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The analysis of columnar to equiaxed dendritic
transition during alloy solidification
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Abstract Generally the solidified microstructures of materials consist of the columnar and
equiaxed dendritic regions, and many theoretical studies about columnar-to-equiaxed transi-
tion have been done because that is closely related to the mechanical and physical proper-
ties of products. In this study, the modified equation based on the Hunt's analytical colum-
nar-to-equiaxed transition condition which was derived from heterogeneous nucleation and
grain growth in front of the columnar dendrite tip under directional solidification, was ob-
tained applying the growth-velocity-dependent distribution coefficient and liquidus slope to
Hunt’s. The effects of the number of nucleation sites, nucleation temperature, alloy compo-

sition, growth velocity and liquid temperature gradient on the transition for Al-Cu alloys



have been investigated.
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Table 1
Physical parameters used for calcultion in
AlCu alloy system

Gibbs-thompson I'24x10"cmK]
coefficient

Characteristic length a,:7 %10 ¥ cm]
scale

D:10"°{em?/s]
Number of nucleation Ny:10,1000[cm™3]

sites

Diffusion constant

Nucleation 4Ty:0, 0.75, 1.5[K]
temperature

Equilibrium partition k:0.18

coefficient

Liquidus slope m.—55
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Fig. .1. Comparison of (a) Hunt’s analyti-
cal model and (b) the modified model for
Al-Cu system.
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Fig. 2. Effect of number of nucleation
sites on the CET for Al-3wt%Cu alloy, 4
Ty=0.75 K at the number of nucleation
sites (a) N=10 and (b) N=1000 /cm®
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Fig. 3. Effect of 4Ty on the CET for Al

—3wt%Cu alloy, N=1000 /cm® and the

nucleation temperature (a) 4Ty=1.5 K
(b) ATy=0.75 K and (¢) 4Ty = 0 K.
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Fig. 4. Effect of alloy composition on the
CET at ATy = 0.75 K, N=1000 /cm® for
(a) Al3wt%Cu and (b) Al5wt%Cu
alloys.
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