ARS8 IT B 7 0 AGE OB BE TR OREPERES 1839

BRMEIC BT A 27 1 A8A D EEZEITRGED

FRERRET

© 1990 ISL
111111111110111111

a3

e

mfE OFIRY -3 RHET - WH RET

Fundamental Study on Rapid Reduction of Chromium Ore in Basic

Oxygen Furnace

Toshio TAKAOKA, Yoshiteru KIKUCHI and Yoshihiko KawAl

Synopsis :

Experiments have been carried out on smelting reduction of chromium ore to find out the conditions to

get rapid reduction speed by 1 kg and 40 to 120 kg scale equipments.

model, reduction speed have been investigated.
The following results were obtained ;

And by introducing a rate control

(1) Hard agitation, high temperature, fine ore size and low (MgO+ Al,O3) content slag were efficient in

getting rapid reduction speed.

(2) As an ore charging method, top blowing of ore, flux and coal mixture through oxy-coal lance were

most effective.

(3) By using a mixed rate control model consisting of dissolution of ore into slag phase and reaction at
the interface of carbonaceous substances and (Cr) in molten slag, contributions of several conditions to

reduction speed were explained.

Key words : steelmaking ; smelting reduction ; chromium ore ; reduction speed ; stainless steel ; converter.
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Fig. 1. Cross section of 1lkg high frequency
induction furnace.
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Table 1. Experimental conditions.
1 kg experiment 40~120 kg experiment

Furnace lkg IF 50 kg LD, 400 kg IF
Metal 700 g 40~120 kg
Ore 5~10 g/min 5~33 kg/(min-t)
Coke, coal 1~2 g/min 8~25 kg/(min-t)
Flux 200~500 g 200~400 kg/t
0, — 8~25 Nm®/ (min-t)
Ar 0~0.5 Nl/min 1~3 Nm®/(min-t)
[C] 5~8%
[Cr] 0~18%
Temperature 1550~1 700°C

Table 2. Composition of chromium ore (wt% ).

Cry03 FeO AlO3
45.6 25.2 13.4 10.1 2.1 0.06

MgO Si0; CaO C P S
0.023 0.003 0.004
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Fig. 2. Experimental apparatus for 40~—120kg
scale experiments.
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Fig. 3. Cross section of oxy-coal lance.
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Fig. 4. Examples of reduction behavior of 1kg
scale experiments.
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Fig. 5. Dependence of temperature on reduction
speed.
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Fig. 6. Effect of the stirring of bath by Ar gas
bubbling on reduction speed.
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Fig. 7. Relation between ore size and reduction
speed.
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Fig. 8. Influence of ore feed method on reduction

speed against ore feed speed.
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Fig. 9. Changes of [Cr] and temperature.
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Table 3. Reduction sites and reduction speed equations.

Reduction site

Reduction speed equation Summerized equation

(Cr) in molten slag-Carbonaceous materials
(Cr) in molten slag-C in metal

(Cr) in molten slag-CO gas

Ore surface-Carbonaceous materials

Ore surface-C in metal

Ore surface-CO gas

Cr203 inside ore-CO gas

SlRGICIEICS)

K1+ S1-(Cr)
Kp* S+ (Cr)
K3+ S3-(Cr)
K4 Sorexp(—AH/T)
Ks* So-exp(—AH/T)
Kg* Sorexp(—AH/T)

a(Cr)

Bexp(—AH/T)

K, : Apparent rate constant of reaction site n (n=0~®)

S, : Area of reaction site n (n=0~®)

So : Area of ore surface

(Cr) : Chromium content in molten slag T : Temperature of bulk slag AH: Temperature dependence
@ : Apparent volumetric mass transfer coefficient /4 : Apparent rate coefficient

—

Carbonaceous
materials

Ol g

@ metal (Cr) /@ ]

s

metal C

Fig. 10. Concept of reduction site.
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Fig. 11. Relation between (MgO + Al,0;) and
a(Cr), d[Crl/dt.
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Fig. 12. Effect of agitation on @ (Cr) and 8.
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Fig. 13. Relation between ore charging speed and
reduction speed.

Photo. 2. Micro observation of blown powder.

Photo. 3. Micro observation of powder before
blowing.
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Fig. 14. Reduction behavior of 5T scale test.
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