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Reduction Rate of TiO, in Slag by Carbon Saturated Iron Melts

Haiping SUN, Nobuya SHINOZAKI, Katsumi MORI and Yasuji KawAl

Synopsis :

The reduction rate of TiO, in CaO-Al,03-Ti0, slag by Fe-C or Fe-Si-C melts in a graphite crucible
was measured at 1 420~1 600°C under argon atmosphere. The mechanism of transport of titanium from slag

to metal was discussed.

The reduction rate of TiO, was strongly dependent upon temperature. It was concluded that the
rate-determining step of the transport rate of titanium from slag to metal was chemical reaction at slag-

metal interface.

It has been turned out that, when Fe-Si-C melt was used, TiO, in the slag was reduced by carbon and
silicon in the metal phase simultaneously. With increasing initial content of silicon in the metal, the trans-
port rate of titanium from slag to metal, as well as the ratio of amount of TiO, reduced by silicon to overall
TiO, reduced, was increased greatly. The transport rate of titanium in this case, however, was controlled
by chemical reaction rate at interface and mass transport rate in the diffusion boundary layer in the slag.
The contribution of the latter would become more important at higher silicon content in the metal.

Key words : kinetics ; reduction of TiO,; CaO-Al,03-TiO, slag; carbon saturated iron melt; Fe-Si-C melt;

slag-metal reaction ; ironmaking.
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Fig. 1. Experimental apparatus.

Table 1. Composition of initial slags and metals.
Run Temperature Slag (mass%) Metal (mass%)
No. °C) Ca0  AlLO; TiO; | Ti Si
I-1 1550 48.1 45.5 4.53 0.002 0.015
1-2 1550 45.0 45.0 10.0 0.001 0.015
1-3 1420 45.6 44.9 10.2 0.000 —
1-4 1450 45.6 44.9 9.38 0.013 —
1-5 1500 45.1  44.7 10.8 | 0.002 —
1-6 1600 45.6 44 .9 10.2 0.002 —
I-7 1550 48.1 45.5  4.53 | 0.002  0.408
1-8 1550 49.1 44.3 4.75 0.002 0.963
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Fig. 2. Change of content of titanium in the metal
with time at 1 550°C.
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Table 2. Rate constant, kT;, determined by cal-
culation and resistance in each step.

1
Run Temperature kTi 1 —— 1
A ko oK T —

No. (°c) (kg/m?h) m Ot T .
& ksos (m?h/kg) ki

I-1 1550 0.88 0.028 ~3x1074 1.1
I-2 1550 0.88 0.028 ~3%x1074 1.1
I-3 1420 0.33 0.028 ~3%x10~4 3.0
I-4 1450 0.53 0.028 ~3x1074 1.9
I-5 1500 0.64 0.028 ~3x1074 1.6
I-6 1600 1.64 0.028 ~3x1074 0.61
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Fig. 3. Effect of temperature on the rate of
titanium transfer from slag to metal.
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Fig. 5. Effect of initial silicon content in the
metal on the rate of TiO, reduction.
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Table 3 . Parameters determined by calculation
for experiments added with silicon to initial metal
at 1550°C.
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I-1 0.015 0.880 - —
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1-8 0.963 0.880 35.8 6.78
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Fig. 6. Contribution of the reduction by silicon in
the metal to the overall reduction of TiO,.
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Fig. 7. Ratio of the resistance to the mass

transport in the slag to the overall resistance of
reaction during the experiment at 1 550°C.
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