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spent lithium ion batteries by ultrasonic irradiation

ZHU Shu-guang"?*, HE Wen-zhi%, LI Guang-ming?, HUANG Ju-wen’

(1. School of Environment and Energy Engineering, Anhui Jianzhu University, Hefei 230601, China;
2. State Key Laboratory of Pollution Control and Resource Reuse, School of Environmental Science and Engineering,
Tongji University, Shanghai 200092, China;
3. Shanghai Cooperative Centre for Waste Electric and Electronic Equipment Recycling,

Shanghai Second Polytechnic University, Shanghai 201209, China)

Abstract: The spent LiCoO, was treated in LiOH solution exerted by ultrasound with the aim to renovate its
electrochemical characteristics. The crystal structures of LiCoO, were characterized by XRD and Raman spectroscopy,
respectively. The morphology and particle sizes of LiCoO, were analyzed by SEM. The organic substance adhered to the
used LiCoO, particle surfaces was determined by using Fourier transform infrared spectrometer (FT-IR) and
thermogravimetric analysis (TGA), respectively. The results show that ultrasonic cavitation can be effectively used to
remove organic substance stuck on LiCoO, surface and facilitate the cation rearrangement of Co" and Li" in LiOH. At
room temperature, the spent LiCoO; is successfully renovated in 2.0 mol/L LiOH solution treated by ultrasound for 12 h.
The charge capacity in the first cycle is 132.2 mA-h/g, the discharge capacity is 131.9 mA-h/g, and 97.2% of the

discharge capacity is retained after 50 cycles.
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Fig. 1 Schematic diagram of ultrasound reaction system: 1—
Ultrasonic transformer; 2— Three neck glass flask; 3 —

Magnetic stirrer; 4—Condenser; 5—Teflon stirrer

1.3 S#A*

WG XRD. Raman Z3 W48 8 G A 25
¥, KH SEM 23 #Tk FRAE 3K T SRR /N, R
FH Nicolet 5700 %4 RE {8 32 ZLAMGIEAURT Q600 TGA
AT HT Al R B R T A WL, SR IR YIBT ak
BTS 7 J5 H RS 0 2R G0 e P2 el R A 2R 1) 41
AT 78 OBk REI .

2 HERE5SH

2.1 $HEE$ERY XRD 447
K] 2 17 A O ek TR B RIER 75 P A A TR 4 ) XRD



5524 5 10

KRB, A% PR RS T F b P SRR TR I L 5 P AR 2527

W I 2 WIE W, EPAH ST, AR R
BIEE L XRD %1, (003). (101). (006). (012). (104).
(015). (107)« (018) (110). (113)ZEFFMEIAH] &, gy
RBi. FEm 1A 2 ShrEEERREE(JCPDS No. 50-0653)
(1) XRD i 5EA 5. A PR R4 XRD 1%
HIL018)FI(110) 73 X LA S (006) F1(012) W53 3, 3R
Wi P b P S B IR AT RN R G b, ik, H
AT Li e AR

(a)

-
—

)

—(104) ——

Ff . (003)
(101)
(006
(012)
- (015)
me
018
%n&
H(113)

—
(=}
N
(=}
(%]
(=)
NE:
Br
(A
(=}
D
S
o
S

80
20/(°)

(b)

(101)
(006)

(012)

F’aM)

¥ 015)

!

A, PP
Wy 4
L

35 20 25
20/(°)
2 BARRBIFE i XRD 3

Fig. 2 XRD patterns of used LiCoOy(1) and renovated
LiCo0O,(2) powders

50

1(003)/1(104) 1) AR Jie it 14k TR BH s 1k 11 &5 i B
JE, WK, g ShlEr, Li's Co'. O B F4E[111]
1 EHES AT, AT R LR T
1(003)/1(104) LA B WYk R B it 4 45 R A7
ar LA, W Co H¥ET Li )\ 1 AANLE
I(003)/I(104){H 3K, R WG IRAAL & b BB () e
FEREAG, SEAM B ER . XS b, S A
FRBEAE 11 10003)/1(104){HE LU U B R (K, B AE
B LiTREE R, S A AR B RARE i L O R R
SN, HEAEELF L B RS A e

1(006)/1(104 ) 2 1 1l PR A 400 32 1) F B4 A, ™
i J0 5 F(006) RT3 B2 A ELFEI 28 3R, 1(006)/1(104) 18K
K, RGN R, 5 R A £

R AR TR FLERER B, o T BE VRS (006) Uk Fiy ai FiE L 2 4
B, BRI L006)/I(104)E N . HHIE 2 W] %, B 1
BRI 1006)/I(104) i EL A B R 1) K o

1(006)/1(003) {5 AKX 3 5t 19 B A4 KL 1) 918 B4 75
1(006)/7(003 ) {E 184 A Ui W HLAG IR PERE (i st s
AP S, BRI 1(006)/I(003)(HAR K, 2 W8 75 kb B
Al i HAE A 1

2.2 £HER$ERY Raman 24T

Pl 3 s Ay 75 T FRORE Stk A R 1 hr 2
o HIE 3 A, R LiCoO, 1) 4 AMRFIEE AT
7E 455, 508, 592 Al 678 cm b RRCETRER L 2 K]
W 455 em ™! WSV R TR B H AR AR 5 v
fie o 308 3o 1 2 PR P S A PRI T A R P ] A e f
JF P LA (SED I ¥ B 0420 i 678 em ™ MR
W 87 Sy 5 PR RSO IO B 5 A ISP B P A )
P,

J2 IR 25 R0 (B R A R P by 2 s MR O—
Co—0 Bz E ANF1 Co—O XRRMZEHRE) 4,
B, AT 20 4E 487 em ™' i 597 em 1P, R
A B PR AL ) P AN R LE U (R8T A 489 em ™! T 594
em ' &b, HiT#E A \THARSS T CoOg 1 v, #23h, VAR E,
J& & R )\IHAK 5> 1 CoOg 11 vy 43R 5), VAJE 410 1
2 PR AT U R 75 S R R R R R G ) B

2.3 SHERERRITSER AR

Bl 4 P o BB RE S BRI . il 4 T, K
BOHIR LS KRN ZRY . WL, SR
T EJTREEE I PVDF LU D& (AR S LA -
K 4y, ZidEEAR)E, FRDVIREAD, HA

678

489
(®)

200 300 400 500 600 700 _ 800
Raman shift/cm™!
3 BiEREEFE N Raman BT
Fig. 3 Raman spectra of used LiCoO,(a) and renovated
LiCoO,(b) powders
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Fig. 4
LiCoOy(b) powders

SEM images of used LiCoO,(a) and renovated
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Fig. 5 Charge—discharge characteristics of LiCoO, powder at

C/5 (renovated by ultrasonic irradiation)
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