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Abstract: As the fundamental principles for the solidification of multi-component alloys, the thermodynamic equilibrium
conditions between the melt and solid phases were discussed, based on description model of Gibbs free energy for different
phases. The Gibbs free energy of a multi-component alloy in a specialized phase is composed of three terms, i. e. the
contributions of each pure elements, the energy introduced due to the ideal mixture of all elements, and extra energy
caused by the chemical interaction among different elements. The last term is the most complicated one for description,
which is normally fitted based on the experimental results. Solidification order of different phases can be predicated by
comparing the Gibbs energy of different phases, and the solidification path can be evaluated by equilibrium of the chemical
potentials of liquid and solid phases. As a practical method, Calphad method can be adopted for the numerical calculation
in the equilibrium condition predications. The reliability of the method was proved by using the method for Al-Mg-Si sys-
tem. Combining the above thermodynamic method with diffusion analyses, the solidification path can be evaluated for any
real solidification process.
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Fig. 1 Flow chart for the optimization of thermodynamic parameters
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Table 1 Thermodynamic parameters of Al-Si-Mg alloys

Parameters Liquid fee
s -11655.93-0.937 -3 423.91 -0.096T
Liysi ~2873.45+0.29T
L?\I,Si 2 520
L5 g ~12.000 +8.566T 4971 -3.5T
Ly wg 1 894 —3T 900 +0. 4237
Lz‘\]_Mg 2 000 950
Lys -82462.11 +32.437 -7 148.79 +0. 89T
Ly, s 16 617. 63 +17.79T
Lyt s 2 331.67 - 0. 29T
Lygsi 17 833.02 -2. 23T
Lyg.si —11203.22 +1. 4T
L vg.si 26 860.37 -3.36T
Lt vg.si -21007.19 +2. 63T
L} Mesi -56273.39 +7T
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