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Abstract— Ultra-low density silica aerogel is synthesized through a two-step sol-gel processing and supercritical fluid
drying. However, in existing two-step sol-gel processing, a wet gel is obtained by complicated steps: addition of alcohol as a
cosolvent to the mutually immiscible TMOS and water solution; hydrolysis of under acidic solution(i.e., HCl); separation of
alcohol by distillation; dilution of the mother liquor by a diluent such as acetone; and polymerisation to obtain wet gel. In
the present study, a new simplified two-step sol-gel processing is proposed. First, through a phase behavior study for the ter-
nary solution containing TMOS, water and acid, a condition which becomes a homogeneous single phase was searched.
With this solution, hydrolysis is performed. Thus, the separation step of alcohol can be eliminated without adding alcohol.
The wet gel which was obtained by the new process was directly dried to obtain the aerogel by SC CO, at 40 °C and 8 MPa.
In general, the aerogel obtained by the low-temperature supercritical carbon dioxide drying is extremely hydrophilic and
easily destructed by moisture. However, by a methoxylation of the surface of the aerogel with methanol at 180 °C, hydro-
phobic aerogel can be made. For most cases, the density of the aerogels obtained in this work stays below 0.03 g/cm’.
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Table 1. Physical properties of silica aerogels
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Property Value Comments
Apparent density 0.003-0.35 g/em’ Most common density is -0.1 g/em’
Internal surface area 600-1,000 m’/g As determined by nitrogen adsorption/desorption
Josolids 0.13-15% Typically 5 %(95 %free space)
Mean pore diameter -20nm As determined by nitrogen adsorption/desorption(varies with density)
Primary particle diameter 2-5nm Determined by electron microscopy
Index of refraction 1.0-1.05 Very low for a solid material
Thermal tolerance to 500°C Shrinkage begins slowly at 500 °C, melting point is >1,200 °C
Coefficient of thermal expansion 2.0-4.0x10°° Determined using ultrasonic methods
Poisson's ratio 0.2 Independent of density
Young's modulus 107%10""N/m’ Very small compared to dense silica
Tensile strength 16kPa For density=0.1 g/em’
Fracture toughness 0.8kPa - m"” For density=0.1g/cm’, determined by 3-point bending
Dielectric constant -1.1 For density=0.1g/cm’, very low for a solid material
Sound velocity through the medium 100 m/s For density=0.07 g/cm’, one of the lowest velocities for a solid material
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Table 2. Makers and purity of the chemicals in this work

Chemical compound Formula Makers Purity(%)
Tetramethylorthosilicate Si(OCH,), Aldrich 98
Tetracthylorthosilicate Si(OCH;), Aldrich 98
Hydrochloric acid HCl1 Yakuri 35
Ammonium hydroxide NH,OH Yakuri 28
Acetone (CH,),CO Dae Jung 95
Acetonitrile CH,CN Dae Jung 95
Water H,0 Aldrich 99
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Fig. 2. Phase behavior in sol-gel process.
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Fig. 3. Measurement of gelation time with dilution ratio.
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Fig. 6. The comparison of this work with LLNL.
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