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Abstract: Zinc-ion capacitor is a hybrid supercapacitor consisting of a battery-type negative electrode and a
capacitor-type positive electrode, which has the advantages of high energy density, high power density,
high safety, and low cost. Its energy density is still limited by the energy storage capacity of the positive
electrode material. Therefore, how to design the positive electrode material with high specific capacitance
is the key issue to improve the energy density of zinc-ion capacitors. Firstly, the development history,
device structure and principles of zinc-ion capacitors were briefly summarized. Moreover, the reasons that
limit the application of zinc-ion capacitors were analyzed. Secondly, the device performances, advantages,
and shortcomings of typical carbon-based materials and pseudocapacitive materials as positive electrode
materials were systematically summarized. Subsequently, the representative research work was chosen to
summarize the design strategies and research progress of the positive electrode materials, including
nanostructure design, composite material construction, and heteroatom doping. Finally, the development
prospects of the positive electrode materials were discussed. It is pointed out that specific research
directions are presented, including in-depth research and discovery of new electrochemical mechanisms,

the development of new high-performance positive electrode materials, the exploration of effective
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modification strategies of carbon materials, and the development of functional (such as flexible) electrode

materials. These perspectives can provide important ideas for the preparation of positive electrode materials

with excellent electrochemical performance.

Key words: zinc-ion capacitor;positive electrode material ;nanostructure ; material composite ;doping
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Fig. 1 Scheme of structure of zinc-ion capacitors
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Table 1 Brief summary of positive electrode materials and device performances of zinc-ion capacitors in recent years

Positive Energy density/  Power density/ ) -

electrode material Electrolyte Voltage/V (Wh- kg (kW kg ) Cycling stability/ %  Reference
AC 2 mol/L ZnSO, 0.2-1.8 84.0 14.9 91.0/10000 [28]
RuO,+H,0 2 mol/L Zn(CF,S0,), 0.4-1.6 119.0 16.7 87.5/10000 [29]
MDC 1 mol/L ZnSO, 0.1-1.7 36.3 85.5 99. 0/20000 [30]
MPC 3 mol/L Zn(CF,S0,), 0-1.8 130. 1 7.8 96. 7/10000 [31]
GRPC-A13 2 mol/L ZnSO, 0.2-1.8 116.0 8.0 50. 0/270000 [32]
PSC-600 1 mol/L Zn(CF,S0,), 0.2-1.8 147.0 15.7 92. 2/10000 [33]
PNCNs 2 mol/L ZnSO, 0.15-1.70 198. 2 5.5 118. 2/10000 [34]
MCHSs 2 mol/L ZnSO, 0.2-1.8 129. 3 13.7 96. 0/10000 [35]
3D graphene@PANI 2 mol/L ZnSO, 0.3-1.6 205.0 45.8 80.5/6000 [36]
HNPC 1 mol/L. ZnSO, 0-1.8 107. 3 24.9 99.7/20000 [14]
LDC 1 mol/L. ZnSO, 0.2-1.8 86.8 12.1 81.3/6500 [37]
P,B-AC 2 mol/L ZnSO, 0.2-1.8 169. 4 20.0 88.0/30000 [38]
aMEGO 3 mol/L Zn(CF,SO,), 0-1.9 106. 3 31.4 93.0/80000 [25]

AC: activated carbon; MDC: MOF -derived carbon; MPC : MIL-47-derived porous carbon; GRPC-A13:glutinous rice derived graded porous carbon;

PSC-600:pencil shaving derived porous carbon; PNSNs:nitrogen-doped porous carbon nanosheets; MCHSs: mesoporous hollow carbon spheres; HNPC:

N-doped hierarchically porous carbon; .DC :layered B/N co-doped porous carbon; P, B-AC:phosphorus and boron co-doped AC ;aMEGO : chemical acti-

vated graphene
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