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Abstract: With the rapid development of the renewable energy industry, the usage of lithium iron phosphate batteries has soared.
Therefore, the recycling of spent batteries has become a social focus. The selective leaching method can effectively extract lithium,
reduce impurities, and improve recycling efficiency. This paper systematically reviews various selective lithium leaching techniques,
including chemical oxidation, acid-assisted leaching, electrochemistry, high-temperature roasting, mechanochemistry, and so on,
which further compares their respective advantages and disadvantages from the aspects of technical economy and environmental
benefits. The results indicate that the chemical oxidation method has advantages in cost control and operational flexibility, while the
electrochemical method is more and environmentally friendly and green. For the selective recycling of spent lithium iron phosphate
batteries, more efficient, environmentally friendly, and economical recycling solutions should be developed in the future. This will
provide new ideas for exploring selective recycling strategies for lithium iron phosphate batteries, which can promote comprehensive
and coordinated development of the economy, environment, and technology, and thereby build a virtuous cycle system of new quality
productivity.

Key words: spent lithium iron phosphate; selective leaching; chemical oxidation method; auxiliary acid leaching method;

electrochemical method

FEFT AL 0 I8 W A 85 e T KB )
AR 5B L ) T R AR T A il
BG5BT RS )l R i R A
RACAE LA R 8 AR, D g R s i
TR A YA A A U AR RE YR A 2
i-gl:[Sﬂ].

AR e T A [R] i Br sl 7 21 Ha il S80S P e R
RIS e B, B 3 g A A R B
B b 2 B A T K Je 5l g R L, LS T
HEAR RN T 37 5 4 75+ = S Ta) Ak
SRR R U 1) B R SR B ) R R SR B R,

B E AR BE R AR L THAFr g ) mAE e+ DY 1
N3, 2 0 B PR v P R A R WA AR A v R
A PE T, LA N H #3610 10 37 15 SR R B 7E 11
AR X — RV BUR 3528, A S e T 1 6
B Rt AT M P A, A T AR HE SR A
T3 JRE TR R I 0 g A A5 2 4 O it (1) XL H 3 SR
i BEA: 2025-02-27

BEEWB.: HE I AW AR (2022YFC2904300); Bk 76 45 T 5 RHY
B35 A V2135 H (2024RS-CXTD-51); 5 95 45 T AUF A+l = T e 3
ZrA i H (2023GXLH-060); B 7644 Ze 6 Jt “Fh2% 5+ LA BT
W H (2022KXI-172)

* JHTAEE, A%, wlo178@126.com




10 14 PAESE: PR IHBERR PR fjt b B B RIS T 90t i 5571

Hor 1 2k B (LiFePO,) Hi it L 25 00 S5 1R 416 34
T M R A E e O I Hem e e . oA R
43 DA KA R A 0 A 77 A e s O A T =

S 50 3 i A o €6 0 30 3K
B> 3T FLRAT B 01 5 ) I a2
o RS 0 U T I

s 18]'%@’@;@@&@ FE B (LFP) 2 K0 H ik e,

HI TR R ARG . R R RO . R AR TR A
AR DAL SEAE S BRI A AR R 25 ) AL
FT B 223 P T 2 B R Joe 20 S B L S s 2,
FEARRBEAE LEP HLt N AT AN 4K, K IR
A v (1 A BEURE RA AN T JRE B P ) i G B
F BRI I R R 2 X 9™ B AR P55 e, T x)
FCAEAT (A1 M) P D AT A8 = B AU X A2 2 PR S5 1) S
oM LI LEP R ST BRI M4
Jegi TSR] 3K 2 < Je AN R S BIL IR 0 11 B AL
A FH I R DA 7 B R R, B Rk
LFP H ithA7 Bl 350t 7 SRR i SR ol
A TR A RE DT RE A A, i 22 g 48 5% I
I8 5L REUR D BRI PO R B 4 5
TR 2255 AT RF S5 e I SR BEFA 4T, N SIEBL 42 BF 1)
T T R B R S 1 A DR o, IO P
| FURAE R A P I Oy T

H AT, B 1 r i [l e R 3 2 i ik T
PR 1 S R B A 2710 B b U S ) S VA |
JR T HR it mh R B A A A, B S AT 20 1 A 8
i P07 i i T2 )R P 7 T s e Tk e £ )
A h A AR AR5 TEA TSR I T AR G0 R
IR ZAERC LFP IR AR AT BE I A i X A5G
B M5 K8 ) S OL A L2 T i B R B I
A I O A B TSI AR AR, AN e
A 0 B FBURE B8 U, 3 RE A R R DD B R
ORI Yl DR b, e 0k 352 L LA 9 A
DU R A BE T 2 (1 P

T ET XS B LFP B MU IB AR 4 %
A U AT TR FE R 5 T SR E e AN
T 1 00, AN SORE B 23R 2 T LI R T,
HETT NEALE B MR EE R 2 BEAT 70 B, I R AR R IK
[ P P b [ OB P A e A 3 A T 5 45
JEH.

1 EFEMRESRARHITRER

TERE MRtV %O 2 8 T 45 o T 4 A
FHPDR b 25 41 20 70 5 W T R A0 2% O R, S R A
(180 30 8 P i D, T At 1 7 B A7 A 5 v 1 D7 v m)
[F B S B HH RN 43 8 A e 200,

T2 B B — Ty T a8 e A A s N R R LFP
o Fe B A, AT ZEANRRIA P IBAORE A 45480 1R T4
TIERE Fe A5, IR I AR X AN o R rp g 6 P s Y
L. 12 J 0 3ok o 5 1 P A vt 7 Pl R v 1) 1 A
SN 2R, B - LiFePO4=Li, FePO+xLi +xe ,F| 1] Fe
(KI5 A DTS2 AR (1 30 PR i,

I3 J7 11,38 A] AAEEE H R 1 0 R ik B 1 e
1 1 A AN 5 PR 1 2R A S ) (FeaO5 « FesO4 Al
Fey(P207); 55), 587 A8 [y 43 25, N T I8 21 1B P 1k
[ i H ().

1.1 25 A2

A2 AR I K R IH LEP Ha b o 1) IE B A
BHR N AR L A A A S5 IER R ) LFP
R Ak 2E SO 3 T R B G 2 B A kg T A 1 T
TE AN 17 T A T 22 A5 28 DR ] AR
$5¢ i, R 24 1R 77 2 IR 0 38 9 [RDBSCEE  1
W67 92 AN e 0% ST ) 2B 6 B B, T HLAE S
N LR SR T T R 43 15, A kb T HAd g
JRUTGER 0, AN T 400 25 1 v B ) [ S R .

Forf pH RS 52 i B PR I BRI 1) S B TR
ZE LRSS E-pH BT, pH AR Bl I 2k A F it
rh R ) e PR R A e AR K, 3L [P R E 4 A
AR BRAT T PR M R AT AR O R T R AR
HIRH T LFPAR G fEDTIE M BOM I AR 2 1)
Bk LA pH B[R], AT 58 B PR A% £ PSR X, 1K
N 3 S R R A VR S A5 XU AR, s AR [T
EHAE pH 4 PF R8s A0 7R, T 328 st
R IR () AR A D LA, DLSEBILER (e BE ER H
PP RS A AH P RE 2R L 3R IR

FH T3 2 A SU(HL O0) 75 20 il e AN AR K R,
AFDRF T o Ath A 27 28 AR 7D, 380 e sl 2D s N a5 v
PRI AR, I T e B RS A 1 R A T Rk
R B LR DR e e A — )z Y TR AR A 7). Qi
AE LTS o st Y o R R ) S 4% S MO A T I Y
W AN HoOp B L A RE 1) 352 th 26 n ik



5572 HOE

B R

45 %%

97.6%, Mk ¥ HRAR T 1%, 1XH R Fb 5 15 2 5
4l )% LiCO; 7= i . H0, 1 LAAT R0 LFP R AEAL 2 %
IS ALK I 25 TS MR L B8 Ting 451914
WAESEL P pH (. DA L e 41
T,BL 2. 7MH,04 A 28 A F, 1T LLKE 95% AR s D H HX,
TTRRATI SR B AE BRI rP T B R AR 1) [ B8 L 4504
T HOo,BEM b . o 2 B8 BA AT R A4
FENCNEREBNRIN e e RE e R A LR VA R EN D RPN
FIES ) LiFePOy FHARAA AL o 326 £ 1 45 HEE A7 1S
KEEWIERER ] Ho0, SEEEESN B LFP P Li A
Fe,Li & HI AR W] 35 %) 99%. 55— 77 1, Xu 2514
FEFIH HoOo 0 IE AR Fr EAT A0 3 A8 HL R AR SRl O,
B LSRAFERIE « w2l FePO, M-S B, v W
Li (932 R 96.3%, 1 Al 1 Fe JLFTCHH.
FEIXAN I RE R, S NI 15 T M T F B ek B P
(S-LFP)#| FePO, [FAHAE Lol FiE T 2,498 1 1/k
R AT syt (R-LFP). tH T Li AIb T3 AR
SELE, S S-LFP MIEL,R-LFP 0655 5 1] i 35,
Jf H 54 J5 14 LiFePO, 7E 1C 523 FIEH 250 K5
M A AR B 137.1mAb/g.

H,PO,
15k & 298.15K

[Lil=[Fe]=[P}=0.1mol/L

E(}évs. SI;E) N
o (8] o

o
3

Water UnslabloAresss. @ = W

1.0 (B s
4 -2 0 2 4 6 8 10 12 14
pH 1

K1 298.15K | Li-Fe-P-H,0 & &) E-pH [+
Fig. E-pH diagram of the Li-Fe-P-H,0 system at 298.15K*"

S2PR FJH,0, 5 LFP H Fe it S I A i 70 (g
Fenton J [V, Frr=/E 33 B L («OR) [FFE R LL S
% LFP %442 [ .Fenton [ RV A& —FidET Fe® itk
H,0, A lsRE M -OH [ AL BOA, 3258
b :Fe* +H,0, — Fe’ +sOH+OH , T /X % 2 [N 4 :
Fe’ +H,0,—Fe* +HO,++H",iX — i F 45 F) T- 48 1) ik
PEPEBEH .Chen 257585 Fenton 404k 2k 4 BB 1H
LFP{EsA AL 4514 ,99.9% 0 Li LU Li" ({20 EL

B b, HAR R A > e a] WL HL0, ANY
ATCLE ey LFP AR Rt ROR, 16 A7 Bh T3k 15
TR 40P PR RN FeP Oy, iX S8 =4 vl B 2] T LFP
2, DASEZ B — kR A W 9 S i o — S it
T Hy0, LA FEPESRAE T2 70 1 s B R IR
(R ] i 22— B3 HAt 42 8 (1 T48. Zhou 251811
NaH,PO4 Fll HyO, (A A BRI T4 AR H R,
mE 2 Fros iR L NaH,PO, $4L 5T 1 IF1E A
Ho0, (R 5E FIBT 1050, 70 43 35 LA A 9k
b H0, FAE S A, 03 i 1R R 3k /K 5 3 1)
H;PO, JE& W #:4k 4 NaH,PO, & [, FAR & /K
Aab B AR (1) R] B SIZ BT AR ) LR T8 A e A I
M AAE TR R R 0] IE 98.65%, 1T 2% R AN
0.028%.Dai 5 IUIFI R4 PE T HLER Fea(SOu)s
5 H,0, SEHLR A5 L 1 5 Fea(SO4); H 1) Fe 'R
LFP 1 [] Fe™", ] :2LiFePO4+Fey(SO,);=2FeSO,+
Li;SO4+2FePO,, 55|\ H,0, J&,F EHFTA MR T
WP Fe™ 4 Fe’', Bl :3H,0,+6FeS0O,~2Fe(OH )5+
2Fey(S0y4)s, 24 Fey(SO4)3:LiFePO4=1:6, [l ¥ Lt Hy
400g/L,H,0, 4 0.6mL/g, i J% 4 60°C, ¥ Hi 8] K
30min P4 0F T AR 3R B A R 96.48%, i AL A
Fe [1)% 11359/ T 1%.Gong 25575 NaHSO,4 #1 H,0,
PR PO P M IE AR R 3 I LiT e 4
f17F,Li R R TIL 99.84%, 1M Fe MR AN
0.048%. LA 9T N 23 B, H,0, MG AL BAK RTE
e I B v AT DL R A A b s B AR B T R B T
FEHX.

R Hy0, JEILH R G i PR th g ) (1L
H & AT E T 5 3 A7 R s s b TR A7 7R AR
K24 B fL R B T HL O, 1 A AL AT,
— S H A AR A TR PR R O R AR T
— 4G A 5 (1) 55 TR 1 A A AR, e B TR R TT LAAE S
i B Al by LAt O 55 1R o, R G g 7K I 6 B B
e 952 /N, AR 8 5 i ARk S A R0, T e B B U
LFP H{f8H. Liu 25PN B R # (N H,)2S,08)
& LFP BHTIEBMEE I T E i 3 Fros, fEH LK
JIE FIAE R B A 25 4 43 LLOR AT, [ I (1) 352
HZEk 95.3%, M2k BEIIE HRIRT 1.5%.4%
FIM R ARR TE 858 T BEeR N
98.8%f) Li,SO4.Sun 2P [IFER HI (NH,),S,05 11 4
AN LiFePO, K 24 DL Li,COs Al FePO, )



10 14 PAESE: PR IHBERR PR fjt b B B RIS T 90t i 5573

AT I, [ ik 96% LA I Shentu 255311
Peng %] (NH,),S,0 1 4 AL ) 2 I3 4 A3k
AT T PEAN IR T, T8 (NH,),S,0g N 1.1 {5 RS
i3 R E A 40°C 32 HIINEA Th, [ 100g/L
R4, 52 B0 99%Li [r¥ H,Fe Al P [FH H 235/
T 1% 4R, J5 & DLk I(NH,),.S,08 F 0l 1.4 15,33
HUEE R 30°C LI H) 2 30min. [E¥E HE Dk 50g/L
VEA B4 e 28 Li IR 300 98.1%, %51 Fe
LA S BAR AT 1%, X 6525 26 W1, R % £
A A AT AR AR AN [) 1) 552 360 R A S5 PR 352 AT 4 75 22
P B H5c 3 A5 10 S . 4 0 A 7 9%, DU T S IR A )
7805 W Liu 2555 F (NH,),S,05 % LFP HLHZ 5% v
HEATAEAC AL PR, S A . FePO, FIAR § LA K & 42
I AR R T BB T LFP A UL
b, Yue “5PSVR] I B 2 4 (N, S208) 1F b A8 AL 7 5
PR A0 AR AT S N, S B TR R ) R 38K T
99.5%. [l I, 14t — 2544 [ml Wit e ke o) R 7 A T 38
() ] e 28 56 M {8 Zhang 25 B7UE B NapS,05
LiFePO, %4tk FePO4, MK IH LiFePO, HLith 11 £
PRV I 99% 114, B i il I L 295 1 Nap COs, il
2 T4 KT 99%M Li>CO;s iUk i B iZid L A
B MG .

K2 NaH,PO, 1 H,0, (A 4 BE B W SLFP (E 4% AR

Fig.2 Process flow of NaH,PO,4 and H,0, joint treatment for

recycling SLFP cathodel*®

77 1L SR N (NaClO) P L B A B HL 5
TARIAE KA ] A B — € e B34, HL
A5 BN T 53 il DA 0 35 I AR AT A SR A S )
JsL D, DR TR R )i T T AR A T R SR A

. Liu 2581 Kong 5548 ] NaClO b %4771,
A& E NaClO 3K J¥ 4 0.54mol/L. 3= i i[5 Ky
60min. ¥ UK 60°C . RHAEL A 1g/L ISHEF,
R 3R R AT T 99.8%. 4R 1T, 1 T s B 45 1 Hh 1)
W] 9 L /I A I8 P T A A B8 398 R A
A7 1800 0 2 R i S R VA B A
I3k SLEP BH AR AZE 1o ¥4 R T i Ak B 5 33 5 1)
SLFP 22, B fi £.0% (PVDE)7E V4 T d F v KB
BTG R AL SLFP E M AL 13 29,88 J5 7R il
M ZAE R, JG# LA NaClO AL & T
98.3% AL IR AR 0.11%, 55 Al &5
JUF2y 0. [R], [EC IR LiaCOs A1 FePO, A F 1K 55 ik
Bt LFP{E 0.5C NI A &= ik 162.6mAh/g.

SR s N =) 32 BN F AR R A A,
FH 3 ) S AR A E M G 3, IR Niu 2500
FR A A 2R (FeCL) /AR I LFP 4t
ML FRHR L Ol R 7 T R A A, A
7399% LA 111 Li 9t [RI. 9 P (1) FeCly ] B 32 1
A2 I Reg TSR Y, SN R YA I AR )
P SRR A IL AR A5 A7 20 0 g 5 S0 4 i 3
TR 5 VP 0535 A s o TR T AR T K
A1, Yang 251U G135 A T A A B (NaOH) [ 45
A S8 AR R B, A R B v Rt
FErH,LFP 34} Fe # NaOH 584ty FePO,, [F] if NaOH
HH) H I8 RN Ho, 5 O W] LA - 3R0kb S i i
FEAE A BT Y Na BB RENR LFP 1,
2 1 30 A i AT e A O 4 F R L IR H B A
98.2%, Ifi] Fe W AR5 A4y Fe;04, 5L T Li F Fe 1)
G35 b AR AR A R Ay Tl TR Ak L P el v T PR 20 B P 4
IR T 204k B AR v 07 28, N30 1 1% 1H F i
RIS H IR 7T 3 .

KB FCFFH AT Pk D= I R b 2 48 A
AP, ) B A AER TT 7 A P B 5 RIS 48 A 1
TBEAE NG W RO AR AR AT
PP A Jin 250 Ol 5 R 2 A - KR
HYER A AL AT LEP HEAT [, P o
I DA A Ay S A R I 7 R R A A M AU
F,LFP #2510, AL, 1T O, 4k OH .1 T
T EARE I AEAR pH (E T 5 5, PR AE ] H,SO,
ORI 1) OH, DAZE AR pH (B A58 AE 3 H i
i Fe MEACFD Li 0K [R) I & 4 FePOy AH 5



5574 A 45 %

LiFePO, AH I Lt 51 128 ¥ 4 0, £ 2% 7] LS 99.3%1) Li
B BRI Fe A1 P 414 0.02%, F4 5 J kit
BOTT R4S Al B LiaCOs 2L S A T
LiFePO, " HA 1) Fe 1E A A0, 15 FH3E & 1 RoKs
B P W R B WO A AN
Fe'' .LiFePO, 1] L EL #4421 Fe® 4k, TR i
LTI FF P FRRIAR N Fe®* TE AR R .

P B T IR RES AT R Li (5 H R IL £ 98.9%,

[ IR H 0.41%01) Fe A1 3.01%1) P.45 B3¢ W, IX
FhOPEA AR R . RO HLAI fose 2 7 A
A0 535 DX ). W 2 RIRE DL S i) O, A7,
TR kv 3,48 97% LA 111 Li 352 H 23, 1T 99%
DL LR Fe B7EiR M MY pH {H,f# Li LA
Li;PO, JE A% I, S IR T IE 95.74%, HAT R
AR T A SAE A AR b 35 ool AR IR
AT, FLIR A LT 4 2 AR A T A Ak 27 4 A 57,
AT 25 A BE PR 35, B8 DR JEE BAIC AR 7 AR
[F) IR, ] DAY i A7 AR AR A 2 28 A R 1) 22 4 XU,
e L 2R 2t T H I F AR RS P, <
FBEAE Tl Ak N FH A 5 52 00, B3 A 0 50 3 3 o AT
A8 I At 0 e B [ Wi 4 O 42 i UG AR AL
1,755 Li" I\ LFP 544 Hp R R 1K LiT 5 CL AT
SN A AR, T e AR B I S % Vs
CIRVSEE o= R W N3 R | A R Wi~ U
el 14 i) .

i 75

&
* . X N
Li,SO, AR LiNHSO,  %R&&  BER

3 SLFP [ T E 7l

Fig.3 Process flowchart of SLFP recovery”™!!

BEAR, R0 Wk 5EE 3 e R s R AVE R

IH LFP wpikFrEdR B, LU D A 22 S A 3
BRI TG T [ RE. Ou 2O T
BAA T Z(EAOP), Fl T K LFP [ 1E A% 44 k)
(CMs) % £k 25 14 PVDF Fl A7 2B LiAE B AEA
AAE T, LT AT LA A B 1 CMs AT H2 L 100%
(8R4 )5 L Li,COs 178 2 mIie, 7= i 4l K F
99.9%. friy ST LA R PR 1) S 2R, BB A 7
I ) P 4 BB 22 1 I BN A A 000 2D AN 0 B 1)
FE), S A ) R R

78 R AR 25 B8 A v DI T T A L e 3t v 32
PRS- I AR b, AT 2 BT 3 H I A A7), R i
AR AN 5 8 T EH R 22 57, B 241K [T
KT B B B 245 BT AN )AL 22 S AR TR
B A7 Nk IR S A R IR 23 15 4R, K o
A8 R AR AT BB 23 7 A2 A 55 R 0 B B8 3 5 T,
I L1 0 Ab R A A R H 5T n] LIE— 2B R R AN
[ ARG A AL T2, AT B s s a0 i
MR I A
1.2 AR L

M2 WA by — s DL R VR R S R A IR
[F R Rt PR [ SO i A3 38032 N L H R 7 SE AT
(I 7 S fily L, ELAT A R R Bh R HE I e AR
300, IR i g et v B S BRI %
03K F I 1 2 A 5 A UK JE 16 JE HLIR (H2SO4
H;PO, S5 FIA HLR(T IR « IR B0 L b i e[,

Du 2RI H] HoSO, R HUHLH2H T R AN Ik
B R BUE LEP B B i% T2k
LFP B K 5555 8 W P 1) Ho SO MR A5 A1 /N % 1A
IS 385 T A R UG T v 2 o U R S — B
) o, PR A R IR VA 3 A2 s i iR OV TR Bk .
V1] 5 7 [ AH v B S R B B O R A AR B AR K
FH A I AT LK K938 51) 149 ¥ A L % i 82k
A 10 25 B S E B A B AR AR R T 3K 99%. Liu 251%%)
FIFH EE 8 R (HaP2O) VE A 42 AR, 7 S R 35 HE 45 A
L R R 100%, [ Fe (AT H KT 97%,
I H.LA Fea(P2O7)s B X AELE, 70 H 2 o BT m) i
TLAE R IR 23 5 e A0 8 A7 K 8 PRI 0 R PG R 5
NIRRT A AR R AR LFP M TIE PR
H.Zhang 251157 i H,S0,~H,0, 1 Z b4 HEAT i 4%
PR H,Lis Fe Fl P 1R H B AW R, 70 02
499%-0.02%F1 1.5%, 58 J5 it — 25 1 I8 il NaCOs



10 14 PAESE: PR IHBERR PR fjt b B B RIS T 90t i 5575

VERUTHERFEN T 480 96.71% [ Li,COs 7= .
5 BRI, Chen 25U FhBe & 78 R th k4T T PELH
(RIS, B 24 T e R AR AR (BRIR VR B4 0.4mol/L,
W EE Ry 7.93mL/g,Ho0,/H,SO4 ALy 0.13,35 5
N 60°C).FELAAE R BT ER Y K 3 dt iy, 1T 2%
T EMACER TATH HO0 HoAh AL B AR B
R L g A3 L U RIS H,S0, 1
F N, KM NapSo0g 11 W AL HI M EL T iR HySO,-
Ho0, 2, Li AT5R T LUR 1345 v HE R (HR HE
t Fe Il P P02 KB 730000 1.39%F1 2.58%.
7 30 R — XU K AR 2[RI R i i R B vk B 40K,
R E A 98.69% 7 Liu 2871 Yan 25 155H)
FU T LA R R R0 SR AN A T 1 A T R AR A 7 B
B IR AR R B R A T AT B R R
KT 95%, BRIK1i2 H AR T 0.1%, 1M1 5 & R H A& 1
AT AL T RER A IR DA 2% v i T H Tt
Li,COs, 81 () RIS R 1 iE 97%. 1% 85 J7vE v LAY
R TR AR ) Aof P o, TR PR v T IR AR R 4R
R TCHURR R LR R I AN KL T (v i e 0L RE s
R R R

SR 7E TR b il T AR K 2 B A5
JEg it I LR I R 2% 2 e R SRR 553X
— J T FRAR T ¥ % B A FH 23, o) — D7 TS 36 n 4
MV RIER OR A B ESCAS T A LR B AR R MR 99 H 2
FLAT ] A= Wy B8 0 v, 5 T AR B H T8 2 K
R

Gerold 25143 B4 PRI 5 1 E WLIR (B R A
IR A HLIR (Fr AR TR AN HE IR A M iR BIUGRIEAT T
— RGN LS, S0 45 AR B, 5 T HLRRAH LE, A L
i 5 LA A A, 1T DA B AR AR 27 s . T 75 1R BERE, A5 4%
/D> COy HERJE IR B, n] AR b &
Spe /Dt ()R, 8 I SR P ol T A T A B T e 2
HAE 94%~99% 2 i) Zhang 25712 42 T ¥ B IR (CA)-
EIR(OA) IR R (SA)ERRE I FE o0 JE 4 H R
MG (Li-H)a i 2 7 A8 o3 (X)) [N CARL ) 5% W0 AZA0F 7T
FEH IX RRRH pH AR B A T PR, R A A
FIF Li-H IX [N, HI%F Fe IX SEMAS KB Fe Lj#
JeoEAN ) B hr L OA HERR T IX R 2111
SR, DR I B R B Ah Zhao 25 VTVRI ] R R
FIBUR KA AL PR LFP A4 ()35 U AT ik 97%
PA b, oA 20 43 1% 2% AE 1%L T Mahandra 2507

AR B R AR R 952 H 75, HL 0, A M SR A5 7 eI
Z R BRI KT 99.5%, I Hon] ARG s 4l i
RO S 32D b0 5O R R e R
gE XA Rt LA A S R R I, S0 3R W LR
HHZR A3 98.84%, 1M Al Fe [ & &AL T 1%, [RIFf
AT LA A B 4l 1) LisPO, 770 Li &R T
R SR AL R G B 03 R I B 99.9%, 1T 2k 1)
AR 0.05%, 03k T 05 Ik Pt R
DA b (53R B 7 T R +HL0, B 1B REVE R 2
(3 Rt o B 9 R K 2 B 97% LA LIk 1)
HAR T 1%, 7] LAAG 2% S AR AR 1R 18 £ 1 4 29, o2
— Rl B A R T2 AN Wi 4 Bk, Li
SRR AR IR AN HaO, PR R HEAT T 336 E[R]
L. T AT AR IR ) B 5 FHL W A7 B T3 mr R e
PRI H R R 4 SR W B [ R Tk B 99.35%, IF:
HEA R B8ORS T AR PR EE K
UF kRN AE ) B fR Ik AT S ok T Stk 2
AU AR T5 5 X A LR AN BE AT R0 R Ak
AW, 10 FLIE REAEF LR 45 A5 32E4T S 3, AT
8 BRAR AR RN 45 (1 R

» [
w [

HE

9 I |
<O <O
I -eoecTs @

FRIALiFePO, Hiilh

P »>»>> ) | #H

4 FREHBHIEE SLEP A AR

Fig.4 Acid-assisted recovery of SLFP cathode materials!®!!

Z LT TRl B G B R R R I T Y 4 Bt
VIR 195" N R e = oty IR v A E RS
PR BEAT A 110 B B AT LAAT O e 0 A 1R 19 e e
Je 5 AR 2 A I, vl AR AIR IR 1) A Y 5, o2
T AR A TR I R 4 N A A, T
LU 9ol /I35t 9 At e 3% 0 T, S v
JEER ™ i (1 e R R AR 1, JE 18 2 TE LRI A2 AT L
TR R B AE — 78 R FE 10 [l WA 8 4% 3 AN AT
R o, O L AT BE S X PRI e — s e R A R



5576 A 45 %

S (RRIE 5 b  1E— 2 LAG IR () R R B K
ORI 2 A R T 2R
1.3 bk

FAL K 272 22 — 0 R P F B I e 1 2% RO I 4
AR H R G TN Eh K Bl H A 2 S
FERA P AT (A A 27 s N R AR TRTAE K IH LFP [RIfi
BE AR R R B A SR FA 22 o0 AT
IEPEPESEI LR R B R IH LFP (W IE R AR
BT R T e e H s B R 2
i LFP R AE RO SO, o 246 SE IR 25 1 (1 1B Pk
PERCARYE T2 VT AN [R), 3 53 by ek 7 v i 0[]
A BH A HL i P A 7 5

AR L AR Y T AL LS ) T AR R T e
P SR FH R A VR S T B AT RO A AR bR AR
S5, T IEA T RO B AR B P 5,10 252 iy
ERVEASE N R HEA DT K LFP H1b A
FePOy4 YJLVE. 5 ULIFIN,EB7r LFP Ky R 045 70 R 1tk s
VT AR BT HA IR ANk B AT DAAE BH A 9t S Ak
TE RGeS B AR A FE TR 1 7 X DS 3 R AR
R B 1 (KR R ik 99.89%, I HLs i b ik B8 1
FIE i — EARRRAE 0.2% LR, B o il i 28 e Ak 4,
BIVAT [ e s 403 1) LisPO, 7= . AR Li 2583y 1
SEO B TR R AR, T L L R
FePOy, Ifil JG 5 Vs N FLAth Ak 27 25 70 A% 0T 5011 Ji B A
JJ& LFP 75 FHAK == rh 3 AR A I IR TE 1. FePO,.
P S e I N 454 R ,98% LA i) Li 37 H B R v
H1,96%LL L) Fe LA FePOy/C [ 3 [ml . iy #E A ]
(5 — TR s b, L S BNIR R T Rt s it
T B BT HO R R 0, 1% 2R 40 10 1 1 TR A B L A A )
T8 AR 3 rp gl A8 A I F R T80 B8 8 i X LU Y
TAERIGIER T, REWEE I BH & 1 A kAT
¥ HAEMIR = 5 OH B4 i LIOH. X Fh T. 21
R RIS 95%, AR Tk 85.81%, AT s
1 HLRER 2% 5 EIRBFSUANF, Zhang 255561 5
PEHL(E R LEP [0 5 A T R A oK R Fa L
B R G 4l G A2 5 1L LA 2 CL/CIO FEAE
N EEAIRJEA BT LFP 38 42 A0 0 Ji 80 1) 2
SRR FePOy Al Li, I TG 75 AN 1Ak 240 oA 50
PrIHIC LixCOs F FePOg (W41 E 2 n] IE 3] 99.70% A1
99.75%, Ji& I H B 0 PR g AT 38 8 L At V2 g 4 11
ARG () FL IR 2 B R R AT, A AR I BB FE 7 K

AT P T Z R 5 T Ml A B L2 v 0 i
PR (R 7, 0 PR B (K S AN, O HLREAT 200y
PR At 2 7, £ B v S T A 1 T B T A
B At

. I

FePO4 | /%

H+

Hegss L

Bl s TR B AL i 1)

Fig.5 Principle of acid—assisted electrochemical recovery

[82]

Ty T, 5 BT H AR A 7] T 2% A B AR H
VN T BRI AR ) 5 [ s AT R b B S
T80 3o e o L 9 e R R AT A A SR M T S AR 1)
BEPEPEPRE.Qin AT GUAL BV FB AR R T
FHAR FfFRE I LFP fERHAR E A5} FePOu,
[ BN 2 v 058 4D 0 9 90 4 e A ) i 9 L A5 2
TR Bk BRI E RIS 96.31%. 0.06% A
0.62%, A7 Ut 5 (% B k33 Hh AR Zha 25070 1
LiFePOy, Flf7 58 (1 A5k A8 e A6 BH AR A kAT
L, 70 i 45 F N Lis Fe 1 P (1138 H 24 RIA 5
92.72wt.%+ 0.12wt.% 1 8.71wt.%, 3 it N #vis g
R4 Ky 99.21wt. %[ LisPO, @77 Wi CiE iy S8l
I8, - L P A I 4D ) P A A T LA
0L Li,COs R F. Yang 250t 4 1R
FIE LFP [H] B h BIAR AN BH A%, 12 HL Al 2R B AE 78T
FL L, B A P AR JBE 48 LA SRS FePO, [l i #5 BH
R ) LR N2 B AR CAIRDE SELR LEP (17
ARG RCE AT IE 92%, 11 MK P AR 1
LFP 4 R4 (1 A 2% PR REL7E 1C I Ik 25 &=
N 136.5mAh/g.Zhao 5§ ] LFP Al b P,
BAR s AR A B, SR T 2.4V HL S FEL# 120min, 51K
BRI 98% LA L b T 24 B BR A v A A
FL AR YRR, DT L LA S B R 4 P A 98, B T s B
LiosCOs 1 [ISC AT FRLAA I m ] 48010 T A0 P AR



10 14 PAESE: PR IHBERR PR fjt b B B RIS T 90t i 5577

% e 3k U Y R AR R R SRR A RO 4% A, A Ak R
BB Z T VR IR A SO, LB AR B A R A DR e
3 3 24 A R A e R AR X T B, I L S 58 1SS
ANTEBEAT o B, 2 T A S R R
S A

PR BN 5 VAR P, BH AR v AR s Y T
PR AR R ZEAE AR F L BN AT DR Ik e RE AR
TSRO 5, G 0 T — S R AR T A H A
{140 J52 I3 T A S ARG o) A 7= RO AT — 58 5 T, (] B
T BT L UM B AT R 0 55 B 22 1) T AL B0 B 4
P T2 I A BH AN P AR v A A 77 28 R B i
73 T30 55 2 LB A 1T e V7 P ARV U B O A F ok
Fe Al RS R A

Zx PTG S I B R T R — MR
R T2 LFP i3 R R T2 3L )
JIe A FH (1) VR 8w A B FH sk 2D 7 Pk 5 3K, B
LR RO R IH LFP Hath h J2 T, 5
LT A LA B A3 1, PRAIE T 32 VR R B ) 2l
AR T AL eI AN G YR, LA ST REA R e AR AR
TSN R H A 24V T B FE K B L B, 1T g
e — e FERE 38 0 REIE AL A 5 — 7 T, K
(1) FEL R i IS 1T BB 2% 3 S0 BROME ) LR B A, A4 e A
FA 75 i DR G 5 R A T 5 S A9
1.4 ElRsREk

5 FR A TR B T2 0 07 VAN ], i
Y0 T B T I e U A B AR T B R R 5 ) A
A2 P o, DL S IR PR 36 PR B B AR & BRI KT e 4%
PETR B B v B (1) 45 R B S PR FH R e R
I35 H AL T T S TR AR (R e PR 3 H

TE R R T R v o 2 VS T ey B 24 75 DA oy
L) ORI R 9D A 45 T 110 55 T, i (R AL 11 s &l
F5£ [R5 P Rl B R A R 2 5 P R 2 AT TR R A
Sk R PO 2 T I R R T A, DA )
[WARNR G V2 SR ] LLS 4 BRAE48 R K
A RO T BT s P R AR AT AR IS s R g R
W 5 ik Zhang 2P LL Na,COs A4 B s AL 771,75
900°C I, {2l LiFePOg ML 2= Bpl il IR, HEAT e AU
JEUS N, o 4 A A R RNV . Bk AT LA A e
) R AT R 53 5 AT A 23 5, T 1 1A B R mT DL
164 LisPO4 F1 Li,COs5 7= .

P65 RO TR & DR LA il LA o S N

HARPARE T b R % .Chen 25045 &
T AR P MR IR PR 58N 19 s J 3 S T L)
IEREVE 5> B AEEA RSB E A 550°C I, JLT- BT s
(1) LiFePOy4 IEMA ELERHE 4k ) LisFea(PO4); A
Fe 03, X A 7E B J5 If1732 R Li iR R KT
96%, 1M1} Fe [¥132 Hi Ay 0.03%, EIL A 51 Li Al
Fe M43 B5 0L B Zhang 257 SR R R £h 3E47 ks
BRI, E I MR A 800 °C i A8 AT L A Ak 2 2k
B RIONE A 45 R TR AR S SR T R R T T
LirSOy4, AL Fik 99.22% A1 F5 4519312 42 7 i
PR AN AE RS IR S 650°C N Al Bh AL, K2 I TR 75
15min, B3 R AL 96.81%, B Li, SO, 77
ali 1k 97.36%. 0641, Zhang 4597 F A £ 4 B
eV, SLFP 5 NaHSO4-H,O 7E il N IR Ak ke
2, NaHSO,-H,0 figfe it Fe-P-O £yl &+
(1R AE 0, A L 2 A Ry 7KV P R 56, B il it 92 K
B AT IR SLFP:NaHS O, H,0O [ F Ll 1:1.5
I AEVUAT 600°C R Th i o e 30°C/KHY R
b B AT ERAF 5 98.12% (1) Li AMIK T 1% Fe.
AL P[RR T IK B4 A T i &, SR 1]
W2 0 5 A SO R T P LFP A 2. Wen
2SI REA ] NaHSO4 14l 7K 43 B A % Bh ks el
R ) AE R B EE 2l 400°C . LiFePO,/NaHSO,
YRR L 1:1.25 BISAE FRERE Sh,nT #4328k
SN 99.08%F1 0.12%[1% Hi . Zhang 251
KT I Rl R R 28— S A R 4 ) s N 1 T2
AR, FIH (NHa)2SO4 (AR AP A ARG T 06
filLIE 5 LFP 0k 78 43 O % 7RI T KT 99%
(IR, RO BRARR T vl i i 5 22 1) I PV
B A N sk A v g LA ek e B B
BEf pH AR, BH L8k FR9R AT 28 8 1 b i 0 A )
B LI P T A NaOH HEATHiBh R LA ]
Wk LFP HL it X SR NaOH A by A0 71, 7
150°C K5 LEP " (#) Fe* %8 ALI% FesO,, A £1
SR A 3, XA I P PO W] LA SR LiTHI Na™2k
J§% Li,NaPO,4 fll LiNas(POy),. 3 it 73 2 H Fe;04,E 7]
79 2 2l B (R 3R I E— P AR LisPOL, B [HNI
FN 96.7%, 4L ATIEF] 99.9% A K 6,4k ATT1K)
S —IRRFST FIRER ] NaOH Ay ke )18 i it 500
LiFePO, fll LiCoO, BTV A [, 7E 300°C £ 2F T il
IR LiFePO, IS E 2514 [ N A 1 Fe(OH), 1] LAIE



5578 LR 7 A & I 45 %

Jii LiCoO,,f# Fe. Co 5 Li 2 25, Wi 18 28, ¢ )5
FZKRZEIRE T 94.8% .

.........

! 1 —
g i : =D
GCIER . v > T o
-O O i,,: BEIALiFePO, —‘ | > .
kI
e \ w4
- B " 2
: Q* FEIBLiCa0, Jabe
L mw e
. [}
> ‘\ Li;PO, )
0(CH), Fe;o. ,\\
[ [
— . <3
E'J e i - B
= %
¥t B®iE 78 Kk E

<16 NaOH #li Bk bedt L 2!

Fig.6 Mechanism diagram of NaOH-assisted roasting

conversion®

FE AR R AR TR U LA [T S 7= )
eI, S DU AT 2B B T BORA Bl 5 R R
AR PR S5 I 2% AP RIS T K% Al 4% o, LA S )
VALY 4& SNTE R eI E e & e N TSy ot
FEREFEZOR o, T E AR 2%, T e & T ERES TR
PRI B AR BT 5 B AR B B2k A A K, 2
SEI P ey ® S IPIDUE S (PNAYIE: S 5Nl ) N
FE L P I R T M 3k 2 R IR O IR RS i
JRHR P TG G
1.5 Plbitb Ak

WUBRAL 222 — R R AU 0 A58k A A
N2 FRY T B vk % R UG T I LA T % TH e i
EATWEIE DR A TIAL BE, H (12K LiFePO, FURE 73
A B 5 AT A SO B i A 58 R 2 A 41
YIRS 3 (R R B IR (A7 AE 1 AT BLBRAL 27
SN AEAFEE 27 M LiFePO, MBI H >k, M T SE I
X PR SR I

TR I 750 S LA 220 (R R o, D A T I8 51 £ Ao
AT CASE S AU 7 1R A 3 00 A 2 S [ 1E R,
TR v IR L T PR BIE B RN B I
PSS LA R i 2 FE At <6 Jeg 190 28 51 2 K 52
T T RSO 7 it (R 3 ) 7, W 257 i i =4
ACRRAT g BE B 5 AE MU Al A 3 A R o 7 A
J% LFP IEARARHEEHS 3 = S0k LFP Bl 44k 4 5
PR K, (E LRI A7 25 R 7 PR P AN AL A S S 1 2511

B PR MRS TIA 97% LA b Zhang 251101
F TG RRAUBAL 2732, FEAE AT R IR B (Nas Cit) £ 2 By
BESAZ T IR it S HLRAR(Cit ) 2% & R Y,
TSI MBI LEP &5 R4 v i A0 3 6 2 m i
Li R A1, T AR 98.9% 14 Ik 4h, Liu
At VOU 7 — bl g 12 9 =0 PR WL Ak 2 e [
(UMR)- 7K ¥ tH 120, i 3ok A A % e 68 ok 4100 261 751
(C1oH 14N Na)O) AU 2 [ N 25 HaO, FHZK I
B AR LFP [ 1E A MO A &5 0 70 Jee A 4% A
,99.17% 1A AE R B[R] P9 B 8 T80, S B T AR P 3
VRl sde % Lin 2502 1) [ M SR A7 S B I
VE B EE S AENLIR T IVE R N 5 LEP BEAT SN A
13 99.7wt% I 81 AT DL I £ PE b g HOF A A
Li,SOy, il Ji5 8 3 ] L 1) 7K 3 FAK 2% 0 e Ak # E
(R AL A g P 7 .

Bl 7 UL S A PR R R 7P

Fig.7 Schematic diagram of mechanochemical activation for
[99]

selective extraction of lithium

IRHUBAL R AR AT TR BT, BT s 1
e R Ti] B, BT RAAR, I HLARAE LR AR 22 4,
PO 15 T A AR 1 S o5 VA IR REAE AT AR A
1, [P IS S 2 I P 7 A PR PR ST ) o BN AT A BE,
XA BE S BN S AL BE RSCASRIER B 7 AH B 7
Ry 3 2 k2 5 M [ SOOR, W SR FE AN 2, mT e S
SO (9 [ e R BRAR 5 A FLAt ) s 19, B 24 552 Wi L
7 it RV E . AR, BE LRI IR 77 AT RE A £ 0] 1 26 3 A
PR3, 3 0 T A A7 AR DAL b A S e I ] R 7
2% FEWT B R R M S C 24 S B m AL R
[E WAL, LA ) Bt A A Lt ) W O A 1 .

R U DL IR 3 R A AT 25 A A



10 14 PAESE: PR IHBERR PR fjt b B B RIS T 90t i 5579

BN 1 FTR X FIRTTVEIAT T 4R A T L.
1.6 oAbk

B R A AR B T LA B LR WL IR R ER
H T EZ A4 — S A R Bk V.

A WL AR B R 1 [RDBCRE, BE 68 JkE e LA,
08 B 1 I T, R R IR BE R 5 /N 92> T K
RS AR Liu 20T R — H S (DMO) A
HFLH TR LEP 1[I 58— F R LE 80°C N /K i
2h AR AN R LR S AT SRR R AR LFP
AR AL R} v s i, A 7K T A A 5 4 R R I
BRAEBAE A N ERIBE R 2500 99.19%F1
96.28%, 1M K113 H A 0.2% . J5 B0 i A T
T RGNS i, RERESRAFLEE N 99.62% 1) LisPO, 1~
At AR, IE BN 7 V25 B — R A 2R 1) T2 R &
2 BRI v, W IR) 75 L AT 2 IRAE IR P56 X 25
THFE IR AR TEORTE 770, 18 0 A= 7 AR

Xu ZMLL O, NEIGHLH0, A4 AEHI.CO,
T KA LUE R HyCOs, HH T L9 FR {75 Fe. P
TG 3R R, FRUE TR A R 1, A s ]
B Li,CO;s 7= i, S [Fe e ik 2] 96.5%.41 H
CO, VK 12 B, B A 7 B, I 75 3 PR SR S A 91 1)
DURE R, T8 G 1 v 3R R K P A W PR T
SER K AL F I IS ) 6 Ah,CO, B 2K S A B T
T80 B HE TR R B AR BA R

UEAN AR BRI Fhaxtt . IARIIESE
PE4R4E )57 Mahandra 250 U IR B EA TR
H XA R IR S A R A E A,
A BTSN RDECR A R PRI pH B A R,
AR DU FEPEB I 2 65% R4, Tl 4 b 7 41 1T
B IR B e ek OB ) BE ), B iy T 98%.1H
FE, 1% T3 05 BITASE Y ) 40 1 5 9 e G, 3 A I 4
PESZ VAR, DR MR R A A A AR ZE SR BN v 241,

AT WLV R HE VR T I 328 9 5 38 AR 9 77, T RS
IR vt R HR, ) B i il D At <8 e 1 T3, T
AR 1R AR 0 D B A S BB AR T B R i 2
AT 58, A S A B T O 18 110 59 1R A
I8, R DUAT 255l 2 T A 2% Jo R Ak B2 e B L 11
PR, T AE R BERE T SEBLEHE R L F 8 [P
YrE HBORWIR A T A= A 1 o — T
R IR BR U5 33X 5 k> 1 A Sk A
HLAF & g (Al 27 B HE N _Eod JUR 7 VR #R o) BASE IR
BRI vt 28 DT P, DA AR R PR 3 W P L v i o i
FEVEIR B T IS R 8 i

2 AREFERIEREITA,

U 1 Fs AN R RE PR HH VAL s ki
BU B i, AR 8 5 20 A AP B 280 a1 7 TS AN ]
BT R

F1 OEFMRHATENMRRSIS

Table 1 Comparison of the advantages and disadvantages of selective leaching methods

RJTA s B
s RERE A I BRI L, SEEL B AN BRI PR E S 25 ARET A A A PR B
RO L) G, FEASAS WL RE IR0 PR 0505 2, 5 SRR S A T o0 Il RO B 6 B AN ) 8 ) JE8 el TEWLIR 5 7 /1A T AU RNR 5, B
JUEAIR T IR RS D S AR G L A7 i, T RERE DN AEBE A
AL HLAFRVR PO AR L, 9 1 e 5 S, AT o A R, 6 At e 7 iﬁﬁﬂﬁé,ﬁﬁé%buﬁé%%@ﬁfﬂ!&ﬂi;%‘ﬁﬁfﬂff&)r‘i*ihéﬁﬁﬁfﬂfr#ﬁ,
T B I PR RA it LEHEAT 2 g
REFE LR, L AR S %, W] REIE I REUR TR Bl BE 26 S 2% B A
FILETRRE IRl VAT B AR LFP R B R T B R BERUR, 2 AF BB A G I I AN B3 B SR w7 AR R
RSN
bt AR+ KT, BT i 9% 1 50, BEBE A B AR L R AR 22 RERE mT REA i, 7 7B [ R 400 0, A5 Ak B 1S A 4, 36 PSR 35 474 0

4 BOE 5 AR

BRI PR 0 i A

2.1 BORZBEI T

A SR AR T I s AU A LR T S L ik
e AR, DA T S I 125 PR B 3 P B B, 0 S A 7 2
SRAE e A 57 AT ARG N 17 BETE A, BAR XS ¥ 7%
(338 5% BESRAN ey, (ERE A A Al vy A2 59 S 2

HRR ey HLER A ] SRS, 38 1 T A S H 1R Al
B IR T B SE IR B IRV pH AL, £ 2 B i
VBUREAT TR ORI TTT A 2 S 1R 12 24 700 ) A0 s ARG I
B, ENEE TN 1 A7 HIE AT AR, [R] IR IR Y 24 791 1) e 4k
PN B3 J R 5 B8 R G0 1 Ak PR A X b s



5580 HOE

R 45 %

520 B A AT ] B, B3 P - R 1 A 7
HLA 23— bl (L [P g 32, G VLA VPR 4 24
FIRT LK Kl R T AR 92D 2 T 900 (H 2 X
TR BT EOR A L T Has AT I TR AL, B 4 n
T REVE AR AN, 1R 1) FI AR R 77 i S5 A, O F
L B 4 i RS o P [T vk e PR HLA 2
BRI R A e, (H e A B e 38 AT REAFE K, R I
TERIR AN R R WAL 22 e i
AR B3, BT s 1 6 Tl B, BB RA AR, A 1%
JTERGE B TN AR AB S U AR R 1 72 ) R g
R e A PR 5 B A G N A 7 RS, [R] I P A
[ R R BN T AL HL AR

DALk, AR 2835 P 20 A, P Bl B9 Y 92 AT 4
AR PRI A5 ' B A MIASE RS 1 T A 17 P 9 g, A i i
B R R AE PR R PR 7 A2 [ RESE 0 1 A B A
AL 223 BLUAR BN 2 (PR R (B B A BN T REAE B
TR T 1 TR e ERAR R A mn (H 2 e FE N
BT AR IR i BE A U 27 AR 3L A
AR, A L BERE T SR, O L 2 0 [ A 1
2B Ak BE A AR I LT VE R A S AR A
7 A AR A 7 THT 320 2 B R e, BAT K B JREs 1.
2.2 BRI AT

M 2F S AT I AL IR IR 5 S A ) B B i e
T AR BT RT BE v G SR R IN L £ S W
RERE P ) BE S R AT AR R AT 3 ™
SR TR B3 R BT 7 A YRR VB 7 it MR PR 1)
HEBOR 3 SO 7 G ) 3 2 gt R, L OTE HLIR 1) A
PR 2 7= A T R ANIR 55 X 28 IR T4 i ROR 3t
1T 235 A0 B, 1T RE 2 T BUKYS BRR BRI SRR,
IRESE M EY N A A A A A K AL
2 i, P A AT DL A A 75 B ) R IR D,
FHORT SE I 2 (A O i R RV AR JRONE I 2% 7 A K
AT F U R R S ) RS 3 B A A7
B2 20 A i 3 OB A e WU S VA S Bt
R R 277 A R ] A R ) Bty 28, AT — E 1Y
MR A

PR, A B 200t 20 BT R A2 S AR R R Al
5 VR 2 AN AT G i 74 e AR 7 ) B IR L 7
i, LR B I IR B BORAN ), S Bt e
SRR RAT T UM U AL 2730 3 e [ 44 2
(77 A A AN I A B, e 4 PR 3 AN T A R i

R PG = , A SRS B i > R B BN
(i SER R e

3 4%iE

H 3 B DB e b (R R S 5 e LFP A )
e SRR KOIEC PE IH LFP Hts R cR
ISR AR R, HR AT 2R HH 22 B RO 5 9, IX R
BOARHR B FEAF (RS A3E T 2 55 AL 22 S AL
VEBR AR B BAT RO IR N T 5, RE s A7 R il Bk
FRIFRE Y, S BRIk 1) 2B 2 0 (H K R LA 11
AP AT 7 AR AN AOAT 7 R0, X A B 0 e 3 i
FH PR B9t 3 mT DAY 249 B, SR A R 1
AT RBRAR T R (1A B il DA T AR 7 A (B
VB FA)ASE P T [0 WA 28 36 ol AN W7 308 £ JE o, 5 Ak 2L
JEAS AL 2T IR RE S . TR EIOR TH LFP
FL Y P L, L 5 SR AR R PR R, 1 D RE YA T
AT H AR R A7 iy ANFRUE , 73 BEEAT R 49,
e U P Y [ WA R ] B, BE AT 28 B IO TH TR
P it rh B HIL R . LR & B EE
PSR SRV IE N BEE BAS, [ I BT 7™ A2 PR 2 A
PRBE G e HOG A N B30 R B e UL 238
Toges BT, BBt AR, HREFEA AR B, I
7 AL IR R T A e AN A B AT RE A 0 Ak BE A
GBI NACIE

T AR AT P B R 5 3R] DA SE 4 i
TP 08 P At v 8L 1 g A% [ AC 75 SR PR e )
Hen] RETR E LA S AR EAR I RS AT T
A, DA o AR R D R TH P b Ak BT 56
XA 4 5 5 R AT B T4 v B DR U
[F] WA 3 A )y r b [ AT M PR R 8 8 J 3 552
DG A 2255 R 5% U 1M I 36 170 10 S8 s A5 k.
i BOA (AN W2t 25 MALAL, R R AT BB AE R BBl
Lt [ A 0 S T v PR 20 5 28t R 5 K 2
R EG 0 L I B W T Lt — b
PR ANTT KA PR i R R FEE SR AR 5 v, 38
AT B ARSI H H B s 28 RS R [R] I B A
REVSHE AR AN IR 5 S 4 JH I RF S IS 618, A 22
e 0 B m] i 5 1) Ak P Ty R IR TH B IR Ak B L
[y Ak B 29 N ARG 3 28 G A5 X, d KA [T SCR T R TH
b A R R ST A < R D R 5 R PR AR, A i i
ATl (0 T Fp 8 e RS PEAT 0 SR, M i S BT i 2k



10 3

PAESE: PR IHBERR PR fjt b B B RIS T 90t i

5581

773 RO IR. £ BT IR  AROR R H A IR Ak B
HIEFEER PR Y, 24 SR SR sk (L 353
e ORI G 1) 2 7 FR T, L S B T Tt 1 L L it
(AT SEER E [RSORI T

ERpds

(1

[2]

B3]

[4]

[3]

(6]

(71

(8]

[

[10]

(1]

[12]

[13]

Dobé Z, Dinh T, Kulcsar T. A review on recycling of spent lithium—ion
batteries [J]. Energy Reports, 2023,9:6362-6395.

Wang Y, Goikolea E, de Larramendi I R, et al. Recycling methods for
different cathode chemistries—A critical review [J]. Journal of Energy
Storage, 2022,56:106053.

Du K, Ang E H, Wu X, et al. Progresses in sustainable recycling
technology of spent lithium—ion batteries [J]. Energy & Environmental
Materials, 2022,5(4):1012-1036.

Chen W L, Chen C, Xiao H, et al. Recovery of Li,CO; from spent
LiFePO, by using a novel impurity elimination process [J]. Molecules,
2023,28(9):3902.

Makwarimba C P, Tang M, Peng Y, et al. Assessment of recycling
methods and processes for lithium—ion batteries [J]. iScience, 2022,25
(5):104321.

SEWKER, RN, FE 7 A5 AL AL AT k8 WL P R T 24 o ) 9T o
WS BRAE S T (0], P EPREERLE, 2024,44(7):4091-4100.
Dou Y Q, Song X L, Zhuang X N, et al. Life cycle assessment and
carbon reduction scenario analysis of retired lithium iron phosphate
batteries for cascade utilization [J]. China Environmental Science,
2024,44(7):4091-4100.

Luo BY, Xu B, Yan Q X, et al. Advances and challenges in recycling
spent LiFePOybatteries [J]. Separation and Purification Technology,
2025,362:131780.

Hu G Gong Y, Peng Z, et al. Direct recycling strategy for spent lithium
iron phosphate powder: An efficient and wastewater—free process [J].
ACS Sustainable Chemistry & Engineering, 2022,10(35):11606-
11616.
DUSTAS w0 A, A5 I Rk B P Tt AN ) I 3 35 ) 2 iy J 001
WA (3], EFREERLE, 2022,42(4):1975-1984.

Jia Z J, Gao F, Du S W, et al. Life cycle assessment of lithium iron
phosphate battery in different utilization China
Environmental Science, 2024,44(7):4091-4100.

Kumar J, Neiber R R, Park J, et al. Recent progress in sustainable

scenarios [J].

recycling of LiFePO,—type lithium—ion batteries: Strategies for highly
selective lithium recovery [J]. Chemical Engineering Journal, 2022,
431:133993.

B BLDURWE AL AR R IR IR Bk B AR A R RS 7 AR A
J& [J]. A48 T, 2020,10(11):64-72.

Jin X, Jia M L, Du H, et al. Research progress on recovery of spent
lithium iron phosphate cathode materials [J]. Nonferrous Metals
Engineering, 2020,10(11):64-72.

Saju D, Ebenezer J, Chandran N, et al. Recycling of lithium iron
phosphate cathode materials from spent lithium—ion batteries: A
mini—review [J]. Industrial & Engineering Chemistry Research, 2023,
62(30):11768-11783.

Yang C, Zhang J, Jing Q, et al. Recovery and regeneration of LiFePOy4

[14

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25

[26]

from spent lithium—ion batteries via a novel pretreatment process [J].
International Journal of Minerals, Metallurgy and Materials, 2021,28:
1478-1487.

R B IR AT 5, TR, 45 R T 7 A P S (0], eyt
J&, 2023,35(2):287.

Zhu G H, Huan H X, Yu D W, et al. Selective recovery of lithium from
spent lithium—ion batteries [J]. Progress in Chemistry, 2023,35:1478-
1487.

Hsiang H I, Chen W Y. Electrochemical properties and the adsorption
of lithium ions in the brine of lithium—ion sieves prepared from spent
lithium iron phosphate batteries [J]. Sustainability, 2022,14(23):
16235.

Zhou M, Liu K, Wei M, et al. Recovery of lithium iron phosphate by
specific ultrasonic cavitation parameters [J]. Sustainability, 2022,14(6):
3390.

Tao Y, Sun T, Wang Z. Uncovering various paths for environmentally
recycling lithium
assessment [J]. Journal of Cleaner Production, 2023,393:136263.
B, 88,92 1E 28, 55 K B IR Bk A1 vty s E AR ek Im s ) i 4
ARWFFCHERE [J]. SENIE, 2023,39(1):65-74.

Quan C M, Wang M, Peng Z J, et al. Research progress on recycling

iron phosphate batteries through life cycle

and utilization of cathode materials for spent lithium iron phosphate
batteries [J]. Sustainable Mining and Metallurgy, 2023,39(1):65-74.
Wang L, Shen Y, Liu Y, et al. Electrochemical restoration of battery
materials guided by synchrotron radiation technology for sustainable
lithium—ion batteries [J]. Small Methods, 2023:2201658.

A TRRSOM, TR A AR IF IR R A RV AR R D B R
WEFTHERE [J]. B 7R 1%, 2022,42(6):146-152.

Niu F, Xu W B, Tan J, et al. Research progress on regeneration and
hydrometallurgical recovery techniques for spent LiFePO,~Type
Lithium—ion batteries [J]. Mining and Metallurgical Engineering,
2022,42(6):146-152.

Wu X, Ma J, Wang J, et al. Progress, key issues, and future prospects
for Li-lon battery Recycling [J]. Global Challenges, 2022,6(12):
2200067.

Tong Z, Ren X, Ni M, et al. Review of ultrasound-assisted recycling
and utilization of cathode materials from spent lithium—ion batteries:
State-of-the—art and outlook [J]. Energy & Fuels, 2023,37(19):
14574-14588.

Gao P, Yuan P, Yue T, et al. Recycling metal resources from various
spent batteries to prepare electrode materials for energy storage: A
critical review [J]. Journal of Energy Storage, 2023,68:107652.

Zhao T, Li W, Traversy M, et al. A review on the recycling of spent
lithium iron phosphate batteries [J]. Journal of Environmental
Management, 2024,351:119670.

P D5 TH 8 T e L e Tl ek ) (DS Tk e (0], AR
T, 2025,53(7):132-141.

Xiao M J. Research progress in recycling and application of waste
lithium iron phosphate battery materials [J]. Journal of Materials
Engineering, 2025,53(7):132-141.

Kumar J, Shen X, Li B, et al. Selective recovery of Li and FePO,4 from
spent LiFePO, cathode scraps by organic acids and the properties of
the regenerated LiFePO, [J]. Waste Management, 2020,113:32-40.



5582 LR 7 A & I 45 %

[27] Jiang S, Li X, Gao Q, et al. Review on full-component green recycling [43] Jing Q, Zhang J, Liu Y, et al. E-pH diagrams for the Li-Fe-P-H,O
of spent lithium iron phosphate cathode materials: From the system from 298 to 473K: thermodynamic analysis and application to
perspective of economy and efficiency [J]. Separation and Purification the wet chemical processes of the LiFePO,4 cathode material [J]. The
Technology, 2023,324:124630. Journal of Physical Chemistry C, 2019,123(23):14207-14215.

[28] Wang R, Zhang Y, Sun K, et al. Emerging green technologies for [44] Liu K, Wang J, Wang M, et al. Low—carbon recycling of spent lithium
recovery and reuse of spent lithium—ion batteries—a review [J]. Journal iron phosphate batteries via a hydro—oxygen repair route [J]. Green
of Materials Chemistry A, 2022,10:17053-17076. Chemistry, 2023,25(17):6642-6651.

[29] Yan K, Chen Q, Zhang Z, et al. A closed-loop process for high-value [45] WIS 6,5k Tk, A 08 0, 2 5 AR A S AL AR HE RN IR T R A A8 o
regeneration of spent LiFePO, cathodes after selective aluminium by L (1 w00 B R IOPL RIS (9], ¥EIA 4, 2025,44(5):
precipitation [J]. Green Chemistry, 2023,25(22):9156-9166. 620-625.

[30] Wu J, Xiao L, Shen L, et al. Recent advancements in Yang P F, Zhang S, Lan J F, et al. Efficient and selective recovery
hydrometallurgical recycling technologies of spent lithium—ion battery mechanism of lithium from spent LiFePO, batteries Using Hydrogen
cathode materials [J]. Rare Metals, 2024,43(3):879-899. Peroxide Oxidative Leaching Method [J]. Hydrometallurgy of China,

[31] Larouche F, Tedjar F, Amouzegar K, et al. Progress and status of 2025,44(5):620-625.
hydrometallurgical and direct recycling of Li-ion batteries and beyond [46] XuY, Qiu X, Zhang B, et al. Start from the source: direct treatment of
[J]. Materials, 2020,13(3):801. a degraded LiFePOjycathode for efficient recycling of spent lithium—

[32] Vasconcelos D S, Tendrio J A S, Botelho Junior A B, et al. Circular ion batteries [J]. Green Chemistry, 2022,24(19):7448-7457.
recycling strategies for LFP batteries: A review focusing on [47] Chen X, Yuan L, Yan S, et al. Self-activation of Ferro—chemistry
hydrometallurgy sustainable processing [J]. Metals, 2023,13(3):543. based advanced oxidation process towards in—situ recycling of spent

[33] Abdalla A M, Abdullah M F, Dawood M K, et al. Innovative LiFePO, batteries [J]. Chemical Engineering Journal, 2023:144343.
lithium—ion battery recycling: Sustainable process for recovery of [48] Zhou H X, Luo Z Y, Wang S, et al. A mild closed-loop process for
critical materials from lithium—ion batteries [J]. Journal of Energy lithium—iron separation and cathode materials regeneration from spent
Storage, 2023,67:107551. LiFePOy batteries [J]. Separation and Purification Technology, 2023,

[34] Assefi M, Maroufi S, Yamauchi Y, et al. Pyrometallurgical recycling of 315:123742.

Li—ion, Ni-Cd and Ni-MH batteries: A minireview [J]. Current [49] Dai Y, Xu Z, Hua D, et al. Theoretical-molar Fe*" recovering lithium
Opinion in Green and Sustainable Chemistry, 2020,24:26-31. from spent LiFePO, batteries: an acid-free, efficient, and selective

[35] Makuza B, Tian Q, Guo X, et al. Pyrometallurgical options for process [J]. Journal of Hazardous Materials, 2020,396:122707.
recycling spent lithium—ion batteries: A comprehensive review [J]. [50] Gong R, Li C, Meng Q, et al. A sustainable closed-loop method of
Journal of Power Sources, 2021,491:229622. selective oxidation leaching and regeneration for lithium iron

[36] Lai Y, Zhu X, Xu M, et al. Recycling of spent LiFePO, batteries by phosphate cathode materials from spent batteries [J]. Journal of
oxidizing roasting: Kinetic analysis and thermal conversion Environmental Management, 2022,319:115740.
mechanism [J]. Journal of Environmental Chemical Engineering, 2023, [51] Liu G Liu Z, Gu J, et al. A facile new process for the efficient
11(5):110799. conversion of spent LiFePO, batteries via (NH4)>S>Og-assisted

[37] Shekhar A R, Parekh M H, Pol V G. Worldwide ubiquitous utilization mechanochemical activation coupled with water leaching [J].
of lithium—ion batteries: What we have done, are doing, and could do Chemical Engineering Journal, 2023:144265.
safely once they are dead? [J]. Journal of Power Sources, 2022,523: [52] Sun F, Gao M, Jiao W, et al. A novel acid-free leaching route of
231015. recovering Li,CO; and FePO, from spent LiFePOy black powder [J].

[38] Jung J CY, Sui P C, Zhang J. A review of recycling spent lithium—ion Journal of Alloys and Compounds, 2023,965:171429.
battery cathode materials using hydrometallurgical treatments [J]. [53] Shentu H, Xiang B, Cheng Y J, et al. A fast and efficient method for
Journal of Energy Storage, 2021,35:102217. selective extraction of lithium from spent lithium iron phosphate

[39] Xu'Y, Zhang B, Ge Z, et al. Advances and perspectives towards spent battery [J]. Environmental Technology & Innovation, 2021,23:101569.
LiFePOybattery recycling [J]. Journal of Cleaner Production, 2023: [54] Peng D, Zhang J, Zou J, et al. Closed-loop regeneration of LiFePO4
140077. from spent lithium—ion batteries: A “feed three birds with one scone”

[40] Latini D, Vaccari M, Lagnoni M, et al. A comprehensive review and strategy toward advanced cathode materials [J]. Journal of Cleaner
classification of unit operations with assessment of outputs quality in Production, 2021,316:128098.
lithium—-ion battery recycling [J]. Journal of Power Sources, 2022,546: [55] Liu Z, Zhang C, Ye M, et al. Closed-loop regeneration of a Spent
231979. LiFePO; cathode by integrating oxidative leaching and

[41] Fan M C, Zhao Y, Kang Y Q, et al. Room—temperature extraction of electrochemical relithiation [J]. ACS Applied Energy Materials, 2022,
individual elements from charged spent LiFePO, batteries [J]. Rare 5(11):14323-14334.

Metals, 2022,41(5):1595-1604. [56] Yue X H, Zhang C C, Zhang W B, et al. Recycling phosphorus from

[42] Qiu X, Zhang B, Xu Y, et al. Enabling the sustainable recycling of spent LiFePO, battery for multifunctional slow-release fertilizer

LiFePOy from spent lithium—ion batteries [J]. Green Chemistry, 2022,
24(6):2506-2515.

preparation and simultaneous recovery of Lithium [J]. Chemical

Engineering Journal, 2021,426:131311.



10 3 ANV AR R F B TR 0 b B R SR R R iR T S 5583
[57] Zhang J, Hu J, Liu Y, et al. Sustainable and facile method for the batterieswith hydrochloric acid and hydrogen peroxide [J]. Journal of

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(711

[72]

selective recovery of lithium from cathode scrap of spent LiFePO,
batteries [J]. ACS Sustainable Chemistry & Engineering, 2019,7(6):
5626-5631.

Liu P, Fei Z, Zhang Y, et al. Efficient oxidation approach for selective
recovery of lithium from cathode materials of spent LiFePO, batteries
[J]. Journal of Material, 2022,74(5):1934-1944.

Kong Y, Yuan L, Liao Y, et al. Efficient separation and selective Li
recycling of spent LiFePO, cathode [J]. Energy Mater, 2023,3:300053.
Niu Y, Peng X, Li J, et al. Recovery of Li,CO;3 and FePO, from spent
LiFePOy by coupling technics of isomorphic substitution leaching and
solvent extraction [J]. Chinese Journal of Chemical Engineering, 2023,
54:306-315.

Yang W, Liu X, Zhou X, et al. Mechanism of selective lithium
extraction from spent LiFePO, cathodes in oxidizing alkaline leaching
system [J]. Separation and Purification Technology, 2024,329:125237.
Jin H, Zhang J, Wang D, et al. Facile and efficient recovery of lithium
from spent LiFePO, batteries via air oxidation—water leaching at room
temperature [J]. Green Chemistry, 2022,24(1):152-162.

Jin H, Zhang J, Yang C, et al. Selective recovery of lithium from spent
LiFePO, battery via a self-catalytic air oxidation method [J].
Chemical Engineering Journal, 2023,460:141805.

Wu D, Wang D, Liu Z, et al. Selective recovery of lithium from spent
lithium iron phosphate batteries using oxidation pressure sulfuric acid
leaching system [J]. Transactions of Nonferrous Metals Society of
China, 2022,32(6):2071-2079.

Liu J, Nan T X, Su A B, et al. In—situ selective extracting lithium from
waste LiFePO4 cathode by gas—solid oxidative deintercalation [J].
Separation and Purification Technology, 2025,364:132597.

Ou, Yan S, Yuan L, et al. Novel strategy towards in—situ recycling of
valuable metals from spent lithium—ion batteries through endogenous
advanced oxidation process [J]. Journal of Hazardous Materials, 2023,
457:131818.

Du J, Qing J, Fang K, et al. The priority leaching of lithium from spent
LiFePOy cathode without the oxidization [J]. Resources, Conservation
and Recycling, 2024,202:107374.

Liu K, Yang S, Lai F, et al. Application of H4P,07 as leaching acid in
one-step selective recovery for metals from spent LiFePOy batteries
[J]- Tonics, 2021,27:5127-5135.

Zhang Z, Tang J, Su M, et al. Design and optimization of an
economically viable and highly efficient strategy for Li recycling from
spent LiFePO, batteries [J]. ACS Sustainable Chemistry &
Engineering, 2023,11(45):16124-16132.

Chen W L, Chen C, Xiao H, et al. Recovery of Li,CO; from spent
LiFePOy by using a novel impurity elimination process [J]. Molecules,
2023,28(9):3902.

LiHY, Ye H, Sun C M, et al. Process for recycle of spent lithium iron
phosphate battery via a selective leaching—precipitation method [J].
Journal of Central South University, 2020,27(11):3239- 3248.
TR, J 19 150, o 22 L 55 5 R — X AR 7K R A IR PR ok 8 L il 1
AP BT [7]. HRWIWEIT, 2025,33(1):87-92.

Sheng L L, Zhou Z Y, Chen A Q, et al. Experimental study on leaching

of lithium from the cathode materials of spent lithium iron phosphate

[73]

[74]

(73]

[76]

[77]

[78]

(791

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

Salt Lake Research, 2025,33(1):87-92.

Liu W, Li K, Wang W, et al. Selective leaching of lithium ions from
LiFePO4powders using hydrochloric acid and sodium hypochlorite
system [J]. The Canadian Journal of Chemical Engineering, 2023,101
(4):1831-1841.

Yan T, Zhong S, Zhou M, et al. High—efficiency method for recycling
lithium from spent LiFePO, cathode [J]. Nanotechnology Reviews,
2020,9(1):1586-1593.

Gerold E, Lerchbammer R, Strnad C, et al. Towards a sustainable
approach using mineral or carboxylic acid to recover lithium from
lithium iron phosphate batteries [J]. Hydrometallurgy, 2023,222:
106187.

Zhang X, Liu Z, Qu D. Proof-of-Concept study of ion-exchange
method for the recycling of LiFePOy cathode [J]. Waste Management,
2023,157:1-7.

Zhao T, Marthi R, Mahandra H, et al. Direct selective leaching of
lithium from industrial-grade black mass of waste lithium—ion
batteries containing LiFePOy cathodes [J]. Waste Management, 2023,
171:134-142.

Mahandra H, Ghahreman A. A sustainable process for selective
recovery of lithium as lithium phosphate from spent LiFePO, batteries
[J]. Resources, Conservation and Recycling, 2021,175:105883.

Ji G Ou X, Zhao R, et al. Efficient utilization of scrapped LiFePO,
battery for novel synthesis of Fe,P,07/C as candidate anode materials
[J]. Resources, Conservation and Recycling, 2021,174:105802.

Li Y, Dong L, Shi P, et al. Selective recovery of lithium from lithium
iron phosphate [J]. Journal of Power Sources, 2024,598:234158.

Li L, Bian Y, Zhang X, et al. A green and effective room-temperature
recycling process of LiFePO, cathode materials for lithium—ion
batteries [J]. Waste Management, 2019,85:437-444.

Li R, Li Y, Dong L, et al. Study on selective recovery of lithium ions
from lithium iron phosphate powder by electrochemical method [J].
Separation and Purification Technology, 2023,310:123133.

Li Z, Liu D F, Xiong J, et al. Selective recovery of lithium and iron
phosphate/carbon from spent lithium iron phosphate cathode material
by anionic membrane slurry electrolysis [J]. Waste Management, 2020,
107:1-8.

Li Z, He L, Zhu Y, et al. A green and cost-effective method for
production of LiOH from spent LiFePO, [J]. ACS Sustainable
Chemistry & Engineering, 2020,8(42):15915-15926.

Zhang B, He L, Wang J, et al. Self-powered recycling of spent lithium
iron phosphate batteries via triboelectric nanogenerator [J]. Energy &
Environmental Science, 2023,16(9):3873-3884.

Qin Z, Li X, Shen X, et al. Electrochemical selective lithium
extraction and regeneration of spent lithium iron phosphate [J]. Waste
Management, 2024,174:106-113.

Zhu G, Yu D, Meugang E F, et al. Powder electrolysis for direct
selective lithium recovery from spent LiFePO, materials [J].
Resources, Conservation and Recycling, 2023,199:107282.

Yang Y, Zhang J, Zhang H, et al. Simultaneous anodic de—
lithium-embedded method  for

lithiation/cathodic regeneration

recycling of spent LiFePO, battery [J]. Energy Storage Materials,



5584

R

45 %%

[89]

[90]

o1

(921

[93]

[94]

[95]

[96]

[97]

2024,65:103081.

Zhao J, Zhou F, Wang H, et al. Recovery of lithium iron phosphate
batteries through electrochemical oxidation in Na,COj; solutions [J].
Journal of Power Sources, 2023,582:233562.

Zhang B, Qu X, Chen X, et al. A sodium salt-assisted roasting
approach followed by leaching for recovering spent LiFePO, batteries
[J]. Journal of Hazardous Materials, 2022,424:127586.

Chen Z, Shen C, Liu F, et al. Selective Separation and Recovery of Li
from Spent LiFePO, Cathode Materials by Oxidation Roasting
Followed by Low-Acid Pressure Leaching [J]. Metals, 2023,13(11):
1884.

Zhang J, Hu W, Zou J, et al. Directional high-value regeneration of
lithium, iron, and phosphorus from spent lithium iron phosphate
batteries [J]. ACS Sustainable Chemistry & Engineering, 2022,10(40):
13424-13434.

A T8 =15, VI it R TS, A5 R Tl Rk A P Y R R SR T
D] A EEaHETIY), 2024,(7):85-90.

He J W, Xu J B, Chen Z K, et al. Lithium extraction process from
spent LiFePOy batteries by sodium salt roasting [J]. Nonferrous Metals
(Extractive Metallurgy), 2024,(7):85-90.

Zhang L, Teng T, Xiao L, et al. Recovery of LiFePO4 from used
lithium—ion batteries by sodium-bisulphate—assisted roasting [J].
Journal of Cleaner Production, 2022,379:134748.

Wen Q, Liu Q. High—Selective Lithium extraction from spent LiFePO4
by battery roasting-water leaching method [J]. JOM, 2023,75(9):
3655-3662.

Zhang J, Zou J, He D, et al. Molten salt infiltration—oxidation

synergistic controlled lithium extraction from spent lithium iron

phosphate batteries: an efficient, acid free, and closed-loop strategy [J].

Green Chemistry, 2023,25(15):6057-6066.
Li X, Zhou F, Gao S, et al. NaOH-assisted low—temperature roasting
to recover spent LiFePO, batteries [J]. Waste Management, 2022,153:

347-354.

[98] Li X, Gao S, Zhou F, et al. NaOH-Assisted Roasting for Corecovery
of Spent LiFePO; and LiCoO, Batteries [J]. ACS Sustainable
Chemistry & Engineering, 2023,11(34):12695-12703.

[99] Wu L, Zhang F S, Zhang Z Y, et al. An environmentally friendly
process for selective recovery of lithium and simultaneous synthesis of
LiFesOg from spent LiFePO, battery by mechanochemical [J]. Journal
of Cleaner Production, 2023,396:136504.

[100]Zhang Q, Fan E, Lin J, et al. Acid-free mechanochemical process to
enhance the selective recycling of spent LiFePOy batteries [J]. Journal
of Hazardous Materials, 2023,443:130160.

[101]Liu Z, Liu G, Cheng L, et al. Ultra—fast mechanochemistry reaction
process: An environmentally friendly instant recycling method for
spent LiFePO, batteries [J]. Separation and Purification Technology,
2024,335:126174.

[102]Liu K, Liu L, Tan Q, et al. Selective extraction of lithium from a spent
lithium iron phosphate battery by mechanochemical solid—phase
oxidation [J]. Green Chemistry, 2021,23(3):1344-1352.

[103]Liu C, Xu J, Yu J, et al. Integrating recycled valuable elements from
spent LiFePO, batteries based on a dimethyl oxalate leaching system
[J]. Resources, Conservation and Recycling, 2024,200:107301.

[104]Xu C, Hu X, Yang Y, et al. Integrated process of CO, sequestration and
recycling spent LiFePO, batteries [J]. Energy Storage Materials,
2023,60:102819.

[105]Mahandra H, Hein G, Faraji F, et al. A novel neutrophilic bacteria
based process for selective LiFePO, cathode recycling [J]. Resources,

Conservation and Recycling, 2023,195:107015.

TEE TR 2 ARH(2000-), 22, 11 F6 KRN, 76 22 SRR SE R LT AT
/B 2T A IF A A 0 4 Il S RIS R RS 1A,
lyn0525999@163.com.



