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ABSTRACT The rapid development of the new energy vehicle industry promotes the achievement of “dual-carbon” goals. Graphite
has become the mainstream cathode material because of its high conductivity, capacity, and stability. Demand for graphite and the
importance of end-of-life issues have grown rapidly with the booming of the Li-battery vehicle industry. Waste graphite cathodes are
important resources of valuable materials, including Li, Cu, and graphite. However, they are also classified as solid wastes and cause
potential environmental issues owing to the presence of binders, electrolytes, fluoride, etc. Hence, efficient and clean recycling of spent
graphite has recently attracted considerable attention. In this review, the global distribution of mineral resources and the consumption
structure of graphite are introduced. The graphite mineral reserve in China is quite abundant, approximately 15.7% of the world’s
reserves. Meanwhile, the production and consumption of graphite in China is 65.4% and 86.6% of the global total, respectively. Its use in
batteries as anodic materials is increasing. To improve the recycling technology of graphite cathodes, the progress in recycling them from

spent lithium-ion batteries is reviewed systematically. Recycling methods, including physical separation, hydrometallurgical leaching,
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pyrometallurgy, and other methods, are elaborated. Graphite modification methods (e.g., element doping, carbon coating, and material

compositing) used to enhance the electrochemical properties of regenerated graphite are summarized. Furthermore, the preparation of

new functional materials from waste graphite has attracted considerable attention, for example, its reuse as graphene and graphene oxide,

capacitors, adsorbents, and catalysts. However, because of the differences in graphite anode material manufacturers and various

situations of failures and damage levels, obtaining uniform high-performance graphite products is highly challenging. The environmental

issues arising from the disposal of electrolytes, organic binders, and hazardous metal ions in wastewater cannot be ignored. Currently,

recovery technologies are complex and can only achieve a single goal, such as the purification of graphite by acid leaching. Therefore, a

short, low-cost, and efficient process must be developed to achieve high-performance graphite products. More importantly, for graphite

anode regeneration and reuse, the corresponding product standard system must be established to promote the industrial application of

waste graphite anode recycling.

KEY WORDS graphite cathode; spent lithium-ion batteries; regeneration; recycling; reuse
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Fig.1 The overview of graphite resources and their applications: (a) graphite mineral resource reserves in major countries in the world; (b) graphite

output of major countries in the world in 2022"%; (c) apparent consumption of graphite in China from 2013 to 2022*); (d) shipment and forecast of anode

materials in China from 2016 to 2030"!
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Fig.2 Overall flow chart of waste graphite recycling and reuse
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Table 1 Hydrometallurgical leaching processes and their results
No. Pretreatment Leaching conditions Results Refs
First, graphite was separated at 400 °C for
| 1 h under argon protection. Subsequently, 1.5 mol-L™" HCI, 60 min, and solid to liquid ~ Almost 100% Li, Cu, and Al were leached 15
the graphite was further treated at 500 °C ratio (S/L) of 1 : 10 (gmL™) into the leach liquor [13]
for 1 h in a muffle furnace.
A 3 mol-L™" HCI, S/L of 1:50, volume (HCI): . .
2 Calcination at 500 °C for 1 h volume (H,0,)= 10 : 1, 80 °C, and 90 min Recovery efficiency of Li was 99.4%. [18]
. T
H,S0, concentration of 0.9 mol-L “for 3 ¢ 1.y - H,S0,, S/Lof 60 g'L',40 °C,  Recovery efficiency of Li and C were 98%
3 min, and the cathode materials and copper . . [19]
. and 50 min and 93%, respectively.
foil were separated.
_ The purity and recovery efficiency of
. 1 D)
4 Without pretreatment ? mo'l L H,804, 35 % of H,0, mass graphite were 96.91% and 60%, [20]
raction, and room temperature. .
respectively.
. . The purity and recovery efficiency of
5 Without pretreatment 12% of HE mass ratio, S/L of 1 : 25, 60 C, graphite were 99.5% and 91.86%, [21]
and 180 min .
respectively.
Calcination at 450 °C for 1.5 h in a tube e . .
6 furnace and at 500 °C for 1 h in a muffle 0.2 mol L citric acid, S/L of 1 : 50,90 °C, Recovery efficiency of Li was 97.58%. [22]
and 50 min
furnace
Cu, Li, Fe, and Al contents in graphite
-6 -6
. 0.8 mol-L™" ammonium persulfate, S/L of decreaseg from 9632)(}60 > 5654)(1,(3 ’
7 Without pretreatment K - - 2.75x107° and 1.95x107° to 1.39x10°°, [23]
1 : 60,80 °C, and 60 min - i 6
0.21x107°,0.03x10° and 0.02x10°°,
respectively.
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FE W) IR 1 63.64% 437 £i& 15 21 2200 °C 7 99.56%
12600 C [ 100%, [F] B P4 47 8508 51 39 50 H &
B 2Bk, 2R FE 2N 0.34 ~ 0.37 nm. 2600 °C 48k2
79 20 10 P A A 88 B0 AT Y T AR i, 7 0.1C
fi R T AEIR 50 IR ik F 460.1 mA-h-g ', 1C 5%
TOEIREE LS ) 4 IRZE & 426.1 mA-h-g”' F1 300 1K
JE R FEAE 263.0 mA-h-g . R T 4B 7R A 88 A AL
L Yu FEPTHEGET A [R]HAA BR B R RUR
(N,. Ar Fll He) &5 25 11 X6 7 58 25 #6018 &2 1 5% i B
B, SRR AL X SR AT I 45 G v o PR O e
2 OEiE X HAE GG ik 17 T R RAE. £
RN LTS5 5 (1) £ S a5 5 5 ) B 43 3 A9 ik
22332 A B 99.85%, 5 e Y 42 JE JU K A Hil
(0.007%) , FR AEL | #HAITEE(0.003%); (2) AR
B be 2% 2 3000 °C R 6 h, AL B 5 /Y A &
(002) 2 18] B & 0.33612 nm, 5 58 6 47 2 1K 1)
0.33540 nm JZ [ FE 23 (3)N, AU A Al FHE
A s, R TR TP AR AR Li 5 Ny WA
A LisN 425 T AR A9 I6 1, He, Ar AN, U R £ 58
FEFLEFE 43551 90.58% . 86.86% Fil 91.16%:; (4) 454
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BE G A A SR A RN 352.5 mAhg ™,
MAEF 1000 W5 25 2 AR5 5 97.3%.

Zi b, B B BT R 2 RN B ARk
B, LR s O R T2 R AR R, ok
B B B O, BRI T A AR A R, e T A
BERAS. i, SR AR . IRAUAS | = A A A B
TR 5T i T
24 HftFx

Sy AR A BB G R REFE RN AR, LR . CO,
S S AE I, i H e S B AR A I i £ B A
Ay 8 O A Tl eIk R, A RIL R A TR ) TR A B
W%, AL A 25 B, TR 5 | e SR 55 s
Y Shilt, Rothermel 45128 T 7E#b BitRiT, SR CO,
VI 55 R L, B Lk A B e AR i L Ak
R WFIY 4 SRR, Z TR BT 90% LA 1)
HLME I, ik TR IH A 88, SRl A B AR
HL k2= e,

BT Bl T2 A A . k5 Y™
4 0] 5, Cao %52 D) Na,SO, ¥ T K HL IR . IR
IH A7 88 A B . Rl A B8 o0 BE A, 48 T —Fh a4
=07 i Lo B b P G A SRR 9 e T
JE . HELAR E]HE | H i BT e B A o) FL A ol R T S T
KIYHHEA 10 em, Na,SO, R E N 1.5 gL,
HL T 30 VI HLf# 25 min S50 T, B9E F1A B8 4
G388 PR TS5 RS o R A BRI A SR
Ul 298 95%, R HL fb2A PR BE AT, 7E 0.1C f5 5%
T AR A E) 427.81 mAhg !, 7E 0.5C {5 R T 1E
100 WG PR A 87.4%. %05 B BA B 4T
g, AL B 1 kg AR A4 RHFIE 15 5] 10.143 55T,

5545 455 i3 MR B e AR L, Bl B e HL AT Jn AR
BRI A 5 A S A T A B ) R R R
W3 3 B B T A B AL BB AR . B X 8 A 2% I
)5 B9 K 1H 47 8, Hou 25 B 7 23 504 R A
T 7E 800 W R ALFR 15 ~ 40 s, 48215 1 A1 B 1Y JZE ]
PR, FTOF T R e R i@ 18, I 1 FAE A
AL RE. A B 15 s SR A B
WL 25 B T T 400 mA-heg ™, I TR L A SR ik
HLZ 5 (29300 mA-heg ') 5 BUAh, FRAE A 86 0 25
PREE ) 46 AL R 53 0 35 5] 96% Fl 84%, 7t
JAAC P 2550 23R A L 5 R R B Ak B R A T
DL ELEz T IR T 43 RN A A B PR
TRV It o TR MBS T LA T S A R 1 28 45 590 R R
FARE A, SEBLIE TH A B 5 6 96 14 43 15, WA R TH
Ay 5 v R I O R T A A B R AL, W DA L
Pl CO, /KR . P A A R Bl 15.87%

R 25 0.28%, & KR 2 /.

A AL, Chen 2502 $H TR HIBRIR Filkh
PGS SR ALY D7 5, 76 N, 2R 900 °C B2 4 h 3k
FRFE AR BRI KRR T ORI 0. B,
ZRJ eI B T 43 A IR TH AT 22 1 90.4% $2 = 2
98.1%. 4 A1 S 7E 0.1C THIRZE =M 358 mAh-g ',
1C TEH 500 R J5 45 84 245.4 mA-hg .

BB T H M AR T R H A R b, A AR TR R
B HoAth A W] 396 )2 1, & A SEI 2 %5 1 B3 1 £ 454
e, BEAR T MM HERIRE ) BB, 40 T IR F ™.
Ry fif DA ) 8, S Ak PR A ) R R A R AT AR,
HETH SEI B 1 Jli 1 R w33 21 i FE . Xu 4P R 1)
FE M VA WAk B 2 AR AL F AR R, R A& R4
SN N TR AR 2, B 5R T AR L
By, G T A AR S DR FEPERE, A AR AR R 4R 1
CRFEN 129.4%, 75 3C FIEAE N 170 mA-h-g .
Sabisch 4¢P DL [HEH B 7 F it 7 B £ 38 8 UK,
K FH B R — H i (DMC) it N—HT 5 —2— itk 4% J¢
i (NMP) 25 b HL i 5T . 2645 700, R A A R T
SEI JIE o 9 LA A P A o 88 AR AR (R AR TR, S BRI
IH A 5 0 AR A6 B2 . 5 AR A0 2 0y 28 67 A A
Lt , AR Ak A A B8 O SR 1 B R BRI 5 i AR 2
WD 109, A A 88 B AR A [Tt 1 3 L s

3 AEMHEREREAR

itk — 5 i i A A R P e R CH BN,
T B A A BT O, TR B A R
CREE
3.1 TEBZ

F R8I IR R T Y R Ok = TR B R fiE
=, R R SRR A A A B TR TR B A
AL DLVA S A sl A E e, S AR K
AR A AR N Bk B FE A SR I Y 1B AR RE AR
Jei 350 FEL - 5 4G RN R K Li 4247 R, S 4R i A R
55 5 B R 0 A AT I, A R R A R R
FiE A B, Markey 2557 FH 0 /& 151 A 2 R0 % B (7]
B KBS T IR H A 55 00 B o0 RN 45 A8 i s , ] i 7
A1 55 UK 2% AR B T T RB R R BB 4%, AR T B
AR R A R 0 0 PR RS E T A A
B, Q128 1050 C KF A3 2] 10 F AL T8 22 A0 2240 4
HL 25 & R 330 mA-h-g™!, HLAGI 100 )5 308 F5 16
333 mA-h-g . WSS IR R W], I IH A 85 rh % A A 4
JE A A SRR AR B G R R, i 4B 4k 0T DL
1B 2% . 5 Ak M A 1 88 T2 T e, ELAi
R AR . IRBEAAT, S R AR 5 - F Tt A SR T
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TRERLF2ER, 26 46 5, 5 5

FA S (0 AT R LR AL 1T R R T ).

Xu %508 DLER R A B S 04 R 1H A7 88 R 5Ok, 5
FREZTR A 51 AT I IR AR, S8 )5 3 2 A 31 5 A
TLRBANE T ABSR. JZ MR K HAE A5,
FE 0.1C f5 3R NG R 200 K5 75 /A 465.8 mA-h-g ',
TE4C TP EA 1435 mAhg !, A ER LA S
) 2 f%. A58 N R C AR, T N 635051 LA
T BN 42.28% ML E A . BT R 20 BN 54.37%
B4 I 1 G I i o B 3.35% KA BB AUE AT
TE, AEA SR AR b Ot 96%, X L sk # 1%
¥R, AR T e L ek e,

32 HBE

R R A EREEE R eIk
ol A H A A R 3 A SR A R PR R, EEEK A
BRSO ENCHER. iE . WIS ERE, &R
b —h i — e AR AT AL MR}, B 2 i B
LU AER: (1) B 1k W il i i e AL B A 25 1Y
AT ZE s (2) B kA B TR TR R i A B
JEHRE . Wi, SRR E 1 (3) T B kg
eI T A LB b, B2 A AR A PR S B, FRAR Lt
FI .

Yi PV BESET R [RI AL R  IR TH A A g
BISZ IR, B JCE L 1400 °C 25 B AN 2 35 A5 IR
WoF 85, SRS F FERE . JE A A A E 58 R S
A A S | K I i 228 T, 15 2007
IR B T N, S P FE 800 °C R k1L 1 h, 2 513k
5T TR L U Ry R A M U 2 Y PR A R B
5 R E AR ik A 2 1 TR AL B BE B R RE AT Y AR
A AR Ak, A 8 A EE DA s B 430 R - TC 6 7 >
ML SRR BT >TE M . X R T
T E By i, Al R AR MEAE AR T S HE A )T
A SR L, T H S i A SRR R Y
it B 2 20 B0R 10% 16 REME A S B R ), 3L F 0%
PEAL Y BG0 FN i B A5 48 BB 8, B RAE B S R
TR 14% 32 15 5] 86.89%, 100 WAE )5 25 &
3849 mAhg!, PRFFF T 99.99%, PERER] 5
VRS2 LB

Ma F5H0 DL 2, A i 5, >R FH i 0 ) R Mo
% T £ 0 E R sprsp® B F 78 T4 A B8 TR
A o VS S B S T A B 22 I 4% spP+sp® 445 4 A B
TP B 5 A AR A E, A 0 Bk £ 7
A BTE 0.1C {5 FMEH 100 K J5 M 360.7 mA-h-g™'
P E 409.7 mA-hg !, TEIREREME L 5 R MERE . B
JEF- 65 SR PERE 2 SRk A AR AR Y.

Zhang S5 $ H TR T AR B S ok 4 BT

TR B AR T2, U T WA (D
[l T 1 70 b A 25 A A B DA R 2 L)
FANBE B 5 (2) 76 B 15 A7 58 2 1 FH 1 1 ) i 1 7
— E A, 15 3 AR A AR R R I, 48 600 °C
R beTE A SR R N T e B i 2, T
TCIP 9K 2R, I fie 7F A 28 3 1 RDE BT 3 22 1Y
R A R N 7= R SO i A SR = Y ) P~
[Fi) Bt P S B . A A R A R R AR AR AL T
FLA A [F) 28 AU B b ity A 85, 7E 0.1C %3 T W 4R i
HL 25 10 347.2 mAcheg ™!, FB 3R 50 IR G UL 25 >
3429 mAhg !, FEERFE R Ny 98.76%. ST, 1E R
TR, W AR G 5 B R 2R RN ) 22, TR 5
ERALIRE 2R 950 °C, REFERL 5.

WHE &R @ ERRES T A BREN,
Gao %512 X I 1H 3 85 6 2 [ fb— TR 12 — 4Bt e 45 T
LRk, A SR A & 99.6%, SRJE R H 0 ~ 20%
i R 0 B T O AR Al A B R, E R AR
AN 2 800 C Ribe 2 h 51581 i 7 A & 5
KB, M A SR E B0 0 32 2 10% I, A
BIWURL (dso) H1 14.33 pm 84K % 15.52 pm, 1 W
A 1 G R A 2 A B B Lk AR VROIB A IR
M 24 7 28 R 7 e 10% 32 2 20% I, 7 2 ok
(dso) B K 2 17.16 pm, 525 1Y G 22 79 B J2 K5 BHL A5
Lit AT A%, o 11 A 0 88 0 1T 36 25 0. X4 1003 75 v
JoH 3 BR 10% B 3845 10 1548 A 3 A AR 7E 0.1C
£ R R 46 7] 335 245 Bl 335.4 mA-h-g !, 50 YA R
FARRRER R 96.6%, @it T A5 A B
94.8%. Da %5 i 71 KOH-NaOH 4% 52 Fl 1R 15 1 i
FBRA AR R A, KB alifb A7 AR AE /N F L 3
PR B GRS S B, R I B IR E B A R
20t 1100 C RIS J5 1m0 Wi iR
B 5 2 e TR 5 0 B U R] 38 3 A E A K R T
IR T4 AL I, R e T A A B
HLALAMERE, 78 1C PRI AN 122 mA-heg !, T
500 YK A AR R IR 5 85.8%, 754 T b A7 AR

Xiao SEM HE T —Fp B H2 B A R TH A 8819 O
2o, AR N B B i B IR L R TH A A8 D A, il
VO AH IR 5T 0 ) A U T R L A SRR A
0.1C 5% T MP) 1A HL 45 i 5 5 403 mAheg ',
T AR A RN 372 mAhg !, BAEEH 100 1K
J& AT 2R N 394 mAheg !, AR EER N 97.8%.
505 55 i IR B be A SR A L, 10T AN AR REAIR B
Sy, HAEmeit .

25 I, 7E o B0 78 T R AL 3O R % TH
AT RS, ARG BRI A% 5
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JEH A7 88 MRk A B X b, i A s A IR
() H 25 R PR PERE, 2R Tk s T
JZEEE | L RO S, sl T LA, S e T A
SBib .
33 84

B 25 B H2 B9 AS B 4 J, A B8 B0 B 7 O ) L AR
WO ST IS LR, ME LI S BE a2
R, o LA R RS R ST AL iR B R
AR A, Rk e 2 i ik 4200 mAheg !,
S A SR SO 10 A5 LA B, (i F 7 A A A
FEEARFUAR AL, BEAR T T i 0 PR BE . A K
W, S aBEEA, . BSERNE AR
W PEY) IR L, A AR AR R AR, O% o R R
Ji, B w4 PR AR PR A R R

Xu 2590 UK IH A7 88 R4 K fe A JEORE, 1 50k
YUKEE R OIS BEER | R A PR 4ERIR
STEREE 2 h, SRJ5 AR [H A 88 BRI 2 h, 15 51/
77 i TR IS AE 800 °C K% BE 3 hik Ak, fe 4 34T At/
A8 A MR A5 KB, /D W Ni, Co. Cu %53
V5 4w 5 6 IR TH A B 3R T, X 2E i U 4 JiE vl DA
H & 58I AL G Y, 300 ek v 2ok R e g KR
TR, § 5 02 A AR 0.05 A-g™! HLTR %
JE WA TR A H N 1321.8 mAhg !, 7E 1.0 A-g™!
TARFE 400 IR ERFFR R 69%. 125 1 A i M RE Ak /
A1 SR 0 A BRI T S A S S e o R
1% H A7 5B 1Y 22 £L 4544, Ruan 28 990087 9 K ki A,
AR T IRFRE K, B2 T 162 F 4w (77 Ak
Tk B2 b ek 2 1T 7 T 8 T B AR A5 A B8 /kE @B iR
FEREAME, i m At Re, 7 05 Ag!
HL 3 %% B2 B FF 300 IS L 4SO 434.1 mAhg !,
PRFFR A 92.47%.

SRAMYEARSNEEAE R, 28 2
K. W SnO, BE L5 LK 2] 782 mA-hg™!, HK
IR VA A: NiTT b= o SIS RS 8 = e o
Ik i o R v 7 AR R R AR R T, B Rt e R
PE ARG M 2=, BRI T4 R Y. Sk, a5
AR A, MR fE, 32w i fh A P RE
WFFE A L. Zho S50 ) T TH A7 28 F SnCl, H5 il
KBl 5 ok TR AR A BB AT IR, SR)E S
RS btk & s TERE G OK 85 /A4 B @i iR 2 R
G MR ZE A MR E R IERBE N 85.09%, T
100 mA-g ' FELJ % B R Al L2 50 650.9 mA-h-g .
£ 500 mA-g™" LI % BE T R ER 500 K LA A
607.6 mA-h-g ', HL R FF R 5 5 82.82%, HA & b
FAFRE G RE.

R SRR B - F b I R A B AR [ 2 TR A ]
D £ T Ah 33 R ) 43 8 T DA R 43 BS AN LIS 1)
[, [R] s R A A2 A PR RE L S R A ). Ye 261
FI I LiCoO, 4 %30 H# 15 —F FiL it 1) 1 A A1 70 48 ol 4%
= PERE &2 A T B B CoO/CoFe,O, /% ik A1 8%, ]
i 1 H,S0, fl FeSO, it JFL 3= i B Fn 4, 4% J5 >Rk
TRER . el PR A I H A AR M I K A 28, e
LIRUREASHIFAS L N b &) ) S AR e RS A0

A 25500 i R T L. 25 SR B, CoO/CoFe, 0,/ K
AN EA SIEARRENE, 76 1.0 Ag £ TE
£ 700 FES 2SR R 890 mA-h-g s 7 5.0 A-g ™! N4 i
ik #) 208 mA-h-g™'. Xiao 55 LA LiNi,Co Mn,_,_,0,/
LiNi,Co,Al;_,,0, FUKIHA 80 ]50RL, 1 cili] NaOH
VS WORE IE 58 o0 B, SR )5 SR H,S0, A KMnO, TR
G IR B, TR AR IERMR AR
i aE T BRESTR 5T, e 1IE U A W E Ar/H, UK
T 600 C Kb 2 h Jg /K IR, |44 )8
ALY E A TR T2 B ek 5 EA A
B 2 [) B e vy IR IR 2800, A B AR AR HL A AR
S it B 2 ) FNAG B AR AE 7. NCMS/C 1 NCAS/C
FNLAE 0.2 Ag™ FLUE BE T 26 200 [l I 19 LL 2%
143 59 900.4 mA-h-g™ F1 830.5 mAh-g™. %k
SEI T IE AR CRN BR[5BT, SRR T
B, 3w TR A R, R2 B THA
B U i R A SRR

4 AELBRBAA

J% TH A 85 b AR T 4B L A Ab, i
AT DL 461 5 oAb T BE A RL, a0y B0 K A A
S0 . LAY L MR L AR A
41 AEXRRENAER

FF R IHA SR Z R K JEAEAE 5
T BA SR, 5B A BHILESHE S
O3, S B A SR 2R R B B AR FORL. Wang 4P
DABR 2% 5 19 2 TH A 8500 BT IR A4, il 28 T 38 I 4A0 1k
A1 S0, S BT BT AR A SR A8 i Ak A 5B
I I PR R, 45 SRR B LR 1H A 88 i 2% 38 R b A
B0 FLAT RO Ak R RPN i, B S A
5 1l £ B A7 BB A L, HE e 3R T AR 8%. Li Y
DA H A 88 R SRR, SR VR B2 o i R 4 el 4R
2T = ok R AR R — B A LT i R A A
BRI, WOt X SRR L H T AR . B SRR
fENT AR 2T A0S S5 AR T Bk I 4% 1 i 5
SR A AT SR RN R A D AR AL A A LA AR LAY A
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Table 2 Modification of spent graphite and performance of batteries
First charge Initial coulombic Cycle  Charge capacity/ Capacity retention
No. Method capacity/(mA-h-g™") efficiency/% times (mA-h-g™) ratio/% Refs
1 Boric acid pretreat'ment and short 330 100 113 (37]
annealing
2 Vacuum pyrolysis at 1400 °C 86.89 100 384.9 99.99 [39]
3 Microwave e'xfollatlon and spray- 3112 88.7% 100 360.7 [40]
drying process
4 Coating with pyrolytic carbon from 3472 92.07 50 3429 98.76 [41]
phenolic resign
5 Asphalt coating 3354 80.5 50 324.0 96.6 [42]
6 Modification with asphalt coating 403 95.5 100 394 97.8 [44]
7 Coating with carbon and treatment 469.4 (0.5C) 300 434.1 92.47 [46]
with silicon
8 Molten-salt method 650.9 85.09 500 607.6 [48]
WLIE S0 A28 K R AE, ™ 28 35 61.2%, ] ROALAR IR WIS SR WY TH A 25 O ORI 45 B FEL A A

N 5 RAR A SR AR L, PR H G A7 88 1 25 £ A0
RO A SR A B AR AR = R HETT N
HRE R
42 HEEH

B IH A A ] DU Tl & g 45 . B e+
o BN B T HLZE A . Schiavi S50 1 T —FhoR HIR AL
BB T R B AN X BRORE 2 F 2, DA LR A
YR AL N A 55 5 01 A LS i 1 PR R I AN , H 25t
HI LA AR 42 Fg !, I RRERZ 2N 9 Whkg ',
FE 2.5 mA-em ™ LI T DR % BN 416 Wehkg ™!, 1
FE 722 300 [7) 28 68 0 F 45 4 B e 7K OF- Y. Zuo A8 B L)
IR TH A7 8 Gkl A R VR, 543 A K TH A 88 35 K 1
JE TRV | 2 THI S5 56 R 5 B3 () 481, SR HH A2 S AL AR
7 Bl & T R A A B A0 K 6% B (oxCNFs) , H:
KR 15 nm ~ 2.0 um, H Y5753 B K W,
16 180 °C R /KIS 12 h J5 140 J5 S A7 B4 40 K 1
F (CNFs) . #F 5% % B CNFs 2 i A K i Bk G i
B e, S A A v, R A 2R R, CNFs/
RENSE S EHE 2 mV-s ! P AR K 365.4Fg
S5RIEMA IR T 80.5%. Divya Z ST 5y T
DL H A 85 0 JROREG B B 7 FL 25 A, 76 il 2% 4
BT R AR ET, PR A AR A TR AR B A B A
JZAEAE Y (LiCy) , 3 A5 Ay WURR HE 25 1 FL 25 2 E AT HL
R AT R E o 0319 kWekg ' 5 F ek
fie - % B Ol 185.54 Whkg . I 4h, i1k — 25 LU
LiPFg M HLff I, DU 20— — Wk NI 7, 0798 T
EA BT E T ZERRNIHERAE, 5
O RE T W LA B LA S AR = IR N R KR
8 K 46.40 Whkg ™' ¥,

B AR PEREAF SR 2, MR IH A 8 = (AL A
FHARAE T —Fh LI SR T, B TH 7 88 A i B 7R AE
VA T B 25 245 169 52 W AL 3 v AN B B, () B i = 5
At [ 24 e A Rk i) 2% FEL 2 4 0 1R RE X L, W
— B RAMGE.
43 Hfth A

P 1H A B AR A M e an 2 FL A5 . 3R ITE RE
145, A5 1E A T A W BRI, T R
J& . BEEREL . A MLIT B W% . Nguyen Fl Oh P 1A
TR IH A7 555 8 4 J& (Pb, Ba il Cd) F1A HLY 11
AR, X Pb Y W B RICR 47T Ba Al Cd, i 5
254 43.5 mgrg ™'y W -G0S B Al W RS SRR T
T R ORRN A B R, A A v R A A
Wk 6.5, 2.6 f1 2.3 mg-g . SAEG R AT B ALY
Ji A AH B, 2 TH A 3800 5 4 Jm W BRSO 4, XA
BLTS Y W ROCR AR, 0 5 00 55 4 W B il 2
W TEIHAERTS M AmZamEs 754
Ja& B HL A H R 7. O B R TH A A B W B e
Natarajan F1 Bajaj V3 i 24 (1Y) Hummers 77 75 6
I IH A B Ak R A A 5, IR TR, B oE T
W B0 L pHL W0 4R Jeolh i B L O T A ]
XoF 2 505 1) 5 e, 3 WY o ek R A S 40 RN
Elovich g J)2¢ . I FAMA B S ALY R H
o K 2 1 e B AF B DA B TI-TT AR EAE D, 5 T
I 4R TR FE X R 1000 mg- L™ 1) ]I SR 21 F H 3 5 e
ABE, X W R 21 Gl e KW B £ Ry 134.1 mgeg ™!, WE
HH 28 JL-F- 100% W B, 35 %1 1000 mg-g ' &1 % i
JCF 1 WA K AR E E SR AR (8] 3, Zhang %Y R
FHAHK Mg(OH), &4 1% 1H 3 88 3 1 FH W B 7K o
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ARAR AR OC K, W ik 5] 588.4 mg-g !, Ak W B
MR E A R Z —, HEA RiFfeEtt, B
K47 (8 Tl g i 5t

J% 1H A 85t mT T 5 AR, B2 H TR
fift ALY . HL Ak 2 A AR TR R R % . Zhao %51 L)
J: TH Ay 55 VR 9 O JEURE SR FH — 2B B 0 A R T 1R 4K
() 22 M AL 3] (CuO/C) , iZ AL 3 £E 58 pH(3 ~ 10)
JLFET 2 PFE B, HLRE . SRR RS H A B
PGy o8 i 25k SR . R TH A 88 A ] A O S804k 8 B
(ORR) Ak 751 1 T 44 R} el b 45 35 . Liivand 451 LA
JE A B AT SR A A Ak R, R A B A A
BT AL, SR A B S B A A R,
AR AT EL A T 4 4 4 B R A 2R b B, 3
PR I TH A 58 1 A e B 8 T 8 22 1 35 NOAN
C 23 o7, FE I B2 o T AL 06 M, HLHLA T 4 g B
P 1 B R FH 1 O, Hh R TH A B R T RN R
LRI A ], 5 TH 7 B8 0 245 b RV P 22 S Aok, i
117 5 ) i) £ AL TR PR BE . A Ik, T TH B8 0 Rk
SRR Z B o6 R T E I — L5, £ 3
KT A R R A 00 R B A MR JE R
HEL R A BE.

5 RES5REE

Wi BT RE BRI T S A R H g K, B
P R M A R A R T, AR IR R A2 BIAATT 2

RUE. A 2B OB R A 7 r Yt 1) EE 2GR, R
(A7 5 0 (eSO P 2 R R A9 B0 1 1 B 2
HAT. I, AR SO S BTIRE T, BT A2
e IS A B, R GELRIA TR IH A s2 ) B |
MVER M Kk BRI, TR G AT
]S A 7 s LA, IR 528 TR IR TH A A 45
A1 SR M . B AR L IR L AR SE DAL R Y B
TS, S EACA B At T R A0 S 3

KTEIBA S, W% FEERERAEN
KRB TR B, BAR T2 5 YIFERERE
B AR, (EL IS A 87 il 2 B A vy, L RE R
ORI, AR S Rk R B, BRIAELAER s MR A R
o R R | ERR A LR A AL iR R TH
£ 88 Y2 UL B, (EL 45 Fe i B M IR A7 A, 5 2k
— A B, R ARAT g T A AR A ) G BE T K
VAR e TN LS R SR AT A B L )
I 7E g i A 1F R AR BT R A &, i — 2D 4R
AR, LB SR B AR, AR R HA

N REAR PR A7 SR A | f v LR B, A S8 etk
PR T2 R0, FEAFITRBAR. KA
BLEASINE B TR B AR MU R T4
R LR AT, AR R T A SR I A A
a0 75 iy, HOSASEAR, J&—Ph 28 55 A 2ot 48 = 4
£ IR B9 J7 05 5 SR B L Al LRk 38 £ 25 10 )=
[ AL A A, D T AL BREE, 4205 T 1 55

3 REAIG AR SRR R A AR

Table 3 Source materials, applications, and properties of new composite materials produced from reusing graphite

No. Source material Application Performance Refs
Anode.gr:ap hlt.e of Reduced graphene oxide The as-synthesized rGO from purified graphite demonstrated excellent catalytic
1 spent lithium-ion . . . . [59]
. (rGO) ozonation activity against organic pollutants removal.
batteries
2 Spent Li-ion GO Spent graphite is a good potential resource for high-quality rGO, yielding 61.2%. 4
graphite ) This indicates that rGO can be produced on a large scale. [42]
o e . The supercapacitor showed a specific capacitance of 42 F-g ™', providing a
End-of-life lithium- ~ Asymmetric . . 2 . o
3 . . . maximum energy density of ~9 W-h-kg ' and a power density of 416 W-h-kg [43]
ion batteries supercapacitor )
at2.5 mA-cm .
. e . The resultant dual-carbon battery delivered a maximum energy density of 185.54
4 Spent graphite Lithium-ion capacitors W-h-kg™" at a power density of 0.319 kW-kg ' under ambient conditions. [56]
Spent lithium-ion Anod§ carbonaceous ACM exhibited promising sorption capacities for toxic metals but has a poor
5 material (ACM) used as . . X [59]
battery anodes adsorption effect on organic contaminants.
an adsorbent
6 G‘rgphite of gpent GO used as an adsorbent GO showed a maximum adsorption capacity of 134.1 mg:g ' for Congo red and [60]
Li-ion batteries methylene blue.
7 Spent graphitized Modified phosphate The adsorbent demonstrated one of the highest phosphate adsorption capacities [61]
carbon adsorbent of 588.4 mg-g ' and decent stability.
8 i}:sg;sgraphlte CuO/C catalyst Activating peroxymonosulfate to degrade various organic contaminants. [62]
9 Spent graphene Nitrogen-doped graphene Catalyst material prepared from spent graphite displayed much higher [63]

catalyst

electrocatalytic activity than commercial graphene.
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