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Calculation of liquid phase diffusion coefficient in
microstructure simulation of Al-2%Cu binary alloy
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Abstract: The liquid phase diffusion coefficient of Al-2%Cu alloy was calculated with the modified Miedema model and
Eyring model, to further improve the accuracy. The mathematical model of liquid phase diffusion coefficient in binary
alloy was established to resolve the lack of liquid phase diffusion coefficient data that are difficult to measure in the
experiment. Instead of the solvent viscosity value, the viscosity—temperature curve of liquid alloy was introduced into
the Eyring model to increase the accuracy of calculation. In the microstructure simulation, the simulated proportion of
columnar grains based on the normal constant liquid phase diffusion coefficient is 20.1%; while the proportion of
columnar grains based on the calculated liquid phase diffusion coefficient with the developed model is 64.8%, which is
much closer to the experimental result of 58.1%, indicating that the mathematical model of liquid phase diffusion
coefficient is feasible and accurate.
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Fig. 1 Variation of viscosity with temperature for alloy
solution
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Fig. 2 Shape and dimensions of experimental casting mold

(Unit: mm)
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Table 1 Material properties and model parameters used in

microstructure simulations

Parameter Value
Liquidus temperature, 7/K 929
Alloy composition, w/% 2
Liquidus slope, m —-0.98
Partition coefficient, K 0.17
Gibbs-Thompson coefficient, I” 1X1077
First coefficient of growth kinetics, K, 6.4X107°
Second coefficient of growth kinetics, K, 8.85X107°
Maximum nucleation density, Pinay/ T 1 X107
Mean undercooling, AT\/K 0.5
Standard deviation, AT /K 0.1
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11F ~—Self-diffusion coefficient
= *—Modified diffusion coefficient
[«
£10
2
= \
Q
89
=
2
£ oL
a 8

7 L . .

660 680 700 720 740

Temperature/'C

B4 S8R EY BB AR B AR 1
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coefficient of alloy solution with temperature
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Table 2 Statistical simulated results of casting specimen with

diameter of 40 mm

Columnar Equiaxed Proportion of

Statistical object mean mean columnar

size/m size/m grains/%

Simulated with diffusion
3.67X10*1.33X10*  20.1
coefficient of 1072 m%/s

Experimental
Aperimenta 3.05X1044.62X10°  58.1
microstructure

Simulated with modified ) o (1046 19510 64.8
diffusion coefficient

Bl 5 FEAEH 40 mm FREN 20 2R A SRR S 45 R
Fig. 5 Simulated and experimental results of solidification
structures of casting specimen with diameter of 40 mm: (a)
Simulated with diffusion coefficient of 107° m%s; (b)
Experimental microstructure; (c¢) Simulated with modified

diffusion coefficient
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