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Effect of Cooling Rate on Oxide Precipitation during Solidification of Low Carbon Steels

Hiroki Goro, Ken-ichi Mivazawa, Koh-ichi Y amacuch, Shigeaki Ocisavasal and Kazuaki Tanaka

Synopsis :
carbon steels.

Effect of cooling rate on oxide precipitation during solidification was investigated using Ti and Al-Ca deoxidized low-
The number and size distribution of oxides in the continuously cast steels have been observed and

theoretically analyzed. The results obtained are as follows.

The Ti deoxidized steel has more soluble oxygen before solidification than the Al-Ca deoxidized steel.

With the

increase in the cooling rate during solidification, the number of oxides increases and the size becomes smaller in the Ti

deoxidized steel.

During the solidification, segregation makes oxygen content increase above the equilibrium value with oxide in Ti

deoxidized steel.

The difference between the oxygen content increased by segregation and that in equilibrium is a

driving force for the oxide growth. With increasing cooling rate, time for oxide growth decreases and supersaturation

of oxygen for oxide precipitation increases.

Consequently, the number of the oxide increases by the increase in the

frequency of precipitates during solidification for high cooling rate.
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Table 1. Chemical compositions of specimens. (mass%)

Deoxidizers | C | Si | Mn | Al Ti Ca O

(A) | Ti,5i,Mn 0.06{0.05/1.20|0.001|0.014| — (0.0027
(B) | Ca,ALLSi,Mn {0.04/0.26{1.26|0.031| — |0.0020{0.0019
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Fig. 1. Change in number of oxides with cooling
rate in Ti and Al-Ca deoxidized steels.
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Fig. 3. Effect of cooling rate on number, average
diameter and volume fraction of oxides in Ti
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Table 3. Equilibrium partition coefficients of ele-
ments between solid and liquid and the
diffusion coefficients used for calculation.

k1 Ds (cm?/s) 2921 D, (cm?/s)1®
O | 0.02 [0.037lexp (—23050/RT)| 1.2X10*
Ti | 0.14 |68exp(—62400/RT) 3.1 X10‘3exp(—11500/RT)

Table 4. Atomic weight of elements and molecular
weight of the oxide and their density used
for calculation.

M P (g/cmz) 22)23)
(0] 16 1.14
Ti 48 4.51
Fe 56 7.0
Oxide 144 4.60
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