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Abstract

In recent years, in order to accelerate the process of “carbon peaking” and “carbon neutrality” and
reduce carbon emissions, the production and sales of new energy vehicles have shown a conti-
nuous explosive growth. However, the heart of new energy vehicles-power batteries have a li-
mited life span, which means that a large number of power batteries will enter into retirement one
after another. How to recycle them efficiently has become a concern for all walks of life. This paper
summarizes the recycling processes of the cathode material of retired lithium iron phosphate
(N

BRI (s

XESH: R, BE, XIER, iKE, FER, . GBS BERR kBt g m U T AR R R L] MR
Bl 2023, 13(7): 703-711. DOI: 10.12677/ms.2023.137076


https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2023.137076
https://doi.org/10.12677/ms.2023.137076
https://www.hanspub.org/

batteries, including pyrometallurgy, hydrometallurgy, regeneration, as well as other new recy-
cling processes. On this basis, the superiority of the electrochemical recovery process is described,
and this method is expected to become a key direction for future research.
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1. 51§

TEAREN b, #E 7 RIB LR R S AR R, AHEE T 8L rR I A B i, BT RE R
FEm M. B/ TARREARE . TARA SRR S AR B, AT I MISE 4 I i 1 e
Bk, AR mCECA B AL BAGMPL). Breedgs . KAk RE v & Uk iz
[1] [2]. #EHEHEIR, £ 2022 4, Fsedi e Ui i, (Bl /s it M ROy 5~8
B, BRIEMG GG RA 4~6 4, BRI E R RS R KE) ) it KR R 2 5k . By
TR EERSN T B SR B BRSSO AR, A IEARAORL S 4E AR 40%Eh E,
BB 3]0 ARYEILIEARASRIAN ], 40 7 s b m] 70 o BRI B L v . BEREE At L BN B = o I
BERRER P iS5 . IR T IR YR E SR, AR BB EA Y ER RS, W
PSR N e B O E s U7, SR TR S AR, B WSS EJE, TR
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2. IRTRHER PR R A it Y B AR

BERR AR Rt “BEE Y 27 FR5 K Goodenough 7 1997 SE KB, M4 —KIEBERREAIAE N
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EMEEE) ARGF KGR 2000 R) IR M ESRIE Z S0 558 A, Bt
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PR A AR 2] 7 F R A, B RR KA ri b i) RIS PR A A JE B . EIBR b, HERIRF Y Umicore
AF L ¥EER AFE Group (Valdi)A ] JIEEKH Glencore 24 F) X 4 55 -1~ HL it 1) A AL BE 2 5000 I,
B P A PR SE A F L 5 A ) IS b R A B - Pt A A Rk BT I[6] [7]. SRTTR LE A BEBAH L 154
T P L LD 1) R TR P PR R DAL T2

T A5 HE L AT R FH — B L5 TUAL B CRB A% B yth E AT i B AL R TT) . &8 oo Ik B 3R Y
B AR SN B, i 1 R, Bz iRt 2 &8 s RIS IR, X —B Bol R 2
ZR LG T 77580 W R B ARt 1) PR VR R P — M2 o R I T2 MBI T2, i
AT T VL AR R T75[9] [10]o MRHEHEARBI S TR, 2848 04 SR 5 B R K 2 F vty rp B e 4
JBBAA Y HFAT S BRI, BN ERE SR RRIR I AT RE SR R R 11] [12].
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Figure 1. A brief process and method for recycling retired power batteries
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Figure 2. Diagram of pyrometallurgy
2. KEEYCRIEREE

FE v e RE o, BAREE R A LA ER B bR, R ENBEE R e s, BEmEEAL &
& HREXA ISR P D E R, SRR, T H S A B 2 A T b i A KR ) I
P BRI T, R IR, SRR, B A AE SR AR v S G I L b
[14] [15]. PRIE, KIEEMC T ZRIATS AR, R E S s i e be i, IR EJGER S Hfh T2
BATES (160 SO SE DLRGIR ALyt oy JEORtE, BC USRI RE - SAEAS - S, R Eovit
JFF, AR & a2 s - - SiE e Aerh =R mEUE G Y 95.7%, (HESIEICRER, 7y 58.7%,
BAEGETRA 0.01%, FEARBAEGEP[17]. KiEsRE LR G A IMER s, HERE
Fot BRI G &, IRAAEY R R, A5 e 4 A e ) B R R AT AT TR A BT,
Dang FFRZ H — G bR MU th A8, PR LS RS ER R i e 1 25 57,
e v B A OSSR, LB i 2 28 A (18] ARSI EL, il 5 SRALASAE 1000°C RS
e 90 73l SUMER A BE/RELIA ] 1.8:1 I, #RAZALFME 97%, BRI R BEAT IS, ik 2 [F
SRR ) A
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Figure 3. Diagram of hydrometallurgy
3. REEYURIE R EE

BT R IRE ) S, HRIATT G H R L IEARAT R b 8 A S A s, DL T B
AAFAE TR, MRS RSR A . R Z ARR. MR, $hiR. PR, WKk
BRI R O H A PIAER 2, — MU R AR DL TR R, 55— PR e IR A
T BRUMEE e, AT, TR SS B AR, LR B A 2 T R
ZIMR, LTS, WIHEAL, MHZT, SFER IR T i 2 MW AT B R . Li S50 T
AEFPER I TZ, RAMRIRERIBRIRIE R A, RN TSR HO) N ], #hE
PRV IR B R, FRE R N DABERR R TR R, Bk T M2 S8 243 B, BRABE DLBEIR
BRIV AAFAE TR M, ERIUSEIRZMAT, HINRHEN 96.85%, BRIV HIFEN 0.027%, AR H
FN 1.95% (21 SLTZRKERC T F LR BRIV A, TR B At PR i IR At 1 — Ao &
o

SR, AR FIBRIR « MR SSEAE VIR I FRIE 7 AL TR B R R IR, R FH R 3t T DAGRE SR L 2R A DL ) R A
BB BERR PR AR AR — BRI, S EAHE R T AR A TR, 8 B A T2 AT 4
BhARER . T Fie SR FH BRI AF D9 IR 5R], Gl f iR i 1 AR BRI R R T AR R [22] AR AR LR
2.5 V. BERRHBIK D 0.6 mol/dm® R, HRINZ AL F] 95.6%, i &K i 15 i
) pH (B BEAT 73 B U0TE, BRI 0] DL K-S IR k. BERR AL AT I, BRA R A [T 50 73 98.8%
M 99.4%. FERENIREFER TR SIANARRAR, B R IR — 8%, el 1 Ik it —
UIRKEZ , AR R, SEEL T IR O TR Ak P L il v <5 Je P32 9 M [l WSO B 08 1 v R AR P

TR EARRE WS M A s PR IR 8 B 1, (BRI 2 XA A FR K, Ht, AN
FEEN T AEAINL, AR G T H B P EM R R, Sedhfk, JFH O b
M2, HRR . SPRIR. HESEHE B IR 2 [23]. Kumar S548 T DB Ry HE R A, Rt
FEAEE RITERIR. SERREAHIIR24]. EHIEERA N H0, IR ER MR IR IFBEER B AR K

DOI: 10.12677/ms.2023.137076 706 PR R


https://doi.org/10.12677/ms.2023.137076

R %

R, HETRNERRD, SUBFRYIEDOE, RO SRR, &R mRE. W
2RSS LE, KRBT SERAG T, A IR I ACR IR, LIRS ATIA 94.83%, BRAT
(35 R 93550 4.05%F0 0.84% o 47 WL AR LL T JEHLIR, 15 QB0 (H A s, M0 AR A8 IR ),
HAD LR ST M A e 4, B Rt — B IIWE IR R

PRV [N SCIRE L P 7 A P 2K K W URR TRV, PRI PR, 30 S 4% PO 5 e A
i EOR, [RIN KR R U B B R R PRBAE AR B, (B L HF SO PR SR A A0 ae ol — Ok 5 35
AR BRI ALY BABUFRIR MACR, ERAE S, IR T ZERRN 0.

5. EE/E

BE A TZASWIRME, Nl &mE I, HEEREE ERMR SRS, AmikE K E
fe2Etk R . SRIPIR L2005, BEHA T2, WAER, UK EE YO aaE, 8
IR A P R S TR AR R AR (B R PH R, AE e 408 [ bl o g 2 R AT BB (1) 5Bk, DASEIR R s 1
SERIIE R H TSI S0 IR [25]

WHCR I, BB b SR R S R 22— FRAE 22 I e TS PR PR I AR it i B PR R Bk T 5 B0b
BHOA T A, DR SRR 2 52 i P AR TEARM B Bk 22 It RE R B Bk A . PR Ah, BE. B, 5%
2 4 B AE AR R AN T K

e A AR VA B FH B B AE I 1, — AR TE e B P A R AR A3 RV 1) TE AR A ARk ) %
B ELE TR . MK SR IR Bt IE AR R s T R4 k. BREIHAT R AR IE R, H
Hon (B): n (B0): n () = 1.05:1:1, FPYINEAME al, BP0 R, Bk BRE, 2553
N EFTTRFEEAEME a2, a3, a4, I al 5 a2, a3, ad BE/REEAN 1:0.5. 1:1.0. 1:1.5 [26]. GRS
¥ 4 PR AMERYFHE A 650°CLRIR 10 /NEF, 17 f5 HEAT B AL = PEREIINA, 72 0.1C 536, B B2
UUR A R4 103.4 mAh/g, FRAEMEL a3 1 H UM HLA B 5 s A 134.0 mAh/g: 285 50 (R G 3R =
FAAR a3 (R A BRI, N 1153 mAh/g. 8. 8. BEEIINALE — EFERE F s 7R R
IR PERE, (R P R AR AR ) B B R A G e o o B B S B — P ks IE AR R S AL R B, FEAE
1l 2% T AE AL R AN IBRIR K 751527 ] o HAR T 202 i 1R 15 ri It IE AR 75 400°C 1928 SR Bse 4 /1
I G2 SR S IE AR B A R B AR 5 B T4, T Il FL A I N BRI IR — e AR 7R Bl Bk, %,
LA n (BR):n (BR):n (%) = 1.05:1:1, SRJEIONEEREVE i, 158 & 250008 5% 10%. 15%, K
RGBT EaAER S s, RASEISHEITEMEAEME. SR S%MFAEMEE 0.1C £
R EHIUNHBAEILF] 133.8 mAh/g, 1C EETEHXBURAEN 108.5 mAh/g, EIF 300 KGR IREF
100.4 mAh/g, HERFFEIL 92.5%, HAFMEREE B R 2 EAAREEE . 7 VM T S A
5205 PR B 2 Bl v 1 ) R, R AR 75 SR AR ) AR A RL ) S B, mT s T I .

BT R I R A P AR, KRG IEARM R AR R R (1 55— P T2 . Song SR H T —FPR A K
T A A Tl R A e b P TE AR A R LRN SRR A ARk R B P A P PSR TR T2, LER G 4 FioR[28]. R IR
BRI R AL (R PUIR MBRCGE IR )+ e PR RR AN — S I N 31 25 B8 1 /K AT 7K SN
[ B 00 N i TR WS PR A 38 ) 46 T B PRT SRAA 3 s, — BB ) 5 S A SR I I )5 A B i, [ B Tl Rk
MRS £ ARG MK ST, 13 B PV BRI e A SRR Z M AP E a MR XFE AR
BRI, BRARE 4], 0.2C FHIGEHEAE N 163.3 mAh/g, 7ol 100 R B EREEN 99.63%, F
A RE IR R R R R A & WA T ESEIR R, A mER, 53R R A SBGE
A A Rk L v R P A 15 38 1 B R Bk A IR BRI PSR ZE AR A B 7R 4 7 b A N ) 2R B B n e
5o
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Figure 4. Mechanism of cathode/anode integrated regeneration process of spent LiFePO, battery including
spent cathode and anode [28]
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