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Free Deformation of the Initial Solid Layer of Some Non-ferrous Alloys

Dong Suuxin, Eisuke Nivama, Koichi Anzar and Noboru Matsumoto

Synopsis

: In order to elucidate the effect of deformation of initial solidified layer on surface defects of continuously cast slabs, the

deformation behavior of freely solidifying disc was observed with several non-ferrous metals and their alloys by the
droplet method. The following results were obtained :

(1) After solidification and cooling to room temperature, the shape of the shell bottom of all the metals and alloys

tested became parabolic.

(2) Deformation of pure metals was positive, i.e. convex toward chill and was attributed to thermal contraction after
solidification. A model for the prediction of deformation of pure metals was proposed and a fair agreement with

experimental results was obtained.

(3) Direction of deformation of alloys was either positive or negative, sometimes very large near eutectic, depending
on the composition. This is because many alloys solidify to form supersaturated solid solution, from which a second
phase precipitates causing expansion or contraction, depending on the difference of molar specific volumes of the two

phases.
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Fig. 1. Schematic view of melting and casting appa-
ratus.
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Table 1. Deformation and solidification shrinkage.

measured regression volume
metals | deformation coeff. shrinkage (%)

(d,1/m) of fitting of solidification

Al 0.58 0.90~0.97 6

Sn 0.87 0.95~0.99 2.8

Sh 1.34 0.94~0.99 -0.95

Cd 1.62 0.96~.099 4.7

Zn 1.93 0.96~0.99 4.2

Pb 2.25 0.96~1.00 35

Bi 2.53 0.98~1.00 -3.6
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Fig. 3. Illustration of deformation of solidified shell
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cooled to room temperature d)top view of
solidified shell.
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Table 2. Properties of materials used for calcula-
tion of deformation.

metals

> Al Sn Sb Cd Zn Pb Bi
properties
Telting point 1 g0 | 232 | 631 | 321 | 420 | 328 | 272
heat
conductivity 247 60 26 97 113 33 11
(wm™K-1)
heat transfer
coeff. 1.78
(wm™2K-1) X10™*
thermal
expansion 274 | 235 9.5 313 | 39.7 | 29.3 | 13.2
rate <108 (K1)

1063 mm
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Fig. 10. Metallographic structure of Sn57 (wt%)
Bi (eutectic).
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Fig. 11. Schematic illustration of supersaturation at
eutectic.
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