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ABSTRACT

A process is provided for the solid state reduction of
chromite ores in which a finely divided chromite ore is

heated, in which intimate admixture, and preferably

agglomerated form, with a solid carbonaceous reductant,

an alkali metal aluminium silicate, silica and calcium
fluoride, to a temperature generally between 1200°C and
1400°C, such that a liquid flux phase is formed in
contact with adjacent solid particles of chromite and
reductant. The alkali metal aluminium silicate,
silica and calcium fluoride are conveniently present in

the form of granite and fluorspar.
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"PROCESS FOR THE ENHANCED REDUCTION OF CHROMITE ORES"”

FIELD OF THE INVENTION

THIS INVENTION relates to a process for the reduction
of chromite ores and particularly to the solid state

reduction of these ores.

BACKGROUND TO THE INVENTION

Chromite is a spinel solid solution the composition of
R Mg
which may be represented by the general foraula (Rg, Mg)

Lr e
S, Al, Rglz O4. The solid state reduction of such

spinel using carbonaceous material is complicated and
is generally associated with a high degree of

metallisation of the iron present and a substantially



lower reduction 2Z the chromium for a given time and at

a4 given temperature.

In the context of this specification the degree of
metallisation of iron or chromium is based on the ratio
of the mass of iron or chromium present in non-oxide
form afte- -eauction to the total mass of iron or
chromium respectively initially present in the ore in

all its forms.

By way of example, in a mixture of finely divided solid
chromite and carbon the degree of metallisation of the
iron will generally be almost complete and that of
chromium just over 50% where the mixture has been
heated for two hours at 13000C. This low chromium
reduction (or metallisation) is postulated to be the
result of the formation of a stable magnesium,
chromium, aluminium oxide spinel which forms as
reduction and metallisation of the iron takes place.
Obviously the rate of reduction increases with
temperature leading to improved metallisation of the
chromium but at increased expense and accompanied by
problems often associated with high temperatures such
as softening and fusion of the material which occurs at

temperatures in excess of about 1500°C.

/.
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PEsEss referred to herein as the Krupp process in

which a mixture of finely divided chromite, silica and
carbon in large excess of the stoichiometric amount
required for reduction is subjected to temperatures of
1500 - 1600°C to give a chromium metallisation in
excess of 80%. This process is more fully described
in South African Patent No. 84/0101 to Fried Krupp
Gesellenschaftt and entitled “"Process for the

production of Ferrochromium”.

A more recent breakthrough in solid state chromite
reduction has shown that the reduction rate may be
increased significantly by the addition of small
amounts of sodium salts and fluospar to the chromite
and reductant mix. More specifically a 10% addition
of fluorspar and a 1% addition of a sodium salt results
in an increase in the chromium metallisation from just
under 50% to just under 100% after being held at 120097
for 90 minutes. The reduction undée: tnese conditions
is so fast that, in practice, the rate of reduction is
likely to be determined by the rate of heat transfer to

the pellets.
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It is postulated that components of the hitherto stable
iz-nel (see above) are soluble in the ligquid calcium
fluoride-sodium f£luoride phase formed and that the

1L
non-reducible oxides p:ecipitate as Mgalj04 thereby

s

gwua v —
allowing the reducible phases (ie. including chromium)

to transport through the liguid to the reductant where

reduction <¢ sucn components takes place.

Even though the reduction rate for the chromium may be
increased up to four times, this process would probably
not be economically viable because of the high costs of

the fluorspar and sodium salts.

It is thus an object of the invention to provide a
method for the solid state reduction of chromite ores
which may provide a high degree of chromium oxide

reduction on an economically viable basis.

SUMMARY OF THE INVENTION

According to the invention a process for the solid
state reduction of chromite ores comprises heating
finely divided chromite ore in intimate admixture with

a finely divided carbonaceous reductant and a flux
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comprising at le23c one alkali metal aluminium
s.i1cate, silica and calcium fluoride at a temperature
and for a time chosen to cause the formation of a
substantially liquid flux phase in contact with
adjacent solid particles of chromite and carbonaceous

reductant.

Further according to the invention the carbonaceous
reductant preferably comprises at least one of coke,
anthracite or char. Other carbonaceous reductants may
also be used, either alone or together with other forms
of carbonaceous reductant. It is considered that even
sewage sludge could be employed as at least part of the

reductant.

Still further according to the invention the alkali
metal aluminium silicate is a compound having a
comparatively low melting point with the alkali metal
being potassium, sodium or calcium. Such compound is
preferably a naturally occurring compound in the form
of a feldspar, feldspathoid or syenite. The feldspar
could even be a lithium bearing feldspar such as

lepidolite.



Still further accc-iing to the invention the calcium
fl.2:10e is a naturally occurring compound in the form

of fluorspar.

Still further according to the invention the alkali
JALM“"

metalzsilicate and the silica are added in the form of

a naturallv =<zcurring material such as a granite.

Still further according to the invention the
carbonaceous reductant is present in at least, and
preferably more than, the stoichiometric amount
necessary to effect reduction of all the chroég?énd
iron oxides in the chromite to metal together with the

accompanying formation of some chromium and iron

ca:bidesmzd. lsaies JZ//yzé W .

Still further according to the invention, where a
feldspar is used, the ratio of feldspar to fluorspar
may vary from 0,5:1 to 5:1 (usually from 1:1 to 3:1)
and the ratio of feldspar to silica may vary from 0,5:1
to 5:1 (usually from 1:1 to 2:1). The exact ratios
will depend to a large extent on the objective to be

achieved and the nature and comoos‘tion cf the starting

~

materials. /%//Z/z ' Maﬁ



Still further acccriing to the invention the alkali
Tiia. aluminium silicate, silica and calcium fluoride
v Jo
account for between }#% and about 35% by mass of the
. 0%
mixture, preferably from 5% to 25%, and most

/(o
preferably about Z¥%.

. . . . ) . 5 o
Still furthe: asccording to the invention the mixture is 1;%é7

agglomerated prior to carrying out the reduction and

£ the heating is carried out in a reducing atmosphere, me. g ﬁ*/

s

e

Technically the mixture does not have to be

agglomerated so long as it is, and remains during the

solid state reduction process intimately mixed.dxiaoérgaagaéh(—,;,,

/m;hud Gt s meintlunad 4“’.th
However, on the practical side, the homogéneity of the
B EEEEEEEEEE—— a . -

mixture is most easily maintained during reduction by 7.

7 by

/s
agglomerating it into pellets, briguettes or other i Zﬁ?’
agglomerated units. e A

Any suitable binder may be used for the agglomeration
but sodium silicate and bentonite binders, used either
individually or jeintly are considered to provide goog,
strong agglomerated most suited to continuous

processing. The particular agglomerated composition



will also depend -n whether induration of the
ajgiomerate is necessary and practical before the
agglomerated units can withstand the stresses imposed

during processing without fracturing and collapsing.

It is also of importance that the different materials
be sufficienzly finely sub-divided to give best effect
to the aforesaid reduction process being carried out.

TR DTy TRt LY
In this *ega'd the materzals are preferably mille

9% 2
thataﬁ/édﬂfwd%w >%/

and preferably about 75% pass-g 75uym sieve.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings :-

FIG, 1 is a set of graphs illustrating % reduction
against time for four different chromite
mixtures and a comparative test not using the

invention;:

FIG. 2 1s a set of graphs illustrating the effect of

reduction at different temperatures; and,

/e



10.
Fig. 3 is-a set cf graphs illustrating the effect of
different compositions resulting in different

flux quantities.

DETAILED DESCRIPTION OF EXPERIMENTS CARRIED OUT TO

EXEMPLIFY THE INVENTION

An experimental programme was conducted with the object
of ascertaining the reduction behaviour of four
chromites from different sources when reduced in
accordance with the process of this invention. The
four chromites are denoted A, B, C, and D for
convenience and were of the compositions shown in
Table 1.

TABLE 1

Average chemical analyses of the four chromites tested

Composition in mass, &

Component Chromite Chromite romite Chromite
A B o D

Cr,0, 46,60 44,62 45,50 45,35
Fe, 0, 7,1 6,77 7,23 7,85
FeO 19,5 19,95 19,9 19,10
MgQ 9,83 9,57 9,14 9,17
Al,0, 13,8 14,53 14,50 14,60
Cao 0,20 0,25 0,26 0,27
Sio, 0,50 1,64 0,95 1,02
Tio, 0,53 0,54 0,37 0,52

Total analysed
components 98,06 97,87 98,02 97,88

Cr/Fe ratio 1,58 1,51 1,52 1,53
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Samples of the four cnromites were milled to
apmrai.mately 75% - 75um and mixed with similarly
finely divided carbonaceous reductant in the form of
anthracite or char having the analyses shown in Table
2, bentonite as a binder, and a flux comprising a
granite and fluorspar, the granite providing the
feldspar and silica additions required by the
.nvention. The compositions of the granite and
fluorspar are shown in Table 3 and the compositions of
the mixes for 10%, 20% and 30% flux additions in Table
4.

TABLE 2

Chemical analyses of the two reductants )Q,ijun.

Reductant Moisture Ash Volatiles Fixed Sulghur

Carbon
Anthracite 1,3 12,9 8,0 77,8 1,4
Char 1,6 17,8 3,4 77,3 0,4

e
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TABLE 3

Chemical analyses of the f£lux components 0953Mun
)

o o ——

ORI SIS

Component Granite Fluorspar
oA
R CaFy - 87,6

Al;03 13,97

Mg0 0,27

cat 1,23

Na20 4113

96,68 83,5

In terms c¢f minereal composition:
Granite approx, 75 percent feldspar

25 percent £i03
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TABLE ¢ .

individual component additions

for the various batches of pellets

Componer« . Net component addition)lkynu-
10% Flux 20% Flux 30% Flux

Chromite 70,1 65,33 61,25

Carbon 21,0 18,60 18,37

Granite 5,25 9,80 13,78

Fluorspar 1,75 3,27 4,59

bentonite

[\ ]

00 2,00 2,00
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After thorough mixing, the mixtures were pelletised and
*h2 peilets air dried under forced draught conditions
for a period of 24 to 36 hours, and thereafter placed
in a thermobalance. A further minor quantity of
moisture (1 - 2%) was driven off during a preliminary
purge period, with sample temperatures reaching in
excess of 120°C in the cool zone of the furnace under a
nitrogen atmosphere. Once the mass had stabilised,
the sample was raised into the hot zone of the
thermobalance and reacted. The reaction temperatures
used were 1200°C, 1300°C and 1400°C. The apparatus

was monitored with an on-line data logging facility.

Data gathered by the data logger was processed off-line
to establish the actual mass for each run, with
corrections being applied to the measured sample mass
loss figures for devolatilization of the carbonaceous
reductant and any possible flux boil-off or other mass
loss. The final corrected mass loss pertaining to
chromite reduction was then calculated in terms of per

cent reduction of each of chromium and iron against

time.
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On removal of the reduced sample from the

“hzzzooalance, detailed observations were made on the
form and agglomeration characteristics of the pellets.
Portions of the sample were then taken for microscopic

examination and chemical analysis.

In order to Z:z:zzmine the actual degree of
metallisation, samples were leached for 18 to 24 hours
in a 50% HCZ solution and the resulting leach liquor
and residue analysed to determine the fraction of
soluble (metallised) chromium and iron. The mass
balances obtained in this way were always found to be
in close agreement with that expected from the mass

loss.

The results of the experiments may be summarised as

follows:

Evidence of a marked improvement in the net reduction
rate (ie. of iron and chromium combined) obtainable
through the addition of flux was noted. Fig. 1 shows
the percentage reduction against time for the four ores
reacted at 1300°C and using 20% flux. A reduction of

at least 80% of the chromium and iron is achieved
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after heating for 120 minutes at this temperature.

alsz [liustrated is a graph of a similar solid state
reduction carried out on similar pelletised materials
but without the addition of the flux forming
constituents. The improvement made by the invention
is quite clearly illustrated.

T'ne marked effect that temperature has on the reduction
kinetics using chromite A as an example, is shown in
Fig. 2. This curve also indicates the reduced spread
in reduction rate that occurs as temperature is

increased.

It will readily be appreciated that the standard
reduction curve is a composite, comprising the
individual iron and chromium reduction curves, and in
order to obtain a more accurate assessment of the
influence of different parameters analysis was
conducted on the basis of the individual iron and

chromium metallisation rates.

Accordingly, in order to establish the individual rates
of metallisation, the iron-chromium metallisation
envelopes had to be established for the various sets of

conditions experienced. ftEEé&:éﬁ&ad_;ha&ffBese curves

indicate that, whike temperature dees have a rae e

'y
Ml

/..

it



significant effec* sa the shape of the metallisation

‘ IS Frg &y FIGS
e:v:-ope€4paLL;G&&a&z;—at“rhe.highe£=¢empeeature,
\h&thin the narrzow range of compositions tested, ore
type was not found to have a significant effect.

R L& g?-iﬂ‘- .

Accordingly, one set ofAFurves was found to be
applicable to all four ores at 12009%and 13000c, while
a slightlv =z::ower set of curves was found to be

applicable for all ores at 14000°C.

An investigation of the influence that various
parameters have on the rates of iron and chromium
metallisation indicates that the rates of chromium
reduction of the four ores shows the distinct order
A-D-B-C, which is supported by the results on the
pelletised material which show A and D as the best
performers at flux additions of 20% - 30%. In each
case, the major difference in reduction rate may be
attributed mainly to differences in the rate of

chromium reduction from the ore.

A specific comparison of the effect of variables such
as reductant type and flux addition was made in terms
of the time taken to achieve a particular degree of
either iron or chromium metallisation as presented in
Table 5, highlighting the difference between these

various factors.
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An example of the cu:ives obtained is shown in Fig. 3 in
whiZi tne percentage reduction of chromium in chromite
A is plotted against time using 10%, 20% and 30% flux

at 1l300°c.

The results as summarised in Table 5 indicate that
increasing t*: Zlux addition above 20% results in a
small, relatively insignificant increase in reduction
rate, while decreasing the flux addition from 20% to
10% has more significant effect in decreasing the
overall reduction rate. Thié decrease does not appear
to diminish with increasing temperature as seen with
other effects such as reductant type. However, the
most significant effect that altering flux addition had
was in terms of the physical properties of the pellet,
which effectively set an upper limit on the gquantity of
flux which may be added to approximately 20%. Above
this level the amount of liquid phase produced

adversely effected the physical properties of the

N

pellets flufJ'ndicating the probability of poor

performance under load, that is, pellets sticking to

one another,
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Electron microscope :nalysis of reaction products where
20% <1.. was used revealed that a quantity (20% - 30%)
of the magnesia and alumina in the chromite spinel
remained undissolved after the 1 - 2 hour reaction

period.

Accordingly, % :zems feasible that the quantity of
i.ux phase could be reduced without significantly

altering the reduction rate.

Where the inert nitrogen blanket was removed from
samples undergoing reduction, thereby enabling the
partial presence of oxygen to rise slightly, both
pellets at high and relatively low extents of reduction
were enveloped in a ceramic glass layer of 0,5 to lmm
thick. Investigation of this outer glass layer showed
it to be composed of three phases, the bulk matrix
being the common slag, with low MgO content, containing
laths of recrystallised sesquioxide (Cro03.a13203
containing more than 60% Cr,03) and at high extents of
reauction, recrystallised spinel (Mg (Cr.Al)»03

containing approximately 6% Cr,03).

PET S
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It is important to nc:e that the experiments were
conduc+tzl witnout the presence of components of heating
gases generated -y combustion and the action of such
gases must be taken into account when carrying out
reduction in the presence of such gases as COj, for
example.
.ae experimentation described indicates the highly

{j beneficial results of the use of fluxes as defined in
the solid state reduction of chromite ores. The
constituents of the fluxes are freely available as
abundant naturally occurring materials. It should be
noted that depending on the composition of these
materials it may be necessary to supplement them with
other materials, Thus while granites will normally
provide the feldspars and silica necessary, materials

such as nepheline syenite may necessitate additions of

silica.

It is the intention of this patent that the flux as
specified should be used for the promotion of the rate
and extent of reduction in a device in which material

(preferably in agglomerated form), is treated under
P Y

/A

s e s
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controlled conditions of atmosphere and temperature so
2T I: ensure an optimum amount of reduction. Such
devices include a rotary kiln, a rotary hearth furnace
sometimes referred to as a pancake type of furnace and
a vertical shaft kiln. Such a device is preferably one
in which the rate of heat transfer to the material
undergoing red:zzion is commensurate with the rate of

reduction enabled by inclusion of the flux.

/..
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WHAT IS CLAIMED IS :-

£

-

A process for the solid state reduction of
chromitz ores compris;;’heating finely divided
chromite ore in intimate admixture with a
finely divided carbonaceous reductant and a
flux comprising at least one alkali metal
aluminium silicate, silica and calcium
fluoride at a temperature and for a time
chosen to cause the formation of a
substantially liquid flux phase in contact.

with adjacent solid particles of chromite and

carbonaceous reductant.

A process as claimed in claim 1 in which the
alkali metal aluminium silicate is a naturally
occurring compound selected from a feldspar,

feldspathoid or syenite.

A process as claimed in claim 2 in which the

alkali metal aluminium silicate and the silica
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are adéeZ 1n a naturally occurring mixture

thereof in the form of a granite.

A process as claimed in any one of the
preceding claims in which the calcium fluoride
is added as a naturally occurring fluorspar.

A process as claimed in any one of the
preceding claims in which the mixture includes
feldspar and fluorspar, the ratio of feldspar
to fluorspar being in the range of 0,5:1 to

5:1.

A process as claimed in claim 5 in which the
ratio of feldspar to fluorspar is in the range
of 1:1 to 3:1 and the ratio of feldspar to

silica is in the range of 1l:1 to 2:1.

A process as claimed in any one of the
preceding claims in which the combined mass of
the alkali metal aluminium silicate, silica
and calcium fluoride is between f%% and about

35% of the total mass of the intimate mixture.
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11.

12.

25.

A process 25 claimed in claim 7 in which the
said combined mass is between about 15 and 25%

of the =-otal mass of the intimate mixture.

A process as claimed in any one of the
preceding claims in which the carbonaceous

red=<~aat includes cpke, anthracite or char.

A process as claimed in any one of the
preceding claims in which the carbonaceous
reductant is present in at least the
stoichiometric amount necessary to effect

. M . .
reduction of all the chromg& and iron oxides
present in the chromite together with the

accompanying formation of some chromium and

iron carbideszn1104uix

A process as claimed in any one of the
preceding claims in which the intimate
admixture is agglomerated prior to heating

thereof.

A process as claimed in claim 1 in which the

mixture is formed into pellets or briguettes.

/oo
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14.

15.

l6.

17.

26,

A process as claimed in any one of the
preceding claims in which the finely divided
startinc materials are ground to a fineness

such that

A process as claimed in claim 13 in which the

finenez: s such that 75% pass a 75um ymesh.

A process as claimed in any one of the
preceding claims in which heating is effected
at temperatures of between 12000C and 14800C. ¢

/07
A process as claimed in claim 15 in which

heating is effected at about 13000C.

A process substantially as herein described

and exemplified.
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