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Abstract : Anionic or Zwitter-ionic waterborne polyurethanes (WPU) based on mixtures of hydroxy terminated poly-
butadiene and poly(propylene glycol) were prepared and their physical properties were characterized. Particle size of WPU
increased with increasing the content of HTPB. It was observed that the microphase separation of soft segments and hard
segments increased with increasing the content of HTPB in the WPUs. Zwitter-ionic WPU showed stronger hydrogen
bonds between molecules than anionic WPU after drying. Polyurethane films obtained after drying of WPUs exhibit best
mechanical properties when the HTPB content among polyols for WPUs were 25 wt%. It is postulated that such mechanical
properties resulted from different microphase separation of soft segments and hard segments of polyurethane films obtained
after drying of WPUs.

Keywords : hydroxy-terminated butadiene, anionic waterborne polyurethane, Zwitter-ionic waterborne polyurethanes,
poly(propylene glycol), microphase separation.
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Table 1. Sample Codes and Recipes of Waterborne Polyurethanes Investigated

Sample Recipe(molar ratios) Remarks
code [[OH]* [-NCO] [-NH;]

PPG-100 1 2 1 Polyol : PPG-1000
A-25 1.011 2 1 PPG/HTPB=75/25(by wt)
A-50 1.024 2 1 PPG/HTPB=50/50(by wt)
A-75 1.036 2 1 PPG/HTPB=25/75(by wt)
Z-25 1 2 0.9882 PPG/HTPB=75/25(by wt)
Z-50 1 2 0.9761 PPG/HTPB=50/50(by wt)
Z-75 1 2 0.9638 PPG/HTPB=25/75(by wt)

“ [OH] denotes mixtures of PPG, HTPB, DMBA, and 1,4-BD the DMBA con-
tent of which was adjusted to be 6 wt% of polyurethane and 1,4-BD content was
varied to have the hard segment content of the polyurethane 51.3 wt%.
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Scheme 1. Preparation of anionic waterborne polyurethane.
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Scheme 2. Preparation of Zwitter ionic waterborne polyurethane.
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Figure 1. Volume average particle size of waterborne polyurethane
based on mixture of HTPB and PPG: (a) anionic waterborne polyur-
ethane and (b) Zwitter-ionic waterborne polyurethane.
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Figure 2. FTIR spectra of various waterborne polyurethanes after
drying: (a) A-25 and (b) Z-25.

Table 2. Characteristic FTIR Absorbance Peaks and Absorbance Ratios of
Various Waterborne Polyurethanes

Sample code N-H c=0 c=0 co R*
(cm™) (cm™) (cm™) (cm™)
A-25 3333 1714 1646 1110 0.6640
A-50 3329 1714 1643 1110 0.8529
A-75 3330 1714 1650 1110 0.6136
Z-25 3327 1714 1640 1120 0.8018
Z-50 3327 1714 1651 1110 0.8790
Z-75 3326 1714 1650 1110 0.7426

“R defined by eq. (1) was obtained by normalizing the absorbance of NH with
the absorbance of CH around 2900 cm™.
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Figure 3. DSC thermograms of anionic waterborne polyurethanes
based on polyol mixtures after drying: (a) PPG-100, (b) A-25, (c) A-50, (d)
A-T5.
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Figure 4. DSC thermograms of Zwitter-ionic waterborne polyurethanes
based on polyol mixtures after drying: (a) PPG-100, (b) Z-25, (c) Z-50,
and (d) Z-75.
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Table 3. Summary of DSC Data for Waterborne Polyurethanes Investigated

Sample Tes Ten T AH

code (C) (C) (C) (cal/g)
PPG-100 -40.11 74.6 229.6 3.65
A-25 -79.5,-39.7 72.8 213.1 3.45
A-50 -79.5 77.7 216.4 3.31
A-75 -80.4 82.3 217.6 3.08
Z-25 -81.7,-38.9 80.8 218.6 0.99
Z-50 -80.3 83.0 219.8 0.86
Z-75 -79.5 83.6 219.6 2.46
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Figure 5. Storage modulus (£’) and loss modulus (£") vs temperature of various waterborne polyurethanes after drying: (a)anionic water-borne

polyurethane and (b) Zwitter-ionic waterborne polyurethane.
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Figure 6. Stress-strain curves of various waterborne polyurethane after
drying: (a) PPG-100, (b) A-25, and (c) A-50.
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Figure 7. Stress-strain curves of various waterborne polyurethane after
drying: (a) PPG-100, (b) Z-25, and (c) Z-50.
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