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Abstract: Sodium-based layered oxides are a reasearch hotspot due to thier high specific capacity and high ionic conductivity.
Different ordering superstructures in these materilas, including Na‘/vacancy ordering in Na layer, charge ordering and transition metal
ordering in transition metal layer, greatly affect the phase transition process, voltage profile and ion diffusion coefficient, efc.. The
characteristics of three types of ordering superstructures were introduced, and the effects of ionic interaction, Fermi level and ionic
radius on the ordering superstructures were also discussed. Meanwhile, this review summarized some work on the disordering
structures and predicted the promising design directions to supress the ordering structures, for providing a guidance for the structural
design of high-performance electrode materials.
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Table 1 Comparison of properties of sodium and lithium
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Category  Cation radius/mm  Molar mass/(g'mol™)  E (vs. Li/Li")/V

Cost, carbonate/($-ton")

Capacity/(mAh'g™")  Coordination preference

Lithium 0.076 6.9 0
Sodium 0.106 23.0 0.3

5000 3829 Octahedral and tetrahedral

150 1165 Octahedral and prismatic
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Fig. 1 Relationship between ordering superstructures and materials electrochemical properties
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Table 2 Comparison of three ordering superstructures of layered oxide of sodium-ion batteries

Ordering superstructure ~ Characteristic Cause

Disordering strategy Relation

Na'/ vacancy ordering
the Na plane ions
Charge ordering
the same species arranged  ions

in order

Transition metal ordering Different kinds of transition Large difference in ionic

metal ions arranged

in order

Spontaneously arranged in  Electrostatic interactions of ~ Transition metal doping

Different charged cations of Small different Fermi level of Transition metal doping and replace, or

radii, or appropriate

proportion of elements

With charge ordering

Often lead to Na'/

design transition metal ion components with vacancy ordering
large Fermi level differences

Large difference of Fermi level transition May cause charge

metal doping, or design components with ordering and Na"/

small differences in transition metal vacancy ordering

ratios and radii
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