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Abstract: The lithium-sulfur batiery system is considered to be a promising next-generation battery system due to its ultra-

high theoretical energy density. However, there are still many technical challenges in the lithium-sulfur battery system,

especially in the positive electrode part, and the development of high-performance positive electrode materials has become an

important research direction for the lithium-sulfur battery system. This article briefly introduces carbon-based sulfur-carrying

composite materials such as porous carbon, carbon nanotubes and graphene, and other types of non-carbon-based sulfur-

carrying materials, and analyzes the action mechanisms of these materials in lithium-sulfur battery systems. At the same

time, the technical challenges in cathode parts of lithium-sulfur batteries are discussed, such as poor cycle performance

caused by the shuttle effect of polysulfides, poor conductivity and low sulfur utilization due to the insulation of elemental sul-

fur and its compounds, low volume energy density caused by low sulfur loading, and volume expansion in elemental sulfur

discharge, and the corresponding strategies and research progress are summarized. Finally, it is expected that high-

performance carbon-based materials will continue to be the research focus of the commercial development of lithium-sulfur

battery cathode materials due to their low price and excellent performance.
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Fig. 1  Schematic of the mechanism of “death” for dead Li-S cells with conventional configuration(a) and cycling process of Li-S cells

with glass fiber interlayer(b) [
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Fig. 2 Schematic illustration of the evolving process from graphite to

graphene (a), schematic illustration of mass production of gra-
phene-sulfur composites prepared by ball milling graphite flakes
and sulfur (b) [22)
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Table 1

Main problems and solving strategies for cathode materials of lithium-sulfur batteries

Problems Adverse effects

Strategies

Sulfur has poor conductivity

Low sulfur utilization rate, low specific capacity

Carbon-based materials such as highly conductive gra-

phene, carbon nanotubes, and nanosheets

Low sulfur loading Low battery energy density

Porous material

Lithium sulfide volume expan-

son pacity decay and safety problems

Lithium sulfide is separated from the conductive frame-

Porous materials, highly flexible materials, core-shell

work, the electrode structure is damaged, causing ca-

structures, etc.

Lithium sulfide is released from .
. Capacity decay
the conductive framework

Element doping, limitation of physical and chemical

Loss of active materials causes a drop in specific capac-

Polysulfide shuttle effect
conductivity

ity ; increase electrolyte viscosity thereby reducing ionic

methods such as interlayer, core-shell, and

cladding structure
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Fig. 5 Schematic of lithium polysulfide (LiPS) suppression and Li,S regulation by perovskite promoter in a working Li-S battery
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Fig. 6 Schematic of the LiAlO,/NdHCSs-modified separator and the corresponding Li-S cell working process
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