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Aerogel density can vary over multiple orders of magnitude and is determined by the ratio of
solid content to pore volume. When the size of colloids or nanofibres is constant, e.g. for most
silica and cellulose nanofibre (CNF) aerogels, the density also directly affects pore size.

Aerogel density has a strong effect on the mechanical properties, with a power-law
dependence of the E-modulus. Here, we present data on the brittleness and strain recovery of
silica aerogels [1]. High-density silica aerogels are brittle, but low-density aerogels deform
plastically without fracture. Of practical interest are intermediate-density aerogels, which
expand to their original volume after decompression, a feature that directly correlates with the
spring-back during ambient pressure drying.

The thermal conductivity of aerogels typically displays a U-shaped density dependence, with
minima for silica aerogel at ~0.11 g/cm3, for resorcinol-formaldehyde aerogel at ~0.16 g/cm3,
and polyurea/ polyurethane aerogels at ~0.20-0.22 g/cm3. Here, we report how controlled pore
collapse during ambient pressure drying of silica aerogel can extend the minimum in thermal
conductivity to higher densities, and hence much higher mechanical strength [2].

The density dependence of the thermal conductivity of biopolymer aerogels is not as clear. For
example, an initial report on pectin aerogels hinted at an optimum at low densities (<0.05
g/cm3), but a follow-up study clearly placed the optimum near 0.10 g/cm3, in line with other
aerogel systems. For cellulose aerogels, previous studies reported minima at wildly different
densities (0.017 versus 0.087 g/cm3). Here, we present the most comprehensive study on the
thermal conductivity of CNF aerogels to date [3]. The dataset confirms the U-shaped density
dependence with a minimum of 18 mW/(m.K) at a density of 0.065 g/cm3. For a given density,
the thermal conductivity is ~5 mW/(m.K) lower for compressed aerogels due to the alignment
of nanofibers, as confirmed by SAXS.

[1] Advanced Engineering Materials, 23(10), 2100376. [2] Acta Materialia, 213, 116959. [3]
Carbohydrate Polymers (submitted).
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