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Abstract: In the context of carbon neutrality and energy transition, the global scale-up and deployment
of new energy vehicles (NEVs) are accelerating in terms of both quality and pace. Among the critical

power sources for NEVs, lithium-ion batteries stand out as a key component. However, due to
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degradation, the management of spent batteries poses growing challenges. Simultaneously, in alignment
with the strategic objectives of "carbon peak and carbon neutrality", the recyclability of waste materials
has attracted widespread interest. Despite this, the recycling of certain biomass waste, such as bamboo
powder, kitchen and fruit waste, bagasse, tea leaves, and coffee grounds, faces numerous obstacles. This
paper provides a comprehensive review of the application of various waste materials in the recycling of
lithium-ion batteries, including reaction mechanisms, pathways, and practical value. Specifically, straw
is predominantly used as a reducing agent in acid leaching systems, for the production of biochar, and
for the generation of reducing gases. Kitchen waste, exemplified by orange peels, is primarily utilized
for the preparation of citric acid, serving as both leaching and reducing agents. Bagasse is mainly
employed for the production of glucose as a reducing agent and for the generation of reducing gases.
Polyphenols in tea residues can reduce metals within lithium-ion batteries. Furthermore, biomass
generates a significant amount of reducing gases during the calcination process, which can enhance the
efficiency of reactions by introducing gas-solid interactions into the calcination system. Additionally,
the introduction of biochar can effectively reduce carbon emissions in the production process, endowing
biomass with unique advantages as a reducing agent in calcination. The extraction of reducing
substances or organic acids from biomass can serve as alternatives to environmentally unfriendly
reducing agents, such as sodium thiosulfate or inorganic acids, used in hydrometallurgical reduction
processes, thereby mitigating the potential environmental impact associated with the recycling of spent
lithium-ion batteries. Recycling spent lithium-ion batteries with waste materials circumvents the costs
and environmental hazards associated with conventional biomass disposal or recycling. This approach
offers a viable strategy for the recycling of spent lithium-ion batteries, holding substantial practical
value. Based on state-of-the-art research, this paper evaluates various approaches to recycling lithium-
ion batteries using waste materials and provides perspectives and recommendations on the application
of different types of waste in the recycling process. The paper also discusses the limitations and
countermeasures of using biomass waste in lithium-ion battery recycling, offering new insights into the
organic integration of the waste resource industry with the lithium-ion battery recycling sector.

Keywords: Spent lithium-ion batteries; Waste materials; Biomass; Resource utilization; Valuable

metals

H39EH s W

0 51 7T

UE AR, A8 R VR AT M 1 1 T T R R R
SRR, AR LU 3R 4 AR B R TR VR 4 AR A
FC B EMEAE T T DG 3y, 7 R gt
BB 20 i BT B B A, T RE TR
TRAE W RIS, HoZe etk | (i 75 S Y
PR APERED S SR IE %5 F b ) 2 1k, HRE
AT R D) R R B R, A K
(i 1 TR R Y™ R B 2 R e s
£, FiTHE] 2028 A4 HL R KGR F] 1103 GW-h,
B 2024 48 K E 70%( 658 GW+h) . M 2019 4F
() 47.7 GW-h | 2030 41 314.0 GW-h, fRJEHLH
W AFAEHE K 18.89%, ARk IR IR B it b T 37 A
Wi K.

Bl 7 Lt EARGE B LiL Co. Ni 5842 J& JT
FYLAL, BE AR AR RN W LB, IE AR A
16 HL B AS (5 HE N 30% b THFIE 50%, MR
PR FH A B2 53 A, = mTBCR F Lis Co. Ni 4§ 4
JEGEUR, T kAR 7 B U A R, AR R
REVR IR 277l M AT RS2 & S o Ni il Co AL IR
ARIEE, T REfaE AN SRR . BT R
5 BB AR B4 BUEE 23R, [l A4 Hh sl v 11 5
& m TR AR EEMIIE L,

R A% Rl [T ) I T2 KRR R L
AR S MAYR N . R T AR R
SRR R R I S AR BOR R g
[l WS 7 VAT A AE 0 25 [, 540 Kk kih 4 T Il
WSO P L S 5 FH v 4 Btk 5 3 D), i i R A A
FAAERRIRE AR, AL, it R R A



7

7O

AT F A 49 S5 A I A e, e T v g 7 P

19 -

PHB A T Z RN REFE IR T, kiR 6
T mT i P Y S O A At R A
T IR R % JCHLIR P (I RR 1k 26 4, AP AE— 2 1Y
LA GG Y MBS o R, JCHLE JEGR A AR AR
BRBR B Y R il PR ik — 2l o T 3R R IR Al
AR R AR D T 2 el s A T T 2
T34k T SEBRAR R B B, T2 A, UL R
PRI

Y BUR— R R E G SRIRTIZ, HAd by
Jil 30 PN i HE A A BILAB R, S mT A E R Y
TR, BAA M A SR B R T o AR
Y 8 37 A 1) o A SR R TR R B8 0 S AR MK I 5
AW 5 5 AR IR SRR IR . AR S AR W) BN A
FELERESE, FEREATHER. LFER. AT
T AR T W AT BT I S R
I REAS AU R iV o kR R J5UR] . 6t
RIEFFHEY R B, 2R IR S5, &A%
F ] I 0 S ) S L AT AR R A BB A U A AL
2, PAUES H TR 06 4 T 2 B TEALIE ) Bl
TR, LG & T AR ek Gtk Hitk, A
PSR I (DBl g B b Vs T A

W PR 5 A ) SO T 30 7 P e i [l SO E 8
0 58 R ST LE W S BT IR A T AR, A B T
BR L R Y (]S 1Y — 2R 97 TR, 3 Btk o A H B Y
S, ARSCRES TR R A ) o AT 4 E (]
WE BRI 5 22 R, S AN [ A 0 T [T 8 e vl s <6
J& BIVE RIPLBEBEAT 1 20 Hr S 1S, x4 ) 5 ol

W B L S U AR B TS AT T R, B AR
F LWy S A i (EL P P 55 2 1L e e 1 [ o 2 3
BB ST LS

1 KRERAUEZBERREFEYFEEREM
(2145 F B Rz

KM AERRIRZ A IR LA BT R4
Tt T EE ST, Hob R LR AR F R
BiA R RJESE. RERF - EK, SRR3R
AW, (B KRR R R A8 B8, N 1 3F
Bys gt ST AT IEAL A, B )RR
W FE K255 45 . BB B fil AR MR 554
S/ IV R RN 7= - 55 B N k3 41 R f et
Rk
1.1 FBHEYR

Tils 2 L R0 f0) K ol 2 4 R L e kAR 1 T,
ARG R R R E L2 —, SRR ER 35%~
409", TEATE SR BB A5, BERIA LT, 2
BAZHamnynl fA Y R . ARREY
FEAF U AFAE 25 5 FORFEFF I SR s /A2
A A REN KRR A4, FhR T ER S,
R R AR AR BN R SRS FF 4 B 1 5 AR
HEt LRSS S R I 1,

TR RE R A B R E I R4y, DL H
LT RAE RIS T 5577 COL H, S b i
PR . 33X R A= 0 7 B A i [T v 9 iz FH
PRpt TSR

x1 FEBFHRDPERE
Table 1 Composition and content of different types of straws %
FEAT RN YR LT ENGis 3 HHR
FARFERT 35~50 20~30 10~20 24
INEFEFT 40~50 20~30 5~10 2~8
K EFEFF 30~40 15~20 10~20 10~12
WA THAT 40~50 15~20 10~15 3-5
111 AR TREenise & IR SV, B A R I R . AR R, AE
FEAF AT ] Tk T2 M it H TR AT Zor B T E AR R B IR L R
it R, DARRAE iR ), I I T 350 4 g 98%; HE— 2L F AL 27 DT VE ¥ X 18 Hh Mk A 7 Ak 3,

RINER, B SRS TR E RN SR
B, LU T 522 0 [ e

SR T A A -l U, R
AR IR - T R AT IR H A 28 4 IO TH 2 Fl vl o 19
BIRICER . TR R P, TR SR A
MRIRA I, e qe R | L 4 R 58 R AR ™

Li B AR MR R 94% ., MeAb, R 5 DL B K FS
Ao B B, R TR G PR -1 AL = T
2, BA BFERNATT SIS

RS gt e A2 R - R U2 A R X
HLt P Co BEAT IR HY S5, I Xt S B ad e 47 3l
12wt ge . WESER W, BRI FEAT A B LA W 4



« 20 -

(LR N T T

H39EH s W

B R A B RBE 45 R, Co (72 H R Al ik
99% LI 1. $EFEI B T L 4R -FIRIE R
A B4 R OC R IR B L BFSE AR
18 2o 15 AN [R) 04 S S o R N RS A
Ak 2 0 45 A B Li A Co A IR H %
ZER R, Li B HACRIE T Coo MTHREATE &
LY R IR, AT HITERBR IR R T, FIHIRS FF [l
FREMAY Li B2 U T Co.

Zi b, FEBRYE R R K e I SRR, F
PR AT BEAT 00 [ BRI, Li A1 Co 12 1 368y
A3k 98% LI I, HAT BRI SRR
112 AEFFR T Kk wk4e i

B T R R I 4 R, S SR A S
SR FEL St A Rt LT v, B Y vk
[ T2, ik s B s i T2, % T 2
T L AL T S e, RO R ) 4 R A A
ALY . FEAT AT L o B I I 7 A TR SRS
1A, ATAE R — P 2G4 SR 7 FH Tt 1) Kk
I, LIN 200 5t — ) A AR R 35 43 e
S T LA T o B8 TV e L g 7 3, G L g [
W T2V 1 R

JI2 IF A e ERREY

BIREFD

VL P L T AR A5 R A A A5 B Y A
TRA I3 A8 R SR T RN, LAIE R IE B A
B A E . BERRAR T ST TR RIS FRAR
B A% 16 Z2 FLES MR, O ke A Ak Ui
R 450 C B, AR I 7 R K . K RE RS FE A 1Y)
P 2 AR AR A, T TH SRR i B TSR Y 07 A
SEACHE R o B R OE R RS AR W R TR A
Jet, 30 DU A R 8% IR 2R AR W g 1) 2 AL 2
P, DA 5 55 B N R o A e 1) L 3R T AR
K, SSRGS . PRI, KRS FF ok 70 422 FL it
[l b e B U e o BR TR M Ak i
il 25 A RL, FEFFTE g B2 b &) 7= CO. H, ik
JEPHE SR, 3 B SRR Lt el T2 rp B
SR ME" . BERANEE BFSE T ML A B
FRFEFF A= sE . 5T R B, 7E 200 ~
300 °C A BE [P, BE IR B2 3, <Ak
CO Ea /b, i H, i im. M biRE N
900 °C, E KA Y1 Lol 0.05 B, KA Pyl
AR o & Bk B e, Hy, CO & a5l ol
22.0%. 25.9%"",

S
— PR
et

Co = H,
I R —
B l— —] mmE
i
HRIE S5
600~800 C

B1 RiEFYEKE BEBEtPENTERE"

Fig. 1 Process flow for lithium recovery from spent lithium-ion batteries using agricultural and forestry wastes'!
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Table 3 Optimal reaction conditions and product yields of citric acid leaching process
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Fig. 5 Flow chart for cobalt and lithium recovery from spent lithium-ion batteries
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Fig. 6 Leaching of valuable metals from spent lithium-ion batteries using tea residues'
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