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Dissolution and Reduction Behaviors of Chromite Ore in Molten Slag

Hiroshi G. KATAYAMA, Masayuki SATOH and Masanori TOKUDA

Synopsis :

Experiments have been done on the smelting reduction of powdered chromite ore by graphite in the mol-
ten slag of Ca0-MgO-Al,05-SiO; system at the temperatures between 1 550 and 1 650°C.

The dissolution of chromite grains in slag proceeded usually from the grain surface and the surface be-
came progressively enriched in MgO and Al;03;. However, the slag having the composition far remote from
liquidus line penetrated into the inside of chromite grain and promoted the dissolution. The reduction took
place mainly at the surface of graphite grain and proceeded more rapidly in the slag with higher concentra-
tion of SiO, and with lower concentration of MgO. Temperature dependence of the reduction rate de-
creased with the increase of temperature, because of change in the rate-determining step of smelting reduc-
tion with temperature. Besides, the chromium and iron contents of slag and the oxidation state of chro-
mium in slag were examined.

Key words : ironmaking ; steelmaking; smelting reduction; chromite ore; dissolution in slag; reduction

kinetics ; oxidation state of chromium.
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Table 1. Chemical composition of South African
chromite ore used (wt%).

Cry03 FeO Fey03 AlyO3 MgO Si0, V. M.*
45.91 20.71 6.13 14.47 10.90 1.72 0.14

* Volatile matter at 900°C for 1 h in an Ar atmosphere

Ca0 wt*, MgO MgO

Fig. 1. Diagrammatic representation of the com-
position of slag used.
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Fig. 2. Mode of smelting redution in the present
experiment.
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Table 2. Slag phase formed during smelting re- 320 T T v T T .
duction.
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Fig. 3. Reduction curves at various temperatures
in slag B.
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Fig. 4. Reduction curves at various temperatures
in slag D.
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Fig. 5. Temperature dependence of the rate of re-
duction in various slags.
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Photo. 1. Photomicrographs of the chromite grain
reduced at 1 600°C for 60 min in slag B a) and slag
Ch).
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Photo. 2. Reflective electron images of the chro-
mite grain reduced at 1600°C for 60 min in slag B
a) and slag D b).
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Fig. 6. Line analysis by EPMA for the chromite
grain reduced at 1 600°C for 60 min in slag B.
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Fig. 7. Line analysis by EPMA for the chromite
grain reduced at 1 600°C for 60 min in slag D.
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Table 3. Cr and Fe contents of slags formed
under various conditions (wt%).

1550°C 1600°C 1650°C
Slag Element
120 min 60 min 120 min 120 min
A Cr 0.91 2.43 2.25 1.29
Fe 0.21 0.55 0.22 0.11
B Cr 0.95 2.42 2.72 1.07
Fe 0.18 0.32 0.41 0.07
C Cr 0.92 2.51 2.81 1.29
Fe 0.12 0.45 0.22 0.10
D Cr 0.94 2.07 2.07 1.30
Fe 0.18 0.32 0.27 0.12
E Cr 0.46 1.29 1.23 0.81
Fe 0.18 0.44 0.26 0.21
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Table 4. Viscosity (#) and surface tension (7) at
1500°C and liquidus temperature (T};,) of the slags
used.

Slag #® (poise) 7* (dyne/cm) Tii™ (°C)
A 28 413 <1300
B 8.0 450 1350
C 6.5 441 1300
D 5.2 435 1480
E 2.5 469 1440

* Estimated according to the method proposed by R. E. BonI and G.
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