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Isophorone diisocyanate(IPDI), poly(tetramethylene glycol)(PTMG), dimethylol propionic acid(DMPA)E- &-E4 2
3] NCO terminated prepolymer”} $3% 21t} ©] prepolymer®] NCO7|E A&HO 2 cappingdl’] 2130 tlekst AdAZ
A 1 methyltrimethoxysilane(MTMS), glycidoxypropyl trimethoxysilane(GPTMS), methacryloxypropyl trimethoxy-
silane(MPTMS), aminopropyl triethoxysilane(APS)°] H71=ISIc). Alz2E g9 Het AHL ARAZSHA) H71=
WA S718ISIT 3 A ZERAI9) GPTMS, MPTMS, APSS] H7h= 778 who] AR =S A &= lglont,
MTMSE] H7k= T8 9] AGAEE A+ qlSlth

Abstract — NCO terminated polyurethane prepolymers were synthesized from isophorone diisocyanate(IPDI), poly
(tetramethylene glycol)(PTMG) and dimethylol propionic acid(DMPA). Subsequently, waterborne polyurethanes were
prepared by capping the NCO groups of polyurethane prepolymers with different types of silane coupling agents, such
as methyltrimethoxysilane(MTMS), glycidoxypropyl trimethoxysilane(GPTMS), methacryloxypropyl trimethoxysilane
(MPTMS) and aminopropyl triethoxysilane(APS). The average particle size of the waterborne polyurethane solutions
was increased by adding silane coupling agents. Also, the coating films prepared from GPTMS, MPTMS and APS,
exhibited better pencil hardness than those from pure waterborne polyurethane. On the other hand, the coating films
from MTMS did not show an improved pencil hardness than those from pure waterborne polyurethane.

Key words: Waterborne Polyurethane, Methyltrimethoxysilane, Glycidoxypropyl Trimethoxysilane, Methacryloxypropyl
Trimethoxysilane, Aminopropyl Triethoxysilane
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Table 1. Recipe for the preparation of silane terminated waterborne polyurethane

Feed
Sample Soft segment hard segment Catalyst ~ Neutralizer
code PTMG IPDI DMPA MPTMS  GPTMS  MPTMS APS EDA DBTL TEA DDI Water
mol mol mol mol mol mol mol mol mol mol g
Wo 0.03 0.0585 0.015 0 0 0 0 0.0135 0.000045 0.015 120
WM 0.03 0.0585 0.015 0.015 0 0 0 0.0135 0.000045 0.015 120
WGP 0.03 0.0585 0.015 0 0.015 0 0 0.0135 0.000045 0.015 120
WMP 0.03 0.0585 0.015 0 0 0.015 0 0.0135 0.000045 0.015 120
WA 0.03 0.0585 0.015 0 0 0 0.015 0.006 0.000045 0.015 120
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Fig. 1. Overall reaction scheme to prepare silylated waterborne polyurethanes.

Korean Chem. Eng. Res., Vol. 49, No. 3, June, 2011



288 ABE - - - W) - HRIS
300 A
W
250 +
3 200
2
E 150
=
g
[
100
a)
50 4
0 T T T T
4000 3000 2000 1000

Wavenum ber(cm")
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Fig. 3. FT-IR spectra of silylated waterborne polyurethanes prepared
with different types of silane coupling agents in Table 1. a)
W0, b) WM, ¢) WGP, d) WMP, e¢) WA.

Table 2. Properties of coating films prepared with different types of
silane coupling agents

Type of silane Pencil

Sample code coupling agents Hardness Adhesion
Wo - 2H 5B
WM MTMS 2H 5B
WGP GPTMS 3H 5B
WMP MPTMS 3H 5B
WA APS 3H 5B
&3 HH-E&-A1H NCO terminated prepolymers 3/J 3t 5, Table 2
o} o] A&k ASHAY THE vkt WA 42 2 e F
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Korean Chem. Eng. Res., Vol. 49, No. 3, June, 2011

o - 4

o,

2] .

L=\
= =

t}h 1 o]fix= ©] HAZH A= prepolymere] NCO7]9} A
gk =l oF1717} §17] wiiZell prepolymere] NCO #5717}
AVAEZL AR capping® A Fsl7] Wit o= F At ¥ Fig.
3(e)= NCO terminated prepolymer®]l APSE 713+ & 2 hr 52t
HES-A)17A A7 silane terminated prepolymer®] FT-IR spectra®]
U} o] 19l 0 R R Ag7kA] 8] AeAEP A= el APS7H A
7F=H, NCO stretch T 2.8] 737} FallA]= 4 O Z5E] prepolymer
o] S3H7F APSE o] cappingH 52 & AU o} 3Eo]

MruE= 2T M

3+
=

ookt AAAZYA R capping® prepolymers o}l 5 31AQ1
TEAS} H--A1A 50]23814 silane terminated prepolymers &
T SHTE ANl tAtr7) 3, AREARAIR] EDAS HHSA
7 #F] silylated waterborne polyurethanes 33337t

3-2. T8 W Mef A

Fig. 4= Fig. 19] A AxjellA] ARALEDZAY] 75 2alst
o] AoJA silylated waterborne polyurethane £-<4°] &4 58
ERdl ARloltt, AFAEZRGAT 1S A=A Aok A= T2

s vehfiglov, A-7AZE A MTMS, GPTMS, MPTMS7}
A7F H S Aol A% FEAS YERT L APS7E 37 A
Foll= T = iE UEhle 2 & 5 Stk

Fig. 5 Fig. 49] silylated waterborne polyurethane -84 2] 53}
TE 7R oJodelld St Aot} ARAEREATE H7te
W Fig. 42| A3} o] §olo] 87} ZrlstEE g0 F3%
7 oS & 5= AT o] prepolymere] 3¢ capping®| <]
B3L o 7o) AfFZEAQ) MTMS, GPTMS, MPTMS, APS7} 4

Fig. 4. Photograghs of silylated waterborne polyurethanes prepared
with different types of silane coupling agents in Table 1.
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Fig. 5. UV-visible transmittances of silylated waterborne polyure-

thanes prepared with different types of silane coupling agents
in Table 1. a) W0, b) WM, c¢) WGP, d) WMP, e) WA.
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Fig. 8. Solid contents of silylated waterborne polyurethanes prepared
with different types of silane coupling agents in Table 1.
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Fig. 7. Scheme to prepare a silylated waterborne polyurethane with a high molecular weight by a condensation reaction.
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Fig. 10. UV-visible transmittances of silylated waterborne polyure-

thanes prepared with different types of silane coupling agents
in Table 1. a) W0, b) WM, ¢) WGP, d) WMP, e) WA.
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