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Abstract: This study focuses on halide solid electrolytes, an emerging system that has
rapidly developed and shows great potential in recent years. It systematically reviews their
material classification, synthesis routes, and performance optimization strategies, providing
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insights and technical references to address key challenges in their large-scale application.
First, the development history of halide solid electrolytes is outlined, main characteristics of
different structural types are summarized, and differences in their ionic conductivity,
mechanical properties, and environmental stability are compared. In terms of synthesis, three
preparation methods with practical application prospects are highlighted, with systematic
analysis of their applicable conditions, process features, and limitations. For performance
optimization, effective approaches to enhance material ionic conductivity and electrochemical
stability through element doping, lithium content regulation, and composite electrolyte
construction are discussed, along with their underlying mechanisms. Current bottlenecks,
including air sensitivity, interface stability, cost control, and scalable production, are
summarized. Future directions, such as exploring new halide systems, Al-assisted material
design, advanced characterization techniques, and theoretical simulations, are proposed.
Through systematic review and in-depth analysis, this rveiew provides theoretical support and
technical guidance for further research in the field of halide solid electrolytes, promoting their
practical application in high-safety, high-energy-density all-solid-state batteries.

Keywords: halide solid-state electrolytes; ionic conductivity; electrochemical properties; all-

solid-state batteries; stability
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Table 1 Conductivity and crystal structure of HSSE
with outer transition metal elements
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Table 3 Conductivity and crystal structure of HSSE
with non-transition metal elements
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Fig. 5 (a) Nyquist plots of Li,YCI, and Li,YBr”"; (b) schematic diagram of ionic conductivity of Li,YBr,

[59].

mechanical grinding and annealing™; comparison of temperature-dependent ionic conductivities of the
mechanochemical synthesis with sample of Li,YCI, (c) and Li,YBr, (d)*"; (e) illustration of water-mediated
synthesis route for Li,InCl; and the reversible interconversion between the hydrated Li,InCl,-xH,0 and
dehydrated Li,InCI,*"; (f) schematic of solution infiltration synthesis for a Li,InCl /glass-fiber solid-composite
electrolyte film, and corresponding electrochemical test curves®; (g) the temperature-dependent RT ionic
conductivities and activation energies™
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