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Figure 2 Schematic of Na-ion conduction channels in monoclinic NASICON™?
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Figure 3 Crystal structures of NZSP and LZSP"" Refined powder synchrotron X-ray diffraction (XRD) (a) and neutron powder diffraction (NPD) (b)
patterns of NZSP and LZSP powders with the Rietveld method. The scanning electron microscope (SEM) images of NZSP and LZSP are inserted in (b).
All these patterns are recorded at room temperature. (c) The retained polyhedral skeletons containing the evolution path of Na" ions to Li~ ions. (d) The

evolution of Na” ions to Li” ions polyhedrons within unchanged skeletons
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Figure 4 Structure of LATP?
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| PDF#45-0109 | Si standard substance
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Figure 5 Structure and characterization of cubic phase LLZO. (a) Crystal structure of cubic L17La3Zr2012[ 8, ; (b) XRD pattern of Gd-doped LLZO

powders with Si standard substance";

(c) SEM images from the fracture surface of Lis4Ga,,LasZr,. 925Y0 1012 samples

47, ; (d) thermogravimetry-

differential thermal analysis (TG-DTA) curves of mixed raw materials with a ratio of BN:Li,CO;=2:3 mol™
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In order to deal with the increasingly severe global energy crisis as well as serious environmental pollution, it is urgent to
develop new energy resources. Although lithium-ion batteries have only been successfully introduced into the market since
1990s, there is still an exponentially growing demand for lithium-ion batteries all over the world. As a considerable novel
energy source, lithium-ion batteries have significant potential, which is widely used in electric vehicles, energy-storage
systems, metallurgy, ceramic production, glass manufacturing and aviation fuel industries. Among them, the solid-state
lithium-ion batteries (SSLIBs) represent a promising evolution in battery technology, offering superior safety, energy
density, and longevity compared to conventional liquid electrolyte batteries. Traditional lithium-ion batteries, which use
liquid electrolytes, suffer from safety issues such as leakage, flammability and thermal runaway. SSLIBs replace these
liquid electrolytes with solid electrolytes, mitigating these risks and enabling higher energy densities due to the ability to
accommodate lithium metal anodes. The SSLIB consists of a positive electrode, a negative electrode and a solid electrolyte.
Compared with liquid electrolytes, solid electrolytes avoid the direct contact between positive electrodes and negative
electrodes, fundamentally eliminating the risk of lithium dendrites piercing the separator, so as to enhance the safety of
lithium batteries greatly. Furthermore, the SSLIBs are expected to be a hot spot in future lithium battery research due to the
advantages of high energy density, wide operating voltage range and long cycle life. Advancements in SSLIBs technology
are crucial for the next generation of electric vehicles, portable electronics, and large-scale energy storage systems, pushing
the boundaries of battery performance, safety and sustainability. Solid electrolytes are regarded as the key component of
SSLIBs, serving dual functions as both separators and electrolytes. The currently developed solid electrolytes can be
divided into two categories: Polymer solid electrolytes and inorganic solid electrolytes, in which the oxide solid
electrolytes, as the earliest developed inorganic solid electrolytes, play an indispensable role in the development of solid-
state battery industry. The typical oxide solid electrolytes, including sodium super ionic conductor (NASICON), garnet
(LLZO), inorganic perovskite (LLTO), and LiPON films, are reviewed in this paper. NASICON, for example, is known for
its high ionic conductivity and structural stability. Garnet-type electrolytes, such as LLZO, possess high ionic conductivity
and chemical stability with lithium. Inorganic perovskite (LLTO) provides a good balance between ionic conductivity and
mechanical strength. LiPON films, widely used in thin-film batteries, have excellent electrochemical stability and
compatibility with lithium metal. In addition, the crystal structures and ion-transport mechanism, the solutions to improve
conductivity and measures to improve the compatibility between electrodes and electrolytes are introduced, along with a
comparation of oxide solid electrolytes. Finally, several suggestions for future development directions are proposed. These
include enhancing the ionic conductivity of solid electrolytes, improving the interface compatibility between the
electrolytes and electrodes, and developing cost-effective and scalable manufacturing processes. Additionally, further
research is needed to understand the degradation mechanisms and long-term stability of solid-state batteries. These
recommendations aim to provide a more comprehensive reference for ongoing and future research on oxide solid
electrolytes, supporting the broader goal of advancing solid-state lithium battery technology.

lithium-ion batteries, oxide solid electrolytes, conductivity, interfacial compatibility
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