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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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20 17 820 bad
100 30 23 11,000 good
35 26 18,500 normal to good
40 29 24,300 normal
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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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Textile Coloration and Finishing(J. Korean Soc. Dye. and Finish.), Vol. 25, No. 4



286

GFE A B4E7} o A gu 239 7

a3He A¥S Ugis Aoz muud sy
[e)

dserel wste] Qlol At A4S Eol2tn
gate o] 7ERE Aleoa]e 2o EntE
2A35}7] W&o A7} ooj24a AAQ 7|F

oojZ Aol &lo] o3t WHFol U 22
A B0z Qg ooj2A e Z7to] wet Y
gto] Hskehe AFL hetiich

a8y ooi=A FF 11.0%7HA = ALY FAIE
A ofzt Zotele AL moloh} 1 ol4el @
oAl Wg=gto]l AztslA Atz AupFor
2 QTN ALY EASAY £ S A
7} ololzA uHPE FF 11.0%7H2= o] 7}
ot o] A Yrge A FAT $E02 §
Aot oA oF 13%9] AHA 6}:&}_]_}_
Z1EdE 9 E2go] FAE wWPTt &~
2 wehE

rr _ll

Do

o OF

H &
A

rlr noi‘

=)

1o
i
i
o
£
"

2 ¥
&
Jﬂoﬂé

o 0 o
% o
NS

T T m oo

rg
=)
o
=
‘.<_.
o
=
‘.<_.
~
o
Qo
=}
(¢}
5
(=]
[4)°)
=2
)
2
=2
2
i~
s ol

E_‘

o= °ll°1§ paRLES 7<ﬂ
ARt & Aot E9
2-H e @E‘ﬂﬂ‘ﬂ—% Al =8 A

¢t Ay A7t of

ﬂﬁo_%_
o ki owLJ

N

)
rO
1o
oX,
— o[r
o
1~N
—|~

o Q2

T olo KON m ool @Y o,
moh o 4y HU o i O ol o & My Ao aE o [T

oo Af Hed2 A T4

lo 1o of [z H
o

fu o e
= 32
£l
_orlv‘
rlr
4
HN
2,
>
1L
2
IS
o
ot
>
odk

b
3

I By R 2

of
N
e
i)
H1
e
m
jil)s
o,
1o
ol
ox
H1
& °
o

g/
s
N
filo
J (]
rO
_(?L
a4
o

o] =22 FTAVIUA ELVISNEAAETA

W3 :82023205)9] XPoz $PE o, oo 7t
At=g Yt

References

1. Y. O. Choi and D. Y. Lim, Light Weight Materials

o HYIpE e A A 254 A 45

10.

11

ra
Mo
Ofoh
o
-
lon
Ho
%
9,'.'

- Yy

for Automobiles,
14(1), 18(2010).
Y. S. Jung, K. Y. Kim, J. W. Han, and Y. H.
Bang, Ultra Light Weight Carbon Fibers, Fiber
Technology and Industry, 14(1), 27(2010).

Fiber Technology and Industry,

. K. W. Oh and H. W. Choi, Acoustic Character-

istics of Ultra-porous Aerogel/Fiber Composite
Materials, Textile Science and Engineering, 46(1),
48(2009).

H. Yokogawa and M. Yokoyama, Hydrophobic
Silica Aerogels, J. of Non-Crystalline Solids, 186,
23(1995).

L. W. Hrubesh, Aerogel Application, J. of Non-
Crystalline Solids, 225, 335(1998).

M. Schmidt and F. Schwertfeger, Applications for
Silica Aerogel Products, J. of Non-Crystalline Solids,
225, 364(1998).

S. Y. Yang, H. A. Kim, and S. J. Kim, The
Synthesis of One-step Type Hydrophilic Non-
porous Resin and the
Property of its Coated Fabric for the Garment,
Textile Coloration and Finishing(J. of Korea Soc.
Dyers and Finishers), 23(2), 131(2011).

Polyurethane Physical

. B. K. Kim and S. J. Kim, Synthesis and Binder

Application of Aqueous Polyurethanes to Non-
woven Fabrics,
(J. of Korea Soc. Dyers and Finishers), 5(3), 188
(1993).

J. H. Hwang, K. S. Oh, and N. S. Yoon,
Fluoroalkylation of the Surface of Hydrophilic
Polyurethane Breathable Membrane, Textile Colo-

Textile Coloration and Finishing

ration and Finishing(J. of Korea Soc. Dyers and
Finishers), 25(1), 30(2013).

C. Lemarchand, P. Couvreur, C. Vauthier, D.
Costantini, and R. Gref, Study of Emulsion Stab-
ilization by Graft Copolymers using the Optical
Analyzer Turbisca, International J. of Pharmaceutics,
254(1), 77(2003).

H. I. Kim, Y. H. Hong, and S. M. Park, Develop-
ment of PET Flane Retardant Sheets for In-
dustrial Materials by Contro of Manufacturing
Process, Textile Coloration and Finishing(J. of

Korea Soc. Dyers and Finishers), 21(4), 46(2009).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


