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Abstract: In response to the rapid decay of capacity and average voltage due to large-volume structural
evolution and Na™ /vacancy ordering that occur in the traditional P2-type layered transition metal
oxide Nay,; Nij,;3 Mn, 5 O, during electrochemical reaction, a dual-ion doping strategy was employed
to introduce Li" and Fe'" into the lattice, yielding a synthetic P2-type cathode material
Nay, 75 Lio, 1 Nio. s Feg os Mg 45 O,.  Systematic electrochemical tests, structural and morphological
characterization, and density functional theory calculations were conducted to analyze the crystal

structure evolution, electrochemical performance, charge compensation mechanism, and dynamic
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structural evolution mechanism of the cathode material. The results showed that the designed
cathode material delivered a reversible capacity of 133.5 mA « h « g ! within 2.2~4.4 V, a
working voltage of 3.5 V, excellent cycling stability (capacity retention of 92.4% after 100
cycles) and good rate performance (reversible capacity of 99.4 mA « h« g ! at 5C). The synergy
between Li" and Fe®" enabled joint participation of cations and anions in redox processes,
modified the local electronic structure of the material, and alleviated the oxygen interlayer
repulsion at deep state of charge. As a result, irreversible large-volume phase transitions within
high voltage sections were transformed into reversible structural changes, Na' /vacancy ordering
was suppressed, and the structural stability of the material was thereby improved. This study
demonstrates that dual-ion doping can be used to optimize the electrochemical performance of
layered cathode materials, providing a reference for the development of sodium-ion batteries with
higher energy density and longer cycle life.
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Table 3 Fitted impedance values for various categories

kL R/Q R./Q R./Q Ru./Q
NaNM 6.93 280. 1 3068  3355.03
NaLNFM 6. 51 267. 1 2674 2947.61
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