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Table 1 Comparison of O2-type lithium-rich manganese-based ma-
terials with commercial lithium-ion battery cathode materials
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Figure 1 (Color online) Crystal structure models of lithium-rich
manganese-based cathode materials. (a) O3-type; (b, ¢) O2-type with
different oxygen arrangements.
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Table 2 Comparison of lithium storage performances of O2-type and
O3-type lithium-rich manganese-based cathode materials
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Figure 2 (Color online) (a) Atomic arrangement diagram of lithium-

rich manganese-based cathode materials [39]; (b) crystal structure models of

LiMO, and Li,MnOj; [40]; (c) schematic of charge-discharge mechanism for lithium-rich manganese-based cathode materials at different voltage range
[42]; (d) crystal structures of 2D layered oxide and 2D Li-rich layered oxide [47]; (e) voltage profiles of lithium cobalt oxide and lithium-rich

manganese-based cathode materials [47].
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Figure 3 (Color online) (a) Diagram of phase structure transition mechanism from layer to spinel for lithium-rich manganese-based cathode
materials [49]; (b) schematic illustration of crystal structures and cation migration paths for O3 and O2-type lithium-rich manganese-based cathode

materials [32].
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Figure 4 (Color online) (a) Structural and chemical origin of oxygen oxidation for layered and Li-excess layered oxides B2, the high-angle annular
dark-field (HAADF) image (b) and Debye-Waller factor (o) evolution (c) of the first coordination shells for Li, ,5Co,,5Mng 500, particles [23]; (d)
sectional view of the structure and (e) gas release during the charge-discharge process for lithium-rich manganese-based materials with transition metal

ions occupying lithium sites in the lithium layer [57].
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Figure 5 (Color online) High-resolution transmission electron micro-
scopy (HRTEM) image after cycling (a) and lithium storage
performances (b) of O2-type lithium-rich manganese-based cathode
materials using modified perfluorinated electrolyte [33]; local magnified
transmission electron microscopy (TEM) image (c) and cycling

performance (d) of lithium-rich manganese-based cathode materials
coated with Al,O; [24].
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Figure 6 (Color online) HRTEM images of synthesized at room
temperature (a) and after low-temperature heat treatment (b); corre-
sponding charge/discharge curves within the beginning 50 cycles of
synthesized at room temperature (c) and after low-temperature heat
treatment (d) for O2-type lithium-rich manganese-based cathode
materials [59]; cross-section linear scanning result (¢) and cycling
performance (f) of O2-type lithium-rich manganese-based gradient
materials [60].
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Research progress of O2-type lithium-rich manganese-based cathode
materials
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Abstract: The anionic-cationic redox mechanism of Li-rich manganese-based cathode materials is capable of providing
a high specific capacity of more than 250 mAh gfl, which thus indicates the great application prospects in the field of
high-energy-density lithium-ion batteries. Discriminate from traditional O3-type Li-rich Mn-based cathode materials,
the unique oxygen-arranged configurations of O2-type Li-rich Mn-based cathode materials exhibit the relatively higher
redox reversibility and structural stability. Limits of the influence of irreversible oxygen loss occurring on the material
surface, electrolyte oxidation and structural integrity during the cycling process on the initial coulombic efficiency, rate
performance and cycling stability, the commercial applications of O2-type Li-rich Mn-based cathode materials have
been slacken. This paper mainly summarizes the preparation method, understanding of crystal structure and lithium
storage mechanism towards O2-type Li-rich Mn-based cathode materials in recent years, as well as the mechanism and
efficacy of modification strategies including structure modulation, inhibition of electrolyte oxidation and mitigation of
strain effects upon enhancing the capacity and cycle stability of the materials. In addition, the future research direction of
O2-type Li-rich Mn-based cathode materials is prospected to promote the industrial development and application.

Keywords: O2-type lithium-rich manganese-based materials, redox reversibility, structural stability, cathode
modification, lithium ion battery
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