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Fabrication and Characteristics of Non-Solvent Silica-Acryl Monomer Hybrid Sol for
Optical Device
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Abdract: A solvent free, highly concentrated silica-acryl monomer hybrid sol was synthesized using aqueous colloidal
silica as a precursor. The effects of the silica particle size, type of surface treatment agent employed, and silica content
on the formation of the hybrid sol were systematically studied. The optical and physical properties of the coating solution
prepared using the hybrid sol were also characterized. The viscosity of the hybrid sol tended to decrease as the particle
size of the silica and the molecular weight of the surface treatment agent increased. The PET substrate coated with
MPTMS-Mix (mixture, 70 wt%) solution showed the highest surface hardness (6 H) and low surface roughness (Ra=
0.044 um), which could be attributed to an increase in packing density caused by the infiltration of small particles into

the pores formed between larger particles.
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28 2j7l-ol3Y By sfojuels Fo U
22 24 colloidal silica (Dsp: 20 nm, 60 nm, 90
nm, A2]7} & 30 wt%, GraceAl)s A|HE|= A=
2 AH8SHRE, Alejst Eo| mAReIsh] g Vinyl-
trimethoxy silane (VIMS, Aldrich, 98%), Methacryl-
oxypropyl (MPTMS, ShinFtsu,
99.5%), Acryloxypropyl trimethoxy silane (ACPTMS,
ShinEtsu, 98%)2 Bx=o A glo] Argstion,
w9 Trimethylolpropane triacrylate (TMPTA,
ENTISADE 3982 BA] glol ALgatict.

AZZHE 23 1048k 2ol WePt 5§ oleng
g S isopropyl alcohol #9712 Zgtsieict. o]%
silane coupling agent2 BT HA|2]5t1l evapoatingS
&oll solventg AATC=zx FEA AMf7t-otZd
Dx0 stojlEt F2 /st

20 nm, 60 nm, 90 nm9] AUX=

trimethoxy silane

7t= 24 colloidal

silicaZ2 Ztzh ZJARA 9Fol & w4 K|(SCR-B type)d|
EA17] pH 2~45 Zt= AP colloidal silicaZ AlxR
shsict.

AFA colloidal silicag EWHAZ] Zof isopropyl
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Fig. 1. Flow chart for preparation of hybrid coating sol.
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Fig. 2. Viscosities of hybrid sol as a function of particle size
of slica. (a) Particle size of silica 20 nm, (b) particle size of
silica. 60 nm, and (c) particle size of silicax 90 nm.
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Fig. 3. Particle size digtributions of hybrid sol with various surface
treatmemt agent. (a) Particle size of slica 20 nm, (b) particle size
of dlica 60 nm, and (c) particle size of sllica 90 nm.
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Table 1. Transmittance of hybrid sol.

Sample Particle size  Surface Silica  Transmittance
No. (nm) treatment  (Wt%) (%)
MPT2070 20 MPTMS 70 88.86
MPT6070 60 MPTMS 70 87.30
MPT9070 0 MPTMS 70 86.69

@

(b)

Fig. 4. Photograph of colloidd silica and hybrid sol. (a) Colloidd
slica and (b) non-solvent hybrid sol.
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Fig. 5. TG/DTG graph of MPT2070 hybrid sol.
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Fig. 6. FT-IR of TMPTA and hybrid sol.
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Table 2. Pencil hardness and adhesion of silica hybrid coated
on PET film.

Sample No. Pencil hardness Adhesion

TMPTA HB 0B
MPTMS 2050 3H 1B
MPTMS 2060 4H 0B
MPTMS 2070 5H 0B
MPTMS 6050 2H 1B
MPTMS 6060 3H 0B
MPTMS 6070 4H 0B
MPTMS 9050 2H 1B
MPTMS 9060 2H 0B
MPTMS 9070 3H 0B
MPTMS-Mix 70 6H 0B

100
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Fig. 7. Optica transmittance of silica hybrid coated on PET film
in visble wavelength range.
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Fig. 8. 3D microscope photograph of silica hybrid coated on
PET film. (8 MPTMS 2070, (b) MPTMS 6070, (c) MPTMS
9070, and (d) MPTMS-Mix 70.



A7 1A & 8te]=wAl, Al32d A3 pp. 246-251, 2019\ 54:

Ao A= MPTMS 2070 (20 nm, 70 wt%)Ql &
%a)9] EHAAZ](Ra)7} 0.111 ym=z2 YAZZ|7} ©
2 MPTMS 6070 (60 nm, 70 wt%), MPTMS 9070 (90
m, 70 wt%), MPTMS-Mix 70 (2&<U%=, 70 wt%)o]

gotect 958 28] o]y =2 IS YR o=
AF2717F Aropdol wef Jwrt F7kshil 28
| Zastd Y FexrdoA I &
I woMil Ao H&EJHE% E}EH =k

Jo A= A colloidal silicag XEA|Z 5}
2J7t-ot3d Brn IxE StojlHIE &

, UV 3goiog mzxstgct. Aa]7te] o
AAe] &7, A7ty g 53 22 #
7F-of2d Rk0 glojE2lE £9] A

Fg AAACR ZAstTh. ®gh
4‘18}@1 RIS Axgt & o
Ale]7re] ARE
27l meat,

_dHI
TR

oX o
o >

o

ol
filo

2
m)‘
o _E r_EL

o

ol
S

o
[r

m_ﬁEOinJm&"%ﬂ
H

2 ®Wotert.
AR ALY EAFO
sfolgje F9| Frt oAl JFL B At
9] &ako] 70 wt%Ql AL BHA A2 MPTMSE
gotn A7kl Yxt=717F 90 nmel sfojHe s
(MPTMS 9070)9] A=7} 4,200 cps2 7} L;é?lﬂf.
oluz|t Zo] FT-IR J2jmolA] 910 cm™ oA
Si-OH ZAgto] w8t E2m3= ¢g9jom, 1,400 cm™
Sl Si-C Aol weAF 4 BAEQC,
TetA Ax" stojEe|e £2 Ted] Ri-njeh A
squlo) QA o setdoR A %

. RgA| Aejrt-olaY wuwof o
olgzlt Zof UV F7IAIAE 0.1 wt% Z7Fste] UV
&3t PET ZE ol &I

sﬂroh 15 pm FA9] 2
HAA1S Botstoct.
%z 1%, 70 wt%) Al=9]
IYYo] VY ke EABE(6 HY e HUAL]

Bi—*ﬂ

ol
-

=
o
o
o
=
~
=
2

et & 251
ORCID
Gun Eik Jang https://orcid.org/0000-0002-0862-8543

REFERENCES

[1] M. Menning, P. W. Oliveira, and H. Schmidt, Thin Solid
Films, 351, 99 (1999).

[2] H. Schmidt, J. Non-Cryst. Solids, 178, 302 (1994).

[3] J M. Urrega, M. C. Matias, V. Lorenzo, and M. U. de la
Orden, Mater. Lett., 45, 293 (2000).

[4] G. H. Hsiue, Y. L. Liu, and H. H. Liao, J. Polym. Sci.,
Part A: Polym. Chem., 39, 986 (2001).

[5] G. Bonillay, M. Martinez, A. M. Mendoza, and J M.
Widmaier, Eur. Polym. J., 42, 2977 (2006).

[6] T. H. Kim, L. W. Jang, D. C. Lee, H. J. Choi, and M. S.
John, Macromol. Rapid Commun., 23, 191 (2002).

[7] C. Agashe, B. R. Marathe, M. G. Takwale, and V. G. Bhide,
Thin Solid Films, 164, 261 (1988). [DOI: https://doi.org/
10.1016/0040-6090(88)90146-0]

[8] A. Gombert, W. Glaubitt, K. Rose, J. Dreibholz, B. Blag,
A. Heinzel, D. Sporn, W. Ddll, and V. Wittwer, Thin Solid
Films, 351, 73 (1999). [DOI: https://doi.org/10.1016/50040-
6090(98)01780-5]

[9] S K. Oh, Thess, Preparation of UV-Curable Organic-lnorganic
Hybrid Hard Coating Solutions by Sol-Gel Method, Kunyang
University, Nonsan (2009).

[10] O. H. Pak, Y. J Eo, Y. K. Choi,
Sol-Gd i, Technol., 26, 235 (1999).

[11] D. H. Son, Korea University of Technology and Education
(2006).

[12] H. E. Bergna and W. O. Roberts, Surfactant Sci.
131, 139 (2006).

[13] Y. J Ji, Y. J Shin, Y. R. Shin, J Y. Kim, Y. S. Yoon,
and J. S. Shin, J. Adhesion Interface, 7, 10 (2006).

[14] Y. J. Eo, D. J Kim, B. S. Bae, K. C. Song, T. Y. Leg
and S. W. Song, J. Sol-Gel ci. Technol., 13, 409 (1998).

[15] O. H. Pak, Y. J Eo, Y. K. Choi, and B. S. Bag, J. S0l-Gd
. Technol.,, 16, 235 (1999). [DOI: https.//doi.org/10.1023/
A:1008717219952]

[16] D. H. Son, D. S. Kim, S. H. Lee, S. H. Kim, G. D. Lee,
and S. S. Park, Appl. Chem. Eng., 23, 53 (2012).

[177 S. K. Oh, J S. Chung, B. S. Lee, and K. C. Song,
Korean Chem. Eng. Res, 46, 274 (2008).

[18] ASTM D 3363, “Standard Test Methods for Measuring
Adhesion by Tape Test”, ASTM Internationd.

[19] ASTM D 3359, “Standard Test Methods for Measuring
Adhesion by Tape Test”, ASTM International.

and B. S Beg J.

Ser.,




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /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 true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


