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Abstract:

Graphene composites have significant advantages in
improving electrochemical properties and applications.
Graphene is an ideal material for improving
electrochemical performance due to its two-dimensional
structure, high electrical conductivity and large specific
surface area. However, pure graphene still has some defects
in electrochemical performance, such as agglomeration
problems, interfacial problems, stability problems, and high
production cost, etc. Therefore, the composite of graphene
with organic, metallic and non-metallic materials can
significantly improve the electrochemical performance and
the thermal management of composites. The high strength
properties of graphene also enhance the mechanical
properties of composites and improve the tensile and
compressive strength of materials. Compared with
traditional materials, the low density of graphene can help
reduce the overall weight of the composite material and
improve its corrosion resistance. This paper compares these
three composites in terms of improved electrochemical
properties and explores the improvement of electrical
properties to some extent by compositing graphene with
these three materials. Finally, some applications of such
composites such as batteries, flexible electronics and
capacitors are also analyzed.
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1. Introduction

icine, photonics, electronics, and energy conversion
and storage.Graphene is a single-layer, two-dimen-

Among the large number of two-dimensional materi-
als that have emerged in the last one to two decades,
graphene remains one of the most promising, mainly
because of its multiple excellent properties and its
promising applications in different technological
fields including biology, chemical sensing, biomed-

sional lattice structure formed by carbon atoms
arranged in a hexagonal pattern. Graphene itself pos-
sesses extremely high electrical conductivity, one of
the highest among all known materials. Furthermore
graphene has excellent performance in electrochem-
ical activity, double layer capacitance performance,



electrochemical stability, flexibility and plasticity.
Although graphene has so many excellent electrochemical
properties, it still has some shortcomings, such as its dis-
persion, controllability, cyclic stability, and its price cost
is high. However, in order to optimize the electrochemical
performance of graphene, researchers have compounded
graphene with other materials to make up for the short-
comings of graphene and optimize its electrochemical
performance. The researchers composite graphene with
organic materials, metal compounds, and non-metal com-
pounds to study the improvement of the electrochemical
properties of graphene by the composite compounds.

This study evaluates the improved electrochemical prop-
erties and makes certain comparisons, and then analyzes
these improved electrochemical properties for practical
applications, such as in batteries, flexible electronics,
wearable electronics, sensors.

2. Preparation of Graphene Compos-
ites

Firstly physical mixing method refers to the simple mix-
ing of graphene with other materials such as polymers and
carbon nanotubes to form composite materials.

Secondly chemical reaction method is also commonly
used, which uses chemical reaction to combine graphene
with other materials such as metal oxides and polymers to
form stable composite structures through covalent bond-
ing or non-covalent interaction.

However the chemical reaction method is to deposit
graphene on the surface of other materials such as metal
matrix, semiconductor to form a coating or composite film
X.

In addition the self-assembly method is to utilize the
self-assembly properties of graphene to combine it with
other nanomaterials to form composite structures with
specific functions.

Finally the solution method involves mixing graphene
with other materials in a solution and forming composites
after solution treatments such as solvent evaporation and
heat treatment.

3. Improved Electrochemical Proper-
ties of Graphene Composites

3.1 Graphene Composite with Organic Matter

Graphene and polyaniline composites have improved
electrochemical properties, and E-RGO-12 has a relative-
ly stretched sheet, which provides a larger support surface
for the subsequent in situ polymerization of aniline and

Dean&Francis

WENKAI WEI

improves the utilization of graphene [1].

The PANI network is tightly wrapped around the surface
of E-RGO, forming a “PANI-(E-RGO)-PANI The PANI
network is tightly wrapped around the E-RGO surface,
forming a “PANI-(E-RGO-PANI)” layered structure, with
the individual components connected by covalent bonds,
which has a strong conjugation effect [1].The rough sur-
face of the E-RGO/PANI composites and the pores in
the PANI network are favorable for the electrochemical
process, which increases the active sites for the electrode
reaction, and thus improves the electron transfer rate [1].
In addition this composite is also very green and efficient.
lodoacetic acid can participate in redox reactions in elec-
trochemical environments and exhibit different electrode
potentials. However, iodoacetic acid may decompose un-
der certain conditions, leading to unstable electrochemical
measurements. Nevertheless, graphene composite with
iodoacetic acid can improve the electrochemical perfor-
mance. The composites formed by graphene composite
with iodoacetic acid have high structural quality, and the
carboxyl groups on the surface increase the hydrophilic-
ity and wettability of the material. The enhancement of
graphene nanosheets by iodoacetic acid significantly im-
proved the specific capacitance of graphene and the cycle
stability of symmetric batteries.

3.2 Graphene Composite with Metal Com-
pounds

Graphene and ZnO nanomaterials composite for improved
electrochemical properties, G-ZnO nanocomposites syn-
thesized by a simple one-pot method, which exhibit a
unique folded structure with a high specific surface area
of 143 m /g [2].

The high specific surface area is favorable for enhancing
the capacitance and charge storage capacity of the elec-
trode materials. The assay with 17B-estradiol exhibited a
wide linear range of 0.05-100 M and excellent reproduc-
ibility, while repeated measurements performed by the
researchers found that the RSD of graphene-zinc oxide
composite nanomaterials was less than 3.5% [2].
Graphene and MnO2 composites improved the electro-
chemical properties, and graphene/MnQO2 composites were
prepared by growing MnO2 on the surface of graphene by
water bath method. In addition, the addition of a two-di-
mensional material, black phosphorus, greatly improved
the capacitive properties of this material, and from then
on it had a high specific capacitance and the multiplica-
tion capacity was increased from 52.5% to 80.3% [3].
The application of this material to micro-supercapacitors
can greatly improve the electrochemical properties of the
composite material, thus proving the usefulness of this
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material.

3.3 Graphene Composite with Non-metallic
Compounds

Graphene-based and hydrogel composite for electrochem-
ical performance improvement, graphene nanosheets are
doped into hydrogel matrix, while composite hydrogels
of graphene have emerged as promising materials with
unique properties. Various fabrication methods such as in
situ reduction, physical mixing and chemical crosslinking
have been used for graphene-based composite hydrogel
composites to achieve well-dispersed and interconnected
particle networks [4].

The resulting structures have high surface area, porosity
and tunable pore size distribution, which is essential for
applications such as adsorption, filtration and catalysis
[4]. 1t is also characterized by high electrical and thermal
conductivity and mechanical strength due to the addition
of graphene sheets. The high thermal conductivity of
graphene enhances heat dissipation, making it suitable for
thermal management applications [4].

Graphene reinforcement improves the mechanical
strength, stiffness, and toughness of hydrogels, enabling
them to be used in load-bearing applications such as tissue
engineering scaffolds and wearable devices [4].

However graphene composite with hydrogels produces
materials that enhance their structural integrity, functional
and mechanical properties.

Polymer composites with graphene nanomaterials have
improved electrochemical properties, and polymer com-
posites with graphene produce materials that bring im-
proved stability due to the addition of graphene.

4. Applications of Graphene Compos-
ites

4.1 Batteries

A rechargeable zinc-air battery is a battery that uses zinc
as the negative electrode and oxygen from the air as the
positive electrode. This type of battery has a high ener-
gy density and a long service life. It generates electrical
energy through the reaction of zinc with oxygen, and the
process can be reversed when recharging to recombine the
zinc with oxygen. The advantages of this battery include
high energy density and environmental friendliness, but
the challenge is to improve charging efficiency and cycle
life. In addition, this battery uses graphene-Cu20 as an
air-cathode electrocatalyst cycle and excels in stability [5].
However, graphene also has applications in lithium-ion
batteries. A lithium-ion battery is a rechargeable battery

that utilizes the movement of lithium ions to store and
release electrical energy. Because of their high energy
density, long cycle life and light weight, these batteries
are widely used in devices such as cell phones, laptop
computers and electric vehicles. However, it still has de-
ficiencies in these areas of conductivity, energy density,
charging speed, and cycle life. The composite of graphene
with lithium and silicon in batteries is conducive to further
improving the overall performance of batteries, including
conductivity, energy density, charging speed, and cycle
life.

4.2 Flexible Electronics

Flexible electronics are those electronic devices that can
be bent, folded or stretched. They typically use flexible
materials (e.g., plastic, rubber, or film) as a substrate or
conductive layer, which allows the device to adapt to
different shapes and surfaces without damage. Flexible
electronics are widely used in wearable devices, flexible
displays, smart labels and medical sensors. However, car-
bon nanotubes and graphene are commonly used in flex-
ible electronics, which in turn improves the thermal and
electrical conductivity of flexible electronics [6]. Today
graphene’s piezoresistive and piezoelectric sensing mech-
anisms have been used to create highly sensitive strain
sensors for monitoring joint motion, muscle activity and
respiration. And graphene-based pressure sensors in In-
ternational Journal of Electrochemical Sciences 19 (2024)
100760 have been used in gait analysis, pulse wave moni-
toring and blood pressure measurement[7].

4.3 Capacitors

A capacitor is an electronic component used to store and
release electrical charges. It consists of two conductors
and an insulating material. When a voltage is applied to
the ends of a capacitor, charge builds up on the electrodes,
thus storing energy in the capacitor. Capacitors are wide-
ly used in circuits for filtering, coupling, decoupling and
energy storage. Molybdenum disulfide/hematite/graphene
(Mo0S2/Fe203/G) composite heterostructures can be suc-
cessfully prepared by hydrothermal method and can be
used as electrode materials for supercapacitor devices.

The electrochemical performance of the prepared elec-
trodes is superior to that of pure MoS2 and MoS2/Fe203
composites, and some researchers have shown that the
device can maintain up to 77% of its capacity even after
10,000 cycles, thus the electrodes have significant capac-
itance and excellent cycling performance [8].Finally,ly
graphene doping and Al doping can improve the elec-
trochemical performance of cobalt phosphide to a great
extent in addition to the morphological advantages. At



an adjusted current density of 1 A/g, this new material
recorded an excellent specific capacity of 312.3 mAh/g,
which is relatively high compared to bare Al-CoxP, with a
considerable capacitance retention of 87% (40 A/g). The
solid-state asymmetric supercapacitor also exhibits excel-
lent cycling stability (90% retention after 10,000 cycles)

[9].

5. Conclusion

Graphene, as a promising two-dimensional material, is
closely related to various aspects of human society, such
as electronic devices, energy storage, sensors, composite
materials, and flexible electronic products. However, there
are still some deficiencies in the electrochemical perfor-
mance of pure graphene, so we composite organic, metal-
lic and non-metallic compounds with graphene. This opti-
mises the graphene structure, increases the specific surface
area, and improves the electrical conductivity to make up
for its deficiencies in electrochemical performance and
enhance its advantages in electrochemical performance.
However, this paper shows that most of the enhancement
of electrochemical properties of graphene composites with
organic and non-metallic compounds is due to the addition
of graphene to these two compounds, while the materials
formed by graphene composites with metallic compounds
greatly improve their electrochemical properties due to
the addition of metallic compounds.

Nevertheless, large-scale commercialization of graphene
composites still faces a number of challenges, including
high-cost production processes and standardization of ma-
terials.

However, with technological advances and improved pro-
duction methods, graphene has a very promising future.
With the advancement of technology, the production cost
of graphene has gradually decreased, making its feasibili-
ty in large-scale applications greatly improved. New pro-
duction methods will also promote the mass production of
graphene. This material will find greater potential in elec-
tronic devices, energy storage, medical, and aerospace.
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