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Tab. 1 Comparisons in membrane electrode assembly synthesis, proton exchange membrane fuel cell measurement condition and
relative performance of non-precious metal based electrocatalysts.

banod H,-0O, H,-air power density/
anoade power density/(W-cm?) (W-cm?)
Type Ref. I(;a}atdailri/; W(Ie/i(g:ht & HZ/OZ/A.‘iT/ Maximum Power Maximum
(mg-cm?)  ratio Pcal;hcr)de/ (mi-emi) Power density  Power
a density Voltage/ V (at0.6V)  density Voltage/VV
[24] 35 0.85 1.0 200/200 0.32 0.6
[25] 2.2 15 400/400 0.62 0.46 0.42
[22] 4.0 0.7 1.0 0.60 0.55 0.56
[26] 35 1.0 200/200 0.67 0.52
[27] 4.1 1 15 300/300 0.73 0.4 0.55
[23] 2.2 1 15 300/400 0.62 0.43 0.41
[28] 3.0 15 2.0 300/400 0.9 0.45 0.72
[29] 2.0 1 15 200/240 1.01 0.55 0.80
[30] 35 0.6 15 200/200 11 0.4 0.71
[31] 4.0 1.0 60/60/200 0.43 0.45 0.18 0.32 0.48
[20] 3.0 1 1.0 250/300 0.63 0.41 0.5
[32] 4.0 0.46 200/350 0.66 0.44 0.4
[33] 3.0 0.45 2.0 250/200/200 0.49 0.4 0.4 0.32 0.5
Fe-N-C [19] 3.0 1.0 300/300 0.32 0.48
[10] 2.0 1.3 1.0 300/400/500 1.18 0.47 1.03 0.43 0.53
[34] 0.77 15 1.5/2.5 0.85 0.4 0.6
[35] 4 0.55 15 200/200/200 0.94 0.4 0.68 0.42 0.5
[36] 3 0.66 1.0 150/150 0.45 0.3 0.23
[37] 3 0.3 1.0 400/1200 0.55 0.4 0.36
[38] 4 0.55 2.0 400/400 0.7 0.35 0.33
[39] 35 0.54 2.0 200/200/200 0.7 0.41 0.52 0.32 0.52
[40] 4 0.83 1.0 200/200/300 0.68 0.38 0.47 0.40 0.52
[41] 4 0.2 1.4 300/400/400 0.86 0.39 0.62 0.43 0.42
[42] 4 2 0 300/300 0.35 0.42 0.27
[43] 4 0.46 1.0 200/200/200 0.63 0.4 0.48 0.36 0.5
[44] 4 1.25 2.0 300/300/300 0.8 0.48 0.7 0.38 0.5
[45] 4 15 15 300/300/300 0.75 0.4 0.63 0.30 0.51
[46] 1.6 0.86 15 200/200 0.37 0.41 0.2
Co.N-C [47] 3.0 1 2.0 300/400/400 0.79 0.45 0.65 0.30 0.52
[11] 4.0 0.54 2.0 200/200/200 0.56 0.38 0.29 0.28 0.45
[48] 4.0 0.6 1.0 200/200 0.87 0.45 0.60
Mn-N-C  [49] 4.0 0.35 15 200/200/200 0.46 0.3 0.25 0.15 0.48
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Fig. 1 (A) Voltage-current density polarization curves and (B) power density-current density curves for Zn(mlm), Fe(Ac),(Phen)s,

Zn(mlIm),Fe(Ac), and Zn(mim),TPI?, (C) Voltage-current density and power density-current density curves for Zn(Im),,

Zn(mIm),TPIP, Zn(elm),TPIP and Zn(4ablm),TPIP?,
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Fig. 2 (A) The polarization curves for Fe-N-C (TPI@Z8(SiO,)-650-C) with the highest reported power density™®. (B) The polar-
ization curves for Co-N-C (Co-N-C@F127) with the highest reported power densityt*!.
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Fig. 3 (A) The voltage-current density polarization curves for Fe-N-C with different 1/C ratios®. Voltage-current density polar-
ization curves recorded in (B) H.-air and (C) H,-O, environments for Fe-N-C with 40wt.% ionmer ratio and different cata-
lyst loadings®™.
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Fig. 4 The polarization curves for Fe-N-C and Co-N-C@F127 measured at (A-B) H,-O, and (C-D) H.-air environments, (A, C)
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Fuel Cell Performance of Non-Precious Metal Based
Electrocatalysts
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(1. Jiangsu Aoxin NEV Co., Lid, Yancheng, Jiangsu, 224000, China; 2. Department of Chemical and Biological
Engineering, Hong Kong University of Science and Technology, Clear Water Bay, Kowloon, Hong Kong, China,
3. Shanghai AI NEV Innovative Plaiform Co., Ltd, Shanghai, 201805, China; 4. Y angtse Delta Academy of
NEV CO.LTD, Yancheng, Jiangsu, 224000, China; 5. Fok Ying Tung Research Institute, The Hong Kong
University of Science and Technology, Guangzhou 511458, China; 6. Energy Institute, The Hong Kong
University of Science and Technology, Clear Water Bay, Kowloon, Hong Kong 999077, China)

Abstract: The commercialization of proton exchange membrane fuel cells (PEMFCs) is hindered by high cost and low durabili-
ty of Pt based electrocatalysts. Developing efficient and durable non-precious metal catalysts is a promising approach to addressing
these conundrums. Among them, transition metals dispersed in a nitrogen (N)-doped carbon support (M-N-C) show good oxygen
reduction reaction activity. This article reviews recent progress in M-N-C catalysts development, focusing on the catalysts design,
membrane electrode assembly fabrication, fuel cell performance, and durability testing. Template-assisted approach is an efficient
way to synthesize M-N-C materials with homogeneously dispersed single atom active site and reduced metal particles, carbides for-
mation. However, the issue related to low intensity of active sites should be addressed via strengthening metal-ligand interaction and
using high surface area precursors. In general, the catalyst loading for the membrane electrode assembly (MEA) of non-precious
catalyst is high (3 ~ 4 mg-cm?) in order to obtain acceptable performance, which is also highly dependent on ink preparation and
coating protocol, ionomer/catalyst ratio, etc. The highest power densities for Fe-N-C and Co-N-C are reported to be 1.18 and 0.87
W-cm? with O, at the cathode, respectively. Despite the significant progress in non-precious metal catalysts development, the unde-
sired durability (only a few hundreds of hours) is still far from the target of 5000 h by 2025. Thus, much more efforts should be
spent on improving their durability.

Key words: proton exchange membrane fuel cells; non-precious metal catalysts; membrane electrode assembly; durability
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