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Research status of valuable metal recovery of spent lithium-ion batteries

DENG Chao-qun WANG Hai-bei ZHOU Qi-fan ZHENG Chao-zhen
(BGRIMM Technology Group, Beijing 100160, China)

Abstract: This paper mainly introduces the pretreatment of waste lithium battery and the research
situation of related processes of recycling valuable metals, analyzes the main processes, principles,
advantages and disadvantages of pyrometallurgy, hydrometallurgy, united pyro-roasting &
hydrometallurgy and biometallurgy, and prospects the recycling industry of spent lithium
battery. Pyrometallurgy has strong adaptibility for raw materials and large processing capacity, which can
make full use of the reduction and energy contained in spent lithium batteries. Hydrometallurgy is easy to
achieve high metal leaching rate, and the use of reagents such as H;PO, or ammonia can achieve
preferential extraction of individual metals. Biometallurgy has certain challenges in the application of waste
lithium batteries, mainly because waste lithium batteries contain toxic electrolytes, which seriously affect
microbial activity. The wunited pyro-roasting and hydrometallurgy combines the advantages of
pyrometallurgy and hydrometallurgy, and can extract the advantages of individual metals, which has
potential application in future.
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Table 1 Main methods of recycling valuable metals from spent lithium-ion batteries by hydrometallurgy
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*(H2S0O,)=2.5 I/L. ¢(H;0;)=2.0 mL/g. t=2 h. Co 97% . Ni 98% .
Li. Ni. Co. Mn  HySO, +H, O, TS v MmOV G TRER mre 09756 Ni 98% [21]
T=95 C, L:S=10:1 Mn 96 %
‘(HNO;) =1 /L, ¢(H;O,)=1.7 vol. %, t=30 min,
Li. Ni. Co. Al HNO, ¢ 2) =1 mol/L. ¢(H:0, vol. % i Co 99%. Li99% [22]
T=95C, L:S=10:1
Li, Co HCl c(HCD =4 mol/L, t=1h, T=80 C, L:S=10:1 Co >99% . Li >99% [24]
. . c(HsPO;) =4 mol/L., ¢(H;0y)=4 vol. %, t=60 min, Co 96.3% ., Ni 99.5%.

Li, Ni, Co, M; H; PO, +H,0; 26
o ey A TR T=60 C. L:S=20:1 Mn 98.8%. Li 100% L26]
H, SO, +H; O, + -(H,SO,)=2 I/L. ¢(H,O;)=5 vol. % . Ik RER = .

Li. Co PR ¢ e O e R VO Y B R Co 94.6% . 1i98.6% [34]
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2.2.1 WmRE

HT T 2 A0 R S T M L AR A R I 4 TE R M
WA SRS, — RO E IR & & #.
SATTAR 459 FI A H, SO, AR, H, O, ik i
F s R = R A E RO R Y B BT TR
PRI T e B . WSR2 Tk B Bl B X A
Gl msgm . G, I JEF H, O, iEs it
Co, Mn, Ni, Li Wi i BB KIEHER, a0 3k
B 5%, H,SO, 2 mol/L, H,O, 4%, W& B 50 CHl
BFE] 30 min 94544 &, Co. Mn, Ni, Li [Ji& i %
BIn[ak g 9826 Lk ko O Tk — 5 AR R N I B O
G JE R R, JTANG G551 I 8 75 0 m] 7= 2 11

TIOR8 5 D0 24 RN 5 SO AR AROUE i U R
[ A 22 ] £ o G 8, DT 484 8 3 i 9 B A 7
RIS R b ol B R i, T A2 A 42 1Y)
ERGR . H, SO, i ) B RE SE B0 AR B b A I 4
JE I IEAS R A (RN B A 5 4 JE AR S iR
B, H;PO, 0 A A W] AR 4 #b f P ix — [n] B, 4o
CHEN 257 fH H; PO, A i 71, H, O, ik J5 5]
S BIESE T R IH LiCoO, (LCO) . LiMn, O, (LMO) ,
LiFePO, (LFP) fl LiCo,, s Mny 5 Nij 5 O, (NCM) H ji,
PEREAR Li I, AT, Li ik B oR
SRR E] 100% ., 92.86% . 97.57% F198.94%,
F &R AR B A R, HAFTE S



- 112 - e

e

WA =4 SO, . NO,. ClL %A 8 S Ak e xHA
SRR EEEEENE, FE2EERERANAE
PUIR LB AR IO ML IR . 40 40 2% 5500 o 8 47 458 R o TR
B PUIR I ER 3 JE 7). 0T 12 Al 12 0 P Sl 1 A T
PEMBVA I & B AT IR IR R iR . S5 R R . TER R
B R EERR W BE SR R 10 3.5, AR 5 B IR ML
FREEE /R 10 1, B (/I A 15, i B
80 C Jeif(al g 5 h By Z&F T, Co Fl Li By AR
ATk 9106 1 94065 JE U AR5 R S R R Ok 1R 12
A R IK R IR T s A6 X P2 Bl A L R b, 1 AR T
PEM BV U 4 8 EAT I8 B FR V= B R 30, A BN B[]
30 min, )W IEE 80 C . FERERUE 1. 2 mol/L,
MK ARF 8k 1.5 Y0 J [ b (g /IO Ry 40 g/L
ST, Liv Niv Co, Mn (118 43 55k
F98.9% . 94.3% . 95. 1% 96. 4%,

AHLBR NS B ot B, R AARE H
A T AL I HET A — e MERE A A HLIR AN
TR A TR G RIE, fRESI R, W
ZHUANG Z550 5% F 0 W8 R AT 168 1 R 28 18 30 F 1
SOUHR L IE R R B B TR e R B, TR
BRIV 0. 2 mol/L. ¥R IE 0.4 mol/L. [#
WL Cg/IDfE Ry 20, R 90 C H1 B W I [A] 30 min
&R, Li. Ni, Co. Mn [i& H 3 45 5l ik 5]
100% . 93.38%. 91.63% F1 92.00%, £ W i& 1k
AEZ> ) &y 45.83. 83.01, 81.38, 92.35 kJ/mol,
SN 4 B B A S T Ak 2 RO A A
2.2.2 S

iR w5 FERA A K B R R LN A
e iy R W, R RSN G2 b R Cln i iR A=
o AR EOR R 38 BRI a JE R R R
R B . ZIEBAT IR T RIR S R L
R, WA TR (NO/CL) L % 15 45 10 38 85
PEL XA B4 e n IR PR PE SR (H RO IR — R
ws BB, &EiE R0l TRED.

KRB T 8 TR A B R B A R X = e
W TE AR IS PEARLE A A R R R A ST TEEUK
WRE 4 mol/L, BB E MR EE 1.5 mol/L. VA% IR #Y
WP 0.5 mol/L. BRI (g/IDME R 10, KNI E
353 K Al i if ] 300 min M f AE 45 1F . Li.
Ni, Co. Mn [ & 454 95.3% . 89.8% .
80. 7TV 4. 300, TERFHE iR &Ik RIFATE N
AF L STV B R A A S N AR G R 0E TR A TTE . AT
ST Liv Ni, Co Witk . WU S %ty
RGN H W AR PR R AT AR R B R MR IR

I, FEEUKHREE 1.5 mol/L. A R 4% ik Ji
1 mol/L, #FER A B (% mFD W 1 mol/L. [
WA 60 C. KW Al 180 min 4544 T, Ni il Cu
JLTREH 2 E S, AL AR T, Li f1 Co

352 3
2.2.3  JrES 4RI/ THA T KA

3 v L TE R 3 R AR 0 < s 2 A B/ TE AL
MRIR IR B TR WG - 75 Xk b A7 73 88 [l i/ Ak
Wi 2 ol 5 A0 9K (A S5 . O BE S B R TH HE 3B B AT A [
W, BRIZW—Me Niv Co. Mn, Li S84 fr & Jm 5
TUL K Feo AlL Cu ARG & 1. LA M &
JE R B I A DR . 2R B A
Hi A TR A

Proe P R IBCPE 1T R AL 2 R TR A R
PR P D AR S AL AT IR IR . SEBE T B
B, R EN T ES BT . MR AERCR X
99.5% ., 4 B A W > 9500, B AR IR A
95.5% , EHPITIIERIL 99. 9%, B HESEN R H
VR AR I A 2 DL 6 BB B L T TE AR BT R o
mCBR R Sl . A AL AN SR . JF LA T ARG
P507, Cyanex272 X4, P92 B rERE. 25
KB, P507 Ml Cyanex272 ¥JHE S B i AR A4 RHZ

RB i
R N2
A st
Bk e
@E TR

NaOHHE AL w72 | FEATHLA
AR [ 3 = NaOH 4L,

R » ECoSO,

|

]

1 B TEimes

Fig. 1 Flowsheet of purification process
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Table 2 Main methods for recovering valuable metals from spent lithium-ion batteries by united pyro-roasting and hydrometallurgy
J i 2 T Bl S & JEH iR EEPEN
LiNi, Co,Mn;—,—, O, T AR J K Be — 7K + H2 SO, P Li93.7%. Co, Ni, Mn ¥ KT 99% [45]
LiNi, Co,Mn;—,—,O; T P8 SRR B — Bk BR /K 3R + H2 SO, ey B Li93.7%, Co. Ni, Mn# kKT 96% [12]
LiNi, Co,Mn;—,—,0, AR G b — K iR H. Li >97% [24]
LiNi,Co,Mn;—,,0;, ik g I b2+ H2 SO, PHAR £ 5 Mn>97% . Co, Ni, Li#J KT 99% [46]
LiNi, Co,Mn;—,—, O, e PR TR o — ik IR 7K R+ fliB T 2R e Li99.2% [47]
LiNi, Coy,Mn;—,—, 0O, W IRIE TR — BRI KR + &R PR AR A7 B Li82.2% . Co99.1%., Ni97.7% [48]
UL P2 3l ok T i Ak be— KR Ab4s Li 90.58% [49]
LiNi,CoyMn;—,—, O, SRR b8 — KR TR Li >90% [50]
TR G TEAR T A1 R i R AL s e R Li 78.6%. Co 80.4% [51]

2.3.1 BRI RGBS J& Ni, Co. Mn LI4: & 5k 4 )& A AL ¥ i B X A7 1

TERR PGA R b R b IE AR PR RVA 6

Li UATHE Tk 19 Li, CO B 3 UAFTE s X R e v ik



<114 - e

e

ik, BRE, L8 Li L e & Ni, Co, Mn
M EI, LIU 85 SRBUZ 7 A LB T = D0 1E B %
PEMPENE A 42 8 1 2 B R B e, JF & B Coy Ni,
Mn 1 Li 43Pk Co. Ni, NiO, MnO #1 Li, CO, JE X
TEAE. KIZB B, e E L 30 mL/g. B[] 90 min,
T 25 CHIZMET, LiiRiE RN 93.68%; MR
MrBt, 78 H, SO, ¥ 4 mol/L. ¥ [ (mlL/g) A
10, BF[E] 30 min, ¥ & 90 CHYZ T, Co. Mn,
Ni B8 2643 7k 99. 87% . 99.9% ., 99.56%, H
MRS R 2 3R B 2w . R WG A RE 4
24.00, 23.29. 29.35kJ/mol, ZHANG %1% % 3t
POL JF Bt B, Coy Ni 28 L4 4 IE R 1
AL B BT Li, CO, MET /KR 5 HIE
TLRERAR AT . Kk 3% Li, CO, MER 19 18] 8, ) 7k
R dim A CO, KAk, i H L 5 i T KW
LiHCO,, MK Li ke h®,

HU %505 ) W8 J5 s be— IR 12 2 ¥ IE =t
P M E R IR BT . R R TR A ) 4
pH A 3.5, JMAGEFR Fe, Ca, Mg %245 2Bk
ZJaIMA D2EHPA ¥ Mn Z£ 53 25, A PC8SA
#0535 Coy Niy, XAEMEAF] T 40 & B & A
e HE, BRI ZRERLE 2, BumasE

mmﬂﬂ

1.5 mnl/L NaOH
i s

E?—» NaAlO,

650"(“%}1

wW

i 19.9%

HH

JEE

D9 e

Co,
L:S=10:12h

100°C,0.5 h

NiSO, + 6H,0

e} 2
) o B 50 -
| et |_.| AT }_Ecnsq TH,0
MnS0, * H,0

B2 BEERFUHEMHMEKENEEIERE

Fig. 2 Flowsheet of recovery of valuable metal from

spent positive active materiall®*
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B/ B, ALRE I A 0 4 8 (i L 19 i %6
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JE& Y AR Y . EAZ R Y B S LB R . AN AR
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A GG OE A AR A B A IR Ry
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(fn LiPF, . LiClO,, LiBF,)., HiE4H &K, T3
A3 A TE P B F Tt A A 4 T RSO T L ) A
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A 4 JE R R AL, FE )2 Co. Ni(Co''
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RS . W D) 2 2k A AL 0 Ta . i A Tk 2
W o BRAAL AN B RS E R AL i Fe' S fk Fe'l
FEAC Fe'™ /Fe M fbiR IR i . [AET Fe' /KA Ak
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S AL SO, #hFEAEFR ) SOT
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