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ABSTRACT

ypothesis: In elastomeric composites, interfacial phenomena such as the effect

of reinforcing filler on molecular dynamics of the rubber chain in the interphase

and the way of rubber-filler interaction are the sources of strain energy change
or viscoelastic loss of the composite in the highly filled rubber compound. To obtain
a preliminary approximation of how the strain energy is influenced by interfacial
phenomena, including stiffness, loss and the quality of this region, in this research,
the finite element microstructural model was created in two-dimensional and three-
dimensional mode and the effective characteristic changes in mechanical properties
were studied. The effect of the change in stiffness of the interphase and the change
in viscoelastic nature, the amount of contact between the rubber-filler in completely
bonded and frictional sliding states were modeled.
Methods: The solution styrene butadiene rubber composites reinforced with silica
Keywords: were prepared by melt mixing. For this purpose, rubber was mixed with silica and
silane coupling agent in an internal mixer. Then the masterbatch was mixed with the
curing system on a two-roll mill and finally, the sample was cured under pressure at
160°C.
Findings: In agreement with the modeling results, the composite tensile test showed
that the most important controlling parameter is the type of rubber-filler connection in
the interphase. The simulation results showed that considering the interphase region
with frictional sliding greatly reduces the stress transfer from the matrix to the particle.
However in the case of the completely bonded interphase region, due to the complete
transfer of stress from the particle to the matrix, the mechanical properties showed
a significant deviation compared to the experimental results. Also, the 3D models
provided better predictions than the 2D ones.
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Table 1. Formulation of samples and material product

companies.
Amount
Ingredients Supplier
(phr)
SSBR 100 Kumbho (South Korea)
Silica 60 Gujarat Multi Gas (India)
Si-69 6 Evonik (Germany)
IPPD'! 1.5 Duslo (Slovakia)
Zinc oxide (ZnO) 3 Rangineh Pars (Iran)
Stearic acid (SA) 1 Unichema International
(Netherlands)
1,3-Diphenyl guanidine (DPG) 1.2 Rhein Chemie (Germany)
CBS*? 1.5 Vaulkacit CZ (China)
Sulfur 1.4 Rangineh Pars (Iran)

(1) N-isopropyl-N"-phenyl-p-phenylenediamine, (2) N-cyclohexyl-2-benzothiazole
sulfenamide.
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Fig. 4. The fitting of the Yeoh model on the experimental data

obtained from the stress-strain curve of SSBR.
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Table 2. The parameters of the Yeoh model result from fitting

on the stress-strain curve of SSBR.

Parameter Amount (MPa)
C, 0.19
C, 2.61x102
C,, -7.04x10*
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Fig. 3. The meshing of the generated composite model with

interphase: (a) 2D model and (b) 3D model.
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Fig. 5. The stress reduction of SSBR composite reinforced with

silica in three different elongations of 30%, 60% and 90%.
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Table 3. Parameters of PRF nonlinear viscoelastic model for

silica-reinforced SSBR compound.

Amount
Parameter
Network 1 Network 2
S 0.34 0.14
A 2.79 2.03
n 2.46 3.18
m -0.63 -0.36
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Fig. 6. The stress level of 2D and 3D microstructural models with different interphases: (a) 2D completely bonded, (b) 2D with

slip-bond, (c¢) 3D completely bonded, and (d) 3D with slip-bond (unit of stress in all figures is MPa).
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Table 4. Compound mechanical properties and 2D and 3D microstructural models.

Mechanical Properties Compund 2D 3D Proposed 2D Propose 3D
Tensile strength (MPa) 0.222 +0.008 0.286 0.344 0.172 0.196
Difference with Experimental (%) - 28.83 54.95 -22.52 -11.71
Strain 0.05 0.05 0.05 0.05 0.05
Modulus (kPa) 4.56 +£0.35 6.75 8.10 0.60 4.63
Difference with Compund (%) - 48.20 77.85 -11.08 -1.62
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Table 5. The parameters resulting from fitting and Poisson's ratio for compound and 2D and 3D microstructural.

Parameter Compund 2D 3D Proposed 2D Propose 3D
C, 0.735 1.199 1.439 0.719 0.822
D, 0.175 0.175 0.175 0.175 0.175
& 7.768 4.760 3.967 7.934 6.942
v 0.438 0.402 0.384 0.440 0.431
Difference with Compund (%) - -8.22 -12.33 0.46 -1.60
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Fig. 7. Experimental stress-strain curve and its comparison

with completely bonded 2D and 3D microstructural models

with slip-bond.
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