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Preparation of High-grade Silica Sand for Metallurgical-grade Si Using
a Physical Beneficiation
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ABSTRACT : It is very important to raise the purity of silica for manufacturing metallurgical-grade
silicon because the purification of silicon in the smelting process is very difficult. In present study, the
silica sand which is obtained from Vietnam was mineralogically analyzed. Based on the results, a
novel process to separate impurities from the silica sand was developed, which consisted of
classification, specific gravity and magnetic separation steps. Using the developed process, high-grade
silica sand concentrate containing over 99.8 wt% SiO, was prepared, being suitable for manufacturing

the metallurgical-grade silicon.
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Table 1. Purity of metallurgical- and solar-grade silicon (Gribov and Zinov’ev, 2003)

Content Metallurgical grade ey
) e Solar grade
Si 98~99%" 99.5%"
Al 1000~ 4000 50~600 <0.1
Fe 1500~ 6000 100~1200 <0.1
Ca 250~2200 100~300 <]
Mg 100~400 50~70 <1
Mn 100~400 50~ 100 <1
' Cr 30~300 20~50 <1
[‘Zi;‘)ty Ti 30~300 10~50 <1
A% 50~250 <10 <1
Zr 20~40 <10 <1
Cu 20~40 <10 <1
B 10~50 10~15 0.1~1.5
P 20~40 10~20 0.1~1
C 1000~ 3000 50~100 0.5~5

) References: (Chu et al., 1978; Barthey and Gretella, 1982; Dietl, 1983)
™) References: (Kapur and Chondary, 1983; Hunt, 1984; Yuge et al., 1999)
") References: (Pelosini et al., 1980; Dietl and Wohlschlager, 1981; Hunt, 1984; Yuge et al., 1999)

AdA =X ZAY ZsE SeiMe B3
A AR A0 Bad Asy Al 4Ed ¥
Fol Aol (Jaeger-Waldan, 2006), £3] e}
HAA R SAEEY @R HHAEQA FFe) §
TA A Eolop ot HYAAF A (solar-
grade SDE A2¥ 7 v WFEY WHES F
dol & At FEEH 2 Hh oA
2(O)E oA E(Arc electro furnace)ol| A HHg-
ANA AAE &F 9% 52 T4 A8 F(me-
tallurgical-grade Si)y& SWHYUTE ARE}

olgjd &g AYTY 1eRIE AT AY
AL 2 AAo| Bdsta vlgRge] & gyl
AoBE F&F HIE AZRE Hg 29 Y8E
ARE 139 dgrte ARshe Ao] nigAs)
o webA EYE Ee 38E JAFAHE o] 43)
o] Ag7t FEY ETE FFE A0S 2AAA
of & Fgv} ok

E 12 94537 dddAF L2y E¢E
& TS FEd Aot 1k HEEe Az
7] A% AEITAAA T2B) AP AA
e @€Yy 48 YO EF(Nakamura ef al,
2004), H¥AAG de2E& 4] YAE e

rr St

Pl 229 AL PRI 25T A2 o
$3he o] R

mep £ Aol FARA gl Bed
2o TR % BRAH 54 5 2D F, 49
8 BEBEY SIS o) §3E B A
ANRE Agstel 1 S4E TS

N E Y

MV

of AHEE TrARES WEY FEA Fo
d A fAAEL gloH, NEEs AX

8

3]

89 YEBIZE dyg 158 pm, disp 268 pm,
o) 459 umEA ¥l FYE I715 7HA T 9
v AR 2ZAFHAG. ofE kAl Ul FAF
of ulg) nA Ao ok}

#2¢ AR g3ty 24 AFoltt SioE &
ABNG o)L, YA EEAE £4L ICP
(JY-38, Jobin-Yvon, France)Z °] &8}, Si0o; §

r

- 192 —



T4F AYELS e

Table 2. Chemical composition of raw sample
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Chemical composition (SiO2: wt%, others: ppm)

SiO, Al Fe K Na Ca Mg

Mn Ti Zr B P \'% Ce

99.44 463 498  70.1 453 424 395

185 560 848 76 6.12 158 3.55
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Fig. 1. Beneficiation flow sheet for purification of raw
sample.
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Table 3. Yield and chemical composition of products separated by wet sieving

Particle size Yield, Chemical composition (Si0, : wt%, others : ppm)
(mesh) wt% Si0, Al Fe K Na Ca Mg Mn Ti Zr B P V Ce
+354 254 9978 203 112 47 29 37 9 2 78 3 54 3 04 2
35#~+1004 84.08 9971 332 190 61 38 70 29 5 137 4 92 2 1 2
-[00#~+200# 12.53 99.49 2,652 3,863 129 107 707 231 120 5232 188 159 56 12 5
-200# 0.85 9570 3,561 9,316 519 158 764 383 374 11,680 4966 48 154 17 131
Table 4. Yield and chemical composition of products separated by sink-float test
Product Y;::/f ’ Chemical composition (SiO; : wt%, others : ppm)
Si0; Al Fe K Na Ca Mg Mn Ti Ztr B P V Ce
Sink 0.60 38.76 91,215 93,265 1,519 6,571 2,466 12,274 5,032 132,260 36,428 588 217 162
Ti Zr A" Ce Y La Pr Nd Sm Eu Gd Yb
132,260 36,428 217 162 353 200 408 158 281 275 339 460
Si0, Al Fe K Na Ca Mg Mn Ti Zr B P V Ce
Float 99.40
99.73 289 173 69 29 43 16 3 112 4 4 5 07 2
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Fig. 2. X-ray diffraction (XRD) pattern of the sink
mineral separated by sink-float test.
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(Zi : zircon, Fd : feldspar, Hb : hornblende, Ru : rutile, To :

tourmaline, Il : ilmenite)

HFg. 3. Polarization microscopy of the sink mineral separated by sink-float test.

Table 5. Yield and chemical composition of products separated by wet magnetic separation

Product Yield, Chemical composition (SiO2: wt%, others: ppm)
wt%  Si0, Al Fe K Na Ca Mg Mn Ti Zr B P V Ce
Mag. 0.45 57.13 55961 75,877 303 2,679 3,126 11,501 4,270 88,299 3,781 409 141 213

Non-mag. 99.55 99.64 354 163 65 32

54 18 3 179 3 9 5 1 2

o, x47 , B,
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Fig. 4. X-ray diffraction (XRD) pattern of the mag-
netic response mineral separated by wet magnetic
separation.
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Table 6. Yield and 6chemical composition of the each product separated by two types of physical separation
process

Yield, Chemical composition (SiO, : wt%, others : ppm)

Process  Product o - .
wit%  $i0, Al Fe K Na Ca Mg Mn Ti Zr B P V Ce

OfF

(1) 0% 9520 7408 9521 852 1s2 395 661 290 12798 2560 - 83 22 8
Heavy, :
(il 2y 45T 9544 18226 13825 76 157 7467 3443 259 12408 448 - 84 35 4
No.1 Macneti
3 .
(tile;)c 0.60 90.88 5604 10,536 194 559 396 347 293 12,618 5312 - 129 20 126
Total tail 601 94.94 15345 12,852 204 196 5702 2,717 267 12487 1249 - 89 31 17
Concentratel 93.99 9980 263 126 59 17 58 15 2 9 36 2 1 4
(t;)i;F]) 090 9520 7408 9,521 852 152 1395 661 290 12,798 2,560 - 83 22 8
Heavy.
(il 2y 451 9544 18226 13825 T6 15T 7467 3443 259 12408 448 - 84 35 4
No.2 Magneti
Netc,
(mf 3_]C) 1.54 9651 8,671 5731 269 264 451 899 98 5391 331 - 61 14 4
Total tail 695 95.64 14707 11,474 219 180 4,996 2,519 227 10903 695 - 79 29 4

Concentrate2 93.05 99.84 251 19 61 17 47 14 2 90 4 2 301

(o]

% Analysis of B (Boron) was carried out on the concentrate only.
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