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Abstract

This paper presents an eco-friendly approach for reducing chemical solutions in the chemical
process of recovering silicon from a silicon solar cell separated from a waste solar panel.
Methanesulfonic acid or laser ablation was used to remove Ag metal electrodes instead of nitric
acid. These processes can reduce the use of chemical acid solutions by 50% in our reference
process consisting of nitric acid and hydrochloric acid. The purity of the recovered silicon
powder measured by inductively coupled plasma atomic emission spectroscopy was more than
99.99% (4N). The feasibility of anode material for secondary batteries was tested by
manufacturing recycled silicon powder and SiC powder using the recovered silicon. When the
recovered silicon powder and high-purity silicon powder were mixed with the SiC powder, the
initial capacity was 1256 mAh/g.

Keywords: 2733 A2]& e 2] (Crystalline silicon solar cell), HE]%F72](Waste solar
cell), H¥FF -5 (Photovoltaic module), &8 (Recycling), <=L (Purity)
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Table 1 Reference process step for Si recovery

Process step Solution Solid-liquid ratio String Temperature Time
1 HNO;15 wt%
2 HCI36 wt%
3 NH,HF, (5 ~ 10%):H,0, (5 ~ 10%): 30 250 RPM 20°C 20 min
HxSO4 (15 ~ 20%):DI water (60 ~ 75%)
4 KOH 10 wt%
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QAg + H,O, — AgzO + H,0O
AgQO + 2CH3SO3H — 2CH3SOgAg + H,O
ZAg + H,O, +2CH;SO3H — 2CH3SO3Ag + 2H,0
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Table 2 Reduced process step using MSA for Si recovery

Process step Solution Solid-liquid ratio String Temperature Time
1 MSA : H0, = 1:1
NH4HF; (5 ~ 10%):H,0; (5 ~ 10%): o .
2 H>SO4 (15 ~ 20%):DI water (60 ~ 75%) 30 250RPM 20°C 20 min
3 KOH 10 wt%

lectron Image 24

Electron Image 21

(@ (b)

Fig. 1 (a) Front and (b) rear SEM images of silicon after the end of the KOH process in a process etched using MSA

Element WT% Element WT%

Fig. 2 (a) Front and (b) rear EDS of silicon after the end of the KOH process in a process etched using MSA
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Fig. 3 SEM image of Si removed by laser ablation of Ag electrode
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Table 3 Purity of recovered Si using MSA process

Element Concentration (ppm) Element Concentration (ppm)

Ag 11.8 K <0.001
Al 4.9 Mg 0.013
B <0.001 Mn <0.001
Ca <0.001 Mo <0.001
Cr <0.001 Na 2.25

Cu <0.001 P <0.001
Fe <0.001 Pb <0.001
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Table 4 Purity of recovered Si using laser ablation process

Element Concentration (ppm) Element Concentration (ppm)
Ag 2.3 K <0.001
Al <0.001 Mg <0.001
B <0.001 Mn <0.001
Ca <0.001 Mo <0.001
Cr <0.001 Na 1.09
Cu <0.001 P <0.001
Fe <0.001 Pb <0.001
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Fig. 4 Specific capacity of SiC powder made of recovered Si and recovered Si
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