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Rate of Reduction of TiO3 in CaO-Si0,-Al,03-TiO, Slags by
Carbon-saturated Iron Melt
Haiping SUN, Nobuya SHINOZAKI, Katsumi MORI and Yasuji KAWAI
Synopsis :

Reduction rate of TiO, in Ca0-Si0,-Al,05-TiO, slags by carbon dissolved in iron melts was investi-

gated at 1 350°C ~ 1 600°C under argon atmosphere.

It was found that the reduction of TiO, proceeded

simultaneusly with the reduction of SiO, and was promoted by the addition of silicon to the initial iron

melts.
slightly increased for slags with CaO/Si0,>1.

For acid slags, the reduction rate of TiO, decreased with inceasing ratio of CaQ/SiO,, whereas it

The kinetic analysis on the basis of the two film theory showeéd that the overall rate of transfer of Ti
from slag to metal phases was controlled by the rate of chemical reactions at the interface for cases without
silicon addition, but it was found that the resistance to transfer of TiO, in the diffusion boundary layer at
slag could not be neglected when some amount of silicon was added to the metal.

Key words : kinetics ; reduction of TiO; ; CaO-Si0O,-Al;,03-TiO, slag; carbon saturated iron melt ;

Fe-Si-C melt ; slag-metal reaction ; ironmaking.
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Table 1. Compositions of initial and metals, and parameters determined by the calculation.
Run Temp. Slag (mass%) Metal (mass% ) ki ks; ksi—Ti
Slag | s : : (kgm2h~1) K's-1| 7m0,
No. C CaO Si09 AlyO3 TiOy Ti Si
B-1 1550 A 0.60 27.6 46.2 19.7 4.55 0.000  0.014 | 0.213 0.850  12.7 3.25 1.15
B-2 1550 B 0.83 33.6 40.6 20.3 4.60 0.001 0.002 0.295 0.445 18.5 3.65 1.48
B-3 1550 C 1.01 36.5 36.0 18.3 4.68 0.002 0.008 0.373 0.335 20.5 4.35 1.72
B-4 1550 D 1.42 42.4 29.8 19.6 4.67 0.002 0.008 0.435 0.277 32.9 4.58 2.06
B-5 1550 E 1.64 46.1 28.1 17.3 5.00 0.001 0.007 0.570 0.223 35.8 6.48 2.35
B-6* 1550 C 1.00 38.1 38.1 19.0 4.75 0.001  0.013 | 0.342  0.315  20.5 4.02 1.72
S-1 1550 C 1.02 36.9 36.1 19.1 4.97 0.003 0.191 0.373 0.335 21.8 5.56 1.72
S-2 1550 C 0.96 37.1 38.5 18.5 4.91 0.001 0.385 0.373 0.335 23.0 6.64 1.72
S-3 1550 C 0.96 37.1 38.5 18.5 4.91 0.001 0.470 0.373 0.335 23.7 6.94 1.72
S-4 1550 C 1.07 38.9 36.5 20.2 5.00 0.001 0.854 0.373 0.335 24.5 6.98 1.72
S-5 1550 E 1.75 45.7 26.1 19.8 4.46 0.001 0.410 0.570 0.223 35.8 6.78 2.35
T-1 1350 B 0.83 33.6 40.6 20.3 4.60 0.000 0.015 | 0.035 0.062  2.50 5.44 1.53
T-2 1450 B 0.80 33.4 41.7 18.5 5.27 0.003 0.001 0.190 0.200 6.90 4.97 1.32
T-3 1600 B 0.83 32.4 39.2 20.4 5.17 0.002 0.015 0.488 1.120 29.7 3.03 1.13
I-1 1550 F o 48.1 — 45.5 4.53 0.002  0.015 | 0.880 - — — 3.02
F-1 1550 H 1.07 41.1 38.4 20.9 — -— 0.014 0.315 — — —
F-2 1550 I 0.82 36.0 44.0 20.0 — — 0.020 0.434 — — —
* . Slag weights are 0.075 kg for B-6 and 0.025 kg for others, respectively
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Fig. 1. Change of Ti and Si Contents in metal

G : Graphite T:TiC S: Slag
TiC precipitated at the slag/graphite
crucible interface in the runs in which (a) only slag
and (b) slag and metal are kept at 1 550°C for 6 h.

Photo. 1.
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Fig. 2. Effect of basicity of slag on the reduction
rate of TiO, and SiO, at 1 550°C.
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Fig. 3. [Effect of initial Si content in metal on the
change of Ti content in metal with time at 1 550°C.
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Fig. 4. Change of Ti and Si contents in metal with
time at 1 550°C.
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Fig. 5. Effect of temperature on rates of Ti and
Si transfer from slag to metal.
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Fig. 6. Effect of slag weight on the reduction
rates of TiO, and SiO, at 1 550°C.
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Fig. 10. Effect of temperature on each rate con-
stants.
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