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Kinetic Studies on the Rate of Reaction between Molten Slag and Metal

with Gas-injection Stirring

Masahiro HIRASAWA, Kazumi MORI, Masamichi SANoO,
Asao HATANAKA, Yuhji SHIMATANI and Yoshimitsu OKAZAKI

Synopsis :

Kinetic studies have been made on the rate of reaction between molten slag and metal with gas-injection
stirring. The explored reaction is oxidation of Si in molten Cu by FeO in a Li;0-Si0,-Al;03-FeO slag
taking place under the condition of rate-controlling by Si transport in the metal phase. Kinetic experi-
ments were done at 1 250°C. The slag-metal bath was stirred by Ar gas injected through a nozzle located
at the crucible bottom. The apparent metal-side mass-transfer coefficients of Si, ks, are calculated from
the kinetic data. Relations between ks;” and experimental conditions (gas flow-rate, V, ; metal depth, hy;
slag depth, k; ; crucible diameter, d.) have been investigated. ‘

ks, is found to increase generally with increasing V,. The dependence of ks on the gas flow-rate
varies at certain gas flow-rates denoted by V,* and V,* *. In the low V, range (V,<V,™ : Region I),
ks, is proportional to (V,/d2) 2 In the medium V, range (V,* <V, < V,** : Region II), the effect of
the increase in gas flow-rate on ks;” is cosiderably smaller than in Region I In the high V, range (V>
V. ** : Region IIT), the extent of the increase in ksi with V, increases again. It is also found that kg;" in-
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creases with metal depth, ky, below a transitional depth, ha™

Above the transitional metal depth hy™,

ks, becomes independent of hy. Examinations have been performed of the influence of slag depth, Ay, on
ks in Regions I and IL In Region I, ks is independent of hy. In Region II, ks decreases with the de-

crease of slag depth.

Key words : slag-metal reaction ; mass transfer ; gas injection ; oxidation of silicon.
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Photo. 1. Variation of pressure in gas supply
train during bubble formation (V,=18 em®/s).



A 7 7 -ER &R B SUSEEL 12 RT3 7 A RA R0 8 1345

Photo. 2. Variation of pressure in gas supply
train during bubble formation (V,=90 cm®/s).
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Fig. 2. Relation between size of bubbles and gas
flow rate.
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Vg =7 ecm3/s (c)
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0'0010 5 0 5 0 5 Fig. 3. Typical relation between
Time (min) Time (min) Time (min) log [%Si] and time.
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Fig. 4. Relation between apparent mass-transfer
coefficient, ks;”, and gas flow rate (d.=3 cm).
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Fig. 5. Relation between kg;” and gas flow rate (d,
=4 cm).
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Fig. 6. Relation between ks;” and gas flow rate (d,
=7.5 cm).
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Fig. 7. Relation between kg;” and metal
depth, hy,.
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Fig. 8. Relation between ks, and V, for different
metal depths.
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Fig. 9. Relation between ks;” and V, for different
slag depths.
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m=3.6~6.1cm(hM>l'¢4)
0_5 F hg =16cm
Vg =4~50cm?3/s (Region 1,1)
de (cm)
A 3 *(d. =
% o1 b © 4 \(de =bem) 8 (de =3cm)
= ' o 75
< 0.05f
N VeF(d =75¢m)
0.01f
1

05 10 50 10

(Vg/d?) (cmis)
_ Fig. 10. Relation between kg;” and (V,/d2).
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