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ABSTRACT: In the present study, silica-aerogel-polyurethane foams were synthesized to improve the mechanical characteristics and insulation
performance of the polyurethane foam applied to a liquefied natural gas carrier at a cryogenic temperature of -163 C. A silica-aerogel-polyurethane foam
bulk was prepared using a homogenizer by varying the weight ratio of the silica aerogel (0, 1, 3, and 5 wt%), while maintaining the contents of the
polyol, isocyanate, and blowing agent constant. Compression tests were performed at room and cryogenic temperatures to compare the mechanical properties
of the silica-aerogel polyurethane foams. The internal temperature of the universal testing machine was maintained through the cryogenic chamber. The
thermal conductivity of the silica-aerogel-polyurethane foam was measured using a heat flow meter to confirm the insulation performance. In addition,
the effect of the silica aerogels on the cells of the polyurethane foam was investigated using FE-SEM and FTIR. From the experimental results, the
1 wt% silica aerogel polyurethane foam showed outstanding mechanical and thermal performances.
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Table 1 Property of silica aerogel general data

Silica aerogel powder type general data

Particle size range [ #m)] 10~200
Pore diameter [nm] 20

Pore volume [cm®/g] 2.2~2.5

Bulk density [kg/m’] 70~150

Surface chemistry Hydrophobic
Thermal conductivity [W/m-'K] 0.0018~0.02 at 25C
Surface area [m%g] 300~350
Porosity [%] 90~99
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Fig. 1 (a) Fabrication process of silica aerogel polyurethane foam
and (b) surface of silica aerogel polyurethane foam.
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Table 2 Compression test temperature condition of sample specimen

Temperature [°C] Silica aerogel [wt%]

20 0 1 3 5
-163 0 1 3 5

(b)

Fig. 2 Photographs of compression test progress at (a) room temperature
and (b) cryogenic temperature
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Fig. 3 (a) Photographs of HFM(heat flow meter) and (b) thermal

conductivity test specimen
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Fig. 4 Cell shape and structure of the silica aerogel polyurethane foam, depending on wt% of silica aerogel
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Table 3 Cell size of silica aerogel polyurethane foam

Jae-Hyeok Ahn et al.

Silica aerogel [wt%] Average cell size[ xm]

Minimum cell size [ #m] Maximum cell size [ #m]

0 124459
1 175459
3 198+74
5 207491
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Table 4 Thermal conductivity of silica aerogel polyurethane foam at a temperature of 20°C

Temperature [°C] Silica aerogel [wt%)]

Thermal conductivity [W/m-K] density [kg/m’]

0

20

[, N US T

0.03020 140.31
0.02676 167.79
0.03109 153.51
0.03414 130.84

Transmittance

|
4000 3500 3000 2500

I |
2000 1500 1000

Wave number(cm-")

Fig. 5 ATR-FTIR peak analysis of silica aerogel polyurethane foams
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Fig. 6 (a) Compressive strength of silica aerogel PUF, (b) density of silica aerogel PUF comparisons
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Fig. 7 Compression test results of silica aerogel polyurethane foam under the identical conditions
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