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Structure—Property Relationship between Microstructure of Porous Carbon
and Oxygen Evolution Reaction Performance in Water Electrolysis
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Abstract: Electrolytic hydrogen production represents a pivotal conversion technology within future clean energy
systems. However, the anodic oxygen evolution reaction (OER) remains constrained by its sluggish kinetics.
Investigating the OER kinetic process significantly advances the industrialization of electrolytic hydrogen
production. Although porous carbon exhibits potential in OER, the structure—activity relationship between its
microstructure and oxygen evolution catalytic performance warrants further exploration. Using pear wood as raw
material, a porous carbon catalyst was prepared via a stepwise activation strategy employing H:PO4—KOH. This
study investigates the structure—activity relationship between the microstructure of porous carbon and its oxygen
evolution performance in water electrolysis. The study demonstrates that the stepwise activation strategy enables the
formation of a three—dimensional network pore structure within the porous carbon, characterized by high specific
surface area and rich micro—mesoporous connectivity. This exposes more structural defects and catalytic active sites

on the carbon matrix, facilitating the in—situ enrichment and doping of P and O heteroatoms to generate abundant
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surface functional groups. This unique structural feature of porous carbon endows it with outstanding oxygen

evolution performance in water electrolysis (overpotential of 340 mV@100 mA cm™?), high intrinsic activity (Tafel

slope of 67 mV dec™), rapid charge transfer capability, and excellent stability (virtually no performance decay after

5000 cycles).

Keywords: distribution activation; multi-level porosity; heteroatom doping; oxygen evolution reaction
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Fig. 2 TG curves (a) and DTG curves (b) of phosphoric acid—impregnated versus untreated pear wood
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Table 1 Elemental composition of porous carbon and

relative C—O and P=0 content derived from O 1s spectrum

fitting
Elemental content (at.%) at.% of C—0 and P=0
C (0] P C-0 P=0
HPC-P 88.94 9.31 0.77 27.59 4.67
HPC-K 89.17 9.82 - 25.56 -
HPC-PK 86.28 12.36 0.42 47.58 1.59
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Table 2 Pore Structure Parameters for HPC-P, HPC-K

and HPC-PK
Sper(m* gV, (em’g™) V, (em’g™) V, (em’g")
HPC-P 1077 0.832 0.218 0.412
HPC-K 1702 0.827 0.551 0.153
HPC-PK 3741 2.289 1.176 0.612
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