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Review on Recycling Technology of Retired LiFePO, Batteries
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(1. School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Key Laboratory of Green Recycling and Extraction of Metals, Beijing 100083, China)

Abstract: In recent years, the new energy vehicles and energy storage fields develop rapidly in China. The
usage of lithium iron phosphate battery rises sharply. In the future, a large number of retired lithium iron
phosphate batteries will be generated, the recycling of which will not only alleviate the problem of lithium
resource shortage in China but also reduce the environmental pollution caused by fluorinated
electrolyte. The research on recycling of retired lithium iron phosphate batteries in recent years was
reviewed, including lithium battery pretreatment, repair technologies for spent lithium iron phosphate
cathode material, hydrometallurgical recovery, selective lithium extraction method, and recovery of
lithium extraction tailing, etc. The latest research results of each technology were summarized. The
advantages and disadvantages of each process were analyzed from the aspects of economics of the process,
recovery rate and environmental impact and other aspects. The future development direction of recycling
technology of retired lithium iron phosphate batteries was prospected.

Key words: recycling of lithium iron phosphate; repair of lithium iron phosphate; selective lithium

extraction; lithium battery pretreatment

UTAFEK BEE B R R HE) B RE B B RGN 0.7 GWh i B T 2021 43 4 4 ik 5
WL I R OR BRIV K 2013 AEFREI B S i T 1545 GWh B R K. PR e,

s B #:2023-02-04
BEETHE : FHREE SR H 4R 2 R0 H (2022 YFC2906000) 5 [H 5 [ 48 BE 2 55 42 ¥ B 50 H (51834008)
fEE R I 420000 5 BB 24 s AR AR & KAWL (1985-) . 55 W - Wl o8



2023 R85 5

Ha4EQREE /) (http://ysyl. bgrimm. cn) « 101 -

0% MR LB IR B (LiFePO,) & B K 3h 7 v i v
A R IE R A R 2 — . BRI B R gk A H
BEHLER T 5 o5 A R M 2019 19 34 % B m & 2021
AR 5106 . SEVERAS = OCH AT EL B R AR AR A R
Mk SEAEE L BT 3% TR R L B 0, DR ] A
WERR R B L W A T 37 o A R S TE AR #E— 2P K

B TR b P Al 5 & 8 4R,
PRI I A Sfe e 6L 4% T 96 T2 A W it KBS AR A 1) J)
T AN BB 2 36 b B, 4 25 3 B0™ 3 3R B8 F0 2 4 ()
ATy — T 3B B T R A A R R S L B
B AT R SRR W R A M BRSO gy B
1.4% Bk 11.6% W5 6. 4% /188 16.8%), H& &
WG FIRAE R UR . ST S O IR AR R kB
b A — B U Bk T AT IR b R AT el R
AR L G fifk v 1t A2 5 0 R Y PR s g L 2
Ke—E WA S AT AR A R T 8T M i 2 7]
Frge o,

DA 198 5 A 1 R R L vt (o) e = %200 O A et
i+ IV R b ) A Bl R L AR A A [T v
TR SR AL I A A R A [ e S AL W R R B A 20T
FURIEIR DT TE [ YA 9 1 4 0 L Bkl U [l i &5
TrEAGE R . A SO BUAT 1B A5 i T 2k B L vl ] i 1Y
BITEHEATIH N BG4 T L IS5 L fie
i %ok AR AR Rk L P Yl WA % A e 5 [ AT TR

1 BARBEBR K AR W 0 0 TRAL 22

AR LA T K L P Tty PR A T TE T R
L R 955 TS 0 2 AN 5 R B B ok TR L 2 2
Ak o A 2 R R b A e IR A I E L L A Y
JLER MR A 5 2R T L B A F T 5 2 i 7 e A 1T 0
R, WAL PR R AR O PR D
PR o T AL B RS A EEOR N A, T SR g = M T
M B B IR A P et T Al B e R A AN [ D0
FEanpE 1 prRt

s SRE(TR) | R
— e
SR SPEIR D | Tk EGT i)
M2 53(< 1 mm)
e Tl HA (GEXzp D)
)
(AR ) T
(BB 53)
: . . = PVDFIR
= Gidal e AT
RS ALVt
(Oh5e . BREAE) (NaOH )

Bl SREMTUMETERERLNFHLETEN

Fig. 1

BN e ISR R VNS NTTE 2 DN
WAL B T 5. IR B R R A L b AT A R Bk A
HLTR L O T B ok R R R e R AT
HLR PRI . O A B0 LA ER AT L A S v
TR R 2 e N T S R A O X
A 2 R R AL IE AR AR L A A AR R A 2
¢ TE R AR SR AR AL BT SCA LV R I A AR
FBRIEA AR o 44500 0 B SR A 1 07
R TR . GO bR Ty I S B IR Bk O
W 4 AR 5 2k T B R — e i T 3l AL B AR
Ao BT P BT 0 A R R

FE Tolb b iy A0 BB, B 5 2K L R Y
AR b R AT AL B R TR A R KO

Pretreatment for retired lithium batteries at laboratory and industrial scale

[13]

P A A TICH A BB LR 7 A DR S5 L TR T
PR ) 077 325 RO IO T b R R AR B 5K . H
AT P B R T A S0 R B A il L S A e T
AR By LR BB S v e iy A R L
FESERBS: . 6 B I HEAT 40 5 O 45 5 B30k L m 1 O
45 W) B3 1 2o 0 A B A R 4 IR 0 IE SO A
RS ATl b p BAL By 0 TG 1 5 L AE
TR A9 73 5 I HA A R 2% B L B0 1) 5 R A
1o AR T S 7 A 1l

AR e TR R P L b Y LA B T i 6 R TR kR
TEAR Pk A [T WA 7 B A A S O Al e e LA
ERZIEIA /S N S R N R S NS P I B
Ak P A 1) A JR D 1) o A TE SRR R B AT



« 102 -

A 1048 GRERI ) (http://ysyl. bgrimm. cn)

2023 4F55 5 1

A7 BT 3 R W0 TRk 45 A 2 3 T O R K Y 22
SR TR HANE oy B R T 2
FELASRTF IR A Y B R G A

2 BEBALKAR EARJEAFEGIS A

LiFePO, Hi 3t 2% % ML il — i 43 Fy 13 b s — Fif S
FEL 3L PN S 1 A R R BT R A A B e it AR
RS M LA 45 2 i e b 2 R A R R
XA BT LiFePO, (M A1 784 5 14 25 0 ok & AR 3%
RO IR R A AR . S — b
SCHEA R R T W LA AR AL A HE T TR AR
O ol S N R BT 45 TR 2R 3 2 i o FRL AR A B R A AN ]
WSS AR Ak o, B X 45 4 R & AR AR A R sk
LiFePO, 1EAR A BT 8 52 40 58 Li o6 &K /9 75 =X, 6 =k
S FR Y Ak A= PR B L AT 2 AR A AR 7
ARG, BT, LIFePO, B EH A 54N
o TR AR A2 3 ROARE & ik M B R R A
2.1 HiREHEEEX

I M E 2 R 8 1E LiFePO, 1E M K b
IINERER J5 28 3o w8 W R 1 B B Tl A O 2
fie o AR BACTE AR A R I AR L 8 o DA S BB R} 1Y
FRAEDT L IR O I W TR Ak R O A b
RERCE A2 S 600 CARIRANEE 3 h B 25 H A T
AW I I (PVDE) 48R )5 LA Li, CO, /E A 21
PRI A2 650 C R ibAT MR AR R B R G

C-LFP
(a)

3 LiFePO, /C IE A BHTE 0. 1 C 55T i i
FeAs i 159. 6 mAh/g, 10 C R TEER 1 000 YL
LR S AR AR R TE 9100, BEIAMG 57 4 A ffi
FHT W IR A A P by 1 AR 0 A Rk R S Ak 7 o ol R Ak
BROERR RN R AR . 1B R R
IEAR AR A A P RE 25 R R, 0.2 C 53R . i £
BEHFIYR A J5 00918 528 R H L 25 5 43 3l Ol 156. 2,
150. 7 mAh/g., A% # L LiFePO, 1EAR % #} 5%
B )T HL R B8 G ) A5 TE A T WA D i L B R 7R
AAAM T 750 CRilEMHBE 7 h B2 EW
LiFePO, AN&AI in A 3 o 590 17 2 1 42 il i 1E 4% F
ZESHAEW B 5 LiFePO, R H A 40 3 2 1 22 90
R AR S E ML TE 0.5 C FIEER 1 000 WG . 45 12
PR H5 38 B 1k 92. 96 %L,

e i [ A A8 B ik B A R AR TR o 2 R Y
PR AR B A vk Sy SR S LR AT
o ik SN RE BRIy AMTE Ak A [ Jipek i B
i VR S5 Ak A 0 1 5 o i 5 B AR R DR A i A R T
Kiaft o 1 R AE BB R AR
2.2 BHHEEBERR

TOORAE 52 4 R U5 1 B 7 H b I AR AR VA
B RE AR — MBI 2 RIE AR R B R
A TN AR JE 5, 38 223 7K 8 R 3R 75 44 RN 7
WARS A T i B e 52 A i & 7E i S 1 17 #04k
HPARAE AR S5 1 A& 2 R

Z
L» X (ORE} {5 Fe, 47 T, Qo0 Ot Ore
(b) ) (€) r------------
Binder Amorphous carbon Carbon coated layer 20 Faa
Conductive addilivi'/ 0.
— - O O
| LiFePo, . Discharge 2 %5%% 0%
) Melting Carbonization ! y > °’ .0..0
= 6} S W <3< A oli
750 Cfor 7h - $ A = LiFePO oFe
- ..°. 3 ..o' ® ! Prelithiated ¢ 00
graphite op

LiFePO,/C

& 2

Spent LiFePO, Regenerated LiFePO,

(a){RIBAMEEIEE LiFePO,™ ; (b) A EF FHEFEA KRS B RH

ElHH & & LiFePO,™"; (¢) AFEBL A E A LR FIEE LiFePO,M"

Fig. 2

(a) Low-temperature hydrothermal targeted repair of LiFePOQ,M" ;

(b) Solid phase repair of LiFePO, with conductive agent and binder as carbon-coated raw materials™*! ;

(c¢) Electrochemical repair of LiFePO, with pre-lithiated graphite as negative electrode

[41]
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Table 1 Summary of the selective lithium extraction methods
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