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Article history:

Silica is the most readily available and the cheapest silicon material on Earth.

Received 4 June 2021 Silicon shows excellent performance in many fields such as semiconductors
Revised 23 June 2021 and solar cells, and is currently a key material in industry. Although an electric
Accepted 28 June 2021 arc furnace is used for mass production of silicon, there are critical
disadvantages that need to be resolved. In this paper, we propose a CO,
Keywords: laser-assisted carbothermal reduction process that incorporates a laser beam as
S%l?ca an energy source. This process can successfully reduce silica to silicon, and the
Silicon . products are dry nanopowders that are easy to handle. We analyzed the
Sand to silicon . characteristics of the nanoparticles produced through Raman spectroscopy and
Carbothermal reduction electron microscopy analysis. In addition, we present the production yield and
CO, laser energy efficiency through a quantitative analysis for the first time.
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Fig. 1 Pictures of the sample before (left) and after (right)
irradiation with laser!'®
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Fig. 2 A schematic of the conventional reactor and a picture
showing the inside of the reactor viewed from A during
the experiment (right)

Fig. 3 Brown powder on the cover glass

% 2 0] e ARAOIICE & A2 B4 ey 9
22 fEsto] ZeE] ZYFORM g0 A BAo|
7Fse el YEE ol Uigleh =, ek E3(Raman
spectroscopy) Tt FARIAER|Z(SEM) £42 B8 AE 24
o A7 MEZoln 37 4 Urolele] ¥ Yeig wx 9

T

o2 RISt

2. Ay g
SgtRare Bk A 9] silica (0-0.05 mm Cat. No. Si5210,

Daihan agent)?} carbon black (VULCAN XC72R, Cabot
Corp.)g 1:19] BHlE= st WA 14 mm, o] 16 mm9)
SA=7F ol 1.4 g Bof 5 kg 3102 12A qEA|ZT 1
% SEHo| BN 100°C2 1417F B9t 7hadeto] 282 A73
ok ZJole] AR Fig 45 2] gsIglon] Yol Azl
7FAN, gas)’t E0l@= ZEJL 9Jlom MFC (mass flow
gx|ste] U 291712 Aloslg)

CO, laser beam (continuous

controller)?} vacuum gauges
tt. 10.6 umo IHFE 7=
wave, maximum power 120 W, model: SR 10i, Rofin-Sinar
UK Ltd.)& 4] ZnSe windowE Ex5to] 2jale] Ujxof At
U8 BAEIH] Folo] ZAHTH FolE] F7lole Mo Bre
AAuolglo] UHE A VLY 4 glom YA s

L 7he o] ZEG AP F SR XS 24

A3

8%



Journal of the Korean Society of Manufacturing Technology Engineers 30:4 (2021) 253~258

Mirror

Vacuum
Gage

MFC

Outlet

Fig. 4 Reactor diagram

Fig. 5 Powder collected in the filter paper (left) and powder
collected in a vial (right)
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Fig. 7 SEM image of brown powder
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Fig. 8 Experimental table a (left) and b (right) condition experiment
picture

SiOy(s) + C(s) = SiO(g) + CO(g)
3Si0(g) + CO(g) — 2Si02(1) + SiC(s)
2Si0(g) — Si(l) + SiOx(1)

SiO(g) + 2C(s) — SiC(s) + CO(g)
SiC(s) + SiO(g) — 2Si(l) + CO(g)
28i0; + SiC — 3Si0(g) + CO(g)

SiOx(1) + Si(l) = 2SiO(g)
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Table 1 Experiment table (a, b)

No. Time (s) Loss (mg)
a (left) 60 44.7
b (right) 300 215.4
1 1
3004 Mean 852.4Torr L 900
SD 14.7Torr
2504 Mean 190.8mg -850
SD 13.2mg o
2004 T 800
<)) 1 »
& 750 g
o 1504 L 5
g 3
— 1004 700 9
50 L 50
0 r -0
Loss Pressure

Fig. 9 Histogram of weight loss and pressure change measured
during the continuous experiment (Loss - Mean 190.8 mg,
SD 13.2 mg, Pressure - Mean 852.4 Torr, SD 14.7 Torr)
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