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Fig.1 Flow chart of the process
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Table 1 Analysis results of main elements in black powder
W53/ wi%
LRSS
Li Ni Co Mn Cu Al Fe F P
Bk 3.36 22.974 15. 683 15. 099 8. 543 4. 406 0.924 4.962 1.245
F2 WRHISEBEPFKESWER
Table 2 Results of gas analysis during crushing process
T WP, R HF ¥/ HF fERGE/ VOCs WRIE/  VOCs HERCHE %/
st
C (mes™") (mgem™) (kg+h™") (mg+m™) (kg+h™")
1# 33 21.0 6.74 0.054 4 230 1.86
2# 33 26. 1 0.29 2.90 x107° 67.9 0.679

HL M BE E J , PE AR 1Y HF ¥R 6. 74 mg/m’ |
VOCs ¥ ¥ 230 mg/m* , HF 1 VOCs HHEHGHE 343
R 0.054 4 kg/h F11.86 kg/h, 2ot UV SGfi kb33
J5  HF B9k BEREAIC 2 0. 29 mg/m3 ,VOCs F ¥k B %
iK% 67.9 mg/m’ , AH N A4 HE 5 26 43 51k 2. 90 x
107> kg/h F1 0. 679 kg/h,, 38 1 % b HE B 26 09 %
i, % UV JCff b5, HE M BR %0 94.69% ,
VOCs IR 3K 63.49% .
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Table 3 VOCs gas detection results at 1# gas

extraction point

Kt (ﬂffg K ﬂffz
IR 2.83 48 I 0. 205
S 0. 099 v S 1.91
EC e 0. 287 Xof 6] L FR R 0. 496
LR T 40.7 2- B 0. 089
F 151 R 2.17
ANH R P e gk
w00 |emmamen <>
3-8 0.125 2 gt <0.003
IE B 1.13 A 0. 008
SIS 24.8 1284 <0.003
BRI 4.08 2-T- [ <0.003
R T Mg 0. 084 I R 0.010
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Table 4 VOCs gas detection results at 2# gas

extraction point

T Bt T 1 el
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PR 0.41 48— HI K 0. 007
SN 0. 507 LA <0. 006
EE ke 0. 059 M) R 0.010
LR 58.8 2-BR <0.001
S 0. 043 KN 0.012
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373 0. 055 2R H ik <0.003
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MR TR 0. 003 1-+ =4 0. 020
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Fig.2 Ratio of weight loss caused by pyrolysing

black powder
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Table 5 Analysis results of valuable elements in black powder after pyrolysis %
Pl Li Ni Co Mn Cu Al Fe F P
550 C 3.45 23.785 15.948 15. 659 8. 815 4. 660 0.902 2.284 1. 063
600 C 3.82 20. 694 14. 475 14. 524 10. 114 7.102 1.272 3.206 0.744
650 °C 3.86 20. 424 13.712 13. 890 10. 577 7.035 1. 196 4.735 0. 867
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Fig.3 XRD pattern of pyrolysis products
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Table 6 Gas analysis results of the pyrolysis process

wees mec  TRES V0GR
(mgm™)  (mgem™)
1#-1 20 0. 66 85.8
24#-1 20 0.61 27.7
3#-1 20 0.26 17.7
1#-2 20 0. 64 82.9
2#-2 20 0.38 27.6
3#-2 20 0. 09 13.2

RT 1#1 B VOCs SIFEB DD HER
Table 7 VOCs gas detection results at 1#-1 gas

extraction point

Ko *ﬁ?}ﬂﬂéﬂ.‘%/ - Kj‘imﬂé%.%/
mg'm~") (mg-m™")
P 1.32 2K 0.303
SN 0.992 V¥ S 1.97
ECH 0.235 i ) R 2 0. 603
LR T 3.45 2-Bei <0. 001
ES 59.3 RN 3.04
AL IE T B
P 099w mmem <
3- 131 0. 024 2 H it <0.003
iEBEbE 0. 706 AT 0. 080
S S 12.3 1- 284 0. 006
B2l 1.39 2- T 0.026
IR T T 0. 050 -1+~ 0.022
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Table 8 VOCs gas detection results at 2#-1 gas

extraction point

i ARy AR
(mg-m™") (mg-m™)
P 3.56 AR 0. 527
FEINBE 0.955 Vv~ 2.08
IEC b 0.379 X ] — 2R 0.915
2R 10.6 2- B 0. 099
ES 39.6 KN 4.67
AN P L
b 00 e amen &
318 0. 194 2 gk <0.003
E B 2.69 R 0.138
P 15.8 1A <0. 003
B 0.59 2-T-fid <0.003
LR T T 0. 050 1-+ 0 0.017
R 2#1 | VOCs SEH AR

Table 9 VOCs gas detection results at 2#-1 gas

extraction point

i 5 ﬁféj ﬂmf; K 2 iiﬂéi %i;
PR 0.72 AR R 0. 086
B 0.030 K 0. 580
IEC b 0. 145 Xof ] — 5 0.172
LR TR 1. 62 2- B 0.035
FS 17.3 KN 0. 682
AN R P R
b 00 s O
3- 1T 0. 027 7 H ik <0.003
1EBEbE 0.310 2 0.016
CIES 4.89 1-58 0% <0.003
BRI 0.937 2-T-fid <0.003
MR T T 0. 050 -+ <0. 008

) FERST R R LR OER KON LAREA
A, 2455 R 3# 5.1 VOCs 19 2B AL, (B2 3#
S VOCs WeFE B AR T 2405 . ARIEHL i Tl I5 4

VIR ( GB30484—2013 ) , % T8 B /4% .



U B IH =08 B 1 F 1t 20 SR R B AL B T BRI

F10 2#2 m VOCs SEHATHER
Table 10 VOCs gas detection results at 2#-2 gas
extraction point

e PR gy R
PR 0.36 A K 0.126
S 1. 11 4% S 0. 478
IEC 1.44 Xof 6] L FR R 0.209
LR TR 0. 200 2- B 0. 025
ES 17.2 KN 0.793
7S H A TR TR B A ik

b O amem <™
3-8 0.058 24 H gk 0. 024
IEBEGE 0. 066 R 0.034
R 5. 14 1-Z8 43 0. 008
R 0. 244 2-T-fi 0.012

LR T Wi 0. 026 1-+ 4 <0.008
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Table 11 VOCs gas detection results at 3#-1 gas
extraction point

LRI BITRE| jiiuéj %i; K 5 tﬁrfi %2;
P 0.38 A I 0.076
FEINBE 0.019 V¥ S 0. 520
EC 0.172 X ] — 2R 0.143
LR TR 0. 995 2- B 0.025
ES 10.5 KN 0. 559
7S Lk [ i
e 0.0t zmaﬁjﬁ?gﬁi@a <0007
3-8 0.014 2 gk <0.003
1E B 0. 066 o 0. 027
HH 2R 3.56 1-%8 04 <0.003
IR 0.612 2-T-fid <0.003
LR T T 0. 044 1-+ =0 <0.008
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Table 12 VOCs gas detection results at 3#-2 gas

extraction point

ey PRy AR
PRI 0.23 4B I 0. 157
S 0. 068 v S 0.631
ECH 0.209 X ] — 2R 0.243
LR T 0.728 2- B 0. 026
F.S 5.79 KN 1.48
NHEE R TN A

b 000w amem <
3-8 0.010 2 H gt 0.014
iE Bk 0.187 R 0. 068
Gib N 3.00 1-28 4 0. 005

BRI 0.359 2-T- [ <0.003
LR T Mg 0.020 1-+ 4 0.014
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3) AL SR IEPE B + B A 2 AT AL B
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SRR 3 84. 08%
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Research on multi-stage shredding and pyrolysis pre-treatment

technology for spent ternary lithium-ion battery

LI Mingchuan
( China ENFT Engineering Corporation, Beijing 100038, China)

Abstract; In this paper, using spent 18650 ternary lithium-ion batteries as raw materials, the changes of

valuable metal content and phase composition during comminution and pyrolysis were investigated by

carrying out multi-stage crushing process and pyrolysis process, and the concentrations of HF gas and

VOCs gas generated in the pretreatment process were measured. The results show plastic film, copper

and aluminum powder, metal shell and black powder can be effectively separated from waste batteries by

multi-stage crushing process. The black powder has an unsatisfactory effect on the removal of fluorine and

phosphorus in the materials after pyrolysis process. With the increase of pyrolysis reaction temperature ,

the characteristic peaks of metal nickel and metal cobalt appear in the pyrolysis products. After treatment

by ‘activated carbon + alkali absorption’ device, the maximum removal rate of HF and VOCs gas from

pyrolysis tail gas was 85.94% and 84.08% , respectively. The pyrolysis products obtained by pyrolysis

pretreatment can be directly fed into the wet process to further recover lithium, nickel, cobalt,

manganese and other valuable metal elements. The experimental phenomena and conclusions of this study

can provide some reference and guidance for the design of industrial production.

Keywords: ternary lithium-ion battery; multi-stage crushing process; pyrolysis process; recycle;

electrolyte ; tail gas treatment
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