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Abstract : [Objective] As a cutting-edge innovation designed to enhance the safety and energy density of lithium-based batteries, all-
solid-state battery technology has shown significant potential for development. Among these advancements, organic solid-state
electrolytes based on poly(ethylene oxide) (PEO) offer promising applications in high-energy-density lithium-metal batteries due to
their exceptional chemical stability and compatibility with lithium metal. However, PEO-based solid-state electrolytes face limitations
in high-voltage stability, lithium-ion mobility, and conductivity, which significantly hinder their practical application. As a result,

researchers are seeking simple and effective methods to improve the electrochemical performance of PEO-based solid-state
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electrolytes. Recently,ionic liquids, particularly solvated ionic liquids,have emerged as cost-effective and easily prepared materials in
solid-state electrolyte,indicating their potential to enhance the performance of solid-state electrolytes. [ Methods] In this study, the
solvated ionic liquid [ Li(G4) ][ FSI] was introduced as a lithium source and additive for PEO-based solid-state electrolytes. PEO-
based solid electrolytes modified with [1i(G4) J[ FSI] were prepared using the solution casting method. Initially, tetraethylene glycol
dimethyl ether (G4) and LiFSI were utilized as raw materials, resulting in the creation of the solvated ionic liquid [ Li(G4) ][ FSI]
through a 1 * 1 mixing ratio of n(LiFSD) : n(G4). Subsequently, PEO and [ Li(G4) ][ FSI]/LiFSI were dissolved in acetonitrile at
varying ratios of n(EQO) : n(LD (a2 : 1,with x values of 16,18,20,22,24) to produce a solid-state electrolyte solution. This solution
was then evenly spread within a polytetrafluoroethylene mold, and the solid-state electrolyte film was formed by evaporating the
solvent under vacuum at 60 ‘C. The solid-state electrolyte films were characterized using various spectroscopic and electrochemical
methods. [ Results] Scanning electron microscopy (SEM) images revealed that the incorporation of[ Li(G4) ][ FSI] prompted the
formation of pores within the PEO solid-state electrolyte, potentially creating conducive conditions for the rapid movement of lithium-
ions. Results from electrochemical impedance spectroscopy (EIS) and constant potential polarization tests demonstrated a
considerable enhancement in ionic conductivity of the PEO-based solid-state electrolyte and an increase in lithium-ion mobility with
the addition of [ Li(G4)][FSI]. In lithium symmetric batteries, the overpotentials at 0. 1 mA/cm’ and 0.1 mAh/cm’ decreased
significantly and remained stable for 800 h. The optimal formulation of the PEO-based solid-state electrolyte was determined by
adjusting the concentrations of [ Li(G4) ][ FSI]. The developed PEO-[ Li (G4)][FSI]-20 : 1 (PGF-20) solid-state electrolyte
displayed notably enhanced ionic conductivity (0. 44 mS/cm) and lithium-ion transference number (0. 253) at 60 °C with a ratio of
n(EO) : n(Li) at 20 : 1. Raman spectroscopic analysis of PEO-based solid-state electrolytes containing varying concentrations of
[Li(G4) ][ FSI] revealed that the solvated structure of PGF-20 exhibited a higher number of contact ion pairs (CIPs). The presence
of more CIPs promotes the formation of fluorine-containing solid electrolyte interphases (SEIs) ,leading to more stable interfaces at
the electrode-electrolyte junctions and thereby enhancing overall stability. SEM images further depicted that PGF-20 displayed
microstructural characteristics with fewer and smaller pores,along with a smoother surface, which likely contributes to the overall
enhancement of electrolyte performance. Additionally,X-ray diffraction (XRD) results confirmed that the addition of [ Li(G4) ][ FSI]
and its concentration adjustments did not compromise the crystallinity or mechanical strength of the PEQ, ensuring the physical
stability and mechanical reliability of the electrolyte materials. Leveraging these attributes, PGF-20 demonstrated the capability to
sustain 100 cycles in Li || LiFePO, all-solid-state batteries at 60 “C and 0. 5 C,with an impressive capacity retention rate of 88. 7%,
showecasing its significant practical value. [ Conclusion] This study successfully prepared the high-performance PEO-based solid-state
electrolyte, modified with solvated ionic liquid, using a straightforward solution casting method. The substantial improvement in
lithium-ion conductivity and mobility, as evidenced by EIS and constant potential polarization testing, validates the effectiveness of
incorporating solvated ionic liquids in enhancing the ionic conductivity and lithium-ion mobility of polymer solid-state electrolytes.
This research not only established a high-performing PEO-based solid electrolyte enhanced with solvated ionic liquids but also
broadened the scope of solvated ionic liquids’ applications. This work offers valuable insights and references for the design and
development of future solid electrolytes.

Keywords: poly (ethylene oxide)-based solid-state electrolyte; solvated ionic liquid; solid-state lithium metal battery; lithium-ion

conductivity; lithium-ion transference number
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