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Preparation and its electrochemical properties of enzymatically hydrolyzed
wood-based hierarchical porous carbon
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(1. Key Laboratory of Wood Material Science and Application of Ministry of Education,
Beijing Forestry University, Beijing 100083, China;
2. Key Laboratory of Wood Science and Engineering, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] To extend the application of porous biomass carbon materials, the study used
enzymatic hydrolysis technology to regulate the hierarchical porous structure of wood carbon, and prepared
carbon materials with excellent electrochemical properties. [Method] Basswood was subjected to
enzymatic hydrolysis using sodium chlorite and cellulase, followed by the preparation of hierarchical porous
carbon materials through high-temperature carbonization. By characterizing the micromorphology, specific
surface area, pore structure, degree of graphitization, surface elements and functional groups of the
hierarchical porous carbon, the effects of cellulase dosage and enzymatic hydrolysis time on microstructure
and electrochemical performance were elucidated. [Result] After enzymatic hydrolysis, the interior of
basswood exhibited rich microporous/mesoporous structures, forming a hierarchical porous structure. The
porosity and specific surface area of the porous carbon significantly increased with higher cellulase amounts
and longer enzymatic hydrolysis times, accompanied by an increase in disorder. Notably, at a cellulase
dosage of 200 mg and an enzymatic hydrolysis duration of 48 h, the specific surface area reached
978.925 m*/g, with an average pore diameter of 2.285 nm. At a current density of 0.1 A/g, the mass-specific
capacitance was found to be 300.8 F/g, and the equivalent series resistance was 0.47 Q. [Conclusion] The
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enzymatically hydrolyzed wood-based hierarchical porous carbon materials produced in this study exhibit

excellent electrochemical properties, and their hierarchical pore structure and high-rate performance suggest

considerable potential for various applications.

Key words: porous carbon; biomass; pore structure; electrochemistry; wood carbon; cellulase
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Tab. 1 Preparation formulas of different enzymatically
hydrolyzed wood-based hierarchical porous carbons
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Fig. 1 SEM images of different enzymatically hydrolyzed wood-based hierarchical porous carbons
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Fig. 2 N, adsorption-desorption isotherms (a) and pore size
distribution (b) of different enzymatically hydrolyzed wood-based

hierarchical porous carbons
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Tab.2 Specific surface area and pore structure parameters of enzymatically hydrolyzed wood-based hierarchical porous carbons

under different enzymatic hydrolysis conditions

R, Lt MR Specific surface area/(m*-g ") ER SATLIR
Sample B3 Total 1FL. Micropore #1F1. Mesopore Pore volume /(cm®-g ") Average pore size/nm
CW, 2.798 2.031 0.767 0.012 17.056
CwW, 470.607 315.737 154.870 0.308 2.617
Cw, 722.526 634.877 87.649 0.400 2.090
CW; 949.812 772.237 177.570 0.522 2.028
CW, 966.289 884.234 82.054 0.510 2.112
CW; 978.925 843.817 135.108 0.559 2.285
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Fig. 3 XRD patterns (a) and Raman spectra (b) of different
enzymatically hydrolyzed wood-based hierarchical porous carbons
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Tab.3 XPS analysis of elemental composition of
carbon samples

JCZ MIXTE & Relative content of element/%
¥ 5 Sample

C O 0o/C
CW, 90.78 6.96 7.66
Cw, 90.97 7.27 7.99
CW, 89.57 8.51 9.50
CW; 86.57 11.09 12.81
CW, 86.62 11.96 13.80
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Fig. 5 CV curves (a) and GCD profiles (b) of different enzymatically

hydrolyzed wood-based hierarchical porous carbons
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enzymatically hydrolyzed wood-based hierarchical porous carbons
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