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Abstract: In this study, to improve the properties of rigid polyurethane foam (RPUF), highly hydrophilic cellulose
nanofiber (CNF) was modified using different silanes with mercapto, amine, and epoxy functional groups, and sub-
sequently used as additives for RPUF. The effects of modified CNFs (Si-CNF) on the properties of Si-CNF/PU com-
posite foams were investigated through scanning electron microscope (SEM), universal testing machine (UTM), and
thermal conductivity analysis. The results confirmed that the use of Si-CNF enhanced the mechanical properties of
the composites due to improved compatibility with PU. Notably, the addition of CNFs modified with amino silane
resulted in a 7.5% improvement in thermal insulation performance and a 17% increase in compressive strength, com-
pared to conventional RPUF.
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Figure 1. CNF surface modification with silane.
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Figure 2. FTIR spectra of CNFs according to silane type.
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Figure 3. Elemental analysis for CNF structural analysis with XPS: (a) neat CNF; (b) Si(a)-CNF; (c) Si(b)-CNF; (d) Si(c)-CNF.
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Figure 4. High resolution for CNF structural analysis with XPS: (a)
Si(a)-CNF; (b) Si(b)-CNF; (c) Si(c)-CNF.
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Figure 6. Compatibility of CNF and PU according to silane type:
(a) neat PU film; (b) neat CNF/PU film; (c¢) Si(a)-CNF/PU film; (d)
Si(b)-CNF/PU film; (e) Si(c)-CNF/PU film.
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Figure 7. Compressive strength of Si-CNF/PU composite foam.
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Figure 10. Cell size of Si-CNF/PU composite foam.
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Figure 11. Thermal conductivity of Si-CNF/PU composite foam.

Table 2. Closed Cell Content and Viscosity of Si-CNF/PU Composite Foam

PUF CNF/PUF Si(a)-CNF/PUF Si(b)-CNF/PUF Si(c)-CNF/PUF
Closed cell content (%) 84.39 84.16 86.92 87.05 86.23
Viscosity (cP) 6470 7034 6989 6829 6815
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