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Recycling of Spent Mixture Cathode Materials by
Reduction Leaching and Precipitation Regeneration

LIU Lei,FEI Zi-tong, DONG Peng, MENG Qi

(Faculty of Metallurgy and Energy Engineering, National and Local Joint Engineering Laboratory for
Lithium-ion Batteries and Materials Preparation Technology, Kunming University of Science and

Technology, Kunming 650093, China)

Abstract; Complex waste mixed cathode materials have problems of low leaching rate, high cost and long metal
separation process from acid leaching solution. These materials were leached by mixed acid precipitation method
with sulfuric acid as leaching agent and H, O, as reductant. NCM622 was synthesized by carbonate coprecipitation
method, its microstructure was characterized and its electrochemical performance was measured. The results show
that leaching rate of Li,Ni,Co and Mn is 98. 79%,97. 05%,96. 45% and 96. 31% ,respectively under the optimum
conditions including sulfuric acid concentration of 2. 5 mol/L,H, O, dosage of 0. 6 mol/L,stirring rate of 400 r/min,
time of 30 min,and temperature of 80 C. XRD analysis shows that regenerated NCM622 has no impurity peak and
has typical «NaFeO, layered structure. SEM shows NCM622 particles are uniform in size and less
agglomerated. Electrochemical test shows that specific discharge capacity of first cycle is 152. 87 mAh/g at 1C rate,
and capacity retention rate is 91. 35% after 100 cycles.
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Fig. 1 XRD pattern of waste mixture NCM
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Fig. 2 SEM images of waste mixing NCM

1103 PUUE 2 FHAE il 4 = Jo IE R b R
LiNi,. ¢ Coo., Mn,. , O,

FREL 10 g T4 B 5 19 52 TH IE AR A oK AR 418 12
RIS R R R TR 15 2R E R
1 UEJE R ICP 3K Li.Ni.Co.Mn &8 & &= . A&



s 24 - A4 8 GR ¥ /) (http://ysyl. bgrimm. cn)

2021 4E45 4 )

Je PR R R R R R W h Ni*T  Co™"  Min®" [ BE R
bk 6+ 2 ¢ 2, %% 2 mol/L Na,CO; g Ui ¥E 7 »
2 mol/L NH, « H,O HE&#]. £4 pH=28.5. 1
i PEHE 400 r/min @ 60 C.BFE 12 h & fF T
PEATUTVE  DOVE W A Ve i JB J5 7E 120 CIiss T
10 h, #5088 2o 0 7] 45 2 J 9K . mir K& 5 LiOH -
HORA . B S5EA B M E/RL N 1.05 ¢ 1,
SR G PR T BoBcbe R B TRy 5 °C/min, 7E
450 CHike 5 h,850 Chess 12 ho ARG HEY AR Y
1L 5 45 2] B A 1Y LiNigs Coo Mg, O, 1E #% 4
kit NCM622,
1.2 EBRH & FBEER R

FEIEA AR K L & e R AR 9 £ M (PVDE)
b 8 ¢ 1+ 1 AEH G WF Bk th A 30 min 7843 TR
5. INAGE 59 N-H B 0k g ot i (NMP) | BF 55 4
S)CRBL NP BB J5 ¥R T4 96 L. 76 80 CH =S
T 2 h JFAEIEMR A . B IER A 40t 4R AL
J&i s TESI AT RV AR 3R 1 A R 9 3 1 ) T
IHidsk. DL ERA R IEN R . 4R R o fil,
fift ¥ Ky LiPF; +EC/DMC/EMC ¥ W . £ 781 i<
1) F B4 h e ot
1.3 RAEMIK

S XS 2T 5 (Mini flex) 43 87 FE 5 1 1 FH 25
L A& S8 L W (TESCAN VEGAS3) M
MBI A B A 55 B IR i R A G A
(ICP-AES) /3 Mk b Hh 4 R T 2K 1 & .

2 #RLiti

2.1 EHEBEERDESH

WE 1 FFR, AlLFe F1 Cu 2% 5 A A0 TE BAH 1
B4 AL Oy Fe, O, #il CuO, L& ¥7E 800 C
B N R R, ML R C g, JEIHIR &
NCM 4,35 20 Al Fe 1 Cu, Al F1 Cu 7] fig 43 5
K B IERCF AR A R BR AT RER A It & . R
Al Fe ,Cu 241 & BEAHXT 8 B G TR F v
F I 4 il B 4. A, LiNi 5 My 5 O, | Li; CoMn; O;
LiNiO, FI Li, Mn; O, B9 ARt BLAE & 1 L B R
TEARORY K H A5 i AR B R b 1 IEARORE AL . A
B2 LA H S R IR AR AR e i M be A B kL 26
17 2R PVDF 505 H il LT 2000 2% B IR Bl 52 v
Wit JF HA SRR D, WK R /N A 0. 91~7. 2 pm,
FHPRIAR N 2.4 pm,
2.2 EHEAERMBZHERZKRE

g T WEIERR R M B (1~ 3 mol/ L) X 52 2% iF % 44

BE AN ] 42 R R Y 2 e AR TR B 80 C L i Y I [A]
30 min, H, O, ¥ 0. 6 mol/L. i+ % 300 r/min
WA T TR a5, 25 SR a1 3a firs. Al LA
Hh L BEE SRR EE A 1 mol/L 3% 2] 3 mol/L, 4 J& =
R RGN, YH RV B ok 2. 5 mol/L i, 12
HH RN AR 2% L 3R W B R 1Y) Je AR VR B2 Ol 2.5 mol /L,
Jeif LioNi,Co 1 Mn 132 H 3 43 Bl ik £ 98. 23% .
96.77%.95. 31 % F1 95. 83 %,

FEJRLEE 80 C 2 HIHA] 30 min ARERHEEE 2.5 mol/L,
T P 300 r/min 5T BB AT H, O, WA
(0. 2~1.0 mol/L) #F 47 & ik 5, H % H, O, kB
X 5 2% TE AR R R o AN ) 43 Jeg 32 i 1 5 e 2 R 40 1
3b R, 24 H, O, ¥ M 0. 2 mol/L #4813 0. 8 mol/L
I FE 12 R N B HL O, HREEM 0. 6 mol/L
HmE| 1 mol/L, 2 H A8/, I 5 A 1Y 38
Ji 50 BE A 0. 6 mol/L, 7E & L 254 T - Li.Ni, Co Al
Mn {32 H 4 ) 8] DLk #] 98.23%. 96. 77 % .
95.31% 1 95.83% . W E W, H, O, 7F Rk
J R AT LR 2 A OE AR A R R A R A A . NI
Co.Mn MMM SRR +2 M /DB A S5 48
TE R MOg b 75 8 o B3 AR AE00T 0 0 4 T i W B A
FIF 4B RmEL,

TEIR E 80 C .32 th B [A] 30 min, B BR W
2.5 mol/L.H,O, ¥ & 0.6 mol/L W& M4F , %5
T AR s RE 3 R (200~ 500 r/min) X} 1E % #4 Kl
AN 4 e B s e L 5 R AN 3¢ BR . YT
M 200 r/min 425 F] 400 r/min i, 2 H 55 0
BRI, 400~500 r/min Bf 38 I0AS 2% . PRI g AR A
FEHE K 400 r/min, fLEF, Li,Ni,Co Al Mn 3%
AN 98.79% .97, 05% ,96. 45 % F1 96. 31 %,

TEWRE 80 C H,O, ¥ 0. 6 mol/L . B la ¥k &
2.5 mol/L fi £ A 400 r/min B 5F T 4T E
B[] (10~90 min) Z5 4150, 45 R 4n &l 3d fr s, Af
DL L3 RO E T 30 min E 4T 3R L 182 M ]
ML 30 min f5 ., 4 8 B R N, R 22
RS TR R B RET BT KR
L P R] > g 5 52 N ) DA 2 T B N AZ B TR, Bt
e A R B [E] 2 30 min, FEBLAMF T . LioNi,Co Al
Mn ¥ % 124y 5155 5] 98.79%.97.05% ., 96.45%
1 96.31%.,

Tk 5 T 4 i ¥R R BRI ) de K, M Bl ) 2 A B
IR I 1 2 v T AR K b R AR S N 1 3 Ak
Al PR AR, FEIR I TE] 30 min, H, O, ¥R
0.6 mol/ L. BRI B 2. 5 mol/L. $it $# % 400 r/min



2021 4E45 4 )

A 1048 GR R/ (http://ysyl. bgrimm. cn) e 25 .

M4 FHRITIREE (60~90 C) X 4 J& =t % 11 5%
Wi, 4550 UL e, BEA HRIEM 60 CHEmz] 80 C,
B2 AR IR 80 CHEME] 90 Cil e,

R RMIEE D H I, RN IR E R 80 T,
Af . Li,Ni, Co Al Mn )2 34 5 ik 3] 98.79% .
97.05% .96. 45 % F1 96. 31 %

100
(©)

—a— i
9 | —o—Ni

98

97 ¢

96

95

100 100
(b)
98 I 98 |
9 9
& g
i ooaf % o]
_:'[E :_Bi 94
w92t il
92
9
90
88 f
L . . . . ) 38 . .
1.0 1.5 2.0 2.5 3.0 35 0.2 0.4
TR A /(mol + L")
100 ) —F
95
<
+,\+ 90
H
Ui
85
80

30 40 50 60 70 80 90
5} 8] /min

10 20

HZOZWJ—‘.{/(mol - L

0.6 0.8 1.0 200 300 400 500
FEFEHR/(r + min™)

100
98
96
94
92

2 %%

90

88 I
86

60 65 70 75 80 85 90
R

B3 BEXMEAREARFETXRHENZME

Fig. 3

Influence of various influencing factors on

leaching rate under different conditions
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o 26 A4 8 GR ¥ /) (http://ysyl. bgrimm. cn) 2021 4565 4 HH

View field: 208 ym ‘ BI: 10.00
SEM HV: 20.0 kV ‘Date(mldly): 1112119 Performance in nanospace

y
. 5
SEM MAG: 10.0 kx WD: 15.03 mm VEGA3 TESCAN|

View field: 20.8 ym BI: 10.00 ‘ 5um
SEM HV: 20.0kV  Date(m/dly): 11/12/19 ‘ Performance in nanospace

B 5 B4 NCM622 ER# a9 SEM 551
Fig. 5 SEM images of regenerated NCM622
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