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Table 1 Composition of cathode powder from retired NCM

lithium-ion batteries %
Ni Co Mn Li Fe Al
30. 58 12. 26 17.57 4.19 0.28 1.52

WEvEse . )R A mHR A

§ 71| I < R 0V i € I Y o w4 I AR
Az AR B0 A BR A A 43 BT 4t

WA AR BIBF A S B TR R S
T A O L X SR AT

1 NCM523 IERB A 1Y SEM RO IE 35
K EDS W53 Hr gk 5. Bl 2 5 NCM523 1 #
FK Y XRD i,

1 NCM523 ER#FRE SEM WA 57 (a) ~ (b) & EDS @HADHE R (¢) ~ (i)
Fig. 1 SEM micro-morphology (a) — (b) and EDS mapping analysis results (¢)— (i) of NCM523 cathode powder
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Fig.2 XRD pattern of NCM523 cathode powder
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Fig.3 AG-0 relationship of reactions between each metal
in NCM523 cathode powder and carbon
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Li,O+Li,CO; +2H,S0, —>
2Li,S0O, +2H,0+CO, (4)
AG=—1439. 952 kJ/mol

2Ni+2H, S0, +0, —2NiSO, +2H,0 (5)
AG=—619.117 kJ/mol
2Co+2H,S0, +0, —>2CoSO, +2H,0 (6)
AG=—659. 263 kJ/mol
MnO+H, SO, —>MnSO, +H,O0  (7)
AG=—141.535 kJ/mol
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Fig. 4 Effect of roasting carbon mass fraction on

metal leaching rate

HH &1 4 AT AT BE TR & R Rk v Bk o i 43 B0 K
PR R B S T T BRI A TR A AR
IR AAEFRAE 5% LT s Mk ot B 0 4 & 27 %
DL BB B FRGR 70 UL EOR T RE .. HIE
3] 2k 252 14 e S5 A 43 B5CRT RE £ S B0 BE A O
R4 JE kA et o T (B3 SR B AR, I Ah it i
A B 3 30 2 1 0 REAE , fofF AR 3G 0, PR A A TR
BB RE R R Bk BT A S R D 27 0 EL .

2.1.2 kSRR EIRTIR H A0

TG P ¢ 5 P S T AR R 3 S0 TR A I T T
WO 2700 ZIEHIR G M RHE T A XA
L EERAE ST T 600 °C T &G B a8 B ],
K be = ) 5 2l K DL T s AR T Oy 1/10 1R
& IFE 25 °C iR H 30 min, &% Bt [E] % 45 )8
BRI R mE 5 P,

100
80.___/I——I\._\.
TS 60 -
&
7 —a— 4
™ 40 | —e— 4
g —a— 48
20 - —v— &
0 ol = — x
60 90 120 150 180
& BRI [] /min

5 KERREEX 2 ER H RN

Fig.5 Effect of calcination time on metal leaching rate
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Fig. 6 Effect of calcination temperature on metal leaching rate

FH &1 6 AT« i 08 T B T e R R R e T
R TR B IR MR REE SK LT, X
SR R R be R B 3 = A B Li, CO, M [ ARG 48 Sk i
FH AT REAAAERE S A T IR R 1R R, 25
75 8 8 R RE T EE LA I FE 600 °CAHL,
2.1.4 KEREBERRLE

1 RO A RS 58 5% 11 T BT 45 5 5 i 1) XRD
B an & 7 B

Y 3

10 20 30 40 50 60 70 80
20/(°)

B 7 SEIREH XRD B
Fig. 7 XRD pattern of calcined residue
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Fig. 8 Effect of sulfuric acid dosage on
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Fig. 9 Effect of solid mass to liquid volume ratio

on metal leaching rate
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Fig. 10 Effect of leaching time on metal leaching rate
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Table 2 Main chemical composition of

leaching residue %
Ni Co Mn Li Fe Al
29.56 12. 31 17. 50 0.12 0.039 0.70
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Fig. 12 SEM micro-morphology(a) — (b) and EDS mapping analysis results (¢) — (i) of leaching residue
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Recovery of Lithium from Retired Ternary Lithium Batteries by
Carbothermal Reduction—Two-step Leaching Method
ZHANG Min', WU Xiaogian' ,CHEN Ming®,LI Hongbo? , HU Zhenguang'
(1. College of Chemistry and Bioengineering ,Guilin University of Technology ,Guilin 541006, China;

2. Guangxi Zhiliang New Materials Co. ,Ltd. s Nanning 530000,China;
3. Shaanxi Non ferrous Metals Technology Research Institute Co. ,Ltd. ,Xi’an 710000,China)

Abstract: The selective recovery of lithium from retired ternary lithium batteries by carbothermal
reduction— two-step leaching (water leaching-acid leaching) process was studied. The effects of
carbothermal reduction and leaching test conditions on lithium leaching were investigated. The results
show that the cathode powder and activated carbon are compounded according to the ratio of carbon
mass fraction of 27%. After roasting at 600 ‘C for 90 min, the roasting product is mixed with
ultrapure water according to the solid-liquid mass volume ratio of 1/18, and then 83% of the
theoretical amount of sulfuric acid is added dropwise. After leaching at 65 °C for 20 min, the lithium
leaching rate is more than 98% ,while the leaching rates of nickel,cobalt and manganese are less than
5% ,and the lithium recovery effect is better.

Key words: retired ternary lithium battery; lithium; carbothermal reduction; sulfuric acid; leaching;

recovery

A A A A A A NN NN NN A A A N N N N N N N NN A A A NN NN

AFIEHH

AF| AP B H R ALK E)COP B &2 W) (P AR R B R ) (SR (P B A0S )
CGEEOBRBEENT 5 M) (BERFIREE)BEHFRERTFE) KEARAFEF S PR,
WA M, £ BALE LI (CAS) £ B EBSCO % # % (EBSCO Information Services) . B A FF 5 3 K 3k 3%
HHE B (JST) AL : M 2 # B (CSCIED) , i T A X Wb A 2 7| 3% & = oo P A B FA T XA
BEAT AZEMEEBAF &L, ARG O LRERB, ORI BBINARELP L
R EW, e F U ARG F W,



