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The global energy transition has intensified the demand for safe energy storage systems. 

Lithium-ion batteries (LIBs) are widely used in electronic, medical, industrial, and electric 

vehicle applications [1] due to their high energy density, long cycle life, and low self-

discharge rates [2]. However, the use of liquid electrolytes (LEs) in conventional LIBs raises 

safety concerns, including fire, explosion, and dendrite formation, while also complicating 

recycling processes. Solid-state batteries have therefore emerged as a viable alternative to 

address these challenges [3]. Among solid electrolytes, polymer electrolytes offer 

advantages such as enhanced safety, low weight, and good mechanical properties. 

In this work, gel polymer electrolytes (GPEs) based on poly(ethylene glycol) diacrylate 

(PEGDA) were developed to improve the safety and recyclability of LIBs. These GPEs 

incorporate 0–60 wt% of a commercial LE (1 M LiPF₆ in a 50/50 v/v mixture of ethylene 

carbonate (EC) and diethyl carbonate (DEC)) and were synthesized via a one-step 

photopolymerization process under UV irradiation at room temperature. Successful 

immobilization of the LE within the polymer matrix was confirmed by FTIR and EDS 

analyses. Thermal analysis (TGA and DSC) revealed that the GPEs exhibit good thermal 

stability across a wide temperature range from −40 °C to 90 °C. Dielectric measurements 

as a function of temperature (20–100 °C, 0.1 Hz to 106 Hz) demonstrated that ionic 

conductivity increases with LE content. Notably, the formulation with 60 wt% LE achieved 

an ionic conductivity of approximately 2.8 × 10-2 S·m⁻¹ at 30 °C, consistent with literature 

values [3]. 

In parallel, the incorporation of flame retardants (FRs) into the GPEs was investigated to 

further enhance battery safety. Results showed that FRs were successfully integrated 

without inducing phase separation or adversely affecting the mechanical, thermal, or 

electrochemical properties of the samples. Combustion tests demonstrated improved fire 

behavior, including reduced dripping, suppression of secondary ignition, and the formation 

of protective char residues. 

Overall, this work provides valuable insights into the design of GPEs that combine good 

ionic conductivity, mechanical integrity, and enhanced fire safety, positioning them as 

promising candidates for the development of safer and more reliable LIBs. 
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