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Numerical simulation of microsegregation of magnesium alloys
quantitatively using phase-field method
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Abstract: Based on the KKS model which couples the phase field, concentration field and temperature field, the
phase-field model for the magnesium alloys with hcp structure was developed, taking AZ91D magnesium alloy for
example, the solute distribution during the metal solidification was simulated, the effects of supercooling (A7) on the
highest solute concentration in front of the dendrite tip, the solute concentration value in the axis center of dendrite arm,
the thickness of solute diffusion layer of aluminum in front of dendrite tip and solute segregation ratio were studied
emphatically and quantitatively. The simulation results show that the zone of poor Al distributes in the axisymmetric
center of primary dendrite arms secondary dendrite arms, the larger the supercooling AT is, the higher the concentration
maximum value ¢ in front of the dendrite tip is, the higher the concentration value ¢; in the axis center of dendrite
arm is, the smaller the boundary thickness ¢ of concentration in front of the dendrite tip is, the bigger the segregation ratio
Sg is and the severer the microsegregation is. The relationships are ¢f, > ¢, > 13 > c14> Co; = Coy = Ca3 > Coq» 01
0,<<03<<d, and Sk >>Sry>>Sr3>>Sk4, respectively.

Key words: magnesium alloy; phase-field method; microsegregation; computer simulation; hexagonal close-packed
structure
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Table 1 Physical properties of AZ91D magnesium alloy!”!

Interface energy, o/(J:m 2 0.115
Density, p/(kgm ) 1810
Melting point, 7,,/K 868
Latent heat of solidification, L/(kJ-kg ") 373
Coefficient of thermal conductivity, g5
K(W-m K™
Equilibrium constant, %, 0.4
Solute diffusivity (liquid), Dy /(m*s ") 1.8x10°°
Solute diffusivity (solid), Ds/(m*s ") 1.0x107"2
Specific heat capacity, c,/(kJ kg 'K 1.3
Molar volume, V,/(m*mol ™) 10.38x10°°
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Simulated solute distribution scheme of equiaxed
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