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%= Poly(ethylene glycol) (PEG) AlE 3+ Teto] F 7o) 3 =FA7E 2t
PEG mta=w & Z85to], PEG AIIHES AAER 2ie ZEede o
AE AZzsFATE o] o] F3Ae] WS 2-hydroxyethyl acrylate (HEA)=Z capping

sto] AgdoE AR B P SR EISUADS ARHn TR ¥

c

T% T8 A, 19 d4, A4, 284 2455 Bt =, S A
= pentaerythritol tetraacrylate, =2 X WHo| H|Y7|E 2= 454 A 7H(Aerosil
R711)S H71ete A%, 7l Axe] Wal = de] B7to] vX = ¢S FAL
itk B, HEA T 485 14-F9H s S22 dlddlitolvl o= thAsto] 7hu=

E AN AEAITIHE GA9S BAbes Ao HEte ALl

Abstract: A polyurethane prepolymer having a poly (ethylene glycol) (PEG) segment as
a side chain was prepared with a PEG macromer having two hydroxyl groups at one end of the
PEG chain. The ends of this prepolymer were capped with 2-hydroxyethyl acrylate to prepare
a UV-curable waterproof breathable waterborne polyurethane, and the performance, such as
water vapor permeability and water resistance, and thermal, mechanical and physical properties
of the WPU was evaluated. That is, the effect of crosslinking degree or filler reinforcement was
investigated by adding pentaerythritol tetraacrylate or hydrophobic silica (Aerosil R711)
having vinyl groups on its surface as a post-crosslinking agent or a reinforcing agent. In
addition, the effect of replacing a part of HEA with 1,4-butanediol or ethylenediamine to
strengthen the hard segment domain while reducing the degree of cross-linking was

investigated.
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OCNO/\QNCO + H+o—(0H2)4—I—no~H + Ho—Fle—OH + HO—QCHZ)ZOH

PEG
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| | i
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HEA capped NCO-terminated prepolymer

H,O | Phase inversion
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Hzck)l\o><OJl\sCH2
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Scheme 2. The reaction scheme to prepare UV-cured waterborne polyurethane having PEG
side chains.
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Table 1. Recipe for the preparation of waterborne polyurethanes

Sample PTMG  PEG Macromer BD EDA HixMDI HEA PETA Silica
mol wt% mol wt% mol wt% mol wt% mol wt% mol wt% phr phr
PETA Series
PETA-1 0.08 37.50 0.12 30.30 0 0 0.137 3.86 0.405 2490 0.063 3.43 1 -
PETA-3 0.08 37.50 0.12 30.30 0 0 0.137 3.86 0.405 2490 0.063 3.43 3 -
PETA-5 0.08 37.50 0.12 30.30 0 0 0.137 3.86 0.405 2490 0.063 3.43 5 -
PETA-7 0.08 37.50 0.12 30.30 0 0 0.137 3.86 0.405 2490 0.063 3.43 7 -
Silica Series
Silica-1 0.08 37.50 0.12 30.30 0 0 0.137 3.86 0.405 2490 0.063 3.43 - 1
Silica-3 0.08 37.50 0.12 30.30 0 0 0.137 3.86 0.405 2490 0.063 3.43 -
Silica-5 0.08 37.50 0.12 30.30 0 0 0.137 3.86 0.405 2490 0.063 3.43 - 5
EDA Series
EDA-0 0.08 36.20 0.12 29.25 0 0 0 0 0405 2404 0.2 10.51 5 -
EDA-3 0.08 37.18 0.12 30.04 0 0 0.1038 290 0.405 24.69 0.096 5.19 5 -
EDA-4 0.08 37.50 0.12 30.30 0 0 0.137 3.86 0.405 2490 0.063 3.43 5 -
BD Series
BD-0 0.08 36.20 0.12 29.25 0 0 0 0 0405 2404 0.2 10.51 5 -
BD-2 0.08 37.45 0.12 30.27 0.1038 2.19 0 0 0.405 24.87 0.096 5.22 5 -
BD-3 0.08 37.87 0.12 30.60 0.137 292 0 0 0.405 25.15 0.063 3.46 5 -

17
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Figure 1. DSC thermograms of (a) PTMG and (b) PEG macromer on cooling and second
heating.
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Figure 2. DSC thermograms of (a) Silica-1 and (b) Silica-5 on cooling and second heating.
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Figure 3. Dynamic mechanical properties of PETA-3 and PETA-7 measured from -100°C
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Table 2. Tensile properties of waterborne polyurethane

Sample Tensile properties
Modulus Tensile strength Elongation at break
(MPa) (MPa) (%)
PETA Series

PETA-1 31.48 6.02 121
PETA-3 42.95 7.06 94
PETA-5 80.10 8.15 44
PETA-7 91.85 9.23 32

Silica Series

Silica-1 33.08 3.79 187

Silica-3 50.07 3.61 185

Silica-5 67.06 343 184
EDA Series

EDA-0 42.80 7.98 64

EDA-3 54.50 8.02 58

EDA-4 80.10 8.15 44
BD Series

BD-0 42.80 7.98 64

BD-2 51.57 8.69 65

BD-3 77.21 10.34 63
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Table 3. Water swell and weight loss in water, water vapor permeability, and water

resistance of waterborne polyurethane

Sample Water swell  Weight loss ~ Water vapor permeability Water resistance
(%) (%) (gm™h) (mmH0)
PETA Series
PETA-1 223 16.3 11000 3200
PETA-3 26.6 15.3 8000 5000
PETA-5 30.0 14.5 7800 7200
PETA-7 31.5 12.2 7500 7800

Silica Series

Silica-1 29.2 16.3 10000 3000

Silica-3 26.7 15.5 8800 3900

Silica-5 25.8 14.6 7000 4000
EDA Series

EDA-0 11.9 8.0 - -

EDA-3 23.3 15.8 9600 6000

EDA-4 30.0 14.5 7800 7200
BD Series

BD-0 11.9 8.0 - -

BD-2 13.4 5.8 6800 4000

BD-3 20.2 4.7 5500 4600
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