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TeO,/Te protective layer regulating lithium deposition for
dendrite-free lithium metal anode
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Abstract : [Objective] The demand for high-energy-density batteries for advanced electronic devices and electric vehicles necessitates
the development of high-performance electrode materials. Lithium metal anodes, with their low electrochemical potential (3. 04 V vs
standard hydrogen electrode) and high theoretical specific capacity (3 860 mAh/g) ., are ideal for such applications. However, the
growth of lithium dendrites poses a significant obstacle to the commercial application of lithium metal batteries. Inhibiting the growth
of lithium dendrites to improve the cycling stability of lithium metal anode has become the key to achieving high energy density
storage devices. [ Methods] The two-dimensional tellurene nanosheets were synthesized via a hydrothermal method by reducing
sodium tellurite under alkaline conditions with hydrazine hydrate. A hydrogen peroxide solution of specific concentration was used as
an oxidant to obtain surface-oxidized tellurene nanocomposite (Te(./Te) by controlling the concentration of hydrogen peroxide and
reaction time. Surface oxidation of tellurene was utilized to regulate the ion conductivity and electronic conductivity parameters of the
nanosheets. The tellurene nanosheets with different degrees of oxidation are spin coated onto the surface of lithium metal anodes in a

argon-filled glove box [¢(0,)<<1X10"7,(H, )< 1X10 "] using a spin coating devices. [ Results] By adjusting the spin coating
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process parameters,a lithium metal protective layer with a thickness of approximately 1 ym was obtained. The TeO,/Te composite
reacted spontaneously with lithium,as confirmed by X-ray photoelectron spectroscopy (XPS) analysis showing peaks corresponding
to Li;O and Li, Te. The TeO,/Te protective layer exhibited superior electrolyte wettability compared to bare lithium. The TeO,/Te
protective layer significantly improves the electrochemical performance of the lithium metal anodes. The TeO, /Te/Li symmetric cells
exhibits the highest exchange current density of 0. 48 mA/cm’, compared to bare Li, Te/Li, and TeQ,/Li symmetric cells.
Furthermore, compared with bare Li, Te/Li,and TeQ,/Li, TeO,/Te/Li symmetric cells can reduce the lithium deposition activation
energy of the electrodes to 7. 17 kJ/mol. The Li" conductivities of the protective layers composed of Te, TeO;/Te, and TeO,
nanosheets, determined via electrochemical impedance spectroscopy (EIS) testing, were 1. 13X 107",1. 33X 107", and 0. 86 X 10™" S/cm,
respectively, which were significantly higher than the Li" conductivity of the original SEI on the lithium metal anode surface in ester
based and ether-based electrolytes. The Li" transference number in the bare Li metal symmetric cell was only 0. 34, which increased
to 0. 64 in the Te/Li symmetric cell. After modification with TeO, /Te nanosheets, the transference number of Li" in the symmetric
cell further increased to 0. 72, indicating that the protective layer promotes Li" migration. TeQ,/Te/Li symmetrical cells
demonstrated stable cycling performance for over 1 350 h under conditions of 1 mA/cm® and 1 mAh/cm?, and over 1 000 h under
conditions of 3 mA/cm® and 3 mAh/cm?. The TeQs /Te protective layer enables low overpotential stable cycling from 0. 2 mA/cm® to
5 mA/cm’ in rate performance tests, demonstrating exceptional interfacial kinetics and long-term cycling stability. When paired with a
lithium iron phosphate (LFP) cathode, the assembled TeO,/Te/Li| LFP full cell cycles stably from 0.5 C to 10 C, maintaining a
specific capacity of 80 mAh/g at 10 C. At a 2 C rate,after 1 500 cycles, it retains a capacity of 137 mAh/g with a capacity retention
of 85. 8%. Moreover,with a high loading of 10. 8 mg/cm? at 1 C.the cell sustains over 300 cycles, demonstrating remarkable rate
capability and cycling stability. [Conclusion] The construction of a TeQ,/Te protective layer on the surface of lithium metal anodes
results in the spontaneous formation of a Li,O/Li., Te composite protective layer on the electrode surface. Li;O provides excellent
electronic insulation. high lithium ion conductivity, and robust mechanical strength. Meanwhile, the lithiophilic Li,Te alloy offers
uniform nucleation sites for lithium deposition, effectively reducing the nucleation energy barrier and guiding lithium to uniformly
nucleate and deposit on the electrode surface. This unique composite protective layer significantly enhances the dynamic performance
and mechanical stability of the interface between the lithium metal electrode and the electrolyte, ensuring uniform deposition of
lithium metal. Consequently., it suppresses the growth of lithium dendrites and the formation of "dead Li". Ultimately, this
advancement elevates the cell’s cycling stability and paves a new path for the commercial application of lithium metal anodes.
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