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Abstract : Since nanoporous silica acrogel was first synthesized in 1931, its potential as an ultra-lightweight superinsulation
material has been steadily attracting attention. Silica aerogel is the best thermal insulation material to date. However, the potential
applications of this lightweight material have so far been hindered by its inherent fragibility and brittleness arising from its
ultra-porous nature. Although the monolithic form of silica aerogel has the best ultra-lightweight superinsulation properties, it
cannot be used in this form. Instead it is used in the form of powders, particles, and blankets. However, these forms still have
shortcomings. Silica aerogel is most widely applied in the form of a fiber-reinforced aerogel blanket, but this form is likely to
generate dust when handled. Although silica aerogel particles have been proven to be non-toxic to humans, dust formation
remains a major barrier to the widespread application of silica aerogel blankets. This paper will investigate the unique properties
of silica aerogel and determine what fields it can be used in or potentially be used in due to its unique properties. In addition, we
will review the important advances in silica aerogel synthesis technology and its commercialization so far, and then consider the
problems that exist for its widespread commercialization in the future and how to overcome them.
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Figure 1. Synthesis and microstructure of silica aerogel.



Table 1. Typical properties of silica aerogel
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Property Value Comments
Apparent density (g cm™) 0.003-0.10 ~0.1 g cm™
Internal surface area (m” g) 600-1000 By N2 adsorption/desorption
% Solids 0.13-15% Typically 5%
Mean pore diameter (nm) ~20 By BET
Primary particle diameter (nm) 2-5 By electron microscopy
Refractive index 1.0-1.08
Thermal tolerance to 500°C Melting point > 1500°C
Dielectric constant ~1.1 For density = 0.1 g cm™
Sound velocity (m s™) 100 For density = 0.07 g cm™
Thermal conductivity (W m™ K™ 0.013-0.020
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Table 2. Insulation thickness for passive house

Heat Thickness (m)
Material conductivity needed to meet
Wm'K' |U=013Wm’K'

Reinforced concrete 2.3 17.69
Solid brick 0.80 6.15
Hollow brick 0.40 3.08
Wood 0.13 1.00
Porous brick/concrete 0.110 0.85
Straw 0.055 0.42
Glass wool 0.035 0.27
EPS foam 0.032 0.25
Silica aerogel 0.015 0.11
Vacuum insulation panel 0.008 0.06
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Figure 2. Various forms of silica aerogel based on appearance.
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Figure 3. Comparison of thickness between silica aerogel blanket
and traditional insulation (redrawn figures from Aspen
Acrogels).
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Aspen Aerogels Northborough, MA Blanket
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