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Fig. 1 Synthetic route to HBPs.
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Fig. 2 (a) 'H-NMR and (b) '°’F-NMR spectra of HBPs.
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Fig. 4 (a) LLZTO content dependence of the ionic
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Fig. 5 (a) Temperature dependence of the ionic conductivity
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Fig. 6 Voltage-time profiles of HBPs-LLZTO-SPE at (a) 0.05
anode after cycling 120 h at 0.1 mA-cm™ and 60 °C.
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Fig. 7 (a—c) XPS analysis of cycled lithium electrodes after 120 h at a current density of 0.1 mA-cm2; (d) The 3D mapping in
the TOF-SIMS sputtering volumes of HBPs-LLZTO-SPE derived SEI; (e) Overlay of 3D distribution mapping for LiF,™,
NSO,F,™ and CHO,™; (f) Overlay of 3D distribution mapping for LiF,~, Li~ and LiF,0,CH,".
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rate performance at 60 °C.
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Composite Electrolyte Based on Hyperbranched Fluoropolymer for
Lithium Metal Batteries
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Abstract Solid-state lithium metal batteries have attracted significant attention due to their high energy density
and superior safety. However, their development is hindered by interfacial issues between solid electrolyte and
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lithium anode. In this work, hyperbranched fluoropolymer (HBPs) was synthesized via photocatalyzed reversible
deactivation radical polymerization (RDRP), using a combination of poly(ethylene glycol) methyl ether methacrylate
(PEGMA), 2,2,3,4,4,4-hexafluorobuty]l methacrylate (HFBMA), and 2-bromo-3,3,3-trifluoropropene (BTP). The
HBPs was then composited with Lig4La3Zr; 4Tag 4O, (LLZTO) nanoparticles to fabricate the composite solid
electrolyte (HBPs-LLZTO-SPE). Notably, the electrolyte can form a hybrid organic-inorganic solid electrolyte
interphase (SEI) on the lithium metal surface during cycling. The SEI exhibited a gradient structure, characterized
by an organic-rich top layer and an inorganic-rich bottom layer where the inorganic phases were encapsulated by
an organic matrix. This unique architecture was designed to achieve exceptional interfacial stability with lithium
metal. When the electrolyte was applied to lithium metal batteries, the battery showed outstanding rate capability
and stable long-term cycling performance at 60 °C.

Keywords Hyperbranched fluoropolymer; Composite electrolyte; Solid electrolyte interphase; Solid-state lithium
metal batteries



