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Preface 

The present rnlume of the Dei·e/opmenr and Transfer of Techn1J/og_r Series is based on a study ... The 
economic use of aluminium .. (UNIDO/IOD.335). prepared for the Metallurgical Industries Section '.>f the 
United Nations Industrial Development Organization (UNIDO) by A. Boker. A. B. Domony and I. Varga 
of Hungary and reflects largely. but by no means solely, the experience in that country. The study outlined 
the factors affecting aluminium production and consumption and the main reasons for using this metal: it 
also described how and under what circumstances aluminium ccnsumption expands in a de\·eloping 
country. 

Reference is made to a number of il"ltc:rnational sources for information on aluminium: additional 
information "an be provided by the Industrial Information Section, L'NIDO. Vienna International Centre. 
A-1400 Vienna. Austria. 
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EXPLANATORY NOTES 

References to dollars (S) arc to United States dollars. unless otherwise stated. 

References to .. pounds .. (£) arc to poi:nds sterling. unless otherwise slated. 

A solidus(/) between dates (e.g. 1980/81) indicates a financial year. 

Use of a hyphen between dates (e.g. 1980-1985) indicates the full period inrnh·cd. including the beginning and 
end years. 

A point(.) is used to indicate decimals. 

A space is used in tables to distinguish thousands and millions. 

The following symbols have been used in rabies: 
Two dots( .. ) indicate that data arc not avai:ablc or arc not separately reported. 
Two dashes (--)indicate that the amount is nil or negligible. 
A dash(-) indi-:ates that the item i., not applicable. 
T orals may not add precisely because of rounding. 

Besides the common abtreviations. symbols and terms. the following ha\·e been used in this report: 
ACSR steel-corded aluminium cables 
CIDA International Centre of Aluminium Development 
DIN Deutsche Industrie Norm 
GDP gross domestic product 
GNP gross national product 
OECD Organisation for Economic Co-operation and Development 
PVC polyvinyl ci:loride 
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Introduction 

The widespread utilization of aluminium on 
an industrial scale began in the 1930s. There was a 
significant rise in aluminium production-parti­
cularly in North America and Germany-during 
the Second World War to meet the increasing 
demand of the war industries, especially aircraft 
manufaCf urc. Owing to the scarcity of other 
stratcgi, materials, aluminium was used in other 
sectors as well. Electrical engineering and trans­
port-vehicle manufacture were the two most 
prominent end-use sectors, with chemical engi­
neering and food processing following on a more 
modest scale. 

In the post-war reconstruction perioo when 
large stocks of aluminium became available for 
civilian use, new outlets were soon found, including 
prefabricated utility houses, shipbuilding and elec­
trical cnginf''"ring and food-processing equipment. 
From the second half of the 195<k, the major 
atu .. 1inium manufacturers of the world devised 
new strategics for boosti11g aluminium consump­
tion, so as to find new markets for their rising 
production. During this period new us~ were 
found for aluminium which, in the long run, have 
proved to be feasible from both a technical and 
economic point of view. The market position of 
aluminium at that time was strengthened by the 
fact that marked shifts in the pricing of other 

structural materials had taken place in favour of 
aluminium, a trend that continued in the following 
years. 

The present volume reflects the experience of 
Hungary in aluminium production, but its ex­
perience would be applicable in dcvclo~•!:g couu­
tries that had similar gcophysicai .. 11d economic 
charactcristics-abuadant bauxite resources but 
few heavy non-ferrous metals, little timber and a 
narrow selection of steel products. In general, 
setting up an integrated aluminium industry in 
less industrialized cr•mtries calls for certain geo­
physical and economic factors. 

The study is concerned with the interaction 
of the economic factors that influe,ce the growth 
of aluminium consumption; it also describes 
endeavours in the production and consumer 
sectors. Examples of aspects of design, prototype 
manufacture and serial production, in Hungary 
and elsewhere, arc cited to il!ustratc how utmost 
advantage can be taken of internal resources and 
how know-how obtained from abroad can be 
used. Organi7ation, training and scientific policy, 
all essential in promoting aluminium consumption, 
arc also dealt with. The examples cited do not 
claim to be a panacea for solving all problems, 
nor arc they fixed patterns that must be strictly 
adhered to. 



I. World IR of muctural materials 

Efforts towards boosting aluminium consump­
tion we.-e first concentrated on de\·eloping new 
technologies and introducing products to replace 
traditional str:ctural materials (for example. alu­
minium for copper in electric conductor~. foil and 
collapsible packaging tubes of aluminium to 
replace tin. aluminium household holloware). ln 
vie-.v of shifts in the pricing of non-ferrous metals 
in the last 40 years. aluminium has become a 
focus of anention. Of course. the •:oncrete scope 
and prospects ha\e always dep- nded on local 
conditions. Th~e include access tv raw or struc­
tural materials and the extent to whi.::h industrial 
policies and the general economic situation had 
favoured aluminium. ln more recent times. a 
significant condition gi\·ing further impetus to 
aluminium use has been the higher cost-effective­
ness for both the producer and the consumer [I). 

Structural materials 

ln this survey. the term .. structural materials .. 
refers not only to ferrous and non-ferrous metals. 
but also to phstics, wood and cement. By using a 
multitude of data on past and present aluminium 
consumption throughout the world. a complex 
techno-economic index system has been de,·iscd to 
predict future aluminium consumption at different 
levels of economic devdopment. ln method. the 
present investigati(l:i is fundamentally different 
from rhat of other authors. ln earlier reports 
correlations were ploned betweo::11 each specific 
usage of a material and the gross do.nestic 
prod11ct (GDP) of a given country; in this study 
an attempt has been made to synt!".esize such 
correlations and to present consumption trends in 

a more:: unified manner. 
Early in the hi~tory of the aluminium industry 

specialists realized that aluminium was an c:ffect;vc: 
and economical substitutt" for copper in the 
conduction of electricity. Soon thereafter. tin 
disappeared in most types of packaging, which 
gave way to fresh advances by the aluminiurr. 
in• iustry. Next in line came chemical engineering 
and then electrical engineering, where: lead could 
he replaced by aluminium (for tanks and con· 
1ainers and for cable-sheathing). ln the transport 
vc:h1clc: industry, aluminium, thanks to its light 
weight, ~non became: a competitor for cast iron. 

By reducing the weight of transport vehicles. 
considerable power economies could be arri\·ed 
at. an imp('rtant consideration in view of the 
present world energy situation. ln tile wake of 
fresh de\·efopments in the building trade. tradi­
tional d.:signs using wood. reinforced concrete or 
steel gave way to aluminium (for example. for 
window and door frames. claddings and load­
bearing building structures). Aluminium buildin~ 
cvmponents reduced assembly time and main­
tenance costs and enabled comr'ete building 
elements to be transported over long distances 
with ease and assembled within the shortest 
possible time on site (e.g .• cold-storage rooms). 
Thanks 10 us high resistance to weathering. 
aluminium has also become a highly effective 
substitute in a variety of other fields (e.g .. 
buildirg. transport vehicle and food packaging). 
and its corrosion resistance compares farnurably 
with that of tin plate or zinc-coated steel. With 
continuing shortages of some heavy non-ferrous 
metals such as rin and zinc. this trend is expected 
to continue. This survey in.:ludes plastics so as to 
assess their potential impact on aluminium con­
sumption over the long term. 

Production and consumption trends 

The rate of growth of aluminium consumption 
has been high in the last 40 years, well ahead of 
1hat of traditional structura! materials (see tables 
I and 2). This growth was especially strong during 
the period 1960 to 1970. Although after the 
increase of oil prices this trend dedined slightly. 
i11 comparison to olher strucrural r · .1te1"ials alu­
mirii11,,. -:onsumption shows exiremely high growth 
rates. 

This unprecedented st1:ady growth is based 
on a high standard o! sysremaric research and 
development throughout the world. relying. in 
turn, on effective .:o-operation berwecn producers 
and consumeh, irrespecuve of the economic 
systt"m or extenl of indusrrial:iaiion in a given 
country. 

With the aid of a set of calculations. an 
attempl has been made ro forecast furure alu· 
minium consumption based on rhe data relea~ed 
in earlier studies. In order to do this, the first step 
was to compare the: cr.nsumption of principal 

J 



Tire eco11omic II.I<' of o/um111ium 

TABLE I. WORLD CONSUMPTION OF STRUCTURAL MATERIALS. 1935-1980 

(.llillio11s of to1111es) 

Srr11cru,al 11ta1~rial /9J.< 1950 /'MO l'M.< 

Aluminium 
(primary) 0.3 1.5 4.5 6.5 

Copper I.!! 3.2 5.0 6.1 
lead 1.4 1.8 2.7 3.1 
Tin 0.2 0.2 
Zinc 1.4 2.1 3.2 4.1 
Steel 124.0 187.0 343.0 458.0 
Plastics 0.22 1.3 6.87 14.69 
Wood" 210.0 337.3 374.3 
Cement 66.2 133.0 314.2 430.5 

"Timber in millions or cubic metres. 

TABLE 2. WORLD CONSUMPTION GROWTH INDICES 
OF PRINCIPAL STRUCTURAL MA TE RIALS 

.\for~nol /9771/9]5 1970//9(}() 19771 l'MO 197711970 1980//970 

Aluminium 50.0 2.2 3.3 1.47 1.56 
Copper 5.0 1.5 1.8 1.18 1.24 
Lead 3.5 1.5 1.8 1.22 1.32 
Tin 1.2 1.0 1.3 •.JS 1.09 
Zinc 4.1 1.6 1.8 I.I I 1.25 
S~ecl S.5 1.7 2.1 1.14 1.22 
Piastics 195.5° 4.4 6.3b 1.42' 
Wood 1.2 1.3.t ! n~-· l.lof 
Cement 11.00 1.9 2.3b 1.28' 1.39 

"1976/1935. 

61976/1960. 

'197611970. 

"1975/1960. 

'197511970. 

li979/1970. 

structural materials to GDP in a number of 
selected countries at various levels of economic 
development. 

For the purposes of this survey, those coun­
tries whose per capita GDP had been compared in 
a special study conducted by the Hungarian 
Institute of Economic Planning have been used [2). 
The per capita GDP ratio has been used throughout 
as an index of economic development,• notably 
for comparisons in terms of time to be made, 
taking 1970 prices as a basis. For the sake of 
comparability GDP values have been converted 
into United States dollars and corrected. The 
corrections taken into account modified rates of 
exchange and use 43 indices measured in "natural" 
units. This correlation was also made by the 
Institute of Economic Planning (2). 

In the calculations data from 23 industrialized 
countries, 8 centrally planned economies and 
7 developing countries-Argentina, Brazil, Chile, 

"The per capita gross rmional produCI (GNP) ratio can 
also be ulCd as an indn of ecnnomic development. but cenain 
difficulties arise when comparing industrialized am! developing 
countries 

1970 /975 l9ifJ /97' 197/l /979 19/fl) 

I0.2 11.3 13.I 15.0 14.6 15.2 16.0 
7.6 7.5 8.5 9.0 9.2 9.4 9.4 
4.0 3.9 4.3 4.9 5.0 5.6 5.3 
0.22 0.23 0.25 ll.25 0.24 0.2 .. 0.24 
5.2 5.0 5.8 5.8 6.0 6.5 6.b 

588.0 646.3 681.8 677.0 746 717.ll 
30.J6 37.0 43.0 

404.2 423.7 441.0 442.0 447.0 
578.0 702.0 727.0 711.0 1.106.0 

Egypt, India, Mexico and Peru-have been con­
sidered. The scope is large enough to permit 
general conclusions to be reached for the benefit 
of other countries as well. 

Aluminium consumption. 1937-1976 

In the present survey alumin:Jm consumption 
is classified accorGing to the International Ccnt:-e 
of Aluminium Development (CIDA) nomenclature 
adopted by the countries members of the Organi­
sation for Economic Co-operation and Develop­
ment (OECD) in 1973. The principal headings of 
the classification arc: 

Domestic primary aluminium consumption 
Domestic secondary aluminium consumption 
Domestic consumption of imported scmi­
manufactures 

Consumption under the above headings, of 
course, does not include exports of semi-manu­
factures. In more detailed statistical returns semi­
manufacturc exports ar~ listed in a separate line, 
permitting a direct read out of domestic aluminium 
consumption. Such detailed statistics, however, 
are not always available and tt>c comprehensive 
figures released usually include exports of scmi­
manufacturcs as well. In view of this, these figures 
have been accepted at face value for inclusion in 
tables and figures presented here. Such incomplete 
data, however, had no significant bearing on the 
trend calculations; in dealing with a large amount 
of data, small margins of error usually balance 
out. 

In figure I, the 1976 per capita aluminium 
consumption of 29 selected countries is plotted 
against their per capita GDP. The year 1976 may 
be regarded as a more or less stable one from an 
aluminium consumption point of view. No new 
aluminium outlets calhng for large tonnages 
emerged during that year. 

Over the period 1937-1968, the situtation was 
entir~ly different. In figure II the consumption vs. 
GDP curves for four characteristic years are 
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Fic11tt I. Per capila al-ini- com.mplioa in 29 srlttled cwmlrin plo11ed apinsl lllrir prr capila GDP. 1976 
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11 Israel 
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13 Austna 
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t6 Denmark 
17 United Kongdom 
t 8 Netherta nds 
19 Canada 
20 Australia 

displayed in a single graph, so as to permit a 
comparison of growth trends in the long term. 
Above a given level of economic development, per 
capita consumption in the long run continued to 
grow. For example, at 5500 GDP per capita, per 
capita aluminium consumption rose from 0.5 kg 
in 1966 to I kg in 1968. The c•uve for 1968 
coincides with that for 1976, suggesting that 
further growth was no longer anticipated unless 
the relative pricing of aluminium dropped con­
siderably or a number of new volume-intensive 
aluminium outlets were founl!. 

21 France 
22 Hungary 
23 Japan 
24 Finland 
25 Sw11zer1and 
26 Germany. Federal Reput>hc of 
27 Sweden 
28 Norway 
29 unoreo Srares 

The growth of aluminium consumption in 
each of 10 selec\ed countries is illustrated in figure 
111. Here the lines connect points plotted for each 
of the four years under survey (1937, 1960, 1968 
and 1976). The line for each country tends 
towards the median line for 19611 and 1976. A full 
convergence in the median line, of course, may 
not be anticipated, because of the annual fluc­
tuations of data. But the amplitude of fluctuations 
has in the past visibly narrowed and the trend 
towards convergence is expected to persist in the 
future. 



Th,· 1'nmom11· u,-~· of alunr11f1um 

Fi11:•1: II. Al•miaimn coaS11mp1ioa '"-GDP cvnn for IM ?9 CDmllrin.. 19.H. 1960. 1961 ;aad 19'.'6 

o; 
~ 

c: 
0 .. 
a. 
E 
::J ... 
c: 
0 
u 

E 
.= 
£ 
E 
~ 
IU 

IU 
-~ a. 
IU 
u 
.... 
CIJ 
a.. 

30 

20 

10 

5 
4 

3 

2 

0.5 

I 111 

----
--

----

I 111 I I 11 
~ 

( 

I 
J 

{ --
-

J. -

/I 
~/I 

$// 

~',I 
-cf'/ I 

;
17 I 

---
-

" 
0.4 

j • 121 
/ ~I I 

/~ J ~ r 

~j 

I Ii I I I I I I I 11 

0.3 

0.2 

0.1 
10 20 30 4050 100 200 300 400 500 1 000 2 000 3 000 5 000 10 000 

Per capita GDP (dollars) 

A few points on the median line of figure Ill 
are given numerically in table 3 to demonstrate 
that aluminium con:>umption tends to rise much 
faster than GDP. How much faster is given by the 
slope of the line in figure Ill, called the elasticity 
coefficient. which is 1.43. 

Hence. if future trends of GDP or GNP are 
known, trends of aluminium consumption may be 
forecast. For countries whose position on the 
graph in figure Ill is located below the median 
line, the use of a higher, and for those located 
above the median line. the use of a lower, 
elasticity coefficient is advisable. Assuming normal 
economic growth, in both cases the relative 
posiuons will 1-.nd to converge. 

Comumption of nther structural materiol.f 

Figure IV compares the per capita consump­
tion and per capita GDP of steel, copper, timber, 

TAltl.E 3. PER CAPllA GDP IN RELATION TO A!.li· 
MINIUM CONSUMPTION 
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cement and plastics in 29 selected countries for 
various years. Each of these materials is discussed 
below. 

Steel 
In contrast to aluminium, it is a characteristic 

feature of steel that international mainstream con­
sumption trends expressed by the median have 
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not changed since 1937 (sec figure IV(aJ). Steel 
consumption tends to keep to a traditional con­
sumption pattern with an elasticity coefficient 
of l.S per cent, despite the fact that new and 
compctiti'.lc materials such as aluminium and 
plastics have made heavy inroads on the steel 
market. Obvious reasons for tnis stable figure arc 
the large volumes of steel consume(! in areas 
where there is little scope for substitution and 
technical advances in the steel industry [3]. 

Copprr 

Data for refined copper consumption arc 
available only for the years 1968 and 1976 

(figure IV(hJ). From 1968 to 197R, the median of 
copper consumption remained about the same at 
the S620 per capita mark. Where it went over this 
level (all developed countries and some developing 
countries), per capita copper consumption dropped 
to L.S kg, corresponding to that of steel. 

In 1976 aluminium consumption per kg of 
copper was 1.4-1.8 kg in developed countries on 
the average, 6.2 kg in Hungary and IS kg in 
Norway. 

Hungary, with its 2.1 kg per capita consump­
tion, is one of the world's most modest copper 
consumers. This is obviously due to the country's 
very high aluminium consumption in relation to 
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its economic development. Countries oi similar 
economic development. by contrast. ha,re ac.:oun­
ted for about 5 kg copper consumption per capita. 

While the price of aluminium is a disadvantage 
in its competition with steel, for copper the 
situation is the re,rersc. For many end-uses. 
c'.>pper could be replaced by aluminium. Further 
encroachment of aluminium on the copper mark('t 
seems largely limited by only technological con­
siderations (e.g .• flellibility of electrical coil wire). 

Timber 

Half of the world's wood consul"" ~tion may 
be accounted for as fuel, with the other half being 
used for industry. One third of the latter is timber, 
the product being discussed here. Accurate data 
wc:re available only for Europe covering the 
period 1950-1970. 

In the past the more developed countries 
consumed more timber than the less developed 
ones. Nowadays, however. per capita timber 
consumption in developed countries may no longer 
grow although per capita GDP is constantly rising. 
This may be because in the past timber was used 
almost eltclusivcly in wood-growing areas. 

The shortening oi the medians and fhe 
steepness of t:1eir gradients in figure IV(c) clearly 
indicate that timber consumption by the less 
de\·elopcd countries tends to approltimale that of 
the more developed ones. 

Cement 

for cement (figure IV(dJ) numerous data 
were available for 1937. very few for 1968 and 
none for 1976. In consequence. the medians may 
be less accurate than those for the other materials. 

Over the period 1937-1968 the medians lend 
to attain higher and higher levels revealing more 
anJ more pronounced gradients. Accordingly, per 
capita cement consumption related to GDP has a 
strong tendency to rise, with its elasticity coef­
ficient tending to drop, e.g. at a SIOO per capita 
level from 0.8 in 1937 to 0.3 in 1968. 

Plastics 

The median for each year is higher than for 
the preceding year. The 1960 median is curved 
(figure IV(e)). Of course, no data were available 
for 1937 when the plastics industry was s•ill in its 
infancy. Also, no 1976 data were available in 
respect of developing countries. 

The medians plotted from available data in 
figure IV(e) point, at a constant per capita GDP 
level, to a rising trend in per capita plastics 
consumption, implying that this vigorous material 
has a great variety of end-uses (a reverse picture 
of that of timber). The increase in plastics 
consumption, though in so1"e specific fields-cable 

manufacture. beat-;nsulated sandwich panels. 
packaging etc.-simul~aneous with and a 
corollary of rhat of aluminium. may at times also 
ad,.·crscly afte1.:t aluminium marketing interests. 
e.g .• in the building trade. tile transport ·,·chicle 
industry and the manufacture of some consumer 
goods. It is indeed often hard to say whether the 
two industries arc co-operating partr:ers or com­
petitors. However, with the median of al-.minium 
rising less steeply than that of plastics. it seems 
that in industrialized coun•ries plastics tend more 
and more to expand their markets to the detriment 
of aluminiun:. 

Forecasts 

The period covering the 1950s. the 1960s and 
the first half of the 1970s witnessed an eltponcntial 
growth of world economy. World population. 
industrial production and the consumption of raw 
materials taave shown congruently growth trends 
of cltponential character (sec tables I and 2). 
Among raw materials, the increase of aluminium 
metal consumption was particularly spectacular­
between 1950 and 1970 the average annual growth 
rate attained 9.7 per cent on world scale. 

As a result of the first petroleum crisis in 
1973, the dynamic growth of world economy 
became interrupted, thus partially justifying eco­
nomists who had called for more restraint. Umits 
of Gro'll'th. a volume of studies prepared for the 
Club of Rome and printed in 1972. was one of the 
best-known publications in this category. In view 
of predictions of the Club of Rome and of 
alarming developments in world economy, Nobel 
Prize laureate economist Wassily Lcontief was 
appointed by the United Nations to elaborate a 
coherent model designed to be instrumental in 
creating a new international economic order. 
Professor Leonticf and co-authors elaborated 
their ideas in a comprehensive study titled The 
Future of the World Economy ~4]. Their initial 
supposition was a future gradual decrease of 
world population growth, especially in the devel­
oping countries. This could lead to a decrease in 
the growth of industrial production, the per capita 
consumption of goods on world scale could grow 
at a pace that would not lead necessarily to an 
early exhaustion of world raw material resources 
and a world disaster caused by environmental 
pollution could be also avoided. Reasonable 
housekeeping with energy and raw material re­
sources, imprnved and increased efficiency in 
utilizing raw material resources and intensive 
recycling from wastes appear as key tasks for 
development. Keeping in mind the above, a world 
model-broken down by economic regions and 
enabling the calculus of GDP and its growth 
rates-was made. 
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Leonticfs calculations pro\'iJcd the basis for 
sectoral forecasting between 1978-1980 for indi­
vidual raw and structt.ral materials. These forc­
ca~ts. compared with pre\·ious ones. show much 
more modest de\·ctopment rates for the period !lp 
to the year 2000. 

Lcontief was soon folk-.wed by M. F. Do1l·ding. 
the president of the British Metals Society. who 
elaborated updated consumptiO!' ••)recasts speci­
fically for metals and other stru.:tural materials 
(5). The forecasts were analyse" on the basis of 
the expected values of gross national product 
(GNP) (sec tables 4 and 5). 

TABLE 4 .-\\"ER.-\GE .-\S'.'il'AL GRO\\ IH RATES l)F 
GSP: FORITASTS TO ~lOO 

(Perccr.:.:~ ·· 

f~-1•n11m:. r:f'rlup:nr: 
o,.,-,,un/f'l [9.~11-[9.~.· 19Jl.<-1Wll 19911-!lllHl 

l.X•d·ipcd markc1 
C..:001lmlt'\ 

lc•dudmg Japtnl J.5-3.0 3.4-3.3 3.0-2.5 
Ccntrall~ planr" d 

e~llrwm1cs 5.0 5.0 4.5 
Japan 5.5 5.0 4.5 

Dc•d"ping '"umrics 7 .5-6.0 6.5-5. 7 5.5 
w.,r1Jtotal 4.7 4.4 4.2 

.\1Jur.·l· [~J 

TABLE 5. WORLD COSSliMPTIOS OF THE MOST 
IMPORTAST '.\.IETALLIC STRUCTIJRAL MATERIALS 

BY DECADES TO 2000 

(.l.f1//1mu of !onnn) 

.\IJunul /9:'/-19/W 1911/-lWO 1991-;!(J(H) 

Steel 6 900.3 10 200 13 800 
Aluminium IJ0.0 218 358 
c.,ppcr 82.5 136 206 
Zane 58.0 79 102 
I.cad 4M.O 50 61 

Keeping in view the data presented in table 4, 
Dowding prepared forecasts of consumption re­
lated to the main metallic structural materials 
(table 5). 

The gross total consumption of primary and 
secondary aluminium was elaborated in detail. 
and a 5 per cent average annual growth rate was 
anticipated (see table 6). 

The breakdown of aluminium consumption 
by economic grouping has been worked out on 
the basis of Dowding's calculations for a study by 
UNIDO. prepared in 1978 (sec tables 7 and 8) [6]. 
A rough halving of the previous annual growth 
rates (which amounted between the years 1960-
1970 to 8-10 per cent) was taken into account in 
the calculations. 

It seems highly probable that the share of 
developing countries in aluminium production 
and consumption will grow consider:ibly in the 
years ahead According to S. Momenc (7). in the 
period 1975-1985, aluminium production in devci­
oped marki:r economies is expected to double 
roughly, frcm 9.1 million tonnes to 19 million 
tonnes. During the same pc ·1od, aluminium smelter 
capacities of the developing countries arc expected 
to grow fivefold, expanding frvm 0.8 million 
tonnes to 4 million tonnes annually. The reality of 
this forecast seems to be cc nfirmcd by available 
contemporary data, shown below: 

rear 

1960 (8) 
1'170 (8) 
1975 [7) 
1917 (9) 
1'178 (9) 
1985 [7) 
2000 (estimated) 

Capac11_1· 
(T/wcua11d1 t~f rn1111n1 

88.6 
538.2 
842 

I 104 
I 318 
4 000 

7000-9 000 

By 1985 the share of developing countries in 
world aluminium smelter capacity may reach 
17 per cent of total installed world smelter capa­
city. Under these circumstances, the target sug­
gested at the Second General Conference of the 
United Nations Industrial Development Organi­
zation held at Lima, Peru, in March 1975, that at 
the turn of the century developing countries 
should account for 25 per cent of total world 
industrial prnduction, appears to be a thoroughly 

TABLE 6. GROWTH OF '"IORl.D ALUMINll:M CON­
SUMPTION BY ECONOMY TYPE. 1978-2000 

(.l.fillio11J of tonnn) 

,.:'""""'f t.i·tw 19711 19/IJ /99fj ... "flf»f) 

Marke:! 15.7 22.0 28.J 46.0 
Cc:n1rally planned 4.3 6.0 7.7 12.0 -

Total 20.0 28.0 36.0 58.0 

Snuru. [ S }. 

T ABL[ 7. GROWTH JF WORLD ALUMINIUM CON­
SUMPTIOl'I BY ECONOMIC GROUPING. 19711-2000 

(.\/i/110111 nf ronne<) 

f.'""°"'" !!ro11p111i 197/1. 1911.~ 199fl :noo 

Dc\'leloping countries 1.2 J.O 4.8 I0.0 
Cen1rally planned 

economics" 4.J 6.0 7.7 12.0 
Dcvc:lopc:d marke1 

economies 14.5 19.0 23.5 .16.0 --
To1at1> 211.0 211.0 36.0 S8.0 

Snuru: (llJ. 

"lnclud1ns China. 
hGrms value 1nclud1ns occondary alum1n1um 

. ·-,-------------,....-------------
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fair percentage that can be reached by developing 
countries as far as the share in world aluminium 
smelter capacities is concerned [ 10]. 

The second .. explosion .. of petrr'.eum prices 
and the ensuing recession called int:> doubt the 
reality of forecasts that were prepared in the 
second half of the 1970s. Estimates of global 
growth rates and of the relative values of structural 
materials and. consequently. of their potential for 
substitution by each other had become doubtful. 
Simultaneously it also became clear that the 

// 

e..:onomic future of developing countries would 
not be as uniform as previously supposed. A 
gr•lUp of .. well-off" de\·eloping countries-consist­
ing mainly of the countries of Latin A rnerica­
emerged. In addition to natural reso•1 . ..:es. this 
group of countries also has trained labour. an 
essential condition of development. In extremely 
low-income coun .!S. however. agricultural amt 
industrial development targets could not be met 
even when natural resources were more or less 
available. Lack of trained personnel was the main 
obstacle. 

Recent economic forecasts include those by 
lnterfutures [I I] and a report prepared for the 
Presidrnt of the Uniled States ( 1980) [ 12). The 
GNP-related data of the latter report are sum­
marized in table 9. Forecasts dealing with future 
demand of structural materials and aluminium all 
agree on the existence of a correlation between 
GNP and the consumption of some of these 
materials. According to more recent forecasts. the 
elasticity quotient of GNP and growth in alu­
minium consumption has a general tendency to 
decrease and is becoming increasingly differen-

TABLE9. c,:o-;p ASO GROWTH RATES. 1975. 1985 ANO 2000 
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tiated by economic ugions. For the industrially 
de\"eloped countries this quotiem. which was 1.2 
ro 1.3. \\ill decrease by the year 2000 •'.J 0.9 to LO. 
The expected quotient will be 1.3 to 1.4 for Latin 
.'\merica [ 13): 1.4 to 1.5 for the least developed 
countries and 1.0 for the centrally planned eco­
nomies. 

The model. which was published on th:: 
occasion of the Seco.1d International Symposium 
on Aluminium Transformation Technology and 
its Applications. Auencs Aires. August 1981 [ 14). 
relies partly on publish~d sources [ 11) and [ 12) 
and partly on unpublished papers of W. l.!ontief. 
This model sur;eys the consumption of main 
structural metals up to the year 2000. The author 
estimates that world total primary aluminium 
consumption will be 32 to 33 million tonnes by 
the year .:woo. if current technological conditions 
still prevail. If aluminium recycling is developed 
world-wiae. a lot of material and energy could be 
sa\·ed and world primary aluminium consumption 
could be reduced by the end of this century to 
some 27 million tonnes. The expected rate of 
growth for steel. copper. lead and titanium was 
also estimated. Reduced consui.1ption estimates 
may result from technological de\·elopment and in 
recycling. 

The final conclusions of these calculations for 
primary metal!> are presented in tabie IO and 
figures V and VI. The consumption figures given 
for primary metals should be increased by the 
\"Olume of secondary metal recycled from scrap. 

TABLE 10. GROWTH or WORLD co:o-;suMPTIOS OF 
~t-\l:o-; PRl\tARY STRlTTl"RAL ~fETAl.S TO THE YEAR 

:!IMIO 

( .\ftffWPT.\ of· flllllf~f) 

\In.if f'J.'ill /Wll :on11 

:\!um1mum 15.:! n )~ 

Coppa 9.6 l.l 17 
l.eaJ 5.~ 6 .., 
Sr"d '.':!O.U I 000 I l.l!! 

which may be 20 to 30 per cent of the primary 
metal for aluminium. 

A feeling of some uncertainty emerges from 
figure VI. based on Varsavsky's projections (14) 
and from the forecast prepared by lnterfutures 
[ 11 ). In addition to the status of the world 
economy, the future demand of structural materials 
will depend on such unknown conditions as the 
rate and efficiency of recycling from scrap: new 
technological achievements in production and 
processing, especially as related to their impact on 
capital and energy requirements; innovations. 
product quality characteristics and material sa\·­
ings; and. finally, material substitution possibilities. 

A model to forecast gross aluminium con­
sumption, both primary and secondary, with an 
arbitrary division into main economic regions was 
constructed. Gross volumes of aluminium con­
sumption are shown in table 11. and the relevant 
annual growth rates are shown in table 12. The 

Figurr \·. Proj.·cted ,.orld coasumprion of !>rUr:al primary nwtal' frdatiH ind<" I (I.&( 
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rnlume of metal to be recycled from scrap by the 
year 2000 was estimated at 20 per cent of primary 
metal, an estimate similar to that of Varsavsky. 
As a result world demand of prima1 • aluminium 
by 2000 can be put at some 30 million tonnes. 
This figure is corroborated also by Kapolyi [ 15]. 
whose analysis of forecasts of the 1970s concluded 
that projected growth rates tend to decrease. 

The decrease in aluminium consumption 
growth rates can be attributed to the following 
factors: 

(a) Growth increments of GNP i11 developed 
countries originate mainly from industrial sectors 
that are not intensive consumers of aluminium. 
e.g., electronics and telecommunications. For 
developing countries. intensive electrification pro-

TABLF. 11. GROSS CONSUMPTION OF PRIMAKY ASO SECOSOARY ALUMINlt:M. 1970-2000 

(,..,1fhon1 oj ronnn) 

frJUCOJI 
/<;A/ 

f<"1fonr1c trm1pllfg. 'rK'"" nr <Ol.llflf_, /97f) /9~5 /919 J~~n (tJfl1'UJle) /9~.I 1990 'Oflt} 

Markel economies of Wes1crn Europe J.2 J.S S.7 S.6 SJ 6.S 7.S 9.9 
Japan 1.4 16 2.3 2.1 2.0 2.S 2.9 H 
Uni1ed Sr;ires 4.2 4.2 6.6 6.2 6.4 7.1 II.I I0.7 
Orher developed marke: economic< O.S 0.8 1.0 1.0 1.0 1.2 l.S 1.8 

-
To1al. de.-cloped markc1 economics 9.3 9S IS.6 14.9 14.7 17.J 20.0 26.2 

Larin America 0.2 0.4 0.6° 0.7h 0.7 1.0 1.3 2.1 
Pe1roleum-producing coun1rics 0.1 0.2 O.J O. l O.J 0.4 o.s O.M 

T oral. La1in Amcric:a and pc1rolcu11'- O.J 0.6 0.9 1.0 1.0 1.4 l.M 2.9 
producing counmes 

1.easr dc\·cloped counrries of Asia/ AfricaJ elc. 0.3 0.4 0.6 06 0.6 0.8 1.0 1.7 

European cenrrally planned economics' 1.7 2.6 J.O 3.1 J.O J.6 4.2 s.s 
China and orher ccnrrally plannrd economics' O.J 0.4 0.6 0.6 0.6 0.8 I.I LR - - - -

Toral. ccnrrally planned economies' 2.0 J.O J.6 J.7 J.6 4.4 S.J 7.J 

Toral 11.9 13.S 20.7 20.2 19.9 23.9 28.1 JS.I 

0 Mclal Rullclin'• Second Alum1n1um Conarcu. !\.bdnd. Scpicmhcr 19RO 

".-1111m1f1111m. "''' ,R. No. I i19M2l p. 7J 
'·-.cludina China and Japan and pc1rnlcum-prrnl11cin11 <"11nmc• 
df.>eludma pc1rnlcum-produc1n1 cnunmc< and Sn111h Mnca 
'';'r1mart 
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grammes and an industrial structure similar to 
that of the de\·elnped countries between 1960 and 
I 9il) result in a higher specific demand for 
aluminium: 

f/11 Capital costs for invesrments to create 
new primary aluminium production capacities are 
steadily incr.:asing owing co increasts in the costs 
,if infrastructure and energy. increasing production 
unit size and pollution control standards: 

tc) Few new use:; for aluminium are being 
discm·crcd. except in air transport and road 
>chides: 

fd) The rise in the price of aluminium 
compared to that of other ~Iructural materials. 
especially alloyed ~teels and some plastic~. has 
shifted to the detriment of aluminium. As an 
example. the world market price of aluminium in 
1979 was 2.32 limes the 1972 level: alloyed steel 
price,, were 1.68 times the 1972 level. 

Table 13 presents forecasts of world steel 
consumption. and table 14 shows the rclevanl 
annual incremcn1s as percentages [ 16 ). The 
structure of these rabies and the inherent 
uncerrainties and possibilities of error are similar 
to those of tables 11 and 12 :in aluminium 
consumplion forecasts. 

Tables 15 a~d 16 show compaia1ive shares 
,if aluminium and steel consumption by economic 
grouping be1ween 1970 a!ld 2000. The share of 
developed countries decreases for aluminium and 
steel. The share of cenlrally planned economic~ 
stays level for aluminium and shows a decrease 
for steel for !he fir.al years. The share of developing 
countries shows a spectacular increa~e for steel 
and a more modest. but still significant, increase 
for aluminium. Lca~t developed countries show a 
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pattern similar to that of de\·eloping countries but 
at a much h)\\er le\' el. In summary. an increase in 
the demand for aluminium appears possible in !he 
de\·eloping countries. How-:ver. this will require 
well-organized marketing. competent technical 
information and advisory sen·i.:es and efficient 
transfer of technology. In addition. the increasingly 
keen competition by plastics and alloyed steels. 
which are today advancing on a broad front just 
as aluminium did between 1955 and 1970. must be 
kept in mind. 

The srructure and sectoral breakdown of 
aluminium consumption by regions. or by in­
di\·idual countries. depends on the general eco­
nomic situation and on the structures of h)cal 
industries. It is tempting to use comparative 
analysis l'f aluminium end-uses by regions in the 
preparatinn of elaborate forecasts. However. lack 
of sufficient data and the complicated and chang­
ing nature of economic patterns makes it im­
possible to prm·ide more than an estimate of some 
fundamental tendencies. The following general 
conclusions emer!?e: 

(a) The four main economic groupings dis­
play distinct types of end-use patterns. In devel­
oped market economics most c.>nsumption C1)mes 
from transport, cons1ruction and packaging. In 
semi-industrialized developing countries electrical 
industries have a large role, domestic utensils 
show a decrease and production of transport 
goods grows; packaging (where there arc food 
industries) and construr..tior1 (depending on local 
climate) may also have a ;:>otentidl for growth. 
The bulk of aluminium rnnsumption in the leas! 
developed coun1ries is in the household goods and 
clec1rical industries sec1ors. In the centrally planned 
economies (independent of their respective levels 



TABLE 13. WORLD STEEL CvSSl"MPT1~•:. 1'170-2000 

( .\f1l/iou of tonnes/ 

!- l l'"''"'h r,.•,wrur'I{. 'l'"'ft'11" '" .:,J"1ftn 1~-11 

'.\larket .:con••1o1in of Western Europe 120 
Japan 80 
l:nited State> 120 
Other .!e,-d,iped market c:conomies J6 

T.>1al. de,doped market economies 356 

Laun .\meri.:a 13 
Petrokum-produ<ing countnes 2 

Total. l..atin Amem:a and petroleum- 15 
pnldw:ing ~tlUR[ri~ 

Least de,·d,>ped .:ountries ,,f Asia." Africa" et.:. 16 

European central!~ planned economies' 180 
China arrl other centrally planned economies' 32 

Total. .:cntrall,- planned c:conomies' 212 

Tot~I 599 

"l-,dud1ng (lun.;a. ;~:'an ;1nd pctrolcum-prodtKlnt; countncs 

.'lf;,dudmg petrolcum-prt)&lr,;··1ng counrncs and South Afnca. 

··i:~um~rc 

iv-.< 

120 
90 

108 
52 

370 

18 
6 

!4 

16 

195 
42 

237 

647 

/Y-V !WfO 

130 130 
IOll 100 
120 1011 
60 60 

--
4IO 390 

40 40 
15 15 

55 55 

16 17 

213 203 
52 52 

265 255 

746 717 

1v.•: /WI.' 

128 130 
YO 95 

108 120 
5"' 55 

380 400 

43 55 
17 20 -
60 70 

18 40 

208 220 
47 65 

255 285 

713 800 

TABIE 14. AVERAGE ANNUAL INCREME!'ns OF STEEL CONSUMPTION 

!Vlarke· economies of Western Europe 
Japan 
L:nit.:d States 
Other de\"d<>ped market economies 

.-\\-erage. dc\doped marht economics 

I.aim America 
Pctmkum-producmg C•>untrics 

A..-crage. Laton Amcnca and petrokum· 
pniducing cou111roes 

l.easr de\"doped countries of Asia. J Af ricah c1c. 

European centrally planned economics 
Chma and utn~r ce.urally planned economics 

.-\\-erage. cenrrall) planncd economics 

'"era II ;l\·erage 

"h,luding Chma and Japan 

2.3 
2 I 
7.0 

OJI 

6.4 
20.0 

22.8 

1.6 
5.0 

2.2 

l.S 

~hcludms p<!rol<nm-produ"ng countn« and South Afnca 

(Pr:rcrnta.tftt/ 

19~1>./YllO 

I.II 
2.1 
l.S 
s.o 
1.0 

11.0 
22.0 

IJS 

I.II 

0.8 
5.0 

I.II 

1.8 

/91111-/Y/15 /9115-IWI 

LO 2.0 
3.S 0.8 
1.7 1.7 

0.5 LO 

6.4 4.8 
5.7 13.3 

6.2 7.6 

5.7 8.1) 

L6 0.9 
4.6 4.1 

2.2 1.7 

2.1 :.4 

1·orrcwt 

/991.1 _..,)()(/ 

130 140 
!05 il5 
125 140 
60 6.5 --

420 460 

70 140 
40 100 

110 240 

60 150 

230 250 
80 150 

310 400 

900 I 250 

19W>--'{)t)() 

l.S 
1.9 
I.I 
1.6 

1.8 

13.3 
17.1 

7.4 

17.1 

0.ll 
6.0 

2.5 

3.2 

T ABU' 15. !.HARE Of ECONOMIC GROUPINGS IN TABl.F. 16. SHARF. OF ECONOMIC GROUPINGS IN 
WORl.r> Al.llMINllJM CONSUMPTION. 1970-20110 WOHD STEEL CONSIJMPTiON. 1970-2000 

(/'t"Ut"fllOf<t") (Perrrntagt") 

l.rmMmu f'""P"'~ !Y1rl 1911() /911.! /WI !{)I)() l.'rMJnm" tTn11plfft 19711 19110 /911.! /Wfl !flfl(I 
- --- ---------· 

Developed marker Developed market 
economic~ 711 74 72 72 69 cconomu:s 60 54 so 47 37 

Scm1-1ndus111al11cd Semi·industr1ali1ed 
de>cl.>pmg countnes J s 6 6 II developin1 countries 2 II 9 12 20 

I.cast dcvclop-:d countnes J J J J 4 I.cast developed counr ries 2 2 5 6 12 
C"entrall) planned c, inom1es ,,, IK 19 19 19 Centrally planned er.onomies J6 36 36 JS JI - - -

Toral JOO 100 100 100 JOO Total JOO 100 HIO 100 JOO 



of industrial development), where the market is 
not saturated, electrical engineering is the main 
civil consumer; 

(b) As a result of world-wide industrial 
development it appears probable that cnd-us1: 
patterns of all main economic groupings will 
gradually approach the presc'lt patterns of the 
developed market economics; 

(c) World demand for highly processed, 
special aluminium semi-manufactures is increasing, 
anl.!, as a result, the borderline between aluminium 
scmi-mar.ufacturcs and finished goods becomes 
increasingly blurred. This phenomenon manifests 
itself in some dcvclorcd countries witlt small 
populations where a sharp increase in the exported 
share of semi-manufactures may be greater than 
50 per cent of the total production. As-;embly 
plants and workshops for the use of these goods 
arc mushrooming in the developing C'ountries; 

(d) It is unlikely that new products for civil 
use that would consume significant quantities of 
aluminium will emerge in the next 20 years, even 
in the developed countries. This statement seems 
to be well proven by the case of Italy [ 17], as 
presented in table 17; 

(e) Some previous observations remain valid 
[6]. In the developed countries the need to save 
energy will call for an increase of aluminium 
consumption in transport vehicles, electrical in­
dustries. the production of heat exchangers and 
vessels, mass production of some machine com­
ponents, and the production of vacation and 
sporting goods. However. the gro\lo 'h of aluminium 
consumption for building and packaging will 
stop. In this initial period of development for 
developing and semi-industrialized countries, the 
use of aluminium in electrical industries and in 
some cases the wide-spread use of packaging 
goods made for aluminium (e.il. for fish, milk 
processing and other canned products) and the 
establishment of industries to produce household 

TABLE 17. ALUMINIUM CONSUMPTION BY INDUS­
TRIAL SECTOR IN ITALY. 1977 AND 2000 

](/(/(} 

Sutor 1977 (UllM/7") 

Transporl >chicles 27 JO 
Mechanical engineering 8 s 
F.leclncal engineering s l.J 
Building and cons1ruc1 ion IR 25 
Packagms R s 
~fousehold and 01hc 

fabricared 11ems II 10 
Mucellaneous 23 IS 

Toral 100 100 

s~uuf ( 111 

goods has an important role. Other aluminium­
consuming sectors will grow :is well, depending on 
a country's economy. Agriculture requires up-to­
datc cold storage p!ants, irrigation installations. 
desalination plants and prefabricated building 
structures. Components for vehicles and machines 
first appear in assembly plants. Later on these are 
made in separate production facilities, such a.; 
high-quality mould-casting four.dries; 

(/) Parallel to the ~eve!opment of alumi­
nium processing, recycling :lluminium scrap should 
begin. Some 21-26 per cent scrap can be '"sed in 
producing aluminium. 

Table 18 summarizes aluminium consumption 
by end-uses for a few characteristic countries and 
for the developed market economy countries of 
Europe. 

Alu'."linium consumption is always affected 
by competition from other materials. Figure VII 
shows past growth of aluminium production and 
gives four possible scenarios for the future. 

Pricing 

The world market prices of principal structural 
materials and their relation to aluminium over the 
1935-1981 period are shown in tables 19 and 20. 
From the end of the Second World War a marked 
shift in favour of aluminium has taken place to 
the detriment of copper and steel. The 1973 rise in 
oil prices did not significantly affect the relative 
pricing of mctais, and fluctuations in aluminium 
and copper prices were lar~ely due to transient 
market speculation. Even the second great increase 
in petroleum prices and ~he ensuing recession 
could not affect most price ~~~ios (some types of 
alloyed steel and plastic are an exception). Recently 
fundamental improvements in production tech­
nology have resulted in a ~ignificant ·;hift in 
prices, to the detriment of aluminium [ 19]. As a 
result, sectors such as food industries and 
machinery for chemical industries showed a drop 
in aluminium demand, and there has been an 
increase in the use of stainless steel for the 
production of transport vehicles. The temporary 
fluctuation in 1981 can be seen in the great 
difference of the ALCAN mean price and the free 
quotation on the London Metal Exchange. 

Published forecasts agree that the 1970 level 
of relative pricing of structural materials will 
persist, although a rise in prices for the period 
after 1983 is predicted. Price increases are con­
sidered to be necessary to ensure tht economical 
operation of new capacities that are coming on 
stream to meet increasing demand. The magnitude 
of the increases will depend on the actual costs of 



TABLE Ill. ALUMINIUM USE liY SECTOR IN EUROPEAN MARKET ECONOMIES AND IN SELECTED OTHER COUNTRIES 

Eur •• :,,talf Morkt1 
. 41'ftllll110. /97al' 810:1/, /9/l(Jf f.'g,l'p/, /vtll}i 

South Afnra . 
tc.,,.;,,..;,., /9711" l/11n11or.•·. /971J" Indio. /97gf Japan. /97r;I/ /911(111 
----- -·---- ------- ------- -------------- ------·------- ------··----- --- . ------ - ·-·-- - - -

Tiiow- Tho,,. Tho11· Thou- Thou· Th11u· Thou· Thou· 
JOMhof ,.,,. JOllJJ o/ ,..,. 1anJ1 of p,,_ .ram/J of l'n· .•an1/J of /•.,. sands tJ/ , ... ,_ rum/• fl/ p,.,. 1un1/J of ,.,,. 

Stcror ICV'•t'J ""'"'' IOlllH'J "'"'~It l(HllltJ c·rnta't IOrtllt.• an1a11,Jo 1onnt1 rtn1u11r wnnrJ """'"X" "'"""·' n•ntutr tnnnt• ,,.,,,Q1lt' 

Transpon I IJ7 20.0 9.0 13.0 67.7 19.2 1.2 4.0 14.7 7.9 31.0 10.0 sos 21.2 3.9 7.0 
General enaineerina 286 5.1 28 4.0 14.5 4.1 -- -- 12.8 6.11 -- -- 424 17.8 -- --
Elcc;trical e naineerina 443 7.9 19.) 27.9 75.9 21.S 5.9 19.5 32.4 17.5 170.5 55.0 257 10.H 16.4 29.3 
Buildina and conStNction 764 13.6 13.8 19.9 114.1 23.8 9.0 30.0 111.5 9.9 15.5 5.0 7111 32.ri 7.8 14.0 
Chemical, food and aaricullural 

appliances 68 1.2 9.7 14.0 28.6 II.I - - - - 4.4 2.4 - - -- m 5.2 IO.O 17.9 
Packaaina 410 7.3 -- - - -- -- 0.) 1.0 10.1 5.4 12.4 4.0 -- .. - -- --
Domestic and office appliances 3S5 6.3 4.1 5.9 51.S 14.6 13.6 45.5 5.4 2.9 ,,,.r, 20.0 47 2.0 K,4 15.0 
Powder~onsumina industries 30 0.5 -- -- - - -- -- - - 5.0 2.7 -- -- -- -- 3.3 5.9 
Iron and steel industries 20) 3.6 -- - - -- - - - - -- -- - - -- - - - -- -- --
Metal industries not elsewhere 

specified 504 8.9 2.0 2.9 30.7 8.7 -- -- 27.3 14.6 18.6 6.0 137 ~.7 6.2 I I. I 
Miscellaneous -- -- -- - - -- -- - - -- 14.7 7.9 
E1.pon of semi-manufactures, 

foil, cable powder 1433 3.9 8.5 12.l -- - - -- -- 41.7 22.3 - - -- 108 4.5 -- ---- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Total 5633 100.0 69.2 100.0 35J.O 100.0 30.0 100.0 187.0 100.0 310.0 100.0 2 384 100.0 56.0 100.0 

"European A1uminium S1a1is1il:s. 1979. 
b AiluiWu11"" vol. S8. No. I ( 1982), p. 68. 
C/W. p. 71. 

"'"'"'· p ·~· '·4l"IY"'Alll.,;,,1il"" No. 18.1981. p. 215. 
f Alll.,.;,.;-. o,. cit .• p. so. 
ISlatistiQI da1a of NIMDOK, Budapest, 1981. 
~nly semi-manufac1ures. 
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TABLE 19. 

.Vot~nol 

Aluminium" 
Copper'> 
Lead 
Zinc 
Tin 
Tinned shee1-iron 
Steel rods 
Polyvinyl chlorid~ 
Cement 

"ALCAN mean price. 
beat bode copper. 
<'fs1ima1c. 
d1t1~1a/ Bull~till. mean price. 

/9J' 

482 
172 
69 
68 

I 090 

34 

- -

~can price in 1bc Federal Republic: of Germany. 
IM:an prices in Fran<e and haly. 

/9.10 

370 
472 
300 
210 

6S 

6 

MEAN WORLD PRICES OF SELECTED STRllCTURAL MATERIALS, 19H-19KI 

(Dollar.< per tonne) 

/9_1_1 1960 /WI.I /9711 /97,1 /976 /977 /Y7X 

soo S77 S4S 614 860 969 I 108 I 167 
soo 712 780 I 393 I 205 I 381 I 293 I 358 
332 26S 260 304 446 446 617 --
273 ~87 320 296 745 711 589 - -

3 428 3 673 6 870 7 583 10 789 17 ()()() 
487 480 571 605 

93 173 168 154 220 
350 351 359 642 566 619 650 

7 8 120 20 - - 25 291 

TABLE 20. RELATIVE WORLD PRICES OF SELECTED STRUCTURAL MATERIALS, 1935-1981 

(Index relatil'e 10 mean price of aluminium) 

·""'~""' 1935 NJP /Y.1.1 1960 1965 /970 /97.! /976 /977 /97H 
-

Aluminium 100 100 100 100 100 100 100 100 100 
Copper 36 100 123 143 277 140 142 117 116 
Lead 14 81 66 46 48 50 52 46 56 - -
Zinc 14 S7 SS so S9 48 87 73 53 - -
Tin 226 - - - - - - S29 598 79<: 782 974 I 456 
Tinned sheet-iron - - - - - - - - - - - - 57 49 51 52 
Steel rods 7 18 - - - - - - 15 20 17 14 19 
Plastics - - - - -- 61 64 58 7S 58 S6 S6 
Cemcn1 - - 2 - - 1.2 l.S l.6 D - - 2.2 2.S 

"" 

1979 /9Xll /9X/ 

I 398 I 714 I 750 
I 945 2 167 I 5K4 
I 202 937 639 

743 747 K04 
IS 462 17 I SR 13 HK9 

665<' 79JC 764C 
311d 324" 293" 
825 680 550 

31/ 34' 

19.'9 /•XII 1911/ 

100 100 100 
139 126 91 
86 SS 37 
S3 44 46 ;;! 

I 106 I 001 754 " 48 46 44 
.. a 

24 19 17 " " 59 40 31 :! 
;; 

2.2 2.0 ~ 
" .a. 

t ;: 
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Expensive power, 
abundant ore (but bau"ite becoming less available) 
less competition from such materials as 
copper, zinc, plastics, tin and more 
demand for weight saving and recycling 

1980 1990 2000 

2 Aluminium 1~ used 10 replace copper. zinc and plas11cs 

3 Insufficient smelter capacities and nsing energy pnces have a marked effect m the bU1ld1ng. 
rranspr,.1 vehicle and electncal engmeenng sectors 

4 More alum1n1um 1s used IO replace other structural matenals. but surplus demand has to be met by 
the available smelter capacities New smelter capacities exi;ected IO go on stream 1n the m1d-1980s 
to meer such extra demand are caleulated to embOdy new technologies based on raw matenals other 
than bauxite 

0 bcludmg Cluna and th4' IJSSR 

energy and capital. Advantages gained owing to 
savings as a result of low energy prices in some of 
the developing countries may be endangered by 
higher capital costs for the construction of smelters 
[ 14]. Forecasts predict an average annual increase 
of 3 to 5 per cent in aluminium prices. Higher 
average increases will be forestalled by the gradual 
emergence of new smelters, using cheap energy, in 

developing countries. Excessive prices of alu­
minium can easily lead to substitution by other 
materials. It appears probable that most of the 
new increments in aluminium consumption will be 
limited to a few sectors in which the application 
of aluminium yields economic advantage, such as 
electrical engineering, transport vehicles and 
packaging. 
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II. Use of aluminium in new applications 

In assessing the suitability of aluminium as a 
substitute for other structural materials, the bene­
fits for a given country or area and the availability 
of raw materials and power must be considered. 
In addition the following have to be taken into 
account: 

(a) The economic structure and distributior 
pattern of capital for the area involved; 

(b) The experience of local labour; 

(c) The domestic market and how far it may 
be influenced by intervention of government 
agencies. 

To apply these considerations to aluminium, 
both favourable and detrimental conditions, as 
discuso;cd below, must be considered. 

Fawourable considerations 

RaM· materials 

Some 90 per cent of the world's aluminium 
output is produced from bauxite using the Bayer 
process. Assuming a 5 per cent annual average 
growth rate in consumption, the world's total 
bauxite ore reserves arc sufficient for 150 years 
of aluminium production [I). In addition to 
commercial-grade bauxite ores, there arc also 
supplementary resources of poor-grade bauxites 
and other substances with low Al20 1 content, 
such as clay and ash. Efforts have been under­
taken to economically process aluminium from 
these on an industrial scale. Considering this vast 
potential, the raw material to feed aluminium 
smelters seems likely to last almost indefinitely. 
Practically all high-grade bauxite reserves are 
located in the tropical areas of developing coun­
tries; Australia is the only developed country with 
substantial reserves. Thus, from a raw material 
point of view, the possibilities of expanding 
aluminium smelter operations appear to be prac­
tically unlimited. 

Another important material used in operating 
an aluminium smelter is petrol coke, which is 
likely to be in short supply by the end of the 
century [I). 

Energy 

An indispensable prerequisite for running an 
aluminium industry cclnomically is inexpensive 
electrical energy. The operation of an aluminium 
smelter of 100,000 t/a capacity calls for a steady 
power of 180 MW. In industrialized countrics­
whcre, up to 1970, most of the world's aluminium 
smelters were iocated-furthcr large-scale expan­
sion of power-intensive aluminium smelters does 
not appear to be feasible. The operation of new 
smelters in such areas could only be based on 
nuclear power. A case in point is the United 
Kingdom, where the aluminium smelters erected 
in the 1970s arc connected to a grid where 60 per 
cent of all electrical energy transmitted is bring 
generated in nuclear power plants. By contrc&St, 
there is still a vast unharnessed hydroelectric 
energy potential in the developing countries, as 
tabulated below (2): 

Unrapfffd liydrorlurric 
powrr porrnrial 

(Prrunrage 
Conrinrnr of rora/ OFailob/e) 

Africa 98 
South America 93 
Asia (excluding the USSR) 93 

(MW) 

429000 
269000 
637 000 

In addition, the oil-producing countries have 
large amounts of natural gas that are burned 
away without being put to any particular use. 

Fabricated products 

With regard to fabricated products, the situa­
tion is somewhat different. For the manufacture 
of finished products, a stable aluminium ingot 
market, however desirable in itself, may not solve 
all pmblems. An equally essential consideration is 
to have sufficient and effective semi-manufacturing 
capacities that are capable of taking care of the 
full demand from the aluminium end-using sectors. 
The installation of semi-manufacturing facilities 
to produce a fair selection of basic semi-manu­
factured items for use by the finished product 
manufacturers may be feasible from a technolo­
gical and economic point of view even if operations 
are kept at a more modest scale. Metal won in the 
smelter may be processed to semi-manufactures in 
the molten state forthwith by continuous casting 
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equipment located at the smelter; such equipment 
could produce 10.000 to 20.000 tonnes cf alu­
minium strip or rod wire annually_ Extruded 
shapes. profiles and tubes. by contrast. should be 
manufactured elsewhere. using cast aluminium 
billets from the smelter. The installation of 
smaller semi-manufacturing capacities. while 
designed to produce many items (except wide 
strips). docs not call for substantial capital invest­
ment and may also be expanded. if justified by 
demand_ 

Price levels 

Until the end of the 1970s, some 70-75 per 
cent of total aluminium production by developed 
countries could be accounted for by six firms, the 
joint business policy of which determined the 
market price of aluminium. In order to expand 
aluminium consumption and penetrate new areas 
for aluminium use, the companies tended to keep 
aluminium prices as stable as possible. That is 
how the so-called .. official" market price of 
aluminium came into being_ The official aluminium 
price remains practically unchanged over long 
periods, sometimes for two to three years_ From 
1965 to 1973 it rose by only 10 per cent, 
corresponding to an average annual increase of 
U per cent [3]- In principle, 90 per cent of all 
aluminium market transactions arc based on the 
official price. 

Owing to the growing integration in the 
aluminium industry, a considerable part of alu­
minium produced by the major companies is sold 
to subsidiaries and affiliated companies, which 
receive special confidential discounts to protect 
them against market fluctuations. When there is a 
recession. such confidential discounts arc fre­
quently granted to independent producers as well. 
In addi ion to the official market price, the 
London Metal Exchange quotes (in an unofficial 
capacity) so-called "free market prices". at which. 
however, only marginal volumes of business arc 
transacted. When demand and supply arc balanced, 
there is no significant difference between the two 
prices. From October 1978, the London Metal 
Exchange quoted an official aluminium price as 
well. In 1981 there was a large difference ( 30-40 per 
cent) between the official price and the London 
Metal Exchange price. 

This stable system of pricing undoubtedly 
contributed to the annual 9-11 per cent growth of 
alur1inium consumption throughout the 1960s. 
Thi· pricing policy has vigorously intensified 
aluminium usage in, for example, the building 
trade, packaging and transport equipment. How­
ever. certain drawbacks of the artificially stable 
aluminium prices became manifest after the 1973 
oil price rise when profits from aluminium pro-

duction began to decline sharply. By then. smelter 
capacities of the six major firms dropped to 
44 per cent of world market capacity. after new 
and partly gO\·crnmcnt-backcd aluminium projects 
went on stream in developing countries (4). 
To make up for losses. the major companies 
raised aluminium prices by 62 per 1:ent over the 
period 1973-1976 (3]. Recently. aluminium pro­
duction has become more economical. and there 
have been no significant changes in the price of 
aluminium in relation to most other structural 
materials (the 1977 to 1978 record low price of 
copper was only temporary). After the rise in oil 
prices, some of the struc•ural materials displayed 
marked price fluctuations. however. aluminium 
prices did not display such behaviour. Figure VIII 
is a comparison of aluminium conductor and 
extrusion prices with those of rolled steel products 
in France (5). 

Competitiveness 

The recent widespread use of aluminium is 
only partly due to shifts in the price of other 
structural materials compared to relatively stable 
aluminium prices_ The real reason for widespread 
use also lies in certain unique physico-tcchnical 
properties of aluminium. In aviation and space 
research. lightness coupled with relatively high 
mechanical strength and good corro<;ion resistance 
make the metal highly competitive_ 

Aluminium may be used for economic or 
technical reasons. Shifts io pricing cause alu­
minium use to be economically attractive, and 
aluminium could be used to replace heavy n<>n­
fcrrous metals. Modern aluminium struciurcs may 
be more useful than those of traditional design 
and price is considerably lower. Typical examples 
arc aluminium conductors instead of copper ones. 
aluminium collapsible tubes and foils instead of 
tin ones or screw-bottle closures (pilfer-proof 
caps) instead of corks. According to an inquiry 
made in the Federal Republic of Germany in 
1970, the average cost of cork bottle closures was 
DM 0.045-0.100 per piece, and t'.e price of 
aluminium screw-bottle closures was DM 0.02 per 
piece. Substitution of zinc rain-water hardware by 
aluminium or the use of aluminium coolers 
instead of heat-exchangers made from stainless 
steel or tin-coated copper arc other examples. 

However, even where costs arc higher than 
those of traditional designs, the technical features 
of aluminium may make its use advantageous. 
Such aluminium applications may eventually return 
a profit, despite higher purchase price. Examples 
include various aluminium constructions used by 
the building trade, window and door frames or 
aluminium components used by other industries 
to enhance operational efficiency, for example 
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p1Stons. machine accessories for textile mills and 
hear exchangers. These items require little or no 
maintenance expenditure. 

The following positive features of aluminium 
arc of special interest: 

Economics in energy 
En\·ironmcntal protection 
Benefits from scrap recycling 
Savings in labour 
More comfort for the user 

In feasibility studies it is not enough to 
examine whether or not aluminium is an equiv­
alent a!tcrnativc to the material to be replaced; it 
is very important that the consumer should 
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benefit from its use. Thus. the relative pricing of 
raw materials involved in the production process 
has to be carefully examined. along with the 
amount. value and usefulness of scrap. In compar­
ing. for example. aluminium and tin-plate bottle 
closure manufacture. allowance has to be made 
for JO per cent scrap that results from cutting the 
discs to shape. While the recoverable aluminium 
scrap represents 9 per cent of the value of the 
aluminium sheet used. the corresponding figure 
for tin-plate is only 0.6 per cent (6). 

The design of an aluminiam structure ~hould 
permit optimal utilization ofthe metal's favourable 
properties. The simple application of aluminium 
in designs originally prepared for other materials 
is uneconomical and doomed to failure from the 
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outset. A good example of how aluminium may 
be used economically is the latest metro carriage 
designed by Alusuissc, which features large alu­
minium extrusions for framings. Such carriages 
arc JO per cent cheaper than those of conventional 
design with steel framing (7). 

For an accurate comparison, a detailed ana-
1 ysis has to be made of all operations involved in 
manufacture and assembly, with special regard to 
snings in time and labour. Several examples of 
this may be cited in the building trade and 
metalworking industry. The cost of materials for 
erecting conventional buildings for agriculture 
and livestock arc 17 per cent lower than that of 
light aluminium panel construction, but the cost 
of labour and time to erect the latter is 30 per cent 
less. Thus, the cost is about the same. Moreover, 
light aluminium construction is well-suited for 
serial manufacture and for major agricultural 
facilities. such as cold-storage rooms or complex 
poultry farms, that arc to be erected in remote 
areas of countries. 

Special attention has to be devoted to the 
changing pattern of energy resources and rising 
energy costs. Throughout the world great .. trides 
arc being made to save energy and there is now a 
universal demand for reducing the weight of 
transport vehicles. The price of structural materials 
used in the manufacture of such products, is a 
crucial factor in determining the viability of 
aluminium versus steel. 

The good corrosion-resisting properties of 
aluminium allow considerable savings in main­
tenance costs. It is estimated that the maintenance 
cost for a steel structure over a period of 
30 years will be 30-70 per cent of its initial cost, 
plus 0.6-1.0 hours of labour per square metre per 
year. For example, considering initial costs and 
interest costs, it appears that aluminium wire 
fencing may become more economical than that 
made from steel after six to eight years (8]. 

Aluminium presents great advantages for 
environmental protection. While the destruction 
of plastic scrap is difficult and the handling of 
steel scrap is cumbersome in view of its weight 
and volume, the collaboration of aluminium scrap 
and its recycling is relatively simple and inex­
pensive [9). In the United States a recent campaign 
to collect and remelt discarded aluminium beer 
cans resulted in an increased turnover of alu­
minium-canned drinks. 

T~chnical /~atur~s 

The nature of end use determines whether 
low specific weight, good electrical conductivity. 
thermal conductivity or corrosion resistance arc 
the principal properties sought in selr.cting alu­
minium .AS a ~tructural material. Of course, it 

would be an ideal state of affairs if all these 
superior properties could be used for every 
application. This, however, is not the case. there 
being marked interactions between some of these 
properties. h is thus necessary to focus on 
properties that arc most desirable in meeting some 
specific end. For example, the corrosion resistance 
and susceptibility to plastic deformation of high­
strcngth alloys arc inferior to those of medium­
strengtb ones. 

An important consideration in choosing alu­
minium to replace another structural material is 
its corrosion resistance, which is especially marked 
in an industrial environment polluted by SOz. 
Table 21 is a comparison of S02 corrosion rates 
for steel, zinc and aluminium surfaces (9, IO) after 
10 and 20 years at several locations in the United 
States. The rate of corrosion observed in alu­
minium, copper and zinc exposed over a long 
period to different types of corrosive environment 
has been the subject of a special study; the 
findings shown in figure IX demonstrate that the 
rate of corrosion has been smallest with alu­
minium [II). 

Table 22 gives the prices of various structural 
materials in relation to their mechanical strength 
(12). For tensile strength, the price of expanded 
concrete, high-tensile steel, cast iron and some 
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TABLE 21. RA TE OF CORROSIOS OF ALUMINIUM. COPPER AND ZINC UNDER DIFFERENT CONDmONS 

(llf/ft/aJ 

.<f/,,,,.;,,,.,,,. 99.! pn ._-RI Coppn'. 'J9.9~ctr11 Z-. Pl. 9 ~ Ctrll 

Pboc:nix. Arimna 
State: Collqc. 

Pasadc:na. Calfomia 
La Jolla. California 
Nc:w Y ort. Nc:w Y ort 

Snru [ 11). 

Clutt11ut1r 
tlllftotplt«ne ,-...,J,,..,.. 

Dest:n climate: 
Continenral 

di mate: 
Maritime: climate: 

Industrial atmosphere: 

A.fin" .4fln" 

lO ·'""' 
:o ~FnlTJ 

IX 10-5 7.6 x 10-' 

2.5 x 10- 5 7.S x 10-5 

7.1 x 10-• 6.3 x 10-• 
7.9 x 10-• 7.4 x 10-• 

.4/ln" A.fin- Afrn- .4/trr 
10 _rran :!O_muJ /0 .llftZTS :!(} _'FftVJ 

1.3 x 10-• 1.3 x 10""' 2.S X 10-• 1.8 x io-• 

5.8 x 10-• 4.3 X IO-• I.Ix 10-) I.Ix I0-1 

1.3 x 10-J 1.3 x 10-) 1.7 X IO-J 1.7 x 10-1 

1.2 x 10-~ 1.4 x 10-) 4.8 X IO-J 5.6 X 10-1 

TABLE ll. PRICES OF SELECTED MATERIALS COMPARED TO MECHANICAL STRENG"1H 

Tnial,,. .tlorlalrn of 
Jtrntrrlr ddst:o1r-

·""'""" '-"·'·1..r, rG.'l:.',,,:J 

Cast iron 400 35.0 
Cu-Zn alloys 400 37.3 
Carbon stc:cl 250 77.C 
Alloycdstc:c:l 800 n.o 
Titanium allo)·s 960 45.0 
Aluminium allo)"S 300 26.0 
Magnnium allo)-s 190 17.5 
Oak 14 4.5 
Pol)-prop •lc:nc 30 0 
Nylon 66 80 0 
Poly,.inyl chloride: so 0 
Expanded concrete: 38 10.0 

Sor.ru· [I ~I-

plastics is lower than that of aluminium. Alu­
minium compares favourably to the other materials 
listed, however, a fact that can be ascribed to its 
low specific weight. 

How the favourable technical features of 
alurr.inium have affected the consumption pattern 
of some end-using sectors is discussed at length in 
chapter IV. That chapter also gives more details 
as to how aluminium may be used to replace 
other structural materials. 

Ruy ding 

In developed countries remelted aluminium 
scrap accounts for some 25 per cent of total 
aluminium consumption. Collected, sorted and 
cleaned, aluminium scrap is remelted by various 
metallurgical processes in the course of which it 
disposes of its non-metallic impurities. While 
earlier some 10-15 per cent of the scrap was 
irretrievably lost in the remelting process, this 
figure has now dropped to a few per cent upon 
the emergence of new remelting techniques. Also, 
thanks to fresh advances in such metallurgical 
processes, traces of o,;idic and non-metallic impu­
rities remaining in secondary metal won from 
scrap could be reduced by 100-200 per cent. The 
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Fotrrw Dnurn /'ncr Trrml~ ·"°""""°' (.\l.Vwr) (tlllf'j (f./t} '""""' rltutrcity F11nr-

105.0 7.30 135 2.46 0.03 9.4 
140.0 8.36 SIS I0.7S 0.12 J0.7 
193.!l 7.85 140 4.4 0.01 5.7 
49S.O 7.83 212 2.1 0.02 3.4 
310.0 4.51 6500 30.5 0.65 94.S 
90.0 2.~o 800 7.2 0.08 24.0 
95.0 1.70 2 500 22.0 0.24 44.7 
6.0 0.67 895 43.0 0.13 100.0 
1.S 0.90 32S 9.7 0 39.0 

24.0 1.36 925 IS.7 0 63.0 
12.0 1.40 240 6.7 0 27.0 
23.0 2.50 23 l.S 0.01 2.4 

energy used in the remelting process, too, has 
declined sharply from 2,000 to 3,000 kWh/t to 
800 kWh/t [ 13]. Secondary ingots remelted from 
carefully handled scrap, with an addition of a 
proper percentage of alloys, are in every respect 
equivalent to casting ingots won in the aluminium 
smelters. 

A breakdown of scrap recovered in Hungary 
is given, for example, below: 

p,runrag' 

New industrial scrap 40 
Old scrap, discarded by the population 40 
~~p w 

Total 100 

About two-thirds of the collected scrap is 
remelted to form casting ingots. One-third is 
added to slab and billet charges at the mills or 
used as a deoxidant in steel metallurgy. 

A fairly elaborate organizatic.n is required to 
collect and sort scrap. Mixed scrap is difficult and 
costly to refine by metallurgical methods. It seems 
therefore expedient that upon the installation of 
any aluminium fabricating facility the effective 
collection, sorting, storage, handling and remelting 
of scrap be taken into account, together with 
arrangements for marketing the resultant second­
ary metal. 



OthK considerations 

Pm•a and capital requirements 

Two basic considerations when installing an 
aluminium smelter are the abundance of cheap 
energy and the a\·ailability of large amounts of 
capital I much more than that required for setting 
up other raw material production facilities). 
Bauxite and alumina operations on site or in the 
area are not an absolute prerequisite. as aluminium 
is easily transported O\"Cf large distances. 

Until the 1960s. generally. only dC\·eloped 
countries and centrally planned economies could 
afford to erect aluminium smelters. Thus. most 
such facilities are located in Europe. North 
America and the Union ofSO\·iet Socialist Repub­
lics. where large amounts of hytiroelectric and 
thermal power are available. The proximity of the 
consumer markets. too. had been an important 
consideration. 

The location of new smelter projects is 
nowadays almost exclusively governed by the 
large energy requirements of smelting operations. 
It has become increasingly difficult fur developed 
countries to supply abund:.nt am,1unts .,j cheap 
energy. Hence. it is necessary to site new smelters 
in locations where a sufficiently large potential of 
cheap power exists. The tapping of ne\\ energy 
resources. howe\·er. invariably calls for further 
capital im·estment. Electrical energy is at present 
the largest and most significant cost consideration 
in the electrolytic extraction of aluminium. 

Th: amount of energy involved in aluminium 
produc.ion is demonstrated in table 23. where a 
comparison of energy consumed at each successive 
step of production from the raw material to the 
semi-fabricating stage is compared to that for 
steel. copper and aluminium [14}. 

The huge energy requirements for aluminium 
production are striking. The requirem,..nt is high 

TARI.I: 2.l. ESF.RGY COSSt:MPTIOS AT EACH STAGF. 
OF STF.EI.. COPPER A!'iD Al.lJMISlt:M PRODUCTION 

f(j)/t) 

.\tf"rl rn"lfJ(. Rn//rJ -'f/11m1111111" 

.\/J~t' Jo ""n J1amt't1·r <npptr .,.,,, iMn 

!I.lining. quarr~1ng 51.9 4.2 
Coking 10.1 
( ·on~emrauon 5.9 
C"ru<h1ng 20.'i 59 
Flo1at1nn 1.S 
Alumina manufaccure 41.9 
Smelting O.J 14.2 21H.5 
Seed manufacture "·" L1cctroly11c refining 12.t-. 
Rolhng 5.4 111.4 2R. I --

Tucal 125.0 290 
I 111al f(jJ/m') I 130.0 795.6 

s ... ,,., 1141 

e\·en after allowance is made for the lower specific 
weight of aluminium and the fact that by adding 
suitable alloys a composition may be obtained 
whose mechanical properties approximate those 
of mild steel. In calculating this. the energy 
demand of aluminium will be no longer 8 times. 
but only 2.7 to 3 times that of steel. By the same 
reasoning. energy inml\"ed in the manufacture of 
copper and aluminium Cl>nductors will be prac­
tically identical after allowance has been made for 
the difference in specific weights. 

Surplus costs of energy incurred in manu­
facturing an aluminium product. however. may be 
reco\·ered during subsequent use:. An example is 
the energy saving deri\·ed from using transport 
vehicles with aluminium components. 

Not only is aluminium production significantly 
more energy intensive compared to that of other 
metals (especially steel and copper). but the 
implementation of fully integrated aluminium 
projects calls for large capital expenditure. A 
model calculation is shown in table 24. Capital 
required for the installation of a 100.000 t/a 
aluminium complex is set out in detail. It should 
be noted that: 

(a) The production pattern in stage IV 
(finished products) was chosen randomly; 

(b) Estimated capital costs do not include 
infrastructure and social welfare facilities; 

(c) Though the aluminium smelter itself is 
calculated to operate at 200 MW. the investment 
cost estimate does not include the installation of a 
power plant; 

(d) Capital investment at each successive 
stage of integration may in actual practice greatly 
vary with the magnitude of capacities involved 
and the actual technologies used. Therefore. 
medium figures have been used; 

(e) Capacities at each successive stage sug­
gest realistic figures from an economic feasibility 
point of view; they are. moreover. co-ordinated to 
meet demand at the next stage; 

(f) To facilitate matters, exports of raw 
materials and semi-manufactures have not been 
calculated. 

According to table 24, the total invest­
menl costs of the hypothetical 100,000 t/a inte­
grated aluminium complex are on the order of 
S670 million at 1977 dollar values. 

The first stage of production includes raw 
material operations, including the mining or 
quarrying of bauxi1e, al.1mi11a m.;'lufacture and 
aluminium !>melting and a:counts for ;ai,out 50 per 
cent of total cost. 

The second stage is semi-manufacti.ring. Its 
share is 38 per cent of the total investment cost. 
Continuous casting of strip metal and rod wire 
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E\•rus1on 2 '00 20 5-& I) 

Foil manufactuu anJ finish .&000 5 .!O.U 

Casting I by machine) .& 4-Ul "'.5 .1.1.fl 

Casting (sand and gra•·ity die. sited on 
fll.ll an industria~ s.:ald' 4000 .!.5 

S.:rap remelling .!00 .!O .&fl 

T•ital. scmi-manufa.-iuring .!.U..O 

Ill. Semi-manufacturing finish' Anodir.iti,ln of section~ t.cn .1 .!.O 

Dis.: cutting .!fl Ill ll.! 

Tube ..-clding .!JO .1 o.-
Corrugati•in of sheet !ill Ill O.t. 

Prepainting of sheet 700 Ill '.ti 

Total. scmi-manufa.-iuring finish 10.5 

I\". Finished products uninsulated conductor• (dra..-ing 
and stranding1 .i;o IO .i.-

Insulated c.inductors and cables I 2.!il IO l.:!.2 

Collapsible tubes and aerosol b,11110 :! 5NI 5 12.X 
7.5 Building structures 500 15 

Heat exchangers I 000 5 5.11 
Hollo..-au and thick-..-allcd 

packaging items 1100 5 .&.n 

Equipment for foil packaging JOO } 0.<1 

Components of mechanical engineering l!Oll 7 5.1> 
1.5 Sundry structural components }()I) 

Other metalworking items 500 :!ll lll.ll 

Household products 6110 Ill t..ll 

T <•tal. finished products 70.2 

Grand total 6M.7 

0 n.e (ost of mstalhn1 a p.l""·cr plant •~ not included. 

"•n\.·cstmcnr COS1'\ of il ku complc' 1r.av1t~ d1c-cason1 foundry •ould be about S~Jl)O lo s~.soo 

'°F.qu1pmcn1. c•cludin1 premises. To a"o1d o\.·crbppans. tonnage' arc not summannd 

represents 50 per cent of the semi-manufacturing 
investment cost. The continuous-casting operation. 
however. is physically located near the smelter. If 
1h1s is considered, the share of investment costs 
for raw material operations in the first stage will 
rise 10 70 per cent and those of the re:maining 
semi-manufacturing facilities (including extrusion, 
foil manufacture, casting and scrap remelting) will 
drop 10 18 per cent. 

The third stage encompasses finishing opera­
tions for semi-manufactures (for example, the 
surface treatment of cut sections used in pre­
fabricated motor vehicle bodies). For technological 
and financial reasons, it is desirable to have such 
processes located at the mill. The share of 
investment is 2 per cent. 

In the fourth stage, the finished aluminium is 
"manufactured". This accounts for IO per cent of 

the total im·es<ment co!>ls of the integrated project. 
The location of these facilities is governed by 
practical considerations. Manufacture may begin 
first on a small scale and be expanded later. 

Raw materials must be supplied by domestic 
producers or by outside sources. If local circum­
stances, such as lack of power, insufficient capital 
or low domestic demand. do nol permit the 
installation of domestic raw material manufactur­
ing facilities, there are other ways of obtaining 
semi-manufactures or ingots under long-term 
agreements with foreign sources. If a 100.000 t/a 
aluminium finished-product industry such as that 
demommated in the model is based entirely on 
imported raw materials, the investment costs 
involved in the project-including operations in 
stage 111-are estimated ro b; S80 million. If liemi­
manufacturing facilities are installed for makin~ 
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extrusions. foils or castings (which may use 
imported ingots) mvestmcnt costs shown for stage 
IV may rise by another 5100 million. 

Engineering demands 

The chemical. physical and mechanical prop­
erties of aluminium differ in many ways from 
those of other metals. In view of this. the handling 
and processing of aluminium calls for technologies 
that often may be regarded as a departure from 
conventional methods of metallurgy. fa·en the 
transport and storage of aluminium require par­
ticular care. Defecti,·c packaging. rough hacdling 
en route or poor storage may cause the vapour 
that repeatedly condenses and evaporates omo the 
surface to leave stains or promote corrosion. The 
surface of aluminium may be damaged by metal 
turnings, iron scale and coke or sand. This may be 
avoided by storing the aluminium under clean, 
well-aired conditions. Otherwise trouble may result 
in successi,·e processing. 

Almost aseptic cleanliness is needed in tech­
nological shops. In processing aluminium. it is 
wrong to use, without further treatment, any 
equipment, including machinery or dies. that has 
previously handled other materials. Before feeding 
aluminium into such equipment all components, 
dies and even the premises themselves have to be 
carefully cleaned. 

The machinin!l of aluminium in some ways 
resembles that of timber rather than steel. The 
similarity is enhanced by the use of high-speed 
cutting machines, although special tools suitable 
for aluminium have to be used. Although alu­
minium is a malleable metal. lending itself well to 
plastic deformation, dies of special design arc 
required as aluminium is highly sensitive to the 
surface smoothness of the die. The deep-drawing 
of soft aluminium, for example, calls for dies of a 
harder surface than those used for less deformable 
and more robust steel. Technological instructions 
derived from inherent properties of the metal, for 
exam pk. a more marked rounding off of edges, 
the ~onicity of the deep-drawing stub etc., must be 
strictly adhered to. Thus the process calls for 
technologies entirely different from those of steel. 
Another point in case is the manufacture of 
collapsible tubes and thin-walled hollow cylindrical 
items, where either the so-called injection-pres­
sure die-extrusion technique or impact extrusion 
is used. Impact extrusion ensures highly accurate 
dimensions combined with suitable strength. 

The welding and surface treatment of alu­
minium arc fundamentally different from those of 
other metals. Upon exposure to air, a tenacious 
film of oxide deposits rapidly onto the aluminium 

surface. Because of this. traditional welding and 
surface treatment and painting methods used for 
steel arc useless for aluminium. Because of the 
high thermal conductivity of aluminium and the 
oxide film. conventional welding technologies 
were replaced by the highly effective method of 
shielded-arc welding. Various modifications of 
electric spot-welding and scam-welding may be 
used also. although these call for greater power 
and use of automatic control. The cold-welding of 
aluminium requires a strong pressure to overcome 
the effect of the oxide film. Brazing or soldering 
of aluminium still calls for very elaborate tech­
niques as modifications of conventional soft­
soldering methods have proauced rather unstable 
joints susceptible to corrosion. The use of adhesives 
in joining aluminium parts poses serious problems 
on an industrial scale, because of the stringent 
technological standards and the need for a high 
degree of cleanliness. A novel technique of joining 
components of aluminium structures. where the 
extruded sections to be assembled arc slipped into 
one another to become firmly interlocked. is 
gaining ground. Although the extrusions have 10 

be of highly accurate dimensions. the operation 
may be performed by unskilled labour. 

An effective way of improving the surface of 
aluminium is the strengthening of its oxide film Ly 
means of anodic oxidation. The resultant anodized 
oxide film will be either corrosion-resi~tant or 
form a porous surface onto which a priming may 
be applied immediately. This must be done to 
prepare aluminium surfaces for painting. Another 
technique is to use a layer of plastic as a coating_ 
Thus. whether corrosion resistance or surface 
preparation for priming is desired, an effective 
surface treatment is essential. A coating of paint is 
generally done as for other metals. 

In the selection of semi-manufactures. some 
compromise may be possible. For example, use 
and selection may depend on whether the plant is 
furnished with facilities 10 anneal or age-harden 
workpieces within a small temperature range in 
the course of production. 

In addition to the important task of selecting 
suitable materials and optimum technology, spe­
cialists engaged in siting and organizing a plant 
must be thoroughly familiar with facts and 
features essential in running an up-to-date alu­
minium industry. 

Con.fumer resistance 

Whenl"-.'er a new aluminium outlet emerges, ii 
has to prove its technological and economic 
feasibility in relation to traditional usagcs in a 
clear-cul manner. This is not easy, as the con-
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ser\'ati\'e attitude of the market is often go\'erneJ 
by: 

Habit 

Previous experience in mass manufacture 

Com·entional assembly. maintenance and re­
pair methods 

Many years of deep-rooted operational prac­
tice 

Regulatory lcgisla:1on and practice (health. 
<-.,crational safet~') 

A first step is to convince a con :ner that a 
prototype is useful. Extra. painstaking work. is 
required. A prototype or contract product i~ 
always costlier and as a rule not as perfectly made 
as a mass-manufactured one. Thus. technical 
assistance in assembly and maintenance is needed. 
The consumer has an ingrained wariness of 
accepting something new and this is hard to 
overcome. Finally. regulations have to be altered 
and new ones introduced. This process of changing 
attitudes is long. wearisome and costly. 

The following chapter gives some concrete 
examples of how such initial difficulties may be 
surmounted with fair prospects of success. 

References 

I. Rcpon of the Workshop on Case Studies of 
Aluminium Smelter Construction in Developing 
Coun1ries. Vienna. Austria. 27-29 June 1977 (ID/ 
WG.250118). 

2. Report of the Workshop of Case Studies of 
Aluminium Smelter Construction in Developing 
Countries. Vienna. Austria. 27-29 June 1977 
(ID/WG.250118), p. 10. 

3. A. Mcrsich ... World market of aluminium metal 
and semi-finished products: Quality aspects. con­
ditions and problems with an impact on demand 
(imcrnal and for exponr· (ID/WG.27313). 

4. P. Relic and M. Kramer. World Bauxite. Alumina 
and . .fluminium Operations (Budapest, Mincral­
impex. 1977). 

5. ..News .. Chronique cl' aluminium. No. 2. 1977. p. 5. 

6. Calculations by the Research Institute of Cannin& 
and the Paprika Industry (Budapest. 1977). 

7. M. Rey, "Nouveaux wasons pour le metro de 
Bruxelles". Revue Suisse de /'aluminium. vol. 25. 
No. 9 ( 1975). pp. 282-286. 

II. M. Kaszics. "The economic feasibility of alu­
minium fences". MaKyar Aluminium. vol. 8. No. 2 
(1971 ). pp. 55-56. 

9. D. Altcnpohl and P. Pachleitncr. ''Behaviour of 
aluminium in corrosive atmosphere compared to 
other metals. Pcrspecti\·cs in corrosion abatemcn1 
in \·arious new fields". Magrar :fluminium. vol. 12. 
No. 2 ( 1977). p. 45. 

10. T. Sydbcrger and N. G. Vanncrberg. "The in­
fluence of the relative humidity and corrosion 
products on the adsorption of sulfur dioxide on 
metal surfaces··. Corrosfre Science. vol. 12. No. 10 
( 1972). p. 775. 

11. C. J. Walton and W. King. ASTM Special 
Publication, No. 175 (New York. 1953). 

12. W. 0. Alexander. "Economics of energy and 
materials", Material Science EnKineering. No. 29. 
1978. pp. 195-203. 

13. D. Altenpohl. "Downstream operations and new 
applications of :oluminium". Paper presented at 
the First lntcrn.uional Symposium on Aluminium 
Transformation Technology and Application, 
Buenos Aires. Argentina, 21-23 August 1978. 

14. G. Osztrovszky. "Raw material situation of the 
Hungarian national economy with special regard to 
the chemical, alumina and aluminium industry•·. 
Paper presented at the Hungarian Academy ol 
Scicn~e on 8 June 1978, Mou·ar Aluminium. 
vol. IS, No. 10 ( 1978), pp. 289-299. 



m. Promoting the use of aluminium 

The processing of abminium and µossibililies 
of exlending ils use lo various fieids called for a 
cenain reshaping of lraditional technical thinking. 
In the lale 1920s. the major aluminium producers 
of the world. al the time engaged only in smelting. 
began lo undenake research in semi-manufaCluring 
and man•Jfacturing lechniques and lo repon 
findings to lheir customers. so as to boosl 
aluminium consumplion. 

In lhe meanlimc. aluminium has become the 
faslest growing melal. by consumption. of lhe 
ctntury. This may be panly ascribed lo the earl\" 
pioneering in research and developmenl. and. 
from the very outset. the results of research and 
de·•elopmenl were passed on lo the cuslomer in 
the form of technical information. advice and 
assistance. This trend was suslained even when 
the smelting firms lhemselves enlered lhe semi­
manufacturing and manufacturing field; wilh 
growing inlegration. lhe advison· aClivities of lhe 
large aluminium producers b;came more dif­
ferentialed. 

In some cases. especially when a major 
aluminium concern had been the sole producer in 
an area. special infor:nation and advisory agencies 
were sel up. They were to a cenain exlenl 
independent and from an organizalional poinl of 
view not tied to lhe research a11d technical 
development divisions of the aluminium com­
panie'. Their principal task was to commerciallv 
promote the findings of those divisions. Thu~. 
they were called upon to keep in contact with 
designers. manufacturers < nd consumers and to 
take the initiative in various ventures designed to 
boost aluminium use. 

Today. even if several large aluminium com­
panies operate in the same area or country. it is 
advisable to set up such an advising agenc) in 
participation with the smelters. semi-manufactur­
ing mi.lls and representatives from the rrincipal 
::nd-us1ng seClors. 

Whether the advisory agency is independenr 
or ('ompany sponsored. the ultimate aims are 
identical. namely: 

fa) To boost the economical use of alu­
minium in as wide a field as possible; 

(hJ To explore and promote new aluminium 
outlets; 

(c) To hdp producers and consumers b\· 
pro\·iding technical advice and documentalio~ 
and by organizing training schemes for technical 
management and skilled staff: 

(d) To provide local authorities and inter­
national organizations with relevant s!atistical 
information on aluminium end-use and other 
de\·elopments. 

The fundamental difference between the two 
types of advisory agencies is the busint:ss policy 
they pursue. The first type is established with a 
view to promoting the interests of the sponsoring 
concern or company. If the sponsor is a public 
corporation, whether operating only as a smelter 
or as a more integrated l . plex. it will be usually 
called upon to promote • .iminium development 
programmes launched by central government 
agencies by co-ordinating the sponsor's i11terests 
with those of the prospective consumers. 1 n doing 
this. the advisory agency is counting on the co­
operation of the manufacturers and consumers. 
Its activities are largely governed by the research 
and development achievements of the sponsor. 
which the advisory body will have to then 
promote in an effeClive manner. Such agencies are 
to be found in countries where essent!"'llv onlv 
one major integrated aluminium conc~rn i~~ 
operating. 

Amon1 . second type of advising agencies. 
the Aluminium Zent.ale ( Alu;ninium Centre) of 
the Federal Republic of Germany, a corporate 
body financed by its member enterprises, is the 
best known. It also edits books and produces a 
journal. Of its 50 members, 18 are primary 
aluminium producers, 12 are semi-manufacturing 
mills and 20 are aluminil'm foundries and other 
manufacturer-;. The Aluminium Zentrale is a non­
profit organi1.ation established to promote alu­
minium use and effective manufacturing tech­
niques. Technical advice as well as lhe use of ils 
documenlation service and iraining schemes are 
free of charge. It co-ordinates aluminium infor­
mation. represents the aluminium industry at fairs 
and shows and provides statistical information for 
various organizations. It runs training workshops 
and showroom.; but has no research and devel­
opment divisions. 

In Hungary, a special advisory 01ganization 
was established to emphasize the significance of 

.II 
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the aluminium industry to the country's national 
t:conomy. The Development Centre for Aluminium 
Applications of the Hungarian Aluminium Cor­
poration. under the auspices of the special advisory 
organization. operated. until 1976, as a separate 
organization. long-term aluminium activities of 
the Hungarian aluminium industry are governed 
by a central development programme approved 
by the Government. These plans set and co­
ordinate medium and long-range targets for each 
stage of aluminium integration. The programme 
affects all industrial activities of the Hungarian 
Aluminium Corporation. such as bauxite and 
alumina operations, aluminium smelting, semi­
manufacture and the manufacture of some finished 
items, as well as activities of other aluminium 
fabricators in the country. All these enterprises 
are state-owned and operate under the auspices of 
various government departments. The Hungarian 
Aluminium Corporation runs a separate research 
and designing institute and acts as the general 
contractor for major aluminium development 
projects and provides the scientific background 
for development of the finished products. 

In its activities the Development Cenlre 
relied on the experience of the research and design 
institute of the Hungarian Aluminium Corpora­
tion, as well as on suggestions and recommen­
dations from different working comn.1uees and 
on co-operation with the major manufacturers. 

The Centre had a staff of 50, of whom 20 
were engineers and technicians and 10 skilled 
workmen who were employed at the training 
wor!cshop of the Centre. The budget was jointly 
:lnanced by the Hungarian Aluminium Corpora­
tion (60 per cent) c.nd the National Technical 
Development Board (40 per cent). Most of ihe 
funds were used to develop prototypes, to subsidize 
a part of the extra costs incurred by the intrrl­
duction of new prcducts and to finance technical 
information, exhibitions. publications, training 
courses etc. Thus risks involved in innovations 
could be shar, -i by the <1luminium industry, the 
finished product manufacturer and the responsible 
government agencies. 

There are several international organizations 
that provide advisory services. The International 
Centre of Aluminium Development (CIDA) con­
sists of the eight largest European aluminium 
concerns. CIDA deals with various aluminium 
development a.,d standardiz&tion issues, for 
example the dimensions of aluminium joints and 
new methods of corrosion abatement. Its findings 
are generally accessible to members only. 

Some developing countries realized the neces­
sity for setting up an aluminium development 
promotion agency and .1ore may follow suit. 
Regardless of whether one, two or more producers 
are operating in a country or area, it seems 
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desirable that such an organization be set up as an 
independent body in concert with all interested 
parties. including raw material producers. semi­
fabricating mills. finished product manufar· .. rers 
and consumers. 

New solutions are no longer confined to a 
narrow field of engineering. thus the co-operation 
and goodwill of many specialists is required. The 
production of light-weight building components. 
for example. is complex. and in addition to 
aluminium specialists the designing architect, the 
building contractor and the customer must all 
have a say. In aluminium packaging for the food 
industry, the aluminium industry must co-operate 
with the food-processing industry, retail trade 
and consumers. In addition to technological 
advantages, active co-operation with all interested 
parties may greatly facilitate the medium- and 
long-range planning of production and consump­
tion within a country. 

Research and development 

It has been shown above how advisory 
facilities may boost aluminium usage. Such efforts, 
however, may never be really effective unless 
supplemented by organized research and design. 
The many end-uses of aluminium and the many 
technologies involved in aluminium manufacture 
call for a carefully conceived development policy 
at all stages, from the raw materials to the 
finished product. Major aluminium concerns per­
form this arduous, costly and often hazardous 
task with a network of research, development and 
designing institutes. A typical example is ALCOA, 
which spends about 1.5-2 per cent of its receipts 
-about $60 million ( 1976 dollars)-for research 
and development. ALCOA Laboratories is the 
world's largest light-metal research complex. How­
ever, large amounts are spent on research by the 
world's other major aluminium producers, and 
the aluminium industries of smaller countries 
follow suit. In Hungary, a research. technical 
development and design institute operates under 
the auspices of the Hungarian Aluminium Cor­
poration and is financed by funds amounting 
to 4-4.S per cent of the total turnover of the 
Corporation. Other aluminium producers in 
Hungary devote about I per cent of their finished 
product turnover to research and technical devel­
opment. 

In countries just c.ntering the aluminium 
manufacturing field, t(cnnical development work 
is indispensable. Rese~rch and technical designing 
must be capable of adapting aluminium appli­
cations used elsewhere. Development must deal 
with the exploration and testing of new outlets 
and products for the local market. In this case, 
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the brunt of work and costs must be borne by the 
aluminium industry. Initially, such technical devel­
opment should include: 

(a) The manufacture or adaption of alloys 
best suited for local conditions; 

(b) The introduction of modern scrap re­
melting technology, which is essential for the 
supply of a selection of ingots to foundries; 

(c) The introduction of optimum joining 
techniques, including welding training courses, 
and the application of cold-joining techniques; 

( d) The adaptation and, if necessary, modi­
fication of surface-treatment methods for on-site 
conditions; 

(e) The study and practical application of 
plastic deformation technologies, including die­
making; 

(j) The use and local manufacture of ma­
chine tools; 

(g} The design and manufacture of proto­
types and technical advice to prospective customers 
before serial manufacture. 

It is desirable that, at this stage, local 
researchers and engineering specialists seek the 
assistance of qualified experts from various dis­
ciplines, so as to provide a sound scientific 
background for further technical development 
work ahead. 

Product development 

Testing the effectiveness of product innovation 
including research, designing, adaptation, licences 
and technical advice is a difficult and complex 
task. An indication of the effectiveness of product 
innovation is the rate of growth of consumption 
of semi-manufactures and increase in the profits 
of mills. Other indicators include: 

(aj Replacement by aluminium of other 
metals so as to increase profitability and streamline 
operations. Examples arc the replacement of 
copper in the manufacture of electric conductors. 
which reduces the installation costs of powcr­
transmission systems, and the introduction of 
aluminium heat exchangers, and also of aluminium 
foil packaging, which facilitates the marketing of 
processed food; 

(b) Use of aluminium components to pro­
vide significant consumer benefits. Examples are 
the considerable power economics in running 
transport vehicles and the use of aluminium 
accessories for fast altcrnatiruz rr.uvements in 
textile mills and printing pres,;s. These replace--
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mcnts improve technical standards and cost effec­
tiveness; 

(c) Savings in maintenance costs. especially 
in light building construction. 

A method has recently been devised to 
evaluate the intensity of innovatory activities in 
the aluminium field by relating the average annual 
share of new products to the annual mean growth 
rate of aluminium consumption over periods of 
5 to IO years. This method was presented by 
R. Kumar at the 1978 International Symposium 
of Aluminium Transformation Technology and 
Applications in Argentina [I]. 

Table 25 shows the growth rate of the long­
term share of new products and aluminium 
consumption. 

TABLE 25. RELATION OF THE APPEARANCE OF 
NEW PRODUCTS TO INCREASING ALUMINIUM CON­

SUMPTIO!'li IN SELECTED COUNTRIES 

. .fv~raJt"" anr.:1a/ 

K'""''" rate .4J.·t""r'1.~t"" annual 
of alwnrmtum Jlrareof 
conJ11mpt1on "'""" protlucu 

Cnunrr.-..· Pt""TIOrl (puanraxeJ fptrunraxo 

Argenlina 1965-1974 15.5 2.3 
Germany. Federal 

Republic of 1958-1965 9.5 4.0 
Hungary 1965-1970 9.8 6.3 
haly 1958-196'.'i 9.8 5.8 
Japan 19511-1965 14.4 6.5 
Norway 1958-1964 12.0 6.1 
Uniled Kingdom 1958-1965 6.1 2.3 
Uniled Stales 1963-1966 12.4 6.9 

Souru·[lf. 

Figures for Argentina and the United King­
dom show the necessity of effective technical 
development work, in the absence of which 
growth of consumptiJn in the successive periods 
may tend to decline sharply. Indeed, over the 
B66-1976 period, the average annual growth rate 
of aluminium consumption in the United Kingdom 
dropped to 1.9 per cent [2]. 

"The evaluation of product effectiveness is 
complicated by the fact that each product ought 
to be dealt with separately according to its merits. 
Moreover, the development, testing and final 
introduction of an aluminium application on an 
industrial scale may frequently take longer than 
the useful age of the product (e.g .• the extruded 
aluminium sheathing of underground cables). 

Hungary's 6.5 per cent share of new alu· 
minium applications and annual average 9.2 per 
cent growth rate of domestic consumption for a 
six-year period compares favourably with the 
other statistics in table 25. The sustained overall 
growth of Hungary's aluminium consun1ption 
and the gradual decline or discontinuation of 
some forms of aluminium use, on the other hand, 
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arc always mandated by the need of the country 
in its changing industnal pattern. 

Aluminium is being used less in Hungary in: 
Water transport vehicles (small dinghies and 
medium-sized passenger river craft) 
Aluminium-alloy overhead telephone conduc­
tors (use of buried cables increasing) 
Aluminium d\)()rs, windows and roofing of 
railway cars (owing to the reorganization of 
domestic rolling stock) 
Outer shells of thermos bottles (replaced by 
plastics) 
Bottle caps (replaced by plastics) 

New products introduced recently include: 
Aluminium-sheathed underground power 
transmission cables with solid aluminium 
conductors 
Aerosol bottles 
Liquid-gas bottles 
Pressure cookers 
New types of composite aluminium foil for 
packaging ends and household use 
New types of window frames and roofing 
Radiators 

The eronomrc me of aluminium 

The advisory agencies watch domestic and 
world market trends and must anticipate the long­
term industrial dcvdopmcnt world-wide. This is a 
key question to exploring promising outlets and 
proceeding with prototype work. 

According to the Hungarian experience. the 
funds of the advisory centre were distributed as 
follows: some 30-40 per cent \Stas devoted to 
innovations that could be put to immediate use, 
some 20-25 per cent was spent on paving the way 
for new aluminium applications within the next 
5 to 10 years and 40 per cent was spent on schemes 
that eventually turned out to be unfeasible. The 
relatively large share of negative experiences. 
however. had at least one advantage in that it 
pointed to certain areas where aluminium can 
definitely not be U$Cd to replace other structural 
materials. 

The atovc examples will have amply illus­
trated that the work of advisory agencies may 
significantly contribute to effective product devel­
opment. The advisory agencies also share the risks 
involved in every new aluminium application 
venture with all interested parties. Such risk 
sharing, of course, will vary with the economic 
system, the industrial pattern and the raw material 
availability for each country. 
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IV. Aluminium applicati~ 
The great strides aluminium is making through­

out the world and the efforts of its promoters to 
keep its positions intact arc taking place in an 
atmosphere of keen competition with other struc­
tural materials. There arc, however, certain areas 
where the position of aluminium seems to be firm 
and uncontested and not likely to change in the 
long term because of the world's raw material 
situation. 

A case in point is the electrical engineering 
industry, where aluminium conductors for the 
transmission of high- and medium-voltage energy 
!Jave irreversibly displaced copper. A similar 
process is now taking place in the manufacture 
and use of heat exchangers. 

In transport vehicle manufacture, however, 
aluminium is faced with heavy competition from 
steel and more recently from plastics. 

In other end-using sectors, competition is 
even more marked, with most items lending 
themselves equally well to manufacture from 
aluminium and other materials. An interesting 
comparison in this respect is made in figure X, 
showing utility curves plotted for aluminium 
kitchen-ware used in some developed countries of 
Europe [I]. 

Figan X. Dnnand for alumiaima liitcllr••att ia some denl­
oped couacrin of Europe 
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Key: 
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2 Alum1n1um sta1nleff-steel compo11te kitchen·ware 
3 Enamelled or p111t1c-coatld aluminium kitchen-ware 

Traditional aluminium kitchen-ware main­
tained its position. In contrast, aluminium, stain­
less-steel composite kitchen-ware, after making 
headway for two 10 three years, disappeared 
because of the price and lack of response. 

Development costs could have hardly been re­
gained from sales within this short time. Later, 
plastic-coated and enameled aluminium kitchen­
ware appeared on the market. After a three-year 
trial period, this kitchen-ware became popular 
and there has been a great increase in sales. How 
long this trend will continue will depend a great 
deal on future market demand. Yet, in spite of the 
heavy expenditure for development, this kitchen­
ware seems to promise fast financial returns. 

The following is a detailed analysis of a few 
typical aluminium end-uses. They have been 
expressly selected to demonstrate the importance 
of development, and the necessity of finding new 
market outlets and keeping the old ones. Several 
cases will be presented in which the merits of a 
concept were not assessed sufficiently or in which 
competition by other structural materials made it 
necessary to temporarily suspend or completely 
abandon the project. 

The present chapter deals with technology. 
Chapter V contains information on sources of 
know-how and names and addresses of institutions 
and industrial firms that can provide information 
and other assistance. 

Electrical engineering 

In 1976 world aluminium consumption for 
electrical engineering was on the order of 2 mil­
lion tonnes, accounting for 15 per cent of total 
world aluminium consumption [2]. The per capita 
amounts of aluminium used by the electrical 
engineering industry vary greatly with countries 
and areas, as shown in table 26. 

TABLE 26. ALUMINIUM CONSUMPTION BY THE 
ELECTRICAL ENGINEERING INDUSTRY IN SELECTED 

COUNTRIES 

( 1971-1977 avrragr) 

Country 

Developed coun1ries of Western Europe 
Brazil 
Hunpry 
India 
Soulh Africa 
Unned S1a1es 

0 Wci1h1cd avcra,e. The ranse is 0. 710 1.8. 

,,,, (llpflll 

((JMumptiOll 
(kf) 

1.411 
1.2 
3.S 
O.IS 
1.0 
3.7 
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The outlook for further expansion is bright 
both in industrially de\·elopcd and dC\·eloping 
countries. 

The Post Office Administration of the United 
Kingdom indicated that 25 per cent of its telephone 
cable network is made from aluminium. Within 
I 0 years. aluminium telephone cables will probably 
completciy replace copper ones (2). According to 
another forecast. the electrical engineering field in 
the United States-with its present high per capita 
consu:nption-should become the fastest growing 
alti:ninium outlet in that country [3]. By the turn 
of the century. electrical engineering is ellpectcd to 
account for 20 per cent of total world aluminium 
consumption (4). 

Hungary has a large concentration of alu­
minium usage in electrical engineering. Histori­
cally, this may be attributed to the country's 
chronic dearth of and continued drive for savings 
in heavy non-ferrous metals throughout since 
before the Second World War coupled with the 
changing copper prices. Thus the use of aluminium 
gained ground rapidly in the manufacture of 
overhead power transmission cables, mcdium­
and low-voltage conductors. as well as motor and 
transformer windings. In 1951 a Hungarian 
standard specification on the use of aluminium 
and aluminium alloys in electrical engineering was 
published; it dealt with the technologically and 
economically feasible application of aluminium 
for many end-uses in the field of electricity. It 
classifies each possibility as .. desirable". "prac­
ticable" or "not practicable". The first standard 
specification has been subsequently revised in 
light of new technology. 

Conductors 

The share of aluminium conductors manu­
factured in Hungary is 76 per cent. against 24 per 
cent for copper. In most centrally planned eco­
nomics. aluminium accounts for 50-60 per cent of 
total conductor manufacture, whereas in the 
Federal Republic of Germany 70 per cent of all 
conductors arc still made from copper and only 
30 per cent from aluminium. 

Hungarian aluminium conductor and cable 
manufactures have acquired experience in turning 
out products with high technologic.cl standards. 
The remarkable advance of aluminiJm consump­
tion in the conductor field was also precipitated 
by the early specialization of Pungarian engineer­
ing and working personnel in aluminium instal­
lation techniques and the application of aluminium 
in electrical equipment. In view of this, Hungarian 
engineering firms engaged in such operations 
today prefer using aluminium to copper. 

Whether an aluminium or copper conductor 
should be used depends on the production costs 

of aluminium conductors. the economics of their 
use and their reliability. There is a marked 
downward trend in the price of aluminium con­
ductors compared to copper. 

The low specific weight. high specific co:iduc­
tivity (small energy losses) and corrosion resis­
tance (savings in maintenance costs) of aluminium 
conductors present additional advantages. Relia­
bility is ensured by the high mechanical strength 
and susceptibility to plastic deformation, casting. 
welding and soldering. Under the same load. the 
rate at which their ambient temperature rises is 
identical to that of copper. 

An index of economic feasibility given 
by the formula l pp;· may be used to compare 
various metals, where p represents resistivity, p is 
price per unit volume and ;· is density [5]. 
Calculated at 1974 pri.:es and using one for 
aluminium as a basis for comparison, the corres­
ponding indices for copper. magnesium and 
sodium arc 2, 1.14 and 0.55, respectively. For the 
long term these seem to be the most promising 
conductors. From an economic feasibility point 
of view, magnesium and sodium arc the two 
metals closest in values to aluminium. However, 
both arc hard to come by in large quantities and 
arc awkward to handle and difficult to process. 

Overhead lines and cables 

Hungary was a pioneer in installing complete 
aluminium pow~r transmission and telecommuni­
cation grids. Experience has amply demonstrated 
that from an operational point of view aluminium 
is equivalent and, from an economic point of 
view, possibly superior, to previously used copper 
and cadmium-bronze conductors. Hence, through­
out the wor:d. most power grids use aluminium 
even at the highest voltages (for example, 
Hungary's 750 kV power transmission line). 

High-voltage overhead lines 

The resistance and price of cables used in high­
voltage power systems is compared in table 27. 

It can be seen that the resistance of an 
aluminium-based conductor is half that of a 
copper-based conductor of the same weight, and 

TABLE 27. RESISTANCE AND PRICE OF THREE HIGH­
VOLTAGE CABLES OF DIFFEUNT MATERIAL ON AN 

EQUAL-WEIGHT BASIS 

.tlormof 

s~~el-reinforc:cd alumiflium 
(ACSR 1:6) 

.\luminium alloy (E AIM,Si) 
c .. 1mium bronze 

R'lotrvrworkl 
R,fofl•t "'°'"" pna. 

,,,,,,,.,," f91~ 

(,ff= fflfl) (,ff= ff)()) 

108.7 70 
100 100 
228 ISO 
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its price is one half to two thirds that of copper. 
The same applies to loi..·-voltagc networks. where 
owing to the frequent branching off of distribution 
mains and the proximity of towers holding them. 
the tensile strength of aluminium is not fully 
utilized. 

o,·crhead power transmission grids and net­
works arc usually made from the aluminium cable 
types shown in table 28. 

TABLE ~8. PROPERTIES OF CONDUCTORS COM­
MONLY USED IN OVERHEAD LINES 

T~,,,,r 1prrrjin1-. 
rCJ 

l'rruJJ1blr 
Spr"'' Tnuilr lnnprrotllll 

''11mrrn: Jtrrqlit .\"Dn111di UICllJrOf 
!ll11tnuli ra-mr/m1 (.V-') lmrpnrtllltt Mon-<Vnllll 

Aluminium 
Chard I 0.0282 170-200 70 130 

Aluminium 
a Uoy 
CE AIMgSil O.J2S 295 80 ISS 

S1ccl-
rcinfon:cd 
aluminium 0.240 I SJO 

0.0282 163-197 

High-\·oltagc overhead lines have to be safe 
under all thermal and mechanical loads and resist 
corrosive effects of outdoor use. Moreover, they 
must allow for excess loads that may arise. 

Because of their lower mechanical strength. 
unalloyed aluminium conr.uctors arc. as a rule. 
used in low-voltage nctw Jrks, where mechanical 
loads are smaller. For mtdium- and high-voltage 
networks, steel-cored aluminium cables (ACSR) 
and, to a lesser extent. ah;minium alloy cables arc 
used (6). ACSR arc usd also for specialized 
conductors. A zinc coating to protect the steel 
core against corrosion is usual. Lately, as an 
alternative, an .. alumowcld" coating has also 
come into use [7]. ACSR arc suitable for either 
phase or grounding conductors. 

In electrical networks it is of paramount 
importance to Jcterminc the maximum power 
rating of a conductor correctly. This maximum 
will depend, in addition to environmental and 
climatic factors, on the composition, design and 
the stranding parameters of the conductor. In 
selecting a specification, particular attention must 
be devoted lo aspects of operational safety 
throughout the projected life of the cable. Major 
damage must be avoided, and the cable's mecha­
nical strength must not lose more than S per cent 
of its original value. 

Performance and reliability of cables must be 
continually monitored. Efforts to develop new 
and more effective types of aluminium overhead 
conductors arc widespread. 
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Table 29 shows maximum current ratings of 
high-voltage overhead conductors. 

TABLE 29. MAXIMUM CURRENT RA TINGS OF HIGH­
VOL T AGE OVERHEAD CONDUCTORS 

_.,.,., ... <WWlll ,,,,~ 

~-ro.u-1'<nOlllZl .\;on•u:I 111 '"" of sJron. 
l11111r>M! arral-'1 (.4/ cirnrti (k.4} 

Aluminium JOO 680 27 
643 I 120 SS 

Aluminium alloy 
CEAIMgSi) 9S JSO 9 

240 625 24 
JOO 7115 :?II 

Aluminium 
concliJaor. 
slcel-rcinfon:al 110 430 12 

2SO 710 24 
soo I 120 60 

.\.otr: Fipres arc for conduaon made in Hunpry. T1'c •-alucs 
arc .-alid foe 1bc wona cn•ironmcnw conditions ( soiar radaa1ion. 30' C 
:am11Kn1 lclnpcraturc. I m/s wind •·doci1~ 1. 

Cables 

Aluminium aerial cables arc used as phase 
and neutral conductors in low-voltage distribution 
systems, service mains. outdoor and provisional 
installations (sec figure XI). They have won quick 
acceptance because of the increased case with 
which 80 per cent of the faults occurring in low­
voltagc distribution systems caused by conven­
tional outdoor service mains may be clir.1inatcd. 
Their salient features arc easy installation and 
fewer faults. 

Aerial cables arc made from 99.5 per cent 
.lluminium in cross-sections of 6 to 300 mm2 with a 
tensile strength of70 to 110 N/mm2• The maximum 
rating of a 240 mm2 cross-section cable under 
normal operation at a 25° C ambient temperature is 
410 A; in case of a shon the tc: ·craturc must not 
rise beyond I SO" C. 

FiJwe XI. Aerial callln 

Key: 

I SOiid or 11,.ncled conduelor 
2 Plallic 1n1ulalion 
3 Slraneseo 1uspen11on cable 
4 Suspen11on shackle 
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The dide1.."1ric strength of the plastic insulation 
is 40 kV/cm. The stranded suspension rope is 
maJe from aluminium or an aluminium alloy. If 
se1..-urel~ anached to the sen·ice mains. it will meet 
all technical and electrical requirements a1..""ting as 
the carrier of the insulated p~ase conductor on 
one hand. and as a neutral conductor on the other 
hand. 

The installation of aerial cables has to be 
done in strict conformit~ with standing standards 
specifications. Quick assembly is greatly facilitated 
by prefabricated fittings. 

Aluminium _fir rings 

In electrical power transm1ss1on aluminium 
finings are used as conJuctor. suspension and 
protecting fittings Conductor fittings are designed 
to !ink two or more conductors of a transmission 
line: suspending fittings arc used to hold overhead 
cables. aerial cc,nductors and insulators in position 
or to connect them with one another: and 
protecting finings arc installed to enhance the 
operational safety oflhe transmission line. Pressure 
clamping is the usual method of fastening. pro­
\·iding reliable. economical and easy-to-handle 
conductor ends. These fining.s embody the most 
recent ad\·ances ;n instal:ation technology. They 
are used from 0.4-l V low-voltage networks up to 
the largest 750-kV high-voltage transmission system 
[8. 9. IO). 

Pou·er rrar.smission 

Throughout the world there is a growing 
shortage of skilled labour accompanied by a 
uni\·crsal pressure for updating conductor instal­
lation techniques. Prompted by this demand, 
sc\·cral aluminium structures have been recently 
dc\·eloped that will save maintenance costs of 
power transmission lines. 

Although erected IO years ago in an indus­
trial area of Hungary where chemicals arc liberally 
used. annual checkups of an aluminium trans­
mission-line tower prototype have so far revealed 
no trace of change or any damage. This and 
similar prototypes hne aroused great international 
interest [ 11 ). 

Telecnmmunicarions 

In the past. aerial cables. used to carry trunk 
calls over more or less long distances, have been 
made of age-hardened E AIMgSi aluminium alloy 
wire. Stati:aical returns for the past 30 years have 
demonstrated that faults occurring during use 
were only one half or two thirds of the faults 
recorded using bronze conductors [ 12). This was 
largely due to the effective fastening and jointing 
rcchniques applied. as well as the inherent propcr­
tier> of aluminium. 

l "nJt'TgrounJ cal>/n 

Aluminium conductors ha\·e been used in 
cable manufacture since the 19JOs. Howe\·er. it 
was not until after the Second WorlJ War that 
technologies for sheathing undergr.>und cables 
with aluminium were dc\·iscd and introduced on 
an industrial scale. A major breakthrough in 
underground cable design occurred recent!~ with 
the emergence of the solid aluminium conductor 
in low-rnltage solid dielectric cables. The pioneer 
in this area was ALCAK the first company to 
relcao;e in detail the technical features of its 
Solidal low-\·oltage solid aluminium conductor 
cables [ 13). 

The production costs of solid dielectric 
0.6- to I-kV cables can only compete with those of 
impregnated paper insulated cables made from 
three-stranded aluminium phase conductors with 
an aluminium sheathing acting as neutral con­
ductor. if all four conductors arc made from 
aluminium. The stand :rd specifications of some 
countries (e.g. VDE 0271/3.69 of the Federal 
Republic of Germany) explicitly forbid the use of 
aluminium as a neutral conductor placed concen­
trically around the three other conductors and 
insist that copper be used. Despite its technological 
merits. use of copper seriously jeopardizes the 
cost effectiveness of such a cable. Howe\·er. with 
suitable protcctioP against corrosion. the use of a 
concentrically placed fourth aluminium conductor 
is permissible in some countries. Examples are 
shown in figures XII and XIII (14. 15. 16). 

The 95-. 150- and 240-mm= cross-section alu­
minium conductors extruded from 99.5 per cenl 
aluminium have a tensile strength of60-70 N/mm=. 

Fiiur~ XII. Cr~tioa or an almainima cabw •ith a 
tbrn-c..illdor wutral 
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4 Black PVC Sheathing 



The~ arc sufficienlly sof1 and pliable 10 permi1 
cas~ handling upon ins1alla1ion. Their u~ has 
C•H11irmcd 1ha1 high-rnltage underground cables 
no longer need 10 be composed of s1randcd 
condu .. 'tors as up 10 a ~40-mm; sce1ion solid 
conJue1ors may be used. 

Cable 1erminals may be joined by flanening 
and punching 1hc solid conductor ends wi1h a 
spc1.-ial 1001. Cold-prc:.sure 1echnologies in fas1en­
ing slranded conduclors have been adap1ed 10 
solid c,mduclors as well. Moreo\·er. traditional 
methods of welding may safely be applied to solid 
conduc1ors for firm and reliable joints. 

•li:11tt XIII. n·-wctiall of a al_illi_ calr •illl a 
1llrtt-ellllll11C1or -ral rain! al 1.6 10 I u· 

T Solid atum1n1um conductor ol arched lt.e-angled sechon 
2 PVC 1nsutat1on 
3 Neutral aluminium wore of arched troanqular secllon wound 

w11h alumrn1um tape 
.& Stack PVC sheathing 

~~~~~~----6 

T Solid alum1n1um conductor 

2 

~-+--7 

~-.,_-a 

5 

3 

4 

2 Ptasroc 1nsulat1on With grap1111e-coa1ed outer surface 
3 Par11ally conducltng paper rape 
" Oouble·layer a1um1n1um Slnp 
5 Double-layer 11ee1 strop 
6 Blue PVC sheathing 
7 Alum1n1um guard wore 
8 PVC folhng 

Thus. solid conductors hue pro\·en their 
usd°ulncss and ha\·e been used for the last IO y·ears 
in 6- to 35-k.V high-rnltage underground cables as 
shown in figure XIV (16). The cable is easily laid. 
Insulation is facilitated because a smooth-surfa1.-cd 
partially conducting plastic layer may be more 
easily· added to a solid conductor 1han to a 
stranded one. 

Although some international standard speci­
fications do not permit the use of concentric 
neutral and guard conductors made from alu­
minium. in Hungary e\·en the metal part of the 
insulation screening is made from an aluminium 
band i:l6). Earlier. it \!.·as \!.·ound around the 
conductor. but the new 0.6- to 1-1.:V cable now 
has an aluminium band scrl'"cning fixed longitudi­
nally onto the: conduClor. 

Fa\·ourablc experiences ha\·c: demonstrated 
that low- and high-rnltagc solid dielectric cables 
composed of aluminium phase: conductors. screen­
ing and neutral or guard conductors may gi\·c 
sa\·ings in material and labour costs [ 16]. 

Telephone and telecommunicarion cables 

When copper was in short supply during lhc 
Second World War. Hungary produced symme­
trical carrier frequency long-distance and local 
telephone cables with aluminium and paper insu­
lation and lead sheathing [ 13). In the post-war 
period when copi;er prices began to rise steeply. 
there was a similar trend; howc\·er. only in 
Australia (3. 14] were these cables used to a great 
extent. 

The emergence of fully filled cables has 
fundamentally changed the situation. These: cables 
usually have cdlular polyethylene insulation. The: 
gaps between the wires arc filled with a water­
rcpellc:nt petroleum jelly to protect the cable 
against corrosion. Sheathing is a pclycthylene­
coatcd aluminium band and polycthyt.:nc: [ 15 ). 
Some firms have developed a s~cial AIMgFc 
alloy as a conductor. which approximates st•me of 
the mechanical properties of copper conductors 
and th!.!~ allows higher productivity in manu­
facture ar.1 easier tcchniqaes of joining upon 
installatior [ 16). Aluminium and aluminium alloy 
fully filkd cables have won wide acceptance. 
espcci-.ily in the United Kingdom [15. 16). 

Setvice lines 

Service mains arc used to feed the interior 
electrical installations of buildings. households. 
industries and agricultural structures. The subjects 
discussed below include insulated conducton [ 17). 
busbar channels r 18. 19) and joints and fillings 
[19. 201. 



Wilh new advances in manufacrnrc and 
inslallalion lcchniqucs. aluminium has become 
an equivalent conductor lo copper for many uses. 
Aluminium is now universally acccplcd for general 
inslallalion. Copper is used only where increased 
opcralional safely is a special considcralion 
(e.g. warning signals. inlcrior wiring of cquipmcnl 
ClC.) (21). 

Insulated conductors 

The conducli\'ily of aluminium depends on a 
great many condilions. Conductors in many 
counuies hue been slandardizcd. The conduclors 
arc usually made from 99.5 per ccnl aluminium. 
eilhcr in solid form or in slrands of several wires. 

The 99.5 per cent aluminium is somclimcs 
slighlly alloyed with other mclals, especially iron 
(22). lo enhance flexibility. Some of these arc 
lcnown as Triple E and Super T cond:.ictor 
malcrial. Their ratings arc given by lhc rclcvam 
standard specifications. depending also on the 
conditions of inslallation (under plaster. cxtra­
murally armour-clad etc.). 

In many countries predominantly or exclu­
sively insulated conductors composed of several 
aluminium wires may be used for lighting or 
equipment operation in households, industries, 
schools and other institutions. 

In the laying of joints. connections and 
fittings. some peculiarities of aluminium have to 
be allowed for in order to avoid the wires 
brcalcing or the strong creep causing excess 
temperatures and possible shorts. 

Where strict safety regulations arc imposed 
or where many joints and connections arc to be 
made over a short distance (e.g. in hospitals. 
dislribution boxes etc.). it is preferable lo use 
copper conductors so as to avoid creep. 

Conductor channels 

Conventional building methods no longer 
lcccp pace with the latest technological advances. 
The emergence of light construction gave rise: to 
various new designs of conductor bar channels. 
These, as well as the perforated assembly plates 
and the plastic-coated tubular uprising aluminium 
conductor bar systems, now greatly facilitate 
installation, improve productivity and give labour 
savings. 

Aluminium is now considered preferable to 
plastics as a material for conductor bar channels. 
Aluminium has superior fire-resistant properties. 

Joints and fit tings 

Aluminium conductors arc susceptible to 
creep and sensitive to incisions. It is therefore of 
particular importance that effective technologies 

for fastening. joining. stretching and connecting 
conductors be applied and fittings of suitable 
design be selected [19. 20). 

Joining may be done. for example. ~y solder­
ing. welding or pressure clamping. In recent times 
a large variety of joints and fittings have been 
devised to ensure the reliable and cost-cffccti\·c 
operation of service conductors. Handled by 
sufficiently trained and slcilled personnel, they 
may greatly enhance efficiency and operational 
safety. 

Transformers and capacitors 

Trans/ ormers 

For the past 40 years aluminium windings 
have been used for the manufacture and operation 
of transformers. Used primarily in distribution 
transformers, the windings arc usually designed 
with ratings of up to 2.5 MV A and voltages 
ranging fron1 3.6 to 36 le V. Some of these arc used 
for oil and others for dry transformers. Alu­
minium-wound transformers arc also available for 
·:cry small (several VA) and higher (in ranges 
from 25-63 MVA) ratings as well. In recent 
designs of high-power transformers several struc­
tural parts arc made from aluminium, so as to 
reduce additional losses. These parts include 
clamps, containers, lids and electromagnetic screen­
ing surfaces. 

The economics of the use of aiuminium in 
transformer windings is governed by the price of 
aluminium windings compared ~o that of copper. 
If the copper windings -:;f a transformer arc 
replaced by aluminium windings of the same size. 
the ratio of the ratings of lhcir windings at a 
temperature of 75° C may be expressed as 

PAI= Pc.u X Pcu = 0.79 Pcu 

PAI 

where P Al and P cu arc the ratings of transformers 
with aluminium and •;opper windings, and PAI and 
Pcu the corresponding resistivitics. If the price of a 
copper-wound transformer of P cu rating is Pcu and 
for the sake of comparison its rating is reduced to 
that of the aluminium-wound one, its price will 
become p' cu· Since prices change with the % th 
power of ratings, the following formula is obtained: 

P Cu= <Pcul P Al)'1•Pcu = 0.84 Pcu 
From the point of view of production costs, 

aluminium usage will be more economical if the 
reduced production costs brought about by the 
reduction of rating in a copper-wound trans­
former arc still higher than those of a transformer 
with aluminium windings of the same rating. 

A transformer is economical when its pro­
duction and operating costs arc minimized. For 
such a transformer, aluminium windings arc 

.. 
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under-utilized compared to copper windings under 
the same load. While with copper windings the 
most economical current densities arc in the 
2.5-3.5 A/mm= range. wuh aluminium the corres­
ponding range is 1.5-2 A/mm=. 

In figure XV the ratio for tctal production 
and operating costs between aluminium-wound 
and copper-wound 25 MV A and 4 MV A trans­
formers is plotted against the aluminium/copper 
price ratio. based on 1974 metal prices in Hungary. 
It will be observed that with a high-output 
transformer the use of aluminium windings is more 
co.>~t effective. whereas with a smaller one. or 
whenever the aluminium/copper price ratio falls to 
or below 0.85, the use of copper-windings is more 
cost effective [3. 23]. 

Ficmtt X\._ Cost ~ff«ti>TllnS or al..n.i-•omd ud copper­
•Clllllll lrusf-..s Cllasft 1111 197' meial prices ill Hmpry) 

0.6 0.7 0.8 0.9 1.0 

Aluminium/copper price ratio 

Metal and energy prices may vary with each 
country, but it may be accepted as a general rule 
that below a 2.5-MV A rating aluminium windings 
arc more economical than copper windings. This 
is important because 90 per cent of the world's 
transformer production may be accounted for by 
ratings smaller than this. As for ratings above 
25 MVA. for reasons of size, the use of aluminium 
windings is not practicable. 

In dry transformers the windings take up 
most of the transformer space; therefore, the use 
of aluminium windings is economical and pro­
duc.tion costs arc lo :r. 

In view of the • .:>ads and sizes involv::d, the 
best aluminium winding material is half-hard wire 
with a conductivity of 35 S · m/mm 2, a tensile 
strength of I IO S/mm2, an elongation at rupture of 
12 per cent and a Brincll hardness of 200 N/mm2• 

Recently, for ratings of up to 4 MV A, aluminium 
foil windings have been used both in dry and oil­
insulatcd transformers [24, 2S]. Their advantages 
arc: better heat dissipation in the windings; 
increased resistance to short currents; and im­
proved voltage distribution caused by impulse 
voltages. Such windings lend fhcm:.clvcs well ro 
automation. 
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The thickness of 99.5 per cent used without 
purity throughout aluminium foil used in oil- and 
plastic-insulated transformers ranges from 0.01 to 
0.04 mm: abO\·c this thickness aluminium strips 
arc used. Hungary now manufactures up-to-date 
plastic-insulated aluminium foil dry transformers 
U"ldcr a special AEG licerx:e. 

Capacitors 

The amount of electrical energy needed for 
capacitor sub-stations is rising. Up-to-date liquid­
diclcctric high-mltagc and dry low-voltage capa­
citors arc made almost exclusively with aluminium 
foil windings. The 99.9 per cent pure aluminium 
foil used is 0.005-0.120 mm thick and 60-400 mm 
wide. The foil surface has to be clean. even and 
free from oil. Fluctuations of more than IO per 
cent in foil gauge lowers capacity and raises 
production costs. 

Road ~·ehicles 

There is now a marked trend in designing 
road vehicles towards weight reduction and energy 
savings. Thus. research efforts arc under way to 
substitute traditional copper conductors and coils 
in motor cars with aluminium. There is a good 
chance that aluminium will replace copper over 
the long run if suitable methods arc devised for 
connecting and fixing aluminium conductors with 
the lowest po!"siblc voltage drop in a reliable and 
economical manner. 

At present. the development of a t1ex1i>l~ 
creep-resistant aluminium alloy and cfficit;nt low­
voltage ( 12 V) contacts is under way. The appli­
cation of these on a commercial scale is anticipated 
in the near future. 

Lighting 

The use of aluminium for lighting is deter­
mined by its low specific gravity, corrosion­
rcsistancc, attractiveness and good reflection. Alu­
minium is predominantly used for lamp casings 
and mirrors. 

Low specific gravity is important if low 
weight is sought for suppcrts for the lamp fittings. 
This is especially important where many lamps 
arc installed in closed groups, such as in sports 
stadiums where often 60 to 80 spotlights arc held 
by each pole. 

Corrosion-resistance is important for lighting 
fixtures used outdoors, which must last 10 years 
or more. The surface of aluminium mirrors must 
be anodized. Although the reflection from such a 
surface is somewhat less, the increased hardness 
and resistance to wear allows for regular cleaning. 



The attractive appearance of light fixtures is 
especiall~ desirable for indoor use. The alu­
minium ~urface has to be provided with bright 
polish or dye-anodization. 

Good rellection is a fundamental requirement 
for rellectors. street lamps and indoor illumination. 
To enhance reflection. 99.99 per cent high-purity 
aluminium is med with 0.5 to I per cent magne­
sium added. The brilliance of the aluminium 
surface may be achieved by chemical. electrolytic 
\.lr mechanical polishing. or a combination of 
these. 

The mass production of lighting calls for 
automation. A 11ew technology uses steam pressure 
to apply aluminium on plastic surfaces. However. 
the heat resistance of such mirrors is still limited. 
In light sources where high temperatures are 
in\·ol\'ed. such as mercury. halogen and sodium 
lamps. the use of aluminium mirrors is more 
feasible from a technological and economical 
point of view. 

Electric motors 

The windings of electric motors are usually 
made of copper owing to its high specific resisti\·ity 
compared to aluminium. Aluminium windings are 
not yet widespread and are more or less limited to 
small motors. However. most small motors are of 
the commutator type and aluminium may not be 
readily used because of the oxide film formed on 
its surface. 

Bv contrast. in the rotor coils of synchronous 
motor~. aluminium. with its one-third specific 
gravity. considerably reduces centrifugal force. In 
turn. the coil grips are exposed to a smaller load 
and may be reduced in size, leaving more space 
for mounting the coils. Thus. aluminium may be 
used with advantage. 

Some engineering firms that specialize in 
transformer winding material have also begun 
production of insulated aluminium wires for rotor 
coils. Such wires are rnund or flat. with enamel, 
glass-fibre or other insulation. 

The relative prices of aluminium and copper 
will determine which of the two is more eco­
nomical. Many motor manufacturers have begun 
using aluminium rotor coils. deriving considerable 
technological and financial benefits because alu­
minium wire and insulation is best suited for their 
particular technologies. 

Installation equipment 

The electrical engineering industry uses large 
quantities of aluminium for conductors. ~witches 
and other equipment. as described below. 

Conductors 

Aluminium conductor bars are now widely 
used for transmitting high-voltage electric power. 
In designing and installing them three p:irameters 
have to be taken into account: their specific 
gravity. electrical conducti\·ity and mechanical 
strength. 

Aluminium is obviously superior to any other 
conductor material from a specific gravity point 
of \'iew. As far as conductivity is concerned. in 
theorr it would be best to use aluminium of as 
high purity as possible. Howe\'er. certain require­
ments as to mechanical strength have to be 
complied with. Therefore. in actual practice. 
aluminium alloys (AIMgSiO,) that can best meet 
both of these requirements have to be given 
preference. Utmost attention must be given to the 
expert handling of contact surfaces in joining. 
connecting and fastening conductor bars. 

Releasable joints may best be made by 
screwing the conductor ends together. In the case 
of extra-thin conductors. looping conductor ends 
is a possibility. The contact resistance of screwed 
joints will always depend on how they were 
made [26). Contacts may never be really effective. 
unless the oxide film that forms on the aluminium 
surface-which is a poor conductor-has been 
removed from the conductor terminals that are to 
be fitted together or the conductor ends have been 
coated with a metal with good contact prop.:rties. 
Good contacts may be made by cleaning the 
terminal surfaces under a layer of vaseline (by 
applying zinc particl,.:. suspended in vaseline). by 
electroplating the contact surfaces with silver. 
copper or tin or by spraying them with a metal 
that is more conductive than aluminium (e.g. 
copper or silver) [27]. The Exconal bars developed 
bv ASEA of Sweden combine the useful features 
of aluminium and copper by pressing a copper 
foil onto the aluminium conductor; the bars are 
85 per cent aluminium and 15 per cent copper 
(coating). Such condurtor bars may be joined in 
the same manner as pure copper ones. 

Permanent joints are made by either welding 
or pressure [28). Welded joints are better con­
ductors than releasable ones and are not suscep­
tible to a rise in transient resistance. The welding 
process is, however. unwieldy, calling ur care in 
selecting a suitable technology [29. 30). 

Permanent joints are made by pressure, as for 
stranded cables. or by cold extrusion, as for 
connecting foil conductors [28. 31, 32]. Cable wire 
ends are joined by either cold extrusion or 
pressure clamping. 

Metal-clad barJ 

To increase operational safety for users. 
several armour-clad distribution systems have 
been developed. Such systems may be distributed 



throughout an industrial area and permit indi­
vidual sen·ice lines to be linked up swiftly. Owing 
to certain difficulties in installation techniques. 
often preference is given to copper for this 
purpose. However. EKA of Hungary has developed 
an effective technology for connecting such branch 
lines to aluminium conductor bars either per­
manently or with the aid of suitable plugs. 

Metal-clad l:>ars are used in power plants and 
distribution systems to connect generators and 
transformers [33). Each phase of the bars is metal 
clad separately. which practically excludes the 
possibility of busbar short circuits_ 

.\.fetal-clad equipmenr 

Calculations have demonstrated that the use 
of structural steel in equipment carrying currents 
of o\·er 1.000 A gives rise to considerable secondary 
currents and losses. At around 3,000 A. steel can 
no longer be used in such equipment and has to 
be replaced by an aluminium alloy [34)-

As a structural material. aluminium is also 
gaining ground for outdoor switch-gear, where 
corrosion and maintenance costs may thereby be 
reduced to a rea~onable minimum [34). Hungary 
has exponed aluminium switch-gear to some 50 
gas-turbine power plants [35]. 

Electrical equipment destined for indoor use 
may be mounted onto metal-clad aluminium 
switch-gear; substations to house the ele::trical 
equipment can be erected easily [34]. 

The use of aluminium in outdoor transformer 
substations has similar advantages [35]. 

An interesting application of aluminium is 
sulphur-hexafluoride gas-protected switch-gear. 
where both the conductor bars and equipment are 
mounted into an aluminium alloy body. 

Outdoor switches 

Substations within the 35- to 750-kV range 
are generally uesigned for outdoor use, as are 
most of the busbars used nowadays, which are 
made from an aluminium alloy in the form of a 
stranded conductor or tube. 

In industrialized countries there is a trend to 
build outdoor substations with metal-clad switch­
gear insulated by sulphur-hexafluoride gas, which 
saves considerab:e space. Under a licence from 
BBC of Switzerland. the Ganz Electrical Works of 
Hungary began production of 120-kV and 400-kV 
transformer stations of this type. Such gear 
(circuit breakers, measuring switches etc.) is also 
used effectively in traditional busbar substations. 

Chemical engineering and food processing 

Early in the history of aluminium the chemical 
engineering and fooJ industries Decame major 
buyers of structural, p 1ckaging and storage equip-
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ment. The usefulness of aluminium for these 
purposes may be largely attributed to its corrosion 
resistance. its lack of toxicity. its workability. its 
low specific gra\·ity and to the fact that in most 
cases it pro\·ides a good replacement for tin. The 
momentum of this growth. howe\·er. has recently 
abated owing to the emergence of stainless steel 
and plastics. These materials. and the subsequent 
price reductions of items made from them. ha\·e 
made inroads on d:e aluminium market in the last 
IO years. To keep pace with such competition. 
serious effort: were made to find new aluminium 
outlets. to u~ ate old ones and to develop new 
technologies for producing large volumes with 
utmost cost effectiveness. Accordingly. the selec­
tion of aluminium items in chemical engineering 
and food industries is rapidly changing. The risks 
of introducing new innovations are great-a very 
thorough appraisal of the market is necessary_ 

Aluminium use in chemical engineering 

The progress made recently by the inorganic 
and organic chemical engineering industrio calls 
for more sophisticated designs for storage tanks 
and transport containers. In many instances tinned 
copper, tinplate or lead-coated steel can no longer 
meet new and increasingly stringent requirements. 
In view of this. aluminium. with its good corro­
sion-resisting properties and low density, has 
gained ground in such fields as oxygen. nitric acid 
and acetic acid manufacture. At first. the high 
price of stainless steel favourably affected this 
trend. However. stainless steel prices have fallen 
and operating experience in aluminium use has 
become more widespread. At present. these two 
underlying considerations determine a great deal 
where and how aluminium may be used with 
advantage in chemical engineering. 

Some specific uses for large quantities of 
aluminium as a structural mc. !crial in the chemical 
engineering industry are in ;naking silos. tanks. 
transport containers and auxiliary equipment. 

Storage silos have grown in importance since 
plastics manufacturing and processing capacities 
arc expanding throughout the world. They arc 
especially in demand in PVC and polypropylene 
factories. Their sizes range from 150 to 500 m 1; 

smaller units of 50 to 150 m 1 arc used for 
intermediate storage at different stages of the 
manufacturing process. 

Stationary and mobile containers are pre­
dominantly used in the manufacture of light 
chemicals, pharmaceuticals and paints. Mobile 
containers are also used in the transport of 
concentrated nitric acid, acetic acid and some 
products of the oil industry (pctrl.llcum, liquid 
gas). The manufacture of liquid-gas transport 
containers calls for great experience. In Hungary. 



0.5- to 25-litre aluminium liquid-gas bottles and 
cvlinders that are made by wall-reducing deep­
d-rawing have been used with advantage for more 
than 20 years. A 25-litre cylinder weighs 3 kg less 
than its steel counterpart. Moieover, alu:ninium 
cylinders do not need to be painted every three 
years. 

Air coolers in chemical engineering usually 
consist of ribbed aluminium tubes or aluminium 
ribbing around a steel. acid-proof steel or copper 
tube core. Tubes with pleated transv,.rsal ribbing 
are as a rule made at the semi-manufacturing 
mills using a special technology. The largest 
customers of aluminium-ribbed tu!:>es are oil 
refineries and chemical engineering works, where 
such coolers form part of a complete heat­
exclianging system. 

Flexible aluminium tubes made by continuous 
edge rolling of aluminium strips is steiidily gaining 
ground for air conduits in the chemical engineering 
industry. In square-section sheet-tube design, the 
zinc-coated steel variety is still widespread, but 
because of their flexibility aluminium tubes arc 
also expected to make good headway for use 
inside factories or employed as flue stacks. 

In chemical engineering most insulated tubes 
have to be provided with an extra protective 
coating. Aluminium strips usually are used, a!> 
they arc corrosion-resistant and ca,;y to handle, 
•nd zinc-c0atcd steel strips have almost com­
pletely been replaced by aluminium ones. 

Alt '11inium use in bre'l•;eries and dairies 

For several centuries tinned copper, wood 
and later tinplate equipment was used in beer 
brewing and milk processing. The use of alu­
minium began in the 1930s. Several decades of 
experience have amply demonstrated that alu­
minium manufacturing anj storage equipment for 
breweries and <iairics is more economical and has 
numerous technological advantages. These! ncludc· 

(a) Aluminium docs not react with food 
substances, except for a slight reaction with sour 
milk; 

(b) In contrast 10 equipment and transpon 
containers (e.g .. milk ';ans) made from tinned 
copper or tinplate. aluminium ones require no 
maintenance whatsoever; 

(c) With aluminium lendin3 itself well 
plastic deformation and welding. it is idea. 
suited for the cost-effective mass-production o. 
containers and other items (beer ca.~ks, milk cans). 

In using aluminium in breweries and dairies. 
the following consid !rations have to be taken into 
account: 

(a) As a raw material only copper-free 
smelter aluminium (with a maximum copper 
content of 0.1 per cent according to the Deutsche 
Industrie Norm (['IN) and 0.2-0.3 per cent 
according to some standards in the United States) 
may be used either in unalloyed form or alloyed 
with a maximum of 3 per cent magnesium or a 
combination of a maximum of I per cent magne­
sium, 1.2 per cent silicon and I per cent manganese; 

(b) Preference should be given to one-piece 
deep-drawn designs. Accessories-if possible made 
from the same material as the deep-drawn body­
should be joined only by shielded-arc welding; 

(c) Special attention must be devoted to the 
cleanliness and fresh-air supply of workshops and 
storerooms; after finishing pressure tests, the 
equipment must be dried to avoid the detrimental 
effects of conden~d vapour. Also, when planning 
the layout, it should be remembered that alu­
minium equipment calls for increased space; 

(d) Inner surfaces that are in direct contact 
with beer or milk have to be smoothed (for 
example, by mechanical polishing); 

(e) Organic coatings may be applied only to 
primings approved by the health authorities. For 
example, a resin-coating for the inside of beer 
casks may be applied only to an electro-food 
anodic oxidation-based priming such as that 
developed by the Refrigerator Works of Hungary 
[36]. (See also chapter V.) 

All equipment and transport containers have 
to be kept scrupu!ously clean. Dairy equipment 
may best be sterilized wi~h the aid of a water-glass 
inhibited solution of formol; scale on the inner 
surface of beer tan~.; may be removed using 
silicon earth soaked in a dcxtrin solution. to 
which 10 per cent nitric acid had been added. 
This has to be flushed out with hot water after 
24 hours [37]. Soda and inhibitors (solutions con­
taining sodium metasilicatc or trimetallic sodium 
orthophosphate) may be used with advantage. 
The cleaning of aluminium equipment that has 
steel components is described in patent number 
2,948,392 filed in the United States (38]. 

However, despite its many useful properties, 
aluminium has in the last few decades faced 
serious and successful competition from stainless 
steel. The position of alumi:-1ium became precarious 
when the relative price of stainless steel decreased 
and when new detergents came into use [39]. The 
present situation and future outlook for the next 
l') years may be summed up a.~ follows: 

(a) Aluminium will keep its position in the 
bri:wing and dairy industries in the case of mass-
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produced transport \·essels and containers (such 
as beer casks. new types of cold-storage milk 
transport containers and milk cansl. large station­
ary or mobi:e containers. as well as storage tanks 
where good thermal conducti\·ity is '.l special 
requirement: 

{b) Stainless steel will win general ;irr:eptance 
for more sophisticated equipment where frequent 
deaning is necessary (for example thickeners and 
milk separators). 

Bre11·eries 

Most equipment used by modern breweries is 
made from aluminium. which has completely 
replaced woud and tinned copper. For storage, 
fermentation and transport, large unalloyed alu­
minium :anks of 5- tc 10-rim thickness are used. 
Large underground fermenting and storage caves 
are cooled using aluminium heat exchangers and 
piping. Aluminium apparatus may also be used 
with advantage for the saturation of beer with 
carbon dioxide. In some cases boiling vessels have 
been made from aluminium. which replaced tinned 
copper. Recent shifts in the relative prices of 
aluminium and stainless steel, as well as the 
greater ease of .:leaning stainless steel equipment. 
have caused a setback in aluminium usage. 
However. for the next 10 years or so, the pl :ion 
of aluminium as a structural material for small 
beer casks (25 to 100 litres) seems to be firm and 
uncontested. In weight. an aluminium cask is only 
one-third or one-fourth that of a wooden cask. As 
a further advantage, it needs no maintenance. 

Aluminium beer casks are usually made from 
an age-hardened AIMgSi alloy by joining the two 
deep-drawn halves of the body into one by means 
of shielded-arc welding. For reasons of protection 
and hygiene, the inner surface of the cask is either 
plated with a 99.8 per cent pure aluminium layer 
or. after being given a proper priming. coated 
with a synthetic-resin film burned onto the inner 
casic wall. The second alternative improves chem­
ical resistance and permits use of the cask also for 
other purposes. In Hungary at present, 100,000 
such beer casks are manufactured annually. 
Recently. 30- and 50-litre keg-type beer casks that 
were designed in the Unit~d Kingdom and are 
easier t0 manufacture have come into use [39] (see 
figure XVI). 

Dairies 

In industrial dairies the situation with regard 
to equipment, for example, containers, coolers 
and pasteurizers. is similar lo that of the breweries. 
For double-walled coolers and h<!aters a com­
bination of two metals is gaining ground. The 
outer hull is made of aluminium and the inner 
body, which is in direct contact with the milk or 

milk i;roducts. is stainless steel. This combination 
permits easier cleaning. In coolers and heaters the 
use of integral tubes in aluminium sheets. the so­
called .. roll bond .. sheets. is widespread. These are 
easy to manufacture: in actual practice they are of 
high thermal efficiency. 

For milk collection and distribution. alu­
minium cans have completely replaced tinned 
steel cans. Ao; tinning every three to four years is 
no longer necessary. deep-drawn aluminium cans 
manufactured in large series with high productivity 
have won universal acceptance. For reasons of 
mechanical strength and material economy. the 
use of AlMn 1 and age-harder.ed AlMgSi alloys in 
can production is increasing. A new deep-drawing 
technology that reduces the thickness of the can is 
highly effective in manufacturing large series of 
100,000 cans annually. 

The chain of opt rations from collecting to 
storing milk has recently undergone great changes. 
Milk has to be kept cool at the farm until called 
for by transport vehicles that are equipped with 
coolers; hence. both the storage tanks and trans­
port containers have to be constructed with 
double walls. Their outer hull and the heat 
exchangers (pipe coil and others) can be made 
from aluminium. The inner material is generally 
stainless steel, which permits faster and mo 
effective cleaning. 

Figun X\"I. A bttr kq wilb tbru cin:alar seams aad a 
Wtlckd tapbolt 

Volume llitrn) 
Outside diwneter D 1 Imm) 
Inside diameter 0 1 (mm) 
Height H (mm) 

Thick11n1 S (mm) 
Approxim•t• weight (kg) 

Containers 

30 50 
381 381 
366 366 
400 600 

2.8 2.8 
6.5 8.0 

Tinplate used to be a traditional material for 
cans, lids, bottle caps and other items for the food 
industry. Now, aluminium is replacing tinplate. 
One reason for this is the price of tin. World 
tinplate production, though growing at an ao.erage 
annual rate of 9-10 per cent, is not sufficient to 
ineet actual world demand. In 1976 world tin 
production (excluding China, the Soviet Union 



:rnd other centrally planned economies) totalled 
178.000 tonnes for the following end-uses: 

E11J u n· Pt'rCt'flltJgt' br ••·t'iglrt 

Tinplate 40 
Solder 25 
Bea.rings 10 
Chemical engineering 8 
Surface coatings 5 
Other 12 

Some 75 per cent of aluminium packaging is 
used by the food industry (for canned food and 
beverages). Perhaps nowhere is competition 
between aluminium and other materials. especially 
tinplate. so keen as in the packaging fields. A reason 
for this is that the cost of modern packaging is often 
higher than that of the produc! itself( cosmetics and 
some foodstuffs). The selection of an economically 
and technologically feasible means of packaging 
may therefore considerably reduce overall produc­
tion costs.• 

Analyses conducted on an international scale 
have revealed a marked relationship between 
GDP and modern aluminium packaging. In coun­
tries with a GDP higher than SI .000 per capita, 
the use of beer and soft drink cans as well as 
aerosol bottles-predominantly made from alu­
minium-is rising at a dramatic rate. However, 
the realizatio .. that such a correlation does exist is 
in itself not enough to swing the pendulum of 
competition either way. To make a realistic 
assessmem. local circumstances must be taken 
into account. notably the availability of machines 
and equipment. for producing cans. 

The advantages of aluminium are: 

(a) Flexibility and workabili·J· The mech­
anical strength of aluminium in the unalloyed state, 
however, is less than that of tinplate. Unalloyed 
aluminium would be uneconomical. Even a 0.30-
to 0.35-mm thickness may not ensure sufficient 
mechanical strength; therefore an alloy must be 
used; 

(h) Higher corrosion-resistance. The annual 
amount of aluminium ions dissolving into food 
owing to corrosion is 6 to 70 mg per kg of rood; 

(CJ Whether or not the inner surface is resin 
coated. no toxic metal ions are released. The inner 
surface of meat or processed meat never darkens; 
foodstuffs containing amino-acids with a sulphur 
content (e.g. fish, peas and cauliflower), do not 

•A typical example of wha1 beneti1s may be derived from 
e1electing a suitable packaging rr~1erial is an aluminiuin-plaslic 
combinalion can developed for pree1erving meal and frui1. A 
baich of 1.000 weighs 6 kg; 1,000 1inpla1e cans of comparable 
size weigh SO kg [40). 

Th~ ~conamtc ust· of alunri1r1um 

have a sulphide reaction with the can upon 
heating; 

(d) Low specific gravity. permitting great 
economies in weight. as shown in the following 
example for a 240-ml box: 

.\fat1mal 

Tinplate 
Aluminium 
Aluminium foil 

lfr• .• lrt (g) 

77 
27 
15 

(e) Up-to-date production lines permit the 
production of 800 to 1.000 pieces per minute. 

The annual amount of metal cans manu­
factured throughout the wc>rld is in the order of 
2 to 2.1 X 1011 pieces. Their manufacture requires 
some 8.5 x 109 m2 of thin metal sheet per annum 
(with an annual growth rate of 2-5 per cent): of 
this about 10 per cent is aluminium (41). 

In developed countries the share of aluminium 
cans in total can manufacture in 1975 wa!> as 
follows: 

Country Perantage 

United States 15.0 
France 10.I 
~~y ~4 
Germany. Federal Republic of 9.3 
Norway 9.0 
United Kingdom 7.0 

From 1965 to 1971 the amount of aluminium 
used in the United States in box manufacture has 
grown 4-fold, compared to 1.3-fold for that of 
tinplate. Over the same period. the relative share 
of aluminium has risen from 1.9 per cent to 
5.9 per cent (42). 

An analysis of can production figures in the 
United States is shown in tables 30 and 31. Over 
the period 1968-1972, although the total turnover 
of fruit and fruit juice cans-5.8 to 6.0 x 109

-

TABLE JO. USE Of TINPLATE AND ALUMINIUM IN 
CAN AND METAL BOX MANUFACTURE IN THE 

UNITED STATES. 1965-1971 

(/965 = /()()) 

Alumm1um rdattd 
Ttnplau Af11,,,1n1um '" ltn -----

Thousand• Thnu11md1 p.,antagt 
Ytar of tonn~J lndn r>f tonn~s lndtx by ~flf(hl lndtx 

196S 4 407 100 KS 100 1.9 100 

1966 S S91 126 113 133 2.0 105 
1967 4 671 106 IS8 186 3.4 179 

19611 4 997 IOJ 189 222 3.11 200 
1969 5 149 117 246 2119 4.8 253 
1970° s 407 123 29S 347 s.s 289 

1971° S 11S 130 34S 406 6.0 316 

Snura: (411. 
0Et11matc 
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T.\BU:n ESTl!\.IA TED l"SE OF CASS IS THE r:-;1TED 
STATES. 1%ll-1972 

I I fl ' p1ec.-s1 

l•r· /~.Ii' /Y'IY liJ .. 11 /Y"j /y·: 
----

T111rlur.· 

Frmc and fruic 
JUiee, 5.9 6.4 

\ ·11ecable and 
5.6 5.5 5.X 

•egecable JUices IO.~ 9.7 IO.O 9" 9.1 
Beer 13.1! 14.5 15.5 14.6 14.4 
s,lf[ drink> Ill.! 11.6 12.5 IJ.l 13.6 
!\.hscdlaneou> :!:!.7 .!.!.6 2J.5 ~J I .!3.6 

Suhc.>1al 6~.~ 64.8 67.1 '·".9 66.5 
Alum1111um 

Beer H 4 . .! 4.7 5.9 7.4 
S11fc d11nks -0.5 0.7 1.0 l.J 1.8 -

Subtotal J.9 .J.9 5.7 7.2 9.2 
Toca! 66.7 69.7 72.8 73.I 75.7 

remained practically constant and the number of 
\·egetable and vegetable juice cans also remained 
relativelv constant. the •.umber of aluminium cans 
manufa~tured rose suh•antrall:;. While the total 
number of beer cans ro:.e L ,~m I. 72 X wco in 1968 
to 2.18 x !010 in 1972. the share of aluminium 
cans grew from 24.6 per cent to 33.~ per cent. 
Since then the growth of the share of the 
aluminium cans continues. In 1980 it reached 
near!~ 70 per cent of all the manufactll:ed beer 
and soft drink cans. As for soft drinks, while the 
total turnover grew from 1.07 x torn pieces in 1968 
to 1.54 x !0 111 pieces in 1972. theshare of aluminium 
grew from 4.8 per cent to 11.7 per cent [40]. 

Aluminium cans are usually made from cold­
rolled anodized aluminium strips or sheets that are 
coated with a synthetic resin or laminated with 
plastic. The synthetic resin film considerably 
improves the corrosion resistance of the aluminium 
surfac.e. An epoxy-. phenol- or vinyl-base synthetic 
resin i; used; it will dry in 30 to 40 seconds at 
250° to 350° C. 

In developed countries, 70 per cent of the 
aluminium cans are used for bottling of beer, fruit 
juices and other soft drinks. 

For packaging in the food industry, as a rule. 
the following aluminium alloys are used: 

l".re 

Food canning 
Drink canning 
Easy-opening closures 

Alloy 

AIMg25 
AIMg 1Mn, 
AIMgMn 

Uniutl Staus stantlartl 
spuijication no. 

5052 
3004 

5182 and 5082 

Although the production of strips from such 
alloys costs more than unalloyed strips, li1e 
difference in costs is offset by economies derived 
from the greater mechanical strength. The savings 

.r 

for 0.6-mm 99.5 per cent aluminium strip. arc 
shown below [43): 

.41/0_1 

AIMn, 
Al Mg, 
AIMg, 

lndn compared to .. pure·· 
Al= I. Ill 

1.04 
1.16 
1.38 

\laten.il s<1•·1n's Jue 
r11 lri_,lrer mech<1nica! 

stren.f(tlr 
(percenra.r~eJ 

28 
20 
32 

Thin-walled packaging material is manufac­
tured throughout the world from rolled semi­
manufactures. i.e .. sheets, strips and foil. Up-to­
date packaging material has to be resin-coated 
inside and lacquered and printed outside. This is 
done using one of two techniques. The first is cold 
extrusion from slugs. The cans or collapsible 
tubes arc lacquered and printed afterwards. The 
second is that lacquered and printed semi-manu­
factures are formed to desired shape [44]. 

Cans and boxes 

In producing aluminium cans. the two prin­
cipal operations are the manufacture of the body 
and the lid. 

Cold extrusion [45] was the first manu­
facturing process by which thin aluminium boxes 
taller than their diameter could be produced from 
one piece. To achieve this. 2- to 4-mm thick slugs 
are given a strong impact and become malleable. 
The soft aluminium flows with great force through 
the gap between a stationary hollow die and the 
punch, thereby forming the body of the box. 
Cold-extrusion presses used in Europe arc usually 
designed for 50 to 80 strokes per minute. Owing 
to the thickness of the box bottoms (I. I mm) and 
sidewalls (0.3 to 0.35 mm), this technology is not 
economical as relatively large amounts of material 
are involved. The height of the boxes, too. is 
restricted. 

The side walls of cans and boxes [ 42) 
produced by the deep-drawing technique arc 
usually shorter than their bottom radius but may 
never be greater than 2.5 times the bottom radius. 
They are manufactured by 30- lo 100-tonne 
eccentric presses. 

Deep-drawn cans used by the food industry 
arc as a rule made from an A!Mg25 alloy, which 
lends itself well lo plastic deformation. Although 
the material hardens considerably when cold 
formed, it remains sufficiently pliable. In the 
process usually a 0.22- to 0.30-mm half-hard 
anodized and lacquered strip is used. The resultant 
can may be cylindrical, square, oval or elliptic. If 
the cans are manufactured in a plant at a distance 
from where they are to be filled, a conical shape 
may be preferable as it permits savings in space 
and transport costs. For a 6° conicity, such 
savings in space may amount to 70 per cent. 

.. 



The side walls of the cans are sometimes 
reinforced by ribs to make them larger. The 0.25-
to 0.30-mm alloyed strips are gi\·en a continuous 
lacquer coil-coating. 

Cans ar.: usually a\·ailable in 100- to 350-ml 
sizes. with the inside surfaces lacquered and the 
outside lacquered or printed. 

Recent demand for deep-drawn cans has been 
such that the Ministry of Fisheries in the Union of 
Soviet Socialist Republics set up a 12,000 tonne/ 
year aluminium strip lacquer-coating facility at 
Dmitrovo in combination with a factory where 
round and oval deep-drawn low fish cans and 
tear-off lids ar.! manufactured. The State Sea 
Fishery Enterprise of the German Democratic 
Republic operates a similar plant at Stralsund (41, 
46). Small-capacity aluminium cans of 100-200 ml 
arc widely used in France, Norway and Switzer­
land for packing fish, pastes and milk. 

World consumption of thin aluminium strip 
used in making food cans is 200,000 to 250,000 
tonnes per annum, replacing some 400,000 tonnes 
of tinplate. 

Despite the great difference in the specific 
weight cf tinplate and aluminium, owing to the 
poor yicla of the deep-drawing technology caused 
by large scrap production, I kg of aluminium may 
replace 2 kg of tinplate (47, 48). The majority of 
the cans arc manufactured bv t~.e canneries 
themselves, but many arc produc"cd by specialized 
aluminium box producers. 

Automatic deep-drawing production lines 
operate with high efficiency. The basic operation 
in dup drawing aluminium is simpler than the 
processing of tinplate which includes cutting, 
forming the hull, soldering, flanging and capping. 
Therefore several heavy-duty presses may be 
installed and operated simultaneously with great 
savings in space. A modern 200-picce-pcr-minutc 
production line fed by aluminium sheets cut to 
measure is shown in figure XVII. 

The aluminium sheets arc first placed on 
a fcedc:r (I). To facilitate deep drawing and to 
prevent the sheets from ripping, sheet surfaces 
have to be oiled. The automatic press (2) punches 
the sheets and the resultant discs arc deep drawn. 
The scrap material is removed from the edges and 
blown away. The cans arc then passed through 
another feeder (3) to a receptacle (4) and are 
moved by a sledge (5) to another conveyor belt 
band (6), which moves them to a loading machine 
(7) that piles them on pallets in regular batches. 
Collected scrap is crushed and dispatched to be 
remelted. 

Cans and boxes with diameters smaller than 
90 mm have to be deep drawn by special presses 
operating with 2-10 heads simultaneously and 
turning out cans and boxes at a rate of 200 to 
1,000 pieces per minute. 

Tlt1t t'conomic USt' of olunriniunr 

Wall-reducing deep drawing (ironing) using 
this technology requires t!lat cans for drinks that 
contain carbonic acid be made in heights that arc 
1.5-3 times the diamett::-s. The orginal thickness 
of the AIMg2_s or AIMgMn plain unlacqucrcd 
strip is 0.30 to 0.50 mm. The strip discs arc first 
cut, and from them small cups arc drawn. Then 
the cup is deep drawn to a cylindrical hull in a 
conventional manner. Next, wall-reducing deep 
drawing is done. The wall of the hull is drawn 
through three to five rings, the bottom is slightly 
raised and the lower and upper pans of the 
material become reinforced. In doing this, the 
diameter of the hull is slightly reduced by 2 to 
3 per cent, and the height is stretched to more 
than three-fold. The production line operates at a 
minimum rate of 200 pieces per minute, although 
up-to-date heavy-duty lines can turn out as many 
as 600-650 pieces per minute. 

The most commonly used sizes of cans may 
be produced by the modern wall-reducing tech­
nology. The bottom of a 12-ouncc (0.35 I) beer 
can is 0.34 mm thick and its hull (except for its 
0.30-mm lower and upper part) is 0.125 mm thick. 
It weighs 9 g. Its wall has a pressure resistance of 
70 N/mm2

• The weight of a comparable cold­
cxtruded box is 23-32 g. 

The wall-reduced cans arc then degreased. 
The outer hull is primed with enamel and passed 
through rubber rolls for printing. The inside of 
the can is coated with cpoxidc resin, and both the 
inside and outside lacquering is burned into the 
hull in a single operation. Finally, the hull is 

Fi&urr XVII. Aacomalic: prodKtioll lillr for maaafac:taria& 
dttp-drawa c:aas aad bous (K•'ln-Hammrr sysem) 

1 Feeder 
2 Aulomalie preu 
3 Feeder 
4 Receptacle 
5 Conwyer 
6 Conveyor 
7 Loading maer,;ne 
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flanged so as to permit the lid to be firmly secured 
after packing. This process takes utmost advantage 
of the mechanical properties of aluminium. Cans 
of any size and height can be produccd. and they 
arc able to contain carbonic acid drinks in a 
completely sterilized environment [49). 

Aluminium strips used in the process need 
not to be coil-coated, but technological standards 
arc very stringent. The technology is gaining 
ground especially in developed countries, where 
the use of wall-reduced deep-drawn cans is growing 
at an annual average rate of 15-20 per cent. Table 
32 shows the consumption in the United States in 
1973 and 1974. 

TABLE 32. USE OF WALL-REDUCED. DEEP-DRAW!': 
CANS IN THE UNITED STATES. 1973 AND 1974 

Coru•m1pt1on 
(min_,,,,'<n) 

CiraltKr 
UtJ Id., 1111J "141~'14/ 19;] 1974 (p"UrtlOfrJ 

C arbonatrd soft drinh 

Tinplate 15 862 15 482 -2.4 
Aluminium I 731 2 017 +16.5 

Bur 

Tinplate 14959 14017 -6.3 
Aluminium 11905 11862 +33.2 

Toial 41 457 43 378 +4.6 

So,,,.u:[SO(. 

A breakdown of drink packaging m the 
United States is estimated as bdow: 

Aluminium cans 
Tinplate cans 
Glass bottles 

Prrcrntagr 

30 
30 
40 

According to information by a beer company 
in the United States, in 1968 investment costs for 
a 50 million piece-per-annum facility, amounted 
to 2 million dollars. The investment costs of a 
more modem line ( 1.3 x 109 pieces per annum) 
was 15 million in 1980. 

Aluminium drink cans are manufactured 
with special easy-opening lids. In the United 
States at present, 770,000 t of aluminium are used 
to manufacture drink cans, accounting for 12 per 
cent of the country's total aluminium consumption. 
The fast rate at which aluminium drink cans 
gained ground .nay largely be attributed to the 
economies gained from reclamation. This is done 
by up-to-date continuous-cast wide-strip mills, 
such as the one at the largest brewery in the 
United States. It makes 4 x 109 cans and closures 
per annum, using about 100,000 t of aluminium. 
The continuous-cast wide-strip mill installed at 
the brewery is operated using a technology devel­
oped by Alusuisse and reprocesses about one-half 
(some 50,000 t) of the aluminium used by the 
brewery annually in the manufacture of cans. 
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In 1977 a company in the United Kingdom 
launched an experimental campaign for the collec­
tion of used aluminium cans from 5.000 house­
holds. The results were \·cry satisfactory. 

lids 

The design of aluminium can lids is similar to 
that of tinplate. Can lids must be easily opened or 
tom off. There arc two kinds of tear-off lids: the 
lids of beer and soft drink cans arc designed to be 
partially removed, whereas meat, fish and veget­
able can lids may be fully opened and removed. In 
the middle of partially openable can tops there is 
a slightly depressed wedge-shaped notch, 0.09-mm 
thick, fitted with a small riveted car. When the car 
is raised the surface breaks and the can top opens 
when the ring is pulled. 

In earlier designs of fully openable can lids 
there was a 1.5- to 2-tum spiral depression from 
the top centre towards the edge of the lid, with a 
tear-off car riveted in the middle. This design has 
the following drawbacks: 

(a) The pressure die necessary for making 
the lid was complicated and costly; 

(b) The tear-off surface was too long; 

(c) There was a danger of cutting fingers or 
hands; 

(d) The spiral design impaired the rigidity 
of the lid. 

In newer designs the lid is thinned only along 
the circumference of its rim. The can is not 
opened by a riveted car but by a cutter, acting as 
a two-armed lever. Tear-off lids are made from an 
AIMg.0 Mn alloy (ASTM 5182 Hl9). They arc of 
0.3- to 0.35-mm thickness and arc epoxy resin­
coated on one side. They have a tensile strength of 
300 to 370 Nlmmi and a yield point ranging from 
270 to 330 N/mmi. 

Jar tops 

In preserving food in glass Jars, technological 
problems arise when the glass jars are scaled with 
tin plate lids. When some foods are heated, the 
sulphur released may react with the iron in the tin 
plate, forming unpleasant black sulphide com­
pounds that stain the surface of the lid. Alu­
minium lids overcome this difficulty. They arc 
made in two types, cut from 0.15-0.25-mm alu­
minium strips, lacquered on one side and printed 
on the other. 

The three principal types available are for 
food heated under a temperature of 100" C, for 
pickling and for food heated at higher tempera­
tures than 100" C 

In Europe, the aluminium alloy sheets from 
which the lids are made are usually lacquered 
using a dispenser from the United Kingdom, 



printed by a multi-colouring press made in the 
Federal Republic of Germany and burned in by a 
furnace also made in the Federal Republic of 
Germany. The lacquered and printed sheet is cut 
into strips using an Italian circular shear. The lids 
arc subsequently formed and flanged. Final!~-. a 
scaling compound is applied and stoved using 
equipment and a furnace from the Federal Republic 
of German~·. 

The lid is secured with the aid of a 1- to I 0-head 
machine of 1.200 to 15.000-piccc-per-hour capacity. 
(There arc also all-purpose lids. manufactured in 
the Federal Republic of Germany. that arc :.Hached 
by three-. six- and nine-head machin•·s \lloith 
performances ranging from 800 to 12.000 pieces 
per hour.) 

Boule closures 

Traditional tin plate cro\llo·n closures fo!" soft 
drink and beer bottles have not yet been econ­
omically replaced by aluminium. However. several 
other special aluminium bottle closures have been 
dC\·cloped and introduced on a large scale. 

Aluminium screw caps arc used on bottles for 
alcoholic beverages. Caps arc fitted with control 
rings that break when the bottle is first used. Caps 
arc made from 0.15- to 0.25-mm thick 99.5 per 
cent aluminium strip, which is excellent for singic­
or mu!ti-stagc deep drawing. The inside is coated 
with epoxy resin and an adhesive scaling lacquer. 
The outside is lacquer-coated and printed. The 
cost is about one half or one third that of 
conventional corks. 

Some aluminium caps arc of a simpler tcar­
off design fined with an car. As a rule, they arc 
used to close 5- IO centilitre glass bottles and arc 
made from 0.18-mm plain aluminium narrow 
strip. They have also gained ground as the closure 
of 0.5- to LO-litre plastic bottles and for bottles in 
France (47). 

C ollapsihle tubes 

Much of the aluminium used in packaging is 
in the form of throw-away collapsible tubes. They 
arc hygienic, inexpensive and considerably lighter 
than other traditional packaging. They give effec­
tive protection against the detrimental chemical 
and physical influences of the cnvironmcn:. 

These tubes arc manufactured by cold extru­
sion from aluminium slugs with a diameter of 
3.5 mm cut from 99.5 to 99.7 per cent continuous­
cast strip. Collapsible tubes arc available in sizes 
of 50, 100 and 200 g. They arc 0.11-mm thick, 
airtight. seamless, heat-resistant, unbreakable, 
flexible and stcrilizablc. The opening may be 
closed for foodstuffs and open for cosmetics and 
household cleansing agents. For the decoration of 
foods (with mayonnaise, sandwich paste, whipped 
cream), the opening may be star-shaped. The 

outside may be: printed with multi-coloured 
designs. texts or publicity slogans. The inner 
surface is coated with two layers of burned-in 
cpoxidc-bascd synthetic resin film of 6 µm thick­
ness. 

The usual dimensions of collapsible tubes arc 
30 x 150 mm for 80 g and 40 x 180 mm for 150 g. 
Collapsible tubes can be used for such items as 
tomato paste. paprika- and tomato-based con­
diments. mustard. garlic paste. mayonnaise. meat 
paste. anchovy paste. concentrated milk. cheese. 
cream. cocoa. gra\·y. li\·cr paste. jam. marmcladc. 
ice-cream and juice. The food industry accounts 
for some JO per cent of total collapsible tube 
usage (51). In Hungary. in the long term. this 
figure may be expected to rise to 25 per cent. 

In order co reduce transport costs. conical 
collapsible tubes arc being developed. Some 
3040 per cent savings in transport space could 
result. 

There is dramatic growth in the use of 
aluminium collapsible tubes throughout the world. 
both for foods and for cosmetics or household 
chemicals. In the Federal Republic of Germany. 
the total number of collapsible tubes manufactured 
in 1976 amounted to 1,230 million pieces. of 
which 1,100 million were aluminium. In the 
United States in 1970 some 1.120 million collap­
sible tubes were manufactured for pharmaceutical 
and cosmetic uses; 67 per cent of the tubes were 
aluminium. 

Because even a double resin coating on the 
inside cannot completely protect foods against 
corrosion, a new type of collapsible aluminium 
tube has been developed, featuring plastics for 
enhanced protection [52). It consists of three 
superimposed layers. 

(a) A 0.050- to 0.100-mm inside polyethy­
lene layer for increased corrosion resistance. This 
keeps the food quality longer and makes the 
collapsible tube suitable for welding; 

(b) A 0.020- to 0.050-mm aluminium middle 
layer gives a gas and vapour barrier and protects 
it from light; 

(c) A O.OSO- to 0.100-mm polyethylene outer 
coating gives protection against the environment 
and allows welding and printing. 

The resultant foil rolls arc then formed into tubes 
and high-frequency welded hulls. A plastic inset, 
onto which a cap may be screwed, is welded onto 
the top part of the hull. After filling, the orifice of 
the collapsible tube is tightly scaled by welding. 
Multi-coloured texts and designs arc printed on 
the white pigment-saturated outer :- '""sties-foil 
layer and given a film of transparent varnish. 

The capacity of such a production line is 600 
to 1,000 pieces per minute. This process is 
relatively simple and has fewer operations than 
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the manufacture of collapsible tubes from con­
ventional slugs_ 

The properties of collapsible tubes made 
from aluminium. plastic and combined materials 
arc shown in table 33. 

TABLE JJ. PROPERTIES OF COLLAPSIBLE TUBES 

C-i.umt 

"""""""' ,...,,.,.., •. dlfJ,t.Jnc .41-- Pliunc 

Ligh1 protection + + 
Vapour ligh1ness + + 
Rcsis1ana: to corrosive 

ingrmimts in: 
Toolhpaste + + 
Auoridc toolhpasle + 0 
Mustard. tomato pasle + + 

Per:::anm1 deforrna1ion 
on emptying + + 

Vulnerability of empty lube 0 + 
Possibili1y of coni.:al 

forming + + 
Possibili1y of circular prinling + + 

.\.ot~: +. = fa,,·ourabk 
o =nnaac 
- = unfa,-ourable 

Aluminium foil 

Packaging 

Aluminium foil has completely replaced tin 
foil for packaging_ 

The average annual growth rate of aluminium 
foil production is IO to 12 per cent, but that of 
high-finish and laminated aluminium foils as well 
as of aluminium foil-plastic combinations is even 
higher. At present, the food industry accounts for 
60 to 70 per cent of total world consumption. 

In order to improve its propcnics, aluminium 
foil is often combined with other materials (paper, 
vellum paper, plastics) and given plain or printed 
protective coatings of coloured or colourless 
heat-proof lacquers and hot-melt films. A combi­
nation of 1hcsc materials can produce a great 
variety of product types, and the food industry is 
the largest consumer. Aluminium foils and foil 
combinations and their end-uses in the food 
industry arc shown in table 34. 

Trays 

Foil trays for commercial catering arc used to 
hold prepared food, fruits, vegetables and bakery 
and confcctionary products. They arc formed 
from plain or slightly pleated hard 0.03- to 
0.08-mm strips and arc unlacquered or lacquered 
on one side only. Though ~alcd with flanging or 
otherwise, the tray is not airtight. 

JI 

TABLE 3-1. USE OF FOILS BY THE FOOD ISDUSTRY 

Plain foil 

P:memed foil •·i1h coloured 
or lransparcnl lacquer 
coa1ing 

Foil •i1h coloured or 
lransparcnl hot-melt 
lacquer coa•ing 

Hard foil with hot-melt 
lacquer coating. printed 

Sof1 foil wilh hot-melt 
lacquer c<::lling. printed 

Aluminium foil-.-eUum 
paper combination. 
wet-laminated. printed 

Aluminium foil-.-eUum 
paper combination. 
•01x-lamina1ed 

Aluminium foil-paper 
combination. 
•-cl-laminated. •-ith 
hot-mdt coating. 
printed 

Aluminium foil-paper­
pol)-cthylenc film 
combination. dry- and 
wet-laminated. printed 

Aluminium foil-single- or 
double-plastic film 
combination. 
dry-laminated. printed 

Souru:[SJ). 

C onf«tionary industry. 
household foil. 
prepared food 1rays 

Confcctionary industry 
(chocolate. dcsscn. bonbons). 
wrapping of wine-botde lops 

Dairy industry {cheese 
wrapping I 

Canning industry llids of j:am 
and marmclade jars) 

Dairy industr~ { millt and dairy 
product cup closures) 

Tobacco industry ( cigarche 
•-rapping). coffee and spice 
bags 

Dairy industry (buner and 
cottage chccsc ,,.rapping). 
.-cgc1ablc-oil industry 
(margarine wrapping) 

Sweets industry (filled wafers. 
biscuits) 

Dried soup bags. seasoning 
bags 

Canning industry (fruit juices) 

The main advantage of the hard-foil tray­
bcsidcs preserving both food quality and aroma-is 
that the prepared meal may be warmed or baked 
and then eaten from the tray itself. Because of its 
easy and hygienic handling, it has won universal 
acceptance in competing with plastics. In the 
United States in 1970, 4,500 mihion such foil trays 
were used for prepared food [~4]. The storage and 
scale of prepared food in alur1inium foil trays for 
commercial catering, however, calls for a wcll­
organized chain of cold-storag ~ !'acilities from the 
producer's end to the market. 

Sterilizable cups and small containers 

These containers, of maximum 30- to 35-mm 
depth, are manufactured by a single dee~rawing 
operation from 0.05- to 0.1-mm 99.3-98.7 per cent 
aluminium or AIMn alloy strip; they arc coated 
inside with a 0.05-mm polythylcne or poluproylcnc 
film. The containers are cylindrical, square, oval 
or elliptical. The main end-uses are summed up in 
table 35. 

Polyethylene-laminated 0.07- to 0.18-mm alu­
minium foil cups and small containers arc semi-



TABLE J5. STERILIZABLE Cl;PS A:SD SMALL COS­
TAl:SERS OF CO'.\.tBt:SED FOIL 

KO:// 
( ".:ri:dtt tlt1d .. rr<11 

'!;It.:~ ''"''"''' (tr.lft} CIJl!Ul!ll 

Cup 60-110 U.OS-0.07 kc-cream. conagc ch~ 
Bo~ J0-130 U.10-0.15 Pr,..:csscJ meal and fish. fruil 

crc .. m. jam. marmelade. 
hone~·- cheese 

Pla1e 150-1 ;oo 0.07-0.09 Pasta. fruit<al.:e. buns. 
frozen food 

rigid and. in the empty state. susceptible to 
damage. They are manufactured by one of two 
ways. In one. the forming and filling of the body. 
as well as the making and sealing of the lid are 
done by a single self-contained machine. The 
container is seile'J at 240"-260" C and 6-8 atm 
pressure in tw 'l seconds. The output of the 
machine per min<Ue is PO to I 20 containers with 
20- to 50-ml capaci•v or 50 to 80 containers with 
50- to 130-ml capacity. 

Containers may be sterilized in autoclaves. 
Container bodies and lid.• ~fo not have to be trans­
ported to the site. and, oc,--ause 1'1c manufacturing 
process is ac the sarr.e site. c!:lma~e is reduced. The 
annual output of the: machine is 20 million 100 cmJ 
units. corresponding 10 I 20 tonm:s oflaminatcd foil 
per annum. 

Where conditions do noc permit the forming 
and filling of the concaincrs on the same premises. 
an apparatus that sends the container bodies and 
lids on separate pallets to the charging machine. 
where the bodies are automatically lifted and 
charged and the lids added and securely sealed. 
may be used. 

Recently. several other foil combinati<>ns for 
the packaging of preserved food have been devised. 
Plastic trays with hot-melt aluminium lids are 
used in food canneries for packaging jam and 
marmclade. By vacuum forming PVC or poly­
styrene strip, small containers of 50-, IOO- and 
200-ml capacities are made, filled and secured 
with a printed hot-melt lacquer-coated aluminium 
lid. Another well-known packaging system has a 
99.5 per cent hard aluminium foil of 0.03- to 
0.05-mm thickness. The foil is coated outside with 
a I g/m~ lacquer that resists temperatures to 1800 C 
and inside with a 5- to 8-g/m~ hoc-melt lacquer 
film. 

Heat exchangers 

About ten years ago, the first aluminium 
ribbed cubes for thermo-engineering and refrigera­
tion appeared on the market. A heat-transfer gas 
or liquid such as steam or water circulates wi1hin 

lhc tubes. while air flows in a dirir.ction vertical co 
the tubes. As air has poor heat-transfer properties. 
ribs arc necessary on the air side. 

In selecting a suitable ribbing material. the 
thermal conductivity. density and rclati,·c pricing 
ha,·e to "'e taken into account. as shown in table 36. 
It will be observed that aluminium has the lowest 
density. Copper has the highest thermal conduc­
tivity; however. it costs six times as much as steel. 
Aluminium is the next best conductor. and its 
price is only twice that of seed. 

TABLE 36. FEATURES OF METALS USED FOR HEAT 
EXCHANGERS 

Tlrmnal Rdatn~ 

flAUn «a114'tlc11no rna11~ 

""'"' f.~lan'1 tfrallr 1,,. I A: 1 J fa/umumun = l.1 

99.5<:; aluminium 
sheet 2.7 182 1.0 

Aluminium alloy 
shttt 2.7 142 1.3 

Cvppcr shttt 11.J 320 3.0 
Steel shttt 7.S 50 0.5 
Alloyed steel 

sheet 8.0 13 OJI 

From an economic point of view. therefore. 
aluminium is obviously the best material to be 
used as the ribbing of heat exchangers. Copper is 
a better thermal conductor. but. because of its 
greater delbity, what might be called its specific 
rate of heat transfer is 60 per cent less than that of 
aluminium (sec table 37). The rate for steel is still 
lower-85 per cent less than that of aluminium. 
(The comparisons refer to the ribbing only and 
not the complete heat exchanger.) 

TABLE 37. SPECIFIC RATE OF HEAT TRANSFER OF 
RIBBISG MADE OF DIFFERENT MA TERI A LS 

.\launa/ 

99.S<;; aluminium sheet 
Aluminium alloy sheet 
Copper sheet 
Steel shee1 
S1eel alloy sheet 

Spen/i< rat' nf 
"'"r 1ron$ftr 

(kral It 1kt 11 

3400 
JOOO 
I 2SO 

500 
2SO 

R,fa111.-, 

'"'' fo/um1n1um ...; I f'llJJ 

1.00 
0.811 
0.367 
0.147 
0.074 

Small industrial and household heat exchangers 

Aluminium can replace other non-ferrous 
metals used for heal exchangers, and it is superior 
lo lhem. It lends itself excellcnily to plastic 
deformation and is thus an ideal material. In 
chose heat exchangers where the heating medium 
circulates along flat surfaces, boundary spaces 
develop along these surfaces. These spaces strongly 
influence heat transfer: the thicker the boundary 



space. the less cffccti\·c the heat transfer. The 
thickness of the boundary space increases with the 
distance from the entering edges of the sheets. 
thereby gradually impairing the local heat transfer 
coefficient. 

For com·cntional cast-iron or sted-platc cen­
tral heating radiators. air flows upwards along the 
flat surfaces of the radiators; hence. the heat 
transfer coefficient of the radiator surface tends to 
decrease with the growing height of the radiator. 

The gradual impairment of the heat transfer 
coefficient along the long flat radiator surface 
may be offset by a series of small narrow strips 
cut ;is slits from the radiator sheets and slightly 
raised from the plane of the radiator body. 
creating a small-ribbed radiator with a far superior 
heat-transfer coefficient ti' tha: of com·cntional 
radiators. Though the small ribbing tends to 
increase the resistance of the structure on the air 
side. under identical conditions of ventilation the 
small-ribbed design will transfer more heat th:in 
its conventional counterpart. 

In power engineering the heat exchangers and 
cooling components of the well-known Hcllcr­
Forgo air condensation system arc based on the 
same concept. The design allows equipment for 
l)OWCr plants to be located in arid areas (c\·cn in 
deserts). The condense water necessary for the 
operation of the steam turbines is circulated in a 
dosed system and air-cooled with the aid of 
aluminium cooling clements. 

Small-ribbed cooling clements, however. may 
not be used with advantage only in power plants. 
They may also be employed in a variety of other 
fields. for example for oil and natural-gas pipelines 
using oil. gas or water coolers at compressor 
stations located in arid areas and for air cocling 
in chemical engineering industries. 

Engine radiators 

In the transport industry there has been an 
increase in the use of aluminium in making 
pistons, engine-block castings and other compo­
nents. The use of aluminium in water and oil 
cooling, however. is a relatively recent develop­
ment, although the idea is not new. Towards the 
end of the Second World War :ind in the early 
post-war years. light metal heat exchangers and 
aluminium oil coolers were used by the aircraft 
industry. In ground transport, however, such 
innovations did not catch on, owing to heavy 
competition by the mort> du .-able copper coolers. 

In the heat cxch:rngch of transport vehicles, 
aluminium appeared for the first time as the 
lamcllae of water coolers employed in di~cl 
motor trains and diesel engines. For cooling 
transport vehicle engines, aluminium is the second 
best heat conductor after copper. 

Recent dc\·clopments in automobile cooler 
design ha\·c t~·o purposes. On one hand. an 
attempt has been made to increase the amount of 
heat dispersed per cooler \'Olumc unit in order to 
increase the power output in automobile engines. 
On the other hand. great efforts ha,;c been made 
to reduce the o\·crall weight of automobiles-be it 
only a few grams for a gi\·cn component-so as to 
amid the increase and. if possible. to permit the 
reduction of fuel consumption in spite of increased 
engine performance. This. ob\-iously. calls for a 
weight reduction of the water cooler. and the 
dc\·clopmcnt of new and more economical engine 
coolers is under way. 

Air-conditioning and refrigeration 

In air-conditioning and refrigeration alumi­
nium is gradually displacing copper-ribbed heat 
exchangers and is now used exclusively in evapo­
rators. Aluminium evaporation panels arc made 
with integral tubes by a technology known as roll­
bonding or Z-bonding. In roll-bonding. two alu­
minium sheets arc joined into one by welding: but 
before this is done. the tracings of the future tube 
network arc painted on the sheets. When the two 
sht:cts arc rolled into one. the tracings do not fuse; 
they arc slightly inflated by compressed air and 
the resultant tubing is provided with suitable 
fittings. Z-bonding is similar to roll-bonding. but 
the sheets arc not joined by rolling but by brazing. 
with the ducts being eventually melted out. 

Recently the 1irect use of solar energy for 
healing has aroused much public interest. Heat 
from solar energy may be employed for heating. 
cooling or generating electric power. 

The principal part of a solar power station is 
the collector. whose radiation-absorbing surface 
may be made from aluminium because of its high 
thermal conductivity. Owing to its good corrosion 
resistance, aluminium is also used in the frame­
work and superstructure of the collector. 

Miscellaneous applicacions 

In some areas, the financial advantages of 
substituting aluminium for other :nctals arc in­
direct and less obvious. A few examples arc given 
below. 

Castings 

During the period 1974-1977 an annual 
average of 20 to 25 per cent of world aluminium 
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consumption was dc\·oted to the manufacture of 
ca:.;tings. Of the 2.5 million tonnes of castings 
pmduced annuall~· some 60 to 70 per cent were 
used as components for transport \·chicles. 
especially automobile engines. According to one 
estimate. in the 1970s some 30 million passenger 
cars and motorcycles were produced annually. 
worldwide. and used about 1.2 million tonnes of 
aluminium castings. Predictions indicate that the 
type of structural materials to be used in pas­
senger-car manufacture will change considerably 
[55). There will be a trend toward further energy 
sa\ ings: and one way of accomplishing this will be 
to reduce the weight of components. Thus. in the 
medium term. a further ad\·ance in the use of 
aluminium castings may be anticipated. first of all 
to replace iron and steel and to a lesser degree 
copper and zinc (see table 38). 

T.-\BLE 3~. ESTl~I.-\ TED .-\~IOt.:ST OF STRCC:Tl;R.-\L 
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The present and future consumption. tech­
nical features and manufacturing methods of 
aluminium castings were discussed at the Inter­
national Aluminium and Automobile Conference 
organized by the Aluminium Zentrale of the 
Federal Republic of Germany. 22 and 23 March 
1976 [56). 

There are a number of reasons to expect an 
increase in the use of aluminium castings. Alu­
minium may be cast to high tolerances; castings 
are easy to interchange and require no additional 
machining after casting. They may be produced 
by \·arious modern technologies in large series 
with relatively little labour. 

The most effeClive mechanized casting tech­
nologies are high-pressure. low-pressure and coun­
ter-pressure die-casting and die forging. However, 
conventional sand or gravity die-casting techniques 
may be easily mechanized. A rough idea of capital 
expenditure involved in setting up a light-metal 
foundry was given in table 24. Investment costs 
for light-metal foundries are considerably lower 
than those of modern steel foundries. As a rule of 
the thumb. for up 10 1,000 pieces sand-casting is 
most economical. For 1.000 to I0,000 piec~ 

gra\"ity die-casting is most economical. For larger 
series there are pressure die-casting technologies 
that are cconom:cal. In extreme cases. for example 
for stringent air-tightness demands or in cases 
where special techniques of a machining or surface 
treatment are called for. mechanized pressure die­
casting may be more economical. e\·en for a 
smaller series. A breakdown of the principal 
casting technologies for different areas of the 
world is gi\·en in table 39. Technical features of 
castings made by these methods are shown in 
table 40. 

T.-\BLE 39. BRE.-\KOOWS OF PRISCIP.-\L C.-\STl:'\(j 
TECHSOLOGIES. 1970-19'."-l 
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De,·c(,,~d Western 

European <=•>untrio 10 .io .in 
Moderate!~ inJustriahzcJ 

countries" 35 -'5 10 
Dc,·cl•>ping count rics.r .i5 50 5 

Aluminium casting has the distinct ad\·antage 
that any change-over from one technology to 
another is a relacively simple procedure. For 
example. in Hungary 110-kg diesel engine blocks 
were originally sand-cast; when this was no longer 
economical, mechanized gravity die-casting was 
introduced in its stead [58]. and at present I0.000 
mocor blocks are cast annually using chis manner. 
Comparati\"ely small capital expenditure was in­
volved in the change-over. and che purchase of 
costly high-pressure casting machinery was un­
necessary. The castings may be protected against 
wear with the aid of a special surface treatment 
(exlra-hard anodizacion) permiuing the use of 
light-weight castings for components that arc 
exposed to wear. Accessories for equipment used 
by 1ex1ile mills and other industries to raise 
oucput (such as textile spindles. mobile frames of 
printing machines. cascings and pistons of pneu­
matic control valves) are a case in point. 

As discussed above. aluminium has a number 
of advancages in !he casting process: mechaniza­
tion is easy, large series can be produced and. in 
automobiles for example. fuel can be saved 
(roughly 1 litre per kilogram of weigh! saved per 
100,000 km). In addicion, the relative pricing of 
aluminium and cast iron is an important point in 
!he design of transporr vehicles. Although in 
order to manufacture I tonne of a steel product. 
38 GJ of energy are involved compared lo 300 GJ 
for aluminium. in case of diesel motor lorries this 
additional energy cost will be repaid within two 
years in the form of fuel savings [59). 

I 
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Similar ad\antages may be deri\·ed using 
aluminium in other industries as well. The possi­
bilit~ of setting up aluminium foundries at small 
cost for the manufacture of castings in relati\·ely 
small series has many promising implications. 
especially for developing countries. This and 
farnurable pricing crends are the principal reasons 
why light metal casting~ have become a viable 
competitor of copper. bronze: and zinc castings in 
many areas. Therefore. when planning new indus­
trial projet-Cs. the considerations outlined abO\·e 
may help. 

Tran.fport 

H 'i11do11 framt'.f 

Aluminium use has been increasing in many 
areas of the transportation industry. An example 
is window framc:s in railway carriages. which were 
at first made from wood and then from bronze. 
Thr· fir-;1 aluminium window-frame design ap­
peared s0me 50 years ago. Since then. for reasons 
of weight and c:conomy. window frames made 
from anodized aluminium have completely dis­
placed other structural materials. 

Next. aluminium was introduced for certain 
fittings in railway carriages. mostly for castings. 
because it was less labour-intensive in manufacture 
and maintenance. The bronze. brass or zinc-alloy 
luggage racks. door k .• obs and handles had to be 
electroplaterl with nickel or chromium fur corro­
sion resistance. In contrast. the surfaces of alu­
minium are simply polished or (in most cases) 
anodized for protection against corrosion and 
discolourati'.)n. Recently there has been heavy 
competition from plastics. Sul plastics have often 
failed to come up 10 expectation:. because of the 
heavy loads involved in rail transport. 

The use of aluminium-alloy for automobile 
fenders is increasing owing to its high strength 
and case of automation for surface treatment. In 
the United States. fenders made from an 
AIZnMgCu (7016-T6) alloy were first used in 1976. 

Compared to steel. the advantages of aluminium­
alloy fenders are [60): 

(a) Favourable shock absorption in case of 
collision: the stringent standards of the United 
States are easier to comply with: 

(b) Manufacture and surface treatment lend 
themselves better to automation and im·olve fewer 
operations: hence. an aluminium-allo~ fender is 
cheaper than a chromium-plated steel one: 

(c) The use of chromium (or nickel) in 
coating the steel fender may be completely dis­
pensed with. 

Bodyirnrk 

With cold and spot welding as well as 
adhesion techniques becoming more widespread. 
aluminium components for bodywork are gaining 
acceptance in public transport and comm-:rcial 
vehicle manufacture. 

In some cases aluminium not only replaces 
other non-ferrous metals. but. when used to 
prevent corrosion. aluminium can replace steel as 
well. An additional advantage is the light weight 
of certain labour-saving mobile structures in 
modern rolling-stock design, such as room dividers. 
large sliding doors, tipping or sliding roofs and 
openable c:xternal panelling. as well as window 
frames, covers and gratings of freight cars. 

An interesting development is the replacement 
of steel and wood bodywork on motor lorries for 
aluminium superstructures. Using aluminium. con­
siderable savings may be arrived at in main­
tenance and repair costs [61. 62. 63). Aluminium 
bodywork consisting of extruded aluminium sec­
tions that can be pushed into one another and 
secured with a catch costs about the same as the 
sic~· and wood combination owing 10 the labour 
savings; an extra benefit is that skilled worl..ers arc 
not necessary [64). 

Thr potential for aluminium in transport 
vehicle: manufacture is certainly promising. This is 
also true for automobile manufacture, where 
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more aluminium is expected to be used in the 
years ahead. Table 41 is a projection by a 
producer in the United States. 

TABLE 41. AMOUNT OF ALUMINIUM USED IN MAK­
ISG AS AUTOMOBILE. 1965-198Sa 

rK1lava1111) 

r ... a, 

196S 
1970 
197S 
197'7 
1980 
1985 

Souru: [64]. 

"fl)r«asl. 

Cast11ft.s 

24 
26 
27 
:?9 

41-45 
57-79 

Hea,·y-duty components 

Rollnitllld 
~ttrv«J partJ 

8 
9 

II 
IS 

27-45 
34-102 

Total 

32 
JS 
38 
44 

68-90 
91-181 

Die-forging is an important technological 
process in the plastic deformation of aluminium. 
ensuring added mechanical strength and longer 
life. The resultant product is suitable for high­
duty performance and can .:ope with heavy loads 
frequently encountered in using transport vehicles. 
The technology is also significant in that it 
permits the manufacture of sturdy passenger car 
wheels from one piece; such wheds can be used 
over the most difficult terrain with utmost safety. 

When all load-bearing parts of a vehicle-the 
chassis. body framing and the cladding of the 
superstructure-are made from an aluminium 
alloy. apart from weight and fuel economics 
considerable savings can also be made in manu­
facturing and maintenance costs. With the aid of 
the relatively simple technology of extrusion, 
consoles and supports for the superstructure can 
be produced that. in contrast to rolled or folded 
welded steel parts, permit wall thickness at dif­
ferent points to be distributed to ensure optimum 
mechanical strength. 

Recause aluminium does not corrode. parts 
remain intact for the vehicle's lifetime and periodic 
dismounting, surface treatment and re-assembly 
arc unnecessary. The weight reduction may cause 
minor wear in rolling sto..:k running-gear and 
underframc. 

No doubt, the aggregate amount of specific 
energy used in producing a finished product of 
aluminium is higher than that of other structural 
materials. This, however, is highly deceptive; 
during the life of a transport vehicle. usually nine 
times as much energy may be saved than the 
surplus energy involved in the manufacture of 
aluminium parts and components. In case of 
aluminium underground railway carriages the 
situation is even better: 1.5 to 2 years suffice to 
make up for the difference (65]. This. coupled 
with advances in modern extrusion techniques, 

Tlrt: ~1.:onc1m1C we o,- alum1n1um 

have led to the recent purchase by the Paris Metro 
of 1.000 aluminium underground motor carriages 
that were cheaper than their steel counterparts 
[65]. Encouraged by such developments. the 
Atlanta subway has now ordered similar under­
ground carriages from Europe [66). 

Agriculture 

Because of the usual rough handling of 
outdoor equipment in farming and local geo­
logical and climatic conditions. the quality of 
aluminium items used by this sector must be high 
and exacting_ Corrosion resistance is an important 
consideration in view of the large amount of 
chemicals used. 

In agriculture. aluminium is faced with heavy 
competition from two other materials: zinc-coated 
steel and plastics. Eventual patterns of use will 
always depend on the relative pricing and technical 
specifications of these materials. To illustrate the 
relative advantages of aluminium in the field of 
agriculture. two concrete examples are cited below. 
These arc based partly on experience in Hungary 
and partly on professional literature. 

Irrigation 

Irrigation systems greatly vary with the site 
where they are to be installed; those used on 
arable land differ from those used in gardening. 
Their design too depends on whether rainers, 
sprinklers or subsoil irrigation is required. 

Aluminium irrigation systems on arable land 
t•-;e rhree types of pipelines: portable, self-propel­
ling. or trailable over longer distances. Their 
common feature is mobility. Hence, next to 
corrosion resistance. two other prerequisites are 
lightness and sufficient mechanical strength. In 
weight. aluminium compares most favourably 
with zinc-coated steel; as for mechanical strength, 
it is far superior to plastics. 

Portable systems arc designed with one main 
pipeline and three or six secondary pipeline-..;. The 
length of each component pipe is 6 m. Their two 
ends are fitted with fast locking joints. Portable 
systems differ from the other two because of the 
fast-locking joints of the Perrot or Wright-Rain 
type; the former are firmly fitting mechanical 
shackles, the latter used the pressure of irrigation 
water to tighten the packing rings. Both types 
allow for a± 1~0 deflection from the pipe axis. In 
Hungary mechanical locking is more widespread. 

The size and weight of the main and secondary 
pipes are: 

lnsiae diameter (mm) 
Leng1h (m) 
Thickness (mm) 
We1gh1 (kg) 

130 
6 

1.2 
l.S 

117 
(, 

1.2 
7.8 
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.~lumrnrum 11pplr.-11t10ns 

Main and secondary pipes are welded from an 
aluminium-alloy band. The test pressure is 
1601'/mm~. 

~loving self-propelled rain applicator systems 
save labour. the work being done by the system's 
own motor. A standardized rain-applicator system 
is made of welded aluminium-alloy pipes of 
130-mm diameter. 

A trailable pipeline system acts as the main 
pipeline of the self-propelled rain applicators. The 
hard work inrnh·cd in mo\·ing the main pipeline is 
saved. The welded aluminium pipes are of 
159-mm diameter and 2-mm thickness. There are 
46 pairs of wheels; the sideline piping rests on 19 
rollers. 

Portable irrigation systems may be used for 
any kind of outdoor culti\·ation in arable lands. 
fields. large orchards or vegetable gardens. even 
on uneven or sloping ground. Trailable equipment 
is suitable for operation on flat ground only, but 
for any sort of cultivation. whereas self-propelled 
rain applicators will irrigate only low plants (not 
higher than one metre) cultivated on flat ground. 
They arc thus unsuitable for irrigating orchards. 

Gardening 

The size of irrigation pipes used for gardening 
in greenhouses and foil tents is considerably 
smaller than that of pipes normally used in : he 
fields. Stable aluminium irrigation pipes were 
used earlier. but these have been c.ompletely 
replaced by plastic pipes. especially of poly­
ethylene. Plastic is also used for outdoor sprinklers 
to irrigate vineyards and smaller orchards. 

Subsoil irrigation is predominantly used in 
vegetable cultivation, where underground pipes 
water the roots of plants. As a rule, plastic piping 
is used. Aluminium is used only in cases where the 
soil. upon changing culture, is disinfected using a 
high temperature rather than chemicals. Generally 
speaking, aluminium does not compete with 
plastics for subsoil irrigation. It may, however, be 
used with advantage as the framework of foil 
tents or as poles and supports in viniculture. 

Foil tents are usually available in two sizes; 
they are either 4.S·m wide structures dug into the 
ground, fitted with a framework of aluminium 
tubing made pipes that are 300 mm in diameter 
and 1.5 mm thick or are 7.5 m wide with a 
framework of 40 mm in diameter, tubing 2 mm 
thick. In temperate climates such as that of 
Hungary, plastic tents have found wide acceptance 
for growing vegetables, seedlings and firstlings, 
the cost of erecting tents being only 10 per cent 
that of conventional greenhouses. 

The use of aluminiuin structures as poles and 
supports for grape-vines is increasing. One of the 
principal reasons for this is that in contrast to 
timber and concrete, they lend themselves well to 

mechanized handling. Poles are J m tall. made 
from 2.5 X 40 X 60-mm folded aluminium channel 
sections driven into the ground 8 m apart using a 
hydraulic de\·ice mounted on a tractor. Grape 
harvesters no longer use timber and concrete. In 
facing competition from other metals. the corro­
sion resistance and easy maintenance of alu­
minium present great advantages. 

Building and construction 

In the building and construction industry, 
storage facilities. agricultural premises and office 
blocks as well as LOmmunal buildings and multi­
storey apartment blocks create demands that 
traditional building methods are no longer able to 
cope with. More sophisticated building techniques. 
prefabrication and light-weight construction com­
ponents are therefore emerging. Where building 
capacities are inadequate or no building industry 
is operating at all. these new techniques may 
afford the following advantages: 

(a) Facilities for prefabrication may be 
located conveniently in areas where a more or 
less advanced stage of industrializ'.!~ion already 
exists and where the necessary infrastructure is 
available; 

(b) Multi-purpose industrial facilities (metal­
working, mechanical engineering etc.) can also 
manufacture prefabricated building components. 
and part of the heavy expenditure usually involved 
in erecting separate building-materials plants can 
be saved; 

(c) In comparison to conventioual building 
methods, light-weight components tend to reduce 
the volume of material to one fifth or one-tenth. 
permitting great economies in transport costs; 

(d) Assembly and installation require less 
skilled labour; 

(e, The completion of projects can be 
accomplished faster and go on stream earlier. 

RoofinJ! 

In light construction it is of paramount 
importance that prefabricated roofing and wall 
components be available in sufficient quantities 
ready for assembly on site. Various rolled alu· 
minium products such as corrugated sheets, sand­
wich panels and other combinations of rolled 
aluminium may be used with advantage. This 
replaces large quantities of zinc-coated steel and is 
an important consideration especially in climates 
W'here zinc-coated steel so0n begins to rust. 
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In the buildin2 and construction industr\·. the 
fields \\here alu~inium ma~ be applied. with 
ad\"antage include: 

(<1J Industrial premises and storerooms: 

fhJ Ba~s of framed design. featuring large 
roofing spans. Such premises are usually steel­
framed. For cladding. corrugated aluminium 
sheets. sandwich panels coated with aluminium 
sheet. or other combined prefabricated components 
may be used: 

(c) Agricultural premises where li\"estock is 
kept. usually designed for a small-span roof. In 
\"iew of the large number of buildings and the 
rapidly changinp. animal husbandry technologies 
invoh"ed. building costs have to be kept down. 
For this reason. aluminium-clad timber framing is 
employed frequently: 

(c/) Facilities for the cold storage and deep­
freezing of fruit and meat. Nowadays alumimum 
sandwich panels are used exclusi\·ely: 

(e) Cladding the frames of public edifices 
and apartment buildings. Aluminium sandwich 
panel walls and partitions may be used. In 
tropical climates \"arious types of shade-reflecting 
surfaces and \"entilation shells may be made from 
aluminium: 

(jj Aluminium-clad sun con\"ectors to 
generate pan of the heat energy required in 
buildings (e.g .. hot-water supply). At present. this 
use is in the experimental stage. 

For raising walls or putting :.!~ rvvfing, cor­
rugated aluminium sheets are used as a rule. They 
are made from 1,000- to 1,200-mm or 1.260- to 
1,600-mm wide strips that arc corrugated long­
itudinally for rigidity. The usual material is an 
AIMn: or A1Mg 1 , alloy. Being corrugated length­
wise. thev are available in any desired length 
subj.-ct td transport possibilities. The thickness of 
the sheet will depend on the end use. the load and 
the depth of the corrugations. The usual thickness 
of corrugated aluminium sheets varies from 0.45 to 
1.2 mm. The weight per surface unit is usually 
within the 1.2 to 5.4 kg/'11'. with 3 kg/m 2 a fair 
economical average. In using corrugated sheets on 
a commerical scale, various aluminium fasteners 
and other items of alununium hardware (rain 
gutters. parapets and corner joints for connecting 
window frames or components made from alu­
minium or other ~tructural materials) cold-formed 
by folding or by passing them through a set of 
rollers. are necessary. Sheet corrugating and 
hardware manufacturing facilities should be in­
stalled simullaneously. 

A suitable design for fasteners. Joints and 
aluminium hardware will save a great deal of 
labour and scaffolding costs. counterbalance the 

effects of the slight expansion and contraction of 
aluminium structures owing to changing climatic 
conditions and protect structures from rainwater 
leakage. thereby prolonging their use. 

Various t_ypes of aluminium cladding sy~ ems 
ha\·e been developed. differing from one another 
only in slight detail. A single-layer. uninsulated. 
corrugated aluminium-sheet cladding may ha\"e 
thermal insulation suspended or placed behind it. 
A well-insulated wall or roof ma~ be made by 
placing insulation between two corrugated alu­
minium-sheet claddings. The inside cladding may 
also be made from wood or some other building 
material. In such an event. of course. a further set 
of components ha\·e to be added such as distance 
pieces. adjustable trusses and secondary ribbing. 
Major aluminium producers have all de\"eloped 
suitable designs of insulated wall and roofing 
svstems. 
. One drawback of light construction is the 

danger of o\·er-heating in warm sunshine. In 
tropical regions it is difficult to regulate room 
temperature to a level required for delicate equip­
ment (for example computers) or even for comfort 
even using traditional construction techniques. T•J 
reduce over-heating. spe ... ;at aluminium screening 
svstems hav: been devised to be located inde­
pendently of the roofing. These systems permit 
effective •·entilation between screening and roofing. 
Surplus costs inrnlved in installing such shading 
screens are amply repaid by economies in or the 
complete elimination of air-conditioning. 

A widely accepted prefabricated building 
component is the sandwich panel, featuring a 
rigid plastic foam core firmly fixed between two 
hardwood, plastic. steel or aluminium layers. The 
plastic core is usually polyurethane. but research 
is under way to develop a more fireproof type of 
plastics foam. The ready-made panels are usually 
8.000 to 12,000 mm long and 600 to 1,500 mm 
wide. The aluminium laver is made as a rule from 
a 0.6- to J .0-mm strip .of medium width passed 
through a set of rollers for corrugation. Cladding 
edges are so shaped as to permit rapid on-site 
assembly. While mc1st sandwich panels are used 
for walls. some are also used as port of the 
roofing. In installation, great attention has to be 
devoted to effective sealing. 

fhe overall thickness of panels used in 
industrial and agricultural premises as well as in 
public building is 35 to 55 mm. Such panels 
contain 5.5 kg of aluminium and 2 kg of plastics 
per square metre. In the construction of cold­
storage rooms thicker panels have to be used: 
80 to 100 mm for fruit and 200 to 300 mm for the 
deep-freezing of other food. Panels have to be 
joined with the utmost care and accuracy. 

Compared to other designs, aluminium-clad 
sandwich panels have the distinct advantage that, 



,,wmg lo 1he1r corrosion-resistance. no extra 
surface tre:ument is necessary on installatio11 and 
there is no maintenance work lo be done Iaer. 
The surplus expenditure inrnked in using such 
panels is amply repaid in the form of co· · savings 
within fiw to eight years. Thus. the use of 
aluminium in cold-storage room construction is 
net only technologically useful. b1.1t also financially 
;:; sound proposition. 

A special type of prefabricated roof has been 
developed in Hungary. h has an arched shell 
design. where •wo corrugated aluminium sheet 
layers an. connected by rigid metal ribs: insulation 
is placed in and between the sheets. The roofing 
is available in 12- to 30-m long spans which are 
held in position without extra trusses or supports. 
Being fully prefabricated. installation is time­
sa\ing and highly economical. O\·er longer dis­
tances. howe\·er. the roofing is difficult lo trans­
port owing to rhe poor utilization of shipping 
space. 

By using aluminium in bu!lding and construc­
tion. 1raditional silicate-based building materials 
may be replaced. Aluminium also has great 
potential as a substitute for zinc- or plastic-coated 
steel. Each tonne of aluminium !>heel replaces 
2.4-2.6 t of steel plate and 0.2-0.25 t of zinc 
coating. MoreO\·er. the useful life of aluminium 
sheet is se\·era! times longer than that of steel­
plated sheet. There is no extra maintenance. 
whereas zinc-coated steel has to be surface-treated 
every two to four years. 

Gurr en 

An effective rain-water disposal system is 
essential in any aluminium light construction 
design. Its lack. poor design or damage may cause 
indirect financial loss and depredate the \'alue of 
the building. 

The traditional material for rain gutters is 
zinc. although copper was sometimes used in the 
past. Since the 1910s zinc-coated steel has come 
inio general use. Nunetheless. the thin and often 
not continuous zinc coating is not a good substitute 
for zinc plate, which normally remains serviceable 
for 30 to 40 years. As a rule, after 2-3 years of use. 
specks of rust become visible on the surface of 
zinc coating and after 5-6 years the rain gutters 
become defective at several points and have to be 
replaced. Attempts were made to prolong the age 
of the gutters by adding a coat of paint. However, 
the extra labour and paint costs were uneco­
nomical; and thus. painting is only used for small 
private houses. Prepainting the zinc coated steel 
plate with an effective primer and a high-quality 
paint was more 11~-:ful. This costly operation 
prolonged the sef'. .ceability of the rain guner by 
IO lo 15 yc:a1s. which is, however. only a fraction 
of the time a genuine zinc plate can last. ':xperi-

ments were also conducted with plastic rain 
gutters (PVC or shatter-proof polysteryne). which 
have. howe\·er. poor cost-effectiveness. 

In Hungary in 1970. only 2-3 per cent of the 
rain gutters werr made from aluminium: in 1976. 
this figure rose lo 30 per cent. Facilities for the 
manufacture of aluminium fasteners. fittings and 
other auxiliary c1Jmponent'> are now available. 
too. 

According to experience so far. rain gutters 
for general use should be r.1anufactured from 
0.8-mm aluminium sheet. Outdoo1 .:orrosi:m trials 
with 99.5 per cent half-hard alt·minium sheets 
ha\·e yielded the following results: 

(a) After exposure for six months. a few 
small white corrosion spots, easily removed. ap­
peared on the surface of the test pieces; 

(b) AL r six months. the intensity of cor­
rosion tended to slow down; even after several 
years corrosion did not gro ~ suhstantially. and 
the exposed test pieces have not become defective 
at any point: 

(c) The rate at which white spots de\·elop, 
as well as their density. varied with the intensity 
of ambient air pollution: 

(d) Corrosi~·e inroads were found to be 
more frequent under the impurities on the surface 
of suspended rain gutters; 

(e) On opening sealed joints. the insulation 
placed between two metals to avoid direct contact 
was found to be defective at various points; in 
spite of this. either no or only a slight degree of 
contact corrosion could be observed; 

(jj The rear and the edges of the claddings 
are in direct contact with substances prone to 
alkaline reaction (for example mortar, cement and 
concrete). If such aluminium parts are not properly 
mounted. humidity entering into the resultant 
gaps may cause corrosive changes; 

(g) Apart from the white spots referred to 
above. no ~ubstantial corrosion could be discerned; 

(h) Laboratory tests demonstrated that the 
depth of corrosion did not increase proportionately 
with time; that is, the rate and intensity of 
corrosion tended to slow down in the long run. 

Suspended aluminium rain gutters have to be 
given a greater tilt upon mounting than that of 
zinc-coated steel ones to prevent corrosive damage. 
If hardware is used in a new aluminium-clad 
building, it must be aluminium. If aluminium 
hardware is used for renovation, all other parts 
should be exchanged for aluminium, as far as 
possible. The use of different metals side by side is 
harmful and should be avoided. 

.. 
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The principal dimensions of aluminium build­
ing h2rdware are practically identical with those 
of zinc or zinc-coated steel. with the following 
exceptions: 

(a) Half-hard 99.5 per cent alum;nium sheet 
of0.8-mm thickness has to be used; 

(!J) At a maximum distance of 10 m from 
points where suspended structures are firmly fixed 
(e.g .. pipe end joints) water-ti~~.t clearances for 
C'Xpansion have to be provid~-d. 

tn view of the properties of aluminium. rain 
gutters have to be installed with a slope of 3 to 
4 per cent. Moreover, rain-gutter brackets have to 
be mounted at regular distances of 1.000 mm with 
a tolerance of ± 100 mm and placed so that they 
may ensure the desired slope. 

No effective technology has been devised to 
solder aluminium building components on a 
commercial scale; therefore, aluminium members 
can be joined only by riveting or folded joints. 
Rivets have to be of aluminium or material 
compatible with aluminium. 

Aluminium and other metals may not be 
directly joined. To avoid the detrimental effects of 
corrosion, contact surfaces have to be provided 
with effective insulation. 

Doors and 1rindo"· frames 

Another aluminium outlet that is finding 
wide acceptance by the builc!ing trade is alu­
minium window frames. Latest advances in tech­
nology permit the manufacture of window frame 
components of highest dimensional accuracy. 
permitting easy and quick assemb!y on site. Apart 
from t'te universal demand for more personal 
comfort, more industrial plants. scientific and 
medical institutions need effective control of 
temperature, humidity, sterility and dust. Modern 
aluminium window frames and doors of practical 
and aesthetically appealing design can meet these 
needs. Cost savings in using aluminium window 
frames accrue in operational overheads rather 
than in capiial expenditure. 

The design of aluminium window frames 1:. 

determined by local climatic conditions. If the 
mean temperature i.; above 18° C, single windows 
will generally suffice. For reasons of economy, 
sliding horizontal or vertical frames made of 
aluminium sections arc used. The component 
aluminium sections arc 100C:izcd in batches. 
Welded frame corners <.ave been replaced by 
mechanical corner joints. ' vr this purpose, screw 
fastenings, cast or extruded section insets, and 
nuts and cold-formed fasteners have come into 
use. Depending on size, the weight per unit area 
of a modern single horizontal aluminium sliding 
window frame varies from 4 to 7 kg/ml. 

J1rr• t"COlfdMIC 11..'{e ot" a/unttnlUnt 

In temperate climates the use of insulated 
double window panes is justified. The technology 
is practically the same as that of single window 
frames. However. in order to ensure air-tight 
sealing. speciai care has to be taken. The weight 
per unit area of an insulated double aluminium 
window frame is about 7 to 9 kg/m~. 

In the wake of rising fuel prices, a new 
aluminium window frame design has emerged that 
features "thermal bridges ... A plastics layer, which 
is a much poorer thermal condu~tor than alu­
minium, is added between the outer and inner 
aluminium surfaces. Heat loss and vapor conden­
sation may be reduced considerably. Because the 
plastic inset tends to impair the mechanical 
str'"ngth of the window frame. the aluminium 
frame has to be more robust; its weight per unit 
area usually ranges form 6 to 13 kg/m~. 

In regions with higher mean temperatures 
and more hours of sunshine, it is more difficult to 
cool in summer than to prevent heat losses in 
winter. Hence, research is under way to develop 
new types of window frames that reduce surplus 
heat without a separate screening system. A fir~ 
step has been the introduction of light-reflectinc­
window panes. A more effective solution mav be a 
double window with two frames placed "10 to 
30 cm apart; the natural or artificially incired flow 
of air between the two may drive out the major 
part of the surplus heat. 

In buildings of traditional design. 60 to 
80 per cent of the heat losst:s occurring in the 
winter months is caused by heat transfer through 
the building construction itself and 20 to 40 per 
cent through the window frames. SccL . .:iy insulated 
modern aluminium window frames can reduce the 
latter figure to JO per cent. To a lesser degree 
summer hec.t may be effectively reduced with 
window frames of suitable design. Ail this has a 
telling effect on energy consumption, an area 
where savings are always welcome in the face of 
steadily rising power and fuel prices. Aluminium 
doors are used in cold-storage rooms; large 
mechanically operated aluminium doors are in­
stalled in hangars, factory bays and some public 
buildings; aluminium doors and gates are also to 
be found in agricultural buildings. 

The production of aluminium window frames 
calls for aluminium extrusions in sufficient shapes 
and of suitable specifications. Therefore, hydraulic 
presses for the extrusion of aluminium sections 
are often installed in factories that manufacture 
aluminium window frames. 

Investment costs for aluminium window 
frame factories vary with the extent of 
mechanization and automation and with the rate 
of productivity. The installation of an automated 
5,000 t/a (80,000 ml/a) facility with a maximum 
of 20 employees may require a capital investment 
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of S40 million. A plant of the same capacity with 
a considerably more modest scale of mechanization 
would cost about SIJ million. but about 
8(} workers will ha\·e to be employed. 

Prefabricated buildings and mobile homes 

In the period following the Second World 
War. many aircraft manufacturing facilities became 
idle. and the premises-small prefabricated alu­
minium buildings-appeared on the markets in 
the United Kingdom and United States. The 
buildings were not popular, however, owing to 
shortcomings in design and corrosion that resulted 
from the use of an unsuitable alloy. 

At present. two systems of small prefabricated 
aluminium building construction are used on a 
commercial scale: 

(a) ''Mobile homes", which are transported 
to and erected on site as completely prefabricated 
and self-contained single units; 

(b) The module system, which permits com­
binations of the framing. roofing. side panels. 
room dividers. window frames and doors to be 
assembled on site. 

In price. prefabricated aluminium buildings 
are rr.ore expensive than comparable buildings of 
traditional materials. They are viable, nonetheless. 
in specific cases: 

(a) Temporary premises where dismounting 
and re-erection costs are lower than those for 
building new premises (for example, sites for 
building development or industrial projects); 

(b) In areas where access is difficult or 
where maneuverability is poor: 

(c) Where quick construction is desired. 

In regions with inadequate info.structure, 
there are extra advantages: 

(a) As transport over longer distances is 
costly and difficult, the light weight of aluminium 
building structures and components is an impor­
tant consideration; 

(b) Labour, especially skilled labour, is often 
hard to come by on sih·; work involved in the 
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assembly or installation of prefabricated construc­
tion is minimal. 

Aluminium-framed buildings can have a 
maximum of two storeys and must be designed 
with medium or small spans not exceeding 6 m. 
They may be used with advantage as bungalows 
or bunk houses. offices. workshops. laboratories. 
engine rooms. schools, dispensaric. consultation 
rooms and motels. 

Mobile homes were first developed in the 
United States. The aluminium frames use a high­
strength AIZnMg alloy that lends itself well to 
welding. The frames are usually sent to the site for 
installation. The aluminium fram.: system devel­
oped in Switzerland is similar; here the welded 
frames are sent to site and joined by screws. 

Two systems developed in the Federal Repub­
lic of Germany have aluminium rods that are cut to 
measure, bored and fitted with fastening devices to 
be secured with screws on site. 

A system now being developed in Hungary has 
maximum prefabrication coupled with a 
minimum of labour. The frame is a welded design 
and the inside partitions and outer panels are 
prefabricated, permitting adjustment of interior 
space. Each panel and partition is fastened to the 
frame by a simple catch. 

All the systems take advantage of the design 
possibilities of the extrusions, and they use joints 
that are easy to manipulate in connecting joists. 
roofing and sidewalls with the framework. 

The amount of aluminium used in these 
systems per unit area varies from 10 to 30 kg/m 2 

for each storey. 

Miscellaneous uses 

Other applications for aluminium in the 
building trade include: 

Aluminium tube scaffolding for construction 
or renovation 
Curtain walls, exterior building claddings 
Banisters, friezes, ladders 
Building engineering installations, air ducts, 
radiators and coolers. 
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V. Product development 

Boosting aluminium consumption is always a 
major concern of the al· -:-:inium industry. New 
outlets generate greater demand and put pressure 
on the semi-manufacturing mills and other opera­
tors to develop advanced technologies to meet the 
more sophisticated requirements of ::onsumer 
increases. 

Aluminium has to face constant competition 
from other materials. Maintaining the position of 
and finding new markets for aluminium is a 
difficult task-assistance is often rendered by 
advisory agencies (see chapter Ill). In product 
development. advisory agencies may: 

(a) Help elaborate the general outlines of 
standard specifications through recommendations 
and active participation; 

(b) Co-operate in compiling and editing 
textbooks. documentation and reference tables 
and in organizing lectures or post-graduate courses 
for engineering staff in the consumer sectors; 

(c) Actively participate, in co-operation with 
with local authorities. in the implementation of 
projects calling for economies in energy or a more 
rational use of materials in short supply. 

Standardization 

Standardization ensures that the size of a 
product is accur,ue, that the product is inter­
changeable and endurable and that considerations 
of operational safety. hygiene and environmental 
protection arc met. Consensus on all points has to 
be reached by a body made up of the principal 
producers and cor.~umers in order for standards 
to be enforced. Regulations and special standards 
governing the assembly and installation of pro­
ducts and guaranteeing the quality of the product 
are also r.ecessary. 

A separate set of ingot and semi-fabricated 
product standards "llust be negotiated between the 
manufacturers and smelters and mills. This is 
sometimes an arduous task because the interests 
of the parties often connict. The aluminium 
industry is at times faced with the necessity of 
introducing new and costly technologies before 
standard specification~ arc passed. Representatives 
of the aluminium industry should take part in the 
deliberations of all standardization committees. 

Despite the difference in standards t1crn 
country to country. there are three principal 
types: 

(a) Raw-material standards governing the 
composition. mechanical properties. sizes and. 
more recently. the tecn1a"logical properties of 
ingots and semi-manufactures (e.g. electrical con­
ductivity. susceptibility to deep-drawing etc.). 
They are usually drafted by aluminium experts. 
but before they are passed the principal con­
sumers have to be consulted; 

(b) Finished-product standards are ap­
plicable to a particular sector: they enumer.:ite the 
essential technical features of the material from 
which the finisiled product is processed and the 
principal properties of the finished product itself. 
Such standards have to be co-ordinated with raw­
material standards. They are usually jointly drafted 
by specialist~ of a given aluminium end-using 
sector (electrical engineering. building and con­
struction, packaging etc.) and representatives of 
the principal consumers, in consultation with the 
aluminium industry; 

(c) Technological standards are for welding, 
surface treatment etc. If such standards are 
initiated by the aluminium industry, the principal 
manufacturers who apply such technologies have 
to be consulted. 

In many developed countries the properties 
and application of a very wide range of products 
are governed by standard specifications, which are 
often supplemented by a set of detailed technical 
and installation instru.:tions or regulations. It is 
necessary for each country to revise and adapt the 
standard specifications to local conditions, if 
necessary. 

In the early 1950s a system of recommen­
dations was introduced in Hungary. Though not 
full-fledged standards, these recommendations 
were aimed at boosting aluminium usage on the 
one hand and restricting the use of other non­
ferrous metals on the other. They outlined whether 
it was desirable, advisable, possible or impossible 
to use aluminium for a particular purpose. (Such 
recommendations. of course, have to be revised 
from time to time to keep pace with latest 
technical advances.) 



Handbooks 

It is of paramount importance for designers. 
researchers. process and works engineers. spe­
cialists such as economists and. most important. 
skilled workers and craftsmen to become proficient 
in the design. i,;rocessing and usage of aluminium 
in different sectors of industry. Although these 
people may be well-versed in the fundamentals of 
their own field. they are likely to be unfamiliar 
with specific technologies. standards. economic 
feasibility and other aspects of aluminium con­
sumption. 

Researchers. design engineers and consultants 
attached to the aluminium industry will have to 
take the initiative in drafting handbooks, text­
books. pamphlets and tables for engineers, tech­
nicians and skilled workers engaged in the in­
dustry. The Aluminium Zentrale of the Federal 
Republic of Germany has its own publishing firm. 
Aluminium Verlag. All major transnational alu­
minium corporations and most large aluminium 
companies publish. even if only on a small scale. 

The main types of documents used by the 
aluminium industry are described below. 

Handbooks. Handbooks describe the mecha­
nical and technical properties of aluminium, 
technical features and end-uses (e.g. the large 
variety of extruded sections) of semi-manufactures, 
subsequent methods of processing. technologies 
and operations (e.g. casting, welding, surface 
treatment. machining). Handbooks also give guide­
lines on the design, installation and use of 
aluminium products. 

Tables. Tables help the designing engineer to 
achieve optimum designs by taking advantage of 
the essential features of aluminium. Because 
designs using traditional materials can very rarely 
be effectively and economically adapted to alu­
minium, new and effective designs are essential. 

Booklets and pamphlets. Particular operations 
or techniques such as plastic deformation, casting. 
welding, machining or surface treatment of alu­
minium are subjects that might be covered. 
Booklets should be factual, with plenty of illus­
trative material, and written in a style that can be 
easily understood by engineers, technicians and 
skilled workers. 

Special publication.s. Such publications des­
cribe where and under what circumstances alu­
minium may be used effectively. The language too 
should be descriptive and 'Jnambiguous; profes­
sional "jargon" may be used if i. cannot be 
avoided. 

Textbooks for training courses. Abstracts of 
lectures presented at training courses or experience 
gained in workshops may appear in textbooks. 

Catalogues and leaflets. Detailed specifications 
of semi-manufactures or descriptive features of a 
particular generation of products might be des­
cribed in this t~·pe of publication. Auxiliary 
products used in the processing of aluminium (e.g. 
special lubricants. welding fluxes. surface treatment 
baths) should also be covered. The aluminium 
industry should promote the publication and 
circulation of such leaflets. even if it is not a 
manufacturer of such products. 

Journals. The publication of an aluminium 
journal is recommended only if a powerful alu­
minium industry exists in the region. An alu­
minium journal is a useful instrument in fostering 
contacts between smelters. mills. manufacturing 
industries and consumers and in promoting co­
operation between design and research institutes 
on the one hand and industrial firms on the other. 
The aluminium industry should be the principal 
sporasor of such a journal. 

It would be desirable for aluminium tech­
nology to be included in the curriculum of 
mechanical and chemical engineering schools. 
Staff-training courses could also be organized for 
engineering personnel or skilled workers or to 
provide post-graduate studies for specialists. Moral 
or financial backing for su ... 11 courses by govern­
ment agencies would be desirable. 

Regulations 

When traditional material is replaced by 
aluminium, it may take as many as 20 years for 
the new technology to mature. The development 
of a new product or technology is time-consuming 
and entails many steps: the first is an effective 
design; the second is the manufacture of a 
prototype, which has to be tried out in actual 
practice. If the prototype does not prove viable, it 
has to be re-designed; only then can the serial 
manufacture of an item begin. This process takes 
place in the face of serious competition from 
other materials and at great financial risk. Major 
aluminium concerns are in most cases ready to 
take such risks, in the hope of good financial 
returns and a further expansion of aluminium 
markets. In countries with small independent 
aluminium producers or where the aluminium 
industry is part of the public sector, tht: State 
often has to subsidize such ventures to help 
restructure the country's production pattern. 



State intervention. however. will only be 
etkcti\·e if it fits into a long-range economic 
strategy for a country or area. The real or 
potential aluminium industry may be a significant 
factor in shaping the economic destiny of a 
country. Laying the groundwork of an econo­
mically sound and \·iable aluminium industry calls 
for systematic thinking. foresight and patience. 

If feasible. as many stages of production as 
possible should be the goal when establishing an 
aluminium industry. A long-term programme has 
:o be elaborated: im·estment and development 
programmes must be co-ordinated at each stage 
of integration with special regard to market 
prospects. The possibilities for replacing other 
materials with aluminium ha\·e to be taken into 
account. 

In Hungary. for example. the fully integrated 
aluminium industry had a considerable effect on 
the country·s economy. The aluminium industry is 
governed by a long-term central development 
programme. launched and approved by the Gm·ern­
ment [I. 2) In addition to dealing with the 
country·s bauxite resources and covering every 
successive stage of integration (alumina manu­
facture. smelting and semi-fabrication manufac­
ture). it also sets long-range targets for dt:veloping 
the aluminium end-using industries. Special atten­
tion is devoted to the replacement of other 
structural materials with aluminium wherever 
technologically and economically feasible. Objec­
tives oflong-term research and additional technical 
development deta :s form an integral part of the 
central development programme [3, 4). Also 
included are plans for substituting aluminium for 
other structural materials and facilities to be 
installed for that purpos.e. 

In setting priorities, the authorities give full 
moral and financial support to research, design, 
prototype development and pilot plant operations. 
The implementation of the objectives embodied in 
the central development programme are controlled 
by a working committee, where all concerned 

parties are represented. The committee also co­
ordinates the work of research and desi:;ning 
institutes with that of industrial enterprises. pre­
pares periodic evaluations of achie\·ements and 
failures and submits recommendations to govern­
ment authorities. Because the go\·ernment agencies. 
scientific institutes and enterprises often have 
conflicting interests and financial obligations and 
risks to be shared upon launching new projects 
may be considerable. this organizational pattern 
seems to be the optimum solution. 

How much government inten·ention is neces­
sary to run an aluminium industry effecti\·ely? 
This is a difficult question to answer. the situation 
differing from country to country depending on 
the economic system and structure as well as on 
the potential of the local aluminium industry. 
Winning new markets for aluminium. and using it 
as a substitute for other structural materials. is 
not a spontaneous process. There is often built-in 
reluctance or hesitation by the consumers to 
accept something new; most consumers expect 
new ideas to be presented to them in an elaborate 
form. In the implementation of new projects. high 
capital expenditure and a great deal of human 
effort are usually involved. In developed countries 
the aluminium industry is run by major com­
panies with the necessary resources to face risks 
and penetrate into new markets. selling their 
products to the highest bidder. If necessary, they 
buy out smaller producers. establish subsidiaries 
or enter into joint ventures. In the developed 
countries the role of government agencies and of 
the public sector in the aluminium indnstry is 
usually a subordinate one. The situation in the 
centrally planned economies is different: the 
definition of long-term targets and the introduction 
of organizational measures to implement them are 
tasks of government agencies. In addition to being 
responsible for the control and co-ordination of 
different branches of industry. government agencies 
also frequently share financial risks in the projects 
launched and set priorities for boosting technical 
development efforts and innovations. 
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