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The increasing global demand for efficient and sustainable energy storage solutions has driven extensive research in advanced materials for supercapacitor electrodes. MXenes, a novel class of 2D materials, have emerged as promising candidates due to their high electrical conductivity, large surface area, and excellent electrochemical properties. However, their susceptibility to oxidation and limited structural stability present challenges for long-term application. This dissertation investigates the synthesis, characterization, and electrochemical performance of MXene-polyaniline (PANI) composites to enhance energy storage capabilities while addressing these limitations.
A modified synthesis route for high-yield, high-quality MXene was developed, improving delamination efficiency and minimizing residual impurities. The yield of delaminated MXene increased from 41% to 84%, and the optimized material exhibited a specific capacitance of 402 F/g compared to 238 F/g for conventionally synthesized MXene. The study further explored the charge storage mechanism through an equivalent circuit model, reducing the error margin in electrical modeling to 4.6%, providing critical insights into electrode behavior and stability under different electrochemical conditions.
The incorporation of PANI into MXene layers enhanced oxidation resistance, increased interlayer spacing, and improved pseudocapacitive performance. MXene-PANI composites with different aniline:MXene ratio has been studied. Among them, MCP-30 (aniline:MXene = 30:70) demonstrated the best trade-off between conductivity (2057 S/cm), capacitance (272 F/g) and cyclic stability (109% after 10,000 cycles). Electrochemical impedance spectroscopy (EIS) confirmed that MCP-30 maintained low charge transfer resistance after extended cycling, reinforcing its suitability for long-term applications. Furthermore, MXene-PANI composites demonstrated improved stability in the positive potential window, with MCP-30 retaining 214 F/g and exhibiting 62% capacitance retention after prolonged cycling, significantly enlarging the potential window of stability compared to pristine MXene, which rapidly oxidizes in this range.
Overall, this research provides a pathway toward the development of high-performance energy storage devices by improving stable potential ranges and capacitance of the key-active material-MXene. By mitigating oxidation and structural degradation through composite engineering, these findings contribute to the broader goal of designing next-generation supercapacitors with superior energy storage capabilities and durability.
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