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Introduction
Graphene, a two-dimensional allotrope of carbon, has garnered significant 

attention in recent years due to its exceptional electrical conductivity, thermal 
properties, and mechanical strength. Its incorporation into nanocomposites 
has led to substantial advancements in various technological fields, 
particularly in electrical conductivity and thermal management. This research 
article reviews the recent progress in the development of graphene-based 
nanocomposites, focusing on their enhancement of electrical conductivity and 
thermal conductivity. Key methods of fabrication, properties, and the impact 
of graphene on these properties are discussed, as well as the challenges and 
future directions for graphene-based nanocomposites in electrical and thermal 
applications.

The continuous miniaturization of electronic devices and the growing 
demand for efficient thermal management have created an urgent need for 
materials with exceptional electrical and thermal properties. Graphene, a 
single layer of carbon atoms arranged in a hexagonal lattice, stands out due to 
its remarkable combination of properties, including high electrical and thermal 
conductivity, mechanical strength, and flexibility. These properties are further 
enhanced when graphene is incorporated into nanocomposites, leading 
to innovations in electronics, energy storage, and thermal management. 
Graphene-based nanocomposites are defined as materials in which graphene 
or graphene derivatives (such as reduced graphene oxide) are dispersed in 
a matrix material, often polymers, metals, or ceramics. The unique properties 
of graphene, such as its large surface area, high aspect ratio, and excellent 
charge transport characteristics, provide significant improvements in the 
overall performance of the composite materials. This article focuses on the 
advancements in the development of graphene-based nanocomposites, 
particularly their role in improving electrical conductivity and thermal 
management properties, both of which are crucial in the next generation of 
electronic devices, heat dissipation systems, and energy storage applications. 
Several fabrication methods are employed to create graphene-based 
nanocomposites, with the choice of technique depending on the desired 
properties of the composite and the matrix material. 

Solution-based techniques are widely used for the fabrication of graphene-
based nanocomposites due to their simplicity and scalability. Methods such 
as liquid-phase exfoliation, chemical reduction of graphene oxide (GO), and 
solvent-assisted dispersion are employed to disperse graphene in various 
solvents before mixing with the matrix material. The resulting suspension is 
then processed into films, coatings, or composites, involves the separation 
of individual graphene sheets from graphite in a solvent. This method can be 
used to produce graphene oxide, which is further reduced to reduced graphene 

oxide through chemical processes to enhance its conductivity, is often used 
to grow high-quality graphene sheets directly on a substrate. However, for 
composite fabrication, CVD-grown graphene is typically incorporated into 
polymer matrices to improve electrical and thermal performance.

Description
In melt blending, graphene is mixed directly into molten polymers, 

where it forms a nanocomposite matrix. This method is particularly useful 
for fabricating large quantities of thermoplastic nanocomposites. In-situ 
polymerization, on the other hand, involves the polymerization of monomers 
in the presence of graphene sheets, leading to a homogeneous distribution 
of graphene in the polymer matrix. The sol-gel process is another popular 
method for fabricating graphene-based ceramic composites. This involves 
the transition of a solution (sol) into a solid gel, which is then subjected to 
heat treatment to form a ceramic matrix. Graphene oxide or reduced graphene 
oxide can be used to enhance the mechanical and electrical properties of the 
ceramic composites.

Electrospinning is a technique used to create nanofibers with a high 
surface-area-to-volume ratio. This method is particularly useful for fabricating 
graphene/polymer nanocomposites that exhibit improved electrical conductivity 
and thermal properties. One of the primary advantages of incorporating 
graphene into nanocomposites is the substantial enhancement of electrical 
conductivity. Due to its high intrinsic electrical conductivity, graphene has the 
ability to form conductive networks within the composite, allowing for efficient 
electron transport. Graphene particles form conductive networks at a certain 
concentration, known as the percolation threshold. Once this threshold is 
reached, the composite exhibits significant conductivity, as graphene's high 
surface area and aspect ratio facilitate electron movement across the material. 
Graphene's sp2-hybridized carbon atoms allow for efficient charge transfer 
through π-electron delocalization. In a composite, graphene sheets facilitate 
the transfer of electrons across the matrix, improving the overall conductivity.

When graphene is incorporated with other conductive fillers (such as 
carbon nanotubes or metallic nanoparticles), a synergistic effect can occur, 
further enhancing the electrical properties. Graphene-based nanocomposites 
with enhanced electrical conductivity have numerous applications, particularly 
in flexible electronics, sensors, and energy storage devices such as 
supercapacitors and lithium-ion batteries. The flexibility and high conductivity 
of these composites make them ideal for wearable electronics, stretchable 
sensors, and flexible displays. Graphene is renowned for its exceptional 
thermal conductivity, which exceeds that of copper by over ten times. 
Incorporating graphene into nanocomposites enhances the heat dissipation 
capabilities of materials, making them suitable for a wide range of thermal 
management applications. Similar to electrical conductivity, graphene forms a 
thermal percolation network at a certain loading threshold [1-3]. This network 
allows efficient phonon transport, which is crucial for heat conduction.

The large surface area of graphene enables efficient contact between 
graphene sheets, facilitating the transfer of heat across the material. 
Graphene's atomic thickness allows phonons (quanta of heat energy) to 
propagate efficiently through the material, contributing to its superior thermal 
conductivity. Graphene-based nanocomposites are increasingly being used 
for thermal management in electronic devices, including heat sinks, thermal 
interface materials , and thermal conductive coatings. These applications are 
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essential for preventing overheating in high-performance electronics, such as 
microprocessors, power transistors, and light-emitting diodes. Additionally, 
graphene-based nanocomposites are being explored for use in advanced 
cooling systems for electric vehicles, data centers, and other high-power 
electronic systems where efficient heat dissipation is crucial.

Achieving uniform dispersion of graphene within the matrix is often 
challenging due to the strong van der Waals forces between graphene 
sheets, which cause agglomeration. Effective dispersion techniques, such 
as surfactant-assisted dispersion or functionalization, are required to ensure 
the proper distribution of graphene. While laboratory-scale production of 
graphene is well-established, scaling up production for industrial applications 
remains a challenge due to the high cost of graphene synthesis, particularly 
for high-quality graphene sheets [4,5]. The interaction between the graphene 
and matrix material plays a critical role in the performance of the composite. 
Poor interfacial bonding can lead to reduced conductivity and mechanical 
properties. Surface functionalization of graphene is one approach to improve 
this interaction. The future of graphene-based nanocomposites lies in 
overcoming the existing challenges and further optimizing their properties for 
specific applications. Developing new strategies for functionalizing graphene 
to improve its dispersion, compatibility, and bonding with different matrix 
materials.

Combining graphene with other nanomaterials, such as carbon nanotubes, 
metallic nanoparticles, and ceramics, to create hybrid nanocomposites 
that exhibit superior electrical and thermal properties. Investigating 
environmentally friendly and cost-effective methods for synthesizing graphene 
and ensuring the recyclability of graphene-based composites. Exploring the 
integration of graphene-based nanocomposites into large-scale industrial 
applications, such as in heat management systems for electric vehicles and 
renewable energy technologies.

Conclusion
Graphene-based nanocomposites represent a promising class of 

materials that offer significant improvements in electrical conductivity and 
thermal management. Through the careful selection of fabrication methods and 
the incorporation of graphene into various matrices, these nanocomposites 
can be tailored to meet the demands of next-generation electronics, energy 
storage systems, and thermal management applications. While challenges 
related to dispersion, cost, and scalability remain, ongoing research is likely 
to overcome these barriers, enabling the widespread use of graphene-based 
nanocomposites in practical applications.
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