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Abstract

Lithium-ion batteries have been widely applied in portable electronics, electric vehicles, and energy storage
systems due to their excellent cycling stability and low cost. However, conventional liquid electrolytes suffer from
volatility and flammability, posing safety risks. Therefore, the development of non-volatile and stable composite
solid electrolytes (CSEs) has become an important research focus. Nevertheless, CSEs still face challenges related
to lithium dendrite growth during operation. This issue originates from non-uniform current distribution during
lithium plating/stripping, leading to dendritic growth at the electrode/electrolyte interface. With cycling, these
dendrites may propagate and penetrate the electrolyte, causing internal short circuits and capacity degradation,
thus limiting battery performance and lifespan. In this study, a PVDF-HFP/SN/LiTFSI/AI-LLZO/ZnF:
(CSE@ZnF2) composite solid electrolyte was fabricated using a doctor blade method. ZnF: reacts with lithium
metal to form LiF, which acts as a stable interfacial layer that suppresses dendrite penetration, reduces short-circuit
risk, and improves performance. PVDF-HFP and succinonitrile (SN) were dissolved in DMF to form a
homogeneous solution, followed by the addition of LiTFSI as the lithium salt and AI-LLZO as the ceramic filler
to enhance ionic conductivity and mechanical strength. A ZnF.-containing PVDF-HFP interfacial layer was
introduced on the surface, forming a bilayer CSE@ZnF. membrane. Coin cells were assembled using LFP as the
cathode for electrochemical evaluation. After activation, the CSE cell delivered a maximum specific capacity of
133.7 mAh/g at 0.1C/0.1C. However, the capacity decreased to 82.59 mAh/g after 100 cycles at 0.5 C/0.5 C,
corresponding to a retention of 68.23%. The CSE cell also failed to maintain stable cycling at 1 C/1 C, indicating
insufficient interfacial stability and unstable lithium plating/stripping behavior. In contrast, the CSE@ZnF-
electrolyte exhibited significantly improved performance. At 1 C/1 C, a high capacity retention of 90.10 % was
achieved after 100 cycles, showing superior cycling stability and rate capability. Compared to CSE, the CSE@ZnF-
system maintained higher capacities at various C-rates and showed more stable charge—discharge behavior. This
improvement is attributed to ZnF2, which enhances the electrolyte/lithium interface by forming a stable interphase,

promoting uniform lithium-ion flux, reducing local current density, and effectively suppressing lithium dendrite

Keywords: Lithium-ion batteries, Composite solid electrolytes, LiTFSI, Al-LLZO, ZnF2, LFP
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