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Presently, researchers’ and experts are currently dealing with ways to maintain and im-
prove the best performance of several energy storage technologies. This review focuses
on how adding carbon derivatives to lithium sulfur battery (LiSBs) electrodes can reduce
capacity fade, resistance, breakdown and poor performance while also enabling the best
possible use of LiSBs in a variety of devices. Their rate as regards specific capacitance,
energy and power densities, life duration, lightweight, etc., are among these optimal
performances. The global energy crisis focused more scientists’ attention on how to
enhance the performance of LiSBs devices for the benefit of humanity. Numerous carbon
derivatives, including GO, rGO, carbon nanotubes (CNTs), etc., have advantageous
properties that raise the efficiency of energy storage technologies. This review looked
at LiSBs and the impact of carbon derivatives addition on their storage capability, cycle
stability, life span and durability.
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1. INTRODUCTION

aging effect of toxicity, global warming and depletions of fos-

Climate change and environmental pollution are major chal- sil fuels, which technological advancement increased and sus-
lenges facing our world. The growing world pays for the dam- tained due to human activities [1-3]. Finding environmentally

friendly sources of energy as alternative to usual hydrocarbons
and developing high capacity batteries, solar cells, supercapac-

*Corresponding Author Tel. No.: +234-803-7321-864. itors, etc., for energy fabrication and storage devices have kept
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Figure 1. Samples of sulphur batteries [14].

researchers all over the world in laboratories [2, 4, 5]. More also
as the world is gradually transiting to electric vehicles; the need
to review the impact of hydrocarbons, fossil fuels like petroleum
oil, coal and natural gas, which have substantial percentage of
the global electricity generation to our environment, is inevitable
[6-8]. Environmental pollutions caused by constant depletion of
fossil fuel resources have terrible health implications, and other
adverse impacts to humanity; however, because of the ever in-
creasing human population, the energy need of the society have
drastically increased, requiring more effective energy fabrication
and storage systems [8—11]. Since energy is an evitable need of
man, there can only be an upgradation, and more environmental
approaches toward its generation and storage. Especially as there
is high demand in their most portable form, for usage in electrical
and electronic gadgets like laptops, smart phones, wrist watches,
ear pod and the likes [12, 13]. Recently, portable electric vehicles
and hybrid electric vehicles have taken the centre stage enhanc-
ing the need of our mobility and information rich, global soci-
ety [10]. Since LIBs are considered as the best energy storage
preference for electric vehicles (EVs) and hybrid electric vehi-
cles (HEVs), most electric controlled devices employ them for
energy storage, as is shown from Figure 1. Lithium ion batteries
(LIBs) has a remarkable property compared to most other energy
storage devices due to its ability to operate with a constant volt-
age through charge or discharge process, while working voltage
of other energy storage devices like supercapacitors decline lin-
early in their cycling process [15, 16]. However, main difficulties
preventing the usage of LIBs in EVs and HEVs is still its thermal
management [17]. Though already in commercial use, Lithium-
ion batteries have their shortcomings, thus the need for further
research on lithium batteries. One of the most promising en-
ergy conversion solutions that can satisfy the requirements for the
proper driving range of battery electric vehicles (BEVs) is the use
of LiSBs batteries. The theoretical capacity and energy density
of a LiSBs system are 1675 mAhg~! and 2500 Whkg~!, respec-
tively. Sulphur is abundant in nature and is therefore a cheap raw
material, which lowers the cost of LiSBs systems [18]. LiSBs
need to be improved despite being promising because their small
active materials consumption, little sulphur stuffing and reduced
cycling stabilities may diminish the effectiveness of their prac-
tical applications [18]. Compared to other carbon-sulphur com-
posites that researchers have suggested in the literature to boost

the effectiveness of lithium-sulphur batteries, graphene offers a
better promise for this use. Current collectors, electrolytes and
anodes could all benefit from the use of graphene and its deriva-
tives [19]. Since, LiSBs was capable of trapping polysulphur
and increase the battery conductivity, a current collector made of
graphene was able to achieve exceptional lifespan and rate ca-
pability. Therefore, in this review, we will concentrate on using
carbon-based electrodes to increase the performance of LiSBs
[20], aimed at ways of enhancing performance of LiSBs using
carbon-based derivatives. These performances include storage
capability, cycle stability, life span and durability. Since ether-
based electrolytes are currently the most suitable electrolyte for
LiSBs, the electrodes must meet a number of conditions in order
to produce high energy density LISBs. One such need is compat-
ibility with ether-based electrolytes. In order to get a relatively
high voltage for LiSBs, the electrode material should also have a
lower potential for Li* deintercalation and intercalation. Finally,
the capacity needs to be on par with LiBs. The problems with
LiSBs, potential solutions, and upcoming advancements in the
search for an appropriate high energy and power density elec-
trode material were all thoroughly examined in this review.

1.1. LISBS OPERATIONAL MECHANISMS

The market for rechargeable batteries for portable electronics, in-
cluding smartphones, laptops, and other universal mobile tech-
nologies, has recently been dominated by Lithium ion batter-
ies [21]. Contrarily, traditional Lithium ion batteries are expen-
sive and have inadequate energy density (theoretically, 350 - 400
Whkg™!, actually, 100 - 220 Whkg™!) (typically, a graphite an-
odes and lithium transition metal oxides cathodes) [21]. These
drawbacks prevent their usage in power-intensive applications
like fixed energy storage and long range electrical vehicles [22].
The development of small, lightweight rechargeable batteries
with improved performance as well as higher energy densities
and longer cycling lifetimes was sparked by the search for such
novel energy-storage devices. LiSBs have a high theoretical spe-
cific capacity of 1672 mAhg~! of active material and cathodes
that are primarily formed of elemental sulphur [23]. Sulphur
composite cathode, electrolyte, separator, and metallic lithium
anode make up LiSBs [24]. Electrons and Li ions are created
during the discharge of the lithium metal anode and then dif-
fuse to the cathode side through the electrolyte. While this is
happening, electrons from the external circuit travel to the sul-
phur molecule in the cathode and reduce the elemental sulphur
to lithium sulphide, as shown in the schematic design in Figure
2 [25]. Anode: oxidation process involves an electron loss. The
ultimate electrochemical reactions of LiSBs can be streamlined
using equations (1-3).

2Li — 2Li* +2¢”, (1
cathode: reduction reaction, electrons are obtained,

S +2Li* +2¢” — LisS, 2)
total battery reaction (discharge process),

2Li+ S — LiS,Ey = 2.15V. 3)

Since charging is in opposite process from draining, when a bat-
tery is being charged, an exterior power sources drives electrons
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Figure 2. Operation features of LiSBs [25].

to travel from cathode to anode through an outside circuit while
lithium ions diffuse through the separator and return to the an-
ode [26]. In general, an LiSBs comprises a lithium anode, sul-
phur cathode and a separator with liquid or solid electrolyte as
represented in Figure 2.

1.2. FUNDAMENTAL FEATURES OF LISBS

Sulphur is a new family of active material for LiSBs that has re-
ceived several interests because of its exceptional features. Poly-
sulfide migration can be effectively stopped thanks to the cova-
lent bond (S-S bonds) between its atoms, which cannot be sev-
ered from the molecular chain [24]. Developing rechargeable
LiSBs possessing high energy densities and long-term cycle ca-
pacities requires a complete understanding of sulphur and its re-
dox processes [27]. With a potential specific capacity of 1,722
mAhg~!, sulphur is a promising cathode material. This is five
times greater than the specific capacities of conventional cath-
odes material centred on transition metal oxides or phosphates.
Sulphur likewise has extra benefits, including affordability and
environmental friendliness [28]. Other outstanding qualities that
made sulphur the best cathode material for great specific capacity
and unlimited cycle stability include: (1) sufficient sulphur con-
tent; (2) decent conductivities using mixed conductive materials
within the cathodes; (3) elastic assembly to safeguard volume
changes; and (4) techniques for trapping polysulphides within
cathodes [26].

2. LISBS ELECTRODES

The appropriate investigation of electrochemical changes or re-
actions in order to get optimum or less performance within LiSBs
electrodes during cycling leads to better understanding of ap-
propriate materials or conditions to use in synthesis or fabrica-
tion of LiSBs electrodes. In addressing these issues, methodol-
ogy adopted or considered to improve the performances should
also consider availability, cost, and toxic nature of materials and
methods. Several strategies such as controlled morphology, in-
troduction of artificial defects (doping) in the nanostructured ma-
terials, nanostructured doping, surface coating and functionaliza-
tion, etc., have been employed towards enhancing electrode per-
formance. In addition, abundant interests have also be channeled
in detecting new cathode materials that can accomplish the de-

sired equilibrium among performance, affordability, availability,
and environmental requests [29].

2.1. LISBS CATHODE

As was already mentioned, the LISBs cathode presents a num-
ber of difficulties, including the shuttle effect, slow electrical
and ionic transport, and high over potential voltage during first
charging. Compared to the outcomes described by the early pub-
lished works, the over potential voltage has been significantly
decreased by synthesizing nanosize Li,S, covering the Li,S us-
ing Li* conductive materials or introducing a redox mediator in
the electrolytes. The activation barrier does not now pose a sig-
nificant obstacle to the practical use of Li,S cathode material.
Furthermore, the high over potential voltage only appears dur-
ing the initial charging phase and disappears after subsequent
cycles. Hence, the high over potential voltages difficulties are
small. Low electronic conductivities and the shuttle effects are
the hardest and most pressing issues for Li,S cathode materials,
and both will have a significant negative impact on the cycle life
and practically available capacity. As a result, scientists have
worked extremely hard to increase the electronic conductivities
and reduce the shuttle effects for Li,S cathodes. The most effi-
cient way to accomplish these objectives is to form composites
of Li,S with carbon materials. Due to its great electrical conduc-
tivities, carbon materials can first establish sufficient electrons
network in order to transfer of electrons from the current collec-
tors to the active materials [30]. Subsequent, carbon materials
have strong mechanical features that can preserve the structural
integrity of the cathodes in the course of cycling [30]. However,
different production methods enable carbon materials’ morphol-
ogy to be modified. Carbon compounds, for instance, can be
converted into hollow spheres, sheets (like 2D graphene), and
carbon nanotubes [31]. Carbon can be utilized in a variety of
morphologies to generate electrodes with increased adaptability.
Hence, to avoid the shuttle effects, it is easy to make porous car-
bon materials that can grip and absorb polysulfide. It is simple
to add extra elements or groups to the surface of carbon materi-
als or derivatives so that they can chemically bond to polysulfide
and end forfeiture of electrodes active materials. The configu-
rations, texture, conductivities and surface properties can all be
specifically adjusted for the LiSBs electrodes when carbon ma-
terial is fused as composites. Numerous researches have been
concentrated on developing LiSBs/carbon composite in order to
address the problems with LiSBs electrode materials.

2.1.1. Graphene Based LiSBs Cathode

Several features prompted the use of graphene in doping and
forming composites of electrodes materials for energy storage
devices as listed below:

1. In order to obtain high utilization of active sulfur material,
the cathode can benefit from a good conductive network
thanks to graphene’s better electrical conductivity.

2. The enormous pore volumes that graphene frameworks can
provide are essential for loading insulating sulfur, and they
have a high tolerance for the volume fluctuations that occur
in sulfur cathodes during frequent charging and discharging
cycles.
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3. Materials made of graphene can satisfy the stringent speci-
fications for Sulphur cathode frameworks.

4. In order to provide rapid transit of Li+ during the redox pro-
cess, the three-dimensional (3D) interconnected hierarchi-
cal macro porous networks of graphene materials may ac-
commodate sulfur species, prevent the diffusion of polysul-
phides into the electrolyte, and favor the electrolyte’s diffu-
sion [32].

2.1.2. LiSBs Based Conductive Polymer Composite

For LiSBs cathode materials, conductive polymers have been
thoroughly investigated [33, 34]. For instance, the use of
polypyrrole on the LiSBs cathode has been documented in var-
ious articles. Conductive polymers can be advantageous to the
cathode from the two perspectives listed below when used as
a conductive addition, which includes the flexibility and mal-
leability of the polymer allowing for customization of LiSBs by
creating good contact with the active substance. However, the
polymer’s functional groups have the ability to efficiently ab-
sorb polysulfide, which reduces the shuttle effect and improves
cycling efficiency. To our knowledge, much less study has been
done on the LiSBs/conductive polymer composite than on the
LiSBs cathode. High-performance Li2S cathodes were made us-
ing an in situ synthesis of Li2S/polypyrrole composites by Seh
et al. [35] The N element in polypyrrole had an advantageous
Li-N interaction with Li2S, as demonstrated by high-resolution
XPS, which allowed polysulfides to be tightly bound to the sur-
face of LiSBs. In order to create effective electron routes, the
polypyrrole was in close contact with the LiSBs, which led to
the resultant composite’s good cycling performance and rate ca-
pability.

2.2. GRAPHENE BASED LISBS ANODE

Anode is one of the essential and vital components in LiSBs; it
shows an essential role in determination of general productiv-
ity of LiSBs. Recently, most LiSBs anodes are commonly fab-
ricated using graphitic carbon; this graphite material possesses
limited theoretical capacity and diffusion path for Li* disper-
sion is very long, which results in small energy and power den-
sities of LiSBs. However, researchers are looking for ways of
enhancing anode material to withstand ever-expanding request
for next-generation LiSBs. To solve problems associated with
small theoretical capacity and long diffusion path length, proper-
ties of anode materials, varieties of nanostructured carbon deriva-
tives like GO, rGO, CNTs, CNFs and their composites materials
are receiving serious attention [36]. Carbon derivatives’ mor-
phology can be controlled to produce porous, hollow, needle,
rods, etc. nanostructured nanocomposite materials that deliver
an improved surface-to-volume ratio, electrode/electrolyte inter-
actions, short ionic diffusion length, and increased conductivity
[22]. The Li anode in the LiSBs has three main issues: (a) cor-
rosion (b) small Coulombic efficiency and (c) uneven morpholo-
gies of the lithium coating, caused by parasitic interactions with
dissolved polysulfide (PS) [26]. Both organic electrolyte sol-
vents and PS cause the lithium to retreat. Various interactions
deplete Li* metal and produce an undesirable passivation coat-
ing, prompting LiSBs to lose capacity. The primary cause of the
LiSBs thermal runaway at abundant temperature has also been

Types of Carbon Derivatives |
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Figure 3. Types of carbon derivatives [37].

identified as the reactions amongst liquefied PS and Li anode
[26].

3. CARBON AND ITS DERIVATIVES IN LISBS

There are many carbon derivatives as shown in Figure 3. Various
carbon derivative affect sulphur differently as will be discussed
in later sections

3.1. GRAPHENE MATERIALS IN LISBS

Graphene, a carbon material one atom thick with exceptional
electrical conductivity and mechanical elasticity, recently trig-
gered success in LiSBs. For instance, a graphene and Sulphur
composites material by Zheng et al. [38] with sulphur particles
coated in polyethylene glycol (PEG) and graphene sheets demon-
strated consistent capacity of 600 mAhg~!. While the manu-
facturing of graphene-sulfur composite cathodes is often diffi-
cult for large-scale use, they show promising electrochemical
performance. Examples of materials that have been used to in-
crease conductivity and prevent sulphur agglomerations include
graphene/sulphur/polyaniline composite, graphene wrapped hair
derived carbon/sulphur composite and graphene derived carbon
sulphur nanocomposite. These materials may possibly enhance
cycling stability and decrease the impedance of LiSBs [39, 40].
Graphene is a sheet of refined graphite in which the atoms are
densely and closely packed. These graphite atoms that formed
graphene are arranged systematically and neatly hexagonal con-
figuration [37, 41]. Their unique features like great specific sur-
face area, good electrical conductivity and established chemical
reaction (inertness) make them a good candidate for energy stor-
age devices. The high malleable characteristic gives graphene
an edge over activated carbon because it can be reformed into
many shapes, other derivatives have their unique characteristics
too as shown in Figure 4. Graphene sheets can also be used di-
rectly as electrode materials without collectors for transferable
supercapacitor application [42]. Additionally, graphene demon-
strates effectiveness in improving the sulfur electrode’s conduc-
tivity and reducing polysulphide migration to the anode, both of
which have a major positive impact on the usage and cycle life of
the active materials [37]. Due to its exceptional electrical con-
ductivities, high specific surface areas, huge pore volume, and
outstanding structural stability, graphene is considered as one of
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Figure 4. Graphene derivative performance in LiSBs [42].

the greatest promising conductive matrixes LiSBs. Due to its
many preparation techniques, it can also have a variety of traits
and qualities, allowing it to be employed in various Li-S battery
components [43]. A sulphur/graphene composite was created by
loading elemental sulphur into three-dimensional graphene (3D
graphene) and then being assembled using a metal ion aided hy-
drothermal process [44]. The S@3D graphene composite dis-
played a high specific capacity and steady capacity retention
when the sulfur concentration was up to 73 wt%. High-rate dis-
charge/charge capability was also made possible by the unique
3D structure. Their findings demonstrated the potential of the
S@3D-graphene composite as a cathode for high-rate perfor-
mance LiSBs. However, benefits of containing energetic sulphur,
preventing the disbanding of soluble polysulphides and offering
adequate electrical conduction. Park et al. studied the possible
usage of sulphur-impregnated graphene composites as a cathode
material by Park et al. [42], after 50 cycles were completed in
a voltage range of 1.8 - 2.6 V vs. Li/Li", they noticed virtuous
cyclic retaining of 67% and a high discharge capacity of 1237
mAhg~!.

3.2. LISBS BASED GRAPHENE OXIDE (GO) AND REDUCED
GRAPHENE OXIDE (RGO)

The most important of graphene derivatives, known as graphene
oxide (GO), is frequently made using Hummer’s approach [14].
GO is more adaptable than defect-free graphene because it has
respectable conductivity, mechanical characteristics, and a com-
paratively strong chemical connection with polysulfide [38]. The
excellent qualities of graphene and GO are particularly advanta-
geous for Li-S batteries. The cycle efficiency of lithium-sulphur
batteries has also been reported to be significantly improved by
graphene oxide (GO) by Wu et al [39] network anchoring sul-
phur [45]. Ex situ and in situ surfaces, coatings and layers were
combined to prevent the nanostructured Li, S electrodes used in
Wau et al. [40], Li-S cells from unfavorable interactions with the
electrolyte. Conductive graphene or carbon shell was coated on
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Figure 5. (a-d): Selected microstructure characterizations [39].

micro-scaled Li,S particles to improve the Li,S performances
and stability [39]. The rGO (multiwalled graphene) powder in
Figure 5 (a) shows a typical shape with a highly clean surface and
linked walls. They discovered 100 — 200 nm Li,S nanoparticles
that were coupled to one another after the Li,S was deposited.
Due to the high point of Li,S, the CVD deposition did not visi-
bly alter the particle size as shown in Figure 5 (b). We also in-
tended to reduce damages within CCVD shell round the discrete
particles for the duration of electrode fabrication and collabora-
tion by generating these composites, where many interconnected
Li,S are deposited on graphene and bonded to each and the sub-
strate surfaces. Through X-ray diffraction (XRD) experiments,
Figure 5 (c) demonstrates that only the pure and singular crys-
talline phase of Li,S was present following the CCVD step. En-
ergy dispersive spectroscopy (EDS) data are shown in Figure 5
(d), illustrating the absence of elements besides S and C.

3.3. LISBS IN COMPOSITE OF GO AND RGO

The exceptional compatibility of graphene and its derivatives
with other materials, such as carbon compounds, polymer and
metal complexes, is their unmatched advantage. This com-
patibility opens up a variety of rational design options to ad-
dress their inherent drawbacks, such as combining polysulphide
with graphene, GO, rGO or other carbon derivatives with high
conductivity. Carbonaceous materials are frequently used with
graphene/GO/rGO to improve ions/electrons conductivities or
capacity to capture polysulphides due to their availability and
diversity [46]. Therefore, a different approach is to combine
graphene/GO with conductive polymers to create a composite
that not only physically encapsulates but liquefied polysulphides
but also dampens volume fluctuations to avoid cathodes from be-
ing expanded [47]. Some polymers may improve chemical re-
actions or conductivity with sulfur or polysulphides. Addition-
ally, carbon nanotubes (CNTs), a kind of carbon with a unique
1D shape and exceptional conductivity, have been used in a va-
riety of applications [48]. Li-S battery performance was sig-
nificantly enhanced by CNT reinforced graphene/GO compos-
ites [49]. Researchers have established that metal oxides fre-
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Figure 6. Sulphur entrapment in graphene support for LiSBs during the
charge/discharge cycle [39].

quently display high ion and molecule absorption. Consequently,
graphene/GO/rGO has been composited with metal oxides, metal
nitrides, metal carbides, or metal sulphides, making such topolo-
gies attractive for high-performance Li-S batteries. In the end,
different substances, oxides, and materials, including nanomate-
rials, can be mixed with graphene and graphene oxide to create
the composites required for a specific output. Notably, graphene,
GO, and even rGO can be combined to create an improved com-
posite that can make up for each of their distinct shortcomings
[26].

3.4. LISBS IN HIERARCHICAL-POROUS GRAPHENE (HPG)
The placement of components parts in a thoughtfully calculated
structures, which nanocarbon frameworks serves as both an elec-
tronics conduits to the capture dynamic materials and a minia-
ture electrochemical reaction chamber, is the key to creating a
high performance electrode for Li-S batteries [23]. Moreover,
nanocomposite for LiSBs was designed and created with sulphur
trapped in hierarchical porous graphene. The sulphur/lithium
polysulfide were thought to be trapped in the hierarchical porous
graphene (HPG), as seen in Figure 6. The Li* ions will diffuse
into the graphene during the discharge process and combine with
the original sulphur particles to create soluble lithium polysul-
phides, which is anticipated to be contained by the graphene.
Table 1 is the summary of LiSBs Performances using different
carbon compounds

4. CURRENT PERFORMANCE OF LISBS

In this section, various advantages and disadvantages of LiSBs
in present industries, homes, hospitals, technology and various
uses are discussed.

4.1. BENEFITS OF LISBS

Sulphur, a major raw material fabrication of LiSBs cathodes, is
inexpensive, plentiful and non-hazardous; hence, the LiSBs is
better environmentally and economically friendly choice com-
pared with LIBs. The cell cost of a LiSBs is lower compared to
LIBs (approximately 100 USD per KWh) [60-62]. Additional
remarkable advantage of LiSBs is it is discharged to a zero per-
cent charged position and do not require successively recharging

for their storage [63, 64]. Therefore, LiSBs can stay without dis-
charging for free long-standing storage days when it is not used
since it is devoid of severe capacity degradation or damage. This
is a significant feature of LiSBs, as LIBs must be recharged sev-
erally on the course of long-term storage in order to avert per-
manent capacity damage. Additionally, LiSBs constituents ma-
terial permit very lightweight materials, as slight as 1.0 gem™3,
which is much smaller compared to characteristic LIBs. There
is additional important superiority that LiSBs have compared to
LIBs, the aeronautical and submarine application need recharge-
able batteries as small weight as possible, it is more reliable using
LiSBs in aeronautical and submarine applications [65-67].

4.2. IMPERFECTIONS OF LISBS

Despite the LISBs extraordinarily high theoretical energy den-
sity, the LiSBs meaningfully lower real energy density values
are major barriers to their commercialization. One of the main
causes of the LiSBs low commercialisation is their intricate func-
tioning mechanism. The problem is seen primarily in the trans-
formation of elemental sulphur (S8) into the final reduction prod-
uct, lithium sulphide (Li,S). A lot of effort has been spent into
finding a solution to this problem. During the discharge process,
an intermediate known as LiSBs (Li,S,, 3< x<8) is created when
elemental sulphur is reduced. LiSBs can diffuse from the cathode
after becoming soluble in the electrolyte.

The distance between soluble polysulphide chains shorten
as the discharge procedure progresses, affecting the viscos-
ity of electrolyte in use. The final discharge products, Li,S,
and Li,S, are solid protecting compounds that can increase
LiSBs resistance by passivating the cathodes conductive sur-
faces. The charging technique, which entails oxidizing solid
products (Li,S,/Li,S) back into soluble form and then transform-
ing them into elemental sulphur, is also challenging. This last
stage is determined by the voltage charge cut [68]. It is difficult to
detect distinct polysulphide varieties, because the reactions dif-
fers significantly dependent on the electrolytes/electrodes con-
figurations. The electrolyte viscosity changes as the soluble
polysulphide chains get shorter during the discharge process.
The final discharge products, Li,S; and Li,S, are solid protect-
ing compounds which increase LiSBs resistance by covering the
cathodes conductive surfaces. This charging technique, which
entails oxidizing solid products (Li»S,/Li,S) in reverse soluble
arrangement and then transforming them to elemental sulphur,
is also challenging. The voltage charge cut determines this fi-
nal step [68]. Individual polysulphide species cannot be distin-
guished with clarity and the reactions fluctuates significantly de-
pendent on the electrolytes/electrodes configuration. Since the
primary reaction in a LIB is the movement of Li* ions amid an-
ode and cathode, this tendency stands more pronounced in case
of a LiSBs. Even this particular illustration is enough to compli-
cate matters for researchers and make it harder for them to de-
cide which material to use to create a LiSBs High-performance
component materials may not be compatible with one another,
thus research on each material must be done individually and in
a different environment. Despite having a large theoretical and
gravimetric energy capacity, using lithium metal as the anode can
have drawbacks of its own; this is principally responsible for the
limited lifespan of LiSBs. The reduction potential of lithium, a
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Table 1. Summary of LiSBs performances with various carbon compounds.

S/N Cathode Anode Specific Retention Capacity@ References

Capacitance  Cycles Completed

Fg)
1 Lithium Sulphide/Microporous Carbon Graphite 660 91.0% @150 [50]
2 Ball-milled Li,S/Graphene Graphite 809 50.0% @100 [51]
3 Lithium Sulphide @Porous Carbon Graphite 470 57.4% @30 [52]
4 Li,S @ Graphene Nanocomposites Graphite 730 60.0% @200 [53]
5 Li,S/Mesoporous Carbon Nanocomposites  Silicon 423 51.0% @20 [54]
6 Li,S/Carbon Mixture Silicon 550 49.0% @70 [55]
7 Li,S/C/Graphene Composite Silicon 593 61.0% @30 [56]
8 Free-Standing Li,S/rGO Film MnO, 587.5 80.0% @150 [57]
9 Li,S-Carbonised Wipe SnO; 983 80.0% @150 [58]
10 Li,S - C Mixture Tin 600 66.0% @32 [59]

highly electronegative element, is 3.04 V. Numerous organic sol-
vents unexpectedly reacts with sulphur due to its high potential,
severely destroying the electrolyte in the process [20]. An irre-
vocable harm of various active ingredients within cathode occurs
because of the polysulfide that forms around anode surfaces re-
ducing to a diminutive polysulfide and reducing LiSBs coulomb
efficiency. Lithium ions are stripped and plated as the reaction
progresses, creating a rough lithium metal anode surfaces dur-
ing charge and discharge. The current density over the LiSBs is
therefore uneven. This raises a question since an excessively ir-
regular surfaces can adversely affect other cell parts, particularly
the cathode, which might result in a short circuit [69, 70].

Lithium metal substitutes have been tried in LiSBs anodes,
along with carbon-based materials and materials based on sili-
con (Si) and tin (Sn)[71, 72]. It should be made clear that these
materials need to be altered in order to serve as LiSBs anodes.
The battery voltage is already smaller than that of Li-ion batteries
at about 2.1 V, but the anodes that arise are less electronegative.
Since Si or Sn is also significantly denser than lithium metal, a
light materials, the overall weightiness of Si or Sn-based negative
electrodes rises. This finished cells specific energy and gravi-
metric energy density are negatively impacted by this. Addi-
tionally, a Si or Sn-based anodes volume fluctuates significantly
throughout the course of a charge-discharge cycle, resulting in a
reduction in the LiSBs performance [73]. In order to optimize the
potentials of the LiSBs multi electron reductions, lithium metal
remains the optimum material for LiSBs anode.

Li,S; and Li,S are deposited at the cathode because of the
breakdown of the carbon skeleton of the cathode and the poly-
sulfide reactions with electrolytes, which significantly reduces
the cycle life of the battery [74, 75]. Sulphur is an active com-
ponent of a LiSBs, but due to its inherent insulating properties,
it requires a significant amount of conductive carbon material to
maintain the cathodes conductivity. As a result, different lengths
of LiSBs are formed into porous structures that are vulnerable
to collapsing under repeated charge/discharge cycle of the ac-
tive materials depositions and dissolutions. LiSBs often require
far more conductive carbon materials added to their cathodes
than LIBs do, for this reason. Researchers have addressed this
problem by altering the cathode to permit quick mass transfer
and redox reactions [76, 77]. Rapid Li* diffusion is also possi-

ble with an electrolyte of low density. The volume of a sulphur
cathode fluctuates considerably during charge/discharge cycles,
which is the foremost cause of electrodes eventual delamination
from the current collector and subsequent slow degradation. In
essence, intermediate reactions primarily cause the degradation
of LiSBs. It becomes obvious from a closer look of cathode ma-
terials that conductive carbon or carbonaceous compounds are
typically non-polar on the surface. Normally, modest interac-
tions between polar LiSBs and non-polar surfaces cause LiSBs to
disintegrate and significantly limit its capacity [78—80]. It would
be desirable to use cathodes materials with polar surfaces, like
oxides, nitrides or carbides, to stop LiSBs dissolution through
chemisorption and chemical anchoring. Cell cycle time would
rise and LiSBs shuttle would decrease. Some carbonaceous ma-
terials could have polar surfaces because of doping with transi-
tion metals like cobalt, nickel, or iron as well as with nitrogen,
sulphur, or phosphor. Depending on their morphology and sur-
face edge, other carbonaceous materials like carbon nanotubes
and graphene may also exhibit specific non-polar surfaces [§1—
83]. Despite all of these difficulties, the LiSBs remains the most
promising candidate for the upcoming rechargeable battery gen-
eration, in part due of its high theoretical capacity.

5. CONCLUSION

High performance energy storage is required by the world’s tech-
nological advancements; lithium sulphur batteries appear to pro-
vide the desired characteristics, notwithstanding they do have
some drawbacks. LiSBs technology is currently at a turning
point, which made performance optimization of its electrodes
a task that had to be undertaken by researchers. On the cath-
ode side, graphene and its derivatives have the ability to enclose
sulfur atoms, form bonds with polysulphides, and improve elec-
tronic/ionic conductivities. Hence, on anode part, they have the
ability to maintain Li* ions and stop side reactions. However,
there are numerous ways to improve the physical and chemi-
cal interactions of carbon derivatives with sulphur and polysul-
phides, including creating porous architecture, functionalizing
and doping etc. For low-cost, high-performance LiSBs, compos-
ites of carbon derivatives have proven to be a more efficient and
effective technique of accomplishing a remarkable result. LiBS
are still in the early stages of research and development, they have
the potential to be inexpensive, high energy densities, and high
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power capabilities. The knowledge of sulfur’s electrochemical
reactions in liquid electrolyte has advanced significantly. When
building high-performance LiBS battery systems, reducing the
shuttle effect and increasing coulombic efficiency are always cru-
cial. These objectives can be met by graphene materials, which
are perfect scaffold materials for improving LiBS battery perfor-
mance and offering excellent prospects for commercialization.
However, there are still the following issues that need to be re-
solved. Today’s LiBS batteries are still in early prototype or coin
cell form, and there are still a lot of issues that need to be worked
out before they can be completely commercialized. It is believed
that improving the electrode materials and designing new struc-
tures are efficient and successful ways to improve the cycle per-
formance. Functionalized graphene, or rGO, represents a very
promising frame structure configuration because it can trap poly-
sulfides owing to oxygen functional groups on graphene surface,
minimizing polysulfide dissolution and improving the reversibil-
ity of the charge/discharge process. Despite significant advance-
ments in the field of nanostructured graphene-based electrodes
for lithium-ion batteries, the precise response mechanisms re-
main unclear. Combining strong theoretical calculations with in
situ and operando characterization techniques, such as density
functional theory (DFT), molecular modeling, and synchrotron
radiation analysis, can lead to a thorough understanding of in-
terface interactions and the mechanisms underlying the degra-
dation of component materials. These techniques can also help
uncover the intricate mechanisms underlying the electrochemical
reactions of conversion chemistry.
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