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SYNOPSIS i

While South Africa is richly endowed with minerals it is unfortunately
almost wholly dependent on external markets for certain mefals. Some
of the most strategic mebels sre molybdernum, tungsten, cobalt and :
aluminium - essential in the steel, petrochemicsl and defense industries.
With ever changing international markets and sources of supply it is
possible that the supply of these critical metals may be severed. The
problem is further enhasnced by the unwillingness of certain governments
to officially recognise South Africa as & trading partner because of
its politicsl structure. This places tne country in an extremely

vulnerable position.
From the economic pspect, there is loss of currency through the i
import of raw metels snd in addition there is also a conslderable
internal market for imporied finished goods containing these metals.
This mavket could be exploited by locel entrepreneurs 1f an assured
SRR domestic supply of the metals could be schieved.
fft;j5gff o The ohiective of this study is to investigate the probable future
L'ff; f?' dependence of South Africa on its four mast strategic metsl imports.
i3 The project covers the uses of the metals locally, historicel trends o b
N supply and demamt and s foresast of consumption Tor the next decade. e
s ¢f ;“” Alternastives and substitutes for the metals ss well ss the possibility
- of reclamation after use are also considered. Existing locsl deposits
_, ;;%,fl and their potential economic viasbility were investigated to establiish g
W the poasibility of extraction and processing in future years to enable i
South Africs to decrease i%  import dependence on these strategic
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¥ , metals.
Jyuxf # To formulate the detailed metsl commodity studies, extensive gif b
contacte were established in industry to determine local market éi’kii
e conditions and inforwation wes obtsined from acedemic snd statutery 0
RO institutions. The limited informstion availsble in print was
e invariably outdated yrovided only a minor contribution to the

project.
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A:  MOLYBDENUM

INTRODUCTION Lo
The metal MOLYBDENUM (Mo) derives its name from the Greek word for G
lead. For many centuries plumbago, graphite end certain forms of 37{" i

galena were confused with the mineral molybdenite, MoSz, since all ﬁ&gf;fw
are very similar in appearance snd some of their physical properties. £
By the seventeenth century it was recognlsed that reither graphite

nor 'molybdeana’ did in fact contain lesd. In 1782, Hjelm succeeded

in separsting the metal 1tself ss g black powder and called it

malybdenum. He could not Tuse the new metsl into s solid mass with the
equipment he had available, but in 1893, Moissan, using his newly
invented electric furnsce succeeded in obisining solid metsl at 99,88

per cent pure molybdenum.

The hardness of the newly produced metal, nesrly equel to thet of
tungsten, as well as it's high melting point, immediately sttracted
attention ss a8 possible glloying element for steel. The French armament
manufacturer, Schneider, used it to produce armour plate. Limited use
was alst made for the manufacture of self tempering steels, paint pigments

gnd chemicals. Bupplies were however limited.

The shortage of tungsten, the supplies of which had been largely
cornered by Germany during 1213, lgy  to an incressed demand far , ‘
molybdenum. Even after this wer period 1t wass only due to the opening up ;'j"XS]
of the famous Climax mine on Fremont Pess, Colorado, in 1923, that the :
use of molybdenum was developed during the ensuing years.

During the post-war yesrs, virtually all molybdenum produced came i
From the Climax mime, still the largest single producer of molybdenum. Lo
In 1933 it was discovered that the small smounts of molybdenite present
in the poryhry type copper desosits of Western U.S5.A. could be recovered
profitably. These deposits now constitute s major source of molybdenum
e.g. Bingham Canyon, Utah.

The demand for molybdenum again increased sharply during the
Second World War to 32 000 tome im 18943 from 16 000 in 1938. An
increased production from Mexico, Peru and Chile as well as an
sppreciahle smount of U.S. production came as & by-product from mining

SPEL le K ew L = g



parphyry copper depnsits.

Fellowing the end of the war demand for molybdenum again
dropped but has subsequently built up to the present world
praoduction of about 73,6 million kilograms Mo exclusive of the
Communist Bloc. The incresse is largely due to increasing technology
in the usage of molybdenum in alloy and stainless steels.
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1 PROPERTIES OF MOLYBDENUM

Molybdernum is a silvery-uhite metallic element having a relative
density of 10,2 at 20°C and a melting point of 2520° ¥ 10°C. Only
carbon, rhenium, osmium, tentalum and tungsten have higher melting
pointg but it reteins its strength and havdness almost to its
melting point. Molybdenum has good thermal conductivity, half that S
f ‘;?”m of copper and it coefficient of expansion is smong the lowest of %; :}Q”~
| ” 5 the pure metals. It is characterised by the ability to function both b
= as a8 metsl and a non-metol.

7 When alloyed with iron, it increpses the hardenability of steel
e and contributes to the toughness of guenched and tempered steel. When
”*le,gﬁ added to the sustenitic Cr-Ni stainless steels, molybdenum increases
f the resistance to corrosion under reducing conditions and in the
presence of chlorides.

-
Si

o Molybdenum has five valencies, s chemical property that renders
:g; 7; it useful as & catalyst for many reactions, including some in the
o petrochemical industry. Molybdenum is attacked only slowly ty ascids
and has a strong cerbide Forming tendency.

Molybdenite, the sulphide of molybdenum, is the most impartant
source of the metal. It vontains 50 per cent Mo, has a lead gray ‘
. g colour, & hardness of 1,0 to 1,5 and a relative density of 4,6 to n .
4,8. Except for wilfenite, PMol,, o lesd molybdate which has been /
e worked in some parts of the world as 3 source of molybdenum, the
éﬂﬁ‘” | other molybdenum minerals ere comparatively rare and of 1ittle
| S practical importance.

2 APPLICATIDNS AND LOCAL. DEMAND .

ey Because of it'e high melting point and the Fact that it retains its N
*; i gtrength and hardness at high temperatures, molybdenum mebtal and R
i&JJ ; its allbya are used for speclsl high temperature applications and
'yx'~ chemical reactions.

#, =, 2.1. Steinless pnd other alloy steels

43} 5 Molybdenum is used principally as an alloying element to impart

' hardenability, strength, toughness snd corrosion resistance to steel,

| cust- iron and non-ferrous metals. I% is used either as the sole alloy
material or in combination with others such as chromium (steinless steel),

ﬁ?",' manganese, nickel and tungsten.
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Molybdenum may mlso he applied as & cosbting to steel, irom,
aluminium snd other metals to provide resistance to wear. More
recently it is being used in tool steels and in high strength/
low alloy constructiornal and pipeline steels in which it is in
competition with vanadium and to & lesser extent, with menganese.

Molybdernum is consumed in the steel sector in both ferro-
molybdenum and oxide farms in the ratioc of about 1:l. Molybdenum
adeditions in amounts of two per cent or more increase resistance
to pitting cerrosion. Molybdenum additions alst increase surface
corrosion resistance of the sustenitic grades of stainless
steel tc a number of aclds including sulphuric and phosphorus.
Types 316 and 317 contain molybdenum to provide better agueous
corrosion resigtance as encountered in paper and soap manufacture,
and also for electroplating tenke. Type 317 ectuslly haes the
highest aqueous corrosion resistance of all standard stainless
steels and in thies specific usege molybdenum cannot be substituted
by other elements.

Ferromalybdenum is esgentisl only sg & final top-up lmdl
addition, the usage of which constitutes froum ten to twenty per
cent of total demand in this sector. The nther thirty to forty per
cent of ferromolybdenum consumption may me substituted by the oxides.
The total demand is at present sround 450 tons of conteined
malybdenum per yeasr. Southern Dross Steel (Barlows) would use about
225 to 280 tons, Union Steel sbout 55 to 75 tons and the remainder
would be consumed by the other smaller steel manufacturers and
foundries.

2.2. Paint Pigments
Molybdenum is used in the paint industry as a pigment in the form

of molybdetes for use as catalysts and dyes. As paint pigments
molybdenum tompou ds are widely used not only For their brilliant
colours but alsoc as antl-corrosion primers, compebting with well
known materiasls such as zinc chromate. Total consumption amowtbs
to betueen 23 -~ 35 tons per year of molybdenum contained in
oxide.

2.3. Latalysts
As a cetalyst, molybdenum compounds, especially smmonium molybdate,

are used in the petrochemicel industry, particularly for certain
synthesis reactions. They are highly selective in their action,
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have high performance and & relatively low cost. The use at the
Sasol Il plant is by far the largest end use in South Africa of
contained molybdenum. Approximately 2 BO0 tons per year of catalyst
material is imported by the petroleum and petrachemical industries.
The catalyst is a molybdenum impregnated clay (five to ten per cent
Mo) which is imported as such and for this reason catalyst
consumption does not form part of the local market for molybdenum
oxide.

2.4, Fertilizer additive

Molybdenum is an essential trace element in plants and in particular
acts as s catalyst in legumes for fixing bacterial nitrogen. It is
virtuslly impossible to grow certain vegetables along a belt
extending from Vereeniging through Beroni to Bronkhorstspruit due
to a molybdenum deficiency in the soil. Similar effects appear to

be guite widespread in South Africa. Molybdenum oxide is thus
congumed in the fertilizer industry ss e trace element additive.
Usage is unknown but is judged to be very small et around 12

tons of contained metsl annually.

2.5. Lutricants
Molybdenum sulphide, which is the principal ore mineral of
walybdenum, is used in a highly purified form ss a solid state
lubricant. Molybdenum sulphide has fine laminar cleavage similar
to that of graphite end slipping occurs between the parallel
sheets of sulphur atoms. Usege is also unknown but is considered
to be of minor importence (approximately 12 tons per year).

2.6. Other uses
Small quantities are imported in the form of molybdenum metal wire
and foil and manufactured components for use in electric and
electronic equipment gs filament supporte, snodes snd grids.

Other molybdenum compounds, particularly sodium molybdate are
used as corroglon inhibltors in cooling systems, especially sgeinst
chloride action.

Very small guantities of molybdenum are used in the formation
of superallovs, welding and elloy bhard-facing rods and medicines.
It is finding increasing use in propulsion sppiicetions, space
auxillary power and nuclear power generation.
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have high performance and a relatively low cost. The use at the
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tons of conteined metal annually.
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Molybdenum sulphide, which is the principal ore mineral of
molybdenum, is used in a highly purified form es & solid state
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auxillary power and nuclear power generation.



x - D b 5 g v M d

3 MOLYBDENUM MINERALS

By far the most common molybdenum mineral is the sulphide,
molybdenite, MoS2. More than ninety-nine per cent aof all
molybdenum produced ocours as molybdenite. It is a very soft,
silvery grey mineral which is similar to graphite with a

pronounced lameller cleavage. ‘
Other less comnon molybdenum minerals include: ;fc $;7

molybdite Fe 05 3o O + Hz20
wulfenite Pb Mo Oy
lindgrenite Cus (Mo 0,02 (OH)
koechlinite Biz Mo O,

These Tour minerals are oxidation products found in the oxidation
zones of sulphide molybdenum deposits and have little commercial
value.

Powellite, Ca (Mol) O,, is a mineral very similar to
scheelite, in which some of the tungsten is replaced by

molybdenum. It is of limited commercial value and is in fact
mainly & nuisance in tungsten mining.

The mineral molybdenite appears to be slmost the only source
of the rare element rhenium. The amount contained ranges from
200 grams per ton to 1650 grams per ton in molybdenite concentrates
produced from porphyry type copper deposits. The rhenium content
is usuglly ignored snd probably lost in the roasting of the
concentrate. Rhenium hes solely  been used for some experiments
with Mo-Re slloys.

4 MOLYBDENUM DEPOSITS
4.l. Hydrothermal Deposits
These are at present by far the most importent deposits being mined.

4.1.1. Disseminsted replacement deposits
In this type of deposit, of which the famous ClimaX molybdenum

mineg is the classic example, the ore consists of countless
veinlets, usually less than ten millimetres wide, intersecting the
mass of country rock which is most commonly altered, silified
granite. The grade of ore at Climax average 0,35 per cent Mo &3
and that of the Henderson mine (a deposit very similer) is 0,5

per cent Mo Sa.
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4.1.2. Brecoisted ores
This type of deposit includes sll of the porphyry type copper
deposits. They ere characteristically chimney shaped and the
brecciation took place prior to mineralisation. Molybdenite
is not so susceptible to oxidation, dissolution and reprecipitation
as the copper minerals and temds to remain in situ. Most deposits
consist of three distinct zones:
(1) an oxidized cap of leached-out copper minerals and a grade
of molyhdenite too low to be economicelly extracted on its”
own sccount
(ii1) g zone of secondary enrichment between the cap and water
table containing hbigh copper values in oxidized minerals . ;g;ﬁ
which are recovered by lesching and rot Flotation - as ;s~“ij
a result it is not possible to recover molybdenum ?;@f?}

(iii) @& primary zZone below the water table of low grade unaltered

gulphide mineralisation - concentreted by flotation and
molyhdenite can be recovered sven down to 0,01 per cent.

By-product extrection of molybdenum from these deposits account
for gt least telf of the worldis annuel outpus.

h.1.3. Vein Deposits
Prohebly the most numerous end comwmon but they are generally small
gnd few hasve proved ecorpmically vishble. The lergest depesit is at

fluestas ming, New Mexicn, with reserves of 150 million kilograms
at a grade of 0,172 per cent Mo Sz.

4,2. Magmatic Deposits f“yﬁff
These are rare and nearly sll occur in pegmatites in associaztion ‘ !
with other minerals such as caessiterite, apatite and rutile.

4.3. Contact Metasomatic Deposits

: Deposits of this type sre somewhat rare and generally take the form
| R of irregular tebular ore bodies in limestones or sandstones commonly
associated with chaloopyrite, pyrite and iron oxide minerals.

4,4. Current Working Deposits

The largest number of working molybdenum deposits are the
brecciasted ores where molybdenum is recovered as a by-product
from porphyry type copper deposits. However, the major production
in the Western World is still from the disseminated replacement
deposits like Climax. In both of these types of deposit the
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mineralisatian'is simple and consequaﬁtiy so is the recovery of
molybdenum. Many of the cther types of deposits have very
complicated mimeralisation and the rercovery of molybdenum is
difficult.
5  WORLD RESERVES, PRODUGTION AND CONSUMPTION . /
5.1. World Resources snd Reserves ;ﬁ*f;ﬁt

It is difficult to meke an accurate assessment of the world reserves
of molybdenum since 8 very large proportion is closely tied to the

reserves of copper in the porphyry tvpe deposits. Reserve data, P
fcr the most part, are restricted to guentities of molybdenum in >
ore deposits of producing mines or deposits under development.
In a few cases, daphsits Judged ss reasonably certain for future
production are included. Table 1 gives an estimate of the world
molybdenum resources snd reserves es determined by Kummer in
Mineral Facis and Prablmw@?gi tons contained metal).

Table 1

Estimstes world ressurses and reserves - 1880 (millien kilctons.)
Arss Reserves Other Resources |
N. Amsrica e fq
United Steles 4 ao) 3 675 8 666 b
Canada 6325 953 1 588 o
Mexica 136 363 499 §
Other - 550 5390
Total 5 762 5 581 11 343

S. Americs

0ther! is the totasl sum production of the minor contributors in the
geographical domain.

Chile 2 450 2 95 5 445
3 Peru 227 45 681
- Other - 272 272
Total 2 677 3 72l 6 398
,; Europe

] Bulgaris 5 g 14
U.5.5.R. 681 631 1 362
] Other - 635 635
Total 686 1 325 2 011
I

i
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Asig !
China PO 207 450 e
Iran 136 136 272 o
Dther 5 177 182 e
Total 368 540 908 £
Australia - 23 23
Other - 181 181
Total - 204 204
Africa - 45 45
WORLD TOTAL 9 483 11 436 20 919

The total world resources are about twenty-one million tons of ‘ ?  ‘ 7
molybdenum metal - but of this the U.S.A. holds forty one per cent, :
South Americe thirty one per cent, Canada eight per cent and the
Communist Bloc holds only eleven per cent of this strategic metal.
The regional distribution of resources, a vitsl factor, seems

atdvantagenus to South Africa with almost fifty five per cent of the

world resources held by North Americen countries with well established b
economic ties and trade links with South Africa. el

5.2. Worid Production

Appendix One contains a list of the known molybdenum producing mines

in the world. The two largest producers are both of disseminated o
replacement deposit types. It is only comparitively recently that 5}]~ffﬂ
malyhbderum production from poephyry type copper deposits has become i

a8 major source of the metal. In fact many well known copper mines

operated for many years before attempting to recover the molybdenum

from thelr ore. The value of the molybdenum they produce has probably

enabled them to work lower grades of copper ore.

The reserves gt certain mines are very large e.g. Climax has b
around 500 million tong of ore comvaining over 1 million Lgy'n
kilograms of molybdenum. The reserves at the Henderson mine, owned
by the same company are estimated at greater than 300 million
tons conteining 0,49 per cent molybdenum. At the present rate of
mining baoth mines should be active producers for at least the
next forty years.

Table 2 records the Western World molybdenum output divided into
four main categories for the last fifteen years as published in Mining

Journal's 'Mining Annual Reviewt.
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Western World output (kilntons)ZB

Tahle

~n

Z

1968 1969 1970 1971 1972 1873 1974 1975 1976 13977

United States 43 46 51 50 52 53 51 49 SO 55
Canada x x x 13 10 12 13 15 14 15
Chile x X & 8 10 10 11
Other 17 21 97 1 01 1 1 1 1
TOTAL €0 67 7 L 63 72 73 W 75 82

-

x indicates Canadian production included in U.5. production and

Chilesn production included in other Western World output.
1978 1379 1980 1581 1982

United States 59 65 68 &l 38
Canada 15 10 15 16 11
Chile 13 14 14 16 19
Other 2 4 1 G
TOTAL 88 91 101 100 24

In addition, Rmskilfjreparts that the total production schisved
in Centrally Planned economies in 1982 smounted to 13 150 tons

of molybdenum metal, this being consumed in the U.85.8.R. and it's

satellite states.

There has been no production of molybdenum in South Africa.

5.3. World Consumption

26
The apparent consumpiion of molybhdenum, produced in non-communist

countries, over the last fifteen years, is listed in Table 3.

10

Table 3 Molybdenum consumption (kilotons)

1868 1969 1970 1971 1972 1973 1974 1975
United States 26 27 2b 22 26 32 3l 25
Western Europe + + 28 2h 29 35 30
Ezstern Bloc X X x X X X 7
Jupan * + 8 8 10 12 10
Other 30 33 28 3 b 5 & 5
TOTAL 56 60 62 61 h2 76 a7 77

X indicates values were included with Western Europe before 1975

+ indicates values are included under Other

Ny
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Table 3 continued
1976 1977 1978 1979 1980 1981 1982
United States 26 27 31 32 27 26 16
Western Europe 32 32 33 34 30 26 23

Eastern Bloc 7 8 10 10 a8 8 7
Japan 11 11 11 11 13 12 11
Other 5 5 = 6 5 5 A
TOTAL g1 a3 91 93 83 77 61

Srriosmnsd S

Wurld production and consumptiorn trends are depicted graphically

e

on the next page , initislly depicting resl trends and secondly
the spline of best Tit to the dets as determined by the computer
package SAS-GRAPH.

5.4, Local Consumption

It is not possible to accurately determine the snnuzsl consumption
of molybdenum in South Africa as 1t Is not reported separately in
the Customs returns. Ferromolybdenum is grouped under other minor
alloys. Datalysts are grouped under articles made from molybdenum
which may elso include electronic components.

Mowsver assuming that of the 28 000 tons (approx.) of stainless
steel produced in South Africa snnually, half of it conteins an
average of three per cent Mo, then the demand for this application
is mround 420 tons. This suggests that the probable total
consumption of molybdenum is less than 450 tons annually since the
molybdenum containing catalysts ere imported as impregnated clays
ready for immediate consumption.

Agsuming that South Africer consumption trends would follow
the 'Other' trends in Table 3 which includes Third World and
developing countries, the best Tit curve deternined for the data
wAsS

0,188
CONSUMPTION = 3525,55 % YR
with YR an integer with a base of 1971 = 1

Curves considered were straight line, exponential, logarithmic
and power. The power curve had the highest coefficient of correlation
at r= 0,78.

Thig however gives the total 'Other! consumption. South African
cansumption in 1976 was estimated st 330 tons for steinless steel and

P, W
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a totel demand of 400 tons (Minmerals Bureau) . This represented
8,5 per cent of 'Other' demand. Due to rapidly increasing technology
in South Africa it is likely +o increese it 's market share of the
category 'Other' by one per cent annually.

This sugyests that on average the South African consumption
graph would be modelled by:

0,186 VR
CONSUMPTION = 0,065 3525,55 » YR x 1,00
or
 CONSUMPTION = 299,67 » YR 188 4 1 m R

The demand figures for South Africa for the next decade would
thus be estimated at:
YR 1983 198L 1985 1986 1987 1966 1989 1990 1991 1992

{DNS 552 BeRE B79 592 605 617 630 642 655 667
Ma)

These trends are depicted graph%gglly on the following page.
It is interesting to note that GENCOR in 1979 attempted & molybdenum
price forecast and consumption model for South Africas and predicted
a total local demand of 580 tons of conteined molybdenum by 1985.

It seems that at the present predicted demand and growth rate
of 4,5 per cent annually for the ng%g molybdenum consumption,
ectimated by the U.S5. Bureasu of Mines, the need for new output is
certsin and should provide the stimulus for increased exploration and
development. The Buresu also predicts that at the year 2000 only
35 per cent of World resources of molybdenum will have been extracted.

6 MAJOR MARKET PRODUCTS
Molybdenum is commonly marketed in the following forms.
6.1+ Molybdenum Sulphide
Molybdenum is produced from the mines in the form of & fairly pure

flotation concentrate of molybdenite. The minimum international

market grade is about eighty per cent Mo 5,. In practice most

molybdenite concentrates as marketed contain at least ninety per cent

Mo Sz. Contaminents may be copper, lead, phosphorus, tin and arsenic.
For use in lubricants, a concentrate contsining more than 99,9

per cent Mo Sz is required, free of all abrasive material such as

silica. This is usually done by sulphiding a refined molybdic oxide.
6.2+ Molybdic Oxide

This is the first product made in the further treatment of molybdenite

concentrates. Molybdic oxide is produced in two grades:

Ty
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(i) technical grade molybdic oxide (Mo (i) 57 per cent(min)Mo
(ii) refined grade molybdic oxide
Technical grade molybdic oxide is supplied in bags, cans, drums,
barrels and briguettes for foundry snd steelmaking processes.
Refined grade molybdic oxide is required for the production of
molybdenum metal and certein chemicals.

6.3. Ferromolyhdenum

Ferromolybdenum, as with technicel grade molybdic oxide in powder
or briguette form is used to add molybdenum to steel. The
specification is usually sixty per cent Mo with & minimum of 0,1
per cent carbon. The balance comprises mainly iron. It is supplied
as lumps or nuts in drumns.

6.4 Molybdenum metal

The metal is normally supplied in powder form as obteined by the 1@} %

direct reduction of high purity molyhdic oxide with hydrogen. The
resulting powder is 99,8 to 99,95 per cent pure. Impurities may
include potassium, tungaten, iron, celecium and chromium.

6.5. Molybdenum Siliclide
This compound is used in a similar manner to Ferromolybdenun

supplied normally ass sixby per cent molybdenum, thirty-four per cent
silicon and four per cent iron. The remainder consists of trace 2t
impurities. ?

&.6. Calcium Molybdete
Calcium molybdate is used meinly as s steel additive but is a
relatively impure product -onteining on average only 42,5 per cent

molybdenum. 2

6.7. Sodium molybdete and Ammonium molybdate

Both these chemicals are prepared by either reacting caustic soda
or ammonia with technical grade malybdic oxide. The purlty of both
chemicels depends on the particular requirements as both can be
purified by re-crystellisetion end amwmonium molybdate, when refined,
ig the purest form of molybocnum available.

<A A P ORI TN

. Yk
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7 INDUSTRY, MARKETING AND PRICES

7.1. Industry
It is apparent from a study of the mejor molybdenum producing

mines of the Western World armd the Communist Bloc countries,
that with the exception of a few small producers, all of the
World's molybdenum is produced by very large mines. These are
most commonly low grade copper mines of the porphyry type which
produce molybdenum as a by-product. Such mines require massive
capital investment and there appesrs to be very limited scope
for small producers to establish & new molybdenum mine.

In so far as the molybderum producers of the Western World
are concerned, they are grouped into or controlled by a few largz
mining corporations. This is a natural synthesis due to the nature
of the deposits and their capital intensive development
requirements. The corporations do not reflect any attempt to
form a producer's cartel. Indeed, such a cartel would be difficult
to form hecause the major companies involved are North American
arnd would immediately be subject to Anti-Trust legislation in
their own countries.

The methods of extracting molybdenum in usable form from
concentrates is an expensive operation requiring elaborate
equipment and considerable expertise. It is not a process that
can be easily performed by s small scale operator. R possible
pxception is a method ubtilizing electro-oxidation followed by
solvent extraction, being developed by the U.S. Bureau of
Mines. There is no record of this method being applied in
practice but it may prove commercisl on the scale of operation
that might be used in South Africa.

Unless s very large molybdenum deposit is discovered in
South Africa cepable of justifying a full extraction plant (of
which the minimum size eppears to be 4000 to 5000 tons of
molybdic oxide per snnum), it will be difficult for South Africa
to enter the molybdenum industry or even to satisfy the local
demand from internal production.

The known occurrences OF molybdenum in South Africe are
discussed in detsil in section 8 of this investigation. There
are only two deposits that might prove of sufficient size for

extraction but neither so far sppear encouraging.
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Therefore, even if as much as 5000 tons of molybdic oxide %jfﬁq,ﬁé
were to be required annually in South Africa, it would most "
probably be necessary to import this materisl on a long term

contract basis from relisble sources of supply.

7.2. Markets
The principal suppliers presently in the molybdenum market are: ey
(1) American Metsl Climax Corporation (AMAX) _ : if“
(ii) Kernecott Corporation ‘
(iii)  Molybdenum Gorporastion of Americe (MOLYCDRP) e
(iv)  Duval Corporation (division of PENNZOIL CORP.) g
() Corporacion del Cobre of Chile (CODELCO) .
These companies not only produce malybdenua concentrates
but are sufficiently vertically integrated to produce molybdic
oxide and other products. Other companies produce concentrates
at the mine but do not attempt further reduction to other products.
Both Amax and Duval have agents in the United Kingdom, Europe

and Japan which process concentrates, as well as their main plants
in the United States. Amax operates molybdenum treatment plants at
Stowmarket (U.K.), Rotterdam (Holland), Nippon Moribuden BK (Japan)
and Treibach (Austria).

Duval market in Europe through Duval Sales International in el
Brussels (Belgium) and ale- sdvertise ferromolybdenum produced by }f“ﬁ%*;;
Continental Ores of Lu-owiourg. - L

Noranda Mines Limited mainly sppear to market molybdenum
concentrates in Canada from their own end sundry other mines.

Three companies convert molybdenite concentrates to molybdie
oxide in Chile, namely, Carburo y Metalurgicg (CARBOMETAL), ARMD
Chilams and Quimetal ( a subsidiary of the Chuguicensta operation

7 of Anaconda Corporation).

+ ;}*;f; It is apparent that many sources of supply are available to
South Africa and it would he possible to reduce the risk of
severance of supply by diversifying rather than concentrating

all its resources in one or two companies. It would he possible
to establish a portfolio of contracts with a commitment of no
more than fifteen to twenty per cent of total imports beipg

i awarded to a single supplier. In addition, the country's supply
, - would have flexibility under changing prices, market conditions
l ' and fureign government trade policies.

N
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7.3. Prices _

Molybdenum in varisus forms - mainly molybdenite concentrates,
molybdic oxide and Ferromalybdeﬁum are guoted in trade journals
such as Metal Bulletin and Engineering snd Mining Journal.
ARlthough in practice there is no cartel for the sales of
molybdenum, the prices are determined by Amex which is the
largest single producer, and most other producers concur. This
applies to routine sales and spot shipments since large tonnages
would be sold on negotiated long term contracts.

But =lthough Amax have more or less determined molybdernum
prices, they have in practice, to s very large extent, stabilized
the market. The price of molybdenite concentrates( current } rose
from US & 0,45 per 1b of contasined molybdenum in 1940 to US $1,72
per 1b of conteined molybdenum in 1973. This represents an
incresse of only 280 cents over thirty three years or an average
annual increase of about four per cent per annum without any
adjustment for inflstion. Since 1973 the price increase has been
considerably sharper but only to sccourt for the increasing
inflaﬁicn rate. Real prices have remaired remsrkably stsble. The
market for molybzenum is expanding stesdily but supplies appesr
to be more than aseguszte for the Torseesble future and sharp
fluctuations in price are net anticinaied.

7.3.1. Price forecast
Deta sre derived from Metsl Bulletin and asll prices are in US § /1ib

of centeined malybdenum. Table 3 depicts the trend historicslly
for the four major merket products.

Table &
Desler exoort price (UB 8 per 1b.)

1971 1972 1973 1974 1875 1976 1877 1978 1879
1.72 1.72 1.72 1.98 2.48 2.94 3.68 4.52 7.61

Molybdenite Conc.
(f.o.b. Climax)

Molybdic Oxide
(briguettes)

Ferromolybdenum 2.21 2.21 2.21 2.59 3.25 3.77 L.43 5.62 7.99
Mol ybdenum powder 3.28 3.52 L.00 4.52 5.76 6.44 8.36 10.03 12.66

1.95 1.95 1.95 2.24 2,79 3.25 3.70 4.50 6.10

TR T




Table 4 continued 17
1980 1981 1922

9.78 8.50 8.00

Molybdenite Conc.
(f.o.b. Climax)

Molybdic Oxide
(briquettes)

Ferromolybdenum 10.15 9.88 9.10
Molybdenum powder 1h.44 15,95 15.31

8.90 8.52 B.13

Best fit curves for price determination in current money terms are:

Molybdenite concentrate  : PRICE = 1,125 e D182 YR, o ggo
Molybdic Oxide(briguettes) : PRIGE = 1,337 e 2162 YR _ g g93
Ferromal ybdenum : PRICE = 1,532 e D184 YR o = g 97
. 0,166 VR

. - = H
Molybdenum pouwder : PRICE = 2,556 e i 7 = 0,985

with YR an integer with base of 1971 = 1, r the correlation coefficient

Prices for the next decade would thus be estimated as (U5 &/18):
1983 1984 1585 1886 1987 1983 1989 18990
Molybdenite Conc. 12.06 14.47 17.37 20.84 25,01 30.02 36.03 43.24
Molybdic Dxide 11.03 12.97 15.26 17.95 21.12 2L4.8L 29.22 34,37
Ferromolybodenum 12.98 15,17 17.87 21.05 2L.79 29,20 34.40 40.52
Molybdenum powder 22.16 26.16 30.89 36.47 L3.07 50.85 60.04 70.89

Molybdenite Donc. 51.90 62.29
Molyhdic Oxide k.43 L7.55
Ferromolyndenum L7.73 56.22

Molybdenum powder 83.70 98.83
These trends are depicted graphically on the following page, for
(a) Molybdenum concentrate, (b) Molybdenum powder, () Molybdic ecld
and (d) Ferrmmolybdanum, TES pectlvcly
Recent prices guoted for various molyhdenum products in the

United Kingdom end Europe (Metal Bulletin) are:

Molybdenum concentrate 5,80 US % per lb.
Molybdenum powder 6.86 US & per 1lb.
Molybdic oxide 4L.10 US & per 1b.
Ferromalybdenum 6.42 US % per 1b.

It is apparent from the above prices that the molybdenum metals
market has experienced @ dinstinct downswing. This can be attributed
to a worldwide recession in the iron and steel industries and the
corresponding decrease in demand for molybdenum additives.

*

DU

IN US. $ PER KG MOLYBDENUM
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Table 4 continued 17 :

1980 1981 1982 .

Molybdenite Conc. . .
(f.o.b. Glimax) .78 8.0 &.40 o
Molybdic Oxide " e ‘_? ‘ :
(briqUE‘ttes) 8.80 8.52 8.13 o ’J

Ferromolybdenum 10.15 9.88 9.10
Molybdenum powder 14.44 15.95 15.31

Best fit curves for price determination in current money terms are:
B 0,182 YR, .

Molybdenite concentrate : PRICE = 1,125 = {1,962
Molybuic Oxide(briquebtes) : PRICE = 1,337 e 31162 YR g gy3
Ferromalybdenum : PRICE = 1,532 e D 18% YR 0 = g o
, ) - 0,166 VR
Molybdenum powder ¢ PRICE = 2,556 & ;= 0,985

with YR an integer with base of 1971 = 1, r the correlation coefficient

Prices for the next decade would thus be estimated as (US %/1b):

1983 1984 1985 1986 1987 1988 1989 1990 e
Molybdenite Conc. 12.06 14.47 17.37 20.84 25.01 30.02 36.03 43.24 ok
Molybdic Oxide  11.03 12.97 15.26 17.95 21.12 24.84 29.22 34.37 e
Ferromolybdenum 12.98 15.17 17,87 21.05 24.79 29.20 34.40 40.52 ff,ff#;
Molybdenum powder 22.16 26.16 30.89 36.47 43.07 50.85 60.04 70.89 e

1991 1992
Molybdenite Conc. ©1.90 62.29
Molyhdic Oxide 4O.63 47,55
Ferromolyndenum L7.73 56.22

Molybdenum powder 83.70 98.83
These trends are depicted graphically on the following page, for
(a) Mplybderum concentrate, (b) Molybdenum powder, (c) Moplyhdic acid
and (d) Ferromelybdenum, respectively.
Recent prices quoted for verious molybdenum products in the

United Kingdom and Europe (Metel Bulletin) are:

Molybdenun concentrate 3.80 US 8 per lb. BT
Molybtenum powder 6.86 US 8 per lb. o
Molybdic oxide 4,10 US 8 per 1lb.
Ferromolybrenum G.4p US & per lb.

It is spparent from the ahove prices that the molybdenum metals
market has experienced a dinetinct downswing. This can be atbributed
to a worldwide recession in the irwn and steel industries and the
corresponding decrease in demand for molybdenum additives.
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Table & combinued 17
1980 1981 1982

5.78 8.50 8.00

Molybdenite Conc.
(f.o0.b. Climax)

Molybdic Oxide
(briguettes)

Ferromolybdenum 10,15 9.88 9.10
Molybdenum powder 1444 15,95 15.31

8.90 B8.52 8.13

Best fit curves for price determination in current money terms ere:
Molybenite concentrate & PRICE = 1,125 e D202 YR, o . g o6o
Molybdic Oxide(briquettes) : FRICE = 1,337 e 01182 YR o o 973
Ferromolybdenum : PRICE = 1,532 ¢ 184 YR, o _ g o
Molybdenum powder : PRICE = 2,556 e G,166 YR

H

it

1]

i ¢o= [0,985
with YR an integer with base of 1971 = 1, r the correlation coefficient

Prices for the next decade would thus be estimated ss (US 3/1b):
1983 198k 1985 1986 1987 1988 1989 1990
Molybdenite Cone. 12.06 14.47 17.37 20.84 25.01 30.02 36.03 43.24
Molybdic Oxide 11.03 12.97 15.26 17.95 21.12 24.8L 29.22 34,37
Ferromolybdenum  12.98 15.17 17.87 21.05 24,79 29.20 34.40 L0O.52
Molybdenum powder 22.16 26.16 30,89 36.47 43.07 50.85 60.04 70.89

Molybdenite Conc. 51.80 62.29
Molybdic Oxide .43 47,55
Ferromolyndenum 47.73 56.22

Molybdenum powder B83.70 98.83

These trends are depicted grephically on the following page, for
: (a) Molybdenum concentrate, (b) Molybdenum powder, (c) Molybdic SCld
: andg (d) Ferromolybdenum, respectively.
; Recent prices guobed for various molybdenum products in the

United Kingdom and Europe (Metal Bulletin) are:

; ; Molybderum concentrate 3.80 US B per lb.
? Molybdenum pouder 6.86 US § per 1h.
Molybdic oxide 4,10 US @ per 1lb.

Ferromolybdenum 6.42 US 8 per 1b.

It is apparent from the above prices thab the molybdenum metals
market has experienced a dinstinct downswing. This can be attributed
to 8 worldwide recession in the iron and steel industries and the
corresponding decrease in demsnd for molybdenum additives.
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8  MOLYBDEMUM IN SOUTH AFRICA

8.1. Known Deposits . | o
In South Africes molybdenite has been recorded at a considerable
number of localities by the Geological Survey. In most cases

a '5yvff the mineral merely occurs es sn sccessory mineral in deposits I
. where other exploitable minerals predominate. No deposits of

S
ol

éppreciable gize have been located; nor has this mineral been

recovered as 8 by-product in the exploitstion of other minersls.

i Molybdenum is mostly derived from acid or guertz besring
igneous rock, such as granite, pegratite and guartz veins.
*§  ~§ A detailed scocount of sll known molybdenum occurences
B in South Africe is given in the Geological Survey unpublished

1 f;”.~{ report No. Eg 18/15, Molusdenum Oeppsits of South Africa, by

| S Stephan L.A., of February 1877. Apart from describing forbty one
known occurences of molybdenus in Bouth Africa in deteil , the
suthor gives an account of the types of molybdenum deposits

that ococur throughout the World. From this it is deduced that
ninety-three per cent of the World's molybdenum reserves

i; ‘ - ? aceur in Mesozoic or Cenozoic orogenic belts (which sre the ezress
; ', in which porphyey tyre copper deposite orcour) end only about six
% S ? per cent in Paleczoic orogonic belts. This implies that the

| ST probability of discovering malybdenum in large guantities in

Y
1

South Africe is peor in spite of the numerous small occurvences

Consideratle interest wes aroused about 10 years sge in the
saseibility of there being norphyry type copper (containing
molybdenum) in the North-Western Cope and Southern South West

S ;
o
b S SN

Africa region; known te be highly minerslised, although very
much older than the other reglong elsewhere in which porphyry
copper deposits are known to occur. One such deposit was
prospected primarily for molybdenum near Ecksteenfontein in
the Richtersveld, known as the Rooiberg IT Complex. Although
molybdenum mineralisation cceurs togetber with fluorite over

g considerable area, the values obtained were too low to
warrant further development according to the Messina (Transvaal)
Development Company who prnspented‘the region. In addition, the
deposit occurs in @ remote desert area with little or no
infrastructure and estaeblishing a large mining operation would
be a long and costly process. A large local market, may

A
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however, éncuurage Meésiha‘Devglopment'Co. to investigate
further. - ‘

Although numerous occurréﬁcés of molybdenum in and around
the Bushveld Igneous Complex have Been examined, all of these
deposits appesr to be small and erratic. Small trial shipments
of molybdenite have been extracted in the past, mainly from
former tin mines - in 1957 (1& tons), 1958 (8 tons) and in
1964 (1 ton). There does not seem to be any possibility of
attempting to mine these small deposits and sending the ore so
produced to a central recovery plant. This applies alss to the
numerous observations of malybdenum in the N.W. Cape and
Nemaqualand ares where the molybdenum ig usually found associated
with pegmatitic tungsten.

A peculiar occurence of molybdenum in the Mpendle District
has been described by DPuTeit. The deposit lies below the
Drakensherg escarpment in the Hlatimbe Valley. An unidentified
molybdenum mineral cocurs ss an impregneticn in the sandstone
containing up to 1,75 per cent molybdenite. The ore body appesrs
irregular snd small.

In 8.W.A., at Teumeb mine, molybdenite ocours ss an
accessary minersl in the comolex lead-zinc-copper ore. The
malybdenite ig recoverza in the smeliing plent of the Teumeb
Carporation.

The mast promising ares is in the Kemo whers molybdenum
has been reporied from several small occurrences, notably in
the Beaufort West mie%ritt, comonly in sssocistion with uranium.
It is believed that molybdenum may prove more sbundant in this
arza than uranium. Until resently, though, molybdenum when
gssociated with uranium in Wamoo rocks was regsrded as &
contamingnt. With continued exploration for uranium in the region
there is a distinct possibility of locating payable molybdenum
concentrations in the area, to be recovered either as a primary
or by-product. Such a discovery would be unlikely to be the
main ore mineral molybdenite but probably oxides such as
Jordosite and ferromolybdite which offer pussibilities for
extractions by leaching, thus avolding some of the difficulties
of extracting molybdenum from conventlonal sulphide concentrates.

The analyses of samples taken along the outcrop indicate
molybdenum contents ranging from 0,1 to 1,2 per cent Mo Sz.

ity
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The higher values alone would indicate deposits that might be
worth working for their leyhdenuhAthtent alone, apart from
their uranium components.

The Nuclaar Development Corporation fend to discount the molybdenum
content of these uranium ores in the small end scattered
depusits as a poison. They have tended to turn away from such
gcourences thet do contain molybdenum. The limited assays that
have become gvailsble indicste vaiuez of the same order as
those at Dlimax and Hendersoen, sround 0,5 per cent contained
molybdenum.

Union Carbide Exgloration (Pty) Lid. tend to sgres with
the Nucleer Development Corporation in thet the deposits are ftoo small
to be extracted economicallv but have exerci.ed their rights to
mineral options in certain aress of the Beaufort West District.
This company have no present plans for developing sny of the
uranium depseits in the region in the immediate or forseesble
future. However, the suggesiiocn that there may be s loesl
market for & very lerge tonnage of molybdenum may prove an

ndunement to rensaed intersst in the ares.

f

In summary, it agpapre that although numerous pcourences
have been known in Speth Africe for many yesrs, only two
fairly recent discoveries (Richtersveld snd Beaufort West)
offer any hope for establishing an operation with an snnusl
production of the order of 5030 tons of molybdic oxide.

Even these two diecpveries seem rather doubbful propositions
in the light of current depressed magrkets for molybdenum.

8.2. Forms in which molvbdenum ig required in South Africe

Overseas, molybdenum is marketed in a wide variety of forms
ranging from run of mine concentrates to articles febricated
from molybdenun metal. In South Africa the range of
molybdenum products required would be to the sdventage of s
company producing molybdenum on & comparitively small scale.
t ig unlikely that pure salybdenum metal would be

required; as any metel used as such in South Africes would be
imported as finished components for electrical equipment such
as X-Ray spparatus.

The metallurgical industry which reguires molybdenum
mainly for the manufacture of steinless steel uses molybdenum
in two forms, ferromolybdenum and molybdic oxide which are
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usually imported as briguettes and reduced to the metal in a
furnace.
For chemical applications, including the manufacture of
catalysts and paint pigments, the most common form reguired
is likely to be ammonium molybdate, a compound that is not
difficult to produce from relaetively impure 'technical'
grade molybdic oxide. However, the manufacture of molybdenum
based cetalysts is & highly specislized science of its  own.
The supply of molybdenum, initielly in most cases in the form
of ammenium molybdete, is probably the simplest part of the
whole operation which involves depositing the molybdenum, either
as the metal or the oxide, on the inner surfaces of the pore
structure of materials such as alumina or certain clayse
Molybdenum sulphide used for blending into lubricants
is a highly refined material which might be produced by
‘super-cleaning' of the molybdenite produced as a flotation
concentrate. It is ususlly produced by reforming the sulphide
from the purified molybdic oxide.
Considering the ability of a relatively small mining
operation produsing molybdenum, it would most probably
be best to produce either a high grade molybdenum concentrate
or molybdic oxide. The latter could probasbly be schieved
on a small scale by means of a process developed by the U.8.
Bureau of Mines, but which has not yet been epplied commercially.
8.3. Poseible sgu :es of supply for South Africa
There does not appaar to be any possibllity of any world shortage
af molybdenum ariging in the forseeable future, neither is the
price of molybdenum likely to increase fester than the current
rates of inflation - in fact the opposite may be more probable.
With the World trade in molybdenum well entrenched in the
hands of a few very large companies and the fact that these
companies hove developed a very considerable experiise in the
extraction and refining of molybdenum, sntry by a newcomer into
the world molybdenum market would be difficult. There is
therefore very little incentive for any South African company
to develop any molybdenum deposit, except under the guarentee

of 8 very much lerger potential market internally than exists
at present.

The following alternatives for meeting South Africa's
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demand may be considered:

8.3.1. Direct importation of malybdenum

It is obvious that the simplest and easiest method of obtaining
molybdenum would be to import it from one or other of the well
established major producers.This would obvigte the cost of
establishing a large scale mining operation and processing plant
and acquiring the necessary knowledge to run the plant and mine.
The present major suppliers of molybdenum sre all large companies
of the highest integrity snd there does not appear to be any form
of restrictive cartel betuween them. Supplies of molybdenum in the
guantities envisaged would be obtained under a long term contract
and most probably at an spprecisble discount on current market
prices, which are usually those for spot sales.

It would probably be prefersble to import the molybdenum in
the form of ‘technical grade! molybdic oxide, rather than as 8
molybdenite concentrate to avoid the difficult step of calcining
the concentrates and disposing of the resultant S50z Fumes. The
malybdic oxide could be used as & starting point for the local
manufacture of ammunia molyhdate and ferromolybdenum. Apart from
its stragedtic use gz & catalyst, smmonium molybdate is slso a
most effective method of refining molybdic oxide.

There gre, however, serious dissdvantages to relying on
imports of molybdenum, especially when the major portion of
this material is playing a vital vole in a key industry such
as petroleum synthesis. Firstly, the import of 5000 tons of
molybdic oxide anmually would represent at present prices at
lepst Ua8. 8 44 631 000 in fureign exchange, even allowing
for g slight reduction in price For the supply in bulk and
mat in cans. An ernual turnover of U.G. 845 million would justify
the erection of e considerable sized plant anywhere.

Secondly, Snuth Africe would continuelly be in the situation
of wholly depending on the goodwill of overseas countries, in
this cese Amerlca, Uanada and Ghile end ponsibly Peru, for supplies
of an essential material. Even if the suppliers were willing to
furnish the molybdenum there would always be the risk of the
supply lines being broken in times of war, boycotts or embargoes. .
It would therefore seem desirable (if not essential) to carry
a very large stockpile of molybdic oxide in South Africa against
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such possible emergencies.

8.3.2. Development of local sources

This is highly desirable but unfortunately only two areas appear
tn show promise - the Richtersveld and the Kargp . sandstones near

Beaufort West. The Messina Development Corporaticn view the e
Stinkfontein vccurence es a ‘complete flop'. The views of the R s
Union Carbide Exploration are less pessimistic but still nob ey
encouraging.

Apparently the possible local and virtuslly captive market e
for about 5000 tons of molybdic oxide ennually has been offered f‘ggf '
to both companies as an inducement to initigte the recovery of o
molybdenum locaelly. MINTEK have stated that they are confident
that they could develop the technology to recover and process
any molybdenum ores that might be recovered. This confidence is
based on detsiled expertise in similar fields.

8.3.3. Dollshorstion with the Chilean Government
A few years ago the Souwk iosn Legetion in Chile was approached

by Chilean nationals who .ppeared to be acting with the approval,
if not actuslly r behalf of, the Chilean Government. The Chilean RN
copper mines pr.  atly produce sbout 12 000 tons of molybdenum ST
annually in the sulphide form. The materisl is at present said to
be sold as the sulphide which is unusual since the state owned

company CODELCO, advertises molybdic oxide as well as the sulphide.

The Chilean Government wish to process the molybdenite further

loecally snd require private enterprise to submit propossls for ; ;!mfﬁ}
the venture. They are considering utilizing a South African fimm L
to supply the necessary technelogy and probably some of the plant
and eguipment on a contract or partnership basis.

The proposal offers interesting possibilities. Not only does
it offer sn opportunity for the export of South African expertise
(even if this atill has to he developed) but there is also the
trade henefits of supply of plant and equipment, as well as the

| opportunity for investment af South African capital in a friendly
l ~5w;, country. Far more important in the present context is tha
: collaboration could lead to a relisble source of supply of
molybdenum on terms favourable to South Africa.

The expansion of @ proposal of this nature to fruition would
of necessity involve the South African Government and locael
entrepreneurs such as the Industriel Development Corporation and
Anglo American Corporation, especially as the latter already have
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aome interests -in South America.

Hmwever,'it was‘impossible,vmiph the ‘limited sources of informaﬁion
available, to pbtain acburate an&vreiiable details regarding the current
status of negotistions concerned with the sbove propossl. Such agreements,
because of the sensitivity of warld‘affairs, may of necessity have to be
completed with the strictest security. .

B.3.4. Collsboration with Iranisn interests

This is a proposition very similar to that of Chile, apain proposed

a Tew years ago. Iran, however, slready has interests in South Africs
through the petroleum refining industry. A syndicate in Iran wished

to develop s molybdenum deposit, to which they had the mineral rights,
located sbout 35 kilometres from Teheran. The mine, which wass reported
as being high grade. They also had the tascit approval of the Irasnian .
Government to proceed with raeising capital. A firm of locel consulting ;;;‘
engineeiy showed interest in the project but had resl fears regsrding p
the stability of the region and it's long term potential.

Their anticipation of a shift in govermmental power showed

gxceptional foresight. Bince the inception of the Khomel repime,
investment attraction in the region has slumped to & historic low.
It is possible though that the current status guo may change this

highly volatile region ond yield an improved investment climate.
The mine has not, however, been fully explored end proven but if
results prove sufficiently encourazing development could commence, ‘
except that in *this caese it would be neceszary to develop and equip ;
g mine as well as the trestment plant. ’
8.2.5, Processirg of malvbdenum locelly

No specislized knowledge of the trestment of molybdenum ores or

of the recovery and processing of the resultsnt concentrates at

present exists with & commercial bsckground in South Africa.

MINTEK has built up & considerable expertise in the techniques

that would be required and have also developed an apprecisble knowledge

pf molybdenum technology at laboratory scale while engaged in a
sponsored project. MINTEK therefore feel that they do have the
necessary expertise tu be able to assist in molybdenum extraction
projects.

As mentiomed, unless sdequate deposits of molybdenum are
discpvered in South Africa, it would be preferghle to import calcined

molybdenite concentrates such as 'technical grede® molybdic oxide
for further processing. There are companies alreacdy operating on
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similar matériél.locélly Qho have the necessary technology for the
production of refined ammonium mmlgbdateq-Three of these companies sre:

Hard Metsls Limited in Sprifgs

Wickman (S.4.)(Pty) in Brakpan  and

Hicksons Chemicals in Roodepoort.

Hard Metals trest tungsten concentrstes which are refined in the
game manner as the ammonium leaching method for refining molybdic
oxide, while Hicksons manufacture more indrganic chemicals - if not
in Bouth Africe they can obtsin the information from their parent

company in the United Kingdom.

Ammonium molybdate 1s sn intermudiate product in one of the
routes to the production of highly refined molybdiz oxide. The
method employed is very similar to that aslready used by both Hard
Metalg 8and Wickmans for the production of refined tungsten oxide;
while the reduction of the molybdic oxide to the metal powder is
very similar in eguipment and technigue tc thst used to produce
tungster metal powder and tungsien carbide. The possibility is
suggested of extending the tresiment of molyhdic oxide from a
source to the production of molybdenum metal powder, sponge or
sintered ingots for export.

In addition, the metzl rhenium conteined in the molybdenite
concentrates may be recovered. This suggests that South Africa
becoming & major source of a very rare metal, for which numerous
usies exist if avellsble supplies were to be increassed. It is
useful ss o catelyst in the production of low-lead, high octane
gasoline that is much in demand since the use of lead additives
to improve cctane ratings hes been restricted. Rhenium is also
useful in X-ray machines and thermacouples, snd it may find additional
future demand in superslloys for jet engine turbine blades.

Q SUBSTITUTES, RECYCLING AND TECHNICAL POSSIBILITIES

9.1. Substitution
There is little substitution for molybdenum in its major

applications as an alloying elempst in steels, cast irons
and non-ferrous metals and historically molybdenum has been
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g relatively inexpensive alloying agént readily avallable. Rs a
result, metallurgical applications for molybdenum were broadened
and industry souwght to develop new materials which benefit from
the alloying properties of molybdenum. Recently however, the
potentisl for substitution has received attention owing to the
substantial rise in the price of malybdenum raw materials since
1974. '

Several factors mitioste the possible replscement of
molybdenum to the degree that it's overall demand would be
significantly affected:

(1) there is no scceptsble substitute in numerous metellurgicel
and chemical applications

(ii) it is commonly added to stesls and alioys to enhance seversl

desired properties. In such cases, molybdenum could be
replaced for particular effects, but at a sacrifice in
gverall performance. Moreover, the molybdenum content of
zglloy and speciglity steels ranges from less than one to =
few per cent.

Nevertheless, possible zlternatives exist in most applicetions
of molybdenum. Boron, chromium 2nd manganese can replace molybdenum

in steels whers hardenablility is the only desired effect. In
certain low-alloy steels, columbium, manganese and vanadium act
in similar fashion to molybdenum. Chromium, nickel and tungsten
are possible substitutes in steels snd other alloys. Molybdenum
hes substantially replaced tungsten in commonly udsed high speed
tools. Nonmetallurgical materiale such as plestics and ceramics
can replace steels and plloyes containing molybdenum in certain
applications.

Tungsten and tantalum can be substituted for molybdenum in
certain refrectory metal uses, but at 8 cost disadvantage.
Molybdenum can be repleced by graphite for refractory elements
in electric furnaces in the range of 1 DOD® to 1 600 C, bubt =t
the expense of slightly greater difficulty in operation and
control. Chrome orange, caedmium red end organic orange pigments
are possible substitutes for molybdenum orange. Acceptable
substitutes for malybdenum are not found in most of it's mejor
vatalytic applications. Graphite and other solid lubricants
generglly do not perform as well as malybdenum disulphide,
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a relatively inexpensive alloying agént readily available. As a
result, metallurgical applications for molybderum were broadened
and industry sought to develop new materials which benmefit from
the alloying properties of molybdenum. Recently however, the
potential for substitution has received attention owing to the
substantial rise in the price of molybdenum rew materials since
1974, |
Several factors mitigate the possible replacement of
molybdenum to the degree thst it's overall demand would be
significaently affected:
(1) there is no acceptable substitute in numerous metsllurgicel
and chemical applications
(ii) 3t is commonly added to steels snd alloys to enhance several
desired properties. In such cases, molybdenum could be
replaced for particulsr effects, but at & sacrifice in .
overzll performance. Moreover, the molybdenum content of
alloy and specislity steele ranges from less than one to 2
few per cent.

fNevertheless, possible alternstives exist in most spplicetions
of molybdenum. 8oron, chromium and manganese can replace molybdenum
in steels where hardenability is the only desired effect. In
certain low-elloy steels, columbium, manganese snd vanadium act
in similar fazshion to molybdenum. Chromium, nickel and tungsten
are possible substitutes in steels end other alloys. Molyhdenum
hoo euhstantially replaced tungeten in commonly dsed high speesd
tools. Nommetzllurgicsl materiale such as plestics and ceramics
can replece steels and alloys conteining molybdenum in certain
applications.

Tungeten and tanbtalum can be substltuted for molybdenum in
certain refrgetory metal uses, but at a cost disesdvantepe.
Molybdenum can be replaced by graphite for refractory slements
in glectric Turnsces in the range of 1 000° vo 1 &00= G, but et
the expense of slightly greater difficulity in operatlon and
control. Chrome orange, cedmdum red snd organic orange plgments
are possible substitutes for malybdenum orange. Acceptable
substitutes for malybdenum are not found in most of it's major
catalytic applications. Graphite end other solid lubricants
generally do not perform as well as molybdenum disulphide,
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a relatively inexpensive alloying agént readily sveilable. As a
result; metallurglcal applibatiuns for molybdenum were broadened
and industry sowght to develop new materials which benefit from
the slloying properties of molybdenum. Recently however, the
potential for substitution has received attention owing to the
substantial rise in the price of molybdenum raw materials since
1974,

Several factors mitigate the pussible replscement of
molybdenum to the degree that it's oversll demand would be
significantly affected:

(i) there is no acceptable substitute in numerous metallurgicel
and chemical applications

(11) it is commonly added to steels and alloys to enhance seversl
desired properties. In such cases, molyhdenum could be
replaced for particuler effects, but st = sscrifice in
overgil performance. Moresver, the molybdenum content of

alloy and specizlity steels rgnges from less than one to e

few per cent.

Newertheless, possible altermatives exist in most applications
of molybdenum. 8Boron, crromium @ng mangencee can replace molybdenum
in steels where hardenability iz the only desired effect. In
certain low-alloy sieele, columbium, manganese snd vanesdium act
in similer fashion $o molybdenum. Chromium, nickel and tungsten
are possible substitutes in steels and other slloys. Molybdenum
hao substantlally replaced tungsten in commonly dsed hign speed
tools. Nonmetallurgicsl mzterisle such ss plastics and ceramics
can replace sieels and glloys containing molybdenun in certain
applications.

Tungesten and tanbalum can be substituted for molyhdenum in
certain refractory metal uses, but at a cost disadvantage.
Molybdenum can be replaced by graphite for refractory elements
in electric furnasces in the rabse of 1 000° to 1 600= G, but st
the expense of slightly grester difficulty in operation and
control. Chrome orange, cadmium red and organic orange pilgments
are possible substitutes for molybdenum orange. Acceptable
substitutes for molybdenum are not found in most of it's major
catalytic applications. Graphite snd other solid lubricants
generally do not perform as well as molybdenum disulphide,
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especially under high pressure and high temperature conditions.
9.2. Recycling or secondary sources

Some secondary molybdenum is recovered in the production of alloy
steels, superalloys and metal but no detailed data is available.
Most of this recycled material is generated and reused directly
at metal forming or fabricating plants or shipped to plants that
reclaim it. Very little molybdenum containing obsolete scrap is
processed for it's molybdenum content. Although some molybdenum
is recycled as a minor constituent of scrap alloy steels, the
use of such scrap does not generslly depend on it's molybdenum P ‘
content. An increasing but indeterminate guantity of molybdenum ;ik,  vg
is being reclaimed from spent catalysts and chemical residues. LA
9.3. Technicsl possibilities v

Increased molybdenum recovery through improvement in efficiency
of flotation technigues. The development and applicetion of neuw

molybdenum contrining steels and alloys particularly if resistance
to oxidation at high temperatures improves solar energy panels.

10 CONCLUSIONS AND RECOMMENDATIONS
Worid reserves of molybdenum are adeguate for the forseeable

future. Nn shortage of this metal is anticipated and no increase
in prices other then as the result of inflation.

A s = ¥ S AT, Al e

There is no resl incentive for the development of any new
molybdenum deposit in Bouth Africe, except to supply the possible
requirement of eround S 000 tons annually for use as a catalyst
by Sasol.

Although numersus oceurences bf molybdenum are known in
South Africa only two offer any promise of being pobential
sources af this lerge a guantity of wolybdenum, but even these
are doubtful under present economic conditions.

The easlest methad of obtaining molybdenum in any quantity
would be by importing the oxide which could be processed further
locaily with the expertise being doveloped by MINTES.

The total cost of 5 000 tons of 'technical grade' molyhdic
oxlde at present prices le of the order of R43 million shnually.
Both Messina Development Corporation and Union Carbide
exploration could be sctively encouraged to look at their known
molybdenum deposits with a view to monopolise the local market.
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For metallurgical purposes a strategic stockpile of sbout
400 tons of ferromolybdenum and molybdic oxide, in the form of i
sintered briguettes would appear adequate. A stockpile for %’
molybdenum catalysts would have to be decided between Sasol and !
the oil refining companies. Indeed it might be preferable to !
develop an alternative to molybdenum as the catalyst in the
petrochemical industry.

it

=7

j "
s W Y PR Y O S Y -



'WWMIW, —— T

29

o

TUNGSTEN

INTRODUCTION

The TUNGSTEN mineral wolframite wes known in the tin mines of the
Saxony - Bohemia region and later in Cornwall, long before the element
itself was discovered. Tungsten, s heavy metal, was first isolated in
the form of tungstic scid He WO, , in 1781 hy Scheele from a calcium
acid compound. The acld forming element thus discovered was named
tungsten by Constedt in 1755. He derived the name from the Swedish
words 'tung! (heavy) and 'sten' (gtone). In 1783 the Spanish brothers,
D'Elhujar found that wolframite also conteined tungsten, but with
iron and manganese instead of celcium, and succeeded in obtaining
metallic tungsten by the reduction of the oxide with carbon. Later,
in 1862, Liebe described nearly pure iron tungstate in Spain and
named it ferberite.

However, tungsten remained rarely known in the industry until
Oxland (1847) patented his manufacturing process of sodium tungstate,
tungstic acid and the metal. In 1857 Oxland also patented the
manufacturing method of iron-tungsten alloys, but the metal itself
found no application until mearly fifty years leter when it was used
as electric filaments to replace carbon filaments in incendescent
lamps.

But tungsten salts had been used very much earlier by the
Chinese Emperor, Kang Hel (1662 - 1722) to produce s series of
peach shades of face powder! Today tungsten is used for rather more
mundane purposes but it is vital to South Africa's mining and
manufacturing industry.

Tungsten, because of its propertles, has many uses that are
baslc to & modern, rapidly diversifying technology; consequently
the metal will continue to be en incressingly desireble, if not
critical, commodity of worle wide lmportance.

1 PROPERTIES OF TLINGSTEN

Tungsten, a silvery-gray metal, is one of the heaviest of the elements
and hag the highest melting point of any metal, 3 410T. It has a
relative density of 19,2 and it s, structure is normally body centred
cubic.

The major uses of tungsten relate not only to the special
sharacteristics of the metal itself but also to the properties that it
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imparts to its compounds end slloys - extreme hardness, the ability
to retain hardness and strength at high temperatures, high tensile
strength, adequate electrical conductivity and high wear resistance.

Mechanical properties vary widely depending upon the mechanical
treatment to which the metel has been subjected although st temperatures
above 1650°C tungsten outrenks all other metals in tensile strength. In
practice tungsten is not particulsrly hard, but it can be used to develop
extreme hardness when slloved with steel end certain other metals,
particularly in the form of tungsten cerbide (WE).

A remarkable cheracteristic of tungsten is its ductility once it
has been forged into the solid metsl by pressing, sintering and subseguent
hot swaging. After sweging down to @ rod sbout 1 millimetre in diameter,
the rod can be drawn into a wire only 0,012 millimetres in diameter.

Naturel tungsten is a mixture of Five stable isutopes with a complex
chemical behaviour since the element may have all valencies from one to
81x.

2 APPLICATIONS OF TUNGSTEN
The conmercial applications of tungsten depend upon itg extremely high

melting point, high ductility urder suiteble treatment, and extreme hardness
in & carbide form or when alloyed with certain other metzls. The basic forms

in which tungsten is concumed are approximately:

tungsten cerbide LS percent
all alloys S+ percent
chemicals and pthery 1 percent

A further sub-division can he made into tungsten cerbides, aslloys, tungsten
gteels, heat and wear recistant slloys, unalloved tungsten and chemicsl.
2.1. TUNGETEN CARBIOES

In the industry, tungsten cerbides are divided into twe categories -
the cemented tungsten carbide and the fused or cast carbide.

2.1.1. Gemented tungsten carbide
The major use of cemented carbide is in the cutting tool application
which includes turning, facing, milling, boring, reaming, threading,

iling, broaching, shbearing ond glase cutting.

It was early appreclgted thet the resl effect of tungsten in tool
pheel was the formation of extremely hard carbides, either of tungsten
itgelf, principally the monooarbide WC, and the iron-tungsten carbide
(Fe,W) C. The presence of these in the tool steel allowed very much
heavier and faster cuts to be maue, even under conditions when the tool
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steel actumlly reached a dull red heat. Attempts to make use of the .
carbides themselves falled initiglly becsuse of the brittleness of the ?‘w
carbides. This problem was solved by Krupps in 1927 by sintering the ; ) :
tungsten carbide granules in a softer metal, most commonly cobalt. § i' 1
Ca Consumption of carbide cutting tools was probably stimulated by Fo
‘ ‘fwi; the development of disposable carbide inserts which appeared in 1954-1956.
:i\g; 'I These inserts, instesd of beilng brazed into position, are clamped or
- "é screwed into a steel shank and have a number of cutting edges. After each
4 edge becomes dull, the insert is turned to another edge, and after all
: the edges are used, the insert is recycled rather than reground.
‘E Although sintered tungsten carbide wa. used after 1927 for making
7 the tips of machine fools and such articles ag dies for wire drawing, it
; was not until about 1948 that the technigue wes perfected sufficiently
j 1]‘_% to produce tungsten carbide tips tough enough to withstend the shocks of 7
i e percussion rockdrills. The application of tungsten carbide tipped
: rockdrills since 1949 has probably been the most importent single
},’ o f innovation in the mining industry since the introduction of the hendheld o
I To " jackhammer type rockdrill. t
| When jumpers with forged bits were used for drilling one jumper was
( used for each hole of about 1,2 metres. The large number of jumpers
i} ff , required for this work together with the problems of sending them down
r oo the mines to the working fFaces, returning them to surface for resharpening
;i B s well as the work involved in resharpening required enormous logistical
gf, o ef fort. In practice a tungsten carbide tipped jumper can drill sbout &

e metres 0° hole in hard rock efficiently and then only requires regrinding
| S before reuse. The regrinding cen be done underground and even adjacent
SRR to the working places. The total length thet can be drilled with one
PR tungsten carbide tipped jumper with simple regrinding is over 60 metres.
§ o The cost savings are thus enormous.
’ ’ The advantages of uaing tungsten carbide tipped Jumpers ere even
greater on the smaller outside mines and construction works as the need
for establishing sophisticated rockdrill sharpening shops is obviated.
Virtually all mines, guarries antd construction works now use tunpsten
carbide tipped Jjumpers.

2.1.2. Fused or cast carbide

This material is usually produced by melting a mixture of tungsten powder,
graphite end 8 conelderable percentage of scrap tungsten carblde.
Fused carbide, in the form of castings or crushed particles, and
cemented carbide 1s used for wear resistant applications such as
gpraying, injection and blasting nozzles, as guide sleeves in machines,
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thread guides in textile machinery, burnishing tools, ballpoint tips and
gs teeth and jaws for excavators.

2.2. ALLOVYS
Tungsten base alloys are generally developed to improve ductility or high
temperature strength of the metal and are used as substitules for
unalloyed tungsten in some applicetions in spaceship or nuclear industries.
2.2.1. Tungsten alloys

Tungsten~molybdenum alloye are used ass substitutes for unalloyed tungsten
because of thelr improved mechanicel properties. The family of ftungsten-
rhenium alloys has excellent low temperature ductility and high temperature
astrength. They are commonly used for thermocouples in furnaces, electrical
contacts in high humidity and corrosive environments, ss lamps and
electrunic tube wires and as X-ray tmrgets.

2.2.2. Tungsten composites

Heavy alloys are used as gyroscope rotors, rim componente of flywheels,
shielding material for radicactive isotopes, backup discs for semiconduciors
and as projectile cores. Silver or copper infiltrated tungsten is used for
electrical contacts.

2.2.3. Tungsten containing refractory alloys

With the addition of tungsten to refractory metals such as niobium and
tantalum elevated temperature properties sre vastly improved. They are
used as gas turbine vanes, rocket nozzles and ss chemlcal corrosive
resistant tubing.

2.3. TUNGSTEN STEELS
Tungsten is an imported alloying element in high speed stesl, hot work
steel, cold work steel, shock resistant steel and stainless steel.
2.3.1. High speed stesl
For soft metals such as low-varbon steels, high speed tools may be wsed
while for allpy steels, tools of tungsten carbide are employed. High speed
gteels can be machined and easily sheped and thus can be used for complex

shapes. Ty, ical applications are as drills, taps, gear cutters, power tools
and wood working tools.
2.3.2. Uther tungsten steels

Hot work steels are used extensively for exbtrusion dies, shear blades,
piercers or for other occasions where resistance to abresion and shock
is reguired. Cold work steels have longer lives antd better manufecturing
gualities than low carbon steels. They are ger.erally used for blanking,
bushes, geuges and taps. Tungsten-chromium steel is a shock resisting
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steel used by pneumatic tools such as chisels. Some tungsten is wused
in heat resisting and steinless steels such as distilling tubes and
turbine materials.

2.4, HEAT AND WEAR RESISTANT ALLOYS

The heat resistant alloys are celled superalloys while the wear

resistant glloys are known as stellites or cobalt~-chromium-tungsten
alloys.

2.4.1. Superalloys
These alloys have bages of either nickel, iron or cobalt and are used
as gas turbine vanes, stationary power units, combustion tubes and other
high temperasture applications.

2.4.2. Hard facing alloys

These are produced in the form of welding rod or powder and are widely

used for valves, bearings, blaedes and rouck crushers. The cobalt-chromium
~tungsten alloys may be used in massive forms and casts may be made for :
metsl cutting tools which are harder then high speed steels. ;"?:;V

2.5. UN-ALLOVED TUNGSTEN
This is metsllic tungsten in the form of mill products, as sintered slabs,

and in forms consolideted by other means.
2.5.1. Tungsten wire

The major use in unalloyes form is for incandescent lamp filaments, heating
elements in fluorescent lamps, electronic heesters ane ,rid wire. Tungsten

is the most practicael material for this spplication. Cnly at temperatures :
helow 2 000°C is molybderum generally preferred becsuse of its  lower cost. i ;'7? |
2.5.p. Tungsten rods ?‘  ?5 f

These gre used essentially for lemp filament supports, electricsl contacts
and in welding machinery., The general adventeges for using tungsten are
its adegquate electrical conductivity and its resistance to wear and arc
erosion. Tungsten is used for lemp filament supports because of its high
gtrength at elevated temperatures.

2.6, CHEMICAL USES
Tungsten bronze is used as 8 substitute for bronze in paints. Sodium

tungstate produces pigments used in printing inks, plastic, rubber,
peper and waxes. Calcium and magnesium tungstates ere used as phusphors
in fluorescent lights and televielon tubes.

Ammonium tungstate and other compounds like WO, or WS are used as
catalysts in the petroleum industry for hydrotreating, hydrocracking,
dehydration and polymerization. W(C0), and WF, are used for chemical
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vapour deposition to provide a hard acid resistant costing on bearings.
Tungsten selenide is used as a dry lubricant under high temperature
conditions. Tungsten sulphide forms a self lubricating surface on razor
blades.

3 TUNGSTEN MJINERALS
Tungsten is & relatively rare element in the earth's crust st 0,000 048

percent of the igneous rocks of the earcsh's upper layer. Tungsten has
never been found in the elemental foim naturally.

Minerals of tungsten that occur in sufficient abundance to be of
economic significence cen be divided into two groups.

3.1. Wolframite group

The wolframite group consists of three important minerals:

ferberite Fe WO, (iron rich)
huebnerite Mn wo, (menganese rich)
wolframite (Fe,MmW0, (20 to 80 percent of each of Feld0,

and Mr0, )
At high temperature these three minerals form & continuous solid solution
series. The detection of celcium in the wolframite series is probably
due to inclusions of scheelite.

3.2. Scheelite group

This group contains only one economically important mineral - scheelite,
Call0, . Molybrenum may substitute for tungsten in scheelite, forming a
gseries with powellite, OeMol,. Most scheelite contains only a minor
amount of molybdenum. Scheelite has the remarkable property of
fluorescence under ulira violet light, a property that is of considerable
assistance when prospecting for the minsral. This property could also be
uged for sorting scheelite ore from waste by bend or mechanical means.

3,3. Minor tungsten minerals

These are presently not of commercial importance but include:

tungstenite WS
tungstite Whs.Ha 0
cuprotungstite Buz (WO4) (OHDp

4 TUNGSTEN DEPOSITS
All economic tungsten deposits can be re!-ted to the wmagmetic hydrothermal

nrovess. Thus different tungsten deposite can be placed . & classification

syetem sccording to what specific changes occur as the hydrothermal fluid

moves sway From the source.
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4.1. Skarns , ‘

Skarns are the most common form in mﬁich'economic deposits of tungsten
occur. Their characteristic featufas'ére‘that tungsten generally cccurs
as scheelite, an intrusive rock is Frequéntly associated and the mineral
hody is generally small and of irregular shape.

The Sang Dong deposit in Bouth Korea is considered to be & skarn of
six parallel scheelite beds, although only one iz worked. This has an
average width of 4,5 metres, strike length of 1000 metres snd dips at
15° to 30°. The grade varies from & marginal low grade zone of 0,2 to
0,3 percent WJ; tn & central rich zone of greater than 2 percent WOi.

L.2. Hydrntharmél tungsten deposits

The tungsten minerals occur within or adjscent to guartz veins. The
veins may foum discrete lodes, veln swarms or stockworks. Tungsten is
mainly present as wolframite. ,
Numerous deposits occur in the mountains of Cordillera Real in
Bolivia as sheeted vein systems. Tungsten at the La Chojlla mine is
carried in veins up to 1,4 metres wide, average dip of 65° and verying
in length from 100 to 250 metres. The velins are guartz filled and contein
wolframite, tourmsline, pyrite and cessiterite on the lower levels.

L.3. Tungsten depogite agzociated with porphyries

Certain tungsten deposits gre genmeticslly related to igneous rocks,
particularly granitic porphyries. Two types of deposit can be
distinguished.

4.3.1. Tunasten associated with molybdenum bearing porphvey

The Climax deposit is a mzjor molybdenum orebody but the mine has
sufficient coproduction of huebnerite to meke it the second largest
tungsten producer in the U.5. The present grsde milled is asbout 0,03
per cent W0, and all tailings from the molyhdenite recovery cirouit
are recycled and approximgtery 30 percent of the tungsten contesined is
recovered.

4.3.2. Tungsten essocieted with multi-metal porphyry

Mount Pleasant has two main minersl deposits centred on two plugs. The
largest mineral deposit has molybderam, bismuth and tungsten mainly
present as ferberite. The bulk of the deposit was formed by replacement
of the host rock.

4.4, Vulecanogenic tungsten deposits

A number of strata bound tungsten deposits are present in the Alps.
Tungsten occurs mainly as scheelite. At Felbertal, Austrise the series
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is up to 300 metres thick and extends albng strike for 2 500 metres.
There is some substitution of mmlybdénum and gold and silver are
also present. )

L.5. Tungsten bearing brines
The largest single tungsten deposit in N. Americe is Searles Lake
containing 77 million kilograms of WO contained in brine. Searles
Lake is dry and consists of a body of 3 billion tons of salt sbout
30 metres thick. Slightly over half of this body is actually solid
and the interstices are occupied by a dense brine.

L.6. Genaré} )

Usually walframite and scheelite sre mutually exclusive in any one
tungsten deposit and usuaslly in any particular mineral field, slthough
on occasibns both minerals do ocour together. The initiasl processes
for extracting tungsten from the concentrates are different with the
result that consumers normzlly prefer concentrates of one mineral or
the other.

Both wolframite and scheelite are attacked and dissolved by many
splutions that can ocour ngturally, but in all cases this attack is
very slow with the result that secondary enrichment of tungsten
deposits by dissolution and reprecipitstion does not occour.

Just sbout every mineral that is likely to ocour in vein deposits,
particularly those formed al high temperatures may be found associated
with both wolframite and scheelite. Guangue minerals may include ouartz,
felspar, mice and sreenic.

5  WORLD RESERVES, PRODUCTION AND CONSUMPTION

£.1. World Resources anc Reserves

Any attempt at estimating the World reserves of tungsten must at the
best be highly speculative due to the notorlous fluctustions in tungsten
prices, especimlly over recent years. World knowledge of the geological
parameters required for the formetion of fungsten deposits makes it
possible to delineate prospective areas ressonatly precisely. The
potential for finding tungsten deposits in these prospective ereas is

so high that the development of new tungsten reserves to meet predictable
economic needs in the long term will be possible without a forseeable
exhaustion of the resources. However this setisfactory situstion appears
less encouraging considering the regional distribution of measured and
indiwated reserves,which is e decisive factor for availaebllity. Table 5
gives an estimate of World tungsten reserves and resources as determined

ot b,
7 »‘fg‘ WA P et e 4 %”N.VVJJW'\M«J}‘—W\M‘NMN( R




29

by Stafford in Mineral Facts and Problems.

Table 5

37

Estimated World resources and reserves - 19680 (million kilograms)

Area

N. America

United States
Canada
Nexico
Other

TOTAL

5. Bmerica

Bolivig
Brazil
Other

TOTAL

Europe
Austria

France
Portugal
U.5.5.R.
tUnited Kingdom
Other

TOTAL

Af'rice
Zimbebwe
Other

TOTAL

Asia
Burma
China
North Korea
Rep. of Kores
Malaysia
Thailand
Turkey
Other

TOTAL

Reserves

125
270
20
1

Other

327
318
5
2

Resources

452
588
25
3

Lle

652

1068

39
18

B6
41

125
59

59

129

1688

18
16
2k

3

32

5k

27
318
210

72
18
51
531
65
L1

304

L7

778

14

10
19

10

19

29

32
17361
109
82
b
18
77

73
2268
136
77

18
14

105
3629
245
159
L6
36
ol
10

1698

2623

4,321
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Area Reserves dther Resources
Jceania
Australia 109 259 368
Other 1 2 3
TOTAL 110 261 371
WORLD TOTAL 2597 4158 6755

e ety

The measured and indicated reserves that are economically recoverable
at present amount te 2,6 million tons. Only 35 percent of the reserves
are held by =ountries with free market economies. The country with the
largest percentage of all presently known messured and indicated
tungsten reserves is the People's Repuhlic of China with 52 percent.

The situstion is similar with regard to potential world resources.
These amount to 6,76 million tons but 62 percent of these resources
are accounted for by the U.5.5.R. and the People's Republic of China -
a very alarming fact for the Western World to consider.

Reserves at certain mines sre very large. Tungsten is frequently
produced as a by-product of working other metsls, most commonly tin,
but in the case of the famous Climax mine, tungsten is produced as a
by-product from the mining of molybdenum ores.

5.2, World production
Appendix Two containg a list of the largest known tungsten producing
mirgs in the world. Historically tungsten production has fluctuasted
greatly with sn overall average arinual growbth rate of sbout 3,5 percent.
Ouer the years the share of the most important contributors to world
production as a qroup has increased but the relationship between these
countries outputs has remained nearly the same. Only the newcomers
such gs Brazil, Thailand, Japan and France have increased their share.

Table 6 lists the Western World tungsten production divided into
seven main categories for the last fifteen years, as published in
Mining Journal's 'Mining Annual Review's.
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Table 6
Western World production (kilotons)
1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978
United States 4,6 4,3 4,4 3,1 3,2 34 34 2,5 2,6 2,7 3,1

Australia 1,2 1,k 1,3 1,5 1,5 1,3 1,1 1,5 1,9 2,2 2,7
Bolivia 2,0 1,8 1,8 1,9 2,3 1,9 2,0 2,5 3,0 3,3 3,1
GCanada 1,3 1,5 1,4 1,8 2,0 1,7 1,3 1,2 1,6 1,8 2,7
Rep. of Korea 1,9 2,0 2,1 2,1 1,7 2,0 2,3 2, 2,4 2,5 2,3
Portugal 1,3 1,3 1,4 1,6 1,6 1,5 1,5 1,b 1,3 1,0 1,1
Othex 3,2 4,4 5,1 7,7 89 8,8 7,6 7,0 8,1 9,2 10,2
TOTAL 15,5 15,9 17,5 19,5 21,0 20,6 19,2 18,5 20,9 22,7 24,9

1979 1980 1981 1882
Upited States 3,0 2,7 3,5 1,5

Australia 3,2 3,4 3,5 2,4
Bolivia 3,1 3,3 3,3 2,3
Canada 2,6 3,2 1,8 2,8
Rep. of Korea 2,4 2,46 2,4 1,8
Portugal 1, 1,5 1,4 1,L
Other 9,0 9,8 9,3 8,8
TOTAL 24,7 26,3 25,2 21,0

The remaining countries which comprise the row ‘'other' in the table are
virtuslly all small producers and thelr ennusl productions vary widely
from year to year due to the small deposits being mined and the wildly
fluctuating market price of tungsten. During periods of high prices
rumzraus small mines come into operation snd close up within g relatively
short period sither when their small reserves have been mined out or when
the price of tunpsten falls.

StaFmeﬁaestimates Eaatern Bloc production in 1979, the last
available figures, to be around 20,8 kilotons growing snnually at an
average rate of 3 percent.

5.3. World consumption
The true pattern of World consumptlon by countries is rather difficult
to determine for tungsten. Some countries that have v large apparent

consumption sctually use considerably less than is shown because they
re-pxport appreciable guantities in the form of manufactured gonds
such as tools and dies. Although unelloyed tungsten consumption in the
glectric and electronic epplications is guite stable, the major market
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presently rests upon tungsten cerbide followed by tungsten steels.

The epparent Western World consumption of tungsten produced in
non-communist countries over the lsst fifteen years is given in Table 7, ; f-f |
determined from figures published in Mining Journal's 'Mining Annual Review'. ok 4

Teble 7 o8
Tungsten consumption (kilotons)

1968 1959 1970 1971 1972 1973 1974 1975 1976 1977
United States 5,7 5,9 6,1 5,4 6,4 7,0 7,4 6,0 7,6 7,5 ,
Japan 3,4 3,5 2,8 2,1 ¢,3 3,4 3,2 1,5 1,9 2,0 e
Western Europe 11,8 12,2 12,8 12,5 11,1 12,6 13,0 7,5 10,2 10,1 e
Egstern Europe 3,2 3,4 3,6 3,5 3,6 3,6 3,6 2,8 38 3,9

Other 0,4 0,6 0,6 0,5 1,1 1,2 1,2 2,2 2,6 2,7
TOTAL oh,6 25,4 25,9 24,1 24,5 27,8 28,4 20,0 25,9 26,2

1978 1979 1980 1961 1982
United States 8,3 9,2 8,3 5,8 5,4
Japan 2,0 2,6 2,5 2,2 1,8
Western Eurcpe 11,1 11,0 10,5 8,3 8,5 v
Eastern Europe 4,3 3,8 4,9 4,1 3,9 ' R
Other 3,0 3,0 2,9 3,0 2,5 o
TOTAL 28,7 29,6 30,1 27,4 22,1 L

World consumption and production trends are depicted graphically
on the following psge , firstly the resl trends and secondly the spline
of best Fit to the date ss determined by the computer package SAS-GRAPH.
Under normal clroumgtances it is ususlly possible to relate the
demand for a product to ite consumption. However, for s large number of
gtratenic products and especially For tungsten ore, the creation of the f E i
U.8. strategic stocks following the WKorean war introduced very important f -
elements of distortion. Excessive demand in the United States vesulted f B
in the creation of a stockpile representing seversel years consumption for
RS the entire Western World. This demsnd created a disequilibrium in the
Lj [ market and Lthe consequences are still epparent by the large fluctuations
ST in coneumpbion ennually.

A e St

5.4. Local Production
The production of tungeten concentrates in Joath Africa and South West
Africa/Namibia is given in Table 8 (pg.4l.Wolframite and scheelite are
shown together end although the grade of the concentrates is not steted
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Table 8
———— 15, 19
Local production of tungsten concentrates (fons)
S50UTH AFRICA SuA/NAMIBIA

Year Production Sales ,Productimn* Sales
1960 32 - 320(-) 56
1961 25 - 649(7) 403
1962 23 5 ELL(3) 594
1963 7 8 843(~) B52
1964 & 21 739(0,02) 762
1965 5 £59€0,6) 572
1966 7 b 680(-) 695
1967 25 L0 X X
1568 L8 36 X X
1969 61 66 X X
1970 6 19 P X
1971 12 21 X X
1972 1 - X X
1973 1 1 X X
1974 «- 1983 - - % X

* The first figure represents combingd tin-~tungsten concentrates
and the figure in brackets the tungsten concentrate production -
mainly from small workers end indlvidual diggers who sbld small parcels
of hand wrought ore to buyers who esccumulated the small amounts until
they had a guantity worth shipping or the price was favourasble.

+ The figure represents sales of comblned 5n/l concentrates.

® No figures are avallable from 1967 onwards.

The first recorded production figures are in 1826 and through to
1960, a totel of 5 222 toms of tungsten concentrates were produced in
South Africe of which 58 tons were sold locally. During the save period.
924 tons of tingsten congentrates were peoduced in SWA/Namibia, all of
which was exported.

From 1941 to 1946 the main production was from the Nababeep Tungsten
Weat, Nababeep Tungsten East end Tweedom mines near O'okiep. These mines
were owned by Otokiep Copper Company, but they were leassed to and
oparated by the Witwatersrand Consolideted Exploration end Finance
Company until 1946 when thelr lesses expired. O'okiep Copper Company
then worked these mines for their own account until 1943.

O'okiep Copper Compeny recpened portions of the old mines end
alsn worked the Tweedam East mine Ffrom 1952 to 1956, since which time
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there has been no mining of tungsten on any scale in the vicinity of
O'okiep.

Associated Tungsten Mines commenced operations in the esrea of
Van Rooi's Valley and Dyason near Upington in 1948, where they were
Joined by P. Broude in 1950. These companies were listed as producers
untiil 1957 when they ceased operastions. Other established mines were
Kliphoog, Narrep, Ezelsfontein Prospect and Biesies.

ALl other production in South Africe has been listed as by
'sundry diggers - Namagualsnd and Gordonis Districts'. They are
mainly Cape Coloureds who eke out an existence around the more easily
worked outcrop occurrences of scheelite, mainly in the ares to the
south of Vioolsdrift on the Orange River. They have limited knowlecge
and even more limited cepitel and equipment and have seldom worked
deeper than 5 metres. They have sold the more readily ohteined ore as
hand-cobbed scheelite to local buyers.

It is rather unfortunate that the large known deposits of tungsten
appear to have been worked out Jjust as @ coneiderable industry for the
danufacture of tungsten carbide tools and rock drill bits was developing
in South Africa.

The present production of tungsten is neglipgible except for an
sppreciable amount of tin-tungsten concentrates, the tungsten content
of which is not declared and all of which is exported. In the Transvaal
such 5n/W concentrates have provided all the tungsten that has been
produced. The moat recent serious attempt at tungsten mining in the
Northwest Depe was inibisted by Redbank Mining Company at Noubestaen,
20 kilometres south of Vicolsdrift, Their 100 ton per day mill was
designed to be fed partially from ore mined on their own claime aend
partially from ore recovered from claims held and worked by local
Coloured miners. They decided to purchase tungsten are from the small
workers within a radius of approximately 25 kilometres on contract
and to sssist these winers with technicel advice, the loan of
compressorse and drilling equipment and to undertske blesting operations
for those which mey not be qualified to obtain blesting permits. The
grade of ore on which the company has planned its operation is sbout
1,0 percent W0,, hut exploration has lndicated appreclebly higher
grades. The possibility of expansion to <wn or three similar plants
operating on a customs tremtment besis exists.
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One of the two major producers of tungsten in SWA/Namibia
closed downiwelve years agn, namely Brandberg West Tin mine near
Omaruru. Brandberg West was owned and operated by the South West
Africa Corporestion, managed by Gold Fields of South Africa. The
mine commenced operations in 1950 . in 1970 the ore reserves were
gstimated at 8 million tons of ore containing 0,20 percent combined
tin and wolfremite. The mine produced both tin concentrates (32 to
35 percent Sn) end combined tin-tungsten concentrates (16 to 19
percent W0 ). In 1972 it was decided to close down the mine
temporarily pending improved metsl prices.

The other major producer, the Krantzberg mine, (also near
Omaruru), is ouned by Nord Mining snd Exploration (Pty.) Ltd. of
Windhoek. There is no associated tin and the main mineral is
wolframite. A concentration plent having s designed cepacity of
400 tons per day is in operation, utilizing gravity concentration
f'ollowed by cleaning by magnetic separdtion. The production was
about 300 tons per day snd the are reserves ure unknown. This mine
had & great deal of lsbour unrest and is at present running at
heavily reduced production.

5.5. Local conasumpbion
The following tables, shutracted from the snnual trade statistics
of Soutn Africe ag determired by the Department of Customs and Excise
record the imports and exports of tunigeten and fungsten products into
and from South Africe over the last fifteen years.

Table 9
Ores ard concentrates of turgsten (item EG.Dl.SS?D
Year 1MPORTS EXPORTS
Quantity(ﬁnns),Valua(curﬁent) Quantity(tons) Value(cugrent)

1968 a0 633 938 6l 93 543
1969 206 577 519 L7 76 550
1970 607 1 682 LB6 185 495 a5l
1971 L16 938 176 100 23k 656
1972 543 775 527 - -
1973 Libh 681 527 55 127 400
1974 g4e 1 787 259 X 776 890
1975 U2k 1 846 357 X 1 915 D25
1976 3hh 1l 719 624 X 2 939 B3l
1977 L85 L 743 102 X 3 696 221
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Year IMPORTS EXPORTS
Quantity(tons) Value CU§TED%) Quantity{tons) Ualue(curgent)
1978 508 4 556 658 X 3 110 188
1979 335 2 810 293 X 804 382
1580 650 & 090 669 X X
198l 401 3 624 668 X
1982 294 3 368 978 %
Year RE-EXPORTS
Quantity(tons) Value (cur?ent)
1968 - -
1569 - .
1970 - -
1971 3 125 106
1972 - -
1973 35 62 543
1974-1982 ~ -

The guantity recorded is the tons of contained tungsten metal in the ore

or concentrate. Fo

The decreasing trend of imports is pceurring not sz s result of diminished § f‘“‘ i
demand over the last few years but as a conseguence of more efficient e
extraction and processing techniques. The absence of re-exports for the last
decade demonstrates good trade manasgement in a situation where the commodity
traded is vital and strategic to indigeneous indusicies. It is desireable
that this trend is maintained in the future.

Table 10 30
Tungsten metal, wrought or unwrought srticles (item 81-01)

Year IMPORTS  EXPORTS
Quantity(tong) Value(ourbent) Quantity(tons) Value(oulrent) s i

1968 87 k16 94O 10 40 630 T
1969 41 324 B56 38 110 750 e
1970 125 706 064 25 103 943 .
1971 63 520 901 15 49 808
1972 L7 417 888 12 13 716 : L
1973 75 612 573 21 52 475 SN
1974 72 648 364 X 147 551
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Year IMPORTS EXPORTS
Quantity(tons) Value(currgnt) Quantity{tans) Ualue(cur@ant)

1975 34 E08 466 X 20 308

1976 14 Lue 873 X Ll 563

1977 34 686 410 X 235 923

1978 142 1 429 067 X 310 028

1873 202 1 989 477 b 221 163

1980 X 1 774 556 X 12 457

1581 X 720 616 X 71 13C

1982 X 341 508 X 100 518
Quantity(tons) Valua(curgent)

1968 b 16 781

1965 1 9 891

1870 2 13 533

1971 0,2 « 2 060

1972-1982 - -

% indicates figures not recorded For public use.

Tungsten metal imports bsve virtually halved each year since 1980.
This was a market reaction under two influences:

(1) e decreased price in 1978 and 1979 ceused incressed huying

(i1) consequent entry into the downward portion of the business cycle

wiuvh large stockpiles.
The imports of tungsten metal should increase over the next four

yvears as stockpiles are consumed since tungsten wire in lighting is
one fiegld in which substitution is virtuelly impossible at present.

Imports and exports of tungsten cerbide ere not recorded sepsrately.
Prior to 1969 fhis material wes included under item 514-950: Other
Carhides. Since v it has been recorded under item 28.56.30: Tungsten,
Tantalum, Titan and Vanadium carbides. Imports and exports aof
tantalum and titanium carbides are probebly quite small, but exports of
vanadium carbide in the form Carvan and similar steel additives are
substantial and probably exceed exports of tungsten carbide, either as
the powder or in the form of drill and tool tips.
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Table 11

Rock drill Hits (sssumed to be of WE, item Y82-05-40)

Vear IMPORTS . EXPORTS

Quahtitv(Nm.D Ualue(curgent):‘Quantity(ND.) Ualue(cur@emt)
1968 ) + + + + '
1969 45 800 788 90k + +
1970 31 187 1 525 300 | ot +
1971 39 L6 1 336 116 4 +
1972 28 821 808 383 111 770 375 380
1973 B 011 27 134 12 326 296 389
1976 17 922 439 185 X 530 228
1975 197 272 1 93 287 X 449 0DL
1976 46 989 1 253 402 x 1 161 503
1977 L7 603 1 131 825 x 2 D83 740
1978 18 322 1 292 996 x 1 794 84O
1979 25 80D B37 859 X 2 425 138
1980 % 52 587 849 090 x x
1981 76 083 1 410 506 % x
19872 25 698 1 106 301 X %
Year RE-EXPORTS

Quantitv(No.) Ualue(curgent)
1968 + &
1968 + +
1870 + .
1971 + +
1972 1136 453 798
1973 217 61 012
19741982  x %

< indicstes not recorded for the particular yesr
% indicates not recorded for public use
» item classification changed to 82.05.05.85

Import figures for rock drill bits appear to fluctuste rather widely.
But if figure four in Appendix Three is considered (ignoring 1975),
where the data ere plotted graphically- s cyclical trend is observed
which possibly coincided with expansions in the mining industry as s
consequence of the normal business cycle. However, the consumption of
rock‘dr;ll bits manufactured ldcally aover this period would have to be

determined first in order to establish such s relationship.
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The particularly high unit value of imports end re-exports

compared with the exports during 1972 and 1973 suggests that the

hits
bits

imported arl re-exported were probably very specisl, elaborate
for drilling oil wells, whereas those exported were normal mine

rockdrill bits.

Table 12

Taol tips and plates, sticks for tool tips, unmounted, of

sintered metal carbides (item YB82-07: agll carbides,

item Y682-07-10: tungsten carbides) 30

Year IMPORTS EXPORTS

Qmaht:’d:y(Nu.);’G Ualua(cur%ent) Quantity(No.) Value(cur@enﬁ)
1968 524 369 418 588 294 838 413 018
1969 812 &79 775 828 Al 711 LLO 265
1970 1 259 831 1122 774 501 366 601 843
1971 563 485 398 224 + +
1972 553 629 L4g 918 p27 957 430 L09
1973 B39 498 512 394 1 102 972 785 801
1974 735 BL8 L2 334 % 1 235 508
1975 592 500 1 518 513 % 1 0sQ 357
1976 bz 236 1 2D2 678 % 1 285 B17
1977 137 1 355 Q28 X 622 725
1978 201 2 008 638 b Bl5 472
1979 217 3 218 8D X 1 402 836
1980 300 L 838 8Ll X 2 083 273
1981 a2 & 665 D77 X 2 336 L9]
1982 305 & 228 858 X 2 2L2 947
Year RE-EXPORTS

Quantity(No.) Ualue(cur%ent)
1968 6 212 12 067
1969 11 294 L4 207
1970 5 114 20 363
1971
1972-1882 x X

This

% indicates not recorded for public use
+ indicates not recorded for particuler yeer
¥ unit used from 1977 onwards in 100 kilograms

item classification, ssemingly innocuous, contains the greatest
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monetary Valhe'mf all tungsten imports. This is due to the many
components cuhtributing to this sachr;'fuf example: chisels, electric
drill bits, grinders, cutting blaﬁes, scrapers and even ploughshzres.
A steadily increasing market would thus be anticipsted with the effect
of fluctuations greatly diminisned due to its multi-commodity
- composition. This is apparert from figure four in Appendix Three where
the data is depicted graphizsiiv. A definite, slow, stable consumption
is evident from 1976 onuaras ~ very steble considering the pre-1976
trend but the use of ambiguous figures (in the opinion of the Minerasls
Bureau) may refute the sbuve srgument. This is explained as follows.
From the year 1971 onwards the figures refer to components comprised

of specifically tungsten carbides. It is strongly suspécted because of
the lerge number invelved that many of the items recorded in this tzble
as item Y82-07-10 zre actuslly inserts for rock drill bits and should
have been entered in table 7 under item Y82-05-0k.

Although after 1977, 100 kilogram units were used, the Department
of Customs and Excise records for 1976 either 62 236 articles er 622
units, implying on aversge, 1 kilogram per unit. Also these returns
would not include possible production in SWA/Namibia.

The totsl consumpition of tunasten in Bouth Africs can be estimated

)
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for the periocd 18358 to 1YEZ. Any tungsten epplicstions other than those

zovered by the previous tables would comprise insignificant amounis.

Internal consumption is determined by imports less exports; but dus to o

3 Ll export figures not being published after 1874, the only recorded
é ) measure is thst of imports.

YEAR 1968 1958 1970 1871 1872 1873 18974 18975 1576 1977 1978 1979

L IMPORTS 935x 1186 2022 1082 1173 1367 1360 1248 1027 70k 889 780 TR
. G (tons W) i
* e 1980 1981 1982 o
[ S 1280% 930% 670x S
t i * estimated e
This trend is depicted graphically on the following papge.Appendix ' "  |
Three contains the trend graphs fvr the four components of the total |

imports. It is obvioug from the graphs that no attempt can be made of s ;

t ’ a realistic model as the data zre very errstic. To predict the demand
- , for the next decade the most probable average annual rest-of-world
k% S demand growth rate of 4,5% from the base of 1978, determined by the

Stanford Research Institute, is utilized.
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The prediction of South African consumpbion for the next decade
would thus be:
YEAR 1983 1984 1985 1986 1987 1988 1989 1990 1991 1952

DEMAND 1085 1130 1185 1235 1290 1350 1410 1475 1540 1610
(tons W)

This trend is depicted graphically on the following page. No
significant technolugical developments arve foreseen in the near term
that would affect demand projections appreciably. World reserves and
resources of tungsten are limited- however, significent price increases
for tungsten would stimulate the search for new deposits. The apparent
shortfall between production and consumption can be accounted for by the
recovery of scrap tungsten from worn tools snd tool bits. This is the
case of one company at least in South Africa which accounts for sbout
30 percent of requirements.

6  THE MANUFAGCTURE DF ARTICLES FREM TUV LSTEN
Rpart from relatively minor applications for tungsten chemicals, the

three principal uses of tungsten ere in the form of ferrotungsten,
tungsten carbide and fungsten metal.

&.1. Ferrotungsten

Ferrotungsten is normally produced by the direct smelting of tungsten
concentrates, either scheelite or wolframite based, the impurities
contained not being of much importance. Smelting can be carried out by
carbon or metallo~thermic or silico~thermic reduction in electric
furnaces. Production of ferrctungsten is g small scale batch opevation
as the temperatures involved are most detvimental to the linings of
the furnaces or crucibles used.

6.2. Tungsten metel and tungsten carbide

Both these products meke uge of tungsten oxide, W03, as an intermediate
product and this oxide must be of extremely high purity. Therefore
impurities in the concentrates are not desired and as 8 result carry
heavy penaltiesg in all contracts for the purchase of concentrates.

The presence of arsenic is perticularly objectionable. Wolfremite
concentrates ara fused with sods ash while scheelite concentrates

are most commonly decomposed with bydrochloric scid. Most users thus
prefer to operate on elther wolframite or on scheelite and not 4o

keep changing their nature of supply.
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The prediction of South Africen consumption for the next decade
would thus be:
YERR 1983 1984 1585 1586 1987 1988 1989 1990 1991 1992

DEMAND 1085 1130 1185 1235 1290 1350 1410 1475 1540 1610
(tons W)

This trend is depicted graphicelly on the following page. No

significant technolopgicel developments are foreseen in the near term

that would affect demand projections appreciably. World reserves and

f |  f: ; resources of tungsten are limited- however, significant price increases
v'@ for tungster would stimulate the search for new deposits. The apparent

: n@ shortfall between production and consumption can be accounted for by the
recovery of scrap tungsten from worn tools and tool bits. This is the
case of one company at lemst in South Africa which accounts for about

30 percent of requirements.

& THE MANUFARCTURE OF ARTICLES FRDM TUNGSTEN
Apart from relatively minor spplications for tungsten chemicals, the

& :‘  ‘i three principsl uses of tungsten are in the form of ferrotungsten,

tungsten carbide and tungsten metal.

6.1. Ferrotungsten

-{‘ ;   ? Ferrotungsten is normally produced by the direct smelting of tungsten
% , f concentrates, either scheelite or wolframite based, the impurities
? R cantained not being of much importance. Smelting can be carried out by
% BN carbon or metallo-thermic or silico-thermic reduction in electric
furnaces. Production of ferrotungsten is a small scale batch operation

as the temperatures involved are most detrimental to the linings of
the furnaces or crucibles used.

6.2. Tungsten metal and tunosten carbide

Both these products meke use of tungsten oxide, WOy, as an intermediate

product and this oxide must be of extremelv high purity. Therefore i‘ﬁﬁif !
impurities in the concentrates are not desired end as a result carry ol
heavy penalties in all contracts for the purchese of concentrates. M j
The presence of arsenic is particularly objectionable. Wolframite o f

concentrates are fused with sods ash while scheelite concentrates f ~ {
are most commonly decomposed with hydrochloric acid. Most users thus

e

prefer to operate on either wolfremite or on scheelite and not to
keep changing their nature of supply.
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Tungsten metel is produced in powder form by the reduction of
tungstic oxide by hydrogen. Subsequent working is based on
established techniques of powder metallurgy complicated by the very

high sintering temperature of tungsten. The production of extremely

fine wire for the filements of incandescent lamps reguires highly
specialized equipment. It is unlikely that tungsten metal will be

produced in South Africe in the Forseeable future.

6.3. Tungsten carbide powder
This is produced by the direct reduction of tungstic oxide with carbon.

Tungsten carbide is used in the form of suitably shaped compacts of

; carefully sized grains sintered into a matrix most commonly of cobalt ‘

fé : metal. For each particular applicetion the size of the grains of g‘;f' g
carbide and the proportion of cobalt in the matrix are critical. There S

are over 200 patents relating to the preparsgtion and use of tungsten BT
S cerbide. A great desl of this knowledge is held as part of the z o :
it technical expertise of companies in the industry. South Africa is P

L fortunate in that even if local reserves of tungsten ores appear to
P be scanty thers is a great deal of local expertise in the manufacture
‘ and working of tungsten carbide available.

7  MARKETING, PRICING AND TRADING

_ 7.1. Markets
¢ There is a completely free market for tungsten, in fact in the oplnion
| of many people connected with the industry, far too free, as the

vanaries of the price of tungsten are notorious and cover a wide range
with & complete lack of stability. This sppeara to be due not only ta
a fluctuating demand for tungsten, but slso to such influences as wild

L L Y

speculation in tungsten futures and even unfair dealing! The market

o e

for tungsten is unusually susceptible to major variastions of a
temporary nature. Changes in defence programs,in Socialist country  “ :
purchasing, in Chinese selling, in U.8. Government stock adjustments '
can each have sufficlent effect upon the tungsten merket to move ;
prices up or cown 20 percent or more. The investment cycle and its
effect on tungsten demand, particulerly at the end of the cycle when
investment orders drop drastically, also influence market sensitivity. « | i
Where governments are involved in control of mines or of marketing
guch as China, Bolivia and Peru there is the danger that the
governmental hard currency requirements will lead to expansion and sales

activity out of line with demand.

a L 3 VAT I S S, B S d *“‘ BE——— .
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This combination of volatile demand, significant and changeable

government involvement in the market and & lesck of price sensitivity

in tungsten production crestes a merket in which wide price

fluctuations are almost inevitable.

PSS

7.2. Prices
Given tungsten's past history of instability and the industry's
dependence on the Metal Bulletin guotstion for ity pricing
information (based on very little consumer/producer business), it is
not surprising thet producer countries have oought for many yeers some 3\;

buffer arrangement te even ocut the drastic, temporary variations in éf
demand/supply; or that consumer companies have sought to establish g“,, f
% f‘_%( an alternative pricing index to represent more eccurstely what is i {
‘ | actually being peid for tungsten concentrates - an effort in which
producer companies joined when the Internstionzl Tungsten Indicator

(ITI) was developed. The Primary Tungsten Assaciation supported this

et kae o

development believing thet wide Fluctustions in MB guotations of the
past have inhibited growth in tungsten usege. The objectives of the
ITI proponents will not be reslised unless the ITI is used as 2 basis

N mAe e wrk & AW

for contracting. The gregter the coversge develuped by the ITI of
‘ S consumer purchases and produzer ssles, the goeester confidence consumers
% .Q * can have in contrasts based on the ITI, the more ITI guotetions will
' relate tc the sverage priceg paid by and to the industry as s whole,
and the smaller will be the influence of intermediaries.
The two years 1874 - 75 saw the first resl progress in the
UNCTAD Committes on Tungsten towsrds a tungsten stabilisstion agreement.
Producer countries displayed a unified front but progress has been

bt R T i LT

-

slower in subseguent years - although for once UNCTAD's activities

: appear to be meeting with fairly general approvel, so far they seem NS i
to have met with & singular lack of success. It is hoped that the j

tungsten market may be able to be controlled by some body similar to ;

the Tin Council, possibly by mears of a buffer stock but so far there = f

does not seem to be much likelihcod of this happening. It also appears f

S that tungsten is as yet one of the few commodities which the Japanese B |

are not endeavouring to corner.
Tungsten concentrates, elther scheelite or wolfremite, are sold

pn the basis of the '‘metric ton urdt' of contained WOs, namely the
price gunted is 1 per cent contelned tungsten oxide. Penslties are

incurred for the presence of deleterious jmpurities, principally

arsenic and molybdenum.
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This comhbination cf volstile demand, eignificant and changeable

government involvement in the market and & lack of price sensitivity

in tungsten production vrestes a market in which wide price

fluctuations are simest lnevitable.

7.2. Prices

Given tungsten's past history of instability end the industry's

dependence on the Metsl Bulletin guotation Tor iis pricing
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information (based on very little consumer/producer business), it is
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not surprising that producer countries have sought for many years some
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buffer arrangement to even out the drastic, temporary varistions in
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demand/supply; or that consumer companies have souaht to establish if;}:
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an alternative pricing index tu represent more accurately what is :
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asctually being peid for tungsten concentrates - en effort in which
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producer companies jeined when the Internaticnal Tungsten Indicator

(ITI) was develeped. The Primary Tungsten Asscciation supported this
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development believing that wide fluctustions in MB guesations of the
past have inhibiterd growbth in tungsten usage. The objectives of the
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ITI proponents will not be realised unless the ITI is used s a basis ,‘f,   ]

for contracting. The grester the coverszge developed by the ITI of
consumer purchases and produser ssles, the greater confldence consumers
cen have in contracts based on the ITI, the more ITI guetstions will
r7late to the average prices peid by and to the industry as a whole,
angd ths smaller will be the influence of intermediaries.

The two years 1574 - 75 saw the first real progress in the
S UNCTAD Committee on Tungsten towards a tungsten stablilisstion agreement.
’ f'“ Producer countries digplayed g unified front but progress has heen
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o ‘f slower in subsequent years - although for once UNCTAD's activities
tf;‘ appear to be meeting with falrly general aspproval, so far they seem

: to have met with 8 singular lack of success. It is hoped that the
s o tungsten market may be eble to be controlled by some body similar to
&E | g the Tin Council, possibly by means of a buffer stock but so far there
does not seem to be much likelibaod of this happening. It also appears
that tungsten is as yet one of the few commodities which the Japanese

[P,

T ShE are not endesvouring to corner. !
' Tungsten concentrates, either scheelite oi wolframite, are sold

on the basis of the 'metric ton unit' of contained WOy, namely the
price guoted is 1 per cent contalned tungsten oxide. Penalties are
incurred for the presence of deleterious impurities, principally

arsenic and molybderum.
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Although tungsten prices are very mercurial, Roskill's Metal

Datahuugzbives historical arithmetic averages of neekly price
quotations for W0, 65% basis as guoted in MB. The price in 1962 was
#10.95 per s.t.u. (1 percent of a short ton) rising to 835.62 in 1972
corresponding to an average annual increase of eround 8,5 percent - in
times of very low inflation. The average price in 1982 decreased from
£123.00 per m.t.u. in January to 280.00 per m.t.u. in December which
on a constent oollar basis was the lowest level since the esrly 1960s.
The 1982 average amual price was Bl06.32 per m.t.u. versus $143.46
per m.t.u. for 1981 again indicating the severity of fluctustions in
price in the tungsten market.
Recent prices guoted for various tungsten products are:

(1) Tungsten concentrates

United Kingdom and Europe (Metal Bulletin)

Wolframite, std.min: 65% WO, C.I.F. 78.46 % per m.t.u.
United States (American Metal Market)
about 65% W0, London price 79.43 & per m.t.u.

The sbovi: pivloe is used as a basis to determine long term and
spot prices in New York, at negotiated premiums and discounts.
1) Tungsten powder

United States (American Metal Market)

Hydro Red 99,9% 3.56 8 per lb.
Carbide 4.41 % per lh.
Hmmonium paratungstate: per s.t.u. of Wh 62.41 & per lb.

(1i1) Ferrotunasten
United States (Amsrican Metal Market)
High purity, 87 - 93 4,12 8 per lb.
In the Economic Analysis of the Tungeten Industry by the Charles

River Assoclates 62 pages of econometric modelling of the tungsten
price is attempted - finally declining to make any forecasts!

However, the pricing of tungsten with its unpredictable vagaries
may not affect the future of tungsten mining in South Africa as grestly
as it might seem. The primary objective of endeavouring to develop
tungsten mining locally should be to satisfy the requirements of
internal industry - which are considerable, especially for the
manufacture of tungsten cerbide inserts for rockdrill bits. The
producer price to local industry should therefore be more stable
than that obtained on the overseas markets. This will be to the benefit

of the local tungsten manufecturing industry and in turn to the mining

et e o e gt R
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industry. Further, it will help to stabilize prices of South African
articles manufactured from tungsten. South Africa is already exporting
tungsten carbide and the local rockdrill steel is as good as, if not

superior to, that used overseas. It would thus be preferable to export
tungsten from Bouth Africa in the form of manufactured articles on a
comparitively stable market than tungsten concentrates on a highly

unstable market.

7.3. Trading in tungsten

Few, if any, producers of tungsten ores or concentrates are directly
connected to manufacturers nf tungsten products. Such manufacturers ”
purchase their supplies in the form of scheelite or wolframite a,;gi ;
concentrates. v

Ferrotungsten may be produced directly by smelting tungsten

concentrates and this alloy is sold to manufacturers of tool steels fig ;f j
and hard facing welding rods. SR
The majority of tungsten is firet extracted in the form of
ommonium paratungstate which may be sold to other end users as such,

or more commonly converted to pure tungstic oxide Wds, which may then
be reduced to the metal powder or converted to tungsten carbide.

The metal powder and carbide masnufacturer may then work the metsl
into ingots by sintering eand forging, and the cerbide intu specially

i g s,

shaped compacts by sintering in a matrix of cobslt metal. These

finished compacts are the form in which the tungsten carbide is used,
by mounting onto specisl hnlders or brazing onto the tools themselves.

Alternatively the carbide may be sold to other menufacturers of tools ?'7%9 o
and dies who form the compacts themselves. L

There is thus a considerable trade in all forms of tungsten and : ,
it may pass through many processors before reaching the final end user. S
With such a high priced commodity there is & considersble trade in , §
gscrapped and worn out tungsten tipped tools. This is particularly the T |
case in Bouth Africa where aboubt half the tungsten consumed is used L }
in the form of tungsten tipped rock borers in the mining industry.

These tipped borers are commonly leased to the gold mines on contract ; o !
and returned to the manufacturers when worn down too far for ‘
‘* ‘ ' resharpening by grinding.

8 TUNGSTEN IN SOUTHERN AFRICA

% ‘ 8.1. ¥nown deposits in South Afreica

Although there has been approcishieo production of tungsten from deposits
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*in South Africa and SWA/Namibia iﬁ‘tﬁe past, the general impression

gained from published literature and discussions is that the only
deposits worth working have been mined out at least 25 years sgo and
that all other deposits are smzll porkets of no interest. Closer
investigation of certaln areas in which turigsten is known to ncour
could reveal sufficient reserves to supply the local tungsten carbide
industry.

In the tin fields of the Bushveld region of the Centersl Transvasl
the pcourence of tungsten in the form of scheelite at the old Stasvoren
tin mine ig recorded. Tin-tungsten concentrates were produced at
Stavoren on & smasll scaele by Zasiplasts Tin Mining Company during the
1950's and were sold to Hard Metals, who recovered the scheelite and
returned the tin ta Zasiplsats for smelting. Production was very small
and it is not likely that eny further work on this property will be
rewarded. Tungsien as scheellite, wolframite and ferberite occurs at
the Zagiplaats tin mine, nesr Potpletersrus, but the guantity does
ot warrant recovery from there or from the sdjoining Groenfantein
praperty which is being worked by Zaasiplaasts under leasse fromthe
Transveel Consolidsted Land end Exploration Dompany Lid.

There iz an ccourence of wolframite in association with
cessiterite, niskesl and corundum z Few kilometres south-west of
Melmath, Natsl hut the deposit does nol appear to be of economic
value. However, a broad belt pof the Nodlweni schists appesr to he
guite heavily minerslized snd the whole ares might repay re-investination:

At KBuilsrivier, Cape Province, wolframite occurs with cassiterite
at the old Good Hope mine in guartz-tourmsline reefs in granite and
also in =lluvial deposits. Little informetion sbout these deposits is
available except that they occur in & belt of mineralization extending
from Yzerfontein in the North to the Bonte River, Somerset West in the
South. The worthwhile tin-tungsten occurences could only be warked at
the expense of seriously damaging valusble vineyard areas.

Scheelite has been varinusly reporied from near the Murchison
Range, close to the Cobra Emerald mine south of Gravelotte, near
Leydsdorp and from the Forbes Reef in the Barbeton district. None
of these otcurences are promising except thet by snalogy with certain
scheelite deposits in Zimbsbwe, scheelite wight well ocour in some of
the other gold reefs in the Barbeton area. Any explorstions for gold in
this area should also include a search for scheelite. R mare promising
pecurence occurs near Shangond, & few kilometres south of the old Louis

*

/ ' s T WOSTRD A SRS BV —

e

A A e e -

i ot

s s e




EEnaci it AN ShnE AL M hadd P EE VR b4

" 'Moore gold mine in the Nationsl State aé Gazankulu. This deposit was

¥
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investigated to some extent in 1974, but for company reasons the

prospecting was discontinued. In 1977 it was re-investigated by ‘;' ’V g
one of the larger local mining houses with encouraging results. '

3 3_:,8 Namagualand and the Northwestern Cape Province are the asreas
}\\"5'°f from which most of the tungsten produced locally has come and which
is considered to hold out the most promise for the future. The areas
extends in a wide arc from around Springbok and O'okiep in the
southuwest, nérth to the Orange River near Vioolsdrift and then

=

3 ~’3~§ eastwards to about 15 kilometres west of Upington. This covers e

;-f'f total area sbout 415 kilometres long and 65 kilometres wide, much > T*9

[t it Ao

of it srid and almost in inaccessible regions. The detzile  geolooy
is highly confused but appears to consist of highly metamcrphosed
and folded sediments of the Khels System. Much of the ares is
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characterized by s number of pegmgtites of all shapes snd sizes -
some containing tungsten, eseocisted with quertz veins. Recent
exploration work has indicsted that the area may be one of the grest

mineral provinzces of the world e.g. Gamsberg (zinc), Broken Hill end

|
i}
ﬁ L Black Mnuntsin (lesd, zinz, coosper, silver), Rosh Pinah (Nemibia - zing), |
< i
Prieskes (copper, zinc). In vise of this ang the numerous reported
f e octurrences of tungsten minersls i mzy be possible that some of the

tungsten deposits are large and tws main greas warrant further
investigation, namely, the sres sround O'okiep and Nababeep and the

so-galled pegmatite region that extends from south of Viooledrift up
the Orange River to near Upington.

Although it wass presumed thet sll workable tungsten deposits had
been located by the O0'okiep Copper Company, falrly recent reports

suggest other nearby ocourences although they contain appreciable : “; !

. guantities of arsenic. The pegmatite region has produced a little il

! Sl mica and felspar but poor transport facilitles have militated against L

| ‘f“, the production of minerals of relatively low value - which is not the

‘ case for tungsten. Throughout the whole belt, all tungsten deposits 5 “"

R gppear to be small and erratic. The heavily dissected country on both | ‘ |
sides of the river valley has shawn mineralized veins to a depth not = |
exceeding 270 metres, but the mineralizetion in the vertical extent is |
just as ermtic as in the horizontal. Mining to date has been by
simall workers who picked out the most obvious ore and any disseminated
ore such as occurs in the tourmaline has either been left in situ
or dumped. On Van Roci's Vley (near Upington) tungsten occurs mainly

as wolframite associated with cassiterite - worked previously but

e o o
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values were diluted by the necessity of mining waste material in

between the erratic veins, This ares wculd be worth re-investigating.

The_ occurence of tungsten near the Ogths Diamond Mine on the
Orange River asppesrs similar to that on Van Rooi's Vley and is at
present being explored. Tungsten was also being worked on a small
scale gt Dyasons KWlip during 1970 to & depth of about 30 metres.
Deeper than this srsenic impurities were encountered and mining was
halted. MINTEK clasim the impurities can be removed by flotation ano
this =zrea also merits further prospecting.

8.2. Known denosits in SWA/Namibia

Numerous ococurences of tungsten hsve been reported and in the past there

has been considerable production es shown in section 5.4. There are four
principsl sreas of itungsten depasits.

Numerous small deposits occur in the Nemaguzland Granite-Gnelss
Complex in the Warmbad district. ALl deposits located in this ares
appear to be small erratic pockets that have been worked spasmodically
over the years by local farmers or small time miners. It is felt thst
these tungsten geposits form part of the minemlized belt of northern
Namzzusland.

Numerous small occurences of wilframite have been reported from
the Karibib district extending westwards inte the Swskopmund district.
Production from these deposite, if any, has been small.

The principal occurence in the Rehoboth district was the old
Natss mine, B kilometres west of Rehoboth. The'tungstan pcours
mainly as scheelite in minemlised pepmetites although much of the
main orebody has been oxidized with the formation of tungstite, WG, .
There is no indication as to whether the Natss mine would merit
re-investigation but scheelite in small crystals has been found in
similar rocks and conditions on the farm Rostock, 50 kilometres
southwest of Natas and might repay further exploratien.

Most of the tungsten occurences reported Trom SWA/Namibia occur
in the Damara System but the most promising area is in the Omaruru
district. These are mainly pegmatitic deposits in which the tungsten
is associsted with guartz velns. This eres includes the two major
producers of tungsten in S4A/Namibia, though one is now closed. They
are the Brandberg West tin mine consisting of narrow guartz veins
intruded into an anticlinal structure containing cassiterite,
wolframite-ferberite and scheelite (this mine has closed); and the
Krantzherg mire consisting of intensely folded and steeply dipping
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schists of the Damara System containing wolframite, fluorite end
tourmaline. There is no essociated tin or molybdenum and in addition
there are narrow quartz veins with locally strong wolframite which
has not been mined. Impurities are very low.

Many other small deposits usually associated with cassiterite
proliferate - all of which have only produced small guantities of
wolframite and scheelite over the years and do not hold much
promise for developing into viable wines. The area is, however,
covered to a large extent by surface slluvium and limestone which
obscure much of the underlying rock formations. In view of the
widespread mineralisation in the area it is possible that one or
more large deposits may be discovered but the chances are fairly
remote.

8.3. Formg in which tungsten is required in South Africa

The tungsten industry in Sputh Africa is unigue in that it has been
developed primarily to meet the requirements of the mining industry
and not as a result of entrepreneurship utilizing idigeneous raw
materials. The industry has developed to the stage where it can
supply the mining industry with all its reguirements for rock
drilling, except for certain special types of bit which being
required in small guantities do not warrant locel manufacture.
It can supply a very large proportion of the tungsten carbide
used in the engineering industry, including special dies for wire
drawing and it has alresdy developed a considerable export trade
in fipished and semi-finished products of tungsten carbide. ALl
of this has heen achieved with the use of imported tungsten ore
and concentrates. This emphasizes the vulnerability of South Africa
to any embargo vr curtailment of supplies of tungsten and the need
to find and develop local sources.

8.3.1. Tungsten metal

So far ag it known, no tungsten metrl is produced ss such in South
Africe and all tungsten metal for such applicetions as the filaments
of lamps and electrical contact points are imported.

8.3.2. Ferrotunguten

Small quantities of ferrotungsten have been produced on occasion by
the Thermometallurgical Corporation using basically the alumina-
thermic rewuction method. The demand for ferrotungsten is very
amall, amounting to a few tons annually. The reason for this is that
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few tungsten bearing alloy steels are produced locally that contain
sufficiently high percentages of tungsten to require the use of
ferrotungsten. Alloy steels containing low percentasges of tungsten
are made by the addition of special low melting tungsten base
alloys ~ all of which are proprietary srticles and are imported.

Considerable amounts of wear resistent components such as
scraper and graderblsdes, crusher parts etc. are reinforced initislly
and rebuilt by the addition of tungsten steels applied by the use of
proprietary 'hard fecing' electric welding rods, all of which are
imported. Actually these welding rods do not contain ferrotungsten
but consist of steel tubes packed with tungsten carbide granules
and coated with suitsble fluxing material. Ceeing thet tungsten
carbides of most grades are produced in South Africa, the possibility
of producing hard facing rods should be investigated even though
special equipment, different from that used for msking normal coated
rods would have to be installed.

8.3.3. Tunosten carbide

By far the major use of tungsten in South Africs is in the form of
tungsten carbide, and to a lesser extent in the form of combined
carbides with titanium gnd tentalum. The tungsten carbide usually
bonded with cobalt metal is used for the tips of metal cutting
tools, dies, especislly for wire drawing and the tips of rockdrill
bitg - the largest application.

The tungsten carbide may be:

(i) imported as the Finished bits e.qg. special designs for oil
well and large hole applicetion;
(11) dimported as inserts for mounting into machine tool bits;
(1ii) imported as the powder for forming into tools, dies and inserts;
(iv) manufactured in South Africa.

Figures for the imports and exports of tungsten in various forms
are given in section 5.5 of this report. Although these figures have
been ohteined from official sources, local manufacturers have
expressed doubts as to thelr accurscy. There are numerous companies
which import tungsten and tungsten carhide but only two companies
are engaged in the production of tungsten carbides from ores and
concentrates and ite working into finished components. Both companies
have built up an apprecisble export trade. They are:

Sandvik (Pty) Ltd. and

Boart Hardmetals (Pty) Ltd.

.\g 7‘
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Bandvik head office is in Benoni with their tungsten carbide
works at Brakpan. The Sandvil-Coromant Company of Sweden acquired
Wickmans of Great Britein in 1973 and continued to operate the South
African subsidary under the name of Wickman until 1977. The tungsten
carbide plant of Wickman (8.A.)(Pty) Ltd. is now knoun as the
Brakpan factory of Sendvik. This now means that whereas the Sandvik-

Coromant compeny used imported tungsten carbide for their rockdrills,
they will now obtain their inserts from Brakpan. The plant previously
operated on wolframite concentrates from the Krantzberg mine. It
consumes around 200 tons of tungsten anmially and reclaimed tungsten
amourits to about 30 percent of requirements. They are concentrating
their production on the manufacture of tungsten carbide inserts for
rockdrill borers and import the ingerts for machine touls. The latter
comprises about half of their business, the cost of the tungsten
carbide insert amounts to about 1O percent of the total cost of a
standard 1,5 metre jumper.

Menagement complains about the high cost of reasgents used by

poies i

them. These, they say, are up to 40 percent higher than is paid by
their overseas parent company. Their major consumption is caustic
soda imported as solid. They have found the use of caustic lye R
from local manufacturers little cheaper and unsatisfactory. b
Procegsing of scheelite, requiring hydrochloric acid which is more
expensive would render their tungsten carbide barely competitive an ’ ~{~ |
the oversess market. Another problem encountered by Sandvik and S
presunably by Hardmetals as well, is the disposal of a works

effluent consisting of solutions of Dalla, NaCl and NHCL. AL

present these are svaporated to dryness in plastic lined dams

which is not satisfactory.
Bandvik do not lease the jumpers they menufacture but sell

them putright claiming an expected footage of hetween 100 and
150 metres depending on conditions and care. The selling price of
all jumpers is subject to an escalabtion clause hased on the

current London price of tumgsten. This variation amounts up to
15 percent on the cost of a normal stope jumper. With regard to k }
the tungsten concentrates, Sandvik are only concerned ahout the
molybdenum and arsenic impurities. Molybdenum pesses straight
through into the carbide and is most deleterious. The other
impurities are volatilized off during carburization if not removed
during prior processing but the arsenic produces poisonous fumes

5
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which are best removed at the mine.

Hardmetals bead office is in Springs and their parent company
is the Anglo American Uorporation of S.A. Through Bpart International fjr~' 1
the local company has built up a very considerable export business
even to countries who normally would not like it known that they are

trading with South Africa. This export business consists of physical
goods and & great deal of locelly acquired expertise. They consume
about 1 200 tons of tungsten annually.

They operate entirely using imported scheelite concentrates
(although it would he possible for them to use wolframite) together
with tungsten from recleimed bits aend tools. Formerly sll their
scheelite was obtained from Zimbsbwe but deposits there are nearly
exhausted and politically insccessible and thus supplies must be
abtained from elsewhere. They presently purchase their concentrates
at 68 -~ 70 percent Wy which palls for a higher tungsten content
than normal. With a lower tungsten content there is a higher silica
cantent which causes problems in the residues in subseguent

preeessing. They cennot remove grsenic as being in an urban area

would require elaborate anti-pollution devices. Hardmetals have

: occasionzlly used small ouantities of Sn/Ul concentrates from the

ﬁ e old Stavoren tin mine. Removal of the tin from cassiterite is S

o accomplished by electrostatic separators. - |
The manufacture of inserts for rockdrill bits accounts for only v@g ]

half of the production by Hardmetals, even for the South African FR
market. They produce & wide range of tungsten carbide both in the |

form of powder for use by other consumers both locaelly and overseas
and also a wide range of sintered cerbide inserts. The supply of
tungsten tipped rockdrill borers for mining end construction

purposes is probsbly the largest market and this has been extended
to cover the export of finished borers, using lined hollow stesl
supplied by USCO in Vereeniging. The majority of the rockdrills

i - produced are leased oun a contract footege basis. ALl cobalt used for

bonding the carbide is imported from Zembia and Zaire and no

f oy shortage is experienced.
' The total value of seles of the sbove two companies is very much
more than the velue of the tungsten carbide, even in finished form,

representing the velue of many other products,agein emphasising the
value of tungste to South African industry and trade.
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" 8.3.4. Rock drill steel

Although South African producers are already guccessfully exporting

finished tungsten carbide products, in order to complete the most

finished product it would be des.rable to export the complete
jumper or borer. Objections raised were (i) there is no future in

exporting lumps of steel because of high transport costs but o
Highveld Steel and Vanadium presently export steel rails profitably : G
(i1) there is not enough rock drill steel locally to permit a b
surplus for export but USCO could increase production (iii) the o
guality of local drill steel is not up to the standards demanded i‘EV
in most mining fields especially in tensile strength and gquality i
control of the axial water hole but if these problems could be

overcome this would improve the chances of exporting complete »

‘ tungsten carbide tipped rockdrills and also improve drilling ; ‘a§°
K o performance on South African mines. i

(e B8.4. Possible sources of supply for South Africa
. Most of the projected world production capacity through to 1595
will continue to be in the United States, mainland China, the
U.S5.5.R., Bolivia, Canads and North Korea. Becausz of tungsten's
partial associstion with molybdenum about 20 percent of future U.S5.
domestic production cepacity may be determined by the level of
molybdenum mining operations. However, it is anticipated that the

tungsten supply situstion will be improved by development of old
mine deposits and new discoveries, and by more efficient extractive

processes for high volume, low grade deposits.
Since the exhaustlon of ores and concentrates from Zimbabwe,
local companies have hat to purchase their supplies on the open ‘ i

market which is not altogether a setisfactory situation. The J; o
predominant position of Red China, N. Kores snd the U.S.5.R. on ‘
the world tungsten market is apparent. In fact the annual Canton I
Fair at which a very large proportion of Chinese production is sold
an the apen market has e very congiderable influence on the vagaries
| i of the world tungsten market.

/ Tungsten is readily aveilable on the open market and South Africa

I L ‘ could reduce uncertainty and improve planning for ore and concentrate

purchases by:

(i) entering into longer time frame contracts with producers for a
larger portion of their requirements;

I (ii) seeking and obtaining fixed price forward conmtracts with mines
I (with escalation provisions);
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(i3ii) irvesting in mines themselves.
In practice the future demands for tungsten will only =sffect

South Africa if these demands cannot be met as the result of exhaustion

of workable ore deposits. The effect of particular events or
developments can be minim.sed by spreading contracts through various
market wegments and geographical locations, avoiding undue
dependence on any outlet.

Tungsten is frequently produced ss a by-product or co-product of
working other metals, most commonly tin or molybdenum but very little

hope is held for sufficient local production from these possible
sources. However, it is estimated that there are 10 000 tons of

!  g5 tungsten reserves in South Africa and SWA/Namibia but although the
. E patehy occurences would not attract & large mining company a deposit
that could mine abput 100 tons per day end produce 1 ton of

concentrates dally could well be a payshle propusition and ty%*f“

extremely valuable asset. Two aress suggest themselves as being o J
promising - the northeastern Transvasl where Archean rocks have been e f
widely intruded by granite, with the formation of numerous pegmatites ' :
and the Namagualand reqgion where tungsten has been known for many o
: years. The technology already exists to process ores locelly but new |
t l deposits need to be discovered and extracted in order that South

: | Africa's potentially vulmerable position due to complete reliance

on imported tungsten, is reduced. The curtsilment of supplies of
tungsten =g concentrates or Finished products could arise as a

result of ill-disposed countries or persons organizing an embargo
due to them being politicelly opposed to South Africa or because the
local tungsten carbide industry is making inroads into the markets

thought to belong to established overseas producers.

‘; 9  SUBSTITUTES, RECYCLING AND TECHNICAL POSSIBILITIES

. 9.1. Substitution
{ N In practice there is very little that cen be done in the field of

effective and economic substitution of tungsten.

In the electrical industry there are virtually no slternatives
to tungsten. In some applisations molybdenum (another strategic metal)
could be used and platinium could replece tungsten in contact points

f : wt a price. Although the consumption of tungsten metal comprises only
b | a small proportion of the total usege of this metal, there are no
effective substitutes when it is used in fluorescent or incandescent

e
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lamps. Dther metals such as tantalum, titanium and molybdenum do not |
have the necessary high melting point. ;l }'; %

In the engineering industry ferrotungsten used in hard wearing |
and tool steels could be replaced by uther alloys, including high
carbon steel, but only at a considerable loss in production efficiency.

Tungsten can be substituted for by titanium and tantalum as
carbides. The best guality inserts for cutting tools for machine shop
use such as Kennametal are mixed carbides with tungsten the major
constituent. This could be achieved in South Africa using high
titanium slag from the Richards Bay smelter ss the source of titanium, ‘
but it would mean developing an entire new industty for the o
manufscture of titanium carbide end new techniques and expertise |
in its use as a substitute for tungsten carbides. This would he

= , costly and teke a considerable time.

W\ W“f Tips for rockdrill bits are made of pure tungsten cerbide and
5 no other carbides have proved as satisfectory. Removal of tungsten ,
carbide in this application would result in decreased efficlency and | :

{i ERRR reverting to integral forged jumpers or replacechle tips. e o
: Tungsten in hard facing by welding could be substituted for by ’ é
& s manganese alloy steel welding rods, but the amount of metal to be ‘ '
| . added for effective facing would be apprecishly greater.

L 9.2. Recycling or secondary sources
1ﬁ ‘(:Q“ A significant portion of total tungsten supply is provided by sorap.

Segregated superalloy scrap containing tungsten is reused without

- gseparation of the constituent elements. Scorap tungsten generated at % ' ,
ﬁf L producing wireworks is collected for sale for recycling. Tungsten

‘f‘: carbide can be reclaimed from cemented cerbide scrap using a U.S.
Bureau of Mines process. The cost ratio of tunysten carbide made
from pure tungsten metal powder compared with that recovered from
scrap is mbout 3:1. After drying, some high purity tungsten sludge
collected from the cooling systems of ahresive cutting wheels used

B s s em e e i e o A e

in preparing tungeten contect points hes been added directly to steel

melts.

1 ‘ 943, Technicel possibilities
“‘ PR A recently reported development involving photometric sorting in

: processing low grade tungsten resources could increase present
f o gstimates markedly. Research continues on developing and improving
adherent electrodeposited costings of various metals and compounds
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“that could improve thEVUSE and’liﬁg of tlngsten and tungsten

carbide materials. Coatings have improved the cutting and wear
resistance of cemented carbide tmml,ihserts and ion implantation

can drastically decrease the quantity of tunmgsten reguired.

Rdvances in the technology of tungsten alloy preparation and
fabrication could lead to incressed démaﬁd in high tempersture
applicatinns such as aeraspsce and nuclear reactors. If the price
of tungsten should increase substantially and remain high for several
years, programs to develop slternatives would intensify and usage of
tungsten would drop to the essential applications. The uncertain
supply of tungsten beyona 2000 should stimulate technolegical
asdvances in exploratinn, mining, beneficlstion end extractive
metallurgy.

10 CONCLUSIONS AND RECOMMENDAT IONS
The most important fector is thet the use of this metsl has now

become essential to the operstion of the minming, manufacturing and
glectrical industries with no domestic pinduction snd sole
dependehce upon imoerts of concentrates and finishsd products.

ARlthough the demand for tungsten locally cannot be accurately
determined it is probably of the order of 2 200 tons ennually of
which 1 600 tong would be consumed internally.

The value of zll tungstern imported is very small compared to
the articles subsequently produced and the work that is provided
by industry.

There may be payable tumgsten deposits in South Africa and
SuWR/Namibia and active steps should be taken to investigate the
Shangoni area in the N.E. Transvasal (although it lies in the National
State of Gazankulu, +the pegmatite belt along the Orange River
in the N.W. Cape and the tin fields of the Omaruru district. The
export of any tungsten concentrates produced should be actively
discouraged or bsnned until vastly incressed reserves are
discovered locally.

Even if no further deposits that may prove commercially
viable at the present time are discovered, an accurate record should
be kept for possible use in times of emergency when costs might be
no object.

Efforts should be made to keep the prices or reagents reguired
by the tungsten carbide producers within reasonable limits.
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From the environmental point of view roasting of any domestic
ores should be done at the mine to prevent noxious fumes in urban
areas. Also better technigues for disposal of liguid effluents at
plants must be devised.

The ususl bonding agent for forming compacts of tungsten
carbide is cobalt metal. At present this is obtained from
Zambia or Zaire as the local producers of cobalt (the platinum
mines) do not refine the cobalt oxide that they produce to pure
metal. This is a line of development that could be pursued further.

The only practical safeguard asgainst a curtailment in supplies
of tungsten through embargoes would be to create a large strategic
stockpile of tungsten in the form of concentrates, sintered compacts
and wire for light bulbh filaments - under Government sponsorship.

It is considered that the stockpile should amount to not less than

a year's supply of concentrates, with corresponding amounts of
tungsten carbide in the form of powder and twu years supply of
filament wire. This at the present price of tungsten would cost
about U.S. 220 million but this would probably be less than the
disruption to South African industry that would ococur from a2 serious
shortage or lack of tunpsten. It would also give a period to develop
alternatives such as detatchable drill bits for mining and the
possible change to titanium carbide or some similar product.

&
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C: COBALT

INTRODUCT ION

COBALT (Col)is & hard metal similar to nmickel in many of it's properties.
It hes a high melting point and magnetic properties second only to iron.
It iz a metal that is rarely seen as such but is used daily in a
multitude of ways.

The name, cobalt, was given to it by the Suwedish chemist Georg
Brandt, who first identified it as & separste element in 1735 -
using the German word Kobold meaning subbterrenean gnome. These gremlins
were believed to infest the metsl mines of Bohemiz and Sexony. The
presence of cobalt in these sulphide ores csused considerable trouble
in smelting and wss slleged to cause sores on the miners but this was
almost certainly due to the arsenic sssociated in the cobslt besring
minerals.

Although this metsl wes not isolated until the first half of the
eighteasnth century, the use of the cre goes back to over 2000 years B.C.
when it was used in China, Persiz and Egypt for imparting a blue colour
to glass and ceramics. The first mention of zaffre, the crude rassted
pre mixed with sand was in A.D. 154 by Biringuecio . This is a crude
cobslt oxide used for preparing smalt, a blue glsss. Cobalt stained
nlass is evident in medieaval churches and cathedrals and provides
the delicate blue glezes of the famows Delft chinaware.

Todsy cobalt is still used for meking stsined glass, glazes
and paint pigments, but enters into deily life in @ wide variety of
spplicetions such as permanent magnets, the manufacture of tungsten
carbide tipped tools and the formuletion of synthetic resins for glass
reinforced plastics. The radiocactive isotope Co-60 plays an important
role in medicine sngd as a gamma ray source. The greatest use of cobalt is
in nickel-base superalloys, which are widely appeied in such critical
high~-temperature environments as turbines.

L PROPERTIES OF COBALT

Duke%hprovided a comprehensive review of the properties of cobalt. Cobalt
is @ hard, silvery-white metel with a faint blueish tinge, closely
resembling iron and nickel in appearsnce. Its relstive density is 8,5;
the melting point is 1493°C and it is harder than iron. In practice the
physical properties of cobalt may be affected considerably by even

small traces of impurities or alloying.elements and
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by the presence of the two widely differing allotropic forms - alpha
cobalt with a face centred cubic structure and beta cobalt which has
a close packed hexagonal structure.

The high melting point of cobalt and other attributes tend to
make cobzlt slloys difficult to machine although they have excellent
heat and corrosion resistant properties. However, cobalt metal and
cobalt alloys have gooo sintering properties when in powder phase and
thus are readily formed into components by powder metallurgy technigues,
often to the finished sizes, thereby obviating further machining. These
sintering properties make cobalt the standard material that is used as
the matrix for the manufacture of tungsten carbide cutting and boring
tnnls.

The artificisel isotope Co-60 has @ particularly long half-life.
This renders it most suitable ss a source of gemma radiestion for
medical and measurement purposes, but can be dengerous if, for instance,
traces of Co-60 enter into steinless steel that is used in nuclear
reactors.

The magnetic properties of cobalt, which can sometimes be greatly
enhanced by alloying with non-magnetic materials such ss aluminium,
make cobalt alloys the standard materiel for modern high-duty permanent
magnets while other alloys are used for soft magnets.

The chemicel properties of cohalt are slso interesting, for the
metal is very sctive and similar in this respect to nickel and iron e.g.
cobalt readily forms a wide range of both organic and inorganic
compounds, being both divalent and trivelent. Being one of the transition
elements cobalt has considerable catalytic properties for a wide range
of reactions. Cobalt reascts with carbon monoxide tn yield cobalt
tetracarbonyl and may react with many other elements to produce halides,
nitrides or silicides. Reference will be made to specific cobalt
compounds in the next section of this report (dealing with the
applications for cobalt).

l.1. Health and safety of cobalt use
Although cobalt forms a wide range of readily soluble compounds which

can be ingested by human beings, animals and plants, it does not appear
to present any serious health or environmental hazard. In fact in some
instences it may be highly beneficial in medicel and veterinary
applications. Even small dosesof some cobalt salts may cause neusea,
vomiting and diarrhoea in humans -  but these effects are not serious
or long lasting. Co-60 presents a serious hazard unless adequate and
known precautions are taken.
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2 APPLICATIONS

The distribution of cobalt by major applicatié%?is generally divided up as:-
all chemical applications 30 per cent
high temperature corrosion resistant alloys 30 per cent

magnets 12 per cent
tungsten carbide cements 7 per cent
steel alloys 49 per cent
others 5 per cent

Chemical applications are comprised of peints and plastics (3%5%);
ceramics, glass and vitreous enamels (32%); chemicals including catalysts
(24%) and other uses including cattle feed (5%).

2.1, Metalluroicsl uses

2.1.1. Magnetir alloys

The use of cobalt alloys for bothelectricsl and permznent magnets detes
from the ssrly work in Jepan by Honde and Saito in 1920 end Mishima in 1931
who develoeed the aluminium-nickel-cobslt series of slloys or the ALNICD's.
Permanent magnets are wicely used in the electrical-eguipment industry.

e

Cobelt sdditions reise the ssturztion mzgnetizetion and Curie temperastures

ot

to higher values than thooo obizined with other ferromagnetic meterizls.
Because of their high cosrcivity, cobslt containing magnets are used in
telecommunications, masgnetic couplings, meters, loudspeakers, permsnent
magnet motors and repulsion devices.

Of the coball useg in magnete, Alnico magnets represent the largest
consumation category. However, samarium-cobalt end mischmetal-cobalt
magnets may become very strong cometitors. These megnets have definite
weight advantages in certasin epplications because of their high coercivity.

It is intersting to note thwt the widespread introduction of
automatic telephone exchanges bas largely been due to the possibility of
making powerful minabure direct current electric motors as & result of
the use of cobalt based permarient magnets. The same spplies to other
portable bettery operated spplisrcos such as electric shavers and hand
drills.

2.2.2. High temperature and superallm&g
The development of the gas turbine, esmecislly for aircraft, has called
for materials that can withstand high stresses at high temperatures under
corrosive atmospheres without fellure due to creep. In fact the entire
development of the jet aircraft engine was dependent upon the availability
of suitable materials of construction. These superalloys are lerpely

cobalt-nickel based with the addition of large amounts of chromium to
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provide resistence to corrosion and small amounts of molybdenum and

turgsten to strengthen the matrix by means of precipitation hardening.

These alloys contain 1 to 65 per cent cobalt. Expansion of usage has

oceurred recently in industrial turbine engines, natural gas transmission

pipelines and marine equipment. 30 per cent of the cobalt used in

superalloys is utilized in industrisl turbines for power generation.
There is considersble consumption of superalloys containing

cobalt in South Africa, but these are slmost entirely imported as jet .
engine and ges turbine components, and spares. Almost all the superallnys f« {
are proprietary besring such names as Reneltl, Stellite and Inconel and o
their compositicns are protected by patent rights.

2.1.3. Machinery components

Cobslt is an importent congtituent in tools requiring very high strength
and abrasion resistance. It is used by existing tools as the metal matrix
or cement Tor tungsten carbide, titanium carbides and alloyed tungsten
carbides containing tantalum, titenium or vanadium. These are reffermed
to as cemented carbides and generally contain 10 to 15 per cent cobalt.

Cemented carbide bits are used in mining and drilling cperations and it

is protsblethat the main use of cobalt at present imported into South

Africa is used for this purpose - one that is vitael to the mining and

engineering indusiry. :
Coating with a cobalt alloy provides grester resistance to : =

abrasion, hest impact and corrosion. Vglwves used in asutomobiles and Lot

the petrochemical industry, chain sews, dipper teeth of power shovels

and the surfaces of ploughshares may be trested in this manner. Cobalt

alloys may also be thermal sprayed in powder form on worn construction ?
machinery parts to provide a protective coating. The increasing use of .
plasma-arc hard facing is resulting in greater efficlency in ‘ !
production of surfaces thet require protective coatings of cobalt-base J |
alloys.

One specific applicetion was as thickener blades for use under
highly acid conditions in a germanium recovery plent, Tor which
purpose special blades cast in Stellite hed to be imported.

2.1.4. Migcellaneous
Surgical implants are a growing use of cobalt based alloys due to

improvements in medical technology. Cobalt is biologicelly more
compatible with body tissues and fluids than are nickel based alloys
and stainless steel. In this spplication cost is not a factor and cobalt
is used in significent guantities in corrosion resistent prosthetic
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devices such as hip and arm joints éﬁd dental alloys. Extremely strong
such alloys can be easily worked into iﬁtricate shapes by {inverted
casting techniques which reguire little Finishihg.

Dental alloys, which are sold under various proprietary traue names
such as Vitallium, Durallium, Dentorium and Niranium, commonly consist
of not less than 85 per cent combined cobait, nickel and chromiun.

Wheress cobalt is sn essentisl metal for certsin types of alloy and
some grades of steel, it's presence is highly undesirable in most steels
and especially in stainless steels. Precautions must be taken to avoid the
addition of ftrace cobalt into steeil that may result from the use of cobalt
containing scrap. This can occur for instance from remelting old
refrigerator and stove bodies ihat have been vitreous enamelled or from
scrap rockdrill steel, unless the tungsten csrbide tips have first been
removed.

2.2. Chemical uses

2.2.1. Painte and Plastics

Cobalt compounds sre used in the Formation of peints snd certain plastice
gither as pigments for colour or ss driers.

Rs drierz in psinte and plzetics use is made of the pastslytic action
pf cobslt to polymerize the oils and resins that form the body of the
paint. The cobalt compounds ueed are nearly sll metsllic soaps including
linoleates, napthenstes, oleates and siearates, which are made by using
cabzltous hydroxide or cobaltous acetete with the respective fatty acids
gt temperatures of about 150°C. They can alsc be made by treating the
appropriate sodium sosp with an agueous solution of & soluble cobalt salt.

Although cobalt based pigments could be used for paints, it appears
that of recent, very little is used in the production of industrial paints
in which the blue colours are based either on Prussian Blue or orgenic dyes
which have proved cheaper and more satisfactory.

2.2.2. Ceramicg, vitreous enamel and glass

Cobalt oxide is used in compounding the ground coat used in vitreous
enamelling of iron end steel wares. The ground coat 1s the black layer
that is observed when the upper white or coloured cost is chipped or
broken. Typically the frit for the ground coat contains sbout 35 per
cent iron oxide, 32 per cent cobalt oxide, 13 per cent nickel oxide,
12 per cent manganese oxide and 8 per cent chromium oxide. The cobalt
oxide plays an essential role in bonding' the ground coat to the metal,
helping %0 provide a substrate for the top decorative costing.

Various compounds of cobalt are uUsed as the base for certain
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decorative pigments used in the top coat of viteous enamelling and as

olazes for ceramic wares. The cobalt based pighents are generally blue
e.g.ultramarine (cobalt silicate), violet (cqhalt’phosphate), Cerulean
Blue (cobalt stannate), Rheinman's Green (cobalt oxide plus zinc oxide).
In practice the amount of pigment used is‘very small except when very dark
colours are reguired. g

In glass-making cobalt oxide is used to provide a blue glass which ;,‘f
may have a wide range of colours depending on the amount of cobalt
used - a colouration being Jjust discernible at 1 part in 500 000 while z
dark blue glass may contain 1 part in 5 000.

Small amounts of cobalt (less than 0,02 per cend decolourize the clay
mixes used in ceramics giving a blue tinge having the same effect as the
blue in lsundering.

The use of appreciable guantities of cobslt in articles that have
been vitreous enamelled leads to & difficulty in recycling scrap
enamelled weres especizlly refrigergtors, stoves and washing machines.

These sre normally made of thin guage steel on which there is s
relatively thick fazing conteining up to 30 per cent cobslt. During L
remelting the emamel layer can be removed as 8 slag but the cobslt passes N
| ST into the reclaimed steel from which it cannot be recovered, sdversely
‘ affecting the properties of most graedes of steel.

The majority of the frits for meking vitreous enamel coatings and
glazes are produced locally, although a few are imported. However, at the |
present t:me all the necessary cobalt is imported.

2.2.%. Cchalt besed catalysts
Apart from it's use as & drier in paints and varnishes in which the action

of the cobalt is virtually that of & cataslyst, cobalt is used specifically
as a catalyst in & variety of processes. In the manufacture of glass

reinforced plastics a complex orgaznic cobalt compound is used as the
accelerstor for setting the synthetic resin. Cobaelt cetslysts have been
é : \ proposed for the catelytic comvertors to be fitted to sutomotive exhaust
{ B systems for emission control but it appears that presently the use of

| platinium group metsls is preferred.

Cobalt catalysts are widely used in the petrochemical industry for the
synthesis of petroleum by bydrogenation of coel through the conversion of
plefins to slcohols. Also, the conversion of methanol into formaldehyde
is used in thermosetting plastics. The exact form of cobalt used in

catalysts varies, but it is commonly cobalt oxide or cobalt metsl. The cobalt
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is usually placed on an inert cerrier material, often a porous clay or

cersmic, by mpregnation with a solution of cobslt salt. This is converted
to either the oxide or the metal on the surface in such a manner as to
form an ultrathin layér, possibly down to molecular thickness. Many of

the catalysts are propristary e.g. Co-0301 E 3/16" used in the synthesis i
of hydrogen sulphide; proprietors being the Harshaw Chemicsl Company, ;
Cleveland, Ohio, U.S.A.

The same comﬁany also supplies cobalt molybdate catalysts
(containing sluming) as s comnon petroleum desulphurization catslyst
e.g. HT-4OD E 1/32". As the use of high polymers and plastics incresses
in automobiles to decrease weipht and as cosl liguefaction and other
energy reiated processes grow, the demand for cobaslt catslysts will
increase rapidly.

2.2.4. Blochemistry

Traces uf cobalt appear to accelerate the formation of red blood cells
and haemoglobin in the trestmert of pernicious anaemiz. Cobalt is alsc
essentisl to humans as & component of vitamin Bse . Dietary sources for
vitamin B2 are meat snd deiry products but this can be supplemented
by trace concentrations produced artificlally.

Investigation of the effect of cobalt upon plant growth has not
revegled the metal to be an escential plant element although it occurs
in minute traces in some cormon vegetables, fruits, cereals and the
legves and bark of trees.

The lack of cobalt in trace smounts can lead to serious deficiency

diseases in ruminants, variously known as bush sickness, nutritional
gnaemia and pining. In fact, although the sctuasl guantity required is

very smzll, the addition of cobslt te catile feeds and mineral licks is | ?

| one of the most importsnt applicetions of cobalt in South Africa. Cobalt | ;
} S in itself is not a foodstuff and indeed appears to be excreted by the §
it ‘ animal fairly rapidly. However, in passing through the digestive system

it assists enzyme reactions in the stomach and colorm by catalysis, | i
thereby substantially improving the appetite and amcunt of haemoglobin

in the blood stresm. The necessary cobalt may be added in controlled doses
to feeds and salt licks or to fertilizers to provide cobalt in hay and
grazing. It may also be supplied in & special pill containing about

90 per cent Co 0, bonded in such a manner that it is relessed over a period
of six to twelve months in the animal's stomach. Cobzlt deficiencies in the

soil are especially prominent in the west, southuwest and sbutheast coastal

regions.
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2.3, Cobalt 60 V
An isotope of cobalt, Co-80 is producéd by the irradistion by radium of
cobalt metal. The isotope has & half-life of 5 years and is a source of
gamma rays comparable to emmission from s radium source. Rs a result,
this property enables cobalt to be substituted for radium for therapeutic
purposes in medical bear units, non-destructive testing and measuring
devices at 8 lower cost .

Dther uses for Go-60 are for feed sterilisastion for livestock, control

cf bacteria in meat and milk, beneficisl mutations irn plants and improved

cross breeding. An interesting application is the development of machinery

by the Nuclear Development Corporstion which utilizes gamma rays to
sterilize s wide range of materisls from surglicasl dressings to packaged
goft fruits.

2.4. Other uses
Many other spplications Tor cobslt exist such as cobslt scetste for s
gealing solution in the anodizing of aluminium, cobaslt salts as
mordants in dyeing textiles, intensifiere for light sensitive printing
plates, hest resistant transfers, improving the stebility of beer foam
and moisture detecting papers.

The lead-cobalt tri-poler storage bsttery is sn improvement on the
conventiongl lead-acid battery, in which 8 third pole of cobalt is used
to absorb and recombine the hydrogen and oxygen released during charging
thus permitting much higher rates of charging and discharging. Tie use of
cobalt sulphaste in the electrolyte prevents the dissolution of antimony
used to harden the lead plates snd thus to prevent the formation of the
toxic gas stibine, StH,. The tri-polar battery offers excellent
prospects for use in battery driven vehicles.

3 COBALT MINERALS
The more important ore minerals of cobalt sre listad below. Cobalt aslmost

invariably occurs in lesser quantities together with other metals such as
copper, nickel, irom, arsenic, lead. zinc, manganese, silver and gold,
and is generally produced as & by-product, but it's extraction is a
difficult and costly process. Of the seventy cobalt minerals, less than

ten occur in sufficient concentration to be worked, including:

smaltite (Ca,Ni)Ase
safflorite (B, Fe)hss
skutterudite (Co,Ni)As3
cobaltite (Co,Fe)Ass
carrolite Bo20u5

\
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linnaeite (Co,Ni)s &
erythrite Coy (ReDudz . 8HzDO
heterogerite Co0.0H
sphaerocobaltite Colls

The recognition of cobalt minersls is often alded by the presznce on
outcrop material of specks and patches of erythrite occurring as
encrustations in cracks and on the exposed surface of the ore. While
not wsually present in sufficient quantities to provide a commercial
ore, the characteristic crimson colour is unmistskable and is not
easily confused with the colours found in other oxidised metsllic ores
thus serving as an indicator for the presence of cobslt. The earthy black
gecondary mineral, transveslite, an impure hydrous cobslt sesguioxide,
is a feature of the Kruisrivier deposit.

The metal cobalt is the thirty-fourth element in order of
prevalence in the Earth's crust, of which it comprises 0,0023 per cent,

rather more abundant than lead gnd very much more so than silver.

ﬁ L 4 DOBALT DEPDSITS
- Although the aversge crustal sbundance of cobalt is 22 ppm the greatest

crustal concentration occurs in mafic and ultremafic igneous rocks,
with 2 lesser concentration at the silice rich  end of the series. The
average concentration of cobalt in ultramafic rocks is about 270ppm
while in sedimentary end ¢ samorphic rocks it varies from & to LOppm.

; ! Although cobalt minerals sre feirly widespresd they sre invarisbly

‘ associated in smell amounts with other metal ores. It is rare that an
orebody is exploited for cobaslt slone. Indeed, the only mines worked
specifically for cobslt are the Bou Azzer and Fl Grasra mines in

B o Morocca. Although the famous mining district of Cobalt in Ontario teskes
it's name from btnie metal, in practice it was primarily a silver mining
district altnouyh vose cobalt may hgve been produced gs a co-product.
Cobalt may be recovered elther ss & co-product or by-product in the
mining of copper ore, but as with nmiskel 1t is invarishbly mined as g
by-product. Cobalt has also been mined as a by-product of iron, zing,
lead, silver asnd uranium.

The deposits of Zeire and Zambia are of veried geological ages elthough
typically one metal (usually copper, lesd or zinc) predominates. The
largest production of cobalt is from cupriferous strats bound deposits.
These deposits ogour in an ares with the shape of & large folded arc.

The cobalt bearing ores contain barnite, chalcocite, chalcopyrite,
linnaeite and cerrolite and the seomndéfy minerals heterogenite,
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sphaerocobaltite end erythrite. In some places the ore beds and veins

contain cobalt gradihg as high as BFQr 4 per cent.

[,

The Sudbury Cistrict of Ontarie, Canada, considered to contzin en
intrusive body, is rich in copper and nickel and contains about 0,07
per cent cobalt. Some ol the ore minmerals in this deposit are pyrrhotite,

S <t . 2 At e

pentlandite, marcasite, magnetite and cobaltite. These minerals occur in

pods, lenses, veins and disseminated grains in a layered sequence of norite,
quartz diorite and rocks of transitional composition. Other similar iron-

e

nickel-copper sulphide deposits are found in the Duluth gabbro complex :
southeast of Ely, Minnesota.

Laterite ceposits result from deep weathering of basic ignezous rocks
R in tropicel climates with abundant reinfall. By this westhering process,
H ‘f f magnesia and silicie are selectively lesched out and deposited st s L
lower level, or they sre completely removed, wheress iron, manganese and :
b cobalt are residuelly enriched relatively close to the surface. Nickel

‘\' : is also leached out anc often concentrated below snd apart from the =
. cobalt. Laterite deposits with zelatively high concentrations of cobslt Lo
o oceur in Australis, Cuba, New Caledonia, Indonesia and thePhilippines. . =
o Asholane (Co bearing materisl) may teke the foua of nodules, lenses or

o

i . small veins in g matrix of red iron-rich clay, ususlly without a high
concentration of nickel in ¢irest amssociation with cobalt. In Cuba,
j e however, both nickel and wubali are often found more clossly associsted.

One potential source of cobzlt is small nodules on the ocean floor.

,{  * Under oxidlzing conditions, cobalt exhibits a strony tendency to follow
| nickel gaschemically and tec concentrate with manganese. This is probably
the primzry reason for the aszocistion o cobalt and nickel in mangsnese

nodules IH%ijE ocesn filoor. Actording to Mero in The Mineral Resources ;
of the Sez, magrnesium oxide precipitates as submicroscopic colloidal :

pa.ticles that capture nickel, copper, cobalt, zinc and molybdenum in

the water. A typical assay of metal in the nodules revesls: 24 per cent f

manganese, & per cent iron, 1 per cernt nickel, 1 per cent copper and f |
i
0,35 per cent cobalt. Although the guestion of ownership has not been
settled by the United Nations, they do represent a vast resource of - |
¥

these metals.
There does not seem to be any definlte psttern for occurrences of

‘ cobalt ms there is for say, chrome orfor molybdenum. Most sulphide :
= nickel depusits, especislly thosz generally believed to have originated |
from magmatic segregation (Surbury and Norilek, northern Siberia) as

well as the Merensky Rze? in the Bushveld Complex contain some
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cpbalt. The massive pyritic copper DTES’DE the Ural Mountains also have
trace cobalt but the main production of cobaslt is derived from the
mineralised ore deposits of the Zambian and Zairean capper belt.
5 WORLD RESERVES, PROCUCTION AND CONBUMSTIDN
>\\'§‘fé 5.1. Werld reserves and  respurces R
' S Table 13 lists the areas possessing identified resources of cobalt. ;
Hi Speculative resources in both the United States and the world amount
'f to many billione of kilograms more, but cobslt mining is only likely if
| the associated metals such as nickel, iron, lead, zine and silver are
' in high demand snd are mined. In terms of estimated reserves, Zaire ranks
j first, fcllowed by Zambiz, U.8.5.R., Cuba, the Philippines and New
; Caledonia.
i ¥ To provide current resource informetior fthe U.S. Buresu of Mines
g maintains & data bank under it's computeriz: ~ izrals Availashility System
in which reserve and resburce tdate on cobslt & compiled:
i
, Teble 13 o
: Estimsted warld resources d reserves - 1982 (million kiloorams) o E
Area Reserves Other Resources I
N. America ‘
United States o 772 772
Canada 27 227 254
Cuba 182 953 1135 |
TOTAL 209 1 852 2 161 ‘ :
Europe ’#‘ | %
Finland 18 5 23 . *
J.8.5.R. ‘ 227 23 250 y
) TOTAL 2L5 28 273 3
: Africa ?
TN Botswana 27 - 5 32 |
| ‘ Morocco LS oA 68 = ;
- South Africa 23 5 28 o
§  ‘ f Zaire 1 180 227 1 407 | f‘, ?
‘ Zambia 363 227 590
TOTAL 1 638 La7 2125
i :
A%
'\«
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Table 13 (bqntihued)

Area ~ Reserves Other ’ Resources
Oceania ) | ;
Australia 45 250 | 295
New Caledonia gl 295 ' 386
Philippines 182 23 205
TOTAL 218 568 886
WORLD TOTAL™ 2 410 3 035 5 Li5
WORLD TDTAL+ » 0 227 000 227 000

o i et pc e s

% World Total of lend based estimates

* World total of sesbed nodules, estimated by Holser, U.S. Dept. of Interior.
It appears that the present knoun reserves of cobalt in land based deposits
sre totally adeguate for the next 90 years at the rate of consumption

forecast by Sibley of the U.5. Bureau of Mineé?gHauever, if only & portion

of the identified resources (including seabed nodules) prove viable thers
should be ne shortage of cobelt in the foreseeable future. This assumes
both Zambiz and Zeire remsin relatively stable politicslly so that
production from these countriesg can be maintained.

F curious anomaly of Tahle 12 is that countries with no diplomatic
representation in South Afriza hold 65 per cent of the world's resources of

tietic until this category is broken down inte

it's constituents. Both Zgire =nd Zambiz are members of & sub-group of
the Organisation of African Unity thet publicly reject the estzblishment
of trade links with Scuth Africz. But it is comon knowledge that most
of the cebalt consumed locally is derived from these sources. Assuming
that the interdependence on trade is maintained in the future then these
countries would continue to represent accessible sources of ocobslt and the
countries unwilling to trade with South Africs only then hold 30 per
cent of the world's resources, placing the regional distribution of cobalt
suppliers in South Africa's favour. However, Zamhia and Zaire, holding
petween them 37 per cent of known resources do represent a very tenuous
supply for Souwth Africa and this plaoces greet pregsure on the Government
to maintein harmonious relationships (albeit covertly) with these
countries.

5.2. Ocean Nodules

Wide areas of the floors of all oceans are covered with a lsyer, only a

few centimetres thick, of manganiferous nodules which contain significant
amounts of cobalt. The nodules offer & very large potentisl source of

cobalt that could be obtained &s a co-product of copper, nickel or
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