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Heat Transfer and Solidification Structure on the Initial Solidification of Semi-solid Metals

Yoshihisa SHiral,

Takaharu Moriya and Chisato Y osHDA

Synopsis : In order to clarify the solidification behavior of semi-solid metals during the initial stage of solidification, a chill block
dipping test and numerical analysis have been carried out. The heat transfer between metals and mold and the micro
structure near the surface are studied for semi-solid metals of Sn-Pb alloy, Al-Cu alloy, 0.49%C steel and stainless steel.

The results obtained in this work are as followes;

1) Thermal resistance between the chill block and the solidified shell of semi-solid metals are the same as that for
molten metals. Thus the cooling rates evaluated from the secondary arm spacing are the same in both cases.

2 ) The shell growth rate of semi-solid metals is larger than that of molten metals because of the decrease of latent heat
of fusion. This growth rate is numerically predicted by considering the fraction of solid and the corresponding released

latent heat of fusion.

3) The increasing rate of the chill block temperature is small for the casting of semi-solid metals, because the total heat

removed from the shell is decreased.

Key words : solidification ; medium carbon steel ; stainless steel ; semi-solid metal ; rapid solidification ; solidification rate ; cooling

rate ; heat removal ; dipping test.
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Table 1. Experimental conditions.

Material Sn-15%Pb | Al-10%Cu | Fe-0.4%C | SUS304

Slurry/ [T ¢C)| —17~27 | —11~59 | —8~21 | —4~15
Molten | 05~0.0 | 03~0.0 | 02~0.0 | (0.1~)
metal
Cr‘;otg“%(: Jg| 0003 0.006 0.01 0.003
Material SUS304 | Graphite Al,O;-Graphite
Stirrer |Size (mm)| $100 $100 $200
Rotation (s7?) 6.0 2.5
Chill Material Copper
block |Size  (mm) 401X100%X220"
Dipping time (s) 0.5, 1.0, 2.0
Dipping rate (mm/s) 150

Table 2. Chemical composition of steels.(mass%)

C Si | Mn | P s | ¢ | Ni
039 005 0.09 0.003
— 0, — R
Fes04%C | " 045 ~0.12] ~0.20 9929 | 10004
004 037 o1 o027 looos |17.3 g7t
SUS304 1™ 6 06| ~059| ~1.00] ~0.035] ~0.009] ~18.6| ~8.94
Stirrg}:
Semi- solid
metal
Chill
“block
Solidified
shell 7"
Induction
furnace

Fig. 1. Experimental apparatus for a dipping test.
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Fig. 2. Shape of a chill block.
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Fig. 3. Microstructure of Sn-15%Pb shell from the
block surface. (Dipping time 2.0s)
(a)AT=27C, (b)fs=0.18, (c)fs=0.38
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Fig. 4. Observed secondary dendrite arm spac-
ing(DAS) and estimated cooling rate.
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