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Removal of Metallic Impurities from Metallurgical Grade Silicon by Si-Cu
Solvent Refining and Slag Treatment

ZHANG Chentong', LIU Yingkuan?, WEN Weidong?, DOU Peng?, LI Yang?, SU Jing?, HUANG Liuging', LUO Xuetao'*”

(1. College of Materials, Xiamen University, Xiamen 361005, China; 2. Ningxia Dongmeng Energy Co., Ltd., Yinchuan 750021, China)

Abstract A combined process of Si-Cu solvent refining and CaO-SiO2-CaClz slag refining was used to remove metallic
impurities, iron (Fe), aluminum (Al), and calcium (Ca), from metallurgical grade silicon (MG-Si). Effects of refining
procedure, slag additive, and alloy composition on the removal efficiency were investigated using several methods. It was
found that the mass ratio of the CusSi phase in the Cu-alloyed MG-Si increased when the content of Cu increased. The slag
refining would affect the phase transformation of the Si-Cu alloy, and impurities, Fe and Ca, were found to concentrate in the
CusSi phase after slag refining process. The addition of CaCl: facilitated the mass transfer process by decreasing the viscosity
of the slag, thus enhancing the removal efficiency of impurities, Fe, Al, and Ca. With the content of Cu increasing, more Cu
was precipitated after slag treatment. The impurities, Fe, Al, and Ca, had responded differently to the change of the alloy
composition, attributing to their different segregation behavior in the alloy. When Si-30%Cu alloy was treated with CaO-SiO:-
CaCl; slag, the removal efficiencies of Fe, Al, and Ca were 68%, 94%, and 86%, respectively.

Key words metallurgical grade silicon; metallic impurity; solvent refining; slag refining
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1 Si-Cu & G AH B RS20 i i JIE
Fig.1 Phase diagram of Si-Cu alloy and the photos of the prepared Si-Cu alloys
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Fig.2 XRD patterns of Si-Cu alloys (a) SEM image of cross-section of a Si-50%Cu alloy powder (b) and the corresponding EDS images
228i-Cu BEEELEARE

TG T M A A R RO S AR VRV TR AT RS R I A o AR MO AR P R TP SR R 2 T R
Tk ST AL e S84, fo im0 N AR vh AT 21 Bk 2% 1) H ROBY ERIA EZ R B A 59, — &
REAE R 51 2% R R R 14 510 CaO Fl NapO 45) , R FR AL SiO2. & VMRS Mk i A2 1) IR B RGE
ME, & MR 12 il 1 R Th AP0 AR AR A AR A 1 — ST Bl AT RALE . 18] 3 () Si-50%Cu &
&M TG-DSC £k, ZMhZfE 805.7 Ml 859.4 CHf Bl 7 g, ZER T Si-Cu & &AM K 1A
BIE (B 1), ATHEZIRERAET Si-Cu &M EEMEZ. B 3(b)N Si-50%Cu & 41 CaO-SiO2
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Fig.3 TG-DSC curves of the samples
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FE 4 8i-50%Cu 1 CaO-Si0, i J5 &4 (a) MEH (b) &4 A1 SEM-EDS ¥ &
Fig.4 SEM-EDS analysis of the Si-50%Cu alloy (a) and CaO-SiO; slag (b) after refining
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Fig.5 SEM images of Si-50%Cu alloy (a) and CaO-SiO,-CaCl; slag (b) after refining
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Tab.1 EDS analysis on the Si-50%Cu F Ca0-Si0,-CaCl, phases
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Fig.6 Removal efficiency of Fe, Al, and Ca from Si-50%Cu alloy after slag refining and acid leaching
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FJR R Si-Cu A e, RAME Si-Cu A&AM5 Si AHM 2> B2k, U3 in& &40 v] BUA 3L
@ Fe MEBRER. SZMXMIZ, Ca MERREM Cu & &M T, X 0T H8 2 B YA 250 4 H
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7 S8i-30% Cu (a,b). Si-50% Cu (c,d)~ Si-70% Cu (e,f) 3 i 443 %l 5 CaO-Si0,-CaCl, i& & i (a,c,e) )& (b,d, D SEM K]
Fig.7 SEM images of Si-30%Cu(a,b), Si-50% Cu (c,d), Si-70% Cu (e,f) alloys before (a,c,e) and after (b,d,f) CaO-SiO,-CaCl, slag treatment.
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K2 Si-Cuty &AHINEDS /3 1
Tab.2 EDS analysis on the Si-Cu alloy phase

BT B%
W
Si Cu Ca (0] Cl
1# 15.10 38.14 — 43.27 —
24 19.84 29.70 — 46.77 034
34 16.91 49.01 0.37 32.95 0.77
4# 20.75 35.78 0.32 42.03 112
st 479 86.06 — 9.15 —
o# 96.13 139 — 248 —
100
e L SE— P
90 ¢
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80
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& 1
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60
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40 T ¥ T v T ¥ T ¥
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& 8 AR Hr i Si-Cu & i #iJ5 Fe. Al Fll Ca % BN 25 Bk %

Fig. 8 Removal efficiencies of Fe, Al, and Ca from Si-Cu alloy with various Cu content
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