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ABSTRACT

Kinetic measurements on the reduction ofchromite ore from a lime-silicate slag by carbon
dissolved in a high-carbon ferrochromium alloy bath were conducted at temperatures between
1500 and 16500c. The reaction kinetics were followed by periodic sampling and chemical analysis
of the reduced products. The effect ofadding powdered graphite to the refining slag was assessed
by the extent of reduction obtained and carbon pick-up in the alloy. The results showed that for
chromium oxide saturated slags, the rate ofoxidation of carbon is independent of the oxide
content. Carbon diffusion from the bulk alloy to the alloy/slag interface is envisaged to be rate
controlling in the initial instance. Later, the reaction appears to exhibit mixed control kinetics.
However, when powdered graphite is added to the slag surface, less dissolved carbon participates
in the reduction process.

INTRODUCTION

The kinetics of chromite ore reduction with carbon either in the solid or liquid state have been
previously examined [1-5]. Various reaction mechanisms have been proposed on the basis of the
results obtained. However, most of the reported work has not adequately dealt with the
morphology of the reduction products in as much as it relates to the reaction mechanism.
Furthermore, carbon saturated melts of either iron or ferrochromium have been used in a number
of investigations [5,6]. This has only provided limited information on the kinetics of reduction. For
example, in an environment of constantly decreasing carbon activity which is also under
thermodynamic constraints, how much carbon can be oxidized under a given set of conditions.

This paper presents the results of investigations on the reduction of fluxed chromite ore by carbon
dissolved in a high-carbon ferrochromium (HCFeCr) alloy, and also on the effect of adding
powdered graphite to the slag. The study has been prompted by the need to utilize chromite fines
in the partial oxidation of the carbon from a molten HCFeCr alloy bath prepared by remelting alloy
fines.
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MATERIALS AND EXPERIMENTAL PROCEDURE

Materials

The materials used in this investigation were obtained from a local ferroalloy smelter, and the
chemical analysis of HCFeCr is given in Table 1 and that of chromite ore and quartz in Table 2.
The HCFeCr and chromite were screened to -I mm and -5 mm size fractions, respectively. The
quartz was crushed and screened to the same size as the chromite ore. Commercial lime was used
in each case to adjust slag basicity to the required value.

TABLE 1: Chemical analysis ofhigh-carbon ferrochromium (wt%)

Cr Fe C Si S Ti V
64.78 26.23 6.90 1.42 0.04 0.07 0.014

TABLE 2: Chemical analysis ofchromite ore and quartz (wt%)

Chromite Ore Quartz
Cr20 3 50.08 -
F~03 14.82 0.44
Si02 4.71 98.34

Alz°3 10.00 -
CaO 0.30 -
MgO 17.00 -

Experimental Methods

Two sets of experiments, series A and B were devised to investigate the reduction behaviour of
chromite ore in slag by carbon dissolved in HCFeCr alloy.

Series A

The effect of temperature and graphite addition was investigated using a 30kW, 4.2kHz rated
induction furnace with a capacity of about 8kg. The raw materials which consisted of chromite
ore, HCFeCr alloy, quartz and commercial grade lime were combined in proportions given in
Table 3. The carbon content of the alloy at the end of the experiment was expected to fall below
6%. In order to achieve the desired objective, assuming 80% chromium oxide and 99% iron oxide
reduction, the amount of chromite required was estimated to be 5.6% of the weight of the
HCFeCr alloy. About 5kg of the alloy including a 450 ± 20g starter block of ferrochromium were
remelted in an alumina-magnesia lined induction heated crucible. At melt out, chromite ore fines
blended with a lime - quartz flux to give a slag basicity of 1.2 was added to the surface of the
molten alloy. The flux took 2-5 minutes to melt completely depending on the temperature of the




















