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The importance o1 ar : luminium irdustry 1o the devalopment -t *he economy of a
country 1is indicated 1n 1h.s paper. .he ruzttorn of growth »f the demand of aluminiwm
and its production in the wnrlid has Leer discussed world regerves of bauxite have
been mentiored briefly.

Developments in the production »f bauxiie, alumin. and aluminiuan in various coun-
tries of the world with particular referonce to the developing couniries have baen
described. The production of bauxite in the developing countries has been between
70 to 80 per cent of the world production during the last ten years. Baraly one fifth
of this bauxite is converted into alumina 1n these countriss: the rest is exported to
the developed countrios.

The author deals with the status of the alumina and aluminium industry in devel~-
oping countries and the possibilities of its expansion in the future. fThe capacity
for alumina in the developing countries in 1966 wag 3.46 million short tons, that is,
26.6 per cent of the total world capacity (exoluding the capacity of centrally planned
economy countries) of 13 million tons. It is estimated that by 1971 the capacity for
alumina in the developing countries will increase to 5.5 million ghort tons, that isg,
33 per cent of the total capacity as mentioned above of 16.7 million shert tens, The
export trade of the developing countrics in bauxite, alumina and aluminium has also
been indicated.

The paper describes t.e development of the alumina industry in India from its ine
ception 25 years ago, its rapid growth during the last ten years and further expangion
envisaged. The installed capacity for alumina in India by .the end of this year will
be 257,000 tons and is likely to increase to 889,000 tons by 1974. ‘the tyres of bauxe
ite used and the technology of the processes employed have also been given,

The paper further deals with the experience gained in the expansion of alumina ine
dustry in India with reapect o design of the plant, availability of oquipment; pilot
plant study of bauxite, space: installation of aquipment, and training of technical and
operating personnel. Thege are briefly summarized below.

} Alumina industry in Indiz has been devoloped in technical cellaboration with ~lumie=
§ nium  producing countriss from the advanced countries. India thus got the benefit of

~ the latest know-how from the advanced countriocs. Indian engincers arec now playing a

: major role in the degign and tachnology of the now plants and expansions. Most of the

\ egquipment required for the comstruction of an alumina plant is now manufactured in the
country. It has boen oxperienced that the data collocted from laboratory scale tests

on bauxite do not give an ontire picture to the designer. It is therefore necessary
that before taking ip the design of a now plant or expansion, composite samples of
bauxite should be collacted from the mines and their behaviour studied ir a pilot plant.

In an alumina plant which is initially designed for small capacity, adequate space
4 should be provided for future expansion to raise the capacity to an ocoromic sige. In
4 order to avoid losg of production from the axisting plante, the units for expansion
4 should ve built up first and inter-connexions with the older units made by planning a
4 schedule of shut-down of the latter for change-over and simultaneous maintenance., It
ig8 also felt that during the erection of the expansion capcity, supervision requires
strengthening to onsure that the construction craw does not hamper the operation of the
old plant. It ig esgential that tochnical and operating personnel should receive ine
i tensive training before the start-up of a now plant.

:

§ It ie felt that an annual capacity of 200,000 to 250,000 ton: igs an ecenemic rpige
gfor an alumins plant. The cost of investment fr such 2 plant ‘- abeut *US 125 per .nnual
gton. Finally it is concluded that there is great scope for the expansisn of alumina

iand aluminium industry in the developing countries.
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Lo Aluminium:  tho motal of the o

Te During thc latter part of the nineteenth century aluminium Wil oorly a costly
curiosity of emperors aind scienticte, During the last three-quarters of a century,
however, aluminium has made gimantic strides to establish itsolf not only as an op-
sential and inerpensive industrial metal of today but also as 1 metal of challenge in

the markets of the futurc.

2s  The reason behind thig grand transformwation of aluminiwn 18 its uniquo charactor-
istics developed through long years of rasearch ard enginecring. Somc of thoge ara
lightness, high streng‘sh/weight ratio, gzood corrosion raesistance, non-magnotic and
non-gparking properties, non~toxic character, good formability ( including high mallea~
bility and ductivity), high th rmal and slectrical conductivity, extreme brightness
and high refleetivity for radi-nt neat and light. Pow materials, if any, posscse a
greater range of utilitarian characteristics than aluminium. The price gtability of
aluminium in comparisen wits otlaer major metals over long periods is also remarkable.
During the period 1939 +o 1950 the internutional price of aluminium increasod by 92
per cunt only, while that of copper, lead and sine incroaged bty 390 per cent; 380 per
cent and 540 per cent regpec .ively,

3+ Endowed with so many adv wtageous characteristice, aluminium lends itself to
effective and ecouomic use in .4 wido rengo o markets such as electrical cables and
appliances, building and gonst~uction, transjortation, aircraft, domestic kitchen
ware, canning and packaging, sto -l 4eoxidizinz, defence and ordnanco, aluminizing
paints, coinage, miscellancous ¢zipmonts (for food, textiles, chemicals, soMago,
mining, nuclear applicaticns etc.). Aluminium today ha,s bacome the leader of the nome
ferrous metals and has consolidated its position in the industrial world bty succese
fully competing with ari& digplacing numsrous coiventioral motals and matoriale from
their established markets.

;o ‘ |
4.  MAuminium industry is thus Playing an incrousingly important role in the indug-

3 trial and technelsgicél rovolution ot the modern world, In the developing countrios,

it assumee even groater significanca. A zapidly ieveloping country normally noeds to
double its power producing cepacity almost evory Tive years. The cloctriocal industry,
in turn, needs large amounts of coppor. Many of ‘he developing countries do not have
deposits of copper are ui all, whereas cthers lik¢ India have rather inadequate ora

reserves of copper. Somc of these souniries .re, however, endowed with sizeablc

bauxite deposits and sufficient low=cost pawer potential. 1In guch a situation, pro-

‘ | duction of alumina and eluminium metal woid aseist greatly the economic and industrial

B rrogress of such developing countries.




LD/ WG 11/
Page 6

[1. World demand wnd production of aluWminidn

5e Commercial production of alumiriun started only towards the cnd of the nineteenth
century in the United States. In 1866 the total output of aluninium 1n the ~orld was
only 17 tons. Since the beginning of the twont Loth century the production of .uni-
nium has more than doubled in cvery decade in free 2nterprisc cconomy countrios.
Their production was 0.2%5 mili.on tons in 1728, 0,72 million tons in 1940, 1.77
million tons in 1952, 4.78 million tons in 1964 and over six million tons at present.
The total world production is now about 7.5 million tons. The world consumption (1
of aluminium outside the centrally planned cconomy countries of Eagtern Europe and
Asia rose on an average by 8.6 per cent a year from 1952 to 1960 and by 10.1 per cant
per year from 1960 to 1964, The ratce of consumption during 1964 to 1975,is expected
to incroase within the eamo limits, that is, botwean 8 to 10 per cent poer ysar.

6. In order to meet the increasing demand of aluminium all over the world, aluminium
companies are ongaged in massive expansion programmess In 1966, rated capacities of
primary alwninium plants in countries other than those with centrally planned eocono~
mies were 5.4 million iong; aftor the planred expansions this capacity would reach
7.2 million tons in 197%. The number of countries producing aluminium increased fyom
goventean in 1959 to twenty in 1965 and it is expected (based on announced agmaes«n}
that by 1971, there will be at least 28 countries in the aluminium field. The rated
capacities (2) for production of primary aluminium ir countries other than those with
centrally planned economies in 1966 and as planned by 1968 and 1971 are given in

table 1.

7. World reserves of high-grado bauxite (3) in 1963 were cstimated at 5,760 million
tons with an additiona® 8,740 million tons of lower grade resources. The main de-

poeits are in the United States and Mexico in North®imerioca; Jamaica in the Caribbean ;
areaj; Ouyana, Brazil and Surinam in South America, OGuinea and Ghana in Afrioca, |

Hungary, Yugoslavia, France and Oreece in Burope, India and China (ilainland) in
Aeia, and Australia.

8, The combined reserves of the over-all Caribbean area (4) are estimated to be
1,200 million tons, The bulk of the African (4) reserves of bauxite are in Guinea,
estimated to be in excess of 2,000 million tons., The data for production of bauxite
in the world excluding centrally planned economy countries of Eastern Europe and Asia
for 1953-1955, 1960 and 1964 are given in table 2, In 1964 the production of bauxite |

y Numbers in parentheses indicate references,
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in the develeping courtrios was CO6 arllion tore AEZAINeY the totnag (roduction of

26.9 million tons (excludﬁng the production of centrally planned 22onomy countries).

The main producers arc Jamaica, Surinam, Guyana and Guineca, The output of bauxite in ‘
the developing oountrics has boen betwoen 70 to 50 per cent of the world praduction g
during the last ten years, Barely one fifth of thig bauxito is converted into alumina

in these couniries and the rest ig exported to the developed countriecs,

United States 2,767,500 3,137,400
Canada 886,500 971,100
Mexico : 19,800 39,600
Brazil 39,500 63,800
Surinam ' ~ 29,700 59,400
Veheguela - 91900
Cameroon 51,500 51,500 !
Chana ‘ - . 103,500 :
United Arad Republic - - 39;699
South Africa - - 41,600
Formosa 19,800 33,300 33,300
India &/ 92,700 141,300 270,000
Japan 340,700 434,700 516,600
Korea - . - 13,500
Australia 88,200 103,500 155,300
Ausiria * 86,700 86,700 95,700
L France 352,800 352,800 352,800
Germany (Federal Republic of) 256,500 256,500 ' 256,5-0
} Iceland - - '
X 1taly 131,800 131,700
@ Netherlands 31,700 59,400
HOWE& 3?@; 4?8,&@
Spain 65,000 104,400
(reace 61 ,9@@ 72,000
B Swedon 32,000 50,000
B Switzerliand 61,400 61,400
j United Kingdom 37,100 37;;23
Yugoslavia 0, 5¢
ug 5 1500 5§f
Total 5,874,900 6,890, 400 74955,100

g,/ Figures for India have been changed.
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Table ¢
Productinon of bauxite (gross wei ht )
(in_thousands of metric tons
1954-55 960 T 1964 1963
avorage
Developing countrice: 94491 11,934 20,616
Cuyana 2 29377 3,422 ' 2,500 2,873
Guinea A7 1,378 1,433 1,600
Jamaica ©2,015 5,841 7,824 3,705
Surinam 3,253 34455 3,9% 44369
Others 1,429 3,838 4,855
Doveloped countries: 31,354 5,398 6,270
Australia . 6 T1 902
United Statos 1,816 2,030 . 1,632 1,683
Others ‘¢:' - 720 14230 19300
Total y 13,345 234332 2&,886
Devoloping countries (7141) (76.9) (76.7)
(por cent)q &
Developod ccuntries (28.9) (23.1) (23.3)
~ {per cent)

J Data represent driod equivalent of crude ore.
y Txcluding the centcrally planned economy ceummaa of Bastern Burcpe and Asiae

9. Most of the developing countries that wav) bauxite deposits now manufaoture alue
mina, bt only a small portion of the alumina 18 used for the manufacture of aluninium
in tho country of origin; the balance is exported to the developed countries. The
alumina (2) capacities of various countries in 1966 ard nlans for 1967 to 1971 are
given in table 3. The capacity for alumina in the developing countries ir 1966 was-
3.46 million short tons, that is, 26.6 per cent of the total world capacity of 13
million short tons {cxclusive of centrally planned economy emuntries). By 1971 it is
estimated that the capacity for alwiina in tho doveloping countries will increase tc
5,5 million short tons, that ie,33 per cent of the total capacity of 16.7 million shori]
tons. Jamaica -is the largest alumina producer with a capacity of 820,000 short tons |

per year and this is likcly to be more than doubled by 1971. Among the other develop-
ing countries, Surinam in South America and Guinca in Africa have built up large alu~
1"ina capacities., Cuyana, Brazil, India and Yugoslavia arc planning substantial

expansion in their alumina capacity (gable 3).




Un.tod States 59400 6,1C0 6,100 . 6,100 6,100
Canada - 1,100 14100 1,1€0 14100 " 14100
Total North America 6,500 7,200 7,200 74200 7,200
Virgir Islands 200 200 200 200
Janeice 820 900 15410 1,890
Total Caribbezn 1,020 1,100 1,670 1,090
Bragil - 85 130 130 130
British Guyana 630 630 630
Surinam L8 R -d20
Total Bouth Amoricas 14550
Guinea ;
Totul Africa 540
Fornosa , W
India 160
Japan 700
Korea s -
Australia k20
Total Asia and Oceanic 19320
& France , 320
§ Oormany (Pedoral Republic of) 570
G¥eeca ' 200
8 Italy 300
B Nethorlands w. ¥
% Norway 17
Swedeon 8
United Xingdom
Yugoslavia
Total Europe 25 £2 408 7 : :
- et o ; — -
Grand total 12,935 14,750 14,905 15,592 16,602 16,682

[l o/ Estimated figures for India have been changed.
AMuninium

10¢ The availability of an abundant supply of cheap clectric povwer, finance and gene
eral industrial development are the major factors that govern the growth of the alumi-

nium

Table 3
e,

Estimated alumina capacitics, 1J66=1971
(excluding centrally planncd ccono countrios)
in thousands of short tons

1966 1967 i 068 1969 1970

industry in a country and for these reasons, the production of aluminiuq has so

Q,J
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far takon place predominantly in developed countrics. The world production (6) of

primary aluminium,excluding the centrally planned cconomy countrics of Eastern Europe

and Asia, during 1953-1955, 1960 and 1964 is shown in %able 4.
g countrics in 1964 was 188,000 tons only and amounted to

The production of

aluminiwn in the developin

hardly 4 por ccent of the world production. Until 1965 primary aluminium was produced

only in five developing countrics (6) = Brazil, thc Camecroons, Yugoslavia, India and
China (Taiwan) - with a total capacity of about 225,000 tons. At the and of 1965 an
000 tons por year started operal ion in Swrinam,

a,lumimmn selter with a capacity of 50,
United Arab Republic, South

Other developing countriocs such as Venezucla, Ghana,

Africa and Koroa are also ostablishing aluminium smelters as shown in ¢able 1. The

~ Toma emeltor in Ghana with an initial capacity of 100,000 tons per yoar is scheduled
%o start production this yoar. Bv 1971 tho aluminium capacity in tho developing coune

e u: likely "m incrasse te 6,92 rail}.iea shor‘t tons, that ia, 1‘%5 par mt af the

ey

B&Vﬁ@ed countries S - (99.2) (96.9) (96.1)

~(per cont)

y Excluding countries of Bastcrn Eurcpo and Asia with centrally planned eoonomies. ’

1%, In most of the developing countriee the use of aluminium is still in its .aarly
stages and the conswnption is rolatively vory small as compared to that in more ad-
vanced countrios of the world. PFor example, the per capita consurption (7, 8)
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of aluminium in India is 0.2 kg, in Mexico 0.31 and in Brazil Q.46 kg, as comparad

tc 15.8 kg in the United States, 9.1 kg in Switzerland, 8.5 kg in the Federal Ropublic
of Gormany, 7.7 kg in the Unitod Kingdom and 4 kg in Italy and Japan. The congsunption
of aluminium in the developing countrice (6) increased at an average ratc of 23.8 per
cent por year during 1952 to 1960 and 14 per cont por yscar during 1960 to 19¢4. Do
spite this rapid growth, the total consumption of aluminium in thesc countries by

1964 was under 250,000 tone, represonting only > per cent of the world production as
ghown in table 5, ‘ ’

¥ Loping countries x

12, Thoro is a considerable surplus of baux s and alw n most o Lopir
oountrios, while the largo aluminiun producing oountries such as the United States,
| Conada, Norway, Sweden, tho United Kingom, the Federsl Ropublic of Gernary and Japen

| havo oither insignificamt or no bauxite reservos. Consequently the exports of bauxite

- ard aluning facm the developing countries to the developed countries are expected to
i continue although a shift towards a relatively groator export of alumina will take
'place. Exports of alumina from these countries have more than trebled during 1959
to 1964. During 1964 to 1975 bauxite exports (1) from the developing countries are
e¥pectod to rise from about 15 million tons to about 24 million tons while
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alumina cxports are expect:d to ircrease from 1.5 million tors to sbout % million tons
or amounting in value to un incrzaec of mor: than $US 450 muillion at 19€4 prices. Ex-
ports of aluminium from developing countries have wlse riscn from 19,000 tons in 1959
to 73,000 tons in 1964 and arc further cxpected te riec te about 300,000 tons by 1375
reprosenting an increasc of about S JC willion at 1964 prices. Thus the value of

oxports from dovoloping coantries wouid increase with a chaft in oxports from bauxite

to alumina and aluminium, ag well as the total volume of oxports.

IVe Alunina indgg_try in India

13. In viow of the inadequate ore doposits of other non-ferrous netals like copper,
lead and zinc, and the potentialities of aluminium to replace ccpper and other non-
ferrous motale, the demand for aluminium hae increascd at a vory rapid rate in India
during tho last 15 years. The consumption of aluminium has grown from 11,000 tone in
1950 to 47,500 tons in 1960, 102,000 tons in 1965 and 130,000 tons in 1967, Productic
of aluminium has increased in the corresponding period from 1,600 tons in 1950 to 18,2
tong in 1960, 68,000 tons in 1965, ard about 100,000 tons in 1967. The shortfall is
met by imports. According io current aatimatas, the demand for aluminium is likely t¢
rise to 250,000 tons by 1970-1971 and 450,000 tons by 1975~1976, and most of it is
expected to be supplied from domeetic production.

14, India is ondowed with sizeable deposite of bauxito totalling over 250 million ten
out of which over a 100 million tons are of motal grade (above 45 per cent a.lmina)g
In ardar to meet the growing demgnd for aluminium in the country, a subetantial ex=
pa.mmn of the capacity of alumina and aluminium industries has been planneds The
capacity for production of alumina during 1967 and ae planned by 197° .e ziven in
table 6. The produciion of alumina in India has increased from about 4,000 tons in 4
1943 to 150,000 tone in 1966, The installed cepacity for alumina will be 257,000 tﬁm
by the end of 1967. With the implementation of the proposecd oxpansions at Renul

3] vﬂ’e i ’

Mettur and the new units at Belgaum, Korba, Koyna and in Gujarat, the total capacity
by 1974 ie likely to be 889,000 tone. A map of Indin showing the location of bauxite
deposits, power stations above 100,000 mega watts, alumina plants and al'uminium smeltal
is given in figure *.

15. In India fortunately most of the bauxite deposits are reasorably ncar cenires of
power goneration and therefore a tread towards bhuilding integratod alumina~aluminium
facilities has developod. Accordingly all alumina plants in Ir<dia except the one of

ploxes. Thie trend is likely to continue in the fuiure.
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Table €

Aluming production capacity in India

(in tons per year)

Exga.nsion Or new unitg
M—

Plant Installed Likely date of

Conpany locatlon 1%:{ Approved inp lemox_gtation
Aluminium Asangol 15, 000 10,000 1970-1971
Corporation (West Bengnl)
of India
Indian Mari 72,000 -
Aluminium Co. (Bilar)
Indian Belgaum - 72,000 1971
Aluminium Co. (Mysore)
Hindustan Remukoot 150,000 120,000 19/0-1971
Aluminium (v.p,)

Corporation

(::gﬁr) 204 000 197019714
a8

1971-1972

8 Alwinium Co.

" Hiapas i ) 100,00 1972=1973

2 Gujarat ujera 00, 1972-1974
! Deveiapmant
& Corporation

| ractically ﬁil the aimina ia p&edaoad in Indie

B soniial features o *m Process have remained tho | iret diso

by Karl Bayer in 1888, It involves the digeetion or Mte with caustic soda to ex-
tract aluminium triwwe leaving behind the impurities as an insoluble residwe, the
precipitation of aluminium trihydrate from alkali solution by dilution and cooling,
and finally calcination of aluminium trihydrate to produce anhydrous aluminium oxide,
- The bagic reactions are:

Dl@ﬁ?&g@

3.3H0 + 2 NaOl! = 2 NaAl20 +4H 0
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Precipitation

2NaA102 + 4H20 = AlZC3.3H2() + 21aCH
Calcination

Bauxite is generally a mizturc of thu trihydrato (‘“\1303.3}{20) and monohydratc

(A1203.H20) of aluminium together with cartain impuritius mainly iron (F0203), titan-
iwn ('I‘ioz), silica and venadium (V20 ) Tho analysis of Indian bauxitos from vario s
doposite is given in table 7. Aluminium hydratos diffcr not only in their Xe-ray
spoctra btut also in their chemical and phycsical propertics. Aluminium trihydratc is
solublo in lower concontrations of caustic soda (150 g/l oxprossed as goda) and at a
lowor tomperature (140° C). Bauxito doposits in Saurashtra centain chicfly the

trihydrato.

kashpiz
41,0, 53-58 5862 70-80
F9293 8=10 2-4 1=3
'1’192 810 1=3 -3
5162 1=-4 12 5=10
R.Sieg 1=3 O~1 -
Loss on 25 23 12
ignition

17. The alpha monohydrate dicsolves at s highor concentration of caustic soda

(200 g/1 oxpressod as 532693) as woll as a higher tomporature (240° C). Tho bauxites
of Bihar and Madhys Fradesh aro a mixturc of trihydrate and alpha monohydratc, the
latter ranging from 10 to 25 per cent. The bauxitues of Kashmir contain chicfly diae
spore or beta monohydrate whioh is not soluble under the conditions of oporation of
the Bayor procees. Indian bauxites in goneral contain a high peroentage oftitania
(Tioz) and 0.15 to 0,20 per cont of vonadium pentaoxide (VZDS). As both those
impurities have an adversc offect on the clectrical conductivity of aluminium metal,
special procautions arc taken in the procoss to soparatc them from the sodiunm alumd
nate liquor.




ID/W 11/
Page 14

dhe dvoule ligestilon prucess
10e Tn Indin the expansior o alwnin cnoacl . hae been accompanlied by developments
in the technology of the prucess nioo, .1 Ltheir aiwntna slant at Juri, M/s. Indian

Aluminiwn Company hac adopted recentl: a coul!e dijcestion process for Lohardagz vaux—
ites At first the trihydrate is extracted froo hauxite undor less severe conditions,
that is, a caustic soda concentratisn of 190 g/1 a2 zoda rnd a temperature of below

1‘30O Ce The mud left behind r~ontainive the alvha monohydrote is d.gested under rela~

0
: PRI . . . . - / .

tively severe conditions of digestior (:aus*ic soda 500 ¢/1 as soda, and 200 C). In
this process, the efficiency of exiraction of alumina is about 92 per cent. A sshe~

matic flow sheet of "the proces. 2 lopted ai My it given in figure 2.

Digestion ~ Hindustan Aluminium Corporation

19. M/s. Hindustan Alvminium Corporation is using bauxite mainly from Lohardaga and
partly from the Amerkantal area and has adopted a single stage digestion process. The
digestion of bauxite iz carried out in autosclaves in eaustic soda with a concentration:
of 200 g/1 expressed as Hagmg at a temperature of 246° C and a pressure of 37 kg/sq om. |
In the precipitation division, the concentration of sodiwun aluminate liquor is brought

to 180 ¢/1 and the temperature of the liquor after precipitation is brought to 60° Ce

The efficiency of the extraction is nearly 96 per cent, A flow sheet of the process

is given in figure 3.

Digestiorn - Madras Alvminiup Com

20, M/s, Madras Aluminium Company is using Pauxite from Yercaud (Shevaroy hille) and
Saurashtra in the proportion of three to onc, They are also using a single stage di-
gestion process which is carried out at a causiic soda concentration of 320 g/l ex-
pressed as NaECQB, a temperature of 140° Cy and & pressure of 5 kg/sq cme The efficiency
of extraction is about 90 per cent,

Digestion - Alwainium Cory
214 %%/s. Aluminium Corporation of India is wsing bauxite fron lohardaga in Bihar,
The bauxite is digestod at a caustic soda concentration of nearly 500 g/1 .xpressed

as Hagccj, a temperature of 175 to 180° C and a presgure of & kg/sq oms The officiency
<& oxtraction is about 87 per cent,

ration of India

Ve India's oxperience in the oxpansion of the alumina industry centre

22. The first plant for the manufacture of Alumina in Tndia was started in 1942 at
Asancol by the Aluminium Corporation of fmaia, The plant was designed by Dorr Oliver

for a capacity of about 5,000 tons alumina per annume As no operating data were avail-
able, experiments iiere conducted in the plat rescarch laboratory and the operatins con-
ditions were stabilized gradually., Subsequently, the plant was expanded to a capacity of

15,000 tons with tho technical areistanse o the Swisas Aluminiunm Company of Switzerland,




.

Figure 2
Schematic flow

(Representing Bayer process

for making alumina

at Indian Aluminum Co.

Ltd., - Muri)
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23. The gecond plant was built in 1940 by the Tndian alwninaw, Jonpary b e withn
technical and financial collaboration of the Alear aluminiw tde (Do) The plant
wae designed and built by Canadian experts with an annual capncity -of 000 torns.  fGhe
plant has been oxpanded in stages and finally broughli up to a capacity of 72,000 tons
per year in 1965. iwdustan Aluniriun Corporation instnlled a 40,000-ton alumina rlant
in 1962 at Renukoot in collaboration with Kriser of the United 3tates., The oxpansion
of thise plant to a capacity of 150,000 tons is almost complete. The Madras Aluminiu:
Company installed at Mettur a 20,000~ton alunina plant in early 1965 in ccllaboration
with Montecatini of Italy and ‘he plant is now under expansion to an annual capacity
of 50,000 tons.

24. The aluminium industry in India is only 25 years old. initially its progress was
very slow but it has gained momentum in the last ten years, The bulk of India's capa-
city for prodvction of alumina has been built up during the period 1960 to 1967, During
this short period, India has gained varied experience in the expansion of older plants
as wall ag in the installation of large nocw pli.nts., The important features of this
expansion have boen described briefly below.

25+ All the alumina plante in India have been built in technical ca}.ia’b@atm with
aluminium producing companies from advanced countries. The designz of plantr including
the drawings were thus received mostly from the overseas tochnical consultants., This
procedure had the advantage that although the aluminium industry in India was in the
infant stage, the country received the benefit of the latest know-how from advanced
countriee. These designs, however, had to be modified and sometimes completely revised
in order to treat succssgfully the local bauxite. Indian engineers are now playing a
major role in the design and technology of new plants and expansiona.

26. 1In the past, most of tho equipment Hr the alumina plants had to be imported. Today
the situation has chaanced enormously. Fabriocation facilities have develor .. congider
ably and most of the eé;xi‘pment like crushing and grinding mills, autodlaves, thicknors,
filters, decomposers, evaporators, boilers, and calciners are available locally. Only
some componentas and equipment of intricate and gophisticated ‘dosign and some control
instruments still have to be imported. Some of the equipmant fabricated indigenously
has been used in the expansion of alumina plants implemented recently. Though there
have been some teething troubles and breakdowns, these have been overcome successfully.
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STe T nue veor the experionco that lwmina plerts, 1hsach dosymed nostly in the
initial stupges for emalicr ~apacity g, na/e te be axpanded substantinlly in the future.
Im Indiz when the firgt fow plunte were notablishod, ouch expansions were not antici-
pated ir the initial stigoes and concoquently sufficiont epace was rot provided to
accommodate the later cxXpansion.  I'or coononic rengons, it is nnt poseible to discard
thz old unite. Therefore after cxpansion, these plants have becnme very congested,

leaving very little room for operation nd maintenance work.

284 Gonerally, the main unite in an aluminn plant can give an output of 10 per cent
or more thiun the ratod cupacity, if some bulancing plants are added., However, unless
provision is made for this purposc in advance, the extra production involving only
limited additional invectment cannot be accomplished. It is therefore nocessary that
in developing countries where the land is not expensive, adequate space for expansion,
be provided not only for the alumina plant, but also for red mud ponds, -cooling towers,
biggor storage and handling facilities for beuxite, alumina, -coal, oil etc, as well as
for housing,

29. Characteriastics of bauxite such as ite hardness, quantity of sandy material,
setiling propertios of red mud,. and presence of organic material change from place to
places It has beon experienced by ono of the plants that the data collected on lahow
retory wocale teate do not give the ontire picture to the designer, with the result
that many probloms arise during tho operation of a plant when it is erected, If the
hardness of bauxite is not assessed properly, the design of the grinding cireuit would
be inadequato to yield the desired amount of bauxite ground to the required degree of
finencss, The p sence of an appreciable é;ue.ntity" of sandy material in the bauxite
givés a blasting offect in the high-prassure pipe lines, elbows, tees etc. and oreates
erosion problems, thoreby nccessitating shut-down of the plant from time to timo for
maintenance work. If provision is not made for the removal of organic matter in bauxe
ite, it retards the precipitation préocess as well as the filtration operation and -
theroby affects production to a groat extont,

30, It ise, thorefore, cssontial that before taking up the design of a new alumina

plant or its expansion, composits samples of bauxito should be collected from the
nines and their bohaviour studied in a pilot plant,




Installation of equipment for gxpansicn

31. During the oxpansion of an oxieting alunminn elart; the cperation of the e olant

L 3 X . X . . 3

2nd the constMiction of now units go on side by eide and some disturbanc: ie bound to
ococur in the normal operation of the old plant. The schodule of wor o ong® “*3’ howoever,
be planned in such a manner as to cause mininum loss of production, In lnd&g, tho

units for expansion of capacity werc installod first anl interconnexions with the
2Xp , J

. , a s ; t
oldor units were made Yy planning a schedule of ot -dewn of ac latter for claang -

£
:
¥

over and simultancous maintenance.

32, It is alsc felt that durihg erection of the expansion capacity, supcrvision re-

quires strengthening to ensure that the construction crew doos not hamper the
operation of the old plant.

Eorgopnel training : ' )

33. The experience in Indi~ ghows that training of technical and operating personnel
is very vital wherever new facilities are installed or old plante are expggé@d‘ingérw
porating new productior techniques. This prah&em WoE aztiefact@rxly solved by train-
ing initially a handful éf Indian techniciana abread ag well as by bringing overness
tochnicians to India fsr erection as well as initial start-up, so that local ﬁ@rﬁ@ﬁ%§1~
could be trainad by atxaahmen¥ of trainccs with them. Bvening classes ware conducted
for training auperviaors.: It has now been established that months of intonsive in~
plant training must procede the start-up of a now plant. The start-up of the new
plant should preforably be in stoges and blank trials, wherever foasible, may bo car-
ried out to train the personncl.

34. The estimates of inveatment axpeaéztufe for r@e@n%}y built alumina gia&ta (9; of
vericus capacitios are givsn belows

*

Angual ocapacit
tons,

100,000 170=210 190=-230
165,0@0 140-180 160=200
330,000 110~150 140~180

The data refer to complete plants within batte*y limits and excludc bauxite mining
and related facilities, town-site power generation, transport facilities ocutseide

plant, caustic soda or soda ash precduction facilitics, limestone mining and treatment.
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An annual capacity of 200,000 to 250,000 tone ig considered an economic size for an
alumina plant. The investmont cost of a 200,000-ton ~lumina plant (10) on St. Croiv
Island in the Caribbean arca recently built by ths Harvey Aluminium Corporation has
been reportod to be $US 125 per annual ton.

35« In a developing country, tho capital cost of installing an alumina plant will be
‘pomewhat higher than that in o developed country on account of the additional cost of

ansporfation of importod oquipment and matorisl as well as ‘he need for additional
: i:;vestmnt on %he aasilzary facilities which are usually available in éevelo;rad coun-
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