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Regularity of Initial Solidification in Ultra Low Carbon Steel

Toshiyuki Kayirant, Hisao Esaxa, Masamitsu W akon, Hideyuki Misumi and Shigeaki OciBayasHI

Symnopsis : In order to investigate initial solidification of ultra low carbon steel, dip tests of chill block have been carried out. Large

irregularity of shell thickness is obtained in ultra low carbon steel.
irregularity by forming air gap between shell and chill.

deformation.

Deformation of solidified shell increases the
However, irregular growth is also observed before the shell

Detail analyses of solidified microstructure reveal the characteristic of the irregular growth in ultra low carbon steel.
Fine cellular structure exists near the surface of shell and induces the irregular growth. Number of nuclei in ultra low

carbon steel is smaller than that in middle carbon steel.
Furthermore, cooling curve on the onset of solidification is measured using very fine thermocouples.

There exists

large undercooling for nucleation in the case of ultra low carbon steel.

Based on these microscopic analyses, the irregular growth originates from low nucleation rate in ultra low carbon
steel. Fine cellular structure which is due to large undercooling for nucleation, grows from nuclei with high velocity, and
results in the irregularity of shell thickness. Then the irregularity is amplified by the deflection of thin shell part.
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Table 1. Compositions of molten steel used in this
study (mass2).

C Si Mn P S Al

Ultra Low Carbon 0.001 tr. tr. 0.02 tr. 0.01
Low Carbon 0.05 tr. tr. 0.02 tr. 0.01
Middle Carbon 0.15 tr. tr. 0.02 tr. 0.01
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Fig. 1. A schematic view of temperature measure-
ment system near chill surface in dipping
test.
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Fig. 2. Appearance of solidified shells after the
dipping test as a function of carbon content.
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Fig. 3. Change of shell appearance by dipping
period in ultra low carbon steel.



(a) 0.5 sec

(b) 5 sec

Fig. 4. Cross section of solidified shell of ultra low
carbon steel after- dip tests. (a) dipping
period : 0.5 sec, (b) dipping period : 5 sec.
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Fig. 5. Change of shell deformati'on by dipping time
in ultra low carbon steel.
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Fig. 6. Difference of solidification microstructure
between (a) middle carbon and (b) ultra low
carbon steel.

Fig. 7. Solidification microstructure of ultra low
carbon steel (high magnification of Fig.6(b)).
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Fig. 8. 1\}I1m1111ber of nuclei at the surface of solidified
shell.
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Fig. 12. Physical model of transition of solidifica-
tion microstructure in ultra low carbon
steel. ‘
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Fig. 13. Physical model of irregular growth caused
by nucleation.
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