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Preparation of Crystalline Silicon by Magnesiothermic Reduction Combined Acid
Etching Routes from Silica Fume

HUANG Yongcheng', CHEN Zhining', ZHANG Lin', REN Xiao', GUO Yuzhong', HUANG Ruian®, LI Bin®
(1. Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China;
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Abstract: Silica fume (SF, containing Si0,>85%, in mass fraction) collected from emitting soot of silicon-metallurgical workshop
was used as a raw material for preparation of pure crystalline silicon. Silicon was prepared via refining pretreatment of pristine SF
and ball-milling mixing to make magnesium and SF powder reactant, subsequent magnesiothermic reduction reaction (MRR)
process and final purification by two-step acid-etching treatment of HCI-HF acids. The experimental results show that a
core—shell structure Mg@SiO,, i.e., Mg particles coated uniformly by a dense layer of submicron-sized primary particles of silica
fume in a desired stoichiometric ratio of reactants Mg:SiO, of 0.85:1.00, is formed via micron-scale diffusion reaction after
mixing for 12 h at a rotational speed of 150 r/min. A high-performance route of MRR was proposed based on the wrapping-
micron-reactor model. The extent of MRR is as high as 96% and Si species of HCl-etched sample are more than 90% (in mass
fraction), and the final prepared product of crystalline silicon achieves a purity of 99.88% (in mass fraction) after HF+CH;COOH
acid-etching.
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Fig. 1 Optical images of pristine and pretreated silica fume
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Fig. 2 Crystal phases and impurity contents change of pristine
and pretreated SF
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Table 1 Impurity contents of pristine and pretreated SF samples

Mass fraction/%
Sample
C Na Mg Al P S Cl K Ca Mn Fe Zn Rb SiO,
Pristine SF 37000 0.0711 0.8988 0.0580 0.1340 02557 0.0303 1.8844 0.2119 0.0190 0.0372 0.0074 0.0109 92.6800
Pretreated SF~ 0.1100 0.0430 0.4238 0.0751 0.0174 0.0225 0.0269 1.0256 0.0968 0.0416 0.0562 0.0082 0.0066 98.0500
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(c) N, adsorption—desorption isotherm curves and pore-size distribution

(d) Fig. 3(b) in low magnification

Ds represents the mean particle size of SF.
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Fig. 3 Microstructure characterizations of pristine and pretreated SF
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Fig. 4 Schematic illustration of a core—shell structure of Mg@SiO,—nanoparticles (NPs) during the ball milling

(a) Manual mixing (M-M)
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Fig. 5 Field emission (FE) SEM images of magnesium powder and pretreated silicon microsphere mixed by two approaches
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Table 2 Comparisons of phase compositions by two mixing
approaches after magnesiothermic reduction
reaction (MRR)

Hybrid

Y T/°C  t/h m(Mg):m(SiOy) w(Si)/% w(Mg,Si04)/% w(SiO2)/%
method

Manual 700 5 0.85:1.00 61.19 16.85 21.96
Ball mill 700 5 0.85:1.00 90.74 0.64 8.89

w—mass fraction.

(b) Ball-milling (B-M)

(c) B-M in high magnification
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Table 3 Content of impurity elements of the MRR and HCl-etched samples by two mixing approaches

Mass fraction/%

Mixing approach

Na Mg Al P K Ca Fe Rb Mn Total
Manual 0.1076 1.1277 0.0740 0.0256 0.0329 1.568 1 03715 0.0600 0.0107 0.0573 3.3781
Ball mill 0.196 1 0.0496 0.1182 0.0546 0.0134 0.0722 0.4319
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Table 4 Impurity contents of as-prepared crystalline
silicon of high-purity w/%
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(b) HF+HNO;-etched samples
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Fig. 6 XRD patterns of samples under different acid-etching
conditions
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(a) N adsorption—desorption isotherms and pore size distribution curves

(b) FESEM image of HF+Hac-etched sample
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Fig. 7 N, adsorption—desorption isotherms and SEM images
of HF+Hac-etched sample
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