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Abstract

Silicon carbide powder was prepared from carbon black and silicon recovered from waste solar panels. In the solar power
generation market, the number of crystalline silicon modules exceeds 90%. As the expiration date of a photovoltaic module
arrives, the development of technology for recovering and utilizing silicon is very important from an environmental and
economic point of view. In this study, silicon was recovered as silicon carbide from waste solar panels: 99.99% silicon powder
was recovered through purification from a 95.74% purity waste silicon wafer. To examine the synthesis characteristics of SiC
powder, purified 99.99% silicon powder and carbon powder were mixed and heat-treated (1,300, 1,400 and 1,500 °C) in an Ar
atmosphere. The characteristics of silicon and silicon carbide powders were analyzed using particle size distribution analyzer,
XRD, SEM, ICP, FT-IR, and Raman analysis.
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Fig. 1. Process diagram of high purity silicon recovery and
synthesis of silicon carbide powder in waste silicon
wafer.
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Fig. 2. Photographs of waste silicon before and after leaching.
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Table 1. Analysis results of silicon components

raw materials | 1% leaching | 2™ leaching
Sipurity (%) | 95.743 99.932 99.994
Impurities (ppm)

Al 35,110 454.0 <0.1
Ag 5,107 25.5 <0.1
Te 1,433 445 18.8
Ba 254 1.1 <0.1
Pb 119 18.0 0.1

Bi 102 0.8 0.1

\" 92.1 4.0 <0.1
Zn 71.9 32 <0.1
Sr 50.2 0.4 <0.1
B 40.1 1.8 <0.1
Ca 36.3 9.1 1.7

g2 B2 A SE R EEd7] € 94 24
71& o]&sto] BASIglom, ¥ A& 71 30ppm oY
Q1 AgE-9] A ZAIE Table 10 YeFHQITt. 423t
X9} Zro] A& =k 95.743%2] HAEES 13} DAk
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99.994%9] J¢k APE B dHSI 13} JE
Igo A HAkE AR AL FEES AA&S]S5t
7] 91t Ao, 23 AEIF oA SIS AFERE A
H|F4 JES 8702 A A Ygt Zolct. HAg
2 Hol#9] 3= AXFEIE Table 2] YERAIT
Aol Ko} o] Al £ 95.74% HA |2 o]
T 14kg S AF85}0] 99.994% AE]Z 12.187kg S 3]4~5}
] 90.91%2] 3485 LT 5= USIch
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Table 2. Recovery rate of waste silicon wafer

Weight Silicon purity
(ke) (%) 12.187 % 99.994
Silicon wafer 14.000 95.743 Recovery rate = — 2o 20-915%
High purity silicon 12.187 99.994
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Fig. 3. SEM analysis of carbon black and silicon powder.

Table 3. Chemical components according to heat treatment
temperature (1300°C, 1400°C and 1500°C)

1300°C 1400°C 1500°C

SiC (%) 89.8 95.9 95.6

Free-Carbon (%) 6.60 3.68 4.01

Free-SiO- (%) 1.69 0.19 0.18

Free-Si (%) 0.74 0.15 0.15

O (%) 0.86 0.06 0.05
Impurities (ppm)

Na 1,013 14.3 9.2

Ca 811 38.2 16.4

K 383 21.8 14.7

Mg 182 1.9 2.2

Fe 124 245 6.3

Zr 104 77.0 70.5
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(a) 1300°C

(b) 1400°C

(c) 1500°C

Fig. 5. SEM analysis of SiC powders produced at 1300°C, 1400°C and 1500°C.
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Fig. 4. X-ray diffraction patterns of SiC powders produced at
1300°C, 1400°C and 1500°C.
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Fig. 6. Particle size distribution of SiC powders produced at
1300°C, 1400°C and 1500°C.
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Fig. 7. FT-IR analysis of SiC powders produced at 1300°C,
1400°C and 1500°C.
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