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Abstract: The directional solidification of Si-Sn melt was carried out by controlling the temperature gradient and the
moving velocity of thermal field in the ingot furnace. The morphology characteristics, structure and purification effect of
the silicon ingot were studied. The results indicate that the growth of bulk Si is achieved from Si-Sn melt, and a flat and
stable phase interface forms between the silicon and solvent by directional solidification, resulting in an effective
separation. Meanwhile, purification of the refined Si by acid-leaching shows that metallic impurities decrease from
58.3%X107° to 7.6X 1076, and the removal rate reaches 87%. Non-metallic P content decreases from 50.12X107° to
8.48X 107¢, and the removal rate is over 80%. Therefore, not only the effective separation of silicon and solvent, but also
the efficient removal of impurities is realized through Sn-Si alloy refining and directional solidification process.
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Table 1 Contents of impurities from Si (mass fraction, 10°°)

B P Fe Al Ca Ti Mg Mn Cu Na
0.22 50.12 43.21 3.3 433 7.46 2.66 1.14 0.76 7.96
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Fig. 1 Directional solidification temperature of Si-Sn alloy

refining and moving distance of thermal field
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Fig. 3 Cross-section of Si-55%Sn alloy after directional

solidification
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Cross-section of Si-94%Sn alloy after solvent

refining!"”
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Fig. 5 Top-cross-section and SEM image of Si-55%Sn alloy

after directional solidification
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Table 2
Si-55%Sn alloy after directional solidification in Fig. 5(b)

EDS analysis results of top-cross-section of

Position No. Mass fraction/%
Si Sn Al
1 100
2 100
3 100
4 97.53 2.47
5 97.15 2.85
6 97.87 2.13
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Table 3 Concentration of impurities from Si and refined Si

after acid leaching

Mass fraction/107

Element
P Fe Al Ca Ti
Si 50.12 4321 330 433 7.46
Si-1 41.25 3236 240 351 457
Si-2 848 518 1.21 0.66 0.55

Removal rate/% 83.1 88.0 633 84.8 92
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Fig. 7 SEM images of refined Si after directional

solidification: (a) Cross-section of crushed particles;

(b) Fragment of grain boundary in refined Si
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Table 4 Segregation ratios of impurities between solid Si and Si-Sn melts

[18]

Segregation ratio between Si and Si-Sn melt

Segregation ratio between solid and liquid Si

Element
1605 K 1633 K 1666 K 1687 K
Al 7.6X107* 2.0%107° 2.7X10°° 2.8x10™
Fe 1.2X107 2.8%10° 6.7X10°° 6.4x10™
Ti 7.8X107* 7.8X10° 57%x10°° 2.0x10™
£S5 L FERE G PO AL
Table S Average composition of main impurity phase in refined Si
Phase Mass fraction/%
Si Fe Mn Cr Ti \' Ni Cu
FeSi, 2] 56.6 41.4 2.0
FeSi, Til? 36.5 26.0 26.33 2.1 7.8
Cu,Si 14.2 4.5 81.3
VTiSi 54.0 3.6 0.5 1.6 12.80 27.5
5), ZeJFM ETE FeSih, 22, FeSi,Ti%. Cu,Si A1 H, P& EH 50.12X 10 ° M50 8.48X10°, /%
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3 Zig

1) Si-Sn &€ LR, BTSSR Si i
AERAER], W% G/v BT o I v T, Bt
W] ST s ARG, AT E BAH S
T, MNTTSEIL St b (AR5 J i A 7510 18 1 H
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