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[bookmark: _Hlk228207183]The development of next-generation lithium-ion batteries requires electrolyte systems that provide enhanced safety while maintaining high ionic conductivity and electrochemical stability. Quasi-solid-state polymer electrolytes (QSPEs) based on PVDF-HFP have attracted significant attention; however, their performance is strongly influenced by the type and content of inorganic nanofillers. In this study, the effect of Al₂O₃ nanofiller concentration (0–90 wt%) on the physicochemical and electrochemical properties of PVDF-HFP-based QSPEs was systematically investigated to determine the optimal composition.
Among the compositions studied, 15 wt% Al₂O₃ demonstrated the best overall performance. The optimized electrolyte exhibited improved surface uniformity and high mechanical strength (72.68 kgf/cm²), along with superior electrochemical characteristics, including an ionic conductivity of 4.13 mS/cm, a lithium-ion transference number of 0.58, and a wide electrochemical stability window of 4.9 V at room temperature. These improvements are attributed to the synergistic role of Al₂O₃ nanoparticles, which increase the amorphous phase of the polymer matrix and facilitate lithium-ion dissociation through Lewis acid–base interactions that immobilize anions.
In contrast, excessive filler content (>30 wt%) led to nanoparticle aggregation and reduced plasticizer effectiveness, resulting in degraded ionic transport and mechanical properties. To evaluate practical applicability, quasi-solid-state full cells using NCM811 cathodes and Gr-SiOx anodes were fabricated. The optimized electrolyte showed the lowest interfacial resistance, stable rate capability, and maintained over 80% capacity retention after 300 cycles at 0.5C.
These results provide important design guidelines for optimizing nanofiller content in QSPEs for safe, high-performance lithium-ion batteries. 
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