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AA  Positive electrode materials of waste lithium-ion batteries
BB  Crushing and drying

CC  Pre-separation

DD Mechanical separation

EE  Aluminum foil

FF  Cleaning

GG Clean aluminum foil

HH Recycling

I Pre-separation residue

JJ - Ball milling

KK Primary leaching

LL  Leachate

MM Filtering

NN Primary leaching residue
0O Primary leachate

PP Secondary leaching

QQ Secondary leaching residue
RR Secondary leachate

88 PH adjustment, and suction filtration
TT  Concentration

UU  Adding saturated Na2C03

WV Lithium carbonate

(57) Abstract: A method for mixed acid leaching and recovery of metal components in positive electrode materials of waste lithium
ion batteries. The method comprises: performing coarse crushing and drying treatment on waste materials; performing pre-leaching on
the waste materials by using a mixed acid containing a reduction agent to obtain pre-separated residues; ball milling the pre-separated
residues, performing primary leaching and secondary leaching, mixing the primary and secondary leachates and the pre-leachate, ad-
justing the pH value of the mixture, and performing suction filtration to obtain aluminum hydroxide and raffinate containing cobalt and
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lithium; adjusting the pH value of the raffinate containing cobalt and lithium at a high temperature, and performing suction filtration to
obtain cobalt hydroxide and raffinate containing lithium; concentrating the raffinate containing lithium at a high temperature, and adding
a saturated sodium carbonate solution to obtain high-purity lithium carbonate; and recovering aluminum foil. The process utilizes a
mixed acid leaching agent, has high leaching efficiency, can acquire high-purity aluminum, aluminum hydroxide, cobalt hydroxide, and
high-purity lithium carbonate (the purity being up to 99.9%) step by step, achieves efficient recovery, overall recovery and collaborative
recovery of high-value metals in waste lithium-ion batteries, and has a good application prospect.
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(1) JRhRREIEAR R . TR A PE;

(2) FEARER RGN ER AT IR S, I EENETA. W el
FITRIR

(3) BEE (2) BENMRIELILIE P 515 3 T8 8 I RICR A 5

(4) IR (2) BRI BB IS 4k B2 AT — A ZJ0R B TR HR
—RHW IR RS pH, RS B S F AR S A AR
(5) BB (4 BN S SR E SR N A% pH, B RIS A AR
AR

(6) B (5) FRHYEHRB S KRGS L, I NBATBRIRINER, SR EEG
VN, FEAIE. YRk, TR, 193 alpRER AR [E .

IR (1) PR IE AR SRR 9 1~20mm X 1~20mm FIFE P, 1At #iR
JEN 50~200°C, FHRALFRRS Ry 2~24h;

AR, R RER R AE AR BN 5~15mm X 5~15mm fH4
ML, TERAEFREIE N 75~1757TC;
AL, THRALFLR ] 2~15h.

SB (2) AEHEIERAIRATRM ENEREAT IR, FrRmRiKkE s
0.1~15mol/L, M JEF & H /& mA 0.1~20%, =21 S/L N 1~500g/L, ZH
IR N 5~100°C, )N 5~480min, #4E3HE &N 0~2000rpm;

PRk r, FrikERIK ISy 2~4mol/L;
RIER), FTRRABRNGEE. IR, MK, —A K. —H R, FHER. HIE.
LA NN E AR T i) —FhE LR A
PRIER, FrHRIEERIN & 5 &8N 2~8%;
PRIER, FrRIEJEF AR WARER . MR R Ed A Ak i — P e
JUF A G
ik, FrdiE it S/L v 80~150g/L;
RIER, B2 iR A 30~80C;
IR, Bk dtid A 100~500rpm.
AER (4D TPERELLGR R H #05 20~1000 H.
SRR (4) BEIEREEIAT KA R, FHRRRIKEH 0.1~15mol/L,
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EJFEFI R H 4 &8N 0.1~20%, =2 1 S/L 4 1~500g/L, 32 i € h 5~100°C,
BTy 5~480min, HE PR 0~2000pm; BTk IG5 8 9 A HLAY S LI
) — P LFR A

PRk r, FrikERIK Iy 2~4mol/L;

RIEM, PHRIRARRIENGEE. 3R, HR. —8oBR. RO, B,
IR IR P —Fhali# T

PRIER, FrHRIEERIN & 5 &8N 2~8%;

PRIER, FrRIEJEF AR WARER . MR R Ed A Ak i — P e
JUR R ZH 4 5

ik, FrdiE it S/L v 80~150g/L;

RIER, B2 iR A 30~80C;

IR, Bk dtid A 100~500rpm.

S (4 BRI, — KRB SRRSO pH R 3~9,
hE 19 3 S E AL BRI S O AR
RIEM, Pk pH N 5~6.

SIE GO BT BRI SR TR pH A oy A A A 2K
—FhER B R IR A BRI N 0~2000mpm;  HEPE I TSR] )y 0.5~72h; 1T pH
R %N 15~100°C;

AR, P i B A oA 2 0 0.1~10mol/L;
RIER, Fridei PEE ) N 100~500rpm;
AR, i g5 1 I TR) 2~12h.

ABR (6D NV AR BRI T U BRI R 0% S 2w 4 125 459 38 () eI . 1)
JE T 99.9%; TIIEIRERIE R 15~100°C s FIiE s %y 0~2000mpm; i
TEEPER T R IE Y 0.5~72h; P BT K IR E D 30~100°C.,

BT YUve e Hl FE ik — 2B i 100~500rpm;

FITI N P AT B RR AN Hh B 151 5 R AL B 1 IR R R BRI 1322

TR AT %, B IEMRAT R b & J8 47 (IR IR B2 A SO VA AL
R AR
(1) P4 F i IE MR RH IR A 5~15mm X 5~15mm  BOTE Fy, T4 b 3035 5 A
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75~175°C, TIRACHERFA]A 2~15h;
(20 HIEAHIEER BRGNS IERERISAT IR L, WIERRmE. Mo sEd
RPR . RIS EONREE . 3. M. AR, RO FrER.
IR OGN/ LR — M el LAR &, = HERIRIKE N 2~4mol/L,
EIRFIRI R H BN 2~8%, W= S/L Jy 80~150g/L, =R N 50~80°C,
By 5~480min, $EEEHEE A 100~500rpm, i JEFIYTHEN. AR
B A QAR BN el S AL b B — A el T LA AL
(3) IR (2) MRNEABAITFE G133 RE I BIYCoR H
(4> B (2 1F RN I BEBRE (BRESRN H 408 20~1000 HD J5IEiHT
—RZREH, KRN, —xEHE. SRR HERIRE R pH, AR
REEENE M S E AR B BB IRER Y 2~5h. B HRBRIKE N
2~4mol/L, IRFIAIFE S EN 2~8%, 12 S/IL N 80~150g/L, & iHEE
4 50~80°C, Iy 5~480min, FHEEEE A 100~500rpm, b JE Y AR
Wy ORI BRACRIRR N B A B — R UM A, IR A ER VIR
IR R, =AM =AM IR, PR, RSN/ SRR —
e UM R & s
(5) IR (4 MBS S ARWAL =R T A% pH, BRI E A eI
AR i TR pH MO A AN R B —Fh sl A IR, BRI
JEN 0.1~10mol/L, #HEFEHEE N 100~500rpm, LTSRN 2~12h, 5 pH
N 10~90°C
(6) B (5) FRHYEHRB S KRGS L, I NBATBRIRINER, SR EEG
DUUE, (EHE. YR, TG, SRImAmcmR s A, JUEIRERN 15~100°C, i
PEESEH 100~500rpm, $5FETTES R 2~12h, 0N BIBRERAR 2515 i v
BT B R LB 1~3:2, el /K IRE Y 90~100°C .

HIA AR, AKWIA 8RR
(1) AKWREIRMOCIFARIETEE), FERMM SR, REACEE. RRK
R JE R G AT ORI AR 1) = 42 I 4L 4y Li A1 Co. fTAL T B HOR %
GBI PR R AR, FRAC T A AR s
(20 AR B NS BORER . R . —A 4. 5O, g,
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TR LIRSS HURVEEHLER ) —Fh el LR & . TR 77 AR A A AR R
TAUERAF R 7 AW, B E EAR, 5 el G VIR AL, R T
1%

A ISR BEI) IEARAT B b 2 IR 2 73 3 5 IO iR R A R, T 2Rl o,
BEREORAL, I e maitna)s. S8 in. A8, el (A
1599.9%).

B P e B

B 1 AR B R R FL AR AR v < A7 YRR IR L 2 B
TZurEE,
F AT X

T2 B B R R A S 7y R — A8 U B AR B R T 2 U
BORN G T ik i) S A AR 35 B B AR AR B, AN R AR it A % B £
HARRR .

— R H A BT R i EAR A R T 4 JB AR IRIZ R Rk, il 1 B
R FTRLEN T2 b
(1) P4 F i IE MR RH IR A 5~15mm X 5~15mm  BOTE Fy, T4 b 3035 5 A
75~175C, FIEALHEIS [R] 2 2~15h;

(2) HEAGIER RGN IER RS IR i, IR R 2R, T e
MPNE . FrRRGEARER. 5B, MR, 8O, RO, ER.
IR SRR NUR/EEHER B — M s LRNE S, B HBIRIKEE N 2~4mol/L,
EIRFI R 2 & 2N 2~8%, = S/L N 80~150g/L, = H#RE N 50~80C,
BN 5~480min, $HEHEE N 100~500rpm, G R FN AR . TATER .
B AR B Bl e A 2 P B — R sl T LR I

(3) B (2 BEMBBEITIE TSR3 E F BoR

(4) BBR () BRI BB RS (BRES 5 B 20y 20~1000 HD JF#E47T
—UM B, BRR T —OR B ZIREHRRIREG IR pH, #hiE
1B A AL BRI S A S AR TR BV BREB I (5] 2~5he 12 R A TR NEEE
;R R =R RO, IR, TR, RS AP EEH IR 1) —
Tl JURR A, 132 HVRERVK A 2~4mol/L, B JEFIRI BRI 4> SN 2~8%,
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tH S/L N 80~150g/L, B HIREH 50~80°C, B HIIFIA] )y 5~480min, HiEEEE N
100~500rpm, & JFF AR WARER . BiACHR IR PAElid L S i) — Fh s
JUF A G
(5) BB (@O BN S HARWE SR N A% pH, B RIS A BRI
AR miR TR pH N A A UK I — R s R RS, R
JEN 0.1~10mol/L, #HEFEHEE N 100~500rpm, LTSRN 2~12h, 5 pH
[ 2 10~90°C
(6) B (5) FRHYEHRB S KRGS L, I NBATBRIRINER, SR EEG
VLVE, TEHIE. YRk, THRIG, 950 dp RS . DUREIRE Y 15~100°C, i
PN 100~500rpm,  FPEVR TS [R]AY 2~12h,  JONFIBRERAR 25 5 R
BT B R LB 1~3:2, el Br /K IIRE Y 90~100°C .
S5

AR — A3 LR, T AR A S, e T AR S, AR
RN RAEBA O B E ST B T4 T Bk M BT A HARSE 6], #808 T A%
W B R
a1

¥ 200g 45 L IE R 8RB 10mm X 10mm FRE F7 , TR BEIE S 95°C,
TAG AL BRI 4]y 3h;
1R IHALES Tt AR Rl 4 s T R ALK

£E Co Ni Fe Mn Al Li
EaE (wi%) 15.33 11.27 |89 7.4 3.05 2.96

FH S A AL SN AR BR B ik JR RO A R | BRE (5vol. %) FIFT 7R (35vol.% )
REBAIERERSATIRH, S IESRETHE. Mo Bl A s kiR
FEA 3mol/L, IR FEE /&N 5%, BH S/IL A 100g/L, BHEEN
60°C, =SR]y 120min, HEFEEIEN 150pm; FRRE. T a5 T0R
W SRR IALILIE VG 15 3 TR,

1FB R B BREE f5 (BREERL I/ A H 209 200 H ) H &7 3 U S I AR IR Y
IR JEF IR . BRIR (Svol.%) MUFTAZER (35vol.%) VR & Mo Hdh AT — IR —
M, BRI, R ZOROR G R pH; fli)E1R BIEA
R (A 99.7%) FIEE SR, o BiEIREBRT A 4h; PRI E N
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3mol/L, EJFEFIMREE 5 S EAN 5%, &2 S/IL N 100g/L, RHEE N 60T,
R 200min, $FEEE A 150rpm;
R E B S HEARWAE 70°C N HAEA AR pH N S, fhiERRIEAE (4l
¥ 99.7%) FIEHE AR BTk N 1.5mol/L, THEEEE N 1500pm, HEEEHY
I 1] 9 4h;
BROEEART 900°C FIRGHAEH, AR, BElAtyiE, Eah
TR TS 19 B S AR R AR [ A (4ETE 99.94% )5 JLUE 1585 04 150rpm;
R BT )y 4hs B RRAR 251 0 N B VR AR S 1 1) BE AR BB A R 211
Bek T K IR 9 100°C
L) 2

¥ 200g FH e IERR PERM B TE N 15mm X 15mm FORE P, TARAHRIR A
105°C, FH§RALFEN [a] Jy 4h;
2 RIS T Rt AR 4 R e R 4K

£E Co Ni Fe Mn Al Li
EaE (wi%) 10.31 8.71 7.45 7.01 4.35 3.46

F &A1 F AL SR AR BB I8 S5 1 = A IR R EE (25vol.%) TRG XS IE
W PRESEAT TR, T JEAS B BRTE L oy B AN PR s Bk BRVK 2 2.5mol/L,
ERF R TSR 3%, 12H S/ A 80g/L, BHIRE A S5C, 12
4 80min, FEHEEE A 200pm; SRR To BB S TR . S RIMEHEEA
ULy EECES E SRR

1FRN TN B IREE f5 CRREEIL 57 A B Oy 200 H D A& A i S S LR RN
NI JEA =R CERFITRER (25vol. %) IRABRIHT — A R, gl
W — PR W IR RIR A % pH, BRI S E LR (A1) 99.6%)
RSB S AT . T B IR BREERIN 18] 3hy FRBRIKIE Hy 2.5mol/L, i JE5 R
BHSEEN 3%, B S/L A 80g/L, BN 55T, R IEA 80min,
PP 24 200rpm;

BR A S AT S0°C T ASEA AR pH o 6, fhiEERIEAA (4
JE 99.8%) FIEHIARW. FrikiRIkE Y 1mol/L, HHHEEE N 200rpm, HEEEHT
I [] 9 2h;

e

=i
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BROEEART 70°C FIRGHAEH, IANWRIBRIRNER, BEAtyiE, Eah
VE R TS, 153 vE Al R A [F] AR C 4 B 99.92% )5 PTIE T £33 iy 200rpm;
PiPE T (R 2hs B ER AR B9 IO ON B S AR A S (0 B R LR L A
1.5:1; VR ATHKBREEH 90C.

HE N, AR e R SERE IR B AR I 2Tk, AR B
ARET ERTZD0R, IR AR ik T2 BA S, Br
JRFARSIH A EARN A RNAZHI T, 0 AR B B A 5, e A S B ik o)
SRS e SRR RN Bk SRR, SR E AR B I ORI FEL AT
THEFEZ A
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1. —FiE TR AR AV 7 it R AR R K SOk, R IEAE T, B4R
TR

(1) JRhRREIEAR R . TR A PE;

(2) FEARER RGN ER AT IR S, IR ENETA. W sl
FITRIR

(3) MBI (2) BENMRIELILIE U515 3 T8 8 I RICR A 5

(4) BB (2) BRI BRI IS 4R ST — O 2, K TR
— R SRR A IR pH, g1 R S EL B RS A S R
(5) MBI (4 BENMESE SRR TR pH, HiERE RS 8IS
AR

(6) HI (5) BRI E AR IRIKAGAL L, IABRMBRIRIAR, [Ra0
VIE, EHE. Yevk. TS, 193 20mamR A E .

2. MAEBCRIE R 1 Brik 0k, HARHELE T, B3R (1) B R IR PR
1~20mm X 1~20mm R, AR FR 5 50~200°C, TR A FERT R 2~24h;
AR, R RhER R AE AR BN 5~15mm X 5~15mm A4

ML, TERAEFREIE N 75~1757TC;

AR, THRALFLR ] 2~15h.

3. MRABCRIE SR 1 Bk 5%, HARHEE T, P8R () ASHEEIFERIR AR
AR PR BT B, FrRERIKFE N 0.1~15mol/L, EJEF MR EH S 58N
0.1~20%, 2 S/IL H 1~500g/L, EHIEE N 5~100°C, &I [A] 5~480min,
PiEE E 2 0~2000rpm;

PRk r, FrikERIK ISy 2~4mol/L;

PAER, FrRRARRAGE. IR, MR, —H K. =K. FER. iR,
CIRATHUR/ S TOH LR o () —Fh s LR & s

P, BRI IR0 & E 5 & 2~8%:;

P, FriRie )55 R RSN EARER « AR AR BR AN G S S i) — Pl
JUR R ZH 4 5

ik, FrdiE it S/L v 80~150g/L;

PRk r, Fridis i o 30~80°C;

10
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IR, Bk dEid g A 100~500rpm.

4. MAEBCRIE R 1 Bk 7575, BARHELE T, R4 TR B i 1) H 208 20~1000
H.

5. MRABCRIE R 1 Bk %, HARHEE T, DI (4) [EIREREBE T —Of
“EN, FRRERIRIE N 0.1~15mol/L, EFEFIMRE T 0S8N 0.1~20%, &
S/ N 1~500g/L, 2 HRE N 5~100°C, 2N 5~480min, HHEEEE N
0~2000rpm;  FT IR IR A5 B A HURY Sk JCATLER (0 — Feb sl LR VR 55

PRk r, FrikERIK ISy 2~4mol/L;

RN, FrdRARRMIMIENRER. HE. MR, 8O, RO ER.
HR. SR —Fhalas LRk,

P, BRI IR0 & E 5 & 2~8%:;

P, FriRie )55 R RSN EARER « AR AR BR AN G S S i) — Pl
JUR R ZH 4 5

ik, FrdiE it S/L v 80~150g/L;

IR, FrHRZ HiRE A 30~80C;

IR, Bk dEid g A 100~500rpm.

6. MAHBCRIE R 1 Frik 5%, HAHEE T, B (O BRI —U0R B
TR RS I pH RN 3~9, IR RIS AR S S AT
RIER, Bk pH AN 5~6,

7. WAEBCRIE R 1 Brid 7k, HAHEE T, B3 ) B S ARRE SR T
A pH MR A EE AL . ZUK T — R R R A B
0~2000rpm; $iFEH TR A 0.5~72h; V7 pH AYIRE A 15~100°C;

AR, P i B A oA 2 0 0.1~10mol/L;

ik, FrRfideiE N 100~500rpm;

AR, i g5 1 I TR) 2~12h.

8. MAHBCRIE R 1 Frik vk, HAHEE T, B3 (6) NI RDTTE
BRI 1) S 2 v 4 579 3 (K B R AR 1 4 P 1 T 99.9 %5 YTuiE I B AR E Dy 15~100°C
UIE LR AL 0~2000rpm;  JUIESEHET R RILIE N 0.5~72h; Pk T
KR E 9 30~100°C .
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9. MAEMAIER 8 Frikrik, HAFEAE T, Frkyliehidtd gt — B Iith
100~500rpm.

10. FRAEBCRIESR 8 Bkt 7id, HAHEAE T, Frdkin AERIGRER A R kIR
MR S S 0 B R IE A 1~3:2.
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