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Figure 1 Schematic illustration of the classification of
sources and applications for natural polymer-based solid

electrolytes.
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Figure 2 Schematic diagram of functional roles of natural
polymers in solid polymer electrolytes.
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Figure 8 (a) Multi-scale architecture of SPE showing ion percolation pathways and the apacity retention of their full-cell

configuration cycled®”); (b) Schematic of a novel SPE with high mechanical strength and voltage stability suppressing

dendrite growth and forming a stable interfacel*®); (¢) Schematic of CNF hierarchical structure, comparative analysis of Li*

conductivity, and cycling performance of Li-Cu-CNF solid-state battery!®l.
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Figure 11 (a) Synthesis of SPl-based glass-like polymer dynamic covalent networks; (b) Li* transport mechanism!®!l;
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Research Progress in Natural Polymer-Based Solid Polymer Electrolytes
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Abstract With the increasing demand for high safety and high energy density in electrochemical energy storage,
solid-state polymer electrolytes (SPEs) have emerged as a promising direction due to their ability to effectively
mitigate safety risks associated with liquid electrolyte leakage and dendrite formation. Natural polymers,
featuring unique molecular structures and abundant functional groups, as well as renewable and environmentally
friendly characteristics, represent ideal candidates for constructing green SPEs. This review systematically
summarizes recent progress in the development of natural polymer-based SPEs, highlighting the critical
mechanisms by which their molecular structures and functional groups enhance mechanical properties and
optimize electrochemical performance. The review further outlines multidimensional structural design principles,
including graft modification, cross-linked network construction, and inorganic filler incorporation, and discusses
key scientific issues related to improving ionic conductivity, mechanical strength, and thermal stability. Finally,
by analyzing the current state of research, the review evaluates the potential applications and challenges of natural
polymer-based SPEs in electrochemical energy storage devices, providing strategies and insights for the
development of high-performance, green, and cost-effective solid-state polymer electrolytes.

Keywords Solid polymer electrolyte, Natural polymer, Design and synthesis, Ionic conductivity, Mechanical
strength

* Corresponding author: LIANG Ye-Ru, liangyr@scau.edu.cn; LI Jia-Shen, jiashen.li@manchester.ac.uk.



