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Abstract: In order to improve hydrolysis resistance of waterborne polyurethane (WPU), fluorine-component containing
F-WPUs were synthesized. PTMG-IPDI F-WPU films were prepared by casting the F-WPU solutions synthesized from
poly(tetramethylene ether glycol) (PTMG), isophorone diisocyanate (IPDI), dimethylol butanoic acid, and Fluorolink
D10-H (FDH) up to 9 wt% as a fluorine-containing diol component. Mechanical properties, hydrophilicity, and mor-
phologies of the F-WPU films before and after hydrolysis with water vapor at 120 °C for 24 h in an autoclave were ana-
lyzed. With increasing FDH content before hydrolysis, fracture stress of the F-WPU film increased, fracture strain
decreased, and hydrophobicity increased. Water vapor hydrolysis at 120 °C resulted in serious decrease in fracture stress
and increase in fracture strain. Both the fracture stress before hydrolysis and the fracture stress retention after hydrolysis
of the F-WPU films increased remarkably with a FDH content of 7 wt% or more, indicating that incorporation of FDH
into WPU improved mechanical properties and hydrolysis resistance.
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Table 1. Formulation for the Synthesis of F-WPUs
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PTMG FDH DMBA IPDI

Sample code
wit% mol% wit% mol% wt% mol% wt% mol%
(PTF]\(/)['(‘?_’&,[{,U) 76.05 2476 0 0 3.50 15.24 2048 60.00
FI-WPU 7497 2422 1.00 0.92 3.50 15.24 20.53 59.62
F3-WPU 72.60 22.97 3.00 2.70 3.50 14.92 20.90 59.41
F5-WPU 70.24 21.58 5.00 441 3.50 14.60 21.26 59.41
F7-WPU 67.87 20.60 7.00 6.06 3.50 14.32 21.63 59.02
F9-WPU 65.50 19.47 9.00 7.65 3.50 14.03 22.00 58.85
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Scheme 1. Reaction scheme for the synthesis of F-WPU.
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Figure 1. FTIR spectra of (a) IPDI; (b) PTMG; (c) FDH; (d) FO-
WPU (PTMG-WPU); (e) F9-WPU.
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Figure 3. Stress-strain curves of (a) FO-WPU (PTMG-WPU); (b)
F1-WPU; (c) F3-WPU; (d) F5-WPU; (e) F7-WPU; (f) F9-WPU
film.
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Figure 4. FTIR spectra of FO-WPU (PTMG-WPU) film (a) before;
(b) after hydrolysis with water vapor at 120 °C for 24 h.
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Figure 5. FTIR spectra of F9-WPU film (a) before; (b) after hydro-
lysis with water vapor at 120 °C for 24 h.
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Figure 6. Variations of water contact angle of F-WPU films with
FDH content (a) before; (b) after hydrolysis with water vapor at
120 °C for 24 h.
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Figure 7. SEM images (x500) of the surface of F-WPU films (A)
before; (B) after hydrolysis with water vapor at 120 °C for 24 h
(scale bar: 60 um).
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Figure 8. Stress-strain curves of (a) FO-WPU (PTMG-WPU); (b)
F1-WPU; (¢) F3-WPU; (d) F5-WPU; (e) F7-WPU; (f) F9-WPU
film after hydrolysis with water vapor at 120 °C for 24 h.

40

(A)

¢+

20 F

ib)

Fracture stress (MPa)

0 2 -+ 6 8 10

FDH content (wt %)
1.0

(B}
08 1

0.6 1

04 1

Fracture stress retention

=
L]

4 4] 8 10
FDH content (wt %)

Figure 9. (A) Fracture stress of F-WPU films with various FDH
contents (a) before and (b) after hydrolysis with water vapor at
120 °C for 24 h; (B) fracture stress retention after hydrolysis.
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Figure 10. (A) Fracture strain of F-WPU films with various FDH
contents (a) before and (b) after hydrolysis with water vapor at
120 °C for 24 h; (B) fracture strain retention after hydrolysis.
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