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Study on activation and modification of methane-pyrolyzed carbon and its
electrochemical performances
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Abstract: Methane-pyrolyzed carbon, after activation treatment, can be used as an electrode material for supercapacitors, effectively
improving the economic efficiency of methane-pyrolyzed processes. Based on this background, research has been conducted on the
alkali activation process of methane-pyrolyzed carbon, aiming to optimize the activation conditions and explore the correlation between
structures and specific capacitances of activated carbon. Using orthogonal experiments combined with range analysis, the effects of
alkali to carbon ratios (m(KOH)/m(methane-pyrolyzed carbon)), activation temperatures, and activation time on the structures and
electrochemical performances of activated carbon were investigated. Subsequently, fixing the alkali to carbon ratios and activation time,
the effects of activation temperatures on morphologies, textural properties, phases and specific capacitances of activated carbon were
analyzed in detail. The results indicate that with the increase of activation temperatures, the specific surface areas of activated carbon
show a monotonic increasing trend, while the specific surface areas of micropores show a “volcanic-type” variation. The specific surface
area of micropores of C-4-600-2.0 (activated at 600 °C for 2.0 h) reaches the maximum value (1120.16 m?%g), and the proportion of
micropores (micropore volume/total pore volume) is also relatively large. When the activation temperature further increases, KOH will
burn through the micropore walls, promoting the connection of micropores to form a large number of mesopores with diameters

exceeding 3 nm. The electrochemical test results demonstrate that specific capacitances of activated carbon are positively correlated with
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the specific surface areas of micropores, indicating that micropores are the core factor affecting their electrochemical performances. C-4-

600-2.0 exhibits the highest specific capacitance (193.71 F/g) in the three-electrode system, and the specific capacitance in the two-

electrode system is 176.4 F/g. After 5000 cycles of testing, C-4-600-2.0 maintains excellent electrochemical stability, with a specific

capacitance retention rate of 88.72% and a coulombic efficiency of 87.02%.
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Fig. 1 Methane pyrolysis reaction device
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Fig. 2 Relationships between specific capacitances and three factors
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i BRI (m® ") BELHERTAR (m®g")  BALALA (em’g!)  WELALAE A(em’g)  WELAH /% TIIELAR /am
C-4-500-2.0 1167.79 820.69 0.45 0.36 80.00 1.53
C-4-550-2.0 1317.43 873.85 0.66 0.38 57.58 2.03
C-4-600-2.0 1651.31 1120.16 0.80 0.49 61.25 1.96
C-4-650-2.0 2263.38 382.22 1.67 0.11 6.59 2.96
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