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Application Properties of Ultra Light Weight Silica Aerogel
to Polyurethane Membrane
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Abstract: Application properties of ultra light weight silica aerogel toward polyurethane membranes were investigated.
From the results of pre-milling process of the silica aerogel, the solvent for dispersion of the aerogel was determined for
methyl ethyl ketone and its content in the solvent was determined by 30%. Using this aerogel dispersion, the polyurethane
membranes were prepared according to the mixing amount of silica aerogel and various properties of the membranes were
investigated. As results, the optimum mixing amount of silica aerogel inside polyurethane membranes was decided at 11%,
because the improvement of light weight property, air permeability, and moisture vapor permeability were improved upto 11%
of silica aerogel content, maintaining the water penetration resistance almost unchanged.
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Figure 1. Chemical structure of silica aerogel (tetrameth-
oxysilane) used in this study.

Table 1. Characteristics of silica aerogel used in this study

Properties Values

Average pore diameter 10 nm

Bulk density 0.04 ~ 0.1 g/em’

Thermal conductivity 17 ~ 22 mW/mK

Surface area 800 ~ 1,000 m%/g

Porosity > 95%
Temperature range -200 ~ 1,600 C
Surface chemistry Hydrophobic

Flame resistance Flame retardant
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Figure 2. Back scattering(ABS) profiles (dispersion stability) of silica aerogel in several organic solvents, obtained by

turbidity analysis at 20°C for 2 hours.
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Table 3. Mixing composition of polyurethane membrane according to the relative amount of silica aerogel
Aerogel Aerogel Aerogel Aerogel
0% content 11.0% content 15.7% content 23.7% content
Before After Before After Before After Before After
Components drying drying drying drying drying drying drying drying
Mixed Solid Mixed Solid Mixed Solid Mixed Solid
weight content weight content weight content weight content
(® (9 (® (9 (® (9 (® (9
PU resin 100.0 81.1 100.0 72.0 100.0 68.2 100.0 61.7
Additives* 11.5 18.9 11.5 17.0 11.5 16.1 11.5 14.6
MEK" 5.0 0.0 5.0 0.0 5.0 0.0 5.0 0.0
Toluene® 25.0 0.0 25.0 0.0 25.0 0.0 25.0 0.0
Water" 40.0 0.0 40.0 0.0 40.0 0.0 40.0 0.0
Aerogel 0.0 0.0 4.6 11.0 6.9 15.7 11.5 23.7
M30 ; 0.0 0.0 20.0 11.0 30.0 15.7 50.0 23.7
MEK 0.0 0.0 154 0.0 23.1 0.0 385 0.0
Toluene* 0.0 0.0 35.0 133 53.0 0.0 70.0 0.0
Total 181.5 100.0 236.5 100.0 264.5 100.0 301.5 100.0

*Additives : R446 3.0g, CRL100 5.0g, STM 1.0g, AS41 0.5g, UH651 2.0g

a : solvent for resin emulsion
b : solvent for aerogel paste
¢ : solvent for viscosity control of final resin

Table 4. Physical properties of polyurethane membranes containing silica aerogel inside

Physical properties Aerogel 0.0%

Aerogel 11.0% Aerogel 15.7%

Aerogel 23.7%

Thickness () 30+1
Moisture vapor permeability 14,692 16,475 19,873 15,626
(g/m™-24hr)
Air permeability 0.040 0.149 0.166 0.137
(cm’/em™sec)
Water penetration resistance
3,140 3,280 1,600 1,800
(mmH,0)
Absolute (g/mz) 30 26 23 21
Weight
Relative (%) 100.0 86.7 76.7 70.0
2 157% EF7AE Frhsichrl 2 o)Akl gk 9 Aol EstEz oojzA IhFe] ot
NAE 238 oAl HAaste FdFe Ut A& S7kste= ¥, F54L 71AEH Y 7ol
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