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Q%I'oq-‘ggr@“ghoxide (Crg021) cathode material for lithium batteries was synthesized by thermal
decomposition of chromium trioxide (CrO3) at high temperature. The electrochemical properties of

BedgnZimangide depended on the time and temperature during the heat treatment. Pure phase chromium
oxide was prepared, and the effects of heat treatment time on the structures and electrochemical
JiBRAR£3@ 5021 were systematically studied. The first discharge mechanism of chromium oxide in
lithium batteries was explored, and the results were similar to that in lithium-sulfur batteries. The crystal
phases and electrochemical properties of the prepared chromium oxide were analyzed by TGA, XRD, SEM,
EDS, ICP, EIS techniques and constant current discharge measurement. The results show that heat
treatment time had an important impact. Extending the heat treatment time was beneficial to improve the
electrochemical properties of the material. The less the amount of residual CrOg, the better the
electrochemical performance. The severe oxidation reaction between CrO3 and the electrolyte caused the

electrode to be corroded. The material obtained in 48 h exhibited excellent performance, complete
crystallization, good morphology, and low electrochemical impedance. At a constant discharge current of

0.05 mA, the specific capacity of the material reached 383.26 mAh'g'1 with the specific energy of 1153.83

mWh-g'1 and the average discharge voltage of 3.01 V. This study provides an effective way to prepare
pure phase chromium oxide and proves its potential application in the field of lithium batteries.
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Table 1 The experimental conditions used for materials

preparation
Heati
Material number catme Heating time/h
temperature/°C
A-2 270 2
A-6 270 6
A-12 270 12
A-24 270 24
A-48 270 48
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& 1 Cro, EESAAFN TG/DSC #hLk (M MUEIE)
Figure 1 TG/DSC curves for CrO; in oxygen atmosphere (col-

or on line)
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Figure 2 Powder XRD patterns of five materials (A) (with partial view (B)) (color on line)

B 3 HAFEAY SEM El(A)A-2; (B)A-6;(C)A-12;(D)A-24; (E)A-48
Figure 3 SEM images of five materials. (A) A-2; (B) A-6; (C) A-12; (D) A-24; (E) A-48
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Figure 4 Mapping analysis images of A-48 (color on line)
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Table 2 Mapping test data of A-48

Element Atomic percent/%  Mass percent/%
Cr 27.9 55.59
o 72.1 44.41
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Table 3 ICP test data of A-48

Material Element/% Mass percent/%

A-48 Cr 57.79
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Figure 5 Discharge curves of five materials at different currents (0.05 mA, 0.1 mA, 0.5 mA and 1.0 mA) (color on line)
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Figure 6 X-ray diffraction patterns for the material A-48: fresh,
discharged to 3.0 V (a phase) and discharged to 2.0 V (b phase)

(color on line)
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Table 4 The discharge specific capacity, specific energy and average voltage of five materials at 0.05 mA

Material number Specific capacity/(mAh-g") Specific energy/(mWh-g™) Average voltage/V
A-2 256.67 765.67 297
A-6 271.26 812.86 3.00
A-12 304.28 919.04 3.00
A-24 352.90 1074.71 3.00
A-48 383.26 1153.83 3.01

R 5 TOMEEARIOHCE LU | FUBER AT R (0.1 mA)

Table 5 The discharge specific capacity, specific energy and average voltage of five materials at 0.1 mA

Material number Specific capacity/(mAh-g™) Specific energy/(mWh-g™) Average voltage/V
A-2 246.50 729.64 3.02
A-6 243.17 715.26 2.99
A-12 283.03 839.97 2.98
A-24 34091 994.99 2.95
A-48 346.17 1017.86 2.95

R 6 TLAIEAL B LA B AP R (0.5 mA)
Table 6 The discharge specific capacity and average voltage

of five materials at 0.5 mA

Specific capacity/

Material number (mAh-g) Average voltage/V
A-2 207.73 2.90
A-6 222.01 2.86
A-12 258.43 2.85
A-24 252.72 2.89
A-48 280.32 2.82

R 7 AT AR LA AU (1.0 mA)
Table 7 The discharge specific capacity and average voltage

of five materials at 1.0 mA

Material number Spe?:f;ﬁ?g ?)c ity/ Average voltage/V
A-2 92.75 2.64
A-6 144.23 2.79
A-12 183.30 2.70
A-24 213.18 277
A-48 227.32 2.76
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Influence of Heat Treatment Time on
Cathode Material CrzO, for Lithium Battery

Jiu-Kang Teng', Qing-Jie Wang", Liang Zhang', Hong-Mei Zhang',
Xiao-Tao Chen', Peng Zhang’, Jin-Bao Zhao*’

(1. Guizhou Meiling Power Sources Co. Ltd, State Key Laboratory of Advanced Chemical Power Sources,
Zunyi 563003, Guizhou, China; 2. College of Energy & School of Energy Research, Xiamen University,
Xiamen 361102, Fujian, China; 3. State Key Laboratory of Physical Chemistry of Solid Surfaces, Collaborative
Innovation Centre of Chemistry for Energy Materials, State-Province Joint Engineering Laboratory of
Power Source Technology for New Energy Vehicle, Engineering Research Center of Electrochemical
Technology, Ministry of Education, College of Chemisiry and Chemical Engineering,

Xiamen University, Xiamen 361005, Fujian, China)

Abstract: Chromium oxide (Cr;O,;) cathode material for lithium batteries was synthesized by thermal decomposition of chromi-
um trioxide (CrO;) at high temperature. The electrochemical properties of chromium oxide depended on the time and temperature
during the heat treatment. Pure phase chromium oxide was prepared, and the effects of heat treatment time on the structures and
electrochemical properties of CrzO,, were systematically studied. The first discharge mechanism of chromium oxide in lithium bat-
teries was explored, and the results were similar to that in lithium-sulfur batteries. The crystal phases and electrochemical properties
of the prepared chromium oxide were analyzed by TGA, XRD, SEM, EDS, ICP, EIS techniques and constant current discharge
measurement. The results show that heat treatment time had an important impact. Extending the heat treatment time was beneficial
to improve the electrochemical properties of the material. The less the amount of residual CrO;, the better the electrochemical per-
formance. The severe oxidation reaction between CrO; and the electrolyte caused the electrode to be corroded. The material ob-
tained in 48 h exhibited excellent performance, complete crystallization, good morphology, and low electrochemical impedance. At
a constant discharge current of 0.05 mA, the specific capacity of the material reached 383.26 mAh - g with the specific energy of
1153.83 mWh-g* and the average discharge voltage of 3.01 V. This study provides an effective way to prepare pure phase chromi-

um oxide and proves its potential application in the field of lithium batteries.

Key words: lithium battery; cathode material; CrzO,;; chromium oxide; heat treatment time
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