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Production of Stainless Steel with Smelting Reduction of Chromium

Ore by Two Combined Blowing Converter

Keizo TAOKA, Chikashi TADA, Sumio YAMADA,
Hiroshi NOMURA, Masayuki OHNISHI and Hajime BADA

Synopsis :

Kawasaki Steel Chiba Works has developed the new stainless steel making process by two combined

converter with smelting reduction of chromium ore.

Saving energy by replacing electric power, enlarging flexibility of material choice, and high productivity
were considered to be the basic concept of stainless steel making.

Chromium ore are specially pretreated for pelletizing and prereduced with rotary kiln.

Prereduced

chromium pellet and coke are fed into combined blowing converter, K-BOP, with top charging method. As
for Austenitic stainless steel grade, stainless steel scrap are charged into the K-BOP for smelting
reduction prior to the blowing. Scrap can be melted during the first stage blowing. Hence, there is no

disturbance for the smelting reduction operation.

The utilization of the new smelting reduction process have succeeded in the improvement of productivity
and energy cost for stainless steel without electric arc furnace.

Key words : smelting reduction; stainless steel;
stainless scrap.
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Table 1.

Fig. 1. Smelting reduction process (AISI
304 grade).

Outline of smelting reduction process.

Process

Remark

Cr ore pretreatment

Pre-reduced chromium pellet by rotary kiln

Decrease of dust loss from Cr ore

Two K-BOP operation
Smelting reduction furnace
Decarburization furnace

Converter operation system

Matching of continuous casting
Optimization of refractory

Scrap melting

Smelting reduction of Cr ore with low grade stainless scrap

Utilize low grade scrap
Homogeneous scrap melting by bottom blown gas
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Fig. 2. Relation between slag volume and amount

of chromium oxide.
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Table 2. Material mix of stainless steelmaking
process (kg/t).

MF-K-BOP SC+SR

MF K-BOP |K-BOPI [K-BOPII| Total
Normal scrap 351 — — — —
Stainless scrap 333 — 240 125 365
Cr-pellet — — 260 — 260
Alloy 260 98 — 245 245
Hot metal — 930 400 720 400
Hot ratio — — 51.5% 66.0% 34.5%

MF ; Melting Furnace
K-BOP 1 ; Smelting reduction converter
K-BOP ; Decarburization converter
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Fig. 3. Blowing pattern of smelting reduction
process.
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Fig. 4. Relation between post combustion ratio
and Cr pellet feeding rate.

Table 3. Heat balance during smelting reduction
period.

Ttem Conventional High lance
operation operation
C—+CO 70.8% 64.4%
CO—+CO, 24.6 41.5
Input Hy; — Hy0 4.6 4.6
Total 100.0 110.5
Cr pellet 49.2% 55.1%
Flux 9.2 10.7
Exhaust gas 31.3 34.9
Output Unknown 10.3 9.7
Total 100.0 110.5
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ARENRIRNRALHNLY
(Ui

2
Fdds

;,z-z "Molten steel

Conventional operation High lance operation

Fig. 5. Calculation result of
iso-thermal line in the converter.

exhaust gas
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Fig. 8. Chromium balance in smelting reduction.
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Fig. 9. Relation between chromium content in slag

and Cr yield of smelting reduction furnace.
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Fig. 10. Relation between final reduction time and

chromium content in slag.
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Fig. 13. Relation between chromium feeding rate
and chromium content in slag.
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Table 4. Chemical composition of stabilizer
(wt%).
B,03 Fez03 SiO; Ca0 MgO lg-loss
39.7 1.21 10.9 21.2 2.84 21.4
Table 5. Physical and chemical properties of
stabilized slag.
Abrasion Mass of Specific Water | Expansion
value unit gravity In | o) corption | in 80°C
o volume |absolute dry op ¢
(%) (kg/1) condition (%) water
Standard® | <35 >1.5 >2.45 <3.0 <1.5
Sample 16.9 1.88 2.74 2.51 0.18
BF slag 26~34 1.7~1.8 { 2.4~2.6 1~3 —
BOF slag 15~20 1.8~2.2 3.0~3.5 1~3 1~5

* JIS A5001 Crushed stone for road construction

Method A

Slag

OO0 00

Slag pot

Stabilizer

Method B

Stabilizer top charge

Final
reduction period

Smelting
reduction period

00 00

Fig. 14. Comparison of slag stabiliz-
ing method.
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Fig. 15. Relation between calculated and observed
content of B,O3 (%) in slag.
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Fig. 16. Relation between oxygen consumption and
heating co-efficient.
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Hot heal operation diagram.
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Fig. 18. Heat balance in hot heal process (scrap
ratio 100%).
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Fig. 19. Relation between scrap and coke
consumption.
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