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Abstract

With the rapid adoption of electric vehicles (EVs) toward a carbon-neutral era, the volume of
end-of-life batteries from EVs is expected to significantly increase. Thus, the recycling of end-of-life
batteries is gaining importance, and considerable efforts are being devoted to the development of
relevant pretreatment technologies. The pretreatment of end-of-life batteries typically involves
collection, diagnosis, discharge, disassembly, organic material treatment, crushing, and separation;
various physical processing technologies are employed during these stages. This review highlights the
recent trends in key pretreatment technologies and discusses environmental, economic, and technical
considerations for each stage toward the development of efficient end-of-life battery pretreatment
technologies. Moreover, the importance of technologies and processes that can adapt to the
characteristics of next-generation battery materials is emphasized.
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Fig. 1. Structure of the EV battery pack (Audi, 2024).
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Fig. 2. General sequence of the disassembly activity and potential challenges of the battery system (Klohs et al., 2023).
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Fig. 3. Structure of organic carbonate and lithium hexafluo-
rophosphate in the lithium-ion battery electrolyte (Mao et
al., 2024).

(o]

sk AA7EA) G w2 gl A AAIH o] %
2 913 O BB U 7k S0l that Bl o] 2B u
31 Q9o Ashol ks A7) thaho.m ghekslo] 4
H0 R e AT o] WA esrek. et
Asjhe] AYF 2719k Asho] Tl vl A 9F

o meje o), G A A Bk oL} ol 345
Q1 A

Ni
d|
oz

o ¢
|
Fl(‘
olﬂ oln

B9l 22 714 7o) Bastc). A4) Hafel A
22 g8l L= Q= Ve A GE3M(pyrolysis),
g1 Z=Z(solvent extraction), YA FZ(supercritical

CO; extraction), 21-55F(vacuum distillation) 5-©] 1t}
(Fig. 4).

& 23] YFd(pyrolysis method)

o B3 i 2 53HA] 2] 7](inert atmosphere)oj| 4] &
FSAA F71E BllE Feste HHos, 34
Ao} tieF A 27t golgithe HellA] B Aot
7|5 7o) o] Foj x| Qlet. FES HH-E 53l g st
= 220 wet dRkE o= 200°C ool A= s H <]
E8f|7} o] o] A L, 500~600°C o]/del A= & ohE 171
SR HRIE 7= A e = de A th(Sun and Qiy,
2011). d&3 e Fal A= 7IAES 25 A
E 3ste] B4t 4= gl viE 2] W Tk Rl E ol
Al U Al 5ol ol 47155 oy
T EHEE o|Fo1A 9Tk, SE §715E W]
S =AY e 2 "E&‘E ] 9 AGAsh= %
7ol daghy], o] I oA W2 o ] &} H]-§-o] E0i7}
7] W2l EE=S LRI FR] 9 /g 7FX(syngas) 2 H

Lo
o M g mlm

electrode

Recycling of
electrolyte from
Spent Lithium-lon
Batteries

Heating

equipment i

Fig. 4. Process for recycling the electrolyte used in the
spent lithium-ion battery (Mao et al., 2024).
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Fig. 8. Treatment method of PVDF in the lithium-ion battery
(Wang et al., 2023).
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H7] A2, Gl A=) ofl His Lopi A} grk(Fig. 8).
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Fig. 9. Detachment of the Al foil and cathode material through
fast joule heating, (a) 2.5kV for LFP, (b) 3.0kV for LFP,
(¢) 3.5kV for LFP, (d) 2.5kV for NMC, (e) 3.0kV for NMC,
(f) 3.5kV for NMC (Li et al., 2024).

739-& Attt PVDF= 83| 14 5 350°Col A &
37} A &FE] o] oF 550~580°Cof| A gt E3 7} o] Fof
A= (Hanisch et al., 2015), Q&3] & 3|4L= J=1 S5
9] 3l4=go] oF 83%0) 4] 98% oA O = = FAH <
7} B9 THZhang et al., 2019). GE-a) HAol| A &
| 2 ASEHE(Ca0)E AR ol W 228 oF
300°CE ZHAAZ 4= QL& Wt oby g}, dE8)| IS 5
3 WAYSl= BA(HF) = 31 4(CaF,) 0 2 H3kAA 3t
A& 0l A= FHlsh 4= QIth(Wang ef al., 2019a).

E3H 2| toll= 8-§-F(molten salt)S o]-8-3F A A 134 Ll
Hatk et WS o] 838 PVDFE gEalj8l= 7| &E59]
A E 2 ek 889 W2 Ak Ql LA 7] %‘% =5
=3 ol o2 7tdete] PA4H B A, Ak} 59
EAE ol g3l golnt AgCly/NaCl §-§--S o]8-35f
o] PVDFZ 160°Cof|A] E7}4 0 2 o] of 3122 0] 1=
L 2 888 = 5(Wangetal., 2019b) TheF3t -8-5-¢
& 2ot A7 s o ok 86 e gk el
PVDF 9| g*|g] 2=t} -2 160~300°Cof| 4] PVDF&]
237} 7Hs 3l B2 ol x| 4H|, A e 3 v]-8-2] A
& Zherh DS o] 83 -2 B2 A to] sk
9] A& &3] T A=A AR uAEAg A=
_. _,_g] o}‘_—. l:l]—l]aj o]r,]_ /\ 24 o] oﬂL—] ;(] H]—ZE o] °H
PVDF7} &5 0 x| Hzl2lo] A=, o] & B3 &5
o] ghzlo] o] 2 o] Ktk Tokoro et al., 2021; Li et al., 2024)
(Fig. 9).
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Fig. 10. Detachment of the Al foil and cathode material through
ultrasonic cleaning (Chen et al., 2020).
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9-HO 2}t Z-o] 7}t Akstal-g-0] PVDF 9] w2 235
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31 thoFst Holo o]g-0] 7153t 3-8 8-1ll(Deep Eutectic
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filo
P
)
ot
>
32

oM 3-

HiE 2= ookt 1 aa(dEa= 2=l w5 A
=, w24, Al FrEe] Bty oz A o] ¢l
= AFCR aupAQl G- oAM= 44 4 &
258 Este] S A1 AR EA51A sfof gttt o]
2| oA =] (liberation)dl 2H2He] 44 8452 &4
3}k 54 Apolofl sl 27t 7Feste I A 8
e Ao R QEgHTt o]F B3t aavt
A= Y= AES B o 2 dAlE 51| HlaiA=
AF] A71E A7 T4 F30] 7MY dRbE e
2ol gHrh & AEE P afAIsto] 4 8452
3|5t Aol 7P =2 R E B2 4= IAIRE, o] WY
W2 AR G, ms e S DR R i

THEY 34 YEE TaA7|HA DA & F5)
= RN, W =4l 71l A= 29 Fefel whet 1 A
2 T A& Bl Ut Q1 334E2] 7-2-olli=crushing,
chipping, abrasion, shear 52| t}oFst o] HAYSS:
Hgoio] 714 ATFER) BHE TATRE 20| Yol
of, WEj 2] 2] 9ol S5t ¢2]o] AaEIch obx A
T AA WEl 2l chre 4 2450] AR Pl
B2 13402 e o] §siol 717te] 74 R 45 L

A= e o] wpaf7} 71 Apa ook 5w 2ol A %

B

=

flo

(a) Hammer mill (b) Shredder

ot 7AIe 714 A By 315
AR A7V e T BRI 33 BB EF
Bl B 4 F Bl AsIA U et A

=}

o g2RE apAQl G2-E A7 AHE A

ok whebs] @A) aiE 2 gafol] At 28 382
At o FE O] ARg- &4 of| A= shredder, impact crusher
(hammer mill), Granulator(cut crusher) 5-2] IH4f ZH|
£ 2-39AE FAste] g 3 Sk St
e E2 BT Ik e Al RE FYste] 74 &
259 Y= 7o SE4 "9ES fEot= FHolt
(Fig. 11).
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A} T 371 72 Bl A= AP E 0 2 w2 A 5|3 ete
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Fig. 11. Schematic of the commonly used rotating crushers (Sommerville et al., 2020).
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Fig. 12. Black mass recovery process from the end-of-life battery (Kim and Hoon, 2022).
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