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Abstract: Polyvinylidene fluoride (PVDF)-based polymer electrolytes hold significant potential
for solid-state lithium metal batteries (SSLMBs), yet their practical deployment is hindered by
residual N, N-dimethylformamide (DMF) originating from the preparation process. Specifically,
while residual DMF ensures rapid ionic transport, it triggers severe interfacial side reactions
with lithium metal, substantially compromising anode stability. Herein, we propose an additive-
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filler synergistic strategy integrating ionic liquid (1-butyl-3-methylimidazolium nitrate, [BMIM]
[NQO,]), zinc borate (Zn,B,0O,,, ZB) and multifunctional ceramic fillers Lis,La,Zr, ,Ta,;O,, (LLZTO)
to anchor DMF, and fabricate a solid composite electrolyte membrane (denoted as PBZL) with
a thickness of 40 ym. Density functional theory (DFT) calculations and molecular dynamics
(MD) simulations reveal that ZB and LLZTO exhibit strong adsorption interactions with
residual DMF molecules, suppressing their migration toward the electrode and mitigating
interfacial side reactions. The introduction of [BMIM][NO,] allows NO,- anions to enter the
primary solvation shell of Li*, thereby weakening the Li*- DMF coordination. And it is
preferentially reduced at the anode, promoting the formation of a solid electrolyte interface
(SEI) rich in inorganic substances. Benefiting from the formation of a robust SEI rich in LiF/
Li,N/Li-Zn alloy, the assembled Li|PBZL|Li symmetric cells stably cycle over 2000 h at 0.3 mA/
cm?, significantly outperforming the unmodified Li|PVDF|Li symmetric cells (30 h) under the
same conditions. Furthermore, LiNi,,Co,,Mn,,O,||Li cells deliver a high discharge capacity of
162.1 mAh/g and maintain 90.2% capacity retention after 200 cycles at 0.5 C and 30 °C, and
exhibit a discharge capacity of 138.7 mAh/g at 2 C in the rate capability test, demonstrating
excellent cycling stability and rate performance. This work highlights solvent anchoring
coupled with interface reinforcement as critical approaches for stabilizing lithium metal anode
and enabling high-performance polymeric SSLMBs.

Keywords: Solvent anchoring; SEI engineering; polyvinylidene fluoride (PVDF); solid polymer

electrolytes (SPEs); solid-state lithium metal batteries (SSLMBs)
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DMF and ZB-DMF from DFT calculations
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Fig. 2 The binding energies of Li* with FSI in (a) PVDF, (b) [BMIM][NO3], (c) LLZTO and (d) ZB electrolyte
environments
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Fig. 3 Snapshots of MD simulation trajectories of the (a) PVDF and (b) PB electrolytes
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Fig. 4 The radial distribution function (RDF) plots of (a) PVDF and (b) PB electrolytes
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Fig. 5 Morphological and structural characterizations of the electrolytes: (a) Top-view SEM images and optical
photographs of the PVDF, PB, PBZ and PBZL electrolytes; (b) The SEM image showing the film thickness; (c)
XRD patterns of PVDF, PB, PBZ, PBZL electrolytes together with PVDF and LLZTO powder; (d) TGA curves of
PVDF, PB, PBZ and PBZL electrolytes
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PBZL 0.02460 0.01542 143 185 0.57
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Fig. 6 Electrochemical performance of the electrolytes: (a) The EIS plots (25°C), (b) Arrhenius plots, (c) LSV
curves of PVDF, PB, PBZ and PBZL electrolytes; (d) Chronoamperometry curve and EIS plots (inset) before and
after the polarization of Li|PBZL|Li cell; (e) Summary of the Li* transference numbers of PVDF, PB, PBZ and
PBZL electrolytes; (f) CCD test of the Li||Li symmetric cells with PVDF, PB, PBZ and PBZL electrolytes (30°C)
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Fig. 7 Galvanostatic voltage profiles of Li|PVDF|Li
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Fig. 10 Characterizations of Li-electrolyte interphases: XPS spectra of (a) C 1s, (b) F 1s, (c) N 1s, (d) Li 1s, () O
1s, and (f) B 1s measured on cycled Li anodes disassembled from Li|PVDF|Li and Li|PBZL|Li symmetric cells
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