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=5 g 28380 Ahydroxy-terminated polybutadiene: HTPB) £2]2-2 o] 43 24 Z2] 92 g water-
borne polyurethane: WPU)2| #|Zoll4] HTPB} poly(propylene gylco)(PPGYS &3 AHERE 20124 WPUSH 22H|E{0]
27 WPUE AZ31 o8 54E RAIBIEch WPU AlZ Al HTPB #3°] 571814 At =)= ARXe AFE B
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o BARZY 4 Aol A= A3Fe JeERAE Sol2A 2 B0 24 WPUE 35322 Az FE°] HIPB
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Abstract ¢ Anionic or Zwitter-ionic waterborne polyurethanes (WPU) based on mixtures of hydroxy temminated 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 har¢
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 bes
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 obtainec
after drying of WPUs.
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poly(propylene glycol), microphase separation.
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Table 1. Sample Codes and Recipes of Waterborne Polyurethanes Investigated

Sample Recipe(molar ratios)

code  [OHJ [NCO] [-NHj] Remarks
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

N-H C=0 C=0 CO

Sample code (cm'l) (cm'l) (cm'l) (cm'l) R
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™.



Fazlg Ze|Re/ (222 F2E) £ o83

& HTPB 3}FOE AEF ol ZulEol e WPUS| 73,
zoEo]2AY ] F71E IPDISt &9 whgog A== ofl
FoF st AyA L ¥V} 918 ALE Q3 4 Uk st
ule}l Zo] Table 20141 HIPB &higo] 2] £ 25, 50, 75 wt%$l 73
£ 25 725,50, 759 R #*ol A-25, 50, 75Kt A Yepd) wet
A] Zseries WPU7} ZHIE 0|27 A& Hizshe 3oz & 4
o gutd o 2 sNHS >C=0 % CO-e] F4a43te] &=
A%, Izt BFEE e 24si) o8 2 s4a21%e 3
I §lE >NHE 3300 cm’, >C=0% 1710 e’ 2WolA H =27} U
ERAIRE =AARE 3HA] 23 e >NHE 3440 cm’, >C=0+t
1740 em'ol| A ATty g3 A uh®! Table 2004 A& & 3]
£ H9l o), AzE TS WPUS AZ HEolEs 433 4%t +
24%0] AT 9SS ¢ 4 vk 53], >NH #A A& vl
g} B zH|Ee] 24 WPU ¥ Eo| 2084 WPU ZExuL} ¥
ol A Blart vehe bl 28lEo| A WPU EEo] fol2
Al WPUKRT}H >NH 9] #4239 A7|17F o] Fsltke 21 9
w| gt

Figure 33} Figure 40 123 WPU Az HEE9 DSC thermo-
grams YEMI T, 1 EA Ft& Table 30 AEldte] vehfich
WPU Az Al Z2|& 5 HIPB &0l 25% dul= 1A= & 24
S$agk AR fal Fo] exrt 212 BEAFY o A AH$

€X0.

Heat flow

00 50 0 50 100 150 200 250 300
Temperature(C)

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-75.
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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 T Tn Toan AH
code () () 9) (cal/g)

PPG-100 -40.11 74.6 229.6 3.65
A-25 -79.5,-39.7 72.8 213.1 345
A-50 -79.5 71.7 2164 331
A-75 -80.4 823 217.6 3.08
Z25 -81.7,-38.9 80.8 218.6 0.99
Z-50 -80.3 83.0 219.8 0.36
Z-75 -79.5 83.6 219.6 246
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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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