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Removal of representative impurities from
metallurgical grade silicon by acid leaching
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Abstract: The removals of representative impurities by acid-leaching were studied using aqua regia and HF as the
leaching acids. The results show that the two acids have obvious removal efficiency to metal impurities, but have little
removal effect to B and P. After leaching, the removal rates of Al are 80% and 86.3% by aqua regia and HF, meanwhile,
the removal rates of Fe are 78.6% and 89.4%, respectively. The total impurities removal rates after HF increase by 12%
than that after aqua regia, but the removal efficiency of Cu by HF is very poor, with the removal rate reaches 4.8%. The
structural phase analysis results show that Al-Si-Cu is the main existence form of Cu in metallurgical grade silicon
(MG-Si), which is strong acid-resistance to HF. Unlike HF, the chemical stripping-off effect of the particle size of silicon
powder made by aqua regia decreases obviously and the impurity phases easily expose at the grain boundaries. The loss
rates of Si powder after two acids are less than 3.5%.
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Table 1 Contents of different impurities in MG-Si (mass
fraction, 10°°)

Al B Ca Cr Cu Fe
12357  9.96 101.2 13.89 18.5 1297.9
Mn Ni P Ti \%
121.9 109.1 226.16 218.8 170.8
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Fig.1 Effect of leaching time on removal effect of impurities in MG-Si after leaching with aqua regia (V(HCI):V(HNO;):V(H,0)=

3:1:4, 70 'C) ((a), (b)) and HF (5%, 70 'C) ((c), (d))
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Fig.2 OM image of impurity phases in Cu-rich MG-Si and EDS spectra of different areas: (a) OM image; (b) Area 1; (c) Area 2; (d)

Area 3; (e) Area 4; (f) Area 5
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Fig.3 OM images of impurity phases before and after acid corrosion and EDS spectra of corresponding residues: (a) Before

corrosion by aqua regia; (b) After corrosion by aqua regia; (c) Before corrosion by hydrofluoric acid; (d) After corrosion by

hydrofluoric acid; (¢) Area 1; (f) Area 2; (g) Area 3; (h) Area 4
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Table 2 Comparison of removal efficiency of acid leaching
Leaching acid Concentration of impurities in MG-Si after acid leaching/10¢
Al B Cr Cu Fe Mn Ni P Ti \%
Aqua regia" 3021 739 5.1 2.7 2772 325 20.1 2189 877 765
HF? 171.9 4.1 1.22 16.4 128.1 12.4 16.2 207.7 19.4 15.6
Aqua regia+HF” 165.4 6.54 1.13 3.74 115.1 11.04 15.51 208.6 16.7 13.3

1) (HC):V(HNO;):F(H,0)=3:1:4, 5h, 70 C; 2) 5%, 6 h, 70 "C; 3) Aqua regia: V(HCI):/(HNO;):/(H,0)=3:1:4, 5 h, 70 ‘C; HF: 5%,

6,70 C)

= — Aqua regia
® — Hydrofluoric acid

Loss rate of silicon powder/%
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Bl 6 TSRSk 15k %
Fig.6 Loss rates of silicon powder after acid leaching by aqua

regia and hydrofluoric acid
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