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ABSTRACT 
The unique properties of Graphene-based nanocomposites have attracted numerous investigations in the field of 

materials science from supercapacitors to drug delivery applications. Graphene has received attention as a probe or 

electrode material source for supercapacitors because it consists of low electrical resistance, large electrolyte 

accessibility based on the larger surface area and chemical stability. The extra properties of graphene show some 

promising application such as optical electronics, composites and others. Supercapacitors are able to store more 

energy and can be fully charged / discharged at high speeds. This review has been mainly focused on the following 

points namely synthesis route of Graphene which consists of Bottom-Up and Top-Down approaches, are more 

difficult and hindering the massive production of graphene. We have also discussed the different techniques utilized 

for the synthesis of reduced graphene oxide namely thermally, hydrothermally, partially and electrochemically 

reduced graphene oxide and its electrochemical behavior. Analysis of these results inferred the specific capacitance 

in the range of 220,223.6, 225 and 230 F/g (acid and neutral). The characterization of Graphene/Nanocomposites by 

RAMAN, FTIR, SEM and TEM analysis were also reviewed and found to be suitable for supercapacitors. In this 

review, the current development of the synthesis route of graphene oxide and its composites with future prospects is 

presented and discussed. 
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INTRODUCTION 
Supercapacitors or ultracapacitors have attracted the attention of researchers globally due to high energy 

density, a long life-cycle and the compatibility with the environment compared to traditional batteries. It 

consists of electrodes, current collectors; an electrolyte and binder are the promising energy loading 

systems for the required applications of high energy density, high reliability, high power, long-term 

operating stability, size and weight, low cost, low level of heating, security, etc. Its power capabilities 

enable supercapacitors to link the space between the batteries of conventional and power necessities in 

terms of capacitors. 

The need for intensive investigations is emphasized by highlighting the fact that current technologies fall 

short of the performance requirements expected for several existing as well as emerging applications. 

Understanding of molecular-level and interfacial processes that are fundamental to the working and 

failure of these systems, it is necessary that the systems be revisited with the aid of new analytical and 

characterization tools. Similarly, critical technology gaps must be addressed through new synthetic and 

processing strategies, engineering design and system modeling, and by pushing materials to their stability 

limits and tapping into new knowledge on Nano- and multi-functional materials. Graphene produced by 

expansion of graphene oxide (GO) thermally at elevated temperatures or at low temperatures relatively 

but under vacuum was used in the supercapacitor electrode. Reduced graphene oxide, a unique class of 

two-dimensional carbon nanostructures, has recently emerged as an outstanding candidate for the super-

condensing material of electrode due to chemical stability, thermal stabilization, large electrical 
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conductivity, broad surface electrochemical window. In the electrochemical surface oxidation route, high-

quality graphene oxide was produced on the surface of the graphite rod1. Graphene oxide is synthesized 

through the chemical route where the presence of various oxygen functional groups is 

identified2.Furthermore, the reduced GO (rGO) can be prepared on a huge scale at low cost. Several 

information is available on the rGO with dissimilar methods and the yields of rGO supercapacitors vary 

significantly in each case. 

 

Synthesis of Graphene Oxide 
Currently, the main graphene mass production methods focus on the solution-based redox chemical 

reaction. Graphite oxidation introduces a number of functional oxygen groups attached to its plane or its 

basal edges, which makes hydrophilic (GO) sheets to form steady aqueous or neutral colloids. However, 

graphite becomes an insulator gradually on the oxidation process, as a portion of hybrid planar sp2 

geometry transformed into distorted sp3 hybridized geometry series that loses its perfect electronic 

properties. As a result, GO reduction is absolutely necessary to recover "lost" of the electrical 

conductivity for useful claims. Furthermore, the property of hydrophilic of the GO sheets enables 

anchoring of metal oxide nano particles in an rGO idea for the production of MO / RGO compounds with 

outstanding electrochemical performance. Numerous approaches have been established to produce 

physically and chemically reduced graphenes, such as electrochemical exfoliation, thermal growth from 

silicon carbide and chemical vapor deposition. Of these, the solution-based approach is considered the 

most favorable for large scale production. Low-cost supercapacitors made from ecologically approachable 

materials in use of flexible, portable, and single-use low-end products. Current promising production 

methods (LPE, graphene oxide and electrochemical pathway) have their benefits and limits, as tabulated 

in Table-2. 

The exfoliation of GO can be chemically reduced, thermally, electrochemically or microwave assisted the 

process. Most of the reducing agents such as alkaline, ethylenediamine, hydrazine, NaBH4 and urea are 

toxic and explosive raise to serious protection and green problems. In addition, the possible stability 

involved in these processes to increase the dispersion of the GO due to their degradation in electronic 

properties. The capacitance, current density, area porosity of carbon from different ancestors for 

grapheme / nanocomposite precursors tabulated in Table-3. 

 

Synthesis route for Graphene 

By last forty years, several attempts have been made for the large-scale fabrication of pure and flawless 

graphene sheets. Recently, the epitaxial growth method in the carbide and the Chemical Vapor Deposition 

method have revealed promising results for the production of graphene 3, 4. Graphene can be produced via 

sulfur intercalated and thermal exfoliation method and it was used for the fabrication of modified 

electrode 5.Several processes are classified in the "top-down" and "bottom-up" processes. The following 

process describes the synthetic paths for graphene.  

 

Top-down Approach 

This leads to an existing form of bulk material and the creation of the final product. This approach can be 

profitable, depending on the material used. Generally, it is limited to a laboratory scale and has limited 

quality control .In this approach, sheets of graphene are formed by altered separation, peeling, 

delamination or cleavage of graphite derivatives or graphite oxide (GO). However, this process includes a 

large investment and produces relatively low returns. Therefore, the use of  mechanical processes have 

been complicated for the manufacture of high worth graphene without defects namely mechanical 

graphite exfoliation, functionalization, sonication, electrochemically exfoliation, excellent acid solution 

graphite, alkylation of graphene derivatives, chemically reduced  of aqueous graphene oxide / organically 

treated. (IR), thermal exfoliation and chemically reduced of GO. 

A detailed description of graphene synthesis with the method of exfoliation, functionalization and reduced 

together with its use in the manufacture of nano-composites has been broadly evaluated by Potts.et al. 

(2011)6. Likewise, Daniel.et al. (2012)7examined synthesis route of graphene with different sources using 

similar approaches were summarized.  
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Bottom-up Approach 
In this method, the epitaxial development using metallic products or substrates by CVD 9,10,11depending 

on the choice of chemical precursors, thermal degradation and disintegration of SiC8-13. Several other 

processes such as the discharge of arc14-16, chemical conversion16-18, reducing CO19, CNT decompression 
20-24 and self-organization of surfactants 25-27 have it has also been tested for the graphene and their 

derivatives. Out of all these processes, the chemical vapor deposition and epitaxial growth, this produces 

large graphene sheets 28 for the formation of large-scale graphene. Using methods of CVD and epitaxial, 

graphene sheets make their technique into the essential investigation with wide applications from 

electronic systems to polymer nanocomposites. Particularly, graphene oxide, chemically reduced graphite, 

reduced graphene oxide and thermally reduced GO are the ideal applicants for nanocomposite 

applications.The variation of reported specific capacitance and the porous material of carbon derived from 

several nanocomposite precursors based on graphene are represented in Fig.-3. 

Although the bottom-up approach of the combination of graphene has fewer imperfections than the top-

down approach, the activity and methods are much more difficult, hindering the massive generation. Even 

so, the most common way to synthesize graphene is an upside plan because it offers unbelievable 

potentials for increasing the atomic size, composition, shape, stability and graphene edge structure. The 

annual number of publications of the graphene / nanocomposite data reported is represented graphically in 

Fig.-4. 

 

Synthesis of Graphene-based Nanocomposites in the Application of Supercapacitors 

Methods of Synthesis of Graphene 

Most of the research studies conducted so far has focused on electronic mobility, which is determined by 

the dispersion of charged impurities and others inhomogeneity in graphene due to unique electronic 

properties29.In the subsequent paragraphs, we discuss the different techniques utilized for the synthesis of 

reduced graphene oxide. The various methods are illustrated below: 

• Hydrothermally reduced graphene oxide 

• Partially reduced graphene oxide  

• Electrochemically reduced graphene oxide  

• Thermally reduced graphene oxide 

Hydrothermally Reduced Graphene Oxide  

An environmentally simple and well-ordered hydrothermally dehydration pathway has been reported to 

convert GO into steady graphene solution30. The treated hydrothermally GO was characterized by UV-

visible spectroscopy, atomic force microscopy, Raman spectroscopy, XPS and 13C NMR spectra 

Compared to the hydrazine chemical reduction process, the current "water only" route has the benefit of 

eliminating the GO oxygen functional groups and restoring the aromatic structures. The result indicates 

that by controlling the hydrothermal temperatures, we can adjust the physical properties of graphene 

oxide and achieve the tunable optical limitation performance. 
 

Partially Reduced Graphene Oxide 

Graphene oxide is partially reduced, what is known as partially reduced graphene oxide (PR-G) from 

natural and synthetic graphite as the material of an electrode for super condensers in Et4NBF4 1M in 

acetonitrile electrolyte31. The outcome of the results indicates the initial specific capacity of all samples 

was negligibly small around the latent or potential of the open circuit, which was in agreement with the 

small BET surface of the rGO powder of about 5 m2 / g. On the first cycle of potential, an electrochemical 

activation occurred at a specific capacity at 220 F/g for the samples which have a graphene film/layer 

space of 0.44 nm. So, it was found that the potential for the reaction of anodic and cathodic, the 

electrochemical activation is a purpose of the graphene oxide layer distance. The results reveal that both 

natural and the unreal or synthetic graphite are the good materials for the preparation of GO-based 

electrodes. 
 

Electrochemically Reduced Graphene Oxide 
GO is reduced electrochemically known as ER-G have been analyzed32. ER-G is characterized by the 

scanning electron microscope, transmission electron microscopy, XPS and X-ray diffraction. The results 
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of ER-G presented an electrochemical capacitance and life-long cycle carbon nanotubes (CNT) and also 

chemically reduced graphene. The specific capacity measured by cyclic voltammetry 20 mV/s is about 

165, 86 and 100F/g for ER-G, CNT and chemically reduced graphenerespectively. The reduction of 

oxygen and hydrogen peroxide by electrochemical is significantly improved in ER-G electrodes 

compared to CNT. Therefore, ER-G shows the promising characteristics for uses in, biosensors, and 

energy storage and electro catalysis. 

The electrochemical reduction of graphene oxide was carried out by a quick, efficient and friendly 

electrochemical method with the cyclic potential and environment, without using any reduction reagent 33. 

ERGO were characterized by measurements of the UV-Vis, EIS and zeta potential. However, some 

electrochemically stable residues remain, which allows ERGO to facilitate the penetration of electrolytes 

and pseudocapacitance. Since ERGO easily stabilized by the bicycle the cathode potential, it exhibits 

exceptional stability in the life cycle. The results indicate that the specific capacity of 223.6 F/g was 

achieved 5 mV/s, which causes the ERGO is a competitive system for electrochemically drive storage 

material. 
 

Thermally Reduced Graphene Oxide 
In this work the effect of the temperature by reduction on graphene oxide was investigated 34. After 

performing, at precise temperatures of 200, 600 and 1000°C, the changes of crystallographic and 

morphological were determined by different methods of analysis. The results indicate that the 

morphological and structural analyzes indicated a more structure of compact with a smaller superficial 

area and more defined graphitic structure. The rGO were used as super-condensing electrodes and 

examined with various electrochemical techniques. The results propose that the capacity exhibited 

increased to 600°Cbefore falling sharply to 1000° C. This leads to the ionic layer of compact graphene 

limited accessibility. 

Three types of rGO were prepared by reduction of hydrothermal at dissimilar conditions of pH and their 

pseudo-capacitive performance is evaluated using whole cell supercapacitor devices 35. It was found that 

pH values have a major impact on the act of the supercapacitors, reaching the highest specific capacity 

value reported for the rGO hydrothermal supercapacitors. The result revealed that the graphene formed in 

the basic solution (graphene doped with nitrogen) has mainly a double layer behavior with a capacity of 

185 F/g, while graphene produced under neutral or acid conditions shown both pseudo capacitive as 

behavior with specific capacity of 225 F/g (acid) and 230 F/g (neutral), respectively, at a constant current 

density of 1A/g. Therefore, it indicates that HTrGO-B has mainly shown an EDLC performance with less 

specific capacity. 

Graphene Oxide (GO) reduction is a capable low-cost synthetic method to majority graphene, which 

offers a nearby path to transparent conductive films and flexible electronics. Here, a strategy for real-time 

repair is presented from the thermal decomposition of an adequate precursor 36. The conductivity of the 

monolayer graphene plate thus obtained has been increased more than six times to 350-410 S/cm (which 

retains a transparency> 96%). The result from XPS and Raman spectroscopy shows that the improvement 

in conductivity leads to the development of sp2-Carbon structures additionally. This technique provides a 

simple and effective process for extremely transparent and conductive graphene films. 

Preparation of huge amount of graphene materials is based on oxidation of graphite oxide graphite and 

exfoliation of graphite oxide thermally to TR-GO 37. Six graphite materials were characterized in the 

series of particle sizes and TR-GO material products prepared by using scanning electron microscopy, 

Raman spectroscopy and photoelectron spectroscopy result indicated the absence of correlation between 

the length of the unique graphite and the nature of the resultant material of TR-GO, such as the density - 

surface defects, the amount of oxygen-containing groups or the heterogeneous electronic transfer rate 

(HET).A positive match between the HET speed and the high density of defects, as well as a low amount 

of oxygen functionality. The result reveals that there is an influence in the practical production of 

graphene for applications in sensors and energy storage devices. 
 

Synthesis of Reduced Graphene Oxide From Surfactants 

Graphene materials stabilized with graphene surfactant oxide intercalation with different surfactants, 

tetra-butyl ammonium hydroxide (TBAOH), cetyl-trimethylammonium bromide (CTAB) and dodecyl 
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benzene sodium sulfonate (SDB) followed by reduction was prepared with hydrazine 38 . The materials 

were characterized and found that the surfactants were successfully inserted into GO and rGO. The 

stability of morphology of the single layer or few layers of sheets of graphene during the reduction and 

the existence of surfactants in the materials of graphene can also increase on the wet nature of the 

superficial of graphene and thus recover its routine or performance as a superconducting electrode. The 

results show that when graphene is used as electrode materials for a supercapacitor, the high specific 

capacitance of 194F/g was obtained at the density of 1 A/g in 2M H2SO4electrolyte. 

Solid wood-based superconducting solid state using reduced graphene oxide (GRO) coated with a 

wooden cross-section (WTSS) as an electrode material for the first time with an economical, ecological 

and modest method 39. The WTSS RGO coated electrode has a 3D porous honeycomb-shaped frame due 

to the substrate WTSS hierarchical cell structure and functionalize as an electrolyte reservoir. The results 

show that the electrode with good capacitance behavior and excellent cycle stability of 98.9% retention 

capacity after 5000 cycles. Supercapacitors show very noble mechanical flexibility and maintain constant 

capacitive behavior almost under different conditions. It also features an innovative and environmentally 

friendly design for electrodes in the future storage of flexible material energy devices that closely 

resemble natural materials. 

Thiophene, chemistry reducing dual function agent were used to produce the reduced graphite oxide 

following the chemically reduced GO and the healing of rGO 40. The resultant nanosheets of impurities 

did not contain nitrogen or sulfur, which was highly oxygenated and shows a healing effect (surface 

damage/cracks in the surface). Therefore, the electrical behavior of the rGOCT was prepared more to 

those of the conventional GRO produced with hydrazine requiring difficult reaction conditions. From the 

result, it is shown that the experimental work of XPS, XRD, TGA, TEM, Raman spectra and AFM reveal 

the high-quality GRO formation. The result reveals that the new double-reduction and healing method 

that uses thiophene saves energy and enable the marketable large production of high-quality graphene. 

In this study, GO and irradiated graphene oxide was characterized respectively by X-ray diffraction, 

Raman spectroscopy and photoelectron spectroscopy by an electron beam with an absorbed dose, the 

structural effects were studied in graphene oxide (GO)41. From the results, it indicates that the distance 

between the layers oxide of graphene decreases due to the percentage change in the functional group and 

the reduction effect. Even the graphics structure of GO was slightly disordered. Furthermore, the samples 

were partially reduced after irradiation and irradiation with GO electron beam performed to be a favorable 

process for the large-scale production of graphene. 

 

Graphene Sheets 
In recent years, especially carbon nanosheets (CNS) consist of tubular structure similar to the open-walled 

carbon nanotube 42. Graphene nanosheets (GNS) have also attracted considerable attention because of 

their unique properties. These nanosheets are obtained by wrapping spiral graphene sheets systematically 

and high carrier mobility, mechanical strength, and thermal conductivity. Analysis samples were used to 

express the energy of the (16, 0) GNS band and the controlled Fermi energies were modeled in degenerate 

and non-degenerate energies. The model revealed that degenerated and non-degenerate approaches can be 

used for normalized Fermi energies above 3 and below -3, respectively. 

Graphene plates with different levels of reduction were formed by thermally reduced of graphene oxide at 

the temperature of 200-900°C 43. The effects of spacing between the layers, the oxygen content, the 

surface area and the degree of disorder in their specific capacity are systematically explored. From the 

results, it emerges that the difference of oxygen-containing groups has been indicated as an important 

factor which affects the act of the pyrolytic graphene EDL capacitor. A maximum capacity of 260.5 F/g at 

a charge / discharge current density of 0.4 A/g was obtained for the thermally reduced sample at about 

200°C. 

The mechanism for expansion of graphite oxide thermally to produce functionalized sheets of graphene 

by the detailed analysis provided 44. Exfoliation occurs when the rate of decomposition of the epoxide and 

hydroxyl groups of the graphite oxide which exceeds the rate of diffusion of the released gases, producing 

pressures exceeding the Vanderwaals forces holds the graphene sheets together. As a consequence of their 

rough nature, the defective and graphene sheet which was functionalized will not be reduced again into 



 
  Vol. 12 | No. 1 |214 - 231| January - March | 201 

219 
NANOCOMPOSITES OF GRAPHENE AND ITS DERIVATIVES                                                                                                     P. Divya et al. 

graphite oxide, but they are highly agglomerated. After ultrasonic dispersion in suitable solvents, 

statistical examination using AFM indicates that the 80% of the flakes observed. 

For the manufacture of individual sheets of graphene functionalized through the exfoliation of graphite 

oxide thermally has been described 45. The process produces a crumpled sheet structure from the reaction 

sites in the processes of oxidation and reduction. The topological characteristics of the individual sheets 

were measured by AFM, which indicates that the predictions correspond to the atomistic models of the 

first principles. It suggested that the growth of new materials such as electrically conductive polymers and 

ultracapacitors. 

Graphene nanosheets (GNS) were prepared from graphite (artificial) by oxidation, fast expansion and 

ultrasonic treatment 46. The structure and electrochemical performance GNS as anodic material for the 

lithium-ion systematically examined by high-resolution transmission electron microscopy, scanning 

electron microscopy, X-ray diffraction, infrared spectroscopy, Fourier transform spectroscopy and 

electrochemical test techniques. The result indicates that the GNS shows great reversible capacitance of 

672 mAh/g and good-cycle performance. The current density exchanged with increased GNS with the 

progress of the number of cycles that show the peculiar electrochemical performances. A supercapacitor 

based on electromagnetic graphene chemistry showed specific capacitance as tabulated in Table-1. 

 
Table-1: A supercapacitor based on electromagnetic graphene chemistry 

Chemistry of  Graphene 

Radiation Neutral Electrolytes in F/g Organic Electrolytes in F/g 

Electromagnetic 99 135 

Microwave 190 120 

 

Two types of graphene sheets were functionalized by exfoliation (graphite oxide thermally) 47. The first 

type of these graphene sheets was obtained by exfoliation of low-temperature graphite oxide in the air. 

The second type was prepared by carbonization of the first kind of graphene sheets functionalized at a 

higher temperature in N2. The result suggests that scanned electron micrograph images show that both 

types of samples have nanoporous structures. The results of the BET analysis indicate that both types of 

samples have high BET surface areas. The results of the electrochemical tests indicate that the specific 

capacitance of the functionalized graphene sheets of electrolyte KOH about 230 F/g and the specific 

capacitance values of the second kind of (functionalized) graphene sheet have high surface area about 100 

F/g, the result revealed that the second category has a higher retention capacity at a high current density 

because of its good conductive behavior. 

A high-quality graphene plate was formed from graphite powder by oxidation which was by fast thermal 

development in a nitrogen atmosphere 48. The process was studied by X-ray diffraction (XRD), infrared 

spectroscopy, Fourier transform (FTIR), and Raman Brunauer-Emmett-Teller (BET) spectroscopy. The 

morphology examination of graphene sheets was characterized by scanning electron microscopy (SEM) 

and high-resolution transmission electron microscopy (HRTEM). The electrochemical study was 

performed in coin-type cells compared to lithium. The results indicate that the graphene sheets have a 

surface area consisting of a wrinkled thin structure, fewer layers of layers and high surface area of 492.5 

m2/g. The reversible specific capacitance of the graphene sheets was 1264 mAh/g. Even with a huge 

current density of 500 mA/g, the reversible specific capacitance was sustained at 718 mAh/g. After 40 

cycles, the reversible capacitance was performed at 848 mAh/g at 100 mA/g. These results show that the 

extraordinary quality graphene sheets prepared have excellent electrochemical development for lithium 

storage. 

The reduction of the colloidal suspension of the exfoliated sheet of GO in water with hydrate hydrazine 

leads to the accumulation and subsequent formation of a carbonaceous material with high surface area, 

which has a sheet on the base of their thin graphene 49. The reduced material is determined by elemental 

analysis, heated gravimetric analysis, electron microscopy, NMR spectroscopy, Raman spectroscopy and 

measurement of current. The results of the characterization show that the reduced graphene oxide 

specifies the treatment of hydrazine leads to the production of conjugated and unsaturated carbon atoms, 

which confer electrical conductivity. The result shows that the reduction of the GO sheets expanded with 
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hydrazine in water, results in characteristics of the graphite material that are analogous to those of the 

uncontaminated graphite. 

The step-by-step controllable reduction of individual graphene oxide sheets thermally, combined into 

multi-terminal field effects devices was performed at low temperatures of 125-240° C with electrical 

measurements 50. The result reveals that the symmetric electron- and hole-type dependences were 

observed. The conductivity of each fabricated systems depends on the reduction level that enlarged more 

than 106 times as the reduction progressed, the power of the external electric field, the density of the 

current and the temperature was observed. 

Supercapacitors, conserving the electrical charge in high surface conductive materials. Chemical 

activation using expanded graphite oxide has been synthesized porous carbon having a surface area up to 

3100 square meters/gram, shows low oxygen, large electrical conductivity and hydrogen content 51. This 

sp2-bond of carbon consists of continuous 3D-network of many curved walls, with only one atom and 

formed mainly with nano-wide pores. The super condensed cells with two electrodes built with this 

carbon have produced high values of gravimetric capacity and energy density with liquid organic and 

ionic electrolytes and this carbon is easily scalable at the industrial level. Using this type of simple 

activation process has already been commercially proven AC, can be done for a-MEGO and a-TEGO 

production scale production for advanced energy storage systems/devices in a short period. 

Catalytic activation of carbon materials recently used to prepare porous graphene-like (PG) materials with 

a large surface area and outstanding electrical conductivity for supercapacitor applications 52. The 

influence of morphologies and carbonaceous precursor structures on the structure and on the 

electrochemical assets of PG products has been studied. The result shows that using hollow microspheres 

with carbonaceous precursor thin walls, is obtained with PG large specific area, pore structure and high 

abundant graphitization degree exhibits the large specific capacitance and outstanding cyclic stability. 

This approach not only provides a real way to synthesize high porous graphene materials for 

supercapacitor applications but also shows great potential in other applications, such as catalysis and gas 

adsorption. 

Compounds of highly dispersed Si nanoparticles between graphene sheets and maintained by a 3D 

complex formed by reconstituting graphite stacks region shows superior memory capacities of Li-ion and 

cyclic stability 53. The result shows that the electrode was prepared with a storage capacity of 42200 mA h 

/g after 50 cycles and 41500 mA h/ g after 200 cycles which decreased by 0.5% per cycle. The results also 

show that Si nanoparticles are well dispersed in the graphene compound, and a part of graphene sheets 

reconstitutes the graphite to form a highly conductive 3-D continuous network also functions as a 

structural scaffold to anchor graphene plates that will hit and will trap the Si nanoparticles. 

 

GO Hydrogels 
The easy and scalable method for the formation of hydrogels reduced GO through the electro deposition 

of GO and its high-performance super-condensing electrode.54 The results indicate that the systems 

exhibited a specific capacitance of 147 and 223 F/g at a density of 10 A/g using H2SO4 and hydroquinone 

as redox electrolytes. ERGO has exhibited excellent specific capacity, speed performance, and cycling 

stability. The results demonstrated the great potential of hydrogel ERGO as a favorable electrode material 

for high-performance supercapacitors. 

A new and controllable way for producing a robust and high performance of 3D graphene structures has 

been carried out by a crosslinking reaction is between GO and EDA causing a large area of the highly 

conductive surface and a graphene hydrogel solid 3D network oxide.55 The reduced hydrogel of graphene 

oxide is produced by a cross-binding reaction with ethylenediamine followed by hydrazine reduction. 

From the results, it indicates that the material shows a large conductivity of 1351S/m and a surface of 

745m2/g. When it is used as an electrode, it shows a high specific capacitance of 232 F/ g. 

 

GO Films 
The conductivity of the GO films using reducing agents is modified56. The effect of reducing agents on 

the film strength of GO films has been described. It was found that the conflict of the reduced graphite 

oxide film layer using sodium borohydride is lesser than the films reduced with hydrazine (N2H4). The 
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results indicate that there is a formation of C-N groups in the case of N2H4which may act as donors 

compensating the whole carriers in reduced graphite oxide. Generally, the reduction of NaBH4, the 

distance of the intermediate layer is slightly expanded before forming in-between boron-oxide complexes 

and then constricted by gradual hydroxyl and carbonyl groups together with the boron-oxide complexes. 

Comparable to that of dispersed graphene, the fabricated conducting film comprising a NaBH4-reduced 

graphite oxide reveals a sheet-like resistance structure. 

A standard DVD Light Scribe optical drive was used to perform the direct laser reduction of oxide films 

on graphene57. The produced film is mechanically robust, showing large electrical conductance of 1738 

Siemens/ meter and an area of 1520 square meters/gram and used directly as electrodes without the 

current collectors or binders, as in the event of ECs conventional. The results revealed that procedures 

made with these types of density electrodes exhibit very high energy ethics in dissimilar electrolytes 

while upholding a great power density and outstanding EC cycle stability. Furthermore, these ECs 

maintain brilliant electrochemical properties under high powered pressure and therefore promise a high 

power flexible electronics. 

 

Composites of Graphene 

Graphene/Polymer Composites 
A pigment-cellulose nanofibrils (PCN) compound has been used as a separation substrate in graphene and 

CNT printed super capacitors 58. Compounds typically consisted of 80% and 20% of pigment and 

cellulose nanofibrile (CNF) respectively. The assets of these substrates from the selection of raw 

materials and their relative proportions can be varied. A semi-manufacturing scale trial line has been 

fruitfully used to produce flat, flexible and nanoporous composite materials and their performance has 

been evaluated on a dual-function separator-substrate element in the supercapacitors. The result shows 

that the nano-structure carbon films on the composite functions simultaneously as high active surface 

conductors and existing collectors.  

The graphene oxide / polyaniline compound (GO / PANI) was equipped by the electrochemical  

co-deposition-method59. The different GO mass concentrations were used to improve electrochemical 

performance. The morphology studies of the SEM and TEM images represents the nanofibers were not 

only coated on the apparent but also interspersed with GO sheets. From the results it follows that the 

maximum of the GO-specific PANI-specific capacity reached 1136.4 F/g with a graphene oxide 

concentration of 10 mg/L at a scanning speed of 1 mV/s, which is almost twice the greater of PANI 484.5 

F/g. The GO / PANI compound also showed good cyclic strength, the initial capacitance retained 89% 

after 1000 cycles. One result indicates that GO/PANI compounds can develop the excellent high 

performance of electrode materials with a versatile, efficient and environmentally friendly method. 

The conducting polymers poly-3, 4-ethylene dioxythiophene (PEDOT), polyaniline (PANi), and 

polypyrrole (PPy) 60 were coated directly on the superficial of the reduced oxide graphene sheets (RGO) 

by an in-situ polymerization process for preparing RGO-polymer nanocomposites with different fillers of 

conducting polymers. The result indicates that the ethanol shows a significant part in attaining an even 

polymeric coating on GRO sheets. The electrochemical assets of the composite materials have been 

considered using voltammetry and loading / unloading techniques. From the results, it indicates that the 

compound consisting of GRO and PANI (GRO-pani) has a capacitance of 361 F/g at a density of 0.3 A 

/g. The compounds of PPy and GRO (GRO-PPy) and PEDOT (GRO-PEDOT) showed specific capacities 

248 and 108 F/g respectively at current density. A good capacitive performance polymeric conductive 

composites GRO is credited to the contributions of both the EDLpseudocapacitance capability with the 

good electrical conductivity of the composites. 

The production, application and characterization of graphene (G) and polyethylene dioxythiophene 

(PEDOT) nanocomposites used as an electrode material for applications of supercapacitors 61 have been 

studied. The G-PEDOT nanocomposite was formed by the technique of chemical oxidative 

polymerization. It was characterized by scanning electron microscopy (SEM), transmission electron 

microscopy (TEM), Raman spectroscopy, FTIR spectroscopy, X-ray diffraction, electrochemical 

impedance spectroscopy (EIS) and cyclic voltammetry (CV) techniques. The result illustrates the 

nanocomposite electrochemical characteristics in dissimilar electrolytic condition and the capacitance of 
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discharge has been estimated at 374 F/g. This work demonstrated capacitance of electrode studies in the 

G-PEDOT with respect to material stability, specific capacity, electrical conductivity and specific charge / 

discharge properties of electrodes. 

A new graphene-polyaniline nanocomposite material synthesized with the technique of chemical 

precipitation is described as a material of an electrode for supercapacitors 62. Graphene (G) and 

polyaniline (PANI) nanocomposite film was mixed in NMP and characterized by Raman spectroscopy, 

FTIR, scanning electron microscopy, transmission electron microscopy and CV techniques. The structure 

of the composite was detected using different proportions of a monomer of graphene and aniline. It is 

produced using G-PANI in N-methyl-2-pyrrolidone (NMP) and G-PANI- films in graphite electrodes. A 

capacitance of 300-500 F /g at 0.1 A/g is observed on the graphene-PANI nanocomposite materials.  

Nanocomposites to develop high-performance graphene, control of the interface and the graphene was 

dispersed in the polymer is a challenge for its strong cohesive energy and surface inertia.  

To functionalize the GO with 4-aminophenoxyphthalonitrile with poly-arylene ether nitrile 

to prepare the nanocomposite films 63.The characterization studies of FTIR, Raman spectrum and the 

atomic force microscope (AFM)to examine the functionalization of the graphene oxide surface. The 

resulting nanocomposite-PEN with 0.75% by weight of functionalized nitrile, revealed a 27% increase 

and 68% in tensile power and Young's modulus respectively. According to the authors, the mechanical 

and thermal properties of the PEN composite films have been further improved by chemical reaction of 

crosslinking of nitriles, which lead to the optimization of the structure at the interface and recover the 

full performance of graphene-polymer nanocomposites. 

A simple path to synthesize nanocomposites on graphene and polypyrrole nanofibers using a biopolymer 

such as sodium alginate has been explored 64. The composite synthesis process is simple, economic and 

ecological. The interface between nanofibers of graphene and PPy were characterized by FTIR analysis. 

From the morphological studies, PPy as fiber in the nanocomposite morphology of graphene was 

established. A large electrical conductivity of 1.45 S/cm at room temperature was noticed and also 

showed non-linear current/voltage characteristics, which indicates that it can be used in different 

applications of the device. The result suggests that capacity value of 466 F / g maximum was obtained. 

Nano materials with almost 0, 1, and 2 dimensionalities with silicon nanoparticles, CNT, TiO2particles 

and graphene flakes, are incorporated into the conductive polymer of polyaniline to form materials of 

nanocomposite for the fabrication of flexible supercapacitor sheets 65. The results reveal that the 

polyaniline nanomaterial significantly improved the energy and power capabilities of the capacitor with 

the specific capacitance of 477 F/g were obtained. The properties of CNT have also been studied to 

improve the storage of the charge and reduce the conflict of the nanocomposite material. The results 

indicate that the capacitor of the nanosheets was used to power the LED to prove the potential of the 

nanocomposite based condenser sheet in lighting applications. 

The nanosheets-poly (o-aminophenol) nanocomposite (POAP / GNS) was made up on a surface of 

platinum by a potential cycle 66. The results of the POAP / GNS / Pt. electrode voltages showed 

outstanding capacitive behavior by a redox transition with an average peak potential of 295 mV. The 

POAP /GNS nanocomposite shows a specific capacitance of 281.1 F /g at 0.1 A/g, which is almost three 

times that of pure graphene. From the results, it specifies that the power and energy of the material of 

nanocomposites 25 Whk/g and 34.8 Wk/g, respectively. The nanocomposite retained the initial capacity 

of 99% after 1200 charge/discharge cycles and synthesized nanocomposite showed high specific capacity 

with excellent cycle stability. 

A graphene-based comparative study and PANI nanocomposite derivatives, i.e. 'methoxy', aniline 'methyl' 

with graphene for supercapacitors applications. G-polyaniline, poly (o-methoxy aniline) [poly (o-

anisidine) (POA)] and G-poly (O-methyl aniline) [poly (o-toluidine)] were synthesized by a method of 

chemical oxidative polymerization and characterized by the development of nanocomposite 

materials 67. The electrochemical nature of the G-PANI, G-POA and G-POT based superconducting 

nanocomposites was examined by cyclic voltammetry, galvanostatic, and electrochemical impedance 

techniques. The result shows that specific capacities built on G-PANI, G-POA and G-POT at 2M H2SO4 

electrolyte at 400, 380 and 425 F/g, respectively. However, the nanocomposite POA with graphene 

showed a better capacity of 425 F/g compared to G-polyaniline and it was calculated from the EIS 
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analysis and these time constants shows a faster delivery of energy stored in carbon-carbon-based 

supercapacitors. 

The polyaniline sandwich / grapheneNano sheet was produced by the technique of chemical oxidation 

polymerization of the aniline monomer onto the reduced surfaces of GO nanosheets with the absence of 

surfactants. The influence of aniline mass ratio reduced the size of GO and nanocomposite 

polyaniline / graphene morphologies were investigated 68. As the weight ratio of aniline oxide and 

reduced graphene is less than 12:1, the polymerization reaction of the aniline produced in the reaction of 

reduced heterogeneous nucleation to form polyaniline compounds / graphene oxide sandwich surfaces. 

However, in addition to polyaniline / graphene -sandwich nanowires, polyaniline nanofibers are formed 

by homogeneous nucleation. In comparison with reduced graphene oxide and polyaniline nanofibers, the 

results indicate that the similar graphite polyaniline/ graphene sandwich nanosheets obtained show good 

electrochemical performance due to the effect between polyaniline and graphene. 

Synthesis of nanocomposite polypyrrole / molybdenum disulfide (PPy / MoS2) as a material of an 

electrode for advanced high-performance supercapacitor applications has been carried out 69. The flower-

like MoS2 with graphene-like subunits structure is prepared using a hydrothermal method and the 

nanocomposite PPy are embedded in MoS2nanosheets is prepared by in situ oxidation polymerization of 

pyrrole in the presence of MoS2 suspension The characterization of the nanocomposites were investigated 

by the measurements of XRD, FE-SEM and TEM. Its electrochemical studies are also performed by 

cyclic voltammetry and charge/discharge studies. The results reveal that the PPY / MoS2  nanocomposite 

has a large specific capacity of 553.7 F/ g and the capacitance remains at 90% at 1A/g after 500 cycles. 

This new nanocomposite has significant potential to be further exploited in superconducting devices. 

 
 

 
 

Fig.-1: TEM Picture of the Graphene Platelets used for the Synthesis (a), the G–PANI   Nanocomposite Film 

Structure (b), and Their Resulting Interaction in the Polymer Nanocomposite Network 62(c) 

 

Graphene/Metal Oxides 
Nanocomposite reduced graphene Co3O4 oxide (GRO) are co-precipitation of Co (OH) 2 with GO to form 

a Co (OH)2-GO precursor, by heat treatment 70. The relationship between Co3O4 and rGO has an 

important role of effect on its electrochemical activities. A capacitance of 636 F/g is observed .A new 

asymmetric supercapacitor with Co3O4-RGO nanocomposite as an anode and activated carbon as a 

cathode in aqueous electrolyte 6M KOH is produced. The result indicates that the complex would be an 

asymmetrical reverse cycle and voltage from 0 to 1.5 V and exhibited a high energy density of 35.7 

Whk/g at a power density of 225 W k/g. In addition, the asymmetric supercapacitor shows outstanding 

cyclic stability with a 95% storage capacity after 1000 cycles at 0.625 A/g. 
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SnO2-reduced graphene oxide nanocomposite in the form of a free-standing film was prepared by 

chemical synthesis 71. The homogeneous and compact formation of the nanocomposite of SnO2and the 

reduced graphene oxide was confirmed by several methods of analysis. The result reveals that when 

combined with the anode in lithium-ion batteries, it shows high capacitance of 503 m Ah/ g was observed 

and very stable cycle time. The result exhibited a much-improved cycle performance, which leads to the 

film's strong and homogeneous composite structure. 

Molybdenum dioxide nanoparticles with 100 nm of diameter were attached equally to 3Dgraphene foam 

by using an ultrasonically assisted deposition method 72. The XRD and Raman spectroscopy shows that 

the nanoparticles of molybdenum dioxide have a monoclinic crystalline structure. The compound 3D 

graphene / nanoparticles MoO2 showed excellent pseudo capacitive capacity from its specific capacity 

reached 404F/gin the neutral solution. The graphene / MoO2-3D nanoparticle composite has great 

potential as an anodic measurable for the next group of high-performance supercapacitors 

Bi2O3 / RGO composite rods were formed by precipitation method and calcination method 73. The 

crystallinity, morphological studies were characterized by X-ray diffraction (XRD), field emission 

scanning field microscopy (FE-SEM) and of high-resolution transmission electron microscopy (HR-

TEM). The behavior of the supercapacitor was performed by using cyclic voltammetry, galvanostatic 

charge /discharge and impedance analysis. The result indicates that the RGO - Bi2O3 / nanocomposite 

bars have a specific maximum capacity of 1041 F /g at 2 A/g. The activity of photocatalysis of Bi2O3 

rods/RGO composite was measured by photocatalytic degradation of methylene blue (MB) dye under 

UV-Visible irradiation. It is attributed to the synergistic effect between the bars of Bi2O3 and graphene 

sheets which effectively prevents the recombination of electron pairs of photogenerated holes and in 

Bi2O3 bars. It provides a new approach to improve the performance of Bi2O3 / RGO composite bars in 

energy storage systems and in environmental applications. 

Graphene oxide was synthesized using the Modified Hummer’s method and the graphene-NiO 

nanocomposite prepared according to the hydrothermal method with GO solution, Ni(NO3)2•6H2O and 

urea as raw material 74. The synthesized nanocomposite was characterized by techniques of, Raman 

spectroscopy, SEM, TGA and XRD by the dispersive energy spectrometer analysis. The results indicate 

that the NiO nanoparticles equally covered on the layer of the graphene layer and Raman studies indicate 

that the formation of the Nano-NiO-graphene composite wells. TGA analysis is used to analyze the 

quantity of graphene existing in the Graphene-NiOnanocomposite. The curves of the graphene-NiO 

electrodes with different scanning transmit the characteristic capacity is altered from the EDLC in which 

the shape is generally a perfect rectangular shape. From the results, it shows that the cyclic analysis of 

voltammetry is evidence that these materials have the property capacity of the superconducting electrode 

material. 

The nano-based graphene compounds emerging a new group of materials that are promising for many 

applications. An easy approach to the formation of graphene / nanocomposites using GO and nickel 

chloride as reactants 75. The synthesized material compounds were characterized by X-ray diffraction, 

infrared spectroscopy, Fourier transforms, transmission electron microscopy, UV-visible spectroscopy, 

thermo gravimetric analysis and differential scanning calorimetry. From the results, it was shown that 

graphene sheets were decorated by the in situ-formed NiO nanoparticles to form a film-like composite 

structure and as a result, the restacking of the as-reduced graphene sheets was effectively prevented. The 

NiO-coated graphenenanocompositescan be expected to improve the electrochemical properties of NiO 

and would be the promising candidates for a variety of applications in future nanotechnology. 

The copper oxide nanoparticles(CuO) were synthesized by ultrasonically assisted precipitation through 

heat treatment 76. As the prepared CuO nanoparticles were attached on the layer of the graphene oxide 

(GO) by a simple electrostatic co-precipitation. It was characterized by FTIR, Raman spectroscopy, X-ray 

diffraction (XRD), X-ray photoelectron (XPS) and X-ray analysis of energy dispersive (EDX), FESEM 

and HRTEM and also the electrochemical methods including cyclic voltammetry, impedance 

spectroscopy, and charge/discharge cycles. The result shows that the material of the composite shows 

good electrochemical behavior and charge transfer resistance very low. It also shows better specific 

capacitance 245 F /g at of 0.1 A/g and in different current densities for 1000 cycles. From the results, it 
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reveals that the composite is an outstanding applicant for energy storage systems in terms of cycle-ability 

and rate capability.  

Graphene nanosheets (GNs) dispersed with SnO2 nanoparticles loaded multi-walled carbon nanotubes 

(SnO2–MWCNTs) were investigated as electrode materials for supercapacitors77. SnO2–MWCNTs were 

obtained by a chemical method followed by calcination. GNs/SnO2–MWCNTs nanocomposites were 

prepared by ultrasonication of the GNs and SnO2–MWCNTs. Electrochemical double layer capacitors 

were fabricated using the composite as the electrode material and aqueous KOH as the electrolyte. 

Electrochemical performances of the composite electrodes were compared to that of pure GNs electrodes 

and the result was discussed. From the results it shows that the electrochemical measurements show that 

the maximum specific capacitance, power density and energy density obtained for supercapacitor using 

GNs/SnO2–MWCNTs nanocomposite electrodes has 224 F/g, 17.6 kW k/g and 31 Wh k/g respectively. 

The fabricated supercapacitor device exhibited excellent cycle life with ∼81% of the initial specific 

capacitance retained after 6000 cycles. The results suggested that the hybrid composite is a promising 

supercapacitor electrode material. 

 

 
 

Fig.-2: (a) and (b) TEM Patterns of the Graphene/Ni(OH)2 Nanocomposites; (d) and (e) TEM Patterns of the 

Graphene/NiO Nanocomposites 76 

 

Trends and Future Tasks 
Graphene has become one of the essential components in the fabrication of flexible electrodes because of 

its exceptionally high mechanical strength, excellent surface area, and good conductivity,which add extra 

advantages in preventing the electrode framework from being ruptured as a result of the mechanical 

bending/twisting of the flexible device. The significance and uniqueness of graphene in the fabrication of 

flexible components, indirectly generating a new research goal involving the fabrication of ultimate 

performance flexible energy-storage devices. 

Many efforts were accomplished to improve the electrode materials including the combination of Electric 

Double Layer (EDL) capacitance with active materials of reversible pseudo capacitance, utilizing organic 

electrolyte or ionic liquids to achieve higher stability potential window or employing the hybrid 

asymmetric system to optimize the overall working potential. Polymeric gel electrolyte was often 

employed in deriving a high flexibility device, complimenting to the ability of gel structure to penetrate 

efficiently to the porous electrode, while providing a stable structure in maintaining the dimension that is 

not susceptible to the physical bending force. 

Supercapacitor devices have heavily focused on the mechanical flexibility of solid-state devices, with the 

goal of maintaining their high electrochemical performance while following the significant trend of 
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portable and wearable electronics becoming small, thin, and flexible, which brings new challenges for 

energy-storage systems79.Despite all the results and excellent progress, one of the main obstacles in 

supercapacitor technology is the maximum production cost compared to other energy storage device. 

Therefore, future tasks should focus on the development of high-capacity graphene materials performance 

on an economically advantageous route. Synthesis of the one-step process without any additional 

treatment would be conducive to practicality on an industrial scale.  

 
Table-2: The Capacitance, Current Density, the Surface Area of Porous Carbon Derived from  

Various Graphene/Nanocomposites Precursors 

 

S. No. Precursor a  m2g -1 b F/g c A/g Electrolyte Reference 

1 GO/ Polyaniline composite - 1136.4 1 1MH2SO4 59 

2 RGO/ PANI composite - 361 0.3 - 60 

3 RGO/ PEDOT composite - 108 0.3 - 60 

4 RGO/ PDY composite - 248 0.3 - 60 

5 Nitrogen doped graphene  

[HTrGo-N] 

- 185 1 KOH 35 

6 HTrGo– A - 225 1 KOH 35 

7 HTrGo– B - 230 1 KOH 35 

8 3D – graphene hydrogen 745 232 1 2M KOH 55 

9 CO3O4 – rGO Nano composite - 636 0.625 6M KOH 70 

10 ERGO - 223.6 0.5 1M H2SO4 33 

11 TBAOH - 194 1 2M H2SO4 38 

12 3D Graphene / MoO2 - 404 - 1M Na2SO4 72 

13 GNS – 200 71.50 260.5 0.4 6M KOH 43 

14 GNS -200 71.50 200.6 4 6M KOH 43 

15 Bi2O3 rods/ RGO - 1041 2 6M KOH 73 

16 FunctionalizedGraphene sheets 737 230 - KOH 47 

17 High Quality Graphene sheets 492.5 - - - 48 

18 Partially reduced GO 5 220 - 1M Et4NBF4in 

acetonitrile 

31 

19 RGO hydrogels - 147 10 H2SO4 54 

20 RGO hydrogels - 223 10 H2SO4 + 

hydroquinone 

54 

21 G – PEDOT - 304 10-

15 

(redox) 2M KCL 61 

22 Graphene – PANI Nano 

composite 

- 300-

500 

0.1 2M H2SO4 62 

23 GrPPyN - 466 1 1M KCL 64 

24 CuO2 on GO nanosheets - 245 0.1 1M Na2SO4 77 

25 POAP/ GNS - 281.1 0.1 1M H2SO4 66 

26 G – PANI - 400 1 2M H2SO4 67 

27 G – POA - 380 1 2M H2SO4 67 

28 G –POT - 425 1 2M H2SO4 67 

29 GNS/ SnO2 MWCNTS 

nanocomposite 

- 224 5 KOH 77 

30 Ppy/ MoS2 Nano composite - 553.7 1 1M KCL 69 

            

a – BET surface area    b - Specific capacity   c - Current density 
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Fig.-3: Variation of Reported Specific Capacitance and Porous Carbon Derived from Various Graphene-Based 

Nanocomposites Precursors 

 

 
 

Fig.-4: The Annual Numbers of Publications of the Reported Graphene/Nanocomposites 

 

Table-3: Advantages and Challenges Associated with Each Graphene Production Route79 

Production routes Advantages Challenges 

Graphite oxide 

 

High Yield 

Down to single layer 

Potentially scalable 

Potentially explosive process  

Structural inhomogeneity  

Batch-to-batch reproducibility 

 

Liquid-phase 

exfoliation 

Simple 

Non-oxidative 

Potentially scalable 

Low graphene yield  

Low dispersibility 

Low processability 

Electrochemical 

 

Cost-effectiveness 

More Yield 

A rich field of electrochemistry 

Electrical connectivity to 

graphite materials 
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CONCLUSION 
Nanocomposites based on graphene and polymers show promising growth in terms of   technology and 

application. However, some key challenges need to be addressed to exploit the latent of nanocomposites 

of graphene with respect to synthesis methods, costs and applications. 

• Some researchers used graphene as the only Nano filter, which showed better dispersion  

and properties compared to other Nanofillers in the applications of graphene-based nanocomposites 

recently, 

• Graphite is relatively cheap and widely available worldwide and is the only main source (precursor) 

for the manufacture of graphene and Nano filters which can be derived from graphene. The current 

usage of industries is increased by using these graphene oxide-Nano fillers in its large-scale 

commercial products. 

• Graphene compounds can be very advantageous in the chemical, biological and petroleum industries, 

as the ceramic and graphene compounds are more stable, highly recyclable and inert. 

• Because of the great diversity, properties and uses of graphene, it has been proposed that applications 

based on nanocomposites are practical. These multifunctional graphene compounds together with 

reasonable price in the worldwide market very soon. 

• Obviously, the work is far from complete, but with the quantity of concern in graphene when 

compared to carbon nanotubes; for example, it would not be surprising if the first graphene-based 

technologies available on the market come in the next decade. The obstacles must be overcome for 

the mass production and the quality of graphene. 

• Through this study, it is clear that graphene and its derivatives show their potential as a successful 

candidate, strengthening the nanocomposites that are highly effective in using the energy storage 

system. Thus, the controlled alteration of graphite, GO and reduced graphene oxide are very 

significant to safeguard the properties of the material by increasing the application of graphene-based 

material of supercapacitor. 
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