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Effect of the Primary Oxide on the Behavior of the Oxide Precipitated
during Solidification of Steel

Hiroki Goto, Ken-ichi Miyazawa and Hiroyuki Honma

Synopsis :

Effect of the primary oxide on the behavior of the oxide precipitated during solidification was investigated using Mn
deoxidized steel which has primary oxides and soluble oxygen before solidification of the steel.

The composition and

size of oxides in the continuously cast steels were observed and theoretically analyzed. The results obtained are as

follows.

MnO-FeO and MnO-FeO-Al,O; oxides were observed. The compositions of the ox1des change with cooling rate of
the steel and the size of oxide. The Al,O; content of the oxide at low cooling rate is lower than that at high cooling
rate. The Al,O; content of the oxide decreases with the decrease in the size of the oxide.

As a result of the theoretical analysis of the oxide behavior during solidification on the basis of a diffusion growth
model, it has been found that MnO-FeO oxide is precipitated and grows regardless of primary oxide during solidification
and MnO-FeO-Al,O; oxide grows during solidification as MnO precipitates on the primary oxide which contains Al,O,.
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Table 1. Chemical compositions of Mn deoxidized

steel(mass%).
C Si Mn P S Al (6]
0.004 0.004 0.34 0.016 0.008 0.001 0.0162

SERE 6 #1125 H 2 R 7 4 4 A24H 2 (Received on Nov. 25, 1994 ; Accepted on Apr. 24, 1995)
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Fig.1. Effect of cooling rate during solidification on
size distribution of oxides.
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Fig.2. Effect of cooling rate on chemical composi-
tions of the oxides larger than 10gm.
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Fig.3. Effect of cooling rate on chemical composi-
tions of the oxides whose diameter are in
range of 2—~10xm.
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Fig.5. Relationship between diameter of oxides and
Al,O; content in the oxides.
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Table 2. Conditions for the calculation of change in
amount of oxides during solidification of
Mn deoxidized steel.

Compositions | € Si Mn P ( S Al 0
(mass9) 0.004 | 0.004 | 0.34 | 0.016 J 0.008 | 0.001 0.0162
Cooling rate 6k/min
Secondary dendrite arm spacing 400 m
3000} I
g Fs=0 Oxide contents(mass%) /
- /
“’P‘ 2500 Mn0:40.0 /
c
% 2000 FeO: 5.4 /
P AI203:46.4 I
o L . /
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c
3
E 5007 AbO FeO
_____ 2> -/5i02
0.2 0.4 0.6 0.8 1

Solid fraction

Fig.7. Change in amount of oxides during solidifica-
tion of Mn deoxidized steel.
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Table 3. Conditions for the calculation of oxide
growth during solidification.

Equilibrium oxygen content : O, 0.0150mass%
Initial oxygen content : 0(0) 0.0150mass%
Initial Manganese content : Mn(0) 0.34mass%

Table 4. Equilibrium partition coefficients of ele-
ments between solid and liquid and the
diffusion coefficients used for calculation.

K Dq(cm?/s)'® Dy(cm?/s)*?
O 0.02 | 0.0371-exp(-23050/RT) 1.2x10~¢
Mn | 0.77 | 0.76-exp(-53640/RT) 1.8x1073+exp(-13000/RT)
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