544 B 3 WICRA 201 D Wikih 4 Vol. 44 No. 3(Sum. 201)
2025 4 6 A Hydrometallurgy of China June 2025

e VYA £ D ke Sk v E K
L-SE 002 /U i 52 6 )% |H el iR PR e it b 5l
— VE | P TR
LR B I HLEIHE ST
B, TR R oF AU LT T
(" PERHE e 2P b 5B TR, 78 EE 546100)

W R IHA s T iyt v 0 R 4 7 VR AR [ S Xt T S i s TR B s D R B s e B EE o X, BFSE T U
L3P SRR /HUIR i e R 22 a3 R IH &5 BR AR iy A M iic &t S48, % 2 T L-3F SR AL D I I /88 ok B L ik 1A
PRFR & IR H TR R R ) % AR Y SR AG R L I i 3h 1 2E B D SEM R AR T TR B ALE . 4

T AR A L3RRV 0. 2 mol/L, BRI BR¥E B 0. 1 mol/L, W A & Ltk 0. 3 mL/1 mg, &
HIREE 70 C, 2 HEFE 1 h, &M T A AR B3R5k 98 Y0 LA I s i@ it B2 R Z AN F Y sUE 6l . Rk

TR IR AT B H B R st P R A ) k8 SR B R & %,
RSB LSRR s BUIR AL IR 5 R H A% 1R 2 e ol 5 32 o 5 8 5 4 s ML

R E 4% S TFS03. 21 XERFRIZAD : A
DOI:10. 13355/j. enki. sfyj. 2025. 03. 004

B R AR (LiCoO,) 1F 81 88 + it vh % Y
—FER AR, Tz N TR A R BIRE
fHRESTR ), (B2 B i Y2 (L R
IH AR B H Tt 5 i Rl 2 38 n PR TH A B H it
FORIU S A R EA N 4& R Co Ml LD i &F
FAL AR VA S F R A X R RN N SRR R A E
|G P s =% o 1 R S A R D SR el = N 1 4
R QESN AR WS N AT 3 TS R (i e g = S i)
PRI 28 T 19 B, A R T HE 3 A7 Mk 1y ] 2
KR,

VAR 4 DR LA AR T L AR BRI L 42 i Tl
WCRB AL ) 2 0 A TR IHAEL S
14 4 J T R G R I T AR T
S R L A Ak TR B TR - LR K R R ) L 1 R
R S (AR SR A AU 5 L IR B S Y A ]
PHL I, R 2% IR 858 A B 18 1 32 1 A R I W A T F
T,

AR A HLRRAE S — Fh 4 € L A] B it 1 35
F o TR RE PR AR B BT A PR AT 2 BTz %

Y75 H#:2025-01-08

XERHS:1009-2617(2025)03-0309-07

DO H L L3RR (C, Hy O MA) 2 — Fh
WA R A A BRI R G REE 5 &
J& B I WU E 125, DT IR 3 4 R
it BEDH s BUIR IR (PR IR, VO 1E R — Fh ik
R RUAT HLFR o FC Ak 24 1 36 UK 76 A0 3 i B h
BA R0 AR R BB = i A Co’ " b
BRI AR Co™ i fi iF 4l 1= il . L3R
FR T IR B2 AE £ i S ISR X 30 5% 1) £ 3 v
BAK, H A VR i A FE A 4 44 B AT 3045
AT RO N RE FR IR REFE L 18 BBkt fe (1
o AT . (HEA Aoy B AE P E R — AL
PR 9 1 BB A 7 I 1 X LS SR R MR
I PR ) B[R 4 R AR 92 415 A 2 S 4R 1) 2 — 38 X 4 R
B RS R AT R S AL RS B R S
BB, LR T L-SE R R AL IR I iR X)
J32 1 F e 1 A L it v 6 5 1 P WD R R PE L R 4R
TRETZSEIFRA G TR H S f i x
oE BILAR s DA Shy oK o I e 0 | v 00 1) J2 TH Ha, e [l
W TZRMES%,

EETR . /AR B GEERE AB22035053, H: B AD20297139) 5 1 7 Bl £7 Ui 35 2% B RF 97 3 4 1 H (GXKS2023ZDB009 ,
GXKS2024QNTDI13) ;7 P B S8 & 1591 B GRERE AB24010240) 57 76 B U 9 27 Be 8038 I 2531 R0 351 H (X2024175) .

F— BB M KA993—) . T A+ PRI, FEEAF I AR R 4.

WS IEE B A7 AT (1986—) , 2, il -, @I 42, RIS 7 1l MR IL B 4 . E-mail: ypfxcbj@qq. com,



¢ 310 - ke 4

2025 4F 6 H

1 RS

L1 RBERRGLH 5

TG JURE < J52 TH Bt TR R FL YL L R 1 o SR BE TR
et AT PR ) GRYI, rh D) 2 TH A 1R v it 22
VR RS AL Sk ROCH | T Bl i 14 TAL S A5 3
IEARATRE I XRD B3 A& 1 7R BT DL AT S i
AR R B AR TE R AW

Jﬁ A ‘l IERAT R
oL o |
LiCoOZ-PDF#50-0653
L L
10 20 30 40 50 60 70
26/(°)

B 1 IER#H XRD EiE
Fig. 1 XRD pattern of anode materials

IR - BUIR MR L W 1 R R T B B AL 2
BRRA A CRED s L- 3 /R (4 R 98%0) W [ I
W SRR LA BRA R CRED . BT 0 3 B
i FH L TCAR4l

FEALE TR sr 6 BT, AAS-6300CF
AL, HA S HES A X AT SHAL (XRD) , Ultima IV
AU, H A 8 ) 5 3 S 4 4 L B (SEMD . MIR-
ALMS Rl fE B HHRA A,

1.2 RREFEES5HZE

L3 S R AT I 10 18 7 15 TH Bl 2 B0 P, b 1 A
WRNE R ) B )R R 3 AR T
PR R RIEL A RE ) . B R A B e R M 25 T W]
DLy i, Horp i A 4 DU IR SR L USRI
B/ A A R BEKS SRR P Y Co® 34 S T )
VA Co™ 5 DT IR B 352 s %6 5 [] isf, L3 21
iz sx 5 Co™ MR ML AW, E— 25 1 KA i
fife B RO RN R

LiCoO, +4H ——Li" +Co*" +2H.,0;

Cs Hy O +2Co" " =—=2C0"" +C,H; Oy +2H " ;

Co*" +2C, H; O, =—=[Co(C,H;0,),]%",

FREC 500 mg JE IH % iR 48 Lt A0 B T
100 mL [ JiK B M B, 4 B m A 0. 05 ~
1. 25 mol/LIy L3R RIFE W5 0~0. 3 mol/LKY

BUIR IR 5 B 58 0 B Tl A3 6 0 0 1) 1 T K v
R U B B E 40~ 80 “C Y Pl 14 5 4k 31 44 AR Bt
R K 0.05~0. 4 mL/1 mg, Li#l Co &%
HHRAXWT .
Ty = % X 100% .,

K oay—Li 8 Co B, Y0, B MW Li
o Co JRE MR . g/ mL; oy, — 1E W A4 R B 18 it I
Li g Co R, ng/mL,

SR G W A0 43 96 06 B 310 52 g W Li
Co Frf 5 R FH X A S AL o0 Hr 61 44 A B i 1)
Al AR ZE AL B SR AR AT IR (20) A 5°~80°, 41 F i i
hy 2°/min, Wit 5 kAR ST R EDE L.

2 KBRAERSIE

2.1 BEEX L Coi2HEMENT
2.1.1 L-FERBIRE

TEHLIN AL IR Hk B M 0. 2 mol /L& i ] 2y
1 h 32 i N 80 C. ¥ [ & L itk b
0.3 mL/1 mg#&fF T #R5% L35 M ik B % Li AN
Co 2R MFE W, S5 1 & 2 PR,

100
X 96
H
™ 92 — Li
—e— Co
1 1 1 1 1 1

88 !
00 02 04 06 08 10 12 14
L-3F BRI FE/(mol » L™Y)

B2 L-¥REREX LM CoRHRNHM
Fig.2 Effect of L-malic acid concentration

on leaching rates of Li and Co
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Fig.9 Variation curves of leaching efficiency of Li (a),Co (b) with time at different temperatures
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Leaching Mechanism of Cobalt and Lithium from Waste Lithium Cobaltate Batteries
by L-Malic Acid/Ascorbic Acid

YANG Pengfei, LAN Fansheng, LAN Junfeng, YE Youming,XIE Xuezhen,CHEN Yanmeng
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546100,China)

Abstract ;: The recycling of lithium cobaltate from waste lithium-ion batteries is of great significance for



55 44 55 3 ) ISR SE L LR/ UM ML X PR TH A R B A v b Al 5 BT R IR AL e 315 -

alleviating resource shortage and reducing environmental pollution. I.-malic acid/ascorbic acid system
was used as leaching agent to recover cobalt and lithium from waste lithium cobaltate batteries. The
effects of L-malic acid concentration, ascorbic acid concentration, liquid volume to solid mass ratio,
reaction temperature and time on the leaching rates of cobalt and lithium in lithium cobaltate were
investigatedThe leaching mechanism was discussed through kinetic analysis and SEM characterization.
The results show that the optimal leaching conditions are L-malic acid concentration of 0.2 mol/L,
ascorbic acid concentration of 0.1 mol/L,liquid volume to solid mass ratio of 0.3 mL/1 mg, reaction
temperature of 70 °C, leaching time of 1 h. Under the conditions, the leaching rates of cobalt and
lithium are above 98%. The kinetic analysis shows that the leaching process is mainly controlled by
external diffusion. The method is efficient and environmentally friendly,and can provide an important
technical reference for the green recovery of lithium cobaltate in waste lithium-ion batteries.

Key words: I.-malic acid;ascorbic acid; waste lithium cobaltate batteries;leaching;lithium;cobalt; mechanism
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