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Influence of Slag Composition and Stirring Energy by Top Blowing on the Decarburization Rate of
Stainless Steel in Combined Blowing Converter

Naoki KIKUCHI, Koji Y AMAGUCHL, Yasuo KISHIMOTO, Shuji TAKEUCHI and Hiroshi NISHIKAWA

Synopsis : The decarburization mechanism of stainless steel in the low carbon region was investigated using a water model and a 178 ton combined

blowing converter. The results obtained may be summarized as follows.

1) In the water model experiments, the slag-metal interfacial area increased in proportion to the stirring energy of the top blowing gas by

a factor equivalent to the 1.2 power.

2) In comparison with conventional operation (without top blowing, CaO/Si0O,=4.5) in the low carbon region, the decarburization rate

increased by 1.7 times in operation with lowered slag basicity (CaO/Si0,=4.5—2.5, without top blowing ). The decarburization rate in-

creased by 1.5 times in operation with nitrogen top blowing.

3) A new mathematical model which considers stirring by top blowing and the slag composition was developed. In an analysis with this

model, it was found that the gas—metal interfacial area increased in proportion to the stirring energy of the top blowing gas by the 0.86 power.

It was possible to calculate the decarburization rate under various top blowing conditions using this relationship.

4) The effect of lowering the slag basicity on the decarburization rate could be explained by the slag-metal interfacial area.

5) In order to explain the effect of top blowing with nitrogen on the decarburization rate, it was necessary to consider not only the slag-

metal interfacial area, but also the gas—metal interfacial area.

Key words: stainless steel; top blowing; decarburization; chromium oxidation; slag composition; slag basicity; combined blowing converter; mathemati-

cal model.
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Fig. 1. Experimental apparatus for water model experi-
ments.

Table 1. Conditions used in water model experiments.

Metal phase Water 0.051 m3 | Depth=0.187 m

Slag phase| Liquid paraffin 0.003 m3 |Thickness = 0.013 m

Bottom Number of tuyeres 8

blowing | Diameter of tuyeres 3X103m

Top Number of nozzles 7

blowing
Blowing | Bottom blowing (Air) 0.050 Nm?/min
conditions K

Top blowing (N,) 0~0.40 Nm3/min
Lance height 0.15 m

Table 2. Experimental conditions with 178 ton combined
blowing converter.

Heat size 178t
Number of tuyeres 8
Bottom
blowing Flow rate O, 0.26 Nm 3 /min/t
Flowrate N, 0.52 Nm 3 /min/t
Top _ Nozzle Raval type
BIOWINE | Flow rate (N,) ~1.40Nm 3 /min /t
Case | Case 2
Condition .
(%Ca0) / (%Si0,) 25,3.0,45 2.5
Lance height . .
N, top blowing without top blowing | 2.0,2.5,3.0m
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Fig. 2. Change in distribution of diameter and number of
paraffin particles with changes in top blowing gas
flow rate (Q,=0.050 Nm>/min).
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Fig. 3. Relationship between stirring energy of top blow-
ing gas and ratio of total surface area of liquid
paraffin drops to volume of water bath.
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Fig. 4. Effect of slag conditions and stirring energy of top

blowing gas on decarburization rate.
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Fig. 6. Outline of decarburization model of stainless steel
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Table 3. Parameters and given values used in model calcu-

lations.
Temp 1973 K
k| 5.0%10 4 m /s
k. 35102 19 ms 9
K 398 —
IGiven values Foz 026 Nm3/min 7t
W 178 t
Osa. 0.08 %
Q 40x104 | kg/min | Bottom blowing
Pararmeter Ig 47%104 kg /min |= 0.78Nm3/min/t
I aax 104 kg / min Top bIO\;/ing
. =1.4Nm?/min/t
(LH=2.0m)
a 0.1 —  |c/s=25
03 — C/S=3.0
0.6 —  |C/s=45
P 0.31 atm Without top blowing
0.14 atm With top blowing

20 Without top blowin

obs. calc. C/S
) o 2.5
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Fig. 7. Comparison of decarburization rate obtained by
calculation with developed model and observed de-
carburization rate in cases without top blowing.

P, =030atm & L7z, [%C], [%O0] DYIEBERE £, & FH
TOLERISERE, £, BEES " »ERKFEEFIZLS
257 vV ASBERIRIED 5 DITEB TH-EFERAT S,
Table 3 IZAGTEICHOWARME L/ ST 4 — X &R F,

4.4 FHEER

Fig. 7\ ERZE LOZHT, 27 /VREEEELEE
7-BED [%C] & d[%CVdt DBERERT. T I T 4, 3
Ca0/Si0,=4.5 TOHEEERIZA S &5 500m> & L, CaO/
Si0,=3.0, 2.5 BT BBV TER—& L7z, a%/’
FA—HIZTBHIEILEDE—D 4, TTRTDOEHTIE
ITEHNE S —H T ARBRLE o7z, Fig 8 IZX 7 /I
B25iikB0nT EMEZHFEENEELRD [%C] &
d[%C)/dt DBRERT, ZIT 4, 13 EKEN,D LH=3.0,
25m IS DV TERBERICA S KO ITalfrssskic iR
& U7z, Fig. 9 (C856N72LH=3.0,25mTD 4,, Thb5 K
DHMEL 72 LH=2.0m TD 4, D& AbETRY., KHOD

37

[=)
(=2
i

calc.| C/S=2.5

-- |With N, top blowing(LH=2.0m)
With N, top blowing(LH=2.5m)
With N, top blowing(LH=3.0m)
Without N, top blowing

ols|e|e
|

(10-3% / min)

dC/dt

1 L

0.15 0.20
[%C]

5 Il

0.05 0.10 0.25

Fig. 8. Comparison of decarburization rate obtained by
calculation with model and observed rate (CaO/

Si0,=2.5).
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Fig. 10. Comparison of increase in oxygen content in low
carbon region ([%C]<0.3) obtained by calcula-
tion with model and observation.
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carburization rate (CaO/Si0,=2.5).
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