2023 4£55 9 ) A48 GRERHESY) (http://ysyl. bgrimm. cn) < 11 -

doi; 10. 3969/j. issn. 1007-7545. 2023. 09. 002

BR & T AL B AR R B 1 i W A E AR AT R 58 1

TR RGN, 2B, R, AT

(I FMNTAESHERARS PO LHE FH M 3410005
2. THEILAY e w5 RBEMAMAH,ILH H N 3410005
3. BMTHE L EREBMIREARARX FOLHE HFM 341000

FE P b oA o % 2R 7 i 19 PR T R RRT e R B 7 VTR AT M B A R R R Y S R T R AR
B A, HeMIGATE A BE . 5 b —KIRIK & L AUt 1 A8 58 KO I B L 22 A E /Y = REAG B XE LU
RS B A TR A, SRR T I TS T 2 R R KL T K Ak 3 A B A K R R A S R OE AR B
R RO I T2k e i AR R a3 e B 7 ] o 538 T 2 AT R G L2040 B A S50 BE ES  f v TE AR R
ORI i e o A T B o st mﬁkﬁ.mﬂcknk*« L2 R REAR T s i o il 32 A 408 8 Jon 741)
B9 AS [R) T 41 53 A B R Ak B 58 AR R b Ak s b o il ad X A A S R BEA T2 R H TR L, B4R
BB T2 AR KRR R ST 5 ﬁﬂi%ﬁﬁ?t%ﬁu{ HEAR B T ZRES %,

KR HEG L2 R B 7 1 s TEAR AR 5 [T i

FE S X758 XA R R A XEHE:1007-7545(2023)09-0011-11

Research Progress in Treatment of Spent Cathode Materials for
Lithium-Ion Batteries by Combined Process
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Abstract: With the rapid change of portable electronic products and the rapid development of the new energy
power automobile industry, a large number of lithium-ion batteries ushered in retirement, the recycling is
imminent. The combined process of roasting-water leaching improves the problems of high energy consumption and
difficult effective separation of lithium in the traditional pyrometallurgical smelting process, also avoids the
problems of large reagent consumption and wastewater treatment in the wet recovery process. It will be the future
trend and direction of the development of effective treatment and recovery process for failed lithium-ion battery
cathode materials. The research progress of current combined process for the treatment of failed lithium-ion battery
cathode materials was reviewed. It is mainly divided into two categories: reduction roasting and salinization
roasting. The salinization roasting process greatly reduces the required roasting temperature. According to the
different additives, it can be subdivided into sulfation roasting, chlorination roasting and nitrification roasting. By

comparing and analyzing the advantages and disadvantages of different combined processes, the future
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development trend and prospect of the combined process were summarized, which provides a reference for

the future development of a cleaner and more efficient recovery process.

Key words: combined process; spent lithium-ion batteries; cathode material; recovery
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Technical roadmap of treating failed lithium-ion battery cathode materials by combined roasting process
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Fig. 2 Gas exchange and migration and transformation of lithium during carbothermal reduction
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Fig. 3 Schematic diagram of selective recovery of Li by reduction roasting of bean dregs
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Fig. 4 Flowsheet of regeneration process for spent NCM/NCA batteries
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Fig. 5 Schematic diagram of chlorination roasting and separation and regeneration system

2.3 mHILKERR

Tl A b T 25 R R A R 5 2R A% R 8 vl vl R AR
¥ BUSEIR A HRE RS th T RZEUHREE 2 TR T
O3B A T A AR T ALCNO,), (125~175 C)
Cu(NO;), Fl Co(NO,), (150~225 C) Ni(NO;),
(150~250 C), 1 LiNO; 14> fift i 29 600 C,
PR I ] AR AR e 8 1 25 1 T SR B L i Rk B
PENG & JF 58 7 — R il 4k B 56— 7K 38 Jy 35 Ak 28
&, LiNi, Co,Mn. O, IE #% # #t, 78 f 4E 3K 55 45 1
TLLi R R 9800 B H IR R 1 Li 2
RS YO R 1020 DL b, (HARLEM & xR b
FRIR AL 250 C M8 FHAMIRA B TR
FEAIR 75 Be BTG REAE . SR T o A R SR IR 73 fidf o 7
AT NO, FEAAY S T XoF SR 15 28 77 AR 3 ol [
I3 T R AL FRAS PRI LA T b 4T

3 AT
SR I A T2 AL B R RH B i E

[55]

e b4 78 22 Fh 7 SR HCAR T — 1 ik L AN [ 1
WP X AFTER B 5 A2, BLiE o BF 1
T AL R 5 BE RS Be T W b R AR K B Y B
HH 3B 95 P 4 DU A T kB A T ik R AT X EE L 45 R
w1 frm. M E & B R R Tk e E
KT8 s B2 4 W Li, CO, I 7 BB A ik 1k
KBEAE AR Li 932 3R i R A B e Fn S Ak
5 5 I i e e o R AT TR B R B (HL /T X
N 3k AR S 0 R ) e EATORS B A A N LR A
W4 @ 2s Bl Li — [R) %% 4k oy B R R s S AL W
ME LLGE 3o 7K B ok AR 4 B8 s B Ak R b T2 BUR L
SR 7 = R TN (EN PSR B IR OIS A ) e
Co Ni 454 Ja i [ Wi FF ORI AT 0 Li i B R 88
G5 il 0 65 B8 T 20 T DA K b B 1K B 5% 2o AR
7 0 be R BE L HLRE 4R W LINO, 19 7K 5 1 38
I (500 gL, H 8 AT DLy I 3 T & AR I R e
T TR R B T R R R

R1 FEABEEGEEIZEXLE

Table 1 Comparison of different combined roasting processes
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