An In-Depth Study of the Thermodynamics and Kinetics of the Structural
Phase Transition of Hydrothermally Synthesized W/VO, Microparticles
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Introduction

VO, structural phase transition (SPT)

D D Buildings are responsible for about 1/3 of global

D D energy use and CO, emissions.

D D More than 50% of this energy used for heating
D I f and cooling. Where windows alone account for

over 30% of a building’s total energy loss or gain.
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“Smart windows” with thermochromic VO, coatings o °9 o 0, © . Q “
offer a passive solution. : o® o o 05'"
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gz On a cold day the coating lets solar infrared
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-~ pass through, providing passive heating.
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Thermochromic layer

AT = =22 °C per at.% W

g On a hot day the coating blocks solar infrared
- radiation, passively cooling the buildings. —
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The SPT induces a change in the materials optical properties, from IR transparent to
IR blocking. The temperature of the SPT can be lowered using dopants such as
tungsten, as W¢°* substitution for V4* distorts the lattice and weakens V-V bonds,

promoting the metallic rutile phase.
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Switch temperature: ~20 °C (ambient)

Research Aim

Hydrothermal reaction:

Reaction time: 72 h

The natural phase transition temperature of VO, (~68 °C) is too high for smart
window use. Tungsten doping lowers this temperature but also alters the
material’'s structure and transition dynamics, which are still not well
understood for hydrothermally synthesized VO..

Temperature: 230°C
Dopant: Tungsten y
Atom percentage W: 2.0 at% / - —

This work aims to reveal how W-doping and microstructure affect the
thermodynamics and kinetics of the structural phase transition in VO
microparticles made by a non-harmful, scalable hydrothermal method.
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Results and Discussion

Importance of tungsten doping Kinetic analysis of the W-doped VO, phase transition
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rate-determining step for both of the phase transitions.
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