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Research Progress on Refining of Silicon by Si-M Alloy
WU Hao, HUANG Pingping, FU Cuili, ZHANG Rong, LI Jintang, LUO Xuetao

(Department of Materials Science and Engineering, College of Materials, Xiamen University, Xiamen 361005)

Abstract Refining of silicon utilizing Si-M alloy system has received much focus in recent years. A great deal
of research proves that the segregation coefficient of impurities will decrease greatly in the right Si-M alloy. In Si-Al
alloy system, the silicon can be refined easily with acid leaching and solidification refining, the solar cell efficiency rea-
ches 10.6%. Silicon can be easily separated in solidified magnetic field and usage of acid decreases. In Si-Ga alloy sys-
tem., the purity of monocrystalline silicon reaches 5N and the solar cell efficiency reaches 15% . but this method is un-

desirable because of its cost. The most advantage of Si-Cu alloy system is easy to separate because of the high density
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of copper. Research progress on refining of silicon by other Si-M alloy is also introduced.
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Table 1 The evaluated segregation ratios of impurities
between solid Si and Si-Al melt at 1073~1473K with

segregation coefficients between solid/liquid Si

Segregation

Segregation ratio between solid cofficient

silicon and Si-Al melt between solid
Element ..
and liquid

silicon at its

1073K 1273K 1473K

melting point
Fe 1.7X107" 5.9X107° 3.0X1077 6.4X10°°
Ti 3.8X1077 1.6X107" 9.6X107" 2.0X10°°
Cr 4,9X107" 2.5X107% 2.5X1077 1.1X10°°
Mg 3.4X107" 4.5X107°% 9.9X10°7 1.3X10°
Ni 1.3X107° 1.6X10°7 4,5X10° 1.3X10°"
Cu 9.2X10°° 4.4X10°° 2.5X10°° 4,0X10°"
Zn 2.2X1077 1.2X10°" 2.1X10° 1.0X10°°
Ga 2.1X107" 8.9X10°*" 2.4X10°° 8.0X10°°
In 1.1X107° 4.9X107° 1.5X107" 4,0X107"
Sb 3.4X107° 3.7X107° 8.2X10°°? 2.3X107°
Pb 9.7X10°° 2.9X10°* 1.0X10? 2.0X10°"
Bi 1.3X10°° 2.1X107° 1.7X10°* 7.0X10°"
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Table 2 Impurity contents (ppmw) and removal fractions (given in the parenthesis) of refined Si
Sample No Source Fe Ti B P Al
SR-1 PrSi-1 13(99.7%) 5.2(99.2%) 0.81(98.6%) 0.93(97.4%) 599(53.1%)
SR-2 PrSi-2 13(99.7%) 2.7(99.6%) 0.88(98.4%) 1.2(96.7%) 534(58.1%)
SR-3 PrSi-3 20099.1%) 2.8(98.9%) 0.71(98.1%) 0.72(96.3%) 575(63.1%)
SR-4 PrSi-4 27(98.8%) 4.5(98.2%) 1.90(94. 8%) 1.0€95.1%) 602(61.3%)
SR-5 PrSi-5 47(99.0%) 7.7(98.9%) 0.98(98.3%) 0.42(98.8%) 538(57.8%)
SR-6 PrSi-6 36(99.2%) 5.6(99.2%) 0.99(98.2%) 0.66(98.2%) 453(64.5%)
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Fig.1 Temperature dependence of segregation ratios of P and
B between solid Si and Si-Al melt together with those

segregation coefficients between solid/liquid Si
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