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Liquid electrolyte > Al/Nb-LLZO-SiO / Lithium dendrite

Fig. 1 Schematic illustrations of different Li deposition patterns: (a) Li; (b) Li-IOL.
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(a) AI/Nb-LLZO after ball milling
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Fig. 2 XRD patterns (a) and the particle size distributions
(b) of AI/Nb-LLZO.
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Fig. 3 SEM images of the AI/Nb-LLZO before (a) and after (b) ball milling.
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Fig. 4 (a) Schematic diagram of the mechanism of A/Nb-LLZO coating; (b) FTIR spectra of AI/Nb-LLZO and AI/Nb-LLZO-SiO;
XPS spectra of AlI/Nb-LLZO-SiO: (c) Si 2p spectrum; (d) O 1s spectrum.
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Fig.5 (a) Schematic diagram of the IOL fabrication process; (b) SEM image of Cu-IOL electrode cross-section, inset shows
the photograph of Cu-IOL; (c) EIS curve of Cu-IOL|stainless steel; (d) EIS curves of Li-IOL|Li-IOL at initial and after current
stabilization; (e) Time-current curve of Li-IOL|Li-IOL at constant voltage discharge.
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Fig. 6 Digital photos of the bare lithium metal (a) and Li-IOL (b) in the air over time (The temperature is 25 °C and the

humidity is 70%).
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Fig.7 CE curves (a) and voltage profiles curves at 150™ cycle (b) of Li|Cu and Li|Cu-IOL; (c)Time-voltage curves of Li|Li
and Li-IOL|Li-IOL symmetric cells; SEM images of the lithium metal surface after the cycle: (d) Li|Li; (e) Li-IOL|Li-IOL.
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Research Article

Fabrication of a Rigid-flexible Lithium Anode Interfacial Protection Layer
via Photopolymerization and Electrochemical Performance

Jie Ni'2*, Wei Shen?, Cun-man Zhang?

(!Postdoctoral Mobile Station of Mechanical Engineering & College of Automotive and Energy Engineering,
2College of Automotive and Energy Engineering & Clean Energy Automotive Engineering Center,
Tongji University, Shanghai 201804)

(3Shanghai Jiding Industrial Co., Ltd., Shanghai 201804)

Abstract Lithium metal anodes, with their ultrahigh theoretical specific capacity, are regarded as ideal candidates
for next-generation high-energy-density batteries. However, its practical application is hindered by uncontrolled
dendrite growth, severe interfacial side reactions, and significant volume change. The low lithium-ion transference
number of conventional liquid electrolytes exacerbates the ionic concentration gradients at the electrode surface,
further aggravating these issues. This study proposes and validates a facile photopolymerization strategy for
constructing a rigid-yet-flexible ion-organic composite layer (IOL) on a lithium metal surface. This IOL is
composed of inorganic cubic-phase garnet (Al/Nb-LLZO) particles with high ionic conductivity and mechanical
rigidity, compounded with an elastic organic matrix of bisphenol A-glycerolate dimethacrylate (Bis-GMA).
Systematic characterization confirmed that the composite IOL exhibited an ionic conductivity of 2.3x107 S/cm
and a high Li* transference number of 0.82, which homogenized the Li* flux and accelerated interfacial transport.
Meanwhile, its synergistic rigid-flexible structure physically suppresses dendrite growth while accommodating
volume changes during cycling and maintaining intimate interfacial contact. Electrochemical performance tests
demonstrated that the IOL-modified symmetric cell exhibited ultralow and stable polarization (about 0.15 V) for
over 3000 h. When paired with an NCMS8I11 cathode, the full cell with a limited lithium source exhibited
significantly enhanced cycling stability. Post-mortem microscopic analysis further revealed that the IOL guided
the lithium metal to deposit in a dense and planar morphology, effectively suppressing “dead Li” formation and
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parasitic reactions. This study provides an efficient and scalable solution for concurrently addressing the kinetic,
mechanical, and chemical stability challenges of lithium metal anodes from an interfacial engineering perspective,
offering crucial insights for advancing the practical application of high-energy-density lithium metal batteries.
Keywords Lithium metal anode; Composite interface layer; Dendrite suppression; Photopolymerization



