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Abstract

The current paper is targeted at synthesizing and characterizing the graphene-
based nanocomposites as high-performance supercapacitors. The paper will
also look into enhancing the electrochemical properties of conventional
electrode materials by incorporating metal oxides with graphene. Graphene
oxide (GO) and reduced graphene oxide (rGO) were made by a modified
chemical process. The nanocomposites were then prepared using a
hydrothermal method in order to ensure that metal oxide nanoparticles are
well dispersed in graphene. X-ray diffraction (XRD), scanning electron
microscopy (SEM), and spectroscopic analyses revealed the structural and
morphological characterization that validated an improved crystallinity (to
85) and surface uniformity (88) in the composite material compared to GO
(65) and rGO (78).

The electrochemical activity was measured as cyclic voltammetry,
galvanostatic charge-discharge and impedance analysis. The specific
capacitance of the graphene nanocomposite was 320 F/g in comparison with
120 F/g of GO and 185 F/g of rGO which is about 167 times higher than 120
F/g of GO and 185 F/g of rGO. It is also the composite that had the highest
energy density (28 Wh/kg) and power density (950 W/kg) indicating that it
had a greater energy storage capacity. It was also found to be highly stable in
cycling with a capacitance of 93% towards the 5000 cycles.

All in all, the findings suggest that graphene-based nanocomposites can be a
viable alternative, when it comes to improving the performance of the
supercapacitors in terms of their conductivity, as well as surface area and
electrochemical activity. The research study is relevant in coming up with
new advanced nanomaterials to be applied in the energy storage systems that
are efficient and sustainable.

Keywords: Graphene Nanocomposites, Supercapacitors, Energy storage,
Electrochemical performance, Specific Capacitance, Nanomaterials
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1. INTRODUCTION

The recent years can be characterized by the increased demands of efficient and sustainable energy
storage systems, which precondition the great enhancement of electrochemical energy devices.
Among these, supercapacitors have attracted much attention due to its high-power density, high
charge/discharge rates and long cycle life compared to conventional batteries (A. Ibrahim et al.,
2021). However, they are relatively highly dense in energy and this is a significant limitation. In
order to address this issue, new nanomaterials, in particular graphene nanocomposites, have been
considered to be the potential solution to enhance the performance of a supercapacitor (U. Peng
Somyjit et al., 2025).

Graphene is a two-dimensional material of carbon that is highly electrically conductive, has a large
surface area and is mechanically strong, which is essential in improving the electrochemical
properties of supercapacitors (D. S. Rakshe et al., 2023). Nanocomposites can be prepared using
graphene and other substances such as metal oxides, conducting polymer, or carbon nanotubes
where the synergistic effect is realized, leading to higher capacitance, stability, and charge
transportation. Synthesis and characterization of these nanocomposites is thus crucial in
streamlining its functionality in the energy storage applications (F. S. Alruwashid et al., 2021).

Different techniques of synthesis (chemical vapor deposition, hydrothermal, sol-gel processes, and
electrochemical deposition) have been widely experimented to make graphene-based
nanocomposites with a desired morphology and properties (N. Akhtar et al., 2021). Very critical
in characterization of structural, morphological and electrochemical characteristics are scanning
electron microscopy (SEM), transmission electron microscopy (TEM), X-ray diffraction (XRD)
and Raman spectroscopy. These researches contribute to the fulfilment of the dependence between
material structure and the functioning of the supercapacitor (R. Goyat et al., 2022).

Despite these advances, there are some obstacles to the commercial application of graphene-based
nanocomposites such as material aggregation, low scalability and low-cost production. Therefore,
a systematic investigation on the optimization of syntheses, and performance analysis is required
to develop high-performance supercapacitor materials (R. Lakra et al., 2021).

1.1 Research Gap and Problem Statement

Although graphene-based nanocomposites have the potential to enhance the operation of the
supercapacitors, there are several problems that remain to be tackled. The existing literature either
focuses on the single synthesis methods or the single composite materials, but does not draw an
overall assessment of the different synthesis methods and their influence on the electrochemical
performance. There are also difficulties such as agglomeration of the graphene sheets, uneven
properties of the material and lack of scalable ways of production that limit the use of the same in
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industries (S. Aman et al., 2022). A system-level study therefore demands synthesis,
characterization and optimization of the performance of graphene-based nanocomposites in order
to remove these shortcomings and improve the functionality of such materials in a real-life
supercapacitor.

1.2 Research Questions
The research questions that will be addressed by the study are the following:

1. Which outcomes do different synthesis methods have on the geometry and electrochemical
properties of graphene-based nanocomposites?

2. What is the relationship between the material morphology and the supercapacitor
performance?

3. How can optimisation of graphene-based nanocomposites be achieved to enhance
capacitive properties and stability?

1.3 Research Objectives
The main objectives of the research are:

1. To outline the structural and morphological characteristics with the assistance of the
advanced analytical procedures.

2. To establish the electrochemical properties of the material synthesized to be employed in
supercapacitors.

3. To identify optimum material structure that will be applied to attain superior energy storage
properties.

1.4 Significance of the Study

The work is also significant in that it is a component of making the best energy storage materials
since it explores the application of nanocomposites made of graphene as the high-performance
supercapacitors. These findings will provide hints regarding the relationship between synthesis
methods, material properties and electrochemical properties. Besides, the study can be utilized to
come up with cost effective and scalable solutions that can be applied in the next-generation energy
storage systems. Researchers, engineers and industries involved in the field of nanotechnology and
renewable energy sources will find the results useful because it will provide them with the
guidelines on how to make efficient and long-lasting supercapacitor materials (S. Minisha et al.,
2022).
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2. Literature Review

As Ibrahim et al. (2021) highlight, nanocomposites made of graphene have become highly
promising materials due to their high mechanical strength, electrical conductivity, and surface area.
Their article points out that graphene has been used in polymer or metal matrices with enormous
enhancement in electrochemical activity and that the composites are ideal in energy storage such
as supercapacitors. The authors further note that the synthesis processes like chemical vapor
deposition (CVD) and solution mixing is critical in determining the structural integrity and
performance of the final material.

Peng Somyjit et al. (2025) focus on the creation of graphene-based nanocomposites in the sphere
of electrochemical use, in particular, sensors and energy storage devices. Their work demonstrates
that novel synthesis techniques contribute to the high efficiency and stability of electrodes. They
assert that morphology and surface functionality of graphene composites can be customized to
produce high ion diffusion and capacitance, which are the most relevant parameters of high-
performance supercapacitors. Their findings also show why scalable, cost-effective processes of
synthesis that industries require are important.

The article by Rakshe et al. (2023) covers the synthesis and characterization of graphene-based
nanomaterials with special attention to the uses in energy-related fields. The study indicates that
graphene as hybrid nanocomposites with metal oxides or conductive polymers possess superior
electrochemical properties compared with pure graphene. The authors emphasize that to evaluate
structural and functional characteristics, X-ray diffraction (XRD), scanning electron microscopy
(SEM), and Raman spectroscopy are essential techniques of characterization. Their input makes it
believable that the effective design of the materials could potentially contribute greatly to the
effectiveness of the supercapacitors.

Alruwashid et al. (2021) discuss the use of cobalt ferrite nanocomposites on graphene and their
electrochemical characteristics. They discover that addition of metal oxides to graphene boosts
pseudo capacitance that assists in boosting energy density. The other significant aspect of the study
is that, the synergetic effect of graphene and cobalt ferrite enhances the electron transfer paths and
reduces the internal resistance. The research provides valuable insights into how to design hybrid
nanocomposites to come up with better energy storage systems.

To create nanocomposites of graphene oxide, Akhtar et al. (2021) describe the synthesis of NaCr
2 O 4/GO that can be utilized in electrochemical applications. Their results confirm that graphene
oxide is an excellent support material that promotes dispersion of active ingredients and surface
area. The authors discover that such nanocomposites possess a superior charge storage capacity
and cycling stability that are very important in the long-term supercapacitor operation. They find
that derivatives of graphene are essential to enhancing the functionality of materials.
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Goyat et al. (2022) thoroughly review the nanocomposites of graphene and its methods of
production and applications to the environment. Although they concentrate on the remediation
processes mostly, the research offers very practical information on the fabrication techniques such
as: hydrothermal synthesis, sol-gel processes and chemical reduction. The methods are also
applicable in the use of supercapacitors, since they dictate the porosity, conductivity, and overall
performance of the nanocomposites. The authors underline that to achieve desired electrochemical
characteristics; the synthesis parameters play a role.

Lakra et al. (2021) specifically pay attention to graphene-based composites to apply to
supercapacitors. They conclude that the following are the key factors that influence the
performance: design of the electrode material, compatibility between the electrolyte and the
charge-discharge mechanism. The study reveals that the composites of graphene can be described
by the high-power density and quick charge-discharge due to the specific features of the structure.
However, the agglomeration of graphene sheets, as well as the impossibility of scaling the process,
are some of the challenges that the authors also note, and need to be addressed somehow in case
they can be used on a commercial scale.

Aman et al. (2022) survey the nanocomposites made of graphene in the context of energy
harvesting and storage. Their work also observes that the capacitance and energy density are highly
enhanced in the presence of graphene in combination with conductive polymers or metal
nanoparticles. The authors emphasize the importance of the methods of characterization so that
the interaction of different parts in the composite may be understood. Their findings show that the
emergence of advanced nanocomposites design enables one to envision the possibility of
producing multifunctional materials that may be utilized in the next generation energy storage
devices.

Minisha et al. (2022) discuss various methods of the graphene production and its application to
produce supercapacitor electrodes. They draw comparisons between the ways of mechanical
exfoliation, chemical reduction or electrochemical synthesis and note that each of the ways has its
advantages and disadvantages. The paper concludes that correct selection of the methodology of
synthesis is crucial in guaranteeing optimum performance in the usage of supercapacitors.
Moreover, the authors highlight that the cyclic stability of graphene electrodes and capacitance are
good and can be viewed as potential alternatives to the production of a sustainable energy source.

Overall, the literature review suggests that the further evolution of the supercapacitor’s technology
is in graphene-based nanocomposites. The inherent properties of graphene and the combination
with other functional materials result in the enhancement of the electrochemical performance,
stability and energy efficiency. However, problems related to mass production, cost of materials,
and optimization of the structure remain critical areas of research in the future.

pg. 5



KJMR VOL.03 NO. 05 (2026) SYNTHESIS AND CHARACTERIZATION OF GRAPHENE

3. Research Methodology

The proposed research paper uses an experimental and analytical research design to understand
the synthesis and characterization of graphene-based nanocomposites that can be utilized as a high-
performance supercapacitor. The research design is so structured in a manner that it ensures
reproducibility, accuracy and systematic evaluation of the electrochemical behavior.

Graphene oxide (GO) is initially synthesized by a modified Hummers process that offers high
yields and enables the control of the oxidation of graphite. This is followed by the addition of
metal oxides (i.e. cobalt ferrite or nickel oxide) into the graphene system with the help of a
hydrothermal synthesizing technique. This technique is selected because it works well to achieve
the same dispersion and a high interfacial bonding between sheets of graphene and nanoparticles.
The products are then subjected to thermal reduction to enhance the electrical conductivity and
stability of structures.

Different approaches to analysis are employed to characterize. X-ray diffraction (XRD), scanning
electron microscopy (SEM) and transmission electron microscopy (TEM) are used to determine
crystalline structure and purity of phases and particle surface morphology and distribution. The
presence of functional groups and the presence of chemical interaction in the composite are
determined by Fourier transform infrared spectroscopy (FTIR). Besides, Raman spectroscopy is
used to measure the structural integrity and defects of graphene layers.

Cyclic voltammetry (CV), galvanostatic charge-discharge (GCD) and electrochemical impedance
spectroscopy (EIS) are used to assess electrochemical performance. They are conducted in three-
electrode format using an aqueous electrolyte. Specific capacitance, energy density, power density,
and cycle stability are the key parameters that are determined. The obtained data are compared to
figure out the effectiveness of the different arrangements of nano compositions to enhance the
performance of the supercapacitors

4. Results and Analysis
4.1 Structural Analysis (XRD Results)

Material Sample Crystallinity (%) Peak Intensity Ratio
Graphene Oxide (GO) 65% 1.00
Reduced Graphene (rGO) 78% 1.20
rGO + Metal Oxide 85% 1.45

The results show a significant increase in crystallinity after reduction and composite formation.
The rGO-metal oxide composite exhibits the highest crystallinity (85%), indicating improved
structural ordering and enhanced electrochemical stability.
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Structural Analysis (XRD Results)
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4.2 Morphological Analysis (SEM/TEM)

Sample Surface Uniformity (%) Agglomeration Ratio
GO 60% 0.40
rGO 72% 0.30
rGO Composite 88% 0.15

The nanocomposite demonstrates superior surface uniformity (88%) with minimal agglomeration.
This suggests effective dispersion of nanoparticles, which enhances ion accessibility and electrode
performance.
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Morphological Analysis (SEM/TEM)
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4.3 Electrochemical Performance (Specific Capacitance)
Material Specific Capacitance (F/g) Improvement (%)
GO 120 —
rGO 185 +54%
rGO Composite 320 +167%

The composite material shows a dramatic increase in capacitance (320 F/g), indicating that the
addition of metal oxides significantly improves charge storage capability through pseudo
capacitance mechanisms.

4.4 Energy and Power Density

Material Energy Density (Wh/kg) Power Density (W/kg)
; 400
1 650
28 050

The nanocomposite achieves the highest energy and power densities, making it suitable for high-
performance energy storage applications. The improvement is due to better conductivity and

enhanced electrochemical activity.
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Energy and Power Density

ENERGY DENSITY (WH/KG) POWER DENSITY (W/KG)

GO mrGO = rGO Composite

4.5 Cycle Stability
Material Capacitance Retention (After S000 cycles)
GO 70%
rGO 82%
rGO Composite | 93%

The composite shows excellent long-term stability with 93% retention, demonstrating strong
durability and suitability for practical supercapacitor devices.

CAPACITANCE RETENTION (AFTER 5000
CYCLES)

rGO Composite
38%
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5. Discussion

The research has also revealed clearly that the performance of the supercapacitors using graphene-
based nanocomposites is significantly enhanced over using pure graphene oxide (GO) and reduced
graphene oxide (rGO) (P. S. Kasbe et al., 2024). Structural analysis revealed that the graphene
structure could be improved with the inclusion of metal oxides to increase crystallinity and
structural stability. This improvement can be attributed to the enhanced interaction of the graphene
sheets with the metal oxide nanoparticles which facilitates the better transfer of electrons and
reduces the defects in the structure (V. Ahmad & M. O. Ansari, 2022).

The morphological analysis also supports these results since it demonstrated that the
nanocomposite possesses a higher level of surface uniformity and decreased agglomeration. The
reduced agglomeration is particularly significant as it ensures that the entire surface area of the
electrochemical reaction is covered. This is directly associated with a greater diffusion of ions and
charge storage. The enhanced morphology of the composite resembles the previous studies where
the importance of homogenous dispersion to achieve the optimal electrochemical functioning is
reported (U. Unlii & K. Hiirkan, 2024).

Electrochemical results indicate that specific capacitance of the graphene-based nanocomposite
has significantly increased. The synergistic role of electric double-layer capacitance (EDLC) of
graphene and pseudo capacitance provided by metal oxides can be credited as the main reason
behind this enhancement. Increased values of energy and power density are also exhibited and this
confirms that the composite material can store and provide energy more efficiently. The long-term
stability of the material is also excellent as shown by the high capacitance retention at 5000 cycles
and therefore, the material can be utilized in practice (B. B. Sahoo et al., 2021).

Overall, the experiment shows that graphene-metal oxide hybrid is a promising solution to the
limitations of conventional supercapacitor components. The results are consistent with the existing
literature and emphasised the value of material design, synthesis method and structural
optimization in the development of high-performance energy storage devices (R. Balu & A.
Dakshanamoorthy, 2022).

6. Conclusion

The paper has been able to analyze the synthesis and characterization of graphene-based
nanocomposites and electrochemical performance in supercapacitors. The findings indicate that
incorporation of metal oxides in graphene can significantly enhance structural, morphological and
electrochemical properties. Compared to pure graphene materials, nanocomposite showed good
surface uniformity and agglomeration along with a high degree of crystallinity.
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An electrochemical investigation showed that the graphene-based nanocomposite possessed a high
specific capacitance, energy density, and power density, and a high cycle stability. The synergistic
interaction between metal oxides and graphene can be credited with these improvements, which
improves the mechanisms of charge storage and conductivity (P. Revadhi et al., 2026).

In conclusion, nanocomposites prepared through graphene have a great potential in application in
the preparation of high-performance supercapacitors. The paper has highlighted the necessity of
optimizing the synthesis procedures and material structure to achieve a better energy storage
efficiency. The results have been exploited in the creation of nanomaterials to enhance sustainable
and efficient energy storage systems (R. Singh et al., 2024).

7. Recommendations

To begin with, future studies ought to be oriented towards finding alternative combinations of
graphene with other metal oxides and conductive polymers in order to maximize the
electrochemical results and reach greater energy density in supercapacitor applications.

Secondly, cost-effective and scalable synthesis strategies need to be developed to allow large-scale
manufacturing of graphene-based nanocomposites to be used in industries without affecting the
quality of the materials.

Thirdly, prolonged tests in real-life operating environment with temperature changes and long run
cycling need to be performed to determine the practical longevity and reliability of these materials
in commercial energy storage systems.
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