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Carbon support regulation of Co—N-C catalysts and zinc—air battery
performance
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Abstract: Three Co—-N—C catalysts (CoNC—G, CoNC—-CB, and CoNC—-CNT) were prepared by controlled pyrolysis
using cobalt acetate and 1, 10-phenanthroline as precursors and guanine, carbon black Vulcan XC-72, and
carboxylated multi-walled carbon nanotubes as carbon supports, respectively. The effects of carbon supports on the
structure and oxygen reduction reaction (ORR) performance of the catalysts were systematically investigated. The
results showed that CoNC-CB, with carbon black Vulcan XC-72 as the support, exhibited the best performance:
XPS spectra confirmed that the proportion of Co—N bonds was as high as 39.28%, and N, adsorption—desorption
tests indicated that the total pore volume was 0.4627 cm’+g”', with mesopores and macropores accounting for
97.99%. Electrochemical tests revealed that the half—-wave potential of CONC—CB was 0.83 V (vs. RHE), the Tafel
slope was as low as 55.14 mV +dec™', the electron transfer number was close to 4, and it had excellent stability and
methanol tolerance. In zinc—air batteries, the maximum power density of the CONC—CB-based battery was 163 mW -
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em”, the specific capacity was 795.94 mAh-g”', and the cycle life was 877 h, significantly outperforming
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commercial Pt/C + IrO,. This study clarified the crucial role of carbon supports in regulating the construction of

active sites and optimizing mass transfer in Co—N-C catalysts, providing an important reference for the design of

high—performance non—precious metal ORR catalysts.
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K1 (a)CoNC-CBZE 100 nm B (¥ TEM El{% ; (b) CONC-CB #£ 50 nm B (1) TEM % ; (¢) CoNC—-CB 7E 5 nm Fif 1 TEM [&114 5 (d)
CoNC—CB 7250 nm i (i 1 T~ FEl1% 5 (e) CoNC-CB 7£ 250 nm i (¥ EDS JC 3 ML I 1%
Fig.1 (a) TEM image of CONC-CB at 100 nm; (b) TEM image of CONC—CB at 50 nm; (c) TEM image of CoNC—CB at 5 nm; (d)
Electron image of CoNC—CB at 250 nm; (e) EDS elemental mapping image of CoONC—CB at 250 nm
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Fig.2 High-resolution XPS spectra, N, adsorption—desorption isotherms, and pore size distribution plots
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Table 1 XPS fitting results of N 1s in various samples

Oxidized N Graphitic N Pyrrolic N Pyridinic N Co—N
Sample

! % ! % ! % ! % / %

CoNC-G 8.24 7.82 23.86 60.08 0.00
CoNC-CB 0.00 26.92 33.80 0.00 39.28
CoNC-CNT 14.20 17.74 44.62 0.00 23.44
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SR HLARL Y TV R SR A A HA R S PR, R
DL AL R B S 4R A Lo~ 3, T CoNC—-CB Fl CoNC—
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Tt 44 DK A DU A 4 () M FRUIE I TT BR AL . P 2 7T
1, CoNC—G 1Y bb 3% i B i, 6 81 181.4 m* ¢! H
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Table 2 Specific surface area and pore structure of
CoNC-G, CoNC-CB, and CoNC-CNT

Sample Skt (m*+g™) Y fenr’g)
Vi V iicro ViesotVinaero
CoNC-G 181.4 0.2532  0.0484 0.2048
CoNC-CB 111.6 0.4627  0.0093 0.4534
CoNC-CNT 103.7 0.3960 0.0166 0.3794
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CNT 5 F PUC ) 508 IR R (ORR) LAk 2= M BE .
PR JZ L T AR BE X CoNC JE 4L 71
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CoNC-G 9 n i 35 i AL HL ¥ & % K (2.39-3.77)
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