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Z = Poly(ethylene glycol) (PEG) AF& ZEtol F 719 s|=547|E 714 &
2] 9-d g Hkgo Fost 4= 9= PEG macromerE @AdstaL, ol& AF&35lo]

PEG BAbEo]l H25 i, debs F9iteo
S

Abstract: A poly (ethylene glycol) (PEG) macromer with two hydroxyl groups at one
chain end and capable of participating in the polyurethane reaction was synthesized. This
PEG macromer was used to prepare waterborne polyurethane (WPU) for waterproof
breathable coating, which has PEG side chains and is curable by silanol condensation
reaction. The effect of this PEG macromer on water vapor permeability, water resistance,
thermal, mechanical, and physical properties of the WPU was evaluated. In addition, a
change in properties of WPU was investigated by substituting a part of 1,4-butanediol
used as a chain extender with dimethylol propanoic acid, which can be crosslinked by
reacting with a melamine type crosslinking agent. Further, the effect of additional
hydrophilic silica, which acts as a crosslinker and as a reinforcing filler on the properties

of WPU was examined.
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Table 1. Recipe for the preparation of waterborne polyurethanes

Sample PTMG PEG Macromer DMPA 1,4-BD EDA Hi:MDI APTES TEA Aerosil 200 P707
mol wt% mol wt% mol wt% mol wt% mol  wt% mol wt% mol wt% (mol) (phr) (phr)
Silica Series
Silica-0 0.020 36.89 0.030 29.80 0.028 3.50 0 0 0.0114 0.63 0.101 24.50 0.0229 4.68 0.0188 0 3
Silica-1 0.020 36.89 0.030 29.80 0.028 3.50 0 0 0.0114 0.63 0.101 24.50 0.0229 4.68 0.0188 | 3
Silica-2 0.020 36.89 0.030 29.80 0.028 3.50 0 0 0.0114 0.63 0.101 24.50 0.0229 4.68 0.0188 2 3
Silica-3 0.020 36.89 0.030 29.80 0.028 3.50 0 0 0.0114 0.63 0.101 24.50 0.0229 4.68 0.0188 3 3
DMPA Series
DMPA-05 0.020 37.24 0.030 30.09 0.004 0.50 0.024 2.00 0.0116 0.65 0.101 24.74 0.0232 4.78 0.0027 | 3
DMPA-10 0.020 37.18 0.030 30.04 0.008 1.00 0.020 1.67 0.0116 0.65 0.101 24.69 0.0232 4.77 0.0053 | 3
DMPA-20 0.020 37.05 0.030 29.94 0.016 2.00 0.012 1.00 0.0116 0.65 0.101 24.60 0.0232 4.76 0.0107 | 3
DMPA-35 0.020 36.89 0.030 29.80 0.028 3.50 0 0 0.0114 0.63 0.101 24.50 0.0229 4.68 0.0188 | 3
PEG Series
PEG-24 0.025 44.28 0.025 23.85 0.029 3.50 0 0 0.0109 0.58 0.101 23.52 0.0218 4.27 0.0195 | 3
PEG-27 0.023 40.66 0.028 26.77 0.029 3.50 0 0 0.0112 0.61 0.101 24.00 0.0223 4.46 0.0191 | 3
PEG-30 0.020 36.89 0.030 29.80 0.028 3.50 0 0 0.0114 0.63 0.101 24.50 0.0229 4.68 0.0188 | 3
PEG-33 0.018 33.00 0.033 33.01 0.028 3.50 0.001 0.08 0.0115 0.64 0.101 25.04 0.0226 4.73 0.0183 | 3
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Table 2. Mechanical properties of waterborne polyurethane

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

Silica Series

Silica-0 29.4 9.1 235

Silica-1 33.9 13.5 172

Silica-2 55.0 12.7 163

Silica-3 91.2 12.4 136
DMPA Series

DMPA-05 26.3 7.6 99

DMPA-10 30.5 8.6 126

DMPA-20 31.5 11.0 226

DMPA-35 33.9 13.5 172
PEG Series

PEG-24 26.3 12.5 302

PEG-27 30.1 12.7 268

PEG-30 33.9 13.5 172

PEG-33 61.9 14.2 138
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Table 3. Water swell and weight loss in water, water vapor permeability, and water

resistance of waterborne polyurethane

Sample Water Weight loss Water resistance Water vapor
swell (%) (mmH>0) permeability
(7o) (gm?h™)

Silica Series

Silica-0 20.2 15.2 5900 5200

Silica-1 18.9 11.2 7230 4950

Silica-2 17.0 10.1 7350 4740

Silica-3 16.1 9.3 7550 4400

DMPA Series

DMPA-05 31.3 14.4 5480 6100
DMPA-10 25.6 13.0 6000 5700
DMPA-20 23.5 12.6 6980 5300
DMPA-35 18.9 11.2 7230 4950
PEG Series
PEG-24 15.2 9.3 6900 4680
PEG-27 16.3 10.0 7200 4820
PEG-30 18.9 11.2 7230 4950
PEG-33 26.9 15.4 6800 5420
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HOH,CH,C—N—CH,CH,OH

NCo NCo N=H
CH, CH, CH,
DBTL | DEA |
CHy CHy +  HO=CH,CH,03=CH; > CHy CHs CH; CH;
CHs PEG §—><CH3 §—><CH3
NCO HNC HNZ_
PDI ﬁo-(—CHZCHZO—)BCH3 ﬁO(—CHZCHZO-)n—CH3
o} o}

Scheme 1. The process to prepare PEG macromer.
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n

PEG COOH
H;,MDI PTMG PEG macromer DMPA
l DBTL
CHs CHs
NCO Cvivvwy C NCO

PEG COOH PEG PEG COOH PEG PEG

NCO-terminated prepolymer

OCH,CH;
HaH;CH;CH,C—Si— OCH,CH, One end capping
OCH,CH;
APTES
CHy <|:H3 ||-| |c|> OCH,CH
PEG COOH PEG PEG COOH PEG PEG OCH,CH

One end silane capped NCO-terminated prepolymer
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CH, CH, |c|> OCH,CHj
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NH(CH,CH,), NH(CH,CH,),

Neutralized one end silane capped NCO-terminated prepolymer
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Emulsion of neutralized one end silane capped NCO-terminated prepolymer

Scheme 2. The process to prepare waterborne polyurethane prepolymer with
isocyanate end and the other silane end.
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Aerosil 200

-6H,0 Condensation

OH
(e} O,
wn NH-(CH2)3—Si<O O;Si—(CH2)3—NHsN
O O
OH

Scheme 3. (a) Chain extension of isocyanate terminal with ethylene diamine. (b) Chain
extension (or crosslinking) of silane terminal by hydrolysis and condensation reactions.
(c) Chain extension (or crosslinking) of silane terminal with hydrophilic silica.
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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-3 on cooling and second heating.
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Figure 3. Dynamic mechanical properties of Silica-1 and Silica-3 measured from -1000].
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Figure 4. Dynamic mechanical properties of Silica Series
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Figure 5. Dynamic mechanical properties of DMPA Series.
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Figure 6. Dynamic mechanical properties of PEG Series.
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