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Abstract: In this study, we propose a smart window application based on a porous silicone elastomer film that can control
light transmittance by compression. A porous elastomeric film was produced by emulsification of isopropyl alcohol aque-
ous solution in a platinum-catalyzed silicone known as an Ecoflex. It was shown that pores with a size of several hundred
nanometers to several tens of micrometers induce light-scattering in the visible light region due to the difference in refrac-
tive index with the Ecoflex matrix, and the transmittance could be controlled as the pores were closed by applying com-
pression on the film thickness. It was confirmed that the transmittance can be reversibly adjusted with a fast reaction rate
of less than 1 second, and the deterioration is very small even in repeated driving. Furthermore, for smart window appli-
cation, a press-type window with a porous Ecoflex film was demonstrated. The fabrication process is very simple and
economically preferred, and it can be applied as a base technology for an energy-saving smart window that can maintain
indoor temperature and illumination without electrical energy.

Keywords: smart window, porous elastomer, light scattering, Ecoflex, tunable transmittance.
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Scheme 1. Conceptual diagram of light transmittance control
through compression of porous Ecoflex film.
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Figure 1. Illustration of fabricating the porous Ecoflex film.
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Figure 2. Changes in internal structure and light transmittance according to compression of porous Ecoflex film: (a) Schematic illustration
of the compressive porous Ecoflex film in a sandwiched acrylic plate; (b) The cross-sectional SEM image of the porous Ecoflex film before
compression; (c¢) Changes in transmittance before and after compression of the porous Ecoflex film; (d) Optical microscope images of non-
porous Ecoflex film and porous Ecoflex film before and after compression.
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Figure 3. Characterization of transmittance changes in visible region during compression of porous Ecoflex film: (a) Optical transmission
spectra of the porous Ecoflex film during compression and non-porous Ecoflex film; (b) Optical transmission spectra of the 3 mm- and 6 mm-
thick porous Ecoflex films, in which the 6 mm-thick film was compressed to 3 mm; (c) Optical transmission spectrum of porous Ecoflex films
during Cycling test of compression and release; (d) Optical transmission spectrum showing the rate to recover the initial opaqueness of the

porous Ecoflex film without compression after releasing.
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Figure 4. Smart window application of porous Ecoflex film: (a) Schematic diagram of smart window based on the porous Ecoflex film. The
upper and lower acrylic plates are fastened with bolts and nuts to control the degree of compression. Lv. means the degree of tightening the
nut; (b) Photographs of the porous Ecoflex-based compressive smart window as Lv. increases by tightening the nut; (c) Conceptual diagram
of a smart window that can independently control the transmittance for each location by spatially dividing the porous Ecoflex film.
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