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Behavior of Oxide Precipitation during Rapid Solidification of Steel

Hiroki Goro, Koichi Y amacucui, Shigeaki Ocisavasm and Kenichi Mivazawa

Synopsis

: The behavior of oxide precipitation during rapid solidification of steel was investigated using Ti deoxidized steel. The

number, size and composition of oxides in rapidly cooled steel have been observed and theoretically analyzed to compare
with those in slowly cooled steel and continuously cast slab. The results obtained are as follows.

In rapidly cooled steel, whose cooling rate is more than ten times as large as continuously cast slab, many fine oxides
smaller than 1um are observed. The composition of the oxides mainly consists of Ti1,Os3, Al,Os and MnO. The Ti,Os
content in the oxide smaller than 1xm is relatively high. By comparing the Ti,O; content in the oxides larger than 1gm
between rapidly and slowly cooled steels, it has been found that Ti,O,; content is lower in the rapid cooling than the
slow cooling. As a result of the theoretical analysis of the oxide behavior during solidification, it has been found that
the many fine oxides smaller than 1um precipitate and grow during solidification of steel.
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Table 1. Chemical compositions of specimen.

(massY¥)
C Si Mn P S Al Ti 0
0.12 |0.17 |0.9 {0.026( 0.004| 0.002| 0.016 |0.0029

P9 45 280 A

Pk 9 4F 7 H28H 23 (Received on May 28, 1997 ; Accepted on July 28, 1997)

*  F7 A AR (pR) BIFRBEAAT (Kimitsu Works, Nippon Steel Corp., 1Kimitsu Kimitsu 299-11)

* 2 ¥ HASREER (k) B MRS (Kimitsu R&D Lab., Nippon Steel Corp.)

* 391 B AR (BR) 7 n + A BMH5EHT (Process Technology Research Laboratories, Nippon Steel Corp.)
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Fig. 1. Schematic view of samplers for rapid and
slow cooling.
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Fig. 2. Comparison of number of oxides between
rapidly and slowly cooled samples.

BEL, 1000fZDR5ET 4 mm2DEEFF Ot DB %K % kL
BRNCHIE LTz, 272, EPMALC & 2 BR{bDO MBS T b
Tl o1, BWEEHNE 1 umElF O BRI D £ { BEE
3, WEFEMEE TR IEREL R RS OREDHE L 72D,
HEHREH ¥ IRKIEIBMEC L 2 BIRNNWENERT v 7
VI (SPEEDIEE) " T2y F o2, v ) B L b
1 pymE T OBUMN e 2 L, ZAE TEHEERICL 2
BIRS M OBE 3 L TCEPMAC & 2 R 24T 72 - 1,

3. REER

VR ORI B DEE LRI $ 3 A % Fig. 2 2o
BN OBRILEEY £, FZ 1 umll FORUN gl
MOMEEH £ BES Nz, —F, BEEE OB
BARREIOML/8LE AL, 1~ 2umDER{tY» LD 5
ARSI, TORXRBTEHBEINL 1 yumlITD
OB Dy & PSR HC THE LR 2
Fig. 3 {ZiR 7,

0.35~0.75mOEA LD £ {, 0.35umAiGDOEELH
DR LD B,

AREERTH O NIANHEED 1 um H /S Uik

62

-
o

Number
O = N W & O O N O
1

00102 03 04 05 06 07 08 09 1
Diameter( « m)

Fig. 3. Size distribution of oxide smaller than 1xm.
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Fig. 4. Morphology of an oxide observed by elec-
tron microscopes in rapidly cooled sample.

Table 2. Chemical compositions of oxides analyzed

by EPMA.
(mass%)
Ti20as {Al1203] MnO |Si0. |MgO
71.6 | 9.6 |10.1 {2.1 |1.9
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Fig. 5. Relationship between diameter and contents
of oxides in rapidly cooled sample.
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Fig. 6. Relationship between diameter and contents
of oxides in slowly cooled sample.
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Fig. 7. Change in number of oxide with cooling rate
of rapidly and slowly cooled samples.
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Table 3. Equilibrium patition coefficients of elements between
solid and liquid and the diffusion coefficients used for

calculation.
k o D.(m%/s) '''® D.(m?/s) '®
0 0.02 3.7x10" % -exp (-23050/RT) 1.2x10°*
Ti 0.14 0.0068 - exp (-62400/RT) 3. 1x107 7 -exp (-11500/RT)
Table 4. Atomic weight of elements and molecular 100
weight of the oxide and their density used =
for calculation. 9 9% r
-+~
M o (kg/m?) 14 19 g 32 -
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Fig. 8. Relationship between the diameter of oxide
before solidification and that after solidifica-
tion.
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Fig. 10. Comparison of the calculated relationship

between oxide diameter and content of Ti,0;
with the observed one.
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