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Development of thermochromic vanadium dioxide nanoparticle composite films for smart
windows ('"KONICA MINOLTA, INC.)
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Smart windows are an energy-saving technology that provides advantages in both summer
heat management and winter heat utilization. This study focuses on the development of smart
window materials that utilize monoclinic vanadium dioxide (VO2(M)) nanoparticles dispersed
in a polymer matrix. These materials exhibit infrared thermochromism induced by the metal-
insulator transition.

Our approach integrates computational science and rapid synthesis processes to create
thermochromic vanadium dioxide nanoparticle composite films with excellent optical
properties. The development process can be reached by two synergistic factors: predicting
optical functionality for nanoparticle dispersion and controlling crystalline phase and
morphology in nanoparticle high-speed manufacturing.

Firstly, we developed a multi-scale optical calculation framework to predict the optical
properties of nanoparticle-dispersed materials. This framework amalgamated first-principles
calculations, electromagnetic optical calculations®, and theoretical geometric domain
equations. Verification was achieved by comparing the experimentally obtained data with the
calculated dielectric function and crystal distortion resulting from chemical doping.

Secondly, VO2(M) nanoparticles were obtained by a continuous hydrothermal flow synthesis
(CHFS) method?. This system enables rapid/high temperature heating by mixing the precursor
suspension with supercritical water in the flow reactor of CHFS, drastically reducing
crystallization time from hours to seconds. The method also allows precise control of particle
size (< 30nm) and confirmed the formation of mixed crystals through chemical doping.

VO,(M) nanoparticles composite films produced using our developed process exhibited high
visible light transmission and significant infrared thermochromism. This is attributed to the
small size of the crystalline nanoparticles and suppressed aggregation within the polymer
matrix. This work is expected to be an important step toward the development of nanoparticle-
dispersed materials with optical functions and the industrial application of smart windows.
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