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Abstract—A connection between the process conditions and the morphology of the melt-crystal interface
has been sought by studying a simple batch type directional solidification model. Our model is based on
the continuum diffusion equations for the heat and mass transport with both the buoyancy force effect and
the solute diffusion effect in solid phase being neglected. The dynamical behavior of the interface has been
investigated by the linear stability analysis and the boundary integral equation method. The results from
the linear stability analysis show that the interface is stable to the infinitesimal disturbances superposed
on the flat interface in both cases of pure melt and melt with solute. It is also found from the numerical

results that the stability of the interface is extended even to the finite size disturbances.
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Fig. 1. The model for the adiabatic zone of the Bridgman-
Stockbarger crystal growth method.
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Table 1. Thermophysical data(prepared based on the Pb-
Sb data in the reference[5]

Property Symbol  Value
Segregation coefficient k 0.5
Bulk conc. of Sb[wt%] C 05
Slope of liquidus line[ K/wt%] m -5.0
Solute diffusivity of melt Deum 2.0E-5
Thermal diffusivity of solid D 0.11
Thermal diffusivity of solid Dz 0.20
Thermal conductivity of melt KM 0.0147
Thermal conductivity of solid Ks 0.0275
Specific heat of melt Cr 0.1336
Specific heat of solid Cps 0.1375
Latent heat of fusion L 280
Reference melting temp. T 600
Gibbs-Thomson coeff. r 492F-6
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Fig. 9. Time evolution of the interface in the case of solid-
ification from pure melt(w=:6mn).
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Fig. 11. Time evolution of the interface in the case of solid-
ification from pure melt with initial step-like per-
turbation.
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Fig. 13. Time evolution of the interface in the case of solid-
ification from melt with solute(w=6mn).
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Fig. 14. Time evolution of the interface in the case of solid-
ification from melt with solute(w=10mn).
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Fig. 15. Time evolution of the interface in the case of solid-
ification from melt with solute when there is an
initial step-like perturbation.
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Fig. 16. Time evolution of the interface in the case of solid-
ification from melt with solute when there is an
initial mushroom-like perturbation.
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