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Electrochemical Performance of Oxygen Vacancies Enhanced Transition Metal Oxides in
Supercapacitor

JIANG Chao, ZHANG Xiaohua, LU Shuaicheng, ZHANG Weiteng, WANG Jie, YAN Xiaoyan, ZHAO Xinxin, LIU Baosheng
(College of Materials Science and Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: As electrode materials for supercapacitors, transition metal oxides have some advantages of high theoretical specific
capacity, good chemical stability, and abundant sources. However, its inherent poor conductivity, low utilization rate, and poor cycle
stability greatly hinder its practical application. Oxygen vacancies in metal oxides can effectively regulate their electronic properties,
reduce the band gap, and increase their electrical conductivity, thus significantly improving their electrochemical rate performance.
Furthermore, oxygen vacancies can induce a low oxidation state of the metal, provide more active sites for surface redox reactions,
and improve its electrochemical storage capacity. The review introduced various preparation methods and characterization techniques
of oxygen-vacancy abundant transition metal oxides. This review also represented the latest advances of various metal oxides with
oxygen vacancies from single metal oxides, bimetal oxides, and heteroatom doped metal oxides to achieve the superior performance
for supercapacitors. In addition, some challenges and opportunities for the further development of metal oxides in electrochemical
energy storage were also pointed out.
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(a) XPS spectra of Co 2p

(b) XPS spectra of Cu 2p

Bl 1 CuCoyO, (CCO)II 4 HE% XPS H >
Fig. 1 High-resolution XPS spectra of CuC0,0, (CCO)¥**!
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Fig. 2 Electron spin resonance spectra of oxygen deficient
In203[7]
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Fig. 4 Raman spectra of MnO, and MnO,-C samples**!
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Fig. 5 TEM and SEM images of R-MoQ;_,*"!



< 1840 - CREFR Eh22 4D

J Chin Ceram Soc, 2023, 51(7): 1835-1846

2023 4F

(a) SEM image of R-MoO;

(b) TEM image of R-MoOs
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Fig. 6 SEM and TEM images of MOOH[3 1
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Fig. 7 SEM image of UCNG and the corresponding elemental mapping; TEM image and HRTEM image"”!
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Fig. 8 Atomic structure, total band structures and density of states of CuC0,0,4 and V-CCO®’
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Fig. 9 An asymmetric ultracapacitor diagram and electrochemical performance diagrams

[23]

10 CoMoOy. CoMoO,  Ff Tty SEM i 138
Fig. 10 SEM images of CoMoO, and CoMoOH[3 8l
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Table 1 Comparison of specific capacitance and cyclic stability of some metal oxide electrode materials

Material Specific capacitance Synthetic technique Ov specific capacitance Cycle life Reference
CuCo,04 400 F/gat 1 A/g Hypoxic thermal annealing 1006 F/gat 1 A/g 71.2% (10 000th) [23]
MnO, 220 F/gat 0.5 A/g H,0, reduction 2869 F/gat0.5 Alg 83.9% (10 000th) [24]
MoO; 230.7F/gat1 Alg NaH,PO,-H,O reduction 353 F/gat1 Alg 101% (30 000th) [32]
Co304 130 F/gat1 A/g Laser induced reduction 978.1F/gat 1 A/g 99.3% (20 000th) [33]
CoMoOy 917 F/g at 2 mA/cm® Hydrogen treatment 1989 F/g at 2 mA/cm* 98.8% (5 000th) [38]
Co,MnOy 170 mA-h/gat 1 A/g C,H¢O; reduction 269 mA-h/gat 1 Alg 95.4% (5 000th) [44]
NiCo0,04 1617.5F/gat1 mA/cm’ Ton doping 2 986.25 F/g at | mA/ cm? 96.5% (12 000th) [53]
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Fig. 11  Schematic diagram for preparing P-CoMoQO, 4 nanosheets
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