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Thermal Theoretical Calculation of the Liquid-Solid Interfacial Free
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Abstract: Based on the Warren's interface theory of liquid-solid interfacial energy for complicated compatible
binary and pseudo binary systems, a physical model for the liquid-solid free interfacial energy that has been simplified
at the theoretical level was obtained by taking the Pb-Al liquid-solid binary system as an example. A theoretical
formula with two variables was then obtained by deducing a thermodynamic equation, and the calculational values and
the experimental values by multiphase equilibrium method (MPE) were compared. Finally, research on a Pb-Al binary
liquid-solid system showed that the calculated liquid-solid interfacial free energy (ys.) values from the model provided
a result similar to the experimental measurement with a low average error. The calculated values only depend on the
temperature and the Al concentration. A foundation to calculate yq_ for other systems has therefore been established.
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Fig.1 Sketch model of liquid-solid interface of Pb-Al

(a) liquid state lead atomic layer; (b) solid state aluminum atomic layer;

(¢) liquid-solid interface layer
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Fig.2 Equilibrium chart of solid-liquid-gas three phase interfacial tension
Various physical quantities are defined by equations (14)—(16).
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Table 1 Comparison of the solid-liquid interfacial free energy of the experiment and calculative methods

T/K AH,/(J+mol™) 10°Vi/m? 10°V,y/m? X y/(J+m™) vo/(J-m™)
773 10711 18.170 10.000 0.030 0.67 0.63
723 10711 18.170 10.000 0.030 1.02 0.93
673 10711 18.170 10.000 0.032 1.39 1.38
623 10711 18.170 10.000 0.032 1.74 1.67

v, and vy, represent experimental and calculation values of the solid-liquid interfacial free energy, respectively. y; and x, are
obtained by multiphase equilibrium method (MPE); x,=~1; AH, from Ref.[18], Vi and V, from Ref.[19]
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