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The Reduction Process and Reducibility of Chromite

with Carbon

Synopsis:

Hiroshi G. KAaTAvAMA and Akikiko TANAKA

In the present work, various chrome ores and relatively pure chromites separated from them were re—
duced with powdered graphite over a temperature range of 1050° to 1400°C under a flow of argon.

The results obtained are as follows:

1) Roughly speaking, the reduction process of natural chromite consisted of the following three stages:
Ist stage

(Mg, FC) (Gr, Al, FC)204

(Mg, Fe) (Cr, Al),0,

below 1100°C

2 nd stage

1100°C ~1 300°C

Mg (Cr, Al),O,

3 rd stage
MgO-+MgAl,O,

above 1 300°C

2) The reduction products of the st stage were metallic iron and cementite, while the chromium-bearing
product, (Cr,Fe),C;, was produced after the beginning of the 2nd stage.

3) Of the constituents of chromite, iron oxide had the strongest influence on its reducibility. At tem-—
peratures below about 1200°C, the porosity of chromite particles was also of great interest, and porous
chromite was reduced more easily than compact chromite.

4) At temperatures above 1300°C, a considerable portion of SiO, contained in chrome ore was reduced.
5) The gangue minerals such as forsterite and enstatite retarded the reduction of chromite at temperatures
below 1250 °C, but accelerated it at higher temperatures.

(Received Dec. 3, 1973)
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Table 1. Shape and smelting

properties of chrome ores as delivered.

Chrome ores Color Shape Smelting properties
S. African 1 Black Hard block Refractory
7 2 Brown Hard block Cracking at 800°C or so.
” 3 Black Sandy block Fusible
Philippine Black Sand Fusible
Russian Brown Small block and powder Mean
Table 2. Chemical composition of chrome ores (%).
Samples Cr,O4 FeO Fe,O; | Si10, | AlLO; | MnO CaO MgO |Ig. Loss*
S. African (SA-1G) 44-57 |..11+71 3-53 7-39 9-49 0-25 067 17'31 3-09
v (SA-2G) 37-42 | ¢.9°02 3-94 ] 11-63 | 13-13 025 040 | 17-58 478
Philippine (P-G) 47-63 | {15°16 2-71 4-57 | 11-38 tr. 0-3¢ | 1580 1-68
Russian (R-G) 47-40 | {4 8-21 3-56 7-32 744 0-12 1-44 | 18-15 395
* At 900°C in Ar flow.
Table 3. Chemical composition of chromites (%).
Samples Cr@.C')3 FeO Fe, O, Si0, | ALO; | MnO CaO MgO |Ig. Loss*
S. African (SA-18) 5462 | 14-82 3-67 0-35| 11-11 27 0-13 | 13-18 0-24
” (SA-35) 47-07 | 20-26 7-02 0-43 | 12-82 0-19 0-21 9-79 0-28
Philippine (P-S) 5441 15-58 3-79 0-36 11-52 0-25 tr. 12-82 0-23
Russian  (R-S) 6191 8-64 4-47 0-10 881 0-13 043 | 14-26 0-26
* At 900°C in Ar flow. (
_ Table 4. Main minerals of chrome ores.
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Fig. 1. Experimental apparatus. "
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Table 5. Spinel composition of chromites and reduction degree of each of their spinels.

Fe,O, FeCr,O, MgCr,Oy MgAl,O,
Samples
wt % R (%) wt % Ri (%) wt % Ry (%) wt %
SA-1S 5-32 6-82 4104 54-19 35-84 38:99 15°50
SA-3S 10-18 13-09 53-28 70°93 13-78 15-98 17-89
P-5 550 7-01 43-22 56°70 31-71 36-29 16:08
R-S 2-90%* 4-52 31-32 39-24 51-42 56-24 12-29

* wt % as FeyOj
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Fig. 12. Partial pressure of SiO for some
reactions involved.
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