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Solidification of the Aluminum with the Forced Liquid Convection
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Abstract

A Solidification of the aluminum was studied under the condition of the forced liquid convection. The Al
melt was stirred by a highly rotating carbon bar on whose surface the solidified Al was nucleated. The Al
was refined by partial solidification and the solute distributions were rationalized through the estimation of
the solidification rate which 1s based on the heat transfer calculation of the process. The microstructure-

morphological change of the specimens was also showed.
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Fig. 2 Temperature profile in solidification of a pure

metal,
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(b) using insulating mold (i.e. KmPmCm <« KsPs
Cs)

(c) using insulating mold (graphite) with con-
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(d) case of (c¢) with strongly convected liquid.
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Fig. 3. The schematic shape of the specimen.

Table 1. Thermal and physical properties of alumi-

num and graphite.

Property\Material Aluminum | Graphite
Thermal conductivity
Ks (cal /cmCs) 0.53 0.044
Density, s
(g /Cm3 ) 2. 7 2. 25
specific heat, Cs
(Ca]. /goc) 0.20 0.421
heat diffusivity
#s=KsCs 0.286 0.0046
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Table 2. Measured concentration results of solidified specimen under forced convection,
speci | initil | TOWUNE | pecimen | . | sol time | partial no, | concentration(ppm)
—men | conc.(ppm) velocity size(cm) yield(%) (min) of specimen Cu Mg Fe
(RPM)
1 4.5 4.0
A Cu 121 200 3.7 M5 10.9 2 .7 M2
Mg 103 3 2.2 21.7
4 25.8 25.3
5 31.8 31.3
1 3.4 24.9
B Cu 121 700 2.6 32.0 42 2 4.7 4.2
Mg 103 -3 24.0 23.5
4 21.7 21.2
5 22.5 . 2.0
1 33.5 3.0
C Cu 121 1500 2.5 30.2 7.2 2 21.2 2.7
Mg 103 3 21.1 20.6
4 19.3 18.8
5 18.8 18.3
1 3.4 23.7
D Cu 121 2700 2.2 2.2 3.0 2 2.8 2.3
Mg 103 3 20.4 2.6
4 18.4 17.1
5 20.3 18.9
1 18.0
2 13.4
E Fe 103 200 3.2 43.6 15.3 3 15.8
4 13.4
5 23.0
1 36.2
2 15.2 .
F Fe 103 700 3.1 41.6 12.2 3 19.2
4 19.9
5 17.0
1 19.8
2 11.7
G Fe 103 700 2.5 30.2 7.8 3 13.5
' 4 10.4
5 15.9
1 16.1
2 15.5
H Fe 103 1500 2.2 25.2 6.7 3 9.6
4 13.4
5 15.9
1 18.1
2 8.5
I Fe 103 2700 21 23.6 4.1 3 11.0
4 83
5 10.2
1 5.0 2.0 370
J Cu 114 700 3.0 39.6 3.8 2 3.9 1.0 328
Mg 5.5 3 2.5 1.5 215
Fe 3100 4 2.0 2.5 257
5 3.0 2.0 262
1 3.4 2.0 494
K Cu 114 1500 2.4 28.5 3.5 2 2.5 1.5 361
Mg 55 3 2.5 1.0 327
Fe 3100 4 2.1 2.0 02
5 2.4 1.4 289
1 4.5 3.0 219
L Cu 114 2700 2.0 23.6 41 2 4.0 3.5 171
Mg 5.5 3 2.9 1.9 122
Fe 3100 4 2.0 2.0 130
5 2.1 1.0 148

(60)
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under forced convection,
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Fig. 9. Microstructure of the specimen solidified under

forced convection,
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