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Abstract

Faced with the exhaustion of traditional energy sources, the development of
new energy devices is the current priority. Supercapacitor is a new type of
energy storage device with high power density and long cycle life. Carbon
material, metal oxide and conductive polymer are three common electrode
materials of supercapacitors. Based on China’s energy situation, this paper
puts forward new ideas from coal to graphene to supercapacitors. In addition,
the research progress of graphene supercapacitors is summarized, including
the principle of supercapacitors, preparation methods from coal to graphene,
graphene electrode materials and different modification, and some possible
scientific problems in the research process of different modified graphene
electrodes are also reviewed and prospected.
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1. Introduction

Faced with the pollution and gradual exhaustion of traditional energy, the de-
velopment of new energy is an effective supplement to the whole energy supply
system and an important measure to control and protect the environment [1].
The development of new energy has become an important task to be solved in
society today. Recently, while people are actively looking for clean and efficient
renewable energy, they are also focusing on energy storage, especially electric
energy storage. Supercapacitor research has been a heated topic. Supercapacitor
is a new type of energy storage device between traditional capacitor and rechar-
geable battery. Supercapacitors have long cycle life, simple mechanism, strong

dynamic charge propagation, high specific energy and high specific power [2].
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Compared with traditional capacitors, supercapacitors have higher power capac-
ity and higher energy density. At present, supercapacitors are widely used in
consumer electronics, storage systems and industrial power and energy man-
agement. According to the mechanism by which electricity is stored, supercapa-
citors can be divided into electric double layer capacitors (EDLC) and Pesudo-
capacitors.

The electric double layer capacitor is a new type of component that stores
energy through the interface double layer formed between the electrode and elec-
trolyte. When the electrode and electrolyte contact, due to the effect of coulomb
force, intermolecular force and interatomic force, a stable double layer charge with
opposite sign appears at the solid-liquid interface, which is called the interface
double layer [3]. The electrode materials used by the double layer capacitor are
mostly porous carbon materials, including activated carbon (activated carbon
powder, activated carbon fiber), carbon aerogel, and carbon nanotubes. The ca-
pacity of double layer capacitor is related to the porosity of electrode material.
Generally, the higher the porosity is, the greater specific surface area of the elec-
trode material is and the greater the double layer capacity is.

Pseudcapacitors, also known as Faraday quasi-capacitors, are capacitors re-
lated to electrode charging potential when electroactive substances undergo low
potential deposition on the surface of electrode materials or two-dimensional or
quasi-two-dimensional space of body phase through highly reversible absorp-
tion/desorption or oxidation/reduction [4]. The capacity of a pseudocapacitor is
10 to 100 times that of an EDLC of the same volume or weight. At present, the
material of pseudo capacitor electrode mainly consists of some metal oxides and
conductive polymers.

At present, many carbon-based materials are commonly used as electrodes for
supercapacitors. Among them, graphene, as a new two-dimensional carbon na-
nostructure, has a large specific surface area and an unusually high electron mass
[5]. If large scale production of graphene is possible, it will have attractive poten-
tial in the field of supercapacitors [6]. The structure of the polyaromatic hydro-
carbons in coal has a narrow particle size distribution, and the structure of as-
phalt is very similar to that of graphene, including the sp? hybridization. This
property makes it possible to synthesize graphene directly from coal tar asphalt.

In addition, China is one of the few countries in the world that uses coal as its
main energy source [7] and already produces more than a third of coal in the
world, importing most of its oil by contrast [8]. Therefore, according to China’s
energy condition and structure, rich in coal and poor in oil, it is of great signi-
ficance and value to develop graphene supercapacitor electrodes made from coal.
This paper summarizes some methods of preparing graphene from coal and
some development in graphene supercapacitors at first and then compares sev-
eral different compounds modifying or doping on the graphene electrodes of
supercapacitors, and most importantly proposes a brand new idea, from coal to

graphene to supercapacitor throughout the whole article.
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2. Graphene from Coal

First of all, this article introduces how coal is formed and the composition of
coal. Coal is an heterogeneous rock dominated by organic matter physically and
chemically. It is generally believed that coal is an extremely thick layer of black
humus accumulated on the ground by the branches, leaves and roots of plants
over hundreds of thousands of years. In addition, coals are constantly buried
underground due to the changes in the crust of the earth and isolated from the
air for a long time, forming by a series of complex physical and chemical
changes under high temperature and pressure [9].

The development and utilization of coal have been going on for hundreds of
years, and the discovery that coal has the potential to make graphene is very ex-
citing for scientists. Several techniques have been developed for making gra-
phene from coal, for example, hydrazine chemical redox, bitumen for heat
treating coal tar (when aluminum is used as a catalyst), and oxidation extraction
(coal is oxidized with nitric acid and then extracted with NaOH). In 2012, Zhou
group synthesized chemically derived graphene and noble metal composite ma-
terials by catalytic graphitization, chemical oxidation and dielectric barrier dis-
charge (DBD) plasma-assisted deoxidation using coal as the starting material.
They studied the electrochemical properties of the material as an electrode for
supercapacitors, demonstrating its potential for energy storage and environ-
mental protection [10]. In 2014, Xu research group of Fuzhou University pro-
posed an effective method for the preparation of graphene nanoscale sheets by
high temperature pyrolysis of asphalt with the catalysis of aluminum [11]. And
then, Gao research group proposed that using coal derived graphite (CDG) as
carbon source, MnSO, was converted into Mns;O4 in situ through precipitation
in the air, and then reduced by hydrazine. Observably, the reduced coal derived
graphene/Mn;O, was obtained and used as electrode material for supercapaci-
tors, with high atomic efficiency, considerable specific capacitance and energy
density [12].

It is worth mentioning that in the same year, He research group synthesized
3D hollow porous graphene balls (HPGBs) by using coal tar pitch as raw materi-
al, adopting simple nanometer MgO template strategy and using KOH as
activator. The simple production process is shown in Figure 1. As a supercapa-
citor electrode, HPGBs shows excellent specific capacitance, and cycle life [13].
To explore other possible synthetic methods, in 2016, Das research group pre-
sented the oxidation extraction method. In their research, coal is first oxidized
by nitric acid, and then extracted in an alkaline solution of sodium hydroxide.
During oxidative extraction, they observed the formation of coal derived carbon
nanomaterials and some clusters of graphene nanoflakes [14]. In 2017, He team
proposed a completely new synthesis method using nano ZnO template strategy
and combined with KOH in situ activation technology to prepare 3D intercon-
nected graphene nanocapsules from a variety of aromatic hydrocarbons. This 3D
porous network provides a pathway for good electron conduction and a rich
microhole for ion adsorption. As the electrode of supercapacitor, it also has high
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Figure 1. Schematic diagram of direct preparation of 3D
HPGB from coal tar pitch [13].

capacitance and excellent cycle life [15]. All this work mentioned above could
possibly pave the way for more efficient mass production of low-cost graphene

made from coal.

3. Graphene Supercapacitors

Mitigating or solving energy problems requires good efficiency at every step in
the production line. Given the graphene made from coal, the next step is devel-
oping techniques and methods to use and text its electrochemical performance
as electrode for supercapacitor. Many researchers have made contributions to
this field. Considering the characteristics of graphene and requirements of con-
sumers for electronic devices, scientists hope to develop and design graphene
supercapacitors to be more flexible. Maher’s team at the University of California,
Los Angeles, United States, used a direct laser method to get graphene in 2012.
The film is mechanically robust with high electrical conductivity and specific
surface area, so it can be used directly as electrodes. The devices made with these
electrodes exhibit ultrahigh energy density in different electrolytes, maintaining
high power density and good cycling stability as well. In addition, these mate-
rials are with excellent electrochemical properties under high mechanical stress,
so they are expected to become high power flexible electronic devices [16]. In
2013, they went a step further and developed a tiny graphene supercapacitor that
not only looks small and flexible, but can charge a cell phone or even a car 1,000
times faster than a normal battery (Figure 2).

Another development worth mentioning is Liu’s work. Using plain cotton
cloth as a platform and a stable GO suspension as ink, Liu’s team prepared a
flexible and easily processed “brush drying” process. After this simple manufac-
turing operation, then annealed in argon at 300°C, the resulting graphene-cotton
composite fabric has good electrical conductivity, excellent flexibility, and strong
adhesion. As the electrode of supercapacitor, the specific capacitance in aqueous
solution is satisfactory [17]. In the same year, the Dong team used a simple hy-

drothermal method to synthesize cobalt oxide in situ on a 3D graphene foam
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Figure 2. Schematic diagram of fabrication of electrochemical capacitor of graphene by laser engraving [16].

grown by chemical vapor deposition. The 3D graphene/cobalt oxide composite
was used as a single-chip independent electrode for supercapacitor applications
and glucose enzyme electrolysis detection. Distinctly, they demonstrated that it
provided high specific capacitance and very good cyclic stability [18].

All the research above is exciting developments in the field. Having attaining
so many excellent achievements, scientists also pay attention to some difficulties
and unsolved problems for graphene electrodes of supercapacitors. Due to the fact
that graphene is easy to aggregate, it is difficult for graphene to reach the theoreti-
cal specific surface area and conductivity. Therefore, the research on graphene is
focusing on ensuring and enlarging the specific surface area of graphene and
obtaining an appropriate pore diameter distribution. The most considerable
modifying methods are to combine with other materials or dope impurity atoms.
Next, some different methods of modifying graphene supercapacitors are sum-

marized and compared.

4. N-Doped Graphene Electrodes

In general, the atoms that can be used to dope graphene include nitrogen, boron,
phosphorus, and so on. These doping atoms can open band gap and adjust the
conductive type, change the electronic structure of graphene, improve the den-
sity of free carriers, and thus improve the conductivity and stability of graphene.
Among them the nitrogen doped graphene is the most studied one. When doped
with nitrogen atoms, three bonding types are usually formed in the lattice of
carbon atoms: Pyridinic-N, Pyrrolic-N, and graphitic-N. Pyridine-N refers to the
nitrogen atoms attached to two carbons on the edge of the graphite surface. In
addition to providing an electron to the conjugated bond system, the nitrogen
atoms also have a pair of lone electrons, which can absorb oxygen molecules
and their intermediates during the oxygen reduction process. Pyrrolic-N is a
nitrogen atom conjugated with two p electrons and anbond system. Graphitic-N
represents nitrogen attached to three carbon atoms on the graphite base surface
[19] (Figure 3).
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Figure 3. Schematic diagram of nitrogen doped graphene.

There are many nitrogen doping methods, including hydrothermal method,
chemical vapor deposition, nitrogen plasma discharge method, arc discharge me-
thod and some of them are discussed below.

Chemical vapor deposition (CVD) is a method that uses the precursor reac-
tants in the gaseous state to decompose some components of the precursor
through the chemical reaction between atoms and molecules to form a thin film
on the matrix. In 2010, Dai’s research group introduced NH; into methane
chemical vapor deposition to synthesize nitrogen-doped graphene showing great
electrochemical performance [20]. Wei team obtained nitrogen-doped graphene
by chemical vapor deposition (CVD) with copper as catalyst and methane and
ammonia as carbon source and nitrogen source respectively under an atmos-
phere of hydrogen gas at 800°C. The highlight of this work is that in the process
of CVD, the doped composite graphene with carbon atoms can be replaced by N
atoms in the graphene lattice. This substitution hybrid can effectively regulate
the electrochemical properties of graphene [21] (Figure 4).

After that, Su group explored another way of doping nitrogen and synthesized
nitrogen doped graphene by hydrothermal method using graphene oxide (GO)
as raw material and urea as reduction dopant. They found that along with the re-
duced go flakes, nitrogen was also doped into the graphene plane. They also tested
the electrochemical properties of graphene. Nitrogen-doped graphene with a ni-
trogen content of 7.50% has excellent capacitance and long cycle life. Moreover,
the first cycle specific discharge capacitance of the supercapacitor electrode is
184.5 F-g™!, which has great practical potential [22].

Nitrogen plasma discharge (NPD) and arc discharge (AD) are also effective
methods for the synthesis of nitrogen-doped graphene. NPD uses N*, N, and
NH; plasmas to radiate graphene and then gets nitrogen-doped graphene by an-
nealing or thermal stripping. In 2010, Guo’s team treated N* irradiated graphene
using NH;. They reported the graphene obtained from nitrogen-doped graphene
samples irradiated by N*~ ions and annealed by ammonia [23]. AD is a method
to generate NG by arc discharge between carbon electrodes in the atmosphere of
hydrogen and nitrogen source. Using ammonia or pyridine as nitrogen sources,
Panchakarla generates two or three layers of graphene by conducting an arc dis-

charge between carbon electrodes in an atmosphere of hydrogen [24].
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Figure 4. TEM image of nitrogen doped graphene.

To sum up, many scientists have made their contributions in this field, but
they still can’t break through some difficulties. An important drawback or diffi-
culty is that there is a frustrating limit to the amount of nitrogen-doped gra-
phene. And how to control the type and distribution of nitrogen doping without
greatly reducing the electron mobility remains to be solved. What is more, it is
still a challenge to achieve the specific location of nitrogen doping and precise
control of nitrogen doping to ensure higher electrochemical performance. Of
course, there is one point that cannot be ignored, the method of synthesizing NG
on a large scale remains unsolved. As a result of all the facts mentioned above,
the nitrogen doped graphene electrode of supercapacitor is still at its early stage
now, but the scientific search future for it is worth looking forward to.

5. Graphene/Metal Oxide Electrodes

Among the graphene/metal oxide composites, graphene and metal oxide can
give full play to their respective advantages. Combined with the excellent cycling
stability performance of graphene and the high capacity characteristics of metal
oxide, the comprehensive performance of nanocomposites can be greatly im-
proved. The nanoparticles are embedded between adjacent graphene sheets, ef-
fectively preventing the sheets from restacking and allowing the high charge ca-
pacity to be retained to compensate for the lack of graphene as an electrode ma-
terial for pseudcapacitors [25]. Then, some of the most studied graphene/metal
oxide electrodes in recent years will be shown and discussed.

The low conductivity and load rate of MnQ, limit its application in superca-
pacitors. But, the combination of MnO, and graphene can compensate the
shortcomings of both MnO, and graphene which is easy to aggregate. Scientists
have explored many ways of preparing graphene/MnO, composites, mainly in-
cluding solvothermal (hydrothermal) method, electrochemical deposition method,
chemical reaction method and self-assembly method. Depositing MnO, par-
ticles onto a porous “activated microwave expanded graphite oxide” (aMEGO),
Zhao research group prepared granular MnO,/aMEGO (AGMn) by means of
self-controlled redox process using KOH as activator. AMEGOs are used as the

electrodes of the supercapacitors. Tests show that the maximum energy density
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and maximum power density of the system can reach 24.3 Wh-kg™, and the ca-
pacitance can be maintained at 80% after 5000 cycles [26] (Figure 5).

Li’s team prepared the granular MnO,/graphene composite using the prepared
graphene, KMnO, and K,SO, as raw materials. Using 1M Na,SO, aqueous solu-
tion as electrolyte, the electrochemical properties of the composite electrode
were studied by cyclic voltammetry and electrochemical impedance spectrosco-
py. When the potential scanning rate is 2 mV-s', its specific capacitance value
reaches 211.5 F-g™!, and the electrode shows good cycling performance and ca-
pacitance value [27] (Figure 6).

Another metal oxide of great research value is RuO,. It is one of the earliest
transition metal oxides to be found and studied as RuO; itself has good electrical
conductivity, high capacity and small internal resistance, which shows excellent
potential traits as supercapacitor electrode and could compensate for the draw-
backs of graphene. However, due to its scarcity and high costs, scores of re-
searches are going into the efforts to reduce the cost of the preparation and the
amount of novel metals. One of the significant ways is to combine with the gra-
phene as composite. The preparation method of RuO,/graphene composites that
have been greatly developed is sol gel method. Generally, sol-gel method dis-
solves graphene and RuCls-xHO in solution, then adds NaOH and other alka-
line aqueous solutions. After agitation and filtration, the precursor is obtained,
and then the product is prepared by heat treatment. The Rakhi team successfully
used metal oxide nanoparticles as supercapacitor electrodes by chemically at-
taching them to graphene nanosheets (GNs) and using the synthetic material
coated on a conductive carbon substrate [28]. This method improves the elec-
trochemical performance due to the further optimization of graphene, and the
results show that the addition of metal oxide nanoparticles improves the capaci-
tive performance of GNs. The detection of the supercapacitor found that when
the scanning rate was 20 mV-s™, the maximum initial specific capacitance value
was increased to 365 F-g™!, and the energy density was 50.6 Wh-kg™. These find-
ings indicate the importance and great potential of metal oxide /GNs composite
coated carbon fabrics in high performance development.

NiO as the electrode of supercapacitor has been studied a lot as well, for the
reason that it has the advantages of high theoretical pseudocapacitance and good
cyclic reversibility. By combining NiO with graphene, not only the easy aggrega-
tion of graphene can be avoided, but a supercapacitor electrode with excellent
electrochemical performance also can be obtained. In 2014, Wu using nickel
foam as template got graphene with three dimensional network structure, and
then put it in the NiSO4 and ammonia solution to make the Ni (OH), on the
graphene bubble grow. Finally after high temperature heat decomposition, Ni
(OH), was flaked as NiO/graphene composites. And then, the electrochemical
properties in the three-electrode system were tested [29]. The simple synthetic
method is shown in Figure 7. Because of the high degree of graphitization, the

structural scaffold has high conductivity, which effectively promotes the electron
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Figure 5. High resolution SEM
image of AGMn-120 min [26].

Graphite GO

Figure 6. Schematic diagram of HRG/MnO: synthesis [27].
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Figure 7. Schematic diagram of NiO/G/NF synthesis [29].

transmission to NiO. It is found that the complex is a 3D network structure, and
the specific capacitance value is 42 F-g”' when the current density is 2 A-g™".
Moreover, the cycle stability is excellent, after 500 charge and discharge cycles,
the capacitance retention rate is 90%.

In summary, the types and morphologies of metal oxides in the composites,
the preparation methods, the structure and dispersion of graphene, all have
prominent influence on their electrochemical performance. Based on the exist-
ing research in this field, scientists suggest several directions that deserve further
research. First, the morphology of the metal compounds in the composites needs
to be controlled and optimized to improve the electrochemical performance.
Secondly, the structure of graphene should be modified more precisely accord-
ing to needs, such as using template method to make graphene sheets with large
pore structure, or using CVD method to prepare graphene with three-dimensional
structure, changing the distance between graphene sheets, using surfactant to

modify graphene to improve its dispersibility and adsorbability.

6. Graphene/Conductive Polymer Electrodes

In addition to doping other atoms and compounding with metal oxides, the com-

bination of graphene and conductive polymers is also a very effective and promis-
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ing way to enhance the performance of graphene as electrode of supercapacitor.
The composites of graphene and conductive polymer, which both have large de-
localized conjugate system, can realize the complementary properties of these
two functional materials to some extent, and could further enhance and expand
the properties of the materials by utilizing the electron transfer between them.
On the other hand, the combination can also overcome the inconvenience
process caused by the small size of graphene nano sheets and avoid to lose the
excellent properties of single layer graphene caused by stacking between gra-
phene nano sheets at the same time.

On the whole, the preparation of graphene/conductive polymer composites
includes solution blending, in situ polymerization and electrochemical polyme-
rization. Solution blending is the simplest method to prepare graphene and
conductive polymer composites. It requires the graphene materials and conduc-
tive polymers to be steadily dispersed in common solvents. Shi’s team in Tsing-
hua University prepared a composite film (G-PNF) by vacuum filtration using a
mixture of chemically converted graphene (CCG) and polyaniline nanofibers
(PANI-NFS) [30]. The composite film shows a structured “sandwich” layered
structure with PANI-NFS sandwiched between CCG layers. In addition, it has
mechanical stability and high flexibility. The electrostatic interaction between
polyaniline fibers and graphene sheets not only reduces the interface repulsion
effect, but also enhances the interaction between the two. As a result, the resul-
tant composite films show certain mechanical strength and flexibility, so that
they can be bent into large angles or molded into various required structures. It
also has excellent supercapacitor properties (210 F-g™') (Figure 8).

Another method of synthesizing graphene/conductivepolymers is In situ po-
lymerization, in which the conductive polymer monomer is first uniformly dis-
persed into the system containing the graphene material and then the monomer
polymerization is initiated. Due to electrostatic attraction, m-nt stacking, hydro-
gen or covalently bonded interactions, conductive polymer monomers are ad-
sorbed or covalently modified on the graphene sheet surface, which is then po-
lymerized by oxidants to grow on the graphene surface, thereby avoiding poly-
merization of monomers in solution. The advantage of this method is that it is
possible to avoid the self-aggregation that occurs in the system when graphene is
directly involved in in-situ polymerization. Wu’s team in National University of
Singapore first reported that chemically modified graphene and polyaniline na-
nofiber composites were prepared under acidic conditions using go in situ po-
lymerization of aniline monomers [31]. The graphene oxide/polyaniline (PANI)
composites with different mass ratios were reduced to graphene by hydrazine, and
then the reduced PANI was reoxidized and reduced to obtain the graphene/PANI
nanocomposites. The synthesis method is shown in Figure 9. The resulting ma-
terial has a specific capacitance value of 480 F-g™' at 0.1 A-g™' charging current.
This uniform structure, coupled with the observed high conductivity, gives it a

high specific capacitance and good cycling stability.
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Figure 8. Photograph of a flexible
G-PNF film [30].
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Figure 9. Schematic diagram of graphene-PANI synthesis [31].

Electrochemical polymerization is also an important method in this field. And
studies have reported that carbon atoms have a network conduction structure in
the carbon/polypyrrole nanocomposites, and the conductivity can be increased
by tunneling effect, which makes the conductivity and thermal stability better
than that of pure polypyrrole [32]. For this reason, the preparation of the
composite materials based on graphene to obtain electrode materials with better
performance has become a hot research topic in the field of supercapacitors. In
2017, Du research group used graphene prepared by wet chemical reduction as
the base and used in situ electrochemical deposition method to make gra-
phene/polypyrrole conductive composite supercapacitor electrode [33]. The re-
sults showed that the specific capacitance of the graphene/polypyrrole conduc-
tive composite electrode prepared in 0.2 mol-L™" pyrrole solution was up to 388
F-g™!, showing excellent electrochemical performance of supercapacitors.

The electrochemical polymerization method can not only prepare composite
films with high mechanical strength, but also precisely control the electrochem-
ical polymerization process by adjusting electrochemical parameters, such as

potential range and current density. In Wang group, graphene is obtained by the
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Figure 10. Schematic diagram of GPCP synthesis [34].

vacuum suction filter film as electrode, the containing water system of elec-
trochemical polymerization of aniline monomer was prepared for the first
time to the flexible graphene/polystyrene supported amine compound film.
The graphene/polyaniline composite paper (GPCP) produced by situ anodic
electropolymerization (AEP) in this paper shows good tensile strength of 12.6 MPa
and a stable large capacitance (233 F-g™'), which is better than those of many other
existing carbon based flexible electrode [34] (Figure 10).

To summarize, although scientists have developed many methods for prepar-
ing graphene/conductive polymer composite electrodes, they have found that
there are some difficulties in the process. Due to the formation of graphene
with polyethylene glycol of conductive polymer, the effective specific surface
area of composites is small, which limits its application in electrode materials.
Therefore, how to prepare a large number of graphene/conductive polymer
composites with high conductivity, high specific surface area and controllable

micro-nano structure is an urgent problem to be solved.

7. Conclusions

Graphene has a large specific surface area, excellent conductivity and thermal
conductivity, and it is used as the electrode of the supercapacitor. The graphene
supercapacitor prepared has the characteristics of high power, rapid charge and
discharge, and strong cycle stability. At present, the research direction of gra-
phene supercapacitors is mainly the optimization of electrode materials and the
improvement of the performance of the whole capacitor. In order to further im-
prove the electrochemical performance of supercapacitors, the specific surface
area of graphene sheets was increased by chemical modification to facilitate the
entry of electrolyte. The matrix of the supercapacitor is flexible matrix, and the
electrolyte is polymer electrolyte or ionic electrolyte, so the flexible supercapaci-
tor can be made and hopefully used in flexible and light electronic devices.

Second, graphene can be combined with such materials as conductive polymers
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and metal oxides to produce supercapacitors that have the advantages of both.
However, the development of this field is still in its infancy, and many related
problems still need to be solved. Graphene materials themselves cannot be pre-
pared in large quantities, which limits the industrial production of composite ma-
terials. In addition, due to the advantages of supercapacitors, they can be used in
new energy, transportation, consumer electronics, industrial and other fields ac-
cording to the size of capacity.

In order to meet the needs of energy and environment, new energy electric
vehicles have gradually become the focus of applications. The trend of applica-
tion is to combine supercapacitors and batteries to make up for the lack of ener-
gy density and power density. According to the actual progress of the industria-
lization of graphene, the current problem is how to obtain the low-cost mass
production of large areas of graphene materials, so as to further exert the appli-
cation of graphene materials in the field of supercapacitors.

Faced with the pollution and depletion of traditional energy, the development
of new energy industry is an effective supplement to the whole energy supply
system and an important measure to control and protect the environment. The
research direction, from coal to graphene to supercapacitors, is a potentially ef-
fective approach. The solution for energy problem depends on national policy
and national energy situation. China is a country with rich coal and poor oil, so
it is imperative to develop coal chemistry research. In addition, China’s coal
price is relatively cheap, and China has many coal plants, so the problems of ex-
pensive raw materials and industrialization are relatively easy to solve. To sum
up, combined with the development of China’s energy situation in the world
energy industry, this research direction may bring some new ideas and thoughts.
From a global perspective, under the trend of depletion of non-renewable re-
sources and low carbon environmental protection, the study of new energy ma-
terials is of great significance, and the study of high-performance supercapaci-

tors has broad application prospects and strategic significance.
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