Experimental study and statistical-thermodynamic calculation of impurities distribution in the proccess of directional crystallization of germanium tetrafluoride
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The problem of obtaining high-purity germanium tetrafluoride requires the solution of the problem of evaluating the possibility of its purification from impurities by the method of directional crystallization. It was necessary to investigate the behavior of the limiting impurities, i.e., methane, ethane, ethylene, propane, propylene, butane.

The statistical-thermodynamic calculations of the separation factors for the impurities at crystal-liquid equilibrium were carried out. The models [1-4] were taken as the basis. The model of ideal solutions and its modification [1], the free-volume concept [1-2], the methods of the deformed cells, considering the elastic strains in the crystal, which appear in the vicinity of the molecule of impurity [3,4], and also the variant of this method, which considers the asphericity of the molecule of impurity [4], were used. The calculations showed that the impurities should concentrate in the liquid phase with the separation factor which noticeably differs from 1 (about 10‑1 and less).

The experiment consisted of the process of GeF4 oriented crystallization which was carried out by slow cooling with liquid nitrogen of the cylinder containing 220 g of the substance indicated. During the complete crystallization of the liquid GeF4 the volume of the solid phase was 70 cm3. The remained vapor had the increased concentration of impurities. Two successive trials were carried out with analysis of the gas and solid phase. The experimental separation factors, calculated according to the results of analysis, are in good agreement with their computed values.
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