Comparative study of H3PO4 and CO2 activation of cotton-derived activated carbons for symmetric supercapacitors
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The conversion of textile cotton waste into functional carbon materials offers a sustainable route for advanced electrochemical energy storage. In this study, activated carbons were synthesized from cotton waste via two distinct approaches: physical activation under CO2 at 900 °C for 1 h and chemical activation through impregnation with 85 wt% H3PO4 for 24 h followed by carbonization at 600 °C for 1 h under inert atmosphere. The influence of activation mechanism on electrochemical behavior was systematically evaluated in a symmetric supercapacitor configuration.
Physical activation under CO2 proceeds via the Boudouard reaction, where high-temperature gasification selectively removes less ordered carbon domains. This etching mechanism generates porosity primarily through carbon burn-off and is governed by diffusion-controlled kinetics. While this method produces structurally stable carbon, pore development is gradual and limited by the absence of chemical etching and surface functionalization. In contrast, chemical activation with H3PO4 operates through dehydration, crosslinking, and phosphate ester formation within the cellulose matrix. During carbonization, phosphoric acid suppresses tar formation, enhances char yield, and stabilizes the carbon framework at relatively moderate temperature. Upon washing, the removal of phosphate species leaves behind a more accessible pore network and introduces oxygen-containing surface functionalities, which enhance electrode wettability and electrolyte ion interaction [1, 2].
Electrochemical performance was evaluated using cyclic voltammetry (CV), galvanostatic charge–discharge (GCD), and electrochemical impedance spectroscopy (EIS). The chemically activated carbon retained quasi-rectangular CV profiles at elevated scan rates, indicating predominant electric-double-layer behavior and faster ion transport. It exhibited a higher specific capacitance ( 100 F g-1 at 2.5 mV s-1) than the physically activated sample ( 60 F g-1 at 2.5 mV s-1), and GCD showed improved charge–discharge symmetry with reduced IR drop. Rate testing gave capacitance retention of 70 % at 20 A g-1 for the chemically activated material versus 55 % for the physical sample. EIS revealed lower ESR (0.12 Ω vs 1.1 Ω) and a steeper low-frequency slope for the chemically activated carbon, consistent with enhanced ion diffusion and reduced charge-transfer resistance.
These findings demonstrate that chemical activation with phosphoric acid provides a more efficient and performance-optimized route for converting cotton waste into high-capacitance electrode materials for symmetric supercapacitors.
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