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Abstract: A poly(ethylene glycol) (PEG) macromer with two hydroxyl groups at one chain end and capable of par-
ticipating in the polyurethane reaction was synthesized. This PEG macromer was used to prepare waterborne poly-
urethanes (WPU) with PEG side chains for waterproof breathable coatings. 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 was investigated by substituting a part of ethylenediamine used as a chain extender with dimethylol
propanoic acid, which is hydrophilic and can be crosslinked by reacting with a melamine type crosslinking agent. Further,
in order to improve the soft touch of the WPU, 4,4-methylenebis(isocyanatocyclohexane), which is a diisocyanate com-
ponent, was replaced by m-tetramethylxylylene diisocyanate, and the changes of properties were investigated.

Keywords: waterborne polyurethane, breathable, poly(ethylene glycol), side chain.
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Scheme 1. Process to prepare PEG macromer.
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Scheme 2. Reaction scheme to prepare waterborne polyurethane having PEG side chains.
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Table 1. Recipe for the Preparation of Waterborne Polyurethanes

Sample PTMG PEG macromer DMPA EDA H,,MDI TMXDI TEA P707
mol  wt% mol  wt% mol  wt% mol  wt% mol  wt% mol  wit%  (mol) (phr)
PEG Series
PEG-25 0.050 46.62 0.050 25.12  0.020 1.25 0.080 224  0.2025 24.77 0 0 0.020 1
PEG-28 0.045 42.89 0.055 2824 0.020 1.25 0.080 230 0.2025 25.32 0 0 0.020 1
PEG-31 0.040 38.99 0.060 31.50 0.019 125 0.081 237  0.2025 25.89 0 0 0.019 1
PEG-35 0.035 34.90 0.065 3492  0.019 125 0.081 243  0.2025 26.49 0 0 0.019 1
PEG-31(NC) 0.040 38.99 0.060 31.50 0.019 1.25 0.081 237  0.2025 25.89 0 0 0.019 0
DMPA Series
DMPA-05 0.040 39.15 0.060 31.63  0.008 0.50 0.092 2.72  0.2025 26.00 0 0 0.008 1
DMPA-12 0.040 3899  0.060 31.50 0.019 1.25 0.081 237 0.2025 25.89 0 0 0.019 1
DMPA-20 0.040 38.82 0.060 31.38  0.031 2.00 0.069 2.02  0.2025 25.78 0 0 0.031 1
DMPA-27 0.040 38.66 0.060 3124 0.042 2.75 0.058 1.67 0.2025 25.68 0 0 0.042 1
TMXDI Series
TMXDI-0 0.040 3899  0.060 31.50 0.019 1.25 0.081 237  0.2025 25.89 0 0 0.019 1
TMXDI-2 0.040 39.06 0.060 31.56  0.019 125 0.081 237  0.1823 23.34 0.0202 2.42 0.019 1
TMXDI-5 0.040 39.13 0.060 31.62 0.019 125 0.081 238  0.1620 20.79 0.0405 4.84 0.019 1
TMXDI-7 0.040 39.20 0.060 31.67 0.019 125 0.081 238 0.1418 1822 0.0607 7.27 0.019 1
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Figure 1. DSC thermograms of (a) PTMG; (b) PEG macromer on
cooling and second heating.
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Figure 2. DSC thermograms of (a) PEG-31(NC); (b) PEG-31 on
cooling and second heating.
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Figure 3. Dynamic mechanical properties of PEG-31 and PEG-
31(NC) measured from -100 °C.
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Figure 4. Dynamic mechanical properties of PEG-31 and PEG-
31(NC) measured from 10 °C.
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Figure 5. Dynamic mechanical properties of PEG Series.

Table 2. Mechanical Properties of Waterborne Polyurethane

DMA Tensile properties
Sample E’ at 20°C Modulus Tensile  Elongation
(MPa) (MPa) strength at break
(MPa) (%)
PEG Series
PEG-25 94.7 33.7 8.89 662
PEG-28 101.7 36.1 9.33 609
PEG-31 100.2 39.1 9.84 578
PEG-35 143.8 50.7 10.80 525
PEG-3I(NC)  73.1 21.7 8.47 849
DMPA Series
DMPA-05 110.8 47.7 9.24 544
DMPA-12 100.2 39.1 9.84 578
DMPA-20 91.4 37.2 11.62 622
DMPA-27 64.9 324 12.87 691
TMXDI Series
TMXDI-0 100.2 39.1 9.84 578
TMXDI-2 55.0 284 9.09 1020
TMXDI-5 34.0 16.6 7.71 1420
TMXDI-7 16.1 10.3 5.65 1554
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Figure 6. Dynamic mechanical properties of DMPA Series.
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Figure 7. Dynamic mechanical properties of TMXDI Series.
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Table 3. Water Swell and Weight Loss in Water, Water Vapor
Permeability, and Water Resistance of Waterborne Polyurethane

Water ~ Weight  Water vapor Water
Sample swell loss permeability resistance
(%) (%) (g m? h) (mmH,0)
PEG Series
PEG-25 153 5.5 6550 6950
PEG-28 17.1 6.7 6800 6830
PEG-31 21.3 8.2 7050 6620
PEG-35 23.6 8.8 7550 5990
PEG-31(NC) 252 9.4 8,230 5,300
DMPA Series
DMPA-05 20.4 8.1 6490 6340
DMPA-12 21.3 8.2 7050 6620
DMPA-20 22.8 8.6 6860 7400
DMPA-27 25.6 8.8 5990 7590
TMXDI Series
TMXDI-0 21.3 8.2 7050 6620
TMXDI-2 23.0 9.4 6800 7180
TMXDI-5 26.4 10.1 6680 7260
TMXDI-7 30.3 10.8 6210 7500
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