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Summary

Owing to the wide range of controllability in mechanical characteristics by adding
the coupling agent, silica-filled rubber draws attention for extensive usage. Here, to
clarify the mechanism of the marked increase in deformation resistance in silica-filled
rubber in detail, we constructed the finite element homogenization models of silica-
filled rubber. These models can reflect various experimental observations that include
changes in microscopic structural characteristics such as distribution morphology of
silica particles, the thickness of the interfacial phase between silica and rubber, and
the networklike gel structures developed from the interfacial phase.

A series of computational simulation clarified that apart from the conservative es-
timation of hysteresis loss, the present computational simulation well reproduces the
main characteristics of the experimentally observed high deformation resistance over
the later stage of deformation. The networklike structure connecting the silica par-
ticles is attributable to the increase in deformation resistance caused by orientation
hardening that starts at a small stretch. Correspondingly, it was revealed that the
main mechanism of enhancing the mechanical characteristics of silica-filled rubber is
the highly localized deformation induced in the rubber and network gel phases with
a high deformation resistance. The latter phase is easily controlled by changing the
amount of the coupling agent. On the other hand, simulation results by using the
experimentally observed physical properties of gel phase provided the underestimation
on the deformation resistance over the later stage of deformation, which is attributable
to the physical properties of gel phase that were extrapolated from those in small range
of stretch. Subsequently, we examined the influence of bumper-to-bumper structures
that were observed by recent experiments, upon the deformation behavior and hystere-
sis loss. The results suggested that the remarkable rise of the deformation resistance
observed by the experiment in silica filled rubber is attributable to the bumper-to-
bumper structure existing the tensile and compressive directions which cause the high
orientation hardening in the gel phases. These all results suggest the capability of
the proposed method to the evaluation of the characteristics of mechanical behavior
of silica filled rubber, which may contribute the designing silica filled rubber with

functional capability.
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Fig.2.1 Concept of hierarchical structure of polymeric material™®),
(a)molecular  chain,  (b)segment, (c¢)structure of network,
(d)macroscopic continuum.
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Fig.2.2 Molecular chain network model, (a) three chain model, (b) four chain
model, (c) eight chain model.
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Fig.2.3 Revised eight chain model.
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Fig.2.4 Concept of viscoelasitc decomposition of deformation gradient.
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Fig.2.6 Relaxation behavior of polymer chain.
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Initial State of Molecular Chain Deformed State of Molecular Chain

Fig.2.7 Concept of deformation of molecular chain accompanies decrease in
physical linkage.
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Fig.3.2 Simulation model of silica filled rubber.
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loss by simulation and experiment.
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Fig.3.5 Distribution of (a) tensile stress o2 and (b) molecular chain stretch .
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Fig.3.6 Simulation model of Silica filled rubber with different morphology.
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Fig.3.9 Simulation model of Silica filled rubber with different morphology.
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Fig.3.15 Simulation model of silica filled rubber with different morphology of
gel phase.
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loss by simulation and experiment.
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Fig.4.2 Comparison of true stress-stretch relations for (a) gel phase(affin) and
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Fig.4.5 Comparison of true stress-stretch relations for gel phase and unfilled rubber.
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Fig.4.6 Comparison of true stress-stretch relations for gel phase and unfilled
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Fig.5.1 Observation of bumper-to-bumper structure of silica filled rubber by TEM.
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Fig.5.2 Simulation model of silica filled rubber with bumper-to-bumper structure.
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