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High porosity solids, such as plastic foams and aerogels, are thermally insulating. Their insulation
performance strongly depends on their pore structure, which dictates the heat transfer process in the
material. Understanding such a relationship is essential to realizing highly efficient thermal
insulators. Herein, we compare the heat transfer properties of foams and aerogels that have very high
porosities (97.3-99. 7%) and an identical composition (nanocellulose). The foams feature rather closed,
microscale pores formed with a thin film-Ilike solid phase, whereas the aerogels feature nanoscale open
pores formed with a nanofibrous network—Iike solid skeleton. Unlike the aerogel samples, the thermal
diffusivity of the foam decreases considerably with a slight increase in the solid fraction. The results
indicate that for suppressing the thermal diffusion of air within high porosity solids, creating
microscale spaces with distinct partitions is more effective than directly blocking the free path of
air molecules at the nanoscale




