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Electrode Materials for Potassium-ion Batteries—A Short Review
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Abstract: This review presents recent research progress on cathode and anode materials for potassium ion batteries (KIBs) and
analyzes main factors affecting the specific capacity, rate performance and cycle stability of different types of cathode and anode
materials. Moreover, some approaches for improving the performance of electrode materials for KIBs were summarized, including
heteroatom doping, surface coating, microstructural regulation, etc.. In addition, a perspective for future research direction of KIBs

was also presented.
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(c) Charge—discharge curves of K-FeHCFe!”
K-MnHCFe is K1_75MH[FC(CN)(,]0_93; K-FeHCFe is K1_64F6[FC(CN)6]0_89.
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(d) Charge-discharge curves of K-MnHCFe!
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Schematic crystal structures of Prussian blue (PB) and electrochemical properties of K-FeHCFe and K-MnHCFe
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(d) In situ XRD characterization of P,-K( sCoO; upon charge/discharge[()]
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Fig. 2 Electrochemical properties of cobalt-based and manganese-based metal oxides and in situ XRD characterization of
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amorphous-to-crystalline transition in amorphous FePO,
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Table 1 Electrochemical performance of cathodes for potassium ion batteries (KIBs)
Cathode Voltage range/V Cyele per.formanc:t/(mA'h‘g ) Rate capability./(mA‘hgl ) Reference
[Current density/(A-g ), cycle number] [Current density/(A-g )]

KFe"Fe"(CN), 2.0~4.5 73.0 (0.10, 1 000) 40.6(0.500) [1]
K64 Fe[Fe(CN)go.so 2.0~4.5 ~130.0 (30.00,5) 120.0 (0.100) 2]
K.7sMn[Fe(CN)gJo.o3 2.0~4.5 ~137.0 (30.00, 5) 108.0 (1.000) 2]
K. 51Nij osFe(CN)g 2.0~4.5 =60.0 (20.00, 15) ~64.0 (20.000) [3]
K. 5sCop ssFe(CN)g 2.0~4.5 ~38.0 (20.00, 15) ~60.0 (20.000) [3]
K 40Cug93Fe(CN)g 2.0~4.5 ~29.0 (20.00, 15) ~35.0 (20.000) [3]
P,-K.41C00, 2.0~3.9 ~55.0 (11.80, 30) =40.0 (472.000) [8]
P1-K6Co0O, 1.7~4.0 ~36.0 (0.10, 120) 43.0 (0.150) [9]
SphericalP2-K,4CoO, 1.7~4.0 71.3 (10.00, 300) 65.0 (100.000) [10]
P»-K3MnO, 1.5~4.0 ~80.0 (27.90, 50) 15.0 (1.400) [11]
P3-KsMnO, 1.5~3.9 ~70.0 (20.00, 50) ~100.0 (20.000) [12]
Ko-FeosMng 5O, 1.5~4.0 ~60.0 (1.00, 450) ~52.0 (1.000) [13]
Ko.67Nig.17C00.17Mn0.6602 2.0~43 66.8 (20.00, 100) 49.0 (0.100) [14]
V,05:0.6H,0 1.5~4.0 103.5 (50.00, 500) =40.0 (1.000) [15]
KosV20s 1.5~3.8 72.9 (100.00, 250) 60.0 (200.000) [16]
Ko, 6sCrO; 1.5~3.8 =65.0 (100.00, 1 000) 65.0 (1.000) [17]
FePO, 1.5~3.5 =109.0 (4.00, 50) 156.0 (4.000) [22]
KTis(PO4)3/C 1.2~2.8 ~72.0 (64.00, 100) [23]
K3Va(PO,)5/C 2.5~43 52.0 (20.00, 100) 22.0 (0.200) [24]
KVPO,F 2.0~5.0 ~80.0 (6.65, 30) 92.0 (6.650) [25]
KVOPO, 2.0~5.0 ~84.0 (6.65, 5) 84.0 (6.650) [25]
Ka[(VO),(HPO4)5(C204)] 2.0~4.6 54.0 (21.80, 200) ~32(0.218) [27]
PTCDA 1.5~3.0 90.0 (50.00, 200) 75.0 (0.500) [28]

PTCDA is 3,4,9,10-perylenetetracarboxylicacid-dianhydride.
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(d) SEM image and charge-discharge curves of
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(e) Cycling performance of Fe;C@PGC-NGF*"!

CNC is graphitic carbon nanocage; NOHPHC is nitrogen/oxygen dual-doped hard carbon; NCNF is nitrogen doped carbon nanofibers; Fe;C@PGC-NGF is

three-dimensional N-doped graphenic framework coupled with Fe;C@porous graphite carbon core—shell structures.
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Fig. 4 Morphology and electrochemical properties of CNC, NOHPHC, NCNF and Fe;C@PGC-NGF
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Table 2 Electrochemical performances of carbon anode materials for KIBs

Initial Coulomb

Cycle performance/(mA-h-g™)

Rate capability/(mA-h-g ™)

Anode efficiency/% [Current density/(A-g"), cycle number] [Current density/(A-g )] Reference
Graphite 57.40 100.0 (140.0, 50) 80.0 (0.279) [39]
Graphitic carbon nanocage 40.00 195.0 (55.0, 100) 40.0 (1.395) [31]
Commercial expanded graphite 81.56 228.0 (50.0, 200) 175.0 (0.200) [32]
Polynanocrystalline graphite 54.10 ~70.0 (100.0, 300) 13.6 (1.000) [33]
Activated graphite ~65.00 100.0 (200.0, 100) 30.0 (1.000) [34]
Graphitic nanocarbon 189.0 (200.0, 200) 56.6 (5.000) [35]
Hard carbon microspheres 61.80 216.0 (37.2, 100) 136.0 (1.860) [36]
Nitrogen/oxygen dual-doped hard carbon 25.00 230.6 (50.0, 100) 118.0 (3.000) [37]
Nitrogen-rich hard carbon 205.0 (33.0, 200) 156.0 (5.040) [38]
Soft carbon 50.00 227.1 (558.0, 50) 140.0 (1.395) [39]
Nitrogen doped carbon nanofibers 38.00 248.0 (25.0, 100) 126.0 (5.000) [40]
Hard—-Soft composite carbon 67.00 200.0 (279.0, 200) 121.0 (1.395) [41]
N-doped hierarchically porous carbon 30.28 296.8 (50.0, 100) 193.1 (0.500) [42]
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Table 3 Electrochemical performances of heteroatom doping graphene

Initial Coulomb

Cycle performance/(mA-h-g™")

Rate capability/(mA-h-g™)

Anodes efficiency/% [Current density/(A-g™"), cycle number] [current density/(A-g™)] Reference
Reduced graphene oxide 50.2 150.0 (10, 175) 90.0 (0.05) [48]
Few layered graphene 47.0 140.0 (100, 100) [49]
Nitrogen-doped graphene 55.0 210.0 (100 100) [43]
Few-layer F-doped graphene foam 41.2 165.9 (500, 200) 212.6 (0.50) [44]
Sulphur-doped reduced graphene oxide ~65.0 361.0 (50, 50) 224.0 (1.00) [45]
Phosphorus and oxygen dual-doped graphene 22.6 474.0 (50, 50) 160.0 (2.00) [46]
Fe;C@PGC-NGF 72.0 300.0 (50, 200) 195.0 (1.00) [47]
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3D-HPCS-650 is the 3D hierarchically porous carbon/Sn composite synthesized at 650 C; 3D-SbNPs@C is three-dimensional carbon network confined

antimony nanoparticle anode; P@RGO is the phosphorus nanoparticles encapsulated in the reduced graphene oxide.
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Fig. 5 Electrochemical properties of 3D-HPCS-65 and 3D-SbNPs@C and XPS results for the P@RGO
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Table 4 Electrochemical performances of alloy and conversion anodes
Anode Initial ‘Coulomb Cycle pe.rformanci/(mA'h- g") Rate capability./(mA'h;g]’l) Reference
efficiency/% [Current density/(mA-g ), cycle number] [Current density/(A-g )]
3D-HPCS-650 453 276.4 (50, 100) 150.0 (0.5) [51]
SnyP3/C 65.0 307.2 (50, 50) 221.9 (1.0) [52]
Sb/C 259.0 (35, 55) [53]
3D SbNPs@C 46.2 90.0 (500, 500) 70.0 (2.0) [54]
Sb/CNS ~40.0 247.0 (200, 600) 101.4 (2.0) [55]
Sb@G@C 75.8 160.0 (1000, 800) 127.0 (2.0) [56]
P@RGO 52.6 366.0 (50, 50) 134.4 (2.0) [57]
MoS,@RGO 381.0 (100, 100) 178.0 (0.5) [64]
VS, ~100.0 ~410.0 (100, 60) ~100.0 (2.0) [65]
Co0304-Fe,05/C =~50.0 220.0 (50, 50) [66]
FeS,/C 36.0 308.0 (300, 1000) 203.0 (10.0) [67]
ReS,/N-CNFs 67.3 253.0 (50, 100) [68]
FeO,/G ~50.0 206.0 (2000, 1000) 176.0 (5.0) [69]

NPs is nanoparticles; CNS is carbon nanosheets; G is graphene; RGO is reduced graphene oxide; CNFs is carbon nanofibers.
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