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Abstract: Focusing on the demand of the phase-shifting temperature regulating smart window for improving the thermal management
efficiency of the building envelope interface, the research takes PVA/PNIPAM dual network hydrogel as the matrix, introduces
two-dimensional MXene to build a composite hydrogel smart window system, and systematically examines its microstructure, thermal
transformation, optical modulation and model window thermal management performance. The results showed that the addition of
MXene did not damage the matrix, but improved the heat transfer and thermal management capabilities in the thermal response range
around 33 °C; When the MXene content is increased from 1 wt% to 4 wt%, the thermal conductivity of the composite system increases
from 1.82 W -m? -K't0 2.74 W -m? -K™. The optical results indicate that the material maintains good transparency at room
temperature, but after high-temperature phase transition, the visible light and solar transmittance decrease synchronously, showing
strong dynamic shielding ability. After comprehensive analysis of light transmission, heat shielding, and structural stability, the 3 wt%
sample has an advantage in performance balance. Its visible light transmittance at 25 °C is 81.22%, which decreases to 27.44% at
40 °C, and the peak temperature of the model cavity is controlled at 49.4 °C. The research shows that MXene/PVA/PNIPAM composite
hydrogel can achieve stable temperature regulation through the continuous process of light absorption and temperature rise, phase
change triggering, scattering enhancement, and heat transfer reduction, which provides an experimental basis for the design of smart
window materials in the direction of phase change heat storage.
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