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FOREWORD

This report has been prepared by the Centre for Industrial Development of the
Department of Economic and Social Affairs under the work programme formulated
by the Committee for Industrial Development® and endorsed by the Economic and
Social Council in resolution 872 (XX XI11). It has been prepared as part of a series,
Studies in Economics of Industry,’ which is designed to develop basic programming
data for a certain number of selected industries of interest to developing countries.

“‘a()lﬁcki Records of the Economic and Social Council, Thirty-third Session, Supplement No. ?
(E/3600).

* The first report in this series was Cement/Nitrogenous Feriilizers based on Natural Gas (United
Nations publication, Sales No.: 63.11.8.3).
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Esplanaiory notes

The following symbols have been used in the tables tHaoughout the repont
Three dots (.. ) indicate that data are not available or are not sepatately gy

A dash () indicates that the amount is nil or neglible

A blank in a table indicates that the item is not applicable

A minus sign ( ) indicates a deficit o decrease, unless otherwine stated

A sign ( 1 ) indicates a surplus or increase

A full stop (.) is used to indicate decimals

A comma (,) is used 10 distinguish thowsands and millions

A slash (') indicates a crop year or financial year, c.g., 1961 64

Use of a hyphen (-) between dates representing years, ¢.g., 19631968, ugnifies
bfm&vMMGkbmmwy@am

1o “tons” indicates metric tons, 10 “gallom”, United States gallons,

and to doflars, United States dollars, unless otherwise stated.

Annual rates of growth or change, unless otherwise stated, refer to annual com-
pound rates.

Detaiis and percentages in tables do not necessarily add 1o totah, hovause of

The designations employed and the presentation of the material in this publica.
tion do not imply the expression of any opinion whatsoever on the part of the Sevre-

tarist of the United Nations concerning the legal status of any coumtry of lerrdery
or of its authorities, or concerning the delimitation of its fronticrs.,
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INTRODUCTION

. Two main considerations have prompted the selcc-
tion of the aluminium industry for inclusion in this serics
of studies on thc economics of industry.

2. In several developing countries there exist large
bauxite deposits and a great potential of Jow-cost and
abundant power supply. Both factors are considered
strategic for the development of aluminium metal pro-
duction facilities. Furthermore, aluminium has proved
to be a good substitute for several important products
such as copper, zinc, steel, wood and plastics, a fact
which makes this industry of particular intcrest to those
countries that suffer from a lack or relative scarcity of
these products.

3. The data used in this study are der.ved from en-
gineering estimalcs prepared by consultants,! from plant
data obtained from technical assistance reports, infor-
mation made available to the United Nations Secretariat
by several countries, and from published materials.

4. The method of analysis is similar tv that followed

U . . . B B i .

! Engineering dala and technological information in this study
have been drawn in large measure from a study prepared by Mr,
Jun H. Reimer, an expert on the atuminium industry, which was
submitted to the United Nations Industrial Development Program-

\ming Seminar held in Sao Paulo, Brazil, in March 1963,

! United Nations, Swudies in Economics of Industry, 1. Cemeny)

Nitrogenous Fertilizers based on Natural Gas (Sales No.:63.11.8.3),

in an carlier study on the economics of ndustry ® he
aim is to present and analyse data on capital Tedinire-
ments and inputs thit are hased on the enpenenee of
several countries, both developed and nder-des eloped,
and 0 point ow dilferences that U Prove (o e af
use for those engaged in programming the deselopment
of this industry in developing countrics. Aggregate data
were used whenever available as a bench-mark for check-
ing plant level data.

3. Aluminium  produciion involves several stages:
bauxite mining; production of alumina: nunutacture of
metallic aluminium, and fabrication of aluminiunt pro-
ducts. In this study, labrication of aluminium products
is confined mainly to “heavy Tabrication™, 1hat is, roll-
ing, drawing and extrusion. For each of the four stitges
capital and various input requirements as well as rekated
programming data have been presented and analysed,
A minimum of technical data have been nsed. However,
more dctailed technical data and deseriptions ol viarious
processes arce presented in annex |

6. Additional data on capital and other inpnts that
may be of use in programming an aluminium industry
are to be found in annex I, and stadistical data per-
taining to production, consumption, trade, prices and
plant capacities arc given in annex 1. A selected bibli-
ography is to be found in annex V.







‘.'hﬂ,"p'- I
BAUXITE

7. Bauxite is the predominant ore used in the produc-
tion of aluminiuny. Experiments have been conducted in
the use of raw materials other than bauxite, but their
economic feasibility has yet 1o be proved. For example,
andalusite was used in Sweden and aluminous clays in
Germany and the United States on a trial basis during
the Second World War. Nepheline is used in the Soviet
Union where good-grade bauxite is not available. Leucite
was used for some time in Italy. All these countries,
however, reverted to bauxite, with the exception of the
Soviet Union, in which country great expansion is
planned for the extraetion of alumina from nepheline
ore.! Although most bauxite is used in the production
of aluminium, a small percentage- about 10 per cent in
the case of the United States—is used by the abrasive
and other industries.

8. Bauxite eonsists of hydrated aluminium oxide,
monohydrate (Al,0,. H,0) and trihydrate (Al,0,.3H,0),
and occurs in nature mixed with impurities, principally
vxides of silicone, iren and titanium. It is the content
of impurities, particularly silica, that determines, among
other things, the grade of the bauxite. A high-grade
bauxite may contain less than one per cent of silica, and
a content of 10 per cent is considered tolerable. As will
be mentioned later, alumina is produced from bauxite
having a higher silica content—of up to 15 per cent—
by means of the combination process.?

9. Open-pit mining is usually used to extract the
bauxite, although underground mining is practised in
several countries, principally in Furope. In open-pit
mining, stripping operations are undertaken by tractor-
operated scrapers, power shovels, walking-type drag-
lines, large-wheel excavators and by hydraulic mining.
After stripping, the bauxite is usually loosencd by blasting
with low-strength dynamite. The ore is usually crushed
and dried in order to reduce shipping costs. Bencliciation
that involves mainly washing and classification with the
main purpose of removing silica may also be undertaken.

INPUT REQUIREMENTS

10. Fixed investment includes the cost of stripping
equipment, internal transport, drying kilns and crushers
as well as the cost of buildings for providing storage
facilities, workshops and office space. When beneficiation
is called for, additional costs are incurred for a washing
plant. Furthermore, the production of calcined bauvite
for the abrasive industry requires additional investment
in calcining kilns and related equipment and facilities.

! Technical dala are discussed in annex 1.

* Bauxile of yet higher silica content - up 10 25 per cent muy he

mined, and this is then combined with high-grade ore 10 give 1he
aceepted silica proportion.

Since banxite desposits vsually oceur melated focunn,
a relatinvely substantial wmount of additional oy eaomen
is needed 10 provide infra-stmcture, mrmely, evternal
transportation, port facilities and tow mhips tdwellings,
schools, hospitals, community factines and o forht
The location and nature of the bausie deposits and the
equipment required vary gremiy. as do 1he mnung and
ancillary facilities, and the s estment regaired vanes
accordingly.

11. The data available on large ~eale nnnimg opera-
fions may indicate the order of magninude tor fined
Investment. In a mining operation i Lonawy of 2
million-ton capacity, investment was cstimated axt78
per ton of capacity,” and for the proposed Ghana operg-
tions with a | million-ton capacity ot has been estnnated
at $10 per ton.! I the case of the formier, myestiment
included, in addition 10 investment i g and diving
cquipment, the cost of pier, dock, o ape and foadmg
facilities as well a» of transport facihties extending for
six_miles 1o the shipping point. 1 \imates for Chana
include, in addition to the cost of i eqanpment and
factlitics, cost of a township and ot & roud lrom the
mine to the ncarest suitable existing rogd.

12, In this type of activity, substantral say S M anit in-
Vestment and unit labour requirements are a~sactated with
increase in production capacity. | nithernmore, open-pit
mining offers possibifities Tor labovr-capital substitntion,

13. The order of magnitude of vetirns 10 seale of
labour in bauxite mining may be lnaared by the
Ghana project. Labour reguirements e ostimated to
decrease by SO per cent, fiom 34 10 1 6 man-houss per
ton, with an ncrease in output ol two and one-halt
times, from the ntermediate stage (400.000-ton vapaciy)
to the final sage (1 million tons).*

P Maming in Jamaica Means More and More Bausne, # netecr-
iy and Mininy Jowrnal 1New Yorky, September 1957, pares 97 0
108,

 Governments of the Unsred Rnedom aed ol the Gold Cou,
The b odta River Propct, b odume L Report of the Proparatory € om-
Munion (L ondon, 1956

¥ Man-hour esimalos are made on the avmpton o an annual
2000 hours of work por fabourer. | abour FEQUITCHWO DTS e sty
Mated as lollows.

feite e Fonad
first pivdate LY 730
Tvpe e Iy { wellion
af FLIEANG ., $Evdss foon Fon
tabowr Pty Cupari e iy
MNuaber of aorberao
Supery imory NT ) 44
Shibled and semishibled 40 410 Stdy
U nsh:lted 1 E J
(TR EY 470 61 ¥y
NSotwet: The Volta Riser Progocr, v | frape O




4. The technical characteristies of bauxite mining
would allow wide Tatitude i the nse of labour-saving
rechniquest were it not for the need for large-scale and
cthaent aperations to mantain o regalar Bow of bauxite
1o alununtum plants, and the need to oller bauxite at
competitnge prives on the anternational market. Bauxite
mimes, particudarly those catermg to the international
market, are w Luet characterized by a high level of
mechamzition and a large scale o) operation.

IS Inthe case ol the proposed hausite mining project
in Ghana, a ngh level of mechanization has been planned
and Jubour requirements are estimated, as mientioned
above, at L6 man-hours per ton of output.” In British
Guning, the labour regquirements of one mining concern
with an output of 1.36 million tons of bauxite are eosti-
mated at L5 man-hours per ton of bauxite.” The low
labour requirement of 0.54 man-hours per ton in the
United States indicates in part the extent of possible
mechanization in this type of operation,

16. The amount of fuel needed in the preparation of
the bauxite depends on s “free moisture™ content, that
is, on the water present in addition to the chemically
combined water. Crude bauxite may contain between
§ and 30 per cent of free moisture.® This may necessitate
drying the ore, especially af it is to be shipped for proces-
sing. However, when bauxite is processed in an alumina
plant at the mine site, 1t 1s often not necessary to dry it.
Fuel requirements for drying the ore vary not only with
tts moisture content but with the size and design of the
drying kiln. lor drying bauxite with a high moisture
content, between 0.8 and 1.1 million BTU per ton of
ore may e required. Eight to ten times as much fuel
as this is needed for calcining bauxite (removing chem-
ically combined water) for use by the abrasive industry.
Natural gas or heavy oil is used as fuel rather than coal,
to avaid contaminating the bauxite with ash.

17. Other mputs are explosives and power. As stated
above, after 1the stripping operations have been carried
out, blastng with low-strength dynamite is generally
done to loosen the bauxite. In some mines blasting is
nat required, but this is more the exception than the rule.
Flectric power is needed for grinding bauxite to a certain
size, and this varies with the hardness of the ore: bauxite
can range alt the way Trom the carthy material found in
Jamaica to the hard rock tyvpe found in Greece and India.
Haurite with a bond hardness index above 15 is expen-
sive to grind.

1K, Tahwe 1 indicates average input requirements for
baurite minmg in the United States.

PRODUCTION COST

19. Production  cost varies  greatly  depending on
several fuctors: economie, transport and location, tech-

" Baunie nuning v 10 many respects basically simitar 1o earth
moving, which abo ollers considerable opportumities For capital-
Libour substintion. o 1his connesion, see United Nations, “Capital
tntensiny and Costs of Tanth-moving Operations™, Budletin on In-
dwstralezation and Producineey, Noo 3 (Sates Noo 60 1B 1),

Clhe Vodta River Pregat

S Ming Wk tvan §ranciseo), May 1960, pages 84 10 S8,

S tabdle 1T m annes b

nological, geological, cte. The following are the most
important variables,

(1) The scale ol operation is mmportant in allecting
production cost since substantial cconomies of scale are
possible in bauxite mining.

(2) The amount and nature of the overburden affect
production ¢ost. Dry, sandy overburden is cheaper to
remove than wet, carthy overburden covered by dense
Jungle. Furthermore, the amounts of overburden vary
[rom one place to another; overburden up 10 50 metres
thick is removed in certain bauxite mining operations
today. No delinite figures can be given for the maximum
amount of overburden which can be removed cconomi-
cally as this obviously depends on a number of factors
such as the nature of the overburden, the quality of the
bauxite and the size and location of the mining operation.

Tastr L UNINED STATIS: INPUT REQUIREMENTS FOR
BALXITI. MINING, 1954 ANp 1958

Input 1954 1958
Labour (man-hours/ton). . 0.53 0.54
Fuel (millions BTU/ton)® . L5117 09-11

Electric power tkWhion) . . . . . . kK 5.5
Exptosives tkg/ton) . . 0.138 0.127
Waler infake (m/ton). 0.30

Soumci: United Siales Depariment of Commerce. Bureau of 1he
Census, Census of Mineral Industries, for the years 1954 and 1958 (Wash-
ington, D.C.).

% Fuel reqguirements were given as a combined firure for dried and
cakcined bauxite. Figures for drying were estimaled on the basis of fuel
requirements for calcining which are eight 10 Ien limes higher Lthan those
Tor drying.

In the case of large-scale operation and high-grade
bauxite, the economic limit is usually five to eight times
the amount of bauxite recovered.

(3) Replacing the overburden in order 10 re-surface
the site of the deposit so that it may be used for forest
or agricultural land may be required in some countries,
and this may result in higher production cost. However,
restoration of land may be economical for large bauxite
mining operations under heavy overburden, even when
re-establishment of the former surface is not important.

(4) The hardness of the bauxite, which affects the cost
of grinding, and the moisture content, which affects the
cost of drying, vary greatly with the type of ore. Further-
more, if bencficiation is applied, additional costs are
involved.

20. An order of magnitude of the production cost of
bauxite mined in the Caribbean islands may be estimated
for major United States aluminium producers at between
$7.00 and $8.00 per ton delivered at their alumina plants
on the Mexican Gulf Coast.

21. The cost may be distributed as follows (in dollars):

Mining, including amortization of equipment, ex-

ploration, elc. . . 1.00-3.00
Beneticiation . Nil-1.00
Drying . . e . 0.75-1.50
Shipping = . . . . . 3.004.50

Local taxes, mining and (n some cases) shipping
company profits . . .

. Balance




TRANSPORTATION COSTS

22. Transportation costs are very important for such
a low-cost commodity as bauxitc. Conscquently, the
accessibility of the deposit is of prime economic impor-
tance. It should preferably be located close to tide-water
(sea coast or navigable river), as arc the deposits in
Australia, British Guiana, Greece, Jamaica and Surinam,
In Europe, where distances are comparatively small,
bauxite is shipped by railway from mines in southern
France, Hungary and Yugoslavia. The economic ex-
ploitation of deposits located far inland usually calls
for local processing of the bauxite in alumina plants
close to the mine site, as in Arkansas (United States)
and Guinea; this is particularly true when the bauxite js
of low grade.

EcoNomic sCALE OF OPERATION

23. Most bauxite mining opcrations in tropical under-
developed countries are on a scale of at least 300,000
tons per year, and are highly mechanized; this scale is
usually needed to achieve an economic mining operation

in a remote location where all acilities, such as electne
power, transportation, townships, cie. have 1o he pro-
vided and amortized by the mimng operation. tn Joca-
tions where such Facilities are readilv avantable, mining
can be carried om cconomically on a smaller seale: thus,
bauxite mining is olten on g much smaller scale n Furope
where transport facilities, power supply and eisting
habitations are usnally close at hand.

24. However, even in less dey cloped countries, it may,
undcr certain circunstances, he ceonomical to mine
bauxitc on a smaller seale, sy, SO,000 tons per vear and
over. Such conditions exist when there is little overbnrden
and the bauxite is of high grade. But the best conditions
for such small-scale mining exist when it can be inte-
grated with alumina production at or close (o the mine
site; this has been donc in Brazil and India.

25. The largest individual mining operations, cach of
the order of 1 10 2 millions tons of banite per year, are
carried out in British Guiana, Guinea and Surinam, and
there are several mining operations of this order of mag-
nitude in Jamaica.




Chapter 11
ALUMINA

26. Most of the output of alumina (over 90 per cent
in the United States) is used in the production of metallic
aluminium: the rest is used in the abrasive, chemical
and other industries. The Bayer process, with some varia-
tions and improvements to take account of the differences
in the gaality of the bauxite, particularly the silica
content, is still the only economically feasible process.!
When high-grade bauxite containing less than 10 per
cent of silica is used as raw material, the conventional
Bayer process is applied. There are two principal varia-
tions to this process, each with major differences in equip-
ment and procedures followed. The American Bayer
process is used in treating trihydrate bauxite (gibbsite)
in contrast to the Europcan Bayer process which treats
monohydrate bauxite (boehmite). The basic differences
between the two are that the latter uses a greater con-
centration of caustic soda, a higher digestion temperature
and a longer digestion period.

21. Low-grade bauxite containing up to 15 per cent
silica is treated by the Combination process, which was
developed in the United States during the Second World
War. A modified Bayer process is first applied, then the
red mud obtained as residue is treated further in a lime-
stone-soda sinter plant (a unit additional to the Bayer
plant) to recover a higher ratio of alumina and caustic.
Investment and inputs for this process differ from those
of the Bayer process proper.

FIXED INVESTMENT

28. Fixed investment varies with the capacity of the
plant. Significant cconomics of scale are realized with
increasing capacity up to 330,000 tons per year, which
is about the largest practical size of unit. A larger plant
will consist of two or more parallel production units
from which the economies obtained in fixed investment
arc less substantial,

29. Investment also varies with the process and with
the modifications introduced to accommodate variations
in the composition of the bauxite treated. 1t is estimated
that the European Bayer process requires an investment
beiween 10 and 15 per cent higher than the American
Bayer process, while the Combination process requires
additional investment of between 20 and 30 per cent,
depending on the quality of the bauxite treated.

30. Investment duta® based on engineering estimates
and North American prices for alumina plants under

' Various alumina processes are referred 1o in more delail in
annex |,

® Sce annex 1.

o * |‘hcsq dinta are based on treating a typical trihydrate bauxite
Trom British Guiana or Surinum {extensively used for alumina pro-

typical conditions are shown in table 2 and figure 1.
Elasticities of investment with respect to scale of output
are estimated at 0.68 for a trihydrate plant and 0.75 for
a monohydrate plant. This implies a constant ratio be-
tween the percentage increase in total investment and

TABLE 2. ESTIMATE OF PLANT INVESTMENT? FOR AMERICAN AND
EUROPFAN BAYIR PROCESSES

(Dollars per ton annual ALO, capacity)

American European
Baver Bayer
process process
Plant capacity (trikydrate (mnohydrate
(tons per year) bauxite) bauxite)
100000 . . ... ... ... . 170-210 190-230
165000 . . . . ... ... .. 140180 160-200
330000 . . ... ..., ... 110-150 140180

® Plant investment includes the cost of the following: equipment,
buildings, foundations, steam plant, direct plant services (power and
steam distribution and materials handling within the plant area, plan
office, laboratory, change house, maintcnance workshops), storage and
handling facilities for bauxite, fuel oil and alumina, and operating and
maintenance supplies.

Excluded are: bauxite mining. beneficiation and drying plant, lown
site (dwellings, schools, hospital, community Tacilities, etc.), power gener-
ation and transmission to plant site, wharf, railway, roads and other
transport facilitics outside of plant arca, caustic soda or soda ash produc-
tion facilitics, and limestone mining. crushing and burning facilitics.

the percentage increase in the size of the plant; it also
reveals that total investment increases less than propor-
tionately to increase in plant capacity.

31. The capital cost figures include the complete plant
but no outside facilities, which depend on local condi-
tions. Additional investment would be required if caustic
soda or soda ash production facilities were included.*

duction in North America) and a typical monohydrate bauxite from
southern France (extensively used in Europe), of the following ap-

proximate compositions:

Trikydrate  Monohydrate

bauxite bauxite

(percentage)

Alumina (A,O,) . . . . . e 5 53
Silica(8iOy) . . .. .. ... ... 4 7
lron oxide (FeOp) . . . . . . . . 55 28
Titanium dioxide (TiOy). . . . . . . 1.5 33
Water(H, 0. . . ... ... ... 32 12

¢ Caustic can be supplied to the Bayer process cither as caustic
soda or as soda ash in combination with burnt lime. In cases where
caustic is expensive and electric power comparatively cheap, il may
be justified to install an electrolytic caustic-chlorine plant locally.
The raw material is sodium chloride (common salt), which can be
obtained at low cost in many locations. The economy of the caustic-
chiorine planl depends, however, on a market being available for
the chlorinc; such a market exists in countries with a well-developed
chemical or petrochemical industry, but it may not be available in
an industrially under-developed country.

In cerlain cases it may be more allraclive 1o build a soda ash

(continued on page 8)

32. Higher plant investment is required in developing
countries than in advanced countries because of the added
transport, distribution and other costs, and possibly
higher construction and installation costs. Further, in
these countries, it is often necessary to incur addilionyl
costs in providing infra-structure.

LABOUR REQUIREMENTS

33. Labour requirements per ton of alumina vary wilth
the size of the plant and with the particular process
adopted. Plants treating monohydrate bauxite and those
treating low-grade bauxite (the Combination proccss)

[ 4]

40 S Monohydrate ~lang

30

20

l

45
40

38 Tehydraie plani

Total investment (mullions of dollars)

R

25

20

15

10

!

require between 20 and 40 percent more kibow tun Jdo
compirable plints using trihvdrate as rw material.

.34. Assuming a well-managed  plant, direct and -
dl‘rccl labour requirements tor o phimt with a capacin
ol ithour 1,000 tons of aluming per day may be estinrted
at 3 man-hours per ton capacity Tor o tnhvdrate plang
and 4 man-hours lor g monohydrate phint. 16 an alumma
plant is integrated with o hauxite nining operation or
an aluminium reduction plani, Lthour requirements mity
be reduced, mainly as i resull of sharing 1he mamtenance
and other indircet kbour. Under such conditions, 1t 1
possible to ger down to 2 1o 3 nin-hours per ton ol
alumina.

L | |

it 30 40

Annual ¢y

L] | ]

RALI V') B T iy Jiny ity S

S Ahous s of tong:

Figure I. Plant investment for American angd European Bayer processes
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35, On the other hand, a self-conttined alumina plant
(with 1ty own comptete mamtenance facifities) in an iso-
lated Tocation wanalfy reguires considerably more Libour,
ceven b the plant oy of madan design. Under sueh cir-
Sxennnganees, s prident 1o rechon on S 10 8 man-hours
per ton of alimin for goad-sized phmt (500 10 1,000
tons ALO, per das ) and even more for a smaller plant.

3o The above figires are based on engineering
estimates reflecting the experience and  practice in ad-
vanced countries, and assume a fairly mechanized plant.
In developing conntres, lugher labour inpans than those
suggested carlier may vesutt from lower factor perform-
ance. Moreover, the relatively low wages paid in these
countrivs. may indnee the substitution of labonre for
capmtab (within the limis possible i a modern plant),
partenlarly i materials handling and other ancillary
facitities,

37 Data from actwal evperienee are available for
Japan which indicate fugher labour reguirements (see
table 43 The reduction of labour reguirements in that
countny through the introduction of labour-saving devices
in alununa plants an recent years is further indication of
the possible capital-fabour substitution in this ficld. Thus,
labonr input (both direct and indirect labour) has de-
creased from 28X man-hours per ton of output in 195§
o 1.6 man-hours in 1960.° The decrease in labour input
has alvo been brought about in part by the increase in
the scale of operations during this period.

OQuirasevrs

38. Other important inputs in alumina production
include bauxite, caustics, fuel, powcr and water.

Bavexite

3. The amount of baunite required does not vary
sipmibicantly with the size of the operation. However,
it does depend on the quality of the bauxite, and the
amount of extractable aluming may be estimated from
the alumma and silica content of the ore. The silica
causes alumina ta be lost as part of the insoluble residue ;
the amount lost is approximately equal to the silica
content of the bauxite. In addition, a reasonable allow-
ance nunt be made for miscellancous plant losses, of
3 to 4 percent;

40. In the Combination process, a higher proportion

{conmtnucd trom page 6

plant, which can ine ammonia from a fenitizer plant. The minimum
veononie size of a Solvay tammonia) process soda ash plani is,
howeser, consuderably larger thao that of an clectrolyiie causie-
chlorine plam,

Nov delinite tigire can be given tor the maximum price thal can
be pand tor causin 1o be used 1 atumima production. The consump-
Pt of caushie vanes greath with the quastuy of the baunite, as has
alrcads been poanted out: for Wi and other rasons, the maximum
veanome vost of catshe nust e determmed tor each individuat case.

S Aveneg boun reqanremients i the U onitd Stides for the vear
1950 graomited 1o 27 mnan-hours ret 1on fower than those in
Fapan Thoy fuve probabhy been rediced ainee then o the tormer
LENBTL s el ot maeased sl ot opennions and  tunber
wedhanecanon moalumima plants.

ToScromahis conneston, annex U, table 200

ot wove detads, v anpey L.

of alumina is recovered. The red mud containing alumina
and caustie soda, which would otherwise be discarded
as residue, is further treated and partial recovery of the
almmina made.,

Caustic

4. Certain amounts of caustic are needed to replace
that lost as insoluble residue in the process of producing
afumina,”

42. As stated above, caustic may be supplied to the
Baver process cither as caustic soda or as soda ash in
cambination with burnt lime. Consumption of the caustic
or its soda ash equivalent varies widely, depending pri-
marily on the silica content of the bauxite and to a less
extent on the amount of residue washing. Caustic soda
losses are equivalent to approximately 90 per cent of the
silica content of the bauxite used in the production of
alumina. A small allowance must be added for washing
losses. Further recovery of caustic from the red mud is
possible in the Bayer process but this would require ad-
ditional investment and is economical only in large-size
plants,

43. In the Combination process, part of the soda in
the red mud is recovered by further treatment, and the
caustic consumption is lower per unit of silica content
than is the case in the Bayer process, although the re-
quirement per unit of alumina may be as great.

Fuel

44. This input is used mainly for the production of
steam and for calcination of the alumina. There is a wide
variation in the consumption of steam since this is pri-
rarily a function of heat exchanger efficiency. A heat
exchanger with high efficiency requires additional invest-
ment, which has to be weighed against the lower cost
of the fuel. Steam consumption per ton of output also
decreases with the increase in size of plant and with the
higher grades of bauxite. Higher steam consumption is
required for treating monohydrate as compared with
trihydratc bauxite owing to the higher digestion tem-
perature and pressure needed for the former. Enginecring
cstimates for steam requirements range between 1.5 and
4 tons per ton of calcined alumina for trihydrate bauxite
and between 2.2 and 7 tons for monohydrate bauxite.
The lowest figures are for large plants (1,000 tons of
ALO, per day) using high-grade bauxite and high-efi-
ciency heat exchanger systems: the highest are for small
plants (150 tons of ALO, per day) using low-grade bauxite
and with poor heat exchanger clliciency. A greater amount
of steam (onc and one-hail’ times to twice as much) is
also required in the Combination process as compared
with the Amcrican Bayer process.

45. It may be feasible to combine steam production
with clectric power generation and this, of course, would
affect the over-all consumption of steam. Power genera-
tion is economically attractive in isolated locations where
clectric power is not available from established grid
systems, and also often in connexion with monohydrate

" Caustic is cominuously recyeled, and ity consumplion represents
the replacement of that tost, Targely as an insoluble sodium alumi-
nium silica in the Bayer process and as insoluble dicalcium silicare
in the Cambmation process.



bauxite treatment because of the high available steam
pressure,

46. With respeet 1o fuel for calcination, the require-
ment does not vary with plant size. Some saving is, how-
cver, obtained by the use of large-capacity kilns.

Electric power

47. Power consumption per unit of output increases
somewhat with reduction of plant size. Small plants
may require up to 300 kWh per ton for a trihydrate
plant and up to 420 kWh for 3 monohydrate plant, as
compared with about 200 kWh and 27§ kWh, respee-
tively, for large plants of 1,000 tons of alumina per day.
Power consumption also depends on the hardness of the
bauxite used. high energy being required to grind hard
bauxite prior to digestion.

48. Engineering estimales for input requirements of
typical good operating practice in modern large plants
(1,000 tons of alumina per day) are given in table 3.
These ligures arc given on the same basis as the capilal
cost ligures and raw materials assumed for table 2,

TABLE 3. INPOT REQUIRIMENTS PER TON OF CALCINED
AUUMINA FOR A MODERN ALUMINA PLANT

Trikvdrate  Monohydraie

Item bauxite bauxite
Bauxite ttons) . . . . b | 2.8
Caustic soda (NaOH) (kg). . . 80 170
Steam(tons). . . . . . 20 24
Electric power (kWh) . . . . . (] 275
Fuel for calcination dlitres of fuel oil) | 130 130
Labour, operating, maintenance and
indirect (man-hours) . . . . . | h| 4
Maintenance, materials and equipment
ollars). . . . . 1.00 4.00

49. Data depicting actual performance for Japan are
given, as an industrial average, in table 4, Alumina plants
in Japan range between 100,000 and 200,000 tons annual
capacity. Japan has no Jomestic bauxite resources and
all of its requirements are imported. Consumption of
power and fuel for calcination is roughly comparable to
the suggested engineering estimates discussed above,

With respect to steam consumption, the figures are with-
in the lower range suggested, reflecting fuel conservation
practices by the Japanese industry, which is faced with
a relatively high fuel cost. Caustic soda consumption is
lower than the suggested engineering estimate because
the industry in Jupan recovers some from the red mud.

SCALE OF OPERATION

50. Returns to scale are obtained in alumina produc-
tion. Labour requirements per unit of output decrease

Painn 4 1 Iapg g REQUIREAIE NG S 1o )

EON O AUy,
INDUSERIAL Wiy, 9w
T
Baunite qonsy | A |
Caustic soda thy) [

Steant (tons) | . (BT
blectric power (kM . . AR
Luel Tor calemation thities of Tuet oily

1658
Labour tmuan-hours)

10 6

So!'nf'l : Jump Desclopment Banh, Rescarch Dinsion
tput (ov_\sunmllon by Alumina und Atlunnpia,
Import of Baunite™ tin Japanesed 1Tokyo, 1961y,
o 'l‘hc average compantion ol banage
15 s follows:

N ETTIT]
Retinime Capacity and

used by the industry 1n Japan

Bintan  Rumunia

(perventage)
Alumina (ALO,) . . . 5430 4195
Sitica Si0y - . 4.4 5.91
Iron oxide (Fepy . N 1142
Titanium dioxide (110, . . qo ({3
Water (M . Hdd 070

as the scale of operation increases. As was menlioned in
an carlicr section, substantial econonties are obtained in
fixed investment in plants up to a maximum capacity of
about 330,000 1ons. Beyond this capacity, saving in
investment associaled with increasing size of plant is less
marked since a larger plant will consist of tWo or more
production units. Some economies in production cost
are realized at such capacities, mainly as a result of fhe
sharing of common ancillary facilites, such as main-
tenance, materials handling and storage lavilities. Table
$ indicates cconomies of scale for plants ranging from a
yearly capacity of 60,000 tons to 330,000 tons. These
estimates, which are presented for purposes of illustra-
tion, are based on engineering  approximations nsing
United States prices,

5L In the United States most planis have capacitics
larger than the maximum referred o above and about
half have capacities ranging from 730,000 to about |
million 1ons per year.* Aside from economies obtained
in production costs, large external economies are realized,
particularly in the cost of transporting and handling. the
bauxite, as is evident by the proximity of alumina plants
in the Uniled States to bauxite mines or tide-water outlets
close to the major suppliers of imported bauxite,

52. As for minimum-size planis, these vary greatly,
depending on the cconomic cucumstances of cach in-
dividual case. Smai! planis miy be found economical
when combined with reduction plants catering 1o the local
market. However, plants catering 1o the international
market would probably have o operate at a higher scale,
say, 100,000 to 165,000 tons per year.

® See annex 1.
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SOUNDID STATES: AVIRAGE PRODUCTION COSTS TOR HYPOTHITICAL ALUMINA PLANTS
OF VARIOUS CAPACLIIES"

Tann

1Dollars per ton of calcined alumina)

Yearly capacity (tons)

Item 60000 100000 165,000 330,000

Baunne. . . . 0 oL 0 1680 16.80 16.80 16.80
Causucsoda . 0 0 0 0 0 L0 5.10 510 5.10 5.10
Steam .0 330 K1) 330 K1)
bBlectse power. . . . . . 0 0 0L 1.20 1.05 0.96 0.80
Fuel Forcateination . . . . . . . . ..., 2.60 2.60 2.60 2.60
Labour, operating, maintenance and indireet . . . . . 15.00 12.50 10.00 1.50
Mustitensne, materials and cquipment . . . ., ., . 100 3.00 3.00 3.00
C apital cost:

Depreciation on lixed capital . . . . . . . .. .. 1500 11.80 11.20 9.00

beicreston bisedcapital . . . . . . ... L. ... 12.00 10.30 9.00 7.20
Musceltuncous supplies and general eapenses. . . . . | 8.0 7.00 5.50 3.70

TOTAL PRODUCTION COST 82,30 7345 67.46 59.00

Sorrar: Caleulated on the basis of data in tables 2 and 3 and in the text.

* Plants are assumed o use tribgdrate bausite as raw material and to operate three shifts at 90 per
cent ol 1otal capaciny. The 1ollewing data have been used:

(D Bausit® consumption: 2.1 tons a1 $8.00 per ton;

€20 Caustic consumption: 80 kg NaOb at $0.064 per kg

(3 Steam consumption: 2 tons ut $1.65 per ton:

4 Electrivc power consumption as follows:

Cupacity of plant (tonys kWh
I(Hl.li)()..................................265
l(ﬁmozw
Price of power: 4 mills per kWh:
(%) Fuel for calcination: 130 lires of fuel oil at $0.02 per litre;
t6) Labour reauirements assumied as follows:
Man-hours
Capacity of plant (1onyi . per ton
604,000 .6
I()U(!OOS
165,000, . . . S )
Moo, . ... . N .2
Wiges: $2.50 per hour;
(71 Maintenance: $3.00 per ton;
5 Fined investmenl assumed as follows:
Millions
Capacity of plant tony) of dollars
00, ., . P & X )

OO0, e
OS000. L e
Moo, L 1 1

. L

M Depreciation for cquipment: 12,5 years, and for buildings, 20 years. Interest on fixed investment
at § per cent;
. (1) Miscellancous supplies and general expenses, including insurance, property tax, supervisory and
technical nersonnel cost, office supplies and contingencies, assumed at 3 per cent )af fixed investment plus
50 per vent of kibour cost.




Chapter 11
ALUMINIUM REDUCTION

53. Metallic alumininm is produced exclusively by the
Hall-Héroult process. Alumina is dissolved in a fused
cryolite bath and metallic aluminium s deposited
electrolytically. Two types of reduction plants are in
commercial operation today, using the prehaked o
Soderberg anode system. In the prebaked anode plants,
the anode consists of hard blocks of carbon that are in-
serted on top of the clectrolytic cell by meuns of a stecl
stub or rods. In the Soderberg plant (self-baking annde),
carbon-mix is added periodically 1o a steel shell (anode
casing) placed on the reduction cell. hwvestmen: and other
input requirements may differ Tor these two systems,

54. Two new processes, the Quebee and the Péchiney,
have reached the pilot-plant stage. Their main feature is
that they reduce aluminium directly from bausite; it is
expected that these processes will substantially reduce the
requirement for capital. The idea of producing aluminium
by direct reduction of aluminium compound is not new.
However, this development has gained impetus in the
past lifteen years, and technically feasible solutions have
been found. A semi-commerical pilot plant has been built
in France jointly by Péchiney and Ugine with a planned
capacity of 4,000 to 6,000 tons a year, and is now in
operation. Aluminium Laboratories, Limited, are build-
ing a large pilot plant in Canada with a planned capacity
of 6,000 to 8,000 tons per year. Until the economic fea-
sibility of these processes has been demonstrated, how-
ever, aluminium plants will continue to rely on con-
ventional methods.

INVESTMENT REQUIREMENTS

35. Fixed investment comprises the cost of equipment
and electricals, including furnaces, materials handling
equipment, casting, rectifiers, transformers, bus-bars, the
cost of buildings including pot-rooms, workshops, paste
plants, laboratories and offices, and the cost of land,
land improvement and the crection of equipment, as well
as of construction and engincering fees,

56. Economies of scale are obtained in fixed invest-
ment. This is because the cost of several important items
of equipment increases less than proportionately with
increase in capacity. Among such items are rectiliers,
transformers, bus-bars, materials handling equipment,
paste plants, and casting and ancillary facilitics; the cost
of erection is similarly affected.

57. With respect to furnace size, unit investment
requirements for a reduction plant decrease as capacity
increascs up to a certain point. The lowest investment
per unit or output is probably achicved with a furnace
size of approximately 70,000 to 80,000 amperes. A Turther
increase in furnace size requires an increase in unit plant
investment because of the more than proportionate

InCrease in the size of the furnace associined with o given
increase in AMPErage. moreorer, greater vemilaiion i
required and more complex bus-bar svstems are needed
to counteract the mereasingly serious magnetic disineh-
ance.!

58. Engincering estimates Tor typreal order of magi-
tude investment figures for aluminium reduction plants
today are given in table 6 and hgure 1L The Ggures gre
based on cxperience in North America. The capital cost
figures include the complete plant but no oatside Facilities,

Tasrt 6. Aviract 11 At INVESTMENT TOR PREBAR D ANy
SODERW RC 210U 1108 Py g, ¥

(Dollars per 1on annuyl Humumium Capacilyy

Annual plant capacity

fons b Prebab od plang Noderbors plamt
20,000 LG 1300 L LU N ]
S000 750 1,050 LU T
100 000 | 651 R5u 630 K1
200,000 SR 700 S 780

4 tnvestment includes the cost of the following, power supphy and
distribution tsub-station with Transtormers, recidiers, 10 bus b saatem
and AC power disiribution within the plant wec, aluminmm reduction
planl (pot-rooms), carbon plam tnrchahed anodes o Sod. rherg pase
plani), cast house Hor retinig, ahloying and casting produced metal 1o
ingotsand shapes for shipping), gas removal qind cleanme tacihines, diea
plant services qie. munerials handfing watlun the  plant arvi,  phat
office, laboralory, charge house, mamntenanee workshomd, storage and
handling facitities Giluming, Auorides, carbon-plant raw nntteTials, aty
minium ingols and shapes, operating and nuantenance supplies), ond
buildings and Toundations for afl 1he above ptemsy

Pacluded are: power generation and Transmissian 1o plant site, Town
site (dwellings, schools, hospital, community facilites, Cle), wharl, radd-
way, roads and other ransport faciliies ontside the plant arca, synthetie
cryolite and wluminium Muoride produchion and regencration lacilities,

The data indicate that investment for a prebaked plant
is higher than that for a Soderberg plant. The dilference,
however, narrows down as the size of plant approaches
100,000 tons per year, beyond which the investiient
prebaked plants becomes lower than that for a Soderberg
plant. Elasticitics of investment with respect 1o plant
capacity are: prebaked, 0.72; Soderberg, 0.80.

59. Additional investment may be required for an
elaborate gas and pot-room air cleaning installation,
depending on the location of the plant, the prevanling
winds and topography.

60. Capital requirements for identical phnts vary from
region to region. In western Lurope the investment s
generally lower than in North America. i mity he

Y See annex |,

* The anode gas from he cells anet 1he PObTeem o han dnl
taluming, Muoride and carton Pathosard i the Godol g Soadey
berg plant, also inrry Funies, B0l he o cde e and the pot oo
A CUn be ore or Toss dearcd betore bone 1ok ek b the e
phete, depenahinge on the surpou; RITETS




tHustrarer by the data available for recently built plants
<hown i annes (1

61 10 may be further obsersed that in the Seandina-
Vian countiies foved investment s expeeted to be reliatively
liugher becanse o madiications required in building
comtruciion on account of rgged weather conditions.
Addionat imvestment may also be required i a tropical
chimate. i cold and temiperate chinmates 1 is CUSEONYITY
to mstall two paridicl rows of celts arranged end to end,
or i single row of eells arranged side by wide, m cach pot-
room building: these arrangements normally - provide
suflicient ventilation 1o ensure adequate working condi-
tons in the pot-rooms, In a tropical climate, however,

it is advisable to install only one line of cells arranged
end 1o end v cach pot-room building, particularly if
high-aniperage cells wre chosen. This increases the build-
g arci, the number of cranes, ete., resulting in a higher
capital cost.

02, In developing countries higher fixed investments
are expected because the cost of transport, distribution
and insurance would be added 1o thie cost of imported
cquipment. Furthermore, the cost of erection of the plant
is likely 1o be higher also. The data in table 7 are based
on detailed cost estimates for two Soderberg plants pro-
posed Tor two developing countries.

63. For plant 1 it was estimated that the investment
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Figure 11. Total fixed investment for prebaked and Soderberg reduction plonts
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TABUE 70 CSHNMA TS OF INVESTANT 1OR IWO PROPON O
AFUMINIUM PEANES IN DEVITOPING COUNTRIES

(Dollarsy

Plant 1
FITO0 tons

Plant 11
{20000 fons

Ttem annual capacity . annual capacits ¢
Investment per ton cupucity 1,260 1.usn
Composition ol lixed investiment :
Buildings and kind 7,760,000 6,000,100

Equipment installed .
Other .

16,680,100
1.56Q0,100

28,000,000

12, 300010
AL IRE VY

YO LAY 21,000,

requircment was about 20 per cent higher than that of
a comparable plant in the advanced conntry from which
equipment was to be imported. The additional cost
reflects the additional cost of transportation and delivery
of equipment as well as higher costs of crection of equip-
ment and of construction.

64. As far as possible investment figures in table 7
have been made comparable with those in table 6, and
are of an order of magnitude similar to the figures in
the upper range given in that table.

65. Substitution of labour for capital in developing
countries is possible, particularly in materiuls handling
and ancillary activities, as will be discussed later. The
small share of materials handling facilities in total invest-

ment, however, limits the effect of capital savings in this
area.

Cost of expanding existing plants

66. The cost of expanding existing plants is usually
considerably less, per ton annual aluminium ciupacity,
than that of new plants. It is particularly cheap to add
new clectrolytic cells to a potline where the voltage
capacity of the rectifiers has not yet been fully utilized.
But it is also economical to add new potlines to existing
reduction plants; for example, a new 23,000-ton per
year potline, including auxiliary installations such us
rectifiers, carbon plant, cast house and gas cleaning and
maintenance workshops extensions, was recently added
to an existing European plant at a cost of about $550
per annual ton. In general, the cost of additional pothines
is from two-thirds to three-quarters of the cost of a new
plant, and the addition of new cells to an cexisting potline
provides capacity at even lower cost.

Power facilities

67. Investment in electric power facilities associated
with aluminium reduction is high. Investments in hydro-
power facilities are estimated at $310 per kW for the
proposed reduction plant in Ghana® and between $135
and $200 per kW for a Norwegian plant.* An apprecia-
tion of the magnitude of such investment may be illus-
trated for these two plants by an estimated additional
investment for power facilities equal to 100 per cent

* Governments of the Uniied Kingdom and of the Gold Coast,
The Volta River Project, Volume 1, Report of the Preparatiry Com-
mission (London, 1956).

4 “Aluminium in Norway”, Metal Industry (London), 29 july
1960.
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and 32 65 per cent of the 1otal phmiainvestment, exchud-
g power, respectively,

08, Thermal power Ficilities have been used morecent
vears for aluminium reduchion, although
smaller scale 1han hvdro-power,
utihzing thermal power required e added investment
of 133 per KW For g caal-powered plant m ke t mired
States® and SI20 per AW for 4 mas-powered phint an
Faance Turiher discussion of these nuers will h
Ffound below in the section on power,

o eh
two reduction plans

¢
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69. Labour requirements vary with the tvpe of redure-
tion plant, the seale of operation, the size of 1he elee-
trolytic cclls and the degree of mechimization adopied
as well as with the differences in factor performance.

70. Mare labour is needed in 4 prebaked plant than
in a Soderberg plant (ve table 8) nuninly because ol 1he
additional labour required 10 manuficture and handle
individual anode carbons. ‘

TABE S0 ENGISULRING ISTIEA LTS O INPET REOUHG Y
ALEMINIE S REDUCTION, FIR 1o o0

AY AN AN
Ry

liom Prebaked plam Sorkcehere plant
Eleciric power (\Wh 17.4¢0) 17, mi

Alamina (tonsy N »

Fluorides (Muorime contenti thgy 2s 14
Anode carbau, net (hgy SO0 sen”
Toral labour (man-hours):

Total plam® . I8 15

Pol-rooms only . b 7
Operating and niintenance sup-

plies Wollars)? 2a B

 Prebaked carbon anodes.
b Soderberg paste.

“ Including  carhon plant mamtenie, SUPETy Igon

and anbieat
labour.

4 Including cathode replacement.

71, Unit labour requirements in alnminiam reduction
decline as plant capacity increases, although the extem
of this is limited because a large part of the labour forer:
is engaged in operations that require repelitive service at
the unit level, such as stirring aluming in cryvolite il
furnace reconstruction.

72, 1t was reported that a sixtold increase in the ca-
pacity of the Canadian plant at Xitimat® would decrease
labour requirements from 26 mun-tours per ton ta 22,
or about 17 per cent; a similar increase of two and nae-
half times in the Ghanaian plant™ wontd result in  de-
crease of 10 per ceat, from 120 man-hours per 1on to 110,

73. Aside from the savings obtained as a result of
enlarging the capacity of a plant of given furnace sise,
large savings in labour may be altained by increising

8 “Three Companics Plan Fully Integrited Alummuin Project ™,
Electrical World (New York), W January 1956,

* United States Department of the Interior, Burcau ol Mines
Mincrals Yearbook (Washington, 1D.C), v. 1, 1957,

TKitimat Workers will have o Phumed Town®,
News-Record (New York), 19 August 1954,

Y The Volta River Project.

.
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tiie ~1ze of the furnace. 1t ny be nbsersved, however, (har
experienced persannclare required o obiam goad resalis
with very high-aniperage cells, and 1his nuty be altimamyg
Factor, inter alia, i 1tharr use m develapimg counnries.

T Capital-Labour sabstitution s achieval principally
mothe area of matcras handhng and ancrllary facilities,
Operations imvolving the ditibution of alumma into
clectrolviie celts, stivrmg alumima m uryolite tan opera-
Hon repeded avers two o four hoursy and collection
af the metallic aluminmm can be Performed with ~inple
tool and equipment. On the other hand, beciuse of (et
repetitive nature and the large amonnt of Libonr involed,
such activities are amenable 1o mechanization ard s
stble automation. ™ fhe entent ol possible caprtal-labour
substitution may be roughly lostrated from a 1 nited
Nations technical assistance repart in which it was stig-
gested that through mechanization of manerials handhng
activities and by enlarging 1he capacity of the cells, the
over-all Tabour requirement coutd be reduced from the
exnting level of 132 man-hours per ton to 29 38 depend-
ing on the size of 1he cells adopted. The extent of possible
further mechanization wmay be illusirated by the low
ligures for otal Libour requirements of 11 and 14 man-
hours attained in a fow recently built, highly mechanized
plants in the United States and rance.

75, 1t is dillicult to assess the dilferences that may he
attributed to fuctor performance since this varies from
one country to another, In the technicat assistance report
referred 10 above it was indicated that the labour figures
had been adjusted upwards by 28§ per cent to take into
acconnt the dilferences in factor performance as compared
with established Fnropean standards. Industrial averages
of kibour input for several courtries are given in table 9.

76. The low labour requirements in the United States
reflect in part the relatively high degree of mechanization

TABLE 9. INOUSTRIAT AVIRAGES o0 TAROUR REQUIRIMINTS IN
ALUMINIGM REDECTION

Man-hours per

Country ton of output
Bapan 1960 S o Lo . 9.0
Norwav (19858 o . . AR
Frouted Sares 11958) o 19.§

Sotker: For Japan, Japan Bevelopment Bank, Rescarch Dhvision,
“Eals ol Iapat Consumntion by Alumuna and Aluminium, Relining
Capacity and nport of Rauaie” tHokyo, 19611; for Norwas, Norway
Contral Stnistical Bureau, Ananal Survev of Dudesriol Production Sta-
st 1958 (Oslo, 19605 for United States, United Stares Deparimem

of Commerce, Burcru ol the Census, Cemsus of Manifactures, 1958
M adungton, DO

* Nec anney |

"nohe convenion it should be pointed oul that there are iwa

wass of oreantzing the pol-room work. The tradibional svstem i
YO s g cortam number of oelly 1o one or vo workmen who
CEEY ont st of the operations on them. The other method, which
fends el 10 mechanezation aind which ha. been used in Norh
A lor g canstderable Ume, consists in dssignmy cach operalion
ich as crusd breaking, alunung charging, metal wupping, anode
vhanging or paste chitnping) 10 4 crew cquipped with specighized
msirmments; cach cresm perforn s parlicutar opoeraiion througheuwt
the entire pot-room. This erganization of the waork b been adopiedd,
AU teast i part i the newest reduction plants i western 1 irope
Horesalts i constderable Tabonr savang but does ot alwass gne s

rood operating results sinee ho one woarkman 1s responsible Tor g
Particlar oell

arnd the Fagher scale ol opcration as well as 1he reline ely
Lreger size of the clectrolvtie cells i 1l plants.

Bl

Labic 1 gies dara on the actual Libogr regginred
i theee seleaal planis AN of these pliants have Soder-
herg-typecedls Plant s Lapan, fant i an adaneed
Furopean county: bath have cells of abort 33 KA and
SOCRA crrrent, Pt (s 10 g dey clopmg country, and
Fas ccts of 26 KA carrent: the data under headimg (Vv
are Tor ahe sanee plant, tahing mto account 1he oflict uf
proposed expansion and n cchanization,

Pavrsr 10O Ltk REUIRIME S 55 IN NMELE T iDL on FEANTS

ENher ol werkers, nnless cdnora e rndicatedy

{rom Piani & Plant 11 Plant 11 Plam 1
Capacity qons seny . LMD 1000 10000 2000000
Operanmg labour:
PPot-room o 300 118 400 140
Porment (220 ) (294) [£.1.1)
Castineg . , 54 23 s 49
Carbon plamp . . - I4 . S
Muamtenance! . o 96 43 73 §1
Other. . . L 61 28 s 29
LOTAL GRAING | ABOUR MR 22 618 27
Man-hours per w. cupacity® 41 w2 16$ s

* tncluding clectrical, mechanical and other maintenance as well as
lurnace reconsiruction.

* Figure for plant 1 has been estimated on the basis of 2,000 hours
per vear per worker, The remaining figures presumably depict aclual
perlormance reflecting locul employnieni vonditions.

78. Labour requirements in aluminium reduction in-
volve a relatively high proportion of skilled and semi-
skilled tabour, as a result mainly of the high proportion
of furnace attendants and other workers needing ad-

vanced skills for pot reconstruction, maintenance and
the like.

79. In programming the establishmen. of aluminium
plants in developing countries, capital-saving techniques
should be considered whenever possible on account of
te relatively low level of wages. Moreover, maintenance
of mechanized equipment presents a problem in reduc-
tion plants owing to the highly abrasive nature of the
alumina which is present everywhere in such plants,
Consequently, it is not advisable to push mechanization
in developing countries where skilled labour is relatively
scarce. On the other hand, there are limits to the wtitiza-
ton of manual labour fur materials handling operations
owing 1o the high nnit weights of the materials to he
handled. Further, experience indicates that hard and hot
wark, such as crust breaking, metal tapping and anode
and pin changing in the pot-rooms, is more reliably and
efficiently carried out with machines than with hand
labour, particulary in tropical climates.

80. In the light of availabte data for maodcrately mech-
anized plants in devcloping countries, operating labour
requirements may be estimated at 40 o 50 man-hours
per ton capacity for a plant of 20,000 tons of yearly
capacity and 3 10 40 man-hours for a 60,000-ton plant,
To arrive at 1otal labour requirements, allowance must
be made for administrative, managerial and clerical
personncel, involving an additional 1015 per cent.



Powir

8.
the direct current consumied i 1he clectrohvaie cells and
losses i ransformer and rectiter as wellas misecancous
power Tor crianes, com Cvors, comprres ed-ur and v
systenis, g semoval and
like.

Hectric power ised in o redoction phint icindes

acuim
puriticahion ssstene and the

K2 Aligh clectric consumption has stimulated elfors
to reduce power requirements. Sinee as much as 60 per
centamd even more of current is lost in transmission amd
through cyposure in 1he clectrolviic cells, efforis have
been focused on reducing 1hese losses, Such elorts have
met with success through the development ol large-
capacity cells (where less exposed areas per unit of output
are obtained) and improved bus-har design.

83. Toillustrate the magnitude of the savings obtained
iIn_ power consumption one may refer to the technical
assistance report mentioned carlier. It was stated that the
expansion of cells in the plant from a capacity ol 26,000
amperes to 42,000 or 52,000 amperes could be expected
to reduce direct current consumption from 20,000 kWh
to 18,000 or 17,500 kWh per ton of aluminium, respec-
tively. Lower direct current consumption figures of 14,500
kWh per ton have been reported for a recently built

French plant using 100,000-ampere cells and an elaborate
bus-bar design."!

84. As mentioned in the section on investment, cells
beyond a certain size would require additional invest-
ment. Hence, the saving in power consumption associated
with larger cells would have to be weighed against the
additional investment. In countries with cheap power,
such as Canada and Norway, it is more economical to
use relatively small-size cells and low-cost bus-bars ind
have a relatively high power consumption - from 16,500
to 19,500 kWh per ton in modern plants. Power con-
sumption in the United States lies between these two
figures.

8S. Table 11 indicates acrual power consumption for
plants operating in several countries and illustrates, atbeit
roughly, the variation in power comsumption with size
of cells. Industrial averages for consumption of power
are given in table 12.

86. As indicated in table 8, power consumption in
Soderberg plants is higher than that in prebaked plants,

87. Aside from the aspect of physical inputs discussed
earlier, reduction plant caparity may be related to the
optimum size of clectric power plant. The high share of
electricity in total cost makes it important to take ad-
vantage of the increasing returns to scale existing in
electric power gencration. To illustrate, the target capa-
cities for the Canadian plant at Kitimat (550,000 t1ony)
and for the Ghanaian plant (210,000 tons) were planned
to take maximum advantage of the optimum scale of the
hydroelectric facilities.

83. Power from coal and lignite, natural gas and, in
particular, hydro-electricity is used variously in aluny-
nivm production. Hydro-power offers the cheapest source
of cnergy. The lower boundaries for power cost may be

Gl AL Baudanl, e rdle du gaz de Lacg dany los récents diéve-
loppements de 'indusirie de Faluminium en France”, Revue de U alu-
minium (Paris), January 1961,
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Al plianis use the Soderbere anode syslem.

# Figures in marentheses mdicate the Puroenlt

age share of the siee of
cell motle 1onal number ol cells,
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SMUEte (s con Nt

Counrrs Ridowatt o per o

Chung (maintand
Chiva (Faiwan)

MIALLTERAN] T

{4, 000"
India . AT
Japun 19 Ywg
Norway . MR
Unuted Siites 1", %ing

Sotrar: For China, Indm and Sapan, 1 nered Natawras, Bouvite th,
Rosources ard ununam Indusery of feve und the For baa, Mineral
Resources Declopment Sevies, Soo 17 154008 No 6V H b 5 tar S
way, Mooy Cemtrd Statshcd Hurcas, Snenaad Sursoy of hbeduril
Prod “ction Statistics, 1955 Tor Uanted St sl nied Stetes Departinent
o Coommuerce, Bureau of the ( chsas, Conn

of Mtk tures, Jusy
Prirect coreent, 17,000 AWh

lound in some old plants with Fully amonized hydrociee-
tric power plants. In sich cases, power costs sy be as
low as one mill per kW, and this is probably 1he case
for certain plants in Canada and Norwin. As fable 13
indicates, in Norway the indostrial averige cost for power
obtained Tfrom own plants is 1.33 mills per KWh and 1.52
mills for purchased power. Lor recenthy built plants the
COSLis rising, ranging between 2.1 and 2% mills per AW,
The range Tor Canada is 1.5 10 35 wnlls and for the
United States, 2 to 4 mifls. In wedern Lurope, 4 to 6
mills may be pand and 0 Japan, 2.7 10 5.0 ol Fable
14 shows power costs for proposed plants o devdloping
countries and indicates rather low-cost hvdio-power. 1
is ditlicult 1o deterniine the mavimum cconomic power
cost for alumininm produchon catenng 1o caport mar-
kets and it must, of course, be deaided apon Tor cach
plant individually. 1t may be stted as g rongh approxi-
mation, however, that cosi~ lower than 4 mill- poer kW1
would probably provide a Fnvourable environnient tor
the development of alwaminm smelting.

89. Reduction plants are tied to wources of power.
They may be located close to hvdroclearic power, m
which case raw materiabs m the form of diicd baate o,
more frequently, aluming must be conveved to them, or

i




Panias 13 Congs o FVDIRO-POMWER T AT CMINIC W REDUC 0N |
SEETCRID ot NI RS

Country Milvpor kWi

Camesoon - deat

987, . L . o 12
/\unm,l

Recent trend | . 2128

Average 1958 trend | 182"

Lk

Sweden

Recentueend . . 0 0 S 4.8
Uwited Staies

Pacific North-west, 1959 o 2.0

TVA . 4.28

Average, 1958 484

Source: For Norway and Sweden, recent trends, “Prospects of the
Scandinavian Chemical Industry in the 1960°s™, Teknivkt Tidskrift (Stock-
halm), 1961, No. 28, page 781; “Hydro-clectric power and costs™, ibid.,
1961, No. 38, page 1,071 (in Swedish); industry averuges, Norway Central
Statistical Burcauw, Industrial Production Statistics; for United States
industry average, United States Depariment of Commerce, Bureay of
the Census, Census of Manufuctures, 1958; for others, United States
Department of the Interior, Burcuu of Mines., AMfinerals Yearbook (Wash-
ington, D.C'), v. 1, for the years 1959 and 1960,

2 Purchased power.
b Power from own plant.
¢ Base rate.

where thermal power is used, they are usually located in
areas posscssing abundant supnlies of natural gas or coal,
The latter are usually less remote from industrial centres
than are the hydro-power facilitics.

90. The new processes referred to carlier—the Quebec
and Péchiney—do not offer any savings in power con-
sumption. With lower capital charges, however, they
would, if feasible, tend to incrcase the relativc importance
of power costs in aluminium production. These and
other new processes are discussed in the technical annex
to this report.

OTHIER INPUTS

91. Other inputs include alumina, fluorides and car-
bon, requirements for which may not change significantly,
if at all, with changes in scale of operation. Table 8 pro-

vidcs cngineering estimates, and in table 15 industrial

averages for important input items are given for several
countries.

92. Alumina consumption per ton of output does not

Faane 10, Cost an pows g to PROPOSED P ANTS

LProicct and installed power
PRl CdawdIy

Mills per K Wh

Volta - Ghina
I 4.40
sS40 2.8§
EA 2
ING A Democratic Repablic of the ¢ g
1,570 2.50
25,000 . 1.2§
Kowilow - Convo - Brazzaville
RKE . 1.67
Kariba  Rhodesia
00 | o e 10.2
1,210 o 1.5
Sauddi Aiubia
(plant powered by natural gas)
25, e e 9.65
70. 7.00
132 . 6.00

Source: For Ghana, The Volta River Project, for Saudi Arabia, Report
on the Utilization of Natural Gas in Sandi Arabia, Deutsche Projekt Union
GmbH (Frankfurt, 1959 for others, K. and M. R, Marcus (ed.), Invest-
ment and Development Possibilities in Tr ‘pical Africa (New York, Book-
man Associates, 1960),

vary with the scale of operation. Of course, good house-
keeping must be enforced in order to avoid spillage los-
ses when handling the alumina. Floor sweepings are
always re-used in cells producing lower-purity metal,

93. Fluorides are used in the form of cryolite and
aluminium fluoride and small amounts of fluorspar.
Cryolitc and aluminium fluoride can be substituted for
one another, subject to technical and operational restric-
tions. Fluoride consumption depends primarily on
operational practices: it increascs with cell operating
temperatures and with the acidity of the electrolyte bath,
that is, the AIF,;:NAF ratio. However, it may still be
advantageous to operate with an acid bath because of
better current efficiency.

94. Fluorides are mostly lost in the anode gas and the
cathodes. Because they are expensive they are recovered
in some plants from the gases and from used cathode
linings. This, however, requires additional investment
for fluoride recovery facilities, and may be economic in
a relatively large-sized plant.

Tanir 18, INruT RIQUIRFMENTS FOR PRIMARY ALUMINIUM, INDUSTRIAL AVERAGIS FOR
SELYCTED COUNTRIES

(Kilogrammes per 1on of output, excepl as indicated)

Input Hungary Japan Norway United States
Aluming (1ons) . e 1.91 1.95 1.93
Fluorides (luorine contenty. . . . . .. k1] 45 44 38
Cryolile.............. 30 56 40 24
Atuminium Auoride | . 2 k7 ) »
Carbon,tobal . . . . . . $58 646 700

Source: For Hungary, data obtained through correspondence with the Ministry of Heavy Industry;
for Japan, Japan Development Bank, Research Division, **Units of Input Consumption by Alumina and
Aluminium, Relining Capacity and Import of Bauxite”; for Norway, Norway Central Statistical Bureau,
Aunnnal Survey of Industrial Production Statistics, 1958 for United States, alumina, United States Depart-
ment of Commerce, Bureau of the Census, Census of Manufactures, 1958, Other items represent the in-

dustrial practice in 1951 as published in United States
Facts and Problems, Bulletin No. 556 (Washington,

Department of the Interior, Bureau of Mines, Mineral
D.C., 19%6).
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95. Engincering estiniates for fMuoride
are given at 25 kg and 35 kg pe
baked and Soderberg plants re

consumption
r ton of output for pre-
spectively, but the in-
dustrial averages lor several countries given in tuble 1§,
which reflect recent trends, indicate generally higher
consumption ligurcs than those suggested above, The
relatively lower ligures Tor Hungary and the United

States are influe
practices.

96. Carbon, in the form of petrol coke, piteh coke
and pitch, s consumed mainly as anode. In addition,
a small amount of carbon is consumed as cathode paste.
Consumption of anode carbon depends mainly on the
quality of the raw material and the manufacture of the
carbon paste and prebaked earbon anodes as wel as on
pot-room operating practice. Poor-quality carbon paste
and poor cell opcration result in considerable carbon
losses from the burning of the anode sides and the dis-
integration of the anode.

97. The lowest earbon consumption ligures obtainced
today arc approximately as follows:

Prebaked carbon anodes: 450-480 kg per ton of output ;

Soderberg anode paste: 520-530 kg per ton of output.
However, eonsumption is considerably higher in many
plants, often in the 600 to 700-kg range, as may be seen
from the industrial averages for Japan and the United
States in table 15. Close co-operation between the pot-
room and the carbon plant is an aid towards obtaining
the best results, and it is therefore an advantage for a
reduetion plant to have its own earbon plant rather than
to purchase anode carbon from outside.

need in part by their Nuoride recovery

SCALE OF OPERATION

98. Table 16 illustrates cests of production at several
capacities, using United States prices and engincering
estimates for a well-managed and operated plant, These
data indicate moderate economies of scale in production
cost,

99. It is difficult to determine the optimum size of a
plant, and each case needs 1o be assesscd individually.
However, certain general observations may be made,
differentiating between operations eatering to local mar-
kets and thosc eatering to the international market,

100. As indicated earlier, capital requirements are
higher in dcveloping countries than in advanced coun-
tries, so that higher capital costs are to be expected,
Inputs that have to be imported are also likely to be
more costly. Moreovcr, since the domestic demand for
aluminium in developing countries is limited, the scale
of operation may be small unless cxport markets are
available, though small plants would have difficulty in
meeting competition from large-scale planis in advanced
countries. Offsetting factors are lower wages and, in some
cascs, lower eosts of clectricity and raw materials. Trans-
port eosts may also be low in catering to the local market,
Thus, a eountry that has aecess to low-cost bauxite or
alumina, has cleetricity available at moderate cost and is
located far from the main aluminium producing centres
may very well be in a position to establish an econom-
ical reduction plant of relatively low eapacity.

101. In India, for example, aluminium plants have

17

capacItios ranging hetween 2,500

abd 10,000 tons ney
anmn, and the indastry s Mrotected. Production cons
v recently been estimuned for g 10,000-10n plant g
20 per eent Bigher than el prces for nnported  alunn
nm. However, it was furiher widcated that production
costs may be suflicienth reduead at o crpacitsy of a0
tois to withskand competion withou ANN protecion,!

102, Since reduction PhRIE Caparcity
by relative divisibiling asniall prant
at st and gradnad CNPUINS
over a peried of time,

s chaaciersed
ay be established
en el apacits mas be plised
responding o grovetiy i demand

103 In plants producing for the aiernation
however, cconomies of scale in the
mininm favour Lrge-seale openition, wd, becan e aln-
minium  production regnires very fow-gos power, uan
even more important factor fuvouring Larpe-seule operi-
tion may be the cconomies of scale (o be obtained in
the generation ol hydro-power. This consideration is ol
particular importance when there are no alternative nses
for a large power supply.

ab market,
production of aln-

CoMPARISON OF PREBAKID AND SODIRBURG SYSTIMS

104. Both the prebaked carbon and the Soderberg
anode systems are widely used today and both have
their advantages and disadvantages. The guestion iy (o
which system 1o adopt comes mp o the carly planning
stuge of any alumininm reduction project s this dedi-
sion affects all phases ol the project. The main points
to consider when compuring the syatems are the fol-
lowing,

Advantages of the prebaked system

(D Lower power consumption, other factors  being
equal. The main reason for this is the higher conductivity
of baked carbon as compured with carbon piste.

(2) Eusier to operate. Particutarly with an incxperi-
enced crew, it s casier to obtain good operatng resuley
with prebaked cells.

(3) The gas i less obuoxions and casier to chean,
Consequently, the prebaked system is often preterred i
cases vhere air pollution is un important factor.

Advantages of the Soderberg system

(1) Simpler and cheaper carbon plint. In both systems
it s necessary first to produce cirhon paste. and con-
siderable additional baking and roddmg facilities are
required to produce prebaked carbons Trom the patste.

(2) Lower operating labour reguirements. The Soder-
berg system avoids the handiing and mwannfacture ol
individual anode carbons and is in generil more snitable
for mechanization.

105. The two systems are closely compentive with
respect to metal gnality and carbon constnption, takmg
into account the baking loss when producimg prebaked
anodes. There s, therelore, no gencral answer to the
question as to whether the prebaked or the Soderberg

" United Nultons, Bawvite e Rews voes and Alunurituny In
dustrs of Asia and the Far Lase.




TABEE FO0 ANTRAGE PRODUCTION COSTS 0F ALUMINIUM INGOLS, HYPOYHETICAL
FINITED STATES PEANS®

(Dollurs per ton of outpw)

Cupacity
(tous per year)
ftem 20,000 30,000 60,000 100,000
Alumving . . . . . 150 150 150 150
IFluorides . e s 25 28 25
Carbon. . . . . . 25 28 25 25
Opcerating and maintenance supplies . . . ., . 18 18 18 18
Power . . . . . . 6l 61 61 6l
Labour. . . . . . . . . 54 51 45 42
Miscellaneous and general expenses . . . . . . 50 48 40 k1.4
Capital charges:

Depreciation . . . . . 0 . 0L L. L n 66 58 53
Interest on fixed capital . . . . . .., s3 48 41 18
TOTAL 502 492 463 450

Sovrer: Caleulted on the basis of data given in tables 6 and 8 and in the text.

* Plants are assumed to be using Soderberg anode systems and oncrating three shifts at 95 per cent
of rated capacity. The following additional .3 are used in the estinates:

(1) Aluming consumption: 2 tons per ton of output at $75 per lon;

(21 Fluoride consumption: cryolite, 35 kg at $0.32 per kg; aluminium fluorides, 35 kg at $0.40 per kg;

(D Carbon consumption: 560 kg at 345 per ton;

(4) Operating and maintenance supplies at $18 per ton of output;

3) Power: 17,500 kWh per ton of output at 3.5 mills per kWh;

(6) Labour per ton of output assumed as follows:

Capucity (tous) Man-hours
00000 T | 1
000, . 17
60000, . . .. 15
10000, . . ... 14

(1) Miscellancous and gencral expenses include insurance, property tax, supervisory, technical and
clerical personnet, office supplics and contingencies. Assumed at 2.5 per cent of fixed capital plus 45 per
cent of lubour cost;

(8) Tixed investment assumed a5 follows:

Millions

Capacity {ious) of dollars
0000, ., . e e e e e e e e e e .. e e e e e e e e 19.6
eoo. . ..., e e e e e Ve e e e e e 26.6
0000, . . e e e e e e e e e e e .. . 410
00000, . . . ... R X : ]

Life of cquipment assumed at 12,5 years: of buildings, 20 years.
Interest at $ per cent.

system is the better one. This question must be siudied  indicate lower costs for Soderberg plants at capacities
carefully in cach case. below 100,000 tons, and lower costs for prebaked plants

106. Plant size has a bearing on the selection of the above this capacity. It may still be justified 10 build a
anode system. A minimum plant size of 60,000-100,000 smalier prebaked plant if future expansions are planned
tons is required 1o justify the additional facilities required  Of in cases where air pollution restrictions make this
for a prebaked plant. Invesiment data given in figure Il advisable regardless of economic considerations.




Chapter 1V
ALUMINIUM FABRICATION

107. The most important conventiony! fabrication i
starting materials and products obttined ure indicuted be

Fabrication process

Flat rolling .

Rod rolling . Wire bars
Extrusion. . . . Round ingots (billers)
Forging. . . . . . . . Extruded bar stock

Spinning and deep
drawing

sheel

fmpact extrusion

Starting material

Rolling ingots (stabs)

Circles made from rolled

Slugs made from rolled

cthods for atumiminm, the
fow.

Products

Sheer, plase, steip, Toil

Rod 1or wire and cable

Stractural shapes, tubing, gl
rod for wire and cable 1on a
small scale)

Producis requiring high
sirength, such as
CgING parly

Hollow ware, such as kitchen
wensibs, containers a.ud 1he
like

Small comainers

sirip or extruded bar

Casting (sand, permanent
mould and die casting) .

108. In the conventional processes, the trend in the
past has been towards more capitalintensive high-
capacity plants. This has resulted in a keen interest in
processes for direct casting of aluminium. These methods
directly produce shapes close to the final shapes desired,
such as rods, strips and continuous sheets. The fact (har
direct casting methods are less capital-tntensive and more
amenable to small-scale operation makes them of tn-
lerest for developing countries. !

109. The following scction reviews factors aflecting
capital cost for several types of fabricating plant.*

CAPITAL REQUIREMENTS

Rolling mills

10. Modern continuous hot mills for aluminium
sheet cost $30 (0 $50 million for hot-rolling capacities
ranging from 100,000 (0 200,000 tons per year in widths
of up to 100-120 inches (2.0-2.8 m). These investment

! Aluminium is processed into many different metal products and
consequently there exist many types of aluminium fabricating plants.
The most important Fubricating processes are described in annex |
as are also new fabricaling methods of interest to under-developed
counlries. For data on aluminium fabricating facilities in Asia, sce
United Nations, Bauvite Ore Resources and Alnmininm Industr of
Asia and the Far East (Sales No. - 63LILE.Y).

* Additional data on capital, labour and other input requirements
as well as production costs are given in annex Il These data in-
clude industrial averages for the United States as given in Uniled
States Department of Commerce, Bureau of the Census, € ensies of
Manufactures (Washington, D.C.) for the years 1954 and 1988 ay
well as data taken from teasibility reports on cstablishing tubricating
faciities in developing countries.

Molten metal
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Cngme blocks and pistons, and
ail ks of cast shapes

figures include cast house and soaking pits for producing
and preheating alumininne rothing mgots weighing up o
6 10 tons. However, these tignres do not inchide cold-
rolling, heat ireatment tnd st facilities (corruga-
tng, flattening, <huting, embossing, printing,  syuare-
cutting, circle-cntting, ete)). When sisch Taciliies are
added, Tull milizaton of hot-rofling capacities ol this
magmitude nay merease the cost of the total progedt
from $60 million 10 more than €100 mihon. Howuer,
& proportion of the hot-rolted production from a con.
tunious hot mill is usualty sold as reroll stack 1o athey
fabricating plants for cold volltng and finshing.

1. Rolling mdls of this kind ave vt nsmaliy 3 P
Ofily  requirement in under-developed  comtries: the
investment, production capaaly, maximum width and
unit. weight of rolling ingot amd hot-sheet conl are al
relatively high for such conntiie . A conventional ar-
rangement of one or two reversing hot mulls and hand-ted
cold and finishing mills s stintable 1o outputs ranging
from 2,000 0 10,000 tons per sear. The same hor il
arrangement, bul with at feast part of the cold rolling
being carried out o recl-fed mills, 1 saitable for ouipuis
ranging from 5,000 10 30,000 tons per ven Approvimate
investment lignres for complete rolling olls of 1his type,
including all auxiliary instalfations, range fron $],500
down 10 8500 per annnal ton of alunimun: nroducts,
depending on plant size and 1he vancty ol hnsfung
cquipment included. A 10,000-10n- per year plant of tis
type, capable of prodncing a wanmim fmhed heet
width o 48 inches (1.2 no, with g cygipnient,
would cost from 38 1o $12 illion.

112, The new dircet shieet casting processes e smil-




able for outputs ranging from 5,000 to 30,000 tons per
year. Complete plants of this type, including intermediary
rolling and finishing Facilities, cost from $800 down to
$400 per annual ton capacity, depending on plant size
and the varniety ol finishing equipment.

Raodd, wire and cable plants

PR Simikarly, the capacity and capital costs of a con-
ventional rod rotling null are high: rod rolting mills are
therckore only justified when a large output (say, more
than 15,000 tons per year) is being considered. The
praduction of rod, wire and cable can be achieved on a
smaller scale at much Tower investment by using Proper/i
machines. This has already been done successfully in
several under-developed countries.

Extrusion plants

114, The extrusion processes lend themsclives to small
operations s extrusion presses, draw benches, straight-
ening benches, ete, can be added gradually. A small
extrusion plant (say, 2,500-5,000-ton annual capacity)
can be built Tor $1.5 to $3.0 million and later expanded
as required. Such plant would produce only light pro-
files and tubes: the large extrusion presses required for
heavier products would call for more cxpensive plant,

Kitcher wicusils and hollow ware

HS5. Plants for the production of kitchen utensils and
other hollow ware from aluminium circles require com-

S ,—“

paratively fow investment. A small plant can be built
for  $400,000 $800,000 and  expanded gradually as
required by the addition of deep drawing Presses, spin-
ning benches and the like,

Use of fabricating facilities for other non-ferrous metals

16, Much of the fabricating cquipment used for other
non-ferrous metals, such as copper, brass, zine and nickel
alloys, is also suitable For aluniinium, This applies, for
cxample, to rolling mills, extrusion presses and draw
benehes. On the other hand, aluminium and aluminium
alloys requirc heat treatment temperatures and conditions
which differ considerably from those used for other non-
ferrous metals; consequently, new Turnace equipment
is usually required for aluminium.

H7. While it is possible to use for aluminium fabrica-
tion equipment which has previously been used for other
non-ferrous metals, it is not advisable (o use the same
equipment alternately for aluminium and other non-
ferrous metals. The reason for this is that particles of
the heavier metals adhering to the equipment (rolls of
rolling mills, containers of extrusion presses and so forth)
are pressed into the aluminium surface, resulting later
in corrosion due to aluminium-heavy metal electrochem-
ical couples. In the case of rolling mills, this can be
avoided by changing roll pairs whenever a change is
made from aluminium to another metal, or vice versa;
however, this is not usually economical because of the
production time lost in the roll changing.




ANNEXES

Annes 1

TECHNICAL DATA

RAW MATERIALS

1. Aluminium metal is produced from slumina-rich raw ni-
terials, such as bauxite, by a two-stage process cansisting of
an extraction of pure alumini from the raw material followed
by an clectrolytic reduction of the Ppure alumina to metallic
aluminium. This electrolytic reduction process was developed
simultareously in 188 by Hall in the United Stutes and
Heroult in France and, although many improvements have
been introduced since then, it remains 1The only commercigl
process for the production of alwminium in the world,

2. Aluminium is the metal oceurring in the largest quantity
in the earth’s crust; it is an important component of pric-
tically all common rocks. The aluminium silicates present in
primary rocks have been broken down by weathering processes
during which the alumina has become enriched in ¢lays and
bauxite.

3. Under normal economic conditions the only commercial
raw material for aluminium production is bauxite, Bauxite is
basically hydrated aluminium oxide, with varying contents of
impurities. Two types may be identified. monohydrate and
trihydrate bauxites. The degree of hydration and the nature
and quantity of the impuritics are important economic factors
in the processing of bauxite to pure alumina. Table 17 gives
analyses of typical bauxites from different countries,

4. Alumina monohydrate, ALLO, H.O, occurs in two
mineralogically different forms, boehmite and diuspore.
Bochmite is soluble in caustic solutions, but it needs much
higher temperature and pressure than does gibbsite, the
typical trihydrate bauxite mineral. Diaspore, on the other
hand, is very refractory to caustic leaching.

5. The European Bayer process to be discussed later is
applicable to monohydrate bauxites in which bochmite is the
main constituent. Most bauxites mined in Europe arc of this
type and the Bayer process for monochydrate bausites is
therefore primarily a European development. Monohydrate
bauxites with high diaspore content are mined in Greece and
the Soviet Union. These bauxites are not suituble for the
Bayer process and an important proportion of the Greek
bauxite production therefore goes to Norwegian and Soviet
alumina plants which use another process, namely, the
Pedersen process.

6. Alumina trihydrate, AlLO;3H,0, in the form of the
mineral gibbsite is the main constituent of most of the bauxites
found in British Guiana, Indonesia, Malaysia, Surinam, the
United States, West Africa and Western Australia. These
bauxites are the cheapest to treat by the Bayer process prictice
for trihydrate bauxites developed in North America, and this
type of bauxite is therefore the most desirable. Until recently,
only trihydrate bauxite was used for alumina production in
Canada, Japan and the United States,

7. In recent years mixed bauxites in which the alumina is
present partly as monohydrate and partly as trihydrate have
grown in importance us raw materials for the aluminium
industry. Thus, the large bauxite deposits which have been
developed in the Caribbean area, particularly in Haiti, Jamaica
and Puerto Rico, are to u considerable extent mixed bauxites
with one to 25 per cent monohydrate. Most bauxites found
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in India and northern Australia are also mined, with trisdrate
as the predominant constituent. Fo treat these nused buanvites
successtully i has been necessary 1o make an adpstment i
the conventional trihvdrate Bayer process as the presence of
even small amonnts of monohydrate aliers the digestion
conditions,

Mining methods

8. Practically all the banvite produoced in the western
hemisphere, Alvica and Australia is nmined by open-pit meth-
ods. In Europe some banxite is produced by nndergronnd
mining, but there, oo, most of the production comes from
open-pit operations.

9. Open-pit mining of banxite, when cureied ot on a
comparatively large scale, nswally consists o the following
operations

Removal of overburden, Sandy and carth overburden s
usually removed by bulldozers, bucket excavators and dhig-
lines, by hydraulic mining and, mosi recently, by large-wheel
excavators. The litter have capacitics of up to 1,200 rons per
hour;

Remaoval of bauvite Similar methods are used for removing
the bauxite itself. Usually, the bauxite must tirst be loosened
by biasting;

Replacing of wverburden. In some countries it is desivable
to restore the surfuce of the mines for re-use s lorest or
agricultural land. In that case, the overbnrden is contimonsly
stripped ahead ol the advancing bauxite mining operation,
and dumped behind it Drag-lines or belt Comveyors tike the
overburden directly from the stripping zone to the replace-
ment zone.

Beweficiation of bauxite

10. In the commercial hencliciition of hauxite the main
purpose is usually to remove silici. Reactive silica in the Form
of clay and other lonse impuritics is removed by washing
and classification. This is not always possible, howeser, as in
some cases the aluming hydrate is alimost as fine and soli as
the clity minerals.

1. Raw bauxite from the mines is usially crashed, washed
and dried 1o lower the tonnuge 1o be shipped. Drying is
carried out in ratating kils at maoderate 1emperatire 1o
remove the free moisture withont alfecting the hydration,
Natural gus or heavy oil is wsed as fuel in preference i coal,
in order to avoid contamination with ash. ‘Fhe largest drying
kilns in operaton handle about 70 1ons of bauxite an hour,
FFuel  consumption varies considerably, depending on the
moisture in the bauxite and the design nd size of the diying
kiln.

Other alwmivens raw materials

12, Since alaminium is more widely distribmted in rocks
and clays than any other metal, many minerals exist which
appear 1o hive an attractive content ol whimina, I_n the
course ol the past hall-century, therefore, vany other minerals
have been proposed Tor processing into slumma, These have
included aluminons cliys such as kaolin, sdomimi-nch coal
ashes, leucite, nepheline, andalusite, Libradorite and ilumite,




TAvtt 17, TYPICAI ANALYSES OF BAUNITE (percentige)

Fypes of Bauvite: B-Bochmile (monohydrale); D-Diaspore (monohydrate): G-Gibbsite (trihydrate); C-Corundum (anhydrous)

Location Type of buanite ALO, Si0, Ti0, Fe, 0, H,0
AMRICA °
Ghana
Nyinihin . s .. G 46 54 I —_ 17-25 26-29
Mu Biuanema . . 0 0 0 0 0 G 5761 1 -2 10-12 27-29
Guinea
Kassa Iskand . . . . . . . . G 54 7 1-2 FE-12 28-29
Kindia (Friy . . . . . . .. G 40-42 2-3 — 20-30 25-28
ASL4
Ielia
Madras, Grissa. . . . . . . . .. . Gand D 52-58 2-4 6-11 7-14 25-28
Indonesia
Bimao . 0 00 G 54-58 24 I 4-10 28-30
Maluvasiu
Johore . . . . . ., e e e G 55-60 2-7 | 4-6 27-29
AUSTRAL 14
Western Australia
Darling Range . . . . . ., . . .. . G 48-52 8 4 12-18 27-29
LUROPE
Trance
Bouches-du-Rhéne:
Var, Ariege, Hérault . . . ., . . . . . . . B $4-58 1-6 2-3 23-26 10-13
Greeee *
Mi. Parnassus . . . ., | e B 57 4 2-3 23 11-13
Other . . . . ... ... . e Dand C 58-67 1-2 2-3 15-31 5-12
Huugary
Bakony Mountains . . . . . . e Band G 50-32 5-6 2-3 17-19 17-20
Vértes Mountains . . . . . . e B $3-35% 7 2-3 20 14
Haly '
Abruzzi, Campania . . . . . . e e B 34-58 1-3 3 23-27 11-13
Romanina
Bihar Mountains . . . . . . . ., b 57 2-4 k! 24 12
USSR
Northern Ural Mountains . . . . . . . . | D 49-%9 -7 2 21-24 1]
Yugosiavia
Wi . oL Co B 5459 2-5 -4 20-24 12-18
Denis . .. 00 Band G 51-83 1-3 2-4 20-23 20-22
Mostar. . . . . ., .. e e B 56-62 1-4 4 20-25 12-15
NORTH AMERIC 4
Dominican Republic . . . . . . . e e G 46-49 1-5 19-2) e
Jamgica 0 Gand B 50-53 1-3 2-3 17-20 26-21
Hati . . . . . e G 47 3 22
United States
Arkansas . . . . e, G 52-58 6-10 2-3 6-14 28-30
SOUTH AMERICA
Bridish Guigna ... . . G 30-61 2-9 1-2 310 26-32
Brazil
Pogos de Culdas . . ., . . | | e G 54-58 3-7 1-2 6-10 28-29
Surtwamwy . . . . . ... e e e G 57-%9 24 13 5-6 31-12

Bausite, however, is the only cconomical raw material for Soviet Union, potash being obtained as a by-product. It has

alumina praduction under competitive conditions, although recently been reported that a similar process is to be used for .
other raw materials have been used in war-time and in coun- producing alumina on a large scale in Siberia.

tries following a policy of sclf-sufficiency.

13. The only non-banxite raw material which is used today ALUMINA
ona large scale is nepheline, a sodium-potassium-aluminium
siicate (Nay0O-ALO, 2Si0,) with approximately 34 per cent The Bayer process
ALO,. This is obtained as a by-product from the beneliciation 14. Practically all the world’s alumina production is still

of apatite, which is mined on large scule in the Kola Penin-  made by the Bayer process. A mullitude of other alumina
sula. Nepheline is used for the production of alumina in the processcs have been proposed and some are still being in-




vestigated, but the Bayer process has proved 1o be i oveny
flexible process capable of treating a wide range of hausite
qualities and also capable of preducing o wide varieny of
iumina quatities, both with respect to chemical anabesis and
grain structure. From its beginning as o buaich process with
small units, the Bayer process has heen developed o o con-
tinuous process with large units and highly etficient hen
recovery svstems. Trihydrine bauxite has been treated con-
tinuously for a number of years, and now the more refracton
monohydrate and mixed banxites can also be treared con-
tinuously. (See Bayer process Howsheet, figure 111)

15. The only other processes used on commercial sede
today are the Pedersen process. used in Norwov and in
least one plant in the Sovie! Unien, ond o Russian process
using nepheline s raw material. This lutter Process has already
been used by the Russians Tor producing alumina I'rom the
Kala nepheline.

16. In the Bayer process, fincly ground baunite is digesied
at elevated temperature under pressure with a cauctic sohn-
tion, whereby the alumina hydrate present in the aunite is
dissolved as sodium aluminate. The pressure and remperature
required for the extraction depend prinvarily on the form in
which the alumina is present in the bauxite, alumina trihydrate
being more easily soluble at low temperature and pressure
than alumina monohydrate. The necessary canstic is supplicd
as sodium hydroxide or us soda ash cuunsticized with lirie,

17. After digestion is completed, the insoluble components
of the bauxite—primarily iron oxide, silica and timnia-—
remain as a residue known as red mud (its colour being derived
from a usually high content of iron oxide). At the same time,
a certain amount of alumina and caustic is lost in the red
mud; this amount is primarily a function of ihe reiactive
silica content of the bauxite, which forms an insohuble sodium-
aluminium-silicate conipound. The red mud is separated from
the sodium aluminate solution by thickening and filering.
After filtering and washing, the red mud is usually discarded
by pumping the slurry to disposal areas known as “red mud
lakes™.

18. The sodium aluminate solution is cooled and pumped
to precipitators where the precipitation of atumina hydrate is
induced by the addition of “seed alumina™, which is previously
precipitated alumina hydrate. The particle size and shape of
the precipitated alumina hydrate and the proportion of the
alumina precipitated are controlled by the time, temperanire
and agitation as well as by the alumina wnd caustic concen-
tration of the preenant solution.

19. The alumina hydrate is separated and washed by thick-
ening and filtering. The alumina hydrate is separated in wet
classifiers into a coarse fraction and a fine fraction, the latier
being returned to the precipitators to serve as seed alumina.
The coarse alumina hydrate is calcined av 1,150 1,250 Cin
oil fired or gas-fired rotury kilns. The calcined alumina is then
cooled and stockpiled for shipment to aluminium rednetion
plants.

20. The spent caustic solution from the precipitators, which
still contains an appreciable amount of dissolved alumina,
is returned, with mukeup caustic, to the bauxite digesters,
A considerable amount of water is required ta wash the red
mud and alumina hydrate. In order to maintain the water
balance in the system it is necessary to remove a correspending
amount of water by evaporation. This is usually done in
multiple-effect evaporators, The amonnt of heat required for
evaporation depends on the heat exchanging efliciency of the
system: considerable advances have been muade in this lield
in recent years, resulting in fuel economics in Bayer alumina
plants.

2_!. In Eurapean Bayer practice, digestion wmperatnres of
180" to 250° C and pressures of 280 (o 70C 1si 20 10 80 hy ¢y
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TARLE (8. REQUIRIMENTS PIR NI T TN OF MUMINA Bavtg rrociss O ARINATION PROGCE S

ltem

Raw material
Bauxite (net tons dry)
Soda ash (net tons)
Lime (net tons)
Limestone (net tons) | .o
Natural gas (thousands of cu.ft.).

Bauvite quality < percentage
8i0, .
ALO,

Expected recovery ¢ pereentage )

Bauxitc .
ALO,

Baver Baver Combinarion
rA4) ] s
2.0 RRY) 22
(LOR .4n ni:
0.06 O n.io

(10 )
0.9 to.n ARE])
1 () (]

58 S0 S0

50 RR] 45

91 66 91

Soi:rce: United States Departmeni of Commerce, Muaierials Survey ~ Aluminum IWashinglon, D.C.»,

November 1956.

Alumina loss: 1.0 % reactive silica;
Caustic loss (as NaOH): 0.9 - reactive silica;
Caustic loss (as Na,C0,): 1.2 ~ reactive silic:t.

27. Only the reactive silica causes losses of alumina and
caustic when trihydratc bauxites are digested at low tem-
perature and pressure, as quartz is not attacked under those
conditions. When monohydrate bauxites are digested at high
temperature and pressure, however, silica in all its forms is
attacked, and the total silica content of the bauxite results in
losses of the order shown above: in these bouxites, therefore,
the total silica content can be considered as “'reactive™,

28. Iron oxide is normally not harmful cxcept in so far as
it increases the bulk of the red mud thus causing additional
washing and handling problems when present in large amounts,
Bauxites with up to 25-30 per cent of Fc,0, are successfully
treated by the Bayer process. In ceri.in bauxites some of the
alumina seems to be combined with insoluble hydritted iron
oxide mincrals and in these cases the iron oxide does cause
an alumina loss.

29. Titania is not soluble a.1d therefarc is generally harmless
in the Bayer process. In India, bauxites with up 10 11 per
cent TiO, are successfully treated by the Bayer process. Other
minor impurities, such as vanadium and phosphorus, can also
cause problems.

Extractable alumina

30. The proportion of alumina which is theoretically ex-
tractable by the Bayer process can be estimated approximately
by the following formula:

Percentage of extractable Al O, —
100—2 x %; 8i0, - %Fe,0,— % Ti0,- - % H,0.

31. If the low-temperature and pressure Bayer practice is to
be used for a trihydratc bauxite, the percentage of monohydrate
Al O, must also be subtracted.,

32. However, while the above formula will give a rough
indication, to determine more accurately the available AlLO,
it is necessary to carry out luboratory digestion tests using
standard temperatures, pressures and digestion times. The
amount of alumina which is extractaile under industrial
conditions is actually somewhat less, because of unavoidable
losses due to incomplete washing of the red mud, ctc.

Caustic losses, red mud characteristics, efe.

33 1t is usual (o follow up the abovc tests with further
digestion tests simulating the proposed Bayer practice. Practi-
cal values for extractabic alumiu, caustic losses, mud quin-
tities, and mud settling and filtration characteristics, all of

which are important for the cconomics of processing the
bauxite, are obtained from this st work,

Litne-soda-sinter and Combination Processes

34, When high-silica bauxites tmore than 10 18 per cont
5i0.) arc trcated by the standard Baver process, serious
alumina and caustic losses ovenr in the red mud owing 10
the formution of an insoluble sodinm-alamininm silicate
compound. In such cases, it is possible 1o recover a substuintial
proportion of these alumina and caustic vitlues from the red
mud by the lime-soda-sinter process, which was developed ay
an industrial process in the United Staes during the Second
Warld War, and which is still used in Arkansas for the trear-
ment of high-silica banxites. In this process, the red mnd i
mixed with limestone and sodi ash, the mixtnre i sintered
in a kiln at approxintely 1,260 C, and the sinter is cooled,
ground and leached with water. The resnltuny brown mnd s
separated und discarded o wiste, while (he leach solution
containing sodium aluminate is returned to the Bayer plang
digesters. The combination of the Baver and lime-soda-sinter
processes is generally known as the (¢ ‘ombination process'.
(See Combination process flow sheet, lignre 1V))

Consuiption of aluming and caustic

15, The additional investinent reyuired in the Combination
process is justilied because of additional recovery of alumina
and caustic, Data in table I8 ilistrate raw material and input
required for the two processes. The bauxite nnder (Ay is
gaod-quality ore typicil of that imported by the United States
from South Americu, whereas hauxite under (B) and (()
represents an average-quality ore used by the Arkansas
Combination plants.

Orher processes

Acid processes®

36. Since the infancy of the alwninivm indastry a large
number of processes have been proposed Tor recovering
alumina based on extraction with acids o1 with solations of
strong acid sahs (such as ammonum sulphate)r Such processes
have particularly been snggested for the treatnent of raw
materials other than bauxite which are not sumible for the
Bayer process, such as various chys, alununa-rich coud ashes,
leucite, nepheline, andalisite, Ebradorite and abunie.

* lor additonal dalay on new procesaey, see United Nalionis,
Buauite Ore Resourccs and Aluminiym Industry of st and the T
Fasvt, Mineral Resources Desclopment Scries, Mo 17 (5ales No:
63 1 1= 2), chapter 1.




SR — GRINDING
-
A

r Ovil Si2¢

- -
Rom. i wi e
NS nindge:

BAUNITE

LIME Bing

—

| PR{mEAYERS

ﬁ vt RFLOW
ﬁ

- 1 - T J SRECIPITATONS
i

COOLING TANK

Tl aENENS

B 004

fiLren sngss

RED MUD TO L ane

INOERFLGW

TASHING
THICRE NERS

SHiPPING

.‘l___ cooLEn «,...}{ Sing

Figure 1V, Combination process Rowsheer

26




37 In general, the acid Provesses suffer from a number of
technical imd econon disadvimtee, ncluding the following:

(O lron being solabl: i acidsy s didicnle and CAPensive
toremove it completely sl prodice an dumima wih o b
iron content comparable 1o thai obtamed by the Baver
Process

(2} Highly corrosive conditons necrsitate the nse of UN-
pensive consthiction niterials, such e staanless steel, andd
rubber-lined cguipment. In the Baver process, common
carbon steed is suitable for mosy ol the cquipment.

(3) Some of the processes e cconomically dependert on
by-products, such as potash.

(4) In someacid processes the last step consists in recovering
dumina from a salt, such s aliiniam salphate, by caleini-
tion. On a commercial scale this is a difficult operation, ind
it is also difficult to produce an dlamina with fow selphar
content.

38. Efforts to produce aluming from  non-baunite raw
materials by acid processes wil! undoubtedly continue in
various quarters, but it is improb::ble that these attempts will
res. v in processes which ire truby competitive with the Bayer
process, which is a highly cificient Procese in s present form
and which will undoubtedly be further improved in the years
to come,

Pedersen process

39. In this process bauxite, limestone and coke are smelted
together in an clectric furnace. A cilcium aluminate slag is
formed and pig iron is recovered as o by-product. The slag
is leached with sodium carbonate solution; calcium carbonate
is precipitated and a sodium aluminate solution is obtained
from which alumina hydrate is precipitated with carbon
dioxide gas. The hydrutc is calcined to abminit. The Pedersen
process is the only furnace process which has found commer-
cial application; it is used in Norway where clectric power
is very cheap, and a similur process is reportedly used in the
Soviet Union,

ALUMINIUM REDUCHON

Electrolvtic reduction

40. In the clectrolvtic reduction process, the alumina is
dissotved in molten cryolite and dissociated into aluminium
and oxygen. The oxygen combines with the carbon at the
anode to form a mixture of carbon dioxide and carbon monox-
ide, whereas the aluminium is deposited at the cathode in the
form of a molten metal layer underncath the cryolite. (See
aluminium reduction flowshect, figure V.)

41. Cryolite is a double fluoride of sodium and aluminium,
represented by the formuly Na;A |Fq, which melts at 1,000 (.
Alumina is soluble in modien cryolite and the melting tem-
perature decreases with increasing alumina content until i
minimum is rcached at 935 C with 16 per cent ALO,. Under
practical conditions, the addition of alumina is linited to
510 per cent ALO,, and the electrolytic cells operate in the
temperature range of 950 10 1,000 C.

42. The gas liberated at the anode consists primarily of
CO and CO,, us already mentioned, and the cirbon monoxide
burns when reaching the surfice of the cryolite bath. Thus
there is no hazard from carbon monoxide, but the gas contains
other impuritics which can be obiectionable, particularly
the plant is locitted in an agricubtural arca. These undesirable
impuritics are primarily fluorine compounds resnlting from
the breakdown of fluorides in the cellbanh, entrained cryalite
and alumina dust, andd tarry constituents from the anede. In
modern aluminium plants, therefore, the gas is cleaned belore
being relcased to the atmosphere. In this way not only e

valuable alumina und cryolite recovered but the gas cleaning

ensures betier working conditions foy the worknien and
pretecis the vegenation af iy sTrosndmy distnct, The ps
v be collecred and Ceaned by sever methonds, of which
the more eliborate ape SUIC eNpensive andt onlh redimed when
the plant s sirronnded Py vduable aericalun gl L,

43 The aluminium celis consist of o onter ion shell,
lined with prebated wrhon blockhs or rammed ¢ bon pasie:
the ron shell iy separited from the carbon linme by g Liver
of insulaton. The colls are of yectamarlag '

. shipe, the sz
depending on the NHIR AT

tsad The carbon-hied shell
serves as cathade, and the viathadic cureent canneson s
provaded by von b Profecting it ghe carbon Iining Fhe
carbon-lined pot alo MUV s continer for the cryolite hath
and the deposited molen umisium,

Anode seveem tprebaked vod Soderbere )

44. The anode consists of carbon and is snspended from
above into the molen ervolite bath, Two snode SVSICMs e
i nse: prehaked clectrodes, and the continions Soderberg
clecirode.

45, The oldest System uses i namber of prebaked cirbon
blocks in cach ool These Dlocks are mndisviduadly suspended
by iron rods hanging from the anode bus-bars above the eell,
TFhis system sufters from several disadvantages, such as the
manufiacture of the cirbon blocks and the hecessity of removing
the blocks before they are Tully used up in order (o avoid con-
tamination of the hath with iron from the suspending rogds.,
Also, the cHlicient collection of the anode gas iy complicated
by the multitude of anodes,

46. The principal featnre of the Soderbery system is than
the anode is bated by the reaction heat from the pot as it s
being continuously lowered inte the barh. Green carbon paste
is used as anode material and fed into the 1op of the anode
casing. This svstem mahes it possible 1o equip cach eoll with
only onc kirge anode, The main advimtages of the SYstens e
the climination o separite carbon Torming  and haking
fucilities, the avoidance of veturn materials, ind the casy
collection ol gas alonge the rim of the single anode, On the
other hand, the gas from Soderberg electrodes is more obnox-
ious because of its content of Larey components and organic
fluorine compounds, and the cleaning of this gas s therefore
more complicated.

47. In the older type of Saderberg cell, the wodic current

s introduced by o number of ho zontal steel strds rammed
into the sides of the anode. In the more madern version of
the Soderberg systom, the anodic current is transmitted to the
carbon paste by verticat steel studs suspended from the jimode
bus-bars and profecting into the top of the anode. The pas
which is generated at the junctare of the wnode and the bath
is collected in a smiall cast-iron hood attached 1o the anode
stecl casing. 1o this was the mmonnt of rasas reduced by avoid-
ing dilution with trimap air

48 Al Canadian, Japanese and Son ict postwar plants qre
based on the Soderbers system: thw has also been nsed in
most of the new reduction planis i Furope and n those bnilt
by the Reynolds Metal Company in the United States. e
other main prodacers in the United States, such as Ak,
Kaiser and Ormet, have prefered the prebaked system. 1he
newest reduction plant now beine bl Dy ALAG CA i
Industric Aktien-Gesdilwchafty m Swirzerkond is also based on
the prebabed system.

Lol e colls

49 I g reduction plang the dectiolyie cells are arranaed
n series, Anown as pothines, the snode of one cell bemyg con-
nected to the cathode of the nest col”, wnd s on | wh pothne
forms o loop with the positive and o wrnve cirds connected
with the recitior groups fecdiny the potline: weli direet Current,
The maximum reatiticr voltaee is 850 volts and the averawe




voltage per cell is about § volts, when all voltage drops in Direct Tons Al Tons Al

the system are included. In practice, this means that a masi- (ammeres) her ot (P50 et
mum number of about 160 cells, with an iverage of 150 cells 32,000 0.0 ”, mm'
in operation, can be accommodated in one potline. The o000 0.8 15000
maximum annual production of such a potline is shown here o000 T 042 22,500
for cells of vurious amperages (assuming 87 per eent current 80000 0.56 20,000
efliciency). ¢ See table oppositc. ) o000 .. . 0.70 37,500
50. The lowest capital cost per ton of aluminium capacity 120000 ... 0.84 45.000
is achicved by building one or several complete potlines, that 150,000 . 1.03 $5.000
is, with the maximum nuuber of cells for the chosen amperage. SI. The advantages to be derived from kirge units are
In this way the maximum number of production units (cells) obvious. When a large cell is chosen, the desired production
are serviced by the same rectifier group, cranes, ctc. can be attained with fewer units, requiring !ess operating

labour and the production value of cach unit justifies a higher
degree of mechanization than is possible with smaller units.
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52 The largest cells in commercial oOpCT.Itio
the following sizes:

n taday are of

sl es
North Amcrica
Prebaked 000 85,1500
Soderberg 130,001
Furope
Prebaked:
Conventional many smaull anodes) 90,100

Cortmuous inew system with large

anode blocksy .0 128,000
Soderberg:

In commercial operation 1 2K (%H)

Large-scale testing ... L 151,000

53, Experience has shown, however, that the application of
large currents results in considerable operating difliculties
primarily owing to coneentrated heat formation and strong
magnetic ficlds. These effects can be counteracied by reducing
insulation und increasing ventilion to protcet the cell lining
from overheating, and by carcful design of the bus-bur
arrangement so that a uniform magnetic ficld is crealed
throughout the cross-section of the cell,

54. Cells for 100,000 amperes and above have been adopted
for a number of aluminium reduction plants built in the past
few years in Europe as well as in C anada, Japan and the United
States. The design of these vells, however, is quite complicated,
and experienced personnel is required to obtain good results.
Somewhat smaller pots are much casier (o operate and in
devcloping countries, therefore, it may ofien be preferable to
base aluminium projects on a coll size of 50,000 10 80,000
amperes, which is still large cnough to be cconomical with
respect o power consumption and maintenance, Cells of this
size require, of course, sonic additional labour as compared
with the 100,000-umpere cells, but this js not believed o be a
serious handicap where labour is available at reasonable cost,

55. In this connexion it should be meniioned that it is often
advisable 1o start up a plant at a comparatively low amperage,
as large cells in particular are casier lo operate with good
results it a lower current density. After experience has been
gained, the amperage could be increased with additional
rectifier capacity, which would result in a larger and more
cconomical future aluminium production. For example, cells
could be designed for initial operition at 65,000 amperes and
future increasc to 80,000 amperes.

Recent developments in cell compuosition

56. Although various electrolytic bath compositions have
been tricd out in the past, the industry still predominantly
uses cryolite with small additions of aluminium fluoride and,
sometimes, calcium fluoride. However, much research is being
directed towards reducing the bath temperature and increasing
the electrical conductivity of the bath by adding other salts.
Of particular interest in this connexion is the praposed addi-
tion of lithium fluoride, which considerably increases the
conductivity and decreases the bath soliditication temperature.
With this addition it would seem possible 10 operate a cell
at higher currem density without increased anode carbon
consumption, because of the lower operating temperature.
Problems are the high cost of the lithium compounds und
their low specific gravity, which may affect cell operation,

57. The British Aluminium Company and the Kaiser Aly-
minum and Chemical Corporation have for some years been
jointly investigating the uses of refractory metal conductors,
such as titanium dibaride, particularly in the cathode con-
struction, These materials have the following advantages:
Good clectrical conductivity;

High density;
High resistance 1o molten aluminium and cryolite.
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SN s reasonable 1o expect bt asubstantial power redig -
non sl e lonees canhode Iife can be achieved with these
aitbode conduciors. twill fahe consulerable time 1o vvahinate
the duribiling of 1he sl relaciaries, Ahlwongh the resnlys
obtamed 10 date i fubl-sized cells in Scotlend and the Ui
Stites seem 10 be ciconragmy. Howaever, 1he dadvanbages
would hive to be guie signlicant 1o gisnly the high cost of
these new rIracion nuterials,

New processe!

9. Promising technologieal dey clopments
which would serve 1o Produce awhuomininm by direct reducnion,
Two processes are being developed, one  the vitrbothermic
process - jointly by Péchiney and Ceine in France, the other
the subchloride process by Aluminium Luboratories, Finted,
in Canada. The developers of these new processes clinm the
possibility of substantil redoction in capital cost (SO per cent
decrease) and no reduction in Power consnmption,

are being prrsped

Subelloride procesy

60. This process is based on the ¢
subchloride which, under certuin e
conditions, decomposes into
minium metal

astenee of slnminiom
mperatare and pressire
alumininm richloride and gin-
according 10 the Tollowing reaction :
2AICT AICK - 2 AL

In practice, bauxite is reduced wich carbon in an electric
smelting furnice 10 an alloy of aluminiom and the reduction
products of the other constituents of the baunite, such as ivon,
silicon and titaninm. This alloy is treated at elevated wmpera-
ture with aluminiun, trichloride gas, whereby the alamininm
content of the alloy is volatilized as abimininm subchiloride,
The gaseous aluminium subchloride is then decomposed by
altering the temperature and pressure conditions ;) the decam-
position products are pure aluminium metal and aluninium
trichloride gas, which is recycled to the volatitization or
distillation step,

Carbotherniic procesy

61, Bauxite is partially reduced in an clectric farnace to
yield 4 comparativelv pure fused aluming tcorundamy, while
the impurities are discarded as an alloy consisting nuunly of
iron, silicon and titanium with some alvminium. “the fused
alumina is transferred to anather clectric furnace where it s
reduced with pure carbon 10 4 mixture of metallic alnminium
and aluminium carbide. The metal-carbide mikture is sepa-
rated. The aluminium carbide is returned to the Provess,

Electric power
62. Power consumption depends mainly an the
factors.

(1) Cell design. Power consumption can bhe reduced by
decreasing current density, using low-resistance cathode con-
structions, und by other design changes. A these ineasures
incrense the capital cost, however, and the extent to which
such technical improvements  are ccanomically  justitied
depends on the availability and cost of the power.

(2) Bus-bar design. Power consumplion can be decreased by
increasing the bus-bar cross-sections 10 lower hus-bar resist-
ance. The undesirable effects of electramagnetic lickds can he
countered with more complicated  bos-har kiyout,  Both
methods result in more aluminiom and, in some CASCS, copper
invested in the bus-bars. In this case, 100, the aviulability and
cost of power determines whether such technical povements
are economically justitied.

(3) Good operating practice. This is, of course, most im-
portant. Accurate control and supervision as well s well-

follawing

b See foot-note g.




trained and efficient lubour are required to obtain the best
results. Even with an experienced crew il nay take consid-
erable time w0 achicve good results with a type ol cell 1hey
are not saccustomed o this s pariicularly true of the lurge
thigh-amperage) cells that have been introdaced in recent
yeirs.,

63. High power supply is requnired in aluminium production,
Llectric power capacities required for given reduction plants
dUNArIOUs capacitics are compuied below, These computations
are based on an assumed 20,000 kWh per ton and 8,000
hours per year,

Annual capaciry Electric power

of plant capacity
(lons) (kW)
woo ......... ... 25
20,000 S0
000 o 75
SO000 ... 125
80,000 ... ... ... 200
0000 ... .. .......... .. 250
200000 ..., RIEV)

Fasrication

64. This scction discusses briefly recent trends in the con-
ventional methods of aluminium fabrication {confined 1o
rolling and extrusion) as well as new fabrication processes.
(See aluminium fabrication flowshects, figure V1.)

65. In conventional fabrication the trend is towards heavier
unit weights (of ingots, billets and coils) and towards higher-
speed machinery, as illustruted by the following figurcs for

some of the heaviest and fustest cquipment in use today:

Rolling ingot weight
Hot-rolled sheer coil weight |
Continuous hot sheet mill de-

livery speed ..

Up to 10 tons
Up to 8 lons

1,250 feet (180
metres) per minule
3000 tear 910
metres) per minute
4,000 feet (1,22
metres) per minute
15,000 10ns

Cold sheet mill delivery speed

Foil mill delivery specd

Extrusion press capacity . ...

66. This trend has resulied in increasingly heavy and ex-
pensive equipment and this s particulurly evident in 1t
rolling, which is the most important fabrication process for
aluminium.

Continnons rolling mills

67. Prior 0 the Second World War
methads, including fat rolling,
pattern ot non-ferrous metals fabrication, such us is still used
for copper, brass, zinc and nickel ulloys. The enormous
growth of the market for aluminium sheet products in the
industrially advanced countries in recent years has resulted
in the adoption of cquipment similar to that used for steel.
Thus, continuous hot rolling mills capable o reducing a
twenty-inch-thick (500-mm) ingot directly to one-tenth-inch-
gouge (2.5-mmn) sheet in widths up 1o {00 inches (2.5 metres)
are now in operation, with production wapiities runging up
o 200,000 tons per vear. There are now about wen such con-
tinuous wluminium mills in the United States and two in
western Furope.

68. Most ol the rod required for iuminium wire and cabie
is now produced in continuons and highly automatic rod mitls
where 6067 (150 mm - 150 mm) wire bars are reduced to
three-cighths-inch-diameter (9.5-0mm) rod in approximately
(WCNLY-tw o Passes.

aluminium fabrication
followed the conventional
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New fubrication processes

69. The very high capitl cost of the heavy cquipment
needed for handling Lirge unit weights at high speeds has
resulted in a keen imerest in processes for the direct casting
of uluminium sheet and rod.

70. Direct casting processes dre delined here us casting
methods which dircaly produce shupes close 10 the final
shapes desired, such as rod, strip and continuous sheet. This
is pointed out to avoid misunderstanding, because the expres-
sion “DC casting” is widely used in the United States in
connexion with the now generally used semi-continuous
vertical custing of rolling ingots, extrusion billets and wire
bars.

71. The production of metal shapes having cross-sections
which do not diller appreciably from those of the finished
product is now being carried out on an increasing scale.
The development of a number of continuous casting processes,
some of which operate in tandens with rolling mills, has shown
that savings in production costs are possible by manufacturing
in this wiy. This is particulurly true when such a continuous
casting process can be wilor-made for producing directly the
intermediate product for mass-produccd special products,
such as aluminium rod for cable manufacture, narrow alumi-
nium strip for venetian blinds, and impact extrusion slugs
for low-cost produciion of aluminium cans,

72. Ideas of this kind were put forward long ago, but it is
only sincc the Second World War that a large amount of
practical work hus becn cirried out both in Europe and North
America on such processes, and that some processes have
become commercially successful. A large number of methods
have been proposed but only the most successful ones will
be mentioned here.

73. In some cases, continuous
mediute continuous hot rolling to make use of the residual
heat in the cast metal. In other cases, the metal is cast in such
thin cross-sections that the cast product is suitable for direct
cold rolling, thereby by-passing the hot-rolling operation
altogether. It should be mentioned, however, that it is not
necessarily more cconomical 1o produce a thin cross-section
suitable for direct cold rolling since this considerably lowers
the output of the casting machine; on the other hand, a
direct-cast onc-inch-thick ( 25-mm) slab, for example, can be
immediately hot rolled (nsing the remaining heat present in
the stab) in o simple and cheap hot-rolling mill, thus taking
advantage of the higher output of the casting muchine pro-
ducing such a comparatively thick slab.

74. The most succesful direct casting processes to date are
the ones which utilise the following machincs

casting is followed by im-

ttheel-and-belt-type casting machines

75. In these machines the liquid metal is poured into a
groove on the outer edge of a wheel, and the groove is closed
by @ steel strip. Cooling is applied as the wheel and the strip
turn, and the cast shape emerges after the metal has solidified.

76. The Properzi machine, developed in Ttaly, has found
wide use throughout the world for the casting of a triangular-
shaped bar which is directly converted into three-eighths-inch-
diameter (9.5-mm) rod by continuous rolling on a special
tandem mill installed next 1o the casting maching.

77. The Rigamonti and Coors machines use the same prin-
ciple for the manufucture of strip for impact extrusion of cans.

Twin-belt-type casting machines

tween
are walter cooled on their outer
aluminium strip or sheet emerges

78. In this type of machine the molten metal is fed be
two moving sicel belts, which
surfuces. The solidified
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from the other end of the parallel travel length of the belts.

79. Two machines of this type are in suceesstul commercial
operation today: the Hnnter-Douglas machine which pro-
duces a narrow slab Tor the comtinuous production of venetian
blinds, and the Hazelett muchine which produces an ap-
proxiniitely  onc-inch-thick (25-mny) slab in widths up o
forty inches (one metre). The Hazelett skib can be dircetly
hot rolled in a comparinively cheap hot mill. The Hazelet
mawhine has been installed during the past few vears in the
United States and Canada.

Twin-roll-tvpe casting machines

80. Actually, the idea of casting metal continnously beiween
two chilled rolls is 2 very old one but it is enly in recen
years that a practical method based on this principle has been
developed, by the Hunter 1ingineering Company in the United
States. In the Hunter machine, the molten metil is Fed from
below through a distributor between two revolving water-
cooled cylinders. The cast strip, approximately one-quirrter-
inch thick (6 mm), emerges verticatly upwards between the
cylinders and is coiled as cast, for further reduction by cold
rolling. Hunter machines arc now installed in several alumi-

nium mills in the United States and Australia. To date, the
greatest cast widith is approximarely sisty inches (1.5 metres).

Oucillating-mondd mochines

SEo v has fong been known thart shapes cun be cast at
greater speed when the mould Tollows the shape for a limited
distance and then jumps back to its starting position, and so
on. These so-called oscilluting-mould processes have been
used Tor a pumber of years for the casting of large rolling
ingots and the like, but it is only quite recenzly that a hori-
zontal oscilluiting-mould casdng machine was developed by
Tessmunn Tor the produciion of thin bar suitable Tor direct
rolling to rod, Several of these machines are now in operation
i the United Stantes.

82, It is reasonable to expect a continued trend towards the
use of direct casting processes, particularly by small and
medium-sized fabricators where the quantities of metal re-
quired do not justify the installation of major fabricating
facilitics. These processes should therefore be of considerable
interest to developing countries wishing to establish an alu-
minium fabricating indusiiy on a moderate scale.

Annex I

CAPITAL AND OTHER INPUTS

BAUXITE AND ALUMINA

1. Table 19 indicates capital and labour requirements for
proposed or alrcady operating bauxite mines and alumina
plants in several countries. These data have been collected
mainly from current technical literature, and are not strictly
comparable.

2. Table 20 presents the trends in input requirements in
the Japanese industry during the past decade: the data indicate
that the trends in copsumption of most inputs are downward,
Several observations may be made with respect to these data:

(1) Consumption of bauxite per unit of output has been
decreasing over the years mainly owing to the improved
quadity of the imported ore:

(1) The high recovery ratio of caustic soda has resulted in
decrcasing consumption per unit of output;

(3) Increased consumprion of heavy oil for boiler use
reflects the irend towards substitution of this item for coal
and clectric power;

() With respect to labour requirements, the downward
trend mainly refiects the shift towards labour-saving techni-
ques in alumina production, and an increased scale of operil-
tions.

ALUMINIUM REDUCTION
Cupital requirements

3 A detailed breakdown of the investment for the two
proposed plants in developing countries mentioned in the
text® are given in tables 21 and 22, Both estimates are based
on the Soderberg anode system. Plant A has an estimated
annual capacity of 22,700 tons; plant B a 20,000-ton capa-
city. The latter will have 160 cells of 60,000 amperes current,
arranged in two potlines. Total building arca Tor this plant is
40,000 m?*; 220000 are Tor pot-rooms, 6,000 Tor silos and stor-
age, and the remaining 12,000 For other buildings and structures.

4. Table 23 conttins data o investiuent and labour re-
quircments For plants recently built or in the plunning stage
in various countries. These data have also been obtained
mainly From current literature, and are not strictly comparable,

 Nee chaprer HE  Aluminium reduction””,

Lahour requirements

S. The number of employces in plant A, referred to above,
was estimated at 297; table 24 gives the breakdown.

6. Tables 25 and 26 give detailed labour requirements for
a plant in a developing country with an actual capacity of
10,000 tons per year and a proposed additional annual
capacity of 10,000 tons.

ALUMINIUM FABRICATION
Investment and other data for proposed plant in a
developiug country®

Investiment

7. Total investment is estimated at £24.5 million for a
rolling and extrusion plant with an annual capacity of 20,000
tons of fabricated product. Table 27 gives a breakdown for
this investment.

Labour requirements

8. The total number of employees is estimated at 526, and
a breakdown of this figure is given in table 28,
Other inputs

9. Consumption of metul, power and fuel per ton of output
is assumed as follows:

Power .............. .. ... 1,900 kWh
Fuel ....................... 11 million BTU
Mewl ... 1.02 tons

Production costs
10. Average costs for fabrication are estimated in table 29.

Other data

11. Table 30 gives invesiment estimates for several fabri-
cation plants in various coumiries, as reported in current
literature. These data are not comparable.

12. Table 31 indicates input requirements in the United
States as reported i Ceusus of Manufactures for the years
1954 and 1958,

¥ These data are oained from a feasibility study.




TABLE 19, INVISTMENT AND £ABOUR REQUIREMENTS FOR BAUNIFE MINING 1) RALIONS A\
ALUMINA PEANTS

Cupacity Investment Labour
lrem, country t thousands idiollars per Sman - Bours per
and year of tons ) o of capacity . 1on of capacity )
Bauxite mining
Ghana:
1985 . . . ... 1.000 10.0 A1)
Jamaica:
19521987, . . . . . .. ... ... 2.000 17.§
1983 . . . . .. .. 1,000 12.0
Alumina plants
Caribbean islands:
LT 150 2%
Guinea:
1960 . . . .. $00 307b 14°
Jamaica:
. 1950-1987. . . . ., ... ... .. 500 100 4.9
1987 . . 245 140°
United States:
1986 . . . . .. ... 750 90 1.4
: 1982 . . .. 200 90-120° 1.8

Sounce: For Ghana, Governments of the United Kingdom and of the Gold Coast, The Volta River
Proiect, Volume 1, Report of the Preparatory Commission (London, 19%61; for others, United States Depart-
ment of the Interior, Bureau of Mincs, Minerals Yearbook, v. | (Washington D.C.), for the vears 1980 1o
1960, and current technical periodicals (see bibliography, annex IV),

@ Including bauxite facilities.
’ Including raitroad, harbour and township,
€ Estimated from combined total for alumina and reduction plants. *

TABLE 20. JAPAN: INPUT REQUIREMENTS PER TON OF ALUMINA, 1951-1960

Htem 195! 1933 1955 1987 1938 1959 f9s0 1
Production of alumina (tons) . . . . ... ... 78,431 91,06 138204 153,566 221,194 J9R,428 174,543
Consumed materials:
Bauxite (tons) . . . . . . ., ... R 209 210 pA R hN B 210 208 ,
Caustic soda (kilogrammes) . . . . ., . . . . 103 85 74 5] 66 66 6l 4
Coal (kilogrammes) . . . . . . . . . . . . . 393 m led 12 77 70 91 i
Heavy oil (litres):
Forboiles. . . . ., . .. . . . . . . 104 100 [F]] 190 126 142
Forburning . . . . . . . . . . . . . . 224 199 190 194 184 178 165
Steam(tons) . . . . . . ., .. .. Ve e 4.20 kK 2] 232 218 1.70 1.74 1.58
Consumed electric power (kWh):
Motorpower. . . . . . . ., . . . . . .. 44} k%) 298 2 249 ba i) 4]
Power for boilers . . . . ., . . ., . v e LIS 474 238 104 42 k1] 2
ToraL 1,596 816 386 386 by 11 261 n:
Labour (man-hours):
Direct. . . . ... .. .. e e - 218 2.8 1L.5 9.0 6.4 5.0 4.1
Indirect . . . . .. ., ... . ... 217 o4 173 14.2 9.7 146 6.3
TOTAL 9.3 9.2 2.8 23.2 16.1 126 10.6

Source: Japan Development Bank, Research Division, “Units of input consumption by alumina and aluminium, refining capacity and import
of baunite” (Tokyo, 1961),
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TABLE 21, FSHIMATED FIXED INVESTMENT TOR ALUMINIUM TABLE 22. ESTIMATED FIXED INVESTMENT FOR ALUMINIUM

RIDEICHION PLANT A REDUCTION PLANT B
Irem Thousands of dollars Item Thousands of dollars
Machinery ... Lo 11,300 Muchinery:

Buildings .. .. ... .. .. ... . ... ... . . 7,000 Furnaces.............. ... ... ... ... .. 6,842
Land ..o 800 Electricaland bars ....................... -
Land improvement. ............. ... ... .. 2,000 Materials hundling ................... .... 200
Design, construction und administration ... . .. 5,400 Transportation €osts ................v.... 115
Crane for unloading, and warchouse ...... ... 500 Erectioncosts ..................o0iii, 1,500
Temporary homsing ..., ........ . ... . .. 500 Other ... 1,600
Interest on capital, construction period .. ... .. 1,150 Buildings ............... ... ... i 6,000

Working capital .......... ... ... ... ... .. 5,750 Power plants:
TOTAL 34,400 Rectifier station. . SR REREEEEEERERRERTS 1,875
Inter-power substations . . .......... e 154
Fixturesandothers ........................ e
Workshops.. ... ......................... 185
Laboratory...............ciiiiinnnnnnss 4
Sub-total ............. ........ e 18,508
Contingencies and missing items ............. 2,495

TOTAL 21,000

TABLE 23. INVESTMENT AND LABOUR REQUIREMENTS FOR RECENTLY BUILT OR PROPOSED ALUMINIUM
REDUCTION PLANTS, SELECTLD COUNTRIES

Capacity Investment Labour
Country or (thousamis (dollars per { man-honrs per
area and year of tons) ton of capaclty)  ton of capacity)

Cameroon:

1987 . . . .., R 43 820
Canada

1951 . . . . . 550 1,100 22
ange:

1987 . . L., e ri 3

987 . . ... e e 60 630-700 {M
Germany (Federal Republic):

1960 . . . .. ... ... e 44 750
Cihana:

%4 . . L L, e 210 950° 110
India

1958 . . . .. ... e e e N H 910
Latin America:

Wel .. . L, - 20 1,250

1962 . . . . L 20 1,430

1961 . . . ..., .. e e e e 28 1,200 28
Middle Fast:

962 . . .o, RN 20 1,100 84
Norway:

1960 . . . L 30 1,330

L k] 950
Surinam:

987 . . .., e 66 690 .
United States:

984 . L, e 4 1,200°

wet . . ... ... e e e . 56 900

1988 . . . .. [} 1,000 15

1982 .. . ... e Co 9s 700-1,000°

w|se . ... 1128 665-710

97 . . . . 145 700

1956 . . . . 150 $40

L L 180 610

SovRrcr: As for table 19,

? Including alumina,

b Including cost of electricity transmission.

¢ Estimated from combined total for alumina and reduction plants.

34




Tantr 24, NUMBER Of tMperoves ICATTMINI M REDE CHON prang A

Category:

Manufaciuring, sub-toial

PR . . . . N

Unskilled . . .. . . S o . } 151
Skilled. L T o L
Supersisory, non-technical . . . e e ) ¥
Supenvisory, technicat . . . . e . n
Administritive and sales, sub-total . | e 1y
Clerical . T T 1o
Sa!csmcn.........‘...............‘ 2
Managers and other professionals . . . | G e e il

toraL M7

TABLE 25. ALUMINIUM REDUCTION® COMPARATIVF LABOUR REQUIREMENTS PER TON OF METAL OUTPUL 1N A DEVET OpiNG

tHINERY
26-K A furnaces as
existing withouy 42-K 4 furnaces 32K 4 furnaces
. mechanization A4 with v.echanization with mechanization
Type of labour Number Man-hours Number Man-bhours Number Mun-hoars
and category of per of per of per
of workers workers ton workers 1on workers ton
Potroom:
Shitworkers . . . . . . . .. . . 294 69.50 88 14.30 88 11.41
Supervisory staff . . . |, . e e 16 4.40 16 260 16 240
Anode work:
Stubpullers . . .. . . 24 6.65} 19 1.09 {;: 1.54
Frame and flex raisers . . . . . . . . . b 1] 555 o 4 0.5
Frame and stub straighteners . . . . . . . . . 6 1.65 6 0.98
Gemmlwarkcrs............... 4 1.10 4 0.65
!vupervimrysuﬂ'............... 2 0.53% 2 . 2 0%
Metal tapping: *
Tappers. . . . ... . ... ... . 28 1.18 I8 2.44 ] 1.9%
Casters . . . . ... 12 3..\0’ liquig
General workers . . . . ., . . . . . 8 b i} transfer
Supervisory staff . . ., . ., . .. . 3 0.8% 3 0.49 k] 0w
Materials distribution:
Alumina and flux handlers. . . . . . . . . | . 13 3.58 9 .46 9 117
Waste handlers and cleaners . . . . . | . . - s 1.38 $ 0.82 s 0.6%
Electrical maintenance:
Inspectionstaff, . . ., ., . . . e e e 4 1.88 4 0.65 4 0.
Supervisory staff and record-keepers . . . ., . 8 22 5 0.82 b 0.65
Services:
Craneoperators . . . . . . . . . . . . . . 10 .78 10 .64 10 1.y
Ventitation and compressed air operalors . . . ., 5 1.38 L 0.82 5 a6
Furnace reconstruction
Furnace repairers. . . , . . . . . . | .. i 8.58 24 190 24 12
General workers . . ... . . . . . . . . 8 220 10 1.64 10 1.3
Miscellancous workers . . ., . . ., . . 12 130 10 1.64 10 )
TOTAL WORKERS IN ALL CATEGORIES 478 132,70 218 38.27 p35) by N Y
Man-hours saved per metric ton. . . . . . . . N Tt
TABLE 26. LABOUR IN CASTING SHOP, ACTUAL AND PROPOSED CHANGES WITH MIECHANIZA HHON
Present Propased
Category reqrirement  cequirement
Supervisory........................... 3 1
Caaling............................. mn %
Runnercuttin;.......................... 10 Operation
omitted
Trunsport H f
Sawing 2
Weighing............................ 3 A
Furnaccmuimenunce................ 8 2
lnspcclionandrecords....................... i 3
Miscellaneous.......................... i 4
TOiAL 145 449
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[any 27

CAPIIAT REGUIREMENTS TOR A FARRICATION P AN
s A DIAVELOPING Ot N IRY

CLhowsands of doltarsg

FABIy 29 PRODECHION CONTESTIMATES TOR A ROLTING AND
ENTRUSHIN PEANT IN A DIVELOPING € O NIRY

(Dallars per tom:

liem

Fguipment and machinerny 11,586
Principal muchinery 10 S
Auxiliury machiery 174

Framsport and materials handhig cquipmen SO0
Muintenunce equipnent m
Administragion and cngineering foes 1,610
Buildings . 09
Cost of Land 675
Principal building. 1,808
Secondary butldiogs 268
Land improvemem €44
Other .. o LM
Administration and engineering fees . . ... o 24
Deesign and technical assistance .. K1Y
Total, above tixed investment ... ... ... ... 17,301
Workingcapatal . .. ... . 7.000
GRAND To1ar 24,803
TAME 28 NUMBIR OF EMPLOYEFS IN A FARRICATION PLANT IN
A DIV OPING (O NTRY
Caterory
Manufacturinge . S . . B 5.3
Skilled fabowr ... B & ] |
Umkiledtabowr ... ... . 1%
Supervisors, non-technical.. . ... ... ... ... v
Supervisors, technical . . TR 3
General clercat .. .. ... . 1
Administration andsabes. ... . jos
Clerical ... ... ... ... . ... ... ...
Sales ... .. 0 6
Managers and other profi ic B
TOTAL 426

Dem
Production costy:
babowr .~ L IH
Matenals:
Metad . e o 778
Other o o 61
Power and fuel o e Lo 7
Other e . . !
Capital charges:*
Depreciation o S 64
busurance, local taxes, interest ... ... . e X2
Sub-total, production cosis and capital charges ... 1,144
Administration and sales costs
Wages and salaries e 46
Other . o . o 1
TOVAL, AVIRAGE COSTS 1,211

¢ Pepreciation assumed at $ per cent for huildings, 8 per cent for
machinery und equipment. and at 10 per cent for others. Interest rate
assumed a1 & per cent.

Tamt 3. INvesrMeny REQUAREMENTS TOR RECINTLY BUILT OR
PROPUSED FABRECATION PEANTS IN 8 VERAL COUNTRES

- Country or Year of Capacity Investment
dareda and proposed (1o { dotlars
tvpe of plant imesiment per year i per ton
Middie Fast:
Extrusion
plant . . 1960 7,000 570
Nigeria:
Rollingmifl ... | 1961 3,000 850
United States:
Rollingmit = . . 1955 1947 17,000 600
Extrusion
plant .. . . 1987 9,000 (31

Tame 3. Uniren SIATES! INDUSTRIAL AVERAGES OF INPUT REGUIREMENSS 1OR AL UMINILM ROI LING,
DRAWING AND EXTRUSION, 1954 Ann 1988

Per ton)

Input

Production workers (man-hours)
Aluminium and alloys (tons)
Flectric power (kWh)

Fuel (millions of BTLY

1954 1938
” 0
1S 1.00
137 1,580
2 2

Sounce: United States Department of Commerce. Burean of the Cemaus, Cemsus of Mamulactures
(Washington, D.C.), for the years 1984 and 1938,




Annex 111

DATA ON PRODUCTION, CONS1 MPTION, TRADFE

PRODEC HON, CONSUMPEION AND | RADE

1. This scction presents statistical duga covering the past
decade:“ in some cases liguies for the year 193X are given for
reference purposes. The following is a summary ol recent
trends as indicated by these data,

. . N . . b2
2. World production figures lor banxite, alumina and aln-"

minium metal as given in tables 32 10 34 and tigures VI and
VHI indicate an upward trend. Between 1950 and 195§
production of primary aluminium grew at an average annual
rate of 11.4 per cent, and since then at u slower rate’ -5.2
per cent. The uverage for the past decide us a whole is re-
corded at 9.2 per cent, Similurly, bauxite output recorded a
growth rate of 11.4 per cent and 6.8 per cent for the 1950-1 )56
and 1957-1961 periods, respectively, and un average of 0.1
per cent for the .. ade as a whole.

3. Puring the decade the rate of growth of primary alu-
minium by region varied, the highe.t rates being recorded
by Asia, 14.7 per cent, and the centraly planned ecanomies,
13.0 per cent, with lower rates for western Europe, 11.0 per
<ent, and the United States, 7.0 per cent.

4. Canada and the United States have the highest share in
world production of primary aluminium, followed by western
Europe and the centrally planned economies, which share
between them mosl of the remaining production, Although
western Europe has roughly maintained its share of world
production, the share ol Canada and the United States has
decrcased in the past Jecade, from 67.1 per cent in 1950 (o
50 per cent in 1961, while the centrally planned economies
have increased their share from 14.7 per cent 10 23.7 per cent.
Similarly, China (Taiwan), India and Japan increased their
share from 2.1 per cent to 4.0 per cent in the same period.

. With respect to bauxite, the countries of Central and
South America had the highesl share- 46.6 per cent of
world production i 1961—followed by the centrally planned
economiws, which recorded an increase in the'r share from
18.3 per cent in 1930 to 25.0 per cent in 1961, and by western
Europe which maintained its share of about 13 per cent.
In the sanwe period, the share of domestic production in the
United Stutes decreased from 16.1 per cent to 4.3 per cent.

6. Tables 35 and 36 indicate, respectively, total consump-
tion and per capita consumption for selected countries. The
per capita figures show the correlation between a high level
of income and high consummion,

7. As table 37 shows, most bauxiie is used in the production
of ulumina; in 1960 the share was 87 92 per cent in France
and the United States. However, bauxite is used in other
industries, including the abrasives, chemical, refractory and
high-alumina cement industries.

8. With respect to the finul uses of aluminium, tlus varies
from one country to another, as indicated in table I8, depend-
ing on the degree of industrialization of the country as well as
on the industrial practices followed there.

9. About 28 per cent of world aluminium enters the inter-
national market. Data on trade in aluminium for the period
1951-1961 are given in table 39 for the major producers and
users of aluminium. Austria, Canada, France and Norway are

*® Fot projections of future demand for aluminium, see United
Nations, “Prospective Demand for Non-agricultural Commodities:
Prublems of Definition and Projection Methodology”  tmimeo-
gruphed document L£:3629), and K. A. Bohr, The Prospects for
Aluminium, Report No. EC-786 published by the Internatonal
Bank for Reconstruction and Development (Washington, D.C.,
19%9).

-
¥
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< PRICES AND PEANT CAPAC FEEES

the mujor net eaporting conntres. {he mor net 1IPOriers
are the Federal Repubhe of Gernnmy, the United Ninadonm
and the Uniied States. The data show an upsward tremd moner
imporis of all net mportmg counties, with the UACePLon of
the United Suates where o downward trend s recorded.

10. Table 40 gives data For the RO exporters of
and principal destinazions Tor the MVedrs 1ISN- P90,

alimumimm

P With respect 1o bausite, about 60 Per oeent of workl
production enters the international market, Fable 41 sum-
marizes dati on eaports by major exporting countries and
principal destinations.

PRICFS O RAW MATERIALS AND PRODI CIS

Bawunie
12, In the United States there is no OPN-NEN e
bauxite since the producers are also the DL cons imers of
the ore. The average value of bausite as cileukated by the
United States Burcuu of Mines on the basis of” producers’
reports is given below (in doHars per ton):

t price for

1960 1va1]
Crude (undricd) ... .. .. 9,30 9.0
Pried ... . . FL.RY 1258
Activuted 6290 67.40

13, The price of French monohydrate Faasite in Septeniber
1962 was F It 17.68 (¥3.60) per 100, fo.b. mine in sonthern
France, basis 54-55 ner cent ALO,, S per cent Sit)., Premunyg
for better grades amounted 10 F fi 0.68 (30.14) for cach
percentage point of ALQO, above S5 and F fr 2.04 (30.41) for
cach percentage point of SiO, below 5. The price for AVCTige-
grade bauxite delivered by French mines is about F Iy 21 600
($4.25), f.0.b. mine.

Fluorides

14. Natural cryvolite oceurs in commercial quantities only
in Greenlund and is refin>d in Denmark. Natural cryulite iy
not available in sufficient quantity 10 meet the zrowing
requirements of the alumimum industry, and a considerable
proportion of the cryolite used today is synthetic. Syutheue
cryolite is usually made from fluonspar, sulphuric acid and
sodium aluminate solution. The present price of cryolite is
approxnnately as follows:
approsimalely $320 per ton
I Ir 1,500 ($300) per won

United States (patural)
France “yothetic) .. ... ... ..

15 Aluminivm fluoride is always produced synthetically
from Auorspar, sulphuric aad and alumina hydrate. The
price in the United States is approvimately $400 per ton.

Carbon

16. Anode carbon costs depend on many factors, such as
types and casts of raw materials used, proporson of carbon
recycled as butts in the case ol prebaked anodes and so Torth,
The following tigures show the order of mamitude of anode
carbon costs:

355 0 por ton
40 S per ton

Prehahed carbon anodes
Soderberg paste

Alumina

i7. There are no open-market prices either for alunupa
the United States. The wverage value of alcined alunmm iy
reported by the Lnied States Burcau of Mines in 1961 was




$75.60 per ton. Por the same vaear, lower vitues were reported
for imporied caliined abumina at the Pportof shipmont, naniely,
26340 per ton,

TR In ronee, the average satue of cdomed aluning s
reporicd m ol at I £ 360 370 (75 204 per tow,

Alamieni ingot

19. The prices of almiriniom for several countrivs e gnen
betow. These are Tor mid-Junuary 1960 and represent the
average Fo.b. prices of domestically produced aluminium

inyot,
Dollars
per lon
Canada 546
“‘f&u\&'t’...‘.,..,,,,.,.. - 462
Gernany (Federal Repubhet 824

crable, continned Dollars
per ton

Ttaly [RIRY

Japan . S . PR

Voiitcn Slades ) e AN

Socrer: Unied hingdom, Overseas Geological Sur-
vess, Bawsite, Aluming and Aluniniun QLondon, 1962),
page 72,
talvicated producty
20. In tahle 42 the value of various fabricated sluminium
products is given o e Utiiwed Startes,
PLANt CAPACEUES

21. Tables 43 und 44 give recently reported capacitics for
alumina and wluminium plints in the world,
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Tamt 3 Wortp PRODUCTION OF Al HMINA, BY CCUNTRY, 1988160
(Thousands of tons)

Producing country JUAM {95h 1987 195K 1959 19610}
Alrica
Guiney . . .o o - - — 182
Total, Africa -- — - -~ 182
North Americy
Camada®™® 0 a0 1,000 700 900 800 1,000
Jamaica texportsy, . . . . 184 207 436 n 399 668
United States” . . . . . . o 27137 2,971 2,962 2,748 349 1458
Total, North America 192 4,178 4,098 4,018 4,628 A ek}
Asia
China (Taiwany? . . . . . . 10 20 b)) 20 20 20
India . . . . . . e S 1A 17 1?7 20 24 26
dapan. . .. 136 {8 154 218 294 349
Total, Asia 1%9 195 18R 258 LE} 198
Western Earope
France . . . . . . . . . . o 42 138 44) 515 558 586
Germany (Federal Republicy? . . . . 300° 2 418 370 406 430
faly . . . .. e e, 151 159 189 191 202 218
United Kingdom® . . . . . . 95 100 i 120 120 120
Total, western Europe B8 967 1,167 1,196 1,286 1,35
Centrally planned economivs
China (mainlandy. . . . . . . . 2 45 4 9 140° 160°
Eastern Germany. . . . . . . 46 54 49 51 $4 58
Hungary . . . . . . . . . ... . 152 R]] 152 167 189 218
USSR® . . . . 800 900 1,000 1,100 1,300 1,500
Yugostavia . . . . . e e 40° 47 s0* s0* 60* 66
Total, centrally planned economies 1,061 1,197 1,300 1,427 1,74} 1,999
Oceania
Australia . . . . ., e 8* 17 20 n b1 3o
Total, Oceania 8 17 » 2 ke k]
Other countries® | | | e 20 10 W 40 0 L, )
WORLD TOTAL 6,057 6,584 6,803 6,961 8,072 9,183

Source: United Kingdom. Overseas Ceological Surveys, Boyxite, Aluming and Alamininm,

* Fstimated.

* Figures for Canada exclude the production of crude fused alumina by the artificial abrasives industey, which was as follows (tons): 1935 -
158,000, 19%6 - 162,000 1957 195,000, 1958 - 98,000: 1959 - 136,000; 1960 - 166,000,

 Total United States production of cakined aluming and aluminium oxide products lincludiag hydrate. activated and tabular alumina) wes
as follows (thousands of 100, calcined equivalent): 1985 - 2,855, 1956 — 3,075; 1987 - 3.073: 198 — 2.846; 1959 - 1.579; 1960 - 3,398,

4 Total production of alumina hydraie in the Pederal Republic of Germany was as follows (tom, calcined cquivalkent): 1938 - 347.000; 1946 -
170,000, 1957 . 478,000 14s8 423,000 19%9 . 474,000; 1960 - 502,000,
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TABLL 36, Per capita CONSUMPTION OF ALUMINIUM IN SELECTID COUNTRIES, 1950-1961 (kilogrammes)

Country 1950 1952 1954 1956 1958 1959 1960 1961
South Africa . . . . . . . .. .. 0 08 0.2 03 0.3 0.5 0.5 0.7 0.6
Brazit . . . . . .. ... 0.1 0.1 0.3 0.1 0.4 04 0.5 0.5
Canada. . . . . . . . .. . ... 4.1 5.7 4.8 52 54 4.6 5.8 5.6
Mexico. .~ . . . .. L 0.1 0.1 0.2 03 0.4 0.2 0.3 0.}
United States . . . . . . . . 84 6.1 1.7 9.5 7.6 10.4 8.5 9.8
India. . . . . .. . .. ... .. 0.02 0.04 0.02 0.03 0.04 0.06 0.06 0.07
Japan . . . ..o oL 0.2 0.4 0.5 0.7 09 1.2 1.6 2.0
Austria . . . . . . . ... 09 2.3 k) 5.2 44 4.8 3.2 5.4
Belgiom-Luxembourg. . . . . . . . 0.6 1.4 19 15 4.4 5.4 6.8 1.3
Denmark . . . . . . . . .. . .. 0.7 0.7 0.7 0.7 Lt 1.3 1.3 1.3
Finland. . . . . . . . . .. . .. 0.2 0.5 0.2 0.5 0.9 1.4 0.7 L1
France . . . . . . . « . . . . .. 13 21 2] kN 12 7 4.7 4.4
Germany (Federal Republic) . 1.0 1.9 27 4 36 43 87 5.4
ftaly . . . . . . .. . 1.0 11 13 1.5 13 1.7 20 2.1
Netherlands. . . . . . . . . . .. 0.4 0.6 0.8 0.8 0.6 1.1 1.2 1.0
Norway . . . . . . « . . . . .. 1.8 36 4.1 4.3 5.1 4.5 50 5.0
Spain. . . . . ... .. 0.1 0.2 0.2 0.5 0.9 09 07 0.7
Sweden. . . . . . . .. ... .. 20 3.1 kN 1 4.3 48 5.1 4.5
Switzerland . . . . . . .. .. L. 2.6 5.8 5.5 7.3 6.2 80 9.0 8.7
United Kingdom. . . . . . . . .. 37 4.4 4.3 5.5 4.6 s 6.9 54
Czechoslovakin® . . . . . . . . . . i.l 1.2 LS 2.6 2.7 32 34 36
Eastern Germany . . . . . . . . . 0.1 0.8 1.8 26 4 40 46 L
Hungany®. . . . . . . ... . .. 0.6 1.1 1.9 2.4 2.2 A7 40 4.5
Poland® . . . . . .. e — 0.2 0.7 09 1.0 L1 L3 1.5
Yugoslavia . . . . . . . . .. .. 0.2 0.2 0.2 0.7 0.9 L4 2.2 20
SouRce: As for table 32, ® Estimated.
Tase 37, FRANCE AND UNITED S1ATES: CONSUMPTION OF Tamz 38 (contimued)
BAUXITE, BY INDUSTRY, 1960 Country and industry Percemtage
(Percentage of total) T -
E&eclricsl engineering. . . . . . 15.84
Industry Fram'c Uamed Srmn Building . nd construction. . 6.56
) ) Tare Packaging e e e e e e e e 10.62
............... 7.5 9 6
2::_::;:’ . . ' 8 48 ;., Home and office applumecs ........... 4.25
Chemicst LTI e A o o ne
Refractory . . . . . . . . . . . . .. 1.8 L1 rorar 10000
Other . . . . . .« oo 8.9 0.7 "tf]’“ "
T 100.0 100.0 ransportation . . . . . . . ... ..., . 41,
ToTaL Machinery and cqmpmem ............ 6.95
Sounce: Annales des mines (Paris 1961); United States Department Electrical engineering. . . . . . . . . . . . . 7.6%
:);":hg)lgxfrior. Burcau of Mines. Minerals Yearbook, 1960 (Washing- Building and construction. . . . . . . . . . . . 10.28
! L Packaging e e e e e e . 9.8%
¢ Figures for the chemical industry ot separately reporied. Home and office & pplianees ........... 8.08
TamEe 38, CONSUMPTION OF ALLIMINIUM, BY INDUSTRY, SELECTED Other® e - 15.43
COUNTRIES, 1960 Torar 10000
Unlted States
Country and imlanu Percentage Direct military uses . . . 29.8
e e e S A Building matcrials . . . 128
N 1
becitent . 24 Comumer durable oods : 100
Houschold and commercial supplies . . . . . . . .14 Transportation SRR . 9.3
Transporfation . . . . . . . . . .. . .. .. 5.7 Motor vehicles . . . . . ... .. 8.3
Building and construction. . . . . . . . . .. .. 430 Machinery and equipment (excluding clectrial) . 92
Canning and packaging. . . . . . . . . . . .. . 1.4 C“““f“‘."m“ T e e e e e e 9.2
Other . . o o o o 43* Electric power construction . . . . . . . . . . . 69
Destructiveuses . . . . . . . . . . . e 52
ToTAL 100,00 Electrical and communications equipment. . . . . . 50
""‘ﬁ"‘“"k‘“ 1.8 Containers and packaging . . . . . . . . . . 34
: Pt oo Exports, chemicals, phot hy,ete. . . . . . - 9
Houschold and commercial supplies . . . . . . . 244 po OBraphy, eie $
Transportation . . . . . . . ... ... .. 155 ToTAL _100.00
Building and consteuction. . . . . . . . . L L. 6.7 Sounce: United Nations, Bauxite Ore Resources and Aluminium
Canning and packaging. . . . . . . . . . .. .. 67 Industry of Asia and the Far East (Sales No.: 63.1LF.2); United S1ates
’ ' a Depariment of the Inicrior, Bureau of Mines, Minerals Yearbook,
Other . . . . . 11 1961,
T01AL 100.00 4 lncludinl machinery,
Germany i Federal Republic lnclndml food and farming.
Transportation . . . . . . . . . L L L. 26.38 ¢ Including chemicals, food and asricultural appliances; power;
Machinery und equipment . . . . . . . . ... 12.70 iron, steel and other metal producing industries; metal industsics not

{comtinued in next column
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TABLE 40. EXPORTS OF ALUMINIUM,? BY EXPORTING COUNTRY AND PRINCIFAL DESTINATION, 1938-1960
(Thousands of tons)

Exporting country

and destination 1958 1959 1960
AFRICA
Cameroon
To:France . . . . . . . . . . . ... ... 18 19 32
Othercountring . . . . . . . . .« .. 4 20 9
Total exports, Cameroon 22 ¥ 41
NORTH AMERICA
Canada
To: United Kingdom. . . . . . . . . ... .. 143 147 160 =
HongKong. . . . . . . . . . . . .. .. 2 9 1M
Austealia . . . . . . ..., . 14 15 22
Belgiom . . . . . . ... . ... .. . 9 9 1]
France . . . . . . . . . . . . .. .. .. 3 17 8
Germany (Federal Kepublic) . . . . . . . . 26 3 1]
Raly . . . . ... . ... 3 7 4]
Mexico. . ... ... ... ...... it 4 ]
United States | 190 152 %0
Brazit . . . ... ... .. .. ..., 3 4 11
pan . . ... b 9 14
Othercountries . . . . . . . . . .. ... n 47 b}
Total exports, Canada 433 451 M3
United States
TFo:United Kingdom. . . . . .. . . ... .. 23 9 s
Camadu. . . ... . ... ... ... . 10 1 ]
Germany (Federal Republicy . . . . . . . . 1 17 &
Othercoundries . . . . . . . . . ... .. 13 4 »
Tota! exports, Unitod States 47 08 4
204
China (Taiwat) . . . . . . . ... ... e 3 2 »
Japan . . ... L 4 — -
EUROPE
Auspria
To: Germany (Federal Republicy . . . . . . . . 1} 1 10
United States . . . . . . . .. ... ... 3 10 2
Onhercountries . . . . . . . . . ... .. 18 18 ]
Total exports, Ausiria 2 n 2
Belgium-Luxembowrg . . . . . . . . . . ... .. ] 1 [}
Crechoslovakia® . . . . . . . . . . ... ... 2 ] -
France
To:Belgum . . . . . . .. .. .. .. ... 1] i) n
United States . . . . . . . . ., . 13 8 12
ihercountries . . . . . . . . ... ... 2 n 7
“rotal exports, France » 5t /|
Germany (Federal Republic). . . . . c v e 4 2 3
Hegary . . . . ... ... ... 17 | 0
Baly . . ... ..o . ] o |
Netherlands . . . . . . . . . . .. . ... ... 2 2 1
Norway
To: United Kingdom. . . . . . . . . ... .. n 3% 36
Geomany (Federm Republic) . . . . . . . . (1 b ]
Baly . . . ... s 2 10
Sweden. . . ... . ... e e e 14 13 19
United States . . . . . . . . . ... ... 2 » 26
Othercountries . . . . . . . . . . . ... 3 » %
Total exports, Norway 108 13 136
Poland . . . . . . . ... . ] — —
Spain. . . . ... — — n
(continued on following pane )



TasLE 40 (continued)

Exporting country

ond destination 1958 1959 1960
Sweden. . . . . . . . . ... L. 3 2 0
Switzerland . . . . . . . . ... ... ... 10 12 7
USSR
To: United Kingdom. . . . . . . ... .. .. H 17 7
Cxechoslovakia . . . . . . ... ... .. 10 p 4
Eastern Germany . . . . . ... . ... 24 28 n
Netherlands . . . . . ... . ... .. .. 2 6 1
China (mainland) . . . . . . ... . ... 20 b |
Othercountries . . . . . . . ... . ... 26 b2} A
Total exports, USSR t3 76 67
Yugoshavia . . . . . . . ... . . ... .. .. 6 — —
WORLD TOTAL 867 9 LI
Sounct: United Kingdom, Overseas Geological Surveys, Bauxite, Aluming and Alaminium.
* Including unwrought aluminium atioys.
® Quantity less than 300 tons.

¢ Estimates only, based on data available in trade accounts of importing countries.

TasLy 41. EXPORTS OF BAUXITE, BY EXPORTING COUNTRY AND PRINCIPAL DESTINATION, (958-1960

(Thousands of tons)
Exporting couniry
and destination 1958 1959 1960
AFRICA
Ghana
To:United Kingdom. . . . . . . . ... ... 196 148 176
CGermany (Federal Repubdlic)y . . . . . . . . i — 7
................ — —_ i?
s Japan . . ... oL . — e 4
Total exports, Ghana 207 148 by}
Guinea
To:Canada. . . . . . . ... ... e 188 b1t} m
Germany (Federal Republic) . . . . . . . . 60 ) “ﬁ
Othercountries . . . . .. . . ... ... 12 17
Total exports, Guines 260 2% 94
Mcsambigee . . .. . . .......... .. 3 6 4
NORTH AMERICA
United States
To:Caonda. . . ... ......... . 19 13 3
Other countrics 2 4 4
Total exports, United States 12 4] »
LATIN AMERICA
Pasil . .. .. .... e e e e e e . 3 3 2
Brivish Guiana
To: United Xingdom. . . .. . . . .. N 2 - ] 49
Canada. . ... .. ... .. ... 0w 109 1401
France . . . . . e e e e e e n 19 22
Cermany (Federal Republic) . . . . . . 0 b k]
Maly. ......... e e e e e s 15 18
United States . . . . . .. . s m 533
Argentina. . . . . ....... . . 4 4 s
Japan . ... .. ... .. e e e 9 it ]
Othercountris . . . . . . . ... ... . n ot %
Total exports, British Guisna 1,364 L34 2,095
Dominican Republic*
ToUnited States (tota) . . . . . ... .. .. —_ 420 3]}
Jamalca®
ToUnited States (total) . . . . . . . .. ... 4,799 4,197 4,148
{ continned on following page )




Tasre 4] (continued)

Exporting country

and destination 1958 1959 1960
Haiti
To United States (total). . . . . . . . ... .. n 307 34
Surinam
To:Canada. . . . . . .. ... ....... mm 156 296
United States . . . . . . . . . ..... 2,629 3109 3,142
Othercountries . . . . .. . ... .... 14 k2 139
Total exports, Surinam 2,820 3,338 mm
ASIA
India
TorJapan . . . . . . . . ..., ... ! 10 39
Othercountries . . . . . . . ... ..., p. 1] 13 28
Total exports, India 2 3 ”
Indonesia
To:Australia . . . . . . . ... ... .... 0 n -
Germany (Federal Repudlico . . . . . . v e é - -
Argentina. . . . . . . .. ... ..... 14 e —
Japan . . . .. .. ..., m 2n a2
Total exports, Indonesia k] 243 k5]
Moalaysia
To:Austraia . . . . . . . ... . ...... - 19 7%
China(Taiwan) . . . . . .. ... .. .. 13 — 15
Japun . . . .. .. ... L 02 38 354
Othercountries . . . . . . . . ... ... - — k]
Total exports, Malrysia w 3 3
Sarawak
To:Chisa (Tadwan) . . . . . ... ...... 36 3 2
......... e e e e e e L1) 178 28
Total exports, Satawsk 93 03 260
EUROPE
Austria
To Germany (Federal Repudlic) (total) . . . . . . ] & 6
Yo: United Kingdom. . . . . . . e e . 113 1% 1%
Belgiom . . .. . ..., ...,.. e — 17 3
Cermany (Federal Republic) . . . . . . . ., 17 2 164 ;
Othercountries . . . . . . . .. N 16 11 I
Total exports, France 304 m n
Greece
To:United Kingdom. . . . . . . ... .. . » 0 52
Feance . . . . . . .. ... e e . 14} (] 4
Germany (Federal Republic) . . . b ] 266 3o
...... e e e e M s »
Spain. . . ... .. . e 1] i 12
USSR . . . .. e e e e e e e s ] Ay 435
Oethercountries . . . . . . . - . s 17 L
Tota' exports, Groece [ 7] 1 »l
Hungery
Yo: Caschnlovakia . . . . . m 7 m
Eastorn Germany . , . . . ... .. L 197 17 o
Poland . . . . .. .. e e e e e 1 23 M o
Othercountries . . . . . . . 2 2 ?
Total exports, Hungary %0 495 »l
Yugoshavia
To: Eastern Germany . . . . . . .. .. . . — 23 2
Cermany (Federal Republic) . . . . . . , . e L] L1 .
............... . . 17 173 220
Othercountries . . . . ... .. ... .. ] 12 28
Total exports, Yugoslavia 13 L o %0
WORLD TOTAL 12,817 13,309 15,450
Soukcs: As for table 40, “ Dry equivalent tons.
50




TABLE 42, VALUE OF FABRICATED ALUMINIUM PRODUCTS, UNITED Statts, Drcrmair 1962

Product Cents per pound — Dollars per ton
Sheet
Pure aluminium and common alloys, 0.025-inch (0.64-mia)
thickness:
Coiled . . . . .. . . . .. 37.0-42.3 815~ 913
Cuttolength . . . . . . . . . . . ... .. .... 419 -46.4 967-1,022
Building sheet, 0.050-inch (1.27-mm) thickness:
Coiled . . . ... . oo KRR 782
Cuttolength . . . . . . WS 870
Circles
From coiled stock, 0.025-inch (0.64-mm) thickness, [2-inch
(30-cm) diometerandover . . . L L L. L L L L. 47.0 1,036
Foil
0.0035-inch (0.0%mm) . . . . . . ... ... ..... $6.1 1,216
0.00035-inch (0.009-mm) 75.6 1,666
Plate
Strong alloy, 0.25-0.75-inch (6.4-19-mm) thickness, cut to
length . . . . . . . . . . . i e $9.5 1,289
Extrusions
Factor 18-20, weight per foot, 0.5-1.5 Ibs (3.6-11.0 kg/m):
Solidprofile . . . . . . . ... ... . .. .. ... 40.5-61.2 893-1,348
Hollow profile. . . . 50.5-88.4 1,113-1,95%0
Elecrrical conductors
ACSR (aluminium cable withsteelcore) . . . . . . . . . 333 782
All-aluminiumcable . . . . . . . ..., ..., 40.3 888
Conductor alloy cable 444 978
Wire and rod
Coiled 3/8-inch (9.5-mm) redraw rod:
Purcaluminiom . . . . . . . . ... .., .. 280 617
Conductoralloy . . . . . . . . .. ... ... ... 2 688
Screw machinestockrod . . . . . . ... L L., L. §9.2-66.2 §,308-1,460

TanLe 43, WORLD PRODUCERS OF ALUMINA, END-196

Country, company and

plant locatlons Capacity

Conntry, company and

AFRICA
Guinea
FRIA, Compagnie internationale pour Ia pmduction

d'alumine, Fria . . . . . 480,800
NORTH AMERICA
Canada
Aluminium Company of Canada, Lid.,, Arvida 1,134,000
Jamaica
Alumina Jamaica, Ltd.:
Kirkwine . . . . . .. ... ... ... 489950
meon......,...........2“,900
" Total, Jamaica 734,300
United States
Aluminum Company of Americe:

.. Mobile Alabama . . . e s . . B94,000
Bauxitc, Arkansas . . . . . . . ... . ... 381,000
Point Comfort, Texas . . . . . .. . . ... 340,200

Reynolds Metals Company:
Hurricane Creck, Arkansas . . . . . . . . . . 794,700
LaQuinta, Texas . . . . . .. ... . ... 662,200
Kalzer Aluminum and Chemical Corporation :
Baton Rouge, Louisiana . . . . . .. . . .. 771,100
Gramercy, Louisiana. . . . . . . . . . . .. 390,100
Ormet Corporation, Burnside, Louisiana . 313,000

Total, United States 4,546,300
Total, North America 6,415,100

plant locations Capacity
LATIN AMERICA
Brazil

Aluminio Minas Gerais, Quro Preto . . . . . . . 15,000
Companhia Brasileira do Aluminio, Sorocoba . . . 30,000
Total, Brazil 45,000

Brinsh Guiana
Demerara Bauxite Co., Mackenzie . . . . . . . . 222,300

Total, Latin America 267,300

ASIA
China (Talwan)
Taiwan Aluminium Corporation, Takao . . . . . 29,000
India
Indian Aluminium Co., Ltd.,, Muri. . . . 18,000
Aluminium Corporation of India, Ltd., laykaymsnr 3,000
Total, India 21,070
Japan
Showa Denko Compeny, Yekohuma . . . . . . . 104,000
Nippon Light Metals Company, Shimizu . . . 185,200
Sumitomo Chemical Company. Kikumoto 120,200
Total, Jupan 409,400
Total, Asia 461,400
WESTERN EUROPE
France
Péchiney, Compagnie de produits chimiques et élec-
trometallurgiques:
Gardanne. . . . . . . . . . oo 121,100
100,400

Salmdrcs ..................
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TanLe 43 7 ontinned)

Country, company and
plant locations Capacity

Sociéte d'électro-chimie, d'électro-métallurgie ct des

aciérics ¢lectriques d'Ugine, La Barasse. . . . . 99,800
Société frangaise pour l'industrie de i'uluminium,
St. Louis-les-Aygalades . . . . . . . . . . . 59900

Total, France 581,200

Germany ( Federal Republic)

Aluminiom GmbH, Martinswerke . . . . . . . 139,700
Vereinigte Aluminium-Werke AG:
Lippewerk . . . . . . . . e e e s 19T
Inawerk . . . . . . ., . e 109800
Gebrader Guilini, GmbH, Ludwtgsh.&fc e 9,700
Total, Germany (Federal Repnblic) 498,900
Ialy
Montecatini, Socictd Generale per I'industria Ming.
raria e Chimica, P.rto Marghera . . . 86,200
Societa Alluminio Vencto per Azioni (s.n.n. Pono
Marghera. . . . . . ., . . e e e e e . 99,800
Total, ltaly 186,000
Norway
Norsk Aluminium Company, Hayanger . . . . 17,000
Sweden
A.B. Svenska Aluminium-Kompaniet, Kubikenborg® 8,000
United Kingdom
British Aluminium Company, Lud.-
Burntizland . . . . . . . . e e e o 61,000
Newport . . . . ., . .. e L. 45T

Total, United Kingdom 106,
Total, western Europe 1,197,800

Courtry, company and
plant locations Cuapacity

CENTRALLY PLANNED ECONOMILY

China { mainland)
Fushun. . . . . . . . . . . ... 22,000
Nanting . . . . . . .. . . .. .... 19,900

Tot.:l China (mamland) 61,900
Eastern Gerinany

Vereinigte Aluminium-Werke AG, Luuta . . . . . 90,700
Hungary
Bonataler Alaunnerde, Almasfozitd . . . . . . . 114,000
Ungarriodre Bauxit Gruben AG, Ajka . . . . . . 60,000
Bauxite Industriec AG, Magvadvar . . . . . . 35,000
Total, Hungary 210,000
USSR
Soviet Aluminium Trust:
Boksitogorsk . . . . . . .., 150,000
Kamensk-Uralskiv. . . . . . . ., ., .. .. 350,000
Krasnotorinsk., . . . . . . . ... .. ... 150,000
Pikalevo . . . . .. . . . ... ...., 800,000
Volkhov . . . . .. . . . ........ 80,000
Zaporozhye. . . . . . . . . ... .. ..., 200,000
Total, USSR 1,930,000
Yugostavia
Lopare. . . . . . . ... .. ........ 8,000
Mostar . . . . . .. .. ... ........ 8,000
Strnisce (Kidregevo) . . . . . . . ., ., ... 30,000
Total Yugoslavia 66,000
Totul, centraily planied economies 2,358,600
OCEANIA
Australia

Comalco Industries Proprietary, Lid., Bell Bay. . 35,000
WORLD TOTAL 11,416,000

Source: United States Departinent of the Interior, Bueeau of Mines, Minerals Yearbook, v. I, 1961,
* The plant is in standby condition. Some elzctrical paris have been removed.

TABLE 44, WORLD PRODUCERS OF ALUMINIUM METAL, 19617

(Tons)
Country, company and Annual capacity Country, company and Annnal capaclty

planl Iocamms of plam plam localfau of piant
AFIU(‘ 4 Wenatchee. Wushmgmn ........ . 98,400
Camoroon Evansville, Indiuna . . . . . . . . . . . 158,800

Cie. camerounaise de Faluminium, Péchiney- Reynolds Metals Company:
Ugine, Fdea. . . ., . . . . e 44,900 Arkadelphia, Arkansas. . . . . .. ., , 50,000
Jones Mills, Arkansas . . . . . e e 92,900
NORTH AMERICA Listerhill, Alubama . . . . . . ... .. 172,400
Canada Longview, Washington. . . . . ., Ve 55,000
Aluminium Company of Canada, Ltd.: San Patricio, Texas . . . . . .., .. .. $6,200

Arvida. . . . . . ..., Coe 318,400 Troutdale, Oregon . . . . . . ... . - 83,000

Shawinigan Falls . . . ., . . e e 63,500 Massena, New York. . . . . ., .. ., . 20,700

Iske Maligne . . . . . ., . . e e 104,200 Kaiser Aluminum and Chkemical Corporation:

Kitimat . . . . .. ..., e e 174,260 Chalmette, Louisiana . . . . ., . . ., 224,50
Chryslum, Ltd., Beavharnois . . |, 34,500 Mead, Washington . . . . . . . ., .. 199,700
Canadian British Aluminium (‘ompany, Ltd Tacoma, Washington . . . . . ., . . 17,200

Baie Comewn . . . . ., . .. e e e 81,600 Raven: wood West Virginia ., . , . . 131,500

Total, Canada 796,500 Anac'onda Aluminum Company, Columbm
United States Folls. Montama . . . . ., ., ..., . 59,000
Aluminum Compuny of America: Harvey Aluminum, Inc. The Dalles, Oregon . 68,000

Akoa, Tennessee . . . . . . . L 142,500 Ormet Corporation, Clarington, Ohio . . . . 163,300

Badin, North Carolina. . . . . . . ., . . 42,800 Total, United States 2,409,350

Massena, New York. . . . . e 136,000

Point Comfort, Texas . . . . . . . . . 127.00 Total, North America 3,208,850

Rockdale, Texas . . . . . ., e e 136,000

Vancouver, Washington . . . . . . . . | 88,450

(continued on foilowing pa;-).
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TABLE 44 (continued)

Country, company and
plum locations

L. tTIN AMERI(‘A
Bruzil
Electro-chemica Brasileira, S.A., Oura Preto
(Minas Gerais) . . . . . . . ... ...
Companhia Brasileira do Aluminio, Sde Paulo
Total, Latin America
AS14
China (Taiwan)
Taiwan Aluminium Corporation, Takao . . .
India
Aluminium Corporation of India, Lu'..
Asansol . . .
Indian Alummmm (ompany. Ltd
Alwaye . . . . . . . .. ... ....
Hirakud . . . . . . . ... ... ...
Hindustan Aluminium Corporation, Litd.,
Riband . . . . . . . ... ......
Total, India
Japan
Showa Elcctric Industry Company:
Kitakata. . . . . . .. ... .....
Omachi
Nippon Light Metals Company
Kambara .
Niigata
Sumi.omo Chemical Ccmmy.
Kikumoto . . . . .
Nagoya . . .

L S

Total, Japan
Total, Asia

WESTERN EUROPE
Austria
Salzburger Aluminium GmbH, Lend
Vereinigte Aluminium-Werke AG,
Ranshofer. . . . . . ... ... N

Total. Austria
France
Péchiney, Compagrie de produits chimiques et
éectroméallurgigques:
Chedde, Haute-Savoie . . . . . . . . . .
LaPraz,Savoie. . . . . . . .. .. .
La Saussaz, Savoie
St-Jean-de-Maurienne, Savoie . . . . . .
L'Argentiére, Hautes-Alpes. . . . . . . .
Rioupéroux. Is¢re . . . . . . . . . .

Sabart, Aritge .
Nogutres, Hautes-Pyeénées . . . . . . . .
Société d'électrochimie, d'électrométaliurgie et
des aciéries électrigues d'Ugine:
Venthon, Savoie . . . RN
Lannemczan, Hantes-?yrén&s ......
Germany (Federal Republic)
Atuminium GmbH, Rhcinfelden, Baden . . .
Vereinigte Aluminium-Werke AG:
Erftwerk, Grevenbroich
Innwerk, Toeging . . . . . . . . . . ..
Lippewerk, Linen. . . . . | .

Total, Germany (Federal Repubhc)

.........

Italy

Montecatini, Societd Generale per I'industria
Mineraria ¢ Chimica:

Mori

.................

Annual capacity
of plant

13,000
10,000
23,000

14,000

2,500

10,000
20,300

20,300
33,100

34,000
12,100

56,700
31,000

31,000
14,300

179,100
246,200

10,000

67,100
71,100

4,100
2;?@
8,600
66,300
15,900
14,600
16,300
16,000
$0,000

Counmtry, company and
plent locations

Bolzano . . . . . . . .
Societa Alluminio \ eto per Aziont (Sava),
Porto Marghera. . . . . .
Societd  dell’ Alluminio Hahano (Sai), Borgo-
franco hvrea

Total, Htaly
Nurway
Aardal og Sunndal Verk AS:
Aardal. . . . . .
Sumndalsora . . . . . .
Det Norske Nnndaknuelskap
Eydehavn . . . |
Tyssedal . e
Norsk Aluminium (ompan). Huy.mgxr e
Mosjoen Aluminium Company, Mosjoen .

Total, Norway
Spain
Empresa Nacional del Aluminio, S.A.:
Valladolid . .
Aviles . . . . ...
Aluniinie Espaﬁul S A Sabinamgu
Hucsca
Aluminio de Gulum, S A L& Lomna

Total, Spain

Sweden
A.B. Svenska Aluminium-K ompaniet:
Mansbo . e e
Knbtkeabora..............
Total, Sweden
Switzerland

Aluminium Industric AG (ATAG), Chippis . .
Usine ¢'aluminium de Martigny, $.A., Marti-
Total, Switzerland
United Kinrdom
British Aluminium Company, Ltd.:
Kinlochleven . . .
Lochaber

TFotal, United Kingdom
Total, western Europe

CENTRALLY PLANNED ECONOMIES
Ching (madnfand) . . . . . . . . . . . . ..
Caechoslovakiy
SeewwKpig. . ... 0000
Eastern G.rmany
Elektrod hemisches Kombinat, Bitter.cld . . .
Hungary
Ma- sarsoviet Bauxit Ipar:
Fe{sdzaﬂa-hms
Ajka c.
Inota

Poland
Skawina Aluminium Works
Romania . . . .
USSR
Soviet Aluminium Trust:
Kamensk-Uralskiv e
Kandalakcha . . . . . . . . . . . . ..
Krasnoturinsk-Bogosiovsk .
S&almsl:

.....

b
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Annual capaciey
of plant

41,500
27,200

5,500
Ro, 200

98,000
49,900

9,300
17,500
14,000
32,200

220,900

11,000
7,400

6,000
8,000
32,400

2,200
3,000
5,200

27,900

S,000
1,900

10,200
25,400

35,600
950,100

70,400
49,900

4,900

15,000
15,000
29,900

59,900

45,400
10,000

19,700

24,9090
124,700
119,760

" (continued on following page)



TasLE 44 (continued )

Couritry, companv and Annual capacity Country, company and Annual capaclty
plant locations of plant plant locations of plant
Volthov. . . . . . . ... .. .... 44,900 Stroisce (Kidrecevo) . . . . . . . . . . .. 29,900
Erivan. . . . . . . . e e 24,900 , . -
' A i 37,600
Zaporozhe (Dneprovoskiy) . . . . . . . . 99,800 Total, Yugoslavia
Sumgait . . . ... L. 69,900 Total, centrally planned economies 1,156,600
Nadvoitsy . . . . . . . .. ... ... 20,000
Stalingrad . . . . . . .. .. .. ... 200,000 OCEANIA
Australia
Vevosla Total, USSR 848,500 Australian Aluininium Production Commis-
wgostavia sion, Tasmania . . . . . . .. ... .. 13,200
Razina. . . . . . . . e e e e 4,100 *
lozovac . . . . . . . . . ... ... 3,600 WORLD TOTAL 5,639,850
Sounce: As for table 43, * Including cupacities being built in 1961,
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