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Preparation and Capacitance Performance of Hierarchically Porous Carbon
Derived from Open-Cell Phenolic Foam

YU Ao, QIU Saicheng, LIANG Yani, ZHAN Tingting, DING Hua, PAN Dongye, TAO Huanhuan,

DUAN Junxin, LI Xi'
College of Chemistry, Chemical Engineering and Life Sciences, Wuhan University of Technology, Wuhan 430070, Hubei, China

Abstract: An open—cell hierarchical porous carbon material (POFC) was prepared using phenolic resin (PR) as the precursor by
introducing a mixed emulsifier and a mixed curing agent combined with a stepwise carbonization strategy. The effects of PR
polymerization time, the amount of sodium dodecyl sulfate (SDS) in the emulsifier, the mass ratio of H;PO,/ TsOH(p—toluenesul-
fonic acid) in the curing agent, and the amount of curing agent on the electrochemical performance of POFC were systematically in-
vestigated. The regulating effects of direct carbonization and stepwise carbonization on the microstructure and electrochemical per-
formance of POFC were also compared. When the PR polymerization time was 2.5 h, SDS content in the emulsifier is 25% , the
H,PO,/TsOH mass ratio was 2: 3, and the amount of curing agent was 12%, the resulting phenolic foam (POF) exhibited a well-
developed open—cell structure. The porous carbon material POFC-R, prepared under the optimal stepwise carbonization condition
exhibited excellent electrochemical performance, delivering a specific capacitance of 284 F/g at 1 A/g and a rate capability of
90.9% from 1 to 20 A/g. Compared with direct carbonization, the stepwise carbonization strategy effectively alleviated the
collapse of the pore structure caused by the rapid release of volatile components during the carbonization of phenolic foam,
increased the open—pore ratio, and optimized the distribution of micropores and mesopores, thereby enhancing the capacitive

performance of the derived carbon materials. This study deepens the understanding of the pore evolution mechanism during step-
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wise carbonization and provides a theoretical basis and technical reference for the development of carbon—based supercapacitor

electrode materials with high specific capacitance, excellent rate capability, and long—term cycling stability.
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Fig.1 Schematic illustration of the synthesis route of POFC
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Fig.4 Electrochemical performance of POFC-Z-T and pore structure analysis

(a) CV curves at 10 mV/s; (b) GCD curves at 1 A/g; (¢) specific capacitance at different current densities;

(d) Nyquist plots; (e) N, adsorption—desorption isotherms; (f) PSD
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