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Impurities in metallurgical grade silicon (mass
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Fig. 1 SEM image (a) and EPMA map scanning analysis ((b)—(h)) of typical impurity precipitate in metallurgical-grade

silicon
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Fig. 3 Effect of silicon powders size on MACE preparing porous silicon morphology: (a) 250-325 um; (b) 180-250 pm; (c)

150-180 pm; (d) 106-150 pm; (e) 75-106 pm; (f) <75 um
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Table 2 Pore diameters of porous silicon with different

silicon powders size

Grain size/pum Pore diameter/nm

250-325 58.638
180-250 25.810
150-180 25.025
106-150 24.976
75-106 23.780

<75 3.555
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Table 3

different silicon powders size

Impurities in purified porous silicon with

Grain size/ Content, w/107’

pm Fe Ca Al Ti \Y
<75 29.85 26.68 27.03 - -
75-106 31.83 20.71 36.87 - -
106-150 3532 16.06 3522 0.8l -
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Fig. 4
impurities removal from MG-Si by MACE
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5 ZIihin (5] % MACE #i # 2 FLEE RS 0
Fig. 5 Effect of etching time on MACE preparing porous silicon morphology: (a) 5 min; (b) 10 min; (c) 30 min; (d) 60 min;
(e) 120 min; (f) 240 min; (g) 360 min; (h) 480 min
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Table 4

different etching time

Impurities contents in porous silicon under

Etching Content, w/107
time/min Fe Ca Al Ti \%

5 746.69 160.33  198.23 524 597
10 565.70 13393 111.83 494 426
30 191.10  74.85 72.93 1.60  0.19
60 51.18 70.82 45.53 146 031

120 3532 16.06 35.22 0.81 -
240 10.89 6.38 19.06 - -
360 10.96 14.31 30.21 - -
480 9.43 22.39 33.61 - -
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TR LRI K @SB EL T 200 (AL T
30~120 min i}, FERHFBKFEFAALE; i1 =2 ki
A KT 120 min i, 2528 5 (1 25 BRAR BT K H A

T ASFZI PR (] SRE0 26 A T, B AR TR 25
B 2 43 5l N Fe 99.71%-. Al 99.00%. Ca 98.18%-
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PR FIRLARFF RO I B BR KT N SRI 25 Rk
ATLAR I, ZIVh i (B] #8120 min 5, Cafl AL
F BRI ) KPR, X E RS HF R R
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Fig. 6 Effect of etching time on metallic impurities
removal from MG-Si by MACE
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Fig. 8 Morphologies evolutions of typical impurity precipitate in metallurgical-grade silicon after metal assisted chemical
leaching for different times: (a) 0 min; (b) 5 min; (¢) 10 min; (d) 20 min
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Fig. 9 Schematic diagram of nanoporous silicon prepared by metal assisted chemical leaching: (a) Nucleation of metal
particles deposited; (b) Metal particles growth and result in partial oxidation of silicon substrate; (¢) HF dissolved oxidized

silicon substrate and metal nanoparticles sinking to nanopores
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Metallic impurities intensified removal from
metallurgical grade silicon by metal assisted chemical etching

XI Feng-shuo, XIANG Dong-fei, CAI Hong-zheng, ZHAO Li-ping, CUI Xiang-wen, LI Shao-yuan, MA Wen-hui

(Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology,
Kunming 650093, China)

Abstract: Based on difficult problems in depth removal of impurities from metallurgical grade silicon, the metal
assisted chemical etching (MACE) was proposed and discussed in this study. With the metal assisted chemical
etching treatment, the formation of pores would provide numerous micro-scale “channels” for a better contact
between impurities and acid lixiviants during acid leaching process. It is useful for deeply removing impurities
from metallurgical grade silicon powders. The principle of pores formation, microstructural evolution of
precipitates phase and MG-Si, the effects of etching time and silicon particle size on the morphologies and the
structures of porous silicon as well as the removal rate of main impurities Fe, Al, Ca, Ti, V were studied. The
results show that the porous silicon surface compacted and the impurities content reduce with the size of the
silicon powder decrease. As the etching time prolonging, the porous structure become fluffy and have an important
influence on the impurities removal from metallurgical grade silicon. As the size of silicon powder decreasing, the
porous silicon surface compacted and the impurities content reduce. The impurities precipitates on the Si grain and
surface are beneficial for etching of silicon and forming micro-pores. Under the optimized experiment condition,
the better impurity removal efficiencies are Fe 98.91%, Al 98.15%, Ca 95.41%, Ti 99.76%, V 100%.

Key words: metallurgical grade silicon; metal assisted chemical etching; porous structure; impurities removal;

hydrometallurgy
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