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Abstract: Recently, as the interest in low power consumption increased, the industry of smart window market based on
electrochromic is now spotlighted. Recent research has been conducted on a fiber-type polymer electrochromic device,
but problems are emerging due to a complicated process, a long coloration time, and low coloration efficiency. In this
research, we attempted to fabricate Tungsten trioxide (WO;)@Poly(ethylene oxide) (PEO) fiber by electrospinning. The
molecular weight of PEO and the applied voltage during electrospinning were adjusted to manufacture a uniform
WO;@PEO fiber, and the ratio of WO;@PEO and the electrospinning time were adjusted to optimize the electrochromic
characteristics. The WO;@PEO fiber can be fabricated through an electrospinning method without a high-temperature
process, which is advantageous for low process cost and large-area production. We also confirmed that since the high
porosity of the WO,@PEO fiber layer, it shows a high transmittance difference without no coloration time change by
increasing the layer thickness.
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Figure 1. Schematic of the fabrication of WO;@PEO fiber-based
electrochromic device.
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Figure 2. Optical microscopy image of WO;@PEO fiber by con-
trolling the molecular weight of PEO and applied voltage for elec-
trospinning: (a)-(d) is fiber with 100 kg/mol of PEO; (e)-(h) is fiber
with 600 kg/mol of PEO. Each applied voltage was adjusted for (a), (e)
10 kV; (b), (f) 15 kV; (c), (g) 20 kV; (d), (h) 25 kV, respectively. The
inset image of (e)-(h) is a photograph of WO;@PEO fiber.
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Figure 3. Electrochromic charateristics of WO;@PEO fiber based
on WO;@PEO ratios of (a)-(c) 1:1; (d)-(f) 1.5: 1; (a), (d) is trans-
mittance spectra for different applied voltages; (b), (e) is transmit-
tance profiles at 700 nm wavelength; (c), (f) is current density
against time is shown. The applied voltage was -2 V and 1 V or col-
ored and bleached states, respectively.
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Figure 4. Scanning electron microscopy image of WO;:PEO = 1:1
fiber at (a) low; (b) high magnitudes, respectively.
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Figure 5. Electrochromic characteristics of WO;@PEO fiber based on electrospinning time with (a)-(c) 10 min; (d)-(f) 20 min; (g)-(i) 30 min.
Left graphs are transmittance spectra at 700 nm wavelength, middle graphs are current density against time, right graphs are optical density
plotted against charge density are shown. The applied voltage was -2 V and 1 V or colored and bleached states, respectively.
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Table 2. Electrochromic Characteristics of WO;@PEO Fiber
with Different Electrospinning Times

Spinning time AT Coloration time n
(min) (%) (s) (cm’/C)
10 5 22 2.94
20 20 1.7 14.0
30 35 2.4 23.7

Figure 6. Photographs of the electrochromic device at differential
voltage steps.
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