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Fig. 1 Comparison of colloidal ionic and traditional pseudocapacitors™
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A. Highly electroactive colloids were formed by electric field assisted chemical coprecipitation; B. The preparation and

reaction process of inorgainc salts electrode in KOH electrolyte
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Tab. 1 Comparison of colloidal ionic supercapacitor and traditional supercapacitor

Property

Colloidal ionic supercapacitor

Traditional supercapacitor

Utilization ratio of electrode materials
Energy density
Synthesis method

Testing environment in accord with
synthesis environment

Whole colloid Only surface of materials
High Low

In situ Ex-situ

Yes No
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Fig. 3 TEM image of SnCl, colloidal ionic supercapacitor™
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Fig. 4 Potential profiles of supercapacitor devices: A pseu-
docapacitor and the ideal electric double-layer ca-
pacitor, and the charge and discharge relationship

for pseudocapacitors®
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Fig. 5 Present studied cations of colloidal ionic supercapacitors in periodic table
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A. Survey of the pristine, charged and discharged electrodes; B. Cu 2p after the 2nd charge process; C. Detailed analyses
of Cu 2p performed on the cycled CuCl, electrodes; D. Detailed analyses of O 1s performed on the cycled CuCl, elec-
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A. Schematic drawing; B. CV curves at a scan rate of 5 mV -s" and the potential range of -0.1 to 0.45 V; C. Discharge

curves measured at a current density of 3 A-g'; D. Charge curves measured at a current density of 3 A-g'; E. Specific ca-

pacitance as a function of x (0 <x < 1) at a current density of 3 A-g’!
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Colloidal Ionic Supercapacitors

CHEN Kun-feng, XUE Dong-feng’
(State Key Laboratory of Rare Earth Resource Utilization, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022, China)

Abstract: Supercapacitors have high power density and long cycle life compared with battery systems, but they still suffer from
low energy density at the same time. In order to increase the energy density of supercapacitors, a new type of pseudocapacitor so
called colloidal ion supercapacitor has been developed. The colloidal ion supercapacitor can directly use commercial metal salts as
electrode materials and the electroactive species can be formed by in-situ electrochemical reactions without the need of additional
materials synthesis processes. Colloidal ion supercapacitor can fully utilize the redox reaction of metal cations with multiple oxida-
tion states, which can completely release the stored electrical energy of multiple-valence cations, leading to high energy density.
Due to the presence of colloidal cation ions in the colloidal ion supercapacitor, the diffusion lengths of electrons and ions can be
shortened, leading to high redox reaction kinetics and high power density. Both high energy density and high power density can ex-
ist in one supercapacitor device, i.e., colloidal ionic supercapacitor. This review outlines the concept, basis and the development of
colloidal ion supercapacitors, as well as the latest research progresses and future challenges. The colloidal ion supercapacitor is ex-

pected to advance the development in the next generation of high-performance electrochemical energy storage devices.

Key words: supercapacitor; electroactive cation; pseudocapacitor; electrochemical reaction; rare earth
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