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Research Progress of 1 norganic Cathode M aterialsfor Potassium-ion Batteries

ZHANG Xianghua', LUO W&, RUI Xianhong', YU Yan®
(1. School of Materials and Energy, Guangdong University of Technology, Guangzhou 510080, China;
2. Department of Materials Science and Engineering, University of Science and Technology of China, Hefei 230026, China)

Abstract: Potassium ion is heavier and larger than lithium ion, having some features such as harder to diffuse in electrode materials
and causing a greater structural stress in electrode material during charging and discharging, thus resulting in the collapse of the
electrode. The development of potassium ion battery, especially to the advancement of its cathode material becomes thus a challenge.
In order to tackle these problems, some work are carried out in the field of potassium ion battery, and the corresponding results show
that cathode materials (i.e, layered metal oxides, polyanionic-type material, Prussian blue and its derivatives) exhibit better
potassium storage properties. This review represented various cathode materials used for potassium ion battery and recent
developments, mainly including the potassium storage mechanism, electrochemical performance, existing problems and potential
strategies. In addition, some possible future research aspects for the cathode material in potassium ion batteries were also addressed.
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Tablel Comparison of physical and chemical properties of lithium and potassium!?®=?

Element Atomic number Atomic mass Tonic radius/nm Abundance W/% Evs. SHE/V Metal price/(yuan't™)
Lithium 3 6.94 0.076 0.0017 -3.04 8x10°
Potassium 19 39.10 0.138 2.0900 -2.93 9x10*

W% is mass fraction; SHE is standard hydrogen electrode.
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Fig. 1
potassium-ion battery
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Fig. 2 Crystal structure and cycling performance of the Kq,,;Mng930,'0.53H,0 cathode, HRTEM image showing a surface coating
by AlF; and galvanostatic charge/discharge profiles of the AIF;@S-K; 30Mn;O4 (KMO) cathode
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Table2 A comparison of the electrochemical performances of inorganic cathode materials for potassium-ion batteries

Cathode material Electrochemical performance Advantage Disadvantage Modification strategy
Layered KxCoO, Operating voltage: 2.7-3.8 V High specific capacity; Many side reactions; Increasing potassium content;
metal KxMnO, Specific capacity: 50-226 mA'h/g  Good rate performance; Jahn-Teller effect; Introducing crystal water;

oxides K«CrO, Rate capability: 10-1 000 mA/g Simple synthesis Low voltage; Surface modification;
KyxV,0, Cycle life: 20-500 cycles Poor cycle stability Designing nanostructures;
Polyanionic K3V2(POs); Operating voltage: 3.6-4.3V High voltage platform; Poor conductivity; Surface modification;
compounds KVOPO, Specific capacity: 20—-125 mA-h/g Good cycle stability; Low specific capacity; Doping;
K;3.xV2(POs4),F3 Rate capability: 10-500 mA/g Good thermal stability Low initial Designing nanostructures
Cycle life: 100-500 cycles Coulombic efficiency
Prussian KxMn[Fe(CN)sJy Operating voltage: 3.1-3.9V Moderate energy density  Poor rate performance; Optimize structural design;

blue andits  KyFe[Fe (CN)s]y,  Specific capacity: 70-192 mA-h/g
Rate capability: 20-200 mA/g
Cycle life: 100-500 cycles

analogues

and cycle performance;

Low tap density Increasing potassium content

High specific capacity;

Low cost
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