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Solidification of Middle Carbon Steel on the Smooth or Rough Mold Surface
Hisao Esaka, Takayuki Suwraxami, Toshiaki Mizocucm and Shigeaki OciBayAsHI

Synopsis

: In order to investigate the nucleation phenomena on the surface of mold wall, two types of surface condition of chill

blocks have been immersed in the molten steel. When the mold A , of which surface is flat, was immersed, irregular
shell was obtained and very-fine-solidified structure which locates in the thicker region was observed on the chill block
side of the shell. On the other hand, when the mold B, of which surface is rough, was immersed, uniform shell was
obtained and regular columnar dendritic structure was observed.

The shape of very-fine-solidified structure (mold A) is hemisphere. The degree of recalescense for nucleation close
to the flat chill block measured by fine thermocouple was 20K, which is larger than that close to the rough chill block.

These results may come from the difference of nucleation phenomena on the mold surface.

followings. :

The details are

When the flat chill block is immersed, nucleation on the surface is difficult to occur, therefore undercooling becomes

large.

In the same time the undercooled region becomes large.

The dendrites, growing rapidly in the largely

undercooled, are very fine and they correspond to the thicker part of shell. Finally shell with irregular thickness is
obtained. When the rough chill block is immersed, nucleation is easy to perform, therefore undercooling for nucleation
is small and uniform columnar dendritic structure is observed.

Key words : nucleation ; dendritic growth ; mold surface ; middle carbon steel ; initial solidification ; recalescense.
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Table 1. Chemical composition of molten steel used
in this study. (mass%)

C Si Mn P S Al
0.15 0.02 0.40 0.015 0.010 0.025
2-102 m/s
Insulator .
Drive
: Mechanism
/ Mold /
Molten Sieel

Fig. 1. A schematic view of experimental appara-
tus.
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Fig. 2. A schematic view of temperature measure-

ment near a mold surface in dipping test.
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Fig. 3. Transverse cross section of solidified shell.
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Fig. 4. Irregularity of solidified shell.

Cat UL, EEEIBICAEE L 2 v TIR12% £ & 0 2 LW
BMTH 5,
3.2 BERER

186 nICHEE S = v 0 6 BPRIREE S N T I OREE
Mk Z Fig. 5 (R T, &b L OB HHF LI 2 v b T
Fo4 MSEEB AN, Lo L, A TS LIcy = v
i, KETHRT L I, hoie b ik U TEERIHREO

Moid A

Mold B

—t

1-10°m

Fig. 5. Optical microscope image (cross section) of
solidified structure. The arrows indicate
fine solidified structure when the mold A
was dipped in the molten steel.
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Fig. 6. CMA analysis of fine solidified structure obtained near the mold surface when the mold A was

dipped in the molten steel.
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Fig. 7. Thermal history obtained in this study. Recalescences have
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been clearly observed near the mold.
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Fig. 8. A schematic cooling curve and correspond-
ing stages of solidification in small volume
element. Redrawn referring to (14).
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Fig. 9. Schematic drawing of thermal field and
nucleation/growth near the mold surface.
M :mold, S:solid, L:liquid, T:temperature
profile, Ty :liquidus temperature
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