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Recent advances in manganese dioxide-based electrocatalytic materials
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Abstract: Manganese dioxide (MnQ,), with its advantages of abundant resources, low cost, and excellent
electrochemical performance, is widely used in electrocatalysis, electrochemical energy storage,
biomedicine, and electrochromic devices. In this review, the structural characteristics and synthetic methods
of MnO, were summarized. The structure-activity relationship between the crystal shape, microstructure,
electronic structure of MnO, and catalytic performance was then systematically analyzed, followed by
discussion on its application in constructing high-efficient catalytic electrode materials and performance
optimization strategy. The latest progress on application of MnO, as electrocatalysts in oxygen evolution,
hydrogen evolution, nitrogen reduction, urea oxidation, carbon dioxide reduction, and alcohol oxidation
were reviewed. Finally, the development direction of manganese dioxide-based catalytic electrode materials
was prospected based on the existing problems.
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Fig. 5 Schematic diagram of NF-Ni;S,/MnO, synthesis (a); Schematic diagram of OER mechanism on NF-Ni3S,/MnO, (b);

OER polarization curves of different electrodes obtained in 1 mol/L KOH (c), and corresponding Tafel slopes (d);
Stability test curve obtained on NF-Ni;S,/MnO, at 100 mA/cm? in 1 mol/L KOH and SEM image (e)**
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Fig. 6 Schematic diagram of FeC/MnO, synthesis (a); XPS spectra of Fe 2p (b) and Mn 2p (c) of FeC/MnO,; Polarization
curves of FeC/MnO, obtained in 1 mol/L KOH (d); Stability performance of FeC/MnO, tested at 10 mA/cm? (e)l’”?
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Fig. 7 Schematic diagram of Mo-MnO, synthesis (a); SEM image of Mo-MnO, (b); Contour charge diagrams of MnO, and
Mo-MnO; (¢, d), the blue and red areas represent electron consumption and accumulation, respectively; NH; yield and
Faraday efficiency of Mo-MnO, NFs obtained at different potentials (e, f); Stability test of Mo-MnO, for NRR at —0.5
V vs. RHE (g)*"
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Fig. 8 Schematic diagram of MnO,/MnCo0,04/Ni electrode synthesis (a); SEM image of MMCN porous electrode (b); Linear

sweep voltammetry (LSV) curves of MMCN electrode in 1 mol/L KOH with (red)/without (black) 0.5 mol/L urea at a
scan rate of 5 mV/s, the insets (D and @ is the optical images of NF substrate and MMCN, respectively (c); UOR
polarization curves of different electrodes (d); UOR stability test of MMCN electrode (e)*”)
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Fig. 9 Schematic diagram of MnO,-NS/NF synthesis (a); CO,RR mechanism of MnO,-NS/NF electrode and corresponding

electrochemical active surface area (ECSA) and EIS plots (b); Stability test curves and Faradaic efficiency of CO,RR
obtained on MnO,-NS/NF at —0.95 V for 600 min (c)”*!
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Fig. 10 Schematic diagram of MnO,/GO electrode synthesis (A); FTIR spectra of different MnO,/GO electrodes, a~e represent
the MnO,/GO with a mass ratio of 0 : 100, 10 : 100, 30 : 100, 50 : 100, 100 : 0, respectively (B); Effect of reaction time

on BzOH conversion rate and BzH selectivity [MnO,/GO (10 : 100)] (C); Recyclability of MnO,/GO (10 : 100) (D)!'”
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