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Abstract: This study proposes a Li,S doping strategy to fabricate 10 ym ultrathin Li@Li,S
composite Li foils via molten casting, enabling the efficient construction of high-energy-density
and long-cycle lithium metal batteries (LMBs). The low interfacial formation energy between
Li,S and the Cu substrate improves the wettability of molten Li on Cu, allowing large-area,
continuous preparation of ultrathin Li foils. Meanwhile, Li,S doping enhances the adsorption of
Li ions and electrolyte anions on the Li anode, suppressing dendrite growth, improving Li
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deposition uniformity, and synergistically promoting the preferential formation of an inorganic-
rich solid electrolyte interphase. The composite Li foil exhibits excellent cycling stability with
high-loading cathodes in Li-limited LMBs with a negative/positive (N/P) areal capacity ratio <
1. Notably, the Li@Li,S||Ni92 pouch full cell (cathode loading = 22.9 mg/cm?, areal capacity =
4.6 mAh/cm?®) achieves ultrahigh energy density (520 Wh/kg, 1350 Wh/L) and long-cycle
performance (99.8% capacity retention after 50 cycles at 0.2 C). This "interfacial energy-
adsorption energy" dual-regulation strategy resolves poor wettability and uneven thickness in
pure Li molten casting while favorably modulating Li deposition and surface film composition
in subsequent electrochemical cycles, offering a low-cost, scalable pathway for practical high-
energy-density, long-cycle LMBs.

Keywords: anode material; lithium metal battery; energy density; solid-electrolyte interphase
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Fig. 1

(a) Schematic illustration of the molten casting process, showing the workflow from Li,S-doped Li

melting mixing to continuous casting of foil on Cu substrate; (b) schematic of the composite Li foil
microstructure, displaying uniform dispersion of Li,S particles in the Li matrix; (c) DFT-calculated interfacial
formation energy comparison between Cul/Li and Cul/Li,S interfaces
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Fig. 2 (a) Digital photograph of Li@Li,S composite Li foil; (b) SEM morphology of the composite Li foil surface;
(c) EDS elemental mapping of S of the composite Li foil surface; (d) XPS spectrum of S 2p; (e) FIB-SEM cross-
sectional image; (f) EDS elemental mapping of S of the cross-sectional image; (g) low-magnification SEM cross-
sectional image; (h) voltage-capacity curve of Li@Li,S||Cu half-cell
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Fig. 3 (a) Cycling performance of Li@Li,S||Li@Li,S symmetric cells under conditions of 1 mA/cm’@1 mAh/cm?;
(b) cycling performance of Li@Li,S||LFP full cell under 1 C/1 C; (c)—(f) cycling performance of full cells with
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curves recorded during the 1%, 20™, and 50" cycles of the four cells; (k) comparison of gravimetric energy
density (GED) for different cathode-anode combinations; (I) comparison of volumetric energy density (VED) for
different cathode-anode combinations
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