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Integration of phase change materials for hygrothermal improvement
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Abstract

Wood fiber insulation is a renewable, carbon-storing alternative but is limited by low thermal resistance and moisture sensitivity. To overcome

these drawbacks, microencapsulated PCMs (n-heptadecane, n-octadecane, 30 wt%) were integrated into low- and high-density boards via ultrasonic

dispersion and heat pressing. Thermal conductivity, latent heat, and vapor diffusion resistance were experimentally measured, while five-year

WUFI-Bio simulations assessed long-term hygrothermal performance. The high-density n-octadecane composite exhibited the greatest latent heat

capacity, and dry cup tests showed improved vapor resistance while maintaining high permeability. Simulation results indicated reduced moisture

accumulation and stable mold resistance across assemblies. Collectively, PCM-integrated WFI demonstrated multifunctional performance, enhancing

thermal energy storage, moisture regulation, and durability, thereby supporting low-carbon, energy-efficient timber construction.
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