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With the increasing demand for high-energy-density and intrinsically safe lithium-ion batteries, quasi-solid electrolytes (QSEs) have gained significant attention as an alternative to conventional liquid systems. However, reducing electrolyte thickness while maintaining mechanical robustness and interfacial stability remains a critical challenge for practical implementation, particularly in high-loading electrode configurations.
In this study, we report the design and fabrication of an ultra-thin QSE with a total thickness below 30 μm, achieved by symmetrically coating a quasi-solid electrolyte matrix onto both sides of a thin polyethylene (PE) separator. This structural configuration enables both mechanical reinforcement and uniform ionic transport pathways. The resulting composite electrolyte exhibited a high ionic conductivity exceeding 3 mS/cm at room temperature and outstanding mechanical strength above 200 MPa. In addition, the membrane demonstrated excellent thermal stability, showing only ~10% shrinkage at 200°C, indicating strong resistance to thermal deformation under severe conditions.
Electrochemical performance was evaluated using high-loading NCM811/Gr–SiOₓ full cells (4 mAh/cm²). The effects of electrolyte thickness and liquid electrolyte content on cycling stability were systematically investigated. Cells incorporating QSE layers with a thickness of 15 μm or greater maintained over 80% capacity retention after 500 cycles and exhibited negligible self-discharge behavior.
These results demonstrate that the ultra-thin, symmetrically coated QSE structure provides a mechanically robust and electrochemically stable interface for high-loading electrodes. This study presents a practical design strategy for implementing thin, safe, and high-performance quasi-solid-state electrolytes, offering a viable pathway toward the commercialization of next-generation lithium-ion batteries. 
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