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Fabrication and performance optimization of cobalt/nitrogen
co-doped carbon-based electrocatalyst

GONG Weijia' , ZHANG Hongyu', YANG Liu®, TANG Xiaobin®

(1. School of Engineering, Northeast Agricultural University, Harbin 150030, China; 2. State Key Laboratory
of Urban Water Resource and Environment ( Harbin Institute of Technology) , Harbin 150090, China)

Abstract; Noble metal-based electrocatalysts are the key materials to promote the technical development of fuel
cells and metal-air batteries. However, the single catalytic function towards oxygen reduction/oxygen evolution and
the prohibitive cost restrict their extensive application. Therefore, it is of great significance to develop non-noble
metal-based bi-functional electrocatalysts with low-cost and high-efficiency. In this study, taking core-shell metal
organic frameworks ( MOFs) as precursors, cobalt/nitrogen co-doped carbon-based electrocatalyst ( Co/Co,0,@ NGC)
was fabricated using high-temperature calcination technology, with a core-shell structure, high catalytic activity,
and high conductivity. Results show that the calcination temperature was the key factor affecting the micro-nano
structure,, physicochemical composition, and catalytic activity of the electrocatalyst. The optimal temperature of
calcination was 900 °C. The fabricated electrocatalyst ( Co/Co;0,@ NGC-900) had a clear core-shell structure and
3D-dodecahedron morphology with Co/Co, O, nanoparticles and Co-N, sites on its micro-surface. In addition,
Co/Co;0,@ NGC-900 inherently combined the synergistic effects of both multiple active ingredients (e. g. , active
Co/Co;0, nanoparticles, Co-N
efficient oxygen reduction performance ( ORR, onset potential of 0. 89 V, half-wave potential of 0. 82 V, Tafel

., and N dopants) and highly graphitized carbon substrates, and thus exhibited
slope of 58. 1 mV/dec, and charge transfer resistance of 26. 6 ()) and oxygen evolution performance ( OER,
overpotential of 410 mV, Tafel slope of 132 mV/dec, and charge transfer resistance of 24.5 ()). Therefore,
Co/Co0;0,@ NGC-900 exerted electrocatalytic performance comparable to that of typical noble metal-based
electrocatalysts (e. g. , Pt/C, Ru0,/C), and achieved significant reduction of catalyst fabrication cost on the
premise of ensuring its high-efficient electrocatalytic activity, providing theoretical and technical support for the
fabrication and application of innovative MOFs derived electrocatalytic materials.

Keywords: core-shell metalorganic framework ( MOF ) ; cobalt/nitrogen co-doped; electrocatalyst fabrication;
Co/Co;0, ; catalytic activity
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Fig. 8 Tafel plots and Nyquist curves (ORR)
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Tab.1 ORR characteristics of fabricated samples
WAl TFHL R/ AL AL P/ e PR Hb, 3 2/ BEARIR R/ LR/
I V(vs. RHE) V(vs. RHE) V(vs. RHE) (mA-cm™2) (mV-dec™!) QO
Co@ NGC-800 0.69 0.87 0.76 3.00 106.5 46.9
Co/Co;0,@ NGC-900 0.76 0.89 0.82 4.39 58.1 26.6
Co/Co;0,@ NGC-1000 0.65 0.83 0.75 1.50 108.1 84.4
Pi/C 0.82 0.97 0.85 5.55 56.6 22.7
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Tab.2 OER characteristics of fabricated samples
HEALH 10 mA/em” i Hi3/V (vs. RHE) AL/ mV BB/ (mV - dec ™) R/ Q
Co@ NGC-800 1.66 430 143 74.03
Co/Co;0,@ NGC-900 1.64 410 132 24.58
Co/Co;0,@ NGC-1000 1.67 440 169 157.63
Ru0,/C 1.61 380 131 16.93
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