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Structure-Activity Relationship of Three-Dimensional Urchin-like MnO,
Microspheres with Different Crystalline Phases for Oxygen Reduction Reaction
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FU Shu-Chai HAN Sheng-Bo SUN Ming LAN Bang YU Lin*
(School of Chemical Engineering and Light Industry, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Urchin-like MnO, microspheres with three different crystalline phases (@, y and ) were prepared by
hydrothermal and calcination methods, and the oxygen reduction reaction (ORR) properties were systematically
studied. The results of electrocatalytic tests indicated that the ORR activities of these three MnO, microspheres
followed a sequence: a-MnO,>y-Mn0,>B-MnO,. The a-MnO, sample exhibited the best electrocatalytic performance
towards ORR with an onset potential of 0.92 V (vs RHE) and a potential of 0.77 V (vs RHE) at -3 mA -cm™ The
superior ORR activity of urchin-like @-MnO, microspheres was mainly related to the larger amount of Mn**, more
surface oxygen vacancies and better conductivity. Specially, the Mn** could promote the dissociation of 0-O bond
and conduce to one-electron transfer to adsorbed oxygen, thereby accelerating the exchange of 0,>/OH" that regarded

as the rate-limiting step of the ORR.
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Fig.2 FESEM images of a-MnO, (a, b), y-MnO, (c, d) and B-MnO; (e, f) at low magnification and high magnification

K3 @-MnO, (a, b), y-MnO, (c, d)} B-MnO, (e, HiJ TEM (a, ¢, e)1 HRTEM K (b, d, f)
Fig.3 TEM (a, ¢, ) and HRTEM images (b, d, f) of a-MnO, (a, b), y-MnO, (¢, d) and B-MnO; (e, f)
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(a) CV curves in O, (solid line) and N,saturated (dash line) 0.1 mol-L™" KOH electrolyte; (b) LSVs with a sweep rate
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(f) Mass kinetic activity
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Table 1 Summary of electrochemical performance of recently reported ORR catalysts

Catalyst Euwt IV EnlV Loading / Reference
(vs RHE) (vs RHE) (mg-cm™)
a-MnO, 0.92 0.77 0.061 This work
Hydrogenated-MnO, 0.92 0.77 0.088 [28]
Nanoporous-MnO,-nanosheets 0.90 0.77 0.153 [29]
a-MnO, nanowires 0.94 0.72 0.085 [27]
Fe/Fe,sC/N-C 0.90 0.72 0.490 [30]
MnSe 091 0.68 0.081 [31]
Mesoporous-CoMn,0,/CNT 0.93 0.71 0.041 [32]
Cos04/rGO 0.84 0.68 0.400 [33]
Nitrogen and phosphorus co-doped Graphene nanoribbons 0.90 0.77 0.408 [34]
Co/CoFe,0, 0.77 0.63 0.135 [35]
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Fig.6  Nitrogen adsorption-desorption isotherms of
a-MnQ,, y-MnO, and B-MnO,
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Fig.7 CV curves of (a) -MnO,, (b) y-MnO, and (c) 8-MnO, at various scan rates (10, 20, 30, 40, 50, 80, 100 mV -s™);

(d) Dependence of current density as a function of scan rate at a potential of 1.12 V
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