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Abstract; With the increasing global demand for lithium-ion batteries (LLIBs), the recycling and
regeneration of the vast number of spent batteries have become key challenges in addressing resource
shortages and environmental pollution. Conventional recycling methods, such as pyrometallurgy
and hydrometallurgy, can recover valuable metals but often suffer from concerns such as high
energy consumption, heavy reliance on chemical reagents, and environmental contamination. As
an emerging recycling strategy, flash Joule heating (FJH) technology utilizes instantaneous high-
temperature heating to achieve separation and regeneration of spent electrode materials, offering

high efficiency and low environmental impact. This paper reviews the principles of FJH and its
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applications in recycling spent batteries, systematically summarizes recent progress in valuable

metal recovery, graphite anode reuse, and cathode material regeneration, and evaluates the

economic feasibility and environmental implications of FJH technology. Advantages and challenges

related to large-scale implementation and material compatibility are also analyzed. With the ongoing

advancement of battery technology and growing recycling demands, FJH technology is expected to

emerge as an efficient, environmentally friendly, and economically viable solution for recycling

and regenerating spent batteries, thereby promoting the transition of the new-energy battery

industry toward a circular and sustainable future.
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regeneration of spent graphite electrode materials™**!
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Fig. 3 Schematic of flash upcycling of various spent
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of spent graphite via flash heating"*
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Table 1 Summary of graphite recovery and regeneration and comparison of the corresponding electrochemical performance

FERCH U6 JBT ek O/

[0 WA A= SR WEE/K  BHE/s o I8 R L - HERFFR/ %
f5#/C (mAheg™

FJH £ A8 e A= A 2 BH A 3000 0. 100 1.00 500 350. 0 99. 00
i Ak A 2000 0. 100 1.00 500 320. 0 96. 00
REEABHAED 0. 005 0. 10 100 358.0 94. 83
SEI & 44 & g 1 900 0. 150 0.10 300 92. 20

1) A s B 5 1600 0. 050 0. 54 100 458. 9
SR A B T G A BT 2.00 1000 413.0 90. 10

2.2 FJH#&*XTIEWM*#E’J@HSZ'?EE
2.2.1 EMMHELSEEGGES

P ol RE % B [l B O R 2
FJH Ak Hid 8 v A 23 B8 T B A RE B9 08 285+

LIBs E*&HﬂL%Lﬁ%‘éﬂﬁgﬂl‘ﬁ%(PVDF)
BRI G R AR L, B HERE 2R
FHN-H 3-2-mE g Jog i (NMP) 25 5 HL 3% 570 3 vk 9t
i AR T B e 2 3 288 4 ) AR B VS Jon 741 o R AR 8
FER Hyg e ™, Mz F.FIH £ A F H 2
3000 K By BE i & il PVDF 45 46 JF i, B A%
FiBPE . PVDF 588 98 #URZ ik 3 8000 22 57 77 A R0
1 AR A P B . DR A R R % R IR
TR AT 500 i i A A8 D = o B F 3 (NCMD 1E B 47
T S B[] P S B R R B LS 4 R4 G 1 o

zkxb. xjtu. edu. cn

e, MRS i H AR T Rk, 7E
3.0 KV ik vh s F A HI R, % B2 2k B (LiFePO, ,
LEP) L i i) iE AR A B RE 8 58 4 N ER T E 348, 70 8
R AR Bl 43 035 8 T 99. 0% F 99. 7%,
ﬁﬁeim Ja& 1 W Ko 4% AR B T AR A .
2.2.2 &4 EERMAEK
T%ﬂﬁﬁEEWMﬂE%ﬁEJM%L%K
Z 5 R INZE B AR G R 2 6D, K 6 Bt
INGEEARSGS S T FIH BiR 53k 0 88 1.2 L
] 25 P AR Al a B AT S EE R R TH IE AR AR Y R Ak 4




60 [N ]

PN

60 %

Ve FA Y, FE FIH o B2 v, A4 kL 0 ) i 44
E) 2500 K B R IRAEE, 80455 S R 2% Ik 2%
KSR AR CET J23 45 HAth 115 14 2% 50 ) 4 4R 53 i .
i 1 3 B R AT LA 80 o R 4 A M 1) 5 Pl i
S5 2% T O B 45 0 58 B B W TE AR UKL . R T iR
L5 W v B 0 AR 3R BB A TR A 80 R 2k B Y [
Ao B KR ML O 457 TF AR B 1 = 4 45 A N BUR
. SCIm a5 R AR B Z HOR X 2 M I Bl AR Cln
LiCoO, \NCM 45) ¥ Jre B [ 4 1 3 FH 1k
IR R

SIRAT(AL Cu%f)
o

(@]
A R
F}\‘

SR A *)
W Q

FIHE A

Pl 6 Pt 4 HE 28 -0 4 1 b I Bk 2 D AR /S R P

Fig. 6 Schematic illustration of the rapid Joule evaporation-magnetic

separation synergistic impurity-removal processt*™
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Table 2 A comprehensive comparison of various methods for the recovery of valuable metals from spent lithium-ion batteries
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