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Fig.1 XRD pattern of the mixture
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Table 1  Elemental analysis results of mixture (mass

fraction, %)

Co C Cu Al (@) F P Mn  Fe

2732 51.42 0.54 048 1578 2.12 0.35 0.178 0.84
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Fig. 3 TG-DSC synchronous thermal analysis results of

electrode material: (a) C; (b) LiCoO,
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Fig. 6 Effect of low temperature heat treatment on surface

wettability of electrode materials

2.4 RIRHAACIRIS FEXT BB ARM R SR T A 4 HO 21
IR FT HLRR AT RHE P B T 5 R T R 1AL,
IEARAEHE 400 ‘CifFE T R546€ 30 min &, X HF#ET T
XPS A4, HAERME 7 FioR. W T ERM B
FREEE SR AE), HRIMILRFEEH Cov O, F. C 5,
JCHR Co. O FESRH TIEMEAME LiCo0,, C FEK
T/ ER BARIA N, 1 F JuEiEsE | IEHRAM
EIR A VLY PVDF AR, X2 FHUFE > B8R
ZE WCRARME RN . @ X LA EE T S XPS 4>
MrERE B, #Ab3E F o m & BHEE R, X
Tt BH AL B AR H AN 2 1] 5 (3 R i A 14 PVDF 4
o ik, CAE AN RGNS F, kst
BREETER M« FEOLH Al AN R R AT B2 F BL S
Hb—Fh T RAELE AR LR, DLIX PR AR 13



882 hEA O RYR

2019 45 4 H

HEmSEK, BT H5ABFIEDE.

NI, 6FEET #EEE RS C 1s RTF 1s 1 S AR 1k,
SERNER 2 MK 8 B HIEARMEL C 1s Bk 41 B i
L 2205, C LR A S IR AT il
BRI, VER B 286.05 eV F1290.75 eV X B f#]42
PVDF [1—(CF,CH,)—45#4, H1E 286.05 eV B} 5 C—
O 4B T B A . XL HUEELRTJE C 1s MR 40 g
KL, 290.75 eV X R FIIEFEATE K, H 286.05 eV X
7 PR U 5 FEE A PRI, 3K 1 B R A B TE AR R R T
ANV PVDF A BR % . 75 F 1s Kiat i, #4
WOFRZ R/, FEH 4 NMENHR: 685.1 eV AN LiF,
686.44 eV 4ty CoF; F1 AlFs; 687.85 eV 1 688.52 eV
K3 HI%F . PVDE H ) C—F #A1 P—F 1), g
T J5, 687.85 eV Fl 688.52 eV Ab X} b U v
RARM,, Al 685.1 eV F1 686.44 eV KX} S W58 A
THHEMRE, XEACEAGE RS PVDF H
(1) C—F SR P—F §S2 BB AT 2%, BAEEHIREE R
AR T LiF 1 CoFse HULTI WL, 7EHAbELREFE
PVDF ({45 #%2 2 R3R, C—F B P—F #4715, F
TCE GIHTERMRIR R Li A1 Co 454, #AL N T 454
B Li—F A Co—F #. mk, IEARMRIR L

—— Before heat treatment
—— After heat treatment

O ls

Co ls

Cls

200 400 600 800 1000 1200
Binding energy/eV

BE7 AR XPS Aif

Fig. 7 XPS full spectra of cathode material

F2 IEWME C iR MEER

Table 2 Chemical state of element C of cathode material®!
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state energy/eV state energy/eV
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Fig. 9 XPS full spectra of negative electrode material
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Mechanism of recycling electrode materials spent lithium batteries by
ball milling-low temperature heat treatment-flotation

HUANG Hong-jun, HUANG Qiu-sen

(School of Resources Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The organic film on the surface of the lithium battery electrode material that hinders the separation
of lithium cobaltate and graphite by flotation can be removed by two-stage process of ball milling-low
temperature heat treatment. The mechanism study was conducted by TG—DSC thermal analysis, contact
angle and XPS test. The results show that the mechanical milling process can destroy the organic film on the
graphite surface, and lithium cobalt oxide needs further processing. In order to remove the lithium cobalt
oxide surface organic material while avoiding the loss of graphite, the heat treatment temperature should not
exceed 500 C. When calcined at 400 ‘C for 30 min, the structure of PVDF on the surface of lithium cobalt
oxide is destroyed. After the C—F bond and P—F bond are opened, the F element is combined with Li and
Co in the active material to convert to Li—F bond and Co—F bond with lower binding energy, this reduces
the contact angle of lithium cobalt oxide and increases the difference in surface properties with hydrophobic
graphite. After the flotation process is conducted, the recovery rate and grade of lithium cobaltate are as high
as 90.32% and 88.03%, achieving a good flotation effect. XRD, SEM, and DES test results show that the
flotation product phase is not damaged, the surface organics are removed, and it has the potential for direct
regeneration.

Key words: lithium battery electrode materials; flotation recovery; ball milling; low temperature heat

treatment
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