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Effect of the Cooling Rate on Compositions of the Oxides Precipitated during Solidification of Steels

Hiroki Goro, Ken-ichi Miyazawa, Wataru Y amava and Kazuaki Tanaka

Synopsis : Effect of the cooling rate on composition of oxides precipitated during solidification was investigated using Ti deoxidized
steel. The composition and size of oxides in the continuously cast steels have been observed and theoretically analyzed.

The results obtained are as follows.

The oxide mainly consists of Ti,0s, Al,O; and MnO. The composition of oxide whose diameter is less than about
10um changes with cooling rate during solidification. The Ti,O; content increases and Al,Os content decreases with
the decrease in the cooling rate. On the other hand, the composition of oxide whose diameter is more than about 10
um does not change with cooling rate. When the size of oxide is smaller, the effect of cooling rate on oxide compositions

1s remarkable.

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 the increase in the diameter of oxide which grows during solidification is larger when the
size of oxide before solidification and the cooling rate during solidification are smaller. The Ti,0; content increases with
the decreases in the diameter of oxide before solidification and in the cooling rate. The theoretically estimated results
on the changes in compositions and diameter of oxides during solidification of steel qualitatively agree with the observed

results.
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Table 1. Chemical compositions .of specimens. (mass%)

Deoxidizers | C Si Mn Al Ti Ca O
(A)| Ti,S1,Mn 0.06 | 0.05 | 1.20 | 0.001|0.014 — 10.0027
(B)| Ca,ALLSi,Mn | 0.04 | 0.26 | 1.26 | 0.031 — 10.0020{0.0019
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Fig. 1. Effect of the cooling rate on chemical com-
positions of the oxides in Ti deoxidized steel
(oxide diameter : d=2~10xm).
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Fig. 2. Effect of the cooling rate on chemical com-
positions of the oxides in Al-Ca deoxidized
steel (oxide diameter : d=2~10xm).
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Fig. 3. Relationship between content of Ti,O; and
diameter of oxides in Ti deoxidized steel.
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Table 3. Parameters for the cell model oxide system.
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Fig. 7. Change in amount of oxides during solidifi-
cation of Ti deoxidized steel (Calculated by
an equilibrium model).
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