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Abstract

Recent interests in sustainable and green technologies for energy storage systems require extensive
research to develop sustainable electrode materials. This includes developing biomass-derived
activated carbons. In this research, empty fruit bunch (EFB) has been selected as the precursor
material to produce activated carbon by the physical activation method, performed at 500°C to
800°C. Subsequently, a surface treatment process was performed using nitric acid to introduce
oxygen functional groups. This step further improved the electrochemical properties of the EFB-
based activated carbon material. The resulting samples were analyzed using Fourier transform
infrared spectroscopy (FTIR), Raman spectroscopy, and X-ray photoelectron spectroscopy (XPS). The
electrochemical performance was examined through cyclic voltammetry (CV), galvanostatic charge-
discharge, and electrochemical impedance spectroscopy (EIS). FTIR analysis confirmed successful

incorporation of oxygen functional groups, enhanced surface wettability, and improved electrolyte

https://lwww.scopus.com/pages/publications/105050494332origin=resultslist 1/3


https://www.scopus.com/pages/publications/iium.edu.my
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/pages/home
mailto:alyanaili@iium.edu.my

9/21/26, 3:48 PM Scopus - Document Details
penetration. CV measurements showed a significant increase in the specific capacitance after
treatment. Surface treatment of the activated carbon positively impacted all samples. The largest
percentage increase was observed in sample AC ST 500, with a 71 increase in specific capacitance
from 24FgA-1 to 71FgA-1. AC ST 8oo displayed the highest overall capacitance after surface treatment,
at 183FgA-1, a 9 increase from 166Fg/-1 before surface treatment. This result shows that adding
oxygen functional groups improves these properties by increasing surface wettability, which
increases ion penetration within the activated carbon. Copyright (c) 2026 ITUM Press. This work is
licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

https://creativecommons.org/licenses/by-nc/4.0/
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