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Maintaining and increasing the contribution
made to South Africa by the minerals
and metals industry

by P.A. JOCHENS.

SYNOPSIS
This review article first highlights the past performance of the industry and discusses the manner in which the

development of the industry has followed a logical progression from mining to the production of mineral and metal
products of specification purity. Then the numerous constraints against a .greater contribution by the industry are
enumerated.

Attention is drawn to the extent of further processing that can be undertaken in the context of mining and
metallurgical processing, not only to indicate the benefits that can be derived from the added-value conferred on
a mineral or metal commodity during each stage of its further processing, but also to point out some important
corollaries of further processing.

The many opportunities and challenges for an increased contribution by the minerals and metals industry are
then reviewed. This major section includes a list of commodities for which increased penetration of export markets
could be sought because the increasing resistance level (a term developed in this paper) has not been attained;
a list of commodities that are imported at present, many of which could be produced locally on the basis of identified
resources and expertise; a list of commodities for which additional uses should be developed so that South Africa,
which possesses the largest reserves and is the largest exporter, can i!"!crease its production rate; and examples
of commodities for which further processing is still at an early stagt..

SAMEV A TTING
Hierdie oorsigartikel vestig in die eerste plek die aandag op die bedryf se prestasies in die verlede en bespreek

die ontwikkeling van die bedryf in 'n logiese volgorde van mybou tot die produksie van mineraal- en metaalprodukte
met 'n gespesifiseerde suiwerheidsgraad. Daarna word daar op die talle beperkings op 'n groter bydrae deur die
bedryf gewys.

Die aandag word gevestig op die omvang van die verdere verwerking wat met betrekking tot mynbou en
metallurgiese verwerking onderneem kan word om nie alleen op die voordele van die waarde wat in elke verdere
verwerkingstadium tot 'n mineraal- of metaalkommoditeit toegevoeg word, te wys nie, maar oak op 'n paar belangrike
gevolge van verdere verwerking.

Daarna word die talle geleenthede en uitdagin~s vir 'n groter bydrae deur die mineraal- en metaalbedryf in 0611-
skou geneem. Hierdie belangrike afdeling sluit die volgende in: 'n Iys kommoditeite ten opsigte waarvan daar na
groter indringing van uitvoermarkte gestrewe kan word omdat die stygende weerstandspeil Cn term wat in hierdie
referaat ontwikkel word) nog nie bereik is nie; 'n Iys kommoditeite wat op die oomblik ingevoer word, maar waarvan
baie plaaslik geproduseer kan word op grond van ge"identifiseerde hulpbronne en kundigheid; 'n Iys kommoditeite
waarvoor bykomende gebruike ontwikkel behoort te word sodat Suid-Afrika, wat oor die grootste reserwes beskik
en die grootste uitvoerder is, sy produksietempo kan verhoog; asook voorbeelde van kommoditeite waarvan die
verdere verwerking nog in 'n baie vroee stadium is.

Introduction
The contribution made by the mining and metallurgical

sector in South Africa is often mentioned. The impor-
tance of this sector can be assessed in monetary terms
if it is considered that, in 1984, the revenue from the sales
of minerals and metals exceeded 20 000 million rands,
representing over 20 per cent of the gross domestic prod-
uct (GDP), and the foreign-exchange earnings represented
about three-quarters of the value of the total exports of
goods and services. However, in a broader sense, the min-
ing and metallurgical industry provides employment for
about one million people, makes the country independent
of almost all mineral and metal imports, provides a secure
basis for future industrial development, confers a con-
siderable degree of strategic importance on the subcon-

. Deputy President, Council for Mineral Technology (Mintek), Private

Bag X3015, Randburg, 2125 Transvaal.
@ The South African Institute of Mining and Metallurgy,

1985. SA ISSN oo38-223X/$3.00. + 0.00. Paper received 2nd
August, 1985.

tinent and, in constantly demanding industrial and
technical equipment, assists in creating sophisticated
secondary industries.

The country's strong dependence on the minerals and
metals industry leads to two questions.

(a) Can the contribution that is being made by the in-
dustry be maintained?

(b) Can its contribution be increased?

Both questions deserve careful consideration.

Past Performance of the Industry
The contribution by the minerals and metals industry

has continued to increase, certainly since the discovery
of the Witwatersrand goldfields before the turn of the
present century. For example, the production and sales
of minerals and metals increased steadily from 1000
million rands in 1963 to 3000 million rands in 1973, and
to 16 000 million rands in 1983; in only one year, name-
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ly 1981, was there a decrease. It is also evident that gold
continues to make the most significant contribution to
the foreign exchange earned by minerals and metals, i.e.
generally over 60 per cent. The on-going contribution by
this industry has required capital investment at a relatively
high rate, and over the past eight years the rate of in-
vestment has significantly exceeded the average annual
investment in economic activity.

Notwithstanding the above positive indicators, few new
mining or metallurgical ventures not related to gold or
coal have been started since the commissioning in 1980
of the new mine and concentrator in the northwestern
Cape Province, which produces copper, zinc, and lead
concentrates. In less than a decade before that, examples
of new activities included two plants for the production
of ferrochromium in the eastern Transvaal; a mining,
concentrating, and smelting operation for the production
of high-grade titania slag at Richards Bay; a plant for
the production of manganese metal in the eastern
Transvaal; and a plant for the recovery of vanadium
products from the Bushveld Complex. It is probably cor-
rect to speculate that the recent trend, rather than in-
dicating a smaller contribution in the future, reflects a
preference on the part of investors to invest in the
expansion of existing operations or to produce com-
modities for which the international demand appears
more assured. This is evidenced, for example, by the
major capital developments in gold mining, coal mining,
platinum mining and processing, and stainless-steel
production and rolling. Nevertheless, the comment is
sometimes made that the innovative spirit in the context
of new mining and metallurgical ventures may have
abated to some extent at this stage, which is not par-
ticularly surprising in the light of the international
economic downturn. The other comment sometimes
heard is that companies are expanding by acquiring
existing plants, and that this leads to fewer new ventures.

Overall, then, the past has seen a very consistent and
rapid growth in the minerals and metals industry, but it
is perhaps more difficult to visualize such continuing
growth in the future. There are signals that careful plan-
ning, and perhaps stimulation, may be necessary to en-
sure that the industry maintains its contribution to local
development. These signals include the difficulty in main-
taining present rates of investment, the relatively limited
scope of local processing activities (especially further pro-
cessing to consumer goods), the international economic
situation, and the possibility that the developed countries
have attained a level of saturation in mineral and metal
commodities and the developing countries, although
aspiring to higher levels of development, cannot afford
such development.

Extent of Processing in South Africa
It is readily evident, from transport costs for example,

that, where ore is mined for its precious-metal content
(from 5 to 10 glt for gold and platinum), processing to
high-grade concentrate must be undertaken at the mine
site. In the case of gold, the mining costs in the Transvaal
and Orange Free State so outweigh all the subsequent pro-
cessing costs that extremely high metallurgical recoveries
must be obtained. Because fine milling and cyanidation
provide better recoveries than any physical concentration

process, it is logical for the ore to be processed (through
to gold bullion) at the mine and merely to have the final
refining undertaken at a central local refinery. Diamonds
are recovered at the mining site for similar reasons.
However, for a considerable period after World War 11,
refractory sulphide concentrates of very high gold grade
from the eastern Transvaal were shipped overseas for fur-
ther processing of the complex material.

The recovery of the platinum-group metals (PGM)
depends on a flotation step, which produces a concen-
trate for further processing. The major loss of PGM
occurs during this flotation step (about 15 per cent); all
the subsequent steps are responsible for a loss in the
overall recovery of only about 2 per cent. It could be
argued, therefore, that concentrates could have been ex-
ported or toll-refined overseas. In fact, it is only during
1985 that a hydrometallurgical plant for processing the
copper-nickel matte of one of the platinum J2[oducers
will be commissioned, although the refining of the PGM
has been undertaken locally for some considerable time.
The PGM industry thus lends itself to a sequential in-
vestment, the final objective being the production of
PGM to specification purity together with copper, nickel,
and cobalt as co-products. This has now been achieved
by all three producers of PGM in South Africa.

The approach adopted in the exploitation of the PGM
can be extended to the base metals, e.g. copper, zinc, and
lead, in that all of them are concentrated by flotation
before being converted to metal. Therefore, producers
could sell concentrates initially, and subsequently erect
pyrometallurgical or hydrometallurgical processing plants
to permit further processing locally. This sequence led
to the establishment of plants for the production of cop-
per and zinc cathodes after the initial exportation of con-
centrates, but lead is still processed only through to the
sulphide concentrate. (Only for four years has the con-
centrate been available in sufficient quantities to supply
a local metal-production facility.)

Two other metals that occur in small concentrations
in the ore call for consideration in this regard.

The fIrst is uranium, which is recovered as a co-product
of the gold-mining industry. It has to be recovered at the
mine because of its low grade and because adequate
recoveries can be achieved only by use of a hydro-
metallurgical process. The mines process the ore through
to ammonium diuranate, and this is calcined to the oxide
in a central plant prior to export. Naturally, the possibility
of further processing leads to a consideration of enrich-
ment, and a conversion and enrichment plant is under
construction. The enrichment programme towards
reactor-grade fuel, although a logical extension in the
chain of further processing, has an additional incentive
in that it will assure a continuing source of enriched
uranium to provide fuel for existing and future nuclear-
power reactors.

The second metal is vanadium, which occurs in the
form of oxide at a concentration of about 1,5 per cent
in the titaniferous magnetites of the Bushveld Complex.
Initially, the ore was processed only to recover the
vanadium as the pure pentoxide, but subsequently a novel
process was developed and a plant constructed that
recovers vanadium in a vanadium-rich slag. It also
recovers iron, which is converted to steel and rolled into
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sections. The oxide, carbide, and nitride of vanadium and
ferrovanadium are now produced as well as a vanadium-
rich slag, but the latter, which constitutes the major pro-
portion of the exported vanadium, is processed further
overseas.

The oxide ores, e.g. the oxides of iron, chromium,
manganese, and even titanium, are sufficiently rich in
metal (either as mined or after beneficiation) to be ex-
ported. Although the ores are still exported, further local
processing is now being undertaken; that is, iron, steel,
ferrochromium, ferromanganese, and stainless steel are
being produced. Titania-rich slag is also produced, and
the production of pigment-grade titania is now based on
locally produced titania slag. However, it is interesting
to note that, in each case, South Africa has continued
to export the whole range of products-ore, concentrate,
intermediate product, and final metallurgical product-
indicating that further local processing for domestic con-
sumption and for export purposes was attained in open
competition with foreign companies who continue to have
access to the same raw and intermediate materials. Also,
further local processing for export purposes requires
careful planning to ensure minimum interference with
existing markets for the raw materials and intermediate-
processed products.

The local industry based on the world's largest land-
based reserves of manganese ore is of specific interest in
that further processing led, not only to the production
of several ore types and various grades of ferromanganese
and ferromanganese-silicide alloys, but also to the
production of electrolytic manganese and, more recent-
ly, cell-grade manganese dioxide.

In general, it can be seen that further processing steps
are initiated after the mining activity has been establish-
ed, and that the scope of products is widened, meaning
that the overall benefit to the region and its people of
the mineral or metal reserve is increased with time. It is
evident that additional options for further processing and
widening of the range of products, apart from increas-
ing the current production levels of existing products,
constitute a continuing challenge to the minerals and
metals industry.

It is interesting to note that the further processing of
imported raw materials is also undertaken (as occurs in
most industrialized countries). For example, the alum-
inium smelting industry and the tungsten carbide industry
are still based on imported intermediate-processed prod-
ucts. Aluminium and tungsten ores were discovered in
South Africa in recent years, and alternative raw materials
can be identified. The opportunities are obvious.

Certain mineral and metal products that are imported
for use by various industries have an associated strategic
importance. These include molybdenum, tantalum,
niobium, magnesium, and rare-earth metals. Local
resources have been identified for all these elements, as
well as possible process strategies. Again, the oppor-
tunities are obvious.

Similarly for the non-metallic minerals such as
fluorspar, apatite, and andalusite, further processing has
been initiated with time, but challenges and opportunities
continue to exist.

Overall it is evident that the development of the
minerals and mf'.tals industry in South Africa has follow-

ed, and continues to follow, a logical progression with
respect to increased production, increased range of prod-
ucts, and further processing of mineral and metal prod-
ucts to specification purity. Progress depends very much
upon the development of appropriate technology and the
raising of the required financial resources, brought
together by the entrepreneurial spirit ofthe leaders in the
mining and metallurgical industry. However, there ap-
pears to be a marked break in the extension of further
processing to the manufacture or fabrication of end-use
products from the minerals and metals available to the
local manufacturing industry.

Constraints against Greater Contribution by the Industry
It is now generally accepted that there are limitations

to growth, and there is no obvious reason why this should
not also apply to the South African minerals and metals
industry. However, the industry has not yet achieved its
ultimate contribution and must overcome the constraints
that limit its expansion. There are several factors that can
act as constraints and these are discussed below.

Grade and Complexity of the Ore
The grade of the in situ ore is obviously the most im-

portant single parameter that affects the economic viabili-
ty of a deposit. It stands to reason that, as the reserves
of higher grade and those more readily mined become
depleted with time, reserves of lower grade and those
more difficult to mine have to be exploited. South
Africa's record in the profitable exploitation of relative-
ly low-grade ores, such as those of some gold mines and
the copper mine at Phalaborwa, is exceptional by inter-
national standards. South Africa has also demonstrated
that ores giving rise to initially unacceptable products in
the existing market place can be converted into profitable
large-scale operations. For instance, the chromite ores of
the Bushveld Complex have a chromium-to-iron ratio of
about 1,5 to 1, in contrast to a ratio of 3 to 1 that was
previously accepted as the grade for metallurgical
chromite ores; yet the Bushveld ores now constitute the
raw material for the major proportion of the ferro-
chromium produced in the Western World. The treatment
of complex ores has often had to be confronted and solv-
ed with novel process strategies, as in the co-production
of steel and vanadium-rich slag from vanadium-
containing titaniferous magnetites, and in the recovery
of apatite, copper, zirconium dioxide, and uranium
oxide from the complex deposit at Phalaborwa.

Such expertise and determination will be required in
increasing measure to mine and process such resources
as the uranium in the Karoo, the bauxite deposits in
Natal, the several low-grade copper-nickel-cobalt
deposits, and the pegmatite deposits in the northwestern
Cape Province for the recovery of tantalum, niobium,
and other commodities.

Production Costs
The mineral and metal deposits of South Africa are

exploited mainly by private enterprise, and most of the
products are marketed overseas. This implies that the
commodities have to be produced at a competitive cost,
especially in the context of exports. This has been achiev-
ed for many locally produced minerals and metals, but
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there are other commodities for which export appears to
be more difficult.

Production costs depend predominantly on capital and
operating costs, the latter including the costs of labour,
raw materials, energy, transport, reagents, and main-
tenance. Where there had previously been advantages in
certain cost items, a rapid erosion has taken place over
the past few years, and this could have a negative effect
on the contribution made by the minerals and metals
industry.

Saturated Markets
The markets for minerals and metals can become

saturated as the result of either an increase in the rate
of production that is greater than the increase in con-
sumption (e.g. copper), or of a lower demand that is
maintained for some time (e.g. steel). The result is com-
petition between producers as regards selling price and,
to a lesser degree, quality of product.

Any venture involving a commodity that is to be sold
into an adequately supplied international market will ob-
viously be seriously hampered but can nevertheless suc-
ceed, as demonstrated several years ago by the entry of
a third platinum producer in South Africa. In general,
a new producer has to strive for techno-economic advan-
tages in the overall process and so increase his chance of
competing successfully with existing proGucers, both local
and foreign.

Insufficient Local Consumption
The extent of an existing local market for a mineral

or metal often directly affects the establishment of a new
industry. The local market provides a base-load for the
new product and, when the producer has gained con-
fidence from his local sales, he can increase his produc-
tion with the object of entering the export market.
Presumably, the early years of a new venture during
which only the local market is supplied can also provide
a degree of protection via limited import tariffs and in-
direct State assistance, e.g. the creation of infrastructure.
Such stepwise development was the approach in several
mineral and metal industries.

When the local consumption of a commodity is less
than the production capacity of a conventionally sized,
economically viable plant, even the first phase of a pro-
ject will have to depend on successful exports. This con-
straint can be severe, especially if international produc-
tion capacity is more than adequate. For example, the
export of lead sulphide concentrates in the face of an an-
nual local demand of about 20 to 30 kt of lead metal
(apart from recycled metal) can be ascribed to the fact
that conventional technology requires an annual produc-
tion capacity of about 80 kt to be competitive.

Extent of Market Share
Because importing countries are not willing to become

too dependent on anyone exporting country for a com-
modity, the exporting country can expect to supply only
a certain proportion of the international market. In cer-
tain commodities, South Africa has been able to achieve
a level of production, or a level of export, equivalent to
about 50 per cent of the Western World, and could main-
tain such a level. These commodities include gold, PGM,
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chromite ore, high-carbon ferrochromium, manganese
metal, alumino-silicates, and vanadium (predominantly
in the form of slag). However, it has become evident that,
at such a level or higher, the importing countries make
increasing funds available to assist in the proliferation
of suppliers, the development of substitutes for the com-
modity, or the reduction of consumption. Presumably,
the corollary must hold to some degree; namely, if the
other mineral and metals that South Africa produces and
exports competitively have not reached this arbitrary 'in-
creasing resistance level', they can be stimulated to at-
tain increased penetration of foreign markets. Further-
more, although chromite ore and ferrochromium have
attained the increasing resistance level, the production of
stainless steel (the next step in the further-processing
cycle) is still only about 1 per cent of the world's pro-
duction. It can be concluded that, when the increasing
resistance level for a lower-processed product has been
reached, greater emphasis should be placed on the next
level of processing, even if this is difficult to implement.
Expansion of the product range is an obvious extension
of this theme, for example the production of chromium
chemicals and metal for the export market.

Protection of Home Industries by Importing Countries
Although it is, at least initially, a normal reaction for

a country to support or protect its local producers in the
face of a strong export drive from another country, such
support or protection normally does not continue for
ever. The very rapid and determined expansion of the
South African ferrochromium industry over the past two
decades affords an example of this contention. This
modern electric-smelting industry rapidly established an
international reputation for its exceptionally large
furnaces, technical expertise, comparatively low produc-
tion costs, quality of product, and assurance of supply.
Existing ferrochromium producers in some of the highly
developed countries found it increasingly difficult to re-
main competitive with the alloys exported from South
Africa. Much wrangling, in the form of suggestions of
State support, dumping charges, trigger prices, and in-
creased import tariffs, etc., did not eradicate the problem;
in fact, additional plants were erected in South Africa
with capital or know-how sometimes supplied by the im-
porting countries.

The following rationale is suggested as having exerted
a considerable influence on the slow acceptance of South
Africa's increasing role in the supply of ferrochromium
alloys. South Africa had demonstrated over several years
that it could produce the alloys very competitively and
could continue to do so; that is, a reliable, relatively low-
cost, major producing country had identified and prov-
ed itself. By protecting its own ferrochromium producers,
a would-be importing country would increase the cost of
ferrochromium to its stainless-steel producers (which are
much larger enterprises in the context of capital invest-
ment, revenue earners, and job opportunities) and would
thereby adversely affect the competitiveness of its stainless
steel. The eventual result is a scenario in which the im-
porting country decreases its production of ferro-
chromium alloys to a minimum strategic level, and in-
creases its imports from as wide.a base as possible, Le.
the 50 per cent increasing resistance level would still

o.



apply. Similar local developments on the basis of a hard-
won reputation in mineral and metal products should not
be impossible.

Limitations to Further Processing and Increased Product
Range

The benefits that could accrue from further local pro-
cessing and an increase in the range of available products
are very considerable, but apart from the constraints
already outlined, there are other limitations.

(a) A production plant for further processing may be
more capital-intensive than the mining or inter-
mediate processing steps.

(b) Further processing often inherently implies a greater
dependence on high technology.

(c) The combination of capital-intensive plant with
relatively advanced technology requires a greater pro-
portion of educated, trained, and skilled manpower,
and this is already in short supply. This underlines
the need to increase the opportunities for appropriate
technical education for all population groups. It is
pertinent that apparently not all the population
groups display the same degree of interest in
technically-biased career paths.

(d) Because of its historical development, the South
African mining and metallurgical industry appears
to have followed a particular approach to investment
in which confidence is engendered more readily in
a new mining activity associated with partial process-
ing than in one concerned with further processing.

(e) The international reputation that South Africa has
gained for its overall expertise in mining and partial
processing does not yet extend as widely to the pro-
cessing steps that lead to end-products.

(t) Further processing usually calls for increased mar-
keting requirements and more complex specifications
for the mineral and metal products concerned.

(g) Countries that undertake further processing at pre-
sent are likely to continue, not only for the same
reasons that South Africa would like to do so, but
also because they do not usually have the opportunity
for the front-end mining and partial-processing steps.

(h) Although there is considerable competition against
South Africa in the field of raw materials and
intermediate-processed materials, far greater com-
petition will continue to exist in the field of process-
ing towards end-products because the competition is
based, not only in countries that possess the raw
materials, but also in highly developed countries that
import the raw materials or intermediate-processed
material for further processing.

Maintaining the Industry's Contribution
As already mentioned, there are several constraints

against an increased contribution to the GDP by the
minerals and. metals industry, and these obviously also
apply in various degrees to maintaining the industry's
contribution. Two additional aspects require specific
attention.

(1) For no commodity is South Africa the only country
that possesses the raw materials, and competition

from other countries that possess the raw materials
will continue. Indeed, additional suppliers of raw
materials and producers of intermediate-processed
products will come forward in an attempt by coun-
tries that possess the reserves to increase the benefits
to be derived from their resources.

(2) The most commonly mentioned advantages of the
South African mining and metallurgical industry, i.e.
access to large reserves of raw materials, relatively
cheap energy, and comparatively low-cost labour, are
continuously at risk. The large reserves are often of
low grade, and are increasingly difficult to mine and
process economically; the price of electrical energy
is beginning to approach that of some competitors;
and the labour costs are increasing rapidly with a
decrease in the wage gap between the various levels
of skills, and with inflation and relatively low
productivity.

Although the above factors (some of which are not
within the control, or are only partially within the con-
trol, of the minerals and metals industry) may militate
against the industry maintaining its current contribution,
the following opportunities and challenges exist:

(a) a reduction in capital costs by the use of the optimum
mining and process options, or the development of
improved processes;

(b) the achievement of lower operating costs by

(i) decreasing labour costs or increasing produc-
tivity through the judicious introduction of
mechanization, automation, computer control,
improved training, and larger unit operations,

(ii) decreasing the costs of raw materials, which are
predominantly a function of mining costs, by
the use of novel mining techniques such as
back filling for ultra-deep gold mines,

(iii) reducing the cost of the energy component by
reducing the proportion of electrical energy or
replacing it with the direct utilization of coal,
or by developing new strategies that are more
energy-efficient (and therefore more cost-
efficient),

(iv) decreasing the cost of reagents by optimizing the
overall flowsheet, developing cheaper reagents,
recycling reagents, and developing processes that
utilize less or cheaper reagents,

(v) reducing the cost of plant maintenance by selec-
ting optimum materials of construction and
modifying the design of components; and

(c) the attainment of recoveries higher than the existing
recoveries, provided the additional recovery does not
lead to a lower after-tax return on investment.

A successful approach to these challenges depends, not
only on a company's enterprise and willingness to be in-
novative, but also on local research and development,
which should be undertaken by private and State-
supported organizations. It is self-evident that the
challenges to the minerals and metals industry and the
opportunities for it to maintain its current contribution
have equal relevance in the context of an increased
contribution.
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Extent of Further Processing
The importance of the further processing of minerals

and metals that are mined in South Africa, and so in-
creasing the overall benefit that can be derived from them,
has been stressed for decades. This subject received par-
ticular attention from the Commission of Inquiry into
the Export Trade of the Republic of South Africa (the
Reynders Commission, RP69/72, ISBN 0 621 00386 7,
Volumes I and II) and, very recently, in the White Paper
on Industrial Development Strategy in the Republic of
South Africa (ISBN 0 621 09499 4).

Added value is conferred on a mineral or metal com-
modity during each stage of its further processing. In fact,
the original price of the ore after being mined may cease
to be a cost factor along the line. For example, local
chromite ore (45 per cent Cr2O3) is sold at about R50
per ton, whereas 1 ton of ferrochromium produced from
about 2 tons of ore sells at about Rlooo. Although the
price of chromium units in stainless steel is difficult to
quantify, stainless-steel sheet (which contains only 18 per
cent chromium but also 8 per cent nickel) sells for about
R4000 per ton, and the price of stainless-steel cutlery can
be R50 000 per ton.

This example, while illustrating the rapid increase in
added value as a result of further processing, immediately
focuses attention on three other aspects.

(1) With further processing, the price of a commodity
is no longer directly linked to an internationally
accepted and quoted price.

(2) The marketing expertise that is required and the
ability to interpret consumer taste are increased
phenomenally.

(3) The advantages of possessing the raw material
become less important with further processing until
they bring no advantage except, perhaps, continuity
of supply.

For the purposes of this discussion it is necessary to
define what is meant by the further processing that can
be undertaken to attain the benefits of added value within
the realms of mining and metallurgy. The processing of
minerals and metals to specification purity, including pro-
cessing to alloys and chemicals, is certainly within the con-
text of further processing; that is, further processing in
the context of a primary sector proceeds to the stage at
which the manufacturing industries can directly utilize
the mineral and metal products, which now possess the
chemical and physical attributes suitable for manufac-
turing and fabrication purposes. Naturally, there is no
sharp demarcation: it can be economically advantageous
either to extend primary processing to the production of
an end-product (e.g. rolling of steel into rails), or the
reverse (e.g. the separation and purification of the
precious metals in anode slimes by a manufacturer of
precious-metal consumer goods). Obviously, mining, ex-
tractive metallurgy, physical metallurgy, and materials
science and engineering extend sequentially with con-
siderable overlap all the way along the production route
to the final product.

The highly industrialized nations derive a significant
proportion of their GDP from the manufacturing sector,
which is often based on imported raw materials or on

intermediate-processed mineral and metal commodities.
The extent of further processing or its limit in a
metallurgical sense as identified above is not meant to
indicate that local industry should not proceed beyond
that point, but merely promotes the idea that every at-
tempt should be made by the minerals and metals industry
on as wide a front as possible to approach this limit. The
country as a whole could identify those opportunities or
challenges for manufacturing and fabricating components
and consumer goods beyond that limit for the purposes
of local consumption and export.

Opportunities for an Increased Contribution
Opportunities for increasing the contribution made by

the minerals and metals industry to the GDP will con-
tinue as long as man requires materials based on minerals
and metals for construction, transport, and the produc-
tion and fabrication of consumer products. There is am-
ple evidence that the consumption of specific mineral and
metal commodities may change both on an annual basis
and in the long-term, and certainly some specifications
will change as a function of novel applications. For South
Africa, the opportunities can be categorized into a
number of approaches, and these are listed below.

Exploitation of New Deposits
It is apparent that new deposits can still be discovered

in the richly mineralized subcontinent, and local exper-
tise is such that appropriate process technology can be
developed, or imported and adapted, in the exploitation
of such deposits. Examples in recent years are the demar-
cation of the mineralized beach sands in northern Natal,
and the production of titania-rich slag from them; the
discovery of the base-metal deposit in the northwestern
Cape Province and the establishment of a mine and con-
centrator to produce concentrates of copper, lead, and
zinc sulphides; and the production of silicon metal from
the high-purity quartz deposit in the Pietersburg area.
Several other new deposits have been identified, but min-
ing and processing are apparently not economically viable
at this stage. These include the large deposit of zinc
sulphide at Gamsberg, the copper-nickel deposit at
Uitkomst, and the uranium deposits in the sandstones of
the Karoo.

Continuing investment in prospecting to locate new
deposits and to extend the reserves of existing deposits,
and in the development of appropriate technology for the
mining and metallurgical processing of these deposits, is
a primary ongoing requirement for a country so depen-
dent on its minerals and metals industry, and is an essen-
tial precursor to an increased contribution by the minerals
and metals industry.

Increased Penetration of Export Markets
As already suggested, an exporting country can aspire,

on the basis of its major economically viable reserves of
raw materials, to a level of production or export that is
equivalent to about 50 per cent of that of the Western
World, and South Africa has attained this increasing
resistance level in respect of some mineral and metal com-
modities. It was also suggested that, for commodities in
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which the increasing resistance level had not been attain-
ed, exports could be stimulated. On this basis, the follow-
ing commodities require consideration.

Aluminium. The local annual production of aluminium
(167,4 kt in 1984) is based on imported cell-grade
alumina, and about half of the aluminium is available
for export, representing about 1 per cent of the world's
annual consumption.

Antimony Concentrate and Trioxide. With 12 per cent
of the Western World's reserves, the Republic of South
Africa in 1983 contributed some 24 per cent of the
Western World's production. Much of the concentrate
is converted to trioxide before being exported.

Asbestos. Local reserves amount to 8,4 per cent of the
Western World's reserves, and in 1983 South Africa ac-
counted for about 13 per cent of the Western World's
exports. Increased exports may be difficult owing to the
expected decreases in demand.

Chromium Chemicals. Sodium dichromate and chromic
acid are produced in South Africa, predominantly for the
limited local market. Like the other industries based on
local reserves of chromite ore, the chromium chemicals
industry should be considered in the context of an increas-
ed export potential. However, significant export is likely
only if an alternative process route that is not based on
imported soda ash can be developed.

Coal. South Africa's in situ reserves of all types of raw
coal amount to 116 Ot, and it is estimated that
recoverable reserves amount to 59 Ot (about 11 per cent
of that of the world). The annual production of coal
reached 162 Mt in 1984, which represents 10,6 per cent
(second-largest producer) of the Western World's prod-
uction. Over the past decade, coal exports have increas-
ed significantly, and South Africa exported 30 Mt in
1983, which represented 15,2 per cent of the Western
World's exports. Export earnings from coal in 1983 were
second only to gold in the minerals and metals sector,
and annual exports are expected to exceed 40 Mt during
1985, and increase to 80 Mt per annum by the end of the
century. Obviously, the price of alternative forms of
energy will directly affect the export potential of coal.
Also, it will be necessary to ensure that adequate sup-
plies of coals that can be utilized as reducing agents by
the local pyrometallurgical industry continue to be
available to permit increasing exploitation of the vast
reserves of oxide ores in the country.

Cobalt. Like nickel, cobalt is a co-product of the three
POM mines. The reserves constitute 0,4 per cent of the
world's reserves, and the limited local production rate is
likely to remain linked to the demand for POM. Other
potential sources of cobalt (as a byproduct) have been
identified, for example during the extraction of gold and
uranium.

Copper. South Africa possesses 1,2 per cent of the
world's reserves, and produced 2,5 per cent of the world's
copper in 1983. There appears little prospect of
significantly increasing South Africa's production rate on
the basis of the known limited reserves, which are of low
grade, and the very considerable excess production
capacity available in the world. Indeed, as the local de-

mand for copper increases, the proportion available for
export is likely to decline over the next decade.

Diamonds. South Africa possesses the world's second-
largest reserves of diamonds (24 per cent) and in 1983
was the third-largest producer of rough diamonds, pro-
ducing 18,4 per cent ofthe world's production. The com-
plex relationship between the supply, demand, and
marketing of this commodity is likely to significantly af-
fect its particular increasing resistance level.

Electrolytic Manganese Dioxide. Production started in
1982 for local consumption, but export could be the next
phase. By analogy with locally produced manganese
metal, considerable penetration of international markets
may be possible. .

Ferromanganese Alloys. South African exports in 1983
amounted to 23 per cent ofthe Western World's exports.
Presumably, continuing efforts to optimize smelting
operations and the possible adoption of new technology
designed specifically for local ores (or beneficiated ores)
could assist in increasing the level of penetration in
foreign markets. However, the expected slow growth rate
in the demand for ferromanganese alloys does not create
a suitable climate for readily increasing the market share.

Fluorspar. Although South African reserves are the
largest in the world (31,1 per cent), in 1983 local produc-
tion amounted to 12,1 per cent and exports represented
25 per cent of that of the Western World. Presumably,
when the recession in the industrialized countries comes
to an end, the demand for fluorspar for the production
of hydrofluoric acid, for the steel industry, and for the
ceramics industry will increase, and that may be an op-
portune time to increase penetration of the export market.

Lead Concentrates. Within the past five years South
Africa has become a significant producer of lead in con-
centrates, contributing 2,6 per cent to world production
in 1984. On the basis of reserves constituting 5,3 per cent
of the Western World's reserves, exports could possibly
be increased.

Manganese Ore. South Africa possesses the world's
largest land-based reserves, estimated at 12,7 Ot, and was
the largest exporter in the Western World in 1983 (35 per
cent). Improvements to processes for the beneficiation
of this ore continue to be investigated to improve the de-
mand, and consideration could also be given to the
development of alternative smelting strategies that are
specifically designed for the ore.

Nickel. Nickel is derived predominantly as a co-product
from the three POM mines. Although the reserves
amount to 6,1 per cent of the world's reserves, the rate
of production (in 1984 South Africa was the fifth-largest
producer in the Western World) is linked directly to the
demand for POM (and hence to their rate of production).
Therefore, a production rate beyond the current 5 per
cent of the Western World's supply (the major portion
is exported) is likely to be achieved only if the known
deposits that can be exploited as primary nickel producers
(for which process routes still have to be developed) can
be brought into production.

Phosphate Rock. The Republic of South Africa possesses
6,7 per cent of the world's reserves of phosphate rock
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(e.g. apatite), and in 1983 contributed 3 per cent of the
Western World's production. However, owing to local
consumption and local conversion to phosphoric acid and
di-ammonium phosphate in plants erected to supply the
local and export market, in 1983 phosphate rock from
South Africa amounted to only about 0,7 per cent of the
Western World's exports. On the basis of the reserves and
the available technology on the concentration of the ores
(and new technology being developed), the share of the
international export trade has continued to increase.

Silicon and Ferrosilicon. The only South African pro-
ducer of silicon (by submerged-arc electric smelting of
high-purity quartz in the northern Transvaal) has a maxi-
mum production capacity of about 42 kt per annum, and
the maximum production capacity for ferrosilicon is
about 85 kt per annum. The major proportion of the an-
nual production is exported, in 1983 contributing 13 per
cent silicon and 2,6 per cent ferrosilicon to the world's
exports.

Silver. Local reserves are estimated at about 2,9 per cent
of the world's reserves and, as the production rate (217 t
in 1984) is linked to the production of gold and base
metals, it cannot be stimulated directly.

Stainless Steel. Having the largest reserves of chromite
ore in the world (4300 Mt), South Africa recently attain-
ed the increasing resistance level in the context of
chromite ore and ferrochromium, but it is significant that
the local production of stainless steel only recently attain-
ed a level that is capable of meeting a major proportion
of local demand. The annual production is only about
1 per cent of that of the world. On the basis of the reserves
of ore, advanced ferrochromium smelting technology, a
modern stainless-steel plant and rolling mill, and a
predicted steady increase in international demand, it
should be possible for South Africa's penetration of the
world's stainless-steel market to be steadily increased. The
development of novel specifications and integrated pro-
cessing strategies from ore to stainless steel could facilitate
the realization of this objective.

Steel. The local reserves of iron ore of 9400 Mt constitute
4,8 per cent ofthe world's reserves, but even this modest
proportion places South Africa in fifth position in the
Western World. In 1983, South Africa was the eighth-
largest producer of iron ore in the world, with 4 per cent
of the Western World's production. However, exports
of iron ore decreased from a peak of 17,3 Mt in 1979 to
11,8 Mt in 1984, predominantly because of a lower world
steel production. The annual steel production in South
Africa attained a peak in 1980 of about 9 Mt, but the
exports remained constant at around 2 Mt per annum
from 1977 to 1984. Although local iron- and steel-making
technology is being modified (for example, the world's
largest direct-reduction plant based on rotary kilns and
the use of solid reducing agents was commissioned recent-
ly), it is difficult to predict significant increases in export
potential because of the worldwide excess production
capacity, import restrictions imposed by many countries,
and relatively low growth rate in demand.

Tin. The local annual production of tin in the form of
concentrates amounted to 1,4 per cent of the world's pro-
duction in 1983, and the exports in 1984 amounted to

828 t as metal and 714 t as concentrates. On the basis of
the modest known reserves, it would be difficult to plan
for increased exports.

Titanium Dioxide. Local reserves of titanium are
equivalent to 10,8 per cent of the world's reserves, and
in 1983 South African exports of titanium dioxide as
minerals and titanium slag amounted to 18 per cent of
the world's exports. An increasing penetration of foreign
markets could be considered.

Uranium. South Africa possesses the second-largest
reserves (12 per cent) and was the third-largest producer
of Ups in the Western World in 1984 (14,8 per cent).
More than 98 per cent of the uranium produced in South
Africa is derived as a co-product of the gold mines-the
balance is produced as a co-product from the copper
deposit at Phalaborwa. Effectively, maximum local pro-
duction is controlled by the rate of gold production,
which has remained relatively constant for several years,
but the annual local production of uranium is limited by
the international demand for the commodity. South
Africa's expected annual requirements of uranium to be
converted to nuclear fuel are minor at this stage, and ap-
proximately 95 per cent of the local production is
available for export. The industry, as a result of con-
tinuing depressed prices, closed three plants during 1984,
and reduced the production from some dump-
reprocessing plants. Rather than a consideration of in-
creased production, effort is being focused on maintain-
ing the competitiveness of the current producers by op-
timization of the metallurgical process. The uranium in
the sandstones of the Karoo and associated with a par-
ticular coal deposit are not likely to receive major atten-
tion in the context of additional uranium production in
the near future.

Vanadium Compounds. Not only does South Africa
possess the world's largest reserves, but it has also attain-
ed the increasing resistance level. The major proportion
is exported in the form of vanadium-rich slag, which is
produced as a co-product during the processing of
vanadium-containing titaniferous magnetites to steel.
Vanadium pentoxide, ferrovanadium, and the carbide
and nitride of vanadium are produced for local steel
plants, and some of the commodities are exported. It ap-
pears that the penetration of the markets for these
further-processed vanadium products in the Western
World could be increased significantly on the basis of
local reserves and the production capacity for slag.

Zinc. Local reserves constitute 4,3 per cent of the world's
reserves, and the local production of zinc metal (started
in 1969) has reached a level of91 kt per annum to satisfy
local requirements. Relatively small quantities of zinc
concentrates are exported but, unless new known deposits
are brought into production, a shortfall in zinc concen-
trates to supply the local zinc plant can arise within the
next two years.

Zirconium Dioxide. With 17,9 per cent of the world's
reserves, South Africa in 1983 contributed 22,3 per cent
to the world's production of zirconium minerals. Because
local production is based on the exploitation of the beach
sands at Richards Bay (predominantly for titania) and
of the ore at Phalaborwa (predominantly for copper and
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apatite), the production rate of zirconium minerals is link-
ed to the demand for these main products.

Increased Range of Mineral and Metal Products
Although the motivations and the results from the ex-

pansion of the product range and further processing are
similar, their implications to South Africa in the context
of industrial technology, manpower development, and
infrastructure are often different because an expanded
product range generally involves horizontal expansion
often associated with similar technology or technology
already available within another local industry, whereas
further processing involves vertical growth, often
associated with more advanced technology and marketing
requirements. For example, an expansion of the product
range in ferrochromium alloys has resulted at various
times in the local production of high-carbon, medium-
carbon and low-carbon ferrochromium alloys and ferro-
chromium-silicide, whereas further processing has been
achieved by the conversion of high-carbon ferro-
chromium to several existing grades of stainless steel. The
production of cell-grade manganese dioxide by the largest
producer of manganese metal, which was initiated recent-
ly, is an excellent example of an increase in the product
range within the same technological expertise.

Opportunities for increasing the range of mineral and
metal products can be sought for several of the mineral
and metal commodities that are produced locally. An in-
teresting observation is that, although the range of prod-
ucts is already considerable, the production rate of a
single major product is often significant by world stan-
dards whereas the remaining products in the range do not
share a similar market penetration, for example exports
of high-carbon ferrochromium versus those of low-
carbon ferrochromium and ferrochromium-silicide. It ap-
pears that the other products in the product range that
do not enjoy the same market penetration as does the
main product are often associated with a degree of pro-
cessing beyond that for the main product, and are more-
specific products of the generic main product.

It should be recognized that an increase in the product
range does not rely only on an expansion of a limited
range to a full range of products. Such an increase should
also include a consideration of the production of novel
variants that could assist in increasing the overall export
of the mineral or metal under consideration, or could act
as a buffer when the overall demand or the demand for
specific compositions declines; for example, the produc-
tion of ferrochromium alloys of high chromium-to-iron
ratio from local ores with a low chromium-to-iron ratio
could benefit both from lower transport rates for the ex-
port chromium units (thus retaining the iron units within
the company, no payment being received for the iron in
ferrochromium), and from the supply of a product with
an inherently higher chromium-to-carbon ratio, with ad-
vantages during the conversion of stainless steel by the
argon-oxygen decarburization (AOD) process.

Increased Self-sufficiency
It appears that South Africa possesses resources of all

the minerals and metals that are required to sustain a self-
sufficient industrialized economy. That several of these
commodities continue to be imported is a result of the

constraints mentioned previously and of the competitively
low cost of specific imports. As economically viable
reserves are identified and appropriate processing
technologies are developed, or as local consumption
becomes capable of supporting an economically viable
mining and metallurgical operation, additional mineral
and metal commodities (including byproducts) will be
produced locally. Obviously, an interruption of these im-
ports could remove the constraint of the profit motive.

The creation of a mining and metallurgical industry to
produce a mineral or metal commodity that was not
previously produced in South Africa, not onl~ decrea.s~s
the reliance on an imported (and therefore a strategIc)
commodity and leads to savings in foreign exchange and
increased job opportunities, etc., but it also provid~s t~e
basis for the possible exportation of that commodIty III
the future. There are several opportunities of this kind
in South Africa, and some mineral and metal com-
modities that are used in large quantities, or for which
the annual local consumption can be predicted to increase
significantly, should be evaluated with respect to the
possibilities of local production. It is inevitable that
several commodities will continue to be imported as long
as they continue to be freely available, but the com-
modities listed below indicate that some short-term and
some longer-term opportunities do exist.

Alumina. Although South Africa has become a producer
of aluminium and provides more than what is required
to meet local demand, Le. an export capability has also
been created, cell-grade alumina is imported. When the
aluminium smelter was established, there were no known
deposits of bauxite in South Africa. However, this pic-
ture changed when deposits of bauxite of reasonable
grade (which are capable of being upgraded to high-grade
bauxite concentrates by conventional ore-dressing pro-
cedures) were discovered in Natal. The reserves are
estimated to be adequate for 20 years at the current rate
of consumption, and the bauxite and upgraded products
derived from it have been shown to be amenable to the
conventional Bayer process for the production of cell-
grade alumina. In addition, South Africa possesses the
aluminium-containing raw materials that are being con-
sidered as alternative sources of aluminium for the novel
process technologies being developed in several countries,
e.g. coal ash, various clays and shales, syenites, and
phlogopite.

Arsenic. Arsenic is usually recovered as a byproduct dur-
ing the processing of copper, lead, cobalt, and gold ores.
The arsenic is volatilized during the smelting or roasting
stage, and is therefore concentrated in the form of the
oxide in the flue dust. The arsenic trioxide can be purified,
for example by a hydrometallurgical route, which utilizes
the fact that the solubility of arsenic trioxide in water
rapidly increases with temperature whereas most of the
impurities have a low solubility. The refractory gold ores
(rich in sulphur and arsenic) from the eastern Transvaal,
which are likely to be mined and processed at an increas-
ing rate, could give rise to substantial quantities o.farsenic
trioxide if they are subjected to pyrometallurgIcal pro-
cesses to improve the gold recovery.

Beryllium. Beryl occurs in the pegmatites in the north-
western Cape Province and northern Transvaal, and for
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several years beryl concentrates were exported. Two pro-
cesses are used for the extraction of beryllium: one is
based on the leaching of a devitrified phase in sulphuric
acid, and the other is based on the roasting of the con-
centrate with either sodium fluorosilicate or sodium
fluoroferrate, followed by leaching in water. Apparent-
ly only one plant continues to produce the metal, and does
this by reducing beryllium fluoride with magnesium. Most
of the beryllium is used in alloys, particularly copper-
beryllium.

Bismuth. Most bismuth is produced as a byproduct from
the treatment of lead and copper ores, but some is
associated with molybdenum, gold, silver, tin, tungsten,
platinum, and zinc ores. Therefore, there are several likely
local sources (including the pegmatites in the north-
western Cape Province), but these have not been
evaluated. Existing processing strategies could be
adopted.

Boron. No local resources of the boron minerals-borax
and colemanite-have been identified, but the element
could presumably be recovered from certain brines or salt
pans. Boric acid (obtained by treatment of the boron
minerals with sulphuric acid) can be processed directly
to a wide range of chemicals and alloys.

Cadmium. Because cadmium occurs primarily in sulphide
minerals in zinc, lead-zinc, and copper-lead-zinc ores,
the major proportion of the world's cadmium is a
byproduct from the processing of these ores. The con-
ventional process for the production of zinc involves
roasting of the flotation concentrate and electrowinning
of the zinc from the sulphuric acid leach liquor with which
the calcine was reacted. Prior to electrowinning, the cad-
mium is removed from the leach liquor by precipitation
with zinc dust-a process step also practised in South
Africa. Processing of the cadmium-bearing precipitate
normally follows a route in which it is dissolved in spent
electrolyte and sulphuric acid, and then the copper is
removed by precipitation, followed by precipitation of
the cadmium. The cadmium sponge is dissolved in spent
cadmium electrolyte, from which it is electrowon on
aluminium cathodes.

Calcium. South Africa mines large quantities of limestone
for the production of lime by calcination of the calcium
carbonate, but produces no calcium metal. The uses and
consumption of calcium have increased since World War
11 to several thousand tons per annum worldwide. It is
used as a reducing agent for several reactive less-common
metals, as an agent in the removal of bismuth from lead,
as a desulphurizer and deoxidizer of ferrous metals and
alloys, and as an alloying agent for aluminium, silicon,
and lead. All calcium metal is now produced by the high-
temperature vacuum reduction of calcium oxide with
aluminium powder, followed by redistillation for a higher
purity. South Africa produces large tonnages of calcium
carbide for local conversion to chemicals, and could
presumably use similar technology (submerged-arc
electric-smelting furnaces) to produce calcium disilicide.

Gallium. Gallium is recovered predominantly during the
processing of aluminium ores to cell-grade alumina by
the Bayer process, but can also be obtained during the
purification of zinc sulphate solutions. Fly ash from the

combustion of certain coals (including local coals) con-
tains gallium. The Natal bauxites are known to contain
gallium, as do the two unexploited major zinc deposits
in the Cape Province. Several process options have been
developed and are applied for the recovery of gallium
from these various sources. However, electronic-grade
material requires sophisticated purification procedures.

Germanium. The Tsumeb area in South West Africa is
known for high concentrations of germanium-containing
minerals, but germanium also occurs in many coals (in-
cluding local coals), the element being concentrated in
the fly ash resulting from the combustion of the coal.
However, all the germanium currently produced is
recovered as a byproduct of other metals, e.g. zinc, cop-
per, and lead. For example, in electrolytic-zinc plants,
the germanium is separated chemically during the
purification of the electrolyte prior to electrolysis.
Therefore, there are possible local sources of germanium,
and the separation and purification process would, in
principle, be the same as that used elsewhere. It would
involve reaction with concentrated hydrochloric acid to
produce the tetrachloride, followed by distillation and
fractionation. The purified germanium tetrachloride is
then hydrolysed to the oxide, which is reduced with
hydrogen to metal powder. The powder can be melted
and cast prior to further refining by zone-refining tech-
niques to give the high purities required for its major uses
in semi-conductors and infrared optics.
Indium. This metal is usually recovered from the fines,
dusts, slags, residues, and alloys from zinc or lead-zinc
smelting processes, but South Africa's resources have not
been studied. The source material itself, a reduction
bullion or electrolytic-slime intermediate, is leached with
sulphuric acid or hydrochloric acid, from which indium
can be precipitated with zinc or recovered by solvent ex-
traction. Sponge indium can be refined by soluble anode
electrolysis in aqueous halide systems.

Lithium, Cesium, and Rubidium. The mineral spod-
umene, which is found together with petalite and
lepidolite in relative abundance in South West Africa and
Zimbabwe, is found to a much lesser extent in the
pegmatites of the northwestern Cape Province and the
northern Transvaal; in fact, small quantities of concen-
trates were produced in former years. Preliminary in-
vestigations several years ago demonstrated that the
recovery of lithium by conventional processing (conver-
sion of alpha-spodumene to beta-spodumene by roasting,
followed by treatment with concentrated sulphuric acid
to produce water-soluble lithium sulphate) is technically
feasible. The production of lithium metal by molten-salt
electrolysis or by reduction from the chloride or oxide
form could be conducted locally if the metal were re-
quired. Cesium and rubidium are often associated with
lithium and could, presumably, be produced together
with any lithium produced in South Africa.

Mercury. The most important source of mercury is cin-
nabar, the sulphide of mercury. In the recovery of mer-
cury, the concentrate is heated in retorts, rotary kilns,
or multiple-hearth furnaces to liberate the metal in the
form of vapour, which can be cooled in a condensing
system to form liquid mercury metal. Several other pro-
cessing options based on leaching have also been used.
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Small quantities of cinnabar were previously mined in the
northern Transvaal, where there are several small
deposits, and more recently it was established that the
average mercury content in the gold of the Witwatersrand
and Orange Free State goldfields is about 2,5 per cent.
This mercury is not recoverable in the conventional and
carbon-in-pulp processes that are used in the recovery of
gold.

Molybdenum. Although no major high-grade deposits
have yet been found in South Africa, several resources
of molybdenum have been identified, including the
following:

(i) in association with tungsten and some tin deposits,
(ii) in association with the uranium deposits in the sand-

stones of the Karoo,
(iii) in the uranium-containing coal deposit in the

Springbok Flats, and
(iv) as minor occurrences of molybdenum sulphide, for

example at Groblersdal.

Small tonnages of molybdenite were produced previous-
ly, and recently completed testwork has demonstrated
that molybdenum oxide of specification purity can be
recovered from the resources mentioned in (ii) and (iv)
above.

Potash. Potash is recovered from ores that contain signifi-
cant concentrations of soluble potassium salts or from
brines. Although no primary deposits have been located
in South Africa, possible likely sources are the potassium
feldspars (which are mined and concentrated for the glass
and ceramic industries), off-shore glauconite deposits, the
phlogopite in the tailings arising from the mining and pro-
cessing operations at Phalaborwa, and sea water (as a
byproduct during desalination).

Rare Earths. Several significant local sources can be iden-
tified, e.g. the monazite-rich tailing from the concentra-
tion of beach sands at Richards Bay, and the apatite con-
centrates produced from the mining and processing
operations at Phalaborwa. There are several process op-
tions for the recovery of the mixed oxides from both
sources, and some have been evaluated locally on a
laboratory scale. The separation of the rare earths from
one another requires complex solvent-extraction and ion-
exchange (with resin) procedures, but local expertise in
this field should be adequate for the development of
suitable technology. The pure individual metals can be
produced from the reaction of the chlorides or fluorides
with more electro-positive metals.

Rhenium. Rhenium is one of the least abundant elements,
and its commercial recovery is predominantly from
molybdenite concentrates, which are obtained by flota-
tion from porphyry copper ores. At least one relatively
small deposit of molybdenite in the northern Transvaal
has been shown to contain relatively high concentrations
of rhenium, and some of the other smaller deposits are
likely to contain rhenium. The molybdenite concentrate
is roasted, which converts the rhenium to the volatile
oxide, and is concentrated in the wet-scrubbing system
together with other water-soluble compounds. The
rhenium tetroxide is separated by solvent extraction or
ion exchange, and is then converted to the sulphide and

then to NH4ReO4, from which metal can be produced
by reduction with hydrogen.

Soda Ash. A considerable proportion of the world's re-
quirements of soda ash are produced direct from natural
ores containing sodium carbonate. For many years, the
Pretoria Salt Pan was a local source of soda ash, but pro-
duction ceased in 1956. Several other salt pans contain
sodium carbonate, but these are not economically viable.
Soda ash can also be produced from natural brines by
several processes. The Solvay process is based on the
readily available raw materials of sodium chloride and
limestone, and uses ammonia, which is not consumed
(only minor quantities being lost). The co-production of
soda ash during the desalination of sea water has been
shown to be technically feasible on a pilot-plant scale in
South Africa.

Strontium. There are apparently no commercial uses of
strontium as a metal, and little use is made of the metal
as an alloying addition. However, about 50 kt of stron-
tium compounds are consumed annually on a worldwide
basis. Although no primary strontium mineralization is
known in South Africa, the Phalaborwa carbonatites
have relatively high concentrations of strontium.

Tantalum and Niobium. Sporadic occurrences of tan-
talum and niobium mineralization occur in the pegmatites
of the northwestern Cape Province and northern
Transvaal, and large low-grade occurrences have been
identified in the carbonatites of the northern Transvaal.
Minor quantities have been mined and concentrated for
export purposes. Many deposits of cassiterite (which are
exploited for the recovery of tin) contain significant quan-
tities of tantalum and niobium, and these metals are con-
centrated into the slag phase during the smelting of the
tin concentrates. Considerable tonnages of tin slags exist
in South Africa and particularly those which arose from
imported tin concentrates are known to contain
recoverable amounts of tantalum and niobium; in fact,
a process for their recovery has been developed on a pilot-
plant scale. This process follows the conventional
approach for concentrates and slags, which involves
digestion in hydrofluoric acid, followed by solvent ex-
traction for the recovery and separation of the tantalum
and niobium.

Thallium. Thallium is obtained commercially as a
byproduct from the roasting of zinc and lead sulphide
ores to produce calcines and sulphuric acid. The thallium
is collected from the flue dust, in the form of the oxide
or sulphate, with other byproduct metals, e.g. cadmium,
indium, selenium, and tellurium. Like indium, the local
resources of thallium have not been evaluated. Thallium
can be recovered from the flue dust by leaching with water
and precipitation as the chloride, and the metal can be
produced by the electrolysis of thallium sulphate.

Tungsten. South Africa's production of carbide is based
on the production of ammonium paratungstate from im-
ported tungsten concentrates. However, several deposits
of tungsten have now been located, and recent ore-
dressing and hydrometallurgical testwork on a laboratory
and pilot-plant scale on ore from two of these deposits
has demonstrated--tltat they respond to conventional pro-
cessing. Presumably, when the international pricing struc-
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ture encourages it, concentrates will be produced
locally-both for local processing in existing plants and
possibly for export.

Additional Uses for Mineral and Metal Products
When the increasing resistance level has been reached

by a commodity (in fact, at some point before that level
is reached), an option that should receive consideration
is the stimulation of the total annual demand. There have
been many successful attempts at such stimulation by in-
terested parties, who have increased the demand for
specific metals as a result of research, development, and
marketing-notably nickel, cobalt, and molybdenum. A
further incentive in the search for new applications is the
constant threat of the substitution of a specific commodi-
ty by another.

In the South African context, the following com-
modities could benefit from a concerted effort
(presumably based on well-coordinated research, develop-
ment, technology transfer, and marketing) to develop
economically viable additional uses.

Alumino-silicates. These comprise andalusite, sillimanite,
and kyanite, and South Africa, which holds 47 per cent
of the Western World's reserves, in 1983 exported 66,7
per cent of the world's exports of alumino-siIicates (main-
ly andalusite).

Chromite Ore and Ferrochromium. South Africa
possesses 63 per cent of the world's reserves of chromite
and recently attained the increasing resistance level for
the ore (almost 50 per cent of Western World exports)
and high-carbon ferrochromium (59 per cent of Western
World exports).

Gold. South Africa possesses 50,8 per cent of the world's
reserves, and in 1983 produced 62 per cent of the Western
World's production and 48 per cent of the world's
production.

Manganese Metal. The local production capacity for
manganese metal via the prereduction, dissolution, and
electrowinning route has grown rapidly to the point
where, in 1983, exports represented 79,5 per cent of the
world's exports.

Platinum-group Metals. South Africa (excluding
Bophuthatswana) possesses 69,6 per cent of the world's
reserves, and in 1983 South Africa and Bophuthatswana
contributed 91 per cent of the Western World's produc-
tion and 41 per cent of the world's production. As in the
case of gold, the other major supplier is the U.S.S.R.

Vanadium. South Africa possesses some 50 per cent of
the Western World's resources, and in 1983 contributed
63,1 per cent of the Western World's production,
predominantly in the form of vanadium-rich slag.

Naturally, South Africa has the greatest motivation to
develop additional uses for these commodities because
it stands to benefit most. However, there does not seem
to be a strong concerted local effort in this direction. Dur-
ing the past decade, sporadic attempts have been made
both locally and overseas (under sponsorship) in regard
to some of these commodities, but apparently without
encouraging a major on-going well-coordinated pro-
gramme. It must be appreciated that the development of
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additional uses for a commodity is a particularly difficult
field of endeavour because the motivation and initiative
emanate from the producer, and not from the consumer.
However, significant success in PGM, chromium, or
gold, for example, could initiate a long-term major
enhancement of the contribution already derived from
that commodity.

The development of additional uses would benefit any
commodities that South Africa is exporting in significant
quantity but that have not yet reached the increasing
resistance level, e.g. fluorspar, uranium oxide, and {erro-
manganese. That additional uses can be created either by
specific research and development or by adaptations to
meet new or changing requirements is illustrated by the
local development of the corrosion-resistant steel 3CR12,
which contains about 12 per cent chromium and which
competes, not so much with existing stainless-steel grades,
but with conventional steel and thereby creates an addi-
tional outlet for chromium units.

Further Processing to Increase the Added-value
Component

Further processing is a logical extension of the initial
mining operation, and permits an increase in the benefits
that a country can derive from its natural resources.
However, as noted earlier, both the internal and exter-
nal constraints are numerous. It was pointed out that the
upgrading of minerals and metals to specification puri-
ty, including processing to alloys and chemicals, is within
the context of further processing; that is, further process-
ing in a primary-sector sense proceeds to the stage at
which the manufacturing industries accept the mineral
or metal product because it has a chemical and physical
constitution that suits their manufacturing or fabrication
purposes. There is no clear limit to further processing,
and, indeed, there is no a priori reason why the further
processing of many commodities in South Africa could
not proceed all the way to the production of components
or consumer goods, e.g. the large-scale production of
jewellery from locally produced and refined gold and
platinum, and from locally mined and polished
diamonds. Although aspects of further processing can be
undertaken on the majority of local mineral and metal
products, the following examples emphasize the fact that
several commodities are not even processed through to
the metal.

Antimony. An increasing proportion of locally produc-
ed antimony concentrates is being converted to antimony
trioxide. However, no metal is produced locally, although
the technology is well within current local technical
capability.

Hafnium. The purification of baddeleyite to high-purity
zirconium dioxide requires removal of the hafnium by
solvent extraction. Like titanium and zirconium, hafnium
metal could be produced and refined locally by, for ex-
ample, the Kroll process.

Lead. The reserves of lead in South Africa amount to
4,1 per cent of the world's reserves, and in 1984 the con-
centrates exported by the country contained 94,8 kt of
lead. However, the domestic requirements of lead are pro-
vided from recycled scrap and imported refined metal.



Magnesium. Magnesium occurs widely in, for example,
dolomite, magnesite, and sea water. The local resources
of magnesite are not of high purity, but laboratory tests
have indicated that they can be upgraded by ore-dressing
or hydrometallurgical processes. Dolomite is quarried and
used in large quantities, and could be further processed
to metal, for example by a process in which calcined
dolomite is reacted with ferrosilicon (produced locally)
as reductant in a modified electric-smelting furnace.

Selenium and Tellurium. No deposits are mined
specifically for these elements, and the main resources
are the sulphide deposits of copper, zinc, nickel, and
silver. The selenium and tellurium are concentrated into
anode slimes together with the precious metals, and can
be recovered during the processing of the slimes.
Although process technology has been developed locally
up to pilot-plant scale for the processing of local anode
slimes, the slimes are exported for processing.

Titanium. Although South Africa is a significant exporter
of titanium minerals and titanium slag (18 per cent of
the world's exports), the production of pigment-grade
titania is geared predominantly to local consumption. No
titanium metal and ferrotitanium are produced locally,
and they have to be imported. The local state of
technological development is such that both these prod-
ucts could now be produced locally.

Zirconium. In 1983, South Africa was the second largest
exporter of zirconium concentrates (26 per cent).
Although the local processing of baddeleyite has proceed-
ed to high-purity (99 per cent) zirconium dioxide and acid
zirconium sulphate tetrahydrate, consideration could be
given to the production of zirconium, zirconium alloys,
and zirconia-based ceramics.

Conclusions
There is no doubt that South Africa continues to de-

pend very heavily on the contribution to its economy
made by the minerals and metals industry. This
dependence has been apparent since before the turn of
the century and, indeed, is likely to continue for several
decades. It is evident that the industry continues to ex-
pand in a logically phased progression in regard to the
production rate, the range 'of products from any specific
resource, and the degree of further processing to final
mineral and metal commodities. Progress is strongly
dependent upon the development of appropriate
technology, the identification of opportunities and
challenges, and the raising of the required financial
resources, brought together by the entrepreneurial spirit
of the leaders in the mining and metallurgical industries.

There are several constraints against an increased con-
tribution from the minerals and metals industry, including

the generally low grade and complexity of South Africa's
ores, increasing production costs, saturated markets, in-
sufficient local consumption, limits to the international
market share, protection of home industries by impor-
ting countries, and the additional difficulties encountered
in proceeding to further processing. These constraints,
based on local and extraneous considerations, in addi-
tion to the increasing broadening of the international
supply base and the erosion of some local advantages,
also militate against the maintenance of the existing con-
tribution being made by the minerals and metals industry.
Indeed, the industry will have to pay careful attention
to maintaining the current contribution while striving to
achieve an increase.

The industry's opportunities and challenges for increas-
ing its contribution to the economy can be conveniently
classified into prospecting for new mineral and metal
deposits and exploiting them, increasing the penetration
of the export market for some 20 mineral and metal prod-
ucts currently produced, increasing the existing range of
products for all the mineral and metal resources already
being exploited, increasing the degree of self-sufficiency
in some 20 mineral and metal commodities that are im-
ported although local resources have already been iden-
tified for most of them, and stimulating (e.g. by develop-
ing new applications) the consumption of the com-
modities for which South Africa is already the most
significant exporting country. The last challenge arises
from the constraint that any country is likely to experience
an increasing resistance level when its level of produc-
tion or level of export has increased to 50 per cent of that
of the Western World.

Further processing in a strictly metallurgical sense con-
tinues to make progress in that many of the commodities
now exported are in specification purity form, but several
more opportunities exist, including a broadening of the
product range. However, the next step in further process-
ing, namely the production of consumer goods (or their
component parts) for export purposes (and often for local
consumption), does not appear to be progressing at a rate
comparable with that of the primary mining and
metallurgical processing sector. The added-value compo-
nent at this stage, i.e. beyond the pure mineral or metal,
is often considerably greater than that achieved from min-
ing and metallurgical processing to specification purity.
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Mintek publications
The following publications are available free of charge

from the Council for Mineral Technology, Private Bag
X3015, Randburg, 2125 South Africa.

. Mintek Review no. 1, 1985
This is a new four-monthly journal giving an indica-

tion of the scope ofthe work being conducted at Mintek.
It contains selected papers, both original and reprints.
The first issue contains the following:

- The development of a concentration procedure for
the platinum-group metals and chromite from the
UO-2 Reef of the Bushveld Complex

- Physical information from the inside of a rotary mill
- Bacterial leaching: some mineralogical constraints in

the selection of low-grade nickel ores
- The determination of traces of noble metals adsorb-

ed onto an ion-exchange resin by its direct injection
into an ICP source.

. Supplement to Special PubUcation no. 6
Unrestricted Mintek publications, April 1984 to March

1985.
This publication lists the unrestricted reports, papers,

patents, and special publications that were issued, or that
were modified, after March 1984. Those issued before
that date are listed in Special Publication no. 6, which
is entitled 'Unrestricted Mintek publications 1966 to
1984'.

Together with Special Publication no. 6, this supple-
ment lists all the unrestricted publications of the National
Institute for Metallurgy (NIM) and the Council for
Mineral Technology (Mintek) from 1966 (the year of
NIM's inception) to 31st March, 1985. For ease of
reference, these publications are also classified under
research topics.

These publications now total 941 reports, 556 papers,
52 patents, 6 special publications, and 2 technical
bulletins.
. Report M103D

The recovery of a concentrate of tin and tugsten from
ore mined at Van Roois Vley. First issued Jun. 1983;
reissued Mar. 1985.

Concentration tests using gravity separation, flotation,
and magnetic separation showed that it is possible for the
high-grade ore mined at Van Roois Vley to be upgraded
to a concentrate containing 61 per cent Sn- WO3 at a
recovery of about 80 per cent, and for the low-grade ore
to be upgraded to 53 per cent Sn- WO3 at the same
recovery.

However, it is suggested that, under normal mining
conditions and with large-scale mining equipment, less
fines would be produced and this should lead to an in-
crease in grade and recovery.

Mineralogical examinations showed that intermediate
fractions produced by tabling contained very few locked
particles, and that the grade of the final concentrate on
a full-scale plant would probably be higher than that ob-
tained with laboratory equipment.

Molybdenite could be a valuable byproduct, but flota-
tion tests of gravity concentrates for selective recovery
of the mineral gave variable results. Flotation tests for
the removal of fluorspar from the final concentrate were
unsuccessful.

. Report M106D
Upgrading of fluorspar concentrate from Vergenoeg.

First issued Jun. 1983; reissued Mar. 1985.
A fairly extensive programme of sampling and assay-

ing, followed by tests involving magnetic separation,
flotation, and decrepitation, was carried out on concen-
trate from the Vergenoeg Mining Co. (Pty) Ltd.

The fine material that is currently removed before
crushing was subjected to elutriation and flotation tests
in an attempt to determine whether its addition to the
flotation feed will affect the process. It was found that
this material floats easily, and gives concentrates with
good CaF2 grades and good recoveries.

Tests done on collectors in flotation showed that there
is some advantage to be gained from further investiga-
tion into possible alternatives.

Decrepitation was found to be inefficient.
The investigation showed that insufficient liberation

of the fluorspar particles is responsible for some of the
difficulties in upgrading of the concentrate, and it is
recommended that a high-grade concentrate should be
removed, either by magnetic separation or direct from
the first 'half' of the sixth cleaner bank, and that the re-
maining lower-grade material should be reground and
then upgraded by further flotation.

. Report M194
The determination of free acid in the presence of

hydrolysable cations by the use of titration and
mathematical derivatives.

A simple method for the determination of free-acid
concentrations in the presence of iron(m) ,
aluminium(m), iron(n), and manganese(n) is presented.
The method is directed primarily at the determination of
free-acid concentrations in solutions that result from the
leaching with sulphuric acid of Witwatersrand gold and
uranium ores. The free acid is determined by neutraliza-
tion of the sample solution to the bisulphate end-point
with sodium hydroxide. The detection of the end-point
is facilitated by use of the first mathematical derivative
of the pH response. In the work discussed here, the
analyte solution was left untreated apart from the addi-
tion of a pH-neutral salt.

Preliminary results indicate that the method is accurate
in the presence of interferences, such as those from
aluminium(m) at 2 g/l, iron(n) at 2 g/l, and
manganese(n) at 5 g/l. The bisulphate end-point becomes
difficult to detect at iron(m) concentrations of 5 g/l
because of a poor signal-to-noise ratio at the end-point.
The hydrolysis of iron(m) can be suppressed by the ad-
dition of a pH-neutral salt, such as sodium sulphate.

The method, which is applicable to all strong mineral
acids in the presence of sulphate anions, is more accurate
than the previously recommended potassium oxalate
method. The precision, relative standard deviation, and
limits of detection of the derivative method have not been
determined, because the method has not yet been
optimized.

The derivative can be generated numerically or elec-
tronically, and both modes are discussed, as are designs
for electronic differentia tors and the errors encountered
in their functioning.

(Continued on page 402)
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