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Introduction

The potential of the chroemium resources of Zimbabwe

is governed by the uses and world demand for this
metal. The main use for chromium ores is the production
of ferrochromium alloys which supply chromiuvm to

the steel industry for chromium alloy steels and
stainless steels. The use of chromium ores for
refractories and for the production of chromium
chemicals is a far smaller wmarket. In 1976, for
example, approximately 70% of the chromium requirement
in the United States was used in the steel industry,
approximately 18% in the chemical and 13% in the

(1)

refractory industries .

There is no known substitute for chromium in stainless
steel. Although there are a wide variety of industrial
materials which can substitute for stainless steel,
there are generally limitations to these concerning
either cost, performance oOr :icustomer éppeal, In

some alloy steels, chromium may be replaced by metals
such as Ni, Co, Cu, V and Mo, but the‘ use of these ‘

is generally more costly and ‘may also, lower performance

standards. -

~
X

Thus the fature of chromiﬁm is bound to the growth

of the steel industry and particularly to the stainless
steel industry which ccnsumés 72% of the* industry's
chromium requirements. Prediétions concerning the
growth in world demand for stainless steel will,
therefore, reflect very largely the potential

demand for chromium. INCO reported that World
production of stainless steel increased from 1,56
million tonnes in 1955 to 6,7 million tonnes in 1974,
7%(2). The annual growth

57 ' —3>
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an annual growth rate of

——

it

rate for steel over the same period was

This growth rate has not been maintained over the past



.few vears due to general world recessionary Provloms
E $

¥and the present trend in the world

e

Steel industry

*@pproximately 10 million tonnes and more than 18

L(5)

Prate may be considered pessimistic. For example,

?Winship(b) proposed a world growth rate of 8,2% for

(6)

5annum. Admittedly these were wmade when the industry

g}dllion tonnes by 2000 A.D., Fig. »  This growth

;@tainless steel, and Way proposed 10,4% per

prediction gives three times the 1974 consumption

;of stainless steel by the year 2000 and this has

; '
- 4 I,
§In order to be used by the steel” industry, chromium

§ores are converted into various ferrochromium .alloys,

}and these are summarised in Table 1. =

¥ !
1

'@bble 1 : Txﬁes of ferrochromium alloys producéd
3 from chrdmium ores %

~ |

F@ . composition. + production and remarks |
k- i !
= T ‘
on " basis. 60% Cr (65=TO% Cr);,é submerged arc smelting of high?
smium . 4-8% C; 1,3% Si max. . Cr ore. (Cr:Fe > 2,7) .
‘ .C content depends largely on
ore guality. .
)

submerged arc smelting of
high-Fe ores (low Cr:Fe)

S U NSO
on 63-75% Cr; 0,05-2,0% Cs i Perrin Process or similar ;
: . i . . i
omium | 1,5 % Si i exothermic reaction between i
l i Fe Cr Si and lime/chrome :
i ore melt i
i t
_______ S L e i i
rome 37-39% Ccr ; LO-47% Si i submerged arc smelting of
v ' ’ ' chrome ore and gquavrtz
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Up until the early 1970's, the main industrial demand
was fTor low-carbon ferrochromium due to the low

carbon content regquired in stainless steel and to the
fact that excess carbon could not be removed from the
stainless steel melt without incurring large losses

of chromium. However, the advent of the AOD process
(argon—oxygen decarburising) radically changed the
technology of stainless steel production by making it
possible to remove carbon from the melt without losing
chromium. Thus the stainless steel producers switched
their demand to the less costly high-carbon alloys.
Demand for high-carbon ferrochromium increased from
35% of total ferrochromium consumption in 1970 to 85%
in 1978, In addition, the ability to remove carbon
made the Cr:C ratio of the alloy less important,

thus accounting for the advent of the so-called
charge chrome alloys produced from ores with low Cr:
Fe ratios. The strategic importance of the high
Cr:Fe ratio metallurgical grade Qimbabweaﬁ ores was,
therefore, lessengd. There is still a distinct
advantage in supplying ferrochromiuﬁ“wit%;a high

; b
. . d o .
content. of chromium but the price structire is now

-

more competitive. - .

),

As a result of the changes in\technology which enable
the use of ferrocchromium produced from ores not
classified as metallurgical grade; it is approporate
to reclassify chromium ores on a different system,

Table 2(7).

Table_g t Former classification and new classification
of chromium ores

former classification composition of ore!new classification

. | |
metallurgical grade 2246% CTQOB; Cr: r high~chromium ]
: : . Fe » 271 : !
l. ,
ichemical grade _ 40=-%45% Cr 903; Cr:, high-iron
'  Fe<2:1 T
refractory grade . »20% A1903;?60% high-aluminium

51,0, £+ Cr, 0
273 273 ;




Reserves

of Zimbabwean ores and production

Zimbabwe

is the largest known source in the World of the

high-chromium ores with officially published figures

giving reserves of 560 million tonnes and a similar

additonal amount as potential further reserves. Reserves

of high-chromium ores for the remainder of the World,

including South Africa and the USSR, have been estimated

at approkimately 90 wmillion tonnes with a potential of

a further 87 wmillion tonnes, Table 3(7). Thus on these

estimates Zimbabwe holds 85% of the World's known high-

chromium

ores. It should be emphasized, however,

that estimates concerning the ore reserves of the USSR

are very

speculative and probably very conservative.

Estimated World reserves of the high-iron ores is 1200

million tonnes of which South Africa holds 1100 million

tonnes and Zimbabwe 56 million tonnes, Table 3.

.
3

(7)

Table 3 Official_ world reserves of chﬁpmium ores
—_— R
. WM
. o : . 6
= reserves (tonnes x 10 )
ore type < — :
~ Zimbabwe - South Africa remainder
high-Cr 560 [
high-Fe 56 . 1100 Ly
Thus 97% of the presently identified World reserves of

chromium

Reserves

than the

ores are in the Southern Africa sub-continent.

of the podiform ores in Zimbabwe are much less

Great Dyke reserves, probably only 10-15 million

tonnes, but confidential information indicates that the

reserves

Great Dyke are very much greater than the official estimates

of both nigh-chromium and high-iron ores on the

and may amount to more than 3000 million tonnes. The

oi'ficial

estimates ate Lased upon reserves calculatad to

arnn inclined depth of 200 metres only.



In 1977, cumulative primary chromium reguirements for the
World up to the year 2000 were estimated to be 89 million
tonnes(T). This corresponds to approximately 270 million
tonnes of ore and as the non-Southern African reserves

are estimated at 120 million tonnes there is a potential
shortfall of approximately 150 million tonnes which will
have to be met from either Zimbabwe or South Africa unless

further substantial reserves are discovered elsewhere.

In this regard it is of interest that a recent publication,
Mining Week of August 6, 1980, states "According to all
indications, the reserves of other major producers like

the Philippines, Yugoslavia and Albania are slowly

starting to run out and possibly only non-viable reserves

will be left in between five and ten years? timeh.

Figures have now been released by the Zimbabwean Central\
Statistical Office for the annual production of chromium

ore in Zimbabwe from 1964 to the;present; thus covering

the period when these details were Kep@gsecret for political
reasons, Fig. 2(8). Annual produptionléf chromium ore
increased from 447000 tonnes invlb64 toia peak of 876000
tonnes in 1975. Production then‘decreaseg to 478000 tonnes
in 1978 Sut showed a slight increase again to 342000

tonnes in 1979. The decrease in production was due probably
to the effect of both the repeal of the Byrd Amendment B
in the United States and to the general decf;ase in demand
for ferrochromium following the dgwnturn in the World's
steel industries. Although the tonnage for 1978 was very
similar to that of 1964, the value of the production
increased from approximately $4,5 million in 1964 to

$13,5 million in 1978 reflecting increases in the price

of the ore from approximately $10/tonne in 1964 to

approximately $30/tonne from 1976 onwards.
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A very large proportion of the chromium ore produced in
Zimbabwe is processed into ferrochromium alloys, wmainly
high-carbon ferrochromium and ferrochromium silicon,

with some low-carbon ferrochromium. There are two large
producers at present in Zimbabwe, Rhodall belonging

to Anglo American, and Rhomet belonging to Union Carbide,
with fairly similar outputs in terms of total tonnage

and a combined total output of approximately 235 000

tonnes/annum.

Total consumption of ore to produce this quantity of
alloy is estimated to be approximately 517 000 tomnnes.
A total of 542 000 tonnes of ore was produced in 1979
and thus apprdximately 95% of Zimbabwets ore production
was converted into ferrochromium alloys and only 5%

exported as the ores,

Accepting even the conservative estimate;of 560 million
fonnes of high-chromium ores in %imbabwe, it is evident
that at the present rate of proddction;the reserves are
sufficient for over 1000 years, 500 yea%$ if production
is doubled,_dr 100 years at tén t}mes tﬁe production.
Thus theﬁcoﬂtrolliﬂg factor in-chromium{ore or
ferrochromium Rrodﬁction in Zimbabwe will be not the

reserves available but the world demand.

Properties of Zimbabwean ores for ferrvochromium production

The chromium ores of Zimbabwe can be classified into

two main types; the seam deposits occurring in the Great
Dyke and comprising the major part of the known
reserves, and the alpine or podiform deposits which
occur as isolated occurrences in ultrabasic intrusions
not associated with the Great Dyke. Before considering
these ores in more detail it is useful %o consider the
specific propgrties which make an ore most suitable for

smelting to high-carbon ferrochromium, for this is the most



important of the alloys. The properties of the ores
can be sub-divided into chemical and physical properties
and the most important of these for high-carbon ferrochromium

production are summarised in Table 4.

Table 4 : Properties required in chromium ores for
efficient production of high-carbon ferrochrowmium

property of ore

chemical physical
high Cr203 content low friability
high Cr:Fe ratio ‘low decrepitation
high refractory:non- high bulk density
refractory ratio high gangue softening
or melting tewmperature

The Cr203 content determines the grade of the ore and

thus the amount of chromium recovered per tonne of ore
smelted, whereas the Cr:Fe ratio detcrmlnes the chromium
content of the alloy. The refractorw nonwrefractory

ratlo is a ratlo which has been 1nvest1gated at the
Instltute of Mining Rescarch and it has been found to
correlate extremely closely w1th the chéemical reducibility
of the ores. In general the more difficult the ore is

to reduce, the better it perfofms in a subwmerged arc

furnace producing high-carbon ferrochromium,

The friability of an ore is its tendancy to break or
disintegrate into small fragments under the applied and
abrasive -loads encountered during mining of the ore,

during its transportation and within the smelting furnace
itself. If large guantities of fine material resulting
from the disintegration of a friable ore are added to,

or produced within, the furnace these can have a blanketing
effect in the charge. This prevents the steady escape of

the gases produced and can result in explosive release
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of the gases with accompanying ejection of molten material.
Apart from the physical danger to personnel and equipment,
this condition results in erratic and thus unsatisfactory
furnace operation. Friable ores, therefore are not suitable
for submerged arc furnace smelting and such ores have to

be either fed in gradually with non-friable or lumpy

ores at a rate which will not disrupt operations, or if
present in large quantities, they must be agglomerated by

pelletising or briquetting.

The decrepitation of an ore is its tendancy to disintegrate
when subjected to thermal shock, such as encountered in

the furnace. Thus the effect of an ore which has a high
degree of decrepitation is similar to that of a friable

ore in producing excessive fines within the furnace.

The bulk density of the ore is controlled,not only by

the proportion of the heavy chromium and'iron constituents
to the lighter gangue constituents, butfalso by its
physical conditioﬂ, in particular ifS’pgfosity. The

bulk den51ty of the ore will to sdme extgnt determine

whether or nét the pre descends deep w1th1n the furnace

before being reduced, a condition which results in

ta

efficient smelting.

Similarly} the gangue softening1femperature-helps to
determine whether the ore will physically maintain its
form before being reduced deep within the furnace, or
whether the spinel crystals will be released from the
gangue at a relatively shallow depth in which case

the spinels tend to enter the slag, recovery of alloy
may be decreased and there may be problems with the slag

due to its increased content of Cr203.

Considering first the Great Dyke ores, these can be
sub-divided into two groups on the basis of the mean

composition of the seam., Table 5.
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Table 5 : Chemical groupings of Great Dyke chromium
ores for smelting to ferrochromium alloys

mean composition Group 1 Group 2

or ratio Seams 1,2 and 3 Seams 4-9 (10 and 11)
Cr,0, (%) 43-46 h7-51

FeO 17-19 13-17

Cr:Fe 1)9-2,5 296"3)5

R:non-R 2,3-3,5 2,8-5,0

. i

R = refractory

The Group 2 ores are characterised by higher contents of

C higher Cr:Fe ratios and lower Fe0O contents than

r203,
the Group 1 ores. The ratio of the refractory:non-
refractory components also tends to be greater in the
Group 2 ores. These are true high-chromium ores whereas
the Group 1 ores are more closely relatqd to the high-
iron ores of South Africa.

In smelting the ores to ferrochroTiﬁﬁ,%qhose in Group 1
will be more easily reduced and thus le}s power intensive
than those fﬁ Group 2. However,- the reiatively low Cr:
Fe ratios will result in alloys containing 58%-64% cr,
falling between the charge‘chgome of 50%—55% Cr produced
in South Africa and the high-carbon ferrochromium
containing 65%-70% Cr produced frqm the ores with higher
Cr:Fe ratios. The Group 1l ores can be smelted directly
to ferrochromium in the composition range indicated, but
they should preferably be blended with Group 2 ores in
the furnace charge in order to produce a better guality

alloy.

The chemical variations between the different podiform
ores are Complei and they cannot be characterised as
simply as the” seams on the Great Dyke. Although the

range in Cr‘OO3 content is very similar to that of the
Great Dyke ores, the mean of 44% Cr_ 0, iz slightly less

3

[P ERIS]

than the mean of 47% Cr,0, for the Creat Dyke ores. However,
—~

3
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The mean Cr : Fe ratio is some what greater at 2,9 (ranging
from 1,9 - 4,1), compared with 2,7 (ranging from 2,0 - 3,5)
for the Great Dyke ores. This is due to the generally
lower content of approximately 12% FeO in the

podiform ores compared with approximately 16% FeO in the

Great Dyke.

“With only two exceptions, ores from the podiform deposits

. have more favourable physical properties for smelting than -

most of the Great Dyke ores. For example, the mean
friability of the podiform ores is 17%, ranging from

4,5% - 32% whereas mean friability for the Great Dyke ores
is 42% ranging from 10% - 92%(9),

Physico-chemical ratings of the ores for smelting.

A favourable combination of chemical and physical properties
in the ores results in the wmost effective production‘of
high-carbon ferrochromium, and thus a system of physico-
chemical ratings has been devised in order to assess the

individual ores or seams(lo).

The ratings take into
account what are considered- to be t@e'impaﬁtant chemical
and physical prbperties reqhired iﬁ the ére for submerged
arc smelting té high—éarbon ferrocﬁromium, most of which

have been described briefly «in this paper.

Some examples of physico-chemical ratings applied to the
seams on the Great Dyke and to the best and the worst

of the podiform deposits are given in Table 6.
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Table 6 Examples of pliysico-chemical ratings applied to
the chromite reams con the Great Dyke and to the
podiform deposits

deposit or seam | physico-chemical rating gpercentage
(points) rating
max. rating 900 i 100
|
best podiform 769 85
No. U seam 662 T4
No. 6 seam 613 68
No.A7 seam 530 61
worst podiform 548 61
No. 1 seam 546 61
No. 9 seam 533 59
No. 2 seam 530 59 :
: !No. 5 seam 525 58 f

It is evident that the best of the ores for high~-carbon
ferrochromium is from a podiform erosiy which achieves
a rating of 769 points, or 85% of the theoretical maximum.
Of the Greaf,Dyke Seams, No. U4 Seam isiguperior to the

remaining seams.

It is of interest that apart fram No. 4 Seam and to an
extent No. & Seam, the remaining seams of the Great Dyke
achieve very similar ratings, altﬂough these may have

been achieved through different combinations of favourable

or unfavourable properties.

Areas for further exploration and development

From what has already been determined concerning the
smelting properties of Zimbabwean chromium ores, several
possible areas Become evident for further investigation
and possible‘aevelopment by potential ferrochromium
producers., Foremost is No. 4 Seam which has the best

potential on the Great Dvke {for high-carbon ferrochromium




production. This seam should be investigated far wmore
extensively in order to determine whether its favourable

properties are maintained over its entire length.

ir, however,'present developments in plasma smelting become
commercially viable for the treatment of chromium ores,
there may be a revolution in ferrochromium technology,

The most significant potential advantage of plasuma
smelting is that it requires finely divided ores and

thus the need for costly agglomeration of the friable

ores, which comprise a very large proportion of the
Zimbabwean reserves, will fall away. In a plasma smelting
plant, the friable ores will come into their own and

the suitability of an ore for high-carbon ferrochromium
will depend mainly upon its chemical properties. The

more friable seams such as No. 7 and No. 9 will then

become more important sources for the ore.

Although the reserves of the podiform ores are small in
comparison with the Great Dyke ores, their generally
outstanding properties for prebent day smeltlng
practlces :hqpld encourage exploratlon for further
deposits not only in the areas in which dep051ts are
known to occur but in new.areas which may have potential

for the discovery of further deposits.

Metallurgical problems in ferrochromium production in Zimbabwe
There are three main problems assoéiated with the production
of high-carkton ferrochromium in Zimbabwe and which are, or
will be, common to every producer. These are:-

.l) The carbon content of the alloy.

2) The sulphur content of the alloy.

3) The use of friable ores and ore fines.

Higher prices and a distinct market advantage are at
present commanded by high carbon ferrochromium which

contains less than 6% C, as opposed to the generally
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encountered contents of 7%—8% C. Decreased carbon
contents in the alloys ave achieved only by the use of
certain types of ores and the correct smelting conditions.
The suitable ores not oniy have to be what is known

as fhard, lumpy!, but they require other specific properties
which enable them to have a carbon-refining action on

the high-carbon ferrochromium. Such ores occur to a
limited extent only in Zimbabwe, and not at all in

South Africa, and their presently known reserves are
being depleted rapidly. However, the problem of reserves
of hard, lumpy refining ores is not peculiar to

Zimbabwe alone and already the economic distinction
between the high-carbon alloys on the basis of their
carbon content is less pronounced and it may disappear

totally in the near future.

The sulphur content of Wankie coke tends to be relatively
high and consequently the sulphur content . of high-

carbon ferrochromium may tend to’exceed the specified-
maximum levels. 1In this case additional; procedures

are necessary to remove the excess sulpﬁ#; from the
ferrochromium, but these will incuévextraRcosts. The

most satisfabtory solution is tO'provideia reductant with
a low coﬂtent of sulphur so fh?t the probiem does not
arise and one of the mininé companies in Zimbabwe is

now carrying out investigations into a low-sulphur

coal deposit from which a char suitéble for férroalloy

~

production can be produced.

The guestion of friable ores and ore fines is a world-
wide problem which is becoming more prominent with the
depletion of the World's reserves of the hard, lumpy
ores. Greater proportions of friable ore are, of
necessity, being charged to submerged arc furnaces, and

thus agglomeration facilities, such as briguetting or

ed
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pelletising are becoming necessary, involving further
pre-treatment costs. Again this problem is not
peculiar to Zimbabwe and it 1s possible that the
potential developments in plasma metallurgy which
have been mentioned, will change the present physical

disadvantage of friable ores to an advantage.

Conclusion

The world is going to be increasingly dependent upon
Southern Africa for its supply of chromium. Whether
this comes from South Africa with its low grade ores
and low mining costs, or from Zimbabwe with high-grade
ores but higher mining cosfs, will depend not only
upon the relative economics of production and upon

the preference of the steel industries, but also upon
the different political climates in both these .
countries and the degree to which the vafious Western‘
codntries are prepared to rdy upon one gountry only

as their main source of a strategically%;mportant
metal. ' !

5.
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