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Abstract: This review studied different composites of lithium ion batteries based on graphene
as support materials. We study different problems such as charge mobility, thermal and
chemical stability due to high temperature and nontoxicity behaviors. These graphene based
composites achieved with very low production costs, which makes them commercially
attractive. We also concluded that graphene-based Li-ion batteries soon become part of
energy harvesting devices to limit fossil fuel dependence. Besides their limitations, these
anode materials have the potential to make them efficient. More research is needed to make
these materials more efficient, sustainable, and less harmful to nature and human health.

Keywords: Graphene, Nanocomposites, Anode, Lithium ion batteries

1. Introduction

Batteries are gaining a lot of interest for utilization of renewable energy resources due to
their capacity to store intermittent energy [1]. Among all rechargeable batteries, lithium
ion batteries are mostly studied as attractive energy storing devices due to its storage
capacity and large energy density, which is beneficial for wide variety of applications
and needs for daily life. [2]. Presently, LIB is commonly used in cameras system [3],
mobile phones [4], laptops [5] ,electric vehicles [6] and hybrid electric vehicles [7]. Lithium
ion batteries have got a lot of interest as a new generation of energy storage devices due
to their benefits such as no memory effect [8], high energy-density[9], long lifetime [10],
light in weight [11], and quick charge/discharge ability [12]. Goodenough et al.
discovered in 1980 that layered lithium cobalt oxide (LiCoO,) material allows reversible
intercalation/deintercalation of lithium ions at a strong potential, which was a turning
point in the development of LIBs. Researchers noted that lithium ions may be injected
and ejected from graphite structures continuously at a low voltage. Reversible charging/
discharging operations may be obtained in LIBs using graphite as the anode and lithium
cobaltate as the cathode by continuous migration of lithium ions between cathode and
anode. [13]. Since the early 1990s, Sony has been commercially launching LIBs. LIBs
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have emerged as the most useful rechargeable battery technologies available in the market
to date [14]. Goodenough, Yoshino, and Whittingham were awarded the Nobel Prize in
Chemistry in 2019 for their significant contributions to the invention of LIBs, which is a
major step towards the production of rechargeable batteries. [15]. Lithium ion batteries
are consist of four essential components including an anode, cathode, separator, and
conductive electrolytes. The charging process happens when the lithium-ion travels
through the separator from lithium cobalt oxide (cathode) to graphite (Anode) by
conducting electrolyte. Discharging process occurs when a load like a light-emitting
diode is connected to the battery, the lithium-ion atoms in the anode lose electrons and
becomes lithium ions, which move toward the cathode. [16]. As a necessary component
of lithium-ion batteries, anode material plays important role for the electrochemical-
performance of lithium ion batteries. Graphite is presently the most generally used anode
material in LIBs, but it contain a very less theoretical capacity about just 372 mAh/g.
[17]. Due to the limited capacity of a graphite anode, it will no longer be able to meet
the requirements of the fast-growing industries [3]. Research is needed to prepare a
new kind of anode materials in which capacity is higher than graphite anode to enhance
energy density and performance of LIBs. [18].

Graphene as a single layer of graphite with a higher capacity three times of that
graphite, get a lot of interest to use as anode material due to their properties such as
large specific-surface area and more lithium ions [19]. Graphene is very well suited for
LIB anode applications because of its high energy storage capacity of 669 mAh/g, good
cycle stability, longer interlayer-distance of 0.615 nm with weak van der-Waals forces,
that allow for easy intercalation/deintercalation process [20]. Graphene has high
chemical stability, good mechanical flexibility and superior electrical conductivity. These
properties make graphene an good electrode material to prepare highly conductive
composite materials and improve electrochemical properties [21]. Silicon (Si) is the most
promising negative electrode material for LIBs [22] because of its high lithium-ion storage
capacity of 4200 mAh g* [23] which is ten times that of currently used graphite [24].
Due to its high power and energy density, silicon-graphene composite material have
been investigating as potential anode materials for LIBs [25]. The sandwich structure
graphene- silicon composites show a long cycling performance and excellent
electrochemical performance. After 500 cycles, at 100 mA /g it shows very large capacity
of 1085.6 mAh/g [26]. To improve the cycling performance, researchers have proposed
a variety of silicon-graphene composites [27]. SiO,-GA is used as anode material to
increase the performance of LIBs, a specific capacity of 300 mAh/g was achieved at a
current-density of 500 mA /g [28]. TiO, has also attracted a lot of interest as a good and
safe anode material for LIBs [29]. Furthermore, TiO, has exceptional characteristics like
large theoretical capacity of 335 mAh/g, low toxicity, low in price, chemical stability,
and compatibility with a variety of nanostructures [30]. According to Liang et al.,
graphene doped TiO, nanocomposite has improved mobility of electron and longer
electronic mean free path with a lower defect density in graphene, which allows
photogenerated electrons to diffuse further from the graphene doped TiO, interface,
extending the lifetime of photoexcited holes and electrons in Titanium dioxide [31]. The
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use of graphene in TiO,-graphene composites can improve the thermal conductivity
and excellent tropological features [32]. By using the aerosol-assisted spray dying method,
the prepared TiO,-RGO nanocomposites which show good performance, at a current
density of 3.74 A/ g shows a reversible capacity of 109 mAh/g and at a current density
of 0.94 A/g after 800 cycles with a 97% of capacity retention shows good cycling
stability [33]. Tin oxide (SnO,) is also considered best anode materials for future generation
LIBs due to its safe operating voltage, low cost, large theoretical capacity, environmentally
friendly, and natural availability [34]. SnO, has a large theoretical capacity (782 mAh g
) and a low discharging voltage (1.5V), making it an attractive anode candidate for the
excellent performance of future lithium ion batteries [35]. In SnO,-graphene
nanocomposites, the layer of graphene not only limits the contact between electrolyte
and SnO, components, also it reduces graphene flexibility which affects its capacity to
accommodate the volume-expansion of tin dioxide (SnO,) [36]. Zhou and his group
member obtained SnO,/Nitrogen-doped graphene hybrid composite, at 500 mA /g after
500 cycles it shows outstanding cycling-performance of 1021 mAh/g[37]. Li,Ti,O,, (LTO)
is also considered to be good anode material for the next generation of lithium ion batteries
because it does not have disadvantages like graphite [38]. Furthermore, due to its zero-
strain nature, Li, Ti,O,, has large cycle stability. As a result, Li, Ti,O,, becomes one of the
most attractive anode for high-performance LIBs [39]. LTO doped graphene composites
improve electrical conductivity and also enhance the structural stability of LTO
throughout the discharge and charge process. [40]. Molybdenum disulfide (MoS,) has
also received much interest for next-generation LIBs anode material because of its layered
structure, which facilitates the insertion-deinsertion of Li+ ion [41], and has large
theoretical capacity of 669 mAh g [42]. 2D structure and high conductive behavior of
graphene provide a large surface area which provides an easy path for the charge
transport process [20]. Because of its high capacity of 1290 mAh g*, graphene-MoS2
composite is a good electrode for LIBs [43]. Zinc oxide is considered to be one of the
useful transition metal oxide anode for LIBs [44], because it has a large theoretical storage
capacity of 987 mAh g7, low-cost production, and large lithium ion diffusion coefficient
[45]. For example, ZnO/ graphene electrodes have been prepared by ball-milling method,
although that the unequal distribution of graphene and zinc oxide, as well as major
defects in zinc oxide crystals, have sometimes resulted generating difficulties [46]. At
0.1 C, the ZnO/graphene anode has a storage capacity of 850 mAh g* and after 50
cycles with the capacity rate decay ~8% deliver good cycling stability [47]. Fe,O, is
considered to be a useful anode in LIBs due to its large theoretical capacity of 926 mAh
g-1 [48], low in cost, and environmentally friendly [49]. Combining Fe,O, nanomaterials
with graphene has recently become a popular strategy for improving cycle stability
[50]. Much research on Fe,O,-Reduced graphene oxide has recently been investigated.,
Xu et al. [23] prepared porous Fe,O,/graphene nanocomposites as an anode which
shows a better rate performance [51]. Y.-H. Shi, et al [52] prepare Fe,O,-RGO composites,
it shows good capacity of 925.3 mAh g* at a current density of 100 mA g™ and at 500
mA g it maintained about 636.1 mAh g'. MoO, is also well-known for its large theoretical
capacity of 838 mAh g* and better conductivity [53]. As a result, MoO, seems to have
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the potential to be utilized as a durable and safe anode for LIBs [54]. M0oO,-RGO
nanocomposites showed superior lithium storage capability with an outstanding
discharge capacity of 765.1 mAh/g and also it exhibited good stability at current density
of 100 mA /g [55]SnS, is also believed as a good anode for LIBs due to its large theoretical
capacity of 1232 mAh g* [56]. Chang et al. discovered few-layer SnS,-graphene hybrid
materials produced in the solution-phase technique using L-cysteine as a ligand and at
a current density of 100 mA /g it showed a reversible specific capacity up to 920 mA
hg' at a current density of 100 mA /g [57]. Zinc ferrite (ZnFe,O,) is a potential anode
material because of his low cost, high theoretical capacity (1000 mA hg), environmentally
friendly and natural availability [58]. ZnFe,O,-RGO composite electrode has an
impressive lithium-ion storage capability, for 200 charge-discharge cycles it shows a
reversible-capacity ( 760 mAh/g) and at a current rate of 1.0 A/g and after 700 cycles
the capacity was decreased to 603 mAh/g [59].

In this review, we discuss synthesis techniques of graphene based anodes for lithium
ion batteries. The stability factors, composite selections, and efficiencies were discussed
in detail. The limitation was also discussed to overcome the various problems during the
designing of new materials for anode materials.

2 Experimental

In the experimental sections, a few graphene materials and their synthesis were discussed
in detail. Si-doped GA composite was prepared by a simple hydrothermal process as
shown in Fig 1. After surface-modifying silicon nanoparticles (SiNPs) with phytic acid,
2 mg ml? produced graphene oxide (GO) was introduced to the ultrasonic-disruptor,
then agitated for 30 minutes. Various hydrophilic functional groups develop on the
surface of silicon nanoparticles after phytic acid treatment, with various phosphoric
acid groups hydrogen bonding with SiO,. As a result, silicon nanoparticles and graphene
oxide binding can be improved. The combined solution is then hydrothermally treated
to produce an aerogel structure. Two types of negative electrode materials designated Si
doped GA-1 and Si doped GA-2 having mass ratio of graphene oxide to silicon is 1:10
and 2:10 are produced through freeze drying and by heat treatment to decrease graphene
oxide in a tube furnace [60].
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Fig 1: Synthesis procedure of Si doped GA-1 and Si doped GA-2 composite [60].
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The modified Hummers technique was used to produce a graphene oxide (GO)
sample from pure graphite flakes. After treatment by annealing, an R-TiO2 doped RGO
composite was created using the hydrothermal technique as shown in Fig 2. By magnetic-
stirring, a solution is produced by mixing 2mgml* and 3ml Ticl, solution with 30ml
graphene oxide (GO) and by rapid stirring a solution of 30 ml sodium hydroxide
(NaOH)~2.5 mol/I is added with the above-prepared solution. After keeping the
temperature up to 180 °C for 12 hours, a 20 g of sodium hydroxide (NaOH) powder
and the uniform mixture are shifted to a Teflon lined -stainless autoclave of 100ml with
the help of a magnetic stirrer. Later in the reaction, by centrifugation, the precursor is
obtained and washed multiple times with t 0.1M of dilute HNO, solution and deionized
water. The precursor is heated at 500 °C in a nitrogen atmosphere (N2) for 4 hours and
obtained R-TiO, doped rGO composite. Fig 2 shows the method to produce R-TiO
doped rGO composite [61].
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Fig 2: Schematic diagram for the preparation of R-TiO2/rGO composite [61].

Fig 3 shows the production process of SnO,-monodispersed graphene(MG)
nanocomposites. First, Sn(OH), nanoparticles was produced using simple solvothermal
technique using Poly-vinylpyrrolidone PVP and DMF. The nanoparticles Sn(OH), were
equally distributed in a graphene oxide solution and heated at a temperature of 80°C
before being poured in liquid nitrogen. As graphene oxide is a large surface-energy
material that is easily washed by water and when the hot solution was rapidly reached
to 196°C, and surface-tension of graphene oxide increased significantly due to low
temperature and decreasing of the solid to liquid interface. This can cause graphene
oxide sheets to shrink to reduce their surface-energy and anisotropy of solid surfaces
would cause unequal distortion. This characteristics, together with arbitrary phase-
transformation of H,O to ice because of quick cooling, each contribute folding and
bending of graphene oxide sheets. As a result, curved-surface structure, which may
prevent direct and parallel connection with neighboring sheets were obtained. The freeze
drying procedure can then keep stable structure while the solvent is being removed.
Finally, the SnO,-monodispersed (MG) nanocomposites was produced following a
heat treatment capable of dehydrating Sn(OH), and reducing GO concurrently [36].
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Fig 3: Schematic diagram for the synthesis of the SnO,-monodispersed graphene (MG) nanocomposites
[36].

Using capillary evaporation process holey graphene framework (HGF)-nanosized
Li,Ti,O,, nanocomposite was prepared. For the preparation of Li,Ti,O,, two sources
can be used. Ti(OC,H,), was utilized as a source of titanium and CH,COOLi .2H,O as a
source of lithium. Using the Li,Ti,O,,-HGF composite as an example, the typical
preparation processes could be as follows. In a 2 mg mL" holey graphene oxide aqueous
solution, CH,COOLi .2H,0O and iced ethylic were added. Then iced ethylic-acid and
source of titanium Ti(OC, H,), was dispersed in ethanol to make a homogeneous mixture,
which was dissolved in a combination of CH,COOLi .2H,O and holey graphene oxide
to make a grey suspension. The dispersed suspension is heated at the temperature from
70 to 80 °C for 2 hours after the reaction up to the suspension is completely dried to
obtain the precursor of Li,Ti,O,,-holey graphene framework composite. After that
precursor of Li,Ti.O, -holeygraphene framework composite was then heated for 2 hours
at 750°C in an Ar atmosphere to produce a CH,COOLi .2H,O composite. To test the
mechanisms of tap density change throughout the evaporation drying procedure, many
Li, Ti,O,,-holey graphene framework (HGF) composites with different initial
stoichiometric ratios of Li,Ti,O,, to holey graphene oxide (HGO) were produced. The
same stoichiometric ratio of Li,Ti.O,, to GO of 1:1, which is termed as LTO-graphene
(GF) composite. [39].

Graphene doped MoS, alternatively-stack structure (GMASS) is produced by chemical
vapour deposition (CVD). Through layer by layer stacking, GMASS was successfully
produced as shown in Fig 4. The substrate was made of copper foil, which is mostly
used as a current collector in lithium ion battery electrodes. The initial step was to pick
up PMMA doped graphene-film with copper foil and dry it in an electric oven at 100°C
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for 4 hours to eliminate water and graphene layers are attached to the copper foil surface,
then removed the layer of PMMA. The film was washed in acetone three times at room
temperature before being washed in acetone in a closed container at 100°C. It was then
heat-treated for 4 hours at 400°C in an H, atmosphere. The obtained product was used
as a substrate to take up PMMA /MoS, film and then went through the same PMMA
removal technique as in the first stage. The first two processes were repeated up to 5
times to produce a GMASS with 5 layer graphene layers and 5 layer MoS,.[19].
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Fig 4: Schematic diagram for the synthesis of graphene/MoS, composite [19].

In a typical procedure, raw materials for zinc oxide were initially produced directly
utilizing sodium hydroxide (NaOH) and zinc accetate in a precipitation technique. The
graphene powders and zinc oxide (ZnO) were then milled at 800 rpm for 12 hours in a
planetary machine with different mass ratios (10:90 and 15:85), producing ZnO doped
graphene-10 and ZnO doped graphene-15, as shown in Fig 5. The graphene powders
having a graphene layer greater than ten were chosen as a raw material for the decrease
cost ZnO doped graphene composites. Then the surface of zinc oxide was changed by
using the ball-milled method and graphene powders was breakdown into few layers
graphene The ratios of ZrO, grinding balls along with different diameters (5, 8, and 10
mm) were chosen to the ratio of 1:1:1 for the obtaining best ball-milling result.[62].
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Fig 5: Synthesis procedure of ZnO/G composite by ball-milling method [62].
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Fe,O,-Reduced graphene oxide composite was prepared by using broccoli shape
FeCO,-NPs as shown in Fig. 6. With natural graphite powder, a modified Hummers’
technique was used to produce cross-linked 3D network graphene. The FeCO, was
used as a precursor and assembled with graphene in the existence of hydrazine hydrate
0.013 L graphene oxide (1 g/L) was allowed to treat ultrasonically for 3 hours. Also,
0.05 g of FeCO, solid was inserted in the solution of graphene oxide, and then stirred for
2 hours to create a homogenous suspension liquid. The suspension was then injected
with 2.5 liters of hydrazine. For 3 hours, the mixture was maintained at the temperature
of 100°C under reflux. Fe,O,/Reduced graphene oxide (rGO) composites were
centrifuged and washed many times before being used. Finally, the sample was dried
overnight at 60°C [52].
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Fig 6: Schematic diagram for the fabrication of Fe,O,-RGO composites [52].

The following process was used to make a MoO,/graphene composite using the
plasma-enhanced electrochemical exfoliation method as shown in Fig 7. The electrolyte
was 1.5 mol (NH4)6Mo07024. 4H20 was added to 150 mL H2S04 solution with
concentrations of 1M, 3M and 0.5M. As cathode and anode, graphite and Pt electrodes
were chosen. The cathodic graphite tip was sharpened to 1 mm in diameter and
immersed in the solution for about 1 mm, while the Pt electrode was immersed deeply.
Then, a constant voltage of 70 V was supplied between two electrodes through a DC
source (110V-3A, Kikusui Electronics Corp., Japan), and current intensity was regulated
in the range of 0.4 to 0.6 A. In an ultrasonication bath at ambient conditions, the reaction
continued for one hour. To maintain the sharper tip, the graphite electrode must be re-
sharpened every 15 minutes. The resulting suspension was thoroughly filtered and rinsed
with distilled water and ethanol using a vacuum filtering system with a polyvinylidene
fluoride membrane (pore size of 0.2 m) until it reached neutral pH is equal to7. The
complete products were then collected after one hour of drying at the temperature of
60°C. The same procedure was used with varying precursor concentrations. The starting
concentrations of ammonium molybdate in samples GMol, GMo5, and GMo10 are 1
mM, 5 mM, and 10 mM, respectively.[63].
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Fig 7: synthesis procedure of MoO, doped graphene composites [63].

SnS,-nanoparticle doped graphene nanosheet was prepared by simple method. At
first step, concentration of 1 mg/ml GO is distributed in solution of ethylene glycol
solution through ultrasonication and by stirring. The solution-1 and solution-2 are formed
from SnCl,.5H,O (280.5 mg) and Na,5.9H,0 (384.3 mg) mixed in 10 ml of ethylene
glycol solution. The solution-1 was then added drop by drop to the ethylene oxide solution
including graphene oxide and stirred it overnight. The solution-2 was then added to the
prepared solution and stirred for 30 min. Lastly, the ash-green mixture was then
transferred from beaker to a Teflon liner, then to react at 180 °C for 24 hours. The
sample preparation procedure is depicted in Fig. 8 [56].
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Fig 8: Schematic diagram for the preparation of SnS,/GNS composite [56].

3. Result and discussions:

In this review, we have discussed some synthesis methods of graphene based anodes
nanocomposites for high performance of lithium ion batteries (LIBs). Different materials
and their composites with graphene can be prepared to obtain the high-capacity anode
materials. In recent developments in high-performance graphene and its composite is
used as an anode material for LIBs. The electrochemical performance of each synthesized
composite is tested for LIBs. Graphene has unique properties like high surface area,
chemical diffusivity, mechanical strength, large theoretical capacity and excellent
electrical conductivity make graphene a suitable anode material for lithium ion batteries.
In this study graphene is doped with other anode material to make composite which is
used in LIBs anodes.
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Using a hydrothermal method, silicon-doped graphene aerogel composites were
synthesized. Two types of anode material were prepared for lithium ion Batteries, named
(Si doped GA-1 and Si doped GA-2). These anode materials for lithium ion batteries
have been investigated, and they exhibit good cycle and rate performance. At a current
density of 0.2 A g7, an excellent reversible specific capacity was maintained above 1330
mAh g* after 100 cycles and while operating at high current density of 2 A g7, its
reversible specific capacity is obtained more than 600 mAh g*. The unique structure
and use of graphene in the Si doped GA-2 anode can improve the composite electrical
conductivity and also prevents the Si structure from collapsing, resulting in the
electrochemical properties of the composite enhanced [60]. R-TiO, doped rGO composites
are simply prepared by a hydrothermal technique using graphene oxide solution, NaOH
solution, and Ticl, under magnetic stirring. The precursor was heated in a nitrogen (N,)
oven. Lithium ion (Li*) diffusion movement is improved due to TIO,-nanorods like
structure, also reduced graphene oxide enhanced the composite electronic conductivity
and transfer rate of electrons /lithium ions (Li*) during repetitive lithium-cycling. R-
TiO, doped rGO composite anode shows good electrochemical characteristics due to its
specific storage capacity, after 100 cycles at 1C a specific capacity can be obtained of
267 mAh g which shows large rate capability, and after 500 cycles at 10 C its shows
long-period cycle stability of 151 mAh g*. At alarge-current density of 30 C the sample
of R-TiO, doped rGO composite has a large reversible- capacity (55 mAh g), at 1-3 V
shows a good discharge capacity of 96 mAh g*. Due to this properties, the R-TiO,
doped rGO composite is good anode material for future LIBs [61]. A simple cold-
quenching induced self-assembly technique is used to effectively construct a new type
of high mono-dispersed and wrinkled graphene nanosheets (GNs) attaching with SnO,
nanoparticles to prepare SnO,/MG composite. Result of increased conductivity and
reducing volume change, the foldable structure of monodispersed graphene nanosheets
can limit restacking and restrict the movement and aggregation of SnO, nanoparticles
on the surface GNs. Moreover, during the production procedure, a synergistic interaction
between GNs and SnO, nanoparticles is induced. Due to this interaction, the SnO,/MG
nanocomposite achieves good electrochemical performance for LIBs anode. After 200
cycles at a current density of 100 mA g, it shows large reversible capacity of 1147 mAh
g and at a current density of 1000 mAh g* large rate capability (759 mAh g*') can be
obtained and also at 2000 mA g after 600 cycles it showed a long cycle life of 662 mAh
g? [36]. Through a capillary evaporation technique, a mesopore-oriented holey graphene
Framework (HGF) attached with Li, Ti,O,, nanoparticles was effectively produced HGF/
Li,Ti,O,, composite. Holey graphene consists of a huge amount of in-plane nanopores
having 5 nm diameter. These nanopores might allow Li ions to shuttle graphene sheets
as well as reduce Li-ion diffusion resistance in Li,Ti,O,,-HGF composites, which is
essential for achieving superior power capability. The porous-like structure of the
Li, Ti,O,,-HGF composite can be accurately adjusted by varying the initial ratio of
Li,Ti,O,,-HGF. A large tap density may be produced by accurately adjusting the porous-
like structure, which is useful for getting improved volumetric-power capability. The
holy doped graphene is highly stable and Li, Ti,O,, a type of zero strain material. LTO/
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HGE-1 also seems to have a good volumetric-power capability, at 17.5 A g' delivering
good volumetric specific capacity of 98 mAh cm? after 1000 cycles with 84% of capacity
retention, shows long-cycle stability and high rate performance of anode material [39].
CVD growth techniques have also been used to prepare graphene and MoS,. A graphene
/MoS, alternately stacked structure (GMASS) was then produced using 5 layers of MoS,
and 5 layers of graphene. The CVD-produced MoS, and films have few defects, for
electrochemical characteristics, the as-fabricated GMASS-structure is an excellent
platform for studying the influence of MoS, and graphene interactions. When compared
to monolayer graphene electrodes(1.46 V), GMASS has a lower average operating
voltage(1.31 V) when it used as a LIBs anode. As compared to the graphite anode (461
cm?®). , its volumetric capacity was considerably increased (1260 mAh cm?). These
electrochemical characteristics are advantageous for achieving large energy density in
Lithium ion Batteries. graphene/MoS2 heterostructure composite is used to be good
performance LIBs anode in the future [19]. ZnO/G composite is produced by a simple
ball milling technique and it shows a good performance for lithium ion batteries.
Graphene is doped with ZnO nanoparticles, a 3D conductive network produces for
zinc oxide nanoparticles due to the excellent mechanical strength and large conductivity
of graphene which can reduce the volume changes, also graphene layer present on the
surface drive electrons to the conductive- network from zinc oxide inside the electrode
which limits its side reaction. The electronic mobility and ion-diffusion coefficient will
be enhanced due to the produced defects and cracks through the bead hit on the surface
of graphene. The electrochemical performance will be tested for full lithium ion battery,
in which ZnO/G is used as an anode and lithium cobalt dioxide ( LiCoO,) used as a
cathode, at 100 mA g* it indicates a good reversible capacity of 400 mAh g* and large
energy-density (1478 Wh kg™) [62]. Fe,O, nanoflakes-Reduced graphene oxide composites
were made from a FeCO, hierarchical-microstructure, without the calcination of high
temperature. It is a low-energy technique for fabricating Fe,O, nanoflakes-Reduced
graphene oxide composites. FeCO, to Fe,O,, there was an impressive morphological
and phase transition. The Fe,O,-Reduced graphene oxide composites as-prepared were
produced from a multichannel-material of FeCO,-microspheres that benefitted from
alkaline solution permeation, which enhanced Fe," dispersion and makes up Fe,O,
uniformly attached on RGO sheets. Reduced graphene oxide sheets have a large surface
area, which provided a path for Lithium ions movement and buffered volumetric
expansion of Fe,O,-material. At current density of 100 mA g™, the Fe,O,-RGO composites
offer a good capacity of 925.3 mAh g when it tested as anode for LIBs. Even at current
density of 500 mA g7, the capacity remains at 636.1 mAh g after 1000 cycles [52].
MoO, doped graphene composites are effectively produced in a single-step technique
having a piece of low price equipment and a basic setup with the ambient condition.
The findings show that MoQO,- nanoparticles having sizes less than 30 nanometers are
arranged randomly on the multi-layer graphene sheets(MG) surface [63]. An inexpensive
and simple approach is used to produce an SnS, nanoparticle-graphene nanosheets
composite. Due to the unusual structure of graphene nanosheets and SnS,, it is linked
by covalent bonds, which exhibit good performance in Lithium ion Batteries. It shows a
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capacity of 1250.8 mAh g in Lithium ion Batteries, which is significantly higher than
Sn-based material. After the rate is raised to 0.5 A g7, it retains a capacity of about 798.6
mAh g'. These findings show that doped graphene not only reduces the volume changes
are mostly due to the inclusion of faulty graphene, which not only reduces volume
changes but also offers additional active sites for the transport of electrons and more ion
storage [56].

Production of silicon (S) from silicon dioxide (SO,) may pollute the environment
and also consumed a lot of energy. Using reductants like carbon-based materials, the
reduction of silicon dioxide is difficult to produce high-quality silicon in a large amount.
[64]. TiO, doped graphene composites are difficult to make because they require a costly
organic source. [61]. In the long cycle process, the capacity of the SnO,-graphene
composite is decreased which is a typical problem. This is because the SnO,-nanoparticles
doped on the graphene surface agglomerated where graphene cannot encapsulate it,
causing falling off the active material during the charging/discharging process [65].
There is well dispersed graphene based nanocomposites are required to obtain high
capacity with low production cost.

4. Conclusion

The outstanding chemical and physical properties of graphene make graphene as a
potential material for energy storage and conversion devices. Presently among all the
energy storage devices , lithium ion batteries has a an excellent electrochemical energy
storage device which convert chemical energy into electrical energy. As a major
component of LIBs anode material plays a major role in the storage capacity of LIBs.
Graphite is used as anode component in LIBs, but the graphite anode is very limited
theorical capacity and cannot achieve the industries requirements. To enhance the
performance of LIBs graphene is considered one of the best anode due to its excellent
characteristics. Also graphene ability to doped with other materials to reduce its volume
changes and improve its electrical conductivity. Graphene based nanocomposites seem
to be best anodes for future LIBs.
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