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ABSTRACT

The increasing global demand for advanced energy storage technologies is driven by economic growth, portable
electronics, and electric vehicles. These systems capture surplus energy during peak generation, ensuring
availabitity during low-production periods, stabilizing power grids, and promoting sustainability by reducing
reliance on non-renewable energy sources. This research focuses on developing carbon-based hybrid
composites for high-performance supercapacitors by integrating carbon nanotubes, graphene oxide, and biochar
with pseudocapacitive materials such as polyaniline (PANI), polypyrrole (PPy), PEDOT, and metal oxides.
Various synthesis methods, including pyrolysis, hydrothermal carbonization, and in-situ polymerization, were
employed. Comprehensive characterization using FTIR, XRD, Raman spectroscopy, XPS, SEM, TEM, and
BET surface arca analysis provided insights into the materials’ structure, porosity, and morphology.
Electrochemical studies, including cyclic voltammetry, charge-discharge tests, and impedance analysis,
demonstrate enhanced capacitance, cycting stability, and rate performance. The synergistic combination of
carbon and pseudocapacitive materials offers promising solutions for sustainable energy storage, addressing the

growing energy needs of modern society,
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