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Preparation of high-purity TiSi, and eutectic Si-Ti alloys by
vacuum electromagnetic directional solidification
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Abstract: To prepare the high-purity TiSi, and eutectic Si-Ti alloys, the vacuum electromagnetic direc-
tional solidification technique was used to separate and purify Ti-Si alloys in this study. The results
show that the vacuum electromagnetic directional solidification can effectively purify the Ti-Si alloys.
Fe, Al, and Mn impurities were removed through their segregation effect at the solid-liquid interface
(enriched at the top). Ca and Mg impurities were removed by vacuum volatilization due to the vapor
pressure being significantly higher than that of Si and Ti. After vacuum electromagnetically directed so-
lidification of the Ti-56% Si alloy (purity 96%), the dense TiSi, alloy was separated in the lower part of
the crucible, and the eutectic Si-Ti alloy with a homogeneous phase was separated in the upper part. The
purity of the TiSi, thus prepared was 99.4%, and that of the eutectic Si-Ti alloy was 99.1% (only consid-
ering the main impurities Fe, Mn, Ca, Mg, and Al).
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Fig.1 Vacuum electromagnetic directional solidification
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Fig.2 (a) Macroscopic image of the longitudinal section of the alloy and (b)~(g) microstructure analysis of alloys in the lon-
gitudinal position after vacuum electromagnetic directional solidification
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Fig.3 Ti-Si binary alloy phase diagram and precipitation
path of the Ti-56%Si alloy
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Fig. 4 (a) Mechanism of electromagnetic force promoting
the separation of solidified crystals, (b) and (c) il-
lustration of the whole process of electromagnetic
directional solidification separation and purifica-
tion of Ti-Si alloy
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Table 2 Equilibrium coefficient segregation (approximate
values) of Al, Fe, Mn, Ni, Cu, Ca, and Mg in TiSi,
solid phase at different temperatures

/K k(AL
Al 1653 0.1
Fe 1703 <1
Mn 1653 0.07
Ni 1733 0.06
Cu 1653 0.08
Ca 1653 <1
Mg 1653 <1
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