The 7th National Conference on Functional Materials and Applications X

7

% Scientific
% Research

K/

9

o

The Purification of Metallurgical Grade Silicon by
Directional Solidification

Tao Lin"?*?, Bo Wang*?® ,Yu Liu'** Yu-yan Hu**3 Dong-liang Lu**?
Yan-hui Sun*?®, Hong-yu Chen??
School of Chemistry and Environment, South China Normal University, Guangzhou 510006, P. R. China
?Base of Production, Education & Research on Energy Storage and Power Battery of Guangdong Higher Education Institutes,
Guangzhou 510006, P. R. China
% Engineering Research Center of Materials and Technology for Electrochemical Energy Storage of Ministry of Education, Guangzhou
510006, P. R. China
Email: sunyanhui0102@163.com

Abstract: In this study, directional solidification method was used for preparing multicrystalline grade silicon
ingot. We have studied three technological parameters which influenced the results of the removal efficiency
of the impurities. Experimental results showed that an integral silicon ingot with high-quality is successfully
fabricated. Element analysis revealed that the metal impurities Al, Fe and Ca were concentrated in the middle
of the silicon ingot mostly. It was inferred that we should carry on more directional solidification experiments
to remove the metal impurities. Moreover, it showed that the Cooling water flow rate is the major parameter
to the efficiency of the purification in the orthogonal experiment.
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Table 1. orthogonal experiment
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Figure 1. The sketch of the specimen
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Figure 2. The photos of silicon ingot and the slices of silicon ingot (a)
the top surface, (b) the side surface, (c) the silicon ingot after
solidification and (d) the raw metallurgical silicon
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Figure 3. The metallographic structure of MC-Si ingot
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Figure 4. SEM of polycrystalline silicon: the left image for a position
in Figure 3 and right for b position in Figure 3
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Distribution of Al contents in the ingot (a) Al contents in Vertical distance and (b) Al contents in Horizontal distance
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Figure 6. Distribution of Ca contents in the ingot (a) Ca contents in Vertical distance and (b) Ca contents in Horizontal distance
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Figure 7. Distribution of Fe contents in the ingot (a) Fe contents in Vertical distance and (b) Fe contents in Horizontal distance
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3.3 EXHMEER
Table 2. Results of orthogonal experiment
R2EXREHERE
iSES
e B (A HI7K it/ C Chrfe s B/ Al [ 2prE Ca [ 2pRE Fe [fJ £k
LY T
AR [ /min) Lih) mm/min) %) %) 2 (%)
R
1 A1(15) B1(560) C1(1.5) 80.48 72.68 78.54
2 A2(10) B1(560) C2(1.8) 77.45 95.05 70.67
3 AL(15) B2(500) C2(1.8) 89.36 7191 99.25
4 AL(15) B3 (440) C3(2.1) 17.48 77.81 30.39
5 A2(10) B2(500) C3(2.1) 16.02 46.76 14.04
6 A3(5) B1(560) C3(2.1) 10.53 3.81 93.59
7 A2(10) B3(440) C1(1.5) 9.01 56.51 271.75
8 A3(5) B2(500) C1(15) 4057 43.86 19.28
9 A3(5) B3(440) C2(1.8) 951 56.33 20.78
62.44%(Al) 56.15%(Al) 43.35%(Al)
K1 74.13% (Ca) 57.18%(Ca) 57.68%(Ca)
69.39%(Fe) 80.93%(Fe) 41.86%(Fe)
34.16%(Al) 48.65%(Al) 58.77%(Al)
K2 66.11% (Ca) 54.18%(Ca) 74.43%(Ca)
37.49%(Fe) 44.19%(Fe) 63.57%(Fe)
20.20%(Al) 12.00%(Al) 14.68%(Al)
K3 34.67% (Ca) 63.55%(Ca) 42.79%(Ca)
44.55%(Fe) 26.31%(Fe) 46.01%(Fe)
0.4224(Al) 0.4415 (Al) 0.4409(Al)
R 0.3946 (Ca) 0.0937(Ca) 0.3164(Ca)
0.3190(Fe) 0.5462(Fe) 0.2171(Fe)
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