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Research Progress on Three Dimensional Self-Supporting

Electrodes in Hydrogen Evolution Reaction
ZHAO Yang, PENG Ming, TAN Yongwen

(Department of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: As a kind of "green energy" with clean, high energy density and no secondary pollution, hydrogen is considered
as one of the ideal energy sources to solve the current environment and energy crisis. Firstly, we introduced the hydrogen evolu-
tion mechanism and the evaluation method of electrode activity. And then, the development of three-dimensional metal/ car-
bon substrate materials in the field of hydrogen evolution was summarized. Combined with our work in electrolytic water, we
highlighted the recent application of self-supporting nanoporous materials in hydrogen production. In addition, emphasis was
given to the synthesis methods of HER electrocatalysts and the strategies for performance improvement, meanwhile, the
structural design and morphology control of various types of catalytic materials were discussed. Finally, we prospected the challen-
ges and research directions of HER catalysts in the future.
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Table 1

Hydrogen evolution reaction activity of different dimensional electrocatalyst

Overpotential

Classification Catalyst Substrate Electrolyte , Tafel slope (mV/dec) Ref.
(mV) at 10 mA/cm

MoS, QDs Au/Si 0.5 M H,S0, 130 94 [15]
MoS, @ GQDs GCE 0.5 M H,S0, 120 40 [16]

Zero-dimensional
Mo, C QDs/NGCLs GCE 0.5 M H,S0, 136 68.4 [17]
MoS, QDs/RGO GCE 0.5 M H,S0, 64 63 [18]
Co-N-MoO, NWs GCE 0.1 M KOH 258 126. 8 [19]
CoMoP nanotubes GCE 0.5 M H,S0, 220 136 [20]

One-dimensional
np-Mo, C NWs GCE 0.5 M H,S0, 136 53 [21]
W,MoC NWs GCE 0.5 M H,S0, 135 52 [22]
NiS,/MoS, HNW GCE 1.0 M KOH 204 65 [23]
Mo, C nanotubes GCE 0.5 M H,S0, 172 62 [24]

Two-dimensional
1T-MoS, nanosheets GCE 0.5 M H,S0, 153 43 [25]
WS, -1GO nanosheets GCE 0.5 M H,S0, 170 52 [26]
CoP NWs cc 0.5 M H,S0, 67 51 [27]
CoSe, CFP 0.5 M H,S0, 137 42.1 [28]

Three-dimensional
MoNi,/MoO, Ni Foam 1.0 M KOH 15 30 [29]
(Cog 52 Feq 43), P Free-standing 1.0 M KOH 79 40 [30]

Notes: QDs: quantum dots, GQDs: graphene quantum dots, NGCLs: N-doped graphitic carbon layers, RGO : reduction of graphene oxide, NWs:

nanowires, HNW: hollow nanowires, CC: carbon cloth, CFP: carbon fiber paper.
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