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ABSTRACT

ypothesis: The employment of graphene oxide (GO) in polymer composites has

garnered significant interest due to its potential applications in the aerospace,

construction, and electronics industries. This is due to the proven potential of
graphene oxide to enhance the mechanical, functional, and electrical properties of
polymer-based composite materials. Additionally, the surface properties of polymer
composites are directly influenced by the structural and mechanical properties of
these materials.
Methods: The mechanical and surface properties of ethylene propylene diene
monomer (EPDM)/GO composites are investigated. graphene oxide, prepared in
powder form, was mixed with EPDM at loading contents of 1, 3, and 5 phr using
a two-roll mill. The main objective was to investigate the effect of graphene oxide
loading content on the tear strength and surface roughness of EPDM/GO composites
through surface and mechanical analyses.
Findings: Results indicate that the incorporation of graphene oxide in a loading
content of 3 phr leads to a significant improvement in mechanical properties. More
than 75% increase in tensile strength, 5% increase in the elongation-at-break, and
more than 16% rise in the tear strength are achieved when 3 phr GO is loaded into
the structure of EPDM. The incorporation of graphene oxide also results in a slight
improvement in the modulus of the system. Based on the atomic force microscopy
and tensile test results presented in this work, a direct relationship between surface
behavior and mechanical properties of EPDM/GO composites is observed.
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Table 1. Formulation of compounds of EPDM/GO composite.

Materials Amounts (phr")
EPDM 100
Sulfur 2
Zinc oxide (ZnO) 5
Stearic acid (SA) 1.5
CBS™ 1
Graphene oxide (GO) Variable (0, 1, 3, and 5 phr)

*Parts per hundred rubber parts in weight. ™ N-Cyclohexyl-2-
benzothiazole sulfenamide.
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Fig. 2. XRD patterns of EPDM and EPDM/GO composites
loaded with 1, 3, and 5 phr of GO.
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Fig. 1. FE-SEM images of EPDM/GO composites loaded
with GO: (a) 1 phr, (b) 3 phr, and (¢) 5 phr.
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Table 2. Mechanical properties and vulcanization characteristics of compounds.

GO content (phr) 0 1 3 5

Hardness (Shore A) 52.17 £0.29* 53.17+£0.29 54.00 £0.50 50.50 £0.50
Elongation at break (%) 624.49 £2.42 639.65+4.07 661.65 £2.46 586.97 £5.49
Tensile strength (MPa) 5.57+0.48 7.55+£0.25 10.70 £ 0.20 3.43+0.26
Stress at 500% elongation (MPa) 0.82 +0.09 0.94 +£0.03 0.96 £ 0.05 1.00 +£0.02
Tear strength (kN/m at 25°C) 9.21 +£0.01 10.40 +0.29 10.71 £0.03 7.38 +£0.06
Torque delta (dNm) 24.74 24.51 19.34 16.88

t,, (min) 14.13 17.82 21.23 26.86

* Parameter =+ standard deviation
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3D views of unfilled EPDM surface in two different cross

sections (10x10 um and 55 pum).
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Table 3. Quantitative roughness parameters of the studied compounds in Figs. 5 and 6.

EPDM 65.61 +£0.32*

EPDM/GO (3 phr) 92.62 +0.39

81.73 +£0.25

118.11 £0.22

43.31+0.28 2.79+0.11 0.15+£0.07

56.73 +£0.23 3.06+0.15 0.31+0.04

* Parameter + standard deviation.
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Fig. 7. Nanoroughness and mechanical performance relationship: (a) elongation at break of unfilled EPDM and EPDM/GO

(3 phr) composite; (b) AFM image and 3D surface view of unfilled EPDM, and (c) AFM image and 3D surface view of EPDM/GO

(3 phr) composite.
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