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Abstract: A flexible electrochromic device (ECD) is a promising technology that is expected to be applied in various
fields such as smart windows. Polymer electrolyte is an important component that determines the bleaching-coloration
performance and physical stability of flexible ECDs. In this study, a pore-filled polymer electrolyte membrane (PFPEM)
with excellent dimensional stability was developed to effectively fabricate flexible ECDs and improve durability. Polyvinyl
acetate, which has excellent adhesion, and polyethylene glycol, which can improve ionic conductivity, were filled in the
pores of a porous substrate made of polyethylene, which is inexpensive and has excellent physical and chemical stability.
The optimal lithium salt (LiTFSI) content of the prepared PFPEM was determined at about 27 wt%, and it was confirmed
to possess excellent dimensional stability, adhesive strength, and ion conductivity close to that of conventional polymer

electrolytes. Although the visible light transmittance was lowered by the use of the porous substrate, it was expected to act
as an advantage in the colored state.

Keywords: flexible electrochromic device, polymer electrolyte, pore-filled polymer electrolyte membrane, dimensional
stability, adhesive strength
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Fig. 1. Components and interactions of polymer electrolytes developed in this work.
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Fig. 2. Fabrication procedures of flexible ECD.
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D = diffusion coefficient (cm”s)

i, = peak current (mA)

n = concentration of Li salt in solvent (M)
v = scan rate (mV/s)

A = active area (cm’)
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Fig. 3. FT-IR spectra of electrolyte components and pre-
pared polymer electrolyte.
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Fig. 6. Ion conductivity of prepared electrolytes with dif-
ferent LiTFSI contents (measured at room temperature).
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Table 1. Ion Conductivity Values of Polymer and Membrane
Electrolytes According to LiTFSI Contents

LiTFSI content Ton conductivity

Electrolyte type

(Wt%) (mS/cm)
11.15 0.972
20.06 0.997
Polymer 27.34 1.030
33.41 0.972
38.85 0.908
11.15 0.401
20.06 0.523
Membrane 27.34 0.832
33.41 0.720
38.85 0.552

(b)
Fig. 7. Pictures of porous PE substrate: (a) before
pore-filling; (b) after pore-filling.

@ (b)

Fig. 8. Picture of ECDs at bleached(up) or colored
state(down): (a) membrane electrolyte; (b) polymer electro-
lyte(LiTFSI content: 27.34 wt%)).
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S lew nefan, et eAst wa 2adH 2 T I R
A= W3le] o7t AA BIUEE A9 thEA LiTFSI content (wt%)
27.34 wt%ollA HIAE YERA 5]31‘:} 23 W Fig. 10. Optical density of ECDs employing PFPEMs
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F FY o] TS FAste Folg YER
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Table 2. Transmittance and OD Data of ECDs with PFPEMs with Different LiTFSI Contents

LiTFSI content (wt%) Ty (%) T. (%) oD AT (Ty-T)
11.15 27.6 + 1.20 550 < 0.50 0.709 22.1
20.06 24.8 + 0.40 4.00 + 0.00 0.792 20.8
27.34 24.6 + 0.80 3.40 + 0.49 0.859 212
3341 212 + 0.40 3.20 + 0.40 0.821 18.0
38.54 224 + 049 3.40 + 0.49 0.819 19.0

Table 3. Transmittance and OD Data of ECDs with Different Types of Electrolyte (LiTFSI Content: 27.34 wt%)

Electrolyte type Ty (%) T. (%) OD AT (Ty-T.)
Membrane electrolyte 24.6 £ 0.80 3.40 £ 0.49 0.86 21.2
Polymer electrolyte 61.6 = 0.49 11.8 + 0.40 0.82 49.8

Membr. J. Vol. 31, No. 5, 2021
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Fig. 11. Diffusion coefficients of ECDs employing PFPEMs
with different LiTFSI contents.

Table 4. Diffusion Coefficient Values of ECDs Employing
Various Electrolytes (LiTFSI Content of Polymer Electrolyte:
27.34 wt%)

Diffusion coefficient

Electrolyte LITFSI (X10-14)(Cm2/ s)
type contoent Bleached
(Wt%0) Colored state
state
11.15 4.69 4.94
20.06 10.5 7.23
Membrane 27.34 12.2 11.0
3341 2.51 3.19
38.85 1.93 2.40
Polymer 27.34 12.5 9.77
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