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2LiC00,+2A1=Li,0+2Co+Al,0; “)

2LiCo; Ni,0,+3C=
Li,O-+(1—x)/2Co+x/2Ni+3CO(g) (5)

4LiCo;_Ni,O,+Al=
2Li,0+(1-x)/4Co+x/4Ni+2Al,0; (6)
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Table 1 Conditions and results of recycling spent LIBs by chemical leaching

Chemical leaching

Condition

Leaching efficiency Ref.

2 mol/L H,SOy, 10 % H,0,(volume fraction),
30 mL/g(L/S ratio), 70 C

2 mol/L H,SOy, 0.97 mol/L H,0,,

98.46% Co, 98.56% Ni,
99.76% Li and 98.62% Mn

Over 99% Li, Ni and Co, 94%

[41]

32,42
10 mL/g(L/S ratio), 30 min and 80 ‘C Mn [32,42]
Inorganic 2.75 mol/L H;PO,, 10 mL/g(L/S ratio), 99.1% Li, 1.2% Ni, 4.5% Co [43]
acid 40 °C and 10 min and 96.3% Mn
H,SO,+H,0, at 50 C and 3 h 90% Mn and>96% Co [44]
Acid 3 mol/L H,SO,, 5% ethanol, S/L of 20:1, .
Over 99% of Liand C 45
leaching 3hand 90 C ver=Eve of Hand Lo [43]
3.5 mol/L acetic acid, 40 g/L, 99.97 % Li, 92.67 %Ni, [46]
4% H,0,(volume fraction), 60 ‘C and 90 min 93.62 % Co, 96.32 % Mn
95.74% Li, 98.27% Ni, 98.06%
Maloni id+H,0O ’ ’ 47
Organic alomieact e Co and 98.54% Mn [47]
acid 1.0 mol/L citric acid, 8% H,0, S/L of 40:1 .
’ ’ ’ fLi 4
70 min and 70 °C Over 99% of Li and Co [48]
0.075 mol/L benzenesulfonic acid, 3% H,0,, .
99.58% Li, 96.53% C 49
S/L of 15:1, 80 min and 90 °C o b o0 [49]
1.5 mol/L NH;H,0, 1 mol/L (NH,),SO; and 60.53% Li, 100% Ni, [39]
NH,HCO;, S/L of 20:1, 180 min and 60 ‘C 80.99% Co, 100% Cu
Alkaline leaching .
6 mol/L NH;H,O, 0.5 mol/L NH,Cl, 0.5 mol/L 90.3% Li, 100% Co, [50]

(NH.),S0s, S/L of 10:1, 30 min, 150 C

98.3% Ni
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Table 2 Conditions and results of recycling spent LIBs by bioleaching
Mai 1 i Leachi
ain m?:ta S content 1n raw Bacter Condition eac. ing Ref
materials of spent LIBs efficiency
0 T . . 0,
31.18% C,O Aczdlth.lo'baallus c.’alc?'us, 45 mol/L FeSO,-TH,0+S, 99.9% C(?,
9.07% Ni Leptospirillum ferriphilum, 2 d. 130 t/min. 45 °C 99.7% Ni, [55]
, r/min, .
7.04% Li Sulfobacillus spp., Ferroplasma spp. 84% Li
22.05% Co o . . 72 h,100 g/L pulp density, 94% Co,
Acidithiobacill d 56
3.03% Li cidithiobacillus ferrooxidans 160 r/min, 30 C 60% Li [>6]
03 g/LGSH, 1.5d
2.84 mol/L Li o . s G 98.1% Li,
An acidophilic microbial consortium 5% pulp density, [57]
24.08 mol/L Co . ) 96.3% Co
pH 1.25, 42 C, 180 r/min
21.31% Mn 100% Li,
16.54% Co 94% Cu
1% pulp density, ’
5.93% Cu Aspergillus niger 130 r;ﬁ;%;{gl }3]0 d 72% Mn, [53]
2.26% Ni ’ ’ 45% Ni,
2.22% Li 38% Co
15.9% Co Aspergillus niger strains and 40 d, pH 3.5, 200 r/min, 82% Co, [58]
2.07% Li Acidithiobacillus thiooxidans 30 'C, 0.25% pulp density 100% Li
20.4% C 53% C
’ ,0 Biolixiviants generated by Az. 10% pulp density, ° (,)’
27% L thiooxidans and At. ferrooxid. 100 mmol/L H,80, 25 C 0% LL [59]
iooxidans . ferrooxidans
11.7% Cu S 74% Cu
30.4% C 3.7% i Ifate, 0.59 50.4% C
o (,) Acidithiobacillus ferrooxidans and /6 Iron S.u ) e.l e, 0.5% o (,)’
10.3% Li Acidithiobacillus thiooxid sulfur, 16 d, initial pH 1.5, 99.2% Li, [54]
cidithiobacillus thiooxidans
8.2% Ni A.f/A=3/2 89.4% Ni

[, A H AR 2 N —Fh i 7] P9 4 4% 2] 53 A — P )
dr, BEMSEIL B 7R HE, H ARG A
& T--C OB FR(D2EHPA). 2- 2.3 IR
B0 Z RO (PC-88A, P507). —(2,4,4- = H LK IE)
X2 (Cyanex 272). Versaticl0 1 LIX 84 £,
NGUYEN Z25% VA IR B Z — 40 88 [ U % 1H
HE TR RaheRELE 7). H%, R
I WL(ALI-SCN) A B R W tH i B T 2%
iR RUCR A IA R 92%; #:, WKW pH (E
2% 2, PL Aliquat 336 Fll Cyanex 27 AACEUF R B,
BLZERCR ATIAR] 99%; 1M f5, PRI TR pH
% 2, MHE THEB(AL-CY) XU, 2R
ALIAE] 99%. Ha, [FIEERE IR, SCHlgs.
B RN IE — o B AN EUSCRT

A2 PTE VR I R R PN DTE R, AR
FRHES T /K UTiE A B AR o A B . B

B, SR A IE AR R RN R vE R S A
1A, BRIRAN. EEREREN . KA. W, —
L7, 5 IR AL AN . KUMAR 2852 A
MLERIR tH IE M R KL, I 3845 B IR i & i W 6
Ja, JEitiEd] pH K H AR BRAETTE, R
FHRR BRENDTUE 1 RIS, 15 21 B BR AR P i ) 44 B m]
%% 99.22%; VERMA 25 DL 55 5 A1 85 % S s iR
HFA] BEELL LipCoO4 FEHN KA AT, B 7E [ AH A
PLERRES T RUTUE . 85, P FH AR R VT3 (Bl i
A A ER, (R SIS R VS P A B P A (AL I
7(b))-

BT A IEAE B A A A T & 8
FRATAC R, DI BIFREN S 2 B IE AR EHR H i
HARE 719 H . AT TP207 2L ES 14 Mgk
PEVER ZBRIZ B R A, $RAME BB
B pH=2.5, =2 HRAER P IEHEE 10 ],
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Recycling of spent lithium-ion battery

LEI Shu-ya', XU Rui', SUN Wei', XU Sheng-ming”, YANG Yue'

(1. School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China;
2. Institute of Nuclear & New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract: With the development of new energy industries, the demand for lithium-ion battery (LIB) continues to
increase. The massive use of LIBs will inevitably generate a large amount of spent LIBs. On one hand, spent LIBs
contain toxic components such as fluoride and must be treated in a harmless manner. On the other hand, spent LIBs
contain many valuable metal components, such as nickel, cobalt, manganese, and lithium, which have resource
properties. Therefore, the recycling of spent LIBs can not only protect the environment, but also alleviate the
shortage of metal resources, and promote the sustainable development of the new energy industry. Currently,
recycling spent LIBs has become a hot topic all over the world. This paper systematically reviews the latest
research progress in the recovery of spent LIBs, with emphasis on pyrometallurgical and hydrometallurgical
process, especially the detailed analysis of the technologies of crushing, leaching, separation and regeneration, in
the hydrometallurgical process, and prospects the development trend and research focus, in order to provide
reference for the efficient recovery and utilization of valuable metal components of spent LIBs.
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