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Abstract: Linear and cross-linked waterborne polyurethanes (WPUs) based on isophorone diisocyanate and mixed diols
of poly(tetramethylene glycol)/hydroxyethyl-terminated polydimethylsiloxane (PDMS-OH) were synthesized with di-
methylol propionic acid as an anionic component, trimethylolpropane as a cross-linking agent, and butanediol as a chain
extender and characterized. The hydrophobicity, T, stress-strain behaviors of the linear or cross-linked siloxane-con-
taining WPU (WPU-Si) films with different PDMS content were analyzed by using water contact shape analyzer, energy
dispersive spectrometer, dynamic mechanical analyzer, and universal testing machine. The results reveal that as the
PDMS content increased, the hydrophobicity of WPU-Si films increased, 7, moved to higher temperature, the breaking
stress increased, and the breaking strain decreased.

Keywords: waterborne polyurethane (WPU), isophorone diisocyanate, poly(tetramethylene glycol), polydimethyl-

siloxane, hydrophobicity.
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Scheme 1. Molecular structure of hydroxyethyl-terminated poly
(dimethyl siloxane) [PDMS-OH].
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Scheme 2. Synthesis process of siloxane-containing WPUs.
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Table 1. Recipes for the Synthesis of Silicone-containing WPUs

Amounts of reagents (mol ratio)

Sample code

PTMG PDMS-OH DMPA TMP IPDI BD TEA
WPU-Si0 60 0 40 0 128 25 40
WPU-Si5 55 5 40 0 128 25 40
WPU-Sil10 50 10 40 0 128 25 40
WPU-Si15 45 15 40 0 128 25 40
WPU-Si20 40 20 40 0 128 25 40
WPU-Si60 0 60 40 0 128 25 40
Crosslinked WPU-Si0 55 0 40 5 128 25 40
Crosslinked WPU-Si5 50 40 5 128 25 40
Crosslinked WPU-Si10 45 10 40 5 128 25 40
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Figure 1. ATR-IR spectra of (a) PTMG; (b) PDMS-OH; (c) reaction
mixture for WPU-Si10 (IPDI : PTMG : PDMS-OH : DMPA = 128
: 50 : 10 : 40, mole ratio) after reaction for 4 hrs; (d) WPU-Si10
film.
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Figure 2. ATR-IR spectra of (a) WPU-Si0; (b) WPU-Si5; (c) WPU-
Si10; (d) WPU-Si15; (e) WPU-Si20; (f) WPU-Si60 film. Mole ratio
of PTMG to PDMS-OH: (a) 60:0; (b) 55:5; (c) 50:10; (d) 45:15; (e)
40:20; (f) 0:60.
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Figure 3. (a) Particle size and (b) polydispersity of (A) linear; (B)
cross-linked WPU-Si emulsions.
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Table 2. Stability of Charged Particles (ASTM DMD4187-82)”

Stability characterisitics Zeta potential (mV)

Strong agglomeration +5 to -5
Incipient instability -10 to -30
Moderate stability -31 to -40
Good stability -41 to -60
Excellent stability -61 and up
-65
60 (@)
T -55
=
g -50
g
b
S s (b)
N
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-35 ; + t
0 5 10 15

PDMS-OH content (mol %)

Figure 4. Zeta potential of (a) linear; (b) cross-linked WPU-Si
emulsions.
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Figure 5. Water contact angle images of the linear WPU-Si films
after 10 sec contact: (a) WPU-Si0; (b) WPU-Si5; (¢c) WPU-Si10; (d)
WPU-Sil5.
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Figure 6. Changes in the extrapolated (+=0) water contact angle of
(a) air-exposed surface and (b) glass-contacted surface of (A) linear;
(B) cross-linked WPU-Si films according to PDMS-OH content.
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Figure 7. EDS spectra of (A) air-exposed; (B) glass-contacted surface of linear WPU-Si films.
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