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Abstract: Compared to Li-ion batteries, Na-ion batteries hold significant advantages and market value for achieving
low-cost and large-scale energy storage, thanks to the utilization of cheap and abundant Na resources. However, the
use of highly flammable liquid electrolytes with leaky risk raises safety concerns for conventional Na-ion batteries
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stability of liquid electrolytes also hinders further enhancement of the performance of Na-ion batteries for practical use.
This study reports a facile way for the preparation of high-performance gel polymer electrolyte (GPE) by
thermal-driven radical in-situ polymerization of dipentaerythritol penta-/hexa-acrylat (DPEPA). This GPE exhibits an
ionic conductivity of 1.97 mS-cm ', a Na” transference number of 0.66, and a broad electrochemical stability window.
The DPEPA displays a lower lowest unoccupied molecular orbit (LUMO) energy level than that of ethylene carbonate
(EC) and diethyl carbonate (DEC) solvents, allowing for its preferential decomposition alongside NaPF4 on the
anode surface. This leads to a stable organic-inorganic composite film of solid-state electrolyte interphase,
inhibiting the decomposition of electrolyte solvents on the anode surface. The quasi-solid-state Na-ion battery
employing Na(Ni ;sFe;sMn ,3)0, (NFM) cathode and hard carbon (HC) anode in this GPE exhibits a high capacity
retention rate of 92% after 300 stable cycles at a current density of 120 mA-g ', while achieving the specific capacities
of 99-120 mAh-g "' within a wide temperature range of 20-80 °C. In-situ X-ray diffractometer analysis reveals the
highly reversible structural evolution of the NFM cathode during Na storage and the “adsorption-pore-filling”
mechanism of Na storage in the HC anode. All data in this research demonstrates that introducing polymers with low
LUMO energy levels proves an effective approach to enhance the electrochemical stability of solid-state Na-ion
batteries while improving cell safety.

Key words: Na-ion battery; quasi-solid-state battery; gel polymer electrolyte; thermal-driven radical in-situ
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Fig. 1 Synthesis and structure of GPE
(a) Thermal-driven radical in-situ polymerization of DPEPA; (b) Optical image of DPEPA-based GPE; (c) FT-IR spectra of GPE, DPEPA
and liquid electrolyte (LE); (d) HOMO and LUMO energy levels of NaPFq, EC, DEC and DPEPA
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Fig. 3 Morphology and structure of NFM cathode, as well as its electrochemical performance in half cell
(a) SEM image, (b) elemental mappings and (c) XRD pattern of NFM; (d) Charge-discharge curves of NFM cathode at
a current density of 12 mA-g™'; (e) Cycling performance of NFM cathode at 120 mA-g™*
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Fig. 4 Electrochemical performance of quasi-solid-state Na-ion full cell using NFM cathode and HC anode in GPE or LE
(a) Charge-discharge curves of the full cell using GPE at a current density of 60 mA-g™' with the first cycle conducted at a current density of
12 mA-g™'; (b) Cycling performance of the full cell using LE or GPE at 60 mA-g™'; (c) Cycling performance of the full cell using GPE at 120 mA-g™';
(d) Rate capability of the full cell using LE or GPE at various current densities of 12-360 mA-g™'; (e) Charge-discharge curves and (f) capacity

retention of the full cell using GPE in a temperature range of 20-80 ‘C at 60 mA-g'. Colorful figures are available on website
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