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High-Temperature Quenching Synthesis and Electrochemical Properties of
Na;1Sn,;PSy; Solid Electrolytes

WENG Wei, WAN Hongli', LIU Gaozhan', SHEN Lin"?, YAO Xiayin"?
(1. Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, Zhejiang, China;
2. Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Na;;Sn,PS;, solid electrolytes were synthesized by a high-temperature quenching method, and the structures as well as
electrochemical performance were investigated. A Na;;Sn,PS;, phase with a certain amount of impurity can be obtained in quenching
process. The content of impurity phase in the quenching precursors annealed at 430 ‘Cdecreases and the room-temperature ionic
conductivity enhances from 0.34x10* S/cm to 6.26x10~* S/cm. In addition, a prepared Na,;;Sn,PS;, possesses a low activation energy
of 0.27 ¢V and an electronic conductivity of 2.25x10°® S/cm, and an electrochemistry stability window between 0.8 V and 2.8 V. Also,
Nay;Sn,PS;; is used in all-solid-state sodium batteries, showing good electrochemical performances.

Keywords: sulfide solid electrolytes, quaternary sodium ionic conductor, high temperature quenching synthesis, all-solid-state
sodium batteries
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(a) XRD patterns of quenched precursor and annealed samples
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(b) Raman spectra of quenched precursor and annealed samples
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Fig. 1 XRD patterns and Raman spectra of quenched precursor and annealed samples
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Fig.2 SEM and EDS images of Na;;Sn,PS;, powders
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(The insets are the corresponding impedance spectra)
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(b) Arrhenius plots of Na;;Sn,PS,, samples annealed at 430 C

(The insets are impedance spectra of the sample under different temperatures)
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Fig. 3 Room temperature ionic conductivity of quenched precursor and its derived solid electrolytes annealed at different temperatures,
and Arrhenius plots of Na;;Sn,PS;, samples annealed at 430 ‘C
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(b) Cyclic performance of the all-solid-state sodium batteries

Bl s APl 2B b w3 Pl e b i R AN DE FA 1 B

Fig. 5 First-three charge and discharge curves and cyclic performance of the all-solid-state sodium batteries
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