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Effect of Stirring Force by Bottom Blown Gas and Partial Pressure of CO

in It on Characteristics of Metallurgical Reaction in a Converter

Yasuo KisHIMOTO, Yoshiei KATO, Toshikazu SAKURAYA and Tetsuya Fuiil

Synopsis :

Experiments were carried out in 5t converter using five kinds of gases as a bottom blown gas in order to
quantitatively evaluate the contributions of stirring force and dilution of P by bottom blown gas to char-
acteristics of metallurgical reactions in a converter. On the basis of the experimental results, a new reac-
tion model was proposed, which enables us to reasonablly explain the metallurgical reactions in a converter
with bottom blown gases.

The results obtained are summarized as follows ;

1) Independently of sort of bottom blown gas, oxygen concentration dissolved in steel decreases as in-
creasing the gas flow rate of bottom blown gas.

2) Taking into consideration oxygen transfer from metal to slag, the model can reasonablly explain the
phenomena that concentrations of carbon and oxygen reduce to those in equilibrium with less than 1.0 atm
of CO.

3) The amount of oxygen transfer from metal to slag increases with increasing the stirring force by bot-
tom blown gas and decreasing carbon concentration in molten steel.

4) The effect of dilution of Ps on behavior of oxygen concentration in steel and (%T. Fe) in slag is con-
sidered to be small. Hence, the decreases of oxygen and (%T.Fe) in IOD(Inert and Oxygen Gases Decar-
burization) mode result from the increase of stirring intensity by inert gas blown from bottom.

Key words : steelmaking ; combined blowing converter ; bottom blowing gas ; stirring force.
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Fig. 1. Schematic diagram of the converter used

for experiments.
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Fig. 2. Gas flow pattern in 5t K-BOP.

Table 1. Experimental conditions.
Converter type LD-KGC K-BOP
Oxygen flow rate of top blowing (Nm?/min) 15 12
Gas flow rate of bottom blowing (Nm3/min) 2 6
Species of bottom blown gas CO, Nz Opt+Ar
03+ CO,
Protective gas for tuyere — Propane
The ratio of inert gas to oxygen in bottow blown gas — 1/1
0.14
o CO
0.12f A N
. 2
o]
0.10F Equilibrium line
Pco+Pco, = 1(atm)
— 0.08| co™co,
[e) at 1600°C
Ifl 0.06}
0.04f
0.021

0 L L 1 1 1 I
0 0.02 0.04 0.06 0.08 0.10 0.120.14
[%c]

Fig. 3. Relationship between [%C] and [%O] in
5t LD-KGC.
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Fig. 4. Relationship between [%C] and [%O] in
5t K-BOP and Q-BOP.
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Fig. 5. Illustration of reaction model.

Table 2. Comparison of bottom blown gas flow rate, Pco and [%O] in three blowing modes.

TOD blowing with CO3

10D blowing with Ar Ordinary blowing

Flow rate of bottom blown gas™® 6.15 Nm®/min 5.1 Nm®/min 1.8 Nm®/min
Pco cale. 0.86 atm 0.35 atm 0.65 atm
[%0] ops. at {%C]=0.04 300 PPM 300 PPM 500 PPM
[%0] equilibrium with [%C]=0.04 503 PPM 209 PPM 383 PPM

* Conversion of Oz to CO is considered by taking into account of decarburization officiency. COz is assumed to instantly decompose to CO and Oa.
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Table 3. Conditions used in calculation.

Initial value [%C] 0 9, [%0]=0. 005 (%Fe0)=0,
550°C, Ws=70 kg/t
Rate of Temperature increase 30°C/min
Flow rate of oxygen gas 3.0 Nm®/min-t
Flow rate of bottom blown gas LD-KGC 0.2 Nm3/mm t
K-BOP 1.2 Nm? /mln t
Q-BOP 3.0 Nm®/min-t
Pco ' 1 atm
Slag basicity 2.5
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Fig. 6. Behavior of [%0] cq during blowing in
LD-KGC.
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Fig. 7. Behavior of [%0] ... during blowing in
LD-KGC, K-BOP and Q-BOP.
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Fig. 9. Behavior of (%T.Fe) ... during blowing
in LD-KGC, K-BOP and Q-BOP.
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Fig. 10. Effect of Pco on behavior of [%0] ...
during blowing.
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Fig. 11. Behavior of [%0] ... during blowing in

230t Q-BOP.
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Table 4. Operational conditions of 230t Q-BOP

and conditions used in calculation.

Heat size 230t

2.5 Nm%/min- t [%C]=20.15
2.4 Nm®/min-t [%C]<0.15

Oxygen gas flow rate

Slag valume Case @ 50 kg /t
Case @ 25 kg/t
q 2.8%10%g/min
I 4.5X10%kg/min
J 3.0%10%g/min
Pco 1 atm
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Fig. 12. Changes of [%C] and [%O] in 15kg in-

duction melting furnace.

Table 5. Flux and slag composition (%).

Ca0 A1203 SiOZ Can MgO FeO FezO3 MnO

Flux 50 22 14 9 5 — — —
Slag 57 0.62 8.8 2.1 3.1 7.6 9.6 8.8
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Fig. 13. Relation between [%C] in metal and ox-
ygen potential in metal and slag in LD, LD-KGC
and Q-BOP.
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