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Effect of oxygen vacancy defect introduction method on oxygen evolution

performance of Co30,based electrocatalyst

LIU Guiyong"?, HONG Nianhao'?, ZENG Chuanwang"?, LAI Jiajun'?, ZENG Jinming'?,
LIU Chao"?, QI Xiaopeng ">
(1. School of Rare Earths, Jiangxi University of Science and Technology, Ganzhou 341000, China; 2. Ganzhou Key
Laboratory of Hydrogen Materials and Devices, Ganzhou 341000, China)

Abstract: Oxygen evolution (OER) on spinel Co;0, induced by oxygen vacancy has been a hot research topic. Ex-
ploring the relationship between different methods of introducing oxygen vacancies, the number and spatial distri-
bution of oxygen vacancies and electrocatalytic activity is of great significance for the design of efficient electrocata-
lysts. In this study, four methods of introducing oxygen vacancies, namely, air calcination, NaBH, reduction, H,
reduction, and vacuum heat treatment, were used to systematically investigate the effects of introducing different
amounts and spatial distributions of oxygen vacancy defects by different methods on the electrocatalytic activity of
Co030,. The results show that the OER electrocatalytic activity of the Co;0, material with oxygen vacancies intro-
duced by vacuum thermal treatment showed the best performance (77,,=257 mV), which was superior to that of
NaBH, reduction (17,,=280 mV), H, reduction (7,,=286 mV) and air calcination (1,,=299 mV). A deep disordered
structure was observed by HRTEM and XPS and ESR tests showed a decrease in the surface oxygen vacancy content,

but a sharp decrease in Co®, an increase in Co’ and an increase in the overall oxygen vacancy concentration, sug-
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gesting the creation of bulk oxygen vacancies in the deeper bulk phase of the material. This study analyzed that the

oxygen vacancy generated by vacuum heat treatment has a better pre-oxidation effect on Co, and the Co (Ill) is bet-

ter converted to Co (IV) active substance, which is the reason for the best improvement of OER performance. This

work deepens the understanding of oxygen defect catalyst and provides a new insight for the development of oxy-

gen defect catalyst.

Keywords: oxygen vacancy defect; cobalt tetroxide; vacuum heat treatment; Oxygen evolutionreaction; Elec

trocatalysis
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Fig.1 Schematic representation of four schemes for the preparation of oxygen vacancies by air calcination, NaBH, reduction,

H, reduction, and vacuum heat treatment
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Fig.2 SEM images of Co30,/NF-K (a), Ov-Co30,/NF-B (b),
Ov-Co;30,/NF-H (c), and Ov-Co30,/NF-Z catalysts (d)
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Fig.3 (a) TEM image of Ov-Co;0,/NF-Z; (b) High-resolution TEM image of Ov-Co30,/NF-Z; (c) SAED diagram of
0Ov-Co30,/NF-Z; ((d)-(g)) EDS diagrams of Ov-Co;0,/NF-Z
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Fig.4 Four samples XPS Co2p spectra (a) and O1S spectra (b); (c) ESR plots; (d) Co percentage content plots;

(e) O percentage content plots
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Table 1 Relative peak areas and ratios of Co®* and Co®

peaks in XPS
Catalyzer Co™ Co* Co° Co®'/Co™
Co30,/NF-K 0.386 0.614 0 0.628
Ov-Co30,/NF-B 0.454 0.456 0 0.830

Ov-Co;0,/NF-H 0.46 0.451 0.089 1.019
Ov-Co;0,/NF-Z 0.448 0.349 0.203 1.284
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A1, A2, A3—Co redox peak; RHE—Reversible hydrogen electrode; j—Current density; Aj—Forward and reverse scan current density difference; Z'—Real
part of impedance; —Z"'—Imaginary part of impedance; R,—Series resistance; R,,—Charge transfer resistance; CPE—Constant phase element
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Fig.5 OER catalytic performance of four samples in 1.0 mol/L KOH solution: (a) CV curves of different samples; (b) LSV curves of different samples;

(c) Overpotentials of different samples at current densities of 10 mA-cm™ and 100 mA-cm% (d) Tafel plots of different samples;

(e) CDL plots of different samples; (f) Electrochemical impedance (EIS) Nyquist plots of different samples
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Table 2 Performance comparison of Ov-Co;0,/NF-Z with Co-based catalysts reported in the literatures

Catalyst Overpotential at 10 mA-cm™2/mV Tafel slope/(mV-dec™) Electrolyte Ref.
Ov-Co30,/NF-Z 257 118.87 1 mol/L KOH This work
CoO/MnO@NF 280 46.6 1 mol/L KOH [14]
CoO/NF 307 72 1 mol/L KOH [9]
Co030,-NP/N-rGO 380 62 1 mol/L KOH [25]
Pt/Ar-NCO 321 — 1 mol/L KOH [33]
Rug,Cog 3 272 41.6 1 mol/L KOH [37]

C030; 5:F 13 430 56 0.1 mol/L KOH [24]
C0;0,-B-2 378 58.18 0.1 mol/L KOH [26]

Notes: Ov—Oxygen-containing vacancy; NF—Nickel foam; NP—Nanopolyhedron; N-rGO—Nitrogen-doped reduced graphene oxide;
NCO—Nickel-cobalt oxide catalysts on carbon paper; B-2—2 mol/L sodium borohydride reduction
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Fig.6 (a) Constant-current test of four samples at 50 mA-cm™ and 100 mA-cm™ current densities; (b) LSV curves

before and after stability test of Ov-Co30,/NF-Z
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Fig.7 (a) ESR plots of four samples after stability test; (b) ESR plots of Ov-Co3;0,/NF-Z before and after stability test
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