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Table 1 Comparison of the physical properties of lithium and potassium

TLFE AR T BT (A) FE (Wt.%) E vs. SHE (V) FBMER AR (mAh g
A 6.94 0.76 0.0017 —-3.04 372
il 36.09 1.38 15 -2.93 279
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Figure 1 Schematic of the working principle of potassium-ion battery
[21] (color online).
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Figure 2 Crystal structures of O3, P3, and P2-type layered KMO,
[21] (color online)
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Figure 3 (a) Potential profiles of the 2nd and 50th cycle at 0.1 C in the voltage ranges 3.5—-1.5 V and 4.0-1.5 V; (b) discharge capacity and coulombic
efficiency of the K,;MnO,-HC/CB cell [35]. (c) Formation energies of P3, O3, O1 type K,MnO, calculated by DFT; (d) CV and charge-discharge

curves of P3-K,;MnO, at different operating voltages [34] (color online)
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Figure 6 (a) Rate capability of P2-K;44Nij,oMng750,; (b) in situ
XRD patterns collected during the first and second charge/discharge at
10 mA g_1 in the voltage range of 1.5-4.0 V; (c) cycling performance
[48] (color online).
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Figure 7 (a) Theoretical model of the morphological changes of P3-K;sMn0 ¢sNi, ;Co, (5O, cathode materials with two different morphologies
during charging; (b) SEM images of the two different morphologies after 100 cycles; (c) rate capability and (d) cycle performance; (e) schematic
illustration of P3-K; sMn,gsNi, ;CogsO,/graphite full cell and its (f) charge-discharge curve and (g) cycle performance [52] (color online).
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Figure 8 (a) CV curves of KMMN at different scan rates; (b)
schematic diagram of K diffusion pathway in KMMN (left) and KMO
(right); (c) comparison of migration energy barriers and DOS in KMMN
and KMO; (e) schematic of phase transition suppression of KMMN and
KMO [54] (color online).
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Table 2 Electrochemical performance of K,.MnO, cathodes in half-cell
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Research status and development trend of layered K, MnQO,-based
cathode materials for potassium-ion batteries
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Abstract: Potassium-ion batteries have the advantages of abundant resources, low price, and similar principles to
lithium-ion batteries, and are currently promising candidates to replace lithium-ion batteries as large-scale energy
storage systems. Cathode materials play a key role in the performance of potassium-ion batteries, among which layered
K,MnO,-based cathode materials have attracted much attention due to their high specific capacity, environmental
friendliness, low cost, and unique two-dimensional structure. However, the repeated intercalation/deintercalation of
large-sized K during the charging and discharging process will lead to the structural damage, and the Jahn-Teller effect
generated by Mn’" can easily cause structural distortion, resulting in a rapid capacity decrease of potassium-ion
batteries, which much hinders their commercial application. Beginning with the control of the layered structure of
K MnO, materials, this review systematically summarizes the preparation methods of K,.MnO,-based cathode materials,
and focuses on the doping modification of K, MnO,-based cathode materials, including single metal doping, dual metal
doping and alkali metal doping. And this paper summarizes the main challenges existing in the current research and
further looks forward to its future development direction, which is expected to provide a theoretical reference for the
development of high-efficiency and stable potassium-ion batteries.

Keywords: potassium-ion batteries, cathode materials, preparation method, doping modification
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