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Abstract

The ways of producing metal silicon include a carbon reduction method, a plasma reduction method, and a thermite reaction
method. The carbon reduction process produces metal silicon by metallurgical refining. The carbon reduction method is produced
by adding a raw material mixed with quartz and coke to an electric arc furnace which is for carbon reduction. The cost of high
energy costs and environmental protection facilities is an issue when producing metal silicon using electric arc furnaces. For this
reason, there is no metal silicon production facility in Korea yet. Therefore, the optimal manufacturing conditions by the carbon
reduction method are being studied through the experimental facilities by the companies and research institutes. The present
study investigated the change of metal silicon purity according to the purity of silicon when extracting metal silicon using the
thermit reaction, which has a relatively lower manufacturing cost than the carbon reduction method.
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SiO, : quartz(silicon oxide)Al,O5: aluminum oxide
K5O : potassium oxide  Fe,Os: iron oxide

TiO, : titanium oxide CaO : calcium triphosphate
ZrO, : nitric oxide NiO : nickel oxide

ZnO : zinc oxide Cr,0O5: chromium oxide

CAGR : compound annual growth rate
XRF : x-ray fluorescence
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Table 1. Components of metal silicon
Component Share (%)
> Si0, 99.0
< Fe,03 0.15
< ALO; 0.20
< CaO 0.10
1.2. 7Y
TFA9L Quartz, Silica, Silicic oxide, Crystalline
silicaZ}l L= Btk 2 A7 X = #2412 Silica stone
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g3 TS} 7o) Yehdt),

8i04(s) + CO(g) = SiO(s) + COs(g)
SiO(g) + 2C(s) = SiC(s) + CO(g)
C(s) + CO 2 (g) = 2CO(g)

Table 2. Physical characteristic of silicon dioxide?

Items Physical characteristic
Name, Symbol, Number Silicon, Si, 14
Element category Metalloid
Group, Period, Block 14, 3, p
Standard atomic weight 28.085
Phase Solid
Density 23290 g-em™
Melting point 1414°C
Boiling point 3265°C
Heat of fusion 50.21 kJ-mol™
Mohs hardness 7
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Fig. 1. Shape of crucible.
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Fig. 2. Particle grinding process.
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Table 3. Purity analysis according to silica stone particle size (Okdong)

(wt %)
Component . . .
/P aP;‘t ol SiO, Al,O4 K,0 Fe,0; TiO, CaO ZrO, NiO ZnO Cr,04
45 um under 85.50 11.67 1.73 0.67 0.16 0.04 0.18 0.01 0.00 0.02
45~150 um 94.10 4.70 0.67 0.34 0.10 0.03 0.03 0.01 0.01 -
150~250 um 96.70 2.68 0.32 0.20 0.06 0.02 0.02 0.01 0.01 -
250~500 um 97.13 2.31 0.29 0.16 0.05 0.00 0.00 0.02 0.00 0.02
500 um~1 mm | 97.47 2.06 0.27 0.15 0.02 0.02 0.02 0.01 0.00 -
1~2 mm 95.33 3.80 0.53 0.26 0.05 0.02 0.02 0.01 0.00 -
PAF71E 1 mm~500 imold, AAF B #4YL Fig. of 2o} Trho)] do} viaulg 2B dAsty]

29} Zrom Ay ARG 4 YA FaAdES
Table 32} ZTHXRF AEEA A3HP,

2.3. HI=8! U MEUHH(CHHE M)

23.1. H25 uks Ay 74

Si0,, Al, KCIOy&3HAl) Z8]lal CaF,(&dl2 #%
A F7he] dRE 98T HEE £ & ER e '@
o} Fig. 3% 72 GAE 21 v-g-a398 AA)st
ATk

232, A (@A A9)
Fig. 3«1 @: 1 mm~500 um7HA] B39 F4LS A
KCIO;, CaF,& ol-83l9 717} 100:96:81:552 &35 }

HslEn) . Fig 39 @: mldlg 2l Hsks
A Zsle] HlZE ukeo] o8t i o] Haw= A
. Fig. 3¢] @: wige dart Axggel 28k
Zwmkgo] i A, Fig. 39 @: HlEH Ax
g ¥ FeeEe -%%s} /) ikl 97io) A
8. Fig. 3¢] ®: Bl=25 4k

2o Yolgle EiE (Al Ca, K)— xﬂﬂs}ﬂ 1
2 AR ERFY 92 11 v R 300°CHA
2477k 7HESth Fig 39 @: A AEo] B F
THFE o8 W wEsle] AFHE F Fig 49 e
AR Az A TI-HAR A .

olo
o 2
>

z

Fig. 3. Process of thermite reaction.
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Fig. 4. Cleaning and drying process.
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Table 4. Impurity-free metal silicon

Sample Chemical composite (wt%)

No. Si Al cl Ca Fe
1 95.60 2.93 1.21 0.13 0.06
2 95.80 2.92 1.09 0.13 0.06
3 95.80 2.93 1.03 0.13 0.06
4 95.00 2.88 1.03 0.81 0.22
5 95.50 2.85 0.97 0.81 0.22
6 95.08 2.85 0.95 0.81 0.22
7 95.04 2.88 1.18 0.56 0.28
8 95.18 2.90 1.08 0.56 0.26
9 95.28 2.85 1.04 0.56 0.26
10 95.80 2.83 1.11 0.13 0.05
11 94.90 2.82 1.09 0.13 0.05
12 95.40 2.83 1.53 0.13 0.08
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Fig. 5. Analysis process of metal silicon fine particles.
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Fig. 7. Analysis and mapping result of thermite reaction

result.
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Fig. 8. Analysis of metallic silicon shape before impurity removal.
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Fig. 9. Analysis of metallic silicon shape after impurity removal.
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