gradually develop into what it is toda1. Obviously, its very 
existence bad been influenced by a combi.na ti cm o! specific 
political, economic, cultural and technological cireU11J1tances. 

However, 1 t is believed, ce."."tain useful inferences u.3 

be drawn from thi3 exE rcise. Aid this is tb.e reason, w~ tb.is 
study had been completed. lhetber am to what extent its 
~o~t&ntB may hold good far. aom other areas and countries of 
the world, bas of ~ourse in each case to be earefull7 
examined. 
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l. ~L CORSIDER!TICZS 

1.1 Scope of structural materials involve~ in this 

!!Wlpis am reason.e wiq selected 

~forts in boosti.Dg aluainiua consumption were at 
first eoncentra ted on developing new technologiee 

and iatroducil:ig products Pf"~aitting to replace 
traditional atruct~"t"Sl material• b7 a aubatitut6 o! 
saae au::;>eriar properties /e.g. substitution af copper 
b7 al1U1iniua in electric ooDductora, aluailliua foil 
am collapsible tubea for packaging to replace tin, 
aluai.JU.lill household holloware, etc./ In view of shifts 
ill ~be pricing o! Aon-ferrous me ta ls w1 thin tbe la at 

40 7ears, no wonder that tbe proaotion of aln•iniua 

usage baas coe into tbe focus of attention. O! ci:ourae, 

tbe conc:t"ete scope am prospects haTe alwa7s depended 

on. local condi tiou prev-ailing on site, that is, bow 

tar a giTen count17 bad access to certain raw and/or 
structural materials, am to what extent tbe industrial 
policy an:l gem ral ec onoaic setup ill au.ch an area bad 

favoured such ~rends. In aore recent ti•a, a secom 
significant facto: gi~illg further 1'1petus to aluainiua 
usage has entered into tho pie ture: conaidera ti on.a of 

higher coat-effectiTeneaa both at tbe !-:roducer's and. 

con.au.er' a ~nd. DeTelopment work conducted with this 

e.r:d in view, it ehould be UDderatood, will ~l•a7a 
hinge a great deal on tbe e%tent ot i.Dduatrialir.ation 
and tbe gon.eral at&Ddarda of economic de•elopment of 
a giTen countr,y [}]. 

By referri.Dg to atructu.r.al uteriala in this surve7, 
not onl.7 such 'J! ferrous and non-ferrous me tala are 
•ant, but in a broader sense alao plastics, wood and 

cement as wll. ~ using a •u.ltitude of data as to 
past and preaent-day al u•iniu• consumption throughout 
tbe world, a co11ple% tecb.uo-econoaic i.Dde% s7stea b.aa 
been deT1 .. d to point towerda tu~llre perapecti•es o! 

aluminiua conauaptioz.. ill areas of dit!erent levei. of 

~-- T 



econo•ic devel~pmeil~. Ill metuuu, 
is claimed to be fuDdamer!.tally iifferent froCil th.at of 

other authors. While in earlier reports correlations had 
been plotted far each specific :.tSagc of a material with 
the GDP of a given country, in this study an attempt was 
made to synthetize such ccrrelations and to pr~sent 
consumption trends in a more conplex manne~. 

F.arly in the annals of the alwr.inium industry have 
special is ts realized that alum~_nium is an ef:fec tiv~ and 

econJmical substitute for coppar in the conduction of 
electricity. Soon thereafter, tin had disappea!"ed in mc3t 
fields of packaging to give w:1y to fresh advances ":Jy the 

aluminium ind.us try. Next in line came chemical P.ngineering 
am once more t~ electrical engineering industry, •he~ 
lead ~oul.d be replaced by al11minium /tanks arrl containe:cs, 
cable-sheathing/. In the transport velicle industry 
aluminium, thanks to its li;;ht weight, has soon become e. 
competitor of cast iron. B;.· reducing tbe self-weight of 
transport vehicles, consi~erable power economies could be 
arrived at, an important consideration in view of t~ 
prea,,nt world energy situation. In the wake of fresh 
developments in the building traie, traditional designs 
featuring wood, reinforced con~"'ete or steel had to be 
partly or fully shelved to give way to aluminium /e.g. 
window azrl door fraaEs, claddings, load-bearing building 
structures/, wbereby not only assembly time arxi maintainance 
costs could l>e red~ced, but also complet~ huilding 
elements could be jransported over long distancea with 
east. to be assembled within the shortest possible time on 
site /e.g. cold-storage rooms/. Thanks to its good 
weatb.erproof properties, aluminium has also become a 
highly e!fect1ve substitute in a variety of other fields, 
/e.g. building, trqnsport vehicle ard food packaging/ its 
corrosion-resistance comparing favourably with that of 

' 
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tinplate or zinc-ct'ated steel. With shortagE'e of some 
beaQ .n.on-!errous ~ ttlls /e.g. tin a!Xi ~inc/ t'l continue, 
tb.ia treai is expected to perpe ttld te. Pl as tics too were 
lr.cluded 1.n this alU."9'.a,-, so as tc assess their po tantial 
im.pac t on aluainiua consum.I-tion in the long term. 

1.2 ~~d production ani c~n.suaption o! t~ structural 
11&te~ials mid.er su.rvez within tbe last decades; 
pro4a.t~t1on a.Di consumption trend~ outlined until 2000 

1.21 ~•th_o! I?,rl,d~c!i.,2n_~_C.2,Il.,!U,!P!)..2,n_l2.32-19Z7 _ 

T'uanks to s!fective promotion efforts, wnrld 
aluminium consumption has gr!'tm at an exceedingly 
stee' rate within the last 40 years, being well 
ahead of that of traditional etructural materials 
throughout this tiae /Tables l a.rd 2/. Its growth 
was especially marked over tbe 1960-?0 period. 
Although after the price explosioa this tre~i has 
slightly declined, iD. comparison to other structural 
11Bterials aluminium keeps on accounting for the 

highest ever consumption growth rates. 

This unpreced.ented a~eady growth is based on a 
high standard or syste111at1.c research am development 
work throughout tbe world, relying, in turn, on 
effective co opera ti on be tween producers and 
consumer•, irrespectively of t~ economic system or 
extent of 1nd.~strialization in a given country. 

With the aid o! a set of calculations an attempt 
has been made to forecast future aluminium 
conswaption trends based on numerous data released 
in earlier studies. In doing this, ill the first 
place the c~nsumption of principal structural 
materials in a number of selected countries of 
varied le~els of economic developwent had be~n 
related to their GDP. 



Table l. - World Conauaption o! Structural Ka~eriala 

million metric tcna 

1935 1950 1960 .19c;5 19?0 19?5 19?6 19?? /eatimate/ 

jluminium I 0.3 1.5 4.5 6.5 10.2 11.3 13.l 15.0 

Copper 1.8 3.2 5.0 6.1 7.6 7.5 a.5 9.0 

lAtad 1.4 1.8 2.7 3.1 4.0 3.9 4.3 4.9 . 
Tin 0.2 n.a. n.a. 0.2 0.22 0.23 0~25 0.25 

Zinc 1.4 2.1 3.2 4.1 5.2 5.0 5.a 5.e I 

OJ 

Steel 124.0 187.0 '43·0 4~8.0 568.0 646.3 681.8 6?7.0 

Plaatioa 0.22 1.3 6.8? 14.69 30.36 37.0 43.0 n.a. 

Wood• 210.0 337.3 374.3 404.2 ~23.7 n.a. n.a. i 
I 

Cement I 66.2 i33.o 314.2 430.5 5?8.0 ?02.0 ?2?.0 n.a. 

• Timber, million cu.metres 

~ 



Table 2 

Aluminium 
Copper 

Lead 
Tin 

Zinc 

Steel 
Plastics 
'.Vood 

Cement 

Index 
Index 
Index 

Index 
Ind.ex 

- ·_,, -

io.r-lj Consumption Growth Indices or 

Principal Structural Materials 

1977/1935 1970/1~60 1977/1960 

50.0 2.2 3.3 
5.0 1.5 l.B 

3.5 l.5 1.8 
1.2 1.0 1.3 
4.1 1.6 1.8 

5.5 1.7 2.1 

195.5111 4.4 6.312/ 

1 .. 2 1 -/4/ .) 

11.01111 1.9 2. 3i2./ 

/1/ 1976/1935 
/2/ 1976/1960 
/3/ 1976/1970 
/4/ 1975/1960 
/5/ 1975/1970 .,. 

1977/1970 

1.47 
1.18 
1.22 

1.35 
1.11 
1.14 
1.42/3/ 
1.0~/5/ 
1.28/3/ 

1.21.l Selection of countries considered in this survey 

From the point of view of this survey, in the 
first place such countries hc:.ve ~een considered, 
whose per capi t:a GDPs he.d been compared earlier 
in a s:;iecial study condL~cted by t~ Hungarian 

Institute cf Economic Planning l?~· 

In t~ present surve~1 tbe GDP per ca~i ta ratio is 
used throughout as an index in.di cat i1.!.S economic 

development, notably 

- to permit comparisons in terms or t;i_me to be made, 
taking 1970 pric~s as a basis, 



for the sake ~f comparability converted intQ U.S. 
dollars arrl thereupon corrected. Such corrections 
were necessar3, inasmuch as net the official rates 
of exc~ange were used in tbe calculations, but 

modifL·d ;~ut:s, 'IWhcrei.o .1 ::ar-relation of ~3 

dif:·erent .r.idi::f'', :rf' ~-~~nrirnic factors measn!'eJ by 

na tur~l llD.: t.s we"-·.:: take.a into account. This 
corre.;..;itior;., :.i.: t~.ie time, was made by tbe In~t:itute 

,. 1 

re f e r.Te d to a ti o v e ; __: \ • 

In international practice, as an ir:dex of economic 
development, the GN? jje r ca pi ta formula, too, L; 

used. H( wever, ct: r ta ~n difficul tie 5 may arise fr:>m 
its use when it co res t.o comparing ind us triali:.•· i 

/market economy/ countries with developing ones [1j. 

In the calculati Jns la ta from 23 industrial 
countries, 8 centrally planned economies and 7 
developing countrie~ /A~gentina, Chile, Mexico, 
Brazil, Peru, EQ'Pt u.C I1.1dia/ bave beeD. considered. 

Their scope is large enought to permit general 
conclusions to be reached for the benefit of otber 

countries as well. 

1.21.2 Aluminium consum£tiou 

In tbe present survey aluminium consumption is 

classified according LC tbe so-called CIDA 

nomenclature adopted by tbe OECD countries in 1973. 
A breakup of its principal beadings is given below: 

- Domestic riri!Il8.ry aluminium consumption 
- Domestic .:>ecoa~ary aluminium consumption, 

arxl 
Domestic consJuption of imp~rted semi-

-manu!ac tures. 
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Consu.mpti on undtr the above headings, of course, 
does nnt include exports of semi-manufactures. In 

more detailed statistical returns semi-manufacture 
exports are listed in a separate line, permitting 
to :read off domes tic aluminium c-:>nsump ti on 
forthwi~1. Such detailed statistics, however, are 
not always available am the compreb.erisive figures 
released usually include exports of semi-

manufactures as well. T...n view of this, there bad 
been no alternative but to accept theAe figu!"es at 
their face value for inclusion in our tables arxi 

diagrams. Such vagueness of some data, howevP-r, batl 

no significant oearing on the trerrl calculations. 
In dealing with a multitude of data there is 
always a b.igb. pre babili ty tb.a t smo.!l margins of 

errors become e~~nt<4.ally outbalanced. 

In Fig.l 1976 per capita aluminium consumption is 
plotted ag.aillst GDP per capita. Tb.e numbered points 
along the median of the diagram refer to the 
rel8tive position of each country w:rler survey. 
1976 may be regarded as a more or less stable year 
from an aluminium consumption point of view. No 
longer emerge by then new al~minium outlets calliug 
for large toDDB.ges. As will be observed, growth 
t"a tea at the t ticJe are more or less in line with the 
trends of general economic growth. 

Over the 193?-68 period the situation bad been 
entirely different. In Fig.2 the medians of four 
ch.a.racteri~t~c years are displayed in a single 
diagram, so as to permit a comparison of' growth 
trends in the lo.cg term. The rise of the medians 
clearly demonstrates tbat at a given level of 
economic developarJnt, per capita consumption in. the 
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long run continued to grow. E.g. at 500 dollar 
per capita GDP, per capita aluminium consumption 
rose from 0.5 kilogramme in 1966 to one kilogramme 

in 1968. In 1968 the median becomes stabilized 
suggesting tbs t furtbe r growth may no longer be 

anticipated, unless the relative pricing of 
alWRinium were to drop considerably or a number of 

new Tolume-intensive aluminium outle~a could be 

foWld. 

Growth of aluminium consumption in some selected 

cauntriea is diagrammatically illustrated in Fig.3. 
Re1e the lines referring to individual countries 
connect points plotted for eeco of the four specific 

years of periods wner survey. The deflections in 
the li.tl.e s reveal a marked tendency by each country 
to approach the 1968-76 median. This trend is 
conspicuous even in case of such countries /e.g. 

Hungary/ which are still far away frt~ it. A ful~ 
convergence in the median, of course, my not be 

anticipated, because of the annual fluctuations of 
data. But the amplitude of fluctuations has in the 
past visibly narrowed down arowrl tbe median and 
this trend is e.rpected to persist also in future. 

The straight median in Fig.3 permits a series of 

correlations to be read off as to internatiunal 
growth trends of industrial countries sir-ce 1968. 
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Fig.l - Per capita aluainium consumption plotted against 
per capita GDP in 1976 

Legend 

1. India 15. Belgium 
2. Egypt 16. f-dnmark: 
3. Portugal 17. United Kingdom 
4. Mexico 18. N4'therland 
5. Brazil 19. Canada 
6. South Africa 20. Australia 
7. Argentina 21. Fran.ce 
8. Greece 22. Hun.gary 
9. Ireland 23. Japan 

10. Spain 24. Fin.land 
11. Ia rael 25. Switzer land 
12. Italy 26. Federal Republic of Germany 
13. AllB tria 27. Sweien 
14. New Zealand 28. Norway 

29. United States af America 

I 
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Fig.2 - Aluminium consumption medians for 4 different y~ 
nummed up from data of 29 selected countries as per 
Fig. l 

• 
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Fig.3 - Aluminium consumptiou of 10 selected countries ii'. 

relatioD to time. Years un:ier sl.lrvey: 1937, 19601 

1968 am 1976 fccr ind us trial c ou· trie a, arxl 1960, 
1968 aa:i 1926 for developing countries 

Legerrl 

1. India 6~ Mexico 
2. Egypt ?. Argentina 
3. Spain 8. Netherland 

4. Brazil 9. France 
5. Hungacy 10. United States of America 



Table 3 

~ 

GUP per Ca£ita in reJation to aluminium consumption 

GDP Aluminium consumpt.ion 
kilogramme ln .. 1 ogramme per capita per capita per S 1, 000 GDP 

300 

500 

1,000 

2,000 

4,000 

0.50 1.66 

1.00 2.00 

2.6 2.6 
6.75 

I 
3.38 

17.5 4.38 

It will be observed from the above that aluminium 
consumption tends to rise at a much faster rate 
than GDP. 

The ratio of the ~o trends is expressed by what 

is tern:ed too "elasticity coefficient". It is an 
index pointing to wb.at percentage of growth i~ per 
capita r.onsumption /or any other variable fJr that 
matter/ may be related to one per cent growth of 
GDP. In our case t!E mean elasticity coefficient 
is 1.43%. 

Hence, if future trends of GDP are known, trends 
cf :per capita aluminium consumption too may be 
forecast. In ti.e following, an elasticity 
coefficient of l.4% rm.y be used with fair accuracy 
in cas~ of aluminium, insofar as international 
trends apply to a given country. F~r countries 
sited below the median the use of a higbe r, and 
for such sited above t~ median the use of a lower 
elasticity coefficient is advisable. Assuming 
normal economic growth, in both cases their· relative 



positions will, anyway, terrl. to converge towards 

the median /Fig. 3/. 

1 .. 21. 3 Steel consumt-1 ti on 

In contrast wich aluminium, it is a characteristic 
feature ~f steel that international mainstream 
consumption trends exrressed by the redian have not 
changed j_n industrial countries since 1937 
/Fig.4/a/. /With no data available for 1976, this is 

true up to 196b./ Steel consumption, it appears, 
tends to keep on to its traditional consumption 
pattern with an elssticity coefficient ~f 1.5%, 
desr-ite the fact tb.3.t in tne meantime new arrl 

competitive materials bave made heavy inroads on the 
steel market /aluminium, plastics/. Obvious reasons 
far this stable figure are not only t:'.Je large steel 

valuJEs involved coupled with little scope for 
substitution, but ·'.llS'J tecnnical advances in this 

field [31. At this pnint, a brief reference nas to be 

made to tinrl3.te, a serious competit'Jr of aluminium in 
the food processing inG.us try /canning of fish and 

beer/. /See 4.23/. 

1.21.4 Copper consumption 

Da ta for re fine d c op pe :- c 'Jn su mt> t i :m a re av a i 1 a bl e 

only for t~ year-s 1960 ani 19'?6. 

Hungary with its 2.1 kilogramme per capita consumption 
is one of the world's most moo.est copper consumers. 

Thiz is obviously due to t~ country's very high 

aluminium consumption in relation to its ecoo.omic 

develop!n:!nt. Countries of similar eco~omic development, 

by contrast, have accounted for about 5 kil oa c. GI1pe r 
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From 1968 to 1978, the median of copper consumption 

has been rotating ar:iund tbe ~ 620 per capita mark. 
Where it has been over this level /i.e. in all 
developed countries am such of medium development/, 

per capita copper consumption has dropped to 1.5 
kilogramme, corresponding to that of steel. 

In 1976 aluminium consumption per one kilogramme of 

copper was l.4-1.8 k~logramme ill develo¥ed countries, 

6.2 kilogrammes in H;11gary arrl l) kilogrammes in 

Norway. 

While tte pricing of aluminium is a detrimental 

factor in its competition with steel, tbe situation 

with rega!'Ci to copper is the reverse: ho re, for maq,y 

e.r::rl-uses, copper could be replaced by aluminium 

after prices Jf tbe latter bad dropped in relation to 

that of copper considerably. A further encroachment 
of aluminium on copper seems today largely limited 

by technological factors only /e.g. flexibility of 
electrical coil wire, see 4.1/. 

1.21.5.Timber co~sumption 

Ralf of the world's wood consumption may be accounted 
for as fuel, with tbe o tber half being used for 

industrial ends. One-third of the latter is timber, a 
product we are concerned with in this pa rt of our 
analysis. Data of fair accuracy were available only 

for Europe covering the 1950-70 period. 

There had been ti~:s when the more developed countries 

used to c onsua:e more timber than the less developed 

ones. Nowadays, hGwever, per capita timber consumption 
in developed coun ries may, generally, no longer grow 
even with GDP per cafita constantly rising. 

- - ~ 

~-- -
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Medians of soae structural materials related to 
GDP at diffp,rent times /Rougb.:cy in respect of tbe 
same countries aa specified in Fig.l/ 



The shortening of i;be medians ani tbe steepness of 

their gr&dients in Fig.4c clearly indicate tba t 

timber consumption by tbe less developed countries 

tends t~ approximate tba t of the more developed 

ones. /In plotting tbe medians, C''nIDtries of the 

Nor'h with their vast wood resources have not been 

talten into account./ In the more developed 

countries timber consumption tends to be stagnating 

er decreasing, in contrast with developing ones, 

where it is gere rally growing. This phenomenon may 

be due to more recent developments in tbe international 

division of labour, whereby the utilization of timber, 
in earlier days almost exclusively determined by the 

geographical site of resources, has to a large extent 

become more balanced in tbe world. 

1.21.6 Cement consumption 

Here numer1us d.a ta were available for 1937, very 

few for 1968, arrl none for 197b, necessitating 

several estiwates to be made in =eSlJeCt af 1967. In 

view of this, the medians may be less accurate than 

tbe otters. 

With time, tbe medians tend ta .:ittain higber and 

higbe :· levels re·ll'eal ing more ua.i :n:ire yronounced 

gradients /Fig.:..+/a/. Ac-::ordinf;ly, r~r c.'lp;ita cemeut 

consumption related to GDP bas a stroll£ tendency t:i 

rise, with its elasticity coefficient tenJing to 

drop, e.g. at a 1> lJO pt:.c capita level !'r~m 0.8% in 

1937 to 0._3% in 19~. 

1.21.7 ~lastics consumption 
Special features: 

- The median for each year is sit9d ti~her tban the 

one preceding it ; 



r 
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Scee of the ~edians ure curved. 

Of co~rse, no data were available for 1937 when the 

plastiss industry had still been in its infancy. 

Also, no 1976 data were available in respect ~f 

develo?ing countries. 

The medians plotted from available data in 
Fi3.4c/point, at a constant GDP per capita level, to a 
rising trend. of per capita plastics consunption, 
ir:iplying tba t here we are faced with a vigorous 
~aterial open for a great variety of end-uses. 
/Plastics present a typically reverse picture of that 
of timber/. The increase of plastics consumption, 
though in soae specifi: fields simultaneous with and 

a corrollary of the t of aluminium /e.g. cable 
manufacttL."'"'e, beat-insulated sandwich panels, 
pa:kaging, etc./, may at ti~s also adversely affect 
aluminiu~ :narke tin.g interests /e.g. in tbe building 

trade, tbe transr 31' t ve hie le ind us try and the 
can•_;_factu:-e of so:ne consumer goods/. It is indeed. 

::i.:'.:'ten hard. to say, Wh€;t~r the two industries are 

c::;::i~;eratin:; ~;artn:!rs or competitors. However, with 
the median of aluoinium rising less steeply than of 
plastics. it seems that in industrial countries 
plas ti · tend more am ~ore expand their rna rke ts to 

t~e detriment cif :ilu::inium. 

1.22 Prc:iuction and consumption forecasts for ::i1-uminium aIXi 
other structural materials until the year 2000 

All authors progn::>sticating future aluminium trends 
agree that the dramatic rise of aluminium world 
~on3umption over the 19':.l0-70 period corresp:mding to 

an annual growth rate of 8-1~ is to drop in the 

comin,c; years to about one-half. 

J 



Moreover, it seems highly probable that in the years 
a~1ead tbe share of developing countries in aluminium 
operations am consumption will grow considerably [4]. 
Over tl::e 1975-85 period, too aluminium production of 
industrial countries is expected to grow from 9.1 million 
tons to 19 million tons~ During the same time, aluffiir.iw: 
S'J·::-l. ter capacities of t;l:E developing countries are 
to becoae five-fold, expanding fr~m 800,000 tons to 4 

million tons. Tl::e reality oft~ latter forecast seems 
to be c onf'irlil!d by the foll owing table: 

Table 4 

Aluminium smelter capacities in developing countries 
1960-2000 

1,000 tons 

Year 11960 1970 1975 1977 1978 1985 2000 

So\ll'Ce o! 
f 5] [4] [6] L 6] 

~ . , 
1.nforma t:i on r 51 ! 4] Estimate L -

Capacity 88.6 538.2 842 1,104 1,318 4,000 12,000-
15, 00v 

It will be observed from the above that by 1995 t~ 
share of developing countries in world smelter capacities 
may reach l~ of total installed world smelter capacities. 
Under these circumstances, the target suggested at the 
1975 UNIDO General Conf'erence in Lima, tbat at the turr 
of the century developing countries should account for 
25 per cent of total world industrial production, 
appears to be a thoroughly fair percentage that can be 

reached by developing countries as far as the share in 
world aluminium smelter capacities ls concerned. 
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At the tum of the ceotury aluminium. world deinand is 

es ti.mated to be in tbe order o! 54 arl.llion tons [a]. 
This earlier forecast was confirmed in 1978 by the 
persuasive calculations of Dowding, as summed up in the 

table herew:rler [9] : 

Table 5 

-

World consumption of principal structural metals over 

10-year periods [91 
million tons 

Metal 1971-1980 1981-1990 1991-2000 

Copper 82.5 136 206 

Aluminium i33.o 218 358 

lead 48.0 50 61 

Zinc 58.0 ?9 102 

Steel 6900.0 10,200 13,800 

lor aluminium, Dowdi..Dg forecasts a 5% annual growth rate, 
This bas been compared to am reconciled with our own 
findings, whereupon ~he following two table a may now be 

~resented: 

I 

I 
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Table 6 
Forecasts of aluminiam world consumptio~• 

/Estimate/ 

Group of 
countries 

Developing 
countries 
Centrally_.ilanned 
economies 
.Developed market 
economies 

lorld 

1978 

1.2 

20.0 

a Including secondary aluminium 

1985 

6.0 

28.0 

million tons 

1990 2000 

4.8 10"0 

12.0 

23.5 36.0 

36.0 58.0 

!Hf Bulgaria, Czecho~ lovakia, German Democratic Rep., Hwigary, 
Poland, Romania, USSR am ~e People's Rep. of China 

Table 7 
Forecasts as to annual grow~h rates of aluminium 

consumption /based on Table 6/ 
/Estimate/ 

per cent 

Group of 1978-1985 1986-1990 1991-2000 countries 

Developing 
countries 14.0 10.0 8.6 

Centrally • 
planned economies 4.9 5.1 4.8 
Developed market 
capacities 3.9 4.5 3.9 

World 5.0 5.1 5.1 

• Bulgaria, Czechoslovakia, German Democratic Rep., Hungary, 
Poland, Romania, USSR am the People's Rep. of China 
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Dowding's analysis also includes !arecasts as ~o 

annual growth of GDP by group o:f countries [9]. On 

relating these to tbe annual growth of aluminium 

consWRption, it appears tbs t while in developed 

count:t"ies tbe annual growth of aluminillll consumption 

is 1.2-1.3-tiaes that of GDP, the coefficient o:f 

elasticity for developing countries is 

1.9 for 1978-85, 
1.5 far 1985-90 am 
1.4-1.6 far 1990-2000. 

Hence, until tbe year 2000, world aluminium consumption 

is e~c ted to keep on growing faster than GDP • .At the 

turn of the century growth rate in developing cowitr1.3s 

may reach tbe same level as that o! developed countries 

in 1960-70. 

FiDdings in the present study are also substantiatid b7 
Al \ienpohl' s analysis claiming tbs t in cieve loped 

countries an annual growth rate of ~ and in some 

developing countries /e.g. Braz~l, !ran./ such of 10-2°' 

may in t'te long term t>e anticipated V.~ . 
The aluminium consumption of developing countries in 

tens of voluas bas grown. from 119,000 tons in 1960 to 

479,000 tons in 1972, by 1972 reaching even tbe 

605, 000-ton mark [1ij • Per capita aluminium consumption 

by geographic location was as fellows: 

Africa 
!sia 

Sou tb .America 
Average 

0.14 kilogramme per capita 

0.25 kilogramme I~ r capita 
1.1 kilogramme per capita 
0.33 kilogramme per capita. 
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Growth of aluminium consumption in a given country or 
gecgraphic area is not solely determined by Etandards 
of ~eneral economic development. A great deal depends 
also 0n the availability of aluminium and on the 
organizational pattern of how aluminium usage is promoted 

on site. In 1976 world smelter aluminium consumption 
amounted to 13.9 million tons. Of this the USA arrl 
Canada accounted for 35~, Western Europe for 25~, the 
Soviet Union for 12% arrl Japan for 11~. The remaining 
l~ was produced by other countries [1?1 . The share of 
developing countries within this latter figure was 7-8%, 
with the rest to be accounted for by otber developed 
countries /Australia, South Africa/ and other centrally 
planned economies. If developing countries may sustain 
the growth trends of the present decade, by the second 
half of 1980 an annual aluminium consumption of 3 million 
tons could be arrived at by them • 

.Aluminium consumption is always af.!:ec ted by c ompe ti ti on 
from other materials from the point of view of 
technological a.rd economic feasibility. Several 

correlations in this respect are to be fo11r.id in Fig.5 [1~. 
The prognostications therein are inBofar' cl more inteI·-.::st 
than further general predictions, as tb··y raise several 
issues relevant to the substitution of altnr:inium and 
other structural materials with one a110tbe .• 
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Fig.5 Growth of aluminium industry within tbe last 25 
~ears an:i some future trends /after Woodward/ 

a/ The growth rate is similar to that of the 
earlier 25 years; 

b/ The growth rate is sustained ani wore aluminium 

is used to replace costlier structural materials 
or such as are in sh8rt supply /e.g. copper, 
zinc, plastics/; 

c/ The growth rate is i.ni'luenced by the insuffic ien.cy 
of smelter capaciti8s and rising energy prices; 
such developCIEnts bave a marked effect on tb.e 
aluminium market si tua ti on in tbe building, 
transp:irt 7ehicle an:i electrical engineering 

sectors; 



d/ _·be ~rend of tm curve implies that m:::ire 

al u111iniu.m is used to replace o tbe r s true tural 

materials, but such surplus deQand has to be met 

with by tbe available capacitie:::. The new 

smelter capacities ex;;ected to go on ;tream in 

th2 mid-eizhties to meet such extra liernand are 

calculated to emoody new cechnologies based on 

otber raw materials than ~auxite. 

rig •. :., looks like a useful instrurrent in going ahead 

with :urtber speculations about future c:::insumption 

tre2ds, permitting an analysis o: more dept~ in 

as.:;es!=i.::-: mal cir likely eirl-u.ses to De involved in 

difre::-er;~ ~·Jrts :f the wo:-ld. But this exercise, 

hows·:e::· i.nt:!'if,;~ing ani useful it may appear at 

1ir.:>t s.i.:_;ut, uas al.so some pitfalls. In tbe absence 

o:· a ere"' t many necessary data ar:rl the µresence of 

CTa!lJ variaoles arrl w1.for€seen circulllstances, at this 

," unc :ure only rough outlines may in this re 3pe ct be 

s~ven. As a starting point, in Tao~e o a breaKup of 

aluminium cons:..:mption by er:rl-use is given in 

respect of di:ferent countries aul al"'eas for several 

years of tte 1970s. These figures have to be handled 
with utmost care in maKLng comparisons arrl 

prognostications. As will be observed, the end-use 

data reveal c:J:isid8rable stc.indard deviations even 

within tbe saa:e group of countries. E.G. in 

industrialized Sweden al ~tminium usage by the build. ing 

trade acc:iunts for 25-27%, whereas in France a.rrl 

Norway the corresponding figures are e.S% ani )%, 
respectively. In Sweden packagine_~ accounts for 4-5% 

only, contrasting with 13-20 f~r Switzerland ar:rl 

22% for tbe USA Evidently, the economic feasibil:i..ty 

of using any ~.~ terial for a spe (!ific end may vary 



TaDle 8 

Breakup of aluminium usage in a few selected countries and areas 

USA Developed countries Hungary Brazil 
End-use 1976 of Europe, 1973 1976 1974 

/14/ averaf\e /llj/ /16/ /17/ 
1,000 % 1,000 % 1,000 % lUUU % ton ton ton ton 

Transport 
1,163 vehicles 22 1,154 28 15 8 41 19 

Mechanical 
engineering 375 7 330 8 6 3 7 3 
Electrical 
engineering 555 10 454 11 41 22 56 26 

Building 1,331 25 700 16 18 10 39 18 

Packaging 1,166 22 454 11 10 6 15 7 
House held and 
other fabricated 
items 408 7 330 8 13 7 45 20 

Miscellaneous, 
including export 
of semi-
manufactures 402 7 700 15 81 44 14 7 

-
Total 5,400 100 4,123 100 184 100 217 100 

India 
1974 
/18/ 
i,uuu 
ton 

15 

-
65 

7 

5 

25 

8 

125 

% 

12 

-
52 

6 

4 

20 

6 

100 
-

-

I,; 
I c.:. 
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significantly from country to country by a 
combination of circumstances /tradition, fashion, 
technological standards of certain industries, 

experience, etc/. 

To show how the pattern of aluminium consumption may 
change in the course of time, let us cite once again 

Hw:igary's example. A breakup Jf 1966-1978 end-uses 
there in terms of volumes is demonstrated in Table 8. 

The saa:e breakup in percsntages is to be found in 

Table 9. 

What are now the prospects ~f aluminium ~orld. 
conEumption in tl::e medium am long term? In the 
following, an Attempt in made to outline principal 

crend.s e 

In indus tricl countries, where power economy has become 
a crucial issue, a furtber pswing af aluminium may 
be anticipated in tr3nsport vehicle manufac~ure, 

electrical engineering, the manufactu..""e of heat-
e.x:changers, contairers a.rrl components for tbe mechani­

cal engineering industry, as well as in camping an:i 

sports items. This will be accompa.aied with a 
downwa~l trerrl in tbe growth rate of aluminium usage 
in building and packaging. 

In developing countries, at first electrical 
engineering is to make great headway in aluminium 
usage, with packaging for specific ends following 
suit. /e.g. far new fisheries, dairies ru:x:l food-

canning facilities/. Household appliances, too, will 
be a fest expanding outlet. At some later time also 
other end-uses will enter into t~ pie ture depending 

on tbe economic pattern, geographic situation aDi 
other circumstances prevailing in each country. 
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Table 9 
Breakup of aluminium consumption in Hungary by errl-uses in percentages [2~. 
Annual mean growth rate 1966-76: 7-9% l,OOO tons 

End-uses 11966 1~167 1968 1969 1970 1971 1972 1973 1974 1975 1976 

A. Transport 
111.8 vehicles 11.4 12.7 12.8 12.5 .!.l .8 13.0 14.l 15.4 15.l3 15.3 

B. Mechanical 
engineering I 2.9 2.7 3.8 4.2 4.0 5.7 4.0 5.9 6.7 4.8 5.8 

C. Electrical 
engineering 24.2 26.9 30.2 28.8 30.6 33.2 33.7 .31.6 36. 'l 38.0 40.9 

D. Building 2.9 3.1 3.6 6.2 B.7 10.9 13.2 17.2 19.4 20.3 18.4 
E. Chemical 

engineering, 
food processing, \...'>J 
agriculture 7.3 8.6 9.9 11.2 11.0 3.8 3.6 6.2 6.9 7.1 7.0 I-' 

F. Packaging 7.7 7.4 7.9 9.8 9.4 10.l 
G. Household arrl 

office appliances 8.,4 8.9 8.8 9.4 16.4 5.9 ,.7 5.8 6.2 6.2 6.1 
H. Powder 3.2 3.1 5.0 5.2 5.5 5.5 6.9 L~ • Q 4.0 4.0 3.5 
I. Steel industry 
J. Other fabricated 

items /excluding 
A - I/ 10.8 9.1 8.8 12.0 16,l 15.'1 

K. Miscellaneous 4.6 4.4 8.6 8.5 12.6 7.6 7·~5 a.o 12.6 14.6 14.4 
L. Expor·ts of semi-

m.anufac tu.res, 
foils an:l powder 5.6 4.7 3.8 2.8 5.5 12.l 18.1 22.1 28.9 46.8 46.8 

Total 70.9 73 .. 8 86.4 89.1 106.8 117.l 12C.5 131.6 158.3 183.2 184.0 



Table 10 
Breakui> _Qi'_ lll.µm_i.nium_ ~Q_nSUJll]2_tj. OA _1.1). Hungary by end-uees in ~r_centage e Q.~. 

Per cent 

End-uses I 1966 1967 1968 1969 1970 1971 19?2 1973 1974 1975 19?6 

A. Transport 

I vehicles 16.8 15.7 14.7 14.2 11.7 11.8 10.8 10.7 9.7 8.6 8 ;· 
•.) 

B. Mechanical 
engineering I 4.0 3.7 4.4 4.7 3.7 4.8 3.3 4.5 4.2 2.6 3 .... , . .::. 

c. Electrical 
engineering 

I 
34.3 36.5 35.0 32 .4 28.6 28.3 28.o 24.0 2,.9 20.7 22 ,(! 

D. Building 4.0 4.1 4.1 7.0 8.1 9.3 10.9 13.1 12.3 11.l 10.0 
:S. Chem!.cal 

engineering, 
food processing, 

VJ agriculture 10.4 11.6 ll.5 12.5 10.89 3.7 2.0 9.4 3.5 3.9 3.a N 

F. Packaging 6.5 6.4 6.0 6.2 5.1 5 1-o,] I 

G. Household and 
office appliances 11.8 12.0 10.l 10.6 15.5 5.0 3.1 4.4 3.9 3.4 3.:~ 

H. Powder 4.4 4.1 5.8 5.9 5.2 4.6 6.? 3.0 2.5 2.2 1.9 
I~ Steel industry 
J. Other fabricated 

i tams /excluding 
!~-II 9.2 ?.5 &.7 ?.6 8.8 8.5 

K. Miscellanec J 6.5 6.0 9.9 9.6 11.8 6.5 6.2 6.1 ?.9 8.0 7.9 
L. K.xport of semi-

manufactures, I 7.e 6.3 4.5 3.1 5.1 10.3 15.1 16.8 18., 25~6 25.4 foil and powder 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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-storage rooms, irrigation systems, submarine 
desalinating facilities ard build~ structures, all 

featl!rin~ aluminium. In the transport vehicle a.Di 

mechanical engineering field, operations will be at 

first ~1Jnfined to assembly work followed at soae later 

tiae by the manufacture of special componen.ts and 

products /e.g. hign-starrl.ard castings/. It is desirable 

tbat upon installing new fabricating capacities 
effective arrangeaents be made forthwith as to the 
collecting am recycling of scrap ari.s: ngs, which are 

usually in the order of 21-26% of aluminium input. 

More details of aluminium usage /possibilities of 

replacing otoor aeterials by it, fresh outlets, etc./, 
as well as of sources of know-how ani its application 
in actual practice /technologies arrl products/, are 
discussed at full length under chapters 5 and 6, 

respectively. 

1.3 The pricin5 of structural materials; forecasts as to 

future pricing tre.ai s 

Tre world aerket prices of the principal structural 

materials a.en their pricing in relation to aluminium 

over t~ 1935-1977 period are summed up in Tables 11 
aoi ]£, respectively. 

An analysis of the pricing trends in Table 11 will 

clearly demonatra te tba t as from the end of the Second 

·::orld War a marked shift in favour of aluminium has 
taken place to tbe detriment of copper and steel. Tbe 

1973 rise of oil prices did not significantly affect 
tbe relative pricing of metals. /Fluctuations in 

aluminium am copper prices were largely due to merut 
ape cul a ti on/. 
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Table 11 

Mean w-;:-ld price~:; Jf so::ie selected structural materials 

/B3sed on arurnal average quo ta ti anB in current prices/ 

:.:n terial 1935 1950 

Aluminiua/l/ 482 

Copper121 172 

Lead 69 
Zinc 68 

Tin 1.090 

Steel billets 34 

Plastics /PVC//3/ n.a. 

Cement n.a. 

/1/ Mean price, ex sire 1 ter 

/2/ Cathode copper 

370 

472 
300 

210 

n.a. 

65 

n.a. 

6 

19)5 1960 

500 577 

500 712 

332 265 

273 287 

n.a. n.a. 

n.a. n .a. 

n.a. 350 
n.a. 7 

/3/ Mean price in Federal Republic of Germany 

1965 1970 1975 

545 61'~ 860 

780 1.393 1.205 

260 304 4i.2 

320 .296 745 
3.428 3.673 6.870 

n.a. k.o. 93 173 

351 3:·9 5~2 

8 10 20 

u .s. ~/ t 

197G 197'/ 

969 1.108 

1.381 1.293 
i.+46 617 

.711 589 VJ 
.r:-

7.583 10.798 

168 154 

566 619 

n.a. 25 
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Forecasts published in t~ world press unanimously 
agree tba t tbe 1970 level of relative pricing of 
structural materials will persist in tt.! long term, 
though in abs8lute terlll.3 they predict rising prices 
throughout tbe coming years [ii\. Such price b.ikas a.re 
considered to be necessary to ensure the economical 
operation of new capacities coming on stream, although 
their actual magnitude is suggested to be less tha• 
that of oil [9]. Prognostications forecast an annual 
rise of 3-5~ in aluminium prices, by 1930 reaching a 
60-63 USA . en t/lb. official Canadian price [2~ • These 

predictions seem to be based on tbe fact that wi tt. 
costs of capital investment steadily r13ing, by 1977-

1978 a price of 55 U.S. cent/lb. or U.S. S 1.22 per 
kilogramme my be tbe lowest limit, at which the 

operation of an aluminium smelter DBy still be cost-
effective. The installation of a new smelter calls 

for capital investment of U.S. S 2 1 000-2,500 per ton 
[15J. A steeper average price rise is improbable, 
because by then new Rmelters in developing countries 
would be operative using inexpensive power, and a higher 
upward tre.rrl in aluminium prices would seriously end.anger 
tbe competibility of aluminium usage. U.aier these 
cir.cums tances 1 t is believed tba t the major sb.B.re of 

grow~h in consumption will be accounted for by some end-
using sectors, where unequivocal, direct and significant 

benefits may be derived from aluminium usage [19j. 
Cases in point are electrical engineering, transport 
vehicle manuf'ac ture and certain areas of packagi.og. 

Before concluding this µlrt of Dllr ar-~lysis, a 
comparison of average Hw--:.•.ial. pricing trends of some raw 
materials, sources of power and labour costs involved 
in aluminium arrl steel production are tabulated beiow 

[2~ . 
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Table 12. 

Material 

Aluminium 

Copper 

Lead 

Zinc 

Tin 

Relative pricipg of some structural 1111terials by volume 
/Aluminium mean price taken as 100/ 

11935 1950 1955 1960 1965 1970 1975 

100 100 100 100 100 100 100 

35 127 100 123 143 227 140 

14 81 66 45 48 50 48 

I 14 57 55 50 59 48 86 

I 226 - - - 629 598 799 

Steel billa t I 7 17 - - - J.5 20 

Plastics I - - - 61 64 57 76 

Cement I - 2 - 1.2 1.5 1.6 2.3 

1976 1977 

100 100 

142 117 

46 56 

73 53 ""' 0\ 

782 975 

17 14 

58 54 

- 2.2 
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Table i..3 

Estimated 8.Wlual mean ~owth of so1113 raw materials 

and other Ericing factors in Euro,12e 

/After CRU/ [i~ 
Per cent 

Raw material 1976-1981 1981-1986 1986-1991 

Bauxite + 0.55 + o.65 + 1.0 
Iron ore + 1.1 + 1.3 + 2.0 

Power 

Electric power + 1.6 + 2.2 + 1.4 
Coke + 4.6 • 2.0 + 1.4 
Natural gas + 3.0 + 2.0 + 3.5 

Labour costs + 4.l + 4.3 + 4.0 

In view of the trends outlined above, there is a 
strong probability that in tbe years ahead the pricing 
of aluminium will be competitive with tbat of steel. 
While aver the 1976-1991 period e.g. 'be price of 
steel castings is believed to grow at an annual rate of 
8-8.5~, tte corresponding rise of aluminiam prices ls 

estim.ated to be in tb9 order of 5~ cnly. The rise of 
relative pricing will first af all affect tbe transport 

vehicle industry, but its effects are to be felt slso 

in the building trade aixi packaging field as w •11. 
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2. SUITABILITY OF ALUMINIUM FROM A TECHNOLOGI~AL AND 
FINANCIAL POINT OF VIEW FOR NEW APPLICATIONS AND TO 
REPLACE OTF...ER STRUCTURAL MATERIALS 

A~ effort of replacing a structural material by an 
otber is aiaed to take utmost advantage 8£ tbe latter's 
most useful properties. In assessing such prospective 

benefits in respect of a given country or area - next 
to tbe availability of raw material arrl power on site -
tte following circumstances have to be taken into 

account: 

- Economic structure and tbe distribution patcern of 
capital. /Prevalen e of many independent small a.r:rl 

medium-sized enterprises; industry arrl agriculture 
controlled by large concerns or public 

corporations/; 

- The volume of experience of local manpower; 

- The pattern of the domestic market, and how far tbe 
latter may be influenced by intervention nn tbe part 

of government agencies. 

Applying these c~nsiderations to aluminium, a 

comb in.a ti on of favourable and detrimental factors 
emerge, which may be dealt with in detail as beiow. 

2 .1 Favourable far.~ 

2.11 The raw material situation 

90'..' of tbe Horld's alumina output is won 
from bauxite by the traditional Bayer 
process or its modifications. Calculated at 
a 5% annual average growth rate of 
consumption, the world's total bauxite ore 
reserves are sufficient for 150 years of 

alumina production ~ 11. Next to commercial 

.~~~~~~~~~~~~~~---~------------------------.................. ._ ....... _.. 
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grade bauxite ores, there are also supplementary 
resources of poor grade bauxites and other 
substances of low A12o

3 
content, such as clay, ash, 

etc. ~hroughout the world success!ul e!forts are 
undertakBn to 1 ocess alumina from these 
economically on an industrial scale. Considering 
this vast potential, raw material to feed aluminium 
smelters seem to last far an almost unlimited 
length a! time. With the exception of Australia, at 

present practically all high-grade bauxite 
reserves of ti:. world are now located in the 

tropical areas of developing countri~s. 

!nether indispensable prerequisite of runniug an 
aluminium industry economicall:y is ioezpensive 
electric power. In industrial countries - where 
until 1970 the bulk of tbe world's aluminium 
smelters was located - a fl.U' tb.ar large-scale 
expansion of power-intensive aluminium smelter 
facilities appears hardly to be feasible~ The 

operation of new SllJ8lters in such areas could only 
be based on an additiooal supply of nuclear power. 
j case in point is tbe United Kingdom, where tbe 
aluminium smelters erected in the ?O' a are con nae ted 
to a grid, where 6~ of all electric power 
transmitted is being gemrated by nuclear emrgy. 
By contrast, ti.re is still a vast unhaI'D8ased 
~-electric power potential ill tbe developing 
countrie~ as tabulated below [2j. 
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Untapped share 
Conti.nent of hydro-power Megawatt 

~r cent 

Africa 98 429,000 

South America 93 269,000 

Asia /excludi~ 
tbe Soviet Union/ 93 637,000 

In a~dition to hydr:i-power, tbe oil producing 
countries, too, represent a vast power potential 
with their significant volumes of nstural gas 
still burned away on site without being put to 
any practi~al use. 

The operation of a 100,000 t.p.a. alumillium 
aaelter calls for a steady power supply of 180 
11egawatts. 

Another important material in operating an 
aluminium smelter is petrol coke, likely to be in 

short supply by tbe e.r::rl oft~ century Li!. 
Thus, from a raw material point of view, 
possibilities of expanding aluminium smelter 
operations appear to be practically unlimited. 

With regard to fabricated products, the ai,uation 
is somewhat different. In developing finished 
product manufacturing facilities, a fir• aluminium 
ingot market, however desirable in itself, may not 
solve all problems. An equally essential 
consideration is to have sufficient and effective 
semi-fabricating capacities inst&lled, capable of 
taking care of tbe full impact of demeDd 
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.o......,.=, _,,~; nO" ""'- ----a 
Tbe installation of semi-manufacturing facilities 

for producing a fair selection of basic semi-

fabrica ted items for u.se by tbe finished prod.uc t 
manufacturers may be feasible fr~m a technological 

ani economic point of view even if operations are 
k~pt at a more modest scale. Metal won in the 

smelter may be processed to semi-manufactures iu 
the molten state forthwith by continuous cast 
equipment directly sited a~ thP .:ilie 1 ter, producing 

10-20,000 tor...s o= aluminium strip or rod wire 
coils anually. Tbe manufacture of extruded shapes, 

profiles and tut~s, by contrast, is done ;~ 

premises elsewhere, using cast aluminium billets 

dispatched from too sa:Elter. Tbe i!lscallation of 

such smalle~ semi-manufacturing capacities, while 

designed to produce a multiplicity of items 

/except wide strips/, does not call far substa.:ltial 
capital investment and may also be expandec 

subsequently, if justified by demand. 

.... : . 
Until the errl cf tbe lCJ70' s soi:oc- (''J-75% of ca tc-:.l 

aluminium r;roduc ti on by developed countries could 

be accounted for by six ma~or aluminium concerns: 

~LCAI\, AWOA, Reynolds, Kaiser, .hlusuisse and 

~chiney. Tbe market price of aluminium until tb.en 

too had at all tiae s been gov rned by the joint 

business policy of the six maJors. With a vi~w to 
expanding aluminium consumption arrl penetrating 

into fresh areas of aluminium usage, they tended to 
keep aluminium prices at as stable a levels as 
possible. This is how tbe so-called "official" 

~arket price of aluminium hils come into being, 
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bese~ on th~ 99~~ purit; ingot quotation of !lean, 

d/d all seaports except those o~ the USA, Canada, 
tbe U.K., ard. as from 1974 also those of South 
America. The official aluminium price has relilB.ined 
practically unchanged over longer periods /some­
time~ for up to 2-3 years/. From 1965 to 1973 it 

has risen by lo.I only, corresponding to an annual 
average of 1.3% [4]. In principle, 90% of all 
aluminium market transactions are based on this 
official quotation. However, in view of growi.Dg 
integration in tl:e aluminium industry, a 
considerable part of such aluminium is dispatched 
to the own subsidiaries an:i affiliated companies 
of the majors with special confidential di9counts 
granted to protect tnem against market 
flue tua ti ans. When there is a recession, su.ch 
confidential discounts are frequently granted to 
independent producers as well. Next tc the official 
markE t price, t~ London Me: tal Exchange used to 
quote in an unofficial capacity also so-called 
"free market prices", at wh:!..cn, however, only 
marginal volumes of business were transacted. When 
demand ard supply were balanced, tbere was no 
significant difference be tween t~ two prices. As 
from October 1978, tbe London Metal Exchange bas 
been quoting an official aluminium price as well • 
.At ~he moment it is still early to say how this 
may affect the general trerrl of pricing. 

This stable system of pricing has 1;.ndoubtedly 
contributed to tbe annual 9-11" growth of 
aluminium consumption throughout the 1960's. It 
has vigorously intensified aluminium usage ia 

various fieldb, e.g. in the building trade, in 

packaging a.rd in the manufacture of transport 
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artific1all1 stable aluainiu.a prices beca .. aan1fest 
upon tl:l! 19?3 oil price rise wben profits derived 
fro• alaa1n1u oper~tiona began to decline aharpl1. 
By then, too, emel ter capacities of tt. •i.% major 
concerns baY• dropped to 44" of world mara t 
capacity, after new am part~ goYernMnt-backed 
aluminia• prejects 'tBTe gone on •treaa in deTeloping 
countries [~J. To make up for such lc.ases, tbe 
m.aj ors thereapon dee ided to ratse al uainilllR prices. 
Tbe rise baa ~en 62~ over tbe 1973-76 period [4] • 
.Aluainia• opera ti ans have thereb1 becoua aore 
economical, with no significant changes in tbe 
pricing of aluainiua 1n re la ti on to aos t other 
•tructural materials. /The 19??-78 record low of 
copper price was ju.st a passing episode/ • .Although 
following tbe critical time wben oil price• rose 
considerably, some of tbe st~uctaral -~terials did 
displa1 marked price fl~ctuations, aluainia• ~se 
revealed a aore conaerYa t;ive trem of rising prices. 
lig.6 is a compari.son of aluainiua collductor aDi 

extrasion prices with those of r~lled steel 
produc ts on tm French aarke t [ 5] • 
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Fig.6 - Changing pricea of some aluai.ni&lm se•i­
u.nufac tu.re• am steel product• on tbe French 

aaarke t [51 

2.13 CompetitiveQtll in price with nga£d to otber 
!fterials; coaparative calculat1,991 

Recent widespNad aluminiua usap u.y only be 

part~ attributed to shifts in tbe pricing at 
atrur.tural material• al'.d. tba relatively stable 
pricing pattern at aluminium •• outlined und.er 
1ub<-cllapt1rs 1.3 am 2.12, re•p•otively. ~ .. oe .real 
crux of tbe utter are certain uniqu.e pbJsioo-



impact en aluminium usage in a variety of em-using 
sectors. Cases in point a..~ several fields of 
aviation ani space research, where lightness coupled 
with relative]S high mechanical strength am good 
corrosion-resistance are distinctive features 
renderi.og ttE metal highly competitive. 

?rom a standpoint of technological alli economic 
feasibility, alun.inium usages may be classed i.n~o two 
major ~ategories, viz.: 

where in view of shifts in pricing tbe eccnomic 
feasibility of alWl~nium ~sage may be readily 
demonstrated. Umer this heading ~oae first of all 
direct aubstitutions of beavy non-ferrous meta~s 
by aluminium. Erpert}3 designed, manufactured ani 

asse112bldd aluminium structures may not only be 

equivalent to but also more useful than those of 
traditional design; their price, too, is 

considerably lower .. Typical examples are aluminium 
conductors repla~ing copper ones, aluminium 
collapsible tubes ard foils used instead of tin 
ones, or screw bottl.e closures /pilfer-proof caps/ 
to substitute cork. According to an inquiry made 
in tbe Federal Republic of Germany in 1970, tbe 
average cost price of cork bottle closures was 
0.045-0.10 DU :per piece, in contradistinction 
with 0.02 DY per piece for aluminiu• screw bottle 
closures. Tbe position in similar in substituting 
zinc rainwater hardware by aluminiua or tbe use of 
aluminium cocle rs instead of llea t-excb.Eul.gers made 
from stainless steel or tin-coated copper. 

-1 
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- The !!ecnm ~~ t.,gocy embrace& al.umiJU.u.m u.aages, 
where costs compared to traiditional designs ma1 
be higher, but the technical features of alwailliua 
may be put to better advantage. It properly used in 

itself' or in coabi.nation with otber materials over 
a long,·r space of tiae, such alu.ainiua 

application.a aa1 eventl.18111 become a paying 
propoaition, despite higher purchase costs inYolved 
at the outset. Cases ill point are Tarious 
alumilliua conatructiona used b1 tbe ba.ilding trade, 
window &Di door frames or aluminium coaponents used 
b1 o~ber 1.ndustr"-•s to enbaace operational 
e!ficienc1 /e.g. pistons, IUlchiDe accessories for 
te%tilc ailla, beat e%cb.angera etc./ involving no 
or on.11 alight maintainanee costs. 

In using aluai.niua, tbe following positive features 

are of special interest: 

- Zconoaie s iA power 
- BnvironmeAtal protection 
- Brtra benefits fro• scrap rec~clillg 

- Sav~a in labour botb on the production am 
consumption aide /e.g. smaller mai.D.ta1.nance costs/ 

- Mare coatort for tt. population /facilitation of 

household work, light camping aDl sports items, 
etc./. 

In feaaibilit": studies it is not enough to e%aa1.ne 
whether or not alo.ainiua is an equivalent alternati•• 
to tbe .. terial to be replaced; it is Yery important; 
that from its usage tm couumer ahoo.ld benefit. lor 
thia eai 

- 1'be relative pric\Jlg ot raw 1U1teri&la involved in 
the production process baa to be carefull1 
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examined, along with the amount, value a.rd 
~~fuln~ss of scrap arisings. In comparing e.g. 
aluminium am tinplate bottle closure m.anufac ture, 

next to relating aluminium price with that of 
tinplate, allowance has to be made for 3~ scrap, 
arisir.g upon cutting the aluminium discs to shape. 
'Nhile the resultant recoverable aluminium scrap 
represents ~ of the value of the aluminium sheet 
used, t~ corresponding figure for tinplate is only 

0.6'.' :6j. 

- Tl'.E design of tbe aluminium. struct~ has to be 

such as to permit optimal utilization of tbe 
aetal's inherent favourable properties. The simple 
application of aluminium in designs originally 
prepared for other materials is uneconomical and. 

from the outset dooaed to failure. i good example 
of haw al uali.nium may be used ec onomicallJ are the 

latest metro carr~ages designed by Alusuisse, 
featuring large aluminium extrusi~ns for framings. 
Such carriages are 3~ cheaper tban tuoae of 

conventional design with steel framiru; \? ~. 
- A detailed analysis has to be made of all opera­

tions involved in manufacture am assembly, with 
special regard to savings in time arrl labour. 
Several examples of this may be cited in the 
building trade ani metalworking industry. Costs of 
erecting conventional premises for agriculture 
ar:d livestock farmtng are 17% smaller than those 
of light alumin1ua panel construction, but labour 
am time in putting up tbe latter are ~0% less, 
the two figures more or less outbalan~'i.ng each 
other. Moreover, aluminium light cun~tructions 
lend themselves well far ;>~rial m .. nufaeture arrl 

I 
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the siting of major ag.'!'icultural facilities in more 

poultry farms etc. in developi.cg countries. 

- In addition to the foregoing, special attention has 

to be devoted to tbe changing pattern o! power 

resources am the sustained trend of rising power 

costs. Throughout the world great strives are made 
to save power, in the wake of which there is now a 

universal demam for reducing tbe weight o! trans­

port vehicles a.Di transport haulage equipment. Tbe 

relative pricing of structural ma teria!s used in 

the manufacture of such products /with special 

regard to steel versus aluminium/ is a crucial 

factor in determining tbe viability of aluminium 

usage. On computiDg economic feasibility, the 
surplus interest involved in employing aluminium 

structures of higher costs, too, has to be allowed 

for. As to how fast, such increased capital 

expend.i ture may be recycled to tbe inves tc-:- will at 

all times pri m&.riJ.y depend on the magnitude of 

paver prices a.ai llperatio.cal costs affected by it. 

- Thanks to the goocl corrosion-resisting properties 

of aluminium, coni3iderable savings may be arrived 

at in maintainanco costs. Iri. case of a steel 

structure over a period of 30 years some 30-70% of 

its cost price, plus 0.6-1.0 manhour per square 

metre ani year has to be spent on maintainance. 

Relating this to the higher purchase costs of an 

aluminium structure, alli once again calculatiDg a 

higher amount o! interest, it appears tbat e.g. 

the use of aluminium wire fencing may after 6-8 

years beco!IE more economical than tbs. t ma.de from 
r, · 1 

steel ,_8 \. 
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aluminium :presents great advantages. While the 

de&truction cf plastic scrap is a tough problem 

am the handling cf steel scrap in view o! i ta 

weight aDd velum cwabersome, tbe collection o:f 

aluminium scrap &Di its recycli.Dg into production 

ia a relatively simple a.Bi inexpensive procedure. 

llareover, by :remelting aluminium scrap, 
considerable po .. r econom.ies my be arrived at -91 

-_l 

/sec also •tab-chapter 2.15/. Ill the US! a recent 
drive Cf callee tiDg am reae 1 ting hi t'hel.'tO 
throwaway al uaini um beer CB.llS bl:i. a res u1 ted in a 

rising turnover of aluminium-canned drinks /see 
sub-ob.apter 4.24/. 

!s emphasized in tbe foregoing, keen competition is 

going on between al.uainiua a.Di other structural 

materials in co.llquering new fields. lho is to win in 

this strife, always depends on the technological and 
econo~ic merits of each solution. l.n makillg 
realistic evaluations, however, no louger does it 
suffice to approach each issue from a nicro-
econ.oaie angle as viewed by the producer or 

consumer, but the overall effect of such 

developments on tbe macro-economy of the country or 

area concerned, too, bas to be taken into account. 
/E.G. power savings, aspects of environmental 
protection, balance of payment, etc./! more 

detailed analysis of aluminium ei:ri-usee in this 

context is to be fown in Chapter B 
2.14 lavourable technical features 

It alwa:r• depend.a on tbs na tll.re of end-use wh.e ther 
low spocifir. weight, good electrical conductivity, 

auaoeptibility to plastic deformation, therlllll 



- 53 -

conductivity or corrosion resistance are the 

principal properties sought for in selecting 

aluminium as a structural material. Of course, it 

wou.lc'. be an ideal sta t;e of affairs, if all these 

superior properties could be readily made use of for 

every application. This, however, is not tbe case, 

there being marked interactions between some of 

these properties, necessitating to focus on such 

properties as are most desirable in meeting some 

specific end. E.g. tQ! corrosion-resistance am 

susceptibility to plastic deformation of high-

strength alloys are i.uferior to those of medium­

s trength oi:e .a. 

An important consideration in choosing aluminium to 

replace anotber structural material is its corro­

sion-resistarx:e~ which is especially marked is an 

indJ..Strial envir::maEnt pol~uted by SO:i. Tablel4 is 

a ccimvariscn of ... t inro:ids sulfur cioxide may 

mai:.e en steel, zir.:.e an:i aluminium surfaces with 

time 10 il • The r.r.te of corrosion observed in 
\ 

aluminium, c:pp.e.:..: am zinc exposed over a long 

period to different types of corr::isive environ.me11t, 

has been t~ suu,iect 'Jf a special study. Some of 

its findings are summed up in Fig 7. demonstrating 

that :ivar a _;>er1od of 10 and 20 yea:-s tbe rate ':lf 

corrosion has ::ieen smallest witb aluminium •12 • 
I- I 

Table 15 dis~lays tbe pricea of various structural 
' . , 

materials related to their mechanical strength ;13 .• 
• I 

Related to tensile s creng tL, pricinc: fr expan.6.ed 

concrete, high-tensiie steel, cast iron am some 

plastics is lower than that ~f aluminium. With 

tbe otber materials listed, however, alua1inium 

compares favourably, a fact to be ascribE~d t'J its 
1. 'J'.'J spe ·' ~ ' ~~ llf· i. ~~'."'. t. 



Table 14 

Corrosion after ~O ard 20 years in different climates and 
atmospheric conditions Q.~ 

millimetre/annum 

Climate or atmospheric 
conditions 

Aluminium, 99.2~ Copper, 99.9% Zinc, 98.9% 

10 years 20 years 10 years 20 years 10 years 20 years 

Phoenix, Arizona, 
desert climate -5 -5 1.10 ', • 6 .10 

State College, Pasadena 
continental climate 2,5.10-5 7.5.10-5 

-4 -4 -4 1.3.10 1.3.10 2.5.10 1.8.10-4 

5.a. 10-4 4.3.10-4 1.1.10-3 1.1-10-3 

La Jolla, California, _4 -4 -3 · -3 · -3 -3 
maritime climate 7~1.10 6.3.10 1.3.10 1.3-10 l.?.10 1.7.10 

New York, 3 _;i; 

industrial atrnospher;. 9_10-4 7 •4 •10-4 1 •2 •10-3 1.4.10-3 4.8.10- 5.6.10 ~ 

Vl 
.t' 



Table 15. Prices related to mechanical strength \3~ 

Tensile Modulus of Fa tit:;'l.9 
Specific Price I Prices ln .I- related to MNm 

Ua terial I strength elasticity weight /J/Mr/ 
/MN/m2/ /MN/m2/ /MN/m2/ /Mp/m3/ ~ensile Modulus of Fatigue 

strength elasticity ----
Cast iron 400 35,000 205.0 7.30 135 I 2.46 0 .('•3 9 .1+ 

Cu-Zn alloys 400 37,300 140.0 e.30 51.'.J 10.'?5 0.12 30.7 

Carbon steel 250 7?,000 193.0 7.85 140 4.4 0.01 ~,. 7 

Alloyed I 
steel 800 77,000 495.0 ?.83 212 2.1 0.02 3.4 

Titanium 
alloys 960 45,000 310.0 4.51 6,500 30.5 0.65 94 .. 5 

\p 

Aluminium 
a:;_loys 300 26, 000 90,0 2,70 800 7.2 0,05 24.,0 

l_JI 

Mg alloys 190 17,500 95.0 1.70 2,500 22.0 0,24 44,,7 

Oak 14 4,500 6.0 0.67 895 43.0 0.13 100.0 

Po lypro tylene 30 0 7.5 0.90 325 9.7 0 39,0 

Nylon 66 80 0 24,0 1,36 925 15,7 0 63,0 

PVC 50 0 12.0 1.40 240 6.7 0 27.0 

Expanded 
concrete 38 10,000 23.0 2.50 23 1.5 0.01 2.4 

. 
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How the favourable technical fea tu...""'es of aluminiuCl 
have affected the conSJ.mpti on pattern of some end-

using sectors, is discoussed at length 1.n Chapter 4. 

The same chapter also .reveals more de tails as to how 
aluminium may be used effectively to replace other 
structural aeterials. 

2.15 Remelting of scrap 

In d.eve lcped countries reioo 1 ~d aluminium scra:r 
accounts for soae 25% of total aluminiwn consumption. 
Collected, sorted arxi cleaned aluminium scrap is 
remelted by various metallurgical processes, in the 
course of whict it disposes of its non-metallic 
impurities. l'hile earlier soae 10-15~ of the scrap 
was irretrievably lost in tbe remelting process, 
this figure bas now dropped to a few per cent upo~ 
too emergence of new reirelting techuiques. J.lso, 
thanks to fresh advances in such 11Etallurgical 
processes, traces of oxidic aai non··me tallic 
impurities remaining in secondary aetal won from 
scrap could be recently reduced by 1-2 orders of 
magnitude. Power involved in t~ reaP. lting process 
too has declimd aharpzy from an e&rlier 2-3,000 

kilowatt-hours to 800 kilowatt-hours per ton L9J. 
Secondary ingots rea:el ted from carefully ~led 

scrap, with an addition of a proper percentage of 
alloys, are in every respect eq~ivalent to casting 
ingots won in the a: uminium ame .i~ ars. 
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Fig.7 - Changes of sulfur dioxide adsorption on metal 
surfaces with time at 90% relative humidity. 
so

2 
content of atmosphere: 0.1 ppm /After 

Sydberger a!'.rl Vannerberg/ )}i_~ 

-
A breakup of scrap recovered in HungarJ. is given 

below: 

New industrial scrap 
Old scrap, discarded 
by t~ populu ti on 
Turnings 

Total 

40% 

40% 

20% 

100% 

About two-thirds of collected scrap is remelted Lo 
casting-ingots. One-third is added to slab arrl billet 
char~es at the mills or used as a deoxidant in steel 

metallurgy. 

A fairly elaboratP arganization is required to 

- . . -. . . ,. . . . ' . 
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collect aI¥i sort scrap arisings in an effective 

manner before having them reEl ted to secondary 

~gots. M~ed scrap is difficult and costly to 

refine by metallurgical methods. It seems 

therefore expedient that upon tbe installation of 

SJJ:1 aluminium fabricating facility the e!!ective 

collection, sorting, storage, hand.ling aml 

remelting of scrap be ta.ken care of, together 

wi tt arra.ngeaents for the marketing of the 

resultant secondary m tal. 

2.2 Difficulties 

2 .21 Large amount a:f power a.ai capital involved in 

primar;y alum.iniu~ production 

The two basic considera tiona in installing an 

aluminium smelter are abundance of ~heap p~wer 

an:i the availability of large capital, the latter 

far exceeC:iog tha. t required for setting up other 

raw material production facilities. Bauxite and 

alumina operations on site or in the region are 

not an absolute prerequisite, al~mina lending 

itself well for transpar t over larger distances. 

Until the 1960s, generally, onl,- developed 

countries aDi centrally plan..ied economies could 

afford to erect aluminium smelters. This is the 

reason why the bulk of such facilities are 

located in EtL.:-ope. N1Jrth America am tbe Sov1e t 

Union, where large amounts of hydroelectric of 

thermal power are avail.able. In earlier days, tbe 

pro.xirr·ty of tbe consumer u.iarkets, too, bad been 

a conaidera tt on of some portent. 

The siting of new smelter projects is nowadays 

almost exclusively goverred oy tbe high power 
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demand of smelting operations. '.i'be power resourct:tj uf 

developed countries have no longer free capacities to 
supply abundant amounts of ct.Leap energy. Hence, in 
siting a new smelter, only such areas may come into 
consideration, where a sufficiently l~rge potential 
of cheap power, too, exists. The tapping of new power 
resources, however, invariably calls for further 
capital investment in i~plementi.ng such projects. It 
sho~ld be remembered i~ this connection ~hat 
electric energy is at present the largest am most 
sig'J.ificant cost factor in tbe elactrolytic 
extraction of aluminium. 

The magnitude of power involved in aluminium 
production is demonstra t~d in Table 16., where a 

comparison of power consumed at each successive step 
of p!'oduc ti on from tbe raw ae terial up to the semi­
-fabricating stage is presented in respect of steel, 
copper am aluminium L!q . 
From this tabula 'Gi on the huge e.oe rgy demand of 
aluminium ·production stands out most strikingly. 
The difference will remain even after allowance bas 

been aade both for the lower specific weight of 
aluminium ar.d tbe fact that by adc~ng suitable 
alloys a composition may be brought about, whose 
mechanicP 1 properties approzimate those of mild 
steel. Ill calculating this, the power demand of 
aluminium wiJ.l be nc longe:.r eight times, but only 
2.?-3 times tba t of steel. By the same reasoning, 
power i;ivolved ill tf..e manufac tu.re of copper and 

aluminium conductors will be pre~tically identic 
after allowance bas .>e3n aede for tbe difference in 
specific •~ights. 
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Table 16. 

Breakup arrl total of energy con~umpti on involved 

in steel, copper am aluminium production [13] 

GJ per ton 

Steel rou.nds Rolled Aluminium 
30 mm. dia. copper wire sheet 

Mining, quarrying ? 51.9 4.2 

Coking 20.1 
Cone en tra ti on. 5.9 
Crushing 20.9 5.9 
Flotation 7.5 
Alumina 41.9 
manufacture 

Smelting 0.3 14.2 2::.8.6 

Steel 
6~fi 

.:.ianuf a c t ure 

Electrolyitic 12.6 refining 

Rolliug 5.4 18.4 28.1 

Total GJ/ton 37.7 125.5 298.7 

Total GJ/cu .m. 29~.1 1,130.0 795.6 

Surplus costs of energy incurred in manufac~u.ring an 

aluminium product, however, may un:ier circumstances ue 

recovered in the co11rs~ of subsequent usage. In this 

context refe..,..ence is made to Heading 4.41, where 

power economies to be derived fro:J.J ur·ing transport 

vehicles witn aluminium components are discussed. 

Nat only are aluminium operations compared to th.E: 

metallurgy of ot~r metals /especially steel and 

copper/ significantly wore power-~ .tensive, but the 

: 
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implementation of fU.lly integr~ted aluminium projects 

will also call for a large amowtt of capital 

expenditure. This is exemplified by a model 
calculation summarized in Table 17, wherein capital 
required for the i.nstallati or of a 100,000 t.p.a. 
imaginary aluminium complex is set out in detail. In 

this connection it is emphasized that 

- The production pattern in the last stage of 
verticality /finisbed products/ b..as oeen randomly 

chosen; 

- Estimated capital costs ~wnere include 
infrastructure arrl social welfare facilities; 

- Though the aluminium sael~er itself is calculated 
to operate at a firm power of 200 MW, the inves~ment 

cost estimate does not include the installation of 

a power plant; 

Capital investment at each successive stage of 
integration may in actual practice greatly vary 

with tbe magnitude of capacities i.nvo.ved a.Di the 
actual technologies used, therefore throughout the 

model fair medium figures have been taken into 

account; 

Capacities at each successive stages suggest 
realistic figures from an economic feasibility 
point nf view; they are, moreover, coordinated to 
meet demand at tbe nezt stage of verticality; 

- To facilitate matters, exports of raw material 
arrl semi-manufacturee have not been calculated. 

According to Table 17 tbe total investment costs of 
this imaginary l00,000 t.p.a. integrated aluminium 

complex may be in tbe order of 670 million U.S. 

dollars. /At 1977 U.S. dollar prices/. 
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Bau:aih ope re\ 1001 
Al11111aa 181'1Duf•ctur. 
Aluaioiu• r .. lt1ng 
/e:acludlog po .. r •ork1/ 
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Ca1tiog /b7 machine/ 
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Corrup:ation of 1heet 
Prepainting or 1heet 
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In1ulated conductor and 
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Building 1tructure1 
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-•all•d packaging 
1h•I 
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packaging 
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SuodrJ 1tructu:rel 
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20 
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10 
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10 
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2)().0 
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)).0 

10.0 

4.0 

246.o 
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0.2 
O.T 
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7.G 

12. 2 
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• InYeAt .. nt 001\1 or 1 la11 coapla:a l"a•ltJ d11 oer\lng founar7 are aoou\ I 2,000-2,500 
.. OnlJ •qu1p11141nt, •1\hou\ pre~l•••· To a•oid 0Y1rl•rp1n~. \on~•«"• a:re no\ awwar1••d• 

' 
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material operations /tbe mining or quarrying of 
bau.rite, alumina manufacture a.ai alumillium 
sme l tillg/, accounti.ag for 5°" of the above sum. 

The second stage d'f integration refers to se~i­
-fabrication. Its sbare in term of total invest­
ment costs is 3~. Two items w:¥ier this heading, 
tbe continuous casting of a trip a.ai tba t of red 
wire, represent 5~ o! the investment costs 
calculated under semi-manufacturing. The 

operation of continuous casting, however, is 
geographically located at tbe smelter. Allowance 
made far this, tbe sbare of investment costs 
for raw material operations in tbe first stage 
will there by rise to ~ J% a.al the. t of tbe 
.remaining semi-manufacturing facilities 
/extrusion, foil manufacture, casting a.od scrap 
remeltix:ig/ drop to l~. 

~be third sta~e encompasses certain operations 
of finish cipplied to semi-manufactures, whereby 
tbe workpiece reaches an intermediate state of 
finish be twe~n semi-!abrica ti on and the finished 
product /e.g. t~ surface treatment of cut 
sections used in prefabricated motor vehicle 
badies/. For technological air. financial reasons, 
it is desirable to have such equipment directly 
sited at the mill. The share of investment for 
this s t;age is 2~. 

In the fourth stage of integration finisned 
products are i:tanufactured. Tbe installation of 
capacities to this e.cd ecc ountll for l~ of the 
integrated project's total suggested investment 
costs. The siting of such facilities has always 
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t: be g~ver~d by pr~ctical considerations. The 
manuf ac tu.re of finis bed products may begin first 
in a small way am be e%pa.ndeil. subsequently, if 

called for by demand. 

A prerequisite of setting up an aluminillll finished 
product industry in the availability of sufficient 
raw material, supplied eitber by domestic producers 
or from outside sources. If local circumstances do 
not permit the installation of domestic raw material 
manufacturing facilities /lack of power or 
sufficient capital, poor domestic market demand, 
there are always various ways of obtaining semi-
manu.fac tures or ingots under long-tera agreements 

of international division of lacour. Should a 1001 000 
t.p.a. alumi~ium finished product industry such as 
demonstrated ill our model entirely be based on raw 
material imports, the investment :osts involved in 
the project - including also operations specified 
under Stage III - may te estimated at 80 million 
U.S. dollars. /see Table 17. Stage III, IV./ If, 
however, semi-manufacturing facilities too are 
installed for making extrusi~ns, foils or castings 
- which may always be fed by impJrted ingots -, 
investment costs shown for Stage IV may rise by 

anot'tv!r 100 million U.S. dQllars. As a rule, the 
latter aey be at first sC11B.ller wiits ta 0e expanded 
later, if necessary. 

2.22 Higher standards of en6ineering tecb.niques 

Tbe chemical, physicc;l arrl mechanical prope rt ie s of 

aluminium differ ill many ways from those of otber 
me tale. In view of this, the handling and 

processing of aluminium calls for technologies which 
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~ often be regarded as a departure fro• convencional 
Ile tb.ods of me tallllrgy. Even the transport and a to rage 
of aluminium requ.ire particular care. In case of 
de!ectiTe packaging, rougti band.ling en route or ?OOr 
storage, the Tapour repeatedly precipitating and 

evaporati.Dg on its su.r!ace may leave beb.i.Dd. llgl7 
eta.ins or give rise to corrosion. Tbe su.rface of 

aluminium may also be daaaged by metal turnings, iron 
scale, am coke or sand particles. The occurrence ot 
tb.is may be avoided by keepi.D.g the 1'.luainiu.m ill well 
aired a.ai tidy storerooms a.Dd workshops. In default 
of tb.is, tbere aay be trou.ble in tti-J su.ccessive 
rrocesaing o! aluainium. 

!lmost aseptic cleanliness is also called for in 

shops where technological operations are to take 
place. Ill processing aluminium, it would be entirely 
wrong to use, with.out !urtber ado, arcy equipment, 
machinery a:r die, on which otbe r materials bave been 
previously b.andled. If this is inevitable, before 
feeding aluminiua into such equipment all components, 
dies a.Di even the premises themselves have to be 
carefully cleaned. 

Tbe macb.ini.D.g of aluminium in some ways resembles to 
th~5 o! timber ratber than steel. s~ch similarity is 
enbanced by tbe u.se of high-speed cutting machines, 
in which opera ti on, however, tools suitable for 
aluminium bate to be used. In processing aluminiua, 
though it is a aallaable metal lending itself well 
to plal!ltic deformatio.n, dies Of special design aM 

quality are required • .&lum1nium is highly sensitive 
to tbe surface amootlln~as of tbe die. The deep-
d.rawi.Dg of soft aluminium e.g. calls for dies of a 

harder surface than those used for less deformable 
a.nd mare robust steel. Also, 1.n processing aluminium 
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certain technological 1.nstruc~ions to dg wi~h auiiiS 
illberent properties of the metal have to be strictly 
adb.ered to /e.g .. a more marked roundillg off of edges, 
the conicity of the deep-clrawi.o.g stub, etc./. For tbe 
same reason, tbe economical fabrication of aluminium 
calls for technologies entirely different from thoe4 
of stdel. A point in case is tbe manufacture or 
collapsible tubes a.rli thin-walled hollow cylindrical 
itemP., where eitber tbs so-called injection pressure 
die extrusion technique or impact extrusion is used, 
the latter ensuri.llg highly accurate size combined 
with suitable a trength. 

Tb.e welding am surface treatment of alwainiua, too, 
is fundamentally different from those of otber 
metals. Notably, upon exposure to air, a firm oxide 
film is fast depositing on the aluminium surface. 
Because of this, traditional welding an:i surface 
treatment /painting/ methods &pplied to steel are of 
no avail i.n case of al umin.ium .• In view of tbe high 
thermal conductivity of alumiJlium alld the oxide film 
fvrmed on its surface, conventional welding 
technologies had to be replaced by the highly 
effective method of shielded-arc welding. Uni.er 
circumstances, various modifications of electric 
spot-welding an:l seam-welding too may be used with 
advantage, though these latter call for higher power 
ratings am automatic control. Tbe cold-welding of 
aluminium requi .. "9s a strong specific pressure to 
break tbe oxide film. /See tba clamp~ng of electrical 
fittings on assembly, as referred to u.nder Heading 
4.12./ At present, reliable brazing or solder~~ of 
aluminium still calls for very elaborate techni~ues; 

modifies ti ans or conventiorA. l soft ~oldering methods 
have pr~duced rather unstable joints eusceptib~s tc 
corrosion. The use of adhesb1es in joining aluminium 
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parts poses serious problems when done on an 
i.Ildustrial scale, because of severe technological 
s t&Ddards a.Di a demand for a high degree of 
cleanliness in tbe workshops. In view of this aai 
si•ilar difficulties, a novel technique of joining 
components of aluminium s true tures is gaining ground, 
where the extruded sections to be assembled are 
slipped into one another to becoa firmly interlocked. 
While tb,, extrusions to be joined in this manner have 
to be highly acclU'ate to size, the operation itself 
ma;r be performed by unskilled labour of some 
experience. 

An effective way of improving the surface properties 
of aluminium is the strengthening of its oxide film 
by means of anodic oxidation. The resultant anodized 
oxide film will be either corrosion-resistant or form 
a porous surface onto which a priming ma) be applied 
forthwith. Unless this is done, aluminium surfaces 
are unsuitable to be painted or provided with a firm 
layer of plastics-coating. Therefore, regardless of 
whether corrosion resistance or preparing the surface 
for primtng is aiaed at, the t..se of an effective 
method of surface treatment is essential. ia for 
adding a paint coating, tte appliances are generally 
t~ same as the o~s used with other metals. 

Notwithstanding techniques as outlined above, the 
selection of semi-manufactures best suited for a given 
purpuse is of utmost import8.Jl.ce. The possibilit'1 of 
some compromise in this respect may, however, not be 

excluded. E.1. a great deal may depend whe tber or not 
tbe plall.t is furnisbed with facilities to anneal or 
age-harden workpieces withill a small temperatLU'e 
range in the course of tb.e production process. 
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tba t uxt to tbe iaportant task of selecting sui ta')le 
aaterial and optiaa• technology, specialists enga~d 
in siting &Di organizing such a plant will have to 
acquire a thorough familiarity with fact• a.Di 

feattires eseential in running an up-to-date aluminium 
iD.dastry as well /see sub-chapter 6.2/. 

2.23 Resistance to new solutiollS 

Kost alum.iniua end-use is snch th.at it bas ta compete 
with other worki.Dg materials. Moreover, whenever a 
new al12111nium outlet emerges, it has to prOY• ill a 
clearcut manner its technological aD:l economic 
feasibility in relation te traditio.::.al usages. This 
is by no me8.ll8 easy, tbe conservative attitude of 
the 118.rke t being o!ten goTerned b~ 

- habit 
- old-staAding experience 1n mass-manllfacture 
- conventional assembly, maintaina.nce and repair 

ae tihod.s 

many :ears of deep-rooted operational practice 
a.al 

- standing regulations b:y tbe authorities /health, 
operational safe Q/. 

To convince the CJnaumer that a prototype is useful 
to him, is only a first step. A lot of extra 
painstaking work iB still ahead. ! prototype or 
contract product is always costlier am as a rule 
not as perfect as a mass-manufactured one, calling 
at an early time for tecb.nical assistance in 

assembl:y and 111a1.ntainance. '!'be re is a.1.so a.n 

14gra ined warine se by the co.a.sY.1111er of accepting 
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something new, a feeling of reluctance bard to 
overcome. And finally, regulations by lbe authorities 
have to be altered or new ones to be en.forced. This 
process, as outlined, is lo.cg, wearisome a.Di costly. 

In the following chapter sol!E concrete example a are 

cited of how such initial difficulties may be 

surmounted with fair prGspects of success. 
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3. TECHNICAL ADVICE AND RESEARCH TO B()()ST AliJlUNim.t 

CONSUMPI'ION 

3.1 A chain of technical advising agencies throughout 

tbe world 

T~e processing uf aluminium arrl possibilities of 

expanding its efiective usage to various fielda 
had called early ;~r a certain reshaping of 
traditional technical thinking. Thia was the case 

in tbe late 1920's, when the big aluminium 
producers of tbe world, at the time still engaged 
in smelting only, began to take up research in 

se~i-fabricating arrl fabricating tecb.Iliques, 
reporting back fi!ld.ings to their customers, so as 

to boost aluminium consumption for a multiplicity 
of ends. 

The fact that aluminium in tbe meantime has become 

tbe fastest growing metal comaiodi ty of the century, 

may be partly ascribed to this early pioneering in 

re sea re h a.rd development. From the very outset, an 
integral part of this work had been technical 
informs ti on, advice arrl assistance to the customer. 
This tren:i was sutained even when the smelting 

firms themselves entered tbe Eemi-fabricating and 
fabricating field. With growinb integration, the 

advisory activities of tbe large aluminium 
producers becaDE more differentiated. 

In some cases - especially when a major aluminium 
-

concern had been the sole producer in a count17 

or area - apeciel information a.oo advising 

agencies •ere set up wrler its auspices. They were 

to a certain extent independent bodies, from an 
organiz~tional point of view not tied to the 
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rese&rch a.Di technical development divisions of the 
aluminium companies. Their principal task was to 
promote comaercially the findings of the latter. For 
this end, tb.ey were called upon to keep in contact 
with designers, manufacturers 8.!Xi consumer•, am to 

take the initiative in various ventures aiming to 
boost aluminium usage. 

Even if in the same area or country several large 

aluminium compani.es opt1rate!! tbe setting up of such an 

advising agency in participation with the smelters, 
semi-manufacturing mills aai representatives from the 
principal end-using sectors appears to be indispensable. 

In both cases tb9 ultimate e!l.d is identical, viz. 

to boost the economical usage of aluminium in as 
wide a field as possible; 

- to explore and promote new aluminium outlets; 

- to help producers a.ni consuasrs with technical 
advice, documentatiou arrl t~ organization of 

training schemes for t;echnical manage~nt and 

skilled staff, az:D. 

- to provide local authoritieA an:i Ulternational 
organiz.a tions with re le van t s ta tis tical information 
on aluminium end-use arrl otoor developr~nts. 

The fundamental difference be tween the two types of 
advising agencies is tte business policy they pursue. 
The first ty~e is eatablisbed with a view to 
promoting the interests of tbe sponsoring concern or 

company. If the sponsor is a public corporation, 
whe tbe r opera ting only as a a~ l ter or as a more 
integrated complex, it will be usually called upon to 
promote al uminiL1m ~~velo1'ae D t pro grammes launched by 
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central gover.nment agencies by coordinating the 
sponsor'• interests with those o! the prospective 
consume rs. In doing this, tbl advising agency is 
counting on tba !ruit!ul cooperation of the 
fabricators alli consu119rs. Its activities are largely 
governed by ach:eveaeMta c! reaearch azxl develepment 
arrived at by tbe sponsor-, which the advisory body 
will t:?.sve to pro•ote t~ereupon in an effective manner. 
Such am similar organizationa are to l>e fowld in 

countri.8 a, wbl re eaaentiall1 onl1 one major 
integra tea alu.miniua cancer"' i.s opera ting. 

The names aai addresses of some a1~ given below: 

- In France: Centre Tecb.niquo de l'!lllllinium 
/Tecbnical Centre of !luainium/, 87 Boulevard de 
Grenelle, P'-75015 Paris. /!ttacbed to the Pechi.ney 
concern/. 

- In Switzerland: Information Service of tbe Central 
technical Division of ALUSUISSI, Peldeggstrasse 4, 
CH-8034 Zurich; 

- In Italy: Instituto Sperimentale dei Metalli 
IAtggeri /Kxperimental Institute far Light Metals/ 
Via G. Fauser 4, I-281CX> Novara, Italy. /Attached 
to the !LUllETAL concern/; 

- In Austria: Vereinigte Metallwerka Ranshofen-
-Bernd.orf /United M~tal Works Ranshofen-Berndorf/, 
A 5282 Ranshofen-Braunau, Austria; 

- In the German Democratic Republic: I.eichtmetall 
Techniscbe r Bera tu.ngsdienst /Technical .Adt isory 
Service for· Light Metals/, attached to VEB 
Metallindustrie, Eisleben, GDR. /It also deals 
wi tll tbe allocation of light me taJ. quo ta s in the 

~raen Democretic Republic/; 
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- As for Hungary, see t'tE following pages. 

i~ong tbe secotrl tn>e of advising agencies the 
Aluminium Zentrale I Aluminium Cent"t"e/ of Federal 
Germ.any, K0nigsallee 30, D-4000 Dusseldorf, is the 
most renown. A corporate body fin&.nced by its member 
enterprises, it is also editing books a.ai a journal. 
O! its 50 members 18 are primary altt.m.illium producers, 
12 semi-manu.facturing mills a.ai 20 aluminium 
foundries atd other fabricators. Registered in 

Federal Germany, it is a non-profit organization 
established with a view to promoting aluminium usage 
and effective manufacturing techniqlles. Technical 
advice as well as tlE use of its documentation service 
am training schemes are free of charge. It centrally 
coordinates alu~inium propaganda and represents the 
alu.m.inium industry as an exhibitor at fairs and other 
shows, besides providing statistical information 
asked for by various organizations. It runs training 
workshops atrl showrooms of its own, but nae no 
research a.o:i development divisions. 

Similar organizations are to be foU.Dd also in o tb.e r 
parts of the world, amongst others, in 

- Norway: Skanal umtnium, Rosenk.rantzga te 21, Vika, 
Oslo 1, N')rway; 

- USA: The Aluminium Association Inc.,818 
Cunnecticut Avenue, N.W. Washington, D.C. 20006 

- Japan: Japan Light Metal Association, Nihonoashi 

2-Chome, Chou-Ku Tokyo 103, a.ai 

- Australia: Tne Aluminium Development Council of 
Au3tralia Limited, 56 Pitt Street, Sydney, N.s.w. 
2000. 
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In Hwigary, to emphasize the significance of the 

aluminium industry to th~ country's n.afional economy, a 

special advisory organization was established 
combining the advantages Jf botb systems. Long-term 

alu~inium activities of the Hungarian aluminium 
industry are gover~d by a central development 

programme approved by the cou.otry's governaJent, setting 

arrl coordinatillg medium a.ai long-range t.,rgets 

cov·eri.L.b every stage of aluminium integration /see sub-
chapter 6.3/. Its provision.a affect all industrial 

activities by tbe Hungarian Aluminium Corporation 

/bauxite and alumina operations, alumin:..ua. smelting, 

semi-manufacture arrl the manufacture o~ scwe finished 

items/, as we 11 oy other aluminium fa bri ct. v ors of tb.e 

country. All these enterprises are s ta te-o,.med, 

operating u..::rler the auspices of different g:ivernment 

departmeuts. .I.'ht: Hurlgarian Aluminiwn Corpora ti on, 

further:no:-e, rur:s & separace research an:i designing 

institu:;e as well, o.;ting also as tbe general 

contractor of major aluminium development projects, 

besides provid:ns a scientific tackg::-ou.rrl for 

development als:> in t~ finished product field. 

In the wake :if tiE world-wide aluminium boom of tbe 

1960s, an::i mon: ¥articula~ly after tbe c~nclusion of 

a long-term alumina/aluminium agreement wit~ the 

Soviet Union, larg~ stocks of aluminium oeca~~ 

availe:;le in hwigary, opening up great perspectives 

for expanding t~ cu WL try' s aluminium fa bric a ting 

capacities. In order to create fresh markets, it 

seemed then exp1Jdient to set up a special agency to 

deal with tbe prcmotion of aluminium usag13. Thia is 

how the Development Centre fnr Aluminium Applications 

of t~ Hunga.:ian J.luminillm Corporati:>n b.as co2 in.tr 

being wrler the auspices of the latter, out operating 



- 78 -

aa a separate organization. Its activities aave been 
defined by the governaent agencies sponsoring it as 

follows: 

- Technical advice, information and propaganda to 
facilitate cooperation between seai-manu.facturillg 
mills am finismd product manufacturers b: 
coordinating current am prospective aluainium 
demand. Also, in coordinating certain particular 
aspects of finiebed product man:.i.facture, vested 
rights of decision making on behalf of the National 
Tectmical Development Board; 

- Monitoring of new advances arrived at in technology 
and researcb. botb. i..u Hungary am otber countries; 
the promotion of ecb.omes, technical and financial, 
for updating am expanding tb! production programmes 
of aemi-1aanufac tu.ring mtlls am finis bed i te11 
producers; 

- In co~cert with end-using sectors, the boosting and 
testing of prototype desig:ls a.crl their 
implementation if appearing !e•sible from a 
technological aJJ1 economic point of view; 

- Active participation in such prototype work, if 

desired by the prospective manufacturer; 

- Evaluation of experiences relating to aluminiu~ 
usage, with special reJard to technological a~ 
economic feasibility; 

- Domestic 8.JL world market research, collection, 
compilation 8Jld evaluation of statistical data 
relevant to alumin~um productio~ a.in consumption; 
publication of aucb. informations 
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- lMiting of leaflets, brochures and other 
publications /e.g. Magyar !luminium, a aonthly 
al u11inium engineering j ou.rnal/ ; 

- Organization of lecturea, training courses and 
demonstration of various techniques in tbe Centre's 
om workshop for the benefit of engineers, 
technioiana a.Dd skilled worker~, an:l 

Organization of e%hibitions azn shows in Hungary 
am elsewhere. 

In its activities tb9 Centre used to rely on moral am 
financia:i support from tbe National Technical 
Development Board, the experience of the research and 
designing institute of tb9 Hungarian ilu•inium 
Corporation, aa well as on s~estions ani 
recommendation• forthcoming from different workiug 
committees dealing with par.ticular problemB, aai last 
but not least on its cooperation with tbs major 
fabricators. 

The Ceutre used to bave a staff of 50, of whom 20 

were engineers azn technicians azn 10 skilled workman, 
the latter employed at the Centre's trailling 
workshop. Its budget was jointly financed by the 
Hungarian Alu.mi.nium Corpora ti on and tbe Na ti oual 
Tecb.nical .Develop1Dent Board, contributing in a 
proportion ot 6~ am 4°', respectively. Tb.e major 
part ot available fund.1 was devoted to pr~totype 
work, to subsidizing some of the e%tra costs inclll'red 
by tbe introduction of new product1, and. to 
technical. propaga.rda /e%h1bitione, publications, 
training couraes, etc./. '?hall.ks to this arrangemnt; 
risks involved in inno•ations could be shared am~ng 
tb.e aluminium ill.dua try, tbe finilbad product 

ma.au!ao tUl"l!tr concerned am tbe go•ernment agenc iea 
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responsible for running ind.us try • .Annual action 
programmes goveruing t~ Centre's ac ti vi ties •~re 
from year to y6ar jointl.J approved by the president 
of the Nati~nal Technical Deve~opment Board, the 

general manager of the Hunc;arian Aluminium 
Corporation ani the Minister of Metallurgy and tbe 
Engineering Industriest under whose auspices tbs 

major finisbed product manufactu.l:'t!rs were operating. 

In 1976 the Centre We.:J merged into the Engineering 
and Develop~ent Institute of the Hungarian Aluminium 

Corporation /ALUTERV-FKI/. 

Iil addition to the various advising agencies and 
centres discussed above, there are also several 
otter international organizations of the as.me 
function as well, but most of them have been set up 
in pursuit of certain business interests. The most 
prominent of these is CIDA /International Centre of 
Aluminium Developaent/, its membership being composed 
cf tbe eight largest aluminium concerns of Europe. By 

mutual consent, CIDA deals with various aluminium 
dAvelopment an:l standardization iss~es /e.g. the 
dimensions of aluminium joints, new method'' of 

corrosion abateae~t, etc./. Its findings are in tbe 
first place accessible to its members only. 

Some ~f the developing councries bave already 
earlier realized tbe necessity of setting up some 
so~t of an aluminium development promotion agency 
and ma.DJ more ms.y follow suit shortly. How this is 
done and under what organizational framework, will 
always depend on local conditions prevailing on site. 
However, ·cegardl~ss of whether one, two or more 
producers are operating in a count:-y or aree, it 
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seems desirable that such an organization be set up in 

concert with all interested parties /raw material 
prodt' ~e rs, semi-fabrics ting mills, finished product 
m~r .factu.rers am consumers/ as an independent body. 
New solutions nowadays are no longer co~fi.ned to some 
narrow field of engineering, a fact necessitating tbe 
cooperation ani goodwill of specialists from other 
walks of life as well. /E.g. light constructions are 
a complex matter, where next tc aluminium specialists, 
a great deal ~epends on the experience of the 
designing a ... ·chitect, t~ building contractor am even 
the customer; in aluminium packaging for the food 
ind.us try, the aluminium i.odus try has to seek 
cooperation with the food processing industr-.,-, the 
retail trade ani tbe consumers as well/. In addition 
to obvious technological advantages, such active 
cooperation with all interested parties may greatly 
facilitate the medium &Di long-range planning of 
production and consumption of a country. /See also 
sub-chapter 6.3/. 

3.2 The necessity of setting up research a.z:xi development. 
bodies to boost new technical advances 

In tb.e fo;T:'egoi.ng it bas been shown how advisory 
facilities may boost aluminium usage~ Such efforts, 
however, may never oe really effective, wiless aided 
by a firm backgrow:rl of organized research on one 
hand, a.lid designing expertise on the other band. The 

proliferation of aluminium end-uses am the 

multiplicity ~f technologies involved in the 
manufacture of items meeting such demand, call for a 
carefully conceived develop~nt policy covering the 
entire field of integration from tbe raw material up 
to the finished product stage. 'Ni th the major 
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aluminium concerns of the world, this arduous, costly 
a.Di often hazardous task is undertaken by a network of 
reEearch, developaent airl designing institutes. A 
typical example is ALCOA, spending about 1.5-2~ of its 
turnover /at 1976 prices some 60 million U.S. dollars/ 
for this end. It runs azJl continuslly updates ALCOA 
Laboratories, tte world's largest light metal rasearch 
complex. But large amounts are spent on research by 

the world's other major aluminium producers as well, 
with even tbe alumill.ium industries of smaller 
countries following suit. A case in point is Hungary, 
where a research, technical development and designing 
institute is operating w:rler the auspices of the 
Hur..garian Aluminium Corporation, financed by funds 
amounting to 4-4.5~ of the Corporation's total 
turnover. Other aluminium producers of the country, 
too, devote abo~t one per cent of their fiuish~d 
product turnover to research ani technical development. 

Even in countries just entering t~ aluminium 
fabricating field, technical development work is 
indispensable. Its scope in research arrl. technical 
designing has to be sl!~h tba tit may be capable of 
adapting aluminium applicatioo.s practised with success 
elsewhere; furthermore, it bas to deal with the 
exploring an:i testing of completely new outlets likely 
to be of local ma.rke t appeal. 

Here too the brunt of work am costs to ... to be born 
by tbe aluminium industry. Initially, such technical 
developrJEnt is to include 

• 
- the elaboration or adaption of alloys best suited 

for certain ends under local conditions; 
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- the introduction of an up-to-date scrap remelting 
technology essential in supplying a suitable 
selection of ingots to the light metal foundries; 

- the introduction of optimum joining techniques 

/welding training courses, application of cold 
joining techniques/; 

the adaptation ani if necessary modification of 

surface treatment methods in line with condition~ 
prevailing on site; 

- the study arrl practical application of plastic 

deformation technologies, including die-making; 

- the use of machiue tools for various ends an:i the 
local manufacture of their tools, a.cd 

- the design a.rrl manufacture of prototypes of diverse 
aluminium items arrl str~~tures, as well as 
technical advice to prorpactive r 9tomers before 

oeginning serial manufacture. 

It is desirabla that local researchers an:i 

engineering specialists a\· this stage seek the 
assistan~e of qualified erperts and dCademic lecturers 
from various disciplines, so as to lay down the 

founda ti ans oi' a soum scientific backgrulh.~ for 

further tecl.inical developa1ent work ahead. /See also 

sub-chapter 6.2/. 

3 .3 ProdllC t development effec ti vi t:y 

Testing the effectivi\iy of p::-oduct innovation 
/research, designing, adaptation, li~enses an:i 

technial advi.ce/ is a hard and complex task. One /but 

not the only/ indication uf its effectiveness is the 
rate at which tbe consumFtion of semi-manufactures 
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and the profits of mills grow. But several othe~ 
factors too exist from which suitable conclusions in 
chis connection may be reached .• Some of thsm are 
enuae:t'Btrd below: 

- The gaining ground of certain t;ypical aluminium 
ap~lications enhancing tbe profitability and 

streamlining tbe operations of tbe end-aser. /E.g. 

the replacing of copper by aluminium in the 

manu.f'actu.re of electric conductors, reducing the 
installation costs of power tra.usmission. systems; 
the use of alum.;.n.ium heat-exchangers: aluminium foi.1 
packaging, facilitating the marketing of processed 

food/. 

- The use of alu~inium components with significant 
bene~its to tbe consumer. /E.g. tbe lightness of 

alu~Ui.ium. permitting considerable power economies 
in running transport vehicles; aluminium accessories 
doing fast alternating movement to a!ld fro in 
textile mills ard printing presses etc., improving 
technological standards and cnst-effectiveness/. 

Savings in main.taillance costs, especially marked in 
light constructions used by the building trade. 

! method has recently been devised to evaluate the 
inteia.aity of innovatory activities in the aluminium 
field by relating, over p~riods of 5-10 ~ears, the 

average annual share of new produc ta to the annual 
•ean growth rate of aluminium consumption. ! 

tabulation to this effect was presented b;y Kumar at 
th.a 1978 Symposium of Alumi.ni~m Transformation 
Technology and !pplica ti one in Argentina [1]. 
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Table 18 

The sb3re of new p~oducts in some selected countries 
related to total alwninium consUlllption over longer 

periods Q.] 

I Annual growth rate per cent 

Country Period t Total growth of Share of new 
c onsu mp ti on products 

United States 1963-66 12,4 6,9 
Norway 1958-64 12,0 6,1 
United 
Kingdom 1958-65 6,1 2 J .3 
Federal Repub-
lie of Germany 1958-65 9,5 4,0 

Italy 1958-65 9,8 5,8 
Japa.r. 1958-65 14,4 6,5 
Argentina 1965-74 15,5 2,3 
Hungary 1965-70 9,8 6,3 

Figures for the U.K. ao:i Argenti!l.a clearly paint to the 

necet.1si tJ of effective technical development; war·:, in 

the absen~e Jf which growth of consumption in the 

saccesi1ive periods may ten:i to decline sh3rply. And 

indeed, over tbe 1966-76 reriod, tne average annual 
growth rate of aluminium consumption in tbe U.K. bas 

dropped to l.~ [2]. 

However, the evaluation of prodL~ct effectivity ls 

further complicatecl. by tbe fact that the utility curve 
of socm;, aluminium applies ti ens is highly differentiated. 
The~ fore each produ.c t ou.ght to be dealt •i th separately 

according its merits. Moreover, the development, 



I 
testing and final introduction of an aluminium 
application on an industrial seal~ may freq"ently 
take up a lo:oger time than the actual cycle of its 
utility /e.g. tbe ~xtruded aluminium sheathing of 

undergrow::rl cables/. 

Hungary's 6.5~ sbare 01 new aluminium applications 
against an annual average 9.2% growth rate of 
domestic co.nmU11pt1on over a six-year period compares. 
favourably with tl:I! other figures listed in Table 18. 

Evidently, credit for thls is dae to the effective 
work of tecb.nical development agenc!.es referred to in 

sub-chapte:Q33.l aixl 3.2. The sustained overall growth 
of Hwigary's alum:in.iWR consumption on one band, and 

the gradual decline or total discontinuance of 
certain aluminium u.sages OL. the other hand, are 

always governed by the exigencies of the country's 
changing industrial pattern. 

A few instar.ces where owing to this some aluminium 
~~plication.a in Hungary have by now reached their 
final phase are enumerated bel1.rw: 

- Water transport vehicles /small ~i.nghies and 

medium-sized passenger river craft/; 

- !luminium a:loy overhead teleph~ne ~onductors 
/wi tb phone caols a gaining ground/; 

- !lWliniua doors, wi..n.d.owe ani roofi~ of railway 
trurks /beca•1se cf the reorganisation of doinesttc 
rc~lillg stock ID8nufacture/; 

The cold-extruded aluminiua shell of thermos 
bottles /replaced by plastics/; 

- Aluatniua soda water bottle beads /also replaced 
by plaatics/. 
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!7 contrast, aom t:1J>ical aluainiua 1.nnavationa 
introduced. over tbe same period include 

- aluminium-ab.ea tlled underground power tran.sllisa10ll 

cables with solid. alu.miniua collductors 

- aerosol bottles 

- liquid gas bottles 

- pressure cookers 

- new types o! co11posi te al uainiua foil far packaging 

ends a!ld household. foil 

- new series ~ wunow fraaE s am roofing, am 
- radiators. 

Th~ adviei.Dg •gencies dealt with in sub-cllapter 3.1, 
besides w~tching domestic all1 world urk.et trends, 

have also to be aware of what may be anticipated oTer 

the long tera in tm way of 1..ndustrial developmen': &.t 

home a!ld. ab.coad. This ts a key ~uestion in exploring 
promising out!ets effective~y a.Di going ahead with 
prototype work successfully. Hence, wllene~e~ 

industrial trends change, tbe adviaing ag6nciea hJlTe 
to react seismographically arxi ~uce, in turn, the 

produceT to change or shelve technical development 

concepts ~o longer realistic. It also follows fro• tbQ 

foregoing that not all efforts of boosting new 
al~aini~m applications are bound to b~ equally succese­

ful. In f!tct, eon uy bring about gratifying 

results, or;mrs u.y r,e too a1;,.cti ahead of tim ~ • 

great many aay eTen em in a co111ple te failure. 

In Hun.gariaLJ. practice soa:e cone re te achieYe•nts uy 

b~ e.re•plified beltJw: 



- The development ani financing of light constr1.:.ction 
pro to tyµ, s 4-5 years ahead of their applies ti on on an 

industrial scale, together with a full evaluation of 
experiences in this catillection. Thanks to this, first-

b.ani information could be obtained on the 
technological ani economic fea~ibility on one b.alid, ani 
the limitations on the other hand, of stationary /8.Dd 
in so~e c~ses mobile/ aluminium supporting 
structuree. Some applications that ~ve appeared 
promising alli technologically feasible at the 
pro,otype stage, did not come up to expectations ill 

actual practice /e.g. supporting structures in ._...., 
ele~tric power transm~asion L3j• Experiences have 

also demonstrated th..B.t on developing aluminium 
structures of larger size, special attention bas to 
be devoted to certain considerations which, however 
minor they may appear at tbe designing am protot~/pe 

stage, may influence the behaviour of the stru.;tl..lre 
in actual practice. /E.g. stress caused by atrong!r 
thermal expansion, tb!t siting of weld~ seams a' 
poillts less erposed to mechanical loads, etc./; 

- The boosting of house~old foil manu.facture aDi 
usagf', by marlce t research arrl helping tile producer 
select a.Di :.natall manufacturing equipment for this 
purpose; 

- Tb.e launc'iing of tte ae.nu.fac ture af aluminium 

fasteners /nails, screws, bolts etc./; 

- Co opera :;inn in developing am financing tbe 
pro to~ of a 27-cu. metre al uainium supers true tu­

re of a large motor lorry; technical advice in 

eliminating certain shortcomings in tbe initi~l 

phases of serial Meoufacture; 
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- Till introduc ticn of e.lu•inium framings for 

agricultllral am 1~ardening !oil tents. 

On tbe other band, soe innovation efforts proved to 

be ineffective. /E.g. ttie prototype of an aluminium-,. 

··fraal!d wim power plant, soma types of alu•iniua 

fur.!liture, irrigati.:m systems fro• e.rtruded aluminilta 

t J. be a , e t c • / • 

Roughly, a:>M 30-4CJ',$ of the funds devoted by the 

adTising c•ntr• to innoTatiotlS c~uld ~. put to 

i•&edia te use 1 so111 20-25$ Hre apent on paTi.Dg tbe 

way for so• .tu tu:='e al uailliua applica t1 OllB wi thill tbe 
ne.rt 5-10 1•ar1, 1.IJi 4~ on acb.ames which even:uall1 

turned out to be i.lll!oa•ib:.e tor various N&sous . The 

re la tivel,- large ab&re o! uga .;ive e.cperienoes, 
howYor~ hsd at lea1t om ad~antage i~ co1111on: it did. 

point to certain area• wt.re alu•iniu'A can definitely 

not bP used. to re!) lace o tbt r 1 true tura l u te rials. 

The above e.ra•pa s will ba ve amply illustrated ~bat 

tbe work a! ad~·iding agencies may significantly 

contribute to product deTelop11ent effectivity. Tue 

ad7ising agencies, •oreover, are a useful in.strullbnt 

in sbar)ng with all interested parties hazards 

i.nvolved in eTery :.iew alu•iniu..c application venture. 

The !ora alli extent of sharing s~ch risks, ~! courge, 
•111 always vary w1 tb tba econ.o•ic sys tea am 
industrial pattern of each countcy, as well aa with 

condi tiona prevailing in to. :'reae.nce or abee.nce or 
local raw aaterial manufsctu.ri.~ fac111tie~. 
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4. IBINCIP!L ou+u;·rs Jj' ICOWOM.IC!L .ALUMINIUM. US.AGE 

Tbe II'tt•t 1tride1 aluaiD.iua i& makill.g throughout the 
world ao:i th6 effort• o! ita prn•oters to keep its 
po1ition intact are taking place in an a~mosphere of 
keen co•petition with otblr 1tructu.ral materials. ':118 

outco .. of tnia 1trife, with all of its techllological 
and ec ono•ic i•pl ie•. ti on1, 11&1' 1erioualy affect the 
relative pa1itiwll ef alu•iniua, eitbilr accel.frating rr 
slo·.iing down tbl •aaentu• of i ta Wiage in different 
end-u1ing field•. There are, l:u1weY1r, certain areas 

wbore it1 pa1iti1n ••••& te be fir• an:i uncontested, not 
likely ta ehanp in tt. lone ter• because of the world• s 

ra1' u terial 11tuati1a. 

j ca•• in point 11 tbe •lect~ical engineering industry, 
where aluain.iua ca~uct1r1 !or the transmission o! 
heavy ard Hdiua Ylltap enerc have ir_ actual 
practice irreveraibly diaplaeed copper. 

! similar proce11 is now taking place in tbe 
manu:fac ture and \.::Jil of heat excbangera. 

In transport vehicle manufacture, however, aluminium 
trends are soHwha t paradoxical. Here, despite its 
favourable technological a.rrl economic aspects, 
aluainiua is !aced with baavy competition from steel 
and more recentl.Jr !roa pla•tic1. 

In other e.cd-u1ing aectora, competition is even more 
marked, with aoat iteas lending themselves equall1 
well to manufacture f:.:-om aluminium and other materials. 
An iuteresting comparison in this rer.~ct is made by 

!ltenpohl, whoee utility curve1 pl0tted for different 
aluminium kitchenware uaed in ao12 developed countries 
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of Bu.rope are d•aonstrated ill fig.a [.l]. It will be 

obaened tba t trsdi tioD&l aluainiua kitchenware could 

keep its posi~~on aore or leas fir•~ throughout tlle 

period wxier survey. DY contrast. •tai.nleaa steel 

ki tcb.enware coabi.Deu with alu.ainiWI, after acme headway 

!or about ~-3 ,.ears, bas soon didappeared !ram the 

urn t for reasons of price am lack nf response. Cost• 
of developing it could b.ave llard.ly been recycled into 

productia~ within au.ch ahort apace of tt ... .lallowi.Jlg 

this, plaatica-coatod. ail1 ena11elled alllllilliu~ 

k:itcb.enware, too, appeared on tbl market • .After a ~hre• 

~are' trial period, this innov11tion baa become 
populc am tbere was a great upsurge in it11 aales. 

How lo~ this tre.rd is to continue wlll a great deal 

depend on future market demand a.a:i fashion. /~.g. stain­

leaa a;eel ki tcllenware with ornamental enamel 
coating/ • .1.nyws.y, u spite a! heaYy e.xpenditu=--o 

inYolvad ill deYelopi.ng it, t'.'.l.is item see• to premise 

!ast financial retu.r:u;. 

The !ollo•ing is a detailed an&lysis of a few t-ypical 

aluminium em-uses. They bavtr been expressly selected 

for the purpose a! thi.a a tudy io deaons t'ra te how 

necessary it is to pursue technical development work 

with utaos t • i.guill" am ta be at all time a oa the 

lookout far fi.Dd.ing new viable markB t outlets am !or 

keepi.ng the integrit:J ot old on.es. SeY•ral caaea too 

will bo present•d, where, apparently, the •rita o! an 
idea or ach.erm were from ti» ve17 ou tee t not assa&sed 

with atd!icient circuupec ti on or •bi re later on, 

co•pt'tition by other structural aaterials has aade 
au.ch in.roads on certain alu11.iniua usages th.at the 

ma.ru1!acture of such itell8 bad ta be temporarily 
au.pe.D.d.ed or co•pletely abandoned. 
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Fig.8 - Sycles or alu~inium kitchenware deman..i in some 
developed coWJ.tri.e s 'Jf ialrope 

1. Traditional kitcheLware 
2. !luainium/stainless steel kitchenware 
3. :!naaelled and./or plastic-coated alumiL.iu~ 

ki tch.emrare 

while tb.e present chapter is t: deal ill the first place 

with t~chnological &s}:>ects, chapter S will contain 

useful information on sources of know-how, together 
with tb.e names a.rrl. acidresses of institutions am 
ind us trial fir ma, from w~ re fur th~r re le van t inf or ma ti on 
or assistance may be forthcomin~. 

4 .1 .Electrical engineer:'E.£ 

4.11 General obs~~~aticna 

Ir.. 1976 world aluminium consumption for 
electrical engineering ends had been in the 
order of 2 million tons, accou;iting for 35~ of 

total world itluminium consumption [2J. The 
magnitude nf tonnages used by the electrical 

engineering industrJ:, however, gr~atly varies 
with c ountrie 0 an:i regions as eza.!Lplified in 

Table 19 be lo•. 
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Table l~ 

Aluminium cons ump ti on by the e lee trical ... n1gineeriri,g 

industries of so~ sele~;ted countries or regions 

/1973-1~77 averages/ 

Cou.n~ry or regi. :m 

United States 

J\ver-a;e of W~ s t-EtU·opean 
developed countriee 

Hungary 

South African Un~on 

Brazil 

Iildia 

Consumption 
-ilogramme per capita 

0.7 - 1.8 
/wei_~hted average 1 .. -:+/ 

3.5 
1.0 

1.2 
0.15 

The outlook for further expansion is bright both :Le 
industrially developed arrl de~eloping cuuntries. 

According to information furnished by the British 

Poat Office Administration, 25% of its telephone 
cable ne t\itcrk ia made from aluminium. With.in lC1 yea.rs i 

it appears, al ua:in~.l.l.!Il telephone cables will 

completely displace copper ones [21. Acco!'ding to 

another fore.:ast, electrica1 engin.eer:..ng in tbe us.~_ -
despite its 1n-eaent high pe.r capita co!l.SUmption - is 

to be fas teat growing aluminium outlet in th.at 

countr:y '01· "'3y tbe turn of tbe century, electrical 

engineering is expected to account for 2CYI> of total 

world alu.oi.uium consumption [L!l. 
In the overall aluminium consumption figure of 

HungarJ there is a heavy c oncent-ra ti on of a.l uminium 

usage in tr~ electric fH1gineering field .. Historically, 



this may t>,~ attributed to t~ country's chronic 

dearth of ard continued drive for savi.:.lgs ill heavy 

non-ferrous metals throughout the pre- and poet-war 

period, coupled wi tb tbe changing pattern of copper 

pricing /see also caption 1.3/. In the wake of this, 

tn.e use of aluminium began to gain ground rapidly in 

the ma.u.ufactll:"e of oYerhead power transmission cables, 

medium a.L'd.. lcw voltage conductors, as well as motor 

arrl trans for~ r w :..nd ~.ngs ~ In 1951 a document 

e.uti tlad "The Use of Aluminium and. .Aluminium Alloys 

in Electrical .Engineering" wa~ publis~r and 

enforced as a Hungarian Starrlard Specification. 

Dealing with the technologically and. economically 

fieasibl.P. application of alui;;in.ium for a mul t~plic i ty 

of electrical end.a, it concret€ly classifies eacil 

possibility as 11desiratle"; "practicable" or"not 

practicable". Prompted by f!.'eah e.d.vances in 

t;ecb.nolog;y, this first staro.ard specification has 

been subsP.~~ently revised arrl. ne~ly published. 

Hungarian electricBl conductor manufacture is now 

strongly al~iniu.m-oriPnted, the share of r:luminium 

conductors iranufactared being 76% tlgainat 24% of 

ccp~:r, In mo~ t centrally planned economies alumillium 

accounts for 50-60% of total conducto~ hlonu.facture, 

whereas in t~ Federal Republic cf Germany 7~ of 

all cooductors are 3:ill made from copp~I arrl only 

30% frc m al umini:.im. Hungarian tl nmiuium c o.G..duc tor 

arrl cable manufa·~ tl..L.l:"ers ~ave in t~ mean time 

acquired gre&t ~rperience in turning out products of 

'c.igi: technological ata..Iii.ard.B .. 

'l'te rem;;irkable ad.van.ca u-: alumll.-i.ium CllD.surr.ption i.n 

tbe c onduc t:::r, field. was al3o pi·oc ipi ta teci by the 

aaz·l.y apecializa ticn af HULgarian o;Jnsi.noering and 
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working perbonnel in aluminium installati~n 
techniques arxi tbe appli~ction of aluminium in 
electrical equipm._·nt a.rd gear. In view :if tt:.is, 
:Iungari.an engineering firms tngaged in such 
opera t1 ans today prefer uaing aluminium to copper. 

Couductors 1are maC.e eitber from copper or aluminium; 

fo1· some particular ends copper, ani for others 
aluminium is given preference. However, with 
aluminium encroaching o:i more Rrrl more novel 

electrical fields, tl::l! outlook of aluminium usage in 

this sec tor seellld to be pro mi sin; .. 

To determine wb.e too r far a given e.trl al wainium or 

copper should be used, ~ill depend on three factors: 

the production costs of aluminium conductors, the 
economics oi' their usag.3 arrl their reliability. 

Related to copper, there is L:.Jm year to year, and 

over th.£ 1 ong term even more so, a marked downward 
trend in tte p1icing of alumi~ium conductors. 

In actuLl usage, their low specific weight and high 
specifi~ conductivity/small energy losses/, coupled 
with tteir corrosion-resistance /savings in 
maintainance costs/ present extra advantages. 

Reliabil .cy is ensured by their high mechanical 
stren~th and their susceptibility to plastic 
deformation, casting, welding ani soldering. Under 

tne same load, tb2 rate at which their transient 

tPmpera~ure tends to rise is identical with that of 
cop~r. 

Thanks to these properties, tbe endurance of an 

aluminium conductor, too, is equivalent to tbat 
made from copper. 
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In. •lee ;rical engineering a.lu~iuium is used ei tber 

as a conductor /unall119d or alloted/ or as a rolled, 
extruded or cast 1truotural 18terial. 

In !utu.re eYaluatio1~ tb.e.V.9P4 foraula may be used 
with advantage to coapare it& economic feaeibili~, 
wherein f .rep.t."eleJltl it1 1peci!ic resiatiYity, R 
1 ts price per YOluae Wlii &Dfi 'f 1 ts densi. ty [6] • 
Calculatad at 1974 prioe1 &Di uai.Jlg 1 for alu.mi.uiua 
•• a ba1i1, tbl correapond.1.ug ind.ice• tor copper, 
aagneaiu• am 10Qi ua will be ,g, ~ aid 2.!22 
reapectiYely. /a tbe loag tera these see11 to be 

tbe 1101t proailing co.Ddu.ctar1/ .. It will be 

ebse.rYed tbat !roa an econoaic feasibility point ot 
Yiew aagneaiua a.ad 1odi.u an tbll two n.a.rest 

ap:proacllB • to alu.ai.Aiu.a. H•nYer, in large quantities 
both are bard t) co• by, am compared to alu.ainiua, 
at pre••nt awkward ta b.and.l.a &Ad di!ficul t to 
proceaa. Therefore it 1• believed that tbe signifi­
cance of aluaui.iu• a1 a conductor~~ likely to grow 
in ttll two dec1.dea abiaad. 

4.12 OTerbaad line• &Di ••rial cables 

In Hun.gar;y the llBe of overhead condu.c tore in 

tranaaitting a.nd distributing power ie of fairly 014 
1tanding. ~ :year• ahead o! 1iailar developmen~a 

elsewhere, Ha.nga.&.7 waa one of tba pioneers 1.n 

i.nat~lli.Dg coaplete aluailliua power transaiia1on and 

~elecouu.nication gr:.ds. lxperiencee over tbe past 
have a•pl1 deaonstrated that !ro~ an o~rati~.nal 
point o! view aluaLD.iua i• equivalent a.Id fro~ an 
econoaic point o! Yi•• even 1u~rior t~ the copper 
am cadaiua-bronze co.Ddnctor• pr.,,v1ouel;y uaed. Hence, 
practicall~ throughout tbil world, power gri~a have 
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gem rrrer coapletel;y ~o u..sing aluai.Jliua ••u in 

hl.gbeat vol tage1 /o .g. Hw:iga17' • ?50 kV power 

truul•iasion 11.ne/. 

4.12.l Higb.-valtage overb.ead 11.De1 

'?able 20 

The coat-effectivem •• of cable• u•d a b.igh­

voltage powr •1ateu ia coapa.red 1.A '?able 20. 

C.aparisoa_!.f re•i1"1lo• aDd prioW of elGctri~al 
cand.uctar• 

/J.luaiaiu • 100/ 

Per l kilogra- C&daiua i .l.UlgSi .lluailliua coJld.ao ~•r 
1! coaduo tor broue atieel Ni.a!lreed 

/ACS1V /116/ 

Re sia Sallc• 228 100 108.? 
19?6 world 
•art.a t price 150 100 70 

l'rG• tbl c111p&rimn 1Jl ~l• 20 it will ?e 

obsened tba t 1A teru of tba ••• "ight u.i t 
the cond.uetivit;y of aa aluailtiwa-baHd 

oonduota.t' ia -.ore th.all twice that of a oopJ*r-

baHd one ud. 1 t• pricing coapared to copper 

/allowi..ug :tar ao• fluotu.tio• 1A tt. •orl4 

u.rlmt prio. ef tba latter/ 1• aboa.t 1.5-2 

ti•• lo"r tba.ll tba t of coppe1·. 

SaH appli•• alao to low-voltage ne tworka, 
wb.er. owing to tt. frequnt branching off or 
distt'ibutiein uill.• a:ad tbe prori•iQ of 
to .. ra Uldi.Jlg ~b.ea tbe tensile 8trength If 
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alW1iaiu.a 11 u i :!ull.7 citilis•t. 

()verb.eat power ~r&JURilliDA SI'ids ani Daiworks a!"e 

uu.all7 ude frea oabla • •• ·~ ~i:!ied in Table 21 
below. 

Table 21 

Properties o! coDductora predomillant],y used ill 

parbet4 11.n•• 

I apeoifi• huile P91'91aaible 
0 

ieapera tun /C7 
Ila t:erial I rea1ai1Yi t7 

If u 21aJ 
•~n&J•• u ca• or /II• I ••ru.111 ahort-circa.1~ 

.llualaiwa 
/b&'rd./ 0.0212 l?o-200 70 130 

.lluaaiu.c. 
all•iacs 
1-. .l 1/ 0.0325 295 80 155 

.lCll 

St:eel 0.2-.0 l,530 - -
.l l uai.Jli ua o.~&2 1'~19? - -

Higb-Teltase •••rbaat 11.1191 tlaTe to re111t aa!el7 all 
tbarul aDd •cbaaical lead.a, •• well •• tbe 

oerro11Ye effeo•a at 1u~11r uaage. MoreoTer, tl»7 

ba•• t1 ~ 10 4eaigne4 •• te allow !or ao.. exce•• 
1••4 th.a i u7 ariH 1A tbe c our•• o! tb.e 1r 

i.Jlatalla tioa. 

!eCaUH If tb.eir IUller •cbanical strength, 
uull1194 aluai.aiua 11ad.uot1r1 are •• a ru.le uMd 1.u 

low Taliap Mtwora, where •cbaaieal load• are 
IUller. Jar M .. iua ant b.1.Cb. YOl tage Jle twerka \ ia 

tba tir1t plaoe ateel-oored. aluai.aiua cablea 
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/ACSR/, am to a "_et.:aer extent al.l\ililrl.ua allo1 

cables are used [?]. Jor •~M apocific el:da ateel.­
cored aluai.niu• allo~ cable•, too, •~ &Tailable. 

The additioA o! a sin.c ooati.J:lg to protect the •t••l 

core agai.Jult corrosion is u.•ual, but latel1, as an 

alternative, a so-called alu~oweld coa'ing too 'ba1 

cc• into nae [a] (0 

J.luainiua &Di &~el-cared alua.i.A.iua conductor-a 
/J.CSR/ a1 .. both adtable to be used eitbar aa phase 
or grounding conductGra. IA ~lectrical networb it 
1a ct paraaou.n.t impartance to deteraine tbe 
~ua pcwor rati.Dg or a conductor correctl7. 

Ita u.gni•:~e rlJ.l depend, mxt to eaT1ronaental 
a.al cliaat1c tactora, en tbe coapoRition, d•"ipi 
am tbt atrandillg par&Mter• ot tba conductor. In 
.. iecti.Dg a apecitication, particular attentioA 

baa to be deToted to a spec ta o! ope re ti anal ••!• t,. 
throughout tbl projected lit• of the cable. Dur1..D.g 

this ti•, na aajar deuge u1 o~eur to it, aDd 

under no circu.utan.ee• u1 ita •cb.an1cal •trength 
fall below 5" of ita arigi..Dal Talu•s. 

The pertorunee am reliabili t,. o! cable a are 
peraanen" ~ - ch.ecud, am. eTen now in •a.IQ' parts o! 
the world e!far ta are w::der wa1 to deTelop new am 
aare e!!eetiTe tn>I'' a! aluainiua oTerh.ead 
colMiuc c;o:i:-s. 
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Table 22 

1!cximum power ratings of hign-vol tage overhead 
conductors m~de in Hungary 

Maxim \.l.lt power rating 

Material 
1 Cross-sectio~ Normally I In case of 

/m!n2/ sh~ t-c i !"CU:. t 
/A/ /kA/ 

300 680 27 
Aluminium 643 1,120 56 

Aluminium alloy 

IE AlL:gSi/ 95 350 s 
240 625 24 
300 785 22 

Alui:nini um 110/120 430 i;:; 
c ond.uc tor steel 250/4C 71C 24 
r·e info:-eed /ACSR/ · 500/65 1, 120 6-:: 

The above values a:-e va.:.id f:Jr tbe worst environciental 

cand.; ·~ions /solar ra.iia ti on, + 30 °c ambie'1t 

temperature, one m/sec wind velocity/. 

4 .12 .2 Aerial cables 

Aluminium aerial cables are used as phase anC. neutral 
conductors in low voltage distribution systems, 

service mains, outdior a!Xi proTisional inatallatio~s 

I Yig 9/. 

They bave won fast acceptance because of the 
increased ease, ~1th which faults occurring Lo la~ 

voltage distribution systems cau~ed by conve~tional 

outdoor service mai~: may De elimlu~~eu /about 8~/. 
Tn.eir salient leatLU'f'~ aI'(: 
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- simple disposition s!rl easy installation 
- aesthetic considerations, a..ai 

- fewer faults. 

Fig.9 - Disposition of aerial cables 

1. Solid or s~randed c~nductor 
2. Plastic.u insulation 

3. Strqnded suspension rope 
4. Suspension shackles 

Aerial cables are made from 99.5~ aluminium in 

cross-set: ti ons of 6-300 square millimetres, wi tb. a 
2 

tensile strength of 70-110 N/m.m • 

Maxi•i.t1l power ra ti.cg e.g. of a 21•0 lllD
2 cross-section 

cable: under normal operation at a 25 °c ambient 

tempera tu.re 410 A; ill case of shorts temperature may 

not ri!HI beyom 150 °c. 

Tb.e dielectric strength of t~ plastics insulation 
is 40 KV/cm. The at~ande~ ~u~p~n.sion r~pe ia made 
!roa aluminium or an aluminium alloy IE AlKgSi/. 

Secu.rely attached to tbe service mains, it will meet 

all technical arrl electrical requirements acting as 

the carrier of the insulated phase conductor Ou one 

b.and, am as a neutral on t~ o tbe r hand. 
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The in•t•ll;.tion of aerial cablea b.as to be done in 
strict conformity with •taDd.ing standard 
speci!icationa. Qn;.ck an::i up-to-date technologies of 
asse•bl~ are greatly facilitated by prefabricated 
!ittillga. 

4.12.3 !luainium fitti!\§S 

In electrical po"er trana.•isliliOn they are used as 
conductor-, 1u1pend.Ul.g- aix' protecting fittings. 

Conductor !ittinc• are de•ign9d to link two or 
•ON conductor• o! a tranaai11ion line; suspeL.di.ng 

fittings sre uaed to held overhead cables, aerial 
conductor• •rd. l.D.lulatora ill po&ition or to co.anect 
th.ea with om anotbitr; a.al protecting fittings are 
installed to enhance tm opera ti o~l safety of the 
transmiasion line. 

To fae~en conduetor enda, pressure clamping is the 

usual technology. Fittings eaploy~d to this end 
are reliaDle, economical and. easy to handle. 

These fittings embody latest advances in installation 
technolcgy. In Hungary they ar. used from 0.4 kV 
low-voltage networks up to tbe largest 750 kV high-

vol tage transmission system [10] ~~ !1~ • 

4.12.4 !lu~inium load-bearing structures of power 
trruismiasion lin.e1 

Throughout the world there is a growi~ shortage of 
skilled labour aceoapanied by a universal preseurft 
for updating conductor installation techniques. 
Prompted by this demand, several aluminium structures 
have been recently developed by which maintainance 
costs of power transwi•~ion lines may be saved. In 
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Hungary, too, several such al~iniwa atr-.J.ctures have 

bee1' designed. aul tested, 6 .g. protll t;n>es o:r lo·· am 

medii.UD. voltage tower heads ani towers. 

!l though erected ten years ago in an Uldu.@ trial area 

where chemicals aM liberally used, annual checkups 

of an aluminium transmission line to11er prototype have 
so far i~vealed. nc trace of change or any damage 

This am similar pro to types ha Te aroused great 

international interest Q.~. 

4.12.5 OYerhead telecocmunication networks 

Fer seYeral decades past, aerial cables ueed 1..u 

Hungary as carrier frequeacy baaic circuits of trunk 

calls over mori3 or less lcng distances have been 

composed fr:J m age-hardened E Al)(gSi aluai.uiua alloy 

wir!s. Statistical returns for the past 3C ,ears 

have demonstrated tbat faults occurring t.n the 

course of their usage had been only one h.alf or two-

thirds of t~ oms recorded in respect of earlier 

bronze co.aiuctC1rs [!~. This was largel.1 due, beside• 

ttm inherent proper tie a o! alua!nium, ~o the 

effective fastening a.Dd joic.ti.D.g tecb.niquea applied. 

4.13 Hig?-power undergro•.mi cables 

The use of aluainium cond.ucto:rs in cable manufacture 

is dating back to tt:e 1930s. However, i~ was not 

before tbe post-war ,ears tbs. t different technologies 

for tbe sb.eatb.1.ng o! wnergrowrl cables by aluminium 

were devised am introduced •:m an irrlilstrial scale. ! 

ujor breaktllrough in umergrown cable design 

occurred recently with the emergence of the so lid 

aluminium conductor in low vol~age solid dielectric 

cables. The pioneer of thi.a innovation had been 

!~AN, being tbe first to I"f~leaae 1.n detail tbe 
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techni<:al !eatUJ."el a! it• SOLID.it type low voltage solid 

aluGiniua comuctor cable1 16 • Sillce then, the 

Hungarian i?Jiu1t17, too, i• •nui'aoturing such cables. 

The production 001t1 o! 1olid dielectric 0.6/l kV cables 

may only coape te with tho•• o! i11pregoa ted paper 

insulated caba 11 mde !roa th.re• 1tramed aluminiua 

phase co.Dductor1 with an aluailliu• 1ti.athing actiI:g as 

neutral, if all !our conduc tori are •de !rom aluminium. 

The 11tamard ape ci!ica tian. o! 10• oou.nt:rles /e.g. VDE 

0271/3.69 o! tbe federal hpublic o! Germ&JJY I 
explicitly !or bid tbt uae o! aluainiwa a1 a neutral 

cond.uc tor placed .. o.n.centriealJ.7 arowd tb8 tliree other 

conductors, inai1ti.ng on copper to be used for thia eDd.. 

Despite 1~• technological .. rita, 1uoh a design 
seriously jeopardize• tba coat-e!f•etiveness o! such a 

cahle. HoweYor, with aiitable protection against corrosion, 

in 101Ut cou.ntri•• tlw u1• o! a concentrically placed 

fourth aluainiu.a conductor is perai1aible. Cases in point 

are the 'f! VECONll- type ea ble 1 o! the U .I:. or the 

TRINEUTR.!L cables deYeloped in Hungary a.al .reproduced 1n 

Figs 10 am 11 [}.~ ~~ ~~ • 

In Hungary TRINEUTIUL cables have so !ar been laid 

over a a:Stance of 50 kilotDBtres giving full 
satia!action. 
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Fig .10 - Sec ti on of TRINEUTRAL cab le 

1 - Rourrl solid al umillium conductor 

2 - PVC insulation 

3 - Neut :t"al ~ three ro lUJi al umilli um wires and an 

al um illi um taµ! 

4 - Blaclc PVC shee.thi.rg 

The 95-150-240 mm2 sec ti. on aluminium conductors 

extruied from 99.5~ aluminium have a tensile strength 

of 60-70 N/u2 • T'Wr.:; are suf'ficiently soft alrl pliao2.e 

to permit ~aey handling upon installation. Their use 

has confirmed tba t .110 longer need high voltage 

undergrowrl cables be i:ompoaed elf stranded con.due tors 

but up to a 240 mm2 section er.lid conductors may be 

applied with advantage. 

On joining cabllt terminals, by flat;tening and 

punching the solid conductor errla with t~ aid of a 

ape cial tool, ati.i table cable shoes may be formed. 

Cold pressure technologies in fastening s~randed 

conductors bave no~ been effectively adapted to 
solid conductors as well. Moreover, traditional 
methods of welding may, according to experience, 

safely be applied to solirl conductors in making firm 
a~ re 1 ia b le j a int a • 
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2 
Fig.11 - Sec ti on of 0.6/l kV 3x70 - }x240/240 mm cable 

1 - Solid aluminium conductor of a:ched fiv~­

-angled sec ti on 

2 - PVC insulation 
3 - Neutral: three aluminium wires of arched 

triangular- sec ti on a.r.rl an aluminium tape 

4 - Black PVC sheathing 

In view of these gratifying results, Hungary has been 

using fo:- tbe last ten years solid c on.d 11c tors also in 

manufacturing 6-35 kV high-voltage und.~rgroU.Di cables 
as shown in Fig.12 2-9] • The le.yi.llg of such cable 
poses no problem aIXl its inc:1ulation too is facilitated 

by the fa~t that a smooth-surfaced semi-conductor 
plastics layer may be ~ore easily added to a solid 

conductor than to a ~tranded o:te. Urrler a new 

Hungarian technology, even this semi-conductor layer 

11.ay be dispensed with, provided the surface of the 
solid conductor ia absolutely smooth arxi fle,less. 
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Fig.12 - Section of ROUNDAL high-voltAge cable 
6 Blue F!C she a thing 

2 - Plastic insulation ~ith graphite-c~ated outer 

surfa...:e 

1 - Rourrl solid alucc.i.nium conductor 

7 - Aluminium guard w~e 
8 ~ PVC filling 

5 - Double lRyer 3teel strip 

3 - ~mi-~anductor paper tape 
4 - Double layer al umini LJ.m strip 

If this condir.-=j_on cannot be complied with, a layer for 

smoa thing tne cnnd.uc tor surface ·• like t~ one used 

with stranded conductorg - has to be added. In this 

case, however, stringent req~ire~ents as to the 
surface smoothness of the sol.id co.c:1!1Ctor nu longer 
apply, arrl the latcer may be '...L9ed forthwith as 

I'6Ceiv~d. .f'.rorn tbe extrusion mill. 

As mf::ntioned before, some jr'._!;;:rn.ational atarutard 

1:1~;1:;1Ci:'ic.eit;~0u~ do not permit tbe use of cr~ncent:ctc 

neutral and gueird conductors made from alum:.nium .. By 
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cont::o:as t, in Eu..ngary e:veri th! metal p~1·r: of the 

insulan~m screeniL:g is ~de frolll an ffl.111i:il1iu~ band 

[}.~. Earlier, it uaed. to b~ -sown ro~ the cond.ucto:-, 

but the n.c~ 6/10 k'l! ~eti 1e: now fea tll.reS &n al uminiu11 

band sc.reeaing fi."":ed lo:igitudillall,- onto the cond.uctora 

F·av-our&ble ~.rperiences have demonstrated tba ~ low and. 

~igh voltag~ s~lid dielectric cables composed of 

alu11i.ntum pb.aae cond.uc t~r~ 1 screenings aDd v.&utr~l or 

g-.iard. conduc ture may be manufac tur-ed. ao:i used with 

advantage ~i'li!itting fair ec,namies in material and 
lcbour coets Q.~. Tr..eir .e.pplicatio:r may he esp~eially 
welc::o~ ill ca;mtr~.~s wb.ei.--e ttb a~~~i.ng up of a cebl~ 

industry is envi.saged or u..rrier way. 

Owilig to copper ah~rt&g~, ~uring tbe eeeond worlc war 

Hungary used t~ manufacture sy~etrical car~i~~ 

frequsncy ~Lang-d.ia tanc~ ru:rl local t!? J.e phone cables 

!'rom Plum.inium with paper ifiaUl8i;iOn a.Di 1..ead 

ab~atb:.tlg G~. In t~ past-war pe.:.>icc! when ;,:;opper 

prices began to rise steeply, t~re was 4 similar 

trend e l::.;ewi:.>.6~ ae well, but Rueb sc ha ae s did not ga i..n 
r :-i ~ ;:;i 

ground to a larger extent except in Auat:calia L3J t7J. 

Rowever, the &rilllrgence of fulJ.y-fillsd cables has 

funO.nm0ntally changed !;~ situation. These cables 

a.re u.suall.y manufac!<ured with <..,&llular polyethyl~M 

inaule.t-ion, tbf. gaps between the w.trea being filled 

with a w&tltlr-repellen~ petroleuQI. jelly to protect i;be 

cable against corrosion. Their aheathing consieta of a 

pol;yetbJlen.e-coated aluminium barrl ar.rl pol;yetbylene 

18 • Solll9 firms hav6 developed a special AlMgFe 

a.lla,- as a cor . ..cL1':.: tor, appro.i:ima ting the mechanical 

proper.tiaa of copper conductors permitting higher 
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productivity in mann.facture ani easier techniques of 

joLn:Lr:e; upon installation fi~ . Aluminium am 
aluminium alloy fully-filled cables have especially in 

the -_: .K9 won wid6 acceptance [1~ ~9J . 
4.15 Service auiins and installations 

Service mains are used to feed the interior electrical 
installations of buildings, households, unustrial 
Wldertakings arrl agricultural consumers. 

iil~ fresh advances in manufacture and installation 
techniques, aluminium for a good many ends in this 
field h&a ~come an equivalent ~onductor to copper. 
For general installation purposes al uminiwa is 
nowadays universally accepted. Gepner is only used 
where increased opera ti anal safety is a special 

co.o.sidera~-on /e.g. warning sign.ala, iD_terior wiring 

of equ.i;>ment, etc./ 13~· 

Items discussed under this heading comprise 

- Insulated conductors [2] 

- Bus bar channe l.S \?~ ~~ 
Joints am fittings [?~ ~~ 

4.15.1 Insulated conductors 

The conductivity of aluminium depends on a g~~ ... at 

in.any factors. Lechnical features in this 
connection are so varied a.rd permitting so many 

combinations that ill many countries -

including Hungar:y ~ conauctors for installation 

ends have been standardized. They are usually 

made from 99.5" aluminium, either in solic" 
fort..1 or by stranding several wires. 
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To enhance their flexib111 ty, the 99.5~ aluainiu• is 
sometimes slightly alloyed with other metE:ls, 

especially iron @6). Some of these are known as 
Triple E ar:d Sup.!r T conductor material /see also 

sub-chapter 5.1;. 

Their ratings a.re embodied in the relevant standard 
specifications, depending also on where tbey are to 
be installed /u.nder plaster, extramurally armour­

-clad etc./. 

In many countries predomillantly or exclusively 
insulated conductors composed of several aluminium 

wires may be used for purposes of lighting or tbe 
operation of equipment ia households, indllStrial 

urrlertakings, schools arrl ottx?r institutions. 

In Bungary al u..minium conductor ins talla ti on 
techniques may look back to 30 years of experience. 
The technologies developed arrl practised since 

then have greatly contributed to t"be viability of 
aluminium for such errl-use in its competition with 
copper. 

In the laying of joint3, connections and fittings, 
aoae peculiarities of al umi.n.ium have to be allowed 

for, in order to avoid tbe fracture of wires as well 
as tbe strong creep causing excess temperatures and 

possible shorts with extra danger of fire. 

Where stiff safety regulations are imposed or over 
a short distance many joints and connections are t~ 

be made /e.g. in hospitals, dist1'ibution be.res, 
etc./ it is preferable to use copper conductors, so 

as to avoid c1~ep. 
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4.15.2 Conductor bar c~lBnc.els 

Conventional building methods are no longer adequate 
to keep pace with tkl! pressure of latest technological 
advances. Thus, tbe eme1gence of light constructions 
gave also rise to various new designs of corrluctor 
bar chanr~ls. These, as well as the perforated 
assembly plates and the plastic-coated tubular 
uprising e.lu.minium cond.uctor bar systems themselves, 
now greatly facilitate the work of installation, 
improving its productivity airl permitting labour 
savings. 

In selecting a suitable material for cond.uc tar bar 
channels 1 al uminiu.m is now considerei preferable to 
plastics, in order to present tbe possible fires 
from spreading. 

Aluminiwa conductcrs are susceptible to creep ani. 
sensitive to incisions. It is therefore o! 
particular importance th.at effective technologies 
of f 9tening, joining, stretching aai connecting 
conductors be applied and fittings of suitable 
desi191 be selected in carqing out such work [23 
[2~. 

In HWlgar:r, earlier, the convention.al wa1 af 

co.nnec ting c undue tors bad been the simple twisting 
together of wire ends. This method, however, did 
not prove to be su.fficiently reliable, he4Ce the 
use of special fittings for th.is end bas become 
compulsory. u enmple o.P this is shown 1n Fig.J.3~ 



- 113 -

a b c 

Fig.13 - Plastics-capped self-cutting, twiRting airl 
uninsulated fitting for connecting conductor ends 

a - Sectiooal view 

b - The joints 
c - The position of joints in the connection box 

Next to tbe one illustr'ited in Fig.13, there are also 

other effective technologies af joining, e.g. by 
soldering, welding or pressure clamping. 

In recent tial!s a large vari~ty of joints and 
fittings have been devisod to ensure the reliable and 

cost-effective operation of service conductors. 
Rand.led b~ sufficiently trained aa:l skilled pe~son.nel, 
they may greatly enhance the efficiency and op~rational 

safety of such installations. 

4.16 Transformers an:i capacitors 

4.16.1 Transform~rs 

Hungary has 40 years of experience in the 

manufacture ani operation of transformers with 
aluminium 111in.dillgs. Used in the fire t place in 

distribution transforasra, they are usuall1 
designed with ratings of up to 2.5 KV! and 



- 114 -

voltages ranging froai 3.6 to 36 kV. Sotne cf them are 

oil, a.Iii others dry transfora>ers • .llu1&1.inium-wound 

transformers a.re also avaiJ.able for vecy small 

/seYeral V!/ ani higher /25-63 UVA/ ratings as well. 
In recent designs of high-power transformers several 

structural parts too are mde from aluminium, so as to 
reduce additional transformation losses. Such 

alum.iniWI components include clamps, containers, lids 

and. electromagnetic screening surfaces. 

'?he economics of aluminium usage in transformer 

windings is governed by tbe pricing of &luminium 

winding related to that of copper. If the copper 

windings of a trans.former are replaced by aluminium 

windings of the same size, at a temperature of 75 °c 
the ratio of their willd.ings may b3 e.xpressed as 

9 cu .9 al :: o.79 pcu 

where Pal am P cu are the ra till.gs of tra.nsforme rs 

with aluminium am copper win.dings,, and f cu and ~ al 

their corresponding resistivity. If the price of a 

copper-wow:ri trallsformer of Pcu. I-ating is P~u.' am 
for the sake of comparison its rating is reduced to 
that of the al u.miniwa-wound one, its price will 

become P~u ; am since prices change with the 3/4th 

power of ratings, we thus obtain 

Fro• a point of view of production costs, aluminium. 

usage will be more economical~ if the reduced 

pi-od.uction c~sts brought about by the reduction of 



rating in a copper-wound transformer Pcu = 0.84 Pcu 

are high! r than tho&e of a tran.sforme r with 

alwai.Jliu.m wind.illgs of tbe same rating. 

! transfar1113r is economical, when both its 

production aDi operating costs aay be kept at a 

ainimum. When a transformer is designed in this 

manner, its aluminium wildings are even less 

utilized than ,ould be tbe case if tbe same theraic 

laad were to be striYen for as applied to the copper-

wound transformer. While with copper windings tbe 

most economical cu.rrent den.si ties are in the 

2.5 - 3.5 !/n2 range, with aluailrl.ua Ebe 
corresponding figures are 1.5 - 2 !/u'. 

In Fig.14 the ratio for total production and 

opera ting cost.- be tween alu"inium-wound aJXi. cOpJ>i"r-

wown 25 KV! alXi 4 llVA transformers Sal/Scu is 

plotted against tbe relative aluminium/copper 

pricing K81/Kcu ba8'Jd on 1974 metal prices in 

HWlgary. It will be observed that in case of the 

high-output tra.nsforatr the use of aluminium 

wi..Ddings, aJld in case of tbe smaller output one or 

w'!Ere tbe aluminium/copper ratio falls to or 

belo11 o.a5, tbe 1.1&e of copper-wi..ndingR is aore 

cost-effective [3] 13~ • 
Metal and power prices may vary with each cou.utr,, 

but it may be accepted as a general rule th.at 

below a 2.5 MV! rating alu~inium-willdi.Dgs are aore 

economical than cop;>er-windings. The recognition o! 

this is tbe aore important, bacau.~e ~ of tbe 

world• a t-:-..MJ.~i.orma r production u.;y be accou.uted 

for by ratillgs ams.ller tti..n thia. !a tor ratiraga 

beyond 25 MV!, far reasons of size, tbe use ot 
al umi.nium willd.ings is not practicable. 
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Fig.14 - Relativ~ total production ani o~,rating costs of 
aluminium-wound and copper-woUlld transformers 
plotted against aluminium/copper pricing 

Special mention bas to be aade cf d.r,- ~~rans!orme rs. 
Here the windings takB up most of tae GI•ansformer 
space, therefore tbe application of aluminium 
win.dings is throughout economical an:i pr~duction 

C0'3ts too are lower. 

In view of the loads am sizes involved, the best 
aluminium winding material 1 s half-bard wir-1 with a 

conductance of 35 :i , a tensile strength of 

110 N/mm2 , an elon·;11tion at rupture a! 12~ ain a 

Brinell hardness 0 200 N/m.m.2 • 

Lately, up to 4 YVA ratings, aluminium foil windings 
too are used both in dcy &Ild oil-insulated 

transform rs [2~ @OJ Their advantages may be fiummed 
up as follows: 

- Better ~at disaipa ti on in tb.e windings 
- Increased resistanca to short currents 
- Impro~ed voltage distribution caused by impulse 

voltac;es 
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- Windings leadi.Jlg themselves well to 
auto.a ti on. 

Tbe gauge of 99.5' purity aluminiua foil used in 

oil- a.a:l plastics-insulated tra.ns!oraaers 11 

ranging from 0.01 to 0.4 millimetres; above this 
gauge al uaillium strips are used. Hungary is 
118llu!acturi.llg at present up-to-date plastics­
-insil•ted alUll1niu11 foil dry transformers 
w:der a special lEG licence. 

4.16.2 Capacitors 

The rising growth rate of electrical power 
consumption calls also in the wattless power 
!ield !or tt. setting up of more capacitor 
sub-stations. Up-to-date liquid-dielectric 
high voltage &Di dry lo~ voltage capacitors 
are made almost exclusively •1th aluminium 
!oild windings. The minimum 99.9" purity 
aluminium foil necessary for this eirl is of 
0.005-0.120 ll1ll gauge azrl 60-400 aun •id.th. Tb.e 

foil surface bas to be clean, even and oill9ss. 
Fluctuations of more than l~ in foil gauge 
azn unsuitable heat-treatment detrimentally 
affect capacity am production cos ts. 

4.17 Road vehicle accessories 

In designing road vehicle a, thare is nowadays a 
markad trem towards weight reduction am eoe rgy 
savings. In view of this, at various research 
institutes of the world efforts are wrler way to 
test the substitution of traditional copper 
conduotors am coils in mot~rcars bj aluminium ones • 
.Ace ording to la teat prognostications there ie a 
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fair chance for aluminium to replace i.Jl ~be long run 
copper usage in this field, pr~vided suit6ble methods 
•a;y be devised for connecting and fixing aluminium 
conductors in a reliable am econo•i~al manner 

involving tbl least possible voltage drop. 

At present, the developi:-ient of a flexible creep­
resistant aluminium alloy aDi efficient low-voltage 

/12 V/ contacts are under way. The application of 
these on a commercial scale is E.nticipa ted in the near 

future. 

4.18 Lie;b.ting gear 

T.be use of alruiiniu.m in th.is field is determined by 

its fJllowing properties: low specific gravity, 
corrosion-resistance, attractiveness a.Di good 

reflectance. Accordi~gly, aluminiua under this heading 

is predomi.nalltly used aa lamp casings and •irrors. 

Low specific gravity is a.n important consideration at 

points wb.ere economies are striven for not so much by 

tbe lightness of lamp fittings but by the sear 
holding th.em. This is especially the case at sites 

where numerous lamps are illatalled in closed groups, 
as e.g. in sports stadiums wbere often 60-80 

spotlights are to be held by each pole. 

Corrosion-resistance is an imp,orte.nt prerequiai te in 

all ligb.ti!lg gear used outdoora, whettnr it is a 

reflector of sparts grou.m.s, a factllcy yard or an 

ordinacy a tree t. lamp. Outdoor lighting gear bas to 
last at le as t ten years ar more. The surface of 

aluminium mirrors bas to be provided with anodic 
oxidation. Although such a surface tends to reduce 
somewb.a t 1 ts re flee tance, tbe in.creased hardness 
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and resistanca to wear thus arrived at may permit tlle 

cleaning of such gear at regular intervals. 

Attractive appearance of lighting gear is especially 
desirable if used indoors. For this end the aluminium 
surface has to be provided with bright polish or 
dye-anodization. 

Reflectance is a fundamental requirement in case cf 
reflectorss street lamps aJD. indoor illuminatior. 

To enhance reflectance, 99.9~ high-p~ity aluminium 
is used with 0.5 - ~ magnesium added. The brilliance 
of t~ al u.miniu.m surface may be arrived at by 
chemical, electrolyttc or mechanical polishing or a 

combination of these. 

Hungary is an exporter cf lighting gear to a great 
many countries. ·rti. mass-manufacture of such itea.s 
calls for automation. ! recent technology uses steam 
pressure in applying aluminium onto plastics 
surfaces. However, the heat resistance of such 
mirrors is still limited. In using light scurcea 
where elevated temperatures are involved /mercury, 
halogen and sodium lamps/ tbe use of aluminium 
mirrors is more feasible fro~ a technological and 
economic point of view. 

4.19 Electric motors 

The windings of electric motors is usually made from 
copper. The reason for this i.\;i tbe higher specifi,c 
resistivity of e.lumin11llll. 

iluminl.um vi.ndinga for this end are as yet not too 
widespread and arfJ more or less limited to amall 
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motors. But eYen in •all aotar• tb.a7 are not gainillg 

ground, for moat o! tbl latter are o! the co1111utator 
type, where alu111nium 11181 not be readily \!Bed because 
of the oride !ilm formed on 1ta surface. 

By contrast, in ca•• at rotor 00111 at 1,ncnronous 
motors: aluminium with its one-third of speoitic 
gravi~ :onsiderably reduces centritu.gal force. In turn, 
the coil grips too are exp\l1ed to smaller load and may 

be reduced ill size, leaving •Ore apace for mounting 
the coils. Thanks to ~ht. arranp•nt, aluainiua ill 
such cases may be llSed with advantage. 

Some engi.ne~ring !il"lls specialising 1A transformer 
winding material bave also takeA up t~ 111.llafac ture 
of insulated aluminiwa wires for rotor coils as well. 
Su~h wire is rown or !lat, flU"Jliabld wi~ enanel or 
glass-fibre etc. insulation. 

At present, in. each country the relative pricing of 
aluminium am copper will de te~ill• which o! the two 

alternatives is more ecana11ical. Many m~tor 

manufacturers have gone over to using alu.miniua rotor 
coilings, deriving considerable technological and 
fillancial benefits from applying specifications of 
wire aai insulation beat' suited for tb.eir particular 
technologies. 

4.20 Up-to-date installation egqipmtnt 

The electrical engineering iJ:ldustr.r is WJing large 
quantities of alUDliniu• in switch equipamnt as a 
conductor or structural material. 



- 12l -

4.20.l Aluminium conductors 

For the transmission of heavier power aluminium 
.:cill1.uctor bars are now widely used. In designing 
and i.n.stslling them three parameters have to be 
taken into account: their specific gravity, 
electrical conductivity arrl mechanical strengtb.. 

From a specific g!.'avi ty point of view, 3lw::.inium is 
obviously superior to any other conductor material. 
As fa1· a~ conduc ti vi t:y is concerned, in theory it 

would be best co use aluminium of as high purity as 
pussible. However, in applying an aluminium 

conductor, certain requirements as to mechanical 
::;tr-ength bave to be complied with. Therefore, in 
actual practice, such aluminium alloys bave to be 

siverr preference /.AlMgSi0.5/ which may relatively 
best meet bo tb. a: these re qui.re men ts. In tb.e 

installation of conductor bars, tbe greatest 

attention b..as to be devoted to the expert handling 
of contact s~faces in joining, connectiug and 
fastening them. 

Releasable joints may best be made by screwing the 

conductor ends to~etber. In case of extra thin 
conductors, tb.e looping of conductor-ends too is 

possible. The contact resistance of screwed 
joints will always depend on how they were made 

Qi~. Contacts may never be really effective, 
unle as from the con.due tor terminals to be fitted 
together; t~ oxide film formed on tre alumin:.um 
surface - whicb is a poor co.u.ductor -, had been 
removed or the conductor errls had been coated with 

a metal of good contact properties4 Good contacts 
may be arrived at by cleaning tbe terminal 

aurfacPs urrler a layer of vaseline by applying zinc 
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partic1~s suspended in vaseline /Desox paste/, by 

electroplating t;he contact surfaces /e.g. by silver, 
copper or tin/ or by metal-spraying them by a metal 
of superior conductivity to that of aluminium /~.g. 

copper, silver, etc./ ~~ • The EXCONAL t;ype of bars 
develop~d by ASEA of Sweden comb;~ tbe useful 
featl'.rea of aluminium ani copper by a <'Opper foil 
bei.a.g pressed onto t~ aluminium co!lductor /see also 
sub-chapter 5.1/. Of the volu!DB of EXCONAL bars 85~ 
consists of aluminium ani 15J of tbe copper-crating. 
Such conductor bars may be joined as if they were 

pure copper ones. 

Per!IlElnent joints a~ made either by welding or 

pressure [)~ • Welded joints are better conductars 
than releasable ones, being not suscei;tible to 
transient resistance rise. Their welding, however, 
is unwieldy, calling for ca~ in select~g a 

aui table method arrl. technology ~~ ~~ • 

Permanent joints by pressure are made e.g. in case 
of stranded cables, or by cold-ext~u.sion in case 

of connec ti.cg foil condt.tc tors [3~ @~ ~~ • The 
joining of cable wire ends is do~ either by cold­
extrusion or pressure clamping /see also sub­

chapter 4.13/. 

4.20.2 Metal-clad bars 

To increase operational safety at the consu~rs' 
e.td several armour-clad distribution systems have 
been developed. 

Such systems are spread out throughcut the works 
are~, permitting individual service lines to be 
linked on swiftly. O.i.D.g to certain difficulties 
in installation techniques, often preference is 



givt"' to usi.ns copper for this purpose. Howeve.::', VBLJ.! 
of h·.mge.ry has developed an effective technology of 

co~r~cting such branch lines to aluminium conductor 

bars ~ither permanently or with the aid of suitable 

plugs /see also sub-chapter 5.1/. 

Metal-clad bars are us~d in power works an:i 

distribution systems to connect generators arrl 

transformers l}~. Each phase of the bars is 
se~arately metal-clad, this arrangement pra~tically 

excluding the possibility of tusbar short-circuits. 

4.20.3 Metal-clad ecuinment 

Calculati~ns bave demonstrated that structural steel 

in equipim nt handling heavier than 1, 000 A po·..qer 

tends to give rise to considerable secondary currents 

and losses, which at around. 3,000 A no longer 

perinit tre use of such designs. Hence, in 

installing equipaent far heavy curents steel is 

not a sufficiently safe structural material an.1 has 

to be replaced by an aluminium alloy G~. 

Aluminium as a structural material is also ~aining 
grourrl is outdoor switchgear, wbere corrosion and 
maintainance costs may thereby be reduced to a 

reasonable minimum [4~ 

Into such metal-clad aluminium switchgear only 
electrical equlpmen t des tined for indoor use may be 

mou=ited. The erection of sub-stations housing them 
does not irrvolve considerable building capacities 

~~·This is an important point especially in c&se 
of exports, where sufficient building capacities 

are usually bard t'J obtain. 
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Hungarian iild..u.s try tld. s s::; :a:- .f-lrn:.sn.ed s:.ict. 

awi tchgea= fJr some 5C· ~as turbine power wci~ks 

~xported. a broad. [+~ . 

The use of alumini:..i:n :r. out:::oc.:: t:-ans:orme:- st.:D­

stat1cn.s tou present simila:: 3dvar:~ages l;~j. 

An interesting example of c>.L.;.Jli!liL.:.m usage is sul.f..:I'­

hexaflu::i::-ii~ gas protected hi~-vJltage meta~-clad 

switchgear, wber-€ botC. tbe conductor bars , .J'.)<.:i 

equipment are mounte~ into a~ alu~inium a:~oy Dod7. 

a.20.4 Outdoor switch eguipment 

Y:..I ra.::J.ge are as a 

rule :: outdoor design. S8me ap;ilies also to m:ist c:' 

the bus oars u.sed nowadays, ma.de frJ rn an al.umini~c: 

allo.1 i.::: rt.e :'ora.; of a strB.~ei ::J.:::i1:.ict:Jr c::- c1be. 

builiiu.~ J i..l. td oO:;:- s uo-.s ca :;-1 :ir:..:.: wv it:::.. Xie tal-c la~ 

switcbgear in.sulated by sul:.u.:--:-... exa:'lu::iride gas, 

permitti:1g considerab.;.e s;;ace e...:onJ::iies. Under e:. 

licence from BBC of Swi ~zcrlan.G., the il' manu:f'ac r·T~ 

was taken un by the Ganz Electri::a1 Norks of 

Hungary, ~uiJ.ding 12C k'/ arrl .+OiJ k"l transformer 

static~s of this type. 

Sulf LL..,.._nexafluoride gas ::..~~la (;~d me t<,.1-c..:_aj 

e.J.ec..:t:::-ical gear /circuit nrea:-:e:.·s, measurini; 

awitcbeA ate./ are also used eftect111~ly in 

tracii ti anal nus bar sutJ-3 t3 t;i on:j. 



4.2 Cbemical en9,.neering and food .erocessiE£_ 

Earlv in the histor:v of aluminium had the ccemical 
~ ~ 

engineering and food ind:..i.s t:'ie s ante red tbe field as 

major buyers of equipa:ent wbere thi..s material :s 

ap~lied for structural purposes or where they are using 

it for different packaging arrl storage ends. The 

progress o:f. aluminium in tbese sectors may be largely 

attributei to its corrosion resistance, its anti-toxic 

pro~ ::rtie s, its workability, small specific gravity 

arrl last but not least to cte fact that :in most cases 

i.t lends itself well to replacing tin. The momentu.m of 

this growth, however, has recently slow~n down some~h.at 

owing vG certain new developments in mcrlern te:hnology. 

~b.e eCIErgence of stainless steel and plastics, witn 

sllbseq_:.1.ent price reductiol'ls of items wade fl.':::irr_ tb.ert, 
tias within the last ten years made certain inrr;.:.:G..s on 

the ~ :.im.i.r.:.:.ui:c market. To keep pace wit:, such 

com~>~:..i·~ioL., serious e:forts we~ "J.lld.e::-tai..en to find. 

new aluminium cutlets, tr:i uprl.::te al::: ones arrl ~o 

d.evel :JI; new ~ech 'J.Ologie s ;;e rmi t ting large volumes c: 

such it~illS t:> '::e m.anufactu::ed with utmost cost­

effectivin.ess. Accordingly, tre selection of aluwir..iua: 

items in this :ield is rapidly changing, with utility 

cycles tend:..ng to Decorre shor~er and shorter. Tue riar::s 

of introducing such innovations are greac; this 

necessitates a very tl:lrougb appraisal of too marKet 

sttuation in each case, with special regard to 

circumstances prevailing on site. 

4 .~l Tr1e use of aluminium in chemical engi.neering 

Tbe great Lt.:adwHy recently aiade by tb.P innr~<; ~-c 

arrl orga.nir: chemical engineerinr:; indu:1l"°i1-:· 

c;_1lls for rr.Jre .riDpbisticatc:d cie~dT;u~ -:;~ ;itJr·a 1 .:.:: 

toinks au:i L!-ans;.art contc,ir1err~. -~,. m&L:' 
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instances tinned copper, tinplate or lead-coated steel 

us~d earlier as a structural material, could no longer 

meet new and increasingly stringent requirements. In 

vie~ of this, aluminium with its good corros~on-

resisting properties arrl lightness bas in due course 
gained grou.r:rl for such usage /e.g. oxigen, nitric acid, 

acetic acid manufacture/. At first, the high prica of 

stainless st9~1 bas favourably affected such trends. 
Meanwhile, stainless ~teel prices have fallen and 

opera ting e.rperien:es in aluminium. usage ba. ve become 
more widesp~ad. At present, these two underlying 

factors determine a g.'T'.'ea t deal wbe re airl how aluminium 
:o.ay be used with advantage in chemical engineering. 

Tb.e present study is not destined to deal with 

prototype or customi~ed work. What is aimed at is to 

point to some specific areas where large quantities 

of aluminium are used by tbe c be mical engin.ee ring 

industry as a structural material in making silos, 

tanks, ~=·ansp'.:lrt containers and auxiliary equipment. 

Each of these groups is to be discussed according to 

its ioorits arrl in relation to otb.er structural 

materi ...ls as potential competitors. Concrete examples 

will be given as to t~ manufacture am use of 

- storage silos 

- tanks, transport containers, 

- air engineerin.:. equipment arrl tubing and 
- cladding of insulaced tubes. 

Storage silos have grown in importance since plastics 
manufacturing arri processing capacities are 

throughout the ~orld expanding. They are especially 

in demand in PVC an:i polypropylene factories. Their 

sizes range from 150 cu. metres to 500 cu. metres. 

There are also smaller units of 50-150-cu. metre aize, 

- ---- ---------------------·---------
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us~d for intermediate storage at different stages of 
the manufacturing process. 

Stationary a!ld mobile c8ntai.ners are predominantl~ used 
in tbe manufacture of light chemicals, phariaaceuticals 

aIIl paints. The mobile variety is also used in the 
transport of concentrated nitric acid, acetic acid and 
soa!l products of the oil irrlustry /e.g. petrol, liquid 
gas/. The manufacture of liquid gas tra.'1sport 
containers calls fa!'.' e;rea t experience. In Hungary fr 

~ore than 20 years 0 .5 - 25-li tre aluminium liquid gas 
bottles and cylin:iers have been used with advantage, 

made by wall-reducing deep-drawing. In case of the 
25-litre cylin:iers, a weight saving of 3 kilogrammes 
per piece could be arrived at, compared to their steel 
counterpart. Moreover, al umi11ium ones need not ~ 

re-painted every three years /see also s~b-cL~?ter 5.2/. 

A~.r-coolers in chemical engineerin.6 usually consist 

of ribbed aluminium tubes or aluminium ribbing 

eobracing a steel, acid-proof steel or copper tube 
core. Such tubes with pleated transversal ribbing a=e 
as a rule made at the semi-manufacturing mills, 
featurin~ a special tech~ology. /For know-how see 
sub-chapter 5.2;. The largest cuatotIErs of aluminium 

ribbed tubes are oil refineries arrl chemical 
engineering works, where such coolers form part of 
complete heat-exchanging systama. 

As for air conduits of tb3 chemical engineering 

ind us try, tbe use of flexible aluminium tube3 made by 
continuous edge-rolling of aluminium stripe is 
steadily gaining ground. Ill square-section. sh~~;: tube 
design tbe zinc-coated steel variety is still 

widespread, but alwninium tubes - with special r~gard 
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headway far use in.side works prem~ses or employed as 

flue stacks. 

In chemical eng1.ne<.ring m ~st insulated tubes ·'18. ve to 

be provided with an extra ~rotective coating. ?or 
this end, usually aluainium strips are used, being 
:orrosian-resistant am easy tc ja.ndle. Zinc-coated 
steel strips bave by now al~ast completely been 

replaced '":Jy al um.iniWll ones. 

4.22 Alumi.n..ium usase by breweries ani dairies 

Brewing of beer aai processing of milk are age-old 

pursuits Jf 1:28.DJtind. For seTeral centuries past, for 
:;his purpose equipc:Jen t :uanufac tur~ exclusively fr-J ~ 

tinned copper, wood ai:xi lacer ~inplate had been used. 
The use of 31 u.minium in this fi~ ld iaay be dated oack 

to tha 19;-0's. Bxp~rienc~s over several decades have 
amply demo~trated that designs of aluainiua 
manu.f'acturing and storage equipment in breweries an~ 
dairies are not only ~ore econo~ical in ~se, but 
also present numerous technological advantages ill 

view of certa:.~ properties of alui1linium. Though these 
advantages have been referred to Lu sub-chapter 2.14, 

let u.s briefly recapitulate them, as far as this part 
of the present study is concerned: 

- Aluminium ~ th.e PJ'ocessing and a torage of beer an:i 

dairy products is never attacked by any substance 
it gets into contact with, except for sour milk, 
which has a slightly aggressive effect; 

- In contrast with equipment arrl tr&.nsport contai~ra 
/e.g. ~ilk canJ/ made !ram tinned copper or 

tinplate, aluininiua oms require no maintainance 
whatever; 
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- Witt aluminium lending itself well to plastic 
deforma~.1..~n am welding, it is id.eally fit for the 

cost-effective cnc.ss-production of containers am 
o tbe r items /beer casks, milk cans etc. I. 

In using aluminium in breweries and dairies, the 

following considerations too have ~~ be taken into 

account: 

- As a raw material only copper-free smelter 
aluminium /with a maximum. copper content of 0.1% 

according to DIN, and 0.2-0.3~ according to some 
U.S. standards/ may be used either in unalloyed 
form or alloyed with maximum 3% of magnesium or a 
combination of maximum l~ magnesium, l.~ silican 

and 1% tIBnganese; 

- Preference is to be given to one-piece deep-drawn 
designs. Accessori.es - as far as possible made 

.from ttE sa~ material as the deep-drawn body -

my only De ~ained by shielded-arc welding; 

- Special attention has to be devoted to the 
cleanliness and fresh air supply of workshops 
and storerooms; after finishing pressure tests, 

tb.e equiptrent tea to be dried, so as to avoid. 
t~ detrimental effects of condense vapour. Also, 
in the layout of equipment it should be 
remembered that an aluminium O! ~ calla for 

increased space; 

- Inner s'-l.rfaces getting into direct contact with 
beer ar milk have to be smooth.ad out by d 

suitable technology /e.g. mecbanical polishing/; 

- Organic coating may only be added onto primings 
a1,proved by tb.e heal th-authorities. E.g. the 
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inner resin-coating or ceer casks May uuly b~ 

applied to an electroforaed anodic oxidation-based 
priming such as developed by the Refrigerator - -
iVorks cf :iungary C'-2_\ • /See also sub-chapter 5. 31. 

- All equipment arrl transport containers have to be 
kept scrupulously clean. According to sxperience 

in Hungary, dairy equipcnent may best be 
sterilized with the aid of a water glass inhibited 
solution of formal; scale forming on tbe inner 
surface of beer tanks cray best ~ removed oy 

using silicon earth soaked in a ~extrin solution, 
to which 10% nit: ~c acid had been added 
previously. The latter bas to be flusbed out by hot 
water 24 hours after it had been applied to tb.e 
surface [4~. Soda and as inhibitors certain 
solutions containing sodium metasilicate or 

trimetallic sodiuD'l ortuephosphate, too, my be 
used with advantage. As to how an alu.miniu.m 
equipment containing steel components may best be 

cleaned, Du Font's No. 2,948,392 U.S. patent is 

giving a de tailed answer \~'+l .. 

However, despite its many useful properties in this 
field, aluminium bad been faced in the last few 
decades with serious an::l net unsuccessful 

competition by stainless steel. The position of 
aluminium becalll! precarious when the re lac i ve 

pricing or' stainless steel decreased and wb.en fast 
but aggressively reacting detergents came into use 

GS\· The present situation arrl future outlook far 
tbe next ten years in this context may be summed up 
as follows: 

- In bo tb. in.dustrie s al umLnium is to keep its 
position in case of mass-produced trans~ort 

vessels arrl containers /be~~ casks, new ty~es 
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cans/, large stationary or mobile co~tainers, as 

well as storage tanka where good tner~al 

canduc t:.v i ty is a S?ecial requirement; 

Stainless steel is to win gene~al acceptance for 
more sophisticated equip:nent w·n.ere frequent 

cleaning is necessary /e.b.thicke.:::iers, milk 

se,t:iara tors, etc./. 

4.22.l Aluminium ~~a~e DY breweries 

Today t~ major ;.;a:-t of equiprnen t used ty m~ e.:.'n 

breweries is made f:-oui alu.:iiniu:n, coa:;leeely 

d:.s~~acinE ear.:.:.er wocx:i arrl tinnej co,;. t-ier usage. F:::r 

stc:-:.i._;e, fer~··ntation cir:rl. trans~'.Jrt, lart:e walloyed 

al :1l":iniua: tan.lr..s of 5-10 ::;illime tre tb.ickne ss are 

ecr.;:loyed. :'be coolir.g '.Jf tr.e large umergrou.n.:i 

fermenting a!..rl storage caves too is pre.:e:-nbly ::ione 

~y aluminium heat exchangers ani pi~ing. Alu~in~u~ 

a:;-p3ra tus may also De used with adv'1ntaEe 1".lr t:-ie 

sacuraLon :if beer with carbon dioxide. Bsilins 

vessels ba ve in several ins ta nee s too been :iade fro rn 

alumir ium, replacinJ tinned coriper. Recent.; shifts in 

tbe relaLve pricing of uluminium and stainless steel, 

as well as tbe greater ease of cleaning equiplllent 

made from t~ latter, have c3used a setback in 

alumiLiu.m LIB age. However, for tbe next ten years 

or so, the position of aluminium as a structural 

material of small beer casks /25-100 litres/ seems 

to oe firm arrl uncontested. In weight, an aluminium 

cask is only one-third or one-!ourtb tbat of a 

1V"Jden C3sk. As a fu=tber advantage, it needs no 
maintuinance. Aluminium beer cask.s are usu~ 'ly made 

f:-om an 2:Je-hardened Al.MgSil alloy by ,joining t;wo 

deep-drawn halves uf their body into one by mean.s 
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o~ shielcied-arc welding. For reaso.:is o~ p:·s tee ti :m 

a.rri hygiene, tb.e inner su.i:-face of tb.e cask is 

either plated ·i11ith a 9908% pure aluminium :.ayer, :::r 

a~ter being given a proper pri~ing~ coated witt a 

synthetic-resin 5.1~ burned onto the inner cask ~Rl:. 

~he second al:e:-r.ative enhances tte cher:nical 

resistance of the inside o: t::..e cask against 

aggressive a gen cs, periLi t cing its . .lSe als a :':r o tb.e.:­

pu.r;i oses as well. In Hunga:-y, at p.:-esent lO·J,-:cc 
suet beer casks are manu.fac :urei annually /see s.ib­

c~a; ter 5.3/. Recently, after a E.:':..tish design 1 3C 
ax 50-li.t:-e so-~alled "Keg"-:y;.e beer casks have 

I -

come i!lt: use, whict. are easie:::- tc tJanu.:ac t:.ire 45 · 
(_ 

Fi.g.15. 

As f'Jr aluminium beer cans, ;;b.:..:3 subject is de2l t 

~ -----

p;aSi1--' 
---\.=----

c: 
I _.;:.,~ 

<:--=--~-=---==--=----= ~ 

{---~~--------
-----~----

F'...C".lS - "Keg"-type oeer cask witt three c_rcu1ar :Jear:is 

an:i welded tap-ho le 

.+.~?.~Aluminium usage by tne dai1·, ~ndustrv 

In dc..i::-ie:J operating on au :.:.J.11.Jt:,1·:...al :.J'~al·· c:.e 

_;:;1tu-·t~o11 ;;..3 '""o ~ ·1 1'p,,,,."'n' · t; ~. ..... _ ~ ... ,J·-i..... ....t: ,, . ::.. :_1; r a r-:1 ·:.~;es 

/:·in~<::i.ir..er3, ~Y.;lers, p::i.~:t· ·. ·i.1~::-·'.J, et,r:./ 

~li..ail:-:i.r to th;J~_ aft~ hr•.!W~r·ir:~ •• In l'J:lbl1·-..i.'iLr); 



- 133 -

cool_~s anl heaters a combillation of two metals is 
gaining ground, their outer hull being made from 
c:.l uminium and. their inner body in direct contact 
with milk or milk products from stainless steel, so 

as tc permit easier cleaning. In coolers arxi heaters 
the use of integral tubes in aluminium sheets /e.g. 
so-called "roll bond" shee ta/ is widespread. Easy r: 

manufacture, in actual ?ractice they are of high 

the~mal efficiency. 

Ill collecting arrl distributing milk, alW!linium 

trans~ort milk cans bave coMpletely displaced 

earlier designs made f:-offi tinned steel. With tl..llnin.g 

every 3-4 years no longer necessary, deep-drawn 

aluaillium cans manufactured in large series with 
high productivity have won universal acceptance. ~o~ 

~asons of me:banical strength am economies ~L 

ruaterial, in their manufacture tbe use :if J.1Mn1 aoi 
3ge-bat-d.ened Al~gSi alloys are steadily gainL~g 

ground.. A new wall-reducing deep-d.ra.ving technology 
is highly e f:!.'ec t .i..ve in !!Er:tUfi:Jc turing large series 

of 100,000 cans ann'..lally /see sub-ch.a1Jter 5.2/. 

In up-to-date technology too chain o: operations 

from collecting milk ~P to i~s storage bas recentl,.y 
t..md.ergone great cbanges. Milk bas to be kept c::iol 
even in smaller quantities a;; the farmer's end 
until called for by larger transport vehicles 

fitted with coo le rs. Hence both the storage tanks 
and tr&nspart container::i hav~ to be coL.otrL!.cr,,:;. 

with double walls. Their 0 11thlf!,... bu)] 1inl n~~ Leet 

e:..:-cr.:.n.:ers /pipe coils r.a,.. othar.s/ a.,., t:.au.•: .:.~ o:n 
· ·- 1.im: n i ;.J.m. As f '.Jr t b.e n I.. r.ne r (;CJ1:ly -~ (~ ,1 i_re:: t 

.:1_-,t,,··t wir,~ rniix, tkY: 

:.·€-- /'-..! C:":·1r:.I,,,I. 

' ., 



For packagi~ milk and milk products see sub-

h t 4 ·- ' ' -:i4 c ap ers • .:..) am .:+ • ._ • 

4.23 Aluminium cans, boxes, lids, bottle closure3 ani 

collapsible tubes; substitution of tinplate 

Tinplate used to be a traditional material of 
pack.agin~ in making cans, lids, bottle closures and 

sundry otber items for the fo:Jd industry. In up-:o-d.ate 

practice, however, aluminium is more arrl more 
displacing tinplate for such ani similar ends. One 

reason far this is ta be found in the world ~arket 

price of tin. 

'Norld tinplate produc ti Orl, tho ugh growing at an annual 

average rate of 9-10 per cent, is insufficient to m~et 

~ctual world demand. In 1976 ~orld tin p~oduction 

/excluding the Soviet Union, China and other centrally 

planned economies/ totallei 178,000 tons, devoted to 

tne following end-uses: 

Tinplate 40% 

Soldering 25% 

Bearings la}G 

Chemical engineering 8% 
Surface coatings 5% 
Other ends 12% 

As will be observed tinplate manufacture ranks first 

in tin consuruption. 

Perh.aps nowhere is competition be tween al :.Jminium and 

other materials so keen as in the packaging field, 
espacially in relation to ti.nplate. A reason fJr this 

i 3 ta be f o u.u:i in the prod u c t i on c o s t s o f rn cxi e :--n 

packa1:-;inc items, which are often hip;'.cr than tnJ::;e 
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of the s~bstances they hold /e.g. cosmetics, some 

foodstuffs/. The selection of an economically and 

technologically feas~8le means of packaging may 

therefore consideraDly reduce overall production 

costs. 

Some 75% of aluminium packaging is used by the food 

industry. Demand by this sector is therefore of 

param~Wlt importance in dealing with development 

trends. 

At present, competition is keenest in tbe packaging 

of canned food arrl beverages. A typical example of 

what benefits may be derived from selecting a 

suitable packaging ~aterial, is the aluminium/plastics 

comoination can developed by Reynolds Metals of USA 

un:ier tbe trade name of "FLEX-CAN" for preserving 

meat arrl fruit; it weighs 6 kilogrammes per batch 

of 1,000, whereas the same number of tinplate cans 

of comparable size weigh 50 kilog!'acwnes 3~1 . /See 

also sub-chapter 5.2/. 

Analyses conducted on an international scale have 

revealed a marked relationship between GDP and 

modern aluminium packaging. In countries with GDP 
higher than 1,000 U.S. dollars per capita, tbe use 

of beer arrl soft drink cans as well as of aerosol 

bottles - predominantly made fro~ aluminium - is 

risi.ng at a dramatic rate. However, the 

realization that such 2. correlation does ezist, is 

in icself not enough to swing the pendulum of 

competition in this or th.at direction. To make a 

realistic assessroont, circumstances preY.ailing on 

site, to~ must be taken into account, notablJ, 

whether or not suitable can-cl:larging machines, 

erpiprnent far making tear-off closures and other 
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s::..::iL1r l!acb.inery are availa::ile or ootaina:::ile to 

1e'I~ l Tc a modern fo :Jd industry. 

·rhe advantages of aluminiuc:i in this connection r:E.y 

be sumc:ied up as follows: 

?lexioility, nigh degree of workability. /:t;s 

mechanical strength in the unalloyed state, 

nowever, is smaller than that of tinplate; it 

would. ~e uneconomical to use; ev~n in a 0.3C-C.35-
willi~etre gauge it may not enslil'e sufficient 

mech.:;.nical s~rength; the~ef:Jre a suitable alloy 

has to be em~loyed under all circumstances/. 

- ~1g~£~ ~orrosion-resistance. /Tbe annual amount 

Jf aluminium ions dissolving into food owin~ to 

corrosion is under 6 - /C-milligramme per 
k:logramme of fond/. 

- .fuether or not fu.:·~isred ·.yith a resin-coated 

inner surface, no toxic c:ietal ions are being 

r"?leasej, /TLis finally solves the tirJ.-lead issue 

frequently encou.nterd with in 1sir:.g tin;: late 

ca~s; in packing meat or processed ~eat the inner 

s . .J..rface of t~ can never darkens; foodstuffs 

containing amin'J-acids of S 1.llfur c:rntent /e.g. 

fish, peas, cauliflower, etc./ do not enter into 

su.J.fide reaction with the can 1.1pon heating; 

- S~all specific g~dVity,perrnitting great 

economies in weight as exern~lified by the 

:~ollo·.ving cornparis'Jn of a 2'-+'J ml box: 

- Ma~<! from tinplate 77 .,. 
C.> 

- •. iade from aluminium 27 g 

- iJ;J (if: fMrn aJ 11m ini 11rn foil 15 g 



- 'Jn-to-date :iroduction line!J, rermittin~ g.:-eat 
~ - --

p::-od.uc":ivit:1 /800 - l,OOC pieces ;>er aiin~tie/. 

~he annual amount of '.!letal cans man;.;.fact;..ired 

throughout the world is in t':::e order of 200-210, JOO 

million pieces. The~r ~anufactu.re .:'equi:-es some 

8,500 million s~. ~ .res ~f thin metal sheet per 

annum; of this aoout lcJ% is aluminium, with an 

annual growth rate c: ~-5% 

related t;o tctal c8.Il '.Ilanu:acti..lre in 197-::- was as 

follows: 

USA 

.France 

Federal ;e;·u..olic of ·~rmany 

Norway 

United Kingdom 

·- .~ .i. / • v;o 

.iG • 2.% 

9.4% 

9.3% 
9.0% 

From 1965 to 1971 the a[:l:iunc :Jf aluminium used in 

::;te ".JSA in bcx rr.aD.uf:;c:tu.::-e h.as grown fou.r-fold 

against 1.3-tim~s that of tinplate. Jver the same 

period, tbe relative sh.are of aluminium has risen 

from 1.9% to 5.% ~~8}. 

An analysis of can production f)Jgures in to.e USA as 

rev~al-:-:i in Ta:.;les 23 arrl ;~4 is yielding interestiDg 

r-esults. Over ·-e 1'360-72 period, although the 

total turnover of f!:'uit arrl fruit juice cans has 

a~ 5,8CX>-6,0G~ million pieces remained practically 

constant and tbe Tlumoer of ve ge table arrl vegetable 

juice cans too has Deen stagnating, the number of 

al urninium cans manufactured has risen 

substantially. llb.ile tbe tu tal number af beer cans 

has risen ::-ror:.i 17,200 milliou in 1968 to 21,800 in 



1972 
7 

th~ .shB.!."'." nf ;::il umininm cans has grown from 

2 6~ "2. :z: °"'' 4. ~ to _,,_,,.70. 

Table_23. 

Year 

-
1965 
1966 

1967 
1968 
1969 
1970 
1971 

Tinolate an:i aiuminiu~ usage in cbe USA can 

manufacture comoared [1-8) 
/1965 = 100/ 

. ftluminium related Tinplate Aluminium to tin 

l,OOJ Per 1,000 Per Per cent Ind.ex tons cent ton cent 

4,40? 100 85 100 J.. 9 100 

5,591 126 113 133 2.5 127 
4,671 106 158 187 4.4 175 
4,997 112 189 222 3.7 196 
5,149 116 246 290 4.5 238 
5,4o? 122 295* 348 ~ 2§ ). 275 
5,715ji 129 34531 405 5.9 312 

* Estimate 

As fo~ soft drinks, while the total turnover has 

grown from 10,700 million pieces in 1960 to 15,LWQ 

million pieces in 1972, tbe share of aluminium 

has grown :ram 4.8% to 11.7% @6: • 
..I 

Aluwinium cans are usually made rrom cold-rolled 
e.nod1~ed <:lilli then S:_'l''lthetic res::.n-coated or 

~lastirs-laminated strif or s~e~c ~ade therefrom. 

~ne synths~ic resin film consideraoiy improves tbe 

c urrosi on-res is t3 rJ.Ce of the aluminium ,r~urface. For 

this end, an epoxide-, phenol- or vinil-based 

synthetic resin is used, which at 250-350 °c 
temperature will dry quickly /within 30-40 seconds/. 



Table 24 

CCln turnover in the USA ~~ 
/Estimate/ 

1968 1969 1970 1971 1972 

1,000 million pieces 

TinEla~e 

F.rui ts and fruit juices 5,9 6,4 5,6 5,5 5,8 
Vegetables arrl vegetable 
juices 10,2 9,7 10,0 9,6 9,1 
Beer 13,8 14,5 15,5 1-+,6 14,4 

Soft drinks 10,2 11,6 12,5 1,3,: 13,6 

Miscellaneous 22,7 22,6 23,5 23,1 23,6 

Tinplate, total 62,8 64,8 67,1 65,9 66,5 

Aluminium 

Beer 3,4 4,2 4,7 5,9 7,4 
Soft cir inks 0,5 0,7 1,0 1,3 1,8 

Alumir ium, total 3,9 4,9 ~ '7 
) ' { 

7,2 9,2 

Grand tr:ital 66,7 69,7 72,8 73,1 7~,7 

In developed countries, 70fo of aluminium boxes are 

used for the bottling of beer, fruit juices and 

other soft drinks. 

For packaging ends in tbe food industry, as a rule, 

tbe follow::.ng aluminium alloys .re used: 

Food canning A1Mg2 •5 /U.S. Standard Specification 
No. 5052/ 

Drink canning A1Mg1Mn1 /U .s. Starrlard Spe cifica ti on 
No. 3004/ 

Easy-opening AlMgMn 
closures 

/U.0. Standard S8ecification 
No. ~ 182 and 50B2/ 
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Usi.:ig lacquered ar:rl printed se~i-~anJ:ac~'.l:'es 

fc::-a:ed to desi.:-ed. sh.ape successi.,.,:l,j (??} 

In p::-oiucinf alumin:...:icr :a.:::s, the two principal 

cpe.:.-Jc.-:.ons involved. are t!:::t cncu.ufactt.<.re of thei::-

oc.xes u:.ade ov col.: e.rt!"USi'J::J. 

_;;:!:'::·..:~·ss ::i;y wr .. ich thin ali.lilliniur::: boxes c: ta.:..ler 

~ul~::: t~1ar:. :bt:ir diamete!' coul.::. ue p:-o~J.sec :~'cnr. 

~ne :,;_:!CE. For tb.is ew, 2-4-m::..::..limetre ttic~ sl1~~ 

a::-e J..::ed. wr,icn on beilli~ g~ven a s~ror.:r; ; .. :;,ac: ~c~..::oo.e 

3uJ:P~ly malleacle, whe~eupon tne sof~ al~~:.~_jc 

:'::.2w': ;;;_tt great for~e tt..!':lllgt::. ::':le gai- oetw~-.: '-' 

s1~~wa-~s /0.3-C.35-m~llimetre/, this 

.:.. J t .~ C'. onomica l in v le~ 'Jf the re lat i ·"el:· ... ei.:·~e 

amo..l.:l'::~ of material irn: cl·1ed. l'~ he:.gt..t: o: tbe 

::>oxes, toe, is limite1. 

J€e_;-.Qrawn ::ans arrl ::::i-:;.xes of small ~eigLt 1 4b 

·:he si'.iewal~.1 cif cans ~me. boxes r)roduced. n.1w t:r~::..o 

.::-ad; , . , ) tci2.ler ~c.an .::. .; -t:L11e3 

Ttif;y 1::'e mar,· .•. ,,· :.,:rea 1··· 3.J- ..1 ,hJ-t.;n 

.,,, 

; . '.:J.~>:: ' ' ·: . , ... ".". .:.. 



plastic def:Jrmation. Altb.oug2 upon bei:ig coll-:'::r:::ie·i 
the material considera::Jly b.c.riens, e\·en in it;:: c.a:-d 

state it remains suffici.e.c.tly pliatle. In tb.e :;:::::-ocess 
usually a 0.22 - 0.30-milli~etre r.lb.lf-ha:'d anodized 
and lacquered strip is used. The resultant ca~ is 
cylindrical, square, oval or elliptic. If the cans 
are manufact'.ll'ed in a plant distant from where they 

are to be filled, a conical shape may be preferable, 
permitting savings in space azrl transport cost3. In 
case of a 6 ° conici ty, sue h savings ill space '::l?.J 

amount to 7~. 

The sidewalls of the cans are some tice s re inf arced 

by ribs to ren:ier ttem more massive. The 0.25 - 0.30-

millimetre alloyed stri.ps are given a continuous 

lacquer coil-coating. 

Such cans are usually available in 100 to 350 ml 
sizes with inside surf3ces lacquered and outside 

ones lacquered or pri~ted, :or packing :neat, f~sh 

vegetables or preserves. 

Recent demand for such deep-drawn cans has been such 
tba t the :liinistcy of Fisheries in the Soviet Union 
decided to set up a 12,000 t.p.a. aluminium strip 
lacquer-coating facility at Dmitrovo in co~oination 
with a factory, where rouni and oval deep-drawn low 
fish cans and tear-off lids are cnonu.fac tu.r<:!d. The 
State Sea Fisb.eri Enserp"":se af the Gercian 

Democratic Republic too is operating a s~rnilar plant 

at Stralsund. [?~ [4~ . 
s~all capacity aluminium cans /100-200 ml/ ar~ 
widely useG. in r-;orway, Swi t~~r land and "'.·'nw"~ ~'-:- r 

p8.cking fish, paste ax milk. 



i~r1.l con.s<.A.w~ti~~ :f t!li~ ~lt1-ll!inium atrip used tn 
making food cans is es ti mated to be in toe order of 
2J0-250, 000 tons per annu.m, ::::-eplacing some 400, 000 

tons of tinplate. 

Despite the great difference in specific weight 

be tween tinplate ar..:i aluminium, owing to the po:>r 

yield of deep-drawing technology cauned by large 

s~rap arisings, only one kilograill.me aluminium may 

re:place 2 kilogrammes of tinplate [?~ ~~. A large 
p:irt 'Jf t~ cans is manuiactured by the canneries 
themselves, out big volumes are also purchased from 
specialized aluminium box producers /e.g. CEBAL of 
France, BOXAL of Switzerland. See else sub-chapter 

5.2/. 

Automatic Qeep-d.rawing p~oduction lines operate 
with nigh efficiency. The basic operation of 
deep-drawing il:. case of aluminium is simpler than 
tte :::;races sing of ti.npla te /cutting, forming the 

hull, soldering, flanging, capping etc./. Than.ks t: 

thi~ several high-duty presses may be installed 
for th:.3 e.rrl to operate aimul tane ously with great 
economies in space. An up-t".l-da te 200-piece pe.:­

minute production line iB fed by aluminium sb.ee ts 
cut to measure as diagrammatically represented in 
Fig. 16. 

The aluminium sheets are first placed on feeder /1/. 
To facilitate deep-drawing aaj_ to prevent tbe 

sheets from ripping, sheet surfaces bave to be 

oiled.. The PNr-.370 type automatic press /g_/ pw:icbes 
too sheets, t~ resultant discs being thereupon 
deep-d.rawn to boxes of sui.table sizes, with all 
unnece saary material removed from their edges and 
blown away as scrap. The boxes are then passed 



wnence cney are ~oved on ~y a 

band /6/, di spa ts b.illg t=:e m to a ~cad. i.:lg :l.3.C :.:...:ie '= 
piling thecn on pallets in. .:-egular 8a.;ches. :.>;l.~ec~PC: 

scrap is c:-u.s~ 1i an:i dis;;accb.ed ::o be ~~2.~~i. 

~· t1f-

~.:... 3. 16 - Au to ma tic pro iuc ti on li~ manu.f ac tu.ring deep­
drawn can.s aai boxes /Ka:::-g-.s-Haa::ner syste~/ 

Cans arrl boxes with diameters smaller th.an 90 
millimetres nave ta be deep-drawn by special 
presses operating with 2-10 heads simultaneously 
an:i turlling out cans and boxes at a rate of 
200-1,000 pieces per minute. 

As for wall-red~cing deep~rawing /ironing/, by 

r~is technology first of all cans of carbonic 
acid-containing drinks are made ill heights of 
1.5 - 3-tiaies tt;.eLr diameters. 

·rne origi.Jla l thicltlle ss of the Al.Mg2 •5 
or AlMgMn 

plai.n. unlacquere<i strip 1.18ed for this en:i is 

0.)0 - 0.50 millimetre. In tbe first operation i.'rom 



: n.e 

drawn; in the col.L:'se 2f the seconi operat~on the cup 
is ieep-d.rawn to a cylind=ical hull in a c~nventional 
manner; next comes t~e operation of wall-reducing 

deep-drawing, in too ~ourse of which the wall of tbf! 

hull is drawn througr. 3-5 rings, tbe bottom is 

sligttly raised arrl ~~ lower am up~er parts of the 

mater:al become rei:::':irced.. In doing this, the 

dia~eter Jf the bull ~s slightly reduced /2-3%/ aai 
its height stretc~s to more than threefold /e.g. 
f.:-om 40 millimetres to 120 millimetres/. Ttle 
production line is operating at a minimum rqte of 

200 pieces per minute, though up-to-date hit¢1.-du ty 

ones are known to turn out as mans as 600-650 
pieces per min:.i te. 

The sizes of cans produced by modern wall-redu.cing 

technolog:y are very favourable. The bottom of a 12 

oz. b~er can is o. 34 mil 1.irne tre am its hull 
- except fa:r its 0.30-millimetre lower and upper 
part - 0.125-millimetre thick, weighing 9 grams 
per piece. Its wall, howevert is strong enough to 

cope with tbe inside pressure of carbonic acid, its 
resistance being 70 N/cn.m2 • The weight of a 
comparable cold-extruded ~ox is 23-32 grarna. 

The wall-reduced can.s are thereupon degreased, 

their outer hull enamel-primed and passed throug~ 
rubber rolls for printing. Tne inside of the can ie 
epoxide resin-coated and both the inside 
ar:rl outside lacquering burred into the hull in a 

single operation. Finally, the hull is flanged, so 

as to permit its lid to be firmly secured after 

pa~king. This technology is designed to take utmost 
ad.vantage of t~ mecbBnical properties of alum:!..nium 
in making caus of any size am. height holding 
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~arbonic acid drinks in a co~~lece2..y steri~ized 

manner [? 5] • 

Ah1minium strips used in the process need not be 

coil-coated, but demands as to tectnolo~i~al 

standards are very stringent. Tb.is tec'in,,logy is 

gaining grow:rl especially in develc;:·e·l countries, 

where t~ use of wall-reduced deep-drawn cans is 

growing at an annual average rate Jf 15-20%. A case 

in point is their usage in t~.e USA as tabulated 

belo~ ~E]: 

End. u.se :ia te r!..al Gr-ow th ra ::e...; 
?~:- cent 

Carbonic acid 
dri~ks 

Beer 

Tinplate l~ ''.:362 l),482 
Aluminium 1 '77: t I _;.i.. 2,Jl7 ~ 

Tinplate l~, ?/9 14,017 

Aluminil.i:n s,9or: L., cc2 .. 
Total <+.:' -· ~-; 4 3, . ' 0 + 

A ~-r-eakup of irin.k-packA~i.!lg in t~ u.2. is 
estimated as oelow: 

Aluminium cans 30% 
rinplate cans 30% 
Glass bottles 40% 

2 • .:+ 

16. ~· 

6.J 
:;: 3 ~ 
./ . -

'• "'. '-' 

According to information by the Coors Company of 

USA, in 1968 investment costs of a 50 million-piece 
per annum facility amounted ta two ::iillion dolli:irs. 
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easy-opening lid~ /see sub-chapter 4.23.2/. In the 
USA at present 770,000 tons of aluminium are used 
for manufacturing drink cans, accounting for l~ of 
tte country's total al 11minium consumption. The fast 
rate at which aluminium drink cans gain grown may 
largely be attributed to tbe economical D'l.8nner, in 

which scrap arisings am the ma ter·ial cf used cans 
may be reclaimed. This is done by up-to-date 
continuous C3St wide strip mill~ such as the one 
sited e.g. at the Coors Company itself. Thia largust 
brewery of tbe USA is making wxier an AWOA licence 
4 million cans aIXi closures per annum, using about 
100,000 tons of aluminium. The Caster II type 
continuous cast wide strip mill installed at the 
brewe:cy arrl operated by a technology developed by 
ALUSU!SSE, is reprocessing about one-half /some 
50,000 tons/ of tbe aluminium used by the brewery 
annually in the man'1.fac ture of cans. /See also sub­
ch.apter 2.15/. 

In 1977 Interna ti anal !lloys Ltd. of the U .K. too 
has launcbed an experimental campaign for tbe 
collection of used aluminium cans from 5,000 

households. Its evaluation is now under way. 

4.23.2 Can lids 

Their design is similar or more up-to-date th.an tbat 

of tinplate, in that they are easy to open or to be 

torn off. The latter variety is availnble in two 
designs, a.epending on wbst the can ia to hold. The 

lids of drink cans /beer, soft drinks/ are designed 
to be partially torn off, wherea:1 iooat, fish and 
vege tau.ie can tops r.iay be fully opened and removed. 
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I~ the ~idd-Q of p~~tiAlly openable can taos tbere 

is a slightly de9ressed cuneiform notch thinned to 

0.09-millimetre gauge, fitted with a small riveted 
ear. On rai~ing the ear the thinned notch cracks 
ani on pulling its ring tbe can top opens. 

In earlier designs of fully openable can lids there 
is a 1.5 - 2-turn spiral depression from the top 
centre towards tbe edge of tbe lid, working on tbe 
same principle 9 with a tear-off ear riveted in tbe 
middle. 'rhis de sign has the following drawbacks: 

The pressure die necessary for making the lid is 
complicated arrl costly; 

- The tear-off surface is too long; 

- There is danger of hurting one's hands, arrl 

- The spiral design of the thinning impairs the 
rigidity of the lid. 

In newer de signs the lid i~; ou.~y thinned along t . ..e 

circumference of its rim. 1he can is not opened by 
a riveted ear but by a cutt8r, acci.ng as a two­

arcned lever simply reanving the lid. Tear-off lids 
are rrade from an A1Mg

405
Mn alloy /ASTM 5182 Hl9/; 

they are of 0.3 to 0.35-millimetre thickness and 

are epoxide resin- ~oated on one side; they have a 
tensile strength of 300-370 N/mm2 an:l a yieli point 
ranging from 270 to 330 N/mm.2 • 

4.23.3 Glass jar tops 

In packing preserved ,D _ - ~ 

J..UQU, certc.; ..... tochnol'.)t;ica1 
problems arise when glass jars ~ave to be sealed 

with tinplate lids. Notably, ur)on tbe rwat. 

treatment of sore food~tuff~, tt:t; n.:1E~ase1j :iulfllr 
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hour capacity. /&e also st:..b-chapter 5.2;. 

PANO lids are all-r".: ... :pose ones, rnanuf ac tured by 

PANO-ilerscb.luss GmnH. of tbe Federal Republic of 

Germany. Lids made therefroo are secur~d by 3, 6 

and 9-head ~achines with performances ranging fro~ 

8C:J to 12,000 pieces per h'.Jur. 

4.23.4 Bottle closures 

Traditional tinplate crown clo~ures ::if soft drink 

ani beer bottles could so far not be rgpla ced by 

aluminium on2s in an economical manner. By contrast, 

.several other speci.:.l aluminium bottlP clasures have 

been developed and in traJuced on a large scale. 

Alumini~m screw caps are used fo~ the closure of 

liquor am aperitif oottles. To keep tb.e bottle 

con tents be f'Jre their first opening i.a tact, they 

are fitted with a control ring, breaking when the 

bottle is first used. Depending on their height, 

they are manufactured by meau.s of single or several­

stage deep-drawing from lacquered ard printed strip. 

The best-known types are known as PILFERPROOF, 

TOPSIDE arrl. REALPAC-28 clo s:l'2e s, the latter suitable 

also for bottling pressuriz.ed drinks. 

Such battle-closures are rnr'J.de from 0.15 - 0.25-

millimetre thin 99.5% alurJinium strip, lending 

itself excellently to deep-drawing. !:heir inside is 

epo.A~de resin- ani arihesi.ve sealing lacquer-coated, 

arrl their outside lacqu,2r-csated ani rrc_n.ted. They 

cost about half or one·-trlird '.:lf conventional cork 

bottle closures. 

The so-called AlJ:,A closures are of a simo.i.er tear­

off design, fitted with an ear. As a rule, thpy are 

............................................................... mm1mlllrm..-••wasrm111r,.. .. ~•rpaF??&&,...fi'D'P"r.,.... 
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~ed. ::;:r:- tb..e clos'.l!:'e r:::if S[!!Blle:r /0~05 - o~ 1-l i r.I'f'!-/ 

glass br:ittles an:i are made from 0.18-millimetre 

plain aluminium narrow scrip. In recent times- ~hey 

have also gained growrl as tre closu_-re of 0.5 -1-

litre plastic bottles ar:rl. in France as that of wine 

b o t t le s \~ 3J • 

4.23.5 Collaosible tubes 

Much of the al uminiu.m used in packaging is in the 

form of throwaway collapsible tubes. They are 

hygienic, inexpensive, considerably lighter than 

otter traditional packaging, affording effective 

protecciou against the detrimental chemical arrl 

physical influences of the enviroment. 

!r;anufac tu.red by cold extrusion from .7. 5-cnill irne tre 

aluminium slugs cut from 99.5-99.7% continuous 

cast strip, collapsible tubes a:::-e available in sizes 

of 50, 100 arrl. 200 grams; tbey are o.~1-millimetre 

thin, airtight, seamless, beat-resisting, unbreakable, 

flexible ani if d.9sired, sterilizaole .. Their 

orifice is closed in case of foodstuffs and open in 

case of coswetics and ho;.iseho1d clea.:.lsing agants. 

Should their conte~ts be used for tbe decoration of 

fc; od /ruayonn.a t se, sandwich paste~ whipped cream/ 9 

their or:Lfice m.::iy also oe formed to be star-sl:L."!l~d 

Their cucside may be printed with multi-cc:lour 

d.asigns, texts or publicity slogans; their inner 

sur:·ac2 is cDa ted with t;v; ~ layers of .:; ..... 1·n0d-in 

epoxide-based syn the tic resin film of 6 micron 

'I'he ir usi..:nl d.ime.n.s i on.s are 

30 mm by 150 rnru to b.olci eo grams, arrl 

40 mffi by ldO mm ta hold 150 grams. 



I 
I In foocl p:-acessinr; t 1J.ey may be used ['.Jr the 

packaging of a multi?licity of items suGh as to~ato 

paste, p~prika- an:l tornato-bdsed condiments, 

mustard, garlic paste, mayo~aise, meat paste, 

anchovy paste, concentrated. miL\:, cheese, crearr:; 

cocoa, g.i'avy, liver paste, jarn, marmelade, ice- c:-eam 

2rri juice. Food ind~try accounts for some 10% 2f 

total collapsible tube usage [5~. As for Hw1gar~', in 

the long term this figure may be expected to rise to 

20%0 

In O!.'der to reduce transport; c:Jsts, desigr.s of 

developing conical ~ollapsiol~ ~ubes are w:ri.er way. 

Their telescopicity may ::-esult in :..rnrne 30-40% 

savings in transport space. 

There is a drama tic grow tr ... of aluminium collapsi'.)le 

tube usae;e tr.uau5t1ou:; tne worli o::ich in food 

processing ani in ttJ.e manu.:·ac ture of c:::ism.e tics ::ir 

household che:nicals. ~.g. in Fed·.::ral 3-eruiany t'::..:.e 

total number of collapsible t:J:•>:::s cuanufactu.red i.n 

1976 amounted to 1,230 million pii:::ces, of which 

1,100 million were aluminb'.IJ ones; i.n the U • .3. in 

1970 1,120 million collapsible tubes were 

manufactured for pharmaceutic ani C'Jsmetic ends, of 

which 67% we re aluminium a:ie s. 

Aluminium/plastics combinations of collarsible tubes. 

In view of tbe fc:1ct that ~he double or more inside 

resin-coating of conventional aluminium collapsible 

tubes does n:Jt completely s2al of:· porasit:y and in 

case of foad does not afi.'ord .full µ:;·otP-ctian a(di.nst 

t~ corrosive efi.'ect.s of e.i.gr,ressiv-::: agents, a new 

type of collai1:..>ibL tube has been developed, 

featurin~ L~si1es aluminium also plastics i·or 



enhanced p!'otection [3~. It consists of i;hree 

supe rimp as ed la ye rs, viz. 

- a Q.050 - 0.100-millimetre thin inside polyethylene 

one to ~~crea~e corrosion-resistance, to keep the 

quality of food longer intact a.rrl to ren:ier the 

collapsible tube suitabe for welding; 

- a 0.020 - 0.050-millimetre aluminium middle-layer 
to per~it perfect gas- an:i vapoL:.r-tightness ar:rl 

protection from light, a!rl 

- a 0.050 - 0.100-millimetre polyethylene outer 

coat:.og to afford protection against enviromental 
influences am. to permit welding arr. pri ting. 

This foil comb in.a ti on is dispatched in coils to the 
machine, where it is farmed to tubes and. high­
freq_:...ency welded hu.lls; to the top par·t of the hull a 

plastics inset of suitable design is welded, on 
which a cap may be screwed on. After filling, the 

crifice of too colle osible tube is tightly sealed by 

welding. 

Texts azrl dasigna are multi-colour printed ~n the 

white pigment-saturated outer pl8stics foil layer and 

thereupon provided with a transparent varnish film. 
The capacity of such a production line is 600 - 1000 
pieces per minute. 

TLis precess is reh1 tively simple, involving fewer 
opera ti ens than the m2..:lufac ture of collapsible tubes 
from conv&ntional sJu~s. 

The properties of collapsible tubes made from 
different mate-ria~.J arrl their combinatior.i.'3 are suc:imed 
u:r,. in Table 26. 
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The patentee of combined alllminium/plastics 

colla~sible tubes i3 the A~"<:RI8A~ CAN COMPAN""I, 
Greenwich, Connecticut, USA. For Europe tbe licence 
has be~n purchased by tbe TUBMATIC CC~ANY of 
Switzerlan~ /sec also sub-cbapter 5.2/~ 

Table 26 

Properti.e s of collapsible _tubes c ompa.red 

Praperr.y 

Li8,ht protection 

Gas- an:. vapour-tightness 
Resistance against 

too th-paste 

tooth-paste of 
F-content 
mustar~, tomato p~ste 

Permanent deformation on 
e mp tyillg 
Vulnerability of empty 
tube 
Possibility of conical 
forming 
Possibility of circular 
prir.. .. ing 

I.egerrl ~avourable + 

indifferent: 0 

unfavourable: -

Combined 

+ 

+ 

+ 

+ 

+ 

+ 

0 

+ 

Material 

Aluminium I 
+ 

+ 

+ 

0 

+ 

+ 

+ 

+ 

Plastics 

+ 

+ 

l (I f ; • '~r • ' ' ' : . e' ~ 
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Packa.;Sing ~ . ' 
: ~Jl...L. 

Aluffiirl~u~ f:il as a packaging itec ~as achieved 

a su.bstantial growth, in p:-s.ctice com~let:ely 

di8~lacing tinfJil. 

Its average annual growth :-ate Jf ~:-oi;_iction is 

10 - 12%, b1,.;.t tba t :if ti~ -finish ar...:: lacr ir:.3 te ::;_ 

aluminium foils as well es of aluc:::_r:i'.1c: 

foil/pls.stics coGlbinations is ever: a'."'_ead. tr-.. is 

figure. At present, t~ fsod ind."J.s~:-:• acc'Ju.::t:s 

for 60-70% of total world consum~tion. 

In order to im;:irove its proper:tit's, c.lurr:.:.n:um 

f~U. is often com::.,ined with ot~r :=;:Jter1al~ 

/paper, vellut.e paper, plastics etc./ ei...rl 

provi1el with coatings of different protective 

films /coloured or c~lo~rless heat-proof 

lacquers 9 hot-melt films/ both plain and 

printed. by a combination of these ~terials a 

great va~iety of specifications may be broug~t 

about for a multiplicity of ems, v.ith tbe food 

industry ranking first as a consumer. Such fo~ls 

an:i fo i.l c o~Dina ions are listed in Tab le 27 

with in:i ica ti ans of end-use in t~ f:iod 

industry. 

Foil trays for commercial ca teriilf~ are used to 

hold prepared food, fruits, vegetables as 

we 11 as bakery 8.rrl confect ione cy products. 

They are forwd from plain or slightly pleated 

r~rd 0.03 - O.OB-milli~etre strip, 

unlacquered or lacquered. only O"' one side. 
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_, ._ ... - "Ir/ 
.. d.J~i:::' ~( 

~, 

A2.~r=.iniam .f'Jil usage by c-he food industry ~9~ 

Description of foil 

Plai.:i fail 

Foil, patterned, with 
coloured ar trans~arent 
lacquer-caating 

Foil with coloured or 
tT3nsparent hot-me 1 t 
lacquer coating 

Hard foil, with hot-melt 
lacquer coating, printed 

Soft foil, with hot-melt 
lacquer coating, printed 

Alu~inium foil/vellum 
.:. a i e .:' c '.'l l c ~ ti on, we t-
1 am ina t e d, printed 

Aluminium foil/wellum 
pa;Jer combina ti an, 
wax-laaiin.3. ted 

A:uminium foil/Daoer 
:a~~ination, wet­
la~i~~ced, Nit~ hoc--melt 
c ::: d. ~ :.:: f!, pr int e d 

Aiu~inium fJil/paper/poly­
e t~ylene fi l~ c::imoLnatioc, 
i::'.? arc. we t-l3min.J '.:ed., 
~!·ir.tej 

&rl-..ise 

Sweets industry, household 
fail, preparei-food t=ays 

Swee ts ind us try: c hoc a late, 
cessert, bonbons; 
wrapping of wine bottle tops 

Dairy in.ius try: cheese 
wro.p~ing 

Canning induscry: lids of ~a~ 
arrl marme lad.e .jars 

Dai.:'y industry: milk and 
dai~y ;~0duct cup clos~res 

T~Gacca industry: ciga~ette 
wra;.piL.5; c-o.:'fee a.:::.d s;,ice 

::;a gs 

Da i ry i ::i.d 1.1:.:; t ;:-y : bu t t e :' , 
cotta~e cheese wra~ring; 
vegetable oil ind:Jat:-7: 
margarine wrappiLg 

Swee ts i:l.i 13 try: filled 
wafers, biscuits 

Sou;,-ro1t1dt:r ~i 01gs, aeac1::inir1:'. 
ba;E., 

A~ .minium f')il/3i.nR:le or Ca:-"r:i.nl'~ ind11:'~t;ry: J"r·1:i· 
Jou~le plastics film Juice~ 
so:nr,ina. ti on, dry-laminated, 
; ) : ' l. ! ~ ~ ~.: d 

------------------------
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Thougtl Sf:aled with flanging or o LhtLr-wi~t:, ttc tr-ay l.B 

not airtight. 

The gr;atest attrac:ion of che tia_d foil tray -
besid;s preservi!lg both food quality a.rrl aroma - is 

tbe pussibili ty tba t the prepared meal may be warmed 

or oaked right in it arrl then be readily ea te;:. from 

tb3 tray itself. Thanks to its easy aro hygienic 

bandling, it bas wen universal acceptance in 

;ompeting with plastics. In the USA e.g. in 1J70 

preparei food was dis?osed of in 4,500 million such 

foil trays [6Q1 • Tbs storage am sale cf such food 
in aluminium foil trays for commercial catering, 

however, calls for a well-organized chain of cold-
s to rage facilities from tbe pr()ducer' s en:i to the 

supermarket. The emergence of tbs aluminium foil 

tray bas displaced much of tr-aditional tinplace can 

usage. 

·t.24.) Low, thin-wailed., steriliz.able cups and small 

containers with hot-melt inside plastics-coating 

They are manufactured by a single deep-drawing 

operacion of maximum 30 - 35-~illimetre depth fro= 
o.o) - ).1-millimetre 99.3-98.7~ alum!..nium or AlMll. 

alloy strip, th.ereupon inside-coated with a 0.05-

cni llime tre polyethylene or no lypropylene fi. lm. 
Avai.lable in cylindrical, 9.~uare, oval or elliptic 

:Jl.Llt·~, their description artl princifJul eod-llSt:S are 
:1 Jm ... t:d ip in ;r.'a,t, J_e 2~1 [t~7 ! . 
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Table 28 

Sterilizable ~J:.PS am small containers from combined foil 

Shape 

Cup 

Box 

Plate 

Capacity Wall-thickne SS To hold 
~ mm 

60-110 0.05-0.07 Ice-cream, cottage 
cheese 

30-130 0.10-0.15 Processed meat and 
fish, fruit cream, 
jam, marmelade, 

I 
honey, cheese 

150-1,300 0.07-0.09 Pasta, fruit-cake, 
bu.ns, frozen food 

I 

In Europe this type of foil is best known LUlder the 
trade names of AWSEAL arrl STER.AT.CON. 

The polyethJ'lene-laminated 0.07 - 0.18-millimetre 
aluminium foil cups a~ small containers are e~mi-rigid 
and in the empty state susceptible to damage. They 
are manufactured by one of the two machines described 
below: 

- Tb.a !luseal 151 equipment, developed by HAMAC­
HANSELLA of the Federal Republic of Germany; here 
the opera ti ans of forming alXl. filling tb.e body, as 

well as of making arrl sealing tbt: lid are done by & 

s1.llgle self-contained machine 1mit /see sub-chapter 
5.2/; tbe seali.o.g of t~ container is completed at 
240-260 ~C temperature ard 6-8 atm. pregsure in two 
af.conds. The output of the machi.nb is 

80-120 pieces Jf 20-50 ml containers per minute 
or 

- 50-80 piacea of 50-130 ml containers per minute. 
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Tb.e s ~e :-i l i ~2: ~ion of t~ oe done L1 

counte~-pressure au~o~lavcs. 

cor.;;aine:' bod.~es 

l~:is to site. Nitb >.::..e ::.:.ar..1:·ac:~ing p:-ocess beinz 

fully i:ites:-ated. i.Il the 3cL::ie precr.ises, ex;osi...;.N to 

d3mag~ is ~eiuced to a ~inimuc. The ann~al 01t;u~ "~ 

tt~ m2cD.ine, calculated in 100 er:;:} uni. ~s, is 22 

l3;:nir..a ted. : '.Jil ;.er ann;_;_:n. 

Wb.e:-e C'.JnditiJns prevaili.~5 on ~= tt de net ;ermi.t 

the :'.Jr~ing and filling of tbe containers i~ tb.t: 

sa~e prer:iises, a.LI. equi_tit:a?.llt devr::loµed :i:,· si:-.zn.A.I£\.·.:: 

may bs- .ised witti ajvanta.5~. Here :-:t.e ::.n:..tail1f-r 

oo:iies anc. lid.s are a:.sr,a tc,1ed o.::i .sepa:-3 te pa~_.i.e;;.. 

:a t;be cb.a!"'~ing machine, w:Wre tW:: cont~..li..:.it;.r· ·:;j..l·s 

a:-e aut':l:::iatically lifted nrri CL::.1£,.:.:'., ::-::e ~ .d3 aci.'::d. 

Recently, seve::-al otber .:~·i~ cocrit·irJ.c.t.ions to::i tB.ve 

been devised ::er tbe pack'3.ging of pl--ese.rved food 

/see "Flex-can" packagiug u.Irler sub-chapter 4.23 a:rl 

tte sterilizable aluminium/plaatics collapsible 

tube combinations under sub-chapter 4.2~.5/. 

Plastics trays with hot-melt aluminium lids are 

used in food canneries for the packaging of Ja~ and 

marmelade. By tte vaci;.um-forming of PVC ur 

polystyrGoo strip, small containers of SO, 100 a1.J 

200 ml capacities are made, filled and secured 

with a printed hot-melt lacquer-co3~r:d alumi.ni 1..J.1L 

2.id. 

FORMPAGK iD tb.e trade name given to anotri~:­

wellknown racka;;ing systecc, feat, .. ring a qr} .... ~ b.ar"C! 

aluminiu:n foil of O.Oj - 0.05-millim."!t;re gauge. 
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The foil is coated cutside with a l g/m2 lacquer 
• ··-- '-------"-··--- ··- .__ lQ('\ o,, .... ~ Il.lm I'e5l5~.l.L.45 1.1t:w_t.1t: .. :.:oui.u-.:r>J ""-.kl "'v ... ...,..., .., .... ........ 

inside with a 5-8 gJm2 hot-melt lacquer film. 

4.3 HEAT EXCHANGERS 

4.31 General considerations 

The spheres of aluminium applications so far dealt 

with inay more or less look back upon experiences 
of several decades. By contrast, tbe aluminium 
outlet to be ~iscussed hereWlder is relar.ively new. 
In thermo-engineering ard refrigeration, aluminium 
u.sage oegan about 10 years ago, when the first 

designs of ribbed t~bes for such ends appeared on 
tbe market. Alum~..nium usage in this field was 
facilitated by t.~ fact that in air-cooled heat 
exchangers such ribbed al umin.ium tubes ;nay be used 

with special advantage. Their ge~ral ~rrangement, 
notably. is such that within the tubes ti:.:imselves 
steam, water or a cooling li~uid - that is an 
agent of favourable heat transfer properti~s - is 
circulating, while in a vertical direction tc 
the Gubes usually air is flowing. Now, a~r - like 
a.D.y other gases - is notorious of bavi~ p~or 
heat transfer properties, a.rd thi ~ is what 
n-.cessitates too addition of r1.bs on the air 
side. 

In selecting a suitable material as ribbing, its 
therm.al conductivity A, 5ts specific weight ~ 
aai its relative pricing /a/ have to be taken 
into account$ 

Essential features of metals which in this 
respect may come int:J consid,'1Jration are compared 
in Table 29. 
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It will be o::iserved tr~at aluminiu::r; na~ cb.e lowest 

speci:.t"l.c weigh'C arri Ll:.e b~st Cuefficier:t ::::::: :he:r::!!2. 

conductivity; ~owever, its price related to steel is 

high. 

TabJ.e 29 

Essential features :if ~.:ta ls used i.e.. ~ie at exc '.1ange rs 

I Srccific I Thermal j R.e:::..ative 
Metal j weight , c onJ.uc ti vi ty priciL.g 

' g/Cll! : kc~~/m. b. I /alua.inium=:l../ 
I V 
I 

99.5% aluminium 
sheet ) 7 c... 182 1.0 
Aluminium alloy 
sheet 2,7 142 1.3 
Copper sheet 8 • .3 320 3.0 
Steel sheet 7.8 50 0.5 
Alloyed steel 
sheet 8.0 13 0.6 

From an economic point of view, aluminium is 

obviously the best material to be u.sed as the riboing 
of heat- exchangers. It will be seen from Table~ 
that copper ribbing~ though a good thermal c:ind~ctor, 
is by dint of its heavier weight 60% inferior to 
alumi~ium in thermal conductivity. The corresponding 
figure for steel is 85% in favour of al•1mi11ium. 

It should be noted that too above comparisons refer 

to the ribbir-.~ only, without taking the comple t~ 

heat exchanger /including tubes, cbamb(.rs, etc./ 
into consideration. 



111.::tble ~o 

Specific heat transfer of ribbing made ::'.com 
different metal sheets 

q q/qal 

kcal/h.kg 

99e5' aluminium shAet 3,400 -
!luminiwn alloy sh.ee t 3,000 0,88 
Copper sheet 1,250 0,367 
Steel sheet 500 0.147 
Steel alloy sheet 250 0.074 

4.,32 Small-ribbe~ industrial ard household heat exchangers 

Aluminium, in view of its properties, is not only 
sui '.abl~ to replace other non-ferrous ine tals in this 
fL~:~, but is also superior to them. It lends itself 
e.xcellP.ntly to plastic deformation a.IXi is thus an 
ideal ma tgrial. in making heat exchangers. 

In neat-exchangers where the heating aedium is 
~irculati.ng laminarily, all along the flat heating 
surfaces boundary spaces develop, strongly influencing 
the heat transfer that is taking place between the 
flat surfaces arrl tbe gases surrounding them. The 
thicker this boll.Ildary space, tb.e less effective will 
heat transfer ~. The thickness of this boundary 
space increases with t~ distance from the entering 
edges of the dheeta, gradually impairing thereby tbe 
iocal heat transfer coefficient. 

In case of conventional cast iron or steel plate 
~entral heatinc radiators, air is flowing upwards 



along tbe long flat surfaces 'Jf the radiators; hence 
the heat transfer coefficient of the radiator su..rface 
tends to deteriorate wi tb. tte gr:::iwing height of the 

radiator. 

This gradual impairment of the he3t transfer 
coefficient along the long flat radiator surface may 

be offset by slitting a series of small narrow strips 
at t~ radiator sheets and slightl.J' raising them from 

the plane Df tbe radiator body. In d:::iing this, a 

small-ribbed radiator is arrived at, featuring a far 
superior heat transfer coefficient to that of 
conventional radiators. Though tbe small ribbing 
tends to increase the resistance of the structure on 

the air side, under identic conditions of 
ventilation tbe small-ribbed design will tra~sfer more 
heat than its conventional counterpart. 

The so-called RADAL ~ of radiators manufactured in 
Hungary is based on this principle. 

In power engineering the beat exchangers and cooling 
components of the wellknown Heller-Forgo air 
condensation sy~tem too are hinging on the sa~e concept. 
Its special design permits the si~ing of power works 

in'arid areas - even in deserts-, tbe condense water 

necessary for the operation of tbe steam turbines 
being circulated in a closed syst~m and air-cooled 
with the aid of aluminium cooling elernetlts. 

Such small-ribbed cooling elements, however, mRy not 
only be used in power works with advantage. They may 
also be employed in a variety of other fields, e.g. 
in operating oil am natural gas pipelines L.'il' using 
oil, gas or water coolers at compressor stati~~s 
sited in arid areas. They may also be used for air-
coaling by o toor industries o.s well, e.g. by 
cbemtcal engineering. 

' ... • • ~-- • ' • • ' 1 • ' : • • ~ • - •• 
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4.33 Motor engine coolers 

In tbs road vet:icle iniustry there :.s ar:. L:ite.u.sifica ~i:.1n 

of aluminium usage in making pis t'Jns, engine blocc 

cs.stings arrl otber components. Tne use of alumirJ.ium in 

water and oil cooling, however, is a relativel:y recen.t 

development, al though ti:e idea is not n.ei'W o Towards tbe 

end o: t~ se<'orrl. world war anC. in the early p:;s;:;-wac:­

years, light metal beat excb.anc;ers an::i alu::rr:'..niu'll oil 

coolers were u..sed. by tbe aircraft indutry. :n. g;:-nu.nd 

tranaparc, howev~r, suc"l:l in.navati:ms coul·.i nc~ eaten o:::J..~ 

owing to heavy c ompe ti ti on by too more d:.L'.'a o.:.e c ::ipr.:e r 

coolers .• 

In the ~eat exchangers of transi:;art vei.1icl.es cilumini.wn 

appeared far :re first tire as tb.e lam~ llae o.:: water 

cooler~ employed in Diesei motor trains arri .:·ie.sEl 

engines, 

Used as 'l cooler in transport vehicle engines, a1...umir:i.ium 

is tb.e seconi best beat conductor after cor.1per. 

Recent developments in mo~orcar caolqr design h3V€ set 

a double aim. On one harrl, an attempt is made to 

increase the amount of b.ea t take.:i care of per' cooler 

voluioo unit; this is desirable in view 0£' re(:ent trends 

favou:..,ing massive power Olltput in r:.otorcar engines. G~ 

t~ other hand, g:r:-eat eff:Jrts are ms.de to redur::e tn.e 

over2ll weignt af motorcars - be it even by ociy a fe~ 

grammes in case of a given ccmponent -, so as ~a 

avoid the increase and, if possible, to permit :;-he 

reduction of fuel consumption, de3pite trends Jf 

s teppi.ng-up engine performance. This, obvinusl:J' i ca llk:' 

for a weight reduction '.Jf t~ water ccalc.c, Witb. thi.s 

arrl in view, tb.e development of new arrl more ec.-)n0'11i:::a1_ 

engine coolers i[-J wrler way • 

................................. --=~ ....... uama~ 
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~.4 Miscellaneous fields 

Sc far such al umini'.1m appl ica t.:. ens hE. ve be en discussed. 

in thi~ survey, where tecb.nological and ec::;nomic benefits 

d.erived. fr::im tb.f.:.i.r usage as a S'-<bstitu~e ..:..':;r tr:s.dit:.onal 

materials is ac first sight sel:-ev:.jent. :'hf: following 

is to deal with a few selected aluminium applications, 

where such financial benefits ard only indi:-ect and at 

~~ma facie less conspicuous. Such secorr.ary advantages, 

::.owevP.r, incl.ude a wide range of significant issues ::r'.JG"i 

L1el ec::;nomies in .rtrmi.n.g trans_;;ort vehicles to easy 

tra!:lsrort a.rd asse::oly of _;:,re::'aorica ted b 11il:":."_ ... 1g 

components or lab~ur savings i.n agriculture. The 

chaµters to follow do nat claim to be a fuJl enume~ation 
b;i\; cn.1_j' an execnplificat:.on of what va:»t potential still 

exists in this c:::anec'.:itJn. 

4.41 U_p-to-date castings :::;r r;r...c eng~~.neeri.::i~ indu~tries 

L1 1974-77 an annual average 'Jf 20-25% eif worid 

aluminium con3.1mption was devoted to toe 

manufacture of castings. C.L' the 2.5 millian t:::ms of 

cas tirLg:=:! 1'rod uced annually s ::Jme 60-70% were used as 

comp'Jnerrts o:L transport ve':icles, es;,ecially s·1ch 

of motorcar engines. Accarding to an estimate, in 

t~ J970's sore 30 millian pa.sse~ger cars ar.Ld 

motorbycicles ar~ turnP.d Ollt aanually in the world, 

using about .1 •• 2 million tons of alumini·1m castin12,s. 

Progn'.Js tica ti ans claim that in th.:: ;ve.::;..:--s a ho::: ad the 

pattern af structural rn2~crials to he ~sed in 

pass6nger car manufRcture is t'.J underg'.J 

cansiderable c~ianf'.::es [~ij. ·TheY-e is i3 ::011:3 t:::i ined 

trend f'Jr further ener[r;J Gi3VL'1t~S; 'Jnr.: N2..Y 'Jf 

accomplishinf~ th.Ls g·~a1 in +-;he au t-;: r; t i.ve 

ind11.strie:J is tCl rerlr-u:c- t~e weir;ht 'Jf r';'J!::: r;;-•• _'.;:t::;~ 



In view of this, in ti-e medium ti= rm, a further advance 

in aluminium castin~s usage may te anticipated. These 

aluminium castin6S are to replace first of all iron 

and steel, an:i to a lesser degree c~pper an:i zinc ones 

/fitti:igs, decorations ecc./. A to:cecast as co such 

change1ver is summed up in Table 31. 

Table .31 

Steel 

The changil:'.5 pat tern o: s cruc tural materials used in 

;-assenger car manufacture [6~ 

I~a terial 1975 1980 1990 
kilcs ~ kilos % kiL.is % 

and iron casr:;ings 1,210 77 830 67 614 56 
Alt1.miniuw alloys 4_) 3 107 8.6 390 35 
Plastics 55 4 95 ?aS 127 11.5 

Copper al:'..oys le, _, 1 11 0.9 7 0.6 

Zinc zilloys 13 1 5 0.4 3.6 0.3 

Alumin:i..um ~astings employE·d now arrl erpected to be 

used in future as well as tneir technical features and 

man~:e~tuY~ng methods, wer2 the sub~ect of an enquiry 

dealt w:;_ th at tbe Intern.a t.i.onal "Aluminium+Automobile" 

Conference organized by tt..E Aluminium Zen trale of 
r -

vederal Germany on M2rch 22-2.5, 1976 ~) \. _, 

A rapid upswing in the us a gt: of aluminium castings 

seews al~;'.J to oe justi.i'ied by the fr:llowing 

circumstances: 

Alumi:-.:.iu::n castings cf greac accuracy to size, easy 

tf) 1':!Y.Cr·ange arrl requirinp; no adrl i tion3l macbining 

aft!::r castLlir, may b<? }Jroduc:!d b;y variou:::; up-to-date 



tec~n'.Jlogies in large se=ies ~.:..~h relatively s=a~~ 

J_a::::Jur j_nvolvei. :i::ie ::::Jst e:fec~ive ::necc.ani::.ed 

techn:Jlogies are nie;t. pressure, lsw pressure and 

counter-pressure ~ie casting as ~ell as 1ie :orging. 

3vt; conventional sand or gravity iie castin..c; 

techniques too may oe easily mech~nized by 

installing relatively simple ec;_ui_;;merit;. A r:;~;_:;b. idea 

of ca-r;itRl expenditu__r-e iff1::ilved in setting '1p lL.:'.":t 

metal foundri&.s is given ~-n I'at;le 11. unde!' 

sub-chapter 2.21. Costs of invest~ent in 

establi3b.ing light rrE tal foll..'.J.C.ries are cons.'...ierau::.y 

lower than those of ~odern 3teel f'.Jwidries. As a 

r.ile of tre tb.'..lmb it 'Jlay be accepted that c.i_;: :a l,OOC 

pieces sand castine:-, .fr::m 1,000 t'.J 10,©00 pieces 

gra11ity die castin,s1 ar...d. for larger series di.::ere::t 

pressure die casting Lec~nologies are the ~~st 

cconomical9 In extre::re cases /e.g. '.Rhen '3trin.ger:t 

demands of gas-proofness C'.uJve C:J oe complied Nitt.. a· 

special technL;_ues of rnachini.:-1€ o:- sur:'..'ace 

treatment are called for/ mec~3h~~ed pressure die 

casting may be more econamic3l even is case a~ 

smaller series. A breakup of rbe ~~inc1pal C8sting 

techn:::ilogies practised in different parts of the 

world is ta be f:iurd in ~aole .22, whereas S'J~1e 

technical features of castings made by these meth'.Jds 

are shown in ~able 33. 



Table 32 

USA 

Breakup of principal casting technologies 

employed in 1970-74 

Per cent 

Sam .Man.l18.l gravity 
casting die casti.ng 

/average/ 14 22 

Mecb.anized 
casting 

64 

Developed West-European 
countries /average/ 20 40 40 

Moderately industrialized 
countries /esti_mated 
average/ 35 45 20 

Developin~ countries 
/estimate average/ 45 50 5 

Aluminium casting has tbe distinct advantage that any 

change-over from one technology to anotber is a 

relatively simple procedure. In Hungary e.g. the 

110-kilograrnme Diesel engine blocks were origin8lly 

sand-cast; when this bad no lnnger been sufficiently 

economical, mechanized gravity die castin~ was 

introduced in its stead Gi~. At present, 10,000 

high-standard mo tor '.::llocks are cast annually in this 

manner, with comparatively small er.pi tal expenditure 

being invalved in tbe process of change-over, 

without necessitating the purchase of costly b.igh­

pre2su~ casting machinery. The castings may be 

protected against wear with tbe aid of a special 

surface treatment /extrs hard anodisation/ 

perm~ttin~ castings of light weight to be used, 

where components are normally exposed to friction 
arrl wear. A C'1.3e in ;Joint are different parts and 

acces~;'.Jrie.s of equiprne.::-_t; used by textile mills and 

other industrie..J to r,_:se 011tput /e.f;. textile 
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spindles, mobile fraaes of printing machi.nes, 
casings and pistons of pneumatic control velves, 
etc. I. 

- Aparr from the easy mechanization of the casting 
pr~cess, i's susc~ptitility to pro1ucing large 
seri.e s a.Di pcssibili ties of fuel economies due to 
the .reduced self-weight of motorcars - roughly oi::..e 
litre petrol per kilogramme weight saved wben 
drivi.ng 100,000 kilometre!s -, t~ relative pricing 
of aluminium a.Ili cast iron, too, is an important 
point to be considered upon designing a transFort 
vehicle or similar equipment. A reference to 
Table 13 under sub-chapter 1.3 will demonstrate 
that in future a fu.rt~r shift in favour of 

aluwinium pricing may be anticipated. Although in 

manufacturing o~ ton of a steel product 38 GJ of 
energy are involved against a comparable figure of 
300 GJ for aluminium, in case of Diesel motor 
lorries surplus energJ 1-:osts embodied in aluminiurll 
components will be repaid within two years in for~ 
cf fuel savings. As from that time, subsequent 
power economies will accrue a.a net savings [6~ ,, 

By tbe same reasoning, similar advantages may be 
derived fI'{) m aluminium usage in o tbe r ind us trid:; as 
well. ~n planning medium-term production targets, th.a 

possibility of setting up aluminium foundries at small 
coat for tbe manufactlU'e of castings in reJatively 
small serLe s bas many promising implica ti ans; Lhis is 
especially so in case of developing countries. This 

aui the favourable pricing trends referred to, are 
tbe principal reaso!ls why in a good maD.y a:-eaa .i..ight 

metal castin~s have D·dcome a viable competitor '.:Jf 

copper, bronze and zir:c castinbs UBed earlier. 
~;herefore, on launching new industrialization 
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projects, considerations as Olltlined above may help 

devaloping countries in tt:e l"'CSponsible task of 
dee isi on making. 

4. 42 'Transport ve b.ic le a 

~.42.l Window fraa:es ar:d fittings 

Ill roau-, rail- ani water-tr8nsport - except 

where the complete veh:.cle body is i.aade from 

al uminiu111 - tbe foremost al umL:li 11111 category 

i.lSed are castings /see sub-chapter 4.41/. 

However, aluminiu~ usage fo~ other ends i~ 

rollin~ stack arrl road transport vehicle 

manufacture, too, is making g!'eat headway in 
view ::if t~ SP3 cial properties of the light 

metal. ~o~ of sucb. aluminium usage is by now 

completely replacing that of other non-ferr::ius 

>r1e tal.s. 

A case in point are window frames in railway 
carrLages. Originally, they used to be made 

fMm wood ar:d later O:l from bronze. T':J.e f .rst 

aluminium window frat00 design in rolling stock 

manufac tur-~ appeared some 50 years ago. Since 

the.ca. 9 for l'\)asous of weiglJ.t ani economies in 

other non-ferrous me ta ls, sucb. window frames 

madP. from anodized aluminium extrusions have 

completely displaced other structural materials. 

As a next step, aluminium was introduced as 

certain fittings af railway carriages, iD:Jst cf 

them castings. The p!'incipal aim of this was t'.) 

Llqe a less labour-intensive material both in 

manufacture a.ai maintainance. The bronze, bra3s 

or zinc-allay lugt,;age o:-·acks, door knoos and 

handles u..cied earlier had to be electrJplated 
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by nickel or chromium for reasons of enhanced 

lJro tP.c ti on. By cant ras t, tbe surfaces of the i.r 

al urnini 11m cou.n te rpar ts are just po lisbe d or in most 

cases anodi:ed, so as ~o protect them against 
corrosion an:i to prevent them from getting 

discoloured. 

In this context recent competition oy plastics has 
been heavy. Plastics, however, oft~- failed to co:ne 
up to expectations, because of the heavy loads 
involved in rail transpo~t. 

A novelty finding now wideLing application is the 

use of aluminium alloy motorcar fenders. Their bigt 
stren,eth coupled with easy automation of their 
surface treatment, have greatly contributed to cb.eir 

success. In the USA made from an AlZnMgCu /7016-T6/ 
alloyr they were fir flt :..i.sed by Chevrolet in the "Vega" 

and "Cac:iar:i" models, with Ford ~ollowing suit in 1977 
applying aluminium alloy ferrlers int~ design !"Jf 

its "Pinto" and "Mercury Bobcat" models. In Europe 

Volvo has been tbe pianeer, using n~w exclusively 
al umi.nium far car fenders. Compared to s tee 1, the 

advantages of aluminium alloy fenders may be summed 
up as follows: ~6] 

- In case of collision its shock absorption is more 
favourable; by using an aluminium alloy fender the 
stringent requirewents set by U .s. stamards are 
ea s i e :- t o co mp l.y w i th ; 

- ti:anuf.i...:lure an:i SJ.rface tr-eatrnent lend themselv0~: 

ti0 l :, .. r t;o aut::Jmat.i..on, invr1lvin~ fewer operation~;: 
:,t;r,r· •, :L aluQJiniurn alloy ferrler is chea1ier ttv1;, j 

r_; [;l''.; ... ir:;--; 18 ted steel 0 ::1; ; 

,, :11 cr.r·Jmiutt I 1 • • · Ko .l / i n c c;., t; . ri, t rie 

· L, : ; Y '1 1 ,J 1; h. :Jed w i t b • 
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4.42.2 Bodywork and superstructure 

With cold and spot welding as well as adhesion 
techniques getting more widespread, aluminium 

com?onents of bodywork find growing acceptance in 
public transport and commerial vehicle manufa:ture. 

In some cases al•1minium does not only replace o tb.er 
non-ferrous me ta ls t but steel as we 11. ".:. ·imi r41um in 

this event is used to prevent damage normally caused 
by the corrosion of steel. An additional advantage 
is the light weignt of certain labour-saving mobile 
structures in mnrlern rolling stock design, such as 
room dividers, large sliding doors, tipping or 

sliding roofs ani openable e~ternal panelling as 
well as wi~daw frames, covers and gratings of 
f~ ight cars. 

An inter-esting developwent is the exchange of 
steel/wood combined bodywork of motor lorries for 
aluminium superstructures. By such alumini~m usage 

considerable savings could be arrived at in 

mainteinance arrl. repair costs [6~ ~~ [?~ . When 
the aluminium bodywork consists of extruded 
alumin~um sections to be pushed into one another 
am secured with a catch, thanks to the resultant 
labour savlngs its p-r:'ic ing r;i.ay approximate that of 
tbe steel/woad cocnbinacion, witb. toe extra benefit 

-:-"'\ 
of easing skilled manpower shortage ~2_) • 

The potential of alumini~~ usage in transport 
vehicle manufac cure i9 certainly fair and 

premising. This is also true in resoect of 
motorcar manufa~ture, where certainly more 
aluminium is expected ta be used in tb.e years 
anead than heretofore .. Tabl..e 34 is a pr'Jjecti.on 
by a U.S. producer of b.~w much aluminium is likely 
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to be used in tbe medium term in t'le manufacture of 

a we llkn own mo tore ar make [? 2J • 

Table 34. 

Forecast of al Lllllinium usage in the manu.fac tu.re of 

a wellknown tzye of motorcar in the USA ~~ 

Castings Rolled am extrllded Total Year parts kg kg kg 

1965 24 8 32 
1970 26 9 35 
1975 27 11 38 
1977 29 15 44 

1980 41-45 

I 
27-45 68-90 

1985 57-79 34-102 91-181 

4.42.3 Hi~-duti comE~nents 

Die-forging is an irnpor ta.n.t technological process in 

the plastic deformation of aluminium, ensuring added 

mechanical strength arrl lauger serviceability. Tbanks 

to this, the resu 1 tant product bee ome s sui tab e for 

high-duty performance arrl the coping with heavy 

loads frequently encountered with in using transport 
vehicles. 

The t&chnology is also significant in that it 
permits tbe manufactl.lre of sturdy passenger car 

wheels from one piece, to be used over most 

difficult terrain with utmost safety. 

It is a special case in vehicle manuf&Ct\Are wnen all 

load-bearing parts of the vehicle, th.at is, its 

chassis, body-framing arJd. tte cladding of its 
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supers true ture, are made from an aluminL1m alloy. In 

this event - apart from weight ani fuel econo:riie3 -

considerable sa· ~~s may also be arrived at in 

aianufacturin.~ J.IXi maintainan~e costs .. With the aid of 

the relatively simple technology cf extr1.1si an 1 

c'Jnsole s am supports of .such sizes arrl sec ti ans may 

b~ produced which - in contras~ with ralled or f0lded 
welded steel parte - may permit wall-thicknesses at 
differ8nt points to be so distributed as to ensure 

optimum mechanical strength. 

In addition to carrying loads, such partz and 
components are also dczi.gned to perform various 

addi.tional fUD.Cti.Oll.S r68l • Owing ta tbis! arrl in view 
l_.. _. 

of t~ large variety ~f sectional a:rl longitudinal 

diinsnsions in.volvedF the use of suet:. profile3 ::nay 

also save a great deal of labour casts [?~ . 
The lawer spet:i.fic weight cf aluminium results in a 

lower self-weight of tre vehL:le 1 implyin.1;, in turn, 

cor.:..::>i.derable fllel or po·ner economies. More:Jveri in 

tbe absence a f c or:rosi on, tre walls af alc1craini um 

mem.oers remain intact throughout the tiae tb..e 

vehicle i::.i serviceable t with no dismount L:ig, surface 

treatment am ,I'f;:-assembly being necessary from time 

to time. 

The weight :r.edu.c: ti on cr!ay Crtli. ''.;8 cni.no..:- VJ~ar in ro 11 in.g 

r:; ;ock running-gear arrl urrlerframe. In case of 

co llisi 0n, the shock abaarp ti nn of al rnrd.n·.'. im i;3 more 

.favourable than that of steel. 

A n.ega tive f'ac tor 1-n aluminium uaage at too ou cse c 

is the relatively higoor pr;_cing '.J:f aluminium~ 

However, this is offset in the long run by fuel :Jr 

power economte-3 derived from tre lower spec ;_ftc 

weight of ~lumi~lum arri tbe labour-savinz desiGn of 

alurniD1.v.m 3ecticns [G~l l?i} 'p2l ~fj f41 · 
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No doubt, the aggregate amount of specific energy 

embod.ied in an aluminium finis red product is higbe r 
than that of o tre r s true tural materials. This in 

itself, h~~eve~, taken out of its context, is highly 

deceptlve; for wbile a tran.spor t vehicle is 

se.r·vicea ble, usually nine tia:e s as much energy may 

be saved. tha;::.. the su!'9lu.s energJ invo 1 ved in the 

manufac t;!.ire or alum~ium r--a rts arrl components. In 

case of aluminium uniergrour~ railway carriages the 
situ.s..tion is even better~ 1.5-2 years suffice to 

make up for t~ aforesaid difference l?~ . 
The reali7~ation of thts fact, coupled with fresh 

advan~es in mcxiern extrusion techniques, have led 

to tbe recertt :purchase of 1, 000 aluminium 

unde rt;rnum m.o tor-carriages by t;be Par.ts Metro, 

whL::h were tt:.us che!lper than tb.eir steel 

cr:i Lmterparts [?-S .. Enc our;3.ged. by such devel opcnen ts, 

t!:'e .Atlanta subway ha.s now orc.ie:r~d similar 

undergrr.:u.nd carriages fro ro Europe ~~. 

Agric u1. tural c o_nsu DE rs 

Bec8.use of the unual ::.:ough handl i!L3 of ou td.oor 

".::quipment by ag:cic~lturs and tbn clifficult Jr,cal 

cir-';umstancBs that may prevail on 3i.te, qunlity 

s tan:iards of al '1mini um i tema used by tb.:is se-.: t r;r 

are tn most ~ases high arrl exacting. Cor.:-osian 

i->esis~ance is an imp~~tant consideration in vie~ of 

t're large n~ount of ~bemicals used ill am 
difficulties of maint~dxancf' b;y sgricultu..re~ 

In af.eic ul tur-..~, aJ ul!1 ini um i::i f.a ced -~:th hP.a vy 

courpetit,i.-Jn fi.Y.:::o two oc\:i-ir str~··ctural ma::;er·ia.L3: 

zin~--coate;J. steel ard plasti-::!::-;. 11'1.o 1_;.:; to win in 

tt-£ fae;e of s;..ict"l confl1cting inte.rects, wU.l 



always depend on t~ relative pricing and technical 

.f.'eatures of thes? aa terials. 

To illustrate tl:::i:.' relative advantages of aluminium 

usage in the fielQ of agriculture, two concrete 

axample s will be cited~ based partly on experiences 

in Hungary ani partly on such reported by literature. 

4.43.l Irrigation 3ystems 

Irrigation s-ystems greatly var:y with the site where 

they are to be iDb~alled. They are different in 

case of arable land from such as are used in gardening. 

Their design tao depends on whetb.er rainers, sprink­

lers or subsoil irrigation i::: required. 

Aluminii:.m irrigation sy.ste!Il.9 are usually installed 

in .r r1:1.ble lam using pipelines tba t are 

- easy to re-site 

- Jelf-propelling or 
- trailable ave~ longer distances. 

For whatever purpose u.sed, their com~on feature is 

mobility. Hence, next to corrasion resistance, 

their two other prerequisites are lightness and 

sufficient m~cb.ailical st!":ngth. ~n ~e:ght alumini~w 

compares most favourab~y with zinc-coated steel; as 

for mechanical strength, it is far superior to 

plastics. 

Re-siteable systems are de9igne~. w~1-:h. one main 

pipeline and th!'ee ar six seco:iG.a~ pipelines. The 

length of each component pipe is ~ metrBs. Their 

two errls are il.~·ued with fast locking ,joints. 

Re-siteable sy::terns differ frcrr: Ghe two others 'ay 

their: fast-lockir..6 joints. They ri.re either of the 
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:'erro t or Wright-Rain !iype; the former are firmly 

fit ting mechanii..'al shackles, whereas the latter use 

the pressure of irrigation watsr to tighten the 

packing riags. Both types allo~ fur a ! 15° 
deflection from the pipe axis. In Hungary mechanical 

locking is more widespread. 

The principal diwensions of the main pipes are as 

follows: 

Ins i<ie diameter 

Length 

Gauge 

Weight 

130 millimetres 

6 metres 

1.2 millimetre 

11.15 kg/piece 

As for secondary pipes, the principal dimensions 

are given below: 

Inside dialile ter 87 millimetres 

Length 6 metres 

Gauge 1.2 millimetre 

Weight 7.8 kg/piece 

Both are welded from an aluminium alloy band. Their 

teat pressure is 160 N/mm2 .. 

The re-siting of self-propelled rain applicators 

calls for considerably less physical labour, the 

~ork being done an rollers by the system's own 

motor. A standardized rain-npplicator system is 

made up :from welded aluminium alloy pipes of 130-

millimetre diameter. 

A trailable pipeline system is acting as the. main 

pipeline of tte self-propelled rain appiicators. 

By its use nard pbysical labour in re-siting the 

main pipeline ~ay be dispensed with. Here the 

we Jdecl al umini.urn pipe !1 ~re of l 59-mil1 ime tre 
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diameter and 2-millimetre gauge. The number of wheels 

is 46 pairs; t~ sideline piping is resting an 19 
rollers. 

Re-si teable irrigation sys t,~ms may be used far any 

kind of outdoor cultivation in arable lands, f~elds, 

large orchards or vege t&.ble gardens, even on uneven or 

sloping ground. A trailable equipment is only suitable 

for operation on flat ground, but far any sort of 

cultivation, whe:reas self-propelled rain applicators 

will irrigate only plaAts not taller than one metre 

cultivated on flat ground. /F~r tbe irrigation of 

orchards they are thus unsuitable./ 

4. 4 .3 .2 Gardening 

Tre size of irrica ti on pipes used by gardening in 

greenhau.svs and foil tents 3re consiterably smaller 

than those norme.lly used in tbe fields. In earlier 

years, s~able aluminium irrigation pipes too were 

~sed for such ands, but by now these lYlve completely 

disappeared giving way to plastics, especially 

polyethylene ones. 

S..111B applies also to tbe sprinklers used outdoors for 

tl:l.' irrigation of vineyards arrl smaller orchards. 

Sub.3oil irrigation is predamina:itly used in 

vegE table cultivation. Dug tnto tbe soil such 

pipes are destined to water the roots of plants. 

Here too, as a rule, plastir.s piping is laid, 

aluminium being used L~ such soils only where upon 
changing from one culture to tbe other the 

deainf'ection of tbe soil bas to be da.ce by high­

temperatl..U'e heating instead of by chemicals. 
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Generally speaking, aluminium f::ir irrigation ends may 
in this field not compete with plastics. Jt may, 
however, be used with advantage as tt:E framework of 

fail tents er as po le s ani st...pports in vin.ic ul ture. 

Foil tents arP. usually available in two sizes; tbc:y 

are eit~r 4.5-metre wide structures dug into tbe 

grJu.nd, fitted with a fra~work of aluminium tubing 

made from 300 mm dia. by 1.5 mm gauge pipes, or are 

7.5-metre wide wir.h a fra~ework of 40 mm dia. by 2 
mm ga.u£;e tubing. 

La. temperate climates like that of Hllllgar~y, such 
plastics tents have found wide acceptance for 

growing vegetables, seedlings &Di firstlings, tr~ 

costs :Jf erecting them being only l°" that of 

conventional greenhouses. 

Tbe use of al uminiurn profiles as vine-grape poles 

an~ supp::irts, too, is catching on. One of the 

principal reasons for this is that in contrast 

witb r:..::iber and concrete, they lend themselves well 

to mechanized hand.ling. They are 3-rnetre tallJ made 

from 2.5 mm by 40 m.m by 60 mm fcld~d aluminium 
channel secti:ins ta be driven into too grou.rrl in 
spacings of 8 metres by a hydraulic device mountPd 

on a tract::ir, 'l're use of gra;:>e harvesters too 

calls lor an elimination of timner a.rrl concrete for 

such ends. In faciil( competition from other· 

metals, its corrosion resistance a.rd easy 
maiLtainance present great advantages. 

4.44 Buildir£ a.rd ccnstructton 

A corol1~1r.: tu econoc:;ir t~:c~1wtb is an int·~nsifiCatian 

o~' 1 n ·J ; ~- r,,. r. 1..;. r. .iw~.~-~ :··. Lb.is s:1 ;nuch in evidence 
.J . ' I :n r; ',. 



facilities, agricultural premises and off ice blo ~ks 

ir:nm.edia te ly s tri~ s tC:E eye. ·Ni th livi.D6 s tan<ia:·ds 

improving, too erectiori. :Jf communal buili~.r:gs a.:::d 

multi-storey apartment blccks too follow suit, creating 

a presslL.'"e of den:Bnd which traditional bu~liing 

methods are no longer able to cope with. 'lb.is calls 

for a thorough revision of conventional archicectu.:-al 

thinking througnout tbe world, with more sophisticated 

building techniques, pre:abrication and lig~t 

cons true tions emerging in its wake. ·Nb.ere building 

capacities are inade ,.:;_ua te or no ouiliing i.r:dus t:ry is 

oper3cing at all, t~is new concept 2ay affo:-d the 

followillg advantages: 

Facilities for prefabricacion may be conveniently 

sited in areas ~h~re a more or less a~vanced stage 

of industl"'...alizatian alrea:iy exists and wr~e:-e t~e 

necessary infrast:::-ucture is a'Jailable; 

On setting-up multi-purpose icdustrial U!lde~takings 

/:netal-working, mechanical engineP.rj_ng, etc./ .such 

facilities may als~ take care of manufacturing 

prefabricated b11ilding coaiponents, wnereby .;:art of 

the heavy expenditure usually inv::ilved i.n ere~ ting 

separate building ma te::::~:3l plo.:i.ts '13.J ·:::;~ sa7eC:; 

In compari:::in to conventiQnal building methods, 

light cons~ructions ten:i to r~~uce built-in V'.Jlumes 

of m.Jterial to o~-fif't::;h '.Jr one-tenth, pP:-~itting 

great economies in transpa~t costs; 

- Assemb:iy aad ic.sLllati::rn wcirk rP.1u1:::-e a smaller 

amount of skilled laoour; 

- The corlpletior: of pr'J.;r~cts '.Ilay be speederl. up, 

pl."1nr .. e1 capacitii:;2 rmy g:. on str~am e0rlier. 



~.~~.l Roo:i~:g ani sidewalls 

In light construction it is of para~~u.nt im;o:::':ance 

cha: prefabricated roo:'ing and sidewall components be 

cur:'ently available i.n sufficient quant:.ties :::-eaiy 

for assembly on site. To this effect, first ~f all 

vari~~s rolled aluminium products such as corru55ted 

shee:s, sandwich panels a!Xi other combination3 a: 
rolled aluminiu~ may be used witt adva~tage. 2uct 

aluminium usage replaces large quantities ::i1.' :.ir.c­

coated steel. This is an important co~sideratioL 

es;,ecially in regions wnere owing to the local 

cli=ate s:e2l u.rrler the zinc-coating soon ::::ieg~ns to 

rus ~. 

In building an:i construction, the fo:-emos~ :·ielis 

where aluminium 'JS:J.y i.ie applied wit:: adv<.r~ta~e 

incl'J..ie 

ini;.l::trial premises and stortroo:::is; 

- bays of .fra Q3d d.e sigc., .:~a turi n:; ia r[;e roof i.ng 

spans; such premises are L!Suall:/ steel-fra'.Iledo As 

a cladding Ctlrrugated 3luminium sheets, aluminium 

sbee t-c oa ted sandwich pane ls or o tber com:::, in.ed 

_pre.faorica ted components my oe u.s~'.l; 

agricu.ltural premises where livestock is kept, 

usually desj gned witri a roofing of Sl!ialler span. 

In view of the large number of b:Jildings and the 

fdst changing animal husbandry tecb.nologies 

involved, builiing costs have ~o be ke~:;t on tl~ 

moiest side. For this reason, frequently aluillinium­

clad ~imber framin,c; is employed; 

- facilities for the cold-storage of deer:>-freezinc; 

'J: fruit ar:rl ere at; in such premises novial'."!<!y~ 

exclusively aluminium sandwich panel:: ar•.: ;.Lied; 
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- foi· clad.ding the .:rame s of public edifices and 
~partment buildings, aluminium sandwich panel walls 

arrl partitions may be employ~d; also~ in tropical 
climates various typ! s of shade-re flee ting surf aces 
and v-=ntilacion shells may be made from alumil:tium; 

- a~ interesting field of application - at present 

still i.n an experimental stage - are aluminium-clad 
sun convectors, with t~ aid of which so:m of tbe 

heat energy required in buildings /e.g. hot water 
supply/ may be ge.JJe rated in this natural way /see 
also sub-chapter 4.3/. 

Ill raising sidewalls or ~utting up a roofing, as a 
rule corrugated al umini.um sheets are used. They are 

made from ~dium-wide /l,000-1,200 mm/ or wide 
/l,200-1,600 aun/ strip, corrugated longitudinally so 
as ro assu~ sufficient rigidity. Their usual 
material is a.'.l Al.Mn.1 o::c A1Mg1_

3 
allc;r. Being 

~o~_ugated lengtwise, they are available in any 

desired length depending on the possibilities of 

trans;iart. Their width is deterrnined by tbe 
technology of their manufacture arrl tbe actua~ 

width nf the st-rip from which they are rolled. in 

tbe finished state they are as a rule 600-1,200 mm 
wide. The t~ickness of the s~eet will also depend on 
where a!rl for what er:rl s they are to be us~d, wba t 
loads tbey are to cope with arrl how deep t 1 e 

corrugatioil.9 have ta be. The usual thickness of 

corrugated aluminium sb.eetE varies from o.~5 to 1.2-
millime tre. 

'.N'9igh t per surface unit :_3 usually 'Pi tt..in tbe l .,2 

kg/me? - j. 4 kgnn
2 range, with 3 kg/m2 being a fair 

economical average. In using corrugated sheets on a 
commPrcial 8Cale,, various aluminium 1 .stenerQ and 
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other ite~s of aluminium hardware are necessary. Their 

local manufacture bas to be organized simultaneously 

w~th in.stalling sheet corrugating facilit~es. Such 

aluminium bard.ware includes 

- rain gutters 

- parapets arrl 

- corner joints or such as to be employed for 

connecting window fraCIE s or components made fro cu 
aluminium or o tbe r s true tural materials; such parts 

are profiles, cold-formed by folding or by passing 

them thro1:gb a set of rollers. 

By a suitable design u.f fasteners, joints and 

al uillinium bard.ware a greet deal of labour and 

scaffolding costs my be saved. MorAover, ;_f erpertly 

designed, they may counterbalance tbe effects of 

sli:ht expansion and contraction aluminium 

struc tu.res are exposed to in the preser..ce of changing 

climatic conditions, arrl IIl8Y protect them from 

rainwater leakage, prolongine thereby their age of 

soll!ld.ness. 

With the same end in view, various t~s o:' 

aluminium claduing sy~tems have been developed, 

differing from one anotber only is slight detail 

/e.g. such as designed by Alusuiase, Alfal-Cegedur, 

etc. I. 

A single-layer Ullin~ulated corrugated aluminium 

eheet cladding may be fitted with thermal ins~la~ion 

suspended or placed behind it. A thermally well 

insulating sidewall or roofing m&y, furthermore, oe 

arriv~d at by placing an insulation between two 

corrugated alumin~um sheet cladQings. The inside 

cladding a::ay al"Jo be rnade from wood or soaie otber 

builJir..6 ma tP::..·ial .. In such an even";, of course, a 
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further set of comprnents b.aTe t~ be added such as 

- ~istance pieces 
- adjustable trusse.J am 
- secondary ribbing. 

Major aluminium producers have all developed suitab:e 
designs of insulated sidewall acd roofing syste~s as 
well. 

One drawback of light constructions is the cdiger of 
getting over-heated when exposed to warm s:.mshine. :n 
tropical regions even with traditional techniques it 
is difficult to provide a room te~perature required to 
house delicate equipaent /e.g. com?uters/ or to 
ensure a feeling of comfort to the inmates of such 
buildings. To reduce the ill-effects of over-heating, 

-
special aluminium screen~ng szstems bave been devised 
ta be sited as members independent from the roofing, 
permitting thereby effective ventilaticn between 
screening and roofing. SUITlus costs involved in 

installing ~uch 9hading screens are amply repaid. by 
economies in air-conditioning or the complete 
elimination of the latter. 

Another widely accepted prefabricated building 
compo~ent is tbe sandwich pn~l, featuring a rigid 
)lastics foam core firmly fi~ed between two hardwood, 
plastics, steel or aluminit.rl.li claddings. The plastics 
core is usually polyurethane or isocyan-urate, but 
throughout tbe world research is wner way to develop 
a more fireproof tne of plastics foam. T~ ready-made 
panels are usually 8,000-12,000-millimetre long and 
600-2,j(X)-millimetre wide. Tl::E aluminium cladding is 
made as a rule from a 0.6-1-millimetre strip of 
medium width passed t~~ou~ a set of rollers for 
C\Jrruga ti on. Clai.ding edges t..re so sh.aped aa to permit 
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assembly an site forthwith. 

·,Vh; ·_e the great ma j cri ty of sandwich pane ls is used as 

~idewalls, th.are are also some specidl ones to serve 
as part af tte ro o.f ing. In ins t3ll i!lg theu;, great 

attention has to be revoted to effective rainwater 

sealing. 

The overall thic~!less of panels used in industrial an:i 

agricultural premises as well as in public buildin5s 

is 35 - 55 millimetres~ Such panels contain 5.5 
kilogrammes of aluminium an:i 2 kilogrammes of plastics 

per square !IE tre of panel. 

In the construction of cold-storage roorus thicker 

panels have to be used: 80-100 millimetres for fruit 

and 200-300 millimetres for t~ deep-freezing of 
otter food. Upon assembly they have to be ~ained with 

tbe utmost care ar~ accuracy. 

Compared to otner designs, aluminium claddings of 

sandwich panels have tte distinct advantage that 
owing to their corrosion-resistance no extra surface 

treatment is necessary on installation, nor is there 
any maintainance work to be don~ later. The surplus 
expenditure involved in erecting such premises is 
amply r2paid in the form of cost savinbs within 5 - 8 

years. Following this, t~ application of aluminium 

in ~old-storage room construction is not only 

technologically useful, but also financially a 

sour.xi proposition. 

Recently, a special type of prefabricated roofing 

has been put c.n the market by the Hungarian Aluminium 
Corpora ti on u.n::ler the trade name of ALU-DONGA. It is 

of an arched shell design wbere two corrugate1 

-11 umini um sb.ee t la ye rs a.re connected uy rigid metal 

r~Ds with a suitable insulation placed in and 
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be t°'l.'een. :'be ro o :f in.g :.s available in 12-14-:ne tre l onE; 

spans which are held in position witb.o,l: extra 

trusses or sup-;;orts. 3eing fully prefabricated, t'.':eir 

installation is both time-savin~~ am highly 

er.Jnomical. Ove-:: 'anger distances, however, they a::-e 

difficult to transport owing to the poor utilization 

of shipping space. 

Substitution cif other materials by aluminL1m 

3y using aluminium in builjing arrl construction, 

first of all uraditional silicate-based builjing 

materials ~ay be repia9ed. But aluminium in this 

field bas als:J a great potential in substituting 

zinc- or ~lastic-cciated steel for reascir..s 

demonstrated 8elow. 

3y using one ton aluminium sheet 2 • .+ - 2.6-ton steel 

plate and C.2 - 0.25-ton zinc-coating may be 

replaced. Moreover, the a~e of soundness of an 

aluminium sheet is several tirre:: that of a steel­

plated ore ~ithout extra maintaina~ce, whereas zinc­

c oa ted s r,ee 1 '.:Ja s tc be surf ace-t::::-ea ted every 2 - 4 

years. 

4.44.2 Rain gutters 

An effectiv2 rain~ater disposal sys Gem is essential 

in arzy alumini"::... light const~uction design. Its l3ck, 

poor design '.Jr damage may cc:u.se indi_rect financial 

las::: an:i depreciate the value af the builc1_1ng. 

Tbe traditi:rnal ITB teriel of rain gutt;:;rs is zinc, 

though earlier. in sorre ~ases, alsc c~pper bad 

been used. However, tre relativs pricing of zinc 

kept on rising througho 1..:.t the la::;t decades, 

theref'.Jre as from too 1910's zinc-c'.:lated steel came 

into general u:>e • .i3ut tr-,:c: th.in and often ncit 



I 

'-· ~ ... -

:ontinous zi~c-coating is not a fully-fledged 

sabstitute Jf zinc-:plate, wb.icb normally remains 

servicec:..b::..e for 30-~:0 years. As a rllle, after~ - 3 
years of use, on tt:e Si.lr.:.'ace of zinc-coating specks 

c.f rust oecome visible a.:::rl after S - 6 years the 

rain gutters become iefective at several points and 

have to be repl3 cer • 

.Attepts were maC:e to r::-:ilong their age by adding a 

paint coat successively. However, what with tb3 

extra labour and paint costs involved, this did not 

prove a paying proposi ion arrl has never been 

practised on a larr~r scale except for small 

houses in ~rivate ownership. The prepainting of tbe 

zin8-coated steel plate by using an effective 

priming am ~it'. quality paint coating ;;roved to be 

more useful; this costly eiperation did actually 

prolong tbe serviceaDili ty of the rain g·_;. tter by 

10-15 years, but this in itself was but a fraction 

of how long a genuire zinc-plate may last. 

Experi~ents were also conducted to use plastics 

rain gutters /PVC or shatterproof polysteryne/. 

Such 11sage, however, fell short of expectations, 

because ~:· i_ts poGr cost-effectiveness. 

~he obvious answer to tbe :;:;roblem had appeared to 

be aLurnj_nium. Nctwitb.standil:l,f; some random attempts 

made earlier, it was not until 1966 that organized 

rese2rch in tbLs context could be started in 

Hur.gary. .ro.ile in 1970 only 2-3% of the rain 

gu.tters '.1G1d been made from aluminium, in 1976 tbis 

figu.r:-: rose to 3Cf;7,. by naw facilities far tb.e 

m?.r1:ifi:1cturi:: oi fasti::ners, fittings and o~,her 

au.xi li;;ry COCl}JOnents, coc, 2~·e availa'Jll:. 
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According to experience so far, rai~ ~u:te~s 

gere ral use should be manufac ture.:i .:rs ::::i 2. 6-

millime tre al~minium sheet, 

Outdoor corrosion trials with 99.5% b..alf-b.a.rtl 
aluminium sheets ani such of other srecifications 

ba ve yielded tbe foll owing experimental results: 

After exposure for six months, a sprinklLng :f 

small whit~ removable corrosion spots appear2~ on 

the surface a f t; ~ t es t pieces ; 

Following this, the intensity of corrosion tenied 
to slow down; even after several years, corrosion 

did not grow substa~tially, nor have the e~osed 

test pieces becorre defective at any ;-air.::; 

- 'T'he rate at whicb such white spots develc::' 1 as 

~ell as their density, was observed to vary 

the lntensity of ambie!J.t air pollution; 

- Un~P.rneath the impuriL~2s depositing on tbe 

s1irface of suspended rain-gutters corrosive 

inroads were fot 1ni to be :nore f:;:-e~ucnt; 

• l-. 
Wl1.:J. 

- On undoing imfastenable ~oints, t~ insulation 

placed between two different CTJetals to avoi.d 

direct contact was at various pants fawn to bP­

defective: in spite of thi", e~ther no a~ anly 

a slight degree '.Jf c :in ta.ct c orra.si on c oc.:.ld :ie 

obserYed; 

The rear and the edces of th~ claddings are i~ 

direct contact with sut-,s tance s prone to alka L.1J.e 

reaction /mortar, ceocnt concre tel. If :;:1cb. 

aluminium parts a:..·e nat ;_:ir'Jr;erly rn'Ju.nted, 

humidity entering intJ tt:e re::;ulta'.1t cap" 7'i<J 

cat188 corrr:i:1ive cbanges; 
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- Apart from the white spots referred to above, 

substa~tial corrosive changes could nowhere be 

discerned; 

- Lab:ratory tests bave demonstrated that the depth 

uf corrosive inroads does not increase 

proportionately with time, that is, the rate and 

ir.tensity of corrosion teirl to ~low down in the 

lon§; run. 

To prevent corrosive da~Jge to suspended aluminium 

rai!J.. gutters by impurities amassing in them, they 

bave to be given a greater tilt upon mounting than 

that of zinc-co3tAd steel ones. If in raising a new 

edifice aluminium building hardware is used, all 

parts ba ve t,, be aluminium~ When in the course of 

renovation aluminium building hardware is employed, 

as far as possible all otb.er parts too should be 

exchanged for aluminium. Tb.e use of different 

metals side by side is harmfUl arrl should be avoided. 

The principal dimensions of aluminium building 

hardwaTe are practically identical with those of 

zinc or zinc-coated steel ones with the following 

reservations: 

99.)% half-hard aluminiu~ sheet of o.8-millimetre 

thickness bas to be used; 

- At a maximum distance of 10-metrea from points 

where suspended structures are firmly fixed /e.g. 

pipe-er.rl joints/ water-tight clearances for 

expansion bave to be provided for. 

In view of tbe properties of alumir'_um, rain gutte;rs 

have to be ins t;alled with a slope of 3-4%. 

More over, rain gutter bra eke ta have to be mnuD ted 

at regular distaDC6S of 1,000 millimetres with a 
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tolerance of! 100 millimetres and placed so :r~t 

tney may ensure tbe desired slope. 

No effective technology has so far been devise1 to 

solder aluminium building components on a commercial 

scalee Therefore aluminium members may at present 

only be joined by riveting or folded joints. Rivets 

have to be of alwninium or another ~aterial 

compatible with aluminium.. 

Aluminium ~nd other metals may not be directly 

joined. To avoid tbe detrimental effects of 
corrosion, contact surfaces bave to be provided with 

effective insulation. 

4 .L!.4. 3 Window fraae s arrl doors 

Anotber aluminium outlet finding wide acGeptance by 

t~ build ins trade are al uminil!m wind ow frames. 

Latest advances is tecbnolc-~., i-'ermit the manufactJ~e 

of window frame components of highest dimensional 

accuracy, permitting easy arrl quick assembly on 
site. Apart from tbe pressure of universal de:Jand 

for more personal comfort, nowadays more ao::i mo re 

industrial plants, scientific arrl medical 
institutions, t~o, call for an effective control 

of temperature, humidity, sterility artl dust­

proofness .;_."\ indoor areas. 

Such claims may be fully met by applying modern 

aluminium wind11w frames an:i doors of f::'.=!ctical an::: 

aesthetically appealin~ desi;_iil. 

In the following, first of aJ! alumi~ium wici ~ 

frames are to be de3lt ·nir:h at some 1"":.-::U-:. 

Evj_clentl_y, their de~i ~~1 'J: 1-~ be .Je:e.::·-:;:i_r. .. .-; 
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cliaa tic oo~5.tions prevailing in the region wr...ere 

they are to be used. In s~b-tropical and 
mediterranean climates /at aean temperature above 
18 °c; L'.l moat cases single windows will suffice. For 
economical considera tJ ans, in such regi on.s us:J.ally 

horizontally sliding or Yertically moveable window 
fraaes made from smaller alumintum sections may be 

applied with advantage. 

In order to ensure the high quality of such frames, 
the component aluminium sections bave to be an".ldized. 
To permit a better utilization of available surface 
treatment capacities, tl::e extruded sections are new 
usually anodized in full-length batches. T~e earlier 

pr ..... .: tice of welding tbe frame corners has theref~re 

been almost co•pletely abandoned arrl replaced by 
applying mechanical earner joints. 

For this purpose, next to screw fastenings, cast or 
extruded section insets, driven-in nuts or cold­
formed fasteners bave come into use. 

Depending ou size, the weight of a mod~rn single 
horizontal aluminium eliding window fral?E varies 
from 4 kilogramm~a to 7 kilogrammes per square 
metre. 

In temperate climates tbe use of insulated double 
window panes is justified. Notwithstanding size, 

the technology of their manilfacture is practically 
tbe ea11e as that of tbe .single window fraioo s. In 

order to ensure air-tight sealing, special care 

has to tie devoted to applyi..ng effective fittings 
/e.g. locks/ am packings /a.g. "brushes"/. The 
weigbc of an insulated duuble aluminiuCD window 
frare is about 4 - 7 kilogrammes per square metre. 
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Iri. the wa1-::e of rising fuel p~ices, a new alumi.:i.i:...:.m 

window fra:e design has erne rged, fea turi.Q.b ·~b.a:: way 

be brief~ referred tt. as "thermal br-idges 11
• In such 

window fra~es, between t~ o~ter a:ri iil:l.er a~u~inium 

section surfaces, usually a plastics layer is added 
which is a muct poorer thermal con.d:..i.c tor tt:an 

aluminium. Thereby the heat Joss occurring in the 

total structure may becocre co~sidera~ly smaller and. 

the danger of vapour coh~ensation too may be reduced 

or completely eliminated. The plastics inset cer.1.ds 

to impair the mechanical strength of the wind'JW 

frame; therefore tbe aluminium frame has to be moN? 

robust, its weigtt usually ranging from 6 

kilogrammes to 13 kilogrammes per square metre. 

In regions of higher mean temperature where the 

number of sunny hours is higher, the dis;osal of 

ind:. Jr surplus IE at in summer is more difficult than 

making up for he&~ losses in winter. Hence research 
is now uni.er way to develop new ty~s of wi.nC.ow 

frames, where such Ju.rplus beat may be readily 

reduced without applying a separate screening 

syn tem. 

The first step towards resolving this problem has 

been the iLtroduction of light-reflecting window 
panes. However, at present a more efftctive 

sol~tion is striven for, featuring a double window 

wt:w::re the two fraa:es are placed 10-.30 centimetres 

apart a.a:i ~be natural or artificially incited 

airflow oetween t~ two may drive out the major 

part of tbe surplus beat gem rated. 

Cost savings in using aluminium wind.~w fraa:Es 
accrue in operational overheads rather than in 
capital erpeditu.re. 



Acccrdi~~ ~o an inquiry, in build~ngs o: traditional 

design 60-80% of the ~at losses occurring in the 

winter m:inths is cau..seci. by beat transfer through ~~ 

bui:d.iug construction itselr' and 20-4~ by such as is 

pass~ng thr:iugr~ the wi.:::rl:M frames. By using secu.rely 

insulated ma:ie rn ::i.l umini um w~ ad. JW frames t~ latter 

may be r~d~ced to one-tenth. In a si~ilar manner 

- though to a lesser det;ree - :nay summer rlea t be 
reduc~d ef:ectiv~ly by applying winio\. frames of 

suitable <le s ic;n. 

All this has a telling effect on euerg:y consumption, 

an area where savings are elways welcome in tbe face 

of steadily rising power ani fuel r~ices. 

As far as alufilinium doers are conce~~d, di::erent 

heat-insulated des~gr~ are used in cGld-storage 

rooms; large mecr~nically cperated aluminiu~ doQrs 
are installed as ttE en trance to r ... an~a rs, fact: ory 

bsys and some public buildings; alu~inium doors ar.id. 
gates are al~o to be founi in agricultural and 
ani::ial farming premises, sheds and si:os. 

M..tnufacture of wind.ow fra~s an:i doors 

The contj.nuous supply of aluminium wind :,w fraaE s 

r,alls for the availability :if aluminium extru:ions 

in sufficient volumes and suitable specificationE. 

Theref:Jre 3t ~lants where aluminium window frames 
1re manufactured hydraulic pre~ ses f:Jr the 

extrusion of aluminium sections too are often 

ins t.alled-

lnvest:nent costs :Jf aluminium window f'ra~ _i..ilants 

greatly vary with too extent of a::echanization and 

automation af,;:,lied in technology an.1 with the riit:e 

of productivity striven f:ir. The installation Qf an 
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a'-lt:i::Jatea 5,JOO t.p.a. /80,JOO-s:;_uare ":.E ::-e/ :acilit:; 

em:::lo'7iN".: a aiaximum labour force -::if 2: :-a-r call f'.J::-- ~ _... "" 

ca~ital ex;enditure of up ta 40 ~illi'.Jn U.S. dollars. 

A plant of the saaE capacity witb. a c2.:isiderab2..~1 

:no::-e c:iodest scale of mect..anizati:ia :n~~- r'J 1.Jgtly c'Jst 

13 :nillion d:llars; in tb.is event, o.oweve:-, a labo:..1.r 

force o: ab::u: dO will tave to be ~m;,l:Jyed.. 

~.~4.4 ~iscellaneous usages 

In addition t::i a:..lmi.n.ium outlets iiscussed t:i tte 

fo::-eg:ing, the building trade als-::i uses a 

multi:;::licity ::i: ::ither aluminium applicatior:s 

illc l ud i.ng 

- aluminium tube scaffolding for construction or 

renovation 

- curtain walls, exterior building claddinss 

- banisters, friezes, ladders 

b1·.ild.ing engineering installati:ins, air duct.s, 
~ddiat::irs arrl coolers /see als::i sub-chanter ~.3/. 

In recent ti~s t~ complex p:-efabrication and use 
of small aluminium-framed building constructions 

have been steadily gaining ground. /In. tbe early 
p~st-~ar period wh~~ a great deal of airc~aft 

manufacturing ca_1:acities bad becore idle. tbe first 

of such aluminium constructions had ~p~eared on tbe 

U .~. am Bri ti.sh market; however, awing to using an 

unsuitable alloy giving rise to corrosion, coupled 

with certain shortcomings in design, these first 

at tempts prove;d. to be a failure/. 

At present two sys~ems of s:tall prefabricat;ed 

aluminiu~ ouilding constructions are used on a 

commercial scald: 



tbe so-called mobile b.o::.es, a sort of "dwelling 
cont&~ne::-s", '9Jhich are t!'ans:;:rted .. a am erected 
o.:i site as a c:iopletely ;re:'ao1:icated an:i self­

Ci.'ntained :::i...::..gle lillit; 

- tbe mod'.11'2 s.;-·st~~, ~:-c:..t~i.:Jg a large combi.nati:in 

of :be fraci.~~, r:::i~5, si~e pan~ls, room 

diviC:ers, ~:..::::.::.=·" :r=.:e s a:ri d::'Jrs to be assec:ibled 

on s~te. 

In price, a::.._._r."::.._!:..~...:..:: c~:13:.:-ucti::ins like this fall 
shart of compar=.:-·2.e oG:..l:.:...ngs where tradi.tional 
materials are ~sed. s~c~ 3~umiaium constructions 
are vi3ble ~~aetteless wten applied with foresight 

f::r s~ecific aics wh=:-e their usage is ~ustified. 

Sr"'b. usage inclu:..es 

- temp::ra:-:y ;:::--ecr:ises c:--J.a t have to De movecl. later and 

where dismou.nti~ a.:C. re-erection costs are lcwe_ 

than that of bu:..ldi.ng new ones /e.g. at sites 
vmere a ne·1: b·ii~ i.'..'1g de'.!elopment or industrial 

pro~ect is bein€ set up/; 

in areAs difficult of access or where manoeuv­

rability is poor; 

where quick construction is aimed at. 

In regions of inadequate infrastructure they may 

present the following extra advantages: 

- with transport over longer distances being costly 

a.rd difficult, tre ligb tne ss of building 

structures arrl their components is an important 

c ::ms id era ti on; 

- labour - especially skilled one - is often hard 
to co~ by on site; by contrast, work involved 
in the assembly or installation of such 

----~--. 
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prefabricated constru~tions is minimal. 

Aluminium-framed bu:.ldi.cg constructions aey have 
maximum two storeys; their premises are desig.ued 
with aedium or small spans n0t exceeding 6 metres. 
They may be used with a~vantage as 

- bungalows or bunkhouses 
- off'ices 

~orkshops, laboratories, engine rooms 
- schools, dispensaries, c~ns~ltation rooms a!rl 

mo tels. 

The first mobile homes were developed in the United 
States. The alum~~ium framl.Dg is usually dispat;hed 
with welded jotnts ~o site, ready for installation. 
~ts material is a high-strength AlZnlig alloy 
lending itself well to welding. 

~he alWllinium-framed system developed by Alusuisse 
is similar; here the welded fraaEs are dispatched 
to site to be joined bJ screws. 

't'he "Treletllent" a.al ".&SB" /Aluminium Struktur Bau/ 
a,~tems developed in Federal Germany feature 
alumini\12l rod~ cut to measure, bored and fitted 
with fastening devices to be secured with screws 
en ai te. 

The so-called "AimkR.'~ system now being developed 
by the Hungarian Aluminium Corpora ti on is featuring 
maximum prefabrication coupled with a minimum of 
labour. 'fhe framing is of a welded design and tbe 
inside partitions and outer panels too are 
prefabricated; to pe~it tbe variability of 3pace 
inside, each panel an:i partition is fastened to 
tbe framing by a simple catch. 
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All tbe sys terJS out.lined abcve bave two things in 

commcn: ~n one hand, they take utmost advantage ~f 

the posEi.bili ties afforded by tbe design of tbe 

e.xtrusiuns, and on too otoer hand they apply joints 

easy to manipulate in connecting joists~ roofing an:i 

sidewalls -.vi th the framework. 

The amount cf aluminium used in these systems vary 

from 10 kilogrammes to :0 kilcgrammE>~ per square 

metre of each storey. 
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5. SOURCES OF KNOW-HON AND TECHNOLOGY 

Exploring new aluminium outlets an:i replacing traditional 

structural matericls by ,J.uminium is a complex and 
difficult task calling for flenty of foresight arrl. a 

great deal of inf orca ti on. 

There is an extensiYe network cf research and de~igning 
institute~ as well as technical developax;nt agencies 
throughout the world dealing with a large variety of 

scientific arrl practical aspects of metallurgy, semi­
manufacture, casting, plastic deformation, welcing ani 

surface treatment of aluminium. They represent one 
source from which useful i.Ilforma ti on rmy be forthcoming 

to those who are already engage~ at SODE particular 
stage in al ·.iminit1m production or who are about to 
em.bark on such a venture. ,'fuile tbe role of these 

institutions is significant in impartin€ such 
information, the various engineering echelons 
responsible for rLW.ning i..wi1.1Stry may not dispenae with 
the experience of specialists operating in actual field 

work, tba t is, where tbe aluminium products are 
manufactured or equipment for their manufacture may be 
obtained. Accordingly, potential sources of technology 

and know-how are also inseparable from 

- the long-standing experience of tbe large aluminium 

producers, 

- technical information arrl assistance available from 

the manufacturers of specific products, 

- the expertise of equipDEnt manufacturers, and 

tb.e experiences o.f those opera ting such equipment 
or of customers buying products made with t~ aid of 

such equipment. 

I 

_J 
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The large aluminium. producers of the world are, as a rule, 

prepared to act as co.nsul:;ants am to impart technical 

ill.forms ti on a.Di know-how• wben called upon to do so. In 

such ca~es, however, they also count on ttm cooperation 
of their business partners in helpilJ..g them appraise the 

urket situation prevailing on site. 

There is no general recipe ot how to proceed in such 

cases. With issl.IB s involved be illg comp le .x and depending 

on a combination of circumstances, tts following are just 

some random examples chosen from three most essential 

fields of alWllinium usage to demonstrate as to how and 

from what source technology and know-h\JW may be 

obtained. 

5.1 Electrical engineering 

!s to how aluminium may best replace other 
structural mate~ials in electrical engineering has 
been amply e.xpomded in chapter 4.1. In this field 

nearly all la~~ge al uminiu.m companies of the world 
may furnish technical. advice am assistance or sell 

technology an:i k:nmr-hcnr, especially as far as the 

manuf'acti=e of up-to-date conduct'.lr material is 

concerned /composition of the conductor, 

ai.anafacture of rod wire by continuous casting from 
molten metal, the drawin3 and heat-treatment of 

wires/. Cases in point are the Ew;.garian Aluminium 

Corporatio~ /Pozsonyi ut 56, H-1133 Budapest, 
Hungary I with great experience in t~ manufacture 

of unalloyed an:l hlloyed wire for overhead lines, 

C:EXZEDUP. /Avenixa Marceau, F-75361 Paris, France/, a 
subsidi "''=7 of too Pechin.e:y concern, which has 

developed an advanced technology for the 

manufacture of a high-strength alloyed conductor 
of excellent conductivity

1
or too Southwire Company 
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/Fertilla Street, P.O.B.1000, Carrolton, Georgia 
30117, USA/, a manufacturer of flexirle conductor of 
reduced creep, especially suited for installation or 
winding purposes. A firm wishi.:J.g to take up 
coniuctor manui'acture is advised to contact one of 
tbe large specialists in this field with a view to 
concluding arrange~nts for tbe purchase of its know­
how 8.1xi technology. The firm impartin~ such 
technical informs ti on. ehould also be ready tc 
furnish his partner a list of references, stating the 
experiences of its own custo~rs in using such 
conductors. Thus a prospective buyer may be 

familiarized with too current experiences of firms 
installing or using overhead lines~ ae~ial cables, 
service mains al.Ii telecommunication networks. The 
latter may also make useful suggestions as to the 
selection of suitable fittings, an important 
consideration in reliable installation work. 

Hungaridn industry bas been a major manufactu.rer of 
aluminium cables, elec • .:.cal engineering equipment 
ani. fittings for more tlum 30 years. Nert to 
meeting the impact of doaP.stic demand, significant 
vclumes are also exported. In order to apply 
advanced technologies in manufacture, installation 
and usage, Hungarian ind.us try has concluded 
numerous cooperation agreements with foreign firms 
as well. Some of thewe cooperation arrangements 
call for joint ventures in third countries /e.g. a 

complete long-distance power transmission line in 
Jordan; power wcrks in co opera ti an with FIAT in 

Turkey, featuring aluminium outdoor switchgear; tbe 

complete lighting system of sports ground.d and 
stadiums, etc./. 
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Know-how arrl technology as a whole at different stages 
of production am consu:nption are intimatezy tied up 
with ~ne another. To ~~rmit a better understanding of 
how such underlying issues are interwowen in electrical 

engineering, a few concrete examples tJay be foun:i in 

Table 35. 

5.2 Chemical engineering and food industry 

Wuether and how far further advances may be made in 

aluminium usage in electrical engineering rests a 
great deal with tbe innovative spirit of industries 

concerned in the gem ration, trarismiss ion ani use of 
electric power. To this end, the aluminium industry as 
sue h, furnishes tbe raw ai.a teria l ::ir1ly; in d :J illg so, 
however, it certainly does incur a certain am:Junt of 

financial risk in testing new possibilities and if 
promisi.!lg, developing new technol:igies. ·rhe situation 

with regard to tbe food irrlustry, however, is 

differbnt. Here it is up to t~ alumiLium industry in 

the first place to launch new ideas especially in the 
field of food packaging, assuming ~ull respon~ibility 
for tee costly ar..d often lengthy trials involved, 
together with mos r; of tbe f inane ial risks of the 
latter. At ti~s it is also setting up joint ventures 
or even subsidiaries with t~ participation 8f major 

potential consuoers fa:.- tb..e implementation of 
programmes after having tested their feasibility by 
trials on a laboratory or pi:ot plant scale. /E.g. 
beer casks ill partnership with breweries; various 
types of cans in partnership with the canneries; new 
fail c ombina ti on.s in partners hip wi tb. tbe fa ad 
processing industry; packaging in partncr3b.ip with 
oil refineries QI' pesticide ma.11ufacturers. /T~ 

aluminium ir:rl us try in most cases is fully familiar 
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with the manufacture of such items. In buying such 

know-how, however, it has to acquire also ful: 

tecnnical information as to ho~ such items have to be 
ased /e.g. how to fill and sterilize them at the 

breweries or canneries, what :regulations app.cy to 
charging liquid gas bottles airl cylinders, etc./. 

Items under this heading hqve been amply discussed in 

sub-chapters 4.2 and 4.3. From the point of view of 
how technology am know-how may be acquired, tbey may 

be classed into three principal groups. 

The first group includes tanks ani containers with all 
their complementary equipCIEnt used by the breweries 

and dairies. ~ith regard to these, in most cases the 

aluminium industry it.self is in a position to furnish 
full documentation and know-haw. However, it is 

desirable that the hold.er of know-how should also be 
fa~iliar with techniques of how such tanks are to be 

cleaned, as well as with all current experiences by 
their users. E.g. as to s~ciE.l cleaning techniques of 

dairy equipaent the Dairy Research Institute /Bakats 
utca 8, H-1093 Budapest, Hungary/ ar as to the 

storage of raw fruit am t!E cleaning of such 
containers tl:m Research Institute of Canning of' the 

Paprika Indus try /FOldvari utca 4, H-109'7 Budapest, 
Hungary/ has a great deal of experience. As for high­
pressure liquid gas transport cylinders, technologies 
developed by Kaiser Aluminium and Chemical 

Corpora ti on /300 Lakeside Drive, Oakland, Cal. 94643, 
USA and Kvaernei:-Moss of Norway /see Jluminium 

/Dusseldorf/ 53:12:741-745, 1977/ may be recQmmended. 
Further information on tbe latter aay also be 

furnisbed by Skanaluminium, P.O.B.1857, Vik.a, Oslo 1, 
1'To-rway. 
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The secarrl group includes producers of equipment 

manufactured in large series on behalf of tre chemical 

engineering irrlus try or for other ems. Items of 

special interest in this connec tian are heat excbangers 

/see sub-chapter 4.3/ arrl liquid gas bottles. Know-how 

an~ documentation relating r~ the manufacture and us~ of 

·neat exchangers iila.Y be obtained iz'_ Hungary from the 

Refrigerator Works /P.O.B. 64, H-5100 Jaszbereny, 

Hungary/, whereas information an the use and manufacture 

of ribbed tubes used in tEat exhangers /see sub-cbaptex· 

i.;_ .21/ a:ay be available at the Hungarian Aluminium 

Corporation /Pozsonyi ut 56, H-1133 Budapest, Hungary/e 

In Eu.rope, virtually the only ma~ufacturer of 
aluminium liquid gas bottles ~- cylinders is the 

Aluminium Ware Factory /Erzsebet kiralyne ut 57-61, 
H-1142 Budapest, Hungary/. The f:.rm is prepared to 

furnish know-hO'P and inform ti an as to how facilities 

for the manufacture of such items may be ae t up. A 

latest novelty on the market are aluminiu~ seawater 

desalinators. 

Aluminium roll bonded integral tubt? sheets bave 

recently made also pene tra ti on in to solar e~ rf!J 

collecting systems. One £irm running a pilot plant 

testing this novelty iB Arbonia A.G. of Switzer.land 

/Firedenstrasse 11, CH-.ATbon, SWi tzerl.and/ • .Fo:r:t.be r 

in£ormation on this experilIEnt is obtainable :from 
-

AFEDES of France I Associa..ti on ~ancaise pour .l '...Etnde 

et le Devel opaen t des .. A'pplicati.ons tl.e l' Energie 

Solaire, 28 rue de ~a Source, ~-75016 Paris, France/. 

The third grnup -enClJmpaBses .manufacturers DI t:hin­

walled packaging items -and .£.oils. The largest 

aluminium consuioors in this field are the beer arrl 

sci ft d.r ink t:an prnd nners ::emp.l!ry:blg ...a ~al1-~dncing 
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deep-dr •ing /ironi..:lg/ technology in fGTming the body 

of such cans and using ea,~-o,ening tops of special 
design ?or their closure. Thei~ manufacturing 
technology bas been developed by too Aluminium 

Co1t1parzy of America /1501 Ale oo. Building, Pi ttsturgh, 
Pa.15219, USA/ ani Kaiser Aluminium Interna tit..nal 
::orporatian /300 La.keside Drive, Oakland, Cal.94643, 

USA/. The cans are manufactured partly by their own 
subsidiaries or by the Continen ta:. Can Company 
4 landmark Squa.rd Stamford Connecticut 06<;.)l 

USA/ or too Metal Box Company Limited /Queens ~ouse, 
For bury Road, Reading, Berkshire, England/ co opera ting 
with ~hem. Inquiries as to know-h:Jw o. r technical 

informa.tion should be addressed to eitber of tbese 
firms. Technology and know-how of aluminium can 

making /generally up to 200-300 ml capacity/ as well 
as of easy-opening lids a.al closures may be 

purchased from CEBAL of France /47 rue de Monceau, 
Paris Be, France/, a subsidiary of tte Pechiney 

concern or from Boxal S.A. of Switzerland /Fribourg, 
Switz0rland/, a subsidiary of Alusuisse, but many 
other firms too are engaged in turning out cans in 

large series from i.9.cquered aluminium strip supplied 
by the large aluminium manufacturers of tbe world. 
One of such prominent can manufacturers is eoe-• the 
Blechpackungswerk, Stralsund, in too German 
Democratic Republic. Wall-reducing deep-drawing 
/ironing/ lines a.rrl equipment for making easy-
opening can tops 3re made by various engineering 
firms including Karges-Hammer Maschinen G.m.beH. of 
the Federal Republic of Germany /Frankfurter Stra3se 
36, D-3300, Federal Re~ublic of Germany/. 

The up-to-date clonure of glass jars is ensured by 

t~ so-called PANO screwless twist-up caps. T~y are 



- ::'..l? -

ma~ufactured by the Pano Verschluss G.m.b.H. of tbe 

Federal Republic af Germany /Gausstrasse 29, P, O.B. 

1526, D-2210 Itzehoe, Federal Rep~blic of Germans/. 
As for the so-~alled OMNIA caps, informatj on is 

available from Thoaas Hunter Ltd., Omnia Works /2011 

Rugby, England/. Food packaging in cold-extruded 

!ollapsible aluminium tubes i_s making great headway 

all over too world. /see sub-cbapter 4.23.5/. In Eungary 

25% of collapsible tube usage may be accounted for by 

t~ food processing irrl us try. Next to CEP....AL in France 

and BOXAL of Switzerland referred to earlier, in 
Hunsary know-how ani technology of collapsible t•1be 
manufacture may be obtained from the Matra Region 

Me l.ia.L Works /H-3332 Sir:i k, Huu.gary I .. Also in Hungary, 

c ample te equiprre nt fo:r- too manufacture of collapsible 
tubes is manufactured by CHEMIMAS /Noszlopy ut 1, 

H-1103 Buia~est, Hungary/ cooperating with ha.ALL's of 

the United Ki.::i,_-ct.o m. .:s'ull know-how as to the 

processing ~f food to be packed in collapsible tubes 

is obtainable from tbe Research Institute of Canning 

ani tbe Paprilm Indus try of Hungary /~oldvari ut 4, 

H-1097 Buda~ st, Hungary/. Automatic equipment for 

filling arrl sealing colla~3ible tubes have been 
develo~d, 2.11ongs t o ~be rs, by Hamac-Hanwe lla G .m. b .H. 

of too Federal Republic of Germany /Viersen, Federal 

Republic of Germany/. 

And finally, special mention has to be made of diverse 

aluminium/plastics foil combinations used in foil 

packagi.r.i.g~ In Europe, pioneer work in this respect 

was uor:e by Alusuisse, putting a sterilizable 

al uminiWil/polypropylene foil co·nbina ti on on the market 

lr..nown ffi Terlacon. In recent tires similar packaging 

has been develOI£d by tbe Reynolds Metals Company 

/.Richmond, Virginia, USA/ u.rrle r tte trade nare of 



Flex-can, and by A3 Akerlund and Rausing 

Forpackningsforetaget Sodra IndllStriomradet of Sweden 

/S-22101 Fack-Lund, Sweden/ featuring 

polypr:ipylene/al uminium f::i il/polyprapylene combination 

Cdns experiencing significant gains on tbe market. The 

saa:E combination is also used in tbe manufacture of 

collapsible tuoes by tbe Americ=-n Gan Company 

/Green~ich, Connecticut 06830, USA/. In Europe 

equipment f:ir making such collapsible tube is sold by 

!UBMATIC Miigerle and Geiger af S~itzerland 

/Ackerstrasse 43, GH-8630 1Jster, Switzerland/. 

5.3 Miscellaneous fields 

The producers arrl possibilities of acquiring technol::igy 

and. know-haw as cutli.n'.:!d in sub-chapter:: 5.1 and 5.2 

are to a certain extent similar, in that the large 

aluminium concerns as a rule may bring influence to 

bear on electrical engineeriD.F~ firms, manufacturers 

of food packaging items arrl the food procPssing plaLts 

to sell know-how arrl. technology to interested parties. 

In contradia tine ti on with this, know-how and 

technology relating to gereral engineering, building 

and construction is usually held by smaller firms 

which are ready combine tbe sale of Y-..now-how and 

technology with tba t of equipment and machinery. A 

case in point is a coOP8ration agreement concluded by 

the Advance Pressure Castings Corporation of the USA 

/53 State Highway, Denville, N.J.07834, USA/ an:i the 

Hungarian Alum.inillm.. Corporation, u.rrler which not 

o.aly know-how arrl technology has been furnished to 

Hungary, but als'J advanced equipm:!nt warranting the 

high international starrlard of castj_ngs. 

An almost endless number Jf si mj~lar examples could 

be cited fro:n ot~r fields af general engineering as 



well~ In the following, let us discuss only two of 

these, whicb. may be of general interest to the student 

of ·:idvanoed me thcrls of j oin.ing an:i surface treatment e 

The first one refers to automatic aluminium welding. 

Sf'ecialists in this field like Oerlikon A.G. 

Schweissindu.s trie of Swi tzerlaL.d /Birchstrasse 230, 

CH-8050 Zurich, Switzerland/, Sciaky S.A. of France 

/119 Quai Jules Guesde, F-94400 Vi try/Seine, France/ 

or ~SAB Elektriska Svetsnings AB of Sweden 

/Herkulesgatan 72, Fack, S-40270 Goteborg, Sweden/ 

besides supplying equipment arrl filler wire, are also 

prepared to furnish knew-how an:i technology. 

The secon:i area deserving special •en.ti on is 

anodisa ti on. Here the position is somewba t different, 

in that manufacturers of anodisation equipment are 

n:i t always in a position. to fu.rntsh know-h'Jw arrl 

technology of anodisation along with tbe equipment. 

It is therefore expedient to contact specialists of 

:his field like ~.g. Langbein-Pfannbauser Werke A.G. 

of the Federal Republic of Germany /P.O.B. 317, 

D-4040 Neuss/Rbein, Federal Republic of Germany/ or 

FriedriGn 2lasberg G.m.b.H. Spezialfabrik fii.r 

Galvantechnik also of too Federal Republic of 

Germany /D 5650 Solingan 13, Federal iiepublic of 

Gerrnacy/, ar.d to insist on technology and know-how 

to be fu.rnis~:.ad as well, as far as possible. However, 

wben especially delicate t&ch.n.olcgies of anodization 

are sought for /e.g. extra-bard anodiza ti on or 

electrolitically coloured integral anodization/, it is 

indispensable tba t kfiow-how and technology be 

obtai~d simultaneously with ordering tbe equipment. 

Such know-how an:i technology rw.y be furnished by the 

manufacturer himself' or by some independent erpert 

or scientific institute. Tt.e reader is .referred ti) in 



this connection to the so-called "electroforming" 
anodization process mentioned in s~b-chapter 4.22, a 
technique used by too Refrigerator Works of Hungary 
/P.O.B.64, H-5100 Jaszbereny, Hungary/ in providing 
the inside of aluminium casks with a suitable surface 
before a synth~tic resin coating cculd. be added. 

In building am construction the situation is even 
more difficult. In light constructions usually each 
component is forming an integral part of a complete 
sy~~em. Here know-haw ani technology may no longer be 

confimd to some minor detail, b!.lt every aspect of 
the complete system b..a s to be taken into account, from 
the designing stage on up to haw tlE components are 
to be joined, assembled, transported to an.ci. installed 
on site. Most of the major alurninium. concerns, such 
as AI.CAN Aluminium S.A. /13 Quai de l'Ile CH-1211 
Geneva 11, Switzerland/, ALUSUISSE /Feldeggstrasse 4, 
CH-8034 Zurich, Switzerland/ am others, ba"le 
documentation as to their own light construction 
systems. The Research am Development Institute of 
the Hu.ngarian Aluminium Corporation /Pozsonyi ut 56, 
H-1133 Budapest, Hungary/, too, bas developed - in 
cooperation with CEGEDUR of France - a light 
construction system especially suited far use by 
agriculture aIXl ania:el farming. Its know-how and 
designs have bean sold to several other countries 
including Algeria, Iraq and Iran. Know-how and 
documentation dealing with such complex systems 
including tbe light constructions as well as full 
technological equip[OOnt are now obtainable in 

Hungary from the Babolna State Farm /H-2943 Babolna, 
Hu.ngar:y/ or in case of cold-storage rooms from the 
Energy Management Lo.stitute /Bem rakpart 33-34, 
H-1027 BOO..apest, Hungary/. 
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Before goi..ng ahead with the r.Janufac tu.re of specific 
products or their adaption to local conditions, it is 
always adviaab~e to contact specialists familiar with 
the technologies of their manufacture a.ni with 
techniques of their i.nstalletion and mai.ntainance, 
with sp3C1al regard also t~ the joints Wli other 
au..xiliary parts to be used. The institutes am agencies 
:referred to in sub-chap tar 3 .1 may uoually help 
prospective man'1.facturers find suitable partners; 
they may also be of dil'ect assistance a.Di help, if 
they are designing ard technical development 
specialists of that ?irticular field themselves. 
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6. ME.ASUH.ES TO FURTFJ}{ PRODUCT DEVELOPMENT EFFECTIVITY 

For tbe aluminium industry of tbe world the boos ting o!.' 
aluminium consumption is at all times an objective of 
major concern. Not only does tbe !'iming of new outlets 
geaarate fresh demand in term.3 of volume, but also a 
pressure f'Jr the semi-manufacturing mills and other 
opera tors to develop ad.vanced technologies, so as to 
meet more an.i mare stJphisticated requireiIEr.ts forth­
coming from the consumer sectors i!l standa..:"'i.s am 
specifica ti on.s -

Aluminium Las to face constant competition from otter 
materials. To keep its position firm a.al to win new 
markets is a painstaking arrl difficult process. In 

these efforts assistance rendered by the advising 
agencies referrtd to in sub-chapter 3.1 may be 

invaluable. Next to tbe tasks discussed there at 
length, these agencies may also 

- help elaborate the general outlines of standard. 
specifications by means of suggestions and active 
participation in such work; 

- cooperate in compiling a.rrl editing textbcoks, 
documentati.a..c and reference tables, and in 
organizing lectures or post-graduate courses for 
too benefit of engineering staff in tre consumer 
sec tors sat 

- actively participate, in concert with tbe local 
authorities, in the irnpleaEntation of projects 
calling for economies in power or a ~ore rational 
use of materials in shu~t supply /e.g. fuel 
economies in transport, tbe replacea:ent of 
materials expedient at so~ given point in view of 
tbe country's balan~A of payments/. 
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Apart from exception.al cases, t~ penetration :=f aluminium 

into new fields usually occurs in the form of replacing 
some conventional material. In doing this, the innovator is 
in.variably called upon to break age-old traditions and 
prejudices on the part of the consumer /see sub-chapter 

2.231. 

In this contest - even if full support is given by the 
local authorities - the al umi.llium ind us try may not get the 
upper hand, unless backed by the tielp Of reliable allies. 
The reader may be remined at this point of what R. Hartree, 
director of Alcan Laboratories Limited, once said claiming 
th.at there in no aluminium usage anywhere in. the world 
whose nucleus could. not be traced back t~ twenty years 

. i--, 
earlier t:J• 
This period of twenty years may be substantially reduced 
by & ~oncerted effort of all who are likely to derive 
technological am financial benefits from the replacement 
of other structural materials by aluminium. Such work 
callA not only for determination, but also f~r various 
organizatory measures to be introduced by both industry 
and tbe local authorities /standardization, ins:ructions 
and regulations pertaining to assembly arrl installation, 
reference !;ables, priorities, etc./. 

6.1 Standardization 

ill case of a finished aluminium ite~, standardization 
is aiaEd to ensure tl::e accur3cy to size, easy 
exchangeability, operational safety, endurance and 
considerations of hygiene a.rrl enviromental 
protection of a product. To enf~rce such standard 
specifications, consennus on all these points has ta 
be rea~hed by a body made up from representatives 
of the principal producers a.r:rl consumers. 

Next in l~ co~ regulations and s~ci..al 

standards governing t~ assembly and installation 
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of such prJducts arrl warranting the properties claimed 
by the product standard specifications. 

Finally, the fabricators must come to terms with the 
smelters and mills as to t~ composition and 
specifications of ingots and semi-manufactures, the 
outcome of such n.ego tia ti ans to be thereupon firmly 
anchored in a separate set of ingot and semi­
fabricated product standards. This is sometimes an 
arduous task, the interests of tbe parties being often 
conflicting. The aluminium industry is therefore at 
times faced with tbe necessity of introducing new and 
costly technologies before such standard s:pecifications 
may be passed. 

With the aluminiuc industry being highly integrated, 
its representatives should preferably take part in th~ 

deliberations of all there starrlardizntion committees 
an:i voice their opinion wbere this i~ ne=essary. 

Despite tbe changing pattern of standardization from 
country to country, there are three principal types 
of these as summed up below: 

- Raw material standards; they cover ingots and 
semi-manufactures, governing their c omposi ti on, 
mechanical properties, sizes and more recently 
their technological properties /e.g. electrical 
conductivity, susceptibility to deep-drawing, ~~c/. 

They are usuelly drafted by aluminium experts, b~t 

before t~y may be parsed, as mentioned above, the 
principal consu~rs have to be consulted. 

- Finisbed product stamards applicable to a 
particular sector; they enumerate tbe essential 
technical features :f the rna terial fro rn which the 
finisbed product is processed and the principal 
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pro""''3rties of tbe finished product itself; such 
standards have to be fully coordinated with those of 
the first group; tbsy are usually jointly drafted by 
specialists of a given aluminium end-using sector 
/e.g. electrical engineering, building and 
Cvnstr11c ti on, packaging etc./ am representatives 
of the principal consi!IBrs; the aluminium industry 
has to be consulted in each case; 

- The third group includes ~?rtain technological 
standards /e.g. welding, surface treatment etc./. If 
such s tand.ards are initiated by the aluminium 
industry, principal fabricators to apply such 
technologies have to be consulted. 

In developed cou.ntries the properties and application 
of a ver-y wide range of products is governed by 
standard specifications. These are often supplemented 
by a set of detailed technological ard installation 
instructions or regulations. Evidently, it will be 
necessary for each country to revise t~se arrl to 
adapt them to local conditions prevailing on site, if 
necessary. 

And finally, a few words abe;ut a system sf 
recommend.a ti ons introo.uced in Hungary in the early 
1950's. Thougl:l not full-fledged standaris, tbese 
documents were aiaed to boost aluminium usage on ODE 

hand, and to restrict the u.sage of other non-ferrous 
metals, on the other. They give a clearcut answer as 
to whetbe.c alumiD.ium usage for some particular 
purpose listed in the docu1Ient is desirable, 
advisable, possible or impossible. Such 
recommendations, of course, bave to be revised from 
time to keep pace with latest advances ln technical 
development. 
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6.2_HaLdbooks and tables facilitating design 

Tt.e training of staff to become p:--oficient in the 

design, processing a.rd usage Of aluminium in different 
sectors of industry, is of paramount importance. Such 
st~~~ includes designers, resear~hers, process and 

works engi_neers, S:f:e cialis ts from o teer disciplines 
such as economists etc., an:i what is most important, 

skilled workers arrl craftsD:En. Familiarity with 

aluminium should not be limited to those directly 

engaged in smelter or semi-manufacturing operations. 

Although they may be well versed in t~ fundamentals 
of their own field of erudition or experience, they 

:nay at the outset have no working knowledge of the 

specific technologies, standards, economic feasibility 

and :::itrer aspects of aluminium. consumption paat t~ 

semi-fabricating stage. While otber metallurgical 

industries may often look back upon technol~gies of 

several generations.' s t&nding, this is certainly not 
the case with aluminium. Anyone entering this field in 

an engineering capacity will bave to re-assess 

traditional concepts of technological thinking. He 

will have to familiarize himself, too, with t~ 

complex pattern of tm and-using industries arrl their 
market demand, along with most of too fundamental 

technologies involved at that stage. When 
sufficiently competent, such researchers, designing 

engineers ani consultants attacbed to the aluminium 
imustry will have to take the initiative of drafting 
various handoooks, textbooks, pamphlets ard tables, 

so as to disseminate knowledge arrl practical 
information among fellow-engineers, technicians and 

sKilled workers engaged in tbe fa bri~a ting ind.us trie 3. 

As a concrete example of how the al uminiur.n inG.us try 

itself may be tbe editor of such literature, tn.e case 
of tbe Aluminium Zentrale of Federal Germ<:'UJ may be 
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cited, running a publishing firm of its own :.u:rler the na:ie 

of Aluminium Verlag. Similar activities, thougt.. Jn a 

somewhat smaller scale, are carried 'Jn by all ma ,j or 
aluminium world concerns arrl. most ot;ber large aluminium 

firms in different countries /see als.o sub-chapter 3.1/. 

Principal types of literature in this context are as 

enumerated below: 

- Handbooks summing up tbe mecbanical and technological 
properties of aluminium, pointing out technical 

features of semi-maufac tures arrl hatr tbey may be used 
for a multiplicity of errls /e.g. the large variety of 

extruded sections etc./, describing subsequent 
methc:xis of processing, technologies arrl operations 

/e.g. casting, welding, surface treatment, machining 

etc./ ruxl. setting forth guidelines as to how 

aluminium products a:ay best be designed, installed 

and used. 

- ~doles to assist tlE designing engineer in his routine 

work, with special regard as to how optimum designs 
may be arrived at by taking advantage of tbe essential 

features of aluminium. It should be remembered tbat 

designs of traditional materials may never be 

effectively ard economically adapted to aluminium. 

- Documentation a.zxi pamphlets dealing with a particular 
opera ti on or technigue. They are small book.le ts 

embracing a multiplicity of subjects, e.g. the 
plastic deformation, casting, welding, machining or 

surface treatment of aluminium. They should be 

factual, with plenty of illustrative material, 
written in a style easily understandable by 

engineers, technici8.Il!3 ar:d skilled workers. 



- 231 -

- Special publications dealing with a particular field of 

aluminium usage, describing wbe re ani under what 

circumscances ffiay aluminium. be used there effectively. 
Their language too should be descriptive and 
unambiguous, but bere also professiollB.l jargon may at 
tirres be used if it cannot be avoided. 

- Textbooks of training courses. They ahould. be an 

abstract of lectures read at the training courses, 
expounding also some of tbe points more difficult to 

grasp; experiences ~f practical tuition in workshops 
too t:.3.Y be roe.capitulated bere. 

Catalogues azrl leaflet~ describing various items of 
products. They may include detailed specifications of 
semi-manufactures or descriptive features of a 
particular generation of products, etc. Also, there 
should be sufficient propagarrl~ material available 
dealing with auxiliaries used in tbe processing of 

aluminium /e.g. special lu'Jricants, welding fluxes, 
surface treatment baths, etc./. It is desirable that 
the aluminium irrl.ustry promote tte publication arxi 
circulation of such leaflets, .even if it is not a 

manufacturer of such products. 

- The publication of an aluminium journal may only be 

recommended if in the region a su.fficiently powerful 
aluminium industry is already operating. An aluminium 
journal is a useful instruroont in fostering contacts 

between srooltera, mills, tbe fabricating industries 
and consu.mers, and in ~romoting cooperation between 

designing and research inati tutea on one band, am 
inaus trial firms on the o tber. The principal sponsor 
of such a journal /also financially/ should alway3 

be the aluminium. ind us try. 
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~c tu....""'ers of training courses- have to be currently 
posted up witt latest develop1I1ents in the aluminium 
field, s:J that they may consider tbese in their lectures 
and textbooks, as far as possible. Furtbermore, it is 

desirable tba t "; the mcbanical and chemical engineering 

faculties of institutions of higoor education a~_um.inium 
technology be optionally inc ltrled in tbe curr~ .!ulum of 
uniergraduates or students just graauating. 

In conclusion, a few more wcrlds about staff training 

courses. They are organized for the benefi~ of 
engineering personnel or skilled workers, or to provide 
post-graduate s~udies for. more advanced specialists. 
Moral or financial backing of such schemes hy gov~rnment 
agencies is highly desirable. At tbe conlusion of such 
training courses t~ successful candidate should be 
given a certificate. 

6.3 Regulations by tbe authorities 

As referred to earlier, it may te.ke for an aluminium 
innovation 20 years to really mature. This is especially 
true when it comes to too r-aplacement of a tradi ti anal 
material by aluminium. The initiator of such S('he!Des are 
often faced with serious difficulties; the first of these 
is to fi.Irl a really effective design; when this is 

available, the next a tep is to manui'ac tura a pro to type, 
which has to be tried out in actual practice. If the 

prototype does not prove to be sufficiently viable, it 
has to be re-designed; then only may tte serial 

manufacture of an item begin. This is a long a.crl 

wearisome proce as, goi.ng on in t~ frtct; of serioa.a 
competition from otr.2r mterials, with no ;:.::~financial 

risks involved. Tho major aluminium concerns of the 
world are in most caaea ready to bear the brunt of such 
riaks in too hope of good financial re turns arrl a 
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further expansion of the aluminium markets. But in 
countries where aluminium producers independent from the 
maj::rs operate or where tte aluminium industry is pa.rt of 
the public sector, very often the state has to subsidize 
such ventures to belp restructure the country's production 
pattern. Ee that as it may, at one point or another the 
autilorities will t:Eve to step in anyway, whether in the 
field of stanJ.ard.ization /see sub-chapter 6.1/, 
vocational training /see sub-chapter 6.2/ or otherwise. 

State intervention, minar or major, however, may only be 
effective if it forms pirt of an:l fits into a long-range 
ecoromic strategy of a country or area. The aluminium 
industry of a country, real or potential, rDBY be a 
significaDt factor in shaping tbe economic destioy of ~ 
country with its numerous implications affecting the raw 
material situation, foreign trade am living standards 
of a given region. To lay down tte grownwork of an 
economically sowrl arrl viable aluminium industry, calls 
for a great deal of SJStematic thinking, foresight a.Di 
patience, entailing great responsibilities. Such a 
c~ncept, however, may hardly work, unless embracing a 
rala tively long span of time. Although in the meantime 
short spells of up'l arrl downs may occur in the ma.rke t 
situat:on, fundamental changes in tbe principles 
underlying such a concept would be extremely harmful. 

I:' concii tions p~ .... mi t it, iI1 tegra ti on encompassing as 
ma.c.y stages of producncn a 0 possible should be the 

final goal. To this effect, a long-term schedule bRa to 
be elaborated, coordinating investcoont ao::l development 
programmes at each subsequent stage of integration 
with special regard to market perspectivea. In doing 
this, possibilities of replacing other materials by 
aluminium, too, ba.ve to be taken into account. A good 
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example of this in Hungary; whose fully integrated 
aluminium industry bad a remarkable effect on the 
country's economic life. Hungary's aluminium industry is 
governed by a long-term central developaEnt programme 
launched and approved by tbe government,- In addition to 

dealing with tbe country's bauxite resources arrl covering 
every su.:ce ssive stage of integration I al wnina 
manufacturef smelting am. semi-fabrication/, it also 
sets long-range targets for developing t~ aluminium 

end-using ind.us tries [?J ~]. S~.:'~l ~i:-:clntion is 
devoted in t~ docuae nt to the replacea:ent of other 
structural aaterials by aluminium whe~ver this is 
technologically and economically feasible. Objectives of 

long-term research a.rd more details of technical 
developa:ent are set out in a secon:i document forming an 
~tegral part of the central developcrent pMgram.m.e ~] 
l? J. It deals with all prac t _cal aspects of how plans 
for subsituting other structural materials by aluminium 
bave to be implen3n,ed and wbat facilities are to be 

installed to this effect. While setting priorities, the 
authorities give full moral ani financial support in 
promot~ such research, design, prototn:e work a.rd 
pilot plant opera ti ens. T~ iaiplea:e nta ti on of tbe 
objectives embodied in t~ central developrrent programme 
.. Uld its addenda are controlled by a mixed working 

Committ;ee wherein all concerned parties are represented. 
It alsu coordinates t~ work of research and designing 

institutes with tbat of t~ industrial enterprises, 
prepares from time to time evalua tiaiE of achievements 
and failures, as well as submits varicus 
recommendet::.ons to higber governaent authorities. At 

first sight, this may look a complicated procedure. 
However, the number of government ~gencies, scientific 
institutes arrl enterprises of often conflicting 
interests involved in such schemes is grea G; also the 

• 
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financial obligations ani risks to be shared upon 
launching new projects may be ~onsiderable; therefore, 
wrler too circumstances this organizational pattern 
seems to be the optimum solution. 

How much government intervention is necessary to run an 
aluminium industry effectively? This is a difficult 
question to answer, tb: si tua ti on be i..ng differential 
from country to country, depending on its economic 
system a.al structure, as well as on the potentialities 
of the local aluminium industry. To win new markets for 
aluminium, arrl to ~e it as a substitute for other 
structural materials, is not a spontaneu~us p~ocess. 
There is often a built-in reluctance or hesitation by 
tbe consumers to accept something new. Most ~f them 
expect such solutions to be tabled to them in a 
completely elabora. i;e form. In tb: implements ti on of new 
projects usually high capital expenditure arrl a great 
deal of human effort are involved. In developed 
COUI.ltries tb: aluminium irrlus try is run by major 
companies who have vast resources to face such risks 
a.i..rl to penetrate iL.to new markets, selling their 
products to the highest bidder. IL necessary, they buy 

out smaller producers, establish subsidiaries or enter 
into joint ventures with them. In these countries the 
role of government agencies am of the public sector in 

al umini ·1m /if exia ting at all/ is usually a subordinate 
one,. The situation in too centrally planned economies 
ani developing countries is different. Here tbe 
definition of long-term targets arrl the introduction 
of organizational measures to imp].ement them, are tasks 
fully devolviD3 upon tbe govern~nt agencies /aee tbe 
Central Devel op-~ nt Programme of tbe Aluminium 
IndLlS try in Hungar,// L 2] [3]. Next to being responsible 
for t~ contrcl arrl coord.ir.a ti on of different branches 
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of industry, hare such govern:i:nt agencies also 
frequently share financial risks in the projects 
launched a.rd set numerou.s priorities in boosting 
technical develop"2nt efforts ani innovations. 

• 
/' 



W Hartree, R. 

[2] Lev8.rdi, Fo 

[2 j D6zsa, L. 

~] Horanyi, u. 
Domony, A. 

- 237 -

REFERENCES 

/Chapter 6/ 

Research Cen&ire in Banbury. lie tals am 

Materials. /!Aa:lon/ 4:41, 1978. 

Programme approved by ttm government for 

the develop!Dent of the aluali.nium industry. 

Uagyy Aluminium. /Buda~st,' 7:5:129-133, 

1970. 

Central DevelopD:Ent. Programme of the 

Hungarian .Aluminium Indus try. ¥agyar. 

Aluminium. /Budapest/ 14:1:1-5, 1977. 

Main technical developD:Ent ·targets 

embodied in the develop~nt program.me of 

the aluminium ind.us tcy. Magyar Aluminium. 

/Budapest/ 8:10:305-310, 1971. 

[5 j Domony, A. 
Temesszentand.rasi,G. Domestic aluminiu111. consumption in 

Hungary am tbe introduction of new 

products. llag:yar Aluminium. /Budapest/ 

14:1:6-11, 1977. 

•. Iii . •. - ·-. " . ... 


	Binder26.pdf
	Binder25.pdf
	0008A01
	0008A02
	0008A04
	0008A05
	0008A06
	0008A07
	0008A08
	0008A09
	0008A10
	0008A12
	0008A13
	0008A14
	0008B01
	0008B02
	0008B03
	0008B05
	0008B06
	0008B07
	0008B08
	0008B09
	0008B10
	0008B11
	0008B12
	0008B13
	0008B14
	0008C01
	0008C02
	0008C03
	0008C04
	0008C05
	0008C06
	0008C07
	0008C08
	0008C09
	0008C10
	0008C11
	0008C12
	0008C13
	0008C14
	0008D01
	0008D02
	0008D03
	0008D04
	0008D05
	0008D06
	0008D07
	0008D08
	0008D09
	0008D10
	0008D11
	0008D12
	0008D13
	0008D14
	0008E01
	0008E02
	0008E03
	0008E04
	0008E05
	0008E06
	0008E07
	0008E08
	0008E09
	0008E10
	0008E11
	0008E12
	0008E13
	0008E14
	0008F01
	0008F02
	0008F03
	0008F04
	0008F05
	0008F06
	0008F07
	0008F08
	0008F09
	0008F10
	0008F11
	0008F12
	0008F13
	0008F14
	0008G01
	0008G02
	0008G03
	0008G04
	0008G05
	0008G06
	0008G07
	0008G08
	0008G09
	0008G10
	0008G11
	0008G12
	0008G13

	0009A01
	0009A02
	0009A03
	0009A04
	0009A05
	0009A06
	0009A07
	0009A08
	0009A09
	0009A10
	0009A11
	0009A12
	0009A13
	0009A14
	0009B01
	0009B02
	0009B03
	0009B04
	0009B05
	0009B06
	0009B07
	0009B08
	0009B09
	0009B10
	0009B11
	0009B12
	0009B13
	0009B14
	0009C01
	0009C02
	0009C03
	0009C04
	0009C05
	0009C06
	0009C07
	0009C08
	0009C09
	0009C10
	0009C11
	0009C12
	0009C13
	0009C14
	0009D01
	0009D02
	0009D03
	0009D04
	0009D05
	0009D06
	0009D07
	0009D08
	0009D09
	0009D10
	0009D11
	0009D12
	0009D13
	0009D14
	0009E01
	0009E02
	0009E03
	0009E04
	0009E05
	0009E06
	0009E07
	0009E08
	0009E09
	0009E10
	0009E11
	0009E12
	0009E13
	0009E14
	0009F01
	0009F02
	0009F03
	0009F04
	0009F05
	0009F06
	0009F07
	0009F08
	0009F09
	0009F10
	0009F11
	0009F12
	0009F13
	0009F14
	0009G01
	0009G02
	0009G03
	0009G04
	0009G05
	0009G06
	0009G07
	0009G08
	0009G09
	0009G10
	0009G11
	0009G12
	0009G13

	0010A01
	0010A02
	0010A03
	0010A04
	0010A05
	0010A06
	0010A07
	0010A08
	0010A09
	0010A10
	0010A11
	0010A12
	0010A13
	0010A14
	0010B01
	0010B02
	0010B03
	0010B04
	0010B05
	0010B06
	0010B07
	0010B08
	0010B09
	0010B10
	0010B11
	0010B12
	0010B13
	0010B14
	0010C01
	0010C02
	0010C03
	0010C04
	0010C05
	0010C06
	0010C07
	0010C08
	0010C09
	0010C10
	0010C11
	0010C12
	0010C13
	0010C14
	0010D01
	0010D02
	0010D03
	0010D04
	0010D05
	0010D07
	0010D08
	0010D09
	0010D10
	0010D11
	0010D12
	0010D13
	0010D14
	0010E01
	0010E02
	0010E03
	0010E04
	0010E05



