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Abstract — Acrylic terminated polyurethane prepolymers were synthesized by capping the NCO groups of polyure-
thane prepolymers, prepared from isophorone diisocyanate (IPDI), polycarbonate diol (PCD) and dimethylol propionic
acid (DMPA), with pentaerythritol triacrylate (PETA). Subsequently, silylated acrylic terminated prepolymers were pre-
pared by capping the NCO groups of acrylic terminated polyurethane prepolymers with different types of silane cou-
pling agents, glycidoxypropyl trimethoxysilane (GPTMS) or aminopropyl triethoxysilane (APS). The average particle
size of pure waterborne polyurethane solution, measured by the dynamic light scattering method, was increased from
14.3 nm to 208.6 nm by adding PETA and APS. Also, the coating film of silylated acrylic terminated waterborne poly-
urethane showed better abrasion resistance and pencil hardness than that of pure waterborne polyurethane.

Key words: Waterborne Polyurethane, Pentaerythritol Triacrylate, Glycidoxypropyl Trimethoxysilane, Aminopropyl Tri-
ethoxysilane, Silylated Acrylic Terminated Waterborne Polyurethane
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Fig. 1. Overall reaction scheme to prepare silylated acrylic terminated

waterborne polyurethane using PETA and GPTMS.
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Fig. 2. Overall reaction scheme to prepare silylated acrylic terminated
waterborne polyurethane using PETA and APS.
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Table 1. Recipe for the preparation of silylated acrylic terminated waterborne polyurethane
Sample code PCD (mol) IPDI(mol)  DMPA (mol) PETA (mol) GPTMS (mol) APS (mol) EDA (mol) TEA (mol)  DDI water (g)
SAUO 0 0 0 0.0135
SAUI 0.015 0 0 0.006
0.03 0.0585 0.015 0.015 120
SAU2 0.015 0.01 0 0.006
SAU3 0.015 0 0.01 0.001
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Fig. 3. FT-IR spectra of polyurethane prepolymers obtained after
being reacted with different reactants in Table 1. (a) SAUO,
(b) SAU1 and (c) SAU3.
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Fig. 4. Photograghs of silylated acrylic terminated waterborne polyure-
thane prepared with different reactants in Table 1.
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Fig. 5. UV-visible transmittances of silylated acrylic terminated water-
borne polyurethane prepared with different reactants in Table
1. (a) SAUO, (b) SAUL, (c) SAU2 and (d) SAU3.
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Fig. 6. Particle size distributions of silylated acrylic terminated water-
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Fig. 7. Transmission electron microscope images of silylated acrylic
terminated waterborne polyurethane prepared with differ-
ent reactants in Table 1. (a) SAUO, (b) SAU2, (c) SAU2 and
(d) SAU3.
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Fig. 8. Viscosity variation as a function of spindle rpm in the silylated
acrylic terminated waterborne polyurethane prepared with
different reactants in Table 1. (a) SAUO, (b) SAUL, (c) SAU2
and (d) SAU3.
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7141Q1 PC AE $Jell 23 FRISlo] AdE F& BRS Taber abraser
= ARl 70 rpm, 100372 27004 500 g2 WrlE EF wpr
3 & Adojz FE] To] YulE =5 haze meters ©]-&3}0] 573+
Axjolt), 53 A ZE|9deo g AlxE A (SAU0PIE
T 9] haze #to] 44.4%°) £ & FAE BHof Uwp o}t
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Fig. 9. Haze values of the coating films prepared with different reac-
tants in Table 1 after Taber abrasion test with a load of 500 g.

Table 2. Pencil hardness and adhesion of coating films prepared with
different reactants in Table 1

Sample code Pencil Hardness Adhesion
SAUO 3H 5B
SAUI 7H 5B
SAU2 8H 5B
SAU3 8H 5B

A4 kS-S o 5 ATt EF PETAY H7HE A-$-(SAUL)ellE=
17.8%2] x5 oW, PETAS GPTMS7| Zo] H7te H$
(SAU2)°l= 12.5%2] haze #hs BSIt). ¥hdel PETAS APS7} 2
o] H7kel A$-(SAU3)NE 4.5%2] 7P &2 UnlRAdS B3l
0]+ prepolymer®] NCO7|E capping?|Z] PETAS] o= 7]7} 3}
A 7l EE SV Bk F1E 0% 7k GPTMS B
= APSE ?lal A% A=4K(Si-0-Si) Aol 8 whe] vmd
< HS SXIAF)7] wizeleta

3-6. TE ol QLA BEE

PETA, GPTMS, APS 59 RES-& S5 gelste] A4 silylated
acrylic terminated waterborne polyurethane &8 7|Z|Q1 A H|Q1
2 7 ol 2~ IR 3 GASAA TH EuE FAdsIeIth
SAUO-SAU3 A 559 A9 W= el Z45skslon e &
zfolzdo] USITh. Table 201 AAE 2T Q¥ EEE2] AZ
74%1= PETA, GPTMS, APS7} H7Fe A et Ze]9-geh
3HAIA 7H &= 8HE F7FlSIT). o]+ prepolymer?] 22 ¢l
capping¥®! PETAZ} E2]-9-dlet =X 7t £ 8 57714 &
Alell AFAZHAN ] 7kl Sl A48 ks Z1F0= Qleto]
9 Euke] 7IA1A £4d0] dE vk ket o] A ERE
prepolymer] PETA, GPTMS, APSE 37|k oJ8) 78] wuko)
ALAEE TA TN F U= & F vk ¢hE 39 29

2T »ru= =2 o 1=
o] ¥-zge SBE BT

$4e3k ATE YERSIT.

{o M o
1o @ rlu

13 =

IPDI, PCD2} DMPAE- 22 2 3]9] NCO terminated prepolymer
= AFst & o] NCO71E o} TWEAIQl PETAZ cappingl 7
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2238 acrylic terminated prepolymerS AHAZH A1 GPTMSL
T APSS} F7F8 02 WESA|A silylated acrylic terminated
waterborne polyurethanes $HJd3I3It). o] 21 5 PETA, GPTMS,
APS 59 HH-E T/ gEIsto] AlxH silylated acrylic terminated
waterborne polyurethane §-4°] S+ 1747} 3}&+ 3 4 T8
Luke] £ Soll tisl Akl vt 28 Aes It

(1) IPDI, PCD$} DMPAE REGAI7 € o}%l NCO terminated
prepolymer®l] PETAS} APSE F7}3to] dojxl Al59 FT-IR
spectra ¥4 PETAS} APS7} d71E ol wkE} NCO stretch 3=
o] A5r) Bo] Fol=i= A S ZHE prepolymer?] o] NCO #+
5717} PETA 5= APS® capping® 3122 & = AT

(2) &2 W Akeel] o8l 574 silylated acrylic terminated
waterborne polyurethane -§-91°] 1 $782 &8k Ak 2%
2€9] 14.3 nmellx] PETAS} APS7} 371 ol] whe} 208.6 nm® =1
Al S7¥stoitt.

(3) Silylated acrylic terminated waterborne polyurethanes Z~El|
Aex 7 2ol IRt Aojxl ErHEe] AAA L= PETA,
GPTMS, APS7} 37} iA] <573k Z2]9-al|gte] 3HollA 7H B+
S8HZ S7I5FT). ©]+= prepolymer®ll PETA, GPTMS, APSE %7}
gl SJal] Tuke] DA EE A I T S Snlsitt

Z Al
QA AR AR/ Ale)] Qlgko R o
FHIgIh
&n23

1. Mohanty, S. and Krishnamuri, N., “Synthesis and Characteriza-
tion of Aqueous Cationomeric Polyurethanes and Their Use as
Adhesives) J. Appl. Polym. Sci., 62(12), 1993-2003(1996).

2. Yoo, J. S. and Chun, H. J., “Application of Polyurethane Adhe-
sives; Polym. Sci. Technol., 10(5), 578-588(1999).

3. Coutinho, F. M., Delpech, M. C. and Alves, L. S., “Anionic Water-
borne Polyurethane Dispersions Based on Hydroxyl-Terminated
Polybutadiene and Poly(propylene glycol): Synthesis and Char-
acterization)’ J. Appl. Polym. Sci., 80(4), 566-572(2001).

4. Lee, Y. M., Lee, J. C. and Kim, B. K., “Effect of Soft Segment
Length on the Properties of Polyurethane Anionomer Disper-
sion)’ Polymer. Sci., 35(5), 1095-1099(1994).

5. Lee, Y. M., Kim, B. K., Shin, Y. J. and Cho, H. H., “The Effect
of Structure in the Diisocyanate of the Properties of TDI-Based
Aqueous Polyurethane Adhesive} J Korean Ind. Eng. Chem.,
14(3), 325-325(2003).

6. Yang, C. H,, Liu, F. J., Liu, Y. P. and Liao, W. T., “Hybrids of
Colloidal Silica and Waterborne Polyurethane} J. Colloid Inter.
Sci., 302(1), 123-132(2006).

7. Lin, M. F,, Tsen, W. C., Shu, Y. C. and Chuang, F. S., “Effect of
Silicon and Phosphorus on the Degradation of Polyurethanes’’
J. Appl. Polym. Sci., 79(5), 881-899(2001).

8. Shin, Y. T., Hong, M. G, Choi, J. J., Lee, W. K., Lee, G. B., Yoo,
B. W, Lee, M. G and Song, K. C., “Preparation of Waterborne
Polyurethane/Silica Nanocomposites Using Tetraethylorthosilicate]



10.

11.

12.

Pentaerythritol TriacrylateS} ATAZHAS] 7P 4=t E2leeete] B nixle 3 197

Korean Chem. Eng. Res.(HWAHAK KONGHAK), 48(4), 428-433
(2010).

. Shin, Y. T, Hong, M. G, Choi, J. J., Lee, W. K., Lee, G B., Yoo, B.

W., Lee, M. G. and Song, K. C., “Preparation and Properties of
Aminosilane Terminated Waterborne Polyurethane] Korean Chem.
Eng. Res.(HWAHAK KONGHAK), 48(4), 434-439(2010).

Hong, M. G, Shin, Y. T., Choi, J. J., Lee, W. K., Lee, G. B., Yoo,
B. W, Lee, M. G and Song, K. C., “Preparation of Silylated Water-
borne Polyurethane/Silica Nanocomposites Using Colloidal Sil-
ica) Korean Chem. Eng. Res.(HWAHAK KONGHAK), 48(5), 561-
567(2010).

Tezuka, Y., Nobe, S. and Shiomi, T., “Synthesis and Surface For-
mation of Three- Component Copolymers Having Polystyrene-
Block-Poly(dimethylsiloxane) Graft Segments, Macromolecules,
28(24), 8251-8258(1995).

Sergeeva, L. M., Skiba, S. I. and Karabanova, L. V., “Filler Effect
on Formation and Properties of Interpenetrating Polymer Networks
Based on Polyurethane and Polyesteracrylate) Polym. Int., 39(4),
317-325(1996).

13.

14.

15.

16.

17.

Park, J. G, Kim, J. Y. and Suh, K. D., “Preparation of Tough-
ened PMMA through PEG-Modified Urethane Acrylate/PMMA
Core-Shell Composite Particles) J. Appl. Polym. Sci., 69(11),
2291-2302(1998).

Shin, Y. T., Hong, M. G, Choi, J. J., Lee, W. K., Yoo, B. W.,
Lee, M. G. and Song, K. C., “Effect of Addition of Pentaeryth-
ritol Triacrylate on the Properties of Waterborne Polyurethane?
Korean Chem. Eng. Res.(HWAHAK KONGHAK), 49(4), in press
(2011).

Hirose, M., Zhou, J. and Katsutishi, N., “The Structure and Proper-
ties of Acrylic-Polyurethane Hybrid Emulsions; Prog. Org. Coat.,
38(1), 27-34(2000).

Shin, Y. T., Hwang, J. H., Hong, M. G, Choi, J. J., Lee, W. K.,
Lee, G. B., Yoo, B. W., Lee, M. G. and Song, K. C., “Effect of
Types of Silane Coupling Agents on the Properties of Waterborne
Polyurethane Korean Chem. Eng. Res.(HWAHAK KONGHAK),
49(3), 285-291(2011).

ASTM D 3359, “Standard Test Methods for Measuring Adhe-
sion by Tape Test; ASTM Int., 927-929(1997).

Korean Chem. Eng. Res., Vol. 50, No. 2, April, 2012




<<
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


