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Application of Advanced Carbon Materials for Potassium-Ion Batteries
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(School of Materials Science and Engineering, Ocean University of China, Qingdao 266100, Shandong, China)

Abstract: Potassium-ion batteries (KIB) are expected to replace lithium-ion batteries (LIB) as a new generation of energy storage
devices due to their high energy density and abundant potassium resources. Carbon material is considered as a potential KIB anode
material due to its low cost, easy availability and environment friendly. However, the development of carbon materials for KIB is
restricted due to the presence of some problems (i.e., huge volume expansion and structural deformation during
intercalation/deintercalation process), thus leading to low reversible capacity, inferior rate performance, and poor cycling stability. In
order to solve the problems and increase the KIB performance, some approaches were summarized, such as heteroatom doping,
structural designing and so on. This review summarized recent research progress on different types of carbon anode materials for KIB,
including graphite, graphene, hard carbon, soft carbon and porous carbon. In addition, the critical issues, challenges, and perspectives
for the development of KIB were also proposed.
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Table 1 Comparison of parameters between lithium, sodium, and potassium["’m

. Mass fraction of crust . . . L =

Category Atomic number ITonic radius/nm  Potential vs. SHE/V  Stokes’ radius in PC/nm  Cost of carbonate/($-ton )
abundance/%

Lithium 3 0.0017 0.076 -3.04 0.48 23000
Sodium 11 2.3000 0.102 -2.71 0.46 200
Potassium 19 1.5000 0.138 -2.93 0.36 1000

SHE is standard hydrogen electrode; PC is propylene carbonate.
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Schematic illustration of potassium-ion batteries (KIB) and the number of publications on KIB by Web of Science
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GNC 600, GNC 700, GNC 800 are nitrogen-doped graphitic nanocarbons prepared at 600, 700, 800 ‘C respectively; CNC is graphitic carbon nanocage; EG is

expanded graphite; CG is commercial graphite.
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Fig. 3 Morphology and electrochemical properties of GNC600, CNC, and EG samples
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A-CG is activated crumpled graphene; CG is crumpled graphene; FLNG is few-layer nitrogen-doped graphene; N, P-VG@CC is nitrogen (N) and phosphorus
(P) dual-doped vertical graphene (N, P-VG) uniformly grown on carbon cloth; CGM-NG-700, CFM-NG-800, CFM-NG-900 are three-dimensional carbon
framework materials assembled by N-doped graphene nanosheets prepared at 700, 800 and 900 C, respectively; CFM-SgNG, CFM-S;)NG are
three-dimensional (3D) porous carbon framework materials constructed by S/N co-doping graphene nanosheets by using different amounts of S powder.

4 A-CG. FLNG. N, P-VG@CC [ CFM-SNG 5 30 5 sk 2
Fig. 4 Morphology and electrochemical properties of A-CG, FLNG, N, P-VG@CC, and CFM-SNG samples
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(g) TEM image of AHCSs"** (h) Rate performance of AHCSs™*!
SP-HC 1000, SP-HC 1200, SP-HC 1400, SP-HC 1600 are Sichuan pepper derived hard carbon synthesized at 1000, 1200, 1400, 1600 ‘C respectively; CPAN
is high temperature carbonized polyacrylonitrile; SNHC is sulfur/nitrogen dual-doped hard carbon material; NOCNBs is N/O co-doped porous hard carbon

nanobelts; NOCs are carbon materials prepared by directly carbonizing chitin without CaCOj; template assisted pyrolysis; AHCSs is activated hollow carbon
nanospheres; HCSs is hollow carbon nanospheres.

K5 SP-HC 1200, SNHC. NOCNBs & AHCSs ¥ & T35 fa ik 24 14 g
Fig. 5 Morphology and electrochemical properties of SP-HC 1200, SNHC, NOCNBs, and AHCSs samples
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(¢) SEM image of NSC"*"!

carbon nanosheets; NC is nitrogen-doped porous soft carbon nanosheets.
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SC-1200 is soft carbon sample prepared at 1200 ‘C; HC-1 200 is hard carbon sample prepared at 1 200 ‘C; NCNF-650, NCF-950, NCF-1 100 are N-doped
carbon nanofibers obtained at 650, 950 and 1 100 ‘C; NSC is nitrogen/sulfur dual-doped porous soft carbon nanosheets; SC is sulfur-doped porous soft

K6 SC-1200. NCNF & NSC #3055 HLAL 2 1 g
Fig. 6 Morphology and electrochemical properties of SC-1200, NCNF, and NSC samples
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(a) SEM image of WPCS!®"! (b) TEM image of CNT@PC*!
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(f) TEM image of S/N@C!®”’ (g) Cycling performance of SIN@C'®”!

WPCS is wing-like porous carbon sheets; MCC is methyl cellulose-derive carbon material; S-NC is sulfur doped N-rich carbon; NC is N-rich carbon; S/N@C is

porous S and N co-doped thin carbon.

B 7 WPCS. CNT@PC. S-NC K S/N@C i IS0 -5 s fh 24 14 B
Fig. 7 Morphology and electrochemical properties of WPCS, CNT@porous carbon (PC), S-NC, and S/N@C samples
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