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Performance of Recycled Lithium Cobalt Oxide Synthesized with Molten Salt of Cathode
Material Reduction Product of Waste Lithium Battery

YAN Xu', LI Jidong', LI Zhen?, WANG Xiaomin?
(1. School of Materials and Metallurgy, University of Science and Technology Liaoning, Anshan 114051, Liaoning, China; 2. Key
Laboratory of Synthesis and Separation of Chemical Auxiliaries in Liaoning Province, Ying Kou Institute of Technology,
Yingkou 115014, Liaoning, China)

Abstract: Based on an innovative green recycling route for recycling and re-synthesis of spent lithium-ion batteries, LiCoO, was
synthesized by a molten salt method with LiCI-KCI as a molten salt medium and LiOH-H,O and Co,05 as raw materials, and then the
button batteries were prepared for resource recycling. The reaction kinetics of lithium cobalt oxide synthesis and the effect of reaction
conditions on the structure and morphology of LiCoO, were investigated. The battery performance of LiCoO, was characterized by
electrochemical analysis. The results show that the activation energies of the three endothermic reaction processes in the synthesis
calculated by the Kissinger model are 34.212 00, 168.539 25 kJ/mol and 221.261 81 kJ/mol, respectively. The product of LiCoO, has
a good hexagonal lattice structure when calcined at 750 °C for 6 h. The charge-discharge and cycle performance of the battery were
tested at 0.2 C rate and 2.4-4.2 V. The experimental battery prepared by LiCoO, calcined at 750 °‘C for 6 h has the first
charge—discharge specific capacity of 150 mA-h/g and 147 mAh/g, the Coulombic efficiency is 98%, and the discharge specific
capacity after 50 cycles of charge and discharge is still 129 mA-h/g. The battery still has a good charge and discharge performance
after rate cycle.
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K1 LiCI-KCl. LiOH-H,O #il Co,0; E& Y1 TG-DSC Hfi

(A A5 15 K/min)

Fig. 1 TG-DSC curves of mixture of LiCI-KCl, LiOH-H,O
and Co,0; ( air atmosphere, 15 K/min)
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Fig. 2 DSC curves of lithium cobalt oxide at different heating
rates
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Fig.3 Analysis of In(8/T%ma)~1/Timax of two endothermic peaks at different heating rates by Kissinger method

R1 TEABRERETHEEEE Tne EHEE. ERETF I REEH n RIEFETF A

Table 1 Peak temperature T,,,,, activation energy E, peak factor |, reaction order n and pre-exponential factor A at different

heating rates

Peak No. Bl(k-min™") Tomax/K I n A107
1 10 348.593 0.876 1.179 3.426
(ki=—4.115 15 355.673 2.330 1.923 3.294
E,=34.212 kJ-mol”’ 20 364.457 1.236 1.401 3.121
r=0.988) 30 377.679 1.536 1.561 2.909

Ave Na=1.516 An=3.187
2 10 417.926 2.018 1.790 1213
(k=—20.271 15 423.563 1.581 1.584 1.776
E,=168.539 kJ-mol”' 20 427418 1734 1.659 2323
r=0.991) 30 429.294 1.229 1.397 3.452

Ave Na=1.607 An=2.191
3 10 465.673 0.888 1.187 1.301
(ks=-26.613 15 469.652 1.012 1.267 1.918
E;=221.261 kJ-mol”" 20 473.679 0.919 1.208 2.513
r=0.993) 30 477.938 0.942 1223 3.491

Ave. Na=1.221 AL=2.306
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Peak2: 3% -2191x10%c ™ (1-a)"* (8
dt
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2.2 XRD K SEM =4)E M R 50 FRAE

[i] 5E 5 RIS [B] SR AF AN, I FRRE BRI AE 650
700~ 750 CaE 800 CIHZAAM N mlm#iis
Y, SEARERRE S, 2T XRD Rl {E 2
ZERE 4, FFIH JADE6.S B A% Hr SEU6 = i
XRD i, JfHES M 3 R, FJa s s L
SPEME, DAPRIESR/NSEIR R 22, PR TR ) %
HWE av e c/as loosy oy EE E = fr#E LiCoO,
1) EmA  BUE, A TR 2,

K4 AR RS 75 LiCoO, (¥ XRD
Fig. 4 XRD patterns of LiCoO, synthesized at different
calcination temperatures

®2 FREIUEHEE T LiCoO, MEEHM LiCoO, HIRIESH

Table 2 Lattice parameters of lithium cobalt oxide and
domestic conventional lithium cobalt oxide at
different calcination temperatures

Sample T/'C a/A C/A c/a 1003/l 104)

LiCoO, 650 2.817 14.052  4.988 2.593
750 2.816 14.054 4991 2.619
800 2.815 14.050  4.991 3.192
850 2.816 14.054  4.991 3.129

Domestic LiCoO, 2.817 14.052 4988 1.603

aand c are lattice constants; c/a is the interlayer spacing of LiCoO»; l(903y/l(104)
is the degree of LiCoO, crystal integrity and positive ion arrangement

order.

AR 4 FiZk 2 w150, c/a MIMEREE RS HEEER
THETTEEG K IEAE 750 CRNIARB A, c/a K
HIESUR LiCoO, MZHER, FfaioR, REREghvE
TR EAREOR, §EOREE MR, R T IR
A ERIER, $Em b kst 25 ;b
FH R ITE 5, LiCoO, I(003)HT B I iyl (AN B
Fhim, WETEIRHIARL, Fon LiCoO, 45 WIERE IR %
(T AN s, IR T AR TE I ) B AR K B 4
[ R~ LiCoO, 45 e M RE E AN IFE & THEB A 7 15
FTECAE 1003y N 104y BEAETRIZTH T3S K IFAE 750 Cik
FK, R LiCoO, &5 il ®e, RGBT .

Ii] 72 s el 2 SR A AN AR, BRI [A) R 2. 4
6 h 3¢ 8 h IZAF R BIMBGREA Y, 7 88 sl
FRB 5, 247 XRD frilifg 24 R an &l 5, HAH
JADE6.5 B A5 i S8 7~ XRD %, 7 HE S ik
R 3 K, JE SIS RO ME,  DLARIEDR/)
SR ZE, PRV TRAE I AR EL ay o clas oos)
|(003)/|(104)B4]1E5 [ = b5 LiCoO, P fm % i i AE.
S BTER 3.

B 5 AR 3 mI A, LEFE IR el FE AN AR T
int% S 3 c/a 5 LiCoO, K (003)£7 5 i (i Fe A V%A

K5 ANFRIREBER R 5 B LiCoO, [f) XRD i
XRD patterns of LiCoO, synthesized at different
calcination temperature time

Fig. 5

%3 TREKRATET LiCoO, MEZHM LiCoO, KA1
2
Table 3 Lattice parameters of lithium cobalt oxide and
domestic conventional lithium cobalt oxide under
different calcination time

Sample t/h a/A C/A c/a Loosyl(104)
LiCoO, 2 2.815 14.050 4.991 3.187

4 2.815 14.050 4.991 3.122

6 2.815 14.050 4.991 3.561

8 2.816 14.054 4.991 3.224
Domestic LiCoO, 2.817 14.052 4.988 1.603
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Hﬂ‘y |(oo3)/|(lO4)E‘J tb'fﬁﬁiu%%’ %i%%ﬁﬁ;qj E(Jyltzllﬁ EE 63’“]7%] 6d mﬂ’ %%%i}%/ﬁlgﬂ%’ L1C002
HRREEE AR, HoR LiCoO, MBS S e AR EANZAR 0 PR/ 50, BREBLR D, TEEE

(a) Calcination temperature 650 C (b) Calcination temperature 700 'C
(c) Calcination temperature 750 ‘C (d) Calcination temperature 800 C
(e) Calcination time 2 h (f) Calcination time 4 h
(g) Calcination time 6 h (h) Calcination time 8 h

K6 AFKE BRI H) SEM R

Fig. 6 SEM images of different calcination temperatures and time
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mse#E. WK 6e~& 6h AT L, B KL BeRT [A3E 4,
LiCoO, LR ST IZ MRk /1N, UKL R TH 58 0P8,
AR B INRN, SAR & EnsEE.
2.3 ELith AR

P 7 a7 W, KEREIEE 650 700, 750, 800 C
SR o) RS P e 5 T L o) s P YL ) IR
FEHLELZR BT AN 128, 138, 150, 147 mA-h/g Fl
134 mA-Wg, JHHILEESHIA 121, 129, 146,
143 mA-h/g F1 124 mA-h/g; HIE 8 AT L, 7EAEHE 50 ¢k
Ja, JERRIREE 750 CRHIUR LiCoO, S5 Hth 785
B LA B K IHBERS(RF 139 mA-h/g #1128 mA-h/g,
Coulombic ZUE N 92.08%, HEMRIFEN 87.67%:;
TR MR 9, &I 750 C i LiCoO,

Bl 7 ARIRSBERE A R LiCoO, il BLALH HLit i IR T
H T 2k
Fig. 7 First charge-discharge curves of button battery made of
lithium cobalt oxide synthesized by calcination at
different calcination temperatures

8 ANEREBEIRE A Y LiCoO, il i s ihfg PR P R
Fig. 8 Cycle performance diagram of button battery made
of LiCoO, synthesized at different
temperatures

calcination

B9 RS Beil E A AU LiCoO, il Al s it s Z ML R
Fig. 9 Rate performance diagram of button battery made of
LiCoO, synthesized at different calcination temperatures

SIS L LU AR AR AR T B R AP A 5 P fe .
TEMSEIGEE RN, 750 “C o LiCoO, S AE & il
X5 XRD #f1 SEM [ F 43 B S50 AT &

FHE 10 Af 0L, RERERSTE] 20 4. 6. 8 h &~
] 32 P A TR AR L5 B 7= ol T 0 1) S PRV P 5 O 78 FL L
RS BN 134, 138, 150, 147, 134 mA-h/g, Ji&
HLEL S B0 0N 124, 129, 148, 144, 124 mA-h/g;
11 AT, FEDEIR 50 WG, RERERE 6 h R
BT LiCoO, S5 Ha it 70 5 L LU 28 2K T H e % AR 55
140 mA-h/g A1 129 mA-h/g, Coulombic ZX % A
92.14%, FEMRFFRN 87.16%; 5K MERENALE
W 12, RILKEHERS TR 6 h N i) LiCoO, 5246 Hi
M A 2 A N B AT RAFHIS R IE AR . TR
SIGZERL T, LiCoO, S fEMIA U H N 6 h, X
5 XRD #%F1 SEM & 5 115 B S5 AHAF &

B 10 A [FIRE Rt 18] & B LiCoO, il UZH 11 Fi it i K 78 i
R HH 2k
Fig. 10 First charge-discharge curves of button battery made
of lithium cobalt oxide synthesized by calcination at
different calcination time
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K1
Fig. 11

AN [RGBt 1] ) LiCoO, il il 44T FEIBAGER 1 g
Cycle performance diagram of button battery made of
LiCoO, synthesized at different calcination time

Bl 12 AR Bar FE B LiCoO, hil il st i 2 Ak
Fig. 12 Rate performance diagram of button battery made of
LiCoO, synthesized at different calcination time
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(10)

(a) Electrochemical impedance spectroscopy

(b) Fitting circuit
Kl 13 Al LiCoO, HIE = LiCoO, fIAZ i FAHT I S AU & Fa it
Fig. 13 EIS plots and fitting circuit of self-made LiCoO, and
domestic LiCoO,

F4 BUFHARMES T MARORUER
Table 4 Simulation results of electrochemical impedance
and lithium-ion diffusion coefficient

Material Ry R DL,/(cmz-s’I)
LiCoO, was prepared b
o2 was preparec by 25.41 57 1.95x107
calcination at 750 ‘C for 6 h
Domestic LiCoO, 26.01 22.6 5.69x107"

R; is transfer diffusion resistance; R, is charge transfer resistance; Dy; is the

lithium-ion diffusion coefficient.

3 £

PLIG b LiCl fE N IE A o, B i A oK 4k
LiOH-H,0 5 Co,03 AJERL, &k 1 dbki KN 5 25]
e RL s AH SE B, TR ARAL ) LiCoO,, ##E XRD
Al SEM W& ) LiCoO, Bk /NN 1 um A4
I HBA RIF/NTT Ent& 45 .

1) WA FBAFIA Kissinger i£115H 3 4
WP RS AL RE BRI P 35 ROUTE AL RE 23 0
34.212 00, 168.539 25. 221.261 81 kJ-mol . FH]
Kissinger 211 5 H AR A 1) S B2 8 n 43 oA
1.516.1.607 F1 1.221, F5RITK T A 43514 3.187x 107,
2.191x107° H1 2.306x10°.

2) MR AP ERE MR /4, 72 750 CREBE6h R
AR LiCoO,, KT E AN 150 mA-h/g
F1 146 mA-h/g, Coulombic 2% N 97%, I 50 X
2B EENE 129 mA-hg, BEEFEREN
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