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Coarse Grained Molecular Dynamics Simulation of
Entanglement Density Controlled Rubber Model under Uniaxial Elongation
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Coarse-grained molecular dynamics (MD) simulation has been frequently used to analyze physical properties of

crosslinked rubber. However, a conventional coarse-grained model (original Kremer-Grest model) uniquely determines

entanglement density of polymer melt and consequently is unable to reproduce change of stress-strain curve by hydro-

genation of styrene-butadiene rubber (SBR). For that reason, novel MD simulations were performed using Kremer-

Grest model with angle potential in order to confirm whether the stress-strain curve of the simulation fits that of the ten-

sile test for SBR. Unlike original Kremer-Grest model, this model made it possible to control entanglement density. For

hydrogenated SBR having different hydrogenation rate, we made novel crosslinked rubber models with entanglement

densities corresponding to experimental values of viscoelastic experiments. The simulated values of the stress-strain

curve were in good agreement with the experimental values. Furthermore, it is notified that the increment of entangle-

ment density plays an important role in the change of stress-strain curve by hydrogenation of SBR.
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Figure 1 Temperature dependences of E’ and tand for SBR samples.

Table 1 Viscoelastic parameters of SBR samples
(T, Tnsum» Ve and v,,; by dynamic viscoelastic measurements. E; and Ty; by tensile tests)

Sample Tg [UC] Tans mim [OC] [10’4 II‘I}(;I/Cma] V oew [_] Ey [%] Ts [MPa]
SBR-1 =31 367 1 250 16
SBR-2 =31 5.30 141 347 45
SBR-3 - 23 131 1.69 532 142
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Figure 2 Stress-strain curves of SBR samples.
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Figure 3 Comparisons of stress-strain curves between experiments and CGMD simulations.
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Table 2 Simulation model parameters for this study
(v.; crosslink densities, v.; entanglement densities, v.; fitting values by Mooney-Rivlin equation, v,..= v.+ v, — v, unit; 10 7% ¢ %)

Simulation model Ve Ve Vet Ve Vet Vioss
ko= 091 model 1.00 223 323 251 072
ko= 150 model 1.00 317 417 328 0.89
ko= 188 model 041 3.70 411 380 031
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