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Fire resistant polyurethane/polyurea micro/nanocomposite foams reinforced with

natural zeolite/Graphite nanoplatelets (GNP)
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Petroleum based polymer composites could be a factor in the development of fire unlike their numerous
applications. The research performed on the fire resistance and flammability of composites is not
comparable with those conducted on the mechanical behavior of composites demonstrating the importance
of studying multi-functional composites of fire resistance behavior. In this work, two-part polyurethane

was reinforced with natural zeolite and graphite nanoplatelets (GNP) to examine fire resistance and
optimized mechanical behavior of the composite foams. Moreover, polyurea was added with the optimized
ratio of 40% into polyurethane composites based on the study hypothesis. The results showed that zeolite
and GNP filled nano/microcomposites led to a 200 and 300% improvement in the tensile modulus of the
composites, respectively. It was further shown that both fillers resulted in enhancement in the flexural
modulus, too. To enhance the mechanical behavior, fiber glass mat was laminated with the optimized
polyurethane/polyurea compound leading to a 600 and 200% improvement in the flexural modulus,
respectively, in the case of two-layer reinforcement. The polyurea coating on the optimized composite
specimens demonstrated the reduced burning rate of 23 mm/min and a 200 s flame time based on the UL94
standard. The mixed compound of polyurethane/polyurea filled with 2 wt% of zeolite led to the burning
rate of 4.9 mm/min being in the allowable range above 80% lower than the maximum possible rate set forth

in the standard.
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1 Polyurethanes

2 Cross — linking

3 Carbon nano tube

4 Graphite nano platelet
5 Silica particle
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Fig. 2 Stress-strain curves of polyurethane vs. zeolite loading
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Fig. 4 Tensile strength of GNP/zeolite reinforced micro/nano-
composites as a function of fillers weight fraction
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Fig. 5 Tensile Young’s modulus of GNP/zeolite reinforced
micro/nanocomposites as a function of fillers weight fraction
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Fig. 9 Flexural modulus of polyurethane micro/nanocomposites
reinforced with various fractions of reinforcements
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Fig. 11 Composites of polyurethane/polyurea after UL94 test
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Fig. 12 SEM image of fractured surface of polyurethane structure
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Fig. 13 (a) SEM image of fractured surface of polyurethane
reinforced with zeolite and GNP and (b) the zoomed-in image with
GNPs circled
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Fig. 14 (@ SEM images of fractured surface of
polyurethane/polyurea and the presence of bubbles with polyurethane
cells of altered geometry and their disappearance, (b) the magnified
image showing spherical bubbles in specimens, (c) the zeolite
particles within polyurethane/polyurea and the quality of
zeolite/polymer interface and (d) the magnified images on the
interface of zeolite/polyurethane/polyurea
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