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Abstract: Sodium-ion batteries have garnered considerable attention for large-scale energy
storage applications owing to the abundance of sodium resources and their cost-
effectiveness. Among the various cathode materials, layered transition metal oxides have
emerged as promising candidates because of their tunable crystal structures, relatively high
specific capacities, and favorable electrochemical cycling stability. However, these materials
often undergo complex phase transitions and irreversible redox reactions during charge-

Wi AHA: 2026-05-21; f&RisHHA: 2026-06-23.

EETHE: “FE” TR FERYEETH (AZD (2026GXNSFGA00640022); “& R 175hitk] (H:FZ2G2600640071); [ [ ARl
SZMIX 4 (52264036).

B—EE: W (2002—), #, WULHFFCA, W7 AR R & SR A, E-mail: Huangxulan1123@163.com; J&fE1E&E: 26, Win,
WFFE 7 [ R REM R % 5 R ], E-mail: liwei1986gllg@163.com: X, #d%, WHFETT I NGEREMEII& 5RH], E-mail: lisa4.6@163.com.
SIRASE: siis, 254f, BHREE, 55 . BUIRSIMAALDI i rEseng . (RN R A PE BERT FURE IR [J]. fhRERI S 540K, 2026, 15(9): 3497-3509.
Citation: HUANG Xulan, LI Wei, CAO Yuyuan, et al. Progress in modification strategies, mechanisms, and sodium storage performance of
layered high-entropy oxides[J]. Energy Storage Science and Technology, 2026, 15(9): 3497-3509.



3498 i o B % 5 # K 2026 F5 15 &

discharge cycling, leading to structural degradation and, consequently, compromised rate
capability and cycling stability. To address these challenges, the high-entropy strategy has
emerged as an effective compositional design approach. By incorporating multiple metal
elements into the transition-metal sublattices, the configurational entropy is significantly
enhanced, thereby stabilizing the crystal framework, suppressing detrimental phase
transitions, and facilitating sodium-ion diffusion. This review focuses on the emerging
applications of layered high-entropy oxides (LHEOs) as cathode materials for sodium-ion
batteries and systematically summarizes recent research progress in this field. First, the
fundamental concepts and crystal structure types of LHEOs, such as O,-type and P,-type
structures, are introduced, and the advantages and disadvantages of different synthesis
methods, including solid-state reaction, sol-gel synthesis, and hydrothermal synthesis, are
compared. Second, various modification strategies for LHEOs are comprehensively reviewed,
including elemental doping (both cationic and anionic), structural design (e.g., dual-phase
structures), surface coating, and vacancy engineering. The corresponding improvements in
electrochemical performance and their underlying mechanisms are discussed in detail. Finally,
the current challenges and future research directions for LHEOs are summarized, including
the limited understanding of their microscopic mechanisms and the limited exploration of
anion-doping strategies.

Keywords: layered high-entropy oxides; modification; mechanism; sodium storage

performance
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Na, ,Mn, ..Ni .Fe; .M

807 "Moss 026" 015" Foon 72.9 mAh/g at 1000 mA/g 66.5% after 1000 cycles [31]
V0.01C00.01CUO.OWZn0.O1Sn0.0102

Na, ,Mn, ,,Ni; ,Fe; ,Cu, T ;Li; 0sM; 0,0, 134.5mAh/gat0.2C 81.3% after 200 cycles at 2 C [32]

120.3 mAh/
Na, .,Ni, ,Fe, ,Mn, .Cu, ,Ti, ,O, menie 89.1% after 200 cycles at 5 C (33]
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Table 3 Mechanism of layered high-entropy oxide modification and functionalization
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