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Theoretical Analysis on the Effective Distribution Coefficient for
Solidification Accompanied with Liquid and Solid Region —Cases
Taking Account of Diffusion in Solid Phase or Diffusion Boundary
Layer—

Shigeo Asal and Iwao MucHI

Synopsis:

The effective distribution coefficients for solidification proposed hitherto are classified according to
the morphology and the solidifing condition. In this paper, two cases for the solidification accompa-
nied with a liquid and solid region have been theoretically analyzed by taking account of the diffusion
in solid phase (case XII) or the diffusion boundary layer in front of the liquid and solid region (case
XIV). In these cases, four kinds of effective distribution coeflicient which were defined in the pre-
vious paper? are represented by the theoretical formula. The representative effective distribution
coefficient (K¥), which is the solid composition divided by bulk liquid composition, is formulated in
the both cases as follows:

A
K*;:K{p-(Le){z_K(H_T)}__2 } case XII
1—exp(—Rd/Dy) .
meil thKﬂ%d‘MﬂﬁK_ AK case XIV
8 K+ (1—-K)exp(—Rd/Dy) (Le) (2—K) —2

Furthermore, by the use of the analytical results, the data concerning the macrosegregations in uni-
directionally solidified Al-Ag alloys reported by the other authors are analyzed. The theoretical
results have been in good agrecment with the experimental data.

In comparison with the two extreme cases for diffusion coefficients in solid phase, D;=0 and D;=
oo, in the solidification accompanied with liquid and solid region, the effects of the diffusion in solid
phase are given quantitatively.
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Table 1. Solidification models classified on the basis of the conditions of
liquid phase and the morphology.
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Fig. 1. Schematic view of dendrite structure and

relation between the abscissas, x, ¥' and

x',
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Table 2. Effective distribution coefficients represented by the theoretical formula.
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Fig. 2. Solute distributions in downward-unidire-

ctionally solidified Al-Ag alloys under the
temperature gradient of 30°C/cm.
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