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Abstract : [Objective] Traditional lithium-ion batteries with liquid electrolytes presents risks such as flammability and leakage,
making them highly prone to safety accidents during application. A feasible solution to these problems is replacing the liquid
electrolyte with a solid-state electrolyte. However, the requirement of ionic conductivity and interfacial compatibility often failed to
simultaneously meet for solid-state electrolyte in the application. In order to achieve high ionic conductivity and good interfacial
compatibility of solid-state electrolyte, poly (ethylene glycol) diacrylate-based quasi solid electrolyte (PEGDA-QSE) was prepared
via insitu ¥*Co irradiation. [ Methods] The PEGDA-QSE was prepared via insitu Y *Co irradiation, using PEGDA as the monomer

and a polyimide separator coated with Al,O; (PI@ Al,O;) as the support membrane. The precursor solution was made by mixing
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commercial carbonate-based liquid electrolyte and PEGDA with appropriate proportions. The effects of PEGDA mass fraction and
irradiation dose on the performance of the prepared PEGDA-QSE were investigated, along with physical characterization and
electrochemical performance tests conducted under optimized conditions. The situation of PEGDA-QSE polymerization was analyzed
using the Fourier transform infrared spectrometer (FT-IR) equipped with an attenuated total reflection (ATR) detector. The FT-IR
spectral resolution was about 4 cm™'. The crystal structures of PI@ Al;O; and PEGDA-QSE were characterized using the X-ray
diffraction (XRD) with Cu Ka ray (A=0. 154 nm). [Results] The liquid monomer PEGDA with high affinity was transformed into a
poly(PEGDA) with solid-state three-dimensional crosslinked structure after appropriate dose irradiation with ¥*Co. The small liquid
molecules of commercial liquid electrolyte were locked in the three-dimensional crosslinked structure of poly(PEGDA) , which could
reduce the risks such as flammability and leakage. The small liquid molecules in the three-dimensional crosslinked structure could aid
in Li" transport. In summary, PEGDA-QSE showed the following advantages: (1) PEGDA-QSE with excellent mechanical strength
could suppress the growth of lithium dendrite. (2) The synergistic interaction of poly (PEGDA) and small liquid molecules could
rapidly transport Li*. (3) The method of imsiru solidification could greatly reduce interfacial impedance between electrodes and
PEGDA-QSE. The characterization results of FT-IR,XRD and scanning electron microscopy (SEM) indicated that the PEGDA-QSE
was prepared successfully under the conditions of a PEGDA mass fraction of 10% and a y “Co irradiation dose of 30 kGy.
Meanwhile, the PEGDA-QSE demonstrated excellent electrochemical performance and safety performance. The ionic conductivity at
room temperature reached 0. 69 mS/cm, which was close to that of commercial liquid electrolytes. Additionally, the electrochemical
window reached 4. 7 V, making it suitable for matching high voltage cathode to achieve higher energy density compared to commercial
liquid electrolytes. The Li| PEGDA-QSE| LiFePO, half cell demonstrated stable cycling performance for 300 cycles at 0.5 C (1 C=
150 mAh/g) , retaining a discharge capacity of 147. 3 mAh/g and showing a polarization voltage around 0. 2 V after 300 cycles. In
addition, due to the excellent thermal stability of PI@ Al,O; supporting membrane of PEGDA-QSE, which PI@ Al,O; supporting
membrane is not shrinking under 150 °C, and the Li | PEGDA-QSE | LiFePO, cell is not short circuit under high temperature
condition. The solid-state pouch cells based on PEGDA-QSE can still work under mechanical fracture condition. [ Conclusion] This
work successfully prepared PEGDA-QSE through in-situ v*Co irradiation solidification. The small liquid molecules in PEGDA-QSE
facilitate rapid Li" transport, while its excellent mechanical strength suppresses the growth of lithium dendrite. Under optimal
preparation conditions (10% PEGDA mass fraction and 30 kGy Y*Co irradiation dose), PEGDA-QSE demonstrates high ionic
conductivity, good interface contact, and enhanced safety performance. This study provides a feasible solution for designing high-
performance solid-state lithium batteries in the future.
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Fig. 1 Process of y-ray irradiation-induced polymerization and
PEGDA-QSE prepared by in-situ solidification
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Fig. 2 Contact angle of precursor solution on the surface of

PI@AI, O; separator and PE separator
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Fig. 3 Optical pictures of precursor solutions before and

after irradiation with different irradiation doses
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Fig. 4 FT-IR spectra of PEGDA-QSE and PEGDA
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Fig. 5 XRD patterns of PEGDA-QSE and PI@ AlL,O,
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Fig. 6 Mechanical properties of PEGDA-QSE
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Fig. 7 SEM surfaces (a,b) and cross-section (c,d) images
of PI@ALQ; separator (a,c) and PEGDA-QSE (b,d)
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Fig. 8 EIS curves of PEGDA-QSE prepared with

different monomer mass fractions
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Fig. 9 EIS curves (a) ,ionic conductivities (b),LSV curves (¢) of PEGDA-QSE and LE,
and polarization curve for PEGDA-QSE (d)
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