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Abstract: In order to improve adhesion properties and water resistance of waterborne polyurethane adhesives, allyl 3-
(trimethoxy silyl)propyl ether (ATSE) was prepared. Waterborne polyurethane acrylate silanes (WPAS) was synthesized
using ATSE. Their chemical structures were confirmed by FTIR and 'H NMR, and their thermal properties were char-
acterized by DSC and TGA. Analyses of DSC and TGA confirmed that heat capacity of soft segment decreased and ther-
mal stability improved with increasing ATSE. Also, adhesion properties and water resistance were evaluated by UTM. In
the adhesion properties and water resistance test, the maximum values were obtained by WPAS containing 2.91 wt% ATSE.

Keywords: waterborne polyurethane acrylate silane, allyl 3-(trimethoxy silyl)propyl ether, adhesion property, water resis-

tance.
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Al Z2]&2 B-20(DT-2040, Y E2]v)S AME &
70 °CollA Rz el A Hetste] ko] i3 A|A st AL
31501, o]AAohf|o]ER= 4,4-methylene dicyclohexyl
diisocyanate(H,,MDI, Sigma AldrichyE “gA] §lo] = A}
23159} o3 WA 2= 2-hydroxyethyl methacrylate(2-
HEMA, Sigma Aldrich), methyl acrylate(Samchun Chemicals),
acrylonitrile(Dusan Chemical), methyl methacrylate(Samchun
Chemicals), "2+ dibutyltin dilaurate(DBTDL, Sigma
Aldrich), o}e]:=HZ+= 22-bis(hydroxymethyl)propionic acid)
(DMPA, Sigma AldrichyE AF8-3}9 2 T3A| 2+ triethyl-
amine(TEA, Junsei Chemical)g BA4 glo] ARE-sIATE.

Allyl 3-(trimethoxy silyl)propyl ether A Z |4 = chloro-
propyl triethoxyvinylsilane(Alfa Aesar), allyl alcohol(Acros
Organics)E 75l ARE-FTt.

Allyl 3-(trimethoxy silyl)propyl ether(ATSE) &HA. wrt
7], A FA77F A2 500 mL 4 37190 allyl alcohol,
triethylamine, tetrahydrofurans Y- “g=2o4 1A17F &<t
WA o232 7EAE WA 3 60 °ColA] chloropropyl
triethoxyvinylsilaneS #| s}ttt At k5 & 6417+ &<
WRVSES FAISHAL AFRellA g AIZE S antelinh. &
A5 AAS AL 25°C FF2BolA 212 & ZAE A
ok BAAE S Aol Aol n-hexanes F7Fskal 53kA]
IS AZ F AR AAelen 7S FEf 1t
o] n-hexanes AATIASL F 28] WHE Pt w3}
S Scheme 19 YERNSITE

Waterborne Polyurethane Acrylate Silane(WPAS) &,
AR, W77, i =457 3EE 500 mL 47 w7100
B-20} DMPAS FY3}aL 80 °CollA 1A17F F<t #d3HA
RS 21 F H,MDEE #8531l & AlZF -, DBTDL
S A7kl oF SAIZF Bt REGAIATE 258 50°CE H
3L 2-HEMAE #&tek 7 15417 2t vhe-S 3 aksich

OCH;
THF

H,C==CHCH,—OH + CI—CH,CH,CH,-Si—OCH; ——
TEA

OCH;

OCH;
H,C==CHCH,—~0 CH,CH,CH,Si—OCH;
OCH;

Scheme 1. Synthesis of ATSE.
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Scheme 2. Synthesis of waterborne polyurethane acrylate silane.



Allyl 3-(trimethoxy silyl)propyl etherE ©|-83+ 4 Ze]¢-det ola e o|E Ao 3 ¢ B4 A+ 349

Table 1. Compositions of WPAS with Different ATSE Contents

Composition of raw materials

DMPA

HEMA

TEA

Sample B-20 Hi,MDI Acrylic monomer ATSE Solid content
(mole ratio) (MA/MMA/AN) (g) (Wt%) (Wt%)
WPAS/SO 0.476 1.200 0.324 0.400 0.324 20 0 40
WPAS/S1 0.476 1.200 0.324 0.400 0.324 20 0.99 40
WPAS/S2 0.476 1.200 0.324 0.400 0.324 20 1.96 40
WPAS/S3 0.476 1.200 0.324 0.400 0.324 20 2.91 40
WPAS/S4 0.476 1.200 0.324 0.400 0.324 20 3.84 40
*The weight ratio of PU to acrylate monomers is 8:2.
EVA foam Synthetic %jg 6‘]—29‘]:]-_ B 3
leather A B8 4S5 Al Teflon” discoll castingdte] *
l 2o X 48X AZAIR T 29 AAxT]0lA 24417 xSt
of Alzsislen Axd AlEe EFd g 4847 HA
Cleaner Cleaner A7 F Azxste] A A A FA 9 AR & 7128 A
Aol FAE S5t A &S ATt
EHEAE 18] energy dispersive spectroscopy(EDS,
UV primer OXfOI‘d, X-MAXM)—';‘ *F%ﬂ‘}i‘:}.
HEZE 242 WPAS o84S BVA F9ll 227 =33}
of %3 & HEZ 5l #5787 (surface electro optics,
UV irradiation Primer* Phoenix 300)—% O]%é}oq 454 %Xé 6‘}211:]'-
H2A=E 243171 $18l universal testing machine(UTM,
LT2100C)S AHE-3SaL, o]w) A2 EVA &3} synthetic
Simer leathers 2x10 cmZ Aeslo] H71819aL H257dS Scheme
‘ 30 vFERA AT
HE AlEE J2eks 5 308 Holl 271332ES 54
. SEaL 24X 7F Foll e S S sl a2 312
YPAST Adnesion B AES 24478 WA & 48717 B9t WA the 13

*hardener 5 wt%
**hardener 5 wt%, thickener 1 wt%

Scheme 3. Schematic diagram of the adhesion process.

delay time)®] 2702 7433l ch

3 ¥l WPASS] ¥4 AJ4-2 differential scanning calori-
meter(DSC, Dupont instrument Model-910)Z- ©]-&-3}>] -4
ST AR 10 mgs EFrlw el ¥arL -90 °CollM 120°C
o AA 1st runs ZA3L ' F FYAIZL F 90 °CollA
120 °Cell 24 2nd rung SHIAL T2 £=E 10 °C/min
2 Z7gsisich

4 E WPASE] thermogravimetric analysis(TGA, TA
instrument, Q-5000)% °]-&3t FA st A& 10 mgs
GFrg Mel] WAL Ad2ellA 600 °Coll 24 10 °C/minz 2
2 EA) oA 5241718 decomposition temperature(7,)E

< =43kt
2y 9 EE

TE 4. ATSES] §EAFE grlstr] fIsiA FTIRT
'H NMR(CDCls, 600 MHz, ppm)2] 2345 Figures 1~201 1}
ERNQITE FTIR ¥-4J0llA 2945 cm™ o4& CH-, 1094, 1190,
1511 em™ 283 913 em’ol & 22} Si-OCH;, C-O-C,
C=C, Si-O A%< 3I3I39tE 'H NMR 24014 5.05 ppm
o4& a(CH,=CH-), 5~6 ppmelX+= b(CH,=CH)E 321513
3, 428,32, 1.77, 1.0 ppm 8] 3L 3.5 ppmol e 2+ ¢
(CH,=CH-CH,-), d(-O-CH,), e(-O-CH,-CH,,, f(CH,-CH,), g
(OCHy)E ERI8IATE>

WPAS 24, WPASe] $JTAE FTIR 2~ EHS Figure
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Figure 1. FTIR spectrum of allyl 3-(trimethoxy silyl)propyl ether.
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Figure 2. '"H NMR spectrum of allyl 3-(trimethoxy silyl)propyl
ether.
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Figure 3. (a) NCO-terminated polyurethane prepolymer; (b) acryl-
terminated polyurethane prepolymer; (c) waterborne polyurethane
acrylate silane.
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Figure 4. DSC thermograms of (a) WPAS/SO; (b) WPAS/S1; (c)
WPAS/S2; (d) WPAS/S3; (¢) WPAS/S4.
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Figure 5. TGA curves and DTG of WPAS containing various ratio
of ATSE.
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Figure 6. Gel contents of WPAS contaning various ratio of ATSE.
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Figure 7. EDS spectra of (a) WPAS/SO; (b) WPAS/S1; (c) WPAS/
S2; (d) WPAS/S3; (e) WPAS/S4.
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Figure 8. Water contact angle of (a) WPAS/SO film; (b) WPAS/S1
film; (c) WPAS/S2 film; (d) WPAS/S3 film; (e) WPAS/S4 film.
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