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Abstract: Polycarbonate diol-based waterborne polyurethane (WPU) was prepared by prepolymer mixing process. The
prepolymer mixture contained the polycarbonate diol, isophorone diisocyanate (IPDI), dimethylol propionic acid, tri-
ethylamine, and ethylenediamine (EDA). The NCO/OH ratio in the prepolymer was adjusted by controlling the molar
ratio of IPDI, and its effects on the properties of WPU were studied. The structure of WPU was characterized by fourier
transform infrared spectroscopy. The average particle size increased and viscosity decreased with increasing NCO/OH
ratio and EDA content in WPU. The reduced phase separation between soft and hard segments increased glass transition
temperature. The reduction in the thermal decomposition temperature could be attributed to the low bond energy of ure-
thane and urea groups, which constituted the hard segment. Additionally, the polyurethane chain mobility was restricted,
elongation decreased, and tensile strength increased. The hydrogen bond between the hard segments formed a dense

structure that hindered water absorption.
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Experimental

1. XM=
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Table 1. Formulation for the WPU

Sample (]:r(ljollj) (Ir]:ElI) I?n]\:l(i? EI]‘I)O?) NCO/OH
WPU_1.0 0.05 0.075 0.025 - 1.0
WPU_1.2 0.05 0.090 0.025 0.015 1.2
WPU 1.4 0.05 0.105 0.025 0.030 1.4
WPU 1.6 0.05 0.120 0.025 0.045 1.6
WPU 1.8 0.05 0.135 0.025 0.060 1.8
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Figure 1. FT-IR spectra of (a) PU prepolymer and (b) WPU_1.4.

Results and Discussion
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Figure 2. FT-IR spectra of WPU films according to NCO/OH ratio

and EDA content: (a) WPU_1.0, (b) WPU_1.2, (c) WPU_1.4, (d)
WPU_1.6, and (e) WPU_1.8.

Table 2. Physical Properties of WPU According to NCO/OH Ratio
and EDA Content

Particle size  Viscosity

Sample (nm) (cP) Appearances
WPU_1.0 112 29 Blue light
WPU_1.2 118 26 Blue light & Milky white
WPU_1.4 121 25 Blue light & Milky white
WPU 1.6 134 21 Milky white
WPU 1.8 142 19 Milky Whit'e & partially

precipitate
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Figure 3. TGA curves of WPU films according to NCO/OH ratio
and EDA content: (a) WPU_1.0, (b) WPU_1.2, (c) WPU_1.4, (d)
WPU_1.6, and (e) WPU_1.8.
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Figure 4. DSC thermograms for the WPU films according to
NCO/OH ratio and EDA content: (a) WPU_1.0, (b) WPU_1.2, (c)
WPU_14, (d) WPU_1.6, and (e) WPU_1.8.
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Figure 5. Stress and strain curves of WPU films as a function of
NCO/OH ratio and EDA content: (a) WPU_1.0, (b) WPU_1.2, (c)
WPU_1.4, (d) WPU_1.6, and (e) WPU_1.8.
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Figure 6. The comparisons of water absorption of WPU films
according to the NCO/OH ratio and EDA content: (a) WPU_1.0,
(b) WPU_1.2, (c) WPU_1.4, (d) WPU_1.6, and (e) WPU_1.8.
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Figure 7. The changes of contact angle of WPU films according
to NCO/OH ratio and EDA content: (a) WPU_1.0, (b) WPU_1.2,
(c) WPU_1.4, (d) WPU_1.6, and (e) WPU_1.8.
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