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Received: 2025/03/13 At the dawn of the 21st century, in the face of a persistent energy crisis
Accepted: 2025/08/21 and escalating environmental pollution, renewable energies and
Published: 2025/09/13 advanced energy storage technologies have garnered significant global

attention. Among the various energy storage systems, lithium-sulfur
(Li-S) batteries have emerged as one of the most promising candidates
for the next generation of rechargeable batteries, owing to their
exceptionally high theoretical energy density and low material cost .
However, both cathode and anode materials in Li-S batteries present
substantial challenges for practical applications. In cathode materials,
the “shuttle effect” and the loss of active material due to significant
Correspondence email: volume expansion during charge and discharge cycles are the primary
z.kiamehr@tafreshu.ac.ir culprits for capacity degradation. Concurrently, in anode materials, the
uncontrolled growth of lithium dendrites frequently leads to internal
short circuits and, consequently, severe thermal runaway incidents . This
study provides a comprehensive review of flexible Li-S batteries,
highlighting various mitigation techniques proposed to overcome these
adverse electrochemical performance issues in energy storage systems.
Each challenge is discussed with a diverse range of suggested solutions.
Specifically, our analysis is conducted by examining the cathode, anode,
separator, and electrolyte components individually. Furthermore, to
enhance understanding of the fundamental chemistry and failure
mechanisms inherent in flexible Li-S batteries, we review important
characterization techniques employed in these systems. We also
comprehensively survey the latest research advancements in this field,
introducing the advantages of each performance modification method
to accelerate the development and practical application of flexible Li-S
batteries. Finally, by comparing the results obtained, we identify
optimal techniques and discuss the future prospects of this technology.
It is our hope that the insights presented herein will serve as a crucial
resource for the design of the next generation of flexible Li-S batteries.
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