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A study of rapid solidification
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Rapid solidification of the melt of alloys is a prominent method in the processing of metals.
Control of the structure of the solidified alloys is important in such a processing, but there is a few
theoretical and experimental analyses. Marginal stability criterion is usually assumed to predict
the dimensions of dendrites, and gives the understanding of rapid solidification. The criterion is
only derived in the numerical simulation of the growth, and the physical origin of the criterion is
not clearly given. This restricts deeper understanding of the solidification and further develop-
ment of the processing.

In this research, the condition that brings the marginal stability criterion is studied analyti-
cally and the rapid solidification of an alloy is experimentally studied.

The marginal stability criterion is derived analytically on the local equilibrium condition on
the interface near the tip of a dendrite. The diffusion equations for the temperature and the solute
are solved in the unidirectional solidification condition, then the boundary conditions at the
interface are imposed. The difference between this analysis and others exists in the imposed
boundary conditions near the tip, not at the tip only. It is concluded that the assumption of the
marginal stability criterion for the growth is equivalent to impose the local equilibrium condition
near the tip. The effects of the solute concentration and the temperature gradient are analyzed.

Rapid solidification is studied experimentally for Fe-3 wt2%C-2 wt2 Si alloy. The laser CO,
(260 W) is applied in order to melt the alloy. The secondary-arm spacing is correlated with the
cooling rate of the alloy, The measured secondary-arm spacings are on the extraporated line
obtained in lower cooling rate. The absolute stability of the interface (the stable planar inferface
in rapid solidification) is not reached in the range of the experimented cooling rate. Realization of
the interface is expected in more higher cooling rate, i. €. in more larger growth rate.
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