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Effect of FeSi,Ti Phase Reconstruction on Acid Leaching Behavior of
Impurity Elements in Metallurgical Grade Silicon
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To strengthen acid leaching in purifying metallurgical grade silicon for solar cell applications a novel phase reconstruction technology was pro-
posed by Si+Fe-Ti solvent refining with forming FeSi, Ti phase. It was found that the main precipitated phases were transferred from Si-Fe-Al

Si-Al+e and Si-Ti-Fe in metallurgical grade silicon to FeSi, Ti Si-Ti-Fe(15) and Si-Fe-Al in SiFe-Ti alloy after Si-Fe-Ti solvent refining. By appl-
ying acid etching technology HCI+HF mixture was found as an effective lixiviant for dissolving the precipitated phases in both metallurgical grade
silicon and its Si-Fe-Ti alloy. And the leaching behavior of the precipitated phases strongly depended on the composition of the major impurity ele—
ments. The impurity removal efficiency of acid leaching of metallurgical grade silicon was efficiently improved after Si-Fe-Ti solvent refining espe-
cially for Mn Ni V and Cu. The purity of metallurgical grade silicon could be improved from 99.74% to 99.97% after once leaching Si-Fe-Ti alloy.
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Table 1 The impurity concentration in metallurgical-grade silicon the de—

sired impurity concentration of solar grade-Si % and segregation coefficient of

elements %
I ilies Metallurgical -grade Solar grade silicon Segregation
TIPUEHES Glicon( MG-Si) /(107 &) ( SOG-Si) /(1070 g)  coefficient
Fe 1424 <0.1 6.4x1076
Ti 109 <<l 2.0x1076
\% 103 <<1 4.0x107°
Mn 289 <<1 1.3%x107°
Ni 157 <0.1 1.3x107™*
Al 394 <0.1 8.0x1072
Ca 39 <1 (1.3-5.2) x107*
Cu 56 <1 8.0x10™*
B 8.6 0.1—1.5 0.8
p 35 0.1—1 0.35
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Table 2 The chemical composition ( at%) of representative precipitates in metallurgical grade silicon
Precipitates | . Chemical composition |
Si Fe Ti \% Mn Ni Al Other
Si-Fe-Al 63.28+0.9 24.2+0.5 — — 4.0+0.3 0.9+0.1 7.2+0.6 0.5+0.2
Si-TiFe 49.4+0.9 17.7£0.4 20.8+1.4 2.7+1.4 4.6+0.7 0.9+0.2 2.7+0.7 1.2+0.5
Si-Al¥e 37.0+1.0 18.8+0.7 — — 3.0+£0.3 1.9+0.5 37.8+0.9 1.5+£0.3
Si-V-Ti 63.3+1.2 2.4+0.5 8.5+£1.0 15.2+0.4 5.9+0.8 — 3.8+1.0 0.9+0.5
Si-Al¥e-Ni 46.2+2.0 15.9+0.2 1.5+0.3 — 0.6+0.1 7.6+0.3 19.7+0.9 0.7+0.5
Note: “—"indiate the instrument can not detect
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2 i (a—c) 2 mol * LM HCL; (d—f) 2 mol » L™ HF; (g—i) 2 mol « L™" HCl  HF (
25 C)
Fig.2 Microstructural evolution of MG-Si after etching with different lixivients at various etching time: (a—¢) after exposure to 2 mol * L™' HCI; (d—f) after
exposure to 2 mol * L™ HF; ( g—i) after exposure to 2 mol * L™" HCl + HF mixture ( temperature: 25 °C)
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Fig.3 (a) The microstructure ( b—d) EDS analysis and ( e) the WDS ;o Al
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Table 3 The chemical composition ( at%) of representative precipitates in SiFe-Ti alloy

Chemical composition

Precipitates - - -
Si Fe Ti v Mn Ni Al Other
FeSi, Ti 50.9+0.8 22.6+0.9 25.9+0.4 — — — —
SiTiFe( T5) 64.4+0.7 7.6x1.1 27.9+1.5 — — - -
SiFeAl 65.9+4.4 27.9+1.3 — — — — 5.1+2.1 1.1£0.8
SiTi 65.9+0.5 33.2+0.3 — — — — 0.4+0.1
Note: “—"indiate the instrument can not detect
4 SiFe-Ti “(a—c)2 mol * L™ HCL; ( d—1) 2 mol * L™! HF; (g—i) 2 mol * L"! HCl ~ HF
( 25 C)

Fig.4 Microstructural evolution of Si-Fe-Ti alloy after etching with different lixivients at various etching time: ( a—c) after exposure to 2 mol * L™! HCI; (d—

f) after exposure to 2 mol * L™! HF; ( g—i) after exposure to 2 mol * L' HCl + HF mixture ( temperature: 25 °C)

6 SiFe-Ti N (2 mol *+ L™! HCI +

. ‘ v HF 55C 4 h)
5 Si-Fe-Ti N XRD (2 mol » L™ HCl+ Fig.6 The variations of the impurity concentration in metallurgical grade
HF; 55 C) silicon and Si-Fe-Ti alloy before and after leaching in HCl + HF mixture

Fig.5 XRD patterns of metallurgical grade silicon and SiFe-Ti alloy before and ( HCI + HF mixture: 2 mol * L™!  temperature: 55 °C leaching time:

after acid leaching by 2 mol * L™ HCl + HF mixture ( temperature: 55 °C) 4 h)
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