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Abstract: In this study, we report on the fabrication of transparent waterborne polyurethane (WPU) composites using cel-
lulose nanofiber (CNF) as a reinforcing agent, of which mechanical properties are improved while maintaining optical
clarity. Poly(tetrahydrofuran), isophorone diisocyanate, and 2,2-bis(hydroxymethyl)propionic acid were used as the chem-
ical precursors for the WPU matrix. The chemically modified cellulose nanofibers (SA-CNF) were prepared both by
chemical modification using succinic anhydride (SA) and aqueous counter collision (ACC) method. The structure of
WPU/SA-CNF and its optical transmittance, mechanical properties, and thermal properties were analyzed to investigate
the structure-property relationship. As a result, it was confirmed that both the yield strength and Young’s modulus of
WPU/SA-CNF were improved with increasing the SA-CNF content while maintaining a high level of optical trans-
mittance (>90 %), which is attributed to the hydrogen bond-mediated interaction between the WPU matrix and SA-CNF
reinforcement.
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Scheme 1. Synthesis procedure of WPU.
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Figure 1. (A) Suspension blend of WPU and SA-CNF; (B) AFM topographic image of SA-CNF; (C) photograph of WPU/SA-CNF-15wt%
film; (D) UV-vis spectroscopic analysis of WPU and WPU/SA-CNF composite films.
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Figure 2. FTIR spectra of WPU/SA-CNF composite films: (A) 1500~1900 cm™; (B) 600~4000 cm™; (C) 950~1150 cm’'.

Figure 3. Cross-sectional SEM images of WPU/SA-CNF films with different solid contents of SA-CNF: (A) 0; (B) 2.5; (C) 5; (D) 7.5; (E)

10; (F) 15 Wt%.
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Figure 4. XRD deconvolution data of WPU/SA-CNF composite
films.
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Figure 5. Mechanical properties of WPU/SA-CNF composite films:
(A) stress-strain curve; (B) yield strength and Young’s modulus; (C)
tensile strength and toughness.
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Figure 6. DSC data of WPU/SA-CNF composite films.

100 < —WPU |
a0 o e VWP LI /S A-CNF-2,
e YYPU /S A-CNF-5 T
0 —— WPU/SA-CNF-T7.5
£ 70l e WP U /SA-CNF-10
I e WP U/SA-CNF-15
27 —SA-CNF |
g 50-
S 404
s
Z 304
20 o
10
0 -
1 L] L] L]

T T T T T
0 100 200 300 400 500 L] TO0 B0 ano

Temperature [*C]
Figure 7. TGA data of WPU/SA-CNF composite films.
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Figure 8. DMA data of WPU/SA-CNF composite films: (A) stor-
age modulus; (B) tan delta.
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