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ABSTRACT

The global surge in energy demand, fuelled by the rapid expansion of portable electronics, electric
vehicles, and renewable energy systems, has positioned energy storage as a pivotal challenge for
achieving grid stability and advancing decarbonization to combat climate change. Supercapacitors,
owing to their rapid energy transfer, high-power characteristics, operational longevity, and
environmental benignity, are instrumental in meeting these challenges. This research explores the
potential of 2D carbon-based materials, specifically tGO and g-C3N4, as advanced electrode
materials for high-performance supercapacitors. This study focuses on the strategic synthesis of
ternary composites by integrating these 2D materials with other carbonaceous materials and
pseudocapacitive materials to enhance the overall electrochemical performance. Material
characterization was performed using an integrated analytical approach combining crystallographic
(XRD), spectroscopic (Raman, FTIR, XPS), and microscopic (SEM, TEM) techniques,
complemented by surface area quantification (BET). Electrochemical evaluations, encompassing
cyclic voltammetry, galvanostatic charge-discharge, electrochemical impedance spectroscopy, and
stability testing, demonstrated substantial performance gains in energy storage capacity, operational
lifespan, and power delivery metrics relative to conventional alternatives. These enhancements stem
from the synergistic interactions and optimized spatial configurations within the ternary composites,
which facilitate optimized charge storage sites and efficient ion/electron transport pathways. The
asymmetric supercapacitors developed using these 2D carbon-based ternary composites showcase a
remarkable enhancement in their electrochemical attributes. This work highlights the potential of 2D
carbon-based hybrid materials in next-generation energy storage systems, offering a sustainable
pathway toward reducing fossil fuel dependence and accelerating the adoption of renewable energy
technologies.
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