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Abstract

The derivative graphene oxide (GO) is made of graphene, which is a layer of carbon atoms organized
in a hexagonal lattice that is one atom thick. Graphene oxide possesses remarkable properties like high
surface area, excellent mechanical strength, and electrical conductivity, making GO a material of
interest for a wide range of applications. The synthesis of nano graphene oxide (nGO) involves
oxidation that introduces oxygen functional groups onto the surface of the graphene sheet, making it
dispersible in water and other solvents. This review provides an in-depth exploration of the various
methods for synthesizing nano graphene oxide, the characterization techniques used to analyse its
properties, and its potential applications in thermoplastics. The focus is on how nano graphene oxide
can be integrated into thermoplastics to enhance their mechanical, electrical, and thermal properties,
thus opening new opportunities for their use in various industries.
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INTRODUCTION

The remarkable properties of graphene led extensive research into its various derivatives, especially
graphene oxide (GO), which has similar properties as that of Graphene but with increased functionality
due to the presence of oxygen-containing groups. Nano Graphene Oxide (nGO), a nanomaterial form
of GO, plays a key and crucial role in the development of advanced materials, particularly in polymer
composites. The unique structure and properties of nGO, such as high surface area, flexibility, and the
ability to interact with other materials, make it a potential candidate for incorporation into thermoplastic
polymers matrix. Thermoplastics are a popular class of polymers that become soft and mouldable at
elevated temperatures and solidify upon cooling.

It is anticipated that adding nGO to thermoplastics will greatly enhance their mechanical, thermal,
and electrical characteristics. This review explores
the various methods of synthesizing nano graphene
oxide, the characterization techniques used to
analyse nGO, and its applications particularly in
thermoplastic materials.
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NANO GRAPHENE OXIDE SYNTHESIS

Graphite undergoes oxidation to produce
graphene oxide. The procedure entails applying
functional groups that include oxygen, such as
hydroxyl, carboxyl, and epoxy groups, to the edges
and basal plane of graphene sheets. Several methods
for the synthesis of nano graphene oxide are
available, each having its own of advantages and
challenges. Brief details of each methods are given
as follows:
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Hummers’ Method

In 1859, Brodie first synthesized GO using potassium perchlorate (KCIO3) in fuming nitric acid
(HNOs) by oxidation of graphite [1]. However, the formation of toxic nitrogen dioxide gas and high
explosive chlorine dioxide gas were big drawbacks of Brodie method. Subsequently, Hummers' method
was developed in 1958 to overcome problems of toxic gas formation, and now is one of the most widely
used techniques for producing graphene oxide from graphite [2]. It entails oxidizing graphite powder
with a solution of potassium permanganate (KMnOs) and sulfuric acid (H2SO4). Because the reaction
is exothermic, it is necessary to carefully regulate the temperature to avoid producing too much heat
and causing an accident. Chemical reaction scheme for synthesis of graphene oxide is given below in
Figure 1.

Graphene oxide with a high degree of oxidation is produced by the Hummers' process. The resulting
graphene oxide is typically brownish in colour and is highly dispersible in water, making it suitable for
a wide range of applications (Figure 1).

Modified Hummers’ Method [3]

The modified Hummers’ method was developed to overcome environmental and safety issues
associated with the original Hummers' method. This modified method reduces the use of hazardous
reagents like potassium permanganate and is a more controlled and safer oxidation process.

Brodie’s Method [1]

Brodie’s method is another technique for synthesizing graphene oxide, which involves the use of
potassium chlorate (KC1Os) in concentrated nitric acid (HNOs) to oxidize graphite. This method yields
a graphene oxide with fewer defects and a different oxygen functional group distribution compared to
the Hummers’ method.

Electrochemical Oxidation [4]

Electrochemical oxidation is a relatively recent method for synthesizing graphene oxide. In this
process, graphite is subjected to an electrical current in an electrolyte solution, leading to the oxidation
of graphite to graphene oxide. This method offers advantages such as high yield and the ability to
control the degree of oxidation by adjusting the applied voltage.

Solvothermal Methods [5]

Solvothermal methods involve heating graphite in a solvent under high-pressure conditions. The
structure and characteristics of the resultant graphene oxide can be affected by the solvent selection and
temperature. This method is particularly effective in producing graphene oxide with specific
characteristics tailored for certain applications.

CHARACTERIZATION OF NANO GRAPHENE OXIDE [6]
The characterization of nano graphene oxide is critical for understanding its properties and
determining its suitability for various applications, including its incorporation into thermoplastics.

H,SO4 + H3PO4
or Dihydrogen
Phosphates

Graphite
Powders

Oxidized
Exfoliation

Figure 1. Hummers’ method.
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The morphology, structure, and characteristics of nGO are examined using a variety of methods. Key
characterization techniques are mentioned below:

Scanning Electron Microscopy (SEM) [7]

Nanographene oxide surface morphology is frequently studied using scanning electron microscopy
(SEM). High-resolution pictures of the nGO sheets may be obtained using SEM, displaying their
dimensions, form, and surface properties. SEM analysis can also provide information about the
dispersion of nGO in composite materials.

Transmission Electron Microscopy (TEM) [8]

Transmission Electron Microscopy (TEM) provides a more detailed view of the internal structure of
nano graphene oxide at atomic resolution. TEM is useful for examining the number of layers of
graphene oxide and the distribution of functional groups on the graphene surface.

Atomic Force Microscopy (AFM) [9]

Another effective method for determining the thickness and texture of individual graphene oxide
sheets is Atomic Force Microscopy (AFM). AFM allows for the measurement of the nanoscale
dimensions of nGO and the determination of its surface roughness.

X-ray Diffraction (XRD) [10]

The crystalline structure of nano graphene oxide is examined using X-ray diffraction (XRD). The
XRD pattern of graphene oxide typically shows a prominent peak corresponding to the interlayer
spacing of the graphene sheets, which provides information about the level of oxidation and the
presence of functional groups.

Fourier Transform Infrared Spectroscopy (FTIR) [11]

Nanographene oxide's surface functional groups are examined using Fourier Transform Infrared
Spectroscopy (FTIR). The FTIR spectrum typically shows peaks corresponding to hydroxyl (-OH),
carboxyl (-COOH), and epoxy (-C-O-C-) groups, providing insights into the chemical composition of
the material.

Raman Spectroscopy [12]

Raman spectroscopy is widely used to investigate the structural characteristics of graphene oxide. It
provides information about the degree of disorder in the graphene sheets and the presence of different
functional groups. The D and G bands in the Raman spectrum are commonly used to assess the
structural integrity of nGO.

X-ray Photoelectron Spectroscopy (XPS) [13]

The elemental makeup and chemical state of the elements in nano graphene oxide are ascertained by
photoelectron spectroscopy (XPS). XPS provides valuable information on the distribution of oxygenated
groups, including hydroxyl, carboxyl, and epoxy groups, on the surface of nGO.

APPLICATIONS OF NANO GRAPHENE OXIDE IN THERMOPLASTICS [14-25]

Thermoplastic polymers are widely used in industries such as automotive, electronics, packaging,
and construction due to their ease of processing and versatility. However, these materials often have
limitations in terms of mechanical strength, thermal stability, and electrical conductivity. The
incorporation of nano graphene oxide into thermoplastic matrices has shown promise in overcoming
some of these limitations. Below are the primary applications of nGO in thermoplastics:

Mechanical Property Enhancement [26]

The mechanical characteristics of thermoplastics can be greatly enhanced by adding nanographene
oxide. nGO acts as a reinforcing agent within the polymer matrix, increasing the tensile strength,
modulus, and impact resistance of the composite material. Strong interactions with the polymer chains
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are made possible by nGO's huge surface area and high aspect ratio, which improves load transmission
and overall mechanical performance.

For instance, the addition of nGO to polycarbonate (PC) or polylactic acid (PLA) has been shown to
improve their tensile strength and fracture toughness. The strong hydrogen bonding between the
oxygenated groups on the nGO surface and the polymer matrix leads to better interfacial bonding,
enhancing the overall mechanical properties.

Thermal Conductivity and Stability [27]

Nano graphene oxide can significantly improve the thermal conductivity and stability of
thermoplastic materials. The high intrinsic thermal conductivity of graphene is retained in nGO,
enabling the efficient transfer of heat through the polymer matrix. This is especially helpful in areas
like electronics and automotive components where heat dissipation is essential.

Furthermore, nGQO's oxygen functional groups contribute to thermoplastics' increased heat stability.
The addition of nGO can reduce the degradation rate of the polymer when exposed to high temperatures,
thus increasing the longevity of the material.

Electrical Conductivity [28]

Graphene oxide has semiconducting properties, and when incorporated into thermoplastics, it can
impart electrical conductivity to otherwise insulating materials. This is particularly beneficial in
applications where static dissipation, electromagnetic shielding, or conductive pathways are required.

By controlling the concentration and dispersion of nGO, thermoplastic composites can be engineered
to achieve specific electrical conductivity levels. For example, nGO-filled polyvinyl alcohol (PVA)
composites have been shown to exhibit improved electrical conductivity, making them suitable for use
in sensors, electrodes, and other electronic devices.

Barrier Properties [29, 30]

Thermoplastics often suffer from poor barrier properties against gases and liquids. The incorporation
of nano graphene oxide into the polymer matrix can enhance the barrier properties by reducing the
permeability of the material to gases such as oxygen, carbon dioxide, and water vapor. In packaging
applications, where enhanced barrier qualities prolong product shelf life, this is very helpful.

nGO-filled polymer films have been studied for their potential use in food packaging, where
enhanced barrier properties can improve the preservation of food products by preventing the ingress of
moisture and oxygen.

Flame Retardancy [31]

The addition of nGO to thermoplastic polymers has been shown to enhance their flame retardancy.
Nano graphene oxide can promote the formation of a protective char layer during combustion, which
helps in reducing the spread of flames and limiting the release of toxic gases. This is particularly useful
in applications requiring fire-resistant materials, such as in electronics, automotive, and construction.

Studies have demonstrated that nGO can significantly reduce the flammability of thermoplastics like
polypropylene (PP) and polystyrene (PS), making them more suitable for fire-sensitive applications.

Environmental Sustainability [32]

Thermoplastics derived from renewable resources, such as bioplastics, can benefit from the
incorporation of nano graphene oxide to enhance their mechanical and thermal properties. nGO can also
help in reducing the amount of plastic waste by improving the recyclability and durability of the material.
Additionally, graphene oxide’s ability to act as a filler and improve the overall performance of polymers
can lead to a reduction in the use of other, more expensive or environmentally harmful materials.
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CONCLUSION

A very adaptable substance, nano graphene oxide finds extensive use in thermoplastics. Through
various synthesis methods, such as Hummers' method, modified Hummers’ method, and
electrochemical oxidation, nGO can be produced with varying degrees of oxidation, functionalization,
and dispersion. Its characterization through techniques like SEM, TEM, XPS, and Raman spectroscopy
provides valuable insights into its structure and properties.

When incorporated into thermoplastics, nano graphene oxide can significantly enhance the
mechanical, thermal, electrical, and barrier properties of the polymer matrix. It can be used in a wide
range of industries, including as construction, electronics, automotive, and packaging. The ability to
tailor the properties of thermoplastic composites by adjusting the concentration and dispersion of nGO
offers tremendous potential for developing advanced materials with improved performance.

As research continues into the synthesis, characterization, and application of nano graphene oxide,
its role in the development of high-performance thermoplastics will likely expand, offering new
possibilities for the design and manufacture of next-generation materials.
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