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Effect of graphene oxide on mechanical characteristics of polyurethane foam
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Abstract: In the present study, graphene oxide based polyurethane foams were manufactured as a part of the development process
of mechanically strengthened polyurethane foam insulation material. This material is used in a liquefied natural gas carrier cargo
containment system. The temperature of the containment system is -163°C. First, graphene oxide was synthesized using the
Hummers’ method, and it was supplemented into polyol-isocyanate reagent by considering a different amount of graphene oxide
weight percent. Then, a bulk form of graphene-oxide-polyurethane foam was manufactured. In order to investigate the cell stability
of the graphene-oxide-polyurethane foam, its microstructural morphology was observed, and the effect of graphene oxide on micro-
structure of the polyurethane foam was investigated. In addition, the compressive strength of graphene-oxide-polyurethane foam
was measured at ambient and cryogenic temperatures. The cryogenic tests were conducted in a cryogenic chamber equipped with
universal testing machine to investigate mechanical and failure characteristics of the graphene-oxide-polyurethane foam. The results
revealed that the additions of graphene oxide enhanced the mechanical characteristics of polyurethane foam. However, cell stability
and mechanical strength of graphene-oxide-polyurethane foam decreased as the weight percent of graphene oxide was increased.
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Figure 1: (a) Side view of a representative GO-PUF and (b)
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Figure 2: Photographs of experimental apparatus; (a) univer-

sal testing machine with cryogenic chamber, (b) homoge-

nizer, and (c) scanning electron microscope
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Table 1: Experimental scenario for material compressive tests

Test temperature GO wt.% Specimen (EA)
0.05 5
5 0.1 5
20C 0.4 5
0.7 5
0.05 5
o 0.1 5
-163C 0.4 5
0.7 5
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Figure 3: FE SEM images of GO- PUF w1th‘the rising direc-
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Table 2: Compression test result at ambient temperature

weight | compressive | standard | difference
percent | strength (MPa) | deviation (%)
Neat PUF 0 1.421 0.0375 100
0.05 1.561 0.0480 109.852
0.1 1.522 0.0281 107.108
GO/PUF 0.4 1.533 0.0385 107.882
0.7 1.372 0.0119 96.552

Table 3: Compression test result at cryogenic temperature

weight | compressive | standard | difference

percent | strength (MPa) | deviation (%)

Neat PUF 0 2.497 0.291 100
0.05 3.455 0.122 138.366
0.1 2.852 0.227 114.217
GOPUF 0.4 3.363 0.114 134.682
0.7 3.119 0.026 124.910
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Figure 9: Permanently deformed shape of GO-PUF after
compressive test; (a)ambient and (b)cryogenic temperature
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