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Fig. 1. Schematic diagram of the eutectic structure.
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Fig. 2. A sketch of the interface shape near the triple point.
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Abstract

Lamellar eutectic solidification is very important in the development of new materials in which the periodic mul-
tiphase structures each may have a remarkable or enhanced functionality. The morphological instability during solidi-
fication may lead to various eutectic microstructures and greatly affect the physical and mechanical properties of final
solidification products. In this paper, the morphological stability of lamellar eutectic growth with the anisotropic surface
tension is studied by using the matched asymptotic expansion method and multiple variable expansion method. We
assume that the process of solidification is viewed as a two-dimensional problem, The anisotropic surface tension is a
four-fold symmetry function. The solute diffusion in the solid phase is negligible, and there is no convection in the
system. On the basis of the basic state solution for the lamellar eutectic in directional solidification, the asymptotic
solution for the perturbed interface shape of lamellar eutectic growth under the anisotropic surface tension is obtained
in the case where the Peclet number is small, and then the quantization conditions of interfacial morphology for lamellar
eutectic crystal is obtained. A dispersion relation between the wave number and the perturbation amplification rate,
and the stability criterion of lamellar eutectic growth under the anisotropic surface tension are also obtained.

The result shows that the anisotropic surface tension has a significant effect on lamellar eutectic growth in di-
rectional solidification. It shows that comparing the directional solidification system of isotropic surface tension, the
interface morphological stability of anisotropic surface tension also involves two types of global instability mechanisms:
the ‘exchange of stability’ induced by the non-oscillatory, unstable modes and the global wave instability caused by
four types of oscillatory unstable modes, namely antisymmetric antisymmetric (AA)-, symmetric antisymmetric (SA)-,
antisymmetric symmetric (AS)-, and symmetric symmetric (SS)- modes. The linear stability analysis reveals that the
stability of lamellar eutectic growth depends on stability critical number .. When € > €., the eutectic growth system
is unstable; When ¢ < &, the eutectic growth system is stable. The anisotropic surface tension, by reducing the cor-
responding stability critical number e., stabilizes both the ‘exchange of stability’ mechanism and the global instability
mechanism for the AA-, SA- and SS-modes. It implies that the anisotropic surface tension parameter tends to reduce
the stability zone. However, by increasing the corresponding stability critical number &., the anisotropic surface tension
destabilizes the global instability mechanism for the AS-mode. It implies that the anisotropic surface tension parameter

tends to increase the stability zone for AS-mode.

Keywords: directional solidification, eutectic growth, anisotropic surface tension, morphological stability
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