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Abstract: Lithium-sulfur batteries have advantages such as high theoretical energy density,
but suffer from poor sulfur conductivity, polysulfur shuttle effect and volume expansion.
Graphene shows potential to enhance the performance of lithium-sulfur batteries due to its
high electrical conductivity and large specific surface area. This paper explores the
application of graphene in lithium-sulfur batteries through a literature review. Graphene can
be used to modify cathode materials, which can be prepared by methods include chemical
vapor deposition, hydrothermal synthesis and sol-gel method, so as to improve the electrical
conductivity and inhibit the shuttle effect. The addition of graphene to the diaphragm
facilitates the formation of a physical barrier layer, which can effectively impede polysulfide
migration, enhance ion transport properties, and augment the mechanical strength and
stability of the diaphragm. After modification of the electrolyte, graphene enhances ionic
conductivity, inhibits polysulfide shuttling, and improves the performance of the
electrode/electrolyte interface. However, there are still some challenges, such as the difficulty
of completely eliminating the polysulfide shuttle effect, the high cost, and the stability of the
electrode structure to be improved. In the future, the composite process of graphene and sulfur,
the development of low-cost and high-performance graphene materials, and the
comprehensive application of graphene modification strategies should be optimized to
promote the development of lithium-sulfur battery technology.
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1. Introduction

The accelerated advancement of portable electronic devices, electric vehicles, and renewable energy
storage systems has resulted in a growing necessity for high-performance energy storage devices.
Lithium-sulfur batteries have attracted much attention due to their high theoretical energy density
(2600 Wh/kg), high theoretical specific capacity (1675 mAh/g) and abundant sulfur resources [1].
This paper reviews the research of graphene in promoting the performance of lithium-sulfur batteries,
and discusses the preparation method of graphene-modified lithium-sulfur battery cathode materials
and their electrochemical performance, as well as the purpose of inhibiting the shuttle effect. Through
the method of literature review, this paper specifically analyzes and elaborates on how graphene can
help lithium-sulfur batteries to improve their performance, and analyzes and elaborates on why
graphene can help lithium-sulfur batteries to improve their performance through the characteristics
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of graphene. The low conductivity of sulfur cathode materials and the polysulfide shuttle effect
during cycling have hindered the commercialization of lithium-sulfur batteries, necessitating further
research. In contrast, graphene, a novel carbon nanomaterial with high electrical conductivity, large
specific surface area, and excellent mechanical properties, provides a new method for modifying
cathode materials for lithium-sulfur batteries [1].

2. Advantages and Challenges of Graphene in Lithium-Sulfur Batteries

Graphene has demonstrated many performance advantages in applications. In lithium-sulfur batteries,
graphene, as a conductive carrier for the sulfur positive electrode, can greatly improve the
conductivity of the sulfur positive electrode, improving the overall performance of the battery. It not
only enhances the electron transport capacity of the sulfur anode, but improves the sulfur utilization
and reduces the loss of active material. Besides, graphene’s unique two-dimensional lamellar
nanostructure and large specific surface area provide abundant active sites. Through rational
structural design and surface modification, graphene can effectively inhibit the solvation and shuttle
effects of polysulfides, shorten the electron transport path, increase the reactivity of sulfur and the
kinetic rate of chemical reaction, and limit the diffusion and migration of lithtum polysulfide, thus
improving the cycle stability and multiplication performance of the battery. However, graphene faces
some problems in the application of lithium-sulfur batteries, in which the shuttling effect of
polysulfides is difficult to be completely eliminated, leading to a decrease in battery capacity and a
shorter cycle life. Also, the preparation cost of graphene is relatively high, which may pose a
limitation to the large-scale application of graphene lithium-sulfur batteries. The low density of
graphene may also have an impact on the volumetric energy density of the battery. To ensure the
long-term cycling performance of the battery, the stability of the electrode structure during the
charging and discharging process needs to be further improved. In addition, the preparation process
of graphene lithium-sulfur batteries is still immature, hence making large-scale production still face
some technical challenges [2].

3. Improvement strategy of graphene in lithium-sulfur batteries
3.1. Preparation of Graphene-Modified Anode Materials for Lithium-Sulfur Batteries

The preparation methods of graphene-modified cathode materials for lithium-sulfur batteries mainly
include chemical vapor deposition, hydrothermal synthesis, and sol-gel method. Each has its own
advantages and disadvantages, but all of them can improve the performance of lithium-sulfur batteries
to a certain extent.

3.1.1. Preparation of Graphene/Sulfur Composites by Chemical Vapor Deposition

The graphene chemical vapor deposition (CVD) is a production process that utilizes a chemical vapor
reaction to form thin films under high temperature conditions. The method uses a certain proportion
of gaseous organic materials and carbon-rich gaseous materials that are heated in a vacuum or
depressurized environment to undergo a chemical vapor phase reaction to obtain the desired thin film
material. Graphene has received widespread attention in electronics, high-performance solid fuel cells,
optical transmitter devices and energy storage due to its excellent properties such as high strength,
low coefficient of friction, high thermal conductivity and resistivity. In this regard, CVD, as the most
commonly used method to produce graphene, has become the first choice for graphene preparation.
CVD enables the preparation of high quality graphene with few defects. This graphene provides
good electrical conductivity for the composite material, which improves the charge/discharge
efficiency and multiplier performance of lithium-sulfur batteries. Secondly, CVD helps graphene and
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sulfur composite uniformly so that the sulfur can fully react, which improves the utilization rate and
battery capacity, and makes the battery performance more stable. In addition, CVD can adjust the
graphene structure (number of layers, size, shape, etc.) to optimize the performance of the composite
material. For example, the preparation of graphene of a specific size and shape can provide a more
suitable space for sulfur loading and electron transport, which can further improve the performance
of the battery. However, this method has disadvantages, which usually requires complex equipment
and special reaction conditions such as high temperature and high pressure, high cost of equipment,
strict requirements on the production environment and operation, increasing the complexity and cost
of preparation, which is not conducive to large-scale production.The CVD method is a complex
process, which involves the precise control of multiple steps and parameters, such as the gas flow
rate, the reaction temperature, the pressure and the reaction time. Any parameter fluctuation may
seriously affect the quality and performance of graphene/sulfur composites, so the process needs to
be finely optimized and strictly controlled, which increases the difficulty of research and development
and production [3][4].

3.1.2.Preparation of Graphene/Sulfur Composites by Hydrothermal Synthesis

The hydrothermal synthesis is a method of performing chemical reactions in a high temperature and
high pressure aqueous environment by which reactants are converted into target products. In the
preparation of graphene/sulfur composites, sulfur-containing compounds (e.g., sodium thiosulfate,
etc.) are typically placed in a hydrothermal reactor together with graphene or its precursor (e.g.,
graphene oxide) and reacted for a period of time (several hours to tens of hours) at a specific
temperature (e.g., 120-200) and pressure. During this process, sulfur interacts with graphene, leading
to the formation of graphene/sulfur composites.

The biggest advantage of the hydrothermal synthesis method is that the experimental equipment
and operation are relatively simple, without the need for special extreme conditions such as high
vacuum, high temperature and high pressure, low cost and easy to mass production. Moreover, it can
prepare graphene with high purity, and can also make sulfur uniformly distributed on the surface of
graphene or between the layers to form a good contact interface, but the effect is not as good as the
above chemical deposition method. The disadvantages of the hydrothermal synthesis method are also
relatively obvious, one of which is that the reaction time is long, generally speaking, the hydrothermal
reaction takes a long time to complete, ranging from a few hours to dozens of hours, which leads to
the high time cost of the whole preparation process, and is not conducive to the rapid and efficient
production of materials. The second is that the hydrothermal synthesis method is usually carried out
in a relatively small reaction vessel, and the number of products that can be obtained from each
reaction is limited, making it difficult to achieve large-scale mass production, which to a certain extent
limits the scale of its application in industrial production. There is also the fact that although the
reaction conditions are relatively mild, specific equipment such as high-pressure reactors are still
required to withstand certain temperatures and pressures, which increases the cost of the equipment
and the complexity of the operation [5][6].

3.1.3. Preparation of Graphene/Sulfur Composites by the Sol-Gel Method

The sol-gel method involves the hydrolysis and condensation of precursors in solution to create a sol,
followed by gelation, drying, and heat treatment of the sol to prepare the material. In the manufacture
of graphene/sulfur composites, the sulfur-containing precursor and graphene or its precursor (such as
graphene oxide) are generally dispersed in an appropriate solvent, followed by a series of chemical
reactions to form a gel, and then dried and heat-treated so that the sulfur and graphene are
compounded to form the final composite material.
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The most advantageous point of the sol-gel method is that it is usually carried out at relatively low
temperatures, which reduces energy consumption and equipment requirements, and avoids the
adverse effects of high temperatures on the structure and properties of the material. Secondly, the
structure and morphology of the composites can be controlled by adjusting the reaction conditions
and the type of precursor. For example, composites with specific pore structures and nano-sizes can
be prepared to increase the specific surface area and active sites, thereby favoring battery performance.
In addition, the sol-gel method allows sulfur and graphene to be uniformly mixed at the molecular
level to form homogeneous composites. This helps to enhance the stability and consistency of the
material properties and reduce the impact of localized inhomogeneities on battery performance. At
present, the preparation of graphene/sulfur composites by the sol-gel method mainly remains in the
laboratory stage, and there are still some challenges to realize large-scale production. For example,
the sol-gel method usually requires multiple steps such as sol preparation, gelation, drying, and heat
treatment, which makes the preparation process relatively complex, demanding, and time-consuming,
and is not conducive to large-scale production. Second, the method may require the use of some
specific metal-organic compounds or inorganic compounds as precursors, which are often expensive,
thus increasing production costs [7][8].

3.2. Functions of Graphene-Modified Diaphragms
3.2.1.Inhibition of the Shuttle Effect of Polysulfides

In terms of inhibiting the polysulfide shuttle effect, graphene achieves this through physical barrier
and chemisorption. For the physical blocking aspect, graphene has a unique two-dimensional lamellar
structure, and when used to modify a diaphragm, these layers can form a physical barrier to some
extent. Polysulfides are usually present in larger molecular clusters or ions in the electrolyte, and
graphene’s lamellar structure can increase the path length and difficulty of polysulfide diffusion. For
example, polysulfides need to bypass graphene sheets as they attempt to pass through the diaphragm,
which makes it difficult for them to easily diffuse from the positive electrode to the negative electrode,
thus reducing polysulfide shuttling and improving sulfur utilization. In terms of chemisorption, the
surface of graphene usually contains certain functional groups or defective sites, which can
chemically interact with polysulfides to adsorb the polysulfides. Oxygen-containing functional
groups on the surface of graphene oxide can form chemical bonds with sulfur atoms in polysulfides,
immobilizing the polysulfides near the diaphragm and reducing their dissolution and migration in the
electrolyte. This chemisorption helps to inhibit the shuttle effect of polysulfides and improve the
cycling stability of the battery [9][10].

3.2.2.Improvement of Ion Transport Characteristics

In order to improve ion transport performance, graphene itself has excellent conductivity, and its
modification to the diaphragm can improve the overall conductivity of the diaphragm. During the
charging and discharging process of lithium-sulfur batteries, lithium ions need to migrate back and
forth between the positive and negative electrodes. The highly conductive graphene modification
layer can provide a smoother transmission channel for lithium ions, lowering the internal resistance
of the battery, enabling lithium ions to migrate more quickly, and improving the battery's
multiplication performance. For example, lithium-sulfur batteries with graphene-modified
diaphragms are able to maintain higher capacity and better performance output under high-multiplier
charging and discharging conditions. In additionThe lamellar structure of graphene can help guide
the uniform distribution of lithium ions in the diaphragm. Because graphene has a large specific
surface area and good ion affinity, lithium ions are more likely to be uniformly distributed on the
surface of graphene or between the layers as they pass through the diaphragm. This prevents localized
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ion concentrations from being too high or too low and reduces the formation of lithium dendrites.
The formation of lithium dendrites can lead to internal short-circuiting of the battery, thereby reducing
the safety and cycle life of the battery. The graphene-modified diaphragm allows for a uniform
distribution of ions, which improves the safety and cycle life of the battery [11].

3.2.3.Enhancement of Mechanical Strength and Stability of Diaphragms

In terms of enhancing the mechanical strength and stability of the diaphragm, graphene has high
mechanical strength, and its use in modifying the diaphragm can provide additional mechanical
support for the diaphragm. During battery assembly and use, the diaphragm needs to withstand certain
pressure and stress. The high strength of graphene prevents the diaphragm from rupturing or being
damaged by these external forces, maintaining its structural integrity. For example, during the
charging and discharging process of a battery, the electrode material may exert a certain pressure on
the diaphragm due to volume changes and other reasons. Graphene-modified diaphragms are better
able to withstand this pressure, ensuring proper battery operation and performance stability. Graphene
also has good thermal stability. During the operation of lithium-sulfur batteries, a certain amount of
heat may be generated, especially in high rate charging and discharging or high temperature
environments. Graphene-modified diaphragms can improve the stability of the diaphragm in high-
temperature environments and reduce the risk of diaphragm deformation or failure due to elevated
temperatures. This is important for improving the safety and reliability of batteries, especially in some
application scenarios where high temperatures may occur or under extreme conditions [12].

4. The Role of Graphene-Modified Electrolytes

In terms of modified electrolyte, graphene can enhance ionic conductivity, inhibit polysulfide
shuttling, and improve electrode/electrolyte interface characteristics. Graphene has high electron
mobility and good electrical nductivity, and its introduction into the electrolyte can improve ionic
conductivity, accelerate lithium ion transport, and enhance battery multiplier performance. When
charging and discharging lithium-sulfur batteries, the polysulfide intermediates generated by the
sulfur negative electrode are easy to shuttle to the loss of active substances, reduced coulombic
efficiency, shortened life, graphene can be adsorbed and fixed polysulfide to improve cycle stability.
It can also form a good interfacial layer, reduce the interfacial resistance, promote charge transfer,
improve the charging and discharging efficiency, inhibit the corrosion of the electrolyte on the
electrode, protect the electrode material, and extend the battery life [13]. Experimental evidence
indicates that lithium-sulfur batteries utilizing graphene-modified -electrolytes demonstrate
substantial enhancements in specific capacity, cycle life, and multiplier performance. For example,
in some studies, lithium-sulfur batteries using graphene-modified electrolytes demonstrated
remarkable capacity retention after hundreds or even thousands of charge-discharge cycles.
Furthermore, conventional lithium-sulfur batteries exhibit low ionic conductivity at low temperatures,
and the stability of the electrolyte is compromised at elevated temperatures. The incorporation of
graphene-modified electrolytes has the potential to mitigate these issues, thereby enabling the battery
to operate more effectively across a broader temperature range and in a more diverse range of
environments [14].

5. Future Prospects

At present, Currently, the application of graphene in lithium-sulfur batteries is still in the stage of
exploration and optimization, and has not yet reached the ideal level. However, with the progress of
science and technology and in-depth research, the application of graphene in this field is promising.
In the future, the continuous innovation of graphene modification strategies will promote
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breakthroughs in lithium-sulfur battery technology, providing more efficient and reliable energy
storage solutions for portable electronic devices, electric vehicles and renewable energy storage
systems. The research direction of graphene in lithium-sulfur batteries includes optimizing the
composite process of graphene and sulfur, improving the homogeneity and stability of the material,
and exploring new processes such as the in-situ growth method in order to improve the sulfur
utilization rate and the cycling performance of the battery. Meanwhile, low-cost and high-
performance graphene materials are developed, and the preparation cost is reduced by techniques
such as mechanical exfoliation and chemical reduction. In addition, doping and modifying graphene
can further enhance its electrical conductivity and mechanical properties to better meet the needs of
lithium-sulfur batteries. By comprehensively applying graphene modification strategies, including
modification of cathode materials, diaphragm and electrolyte, a synergistic effect will be generated
to comprehensively enhance the performance of lithium-sulfur batteries. For example, graphene-
modified cathode materials can improve electrical conductivity, modified diaphragms can help inhibit
the shuttle effect, and modified electrolytes can enhance ionic conductivity, thus realizing the optimal
performance of the battery [15].

6. Conclusion

The results reveal that graphene shows great potential in enhancing the performance of lithium-sulfur
batteries. The rational design and application of graphene can lead to a notable enhancement in the
conductivity of lithium-sulfur batteries. Furthermore, graphene can inhibit polysulfide shuttling and
mitigate volume expansion. However, at this stage, the application of graphene still faces some urgent
challenges, including the high cost of large-scale preparation that limits its industrialization, and the
structural stability and long-term cycling performance of composites need to be further improved.
These challenges provide directions for future research, especially in how to optimize the production
process of graphene and improve its comprehensive performance. This paper, as a review,
systematically analyzes the application of graphene in lithium-sulfur batteries on the basis of existing
literature, which lacks an in-depth discussion of the actual experimental process and results. Future
research should be carried out from these aspects, especially on graphene-modified cathode materials,
in order to further promote the performance improvement and application expansion of lithium-sulfur
batteries.

References

[1] Wang, D., et al. (2013) Carbon-sulfur composites for Li-S batteries: status and prospects. Journal of Materials
Chemistry, 1: 9382-9394.

[2] Tian, J., Xing, F. and Gao, Q. (2021) Graphene-Based Nanomaterials as the Cathode for Lithium-Sulfur Batteries.
molecules (Basel, Switzerland), 26(9): 2507.

[3] Wang, J., et al. (2019) Carbon nanotubes/SiC prepared by catalytic chemical vapor deposition as scaffold for
improved lithium-sulfur batteries. J. Nanopart Res., 21: 113.

[4] Zhao, M.Q., Zhang, Q., et al. (2014) Unstacked double-layer templated graphene for high-rate lithium-sulphur
batteries. nat Commun 5, 3410.

[5] Geng, X, et al. (2018) Isothermal sulfur condensation into carbon nanotube/nitrogen-doped graphene composite
for high performance lithium -sulfur batteries. J. Mater Sci: Mater Electron 29: 10071-10081.

[6] Shang, L., et al. (2024) One-step fabrication of flexible free-standing graphene/sulfur film for lithium-sulfur battery.
Ionics, 30: 199-206.

[7] Yu, C.W. and Tsai, CJ. (2022) Ti4O7 as conductive additive in sulfur and graphene-sulfur cathodes for high-
performance Lithium-sulfur batteries with a facile preparation method. MRS Energy & Sustainability, 9: 369-377.

[8] Wang, D., etal. (2023) Realizing high-capacity all-solid-state lithium-sulfur batteries using a low-density inorganic
solid-state. Nat. Commun., 14: 1895.

[9] Diao, Y., et al. (2013) Shuttle phenomenon - The irreversible oxidation mechanism of sulfur active material in Li-S
battery. Journal of Power Sources, 235: 181-186.

58



Proceedings of the Sth International Conference on Materials Chemistry and Environmental Engineering
DOI: 10.54254/2755-2721/126/2025.20051

[10] Liu, S., Liu, Y., et al. (2024) Multifunctional Vanadium Nitride-Modified Separator for High-Performance Lithium-
Sulfur Batteries. Nanomaterials, 14: 656.

[11] Wang, Y., et al. (2023) Research Progress on Multifunctional Modified Separator for Lithium-Sulfur Batteries.
Polymers, 15: 993.

[12] Huang, Z., et al. (2023). Graphene-Based Materials for the Separator Functionalization of Lithium-
lon/Metal/Sulfur Batteries. materials (Basel, Switzerland), 16(12): 4449.

[13] Zhao, P., et al. (2023) Designs of Anode-Free Lithium-Ion Batteries. Batteries, 9: 381.

[14] Pervez, S.A., Madinehei, M. and Moghimian, N. (2022) Graphene in Solid-State Batteries: an Overview.
Nanomaterials (Basel, Switzerland), 12(13): 2310.

[15] Lai, S., et al. (2024) Progress and prospects of graphene-based materials in lithium batteries. Rare Met., 43: 1886-
1905.

59



