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Study on Recovery of Molybdenum from Waste CIGS Solar
Cells with Stainless Steel Substrate

LI Tuo-fu, JIN Ran-gong, HUANG Hai-hui, CHANG Yao-chao,

WANG Wei-zhen, GAO Chong, XU Xiao-hui
(BGRIMM Technology Group, Beijing 100160, China)

Abstract: Molybdenum in waste copper indium gallium selenide (CIGS) thin film solar cell chips has high
recovery value. A process of “oxidizing acid leaching-removal of selenium with sodium sulfite-extraction”
was proposed to recover molybdenum in stainless-steel substrate CIGS solar cell chip. The results show
that “hydrogen peroxide+sulfuric acid” can leach metal elements in coating without harming the stainless-
steel substrate. Influence of solid-to-liquid ratio and amount of sulfuric acid on leaching was
investigated. Under the optimal process conditions, leaching rate of majority metal elements in waste chips
is more than 95%. “N235 -+ isooctanol 4 kerosene” can extract molybdenum efficiently in acid leaching
solution, but selenium will be co-extracted with molybdenum. After selenium precipitation using " sodium
sulfite + hydrogen peroxide", molybdenum extraction rate can reach 98% above, while other metals are
hardly extracted. This study provides an effective method for treatment of waste chips of copper indium
gallium selenium thin-film solar cells on stainless steel substrates.
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Fig. 1 Schematic map of CIGS chips

with stainless steel substrate
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Fig. 2 Waste CIGS chips with stainless

steel substrate
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Table 1 Experimental results leached with
H,S0,+ H,0,

LR Fht/(g- LT BHE%
Cu 0.29 98. 9

In 0. 40 96. 7
Ga 0.11 92.7

Se 0.93 99.0
Mo 0. 83 99. 8

Fe 0.073 —

2.1.2 R MwE A

[ 5 VA WBC o 100 mL /K +30 mL i 8 L &
(30%)+5 g BRlER . 4> MIH 10,20 F1 50 g K (12
R HC AR YO 130605 1 2. 6) . I IR IR G
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Table 2 Effects of liquid-to-solid ratio on leaching rate

W L I H Cu In Ga Se Mo Fe
WRE[(gs L7H 0. 29 0. 40 0.11 0.93 0.83 0.073

e BHRI% 98.9 96. 7 92. 7 99.0 99. 8 —
) /(g LD 0.63 0. 88 0.28 2.03 1.87 0.12

7 BHE% 98. 25 96. 84 94. 91 98. 41 99. 2 —
Wl /(g L7 1. 470 2.070 0. 550 4. 650 4. 100 0.520

2.6 BEHRI% 96. 71 96. 24 95. 33 98. 69 99. 07 —
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Wi 5 g I A S pH=0. 4, BEG8 3 2 Ll
AP B SR L IR A GE A 100 mL K Y e BT RR S
W e
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HAE b SCRT IR 45 4 AT 256 o Tk ik B 5t Rt Aic
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50 g k. MNF 4 LA Y R B SO 25 AR L A VA
BROAG B R R IE E) 950 L b BRI h Al
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Table 3 Effects of amount of
H, SO, on leaching rate

i ) e | TR Wk B = %
g (g« L7 Y Cu In Ga Se Mo Fe

5 19.9 96.93 97.11 95.26 98.51 99.20
10 54.3 96.71 96.90 95.14 98.32 99.09 -
15 93.1 97.58 97.32 95.89 98.72 99.27
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Table 4 Results of acid leaching

comprehensive experiment

JLE GHE/(g- LD BHREI%
Cu 1.423 97. 02
In 1. 990 96. 83
Ga 0.537 95. 32
Se 4. 440 98.13
Mo 4.120 98. 97
Fe 0. 480 —
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Table 5 Experimental results of Mo extraction

AU B 1 s 5 T RS8R .
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Table 7 Effects of organic phase concentration on

extraction rate

W[ (g« 17D £ E I
AR O/ Se Mo Se Mo
AW 1:5 3. 980 0. 540 10. 36 86. 89
LW 2 2:5 3. 750 0.063 15. 54 98. 47
ZEAR 3 1:1 3.556 0. 036 18. 91 99. 13

. W E/(g+ L7 IR %
N

Se Mo Se Mo
R 2. 860 0.06 35.59 98. 54
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2.3.1 AHEMF M
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Table 6 Effects of O/A on extraction rate
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73 5 9 T L PR 7 R 8 T A% BCRTT » X R E 47 3L
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Table 8 Test results of selenium precipitation by

sodium sulfite

Fe B E /(g L7 TLRE | %
Se Mo Se Mo
1 2.779 3.577 37.42 13.17
2 0.761 3.477 82. 86 15.61

W/ (g« L7 E eI
AR O/ Se Mo Se Mo
AW 1:5 3.780 0. 008 14. 86 99. 81
AT 2 2:5 3. 660 0.007 17.57 99. 83
RT3 1:1 3.380 0. 005 23.87 99. 88

2.3.2 A UM 152 0

B HLAH P i N235 L B3] 506, B Y LL
32 = 5] 9020 A HUAI L Ry 206 N235-5 06 57t ¥
=90 06 BEH R AT AL IR0 45 SR W3R 7.

M T AT KA U B e AR S 506 TR
WA EE Sy 1 s 5 ISRl 2 OR AT B2 106 4247 - fH
L SR ZEBOCR B R AIR S 86. 8900, £k BT, A
TR R A R SRR 1 e R e T AT e B 20 00 1)

2.5 FEHEZFEWIERR

AR I Ry B, 2R 47 28 5086 . A PILAE 41 AR
20 % N235-5% 5 3 =750 18 il A5 BUAH b Ry
15, BEBUAI LSRR 9 Piow, bRl Js 4010 — 2%
AR AT IRE] 99 90 L b, 00 v i AR AIG 31— AR
B L AE TR A W 25 AR L AT DL 22 W S T ] B R 1
W HAL A T AN CulIn,Ga Fl Fe 3 AW A o A
B, PR OAG i 25 4H A ROR TR AT

*9 MERFEHRKER
Table 9 Results of Mo extraction from

de-selenium solution

TE AR/ (g - LD A %
Cu 1. 237 0. 05
In 1. 385 2.46
Ga 0. 365 1.28
Se 0. 743 2.37
Mo 0.010 99. 71

2.6 SHEEVMHERERRE
K R KN R R FE AR A KW R 130 g/L,
XA A AU R AR AT R R B L 1 A R L 3k
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Table 10 Results of Mo stripping

Mo
B RO ke L) REAIY
A HLAE - 16. 895 —
AR 1:1 16. 870 99. 85
AW 2 2:1 33.450 98. 99
AW 3 3:1 50. 540 99. 71
3 it
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