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manganese mining* Although they are spread very th in ly ,  averaging 
a wet mass concentration of about ten  kilograms per square metre, 
the area they cover in p laces i s  immense. In fac t  over 300 000 square 
kilom etres of the  most promising area l i e s  to  the south of Honolulu 
estimated to  contain 500 m illion  tons of manganese, 25 m illion  tuns 
of copper and 4 m illion  tons of cobalt -  equivalent to  75 per cent of 
the  land based resources of cobalt.

I t  i s  not su rp r is ing  th a t  in recent years the  manganese nodules 
have a t t ra c te d  th e  a t te n t io n  of severa l la rg e  mining companies and 
th e re  are p resen tly  s ix  in te rn a t io n a l  consortia  ac tive ly  engaged in  
in v es tig a t in g  t h e i r  p o s s ib i l i t i e s .  As the United S ta tes  i s  id ea lly  
s i tu a te d  geographically to  mine what i s  regarded as the r ic h e s t  area in  
the oceans and fu r th e r ,  as these  nodules contain p o ten tia l  resources 
of th ree  s t r a g e t i c  metals fo r  the United S ta te s  (manganese, n icke l and 
co b a lt) ,  th a t  country has taken the  lead in  pioneering th e i r  
e x p lo i ta t io n . One consortium, Ocean Minerals Company had spent # 220 
m illion  on in v es tig a t io n  by the  end of 1982, including sending the  
research vessel Elomar Explorer sp ec ia lly  equipped on a p i lo t  mining 
c ru ise .

The re tu rn  from recovering cobalt could possibly decide whether 
ocean f lo o r  mining i s  l ik e ly  to  become economically fe a s ib le .  While 
the  increase  in  sources i s  not l ik e ly  to a f fe c t  the  supply of th i s  metal 
to  South Africa, except possibly to  reduce the  purchase p rice , other 
e f fe c ts  of ocean mining could have a very serious and detrim ental e f f e c t .  
In  f a c t  i t  i s  the  possib le  impact of such la rg e  sca le  production of 
metals other than cobalt on world markets th a t  has caused some delay 
in  schemes fo r  exp lo ita t ion , except of course by countries such as 
the  United S ta te s  who would benefit  by obtaining independent supplies 
of nickel and manganese and Japan which imports la rge  q u a n ti t ie s  of 
copper.

High ra te s  of ocean mining would have d isas trous  r e s u l ts  on the 
world n icke l, cobalt and manganese in d u s t r ie s .  The most promising 
regions fo r  ocean mining l i e  at a depth of some 5 ODD metres and as a 
r e s u l t  of the complexity of mining a t  th is  depth together with the very 
high costs of preliminary in v es tiga tio ns  only a very large  sca le  
operation would prove v iab le .  Roskill estim ates the minimum production 
r a te  to  be 1 m illion  tons annually contribu ting  11 400 tons of copper,
275 000 tons of manganese, 13 300 tons of n icke l,  3 500 tons of cobalt 
and 570 tons of molybdenum to the world 's metal market.

\
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Considering the  United S ta te s ,  one of the  la rg e s t  consumers of 
cobalt, reveals  th a t  they consume annually about 9 250 tons of cobalt.
This means th a t  only th ree  operations of the  scale  discussed above 
would be required whereas cobalt i s  p resen tly  imported from Zaire,
Belgium (Zairean o r ig in ) ,  Zambia, Finland, Norway, Canada and a few 
minor producers. The e ffec t  on world metal t rad e  of mining seabed 
nodules would be extremely d is ru p tiv e  in  the long term.
However, Du&e s ta te s ,  the techn ica l  f e a s i b i l i t y  of mining a layer  only a few

centim etres th ick  a t  a depth of only 5 000 metres has s t i l l  to  be
demonstrated and, f a r  more important, the  economics of mining under
these  conditions and the recovery of the  metals a t  an economic cost
must be proved. The leg a l  position  o f  a company mining mid-ocean has
not yet been determined in sp i te  of f i f te e n  years arguing in  the
United Nations and a t  l e a s t  four in te rn a t io n a l  conferences on the
Law of the  Sea. Claims have been put forward by Third World coun tries ,
e spec ia lly  those th a t  have no c o as t l in e ,  no technical expertise  and
very l i t t l e  uncommitted c a p i ta l .  Needless to  say, such claims have
been favourably received by the  United Nations. The seabed rocks
have become the  p r ize  in  a f i e r c e  p o l i t i c a l  and ideological struggle
between the  developed and the  developing worlds and u n t i l  th a t
struggle  i s  resolved the  nodules are  l ik e ly  to  remain on the sea f lo o r .

5.3 . World Production 
The p rinc ipa l  producers of cobalt in  the  world are given in  d e ta i l  in  
Appendix Three including company, primary or secondary producer and 
sources of supply.

Despite t ran spo rta tion  problems between Zimbabwe and Zambia and 
closure of th e  B enguela railway re su l t in g  from the  c iv i l  s t r i f e  in 
Angola, both Zambia and Zaire have been able to  maintain shipments 
v ia  a l te rn a t iv e  rou tes to d e s t in a tio n s  on the East coast of Africa 
and to  Z a i re 's  o u / j port of Matadi. The East coast ports  include 
East London (S.A.) and Dar as Salaam in  Tanzania. The Tazora railway, 
l ink ing  Dar es Salaam with the  in te r io r ,  has been the p rincipal 
rou te  of export fo r  copper and cobalt from Zambia.

Table 14 records the Western World cobalt output divided in to  
ten  main categories fo r  the l a s t  f i f t e e n  years.

Page 80 (a) contains a graph of Western World cobalt production while 
Western World cobalt production i s  depicted graphically  on page 81 ( a ) .
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Table 14
Cobalt production (tons contained metal

1968 1969 1970 1971 1972 1973 1974 1975
Zaire 10 600 10 600 14 000 14 500 13 000 15 100 17 500 13 600
Zambia 1 300 1 800 2 400 2 000 2 100 2 000 2 000 1 900
Canada** 2 000 1 700 2 200 2 000 1 500 1 900 2 100 1 400
U.S.A. 237 206 147 140 - 73 — 100
Finland 1 700 829 1 000 926 800 1 000 812 821
France X X X X X X X 1 100
Japan - - - — — 125
Morocco 1 500 1 500 664 1 300 1 500 1 400 1 600 +

Germany 820 850 826 601 457 370 356 340
Other 155 166 166 163 166 169 147 24
TOTAL 18 300 17 650 21 400 21 650 19 500 22 000 24 500 19 400

1976 1977 1978 1979 1980 1981 1982
Z aire 10 700 10 200 13 300 13 000 14 000 11 200 6 000
Zambia 1 700 1 700 1 700 3 250 3 300 2 500 2 250
Canada* 1 900 1 400 1 700 2 000 2 100 2 600 1 600
U.S.A. 100 250 300 200 500 300 350
Finland 900 985 1 000 1 200 1 300 1 300 1 300
France 1 200 1 200 1 100 1 200 1 100 600 400
Japan 550 1 150 1 700 2 500 2 855 2 400 1 800
Morocco •4* + + 4* + 4* +
Germany 250 350 300 4 - + + +
Other 100 200 300 BOO 300 600 800
TOTAL 17 400 17 450 21 400 22 950 25 450 21 500 14 500

* including B r i t ish  and Norwegian production from Canadian ores 
x included under Other fo r pre-1975 years 
+ included under Other
In addition , Rosklir^eatlmates the  t o t a l  cobalt production of C en tra lly  
Planned economies to  be around 4 000 tone in  1982, 15 per cent l e s s  than 
the  demand from t h i s  sec to r . Chino, in  p a r t ic u la r ,  imports la rge  q u a n ti t ie s  
of cobalt from the Western World.

These f igures  must be considered with reserva tion . For instance, 
n e ith e r  France, West Germany or Japan mine any s ig n if ic an t  q u a n ti t ie s  
of cobalt yet they produce much cobalt from imported concentrates and 
o res . Belgium, which i s  not shown in the tab le ,  i s  a la rge  re f in e r  of 
cobalt, mainly from Zaire, but does not publish any sa les  f ig u re s .  There

\
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i s  considerable reserve capacity among the  d if fe ren t  cobalt producers and 
planned expansions may to  some extent o f f s e t  the  drop in  production from 
Z aire  due to  in te rn a l  tu rm oil. This has created a serious shortage in  the  

supply of cobalt. The United S ta tes  formerly held a s t r a g e t ic  s to ckp ile  
of cobalt amounting to 18 570 tons but th i s  was increased to  38 775 tons 
in  1976 to  1978 and in  1981 they purchased another 2 361 tons. This 
decis ion  and a consequence of poor economic conditions in 1982 aggravated 
shortages throughout the world.

5 .4 . World Consumption 
I t  i s  almost impossible to  estim ate ac tual consumption of cobalt in  the  
absence of published s t a t i s t i c s .  D eliveries  by prime producers are  not 
a good measure of consumption but r e f l e c t  consumer confidence in  respec t 
o f inventory in  addition to  demand. However, i t  i s  possible  to  glean 
reasonably accurate f igu res  from the Mining Annual Review rep o r ts  and to  
bu ild  up a tab le  of consumption in  markets serviced by Western World 
producers:

YEAR 1971 1972 1973 1974 1975 1976 1977
CONSUMPTION 16 400 22 800 27 650 27 900 15 ODD 23 COD 24 000
(tons) 1978 1979 1980 1981 1982

27 000 24 000 18 000 16 000 15 000
During 1980 the r e s u l t s  of a long time period of in f la te d  p rices  

due to  the  invasion of the  Shaba province in Zaire became apparent.
Most consumers made a determined e f fo r t  to reduce th e i r  stocks having 
regard to  the  very high cost of financing and, in expectation of a 
reduction  in  the producer p rice , being faced with writing down huge 
stock investments. Consequently the  la rg e  producers found th eir  
d e l iv e r ie s  almost halved in  1980. Further compounding the problem of 
demand i s  the lev e l  of su b s ti tu t io n  re su l t in g  from a long period of 
high p r ice s .  The consumption figure fo r  1580 i s  about 25 per cent 
down on 1979 and possibly 15 per cent of th i s  reduction i s  a t t r ib u ta b le  
to  th e  recession.

A large  part of the drop In demand for prime cobalt metal in  1981 
i s  accounted for by the severe reachedulding of superalloy bar stock 
supplies by the aero-engine bu ilders  as a r e s u l t  of widespread 
cance lla tions  of commercial a i r c r a f t  options by a i r l in e s  beset with 
enormously high in te r e s t  charges and declining business. The long overdue 
re-equipment of the c iv i l  a i r l in e s  with modern fuel e f f ic ie n t  a i r c r a f t  
has been repeatedly postponed but eventually  th i s  w ill  become a n ecess i ty .
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U ntil then the superalloy business seems prepared to  make do with 
rev e r t  a lloy s , even to the  extent of remelting and re -a lloy ing  bar 
stock in v en to r ie s .  This important app lica tion  i s  the la rg e s t  s ing le  
end use of prime cobalt in  the world.

The downward momentum was continued in  1982 which v i r tu a l ly  saw 
the end of the  o r ig in a l  producer con trac t, based on ' s e l l e r s  terms' 
in  Favour of spot purchases a t  'merchant te rm s '.  The general lack of 
demand, coupled with the  existence of high producer stocks and the 
desperate  f in an c ia l  position  of leading producers, gave r i s e  to 
v ic ious competition for any business. The predatory actions of some 
merchants added impetus to  a downward p r ice  s p i ra l  by se l l in g  forward 
a t  even lower p r ice s ,  covering in  short p o s i t io n s  progressively  from 
w il l in g  producers prepared to  s e l l  a t f ree  market p rices  fo r  the sake 
of cash flow. The steady decline in  p rices  caused consumers to  delay 
purchases u n t i l  the  l a s t  possib le  moment and to  procure the  absolute 
minimum quantity  a t  any one time. Under these  market conditions and in  
th e  l ig h t  of poor physical demand there  was no incen tive  fo r  inventory 
buying. Investment in  new a i r c r a f t  was fu r th e r  postponed; the  chemicals 
market sec to r  was a ffec ted  by the continuing low lev e l  of a c t iv i ty  in  
the  consumer durables industry  but the magnet se c to r  enjoyed growth as 
a r e s u l t  o f  increased in te r e s t  in  computers fo r  home use and g rea te r  
sa le s  of video tape  r e o r d e r s  and high technology e lec tro n ic  app lica t ions .

5 .5 .  Local production 
South Africa does not f igu re  in te rn a t io n a l ly  as a producer of cobalt.  
There i s  a small production of cobalt in  mattes and co n ce n tra te s . . .  
small by world production but s ig n if ic an t  in terms of South A fr ica 's  
requirements.

Apart from the  shipment of 143 tons of handpicked cobalt from the  
H ru is r iv ie r  deposit in 1809, the only known production of cobalt lo c a l ly  
has been as a by-product from the recovery of platinum at the  Rustenberg 
Platinum Mine (CoSO,) , Impale Platinum and Western Platinum (Co). 

Occurrences of cobalt have been reported in  the geological l i t e r a t u r e ,  
none of which has been la rg e  enough to j u s t i f y  exp lo ita t ion .

Much more important are the low but consis ten t concentrations of 
cobalt in  the platinum and nickel bearing Merensky reef and in  the  gold 
bearing ree fs  of the Witwatersrand s e r ie s .  Although cobalt concentrations 
are  low the ore reserves of the platinum and gold bearing deposits are 
so immense th a t  these  sources must be considered important.
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In the  neighbouring t e r r i t o r i e s  of Zimbabwe and Botswana cobalt 
i s  a constituen t of ores being mined and trea te d  fo r  the recovery of 
n ick e l.

5 .5 .1 .  Production estim ates - platinum mines 
The p o ten tia l  production from nickel and popper ores i s  often 
underestimated because of lo sses  which occur in the  smelting process. 
Usually only 20 to  25 per cent of the  cobalt present in  the concentra tes  
fed  to the smelter repo rts  in  high grade matte or fin ished m etal. The 
lo s s  occurs in the  converting process where n ickel i s  oxidised and 
slagged o f f  in  th e  converter s lag . For th i s  reason large  low grade 
reserves of cobalt e x is t  in  smelter slag dumps.

H is to r ica lly  in  South Africa the o lder platinum producers made 
no e f fo r t  to  recover cobalt but between ID and 20 per cent of the  
cobalt contained in  concentrates was recovered in  e le c t ro ly t ic  n icke l.  
The cobalt content was around 1 per cent. Because i t  i s  no longer 
easy to  dispose of nickel containing th i s  leve l of cobalt South African 
producers are  in v es tig a tin g  methods for recovery of the metal.

In 1979 the re f in e ry  jo in t ly  owned by Rustenburg Platinum Mines 
Limited and the  Johnson Matthey Company commenced recovering the 
cobalt as a crude hydroxide sludge p r io r  to the e le c t ro ly t ic  re f in in g  
o f by-product n ick el. At Impale and Western a sim ilar product i s  also  
recovered. In both cases th e  crude cobalt i s  exported as such to  
r e f in e r ie s  overseas, altnough small amounts of crude cobalt were once 
sold by Impels Platinum to a lo ca l chemical manufacturing company who 
produced cobalt sulphate as an add itive  for c a ttle  feeds. Late in 
1979, Rustenburg Platinum Mines established a plan t fo r  the production 
of high pu ri ty  cobalt sulphate , a proportion of which i s  sold 
overseas by contract:
YEAR 1979 1980 1981 1982 1983( e s t . )
TONS(Co) 155 189 189 525 525
The f ig u res  represent tons contained cobalt as G0SD4. 7HP. 0 a t  21 per cent 
cobalt.

Production figures are not availab le  fo r  Impale Platinum but the  
company claims an ex trac tion  capacity of around 250 tons annually of 
contained cobalt metal.

I f  the above processes were u t i l iz e d  by a l l  South African producers, 
the quantity of cobalt av a ilab le  from th is  source would be in  tha  range 
of 600 to 1 000 tons of cobalt per year.

\
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5 .5 .2 .  Production estim ates -  gold mines 

I t  i s  well known th a t  the gold ores of the  Witwatersrand s e r ie s  contain 
low concentrations of cobalt. This element, n ickel and copper are 
associated  with p y r i te  which i s  a constituen t of the ore.

In South Africa there  are several operations in  w h i c h  gold t a i l i n g s  
are being reclaimed and concentrated by f lo ta t io n  for the  recovery of 
sulphur ( in  p y r i t e ) , gold and uranium. Enormous tonnages are  being 
t r e a te d  in th i s  way and reserves are su f f ic ie n t  to  support operations 
fo r  a t  least, 20 years. The degree of concentration i s  about 40:1 and 
the  f in ished  concentrate which i s  roasted  to produce su lphuric  acid , 
i s  then leached to  recover gold and uranium.
Solution concentrations may be;

gold 6 - 1 2  grams per ton
cobalt 500 -  1500 grama per ton
copper 1 500 -  2500 grams per ton
nickel 2 500 -  4000 grams per ton
uranium c la s s i f ie d

Each mn of concentrate produces 1 ton of sulphuric  acid sa leab le  
in  South Africa fo r  about #60 per ton . With the average gold value of 
the concentrate about 8120 per ton I t  appears that the combined copper,
n icke l  and cobalt value of about 0100 per ton i s  well worth recovering. 
The present production of concentrates i s  more than 1 m illion  tons per 
year and so the  p o ten t ia l  production from th is  source i s  around 1 000 
tons per year of cobalt.  Indeed, ERGO and 3MS (Jo in t  M etallurg ical 
Scheme) produced 316 tons of contained cobalt in  1979, the  l a s t  a v a i lab le  
production figure.

In addition to  dump re-cycling , current gold mining operations are 
a p o ten t ia l  source of between 1 000 and 3 000 tons per annum. Cobalt i s  
to  a s ig n if ic a n t  extent dissolved in  the  cyanide so lu tion  used to  leach 
gold and methods fo r  i t ' s  recovery are well known. In fa c t  dissolved 
cobalt has a considerable nuisance value to gold mines operating uranium 
p lan ts  because i t  poisons the ion exchange re s in  used in th a t  operation .

Cobalt, whether in  the form of ref ined  sulphate, crude oxide or 
hydroxide could be worked a t  es tab lished  p lan ts  fo r  the production of 
cobalt metal, oxides, s a l t s  or soaps. This i s  already being carr ied  out 
by manufacturers using imported crude or semi-refined m ateria l.

5.6. Local consumption 
I t  i s  somewhat d i f f i c u l t  to obtain accurate f ig u res  on the consumption
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of cobalt In South Africa as much i s  imported in  various f in ish ed  forms 
such as tungsten carbide tipped to o ls ,  magnets, dental a llo y s  and f r i t s  
fo r  enamelling. These are  declared as such in  the  Customs s t a t i s t i c s ,  
with no mention of the contained cobalt.  The following ta b le s ,  abstrac ted  
from the  annual t rad e  s t a t i s t i c s  of South Africa (Department of Customs 
and Excise) record the  following imports and exports of cob a lt .

Table 15
Cobalt oxides and hydroxides (item 28.241

YEAR IMPORT8 EXPORTS
Quantitv(kq) RValue (cu rren t) Quantity(kg) Value(cufrent)

1968 1 4  3 3 6 3 5  2 3 5 X X

1 9 6 9 1 5  2 4 4 3 7  7 1 4 X X

1 9 7 0 1 2  7 5 6 3 8  8 7 4 4  2 0 0 2  0 7 6

1 9 7 1 1 3  0 0 0 3 8  8 2 1 8 500 3  2 5 2

1 9 7 2 1 4  7 0 0 5 1  9 9 8 X X

1 9 7 3 1 8  3 0 0 6 7  4 3 0 X X

1 9 7 4 1 5  2 0 0 7 3  4 2 6 X 4 4 0

1 9 7 5 1 5  9 0 0 9 2  3 6 0 X 599

1 9 7 6 1 2  1 0 0 8 2  9 4 6 X 1 1 8  3 2 0

i g ? 7 X 2 0  3 0 2 X 9  6 7 7

1 9 7 8 X 2 6 4  1 4 1 X 2 3 5  8 3 6

1 9 7 9 X 2 9 3  3 9 2 X 6 0  8 2 9

1 9 8 0 1 1  9 0 0 3 6 7  3 2 3 X 1 2 3  3 6 1

1 9 8 1 1 4  7 0 0 4 1 3  2 0 6 X 1 3 5  6 9 3

1 9 8 2 8  7 0 0 2 0 1  5 4 2 X 9 2  0 0 0

X ind ica tes  f ig u res  not recorded for public use

Table 1 6

Cobalt metal, wrought and unwrouoht (item 81.04.2d)
YEAR IMPORT'£ EXPORTS

Ouantitv(ko) Value (cu rren t) QuantitvCkq) RValue(current)
1 9 6 8 - 1 9 7 4  + + + +

1975 1 1 2  500 1  1 4 4  1 3 9 X X

1 9 7 6 6 6  9 0 0 7 9 3  5 9 0 X 1 7 1  6 0 8

1 9 7 7 9 0  1 0 0 1  2 2 9  8 8 7 X 6 9 9  7 1 2

1 9 7 8 139 100 1  9 3 2  1 9 9 X 6 7 3  8 5 6

1 9 7 9 6 4  6 0 0 4 1 3 7  3 7 2 X 3 2 6  6 6 9

1980 99 900 4  5 5 8  8 2 5 X 5 6 1  2 8 7

1981 8 2  6 0 0 3 3 4 4  966 X 1 5 6 7  4 4 8

1 9 8 2 77 380 3  1 5 2  5 6 2 X 1 2 8 6  0 9 8

V
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+ s t a t i s t i c  not recorded pre-1975 
x ind ica te s  figure^ not recorded fo r  public use 

As mentioned, the Customs f ig u res  probably do not r e f l e c t  a l l  of the 
cobalt imported in to  South Africa .

Enquiries to end users  in  various forms e l ic i te d  th e  following
, e 14, 41information
( i )  dental and medical a l l o y s : consume about 500 kilograms annually

( i i )  cobalt su lpha te : a company th a t  has manufactured cobalt sulphate 
from lo ca lly  produced oxide when ava ilab le  quotes an estimated demand 
of 16 tons per month and a p lan t capacity to match t h i s  demand- Cobalt 
su lphate i s  used lo c a l ly  fo r  g lass c la r i f i c a t io n ,  c a t t l e  feeds, anodizing 
aluminium although the  g re a te s t  use i s  in  paint d r ie r s .

( i i i )  v itreous  enamelling: th ree  companies th a t  produce the  desired f r i t s  
rep o r t  t h e i r  t o t a l  demand fo r  cobalt around 18 tons of cobalt oxide 
annually. Allowing fo r  o ther  suppliers  of th i s  type of m ateria l th e  t o ta l  
annual consumption of cobalt oxide i s  probably about 28 tons.

Civ) s in te red  carb ides; the  percentage of cobalt used as the  matrix of 
tungsten carbide i n s e r t s  v a rie s  from about 2 to  18 per cent of the  
f in ished  a r t i c l e ,  depending on the app lica tion . For app lica tions  under 
highly abrasive, low s t r e s s  conditions (jackhammer d r i l l  b i t s )  the  
cobalt content i s  7 to  8 per cent. For b i t s  used for heavy d r i l l s  the  
cobalt content i s  12 to  13 per cen t. The to ta l  annual demand i s  about 
65 tons of which 30 per cent i s  obtained by recovery of worn or scrapped 
i n s e r t s .  For th i s  purpose th e  cobalt i s  obtained as 1 cathode m etal1 from 
Zambia, but considering th a t  the metal s t i l l  has to be re f ined  and 
reduced as a powder of the  desired grain s ize  i t  could possibly be made 
from lo ca lly  produced cobalt oxide.

(v) permanent magnets and magnetic s t e e l s ; one of the major uses as 
regards s ize  and number c f  magnets i s  in  the magnetic separa tors  used 
in  heavy media separation  p lan ts  -  however i t  appears these  magnets are 
a ceramic type based on strontium f e r r i t e s  and not cobalt.  A very large 
number of permanent magnets based on cobalt a lloys i s  used in  the 
telecommunications industry . Three years ago one manufacturer embarked 
on a p ro jec t requ iring  600 000 Alnico based permanent magnets, and 
although they were very small, a l l  had to  be imported. The manufacturer



+ s t a t i s t i c  not recorded pre-1975 
x in d ica te s  f igu res  not recorded fo r  public use 

As mentioned, the  Customs f ig u res  probably do not r e f l e c t  a l l  of the  
cobalt imported in to  South A frica .

Enquiries to end users in  various forms e l i c i t e d  the following
. p 4.. 14, 41information
( i )  dental and medical a l lo y s : consume about 500 kilograms annually

( i i )  cobalt su lp ha te : a company th a t  has manufactured cobalt sulphate 
from lo ca lly  produced oxide when availab le  quotes an estimated demand 
of 16 tons per month and a p lan t capacity to  match t h i s  demand. Cobalt 
sulphate  i s  used lo c a l ly  fo r  g lass  c la r i f ic a t io n ,  c a t t l e  feeds, anodizing 
aluminium although the  g re a te s t  use i s  in  paint d r ie r s .

( i i i )  v itreous enamelling: th re e  companies that, produce the  desired  f r i t s  
repo rt  th e i r  t o t a l  demand f o r  cobalt around 18 tons of cobalt oxide 
annually. Allowing fo r  o ther  suppliers  of t h i s  type of m ateria l th e  t o t a l  
annual consumption of cobalt oxide i s  probably about 28 tons.

( iv )  s in te red  carb ides: the percentage of cobalt used as th e  matrix of 
tungsten carbide in s e r t s  v a r ie s  from about ?, to 18 per cent of the 
f in ished  a r t i c l e ,  depending on the  app lica tion . For app lica tions  under 
highly abrasive, low s t r e s s  conditions (jackhammer d r i l l  b i t s )  the  
cobalt content i °  7 to  8 per cent. For b i t s  used fo r  heavy d r i l l s  the 
cobalt content i s  12 to  13 per  cent. The t o ta l  annual demand i s  about
65 tons of which 30 per cent i s  obtained by recovery of worn or scrapped 
in s e r t s .  For th is  purpose the  cobalt i s  obtained as 'cathode metal* from 
Zambia, but considering th a t  the  metal s t i l l  has to  be re f ined  and 
reduced as a powder of the  desired  grain s ize  i t  could possibly be made 
from lo c a l ly  produced cobalt oxide.

(v) permanent magnets and magnetic s t e e l s : one of the  major uses as 
regards s ize  and number of magnets i s  in the  magnetic separa tors used 
in  heavy media separation p lan ts  -  however i t  appears these magnets are 
a ceramic type based on strontium  f e r r i t e s  and not cobalt. A very large  
number of permanent magnets based on cobalt a lloys i s  used in  the 
telecommunications industry . Three years ago one manufacturer embarked 
on a p ro jec t requiring 600 000 Alnico based permanent magnets, and 
although they were very small, a l l  had to  be imported. The manufacturer
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a lso  s ta te d  th a t  the company would have liked  to  have obtained them lo ca lly  
but t h i s  was not poss ib le .

Based on th e  information obtained i t  i s  estimated th a t  the  annual 
consumption of cobalt in a l l  forms in  South Africa i s  around SB tons 
of cobalt metal, or i t s  equivalent in  cobalt chemicals.

This t o t a l  quantity  o f cobalt i s  modest when compared with th e  tu b a l  
world consumption but i t  i s  s t i l l  v i t a l  to  th e  South African economy.
More important i s  th a t  t h i s  quantity  i s  well within the  amount of cobalt 
compound th a t  i s  ac tua lly  being produced fo r  the export market, as a 
by-product o f  platinum mining. The to ta l  value of cobalt requ ired , a t  
the  average Zaire  producer p r ice  fo r  1982 of 212.50 per pound amounted 
to  02,48 m ill io n . Considerable savings could have been obtained i f  the 
cobalt was purchased on the  f re e  market a t  an average 1982 p r ice  of 
27.00 per pound but loca l consumers experience considerable d i f f i c u l ty  
in  obtain ing  even small amounts of cobalt from other overseas sources.

The consumption trend i s  impossible to  e s ta b l ish  from published 
s t a t i s t i c s  and a model of imports da ta  would be meaningless in  t h i s  
case sin ce large quantities of cobalt appear to be exported annually 
at considerable value. A rough prediction of loca l demand can be 
obtained by u t il iz in g  the most probable average annual rest-of-w orld
demand growth rate o f 2,1% as determined by Sibley in Mineral Facta

39and Problems.
The p red ic tion  of South African consumption for the next decade would 

thus be:
YEAR 1983 1984 1985 1988 1987 1988 1989 1990 1991 1992
DEMAND 91 94 96 99 103 106 109 112 116 119
(tons Co)

This trend  i s  depicted graphically  on the  following page. Following 
the  long period of in d u s t r ia l  s tagnation  in  the Western World, some growth 
i s  a n tic ip a te d  in  the near fu tu re .  Total non-communist consumption should 
reach a demand of 27 000 tons per annum by 1990, which i s  well in s id e  the 
the ex is t in g  capacity of established producers and thus no shortage of 
supply i s  l ik e ly  to occur. But although the  p o ten t ia l  output of cobalt 
from South Africa w ill never be very large  by world standards, i t  i s  
highly des irab le  th a t  lo ca l reserves be developed to meet the  modest 
lo c a l  requirements of t h i s  e s se n t ia l  metal.

6 MAJOR MARKET PRODUCTS
Cobalt i s  usually  marketed in the form of re f ined  metal or compounds, such 
as the  oxide and s a l t s ,  but sometimes also  as ore.

\
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6 .1 . Ores
As most of the ore mining companies have long term con trac ts  fo r both 
metal ex trac tion  and re f in in g  with the  comparatively few p lan ts  th a t  are  
ava ilab le ,  cobalt ores are  not normally d ea lt  with on the  open market.

6 .2 .  M etallic  cobalt
This accounts fo r  about 75 per cent of the  market in  re f in ed  coba ltic  
products. I t  usually  assays 96 to  99 per cent cobalt and i s  sold mainly 
as rondels which are small slugs or cy linders between lo  and 12 m illim etres 
in  both diameter and leng th . In addition , but to  a le s se r  ex ten t, the  
metal i s  marketed in  granules of no fixed mesh s ize ,  and as sho t,ca thodes , 
f ines  or powder. The rondels and granules are exported in  small drums of 
250 kilograms net mass. Cobalt f in e s ,  a mixture of coarse and f ine  powder, 
i s  sold  in  300 kilograms con ta iners . Powder of sa ted  mesh s ize  i s  o ffered  
in  containers of up to  45 kilograms net mass.

6 .3 .  Cobalt oxides
These are marketed as the  black v a rie ty  and as the grey or ceramic grade 
oxide. The im purities  present depend upon the method of manufacture but 
are  usually  under 3 per cent -  some nicke l, with small amounts of copper 
and manganese, being to lerated  in vitreous enamelling, pottery, g lass  
and paper manufacture. The ceramic grade oxide which i s  normally quoted 
as containing 70 to  71 per cent or 72,5 tn  73,5 per cent cobalt i s  employed 
in  the pottery industry as a glaze stain  and decolouriser. Both of th ese  
oxides are marketed in 225 kilogram b a rre ls ,  160 kilogram containers or 
in  small quantities from 2 to ID kilograms in  metal containers.

6 .4 . Cobalt S a lts
These are used mainly as driers in  paint and varnish trades  and hence 
are marketed in  th e  form o f organic compounds such as napthenate, a ce ta te ,  
re s in a te  and o lea te .  Inorganic sa lts  such as the carbonate, chloride, 
hydrate, oxide, phosphate and sulphate are also commercially ava ilab le .
All these compounds are packed fo r  marketing in  s te e l or f ib re  drums, 
t h e i r  prices being on quotation fo r  gross mass ra th e r  than on cobalt metal.

The sp ec if ica tio n  of a typ ical cobalt sulphate compound fo r  c a t t l e  
feed i s  given for information in  Appendix Five. To whot extent i t  would 
he necessary fo r  a producer in  South Africa tu  match the s t r i c t  
sp ec if ica tio n s  in  a l l  cases i s  not known. Certainly the requirements fo r  
cobalt metal powder must be met ( fo r  ro c k d r i l l  t ip s )  but Bcart Mardmetals 
in  Springs have been producing cobalt powder themselves to  match t h e i r  
very exacting standards fo r  a number of years.
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7 INDUSTRY, AVAILABILITY AND PRICES

7.1 . Industry
Z aire , the  primary producer of cobalt in  the  world, con tribu ted  40 per cent 
of t o t a l  world metal production in 1982 but h i s to r ic a l ly  has provided 
between 55 and GO per cent annually. One company, the  Government owned 
Generals des G arrie res  e t  ties Mines (Gecamines) mines most copper and 
cobalt  in  Zaire. To a s s i s t  in  mining, re f in in g  and maintenance, Gecamines 
m aintains a techn ica l  co-operation agreement with the Belgian Company, Ste. 
Generale des Minerals (SGM), a subsidary of Ste. Generale de Belgique. 
Soc ie te  Z airo ise  de Commercialisation (SDZACQM) i s  the  o f f i c i a l  marketing 
agency fo r  Z airian  co b a lt .  A U.S. company, African Metals Corporation of 
New York, holds exclusive r ig h ts  fo r  sa le  of Zairian and Belgian cobalt in 
th e  United S ta te s .  This r e la t io n sh ip  may change i f ,  as an tic ipa ted , S0ZAC0M 
tak es  over more of th e  marketing functions now handled by SGM.

Belgium processes to  various forms and compounds about ha lf  of the  
re f in e d  cobalt exported by Zaire  and, in tu rn , exports about h a lf  of i t s  
production to th r  United S ta te s .  Nearly a l l  cobalt from Morocco i s  re f ined  
in  France. In  add ition , about 450 tons per year of cobalt i s  re f ined  in  the 
United States, princip ally  from imparted matte produced in Botswana and New 
Caledonia. Cobalt recovered at the Panda-Likasi complex as matte i s  refined  
in  Belgium by M etallurgle Hoboken Overpelt.

Cobalt i s  a lso  a by-product of Zambia's copper industry. There were 
two major sta te  owned mining companies: Nchanga Consolidates Copper Mines 
L td. (NCGM) and Roan Consolidates Mines Ltd. (ROM), which merged in  the  
f i r s t  half of 1982 to  form Zambia Consolidated Copper Mines Ltd. (ZCCM), 
e ffe c t iv e  from April 1 st . 1981.

Mining for cobalt, copper and nickel was begun in  Botswana at the 
S eleb i- Pikwe deposit in  1973. The ore i s  smelted there by Bamangweto 
Concessions Ltd., a subsidary of Botswana R5T L td . , and the matte shipped 
to  the United States for refin in g .

In Canada, INCO Ltd. produces commercial grade cobalt oxide in  Ontario 
and Manitoba. FmlCambridge Nickel Mines Ltd. exports i t s  cobalt bearing 
matte to i t s  re f in in g  operation in  Norway. Currently a l l  of the  concentrate 
produced in the Ph ilipp ines i s  refined  in  Japan. In 1978, Marinduque Mining 
and In d u s t r ia l  Corp. and Sumitomo Metal Mining Corp. reached an agreement 
t h a t  h a lf  of the cobalt produced in  Japan would be marketed by Marinducue.

Cobalt concentrate produced in  A ustra lia  by Freeport Queensland Nickel, 
In c .  and Metals Exploration Queensland P t y . , i s  shipped to the Nippon Mining 
r e f in e ry  in  Japan.

\
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All o ther  major producers belong to  c e n tra l ly  planned economies and 
ove ra ll  the communist market i s  a n e tt  importer of cobalt.

7 .2 .  A v a ilab ili ty
S t r i c t l y  on the  basis of global resources, i t  appears th a t  there  i s  no 
long-term a v a i la b i l i ty  problem i f  the r ic h  cobalt resources, e spec ia lly  
the  ocean sources can be converted to  economically fea s ib le  reserves. 
However, economics and technology are not the  only considerations in  
such conversions.

Foreign mineral re l ian c e  i s  not in  i t s e l f  undesirable i f  the  mineral 
sources are diverse, non in te rac ting , secure and e la s t ic  to  demand. 
Unfortunately these c r i t e r i a  do not describe the cobalt s i tu a t io n .  On 
the o ther  hand, in te rn a t io n a l  c a r te l  formation by cobalt producing 
nations i s  not l ik e ly  because the  economic driving force fo r  c a r te l  
formation may not be strong enough.

Perhaps because of the  r e la t iv e ly  small market for cobalt, and 
because i t  occurs n a tu ra lly  with other metals l ik e  copper and n icke l, 
cobalt has by-product s ta tu s  at most producing mines. This general s ta tu s ,  
in  conjunction with current and projected depressed prices fo r  copper 
and n ickel, resu lts in a r e la tiv e ly  in e la s t ic  situation  for cobalt 
production. This i s  the  most severe problem governing cobalt supply 
p resen tly  since a sudden d rastic  lowering of production by one major 
source cannot be eas ily  compensated fo r  by expansions at other sources -  
unless there  are concurrent increasing  needs for the associated metals. 
This in e l a s t i c i t y  in  supply governs even when consumers are w illing  to 
pay much higher p rices  fo r  coba lt .

A mineral a v a ila b ility  and pricing problem would be expected to  
spur e f fo r t s  to circumvent the  problem through elemental or systems 
su b s t i tu t io n .  In app lica tions  involving other stregetic  elements i t  i s  
known with confidence that the need in  the  alloys i s  techn ically  
j u s t i f i e d .  However, recent research in  th e  U.S. has shown th a t  such 
confidence may not be j u s t i f i e d  fo r  cobalt in superalloys-the major end 
use.

7 .3 . Prices
Cobalt in various forms i s  quoted by Metal B ulle tin  and Metals Week but 
the  most r e a l i s t i c  import p r ic e  i s  the average annual producer price  
based on the weighted average fo r  the year determined by the  African 
Metals Corporation p rice  l i s t  (although South African enquiries may be 
fo r  the  European free  market p r ice  fo r spot sa le s ) .

%
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There does not appear to  be any c a r te l  in the  trading  of cobalt but 
the simultaneous increases in p r ice  worldwide h i s to r ic a l ly  does suggest 
some degree of collusion between the major producers. The production of 
primary cobalt i s  to some degree dominated by Hoboken SA of Belgium who 
are the  main re f in e rs  of m ateria l from Zaire but cobalt appears to  be 
f re e ly  ava ilab le  to sm aller processors and the industry  i s  s u f f ic ie n t ly  
d iv e rs if ie d  to  be c la s s i f i e d  a ‘f re e  m arket'. In fact,, u n t i l  the  sudden 
sharp r i s e  in  p rices in  1978 re la te d  to the p o l i t i c a l  d isturbances in  
Zaire, the  p r ic e  of cobalt in  re a l  terms appears to  have remained 
constant or decreased.

7 .3 .1 .  Price fo recas t 
The t im e-p rice  re la t io n sh ip  fo r  cobalt in  U.S. 0 per lb  fo r  the  th ree  
major market products i s  contained in  Table 17 in  current terms.

Table 17
, 23

African Metals Corp. contract price (U .S .0 /lb .)
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

Cobalt granules (99%) 2.20 2.45 3.00 3.46 3.98 4.44 5.58 1153 2458 2500 1585 1290
Cobalt oxide (76%) 2.20 2.41 2.88 3.48 4.09 4.42 5.55 1017 2071 2111 1338 1089
Cobalt 'S'powder - 2 .35 2.55 2.96 3.73 4.00 4.33 6.02 1120 x x x x 

(99,9%)
x price no longer quoted publicly

Best f i t  curves fo r  price determination in  current money terms are:
Cobalt granules (99%) : PRICE = l,550s°'2Z5YR r = 0,912
Cobalt oxide (76%) : PRICE « l,694e0 '^ Y R   ̂ = o,912
Cobalt 'S' powder(99,9%): PRICE « l , 693e° '^ Y R  r = 0,942

Curves considered where l in e a r ,  expontential, logarithm ic and power.
However, i f  the years 1979 and I960 are ignored when th e  market reaction  

to  th e  th re a t  of reduced supplies from Zaire became apparent in  the  p rices , 
the  following best f i t  curves are obtained:

Cobalt granulee (99%) : PRICE « -0,836 + 1,250*YR r = 0,924
Cobalt oxide (76%) : PRICE = -0,092 + 1,024*YR r = 0,933
Cobalt 'S' powder(99,9%): PRICE » 0,160 + 0,996*YR r = 0,843

with YR an in teg e r  with base of 1971 = 1, and r  the  co rre la t ion  
c o e f f ic ie n t .

Although the s t a t i s t i c a l  co rre la t ion  i s  only improved s l ig h t ly  i t  i s  
f e l t  th a t  in  the long term the r e a l i s t i c  price model i s  l in e a r  since  
expontentia l increases in  prict may only re su l t  in  reduced demand in  non- 
s t r a te g ic  areas.

\

it tt  %. —I
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Prices fo r  the  next decade would thus be estimated as (U .S .# / lb ) :
1983 1984 1985 1986 1967 1988 1989 1990 1991

Cobalt granules (99%) :15.4l 16.66 17.91 19.16 20.41 21.66 22.91 24.16 25.41
Cobalt oxide (76%) :13.21 14.24 15.26 16.28 17.31 18.33 19.36 20.38 21.40
Cobalt’S' pnu)der(99,9%):13.11 14.11 15.10 16.10 17.09 18.09 19.09 F0.08 21,08

These trends are depicted g raph ically  on the following page.

Recent p rices quoted fo r  the  above cobalt products (Metals Week) are :
Cobalt granules (99%) : 12.50 U.S. £$ per lb
Cobalt oxide (76%) : 9.81 U.S. 2 per lb
Cobalt 'S ' powder (99,9%): c la s s i f ie d

The p rices  of cobalt chemicals are given in  the Chemical Marketing 
Reporter and in  general these  appear to  have followed the p rice  f lu c tu a t io n s  
of cobalt metal. The e ffe c t  of the  increase in  the  basic  p rice  of cobalt 
metal i s  evident p a r t ic u la r ly  in  those compounds containing a r e la t iv e ly  
high percentage of cobalt and as stocks from cobalt obtained a t  e a r l i e r ,  
lower p rices  are consumed.

B COBALT IN SOUTH AFRICA

8.1 . Known deposits 
A fter diamonds, gold and coal, cobalt was one of the f i r s t  metals to  be 
mined a f t e r  the  settlem ent of Whites in  the  Transvaal yet South Africa 
never became an important producer of t i n s  metal. Hammerbeck, in Mineral 
Resources of South A frica , records the occurrences of Cobalt in  South Africa:

( i )  K ru lsr lv le r  Area, Groblersdal D is t r ic t  
In 1886, 143 tons of handpicked ore averaging 15 per cent cobalt and 68 g / t  
gold were exported (value R50 224). In 1929 the  workings were re-opened and
2,7  tons of o rr  averaging 17 per cent cobalt were produced and 1 ton of 
sorted  20 per cent ore (value R200) was exported. In 1932 the deposits were 
again prospected and the average grade of the ore exposed in the old 
workings was found to  be about 2 per cant cobalt.  However, an in tensive  
survey carr ied  out in  1940 fa i le d  to reveal any fu r the r  deposits of ore.

The deposits on the adjoining farms K ru is r iv ie r  74 OS, Roodewal 193 OS, 
Mineral Range 190 CIS, Ulinterhoek 189 OS, Laageradrift 76 OS (D14) and 
Mameeldoorn 71 OS are  s i tu a te d  in highly d issected  country formed by the 
drainage system of the  Kruis and Selons Rivers about 48 kilometres due 
north  of Middelburg.

N
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The area includes a portion  of a small n o r i te  protuberance on the  
eas te rn  rim of the  Bushveld Igneous Complex that ia  charac terised  by the 
presence of several narrow xen o li th ic  masses of P re to r ia  q u a r tz i te  and 
sha le . Elsewhere, as on L aagersdrift ,  the  no ri te  i t s e l f  exh ib its  
evidence of m ine ra lisa tion . Samples here were found to  contain 1,0 to
5 ,7  per cent co b a l t . On Roodewal the  ore i s  found in  q u a r tz i te  a t  l e a s t  
6m above the contact with the underlying n o r i te .  Samples produced contain 
up to  1,13 per cent cobalt* On Loskop Suid 53 OS in  the  area adjoining 
Katneeldorn 71 35 end De Itlagendrift 79 OS there  are a n o r th o s it ic  lenses 
in  the  n o r i te  carryintj coba ltife rous  arsenopyrite . Specimens of sm a lt i te -  
bearing anorthoa ite  have been found on Kameeldoorn 71 JS (D14). The 
na ture  of the deposit i s  unknown but appears to be a secondary enrichment 
along the  outcrops of the  Merensky Reef.

The ore at H ru is r iv ie r  occurs in th in ,  well defined veins lying 
p a r a l l e l  to  the  plane of contact between q u a rtz ite  and n o r i te  and to 
th e  bedding planes of th e  q u a r tz i te  and as a dissemination in  the 
quartzite between the veins and the n o r i te .  S tringers  of s a f f lo r i t e  tend 
to  follow the contacts between dense a l te re d  fe ld spa th ic  m ateria l and 
q u a r tz i te  lay e rs .  N icco lite  i s  occasionally  an accessory constituen t of 
some o f  the ores and a t  b few places chalcopyritfe i s  the  dominant ore 
m ineral. The average cobalt grade i s  0,72 per cent.

The availab le  evidence suggests th a t  the contact lodes containing 
cobalt and gold are  un like ly  to  p e rs is t  to  any appreciable depth. The 
1940 in v es tig a t io n s  proved th a t  they have no appreciable l a t e r a l  
ex ten t either* The nature of the  deposits  shown th a t  hydrothermal 
so lu tio ns  o rig ina ting  in  the n o r i te  were responsible for the  m inera lisa tion .

( i i )  Balmoral Area 
On the  farm Eenzaamheid 534 OR (D13), 3 kilometres south of Balmoral, 
workable lode deposits  of cobalt were discovered a t  the  beginning of 
the  century -  described as mineralised dykes in highly a l te re d  q u a rtz i te  
and s l a te  belonging to  the  upper P re to r ia  beds. The dykes are connected 
with a large neighbouring in tru s ion  o f gabbro. The cobalt minerals are 
s a f f l o r i t e  and c o b a l t i te  witn e ry th r i te  a t  the outcrop. In many respects 
the  lode matter i s  s im ila r  to  th a t  of the Hr,jj.arivier deposits .

Old records report considerable exploration work on t h i s  occurrence 
including a prospect shaft* Assays range from trace  to  7,3 per cent cobalt 
but appear to have been highly e r r a t ic  and over narrow widths. More 
recen tly  the exploration d iv is ion  of one of the la rg e  mining companies 
did considerable surface trenching and sank boreholes in  1978 on the 

property . The re s u l ts  are  reported as 'not very encouraging' even though



The area includes a portion of a small n o r i te  protuberance on the  
easte rn  rim of the  Bushveld Igneous Complex th a t  i s  ’ v-racterised by the 
presence of several narrow xen o li th ic  masses of P re to r ia  q u a r tz i te  and 
sha le . Elsewhere, as on L aagersdrift ,  the n o r i te  i t s e l f  exh ib its  
evidence of m inera lisa tion . Samples here were found to  contain 1,8 to
5 ,7  per cent cobalt. On Roodewal the  ore i s  found in  q u a r tz i te  a t  le a s t  
Gm above the  contact with the  underlying n o r i te .  Samples produced contain 
up to  1,13 per cent cobalt.  On Loskop Suid 53 OS in  the  area adjoining 
Kameeldorn 71 OS and De biagendrift 79 OS there  are a n o rth o s it ic  lenses 
in  the  n o r i te  carrying cobeltife rous  arsenopyrite. Specimens of sm a lt i te -  
bearing ancrtho s lte  have been found an Kameeldoorn 71 OS (D14). The 
nature  of the  deposit i s  unknown but appears to  be a secondary enrichment 
along the  outcrops of th e  Merensky Reef.

The ore a t  H ru is r iv ie r  occurs in  th in ,  well defined veins lying 
p a r a l l e l  to  the  plane o f contact between q u a rtz i te  and n o r i te  and to  
th e  bedding planes of th e  q u a r tz i te  and as a dissemination in  the 
q u a r tz i te  between the  veins and the  n u r i te .  S tr ingers  of s a f f lo r i t e  tend 
to  follow the  contacts  between dense a lte red  fe ld spa th ic  m aterial and 
quartzite layers. N icco lite  i s  occasionally an accessory constituent of 
some o f the ores and at a few places chalcopyrlte i s  the dominant ore 
mineral. The average cobalt grade i s  0,72 per cent.

The available evidence suggests th a t  the  contact lodes containing 
cobalt and gold are  un like ly  to p ersist to  any appreciable depth. The 
1940 investigations proved that they have no appreciable la tera l 
extent either. The nature o f the deposits shows that hydrothermal 
solu tions orig ina ting  in  the  no ri te  were responsible fo r the m ineralisa tion .

Cii) Balmoral Area 
On the  farm Eenzaamheld 534 .1H CD13), 3 kilometres south oi Balmoral, 
workable lode deposits of cobalt were discovered a t  th e  beginning of 
the  century -  described as mineralised dykes in  highly altered q u a rtz i te  
and s la te  belonging to  the upper Pretoria beds. The dykes are connected 
with a large neighbouring intrusion of gabbro. The cobalt minerals are 
s a f f lo r i t e  and c o b a l t i te  with e ry th r i te  at the outcrop. In many respects 
the lode matter i s  sim ilar to  that of the H ru is r iv ie r  deposits.

Old records report  considerable exploration work on th is  oca rrence 
including a prospect sh aft. Assays range from trace to  7,3 per cent cobalt 
but appear to have been highly erratic and over narrow widths. More 
recen tly  the exploration divis ion  of one of the la rg e  mining companies 
did considerable surface trenching and sank boreholes in  1978 on the 

property . The r e s u l ts  are  reported as 'not very encouraging' even though
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metals o ther than cobalt were found to  be p resen t. Casual inspection 
of the  old dumps fa i le d  to  reveal anything beyond trac es  of sulphides 
p resen t, whereas in  the case of K ru iariv ie r  considerable s ta in ing  by 
e ry th r i te ,  or cobalt bloom, was noted.

From the  l a t e s t  evidence i s  does not appear as i f  e ith e r  the 
K ru ia r iv ie r  or Balmoral deposit i s  l i k e l t  to  prove a v iable  source 
of cobalt, even in  small q u a n ti t ie s .

( i i i )  Bushveld Complex
Cobalt has been recorded in  the  following deposits  which are associated  
with the  Bushveld Igneous Complex in  the Central Transvaal:
On the farm liiitfontein 430 KR (C13)about 13 kilometres northwest of 
Warmbad a mineralised breccia ted  zone in g ran i te  and f e l s i t e  carrying 
c a s s i t e r i t e ,  p y r i te  and arsenopyrite  was found to  contain 1,5 per cent 
cobalt and 3,6 g / t  of gold.
On the  farm Waaikraal 396 OQ (012), Rustenburg D is t r i c t ,  the presence of 
cobalt in  the  pyroxenite gold ore has been recorded.
On th e  farm Hartbeesfontein 5 1 1  KQ (C12) in  the  Warmbad D is t r ic t ,  about 
3 k i1 '.metres southeast of the  Rooiberg Tin Mine, th e re  i s  a f i s s u re  lode 
containing sch ee l i te ,  malachite, p y r i te ,  arsenopyrite  and small q u a n ti t ie s  
of c o b a l t i te .  The associated  gangue minerals are  coarse red fe ldspar  and 
tourmaline.
On the  farm Roodepoort 467 KR (C13) in  the Warmbad D is t r ic t  small, 
l e n t ic u la r  m ineralised bodies in  Bushveld g ran ite  were exposed in  an 
old prospecting p i t .  These were found to contain nickelferous danaite  -  
a va rie ty  of arsenopyrite  containing 3 to 9 per cent cobalt . The gangue 
cons is ts  of a lb i t e  and quartz . A concentrate of the ores was found to 
contain 4,4 per cent c o b a l t . A thorough in v es tig a tio n  by the Geological 
Survey proved th a t  the bodies have no appreciable l a t e r a l  or v e r t ic a l  
extent and they are of no economic importance. The availab le  evidence 
showed th a t  mesothermal so lu tions were responsible  fo r  the m inera lisa tion . 
On the farm Hartbeestfontein 93 35 (D14), Bronkhorstspruit D is t r ic t ,  
g ra n i t ic  veins cut the Rooiberg f e l s i t e  and sediments. The g ran ite  i s  
sa id  to  contain arsenopyrite, molybdenite and e ry th r i te .  The occurrence 
has yet to  be properly in ves tiga ted .
Up to  0,008 per cent cobalt has been determined in k im berlites from the 
Premier Mine.

( iv )The Merensky Platinum Reef
Cobalt occurs as a very minor element in th i s  ree f  of the Bushveld 
Igneous Complex. The cobalt probably occurs in  so lid  solution in copper,



nicke l and iron sulphides th a t  make up an appreciable portion of the  
ree f  m ateria l.  Cobalt also occurs as a t rac e  element in  the chromite 
ore seams c losely  associated with the  Merensky re e f .  Concentrations 
in  the  Merensky Reef are not known but believed to  amount to  about 25 
to  50 kilograms per ton of n ick e l.  Thus although the t o t a l  amount of 
cobalt present i s  probably very la rge , i t  i s  only recoverable as a 
minor by-product from the ex trac tion  of such nickel as i s  obtained as 
a co-product of the  production of platinum group metals. |

(v) Other possib le  lo ca l  sources I
So f a r  as can be ascertained cobalt i s  not found in  any of the copper
ores a t  present being mined in  South Africa, or i f  present would only
repo rt  in  very small amounts in  the  anode sludge during e le c t ro ly t ic  X

Ire f in in g .
As mentioned in  section  5 a su rp ris ing  source o f coba lt , a lb e i t  

sm all , i s  the  gold ree fs  of th e  Witwatersrand and Orange Free S ta te  n in e s . i
Cobalt usually  occurs as a t ra c e  element in  variab le  amounts but c o b a l t i te
occurs as d i^pre te  c ry s ta ls  in  the  Black Reef o f  Randfontein E sta tes  gold
mine. Coetzee in  an MSc, th e s is  fo r the  University of the tiiitwatersrand 
rep o r ts  th a t  from 0,06 to 0,1 per cent cobalt i s  present in the gold 
ree fs  o f the  tiiitwatersrand. I

The presence of cobalt has been observed in  both e ff lu en ts  of 
mining wastes from mines in  th e  Orange Free S ta te  and in  p e l i t i c  !
sediments in  the evaporation dams in  th e  area, as well as in e f f lu e n ts  !
from th e  platinum mines and re f in e r ie s  -  but no attempt has been made ’
to  recover th i s  co ba lt . In general the  q u an ti t ie s  are very low, of the  ; I
order o f 7 to 200 p a rts  per m illion , but may reach much higher values i  t

r'.;. 7
in  some e ff luen t streams. I t  i s  possib le  to  recover th i s  cobalt, along I ;
with o ther heavy metals which are also  p resen t , from solutions as low as 
t h i s  by modern techniques. I t  i s  conceivable th a t  se lected  e ff lu en t streams j
from the gold mines might. "• ^ve to  be a commercial source of cobalt in  '
s u f f ic ie n t  q u an ti t ie s  to - ;fy the somewhat r e s t r i c te d  loca l demand.

' . ■ i
8 .2 .  Security of supply

There i s  no absolute shortage of reserves of cobalt.  I f  there i s  a problem ;
i t  l i e s  in  the import dependency of an in d u s tr ia l iz ed  nation coupled with I
the  concentration of reserves in  countries th a t  have common h o s t i le  ;
p o l i t i c a l  a t t i tu d e s  or face a common p o l i t i c a l  or p o l i t ico  - economic j
problem. This issue  i s  indeed c r i t i c a l  in  the case of cobalt. The 
concentration of p o ten tia l  supply in Zambia and Zaire i s  compounded by the

fa c t  th a t  there  are presently  no s ig n if ic an t  cobalt deposits c la s s i f ie d
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as reserves in  the  major in d u s tr ia l iz ed  countries. Even allowing fo r  
fu tu re  exp lo ita tion  of U.S. cobalt resources, the country’s dependence 
on African supply w ill  s t i l l  remain severe.

For a s t r a g e t ic  supply c r i s i s  to  emerge as a r e a l i s t i c  scenario, 
however, l im ited  reserves with a high degree of reserve concentration 
must coincide with a low p o ten tia l  fo r su b s t i tu t io n  of the m aterial in  
question . Chase Econometric1s research a c t iv i t i e s  suggest there  i s  
su b s ta n t ia l  p o ten t ia l  fo r  su b s ti tu t io n  of cobalt in  many applica tions 
and more so than i s  commonly supposed. A quan ti t ive  an a lysis  of cobalt 
consumption by interm ediate use sec to rs  ind icated  a r e la t iv e ly  high p r ice  
e la s t ic it y ,o f  demand for cobalt in many app lica tions  (Cobalt: a c r i t i c a l  
m a te r ia l? ). This i s  arrived  a t  by considering th a t  su b s ti tu t io n  can occur 
a t  severa l le v e ls  as well as over d i f fe re n t  time frames. One material 
may d ire c t ly  replace another; a l te rn a t iv e ly  le s s  of a given m aterial 
may be used in  an ex is ting  app lica tion  or the  function performed by the  
m ateria l  may i t s e l f  be eliminated or substituted .

In  the case of cobalt, the  severe degree of concentration of land 
based reserves i s  consequently in  la rge  p a rt  o f fse t  by a r e la t iv e ly  high 
p o te n t ia l  fo r  su b s ti tu t io n .  Policy and s tra tegy  considerations of the 
major producers has proved h is to r ic a l ly  th a t  d is loca tions  brought about by 
sudden shortages have been more temporary and le s s  severe than were 
coirrronly envisaged a t  the  time.

Thus, although the p o ten t ia l  for the  d isruption  of supplies to  
South Africa i s  f a i r ly  high considering the o rig in  of the majority of 
raw cobalt goods, the  effect, i s  ameliorated by two fac ts :

( i )  the commodities are ac tua lly  marketed in  Europe through SOZAGOM 
( i i )  the extremely depressed market presen tly  ex is ting  should favour 

consumers fo r  a t  l e a s t  the  mid-term fu tu re .

9 SUBSTITUTES, RECYCLING AND TECHNICAL POSSIBILITIES

9.1. Substitu tion
Nickel can be subs ti tu ted  fo r  cobalt but only by a s a c r i f ic e  of important 
p ro p e r t ie s  /  c h a ra c te r is t ic s  of end products made with cobalt. The current 
t ren d  i s  toward greater use of a lloys with le s s  cobalt ra th e r  than the  
elim ination of cobalt a ltogether  in the a lloy . This i s  t ru e  in the f ie ld s  
of both hard-facing and w ear-resis tan t app lica tions , and superalloys. In 
a i r c r a f t  tu rb ine  applica tions , Alloy 713C (no cobalt) might replace 
Ulaspalloy with 13 per cent cobalt.

Subs titu tes  fo r  cobalt as a ca ta ly s t  or as a dii er in paints are 
usua lly  not e ffe c t iv e .  In d r ie r  app lica tions , manganese and lead each



can act e i th e r  as a complement or s u b s t i tu te  while in  c a ta ly t ic  
app lica tio ns , molybdenum and aluminium are complements wnile nickel and . 
tungsten are su b s t i tu te s .  However, the use of nickel in  petroleum 
c a ta ly s ts  reduces octane and requires higher pressures to  be e f fe c t iv e .

The p roperties  th a t  cobalt imparts to  permanent magnets exceed 
those th a t  can be contributed by o ther elements. Any su b s ti tu t io n  
fo r  cobalt re s u l ts  in  lo ss  of weight advantage or other physical 
p ro p e r t ie s .  Nevertheless, ceramic magnets, which are made from barium 
and strontium f e r r i t e  are  p o te n t ia l  competitors. Since f e r r i t e  magnets 
are  r e la t iv e ly  inexpensive, they are  used in  a number of automotive 
a p p lica tio n s . In comparison with Alnico magnets, a net cobalt saving 
of 3D per cent can be achieved by the  use of cobrj. -rare  earth  magnets.
In  magnetic usage, demand i s  very se n s i t iv e  to  p rice  thus rendering 
replacement more l ik e ly .

No sa t is fa c to ry  su b s t i tu te s  have been developed for the  use of 
cobalt as a binder fo r  carb ides. However, with fu r the r  experimentation, 
molybdenum based too l s t e e l s ,  which can contain up to  12 per cent c o b a l t , 
may achieve the  performance c h a ra c te r is t ic s  of cemented carb ides . Recent 
advances in  powder metallurgy have afforded an opportunity to  a t ta in  
competitive performance le v e ls .  With research, i t  may also be found th a t  
a l lo y s  with a base of n icke l, vanadium, chromium or tungsten can be 
developed th a t  have p rop ert ies  equal or superior to  those of cobalt 
containing a lloys.

Especially in  South Africa, cobalt napthanate i s  used as a top d r i e r  
in  p a in t .  50 per cent of the  cobalt may be replaced by zirconium or 
cerium but the  remainder of the  cobalt content i s  v i t a l .  There i s  no 
s u b s t i tu te  for cobalt hexoate or cobalt octoate  as acce lera to rs  for 
unsaturated  polyester res in  f in is h e s .  There also appears to  be no 
s u b s t i tu te  whatsoever fo r  cobalt as an additive  in  c a t t l e  feed.

9 .2 . Recycling or secondary sources 
D issipa tion  in  the diverse end uses fo r  cobalt prevents s ig n if ic an t  
recyc ling . Foreign processors recover s ig n if ic an t  q u an ti t ie s  of cobalt 
contained in  mixed scrap but domestic in te re s t  was hightened around 1979 
when quantum leaps in cobalt p rices  were experienced. There ore only a 
few s ig n if ic an t  sources of cobalt bearing scrap -  one of the most 
important being waste m ateria l discarded in  forming and fab rica ting  
cobalt-bearing superalloys. Moreover, high temperature a lloy  components 
of j e t  engines are replaced p e riod ica lly ,  providing a major source fo r  
recycled m ateria l.

> - . . I . . .  _
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A s ig n if ic an t  new source of secondary m ateria l i s  spent petroleum 
c a ta ly s t s ,  those used in  desulphurisation of crude o i l .  Other chemical 
wastes are  becoming increas ing ly  important anti a t  le a s t  one American 
Company has produced a crude cobalt oxide from th i s  source.

Several American companies are also using a process patented by the 
U.S. Bureau of Mines to recover the cobalt binder from cemented carbide 
scrap . In the  process molten zinc i s  used to d issolve the  cobalt. The 
molten zinc i s  then recovered by d is ta l l a t io n  and re f rac to ry  cobalt and 
the carbides remain in  a mass th a t  can be recycled.

• Other cobalt bearing products are la rge ly  d iss ip a te d .  Superalloy 
scrap i s  mostly reprocessed d irec tly  to  make new alloys ra th e r  than 
re f ined  fo r  i t ' s  ind iv idua l m eta ll ic  content. Grinding swarf generated 
in  th e  production of Alnicc magnets i s  another source of m ateria l.

Besides secondary m ate r ia l ,  la rge  percentages of cobalt metal in  
low grade cobalt ore are re ta ined  in  slag, which i s  frequently  stockpiled  -  
Zambia and Zaire have s lag  dumps up to  1 per cent cobalt s t i l l  not u t i l iz e d .  
I f  p r ice s  r i s e  again to  1979 lev e ls  when i t  became economical to tran sp o rt  
a l l  Zambian cobalt by a i r  to  foreign markets, these  countries may well 
inves t  in  the necessary equipment fo r  slag  treatm ent.

In  South Africa a la rg e  proportion of the  cobalt i s  used in tungsten 
carbide t ip s  fo r  rock d r i l l s .  Due to the r e l a t i v e ly  concentrated mining 
industry  and th e  system of ren ting  rock d r i l l  borers and s im ila r  equipment 
to  th e  end users there  i s  considerable recovery of cobalt from t h i s  source 
(about 30 per cent o f requirements).

One company in South Africa has a d iv is ion  th a t  sp ec ia lizes  in  the  
dismantling of a i r c r a f t  engines and s im ila r  equipment fo r  sa le  as scrap. 
Such equipment i s  c a re fu l ly  handled and the  various components so rted  in to  
scrap according to t h e i r  metal content. Most of the  cobalt based a lloys 
are thus recovered, but most i s  exported, being returned to  the 
man sc tu re r s .  I f  necessary the  cobalt could be recovered lo ca lly  but in  
general a b e t te r  p rice  i s  obtained for the scrap alloy ra th e r  than i t ' s  
ind iv idua l cons titu en ts .

9 .3 . Technical p o s s ib i l i t i e s  
The technology ex is ts  to  improve cobalt recovery in smelters by cleaning 
molten converter slag and i f  adopted universally  might increase  th e  
world supply of cobalt s ig n i f ic a n t ly .  In superalloy research, Industry 
has made s ig n if ic an t  s t r id e s  in  d irec tio n a lly  so l id if ie d  a lloys and 
s in g le  c ry s ta ls  fo r  use in  j e t  engine component p a rts  but has not 
emphasised the  development of new a lloys. The purpose of th i s  research
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i s  the  attainment of higher operating temperatures in  j e t  engines, 
considered important because engine e ffic iency  i s  increased a t  higher 
temperatures while po llu tion  i s  decreased. Superalloy producers are now 
pu tting  more emphasis on improving techniques of fa b r ic a t io n  such as 
hot forging, extrusion, hot i s o s t a t i c  pressing and prec ision  metalwork.

Perhaps the most s ig n if ic a n t  cobalt research in  progress i s  in  the 
development of techniques for mining and processing cobalt-bearing 
manganese nodules from the  ocean f lo o r .  Many patents  have been issued 
on a l l  phases of the technology.

10 CONCLUSIONS AND RECOMMENDATIONS
Although the  p o ten tia l  output of cobalt from South Africa w i l l  never be 
very la rg e  by world standards i t  i s  highly desirab le  th a t  t h i s  p o ten t ia l  
be developed to produce cobalt products fo r  loca l consumption and not 
u t i l i z e d  as a t present to  supply about 2 per cent of the United S ta te s  
consumption.

Although world reserves of cobalt and th e o re t ic a l  mine capacity 
appear adequate fo r  the  foreseeable fu tu re , the th re a t  of p o l i t i c a l  
disturbances in  two of th e  main producing countries (Zambia and Zaire) 
remains a d is t in c t  p o s s ib i l i ty  which would re su l t  in  an immediate shortage 
of th e  metal and consequently a sharp increase  in p rice .

All cobalt used in  South Africa i s  a t  present imported and consumers 
such as Boart Hardmetals have had to  to le r a te  using a r e la t iv e ly  impure 
metal or oxide requiring  appreciable p u r if ica t io n  before reduction to  the  
metal powder.

Apart from the  platinum mines there  do not appear to be any sources 
of cobalt in  South Africa l ik e ly  to  prove commercially v iab le  to supply 
the  precent demand of around 90 tons of cobalt metal or i t ' s  equivalent 
annually.

The establishment o r extension of na tional s tockpiles  have been 
considered by France, Japan, Germany and th e  United Kingdom in  the  l a s t  
year and i t  seems log ica l  tha t  South Africa should consider th i s  option 
fo r  secu ri ty  of supply and take advantage of the re la t iv e ly  low prices 
l ik e ly  to  prevail in  1984 to acquire a modest tonnage of cobalt.

Cobalt, both as a metal and as a chemical, i s  presently  being 
derived and produced from th e lo c a l  raw m aterial when availab le  from 

the platinum producers, thus ac tive  encouragement should be given to 
indigenous processors or consumers to enable them to obtain fixed period, 
in te rn a l  supply con trac ts .
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D: ALUMINIUM"

INTRODUCTION
The name ALUMINIUM (Al) i s  derived from the Latin  word 1alumen1 and 
from 'a lum ine ',  a term suggested by L.8.G. Morveau during the  eighteenth  
century fo r  the  earthy base of 'a lum ', a n a tu ra lly  occurring double sulphate 
of potassium and aluminium long used in  dyeing, tanning and papermaking. The 
word 1alumine1 subsequently became ang lic ised  to  1 alumina1. A.L. Lavoisier 
in  1782 suggested th a t  alumina was probably the oxide of a metal with an 
a f f i n i ty  fo r  oxygen so strong th a t  neither carbon nor any of the  reducing 
agents then known was able to  overcome i t .  S ir  Humphry Davy, who had 
unsuccessfully  attempted to  i s o la te  the metal by e le c t ro ly s is ,  suggested 
th a t  the  name 1 alumium' should be applied to  i t ,  b-,J’ l a t e r  i t  was changed 
to  'aluminium1.

H.C.Oersted may have been the f i r s t  to  i s o la te  an impure form of 
elementary aluminium in  1825 by heating aluminium ch loride  with potassium 
amalgam. A purer form of metal was obtained two years l a t e r  by F r ied r ich  
Ultihler who t r e a te d  aluminium chloride with m eta ll ic  potassium. Wohler1s 
method gave th e  metal only in  a f in e ly  divided form. However, by 1845 he 
had succeeded in  i s o la t in g  a su f f ic ie n t  quantity  to  permit determination 
o f the  m eta l 's  melting po in t and some other  p ro p e r t ie s .  (Vine years l a t e r  
Henri S a in te -C la ire  D e lv il le  obtained the metal by reducing aluminium 
chloride with sodium and using sodium aluminium ch loride  as flux; in  t h i s  
process D e lv il le  was able to  obtain  aluminium in  the  form of small ingots . 
with a pu ri ty  of 97 per cen t.

With f in a n c ia l  backing from the  government of Napoleon 111, D e lv il le  
e s tab lished  a la rg e  sca le  experimental p lan t fo r  the  production of 
aluminium at the  Favel Chemical Works near P a r is .  Here he was able to  
produce various ob jec ts  made from the metal and these  were shown a t  the  
P a ris  Exhibition of 1855. Commercial production followed a year l a t e r .

Commercial production of aluminium grew slowly during the  l a t t e r  
ha lf  o f  the nineteenth  century but putput remained small and the  product 
expensive. The development of the Castner process fo r  the production of 
m e ta l l ic  sodium led  to  a corresponding drop in  the cost of producing 
aluminium by chemical means. Nonetheless, in v es tig a t io n s  continued in to  
the p o s s ib i l i ty  of reducing costs even fu r th e r .

During the f i r s t  h a lf  of the n ineteenth century abortive  e f fo r t s  had 
been made to  produce aluminium by the e le c t ro ly s is  of fused alumina and 
aluminium s a l t s .  However, in  1854 both Dunsen and D e lv ille  did succeed



in  producing the metal by the e le c t ro ly s is  of fused sodium aluminium 
ch lo ride . In the following decades e le c t r o ly t i c  methods began to  hold
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more in d u s t r ia l  promise with the in troduc tion  of cheap dynamo-generated 
power. .

The major techn ical innovation th a t  was needed to launch the modern 
aluminium industry  f in a l ly  came in  1886. Almost simultaneously the  American 
C.M. Hall and the  Frenchman P.L.T. Heroult discovered th a t  fused c ry o l i te  
(Alfj.3NaF) would act as a solvent fo r  alumina which could then be decomposed 
e l e c t r o l y t i c a l ly . Named the Hall-Heroult process a f t e r  i t s 1 o r ig in a to rs ,  
t h i s  technique rap id ly  became the exclusive in d u s t r ia l  method fo r  the 
mass production of aluminium.

P r io r  to  1940, v i r tu a l ly  a l l  of the w orld 's  aluminium was produced 
in  the  in d u s t r ia l  countries  of Europe and N. America and in  Japan- 
Today these  areas s t i l l  predominate, but the p a tte rn  i s  changing. Previously, 
as th e  product of an advanced technology, long pro tec ted  by paten ts , 
aluminium was destined to be t ig h t ly  held by the handful of firms who had 
access to th e  technology. These firms were often  na tiona l monopolies and 
were not under competitive p ressure  to seek low est-cost production s i t e s  
on an in te rn a t io n a l  b a s is .  They p re fe rred  to  operate in  the fam ilia r  home 
in s t i t u t i o n a l  environment near t h e i r  markets, p ro tec ted  by t a r i f f s  and 
b e n e f i t t in g  an in d u s t r ia l  environment.

Perhaps what has occassioned most speculation  about the fu tu re  of the 
world aluminium industry  i s  the  concern th a t  th e re  w i l l  be in su f f ic ie n t  
low-cost energy av a ilab le  in  developed countries  in  con tra s t  with the 
p o s s ib i l i t i e s  in under- and semi-developped coun tries . Power cost i s  a 
major lo ca tio n a l  fa c to r  in  the  aluminium industry  as the  un iversally  
employed basic  Bayer process fo r converging bauxite to  alumina to aluminium 
consumes vast amounts of energy.

Bauxite i s  p le n t i fu l  but the p r in c ip a l  deposits are located in  le s s  
developed coun tries  fa r  from the main aluminium producing and consuming 
cen tre s .  Because South Africa imports i t ' s  raw m ateria l for aluminium 
production, p o l i t i c a l  and economic actions in  other countries can e f fe c t
th e  a v a i la b i l i ty  a; 
p la n ts .

of inputs fo r  domestic alumina and aluminium
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1 PROPERTIES OF ALUMINIUM

The v e r s a t i l e  use of aluminium in  many ap p lica tions  i s  based upon an 
unique combination of des irab le  physical and chemical p ro p e r t ie s .  The 
element has a low atomic number (13) and possesses a sp e c i f ic  g ravity  
of 2 ,7  -  about one th i rd  th a t  of s t e e l .  I t ' s  great d u c t i l i t y  permits i t  
to  be ro l le d  to very th in  guages or extruded in to  many d i f fe re n t  shapes. 
Aluminium fo i l  i s  a widely used product which exp lo its  t h i s  property of 
the  metal to  the f u l l .

As aluminium possesses a considerably lower melting point than s te e l ,  
the production of castings and the  handling of molten metal are 
r e l a t iv e ly  uncomplicated. The pure metal has a melting point of 659°D 
although th a t  of some aluminium a llo y s  may be as low as 55D°G.

The thermal conductivity of aluminium i s  le s s  than th a t  of copper 
but g re a te r  than th a t  of cast iron , wrought iron or s t e e l  and i t  i s  
s u i ta b le  for the  manufacture of cooking u te n s i l s .  Aluminium i s  a good 
e le c t r i c a l  conductor. A copper bar w il l  have the same re s is tan c e  to 
an e l e c t r i c  current as an aluminium bar of 1,6 times i t ' s  c ro ss-sec tio na l  
area, but the weight of the  aluminium conductor w il l  only be half t h a t  of 
the copper. Round bars of aluminium also o ffer  an advantage over copper 
conductors in  showing le s s  'corona lo s s ' .

Although aluminium i s  a chemically reac tiv e  element (valency 3, 
ra re ly  1) and a strong reducing agen t, i t  i s  far more r e s i s ta n t  to 
corrosion  than most other in d u s t r ia l  metals. A fresh ly  exposed surface 
of aluminium m etal, either so lid  or molten, immediately oxidises upon 
exposure to  the a i r  or other oxid is ing  agent and the  th in  film  of 
aluminium oxide so formed stops the  process of corrosion. The natura l 
oxide lay e r  can be thickened by anodising or anodic oxidation . Other 
p ro p e r t ie s  include high r e f l e c t iv i t y ,  high scrap and re-use  value and 
w e ldab ili ty .

Both the metal and i t ' s  s a l t s  are non-toxic and can be ingested 
without harm. Through surface treatment processes of various kinds 
aluminium can be used to give a wide va rie ty  of decorative e ffe c ts  and 
in  t h i s  respect i t  i s  superior to other metals.

The p roperties  of super-purity  aluminium (A£ 99,98+ per c e n t) , 
high pu ri ty  aluminium (A! 99,80 to  99,98 per cent) and pure aluminium 
(At 99,00 to  99,80 per cent) can, fo r  spec if ic  purposes, be improved 
or modified by a lloying with other elements.
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The v e r s a t i l e  use of aluminium in many app lica tions  i s  based upon an 
unique combination of d e s irab le  physical and chemical p ro p e r t ie s .  The 
element has a low atomic number (13) and possesses a sp e c if ic  g ravity  
of 2 ,7  -  about one th i r d  th a t  of s t e e l .  I t ' s  g reat d u c t i l i t y  permits i t  
to  be ro l le d  to very th in  guages or extruded in to  many d i f f e re n t  shapes. 
Aluminium f o i l  i s  a widely used product which exp lo its  t h i s  property of 
the  metal to  the f u l l .

As aluminium possesses a considerably lower melting point than s te e l ,  
the  production of cas tings  and the handling of molten metal are 
r e la t iv e ly  uncomplicated. The pure metal has a melting point of 659°G 
although th a t  of some aluminium a lloys  may be as low as 550°C.

The thermal conductivity  of aluminium i s le s s  than th a t  of copper 
but g re a te r  than th a t  of cast iron , wrought iron or s te e l  and i t  i s  
s u i ta b le  fo r  the  manufacture of cooking u te n s i l s .  Aluminium i s  a good 
e l e c t r i c a l  conductor. A copper bar w il l  have the same re s is ta n c e  to 
an e l e c t r i c  current as an aluminium bar of 1 ,6  times i t ' s  c ro ss-sec tio na l  
a rea , but the weight of the  aluminium conductor w ill only be h a lf  th a t  of 
the copper. Round bars o f aluminium alec o ffer  an advantage over copper 
conductors in  showing le s s  'corona lo s s ' .

Although aluminium i s  a chemically reactive element (valency 3, 
rarely 1) and a strong reducing agent, i t  i s  far more reeimtant to  
corrosion than mast o ther in d u s t r ia l  metals. A fresh ly  exposed surface 
of aluminium metal, e i th e r  so lid  or molten, immediately ox id ises upon 
exposure to  the e ir  or other oxidising agent and the th in  film  of 
aluminium oxide so formed stops the process of corrosion. The natural 
oxide laye r  can be thickened by anodising or anodic ox idation . Other 
p ro p e r t ie s  include high r e f l e c t iv i t y ,  high scrap and re-use  value and 
w e ld ab ili ty .

Both the metal and i t ' s  sa lts  are  non-toxic and can be ingested 
without harm. Through surface treatment processes of various kinds 
aluminium can be used to  give a wide variety of decorative e ffe c ts  and 
in  t h i s  respect i t  i s  superior to  o ther metals.

The properties of super-purity  aluminium (A£ 99,98+ per c e n t ) , 
high pu ri ty  aluminium (Ai 99 ,BO to  99,98 per cent) and pure aluminium 
(A£ 99,00 to  99,80 per cent) can, for sp e c if ic  purposes, be improved 
or modified by alloying with other elements.
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2 APPLICATIONS OF ALUMINIUM

On an element basis , about 10 per cent of the aluminium consumed i s  
used as bauxite or alumina in  non-metal ap p lica tions . Although a minor 
market sec to r  fo r  aluminium use, they are , however, v i ta l  to  industry .

2 .1 .  BAUXITE 42
About 90 per cent of the  t o ta l  world production of bauxite i s  consumed 
in the  manufacture of alumina which, in tu rn , i s  p r in c ip a l ly  used in  the 
production of aluminium metal. Both bauxite and alumina a lso  have important 
non-m etallurgical uses for which they are to some extent interchangeable. 
Alumina, being more expensive, i s  p referred  only where high pu rity  i s  
sp ec if ied .

The design of an alumina re f ine ry  i s  sp e c if ic  to a ce r ta in  type of 
bauxite , whether g ib b s i t ic ,  boehmitic o r a mixture of the two. Host of 
the  bauxite  which i s  u t i l i z e d  d ire c t ly ,  ra th e r  than  converted f i r s t  to  
a lum ina,is  simply calcined . F u s e d  calcined bauxite can be used fo r  
abrasives where the  purer but more costly  calcined alumina i s  not e s s e n t ia l .  
Such abrasives are used in  grinding wheels and polishing powders fo r  which 
fused bauxite  has la rge ly  replaced corundum and o ther  abrasives.

Calcined bauxites can be used fo r  re fra c to ry  purposes where furnace 
conditions are  not exacting enough to  demand the use of pure calcined alumina. 
Bauxite i s  chemically in ac tiv e  end i t ' s  f i r in g  c h a ra c te r i s t ic s  compare 
favourably with those of o ther r e f ra c to r ie s .  M aterial containing the 
alumina monohydrates, boehmite and diaspora, o f fe r s  ce r ta in  advantages 
over t h a t  containing the  tr ih y d ra te  g ib b s i te  in  t h a t  i t  i s  denser and i s  
sub jec t to l e s s  shrinkage. Two main forms of re frac to ry  are manufactured 
from bauxite . Aluminous f i re b r ic k s  can be made by mixing ground calcined 
bauxite  with about ID par cent of bonding m ate r ia l .  Fused aluminous 
r e f r a c to r ie s  are made by fusing calcined bauxite in  e le c t r ic  arc furnaces 
and casting  the product in to  moulds.

In te r e s t  has been expressed in the  p o s s ib i l i ty  of using calcined 
bauxite  as a skid r e s i s ta n t  aggregate fo r  road surfac ings. The high cost 
of t h i s  m aterial i s  however l ik e ly  to  l im i t  i t ' s  use to p a r t ic u la r ly  
hazardous sectors of roads l ik e  the approaches to  t r a f f i c  l ig h ts  and 
pedestrian  crossings.

Some uncalcined bauxite i s  used d ire c t ly  in  the  manufacture of 
various alums and aluminium s a l t s .  The most important of these  products 
i s  aluminium sulphate used in the manufacture of paper, fo r  water 
p u r i f ic a t io n  and fo r  the decolourisation of mineral o i l s .  Other chemicals 
made from bauxite include ammonium chloride, used in the refin ing  of
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mineral o i l s ,  the carbonising of wood and the  manufacture of various 
compounds, and also aluminium f lu o r id e  which i s  used as a flux  in  
ceramic glasses and enamels.

Uncalcined bauxite can also be used in  the manufacture of high- 
alumina cement. I t  i s  charac te rised  by u l t r a - ra p id  hardening and good 
chemical and temperature re s is tan c e .

2 .2 . ALUMINA
Alumina, fi£sCb , i s  the only known s tab le  oxide of aluminium and contains 
52,9 per cent of th a t  element by weight. However, i t  has a number of 
d i f fe re n t  c ry s ta l l in e  and te x tu ra l  forms, each possessing d is t in c t  
physical p roperties .

Corundum, the  only n a tu ra lly  occurring form of unhydrated alumina 
i s  th e  hardest mineral known a f t e r  diamond. Emery i s  a n a tu ra lly  occurring 
mixture of corundum and iron  oxides being s l ig h t ly  le s s  harder than pure 
corundum.

The main demand for calcined alumina i s  as feedstock fo r  e le c t ro ly t ic  
aluminium sm elters. For use in  th e  production of primary aluminium i t  i s  
de s irab le  th a t  the alumina should be free  of titanium , phosphorous and 
potash. Calcined alumina i s  in demand fo r  a number of in d u s t r ia l  uses o ther 
than the  production of aluminium, often as a purer, but more expensive 
s u b s t i tu te  fo r  calcined bauxite. Calcined alumina may be used alone in  a 
pure s in te red  form or i t  may be mixed with up to  15 per cent SiOh , MgO or 
Ca 0 fo r  many ceramic uses such as capacitor and r e s i s to r  cores, spark 
plug bodies and grinding b a l ls  and rods. Calcined alumina i s  consumed in 
the manufactured of r e f ra c to r ie s  where i t ’s presence increases the load 
bearing capacity , res is tance  to heat shock and spelling.

In  the abrasives industry fused alumina i s  used as coating abrasives 
and polishing compounds. £ ,ime alumina i s  a lso  used during th e  manufacture 
of g la s s ,  whiteware and ce r ta in  c a ta ly s ts .  Low soda alumina possesses 
p a r t ic u la r ly  good d ie le c t r ic  p roperties  and can be used in  high grade 
e le c t r i c a l  in su la to rs  in ce r ta in  e lec tro n ic  app lica tions . Tabular alumina 
i s  a dense in e r t  calcined alumina with enhanced re s is tan ce  to  thermal shock 
which coupled with a high e le c t r i c a l  re s is tance , makes i t  su i tab le  fo r  
spec ia lised  refrac tory  and e le c t r i c a l  app lica tions . Activated alumina 
has a high absorptive capacity fo r water vapour and can be used fo r  the 
dehydration of gases, organic l iq u id s  and powders.

The commodity marketed under the  name of 'hydrated alumina' i s  pure 
g ib b s ite ,  ACzQj.Sf-feO, and i s  used as a source fo r  the pure aluminous 
chemicals required by the paper, petroleum and paint in d u s tr ie s .
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2 .3 . PRIMARY ALUMINIUM AND A% ALLOYS

Aluminium i s  l ig h t ,  corrosive re s i s ta n t ,  e a s i ly  fab rica ted  and a 
good e le c t r i c a l  conductor. These p roperties  con tribu te  to  i t s  widespread 
use and i t s  increase  in  consumption, which has been more rap id  than th a t  
of any o ther m eta llic  commodity. Much of t h i s  growth has re su l te d  from 
rep lacing  other m ateria ls such as glass or s te e l  in  packaging, wood in  
s t ru c tu ra l  applica tions such as doors and windows, s te e l  ur cas t  iron  in  
automotive app lica tions and copper in e l e c t r i c a l  transm ission •

Aluminium maintains a strong market growth as the  m ateria l fo r
beverage cans and the  container market continues to  develop rap id ly .

35The major markets fo r  aluminium by end use are:
( i )  containers and packaging (<23 per cent) -  f o i l ,  f l e x ib le  packaging, 

beverage and food conta iners, o ther cans and closures
( i i )  building and construction (22 per cent) -  r e s id e n t ia l  and 

non-res iden tia l  awnings, doors, windows, roofing and siding, 
mobile homes, pre-engineered s tru c tu re s  and bridges, and end 
highway uses

( i l l )  tran sp o rta tio n  (22 per cent) -  a i r c r a f t ,  ships, automobiles, trucks, 
t r a i l e r s ,  buses, rec rea t io n a l  veh ic les  and m ili ta ry  tran sp o rt

( iv )  e le c t r i c a l  goods (11 per cent) -  e le c t r i c a l  machinery and equipment,
power transmission and d is t r ib u t io n  l in e s ,  telephone cable, 
l ig h t in g  f ix tu re s  and e le c t r i c  lamps

(v) consumer durables (8 per cent) -  a i r  conditioners, home appliances,
cooking u te n s i ls ,  f u rn i tu re  and adornments

(v i)  machinery and equipment (7 per cent) -  i r r ig a t io n  pipe, equipment
fo r  handling a g r ic u l tu ra l  products, and fo r  specia l in d u s t r ia l  
processes and serv ices

( v i i )  miscellaneous metal applica tions (7 per cent) -  d is s ip a t iv e  uses 
such as in  the production of s te e l  and aluminium chemicals.

Super pu rity  aluminium has a number of small but important app lica tions , 
including use as an e le c t r i c a l  capacitor f o i l  and fo r  consumer products such 
as automobile and appliance tr im .

Aluminium alloys can be c la s s i f ie d  in  various ways. One of the  most 
important d is t in c t io n s  i s  th a t  between non-heat t re a ta b le  a lloys  and heat 
t r e a ta b le  a llo ys . The non-heat t re a ta b le  a lloys  obtain th e i r  s treng th  as 
a r e s u l t  of being subjected 'to cold working processes such as s tre tch ing , 
drawing or ro l l in g .  Solution treatment (around 500°C) followed by quenching 
and na tu ra l ageing i s  re fe rred  to  as s ing le  heat treatm ent. The term f u l l  
or double heat treatment i s  applied when a r t i f i c i a l  ageing i s  involved.



The other major basis  fo r  c lass ify ing  aluminium a lloys  i s  the 
d is t in c t io n  between those used for coating and the  wrought a lloy s  which 
are su i tab le  fo r  mechanical working. A summary of the  various categories 
of a lloy  and t h e i r  usage i s  given in  Table 18.
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GROUP A

Table IB
C lass if ic a t io n  and uses of Aluminium alloys 

NON-HEAT TREATABLE WROUGHT ALLOYS
Alloy Composition 
A4 99,99%

A4 99,0 to 99,8%

A£-Mn
A£~Mg(Mn)

A£-Cu Pb Bi

GROUP B 
A£-MgSi

A£-Cu Mg Zn 
A£-Cu Mg
A£~Mg Zn

GROUP C 
A£-Si
A£-Mg

GROUP D 
AX-Si

A£-Cu Ti

A£-Zn Mg

Uses
Chemical industry , f o i l s  fo r  e le c t ro ly t ic  
capacitors
cooking u te n s i l s ,  containers, chemical 
apparatus, e le c t r i c a l  equipment, f o i l s

roofing, containers, packaging
work hardening s t ru c tu ra l  m ateria l,  ship 
build ing, r a i l  and road veh ic les , 
a rch i tec tu re ,  m ateria ls  handling equipment
f ree  machining a lloys

HEAT TREATABLE WROUGHT ALLOYS
decorative anodising, s t ru c tu ra l  engineering, 
e l e c t r i c a l  app lica tions , the  main a rch i tec tu ra l  
a lloy , vehicles
very high s treng th  s t ru c tu ra l  m ateria ls  
high s treng th  s t ru c tu ra l  m ateria ls  
medium streng th  s t ru c tu ra l  m ateria ls

-HEAT TREATABLE CASTING ALLOYS
medium streng th  with good casting  p roperties
moderately good c a a ta b i l i ty ,  e as i ly  worked and 
su i ta b le  fo r  anodising, r e s i s t a n t  to sea water

HEAT TREATABLE CASTING ALLOYS
used fo r  components d i f f i c u l t  to  produce and 
requiring  high strength
highest s trength  a lloys su i tab le  fo r  impact 
or repeated s t r e s s ,  poor chemical res is tan ce
n a tu ra lly  ageing a lloys of medium strength , 
spec ia lly  su itab le  fo r  sand casting  and decorative 
anodising

In addition to  i t ' s  main uses, aluminium finds use in a number of 
specia lized  miscellaneous app lica tion s . Iron-nickel a lloys containing 
some aluminium are used fo r  permanent magnets. N itrided s te e ls  fo r  improved 
water res is tance  and fa tigue  s trength  are produced by heating s te e l  
containing about 1 per cent aluminium in ammonia. Brass containing about
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2 per cent aluminium i s  employed in marine condenser tubes.
Anhydrous aluminium ch loride  i s  produced as a vapour and then 

condensed. The major use i s  as a c a ta ly s t  in  the  manufacture of ethyl 
benzine,dyes t u f f s ,  detergent a lky la te s ,  ethyl chloride and pharmaceuticals.
To a le s se r  extent i t  i s  u t i l i z e d  in  the manufacture of titanium  dioxide, 
hydrocarbon re s in s  and in  o i l  re f in in g .

Powdered aluminium i s  consumed in the manufacture of explosives and 
pyrotechnics. Aluminium granules are added to  ammonium n i t r a te  to  form 
a s lu rry  containing 20 to  30 per cent aluminium. The aluminium functions 
as a s e n s i t i s e r  which enables the ammonium n i t r a te  to explode when ig n ited  
by a fuse. This s lu rry  rep laces conventional explosives in  ce rta in  mining 
and quarrying ap p lica tion s , i t ' s  p a r t ic u la r  advantages are safe handling and 
the  a b i l i ty  to  work underwater.

3 ALUMINIUM MINERALS AND COMPOUNDS
Although aluminium can be ex trac ted  from p ra c t ic a l ly  any rock or mineral
r ic h  in  alumina such as clay ,snorthosite , nepheline, syenite , a lu n i te  and
feldspar, bauxite  i s  at present fo r  a l l  p rac t ic a l  purposes the only ore of
t h i s  metal. Minerals containing more than 60 per cent A& O, are: ^
corundum A& Cfe
boehmite diaspora A^ O3 0
n ib b s i te  Ai2 O3 .31-fe 0
anda lu s ite , kyanit e , AJ  ̂ 0j SiCfe

s i l l im a n i te
Bauxite i s  not a mineral, but i s  regarded as a rock consisting of 

one or more of the  following hydrated aluminium oxides -  g ibbsite , boehmite 
and diaspora, together with im purities  such as s i l i c a ,  iron oxides and 
titanium  m inerals. For ex trac tion  by exis ting  processes, alumina (Als Cb ) 
should amount to  a t  l e a s t  30 per cent of the ore. In these  processes the  
so lu b i l i ty  of the aluminium minerals i s  the most important consideration.
There are rocks and minerals which contain higher percentages of alumina 
but which cannot be regarded as nres of aluminium as the  alumina i s  so closely  
bound that i t  cannot be p ro f i tab ly  ex tracted .

'Red Mud', the  residue th a t  r e s u l ts  a f te r  alumina i s  extracted from 
bauxite, commonly by the Bayer process, consists  la rge ly  of a complex 
sodium aluminium s i l i c a t e  and iron oxides,In a combination process, the 
red mud i s  the  feed to a subsequent lime-soda s in te r  s tep . The residue from 
the  combination process i s  ca lled  ' brown mud1 end contains calcium s i l i c a t e s  
and iron oxides, but l i t t l e  sodium aluminium s i l i c a t e .
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2 per cent aluminium i s  employed in marine condenser tubes .
Anhydrous aluminium chloride i s  produced as a vapour and then 

condensed. The major use i s  as a c a ta ly s t  in the manufacture of e thyl 
benzine,dyes tu f f s ,  detergent a lky la te s ,  ethyl chloride and pharmaceuticals.
To a le s s e r  extent i t  i s  u t i l i z e d  in  the manufacture of titanium  dioxide, 
hydrocarbon re s in s  and in  o i l  re f in in g .

Powdered aluminium i s  consumed in  the  manufacture of explosives and 
pyrotechnics. Aluminium granules are added to  ammonium n i t r a t e  to form 
a s lu rry  containing 20 to  30 per cent aluminium. The aluminium functions 
as a s e n s i t i s e r  which enables the ammonium n i t r a te  to explode when ig n ite d  
by a fuse . This s lu rry  replaces conventional explosives in  certa in  mining 
and quarrying ap p lica t io n s . I t ' s  p a r t ic u la r  advantages are safe handling and 
the  a b i l i ty  to  work underwater.

3 ALUMINIUM MINERALS AND COMPOUNDS
Although aluminium can be ex tracted  from p rac t ic a l ly  any rock or mineral
r ich  in  alumina such as c la y , a n o rth o s ite , nepheline, syen ite , a lu n ite  and
feldspar, bauxite  i s  a t  present fo r a l l  p rac t ic a l  purposes the only ore of
t h i s  metal. Minerals containing more than 60 per cent A& Cb are: ^
corundum A4  Cb
boehmite diaspora Aia Q, hfe 0
g ib bs ite  AJBg Cb-MO
andaiusite ,kyan ite , A& Efa SiOz
s i l l im a n i te

Bauxite i s  not a mineral, but i s  regarded as a rock consisting of 
one or more of the  following hydrated aluminium oxides -  g ibbsite , boehmite 
and diaspora, together with im purities such as s i l i c a ,  iron  oxides and 
titanium  minerals. For ex trac tion  by ex is ting  processes, alumina (AllsCb ) 
should amount to  a t  l e a s t  30 per cent of the  ore. In these  processes the  
so lu b i l i ty  of th e  aluminium minerals i s  the  most important consideration.
There are rocks and minerals which contain higher percentages of alumina 
but which cannot be regarded as ores of aluminium as the  alumina i s  so closely 
bound th a t  i t  cannot ba p ro f i tab ly  ex tracted .

'Red Mud', the  residue th a t  r e s u l ts  a f te r  alumina i s  extracted from 
bauxite, commonly by the Bayer process, consists  la rge ly  of a complex 
sodium aluminium s i l i c a t e  and iron  oxides,In a combination process, the  
red mud i s  the  feed to a subsequent lime-soda s in te r  s tep . The residue  from 
the combination process i s  ca lled  'brown mud' and contains calcium s i l i c a t e s  
and iron oxides, but l i t t l e  sodium aluminium s i l i c a t e .
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4 DEPOSIT TYPES
By fa r  the  most s ig n i f ic a n t  occurrences of aluminium raw m ateria ls  are, 
and w ill  be In the foreseeable  fu ture , the  bauxite deposits . The 
following c h a ra c te r i s t ic s  are found in bauxite c la s s i f ic a t io n  systems:
( i )  Geological age and se t t in g  of deposit
The geological age can be used to  d is tingu ish  subrecent and recent 
bauxite formations from f o s s i l  deposits . The subrecent and recent 
bauxite deposits are  found in  the present day regions of humid and 
t ro p ic a l  c lim atic  conditions in  which l a t e r i t i c  weathering and bauxite 
formation can s t i l l  occur. That l a t e r i t i c  weathering occurred during a l l  
geological periods i s  shown by examples of f o s s i l  bauxite deposits  in 
France, Yugoslavia, Hungary and Greece (Cretaceous to  T e r t ia ry ) ,  the  
People 's  Republic of China and America (Ju rass ic )  and S iberia  (Precambrian).

F ossil  bauxite deposits  are of secondary importance. This i s  because 
more recent geological events have caused large  portions of the  o r ig in a l  
deposits  to  be eroded away. The only remaining deposits are those th a t  
have been protected by bu ria l  or by the morphology of the  rock beneath 
i t .  Such deposits  a re  usually  mineable only by deep mining and the 
m inera lisa tion  i s  o ften  discontinuous. In addition, f o s s i l  deposits are  
o ften  monohydrated (boehmite, diaspora) -  recent deposits are t r ih y d ra ted  
and requ ire  le s s  energy during the d igestion period of the Bayer process.
( i i )  Geotechnic po sition  of the deposit
Bauxite deposits in  sh ie ld  regions can be distinguished from those in  orogenic 
zones since they are usually  more extensive and exhibit g rea te r  consistency 

‘ of m ineralisa tion .
( i l l )  Parent rock fo r  bauxite for mation
Bauxite can be formed from a l l  native rock. The chemical and mineral 
composition of the  s ta r t in g  material and i t s  permeability are, however, 
decisive in  determining the  composition and quality  of the bauxite.
Weathering can form kars t  pockets in carbonate sediments in which bauxite 
can accumulate.
( iv )  Chemical and mineral composition
Chemical c la s s i f ic a t io n s  consider primarily the  s i l i c a :  AlaQa r a t io .
The ra t io  should be le s s  than 0,5 fo r an economic deposit and i s  
generally le s s  than 0,2 fo r  high grade ores. Mineral c la s s i f ic a t io n s  
consider the  r e la t iv e  amounts of monohydrated and tr ihydra ted  minerals.
Also important are the  type and quality  of gangue minerals such as 
k ao lin i te  and quartz .
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(v) Geometry and extent of the  deposit
C la s s i f ic a t io n  according to  geometry and extent of the deposit seems to 
be the  most su i tab le  fo r a d iv is ion  according to economic importance.
Blanket deposits , pockets and d e t r i t a l  deposits can be d is tingu ished .
There i s  also a se r ie s  of t r a n s i t io n  types as in  Jamaica where some 
bauxite  deposits  have formed an extensive blanket although they are o v e r la in  

.by limestone.
Several c lim atic  and geological conditions are of spec ia l  importance 

fo r  the  choice of prospective areas fo r  bauxite and exploration fo r  
deposits :
-  presen t day humid (average annual r a in f a l l  over 1 500 m ill im e tre s) , 

t r o p ic a l  (average annual temperature over 25°C) climate or such 
conditions in  the geological past

-  extensive areas of peneplanation.
Areas which s t i l l  hold promise fo r  the  discovery of young bauxite 

formations according to  th e  present climate d is t r ib u t io n  are the Amazon 
Basin, extensive areas in  Central and West Africa, Madagascar, Northern 
A us tra l ia  and the  Southeast Asian is land  arc .

The chances of finding o lder formations i s  considerably l e s s .  There 
are known deposits throughout the  World but they predominantly occur in  
Europe, A ustra lia , America, Surinam and Guinea. I t  i s  not l ik e ly  th a t  new 
f o s s i l  d iscoveries w il l  be made outside of these regions. I t  i s  also 

improbable th a t  dry deposits  w il l  add s ig n if ic an t ly  to the  reserves.
Consequently, prospecting for bauxite deposits within the  boundaries 

of th e  Republic of South Africa i s  not l ik e ly  to lead to s ig n if ic a n t  new 
f in d s .  A reduction in  the dependence on imports of aluminium raw m ateria ls  
i s  th e re fo re  not to be expected.

5 WORLD RESERVES, PRODUCTION AND CONSUMPTION
The average aluminium content of the Earth's crust has been estimated a t 
8 ,3  per cent and deposits containing over 15 per cent aluminium are common. 
Information on bauxite reserves and resources ranges from reports based on 
thorough exploration for some deposits to  reports giving only a t o t a l  
quan tity  estimate based on unspecified fieldwork for other deposits . The 
q u a li ty  of bauxite deposits cannot be assessed by the alumina content alone 
as many fac to rs  a ffec t  the cost and quantity of alumina th a t  can be 
recovered. Table 19 gives an estimate of the world bauxite resources and 
reserves as determined by Kurtz in  Mineral Facts and Problems.
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Table 19

Estimated World Bauxite resources and reserves -  1980 (m illion  to n s)^ 9
Recoverable aluminium equivalent 

Area Bauxite Reserves Reserves Other Resources

N. America
United S ta tes 40 9 36 45
Jamaica 2 000 417 54 471
Other 210 45 27 72

TOTAL 2 250 471 117 588

S. America
Brazil 2 500 554 554 1 108
Guyana 700 172 73 245
Surinam 490 118 73 191
Other 300 64 118 182

TOTAL 3 990 908 818 1 726

Europe
Greece 700 145 54 199
Hungary 300 64 18 82
LLS.S.R, 300 54 64 118
Yugoslavia 400 77 77 154
Other 90 18 100 118

TOTAL 1 790 358 313 671

Africa
Cameroon 1 000 181 109 290
Ghana 570 118 45 163
Guinea G 500 1 361 363 1 724
S ie rra  Leone 130 27 ** 27
Other 5 - 399 399

Total 8 205 1 687 916 2 603

Asia
China 150 27 163 190
India 1 000 204 204 408

Indonesia 700 136 59 195
Other 65 14 195 209

TOTAL 1 915 381 621 1 002



Table 19 continued

Oceania
A ustra lia
Other

4 500
20

907
5

(<99
27

1 406 
32

TOTAL 4 520 912 526 1 438

WORLD TOTAL 22 670 4 717 3 311 B 028

The growth in  reserves has roughly p a ra l le le d  the  rapid growth in  world 
bauxite production. The increases in  reserves are large ly  a t t r ib u ta b le  
to  major bauxite  d iscoveries . Production economies re su l t in g  From 
technological advances and la rg e -sca le  operations have also permitted the 
inclusion  of lower grade bauxite previously  considered uneconomic. The 
mining of some of these  deposits  may be r e s t r i c te d  because of environmental 
considera tions such as t h e i r  proximity to  populates or scenic a reas .

The measured and indicated reserves that are economically recoverable 
a t  present amount tc  22 670 m illion  tons of baux itic  ore containing about 
4 720 m illion  tons of recoverable aluminium. With respect to  s t r a te g ic  
supplies, the Western bhrlc i s  fortunate regarding aluminium in that 90 
per cent o f potentia l w2rl3 resources occur in market economies 
and no shortage of supply ip  anticipated . No economic reserves of bauxite 
ace found in  South Africa.

A ustra lia  (19 per cent ) ,  Guinea (29 per cent) and Jamaica (9 per cent) 
have the greatest portion of the measured and indicated reserves. These 
three countries, in the same order, are a lso  the most important bauxite 
producers. About 75 per cent of the  proven reserves nre in the present-day 
trop ical clim ate regions: Africa (36 per cent), Australia (19 per cent) 
and Latin America (19 per cent). When t o t a l  world resources are considered 
a d is t r ib u t io n a l  d isp a r i ty  i s  evident since 70 per cent of the resources 
occur in developing countries with free  economies and only 20 per cent 
occur in the  western industrial coun tr ies . Present world reserves are 
su f f ic ie n t  for more than a 350 year supply a t  current production.

5.2 . World production

Although in  p r in c ip le  many minerals and rocks may be used to  produce 
aluminium, in  practice almost only bauxite i s  used. Only in the U.S.S.R. 
and the P eople 's  Replublic of China are o ther  raw m ateria ls  (nepheline 
and a lu n ite )  u t i l i z e d .  For comparison purposes, their  amounts have been 
estimated and reca lcu la ted  as 'bauxite'

5 .2 .1 . Bauxite

XT"' ^ / ■ W w ,  i / ^ - t  1  _ ^ . - A  w
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Table 20 l i s t s  the ten  la rg e s t  producers of bauxite in  the Western . 
World fo r  the  l a s t  f i f te e n  years while Appendix Six contains a Table of 
the  con tr ibu tion  to  world production by nr nor capacity countries and the 
Eastern Bloc during t h i s  period. H is to r ica lly ,  bauxite production has 
s te a d i ly  increased with an o v e ra ll  average annual growth r a te  of about 
6 per cent but in  the l a s t  f iv e  years there  has been an alarming decrease 
in  production averaging about 2,5 per cent per year.

Table 20
Western World production of bauxite (m illion  to n s )

1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
Jamaica 9,8 10,5 11 ,8 12,5 12,8 13,5 15,3 11,6 10,3 11,4
A ustra lia 7,4 7 , 9 9,4 12,5 14,4 17,6 20,1 21,0 24,1 26,1
Surinam 5,8 6,2 6 ,0 6,7 6,8 6,7 6,9 5,1 4,6 4,9
Guyana 4,0 4,3 4 ,3 4 , 2 3,7 3,6 3,2 3,8 3,1 3,3
France 2,6 2,8 3,1 3,2 3,3 3,3 2,9 2,5 2,3 2,1
Guinea 2,3 2,5 2,6 2,6 2,6 3,5 7,6 10,6 11,3 11,3
Yugoslavia 2,0 2,1 2,1 2,0 2,2 2,2 2,4 2,3 2 ,0 2,0
Greece 1,8 1,9 2 ,3 2,9 2,7 2,7 2,8 2,8 2,8 2,9
United S ta tes 1,7 1,8 2,1 2,0 1,8 1,9 2,0 1,8 2,0 2,0
Ind ia 0,9 1 ,0 1 ,3 1,5 1,7 1,3 1,3 1,3 1,4 1,5

TOTAL*
(W.World)

43,3 46,2 50,4 55,7 57,9 61,9 70,0 68,0 69,0 74,1

TOTAL
(World)

50,9 54,4 59,0 64,9 67,4 71,8 X X X X

1978 1979 1980 1981 1982
Jamaica 11,7 11,5 12,1 11,6 8,6
A ustra lia 24,3 27,6 27,2 25,5 23,0
Surinam 5,3 4,7 4,9 4,0 2,9
Guyana 3,5 3,4 3,1 1,9 1,5
France 2,0 2,0 1 ,9 1,8 1,6
Guinea 12,1 12,2 13,3 12,8 10,2
Yugoslavia 2,6 3,0 3,1 ? 3 3,3
Greece 2,6 2,9 3 ,3 3,2 3,4
United States 1,7 1,8 1 ,6 1,5 0,7
India 1,7 1,9 1 ,7 1,9 2,0

TOTAL*
(W.World)

72,9 76,3 80,8 76,2 65,2

TOTAL
(World)

X X X X X



* th i s  figure  includes the add itional output from the small 
producers l i s t e d  in  Appendix Six 

x figures not published fo r  Eastern Bloc production

I t  i s  of great in te r e s t  to  note th a t  the 'top  ten ' producers actually  
contributed almost 90 per cent of the to ta l  annual Western World 
production of bauxite and of these  ten , Jamaica, A ustra lia  and Guinea 
provide 75 per cent of t h e i r  output. With such a pseudo-o ligopo lis tic  
p roducer 's  s t ru c tu re  i t  was inev itab le  th a t  ( March 1974) the  seven 
bauxite producing countries of Australia , Guinea, Guyana, Jamaica,
S ie rre  Leone, Surinam and Yugoslavia agreed to  e s tab l ish  a producer's 
organization t i t l e d  the  In te rn a tio n a l  Bauxite Association (IBA). Since 
th a t  tim e the  Dominican Republic, H aiti ,  Ghana and Indonesia have joined 
the  IBA. Their ob jec tives  a r e :
( i )  to  promote the  orderly  and ra t io n a l  development of the  baaxite 

industry
Cii) to  secure fo r  member countries f a i r  re tu rns from the exp lo ita tion , 

processing and marketing of bauxite, bearing in  mind the  
recognized in te re sts  of consumers

( i i i )  to  generally safeguard the  in te re s ts  of member countries in 
r e la t io n  to  th e  bauxite  Industry.

The more ac tiv e  ro le  now being played by producing countries has 
provided a number of important benefits  fo r  them. Many now have 
considerably more influence over th e i r  important bauxite operations 
than was the  case a decade ago. In a growing number of countries, the 
government i s  a shareholder and p a r t ic ip a te s  ac tive ly  in domestic 
ventures. Also, the  tax  revenues and unit values of th e i r  exports of 
bauxite  have r ise n  appreciably over the l a s t  ten years.

More than 70 per cent of measured and indicated bauxite reserves 
and 80 per cent of current W. World production are found within the 
IBA coun tries . This already very high percentage could s t i l l  be 
increased by the entry of other bauxite producers but th i s  would 
probably re su l t  in  g rea te r  d i f f i c u l t i e s  in  reaching agreement within 
the IBA.

5 .2 .2 . Alumina
I t  i s  estimated th a t  approximately 95 per cent of the world bauxite 
production is  processed to  alumina. Twenty years ago the location  
of alumina production p a ra l le led  the  location  of primary metal on a 
regional basis except fo r  countries such as Jamaica and Guinea which 
did not produce metal. This pa ttern  entered a t ra n s i t io n a l  period,
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w th i s  figure  includes the edditional output from the  small 
producers l i s t e d  in  Appendix Six 

x f ig u res  not published fo r  Eastern Bloc production

I t  i s  of great in te re s t  to  note th a t  the  'top te n ' producers ac tua lly  
contributed almost 90 per cent of the  t o ta l  annual Western World 
production of bauxite and of these ten , Jamaica, A ustra lia  and Guinea 
provide 75 per cent of t h e i r  output. With such a pseudo-o ligopolis tic  
producer 's  s tru c tu re  i t  was inev itab le  th a t  ( March 1974) the  seven 
bauxite  producing countries of A ustra lia , Guinea, Guyana, Jamaica,
S ie r re  Leone, Surinam and Yugoslavia agreed to e s tab l ish  a producer's  
organization t i t l e d  the  In te rna tio na l  Bauxite Association (ISA). Since 
th a t  time th e  Dominican Republic, H a iti ,  Ghana and Indonesia have joined 
th e  ISA. Their ob jec tives  are:
( i )  to  promote the  orderly  and ra t io n a l  development of the  baoxite 

industry
(11) to  secure fo r  member countries f a i r  re tu rns from the exp lo ita tion , 

processing and marketing of bauxite, hearing in  mind the 
recognized in te r e s t s  of consumers 

( i l l )  to  generally safeguard the  in te r e s ts  of member countries in  
r e la t io n  to  the  bauxite  industry.

The more ac tive  ro le  now being played by producing countries has 
provided a number of important benefi ts  for them. Many now have 
considerably more in fluence over th e i r  important bauxite operations 
than was the  case a decade ago. In a growing number of countries, the 
government i s  a shareholder and p a r t ic ip a te s  ac tive ly  in domestic 
ventures. Also, the tax  revenues and un it  values of th e i r  exports of 
bauxite  have risen  appreciably over the  l a s t  ten years.

More than 70 per cent of measured and indicated bauxite reserves 
and 80 per cent of current W. World production are found within the  
18A coun tr ies . This already very high per ventage could s t i l l  be 
increased by the entry of o ther bauxite producers but th i s  would 
probably r e s u l t  in  g rea te r  d i f f i c u l t i e s  in  reaching agreement within 
the IBA.

5 .2 .2 , Alumina
I t  i s  estimated th a t  approximately 95 per cent of the world bauxite 
production i s  processed to  alumina. Twenty years ago the location  
of alumina production p a ra l le le d  the location  of primary metal on a 
regional basis  except fo r  countries such as Jamaica and Guinea which 
did not produce metal. This pa ttern  entered a t r a n s i t io n a l  period,
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now nearing completion, during which there  was a s h i f t  of alumina 
production to  the bauxite  source so as to  save on tran sp o rta tio n  
c o s ts .  They were undertaken cautiously in response to re a l  economic 
incen tives but sometimes in  the  face of leas  welcome p o l i t i c a l  exposure.

Table 21 contains th e  breakdown of world alumina production by 
economic regional grouping a t  f iv e  year in te rv a ls .

Table 21
Alumina production by region (k ilo tons and%)^5

Region 1965 1970 1975 1980
North America 5 815 (42,0) 6 615 (31,1) 8 200 (26,7) 8 045 (23,0)
Latin America 1 480 (10,7) 3 390 (15,9) 4 790 (15,6) 5 600 (16,0)
Africa 490 ( 3 ,5) 620 ( 2,9) 680 ( 2 ,2) 795 ( 2,3)
Europe* 1 890 (13,7) 2 645 (12,4) 4 240 (13,8) 4 96D (14,2)
Asia* 810 ( 5 ,9 ) 1 875 ( 8 ,8) 2 425 ( 7 ,9) 3 685 (10,5)
A ustra lia  & Oceania 290 ( 2 ,1) 2 535 (12,0) 5 235 (17,0) 7 350 (21,0)

W. WORLD TOTAL 10 775 (77,9) 17 680 (83,1) 25 570 (83,2) 30 435 (87,0)
E. BLOC TOTAL 3 065 (22»1) 3 605 (16,9) 5 150 (16,8) 4 550 (13,0)

WORLD TOTAL 13 640
* without Eastern Bloc

(100,0)21 285 
production

(100,0) 30 720 (100,0) 34 985 (100,0)

The trend  towards more re f in ing  in  the developing countries i s  c learly  
demonstrated by the decrease in  the  percentage of alumina produced by 
North America (almost halved) and the quantum increase fo r  A ustra lia  and 
Oceania (ten  times la rg e r )  in  th e  f i f te e n  year period of 1965 ~ 1980. A 
number of the major bauxite producers now have a high alumina production as well 
mainly because of reduced tran spo rta tio n  expenditure fo r  the  primary 
consumers but also because of the  a v a i la b i l i ty  of large q u an ti t ie s  of cheap 
energy fo r  processing in  the developing countries .

5 .2 .3 . Primary aluminium 
The major bauxite producing countries in Latin America, Asia and Africa as 
well as Australia  have only l im ited  primary aluminium producing capacity. 
Guinea, the second la rg e s t  bauxite producer, Jamaica and Guyana produce no 
primary aluminium ye t. In con tra s t ,  the western in d u s tr ia l  countries, which 
except fo r  the United S ta tes  and France have l i t t l e  or no bauxite, produced 
most of the primary aluminium in  the world, about 75 per cent. These 
countries are completely, or almost completely, dependent on the import of 
aluminium-bearing raw m ateria ls  fo r th e i r  sm elters.

Table 22 l i s t s  those countries with a primary aluminium production 
of more than 250 000 tons in 1982 and th e i r  development over the l a s t  
f i f te e n  years-

%



now nearing completion* during which there  was a s h i f t  of alumina 
production to  the bauxite source so as to  save on tran sp o rta tio n  
cos ts .  They were undertaken cautiously  in response to rea l  economic 
incen tives  but sometimes in  the  face of le s s  welcome p o l i t i c a l  exposure.

Table 21 contains the  breakdown of world alumina production by 
economic regional grouping a t  f iv e  year in te rv a ls .

Table 21
Alumina production bv reqion (k ilc tonsi and%)45

Region 1965 1970 1975 1980
North America 5 615 (42,0) 6 615 (31,1) 8 200 (26,7) 8 045 (23,0)
Latin America 1 480 (10,7) 3 390 (15,9) 4 790 (15,6) 5 600 (16,0)
Africa 490 ( 3 ,5) 620 ( 2,9) 680 ( 2 ,2) 795 ( 2 ,3)
Europe* 1 890 (13,7) 2 645 (12,4) 4 240 (13,8) 4 960 (14,2)
Asia* 810 ( 5 ,9 ) 1 875 ( 8 ,8 ) 2 425 ( 7 ,9) 3 685 (10,5)
A ustra lia  & Oceania 290 ( 2 ,1) 2 535 (12,0) 5 235 (17,0) 7 350 (21,0)

W. WORLD TOTAL 10 775 (77,9) 17 680 (83,1) 25 570 (83,2) 30 435 (87,0)
E. BLOC TOTAL 3 065 (22,1) 3 605 (16,9) 5 150 (16,8) 4 550 (13,0)

WORLD TOTAL 13 840
* without Eastern Bloc

(100,0)21 285 
production

(100,0) 30 720 (100,0) 34 985 (100,0)

The trend  towards more re f in in g  in  the  developing countries i s  c learly  
demonstrated by the decrease in  the  percentage of alumina produced by 
North America (almost halved) and the  quantum increase fo r A ustra lia  and 
Oceania ( ten  times la rg e r)  in  the  f i f te e n  year period of 1965 -  1980. A 
number of the  major bauxite producers now have a high alumina production as well 
mainly because of reduced tran spo rta tion  expenditure fo r  the primary 
consumers but also because of the  a v a i la b i l i ty  of la rg e  q u an ti t ie s  of cheap 
energy fo r  processing in  the developing countries .

5 .2 .3 . Primary aluminium 
The major bauxite producing countries in Latin America, Asia and Africa as 
well as A ustra lia  have only lim ited  primary aluminium producing capacity . 
Guinea, the  second la rg e s t  bauxite producer, Jamaica and Guyana produce no 
primary aluminium yet. In co n tras t ,  the western in d u s tr ia l  countries , which 
except fo r  the  United S ta tes  and France have l i t t l e  or no bauxite, produced 
most of the primary aluminium in  the  world, about 75 per cent. These 
coun tries  are completely, or almost completely, dependent on the  import of 
aluminium-bearing raw m ateria ls  fo r th e i r  sm elters.

Table 22 l i s t s  those countries with a primary aluminium production 
of more than 250 000 tons in  1982 and th e i r  development over the l a s t  
f i f te e n  years.
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Table 22

Primary aluminium nutput by major producing countries (k l lo to n s )
W.World 1968 1969 1970 1971 1972 1973 1974 1975
United S ta tes 2 950 3 440 3 600 3 560 3 740 4 110 4 450 3 520
Canada 890 980 960 1 000 910 930 1 010 880
Germany (F.R.) 260 260 310 430 440 530 690 680
Norway 470 500 520 530 560 620 650 590
(■ 'ance 370 370 380 380 390 360 390 380
A ustra lia 100 130 210 220 210 210 220 210
Spain 90 110 120 130 140 160 190 210
Japan 480 570 730 890 1010 1 100 1 120 1 010
B razil 40 40 60 80 100 110 110 120
Venezuela 10 10 20 20 20 30 40 50
Other * 980 1 020 1 140 1 370 1 680 1 980 2 210 2 240

W. WORLD TOTAL 6 640 7 430 a 050 B 610 9 200 10 140 11 080 9 890

Eastern Bloc
U.S.S.R. 1 500 1 550 i 700 1 800 1 900 2 000 2 100 2 150
China (P.R.) 120 130 140 150 160 160 160 160
Rumania 80 90 100 110 120 140 190 200
Other + 250 250 270 270 260 310 280 280

E. Bloc TOTAL 1 950 2 020 2 210 2 ? -i,! 2 440 2 610 2 730 2 790
WORLD TOTAL 8 590 9 450 10 260 ig_ 11 640 12 750 13 8.10 12 680

W. World 1976 1977 1978 1979 1980 1981 1982

United S ta tes 3 860 4 120 4 360 4 560 4 650 4 490 3 270
Canada 630 980 1 050 860 1 080 1 120 1 070
Germany (F.R.) 700 740 740 740 730 730 720
Norway 620 640 660 670 660 640 650
France 390 400 390 400 430 440 390
A ustra lia 230 240 260 270 300 380 380
Spain 210 210 210 260 390 400 370
Japan 920 1 120 1 060 1 010 1 090 770 350
Brazil 140 170 190 240 260 260 300
Venezuela 50 40 80 210 330 310 270
Other * 2 490 2 560 2 520 2 700 2 860 2 950 2 960

W. WORLD TOTALIO 240 11 220 11 520 11 920 12 780 12 4 90 10 730
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Table 22 continued

Eastern Bloc
1976 1977 1978 1979 1980 1981 1982

U.S.S.R. 2 200 2 200 2 250 2 400 2 420 2 400 2 400
China (P.R.) 200 260 300 300 350 350 360
Rumania 210 210 210 210 240 230 230
Other * 270 280 290 290 280 250 250

E. Bloc TOTAL 2 880 2 950 3 050 3 200 3 290 3 230 3 240

WORLD TOTAL 13 120 14 170 14 570 15 120 16 070 15 720 13 960

* including Netherlands, United Kingdom, I t a ly ,  India, Yugoslavia, 
Ghana, Bahrain, New Zealand, Dubai, Egypt, Argentina, Greece,
South Africa, Austria, Sweden, Cameroon, Iceland, Switzerland, 
Surinam, Mexico, Turkey, Indonesia, Iran , South Korea, and Taiwan.

+ including Poland, Hungary, Germany (G.D.R.) ,  Czechoslovakia and 
North Korea.

The s h i f t  of processing of ores to  developing countries with th e i r  cheaper 
sources of power i s  again evident from the  above table.Over the l a s t  
f i f t e e n  years in d u s tr ia l is e d  countries with indigenous fue l  supplies such 
as th e  United S ta te s ,  Canada and Germany have experienced very l i t t l e  
growth in  the output of primary aluminium while Japan, which r e l ie s  on 
imported o i l  fo r  i t ' s  e le c t r i c  power has actually  experienced d ra s t ic  
decreases in  production. The high price  of foreign o i l ,  coupled with a 
steady decline in  the f ree  market p rice  of primary aluminium has l e f t  a 
la rg e  gap between the p r ice  of imported metal and the cost of the home 
product. However, countries such as B razil, Venezuela and A ustra lia  with 
vast energy resources (hydroelectric  or coal) and loca l  bauxite reserves 
have increased t h e i r  share of the  primary aluminium market vastly .

The Eastern Bloc countries show l i t t l e  evidence of changes in  loca tion  
of production or reaction  to  shortages of availab le  energy and in fa c t  have 
maintained a very steady annual growth of about 3,5 per cent per annum.

5 .3 . World consumption of aluminium 
The consumption of primary aluminium i s  calculated  annually by the 
M eta llgese llschaft,  Frankfurt fo r  f if ty -one  of th^^world's countries 
and i s  published in the period ica l M e ta l l s ta t i s t ik . There are problems 
of a conceptions! and s t a t i s t i c a l  nature inherent in  almost any d e f in i t io n  
of consumption. These problems are especially  acute in the case of 
aluminium where losses  occur as the m aterial passes through several stages 
of refining, forming and fab r ica tion , i s  incorporated in other products 
(o ften  of a durable nature) and may f in a l ly  re tu rn  in  the form of scrap 
fo r  reuse. Except in the  case of destructive  uses, i t  i s  not possible to
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se lec t  some point in  t h i s  process and unequivocally say the  metal has 
been 1 consumed1. To make matters more d i f f i c u l t ,  as the process of 
fab r ic a t io n  proceeds, aluminium often loses  i t ' s  id e n t i ty  and becomes 
impossible to t ra c e  s t a t i s t i c a l l y .

However, the  world consumption of primary aluminium cannot be 
determined for an index of use because in  most app lica tions the  demand i s  
not fo r  primary but r a th e r  for raw aluminium, ir re sp e c t iv e  of whether i t  
i s  of primary or secondary orig in- So long as secondary metal i s  
s a t is fa c to ry  fo r  the  purpose and availab le  a t  a competitive p rice , i t  w ill  
increase  i t s  proportion of use in primary consumption. ^

The M eta llgese llschaft f ig u re  fo r  individual countries i s  in  e f fe c t  
consumption of primary aluminium. Since i t  includes in consumption only 
th a t  p a r t  of secondary metal which enters in te rn a tio n a l  trad e  in crude 
form (a small f ig u re ) ,  i t  o f fe rs  a f a i r  approximation to th e  absorption 
of primary metal. Table 23 shows the  trend in  consumption of primary 
aluminium according to  economic region, fo r  the l a s t  f i f te e n  years.

Table 23
Primary aluminium consumption (k ilo tons) 28

1968 1969 1970 1971 1972 1973 1974 1975
Europe 2 070 2 410 2 610 2 490 2 790 3 210 3 390 2 820
Asia 850 1 030 1 210 1 310 1 560 1 980 1 710 1 600
Africa 50 60 70 90 90 110 120 130
America 3 960 4 120 3 910 4 430 4 880 5 710 5 870 4 200
Australia/Oceania 110 120 140 150 130 180 210 160

W. WORLD TOTAL 6 990 7 740 7 940 8 470 9 450 11 190 11 300 a 9io
E. BLOC TOTAL 1 830 1 920 2 050 2 190 2 310 2 420 2 600 2 700

WORLD TOTAL 8 820 9 660 9 990 10 660 11 760 13 610 13 900 11 610

1976 1977 1978 1979 1980 1981 1982
Europe 3 510 3 390 3 390 3 600 3 600 3 364 2 835
Asia 1 950 2 114 2 277 2 441 2 590 2 291 2 141
Africa 140 141 142 143 165 155 145
America 5 180 5 435 5 690 5 945 6 035 5 665 5 294
Australia/Oceania 190 384 578 772 775 728 680

W. WORLD TOTAL 10 970 11 464 12 077 12 901 13 165 12 203 11 095
E. BLOC TOTAL 2 890 2 839 2 789 2 738 2 BOO 2 739 2 432

WORLD TOTAL 13 860 14 303 14 866 15 639 15 965 14 942 13 527

World production iand consumption trends of primary aluminium are depicted

VV.C
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graph ically  on the following page , i l l u s t r a t i n g  f i r s t l y  actual tonnages 
and secondly the sp line  of best f i t  as determined by the computer package 
SAS-GRAPH.

5 .4 ,  Local Production
5 .4 .1 . Primary aluminium 

Primary aluminium i s  produced by ALUSAP at Richards Bay by fused -sa lt  
e le c t ro ly s i s  of alumina which i s  a t  present imported from A ustra lia  and 
Canada. The price  of alumina has been r is in g  markedly and i s  l ik e ly  to  
continue to  do so due to increased energy costs  in the  bauxite/alumina 
conversion and increased ocean f re ig h t ra te s  re su lting  from higher p r ice s  
of crude o i l .  Brubaker s ta te s  th a t  i f  the  e le c t ro ly t ic  smelting process 
remains the  s tandard , then the  alumina feed material i s  l ik e ly  to  continue 
to  be made by the Bayer process from bauxite and th a t  the best s u b s t i tu te  
fo r  bauxite  i s  lower-grade bauxite.

The country’s f i r s t  and only aluminium smelter complex s ta r te d  up in  
May 1971. I t  was a jo in t  p ro jec t between Alusuisse (22%) and the  South 
African Government C presently  the In d u s tr ia l  Development Corporation of 
South Africa holds a 54 per cent major share holding. In sp i te  of a lleged  
power d i f f i c u l t i e s ,  the smelter operated a t  i t ' s  f u l l  design capacity 
producing about 29 ODD tons of metal. Escom in s ta l le d  a second, a l te rn a t iv e  
power supply l in e  from the national grid to  ensure continuous operation .
Alcan Aluminium of South Africa, which had been apprehensive about the  
displacement of supplies of aluminium from i t ' s  parent company by more 
expensive metal from the new smelter ( in  which i t  has only a small 
i n te r e s t )  actually  reported a higher income from a lower tonnage turnover.
USCD Aluminium Corporation, a subsidiary o f  Union Steel Corporation of 
South Africa, was formed to  build a continuous casting and fab r ica tin g  
u n it  near the Richards Bay smelter.

In 1972 i t  was decided to  expand the sm e lte r 's  capacity of 55 ODD 
tons by 20 000 tons due to  increasing South African demand. The expansion 
was completed early  in 1974 and production was immediately boosted to 
match capacity.

Despite the increase in  capacity of the  smelter, i t  was s t i l l  considered 
most inadequate fo r  sa t is fy in g  indigenous demand since local in d u s tr ie s  were 
discovering or implementing a varie ty  of uses fo r a secure supply of aluminium 
from within the country 's  borders.

In  the  same year Alusaf completed plans fo r  the construction of a carbon 
anode p lant at a coat of about R5D m illion with a capacity to  produce 
50 ODD tons of carbon anodes per annum. A fu r th e r  6 000 ton expansion fo r

\
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continue to  do so due to increased energy costs in  the bauxite/alumina 
conversion and increased ocean f re ig h t  ra te s  re su ltin g  from higher p r ices  
of crude o i l .  Brubaker s ta te s  th a t  i f  the  e le c t ro ly t ic  smelting process 
remains the  standard, then the  alumina feed m aterial i s  l ik e ly  to  continue 
to  be made by the Bayer process from bauxite and th a t  the best su b s t i tu te  
fo r  bauxite  i s  lower-grade bauxite.

The country 's  f i r s t  and only aluminium smelter complex s ta r te d  up in  
May 1971. I t  was a jo in t  p ro jec t between Alusuisse (22%) and the  South 
African Government ( presently  the In d u s tr ia l  Development Corporation of 
South Africa holds a 54 per cent major share holding. In sp i te  of alleged 
power d i f f i c u l t i e s ,  the  smelter operated a t  i t ' s  f u l l  design capacity 
producing about 29 000 tons of metal. Escom in s ta l le d  a second, a l te rn a t iv e  
power supply l in e  from the national grid  to  ensure continuous operation .
Alcan Aluminium of South Africa, which had been apprehensive about the 
displacement of supplies of aluminium from i t ' s  parent company by more 
expensive metal from the  new smelter ( in  which i t  has only a small 
i n te r e s t )  actually  reported a higher income from a lower tonnage turnover.
USCO Aluminium Corporation, a subsidiary of Union Steel Corporation of 
South Africa, was Formed to  build  a continuous casting and fab r ica tin g  
u n i t  near the Richards Bay smelter.

In 1972 i t  was decided to  expand the  sm e lte r 's  capacity of 55 ODD 
tons by 20 000 tons due to  increasing South African demand. The expansion 
was completed early  in 1974 and production was immediately boosted to 
match capacity.

Despite the increase  in capacity of the smelter, i t  was s t i l l  considered 
most inadequate fo r  sa t is fy in g  indigenous demand since loca l  in d u s tr ie s  were 
discovering or implementing a varie ty  of uses fo r  a secure supply of aluminium 
from within the country 's  borders.

In  the  same year Alusaf completed plans fo r  the construction of a carbon 
anode plant at a cost of about R5D m illion  with a capacity to  produce 
50 000 tons of carbon anodes per annum. A fu r th e r  6 000 ton expansion fo r
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the  sm elter was completed in 1978 and again the  p lant operated a t  f u l l  
capacity desp ite  decreases in sm elter - output throughout the  r e s t  of the 
world. In 1980, nego tia tions were completed fo r  the sm e lte r 's  capacity 
to  be augumented by the i n s t a l l a t io n  of an 87 000 tons per year f a c i l i t y  
acquired from Nippon Light Metal C o . 's  Niigata.smelter. This had been 
closed as p a r t  of the  Japanese in d u s t ry 's  r a t io n a l i s a t io n  plans a f te r  
r i s in g  o i l  costs  had made many of Japan 's  smelters uneconomic. 
Reconstruction began in January 1981 and the  f i r s t  24 furnaces were 
operating a year l a t s r .  Tne new capacity  implies th a t  Alusaf w ill  have 
to  find an export market fo r around 100 000 tons per year.

Production f igu res , since inception , of the Richards Bay smelter 
complex are:
YEAR 1971 1972 1973 1974 1975 1976 1977 1978 1979 19B0 1981 1982
KILOTONS(Af) 29,4 53,3 53,0 75,0 76,0 78,0 82,0 81,0 86,0 88,0 85,0 107,0

The g rea te r  portion  of the  alumina required i s  derived from 
A ustra lian  sources (Kuinans and P in ja rra )  as pre-baked, 100% alumina.
The sm elters are  driven by thermal power being to ta l ly  coal f i r e d .  The 
planned yesr-end capacity of the complex i s  168 000 tons per year for the 
period 1983 tc  19S5, thereafter e possib le further expansion to 300 003 
tons per year.

Future expansions would undoubtly be subject to the ready a v a i la b i l i ty  
o f su f f ic ie n t  imported alumina or indigenous alumina in  the esse of 

in te rn a t io n a l  sanctions and boycotts. The additional energy required 
could be derived from loca l  coal reserves to be u t i l iz e d  in  coal ~ f i red  
power s ta t io n s .

5 .4 .2 .  Secondary Aluminium 
Table 2k contains a l i s t  of producers of secondary a lloys of aluminium 
in  South Africa, together with estimates o f capacity, where available:

Table 24
46Companies producing secondary aluminium (1982)

COMPANY Location Capacity(tpa) Major Shareholders
H.H. Benesel (Pty) AlbeiwOn x X

Metal & Chemical Indu str ies Heriotdale S 000 X

Metals and Residues (Pty) Benoni x A. Cohen & Co.
Metal Sales Co. (Pty) Benoni ) X

Pinetown 5 8 000 X
Cape Town) X

Modern Alloys Alberton x A. Cohen & Co.
M. & R. Metal Refiners (Pty) Alberton 3 000 A. Cohen & Co.

X
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Table 24 continued
COMPANY Location CapacityCtpa) Major Shareholders
National Scrap Metals (Pty) Albertan x A. Cohen & Co.
Non-Ferrous Metal Ulorks(Natal)Jacobs 2 000 Non-Ferrous Metal Works

( I s r a e l )

S.A. Smelting Works (Pty) In dus tr ie  200 x
Supreme Aluminium & Brass Co. Benoni x Metal Sales Co. (Pty)
Supreme Metal Works (Pty) In d u s tr ie  2 000 A. Cohen & Co.
Cu-Base Foundry Woodville 50 x
H u le tt1s Metals (Pty) Benoni )

H uletts  In d u s tr ie s  Ltd.

x ind ica tes  data not ava ilab le

The nature  of the  secondary market i s  such tha t  comparatively l i t t l e  
secondary metal moves in  in te rn a t io n a l  t rad e  in  refined  form. There i s  a 
f a i r l y  active  in te rn a t io n a l  t rad e  in  sc rap , but fo r  the most part a country 
th a t  seeks to  produce i t ' s  own metal, l ik e  South Africa, w il l  re ly  upon 
domestically produced primary and scrap aluminium.

Secondary metal i s  produced from scrap orig ina ting  in  two broad 
sources: new or current in d u s t r ia l  scrap generated from the  fab r ica t io n  
of metal and old scrap recovered from finished products previously in  
use. I t  i s  d i f f i c u l t  to  fo recast p rec ise ly  secondary metsi production 
but generally there  e x is ts  a fixed r a t io  of recovered in d u s t r ia l  scrap 
generated by the  in d u s tr ia l  processes in  the range of 12 to  15 per cent 
of t o t a l  consumption.

The secondary industry i s  cu rren tly  coming to  the notion of market 
development; th a t  i s ,  finding new applica tions for secondary aluminium 
ingot and perhaps even looking fo r  new alloys to  meet customer requirements. 
This i s  an expensive a c t iv i ty  and should be undertaken by a pooling of 
resources of many companies.'

5 .4 .3 .  Aluminium semis 
The bulk of primary aluminium produced i s  used fo r  the manufacture of 
wrought products or 'semis' such ao s h e e t , p la te ,  s t r ip ,  c i r c le s ,  bar, 
sec tion , tubs, wire and forgings. There i s  a strong c o rre la t io n  between 
aluminium consumption per cap ita  and income per cap ita . With the ever 
improving c u a lity  of l i f e  fo r  the  majority of the population of South 
Africa i t  ip  foreseeable th a t  t h i s  section  of industry w ill  prosper in  
the fu tu re .

The outstanding growth areas an tic ipa ted  are in the  major sec to rs  
of the road transpo rt  market ( trucks , buses and passenger cars) and 
packaging markets (canning).
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However, aluminium semis w ill  probably achieve a lower r a te  of 
penetra tion  of new markets in  the fu tu re  than in the past due to 
marginal losses to p la s t ic s  and painted s te e l .

Excluding the neg lig ib le  tonnage of forgings, the  aluminium semis 
industry  divides i t s e l f  in to  th ree  c lea r ly  defined sec to rs  based on the 
d i f fe re n t  product groups -  ro lled  products, extrusions and tube and wire. 
Table 25 contains a l i s t  of semis producers in South Africa with production 
data where availab le:

Table 25
Companies producing 'sem is' (1982) ^

COMPANY Location Products Capacitv(tpa)
African Aluminium Co.(Pty) Port Elizabeth rod X

African Cables Ltd. Peacehaven cable X

Alustang Richards Bay Properzi rod 30 000
Avon Wire (Pty) Ltd. Randfontein s t r ip ,  wire X

Craig Bros.Aluminium(Pty) Germiston extrusions X

H uletts  Aluminium Ltd. Pietermaritzburg sheet 45 000
O lifan tsfon te in extrusions 25 600
Epping fo i l 7 600

conductor 6 000
paste 500
wire 1 000

H u le t t1s Metals (Pty)Ltd. Benunl powder 15 000
S co ttish  Cables (S.A.)Ltd. Pieterm aritzburg cables X

Union Steel Corporation Peacehaven wire, cable X

USCO Cable Go*(Pty)Ltd. Empangeni cable X

x ind icates data not ava ilab le .
The equipment employed in the  fab r ica tion  of aluminium i s  standard 

metal working equipment and th e o re t ic a l ly  m ills would be able to  convert 
between aluminium and other metala with only minor modifications of th e i r  
l in e s .  Capital and operating requirements fo r fab rica tio n  p lan ts  vary 
enormously. A continuous hot ro l l in g  m ill for sheet i s  expensive and requires 
la rg e  tonnages to  be ju s t i f i e d .  The same i s  true fa r  rod m il ls .  However, 
the  use of le s s  sosphie ticated  equipment with much lower capacity makes i t  
fe a s ib le  for a smaller p lant to  perform a t  le a s t  some range of fab r ica tion  
fo r  a domestic market. Extrusions and castings in  p a r t ic u la r  can be 
fab rica ted  on a small scale , and cold ro l l in g  m ills  are commonly of much 
sm aller capacity than hot r o l l  m il ls .  I t  should be recognized, however, 
th a t  fo r t ru ly  modern and complete f a c i l i t i e s  the investment required may 
match th a t  of other stages of the  industry .
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5 .5 . Local consumption
5 .5 .1. Alumina

All of South A fr ic a 's  primary aluminium i s  produced from imported 
alumina. Since 1971, a l l  the alumina has been imported e i th e r  a t  Richards 
Bay or Durban and processed a t  Richards Bay. IMo supply d i f f i c u l t ! e .  have 
ever been encountered and none are an tic ipa ted  since the m ateria l i s  obtained 
from two r e l ia b le  trad ing  partne rs  -  A ustra lia  and Canada. Total imports 
of alumina to Richards Bay have been:
YEAR 1971 1972 1973 1974 1975 1976 1977 197B 1979
KILDTONS 61,7 111,3 112,2 157,5 159,6 163,8 172,2 170,1 180,6
(A4)

1980 1981 1982
184,8 178,5 224,7

I t  i s  expected th a t  fu tu re  import figures w ill contine to  r i s e  to  s a t is fy  
lo ca l  demand since ex trac tion  of local alumina i s  a t  present not economically 
f e a s ib le .

5 .5 .2 . Aluminium
The annual trade  s t a t i s t i c s  fo r South Africa, published by vhe Department 
of Customs and Excise records the  imports and exports of aluminium in  i t ' s  
various forms. However, a d e ta iled  analysis  of t h i s  data would be very 
onerous since in  1982 the re  were l i s t e d  no fewer than 196 individual 
aluminium categories . For b rev ity  these are divided in to  six teen  major 
c la s s i f ic a t io n s ,  which are drained and coded as in  Table 26.

fable 26
3Q

Aluminium trade s t a t i s t i c s  codes 
CODE DESCRIPTION
76.01 Unwrought aluminium, aluminium waste and scrap
76.02 Wrought bars, rods, angles, shapes and sections of aluminium, 

aluminium wire
76.03 Wrought p la te s ,  sheets  and s t r i p ,  of aluminium
76.04 Aluminium f o i l  of thickness not exceeding 0,2mm
76.05 Aluminium powders and flakes
76.06 Tubes, pipes and blanks: hollow bars of aluminium
76.07 Tube and pipe f i t t i n g s ,  of aluminium
76.08 Structures, complete or incomplete, and parts  of aluminium
76.09 Reservoirs, tanks, vats and s im ila r containers, fo r  any m aterial

(excluding compressed or l iqu e f ied  gas) of aluminium, of a 
capacity exceeding 300 l i t r e s ,  whether or not l ined  or heat 
insulated, but not f i t t e d  with mechanical or thermal equipment

76.10 Casks, drums, cans, boxes and sim ilar containers of aluminium
for the conveyance or packing of goods.

X
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Table 26 continued 
CODE DESCRIPTION
76.11 Containers o f aluminium, fo r compressed or l iq u e f ied  gas
76.12 Standard wire, cables, cordage, ropes, p la i ted  bands and the

l ik e ,  of aluminium wire
76.13) Included under 76.16 post-1976
76.14)
76.15 A rtic le s  of a kind commonly used for domestic purposes,

san ita ry  ware fo r  indoor use, and p a rts  of such a r t i c l e s  and
ware of aluminium

76.16 Other a r t i c l e s  of aluminium

The imports and exports of items 76.04 to  76.16 fo r  the l a s t  f i f te e n  years 
are  contained in Appendix Seven while the  following tab le s  record the  trade  
s t a t i s t i c s  fo r  items 76.01 to 76.03 (the  g rea tes t  volume categories)  during 
th a t  period.

Table 27
Unwrouqht aluminium, aluminium waste and scrap (item 76.01) "

YEAR IMPORTS EXPORTS
Quantlty(tons) Value(current) Q uantitv(tons) Ualue(current)

1968
1969 90 810 16 826 749 4 220 387 863
1970 108 289 21 314 601 2 218 102 453
1971 22 500 8 923 582 945 147 742
1972 1 590 590 640 1 869 382 998
1973 1 318 585 092 X 2 318 309
1974 1 044 626 019 X 8 183 340
1975 1 251 1 155 358 X B 173 719
1976 957 879 162 X 15 310 396
15/7 1 096 I 135 261 X 24 825 417
1978 1 132 1 310 544 X 36 154 751
1979 1 022 1 550 773 X 36 268 033
1980 2 047 2 527 539 X 18 679 669
1981 1 1 578 13 344 133 X 15 300 381
1982 ‘2 339 4 400 093 X 33 335 844

x ind ica tes  f igures  not recorded for public use.
This sec to r of the market exh ib its  a th riv ing  export trade  with h is to r ic a l ly  
in te rn a t io n a l  sa les g rea tly  exceeding imports. The tonnage of scrap imported 
in to  South Africa would be mainly pure aluminium, whereas the quantity of 
scrap exported would be in  the form of a lloys . The commencement of production

^  © tff  i t fc p s o i ' ( A ta.'drr CM
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a t  the  Alusaf smelter in 1971 i s  d is t in c t ly  evident in  the  above import 
s t a t i s t i c s .

Table 28

aluminium wire (item 76.02?
YEAR IMPORTS EXPORTS

Quantity(tons) UalueCcurrent) Quantitv(tons) UalueCcurrent)

1968
1969 4 283 1 157 793 1 285 537 381

,1970 7 014 3 814 822 943 882 175

1971 3 479 1 805 640 735 690 706
1972 900 802 638 300 348 399

1973 474 620 381 X 262 982
1974 648 795 236 X 456 866

1975 2 312 2 119 32( X 200 481

1976 1 575 1 603 282 X 2 202 100

1977 489 ' 147 620 X 579 826
1978 421 078 274 X 2 172 134
1979 371 1 079 955 X 5 060 288

19B0 647 1 728 599 X 4 326 214

1981 1 337 3 030 947 X 1 042 659

1982 1 481 3 514 191 

Table 29

X 467 229

hJrouqht p la te s ,  sheets and s t r ip , of aluminium (item 76.03)
YEAR IMPORTS EXPORTS

Quantity(tons) UalueCcurrent) Quantitv(tons) UalueCcurrent)
1968
1969 7 672 2 556 521 1 853 605 1.41
1970 11 537 3 567 101 2 719 851 713
1971 6 431 4 451 872 941 658 439
1972 4 506 3 807 936 1 386 1 043 825
1973 6 103 5 098 382 X 1 125 044
1974 9 149 8 151 112 X 1 665 718
1975 8 600 9 139 472 X 671 523
1976 9 226 9 502 482 X 961 083
1977 5 087 8 247 703 X 1 392 843
1978 6 025 11 210 117 X 1 229 514
1979 5 916 11 360 699 X 1 662 979
1980 8 600 15 764 357 X 1 778 250

1981 10 524 18 883 670 X 675 982
1982 8 435 20 095 465 X 657 491
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x ind ica tes  f igu res  not recorded fo r  public use.
The above tab le s  i l l u s t r a t e  the  gap th a t  ex is ts  in domestic technology 
between the production of raw aluminium and i t ' s  subsequent conversion 
in to  more refined  products. Although annually the  data in  Table 28 i s  
not comparable, over the  period 1968 - 1982, the re  has however been a 
compensating e ffec t  in  the  market whereby the value of imports has almost 
equalled the value of export trad e .  In Table 29, i t  i s  evident th a t  
v i r tu a l ly  a l l  lo ca l  requirements of aluminium wrought p la te  and s t r ip  are 
imported as f in ished  products. This p a r t ic u la r  market sec to r has vast 
p o ten t ia l  fo r domestic expansion.

The pa ttern  of domestic production, consumption and trad e  of 
aluminium can thus be estab lished . Assuming an optimum capacity 
u t i l i t i z a t i o n  of the  Alusaf p lan t ,  then imports plus lo ca l  production 
minus exports provides a rep resen ta tive  consumption f ig u re .  Where export 
s t a t i s t i c s  of q u a n ti t ie s  are not availab le, an approximate f igure  can be 
derived by proportioning the import quantity in  the  r a t io  export value/ 
import value. The approximation i s  considered r e a l i s t i c  since with such 
p rec ise ly  defined categories of trade  the  components, and hence value, 
a re  not l ik e ly  to  d i f f e r  g rea tly ,  (A sim ilar problem was encountered in 
th e  section  on tungsten, but the  categories were considered too diverse 
to  u t i l i z e  t h i s  approach).

The consumption trend of aluminium in South Africa would therefore  
be represented by:
YEAR 1971 1972 1973 1974 1975 1976 1977 197B 1979 1980 1981 1982
DEMAND 61,6 58,2 56,9 72,8 76,9 72,2 65,9 74,3 68,8 77,6 100,1 98,9 
(kilo^gns)

The b e s t - f i t  curve was determined to be exponential and had a co rre la tion  
c o e ff ic ien t  of r  = 0,827. The equation of the demand curve was:

CONSUMPTION = 55,521 0,041 YR 
with YR as in teger  with a base of 1971 » 1.
The demand f igu res  for South Africa for the next decade would thus 

be estimated as:
YR 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
Milotons 94,9 98,8 103,0 107,3 111,9 116,6 121,5 126,6 131,9 137,4 
(Ad)
These trends are depicted graphically  on the following page. The use of the 
exponential model fo r  p red ic ting  purposes i s  v e rif ied  by considering the 
average annual growth ra te  expected in the period 1980 -  1992. The model 
ind ica tes  a value of 4,2 per cent per annum which corresponds well with two
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x ind ica tes  f ig u res  not recorded for public use- 
The above tab le s  i l l u s t r a t e  the  gap th a t  ex is ts  in  domestic technology 
between the production of raw aluminium and i t ' s  subsequent conversion 
in to  more refined  products. Although annually the data in  Table 28 is  
not comparable, over the  period 1968 -  1982, there  has however been a 
compensating e ffec t  in  the  market whereby the value of imports has almost 
equalled the value of export trad e .  In Table 29, i t  i s  evident th a t  
v i r tu a l ly  a l l  local requirements of aluminium wrought p la te  and s t r ip  are 
imported as f in ished  products. This p a r t ic u la r  market sec to r  has vast 
p o ten t ia l  fo r domestic expansion.

The pa ttern  of domestic production, consumption and trad e  of 
aluminium can thus be es tab lished . Assuming an optimum capacity 
u t i l i t i z a t i o n  of the  Alusaf p lan t ,  then imports plus lo ca l  production 
minus exports provides a rep resen ta tive  consumption f ig u re .  Where export 
s t a t i s t i c s  of q u a n ti t ie s  are not availab le, an approximate figure  can be 
derived by proportioning the import quantity in  the  r a t io  export value/ 
import value. The approximation i s  considered r e a l i s t i c  since with such 
p rec ise ly  defined ca tegories  of trade  the components, and hence value, 
a re  not l ik e ly  to  d i f f e r  g rea tly .  (A sim ila r problem was encountered in  
the  section on tungsten, but the  categories were considered too diverse 
to  u t i l i z e  th i s  approach).

The consumption trend  of aluminium in  South Africa would therefore  
be represented by:
YEAR 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
DEMAND 61,6 56,2 56,9 72,8 76,9 72,2 65,9 74,3 68,8 77,6 100,1 98,9
(kilo^gns\

The b e s t - f i t  curve was determined to  be exponential and had a co rre la tion  
co e ff ic ien t  of r  = 0,827. The equation of the demand curve was:

CONSUMPTION = 55,521 0,041 YR 
with YR as in teger with a base of 1971 = 1.
The demand f igu res  for South Africa fo r the next decade would thus

he estimated as:
YR 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
Hilotons 94,9 98,8 103,0 107,3 111,9 116,6 121,5 126,6 131,9 137,4
(AjO
These trends are depicted graphically  on the following page. The use of the 
exponential model fo r  predic+ing purposes i s  v e rif ied  by considering the 
average annual growth ra te  expected in the period 1980 -  1992. The model 
ind ica tes  a value of 4 ,2  per cent per annum which corresponds well with two
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fo re c a s ts .F i r s t ly ,  th a t  of Chase Econometrics and secondly, th a t  of 
G. Haymarket of Alcoa. In fac t  a revieiu^Jf nine sources of such 
p ro jec tio ns  revealed an average expected annual growth r a te  of 4,5 per 
cent fo r  the  period 1980 -  1992.

6 ENERGY AND THE PRIMARY ALUMINIUM INDUSTRY
The la rge  changes in  the supply conditions of o i l  since October 1973 
and the  changes in the  r e la t iv e  prices of many indust: i a l  products since 
t h a t  time, have within the context of the energy in tensive  aluminium 
industry , ra ised  the  question as to what impact has the  changed energy 
s i tu a t io n  had on the  cost s tru c tu re  of primary aluminium production, 
and in  the  medium and longer term, what e ffec t  w ill  i t  have on possible  
product su b s ti tu t io n  and fu tu re  loca tiona l pa tte rn s  of new smelters.

6 .1 . Sources of energy for Primary Aluminium Production ^
The cost of energy i s  one of the most important cost variab les  in  the 
production process of the primary aluminium industry  and, accordingly, 
the  lo ca tio n  of reduction works has been strongly  influenced by proximity 
to  cheap, r e l ia b le  and abundant power. Not su rpris ing , therefo re , i s  the 
f a c t  th a t  over 50 per cent of the energy supply for the  Western World 
primary aluminium production i s  hydro-electric  power.

Oil, in  terms of energy sources, occupies a r e la t iv e ly  small percentage 
of t o t a l  power supply to the  industry, and in  terms of the overall o i l - f i r e d  
source including na tu ra l gas, le s s  than 25 par cent of the  energy base. 
Notwithstanding th i s  fac t ,  the  energy c r i s i s ,  through changes in  the 
a v a i la b i l i ty  and cost s tru c tu re  of a l te rn a t iv e  energy sources and alignment 
to  high o i l  p r ices , can be expected in the longer term, to  bring about 
some changes to the  source of energy supply u t i l iz e d  by the industry.

Hydro-electric power would appear to remain the most important 
source of e le c t r i c a l  power fo r  aluminium production works. However, 
i,s a share of to ta l  energy sources in  European countries , i t  could s l ig h t ly  
decline  as primary aluminium production i s  increased, re f le c t in g  the  fac t  
th a t  th i s  source of power has already been exploited to  a f a i r ly  high degree. 
Outside European countries, however, hydro-electric  power w ill probably 
be the  basis  uf many new reduction works since i t  i s  in  the developing 
countries th a t  hydro resources are the most extensive and undeveloped, 
although questions re la t in g  to  investment r isk  and the p o l i t i c a l  climate 
in  the  resource r ich  countries could be key fac to rs  in  determining 
investments in la rge  hydro power p lants.

I he p robab ility  of new reduction p lan ts  being in  the  future based



128

on o i l  or gas-f ired  power s ta t io n s  appears n i l  except in those countries 
well endowed with these resources.

In  the established primary aluminium countries there appeared to  be 
growing problems with regard to  the a v a i la b i l i ty  of power fo r  ex is ting  
smelters in  the medium term. For the new smelters, nuclear power and coal- 
thermal power would appear to  provide an increasing  share of the  power fo r 
the reduction works. The planned increase in  e le c t r i c i ty  generation from 
nuclear power s ta t io n s  w ill  then in  the longer term provide some new 
opportun ities  fo r the industry and a s s is t  in  reducing the re l iance  on 
combustible fu e ls  in  a number of countries . However, the share of th i s  
energy source i s  s t i l l  expected to  be qu ite  modest compared to  th a t  of 
hydro and coal based power. For coal, in some countries possib le  labour 
problems and environmetal questions may be l im itin g  fac to rs  in  the 
development of th i s  source of energy for reduction plants; i t  should be 
noted however th a t  a l te rn a t iv e  fuel sources to coal are also  subject to 
po llu tion  control end th a t  the labour problems in  the coal industry  have 
not yet had a s ig n if ican t  influence on the  competitive position  of coal in 
aluminium production.

A possible  trend  with regard to  aluminium companies not having access 
to  almo,-' 1 cheap 1 power sources i s  the purchasing of g rea ter  q u an ti t ie s  of 
e le c t r i c i ty ,  due to the  la rg e  cap ita l  costs  and long pay back periods of 
additional captive generating capacity. This possible  development could be 
accentuated i f  the  p rice  of primary fue ls  (o i ls ,  natural gas, c o a lI r ise s  
more rap id ly  than e le c t r i c i ty  p rices and th a t  the past trend of aluminium 
companies being able to negotiate  very favourable t a r i f f s  because of th e i r  
la rg e r  consumption of e le c t r i c i ty  continues.

6 .2 . Energy requirements fo r  primary aluminium production 
The production of primary aluminium i s  but one face t  of the energy content 
of the  whole aluminium system where low energy re-cycling of scrap i s  
widely p rac tised . I t  i s  d i f f i c u l t  to generalise  on energy requirements 
fo r  aluminium production since they vary markedly between p lan ts , being 
re la te d  to such fac to rs  as the management decision to operate smelters 
to  maximise effic iency (minimum kbJh/t) or maximise production of ingot 
(output); modernization and in s ta l la t io n  of new pot l in e s ,  capacity 
considerations of the  p lan t, scrap recovery and recycling r a te s .  In 
considering energy requirements per ton of aluminium i t  i s  important 
because of problems of conversion, to draw a d is t in c tio n  between the 
e le c t r i c a l  energy required (mainly for e le c tro ly s is )  and the thermal 
energy required (fo r  calcining, process steam, baking and reheating)
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since converting the e le c t r i c i ty  component to  equivalent amounts of 
thermal energy i s  misleading and can lead to  erroneous conclusions. 
Typically , e le c t r i c a l  consumption i s  of the order of IB ODD kbJh/t of 
aluminium,,

6 .3 . Energy costs and effic iency
High e le c t r i c  power consumption has stimulated e f fo r ts  to  reduce power 
requirements in  the  reduction stage of aluminium production. This reduction 
in  e le c t r i c i ty  consumption has in  the past not come through any major 
technological s h i f t  but ra th e r  through improvements in  the e ffic iency  of 
the  basic  Hall-Heroult process. For the fu ture , new processes now a t 
p i lo t  p lant stage ind ica te  th a t  fu tu re  consumption may f a l l  to  around 
9 900 kWh/t.

E le c t r i c i ty  power p rices  e i th e r  from captive sources or purchased 
under long term contracts are  confidentia l to  the p a r t ie s  concerned and 
can vary markedly between countries and between p lan ts .  Although no 
sp e c if ic  cost data i s  availab le  on e le c t r i c i ty  supply fo r  the industry, 
some countries estimated th a t  in their  own countries they have r isen  by 
some 40 per cent since the energy c r i s i s .  For most countries, new smelter 
capacity w ill  probably require  new power in s ta l l a t io n s  or new power 
con trac ts  with the  incremental power prices being considerably higher than 
present levels,,

6 .4 .  E ffects  of changes in  energy costs
6 .4 ,1 .  on possible product su b s ti tu t io n  and competitiveness 

Energy costs are  c learly  of substan tia l s ign ificance  to  the industry .
At to day 's  ty p ic a l  e le c t r i c i ty  and fuel costs and to t a l  energy, t o t a l  
energy represen ts  between o n e -f if th  and one-th ird  of the t o ta l  production 
coat of the raw ingot. However, many variab les d i f f e r  between plant and 
country -  fo r example, besides efficiency considerations of the  reduction 
works th e re  are such fac to rs  as non-market con s tra in ts  imposed by 
Governments, the  type of energy mix used and specia l arrangements with 
e le c t r i c i ty  supply companies.

The increased energy costs could be expected to  have important e ffec ts  
on the  t o t a l  costs and therefo re  the competitive position  of aluminium 
and ce r ta in  o ther m ateria ls . As the pa ttern  of energy use by the aluminium 
industry i s  so varied and p a r t icu la r  to each p lan t,  i t  i s  hazardous to 
make energy costs and output price comparison with competitive m aterial 
and to  deduce from these comparisons conclusions on possible su b s ti tu t io n .  
Although the energy component in the production of aluminium i s  high,

V .
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governments have indicated no evidence to  suggest tha t  s ig n if ic an t  
su b s ti tu t io n  of aluminium by other competitors ( notably copper and 
s t e e l ) ,  w il l  take place as a re s u l t  of the energy c r i s i s .

For a number of countries, power costs increases have been of only 
secondary importance in  re la t io n  to the increased costs of labour and raw 
m ateria ls  in  th e  primary aluminium industry- The price  increases in o ther 
fac to rs  of production have a lso  to  be considered as has the cost s t ru c tu re  
of the  production of competing m ateria ls  as these also have been 
sub ject to increasing cost pressures. The u ltim ate  evaluation of aluminium 
in  the  context of i t ' s  overall energy c h a ra c te r is t ic s  w il l  be determined 
only in  the  market place and in  th i s  evaluation, the apparent competitive 
disadvantages caused by the energy c r i s i s  w ill  be considered against th e  
techn ica l  p ro pert ies  of the product. Because of the d ivers ity  of the 
energy resources used by the industry , i t  has been comparatively well 
she lte red  from the f u l l  e ffec ts  of the  o i l  c r i s i s .  For a number of 
indiv idual countries , however, the impact of the  changed energy supply 
conditions have affected  the  competitive position , especially  those 
countries which rely  fo r  the  major part  of th e i r  production on o i l - f i r e d  
thermal power.

6 .4 .2 .  on s tru c tu re  and loca tiona l pa tterns 
The main e ffe c t  on the  s tru c tu re  of the industry  of the energy c r i s i s  
i s  expected on the fu ture  loca tiona l pa ttern  of new reduction p lan ts .  
Although any new projec t fo r new capacity w ill  take in to  account a 
number of o ther fac to rs  including the  l ik e ly  trend in  se l l in g  p rices , 
t o t a l  costs  of production and comparable p r o f i ta b i l i ty  lev e ls  in 
a l te rn a t iv e  loca tions , the loca tion  of new works w ill  be heavily 
influenced by the a v a i la b i l i ty  and price  of new energy supplies. 
Accordingly, the a v a i la b i l i ty  of la rg e  q u an ti t ie s  of power in  developing 
countries in  the form of untapped hydraulic resources, or na tura l gas 
could be expected to  a t t r a c t  fu ture  new capacity . Government 
incen tives and t a r i f f s  are a fu r th e r  element which could modify the 
economic data and a ffec t the  choice of loca tion . Already there has 
recently  been announced a number of plans to erect new smelter cap ac itie s  
in  some countries, fo r example,a number of the Middle East countries, 
B razil,  Venezuela, Indonesia.

Undoubtedly, the  main reasons fo r  the  in te re s t  shown by some of 
the  European aluminium producing countries in  the overseas p ro jec ts  
has been the  greatly  increased cost of o il-based and therm al-e lec tr ic  
power and s t r i c t  an ti-p o llu t io n  regula tions, both of which pose fa r  le s s



problems in many of the overseas s i t e s .  The more abundant and r e la t iv e ly  
cheaper power would enable aluminium tonnage to be exported as "stored 
energy" to the in d u s tr ia l iz ed  countries with th e i r  high aluminium 
consumption. The extent to  which there  would be such a geographical 
s h i f t  w ill depend upon th e  r e la t iv e  importance of power a v a i la b i l i ty  
or closeness to  the consumer market. H is to rica lly , closeness to the 
market (given power a v a i la b i l i ty )  has been in most countries a major 
determinant of loca tion .

I t  appears also l ik e ly  th a t  the location  of some new smelter p lan ts  
w ill  be influenced in  the longer term by the development and lo ca tion  of 
fu tu re  nuclear p lan ts .  Since the  development of nuclear power w ill  be in  
most cases r e s t r i c te d  to  the more in d u s tr ia l iz ed  countries , the increased 
share of nuclear power in  the t o t a l  energy power source of th e  industry  
could revive th e  h is to r ic a l  trend  of new plants being located  near the  
market.

6 .4 .3 .  on reduced power consumption and conservation measures 
There i s  continuing research and development in both improving ex is ting  
processes and finding new processes for the b e tte r  use of resources.
A re la te d  aspect has been the energy savings re su ltin g  from the recycling 
of aluminium. The enrgy necessary fo r  the recycling of aluminium from 
'c le an ' scrap (new scrap or cans)is  approximately 5 per cent compared with 
a t o ta l  energy required for making aluminium from bauxite. As a r e s u l t  of 
th i s  fac to r waste recovery programmes are, in  many countries , being 
re-examined and in te n s if ie d .  However, progress in  these two f ie ld s  w il l  
imply not only new and important investments and e ffe c t iv e  energy 
management, but also co-operation between governments and in d u s tr ie s  in  
f ix ing  the goals in  a comprehensive energy conservation programme.

7 INDUSTRY, TRADING AND PRICES

7.1. Industry
Outside the Communist Bloc a small handful of major North American and 
European firms own most of the known bauxite deposits, produce most of 
the World's alumina, smelt most of the metal, and fab r ic a te  a major share 
of th a t  which i s  produced. These firms typ ica lly  have great f in an c ia l  power 
and operate on an increasingly  in te rna tiona l sca le . They are fu l ly  in teg ra ted , 
occupying s t r a te g ic  positions in the industry from raw m ateria ls to  
marketing, and they maintain extensive research, sa le  and cuatomer-service 
s t a f f s .

Apart from the major in te rn a tio n a l  firms there  are a number of le s s e r
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producers whose operations are more r e s t r i c te d .  They lack the o rgan izational, 
technical and Financial resources to  impinge seriously  on the  in te rn a t io n a l  
scene and are sometimes a l l ie d  with or p a r t ia l ly  owned by a m ultinational 
company, in o ther cases metal i s  produced in d iv e rs if ied  firms in  which 
aluminium i s  not the major in te r e s t .  F inally , there are some state-owned
firms which tend to  be r e s t r ic te d  in  area of operation,

7 .1 .1 . Major In te rna tiona l Companies
There are six companies th a t  operate on a major in te rn a t io n a l  sca le .
Four are o r ig in a lly  North American firms and a l l  s ix  have smelting 
operations in  North America and Europe. The six comapniea represent 
s l ig h t ly  more than 40 per cent of the to ta l  world smelting capacity 
and about 50 per cent of the Western World's capacity. Although th e i r  
share has been decreasing s l ig h t ly  in  recent years and w ill  continue to  
decrease as developing countries harness th e i r  energy p o ten t ia l  and build  
th e i r  own sm elters, these  six  companies w ill  remain the  predominant 
producers and p r ice  leaders..

The p rinc ipa l suppliers  in  the alumina/aluminium market are , a t  
p re sen t ;
( i )  Alcan Aluminium Ltd. -  fu l ly  in tegra ted , boasting d iverse  bauxite 

holdings in  Guyane, Jamaica, France, Malaya and Sarawak. Alcan has 
major p lan ts  worldwide and contributes through partnership  in  many 
mors.

( i i )  Aluminium Company of America (Alcoa) -  has an advantage in America 
of a strong domestic base but also has p rincipal bauxite holdings 
in  Surinam, Jamaica and A ustra lia .

( i i i )  Reynolds Metal Company -  a highly d iv ers if ied  operation leaning 
heavily towards p a r t ic ip a tio n s  abroad ra ther  than ou trigh t 
ownership. Reynolds has a reputa tion  for pushing new and unusual 
applica tions of aluminium with a special emphasis on packaging.

( iv )  Kaiser Aluminium and Chemical Corporation -  estab lished  an
extremely good position  in  bauxite reserves of Jamaica and
A ustra lia . Kaiser has moved to  obtain both production and 
fab rica ting  f a c i l i t i e s  in  the p rinc ipal consumption cen tres .

(v) Pfechiney-Ugine-KuhlmannCP.U.K.) -  enjoys the predominate position  
in  the French national market. I t  has bauxite in te re s ts  in Guinea, 
A ustra lia , Greece and France nnd i s  expanding in te rn a t io n a l ly  due 
to  increased domestic power costs .

(v i)  Schwelzerischea Aluminium A. G. (Alusuisse) -• does not have a
predominantly national base and mines bauxite in  Greece, France,
I ta ly  and S terre  Leone. I t  i s  known as an exceptionally well- 
managed firm which, despite  i t ' s  modest s ize  has been rea lly
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producers whose operations are more r e s t r i c te d .  They lack the  o rgan iza tional, 
techn ical and f inanc ia l resources to  impinge seriously  on the in te rn a t io n a l  
scene and are sometimes a l l i e d  with or p a r t i a l ly  owned by a m ultina tional 
company. In o ther cases metal i s  produced in d iv e rs if ied  firms in  which 
aluminium i s  not the  major in te r e s t .  F ina lly , there  are some state-owned 
firms which tend to  be r e s t r i c te d  in area of operation.

7 .1 .1 . Manor In te rna tion a l  Companies 
There are six  companies th a t  operate on a major in te rn a t io n a l  sc a le .
Four are o r ig in a lly  North American firms and a l l  six  have smelting 
operations in  North America and Europe. The s ix  comapnies represent 
s l ig h t ly  more than 40 per cent of the  to ta l  world smelting capacity 
and about 50 per cent of the Western World's capacity. Although th e i r  
share has been decreasing s l ig h t ly  in  recent years and w i l l  continue to  
decrease as developing countries harness th e i r  energy p o ten t ia l  and build  
t h e i r  own smelters, these s ix  companies w ill  remain the predominant 
producers and p rice  leaders .

The p rinc ipa l suppliers in  the alumina/aluminium market a re ,  a t  
present:
( i )  Alcan Aluminium Ltd. -  fu l ly  in teg ra ted , boas?ting d iverse  bauxite 

holdings in  Guyana, Jamaica, France, Malaya and Sarawak. Alcan has 
major p lan ts  worldwide and contributes through partnersh ip  in  many 
more.

( i i )  Aluminium Company of America (Alcoa) -  has an advantage in  America 
of a strong domestic bcie but also  has p rincipal bauxite holdings 
in  Surinam, Jamaica and A ustra lia .

C i i i )  Reynolds Metal Company -  a highly d iv e rs if ied  operation leaning 
heavily towards p a r t ic ip a tio n s  abroad ra th e r  than ou trigh t 
ownership. Reynolds has a repu ta tion  for pushing new and unusual 
app lica tions of aluminium with a special emphasis on packaging.

Civ) Kaiser Aluminium and Chemical Corporation -  estab lished  an
extremely good po sition  in  bauxite reserves of Jamaica and
A ustra lia . Kaiser has moved to  obtain both production and 
fab rica ting  f a c i l i t i e s  in  the p rinc ipa l consumption cen tres .

(v) Pechiney-Ugine-Kuhlmann(P.U. K.) -  enjoys the predominate position  
in the French national market. I t  has bauxite in te re s ts  in  Guinea, 
A ustra lia , Greece and France and i s  expanding in te rn a t io n a l ly  due 
to  increased domestic power costs .

(v i)  Schweizerisches Aluminium A, G. (Alusuiase) -  does not have a
predominantly national base and mines bauxite in  Greece, France,
I ta ly  and S ierra  Leone. I t  i s  known as an exceptionally well- 
managed firm which, despite  i t ' s  modest size has been rea lly
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quite  successful in d ivers ify ing  and expanding i t ' s  operations.
One or more of these firms are involved in v i r tu a l ly  a l l  of the  

aluminium pro jec ts  of in te rn a t io n a l  significance in  the f ree  world. 
Development of large  sca le  bauxite and alumina operations usually  involve 
consortium type arrangements. The high growth ra te  which has been 
maintained by the world aluminium industry in the period s ince  1965 can 
be a t t r ib u te d  to  aggressive marketing on the part of these m ulti­
national companies and the  continuing e ffo r t  they have made to  improve 
production effic iency and develop new uses fo r  aluminium.

7 .1 .2 . Smaller firms 
While the  major in te rn a t io n a l  firms account fo r an impressive share of 
the world 's industry, the  competitive s i tu a t io n  and policy climate of 
the industry  are also a ffec ted  by the existence of the sm aller firms.
Their degree of in teg ra t io n  va ries , some are only d iv is ions of la rge  
d iv e rs if ied  firms whose major in te r e s ts  l i e  in  o ther f ie ld s ,  while others 
are exclusively aluminium firms.

Some of the smaller firms resemble th e i r  competitors in  con tro lling  
th e i r  own bauxite and alumina supplies, but th i s  i s  by no means universal. 
Nearly a l l  of the bauxite produced i s  mined by aluminium companies and 
those who do not have th e i r  own supplies must often buy from th e i r  
competitors. At the fab r ica tin g  lev e l they run from those who are s t r i c t l y  
s e l le r s  of metal to  those who are fab rica to rs  on such a sca le  as to  find 
i t  p ro f i ta b le  to have t h e i r  own supply.

Among North American companies with bauxite mining and alumina 
capacity are Amax, Anaconda, Martin-Marietta and Noranda. Martin- 
M arie t ta 's  in te re s ts  include bauxite mining in  Guinea and aluminium 
refin ing  in the Virgin Is lands .

Almost as important in  the industry are the  various n o n -a f f i l ia te d  
European producers -  mainly s ta te  owned or controlled  companies with a 
small overseas investment in  raw m aterial supply. The most prominent are 
Vereinigte Aluminium Werke A.G. (VAW) of West Germany; I t a l y ' s  s t a te  owned 
EFIM Group; Empreasa Macional del Alumino S.A. (Endesa) of Spain; and the 
Norwegian concern, Ardal og Bunndal Verk (ASV),„ There are various other 
s ta te  owned companies producing aluminium in  Third World countries , often 
in association  with the m ultina tionals . An example i s  the Guyana Bauxite 
Co. (GUYBAU) which is  wholely s ta te  owned and contro ls a l l  bauxite/alumina/ 
aluminium production in  the  country.

There are a few producers outside the control of the s ta te ,  a l l  
m ultinationals, in Europe, fo r  example, B ill i to ;  Ctioyal Dutch Shell) .  
However, only one of the f iv e  Japanese producers of primary metal -

%
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Nippon Light Metal (Nu4) - i s  a f f i l i a t e d  to  the  majors and, even then, 
the arrangement does not seem to  a ffe c t  i t s  independence. In th e i r  own 
r ig h t ,  Japanese producers p a r t ic ip a te  singly  or as a group in overseas 
development - including smelting.

There are about f i f t y  minor firms whose aluminium operations are 
r e s t r i c t e d  in  scope, but which account for about 25 per cent of the 
world production capacity  of bauxite, alumina and metal. In some 
coun tr ies  of Europe and Japan, however, they may comprise the majority 
of domestic production.

7 .2 . Tradinq
Aluminium d i f f e r s  from other fu tu res  -  t rade  commodities since
( i )  captive  consumption a t  the ingot leve l  exceeds th a t  of any

o ther  exchange commodity and a high percentage of the balance 
i s  sold to  r e la t iv e ly  large  consumers 

C ii) the  high degree of supply and demand concentration reduces the
need fo r  fu tu re  exchange in  favour of d irec t  dealings between 
buyers and producers

( i i i )  i t  not subjected to  uncontro llab le  weather and other fac to rs  th a t
a ffe c t  the  production of most a g r ic u l tu ra l  commodities 

Civ) i t ' s  raw m ateria ls  are p le n t i fu l  and i t  i s  produced in p o l i t i c a l ly
s ta b le  countries

(v) i t ' s  added value from bauxite to  ingot, f a r  exceeds the value added 
to  any o ther commodity on a fu tu re s  market

(v i)  p r ice  v o l a t i l i t y  has not played an important ro le ,  because the 
re s u l t  of higher costs has not been price  in s ta b i l i ty ,  only 
higher p r ic e s ,

The l a t e r  the stage of production at which a mineral commodity 
en te rs  in te rn a t io n a l  trade , th e  more value added accrues to the ore 
producing country. This i s  p a r t ic u la r ly  t ru e  for aluminium since the value 
a t  the  alumina stage i s  several times the value of bauxite and s im ila rly  
the  value added at the aluminium ingot stage is  several times the value of 
the  alumina. There are number of reasons why the bauxite producing countries 
d e sp ite  th e i r  inroads in to  alumina production, have not yet become major 
producers of aluminium. F i r s t ,  abundant supplies of low-cost energy, which 
are e sse n t ia l  for producing aluminium cornpetively, are not availab le  in 
some of these countries . Secondly, smelting i s  cap ita l  in tensive and 
investment i s  d i f f i c u l t  to r a is e  in  developing countries. Thirdly, 
access to markets i s  complicated by the high degree of v e r t ic a l  in teg ra tion  
of the major aluminium firms in to  fab r ic a t io n .  Fourthly, aluminium
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producers s itua ted  in  or near major markets enjoy ce r ta in  loca tiona l 
advantages -  communication with customers i s  eas ie r  and supply p ipelines  
are reduced.

World trade  in  bauxite, v i r tu a l ly  a l l  of which i s  seaborne, has grown 
s tead ily  i f  somewhat slowly. The la s t  f i f te e n  years has seen the emergence of 
of both A ustra lia  and West Africa as major sources of bauxite supplies, 
and a gradual re s tru c tu r ing  of in te rn a tiona l  trad e , which had previously 
centred on Caribbean shipments to North America. The slow growth of world 
bauxite trad e  has been the  re s u l t  of the establishment of new alumina 
re f in in g  capacity a t ,  or near, sources of bauxite supply which lim ited  the 
expansion of ex iaitng  p lan ts  in the th ree  main bauxite importing areas -  
North America, Western Europe and Japan. The UUS.S.FU ,on the  o ther hand, 
has been the la rg e s t  importer of Greek bauxite fo r  many years and while 
the  U.S.S.R. (the w orld 's second la rg e s t  producer of aluminium) has been 
able to  meet a la rge  part  of i t ' s  raw m aterial requirement from domestic 
mines in  the Urals and elsewhere producing low grade bauxite, as well as 
o ther aluminous ores, the  growth of smelting capacity w ill require  imports 
o f  bauxite and alumina on an increasing sca le . Although a large  pa rt  of 
the  trade  i s  overlu.id, the  U.S.S.R's imports of aluminium raw m aterials 
are  already su b s ta n t ia l .  The U.S.S.R. i s  making an e ffo r t  tc  secure long 
term supplies by co llabora ting  in developments in  COMECON countries and 
by providing aid to  developing countries such as Guinea.

Alumina shipments have assumed increasing importance in trade  
in  aluminium raw m ateria ls .  They are widely d is tr ib u ted  among the countries 
where aluminium i s  smelted, although the tonnages are r e la t iv e ly  small.
The growth of world alumina trade has mainly been sustained by the rapidly 
r i s in g  import requirements of Northern America and Western Europe -  
espec ia lly  Scandinavia with i t ' s  cheap hydroelectric  power. All of South 
A fr ic a 's  primary aluminium production i s  produced from imported alumina.

7 .3 . Prices
H is to r ica lly ,  the aluminium industry has been dominated by six  m ultinational 
companies and th is  s t ru c tu re  has led  to  the market being dominated by 
producer determined p r ice s .  Aluminium prices in  current terms have 'allowed 
a ra th e r  s tab le  upward trend  with rea l  prices remaining ra the r  steady 
from the m id -f i f t ie s  cowards. In some ways, the current s truc tu re  of the 
aluminium market i s  not d iss im ila r  to th a t  of the o i l  market before the 
emergence of OPEC -  dominant pricing in  the Seventies.

There are, however, some major d ifferences. F i r s t ly ,  the cost of the 
basic raw material bauxite represents only a r e la t iv e ly  small proportion
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of primary aluminium production costs . Conventional estimates put the  
cost of bauxite a t  roughly ID per cent of the  f in a l  aluminium cost;
even a f te r  conversion in to  alumina, the m aterial i s  no mere than 30
per cent of f in a l  cost -  the remainder being cap i ta l  and energy.
This fea tu re  means th a t  la rge  percentage changes in  the p rice  of bauxite
can occur without necessarily  having a major impact on the f in a l
aluminium price . Secondly, the  ISA, whose members account fo r  some 80 
per cent of to ta l  free  world aluminium production, has attempted to  
a l t e r  aluminium's terms of trade  in favour of producing countries by 
s ig n if ic a n t ly  increasing taxes and lev ies  on bauxite. However, the 
c a r t e l ' s  impact has been lim ited  by two fac to rs :  the w orld 's la rges t  
producer A ustra lia  has not imposed any export lev ie s ;  and Brazil which 
could be one of the  la rg e s t  producers in the fu tu re  i s  not presently  a 
member o f th e  IBA.

There are two p rices  fo r  Alumina - contract and spot. Multiyear 
con trac ts  fo r  la rg e  tonnages are the  backbone of the  sm elters ' supply.
Over the  long run they must be based on f u l l  costs  otherwise the industry  
w ill  not be able to  finance new p lan ts .  Long-term contracts  tend to  be 
more expensive, giving the user a supply guarantee fo r  the safe operation 
of h is  smelter. A constant qua lity  of alumina from the  same source brings 
contro l benefits  as well.

Due to  high in f la t io n  the contract based p r ice  can be le ss  important 
than the  escala tion  formula. The in te rn a tio n a l  alumina trade has to 
contend with the often  abrupt exchange r a te  v a ria tio n s  in  currency as well. 
I t  appears th a t  a consensus i s  developing towards pric ing  alumina as a 
f rac t io n  of some in te rn a t io n a l  separate aluminium metal p rice . A possible  
f in a l  so lu tion  i s  th a t  of cashfree ba rte r , by paying fo r  the alumina with 
aluminium a t an agreed alumina/metal r a t io .

Spot alumina can come on the market fo r  many reasons such as smelters 
with e le c t r i c i ty  problems, smelters with metal sa les  d i f f i c u l t i e s  or alumina 
p lan ts  running a t  over nominal capacity.

A small free  market e x is ts  in London but as mentioned the vast 
proportion of aluminium i s  traded a t  prices se t  by the major producers.
Even so, looked a t on a yearly basis the discrepancies between producer 
and LME prices have not been too g rea t.

7 .3 .1 . P rice  fo recast 
The system of producer p ric ing  has generally succeeded in insu lating  
aluminium prices from f luctuations  in  world economic a c t iv i ty .  Even 
though i t  i s  an tic ipa ted  th a t  some changes in  the organizational s tru c tu re  
of the industry w ill  occur, the major companies w il l  s t i l l  be the dominant 
force in  the market so th a t  a re la t iv e ly  s tab le  time-path for aluminium
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prices  i s  expected. This should be an important fac to r  in  a high r a te  of 
growth of the industry r e la t iv e  to  other metal-producing in dus tr ie s  and 
the general economy.

The tim e-price  re la tion sh ip  for aluminium in  U.S. c / lb  h is to r ic a l ly  
determined by the annual average of the major producers quoted p rices  
fo r  unalloyed primary aluminium ingot (Metals Week) and i s  l i s t e d  in  the 
following ta b le .

Average annual p rice  (U.S. c / lb )
YEAR 1 9 7 1  1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
Aluminium ingot 28.8 25.9 25.2 34.1 39.9 4 5 . 1  52.2 55.6 60,0 71.5 75,3 76.0
The best f i t  curve fo r  price determination in current money terms i s :

Unalloyed primary aluminium in go t: PRICE = 15,627 + 5,161 # YR; r  = 0,981 
with YR as In teger with base of 1971 = 1 and r  the  co rre la tion  c o e f f ic ie n t .  
Best curves considered were l in e a r ,  exponential, logarithmic and power.
YEAR 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
Aluminium ingot 82.7 87.9 93.0 98.2 103.5 108.5 113.7 118.9 124.0 129.2
These trends are depicted graphically  on the following page. This i s ,  however, 
a somewhat g rea te r  p rice  r i s e  than i s  expected in  o ther metal markets, 
r e f le c t in g  an expected continuing buoyant aluminium demand and fu r th e r  
su b s t i tu t io n  for other m ateria ls (average annual increase of 5,1%).

A recent p rice  quoted fo r  primary aluminium on the  U.S. producers'
l i s t  was 8L5c/lb fo r  unalloyed ingot.

For bauxite and alumina, there  are rea l ly  no r e l ia b le  h is to r ic a l  se r ie s  
ava ilab le , since bauxite tends to  be traded on long term contracts and/or 
within the m ultinationals, while alumina i s  often swopped for equivalent 
q u a n ti t ie s  of primary aluminium. Any such p rice  se r ie s  would thus only be 
a broad average of what amounts to  a whole range of d if fe ren t  p rices  
according to  producer, grade and t ra n s fe r  pricing method.

8 ALUMINIUM IN SOUTH AFRICA
From 1962 to  1972 extensive f i e ld  and laboratory  work was carried  out by
the Geological Survf^end MINTEt^^o assess the p o s s ib i l i t i e s  of the  loca l 
sources of aluminium. The areas and occurences investigated  were:
( i )  diaspora-bearing shales of the Gamagara Formation near Postmasburg 

(G8) having an unusual alumina content of around 42 per cent and i s  
probably a fo s s i l  bauxite.

( i i )  microcline syenite  of the Phalaborwa Complex (816) having 12 to  18 
per cent alumina
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( i i i )  nepheline-rich  i j o l i t e  from the Spitzkop Alkaline Complex (816)
(iv )  andalusite  and s ta u ro l i te  from the contact zone around the 

Bushveld Complex containing about 48 per cent alumina
(v) anorthosite  from the  Bushveld igneous complex and fiom the 

Mopane area in  the Northern Transvaal (A14) but undesirable 
magnetite i s  present

(v i)  s e r i c i t i c  rocks of the Dominion Reef System in  the Klerksdorp 
area (E ll)

( v i i )  f l i n t  clays from the  Karoo System between Hammanskraal and 
Bronkhorstspruit in the Transvaal containing about 40 per cent 
alumina; the deposits are layered  with s i l ic eo u s  or carbonaceous 
sedimentary m ateria l present but any one clay basin holds only 
about 1 m illion  tons.

P la s t ic  re frac to ry  clay occurs as layers  two to  f ive  metres thick 
a t  the  base of the Ecca Series on the  East Rand and as th ick  deposits 
(20 to 40 metres) in o u tliers  of the Ecca Series between Lawley and 
G arle ton v il le .  The in fe rred  reserves in  the l a t t e r  area exceed 
200 m illion  tons and the alumina content o f the raw, unceluined material 
averages about 24 per cent*

During the course of these investigations g ibbsite  was discovered 
in  a brown-red or yellow-brown clays resulting from the la te r it ic  
weathering of basic  rocks in the high r a in f a l l  areas of South Africa.
These areas extend from the Soutpansberg in  the  Northern Transvaal 
southwards along the  Drakensberg escarpment in to  Natal and the Transkei. 
Free alumina i s  present as g ibbsite  in these clays, but the percentages 
a re  too low and the occurrences too e r r a t ic  to  make them profitable sources 
f o r  the production of aluminium.

Nodules of g ibbs ite  were discovered in  the'Humansdorp d i s t r i c t  (L8-9) 
on the  uplifted  coastal p lain  between the Tsitsikama Mountains and the sea. 
They are only found sporadically  and in completely in s ig n if ic a n t  amounts 
in  sediments of T ertia ry  age which cover steeply  dipping rocks of the Cape 
System.

During 1976 appreciable resources of ferruginous bauxite were 
discovered by Helrnuth Redinger Exploration and Development (Pty) Ltd. in 
the  Ngome area (FIG), in the  Ueza Forest Reserve (114) and elsewhere in 
Natal. The deposits have resulted From residual weathering under sp ec ific  
c l im atic  conditions of d o lc r i te  s i l l s  or of baked shale overlying the s i l l s .  
In  p laces clay occurs within the bauxite or underlies i t .  Analysis of a 
composite sample considered typ ica l of the bauxite (average thickness
2,4 metres) over 12 hectacres on Mooiplaats 537 in the Ngomi area
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revealed 25 per cent A& Qj• According to  the diffractograms of the 
sample abundant minerals are g ibbs ite ,  goeth ite , quartz, c h lo r i te  and 
montmorillonite; smaller amounts of mangnetite, ilm enite and orthoclase 
are a lso  present. Because of ex trac tion  costs and r e s t r ic te d  a v a i la b i l i ty  
( in  the  case of f l i n t  clay and g ib b s i t lc  c lay), some of these m ateria ls  
cannot a t  present be considered as p rac t ica l  sources of aluminium.

During the past few years, the Geological Survey of South Africa 
evaluated several bauxite  deposits in the Howick-Mooi River area of N atal- 
Reasonably large  tonnages were established a t  some deposits , but th e  grade 
of alumina i s  predominantly low and the ore unsuitable, in  i t ' s  natural 
s t a te ,  fo r  the Bayer process. The d irec t  reduction of low grade bauxites 
to  alumina by other processes i s  extremely costly  and complex.

8 .2. Non-bauxitlc sources 50 
No s ig n if ic a n t  deposits  of bauxite have been found in  South Africa 
(Uleza i s  considered medium quality  ore, mineaole only by open cast methods) 
but the  non-bauxitlc sources of alumina are abundant though varied.

Two non-bauxitic rou tes  to  alumina production are being operated on an 
in d u s t r ia l  scale  in  the  Soviet Union. The raw m aterials used in  one of the 
processes are  syenite  and limestone which occur in la rg e  q u an ti t ie s  in 
p a r ts  of South Africa, but considerations of the  country 's  in f ra s t ru c tu re  
in d ic a te  th a t  other raw m ateria ls  should be examined f i r s t .  The following 
fa c to r s  should be considered;
( i )  The Bauxite-Gayer rou te  to  alumina i s  long es tab lished . Improvements 
and e ff ic ie n c ie s  th a t  have been Implemented through the  years make that 
rou te  a very formidable obstacle  to the introduction of a v iable  new 
process based on d if fe re n t  raw m ateria ls .
(11) Other than the  two Russian operations, there i s  only a Polish 
tirzymek non-bauxitic process (which t r e a t s  power s ta t io n  f ly  ash and 
limestone to yield alumina and cement) which approaches in d u s tr ia l  scale  
operations. However, unlike the  Bayer process, they a l l  have useful and 
marketable co-products, thus a novel alumina process u t i l iz in g  a raw 
m ateria l with co-product p o s s ib i l i t i e s  i s  desirable .
( i l l )  The cost of the  raw m aterial should be le ss  than bauxite.
( iv )  The use of raw m ateria ls  as f a r  down the processing l in e  as possible  
such as material th a t  has already been mined and comminuted. Power s ta t io n  
f ly  ash i s  such a m ateria l.  I t  may also be possible to obtain reasonable 
q u an ti t ie s  of aluminium in so lu tion  from uranium p lan ts .
(v) The a v a i la b i l i ty  and p rice  of required reagents and the existence 
of a su itab le  in f ra s t ru c tu re .

(v i)  The size  of the  deposit.
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Considering the possible  fu tu re  demand for alumina (sec tion  5.5) 
i t  i s  best to se le c t  deposits capable of yield ing 300 000 tons of alumina 
yearly fo r ,  say, 25 years. On the basis of 80 per cent ex trac tion  of 
alumina from an ore having an alumina content of 35 per cent the deposit 
should be of the  order of 27 m illion tons.

In consideration of the s ize  of the ore-body, the p o s s ib i l i ty  of 
obtaining low-cost raw m aterial and co-products,and questions of su itab le  
in f ra s t ru c tu re ,  the  following sources of alumina should be taken in to  
account:
( i )  P h loqop ite : a typ ica l analysis from th e  Phalaborua Complex 
revea ls  14,4 per cent AJG2O3 ; 11,0 per cent He0 and 22,8 per cent MgO.
This m ateria l has a p o s s ib i l i ty  of y ielding two co-products, MgO and MgO.
There i s ,  however, no d ire c t  r a i l  l ink  between Phalaborwa. and Richards Bay.
( i i )  Sasol o a s i f le r  ash; the Transvaal Basal produces la rge  q u a n ti t ie s  of 
ash in  the  form of c linker  which may be porous and thus access ib le  to  
reagen ts . Sasol i s  e t  unfavourably s i ted  as fa r  as in f ra s t ru c tu re  i s  
concerned and th e  ash should be availab le  at very low cost (Aia O3 content 
around 33 per cen t) .
( i l l )  Power sta tion  f ly  ash: Pulverized coal i s  used for heating the boilers  
in  the more modern sta tion s. About 65 per cent of th is  coal f in a lly  
becomes f ly  ash (sm aller than 200 mash). Useful co-products do not appear 
to be possib le unless the Grzymek process i s  used. I f  300 000 tons of 
alumina per year i s  to be produced f ly  ash from one of the larger power 
sta tion s w ill have to be used. These are Arnot, Camden, Hendrina, Kriel,

Matla and Dhuva, which are e l l  reasonably favourably situeted for the transport
of alumina to  Richards Bay.
( iv )  Coal mine wastes and sh ale: There are two sources of aluminous material 
associated with coal mines. One i s  the ta ilin g  from the coal-washing plant 
and the other i s  the shale above or below a coal seam. The la tte r  appears
to be p refe rred  raw material fo r  the P.U.K.H -Plus process. With the 
advent of s t r i p  mining, shale has become basily  accessib le and the small 
amount of potassium co-product can be expected.
(v) P la stic  refractory c la y s : The clay deposits on the West Rand are large.
They appear to be somewhat le s s  favourably situated than coal ash and shale 
fo r  transportation to Richards Bay but since the U.S. Bureau of Mines 'Mini- 
P lant Programme1 proved one of the routes used on clay to  be economically 
v iab le ,  these  deposits could become attractive .

The most successful of the processes tested  by MINTEK was the 
production of alumina from Sasol power station  f ly  ash by the ammonium
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sulphate roasting  technique. Of the mini processes proposed fo r  the 
production of alumina from non-bauxitic sources, very few have been 
developed to the  p i lo t  p lan t  stage. IMo re l ia b le  estimates of the cost 
of production can be made on most small scale  work, and i t  i s  not known 
what problems w ill  a r is e  on scale-up . The discouraging fea tu re  is the 
enormous cost involved in  the erection  and running of a p i lo t  p lan t.
Other countries -  the U.S.A. and France fo r  example -  have g rea te r  
incen tives to  become a t l e a s t  p a rt ly  s e l f - s u f f ic ie n t  in alumina.

8 .3 .  B arrie rs  to  entry 
The t ig h t ly  in tegra ted  nature of the  involvement of the m ultinational 
companies in  the  industry  h igh ligh ts  what i s  e sse n tia l ly  a captive 
market fo r  the  majority o f the world output a t  the  various stages 
of the  productive chain from bauxite to end product. This, in  i t s e l f ,  
represen ts  a b a r r ie r  to  entry fo r  would-be competitors i r re sp e c t iv e  of 
the  point of the  chain chosen. Additionally, economies of sca le  d ic ta te  
th a t  to  be competitive,mining, refin ing  and smelting un its  must be of 
a s ize  which prescribes su b s tan tia l  amounts of i n i t i a l  c a p i ta l .  I t  i s  
un likely  th a t  these  funds would be forthcoming without the involvement 
of an in tegra ted  company, as f inanc ie rs  tend to  view i t ' s  p a r t ic ip a t io n  
as an ind ica tio n  of the f e a s ib i l i ty  of the p ro jec t ,  a v a i la b i l i ty  of 
management s k i l l s  and access to  markets. Government involvement cannot 
provide these aspects .

Most ahippinn movements are also  controlled  by the m ultinationals , 
although some producing countries have entered in to  arrangements to 
t ran sp o rt  pa rt  of th e i r  bauxite and alumina under national f l e e t s .  The 
m ultinationals do not own large f l e e ts ,  but control most of th e i r  
movements through long term charters  and contracts  of affreightment 
using ships reg is te red  under f lags of convenience. These conditions 
give scope fo r  t r a n s fe r  pricing arrangements whereby p ro f i t s  may be 
sh if ted  to countries in  which taxation  i s  low or non-exis ten t.

Thus, the mutually in te ra c t iv e  b a rr ie rs  to  entry may be technology, 
marketing, economies of scale , management, transport and finance* The 
na tu ra l b a r r ie r  to entry a t  the smelting stage may be the lack of adequate 
and economic energy supplies from an already over subscribed Escom.
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9 SUBSTITUTES, RECYCLING AND TECHNICAL POSSIBILITIES 51

9.1 . Substitu tion
Copper, s te e l ,  wood, zinc, magnesium, titjanium and p la s t ic s  are a few of 
the  m ateria ls  th a t  could be subs ti tu ted  for aluminium in  some of i t ' s  
app lica tions .

S tee l,  s ta in le s s  s te e l ,  magnesium or zinc can be subs ti tu ted  fo r  
aluminium in the  automotive industry . Magnesium could replace aluminium 
fo r  ce r ta in  components in a i r c r a f t  and s ta in le s s  s te e l ,  and titanium 
could replace aluminium in  high speed j e t  a i r c r a f t .  F ibreglass, t itanium  
and wood can su b s ti tu te  fo r  aluminium in  ships.

However, i t  i s  rare ly  possible  to  make a d ire c t  su b s ti tu t io n  of one 
m ateria l for another in  an ongoing manufacturing process. Substitu tion  
almost invariably  requires new types of manufacturing equipment or major 
modifications to  ex is ting  equipment, and the su b s t i tu te  m aterial must o f fe r  
r a th e r  decisive advantages in  costs and performance over the long term 
to  ju s t i f y  the cost of adapting a manufacturing process or designing and 
constructing a new manufacturing plant to  use i t .

As a consequence, subs ti tu t io n  of one m aterial for another usually  
takes place over a re la t iv e ly  long time and only when one m aterial o f fe rs  
des irab le  p roperties  a t  low cost, i s  seen to be availab le  in su f f ic ie n t  
q u a n ti t ie s  and i s  adaptable to  commercial manufacturing p lan ts  to use i t .

Because aluminium often meets these requirements i t  has been 
su b s ti tu ted  for many other m ateria ls  through the  years. The strong growth 
of aluminium markets over several decades has been large ly  a t  the expense 
of o ther m ateria ls . For example, aluminium has replaced copper for 
high-voltage transmission of e le c t r ic  power over long distances. I t  has 
captured a s ig n if ic an t  portion of the metal can market from s te e l ,  has 
penetrated the  markets of both s te e l  and wood in  re s id en tia l  and 
in d u s t r ia l  siding, window frames and doors, and has gained part of the 
former market for zinc-base diecaating and chromium plated  s te e l  in  the 
automotive industry .

9.2. Recycling and secondary sources
Generally speaking, modern aluminium industry technology makes i t  possible  
to recycle a l l  aluminium tha t  i s  recovered from waste or scrap in to  useful 
aluminium products. Although recovered aluminium i s  not recycled 
commercially in to  every type of aluminium product, the range of products 
fo r  which aluminium can be, and i s  used, i s  so broad th a t  there i s  no 
danger of aluminium once recovered from waste or scrap, not being recycled 
in to  useful products.



The recovery of a ton of aluminium from mast1 nr scrap means a saving 
of v i r tu a l ly  a l l  the raw m aterial and 95 per cent ui the energy required 
to produce a ton of aluminium. The savings in m aterial would be: 4 tons or 
more of bauxite (depending on the quality  of the ore); the m ateria ls  used
to re f in e  the  4 tone of bauxite to  2 tons of alumina - 450 grams of soda
and 115 kilograms of lime; the m aterials used to  process the  2 tons of 
alumina in to  primary aluminium -  680 kilograms of petroleum coke and 
p itch , 27 kilograms of c ry o l i te  and 36 kilograms of aluminium f lu o rid e .
The energy required would decrease from 50 000 kilowatt hours per ton 
of primary aluminium to only 2 500 kilowatt hours per ton.

The Australian experience supports the economic v ia b i l i ty  of 
recovering aluminium from most forms of scrap. However, the a u th o r i t ie s  
cautioned th a t  while savings are rea lised  in  energy and raw m ateria ls , 
the re  are o ther costs . For instance for the co llec tion , transpo rta tion , 
storage and emission control equipment. Additionally, the primary metal 
i s  a high energy user -  fo r  example the aluminium can requ ires  2,5 times 
the  amount of energy to produce a s te e l  can. Thus, while the n e tt  energy
saving in  the aluminium recycling process i s  considerable, th i s  must be
viewed in relation  to i t s  high gross energy use.

Over 90 per cent of the new aluminium scrap generated in the 
production of end products i s  recycled to the production cycle almost 
immediately a fter i t  la  generated. However, the recycle time for old 
scrap, virtu ally  a l l  of which i s  purchased, varies considerably on the  
form and end use and i s  normally much longer than for new scrap. Some 
aluminium products may be in  use ten to  th i r ty  years before they are 
scrapped. Aluminium cane and ce r ta in  types of f o i l  are exceptions and 
may re turn  to the piudir.tiun stream a few months a f te r  the aluminium 
industry has shipped Metal For their manufacture.

Given present technology end industry p rac tices , about 15 per cent 
of the aluminium being put in u se.in manufactured industrial and consumer 
aluminium end products i s  expected to be recovered over the next twenty 
years. Only a frac tion  of the aluminium metal used in d iss ip a tiv e  
applications (a lloys , chemicals and explosives) i s  ever recovered. Some 
can and beverage manufacturers have extensive aluminium can reclamation 
programmes and in  recent years aluminium cans have become W  la rg e s t  
s ing le  source of old aluminium scrap.

By-products of the aluminium production cycle are re la t iv e ly  
in s ig n if ican t  to the industry and do not influence domestic aluminium 
supply. However, a subs tan tia l  portion of the U.S. production of



gallium, i s  a by-product of bauxite processing. In Europe, iron and 
vanadium have been produced as a co-product of the bauxite processing 
operation. In the  U .5.S .R ., potash, soda ash and cement m ateria ls  
are the important co-products from processing non-bauxite ores for 
aluminium.

Section 5 .4 .2 .  discusses the  d is t r ib u t io n  and cap ac itie s  of the  
major producers of secondary aluminium in  South Africa.

9 .3 . Technical p o s s ib i l i t i e s  
The occurence of bauxite  in  r e la t iv e ly  remote t ro p ic a l  regions suggests 

th a t  small add itional reserves w ill  be discovered as exploration continues. 
Development of a commercially viab le  process fo r  producing alumina from 
non-bauxite m ateria ls  such as clay and o i l  shale may g rea tly  increase  
future a v a i la b i l i ty  of supply. Other technological trends , inclduing 
improvements in alumina reduction methods and e ff ic ie n c ie s ,  such as the 
addition of o ther compounds to  the processing e le c t ro ly t ic  c e l l  and the  
development of new e lectrode  m ateria ls  w il l  tend to  keep aluminium 
competive with o ther m ate r ia ls .  A sh ift  to  a f lu o r id e - f re e  e le c tro ly te  
as means of reducing energy reauiremsnts and a i r  po llu tion  could be 
developed commercially. Such a development could lower power requirements 

and costs .

10 CONCLUSIONS AND RECOMMENDATIONS
Energy cost constitu tes  a very s ig n if ican t  p a r t  of t o t a l  primary aluminium 
production costs  and increasing ly  decisions on smelter s i t e  w ill  favour, 
locations where low cost energy sources a re  ava ilab le . In South A f r ic a ' 
t h i s  could be obtained from supplies of low -quality  coal unsuitable  for 

export.
Only th ree  ISA countries produce alumina and primary aluminium as 

well as bauxite thus the th rea t  of severed supply by c a r te l iz a t io n  i s  
g rea tly  diminshed.'

Unless the present in f la t io n  or some o ther kind of upheaval makes 
i t s e l f  too great a burden, an annual growth ra te  of 4,2 per cent in 
aluminium consumption can be assumed for the  next ten  years. The growth 
ra te  may be even higher fo r  a time while the  Black population i s  
increasingly  being introduced to  an industrial-consumor economy.

Close contact should be developed and maintained with both the 
U.S. Bureau of Mines and P.U.K. alumina p ro jec ts ,  before any research 
and development work i s  undertaken lo ca lly .  However, i t  w ill  be necessary 
to determine p rec ise ly  whether the selected  indigenous raw m ateria ls  are 
amenable to treatm ent by the processes.
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The antic ipated  average annual increase in  p rice  fo r aluminium i s
5,1 per cent, which could possibly be somewhat op tim istic  considering 
current depressed metal markets. An upswing in  demand or su b s ti tu t io n  
fo r  o ther metals in the fu tu re  could, however, provide the stimulus fo r  
approaching the  predicted f igure .

Sodium hydroxide i s  the  main chemical input a t  ALUSAF and i s  expensive 
in  South Africa. Expansion of the potash and soda-ash industr ies  from which 
i t  i s  derived, may reduce t h i s  cost.

ALUSAF currently  holds three months stock of alumina which together 
with in d u s t r ia l  metal stocks and reclamation provides an e ffec tive  s tockpile  
to  one y ea r 's  demand for aluminium.

Although imported fin ished  metal could be u t i l i z e d  (from diverse 
producers) i f  the alumina supply was threatened, the  short term and long 
range s t r a te g ic  positions of South Africa with respect to  aluminium are 
vulnerable to  p o l i t i c a l  and economic actions in  other countries . Further 
exploratory work should thus be ca rr ied  out to determine the extent of 
lo ca l  bauxite reserves.
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6:___ INDEX FOR STRATEGIC METALS16

INTRODUCTION
A resume of the book 'THE STRATEGIC METALS WAR' by J .  S in c la ir  and R. Parker 
i s  included to provide in s igh t in to  the procedure companies or even countries 
could adopt to enable them to assemble a balanced investment p o r t fo l io  which 
would minimize possib le  f lu c tu a t io n s  in  the global supply and demand of the 
metals considered.

As a p o l i t i c a l  lever , the  s t r a te g ic  metals concept has been a major 
fa c to r  in  every serious c o n f l ic t  s ince World War Two. I t  has gained p a r t ic u la r  
momentum from the growth of e lec tro n ics  in  industry  since 1960. I t  has taken 
on a fu r th e r  dimension following the  p o l i t i c a l  changes in  several of the  
supply countries and i t  has been thrown in to  a s ta te  of confusion by the  
rap id ly  changing balance of world economy. The in te rna tion a l  market fo r  
in d u s t r ia l  raw m ateria ls  i s  now of major sign ificance  fo r  both commercial 
and m ili ta ry  reasons.

All ca tegories  of consumer r e l i a n t  on mineral imports - from ind iv iduals  
and companies to  countries and p o l i t i c a l  unions -  need to  e s tab l ish  t h e i r  
opinion on secu rity  of supply and cos ts  to them of any d isrup tion . An 
adequate assessment would include:

( i ) the major resource loca tions
( i i ) the major production sources
C iii) the p o l i t i c a l  sa fe ty  of labour disruption
Civ) the p o s s ib i l i ty  of labour d isruption
(v) the existence of ex ternal th re a ts
(v i) the s t a b i l i ty  of the economy
Cvii) the v u ln e ra b il i ty  to outside supply of natural resources
( v i i i ) the v u ln e ra b il i ty  to  energy supply disruptions
(ix ) the v u ln e ra b il i ty  of the  producer countries within the v o la t i le  

framework of in te rn a t io n a l  finance.
Other considerations, extending beyond the boundaries of producer 

countries , must also be considered. These include r isk s  associated with 
transporting  raw or semi-processed m ateria ls  and th e i r  l i a b i l i t y  to 
manipulation through co llusive action  on p rices  and embargoes. F ina lly  the 
changing, how i t  i s  l ik e ly  to  do so in  the fu tu re  and the impact any shortage 
would make on industry and the economy generally . The a v a i la b i l i ty  of 
subs titues  and the long term p robab il i ty  of su b s ti tu t io n  are important elements 
in  the assessment.



1 METAL RISK ASSESSMENT

F i r s t ly ,  the  r i s k  i s  broken down in to  four primary components associated  
with the p r inc ip a l  s tages of:

( i )  production
( i i )  t ran sp o rta tio n
( i i i )  consumption (app lica tion  and use)
( iu )  trade .

These components are then analysed in  th e i r  turn  under the  two headings of 
the likelihood of supply d isrup tion  and the economic cost r e su l t in g  from 
th a t  d isrup tion . Table 30 l i s t s  the  th ir te e n  sub-components fo r which 
individual r isk  assessments are made and t h e i r  re la tion sh ip  within the 
assessment matrix.

Table 30
Structure  of the  metal r isk  assessments 

COMPONENTS SUB-COMPONENTS
Likelihood of supply d isruption  Cost of such d isrup tion
-  ex is ting  capacity -  range of primary supply

w U L i

-  labour disputes -  time lags for new supplies
-  v io lent co n flic t
-  primary lin ks (raw m aterials)
-  secondary l in k s  (sem i/fin ished metal)

- t o t a l  economic impact
- e f f e c t  on key in d u s tr ie s
- a v a i la b i l i ty  of su b s ti tu te s
-long term p o s s ib i l i ty  of 

su b s ti tu t io n
- co llusive  p rice  agreements
-  embargoes

Ratings from 1 to  ID are  employed to  quantify the assessment fo r  each of the 
sub-components,(which were considered q u a li t iv e ly  in  the individual commodity 
s tu d ie s ) .  A low ra tin g  implies th a t  the r i s k s  or costs of supply d isrup tion  
are considered low. How each metal compares within these sub-components i s  
shown in Table 31. As discussed l a t e r  in th i s  section, these component 
ra t in g s  form the basis  of the t o t a l  s t r a te g ic  ra t in g . A short discussion on 
each of the sub-components of r i s k  follows Table 31.

Production r isk s

Transportation r isk s  

Consumption r isk s

Trade r isk s
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Table 31 
Metal Assessment Ratings 

PRODUCTION RISKS
Existing Labour Violent Range of primary Time lags for
Capacity disputes co n flic t supply sources new supplies

ALUMINIUM 1 2 1 5 8
COBALT 1 3 9 8 8
MOLYBDENUM 1 6 1 5 8
TUNGSTEN 1 1 5 6 5

TRANSPORT RISKS
Primary Secondary

ALUMINIUM 5 3
COBALT 9 2
MOLYBDENUM 1 1
TUNGSTEN 6 1

APPLICATION/USE RISKS
Total economic Effect on A vailab ili ty  of Long term
impact • key industr ies su b s ti tu te s su b s t i tu ta b i l i ty

ALUMINIUM 10 9 9 8
COBALT 4 9 7 7
MOLYBDENUM 5 9 9 8
TUNGSTEN 5 7 6 6

TRADE RISKS
Collusive p r ice Embargoes
agreements

ALUMINIUM 8 1
COBALT 7 4
MOLYJDENUM 3 1
TUNGSTEN 3 1

1.^ Production Risks
Table 30 id e n t i f ie s  f iv e  sub-components which f a l l  within th i s  category.
Three f a l l  under the heading of likelihood of supply d isrup tion  and two under 
th a t  fo r  the  cost of such d isrup tion .

1 .1 .1 .  Existing capacity 
Is  ex is ting  capacity su f f ic ie n t  to  meet current demand? Total capacity includes 
both primary production plus th a t  from scrap. Recycled m aterial i s  of growing 
importance fo r  aluminium, where recycling requires only 5 per cent of the 
energy needed to  produce primary metal from the ore.

Surpluses arose in  1982 in  aluminium when the U.S.A. and Japan made

notable production cutbacks in  the face of a weakening recess ion-h it  demand.



- 149

Molybdenum provides another instance  of sudden and severe production outbacks

occurring shortly  a f te r  major expansion in the l a t e  1970's. In a high - volume 
metal la rg e  stocks are accumulated which can be considered as 'above ground1 
mines, ava ilab le  to be u t i l i s e d  in  the event of a sudden increase  in  
requirements.

1 .1 .2 .  Labour disputes
What i s  the  h is to r ic a l  record of labour re la t io n s  in the major production 
areas of a metal'? Do the  disputes a r is e  during the mining or the re f in ing  
l in k s  of the  production chain?

Generally by-product metals su ffe r  le s s  from labour problems since they 
are ex trac ted  in  the l a t e r  re f in in g  s tages of a major metal and a smoothing 
e ffec t  often  operates in  the  sense th a t  slags may be accumulated before th e  
low-volume by-products are separated out. This means th a t  s t r ik e s  must exceed 
several months duration before t h e i r  e f fe c ts  are f e l t ,

1 .1 .3 .  Violent c o n f l ic t
What i s  the  l ike lihoo d  of wars, in su rrec tions  and reb e l l io n s  in  the  major 
production countries? What i s  the expected e ffec t of a war in the major production 
areas? I t  i s  ch iefly  a g e o p o li t ic a l  assessment and reference should be made 
to sub-section 2 .9 . for each country concerned.

In the event of a war in Southern Africa, mines would be targets for 
destruction in  addition to the havoc associated with a sta te  of national 
emergency in the countries involved. The changing trends of metal production 
during World War Two provide a useful guide to the possible  e f fe c ts  of a 
future lo ca lised  or generalised war. Metals susceptible to supply disruption 
in  the event of loca l war include cobalt with i t ' s  large-sca le  export-orien tated  
mines.in  Central A frica . The e ffe c t  of a war can be considered as a ffec ting  not 
only current production, but the purchasing and investment p o lic ie s  of consumers

in th e  longer term,
1 .1 .4 . Ranoe of primary supply sources

Are reserves and ex is ting  m ine/refinery capacity concentrated in  a few countries 
or are  they geographically widespread? I t  i s  important to determine whether the 
state-con tro lled  economies are major exporters of a metal and whether they 
contribute s ig n if ic a n t ly  to Western World suoply. Any examination of supply 
sources must now consider the p o s s ib i l i ty  of obtaining the m aterial from 
previously uneconomic ores in untroubled areas, using national s t ra te g ic  or 
in d u s t r ia l  s tockp iles  or in  investing  time and c ap i ta l  in to  improving 
recycling eff ic iency .

v.
'i
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1 .1 .5 .  Time leg fo r  new supplies 
Supposing th a t  a l te rn a t iv e  sources of supply are availab le , how long w ill  
i t  take to  obtain these  supplies?

The development of new ore-bodies ty p ic a l ly  involves a tim escale of 
between 6 and 10 years -  the  upper end of the  range fo r  underground mines, 
fo r  those in  remote areas of the world requiring  extensive in f ra s t ru c tu re  
and fo r  those in d i f f i c u l t  t e r r a in .  The expansion of exis ting  mines and 
p lan ts  requ ires  le s s  time as does the use of spec ia lized  techniques.

The a v a i la b i l i ty  of above ground stocks shortens the lead time 
su b s ta n t ia l ly  but t h e i r  form can vary from stocks of concentrate or a lloys 
through the  interm ediate  stages of p a r t i a l ly  refined  metals to  metal stocks 
of commercial p u r i ty .  In d u s t r ia l  sp e c if ica tio n s  have been tightened over the  
past decade to  accommodate the  demands of technology. S tra teg ic  stockpile  
q u a l i t ie s  have to  be constan tly  reviewed to ensure 1' air ready in d u s t r ia l  
a c c e p ta b i l i ty .  Recycling provides only a p a r t i a l  so lu tion  given the 
extended l i f e t im e  of veh ic les , build ings and durable consumer goods. A 
possib le  exception i s  aluminium used in  cans with an e ffec t iv e  l i f e  of th ree  
months.

The metal production r i s k  assessments can be determined by averaging the 
f iv e  sub-components:

aluminium 2 .A
cobalt 5.8
molybdenum 4.2
tungsten 3.6

1 .2 . Transportation Risks 
These can be divided in to  two categories; primary r isk s  involving the 
movement of raw m ateria ls  and secondary r isk s  concerned with the 
tran sp o rta tio n  of f in ished  and semifinished metals.

1 .2 .1 . Primary
What i s  th e  l ike lihood  of d isrup tion  in transport l inks  v i ta l  to  the movement 
of ore and metal from the  s i t e  of production to th a t  of fabrication?  The 
movement of m ateria ls  i s  normally undertaken by r a i l ,  road, ship, a i r  and 
p ip e l in es .

There are several r i sk s  associated  with tran sp o rt  by ship -  dock s t r ik e s ,  
weather and o th e r .n a tu ra l  forces and the length and d irec tion  of the route 
to  be followed. Dock s t r ik e s  s t i l l  occur with monotonous reg u la r ity  in the 
U.S.A., Canada and A ustra lia  although th e i r  severi ty  has declined with the 
health  of the shipping industry . The established  concept of freedom of the 
seas i s  in  some dispute, given the growth in t e r r i t o r i a l  claims which may

a ffe c t  th e  passage and safe ty  of ships passing in  many areas. World shipping

^ W w  ■>--------



151

route choke points where problems may be expected include the Panama Canal, 
the Horn of Africa, the Red Sea entrance and the  Cape of Good Hope.

Transport by r a i l  can be disrupted by energy shortages, s t r ik e s ,  a 
shortage of ro l l in g  stock (as occurs frequently  in  Southern Africa), na tu ra l 
d isa s te rs  or violence. The l a s t  fac to r  embraces g u e r i l la  a ttacks such as 
those which have affected  Central African railway l in e s  to  the  sea.

Transport by road i s  le s s  l i a b le  to  d isrup tion  since trucks are smaller 
and can be f le x ib le  enough to t ra v e l  over d i f f i c u l t  t e r ra in  or damaged roads 
i f  necessary. Air transport i s  often used as a temporary so lu tion  ra th e r  than 
as the main type of transport (except fo r  such high-value, low-volume 
conrnodoties such as diamonds). Air f re ig h t  i s  expensive and can only cope with 
l im ited  weights, but i t  i s  f le x ib le  and r e l ia b le  and has been used in extreme 
circumstances ~ to  a i r l i f t  cobalt out of Zaire in  the 1978 Shaba invasion.

Transport of ore and in term ediate-s tage metal s t i l l  tends to follow 
t r a d i t io n a l  colonial pa tte rns  with the bulk going from the Third World 
southern hemisphere plus A ustra lia  to  t i e  in d u s tr ia l is e d  countries to  the  
northern hemisphere.

1 .2 ,2 .  Secondary
What are the  r isk s  in transporting  fab rica ted  products containing the 
p a r t ic u la r  metal to  i t ' s  f in a l  consumer? here the trade  tends to be between 
in d u s t r ia l is e d  countries and th i s  reduces the  r i sk s  other thSn those re la t in g  
to  labour problems. Exceptions include the environmentally re la ted  problems 
a tta tched  to  the shipment of toxic reagents and the  r isk  of damage to 
e lec tro n ic  components.

The metal tran spo rta tion  r isk  assessments, determined by averaging the 
two r i s k  sub-components are: 

aluminium 4.0
cobalt 5.5
molybdenum 1.0
tungsten 3.5

1 .3 . Application/Use Risks 
In  con tras t  to th e  production and transpo rta tion  r i s k s ,  these are concerned 
e s se n t ia l ly  with the costs of possible  d isrup tion .

1 .3 .1 , Total economic Impact
I s  the metal used in  large weights or volume worldwide? What i s  the market size? 
On th is  basis  i t  i s  obvious tha t  aluminium scores highly due to  the large  
tonnages used in almost every type of industry , whilst tungsten would ra te  
much lower.much lower.

1 .3 .2 . E ffect on key indu str ie s
What i s  the  end-use pa ttern  of demand for the  metal? I s  i t  v i t a l  in the growth 
in d u s tr ie s  of defence, aerosoace and e lec tron ics  or i s  i t  merely price re la ted?

\



Is  consumption of the metal ac tu a lly  increasing in these in d u s tr ie s  o r does 
each technological development within a sec to r reduce the un it  requirements 
of the  metal?

There has been a pronounced move in  the developed countries towards the 
serv ice  in d us tr ie s  and towards c lo se r  control of m aterial consumption within 
each industry . There i s  a declin ing trend in  the income e la s t i c i ty  of demand 
fo r  a high-volume metal such as aluminium and is  a function of a drive towards 
smaller and l ig h te r ,  overa ll  cost--competitive products in a l l  sectors of 
manufacturing industry.

1 .3 .3 .  A va ilab ili ty  of su b s t i tu te s
Are su b s t i tu te s  available? Do they come from the same area or mine as the 
metal whose supplies have been in te rrup ted?  What i s  the cost of changing 
to  the  su b s t i tu te  and the  cost o f the  su b s ti tu te  i t s e l f ?  I s  a reformulation 
of th e  f in a l  fabricated  product needed or merely a simple change of process?
How long would i t  take to  adapt to  using the su b s ti tu te  and how closely  does 
the possib le  su b s ti tu te  resemble what i t  i s  replacing: metal for metal or 
p l a s t i c ,  glass, ceramic fo r  metal? How would the consumer fe e l  about the 
change in  terms of cost, appearance and performance?

These complex questions must a l l  be considered and the  overall 
s u b s t i tu ta b i l i ty  tends to  be a compromise between cost and a b i l i ty  fo r  purpose.

1 .3 .4 . Longer term s u b s t i tu ta b i l i ty
I f  th e  disruption of supplies of a particular metal i s  regarded, temporary 
policy makers may not consider i t  worthwhile to obtain and adapt to  su b s t i tu te s .  
However, i f  the disruption i s  lengthy then a su b s ti tu te  may prove to  be so 
e f fe c t iv e  and economical th a t  i t  permanently re ta in s  a s ig n if ican t  portion  of 
the market. Cobalt lo s t  a large  sec tion  of i t ' s  permanent magnet market 
following the 1978 peak in  price.

Other fac to rs  which a ffec t  longer term subs titu tion  include energy costs 
and environmental requirements. Energy costs cover both the  energy required 
in ex trac ting  and fabrica ting  the  metal plus tha t  consumed during the  l ife t im e  
of the  fabricated  component. After the 1973-74 o i l  c r i s i s ,  aluminium 
consumption increased steeply  in  the automobile and a i r c r a f t  industry due to 
i t ' s  low density /streng th  r a t i o .  Environmental le g is la t io n  has become tighter  
since 1970 affecting  the usage of certa in  compounds in  industry.

The metal s t ra te g ic  applica tion  r i s k  assessments, determined by averaging 
the four r isk  sub-components are: 

aluminium 9.0
cobalt 6.8
molybdenum 7.8
tungsten 6.0
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1 .4 . Trade Risks
Two trade  r isk  sub-components, both fa l l in g  under th e  umbrella of d isruption 
p robab ility  are id e n t i f ie d .

1 .4 .1 . Collusive p rice  agreements
Are the prices fo r  a metal and i t ' s  ores determined by a f ree  market or are 
they fixed by agreement; be i t  a formal in te rn a tio n a l  association  or ju s t  
an informal agreement between companies ostensibly in  competition? Such price 
agreements vary from the  formal c a r te ls  such as the  ISA (comprising mainly 
Third World producers) through the  range of in te rn a t io n a l  organisations 
including producers and consumers to  informal arrangements between d is t in c t ly  
opposed nations.

Third World organisations have seen l i t t l e  success due to the  lack of 
economic power yielded by th e i r  members, who depend heavily on the revenues 
from raw mineral sa le s .  Other U.N. proposed organisations, including those 
fo r  tungsten, have met with no enthusiasm from consumers and have ra re ly  
moved beyond the committee stage. Informal cartels can v io la te  E.E.C. 
regula tions and U.S. a n t i - t r u s t  le g is la t io n  but remain in  existence.

In several cases, one company e ffec tiv e ly  dominates Western World supplies 
of a p a r t ic u la r  metal such as AMAX with almost 60 per cent of world molybdenum 
production in 1982, This often allows t-he group almost t o t a l  freedom of p rice  
f ix ing  when demand i s  buoyant. However, during a recession, producer p rice  wars 
are common and the  f ree  market mechanism grows in importance.

Terminal free  markets such as the London Metal Exchange and the New York 
Commodity Exchange provide the  markets and are much le s s  open to  individual 
manipulation. A merchant free  market operates for most metals and published 
p rices  and records are availab le  in  most cases to  provide a t  le a s t  a semblance 
of competitiveness.

1 .4 .2 . Embargoes
Are trad e  pa tterns or p r ice s  l ik e ly  to be affected p o l i t ic a l ly ?  There have 
been instances of governments imposing t o t a l  or p a r t i a l  bans on the export 
of p a r t icu la r  minerals to  South Africa.

The imposition of an embargo a ffec ts  both p a r t ie s  adversely by disrupting 
trade  and tends to  be a t a c t i c  of l a s t  r e s o r t . A pessim is tic  analysis suggests 
th a t  Third World countries could in  the future ha lt  mineral exports as an 
economic blackmail. Fears have prompted the build-up of huge s t ra te g ic  
inventories world wide. Even without these safeguards, embargoes are unlikely 
to  es tab lish  any la s t in g  e ffec t  on trade in the foreseeable fu ture .

The metal trade  r isk  assessments, determined by averaging the two r isk  
sub-components are:
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aluminium
cobalt
molybdenum
tungsten

4.5
5.5
2.0
2.0

1.5, Comparative s t r a te g ic  ra tings  
The sub-component ra t in g s ,  as l i s te d  and quantified  in Table 31, form the 
basis  fo r  the overa ll  assessment fo r each mineral. F i r s t ly  the  sub-components 
are  grouped under the  two r isk  fac tor categories of ( i )  p ro bab ility  of supply 
d isrup tion  and ( i i )  the economic cost of th a t  d isrup tion . An average i s  
ca lcu la ted  for each which appears a t  the  beginning of each metal p ro f i le  in  
Section Three.

The two fac to r  assessments are then m ultip lied  together to  give the 
overa ll  s t ra te g ic  assessment for each metal. The assessment ranges from 1 to  
100. In broad terms i t  can be concluded th a t  metals with overa ll  ra t ings  lower
than 10.0 can be considered low r isk  while the  medium r isk  range would be from
10.0 to  25.0.

The to t a l  s t r a te g ic  ra t in g s  fo r  the  metals under consideration would thus be:
aluminium 24.5 (HIGH) r is k
cobalt 35.8 HIGH r isk
molybdenum 14.7 MEDIUM r isk
tungsten 15.0 MEDIUM r isk

2 COUNTRY RISK ASSESSMENT
The r isk  assessment for each country i s  based on seven primary components 
divided in to  nineteen sub-components. These are l i s te d  in  Table 32. The 
countries under consideration are:

( i )  aluminium (bauxite) -  A ustra lia
( i i )  cobalt -  Zambia, Zaire
( i l l )  molybdenum -  Canada, United States of America, Chile
(iv ) tungsten -  Canada, United S tates of America, Namibia (?)

Table 32

COMPONENTS 
Labour Risks

P o l i t ic a l  Risks

Structure  of country r i s k  assessments
SUB-COMPONENTS

- incidence of s t r ik e s
-  quality  of labour
-  general unrest
-  h istory
- s t a b i l i ty
-  external dangers

/■ W w  u-.u.   .  'I *».
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TnLile Jk continued
COMPONENTS
Location Risk,.

Mineral Resource Risk,;.

Financial and Economic Risks

Energy and other Natural Resources Risks

Dependence on Foreign Natural Resources

SUB-COMPONENTS
- h o s t i le  borders
- c r i t i c a l  land /sea  routes
- adequacy of reserves
- costs of production
- development appeal
-  currency performance
- v u ln e rab il i ty  to manipulation
-  external indebtness
-  domestic p roductiv ity
-  foreign ownerships
-  domestic energy sources
-  domestic energy production
-  sources of outside supply
-  contribu tion  to industry

Table 33 h igh ligh ts  the  component ra t in g s  determined fo r  each country. 
The sub-component ra t in g s  can be found in  the r isk  assessment tab les  which 
appear within each country p ro f i le  in  Appendix B. Each country i s  assessed 
on a sca le  from 1 .0  (lowest) to 10.0 (h ighest) r i sk s .

Table 33

COUNTRY
Country assessment ra tings

COMPONENTS
Labour P o l i t ic a l  Location Mineral Financial &

reserves economic
Energy
reserves

Foreign
reliance

A ustra lia 4.0 4.0 3.5 5.3 6.0 5.0 2.0
Canada 5.3 S.? 1.5 5.0 6.8 1.3 2.0
Chile 6.3 6.3 5.5 5.0 5.0 6.3 6.0
Namibia 7.7 8.0 7.5 5.7 5.2 7.7 6.0
U.S.A. 3.0 2.7 1.5 6.3 5.6 4.0 7.0
Zaire 7.0 7 .3 7.5 6.0 7,0 5.7 7.0
Zambia

2.1.

7.7

Labour Risks

5.3 6.0 6.3 6.8 7.7 8.0

Manpower represents  the most v o la t i le  r i s k  fac to r  in  mineral production, impinging 
upon every sector and being for the most part unpredictable. Labour d isruptions 
have an immediate e ffec t  and are l ik e ly  to  occur in  the most simple and the most 
advanced economies, throughout the  p o l i t i c a l  spectrum. The occurrence of a 
labour dispute can be the end product of any one of a number of problems -  p o l i t ic a l ,  
f inan c ia l ,  loca tiona l or organ isational.
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Table 33 shows th a t  on advanced economy such as Canada can be highly 
vulnerable alongside a much poorer developing country such as Zaire . The 
Polish  experience of 1980 onwards has s im ila r ly  shown th a t  the  cen tra l ly  
planned economies have problems of no le s s e r  in te n s i ty  than the  West. The 
U.S.S.R. i s  also known to have major labour d i f f i c u l t i e s  and low p roductiv ity .

The labour r isk  component within a country or region i s  c r i t i c a l  to  the
a b i l i ty  to  a t t r a c t  investment from abroad or to  prevent domestic c ap i ta l  
flowing overseas. In the developing world investment decisions by foreign  
p a r t ie s  are  based le s s  on the q ua lity  of labour and e ffec t of unionism than 
they are on s t a t e  of general unrest and f in an c ia l  v ia b i l i ty .  Certain 
developed countries have reversed th e i r  good position  since the 1960's due to  
d e te r io ra tin g  labour performance, a r is in g  incidence of s t r ik e s  being aggravated 
by r is in g  costs  and f a l l in g  or stagnant p roductiv ity .

A ustra lia  i s  a p a r t ic u la r  example, i t ' s  poor record a ffec tin g  plans foi
the  fu r th e r  expansion of bauxite and alumina and almost ce r ta in ly  c u r ta i l in g  
i t ' s  ambition to  become the  w orld 's  number two aluminium producer by 1990.
Canada i s  also  a f f l i c t e d  with a p o *  labour record p a r t ic u la r ly  in  the  far 
north .

2 .2 . P o l i t i c a l  Risks 
Metals have been used as a p o l i t i c a l  weapon fo r  centuries* Host wars havs 
t e r r i t o r i a l  gain as t h e i r  incen tive  and the value of the t e r r i to r y  i s  g rea t1. 
enhanced by the  presence of economic m inerals» The continuity of supply 
depends upon p o l i t i c a l  s t a b i l i ty  and the outlook, both short and long term, 
i s  s trongly  influenced by the presence of external p o l i t i c a l  dangers. The 
present re la t io n sh ip  between p o l i t i c s  and metals owes much to  the h is to r ic  
background.

The th ree  sub-components (under p o l i t i c a l  r isk s )  are important elements 
in  the  r isk  assessment fo r  each country. In some cases they can prove c r i t i c a l .  
For example, Canada's p o l i t i c a l  ra ting  of 5 .7  includes a below average 6 fo r  
s t a b i l i t y  because o f the danger of fragmentation of federal government through 
the increasing power and p o l i t i c a l  differences at provincial leve l (see the 
Canadian p ro f i le  in  Appendix E igh t) . Zambia's s t a b i l i ty  fac to r  i s  one b e t te r  
at 5 because of the continuation of leadership under President Kaunda since 
independence in 1964 and in sp i te  of severe 'economic d i f f i c u l t i e s .

The p o l i t i c a l  r isk  component i s  probably the most c r i t i c a l  of a l l  the 
components covered, given th a t  i t  i s  the most v o la t i le .  A mine or mineral 
production source can only be established where a su itab le  deposit e x is ts  
and th i s  i s  invariably  a lengthy and costly  operation- The commercial r isk  
can be reasonably assessed and changes within i t  can be accomodated to  a degree-
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The labour r isk  tends to change only slowly. The p o l i t i c a l  r isk  can and 
often does, change rapidly , t o t a l ly  and without any opportunity of red ress .
I t  i s  the  fac to r  now receiving more a tten tio n  by investors worldwide in  t h e i r  
choice of a minerals production loca tion . The p o l i t i c a l  fac to r  in  minerals 
supply i s  being seen more aggressively in  marketing where government agencies 
are t igh ten ing  th e i r  grip l ik e  Zaire and Zambia.

An increasing p o l i t i c a l  r i s k  fac to r  for a country ind ica tes  th a t  the 
immediate a v a i la b i l i ty  o f  i t ' s  major metals i s  in  doubt and the maintenance 
or expansion of i t ' s  long term f a c i l i t i e s  i s  in danger. Included in  th i s  
category are bauxite and c o b a lt .

2 .3 . Location Risks 
These r isk s  r e la te  to  the supply of a mineral by v irtue  of a h o s t i le  
loca tion  and not with the  economies of production from th a t  loca tion  - a 
matter fo r  the market place. The two ingredients are the presence or absence 
of h o s t i le  borders and the necessity  to  use transport routes which could 
eas ily  be disrupted by h o s t i le  acts  or na tura l d isa s te rs .

Typical of the  location  r i s k s  pertain ing to a mineral are i t ' s  
production in  e i th e r  one s in g le  or very few locations worldwide such as 
Zairean cobalt. Where within a country production i s  fu r the r  r e s t r i c te d  to  
only one or two locations the  r i s k  i s  measurably increased.

A h is tory  of h o s t i l i t i e s  between neighbouring countries fu r th e r  increases 
the  location  r isk .  Since 1980 the in ter-A frican  r isk  has a l l  but dissolved 
with the exception of the border t e r r o r i s t s  a c t iv i t ie s  against South Africa. 
The Canadian, U.S.A., Mexican a l l ian c e  appears se t  in  sp i te  of Mexico's 
f inanc ia l problems and Europe's East-West demarcation i s  not se riously  in  
d ispute.

Commercial problems of loca tion  apply to  the  high mountain regions of 
the  Andes (Chilean molybdenum) and the  long road and r a i l  routes connecting 
mines and ports in Central Africa and parts  of A ustra lia . In some cases 
these  s p i l l  over into  m ili ta ry  s ign ificance. Certain routes are recognised 
as p o ten tia l  choke-points and have been the subject of close a tten t io n  by 
the World's naval powers. The in te r rac tio n  between land and sea based transport 
systems i s  c r i t i c a l  to the e n t i r e  r isk  assessment. I t  i s  iron ic  tha t  several 
countries use the South African railway and port network to bring th e i r  
m inerals,to  the world market and in  doing so have to run the gauntlet of two 
c r i t i c a l  transport choke po in ts , one in te rna l  and one external.

But, as noted, mines can only be b u i l t  where ore bodies e x is t .  The 
loca tion  fac to r  i s  therefore  p ra c t ic a l ly  a constant whose e ffec t on the 
market i s  a variab le . A p e rs is te n t ly  high location  r isk  ra ting  can deter 
investment but only to a degree.

\x.



158

2 .4 . Mineral Resource Risks
When the post-World War Two commodity boom was at i t ' s  height during the 
1960's and the annual demand for the major minerals was increasing a t  ra te s  
of between 5 and ID per cent, i t  was a popular b e l ie f  th a t  world resources 
were in  danger of to ta l  depletion . I t  i s  now obvious tha t  they are not. The 
U.S. Bureau of Mines gives a broad resources base which includes, in  years of 
t o t a l  world consumption a t  1981 ra te s :

bauxite (260 years) , cobalt (116 y e a rs ) , molybdenum (97 years) and
tungsten (56 years).
However, resource determination is  a dynamic procedure and more re levan t, 

s t r a te g ic a l ly  and economically, i s  the world d is tr ib u t io n ,  the  cost of 
production and the  development appeal. Sub-economic deposits a t present are:

( i )  bauxite -  c lays , coal wastes and o i l  shales containing alumina
( i i ) c o b a l t  -  western U.S.A., sealed nodules and l a t e r i t i c  n ick e l/ i ro n s .
The adequacy of reserves i s  obviously a p re requ is i te  to  development

but in  a market which has became d is to r ted  by the e ffec ts  of a high growth 
era ending with an abrupt recession, production costs and overall development 
appeal d ic ta te  the d irec tion  of investment. Developing nations have lo s t  some 
of t h e i r  investment a t t r a c t io n  but the established lenders, who are also the  
major commodity consumers, have recognised th a t  unless the emerging nations 
are encouraged to  produce a high level of raw m aterials output they w ill  be 
unaole to  susta in  themselves. The problem would then be thrown back a t  the 
establishm ent: trade or a id . The mineral resource component does not consider 
t h i s  asp ec t; i t  confines i t s e l f  to the existing mining investment a t t ra c t io n s ,  
balanced between the a v a i la b i l i ty  of resources and the a b i l i ty  to exploit 
them e f f ic ie n t ly .

2.5. Financial and Economic Risks
Although the causes and e ffe c ts  w ill  long remain a source of debate, there  
can be no argument tha t  in f la t io n  and general monetary and economic in s t a b i l i t y  
c losely  followed the 1973 OPEC o i l  c r i s i s .  The commodity consumer boom halted, 
raw m aterials price  control began to break down and the  ra t io n a l  analysis of 
investment in minerals production was rendered more d i f f i c u l t .  I t  was not a 
simple case of reassessing the s i tu a t io n  in  the l ig h t  of raw circumstances -  
the  minerals industry was geared to  expansion and had incurred a heavy 
borrowing commitment.

The succession of f inanc ia l  and economic traumas a f f l i c t in g  the 1973-82 
period resu lted  in the s t a te  of to ta l  u n c e r ta in ty  which surrounded the metals 
industry  in 1983. By 1983 i t  was re luc tan tly  accepted th a t  prospects of a 
sustained world economic recovery were slender. Overspending by developing

\
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heed to susta in  th e i r  economies by export sa les .

2.7. Dependence on Foreign Natural Reserves
This fac to r  i s  more important to the established in d u s tr ia l  nations and 
the  rap id ly  developing regions than to the lower range of underdeveloped 
countries . But to each individual country, the  fac to r  i s  measured as i t ' s  
dependence cn supplies not found or produced domestically. South Africa 
emerges favourably with a ra t in g  of 4.0 because of i t ' s  wide range of 
domestic resources, required by the countries holding the stocks of 
s t ra te g ic  metals which South Africa requ ires.

This f in a l  fac to r  encapsulates the whole question of s t ra te g ic  
minerals po lic ies  of na tions. Is  i t  sa tis fac to ry  to  secure outside 
sources of supply i f  the  economic and p o l i t i c a l  conditions surrounding 
them are acceptable? As a matter of prudence should a sovereign nation 
develop a t  le a s t  p a r t ia l  supply domestically? Should i t  stockpile  or 
develop subs titu tes?

A s tra te g ic  stockpile  should be constantly under review as to both 
content and volume. The development of even sub-economic domestic resources 
of c r i t i c a l  m aterials should also be under constant inves tiga tion . As an 
established trading nation, South Africa must maintain a balance between 
national security  and economic r e a l i ty .  A stockpile  should not be planned 
fo r  the  t ra d i t io n a l  war scenario but to provide a short-term hedge against 
a d isruption of mineral supplies.

The focus on f inanc ia l and economic problems ra th e r  than immediate 
m ili ta ry  and p o l i t ic a l  th re a ts  has characterised the early 1980s to the 
detriment of the resource dependency issue. I t  would only need a single 
serious disruption in a c r i t i c a l  metals supply region to  bring a t ten tion  back 
to the  awareness of a growing danger: tha t the  supply of s t ra te g ic  metals 
i s  increasingly capable of immediate d isruption with a degree of r e la t iv e  
ease.

2.8. Comparative s t r a te g ic  ra t in gs
I t  might be considered th a t  the m ineral-rich developed western democracies 
such as the U.S.A., Canada and Australia  should receive the highest 
s t ra te g ic  ra tings. Yet the controls established by the 20 sub-factors 
ensure th a t  f a i r  weighting i s  given to every aspect which impinges on 
the vu lnerab ili ty  of a nation in respect of key minerals.

Many of the underdeveloped nations are bunched together in the 6.0 
to  6.6 range because they share common problems -  ample natura l resources 
but a lack of cap ita l funding, mounting debts and a market in  surplus.

The ratings generally would only undergo a serious and rapid revision
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nations, encouraged by over-eager bank lending was the most serious th re a t  
to  economic order. Extreme v o la t i l i t y  in a l l  sectors -  currency p a r i t ie s ;  
in te r e s t  ra te s  and commodity p rices was inev itab le .

With many contributing Factors, th i s  sec to r has the most important 
s t r a te g ic  weighting, representing 20 per cent of the t o t a l .  In the  g rea tly  
changed circumstances of the  1980's, countries with a poor ra t in g  in  th i s  
sec to r  are finding i t  increasingly  d i f f ic u l t  to  a t t r a c t  investment of v i t a l  
s t r a te g ic  metals. The loss of output from any of these countries would a ffec t  
the  market immediately. Moreover, i f  such a lo ss  became long term or 
investment confidence ebbed i t  would re su l t  in  a serious geographical s h i f t  
in  investment d irec tion .

2 .6 . Energy and Other Natural Resource Risks 
In a Western energy market d ic ta ted  purely by cost and a v a i la b i l i ty  the 
Middle East would produce most of the  o il  fo r  in te rn a tio n a l  consumption; 
A ustra lia , the  U.S.A. and South Africa the coal and uranium w hilst hydro­
e le c t r i c i ty  would be generated wherever possib le . Until 1973 th is  was not 
f a r  from r e a l i ty  since low production costs d ic ta ted  p r ice  le v e ls .  Once OPEC 
emerged as not only a commercial but a p o l i t i c a l  force the  d irec tion  changed 
rad ic a l ly .

Higher o i l  p rices  encouraged higher energy costs generally . These 
combined with s t ra te g ic  un cer ta in ity  to persuade the non-OPEC world to 
seek energy se lf -su ff ic ien cy .

The supply of o i l  i s  c r i t i c a l  to  every serious economy and in  sp i te  of 
a weakening of the OPEC position , s t i l l  has p o l i t ic a l  connations. South 
Africa occupies a unique position . Although without domestic na tura l o i l  
sources as yet, i t  has expanded i t ' s  coal industry in to  syn thetic  fuel 
production which accounts fo r  50 per cent of i t ' s  domestic o i l  requirement.

Many of the more important metal producers lack economic sources of 
energy, such as:

( i )  Chile -  molybdenum
( i i )  Guyana, Jamaica -  bauxite

( i i i )  Zambia -  cobalt 
The energy resources r isk  has changed considerably since 1973, moving 

from complacency, through fea r , p o l i t i c a l  manipulation and acute shortage 
in to  recession and surplus. I t  w il l  undoubtedly become acute again since i t  
contains so many obvious p o ten tia l  problems -  p o l i t i c a l ,  geographical and 
commercial. The major exporters, the  U.S.S.R. and the OPEC bloc, are 
f in an c ia l ly  and therefo re  p o l i t i c a l ly ,  le s s  strong than in 1973, having a g rea ter
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I f  the world economy took a decisive swing away from the period of low
growth and in f la t io n  control which i s  charac terising  the I9 6 0 's . Financial
constra in ts  would recede in  favour of acute supply shortages and p o l i t i c a l  
considerations would become le s s  onerous.

The to ta l  s t ra te g ic  ra t in g s  fo r the major or fu ture  suppliers  of the
four metals under consideration are averaged as:

Australia 4.26 AKbauxite) LOW RISK
Canada 3.94 Al/io.W VERY LOW RISK
Chile 5.77 Mo MEDIUM RISK
Namibia 6.83 W UERY HIGH RISK
U.S.A. 4.30 Mo,W LOW RISK
Zaire 6.79 Co UERY HIGH RISK
Zambia 6.83 Co VERY HIGH RISK
I t  i s  of In te re s t  to  note th a t  a sim ilar r isk  determination gave a 

value of 5.30 for South Africa.

2.9. Suppliers of s t r a te g ic  metals for South Africa
2 .9 .1 . A ustra lia  (country r isk  fac to r 4.26)

A us tra l ia ’s development as a leading minerals producer and exporter has 
large ly  come about since 1960. Production i s  concentrated on high-volume 
raw m ateria ls  such as bauxite -  of which i t  produces almost a th i rd  of the 
world supply -  coal# manganese, lead, zinc, copper, iron ore, t itan ium  sands 
and n icke l. I t  i s  also an important source of gold, t in ,  tungsten, cadmium 
and antimony. Large uranium reserves have been proved but th e i r  development 
has been fraught with p o l i t i c a l  and environmental co ns tra in ts .

2 .9 .2 .  Canada (country r isk  fac to r  3.94)
Canada i s  the world's leading exporter of minerals in value terms and is  
the foremost producer of molybdenum,nickel, zinc and asbestos. I t  i s  also 
a major supplier of aluminium, lead, s i lv e r  and copper together with by­
products including cadmium, c o b a lt , selenium and platinium. The country i s  
de fic ien t  in  chromium, bau x ite ,manganese and t in .  Gold output i s  second only 
to South Africa in the  Western World and production i s  curren tly  being 
expanded.

I t ' s  unusual natural advantages of long term reserves of a wide range 
of economic minerals are a ss is te d  by an abundance of energy resources. 
O ffsetting  these are h is to r ic  p o l i t i c a l  problems, a recent h istory  of poor 
labour re la tio n s  and a current economic c r i s i s  in which high unemployment, 
in f la t io n ,  poor in d u s tra l is a t io n  and the na tionalisa tion  of natural resource 
p ro jec ts  are dampening investment appeal. I f  the political-economic climate 
can be improved the r isk  ra t in g  could drop towards 3.0 to  3.5.

2 .9 .3 . Chile (country r isk  fac to r  5,77)
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la rg e s t  lev e l  oF known reserves and being the second la rg e s t  producer in 
annual output terms in 1981. I t ’s high dependence on th i s  mineral, however, 
underlines i t ' s  v u ln e ra b il i ty  although i t  does hold the number two position  
in  molybdenum.

The country has undergone a se r ies  of p o l i t i c a l  and economic t r a n s i t io n s  
since 1970 and now enjoys one of the few recent successes amongst, South 
American countries . After a b r ie f  f l i r t a t i o n  with communism under Allenda in 
the early  1970s, a period which saw the U.S. m ultinationals dismissed and the 
copper industry na tiona lised , Chile i s  once more under the firm control of a 
right-wing m ilita ry  regime. The country 's p o l i t ic s  have earned i t  enemies in  
both in te rn a tio n a l  p o l i t i c a l  camps but i t ’s economic recovery since 1979 
has been impressive. The peso is  now t ie d  to  the U.S. do lla r ,  th e  annual 
in f la t io n  ra te  was reduced from a high of 200 per cent to  sing le  figures 
although by l a t e  1982 i t  was again climbing.

New incentives fo r foreign  investments have a t t ra c te d  back m ultinational 
companies. The emphasis remains on copper but precious metals and fuels are 
also being active ly  pursued.

2 .9 .4 . Namibia (country r isk  fac to r  6.83)
SWA/Namibia i s  administered by South Africa under a tru s teesh ip  which dates 
back to  th e  League of Nations in 1919. For many years the re  has been in tense  
in te rn a tio n a l  pressure for t h i s  to be relinquished in  favour of independence 
fo r  the  reg ion 's  one m illion  inhabitan ts. South Africa has absolutely refused 
on the grounds th a t  none of the constitu tions so fa r  proposed would p ro tec t 
e i th e r  ethnic in te re s t  or the  in te g r i ty  of the long common border. The issue  
i s  complicated by the p o l i t i c a l  problems of Angola, Namibia's immediate 
northern neighbour. An e ffe c t iv e  s ta te  of g u e r i l la  warfare ex is ts  in  Namibia, 
the  anti-South Africa SbJAFO group using Angolan t e r r i to r y  as a springboard.
The country i s  rich in diamonds, uranium and base metals, to  which coal finds 
have been recently  added. I t  i s  geographically u n a ttrac tive  and greatly  
lacking in f ra s tru c tu re  but could a t t r a c t  large  scale  foreign investment given 
a permanent p o l i t i c a l  so lu tio n . Namibia may become a v i ta l  supplier of tungsten 
fo r  South Africa.

2 .9 .5 . U.S.A. (country r isk  fac to r 4.30)
The r i s e  of the U.S.A. from underdeveloped s ta tus  to f i r s t  place as an 
in d u s tr ia l  and m ilita ry  power took le ss  than 60 years. I t  p ro fited  from 
the key elements of a young immigrant population, a la rge  scale  landmass, 
a compatible climate and a wealth of resource minerals. The outcome i s  an 
economy which, whilst now showing some premature ageing cracks, leads the  
world in  minerals production and consumption and is  the focal point of the 
in te rn a tio n a l  currency system. In broad terms the U.S.A. consumes 30 per cent
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of the world 's raw m ateria ls  which produce 35 per cent of i t ' s  GIMP. I t  ranks 
in  the top ten in production of no fewer than 20 of the most c r i t i c a l  
in d u s tr ia l  minerals. With minor and temporary exceptions, the d irec tion  of 
the U.S. economy governs th a t  of the world generally.

2 .9 .6 . Zaire ( country r isk  fac to r 6.79)
One of the  la rg e s t  countries in Africa and one of the more in d u s tr ia l is e d ,
Zaire i s  important fo r  i t ' s  minerals output as well as i t ' s  s t ra te g ic  
loca tion . I t  ranks f i r s t  in  cobalt and in d u s tr ia l  diamonds and i s  l i s t e d  
in  cadmium, t i n  and tantalum. The country 's desperate finances, which 
de te rio ra ted  rapidly  between 1975 and 1979, have received c r i t i c i a l  
a tten tio n  from the IMF and the  Western banking system. Under s t r i c t  
guidelines, the  performance has begun to  improve, although low metal p rices  
and a poor diamond market have held i t  back. Although President Mobutu has 
re ta ined  power for over a decade, h is  grip has been challenged on both ethnic 
and economic f ro n ts .  Foreign exchange lev e ls ,  external indebtness and a dearth 
of v i t a l  manufactured supplies remain severe problems and the country i s  not 
equipped to  weather a prolong market recession.

2 .9 .7 . Zambia (country r isk  fac to r 6.83)
Zambia's position  as the non-communist world's th ird  la rg es t  producer o f copper 
and cobalt makes the established nature of i t ' s  economic d i f f i c u l t i e s  and i t ' s  
c r i t i c a l  geographical loca tion  in Central Africa a l l  the more serious. I t ' s  
p o l i t i c a l ly  admirable severance of l in k s  with Zimbabwe during the c r i t i c a l  
1965 -  79 period hurt the economy deeply, a condition aggravated by the 
growing world surplus of copper, upon which Zambia r e l ie s  for about 90 per 
cent of i t ' s  foreign exchange. The mining industry i s  losing i t ' s  
competitive edge on a world basis , ir re sp ec tiv e  of the increased cost of o i l  
upon which the  country i s  to ta l ly  import-dependent, During the independence 
period Zambia has swung from a modest exporter of foodstuffs in to  a serious 
importer and the e n t i re  economic s tru c tu re  r e l i e s  heavily upon sympathetic 
treatment by the IMF. The p o l i t i c a l  regime led by the sole President since 
1964, Kaunda, i s  now an o f f i c i a l  one-party system. This introduces a degree of 
s t a b i l i ty  but, with the attendant economic problems, an undercurrent of unrest 
i s  ever present. Unfortunately no Immediate r e l i e f  appears in  s igh t fo r the 
market in e ith e r  major mineral so th a t  any improvement can only come via 
productiv ity  and marketing.

3 METAL STRATEGIC PROFILES SUMMARY
This section h ighlights  the major fea tures  of the commodity p ro f i le s  of the 
metals studied and b r ie f ly  records the  most v i ta l  fac ts  to be considered in 
constructing a foreign minerals supply po rtfo lio  for the metals.



3.1 . ALUMINIUM (fll)
Factor fo r  like lihood  of supply disruption 
Factor fo r cost of such d isrup tion  
T ota l s t r a te g ic  fac to r

Components of Risk Assessment ( ra t in g s  0 to  10)

3 . 0  

8.2  
24.5

( i )

( i i )

Production r isk s  
Existing capacity (1):

Labour disputes (2);

Violent co n fl ic t  Cl):

Range of primary supply sources (5);

Time lags for new supplies (B);

Transportation r i sk s  
Primary (5):

Secondary (3):

( i l l ) Application/use r isk s  
Total economic impact (10):

Effect on key industr ies  (9):

current surplus capacity but 
mothballed p lan ts  could be brought 
on stream should demand warrant i t  
most l ik e ly  in  the l a t e r  production 
stages during e le c t ro ly t ic  reduction 
or fab rica tion  processes la rge ly  
undertaken in  the developed 
countries
unlikely in  most of the important 
supplier countries 
reasonably broad for bauxite 
although f ive  countries control 
75% of world output 
supply l in e s  and lead times are 
long in almost a l l  cases

in te rrup tions feas ib le  considering 
the extended shipping routes 
involved which incorporate several 
choke points
transporta tion  of aluminium metal 
and fabricated  products generally 
undertaken between in d u s tr ia l is ed  
countries; h istory  of s t r ik e s  at 
Canadian ports

large volume market with world 
consumption around 16 m illion 
tons per annum
high technology base with bias 
towards aerospace, improved 
performance vehicles e tc .



A vailab ili ty  of su b s t i tu te s  (9): a l te rn a t iv e  aluminium ores
are available but currently  not 
viable fo r bulk output; a l te rn a t iv e  
end-use m aterials availab le  but with 
cost, density or other disadvantages

prices and producer country revenues 
within the  next decade; host 
government involvement in  p ro jec ts  
in i t i a te d  by m ultinationals i s  
growing

many countries on the  income 
derived from bauxite and alumina 
output

mining and processing stages

a poor s t r ik e  record, as do those in 
Sudbury, Canada which i s  however a 
le s s  important source

considered a s tab le  area and fu ture  
coups must be expected

derives from Zambia, Zaire, Zimbabwe 
and Botswana

depend on nickel/copper p ro jec t plans

Longer-term s u b s t i tu ta b i l i ty  (B) adequate long-term su b s ti tu te s  
unlikely fo r aluminium

(iv) Trade r isks
Collusive p rice  agreements (8) likelihood of IBA toughening up on

Embargoes (1): unlikely given the dependence of

3 .2 , COBALT (Co.)

Factor for likelihood of supply disruption 
Factor for cost of such a d isruption 
T otal s t ra te g ic  fac to r

5.0
7.2

35.8

Components of Risk Assessment, ( ra t in g s  0 to  10)
( i )  Production r isks

Existing capacity (1): current surplus capacity both a t

Labour disputes (3): mineworkers in  Southern Africa have

Violent co n fl ic t  (9): Southern Africa has never been

Range of primary supply sourcrs(B): 65 per cent of annual Western output

Time lags fo r  new supplies (0): supply l in es  are long and lead times



( i i )  Transportation r isk s  
Primary (9):

( i l l )

Secondary (2):

Application/use r isk s  
Total economic impact (4):

E ffect on key in d u s tr ie s  (9):

A va ilab ili ty  of su b s t i tu te s  (7):

Longer term s u b s t i tu ta b i l i ty  (7):

Civ) Trade r isk s
Collusive p rice  agreements (7):

3.3. MOLYBDENUM (Mo)

the main producers are landlocked 
with poor l inks  to  ports; 
extended length shipping l in e s  to 
most consumers
transporta tion  of cobalt metal and 
compounds i s  re la t iv e ly  r i sk - f re e

medium volume market with consumption 
a t  about 30 000 tons per year 
bias towards important growth 
in dustr ies  of aerospace; m ili ta ry  
equipment and power generating 
machinery
su b s ti tu te s  v iab le  fo r  magnetic 
applications but often in fe r io r  
on performance basis  in  superalloys 
and paints
would involve the  development of a 
whole se r ie s  of a lte rn a t iv e  alloys 
which i s  curren tly  unlikely

Zairean and Zambian producers 
attempt to  co-ordinate p rices but 
are often undercut by Canadian anti 
U.B.B.R. producers

Factor fo r  likelihood of supply disruption 
Factor for cost of such a disruption 
Total s t ra te g ic  fac to r

Components of Risk Assessment ( ra t in g s  0 to 10) 
( i )  Production r isk s

Existing capacity ( i ) :

Labour disputes (6):

2.0
7.3

14.7

market currently  glu tted  with 1981 
year-end surplus of about 6 months 
world production 
the copper and molybdenum mining 
in dustr ies  of Canda, the U,S.A. and 
South America are p a r t icu la r ly  prone 
to extended s t r ik e s



Violent opnflir.tr. (1):

Range of primary supply sources (5):

Time lags fo r new supplies (8):

(15) Transportation r isk s  
Primary (1):

Secondary (1):

(' H i  ) Application/use r isk s
Total economic impact (5):

Effect on key in d u s tr ie s  (9):

A va ilab ili ty  of su b s ti tu te s  (9):

Longer term s u b s t i tu ta b i l i ty  (8)

( iv )  Trade r isk s
Collusive prion agreements (3):
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unlikely to a ffe c t  molybdenum 
output since the main producers 
are r e la t iv e ly  s tab le  
reserves are large but concentrated 
in the  U.S.A,, Canada and Chile; in 
1981 the U.S.A. produced 65 per cent 
of the world mined output 
up to ID years for new mine; with a 
high degree of in f ra s t ru c tu re  to 
support operations which are often 
in  remote loca tions; several major 
p ro jec ts  in  IM. America near the 
development stage

major transport routes from North 
and South America to  Europe, Japan 
and Russia
transport of s te e ls  and other alloys 
containing molybdenum have ra re ly  
been disrupted

medium-sized market around 100 000 tons 
per year
use i s  concentrated in  s te e ls  for 
energy generation, o i l  and gas 
pipelines and weight sen s it iv e  
applications plus superalloys for 
m ili ta ry  and aerospace indus tr ie s  
main su b s ti tu te  as alloying element 
i s  tungsten but molybdenum i s  usually 
preferred due to  lower cost and 
superior performance 
molybdenum's optimum combination of 
physical properties has encouraged 
industry to develop new m aterials 
containing i t  and i s  thus a long term 
growth metal

occurs due to small number of major 
producers but effectiveness of
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informal 'c a r t e l '  l im ited  by U.S. 
a n t i t ru s t  laws, the free  market anti 
current glut

Embargoes Cl): unlikely except as a component of
high-strength low-alloy s te e ls  fo r 
gas p ipelines

3.4 . TUNGSTEN (W)
Factor for l ike lihood of supply d isruption 2.6
Factor fo r cost of such a d isruption 5.8
Total s t ra te g ic  fac to r  15.0

Components of Risk Assessment (ra t ings  0 to  10)
( i )  Production r isk s

Existing capacity (1):

Labour disputes (1):

Violent co n fl ic t  (5):

Range of primary supply sources (6)

Time lags fo r new supplies (5):

Cii) Transportation r isk s  
Primary (6):

Secondary (1):

currently  in  over-capacity with 
major cutbacks by producers in  
Canada,the U.S.A. and A ustra lia ; 
also large stockpiles in  Europe 
and the Far East
unlikely to  a ffec t the  bulk of output 
derived from Communist countries 
output concentrated in  bBlow-average 
s t a b i l i ty  countries whilst demand/ 
p rices  would increase during a war 
China provides 26 per cent o f world 
mined output with another 18 per cent 
from the U.S.S.R. and North Korea 
up to  8 years to  develop new 
underground mines but wolfram ore 
bodies occur e r r a t ic a l ly  and are 
d i f f ic u l t  to  assess

transport routes are long and 
Chinese exports are e r r a t ic  in 
timing and volume; main importers 
are long distances from major 
producers
few problems in transporting  tungsten 
products or ammonium paratungstate  
(APT)
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A va ilab il i ty  of su b s ti tu te s  (G):

Longer term s u b s t i tu ta b i l i ty  (6):

( iv )  Trade r i s k s
Collusive price  agreements (3):

( i i i )  Application/use r isk s
Total economic impact (5); market volume to ta l s  about

52 ODD tons per year
Effect on key in d u s tr ie s  (7): mainly used for carbide fo r  too l

t ip s  and to improve the p roperties  
of too l s te e ls ,  superalloys, 
special armour p la ting  and 
heavy duty s te e ls  
availab le  and often cheaper; 
molybdenum i s  an a l te rn a t iv e  alloy 
constituen t and titanium or tantalum 
carbides may be used for too l t ip s  
extensive engineering changes 
required to e ffec tive ly  replace 
tungsten, p a r t icu la r ly  unlikely 
in the e le c t r ic a l  sector

UNCTAD conferences on the 
s ta b i l i s a t io n  of tungsten prices  
fa i led  in  1981 and the producer 
countries ' working committee has 
had lim ited  success in balancing 
supply/demand and s ta b i l i s in g  p rices  
unlikely  since China needs foreign 
exchange generated by exports and 
l im its  se t  elsewhere on tungsten 
trade are not expected

3.5. Summary
Aluminium has a moderately high s t ra te g ic  fac to r (24.5) due to i t ' s  v i ta l  
importance in a l l  aspects of modern technology, from cars to supersonic j e t  
a i r c r a f t .  Energy requirements and long haul transport remain problems but the 
ore i s  mainly mined in p o l i t i c a l ly  s tab le  countries. Substitu tes for the metal 
and i t ' s  ore are d i f f ic u l t  to exploit and currently  not viable or in fe r io r  in 
qu a lity . Aluminium i s  a high volume metal with p a r t icu la r  involvement in 
growth in d us tr ie s  due to i t ' s  unique combination of p roperties .

Cobalt has a high s t ra te g ic  fac to r  (35.8) due to i t ' s  importance in  the 
e le c t r i c a l ,  aerospace and machine too l sectors and fears tha t the supply 
d isruptions of 1978 could be repeated. Over 60 per cent of a l l  cobalt derives 
from Southern Africa and i t  i s  la rge ly  a by-product of nickel or copper mining.

Embargoes (1):



Substitu tes  are usually of in f e r io r  qua lity  and not su itab le  for c o b a l t 's  
performance sen s it iv e  markets. Viable land-based reserves are re la t iv e ly  l im ited .

.Molybdenum has a moderate s t r a te g ic  fac to r  (14.7) due to the optimum 
combination of i t ' s  physical p roperties  which encourage i t ' s  extensive use in 
the manufacture of alloy s te e ls  and other m aterials for defence app lica tion s . 
Reserves are heavily concentrated in  the  U.S.A. and Chile. Over h a lf  of the  
annual mined production derives from the  U.S.A. although large cap ita l  
investment in  the 1970s has helped develop deposits in  other countries. The 
metal i s  currently  in  gross over-supply but i t  has shown an excellent record 
of growth in  consumption since 1946, mainly in energy-related and high technology 
app lica tions , Substitu tes are, in  most sec to rs , in fe r io r  on cost and performance 
grounds.

Tungsten has only a moderate s t r a te g ic  fac to r  (15.0) despite the heavy 
dependence on China and North Korea for mined supplies. I t  i s  a f a i r l y  low 
tonnage metal and su b s ti tu te s  are availab le  in  most applications. I t  i s  
valued for i t ' s  useful combination of strength  and wear res is tance , e spec ia lly  
a t  high temperature, and i s  mainly used in  metal working and construction 
machinery. In South Africa i t  i s  v i t a l  to  the mining industry in the form of 
tungsten carbide tipped ro c k d r i l l  b i t s .  New pro jec ts  are coming on stream to 
reduce the  West's dependence on e r r a t ic  Chinese exports and major supply 
d isruptions are  unlikely.



APPENDIX ONE

PRINCIPAL WORLD MOLYBDENUM MINES IN 1980

Gountrv Company Mine
Bulgaria Government (?) Medet
Canada Bethlehem Copper(P) Iona

Brenda Mines(P) Brenda
G ibra lter  MinesC?) G ibralter
Lorrex Mining(P) Lornex
Norands MinesC?) Boss Mountain
Gospe Copper (P) Copper Mountain, 

Needle Mountain
Placer DevelopmentC?) Endako
Utah Mines (P) Island Copper

Chile CODELCO (P) Chuquicaneata, 
El Taniente, 
El Salvador, 
Andina

Republic of Korea Korea Tungsten Mining(U-C) Sangdong
Peru S. Peru Copper (?) Toquapala
P h il l ip in es Atlas Consold. Mining 

and Dev. (?)
Biga

Marinduque Mining and 
Ind. (P)

Sipaloy

United States A5ARC0 (P) M ission,Silver Bell
Anamax Mining (P) Twin Buttes
C itie s  Service (?) Pinto Valley
Climax Molybdenum (R) Climax,Henderson
Cyprus Mines (P) Bagdad, Pima
Duval (P) Esperanza, Mineral 

Park, S ie r r i t a
Eisenhower Mining (?) Palo Verde
Insp ira tion  Consold. 
Copper (P)

Insp ira tion

Kennecott (P) Bingham,Chino, Ray
Magma Copper (P) San Manuel
Molycorp Inc. (U) Quests
Union Carbide (C-M) Pine Creek

U.S.S.R. Government (?) Kalmakyr, 
Balkhash, 
Umaltinok, 
Tyrny Auz, 
Kadzharan



CODE:
R : disseminated replacement deposits 
P : porphyry copper deposits 
U : vein deposit
C-M : contact metasomatic deposits 
? : unknown
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