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                                   Research Proposal for PhD Program 

                                                  Supercapacitors 

1. Title: 

"Design, Synthesis, and Characterization of Advanced Supercapacitor Materials for 
High-Energy and High-Power Density Applications" 

2. Abstract: 

The energy storage sector is rapidly evolving, with supercapacitors emerging as key players 

due to their ability to deliver high power density and long cycle life. However, their relatively 

low energy density compared to batteries limits their potential in many high-energy 

applications. This research aims to investigate novel materials and designs for supercapacitors, 

focusing on the enhancement of energy density without compromising power density and cycle 

life. The study will explore advanced materials such as nanostructured carbons, metal-organic 

frameworks (MOFs), conducting polymers, and hybrid materials to develop high-performance 

supercapacitors that can cater to both energy and power-demanding applications. 

3. Context and justification: 

Supercapacitors, also known as ultracapacitors, store energy through electrostatic charge 

accumulation on the surface of electrodes and can deliver power at rates much higher than 

conventional batteries. However, their energy density, which limits their ability to store large 

amounts of energy, is still a major challenge. With the growing demand for energy storage 

devices in applications ranging from electric vehicles (EVs) to portable electronics, enhancing 

the energy density of supercapacitors while maintaining their excellent power density and cycle 

stability is of critical importance. 

Recent advancements in material science, particularly in nanotechnology and hybrid materials, 

have opened new avenues for improving the performance of supercapacitors. Research on two-

dimensional materials, porous carbons, MOFs, and pseudocapacitive materials is expected to 

address these limitations by providing larger surface areas, enhanced charge storage 

mechanisms, and better conductivity. 

This research will investigate the synthesis, characterization, and performance of novel 

materials for supercapacitors, with a focus on maximizing both energy and power densities 

while maintaining long-term cycling stability. 



4. Research Objectives: 

• To design and synthesize novel electrode materials with improved surface area and 

electrochemical properties for high-energy and high-power supercapacitors. 

• To develop hybrid materials combining both capacitive and pseudocapacitive behaviors 

for enhanced performance. 

• To evaluate the electrochemical performance of these materials, including capacitance, 

energy density, power density, and cycle stability. 

• To investigate the influence of various electrolyte systems, including ionic liquids and 

gel electrolytes, on the performance of supercapacitors. 

• To explore scalable fabrication techniques for the commercial production of high-

performance supercapacitors. 

5. Research Questions: 

1. How can the surface area and porosity of electrode materials be optimized to enhance 

the energy density of supercapacitors? 

2. What are the electrochemical properties of hybrid materials (e.g., carbon-nanomaterial 

composites, MOF-based composites) in supercapacitor applications? 

3. How do the properties of various electrolyte systems impact the performance of 

supercapacitors in terms of energy and power density? 

4. Can we improve the charge/discharge efficiency and cycle life of supercapacitors 

through novel material combinations and fabrication techniques? 

6. Methodology: 

Material Synthesis: 

• Nanostructured Carbon Materials: Synthesis of activated carbon, carbon nanotubes, 

and graphene-based materials through chemical vapor deposition (CVD), 

hydrothermal, and sol-gel processes. 

• Pseudocapacitive Materials: Synthesis of metal oxides (e.g., MnO₂, RuO₂) and 

conducting polymers (e.g., polyaniline, polypyrrole) using electrochemical deposition 

and chemical synthesis methods. 



• Hybrid Materials: Fabrication of hybrid materials combining carbon materials with 

pseudocapacitive materials to enhance both power and energy density. 

Electrochemical Testing: 

• Cyclic Voltammetry (CV): To evaluate the capacitive performance and 

electrochemical stability of materials. 

• Galvanostatic Charge/Discharge (GCD): To measure the specific capacitance, energy 

density, and power density. 

• Electrochemical Impedance Spectroscopy (EIS): To analyze the internal resistance, 

charge transport, and capacitance behaviour. 

• Long-Cycle Stability Tests: To assess the material's long-term cycling performance 

and rate capability. 

Electrolyte Optimization: 

• Investigation of aqueous, organic, and ionic liquid-based electrolytes to determine their 

effect on the performance of supercapacitors. 

Device Fabrication: 

• Fabrication of symmetrical and asymmetrical supercapacitor cells and testing under 

varying charge/discharge rates. 

7. Expected Outcomes: 

• Development of high-energy-density supercapacitor materials with improved 

charge/discharge efficiency and cycle life. 

• Identification of optimal material combinations and electrolyte systems for enhanced 

electrochemical performance. 

• Fabrication of prototype supercapacitor devices demonstrating improved energy and 

power densities suitable for applications in electric vehicles, renewable energy systems, 

and portable electronics. 

• A better understanding of the relationship between material properties (e.g., surface 

area, conductivity, porosity) and electrochemical performance. 

 



8. Significance of the Research: 

This research has the potential to significantly advance the performance of supercapacitors, 

bridging the gap between their high-power density and low energy density. By developing 

novel materials and device architectures, the project could lead to more efficient and cost-

effective energy storage solutions for applications such as electric vehicles, energy storage 

systems for renewable energy, and consumer electronics. Furthermore, this work will 

contribute to the fundamental understanding of electrochemical energy storage mechanisms, 

which could open new pathways for the design of next-generation energy storage devices. 

9. Timeline: 

• Year 1: Literature review, material synthesis, initial electrochemical testing, and 

optimization of electrode material properties. 

• Year 2: Fabrication of hybrid materials and exploration of electrolyte systems; 

continuation of electrochemical testing and performance optimization. 

• Year 3: Long-term stability testing, device fabrication, refinement of materials for 

commercial applications, final evaluations, device testing, and dissertation writing. 

 













                       Regarding Transfer Certificate of Post Graduate Degree 

Respected Sir/Mam, 

I haven’t received my Transfer certificate of Post Graduate degree from my concerned 
university. 

                                                       Thanking you! 

                                                                                                                        Yours Faithfully 

                                                                                                                         Aruna Devi N 

  









ARUNA DEVI N

CONTACT

+91 7904280042

arunadevinagaraj2002@gmail.com

59/8, South car street,
Kalugumalai,
Tuticorin district - 628552

SKILLS

Project Management

Public Relations

Teamwork

Time Management

Leadership

Effective Communication

Critical Thinking

English 
Tamil

LANGUAGES

EDUCATION

OBJECTIVE

To pursue a PhD in the area of Supercapacitors at Kalasalingam
Academy of Research and Education, where I can further my
research in the field of supercapcitors, contributing to further
development in that area while building on my academic
background.

2023 - Present

Master of Physics

Kalasalingam Academy of Research and Education

SOFTWARE EXPERTISE

Microsoft Office Package

(Word, Excel, Powerpoint) 

C++ 

Experience in Origin

96.3 % (As per third semester results)

2020 - 2023

Bachelor of Physics

V V Vanniaperumal college for Women, (Madurai
Kamaraj University)

80.2 %

2018 - 2020

Higher Secondary

Kamaraj Matriculation Higher Secondary School, Kovilpatti

73% (State Board)

2018

SSLC

Kamaraj Matriculation Higher Secondary School, Kovilpatti

95% (State Board)



REFERENCE

ACADEMIC ACHIEVEMENTS

Won Gold Medals for Undergraduate Degree. 
Secured Outstanding student award from the institution where I completed my
Bachelor’s Degree. 
Appeared and scored State Topper rank in National Graduate Physics Examination
conducted by IAPT on March 2022.
Secured First rank in Post Graduate degree and won Medal.

Dr. A. Arivarasan
Assistant Professor, 

Department of Physics, 
Kalasalingam Academy of Research 

and Education, 
Krishnankoil - 626126, 

Tamil Nadu, India. 
Email-

arivarasan.nanotech@gmail.com

DECALARATION 
I hereby declare that all the information furnished above is true to the best of my knowledge. 
                                                                                                                                         
                                                                                                                                                               Yours Sincerely 
                                                                                                                                                                 Aruna Devi N


