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Abstract: Electrocatalytic oxidation of biomass-derived 5-hydroxymethylfurfural ( HMF) to
2, 5-furandicarboxylic acid (FDCA) is not only a green and economically attractive route, but can
also substitute the kinetically sluggish oxygen evolution reaction to couple with the hydrogen
evolution reaction during water electrolysis, thereby reducing overall energy consumption while
yielding value-added chemicals. The development of high-performance electrocatalysts is recognized as
the key to achieving efficient electrocatalytic oxidation of HMF to FDCA. In this review, recent
research progress on catalysts for the electrooxidation of HMF (HMFOR) to FDCA is summarized, with
particular emphasis placed on structure-activity relationships and optimization strategies of

catalysts. Firstly, the reaction pathways of HMFOR and two electrochemical oxidation mechanisms are
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detailed. Secondly, research advances in noble-metal-based and transition-metal-based electrocatalysts are
systematically reviewed; the promotion mechanisms associated with different metal elements in
HMFOR are mainly analyzed, and their structure-activity relationships are clarified. Thirdly,
optimization strategies for electrocatalyst performance are examined in depth, including
regulation of surface reconstruction, balancing of surface adsorption, construction of synergistic
catalytic architectures, and acceleration of proton transfer. Finally, the principal challenges and
future directions for the development of efficient HMFOR catalysts are summarized and envisaged
from the perspectives of dynamic mechanisms, reaction stability, device integration, and system
coupling. This review is intended to provide theoretical guidance and useful insights for the design
and development of efficient electrocatalysts, for further elucidation of reaction mechanisms, and for
promoting the value-added conversion of biomass resources.
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Table 1 HMFOR performances of transition metal catalysts

B/ HMEF #fg 4/ FDCA j*3/ FDCA I Hi%

et PN V vs. RHE % % woe/v
NiS@NOSC 1 mol/LL KOH-+10 mmol/L. HMF 1.42 100. 0 99.6 99. 4 [46]
Ni(OH),/CB 1 mol/LL KOH+10 mmol/L. HMF 1. 45 100. 0 98. 1 95. 0 [47]
Ni; N/C 1 mol/L KOH-+10 mmol/L. HMF 1. 45 98.0 99.0 [48]
Ni(NS)/CP 1 mol/LL KOH+10 mmol/L. HMF 1. 36 99.7 99.4 95.3 [49]
Ni(OH),-TPA 1 mol/L KOH-+100 mmol/LHMF 1. 45 97.3 96. 8 [50]
NiOOH 1 mol/LL. KOH+10 mmol/L. HMF 1. 37 100. 0 97. 4 98.1 [51]
Ni(@Ni, S, 1 mol/LL. KOH+10 mmol/L. HMF 1. 45 99. 2 99. 4 [52]
Co(OH), @ZIF-67 1 mol/LL KOH-+10 mmol/LL. HMF 1.42 90. 9 81.8 83.6 [53]
N-Co; O, /NF 1 mol/LL KOH+10 mmol/L. HMF 1.42 99.5 96. 4 97.3 [54]
Co, N/NC 1 mol/LL KOH-+10 mmol/LL. HMF 1.42 100. 0 98. 6 97.8 [55]
CoP/Cu 1 mol/LL KOH+50 mmol/L. HMF 1.42 100. 0 90. 0 90. 0 [56]
CoOOH 0.1 mol/L KOH-+5 mmol/L. HMF 1.56 95.5 35.1 35.1 [38]
BZ-NiCo(OH), 1 mol/LL KOH-+50 mmol/L. HMF 1. 40 95.2 95. 4 [57]
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CuCo, O, 1 mol/L. KOH+10 mmol/I. HMF 1.45 93.7 94.0 [58]
CoBDC@CeO, 1 mol/L. KOH~+10 mmol/I. HMF 1. 40 92.5 92.5 98.5 [59]
Ce-CoP 1 mol/I. KOH+10 mmol/L. HMF 1. 44 100. 0 98.0 96. 4 [60]
R-ZIF-CoNi(g) 1 mol/L KOH-+10 mmol/L. HMF 1.48 100. 0 99. 6 98.5 [61]
CuO-SO? NRs 1 mol/L. KOH+10 mmol/I. HMF 1.45 99. 9 99. 9 99.9 [62]
Ni-Cu/NF 1 mol/L. KOH+50 mmol/L. HMF 1. 45 99. 5 98.3 99.7 [63]
CuO@CoOOH 1 mol/L KOH+10 mmol/L. HMF 1.45 100. 0 98.0 98.0 [64]
NiO-CuO 1 mol/L. KOH+10 mmol/L. HMF 1. 40 100. 0 99. 8 96. 4 [65]
NiVWy-LDHs 1 mol/L KOH+10 mmol/L. HMF 1.43 100. 0 99. 2 [66]
CoFe@NiFe LDH 1 mol/L KOH+10 mmol/L. HMF 1. 40 100. 0 100. 0 99. 8 [67]
NiCo, @Mo0O, /N 1 mol/L. KOH~+10 mmol/L. HMF 1. 36 100. 0 99. 2 99.0 [68]
Mn,.; NiS/GF 1 mol/L. KOH+100 mmol/I. HMF 1.48 97.6 94. 2 [69]
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