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Abstract

We devised a procedure for the recovery of silicon and tempered glass from waste photovoltaic (PV) modules using optimized
conditions. The tempered glass was recovered without any damage using organic solvents. The surface material is removed by
applying an acid solution on the surface of the PV cell. Through our proposed method, we offer a much more efficient approach
for recycling solar cells with a surfactant than the conventional method. This process, we obtained pure silicon with a yield of
90% by chemical treatment with the surfactant at room temperature for 18 min. The silicon yield was characterized using an
inductively coupled plasma-atomic emission spectrometer.
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Fig. 1. The typical structure of ¢-8i PV modules.
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Fig. 2. Schematic flow chart for recovering tempered glass
from waste PV modules using organic solvents.
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Table 1. Sheet effects of various organic solvents on EVA

solvent 1 min 30 min

[N
.
=
oy
=

120 min 210 min

2-Propanol X

X

4-Methyl-2-pentanone

Petroleum benzene

>

Tetrahydro furan O,A

@IPbID|x

Trichloro ethylene

Ql1OIDID|X

Toluene

o-Dichloro benzene

Glycerin

Acetone

X|xX|IxX[Dlo|lo

Ethylalcohol

XiIX|X|x|O0|0©0 0| >|>

Ethylene glycol X

X[X|X|x|0|0
X{XIX|x|@|e|lo o|>|D|X
XIX[X|x|©00|©
XIx|x|x|o|l@|oje|b|D|x]|*®

©: dissolved, O: separated, A: swelled, x: no change
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Fig. 3. The schematic operations on EVA in organic solvent.

Fig. 4. Photograph of the tempered glass recovered using Fig. 6. Photograph of the recovered PV cell after EVA was
organic solvent. removed.
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Table 2. The yield of silicon vs. chemical etching time, in the case without surfactant

Immersing time 3 Weight of Welght ot‘ Weight of silicon in etching solution Yield
in ectchi uti silicon recovered etching solution - ) (%)
m etching solution (mg) (mg) Sl(ppm) Sl(mg) 0

60min 210 62.78 1910 119.9 63.65
50min 258.5 63.24 2430 153.67 62.72
40min 362.7 62.96 2610 164.33 68.8
30min 294.9 63.43 1490 94.51 75.73
20min 366.8 63.94 1460 93.35 79.71
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Table 3. The yield of silicon vs. rate of surfactant after etching for 20 min

The weight percent Weight of Weight of Weight of silicon in etching solution Yield
of surfactant silicon recovered etching solution - - %)
in etching solution (mg) (mg) Si(ppm) Si(mg) o
0 366.8 63.94 1460 93.35 79.71
0.1% 253.9 63.19 1066 67.36 79
0.5% 229.2 63.17 1077 68 77
1% 3311 63.62 1324 84 79.7
5% 296.2 65.91 926 61 83
10% 307.8 67.96 788 53.55 85.18
20% 292 73.06 601 439 86.9
25% 2347 73.75 679 50 8243
Table 4. The yield of silicon by effect of agitation
offect of N Weight of Welght of Weight of silicon in etching solution Yield Time
stati silicon recovered | etching solution ; - %) (min)
agiation (mg) (mg) Sl(ppm) Sl(mg) (]
Stir 2394 69.54 374 26 90.2 18
Ultrasonic 2105 7323 470 344 86 20
controller

Fig. 7. Photograph of the pure silicon recovered using
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Table 5. An amount of metal impurities measured by ICP-AES

Elements

Metal electrodes

Anti-reflective layer

Ag

Cu

Pb

Al

Ti

Concentration (ppmw)

ND

ND

ND

0.8

ND

ND : No Detection

ICP-AES device has the detection limit of 0.1 ppm.
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