544 B 4 WICEEE 202 WD
2025 4E 8 H

k6 4
Hydrometallurgy of China

Vol. 44 No. 4(Sum. 202)
Aug. 2025

FA 15— 725 T A 10 M IR B 2 Il e ke [F R e it b il

LW

A

CHC S S0 AN

(LA B TR B TR 5 TR Bl a2 TR E R E AR, R M
2. TN IR B BRA L TR M

/H%’] ’ F'ZJ:\ 75112&]

510641
510700)

FEE X R R M 12 A R TS0 T R, O W M A ) i o B 888 R T Y IR A, BF 5 T — ol e a5 4 i 4K LAl
e aE IR R, R AR E B T 58 W B 7k TR0 IH AR b b R 25 SRR AR KR
5 mol/L . NH, Cl # ¥ 0. 7 mol/L.(NH,),SO; ¥ & 0.5 mol/L. & 140 °C . [& & & AL 20 /1 L, i
[8 50 min £ F ,Co.Li,Ni #& i F4» HI AT ik 88.0%.,90. 0% .92. 5% ;s fEIRJE 20 C i 1 mL/min 204 F .
JH 40 g CH-90 A4 JR & £ PE WK 150 mL 232 W, Co W &4 9. 06 mg/g; i i FT-IR.SEM . XPS Ak Al A1,
B SRR E REMIH 1 Na® 283, DLLCo(NH,), J*7 B W BEFE A4 Bg b . Al ] e 1% 44 0T 0 [l e e 1R 46 480

JE OUVE (BR AT L A5 7= AR BE R 97, 500 CoCOs 7 i
KGR A R s BR TR G 5 ER 5 T S H W I 5 MR 5 ML

i E 4y %S TF803. 21; TF816 XERARIRED : A
DOI: 10. 13355/j. enki. sfyj. 2025. 04. 003

B r PR B 1 i BB R RE L L
BT RE TR VA2 BT Iz I A DG SR it B AR AR . ELBE
o FLAH A e, PR R S T R AT AR R
HIEIHA S FHR . XEFIHR & H K R
AMAIEITER, T HAE A 77 o 8 b A 7R B
AR L I % N A e S ) R i A5 [ i 2 4
JRICR AR IR, H iR % X 2 4 R Y [l
T EZS R JOE MRS, gk WA=
HORE REAE AR AR A W B T
TREH R AR (5 A E . R
25 I R L R DL LR 15 i3 I g
¥ LiNi f1 Co %A 4 )8 JLF- 2 s 1
237 HEAR pH B URIR - By %o PR 55 A8 1k B, 1
KA B AE s SR iR A IR R RE L S R
T AT R A SRR (AR I R S 22 pH L A
W8 IR 2 N R IR W, 0 T2 & e &
BRI AM A W 3 R s T A 8
o, H AT ME DL SE B R R R 5 e (20D R B

I 5 B #1:2025-01-23

XERS:1009-2617(2025)04-0448-11

LS B 4 Jim e 1) A L R 9 Yk Xk B S5 A
KU R AR T AW R Mk I B
Bt M TH FL S A A TR R R
J& YRR Z R A R A DU e T
A B A W B AR TS HEAT 4R Al ik, R
AR PUBR S T BN A B R AR RCR
B2 R LI L 2 % N B {5 B350 7 A A A
SR, HLARBOR A% 8 s . A DU T 2
REEPEME MW 2 T ELPRSE A B 48 A T, 28 1 (7]
W R A R 5 X T3 D R S A O ) 8 ) S 1L )
PG ORI AR, 28 1~ S e B IR A A 1 22 PR s
HATFRAEPERE AT R AR AR, [) o o 8 i 35 4
IR FH 2 1 S B i o8 BRI T e 19 4
O — S4B H A SC R IH = J0# 5 7 L it
P18 2 5 VR P W R RS At A 5 B 1 A LA iR 0
IR IT 1 2R 25— 1 S Tl W0 3%
DABS R B8 2 1T WA TH B b vl o B8 il LU Dl B3
BT A R AR I — PRI ax AR R 9 75 35

E S A 28 & 45 A 3 B R 5 I AL T 20588 1 55 H (D9214750)
F—EEE N LR (1999—) . Lo WA, RS 7 0] 2 B TH AR 28 7 o 3t 98 IR AL A
BEESE N HEE969—), 5 M, S g TR, 3B 55 7 ) oA 2 DAL & L R S IRAE A . E-mail : qxhu@scut. edu. en,



BoALEE AW e R BT S R R BRI [ OR TH A L R B TSRS - 449 -

D

)

1 REEHH
1.1 RIEERE A E

106 B B 2350 A 45 =K (5 mol/ 1)

(NH), SO, [NH, CL. 3518 il . K EBFK.

2056 T FH FL Tt A SR ) R TH R S
TR AR T, 40 PR 2 5 AR 3 ) BT A A
BB ROk B AT B Fenton [ R 75 1 £  2%
BRAL 457 R W 9 & M (PVDF) L T4 J5 X 1% 1
Wy S AT S A A AR B, (2 S A R
Bi (SEM-EDS) Wl 72 1F 4% b4 B2 B, 7 45 25 SR WL 3%
1.3 Co Ni.Mn, Li Jit & 50 8053 31 17,51 % .
44.47%.2.38%.9. 07% . IZIER A B =22
A4 K LiNi, Co,Mn. O, ,

F1 EBEEEBERBREAR

Table 1 Composition of cathode powder of waste

lithium-ion batteries %
Co Ni Mn Li Cu Fe E |3

17.51  44.47 2.38 9.07 <C0.01 <C0.01 ¥y
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Fig. 1 SEM images of cathode powder after pretreatment
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Fig. 2 Particle size distribution diagram of cathode

powder after pretreatment
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Table 2 Basic physical indicators of resin
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L.SC-930 H #l =5.5 5~14 55~65 100

CH-90 Na #1 =2.0 0~14 45~50 80

D113 H & =10.8 5~14 45~55 100
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Fig.3 Effect of NH,Cl concentration on leaching

rate of three metals
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Fig. 4 Effect of (NH,),SO; concentration on leaching

rate of three metals
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Fig. 6 Effect of reaction temperature on leaching

rate of three metals
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Fig. 7 Effect of reaction time on leaching rate of

three metals
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2.1.5 BERREGARLENEERHRNZMN
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PR R i A B L X 4 T IR R 5 i ]
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Fig. 8 Effect of solid mass to liquid volume ratio on

leaching rate of three metals
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S AR L ek /N 2 38 s AR R A R AR, A
WA LB ZAG TR, B 8B FH .
TR AR N 10/1 HEAL 2 20/1 B, &6 3= i
FAUTRE 2. 5% AR 56 rh & B B 3 50 A m]
W 50 %0 ARSI T . L. A H R,
e 23 28 [N BT s AR LG Sy 20/1

i bR B R R G e IR I T A B
g B2 N B 140 °C, NH, Cl ¥ BE 0.7 mol/L,
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WAL 20 g/1 L, 78i% % F . Co. Li.Ni
RSN 88.0%.90.0%.92.5% ., 12 H
2 UE 5 HEAT IR AL AL B L3S Y FRAR R W pHL DL
FI T2 5 S5 22 B % 4 0@ 0 IR B R . IR R P
Co. Li. Ni By & BC &5 ¥ 1 &= ¥k 2 43 5] o 3.08,
8.23.1.63 g/L,
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(5 AR 9 7R .
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Fig. 9 Effect of different types of ion exchange resins

on adsorption capacity of three metals
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B o, BB N BRI BE 4 B O 26, 378, 9.06,
0. 655 mg/g; H U 1L.SC-930 K. 1 D113 B A5
W BRSO B 25 5 LA s AN 4 S 5 1 1 I A ot A7
g 2 2 S L v R o o e R UK 2 R o
ik, 7=k i 22 S A AR IR 38 BLAE TS AR A 114 225 4
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Table 3 Analysis results of specific surface area and pore
parameters of different types of ion exchange resins

T L‘[Z?%fﬁfﬂ/ '&liﬁqu{l E}Lﬁif:”\/
(m?+g 1) fL4%/nm (em® + g 1)
1.SC-930 5.240 3. 846 0.064
CH-90 26.451 15. 31 0.481
D113 1.934 10. 134 0.017

H & 3 A CH-90 4 g iy bt 2% T ARURI 2L £L
R T LSC-930 #1 D113, %xFH CH-90 #
B AT 5T 22 (10 0% 1 W BRE A7 A0, B 5 B VB B 1 7T
G T TR T TR Al S 8 W B s CH-90 AR

Jig B LB A D) R 2 8 Bl P9 1 it A B 2 Y
BT R R TE Sh A W I AR o R A K 2
325 Ao ] DT o A A 85 ) AR o

ANTRVIS5 B F 22 4 A0 B 1) 45 A8 R ) B DL
4, AHCH-90 WHAE & —Fh B FL AR Bl . HAT W24
BT ORE R N E A BT B sk R R
TES VR A e I M 4 B 1 HLH A 2
ELLR AT 48 (L 5 S 080 A 2 9 B Mk RE s A L 2
T, LSC-930 M i f Al & F R LA EE A5 85 T AR, H]
FEEAWEIE = R E e W e &8 s T HA
TEPEMEM B RE 77 (B A 2 2 R 3R v X B Al B8 ik
BRI CH-90 BERR 2 Y X n] RS2 A CH-90
B i 1) FL 235 ) 2 4t 1 I 1) B T B BE L A
TAE S F R 3 v e B B vy (R e 156 5 D113 B A 2
RALAL S R VEBH B 1 2w i , A R BB RE AT,
THE RS 4 )8 B T U AL A e e AR X 4
15, GBI B 3 Bz CH-90 Fi1 LSC-930 g, 45
B R CH-90 #E47 5 22 FFHAE

x4 TRABESETFTHRMENEHDREERTLL
Table 4 Comparison of structural characteristics of

different types of ion exchange resins

Wi YISt
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" sexy T fiE 1A ER SR
WRKE 2 o
LSC-930 KALHY LR R AR L M
(—NH—(CH;COOH)»)
) I8 N o
CH-90 H L& LRI 2
(—NH-—(CH; COOH)»)
D113 KL 3 (—COOH) LRI R IL IR Y

TR A B 8 T S A R Y T A TR R
Jev o RO S AT B AR DR R R B R
BB 3. 800 7 47 - L A J 2 I 3 20 A vh AN
-2 AL X A [T W P 2
2.2.2 WRHIR XS & B WM 2 8% 0m

W40 g CH-90 MR 7E R WO B 1 mL/min
FANETT 75 52 M BRI RE X 4 Jas W B A A4 2, 25 5
P10 Brs . AT 0. W B IRLEE D 20 “C IR il B R i
IR 5 B R R RE T e A A O R R DR
IX AT AE 2 R Ry 2 B A TR B R T e R 2 il
CH-90 A8 iS5 A4 J S IO B4 A 2~ A 1) 1 A S
7 Tl HEAT o AT 5 S50k B A R N . BT DAL 1 S
BRI o S AT o e 0 i TR R 2SR 7 3 G I K
R RE 2oL 3 o VB B3R E 4 Tl 7E 20~ 40 “C 2 [E] RT ]
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Fig. 10 Effect of adsorption temperature

on adsorption capacity of two metals

2.2.3 CH-90 #f g3t & B 7T = B9 W B #1117 i
2.2.3.1 SEM-EDS 4>#7
CH-90% 5 W [t 4 J& JC FE 1 . J5 AU SEM IR H

B A RiF

W e

B 12 CH-90 MiERMEBITEA .G

EDS analysis results of CH-90 resin before and after adsorption of metals

Fig. 12

2.2.3.2 FT-IR 437

CH-90 W} R B 4 & JC R 1T 5 1Y 2080615 dn
B 13 fitn, AL T 2 924 em A A TR S R
FI L (CH,) 5 /1 3 (CH,) o C—H 7R 4R 47 48
G FEDEL 3 425 em ' AL ISR AR 1Y T
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MEEIREIITE] % 51 599 em ' Ab i) 16 55 44 fi v i ik
C=OfF * Bt; 76 1 398. 6 cm ' &b By 1§ Xt B
O—O M 45 ¥= 305 1 312 cm ' Ab Y W6 X 37
C—OF B A 205 4 3 5 12 BRI A8 1 A9 20 A0 Ol 33 v i
BT ZANHTIE 423 em Ak Y IR A X6 ) At I A
Y1 500G %A B 1 ac e q TE Y Co—O a3,
UL Co 5 O &4 TAHEAER ;1M1 312 em ' &b
1) C—O W RIAM RS A 1 Na™ i, Z 5
Wtk B A 5[ Co(NH,), 1+ T BL AL

i 11 R, EDS s Ar g5 R an il 12 fros. A 11
Fih :CH-90 224 Jig 3R DG, HAFAE — 28 /hAL,
W B 4 I i % T A S ol B — SEBRE 4. Rl 12 T
1, CH-9OR% B W2 B AT SR I 3] N T 2R , W i D) ]
K ) Co H1 Ni, Z2 AR LTI 73X 2 Fhoo .

11 CH-90 R A5 Wi Bt & BT R /I (a) JJ5 (b) B9 SEM B
Fig. 11 SEM photos of CH-90 resin before (a)

and after (b) adsorption of metals
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Infrared spectra of CH-90 resin before and

13 CH-90 WEERMEBETER B
Fig. 13

after adsorption of metals
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MBS B AR Y N 1s (9 XPS Jr W Bl 53 061 s d— W MHS BRI Ni 2p 9 XPS 20814506 1
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Recovering of Cobalt from Waste Lithium-ion Batteries by Ammonia Leaching—Ion Exchange
Resin Adsorption Method
LI Jinrong',LIU Xiang®, HU Qingxi',LI Zepeng' , CHEN Wei' ,CHEN Yongjin'
(1. State Key Laboratory of Pulp and Paper Engineering »South China University of Technology »

Guangzhou 510641,China;
2. Guangzhou Maiyuan Technology Co. ,Ltd. ,Guangzhou 510700,China)

Abstract: In view of the problem of secondary environmental pollution caused by acid leaching system
for recycling waste lithium cathode materials,a green leaching system for obtaining cobalt carbonate
with high efficiency was studied. The cobalt from waste lithium batteries was recovered by ammonia
leaching—ion exchange resin method. The results show that under the conditions of ammonia
concentration of 5 mol/L, NH,Cl concentration of 0.7 mol/L, ( NH, ),SO, concentration of
0.5 mol/L,temperature of 140 °C,liquid volume to solid mass ratio of 20 g/1 L and reaction time of
50 min,the leaching rates of Co, Li and Ni are 88. 0%,90. 0% and 92. 5% , respectively. Under the
condition of temperature of 20 ‘C and flow rate of 1 mL/min,150 mL of ammonia leaching solution is
selectively adsorbed by 40 g CH-90 resin,and the adsorption capacity of Co is 9. 06 mg/g. FT-IR,SEM
and XPS characterization results show that cobalt is exchanged with Na™ in the functional group of the
resin and adsorbed on the resin in the form of [Co(NH;), ]*". CoCO; products with purity exceeding
97.5% are obtained by using sodium carbonate precipitation to recover cobalt carbonate,after elution,
precipitation and impurity removal.

Key words: lithium battery;cobalt carbonate;ammonia leaching;ion exchange resin;adsorption; mechanism
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