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Effect of Ar Bubbling on Removal Rate of Alumina Inclusion in Al Deoxidized Steel
Jeong-Sik Kivm, Masahivo Kawakami and Kowuji Tanmba

Synopsis :

Effect of Ar bubbling on the deoxidation rate of molten steel with Al has been investigated in 20 kg scale induction

furnace. The results are summarized as :

(1) The deoxidation was completed within 5 to 15 min depending on experimental conditions. The final total oxygen
content was 30 to 45 ppm.

(2 ) The deoxidation model has been proposed in which deoxidation rate should be determined by the balance of
removal and reentrainment rates of alumina inclusion.

(3) The removal rate constant was obtained at each condition. The apparent activation energy was obtained as 284,
355, 368 kJ/mol, respectively with Ar flow rate of 0, 5, 10 (STP)/min.

(4) The removal rate constant was expressed as a function of total stirring energy density for induction stirring (&inq)

and Ar gas stirring (ep;s), namely, k=k;(ema + &5)". The value of n was obtained as 0.50 to 0.65.
(5 ) The contribution of entrapment of inclusion in bubbles was estimated quantitatively. The transfer coefficient of
inclusion migration to bubble was also estimated.

Key words : aluminum deoxidation of steel ; removal rate constant of inclusion ; Ar gas stirring ; stirring energy density ; inclusion

entrappment in bubbles ; transfer coefficient of inclusion migration.
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8. Graphite ring

9. Refractory brick
10. Protection lid
11. Sampling hole
12. Alumina powder
13. Induction coil
14. Melts

1. Argon gas cylinder
2. Regulator valve

3. Pressure guage

4. Float meter

5. Control valve

6. Blowing nozzle

7. MgO lining

Fig. 1. Schematic diagram of experimental appara-
tus.

Table 1. Chemical composition of used steel (S25C).
(unit:mass?%;)

sol.Al
0.014

tot.Al
0.019

Ni
0.01

Mn P S
0.47  0.024  0.006

C Si
0.25 0.19
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Fig. 2. Variation of T .[O] with time at different Ar
flow rate at each melt temperature.
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Fig. 3. Variation of T.[O] with time at different
melt temperature in each Ar flow rate.
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Fig. 4. Typical variation of sol. Al and T.[N] in
steel with time under the condition of Qar=
10 I(STP)+*min—t, 1600°C.
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Fig. 5. Plot of the data according to Eq. (5).

Table 2. The k values calculated from equation (5).

(unit:min~1)

Temp. (°C) .
1550 1600 1650
Qar(1(STP) -min~?)
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10 0.557 1.184 2.308
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Fig. 6. Relation between In k and 1/T in each Ar
flow rate.
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Table 3. The entrapment rate constant, k.
(unit:min~")

Temp. (°C) _ .
155 1600 1650
Qar(1(STP) -min 1) 550
5 0.044 0.141 0.435
10 0.250 0.801

0.075

Table 4. The k,, values calculated from equation
9).

(unit:cm-sec™)

__ Temp.(C) 1550 1600 1650
QA(1(STP) -min~Y)  \,

5 0.009 0.029 0.089

10 0.013 0.041 0.128
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