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Research Progress on Preparation and Properties of Prussian Blue Electrochromic Films

WANG Yingeng, WANG Likun, CAI Wenhao, ZENG Yi, GONG Zhiming, ZHAO Hongli
(State Key Laboratory of Metastable Materials Preparation Technology and Science, College of Materials Science and Engineering,
Yanshan University, Qinhuangdao 066004, Hebei, China)

Abstract: This review represented the electrochromic mechanism of Prussian blue (PB), and summarized recent research work on the
improvement of the electrochromic performance of PB. The main methods of preparing PB thin films and the relationship between
the process and the properties were described. The mechanism of improving the properties of electrochromic devices by combining
PB with other materials was emphatically given. It is indicated that increasing the contact area with the ion layer and improving the
conductivity of the base both are effective approaches to improve the electrochromic devices of PB. In addition, the future
development of PB electrochromic devices is integrated with flexible materials to expand the application range of electrochromic
devices besides the improvement of the optical and electrical performance.
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D is diameter of PB particles ; L is length of indium tin oxid substrate ; L, is

length of PB dense layer.

B2 PR RS ST PB A e 0 i R0 2 i o )
Fig. 2 Cross section and surface morphology of PB film in
two different magnifications!'
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Fig. 3 Surface and cross-section morphology of PB film!*"
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Fig. 4 Surface morphology of PB film deposited on FTO

substrate by electrodeposition and by spray pyrolysis®>
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array (TNRA)@PB composite film!*®
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Table 1 Apparent diffusion coefficients of Li* transported in the direct spin coatings of nano-ZnHCF under different
precipitate concentration and different poly(3,4-ethylenedioxythiophene)/poly(styrenesulfonate)(PEDOT:PSS)

additive amounts estimated according to the Randles—Sevcik equation

[34]

Diffusion coefficients of Diffusion coefficients of

anodic reaction/(cm”'s™) cathodic reaction/(cm’-s™")

ZnHCF precipitate Volume fraction of
concentration/(mmol-L™") PEDOTY/PSS additive/%
10 0
10
20
5 0
10
20
2 0

10
20

1.85x107'° 8.98x107!!
1.54x107° 1.25x107°
1.72x107° 1.83x107°
8.78x107"! 3.68x107"
1.35x107° 9.30x107"°
5.06x107° 3.23x107°
2.60x1071° 1.79%107"°
3.03x107° 1.96x107°
7.75x107° 3.91x107°
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R; is electrolyte resistance; CPE is constant phase element; R is charge

transfer resistance; Z,, is Warburg resistance; Cy. is double layer capacitance.
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Fig. 11 Electrochemical impedance spectroscopy prepared by

using indium tin oxide (ITO) electrode and ITO

electrode coated with fullerene at different deposition

time!*?!
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Table 2 Comparison of electrochromic properties of different PB films

Optical modulation ~ Response speed  Coloration efficiency/

Method range/% (s (em™Cy Stability Color Reference
Electrodeposition 55.36 55.80/61.50 39.7 Bad Blue [18]
Oxygen plasma treatment 37.00 57.00/55.90 57.0 Bad Blue [35]
Hydrothermal 44.90 1.00/2.40 87.4 Moderate Blue [21]
Spray pyrolysis 78.40 9.50/7.00 124.3 Fine Blue [22]
TNRA@PB core—shell composite film 48.00 2.20/6.20 131.5 Bad Blue [26]
Poly(3-methylthiophene)/PB composite film 17.80 1.20/1.30 201.6 Moderate Red/green/blue [25]
Carbon nanotube/PB composite film 10.00 1.00/2.50 138.6 Moderate Blue [33]
C60/PB double membrane 46.80 4.13/1.88 28.6 Moderate Blue [34]
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