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Achievements and Challenges of Computer Simulation
Study of Rubber Nanocomposites
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Abstract. Here we summarize the current main progress in the aspect of rubber nanocomposites studied through molecu-
lar dynamics simulation, including the dispersion mechanism of nanofillers with various geometrical shapes in rubbery
chains, the interfacial interaction between fillers and rubbery chains ( whether the glassy polymer layer exists), the
strengthened mechanism of the stress-strain behavior, the adjusting of the visco-elasticity of rubbery chains by the intro-
duced carbon nano-springs and the mechanism accounting for the non-linear behavior of rubber nanocomposites. The simu-
lated results indicate that there exists an optimal interfacial interaction and grafting density to achieve a good dispersion of
nanofillers. For the sheet-like nanoparticles( NPs) , a glassy polymer layer is possible to exist in the case of the interfacial
interaction similar to hydrogen bonding. The static mechanical reinforcement results from two aspects: one aspect is the a-
lignment and orientation of polymer chains induced by NPs, and the other aspect is the limited extension of chain bridges
formed by being adsorbed onto neighboring NPs at large deformation. The introduction of nano-springs will significantly re-
duce the hysteresis, and direct contact between NPs as well as the network formed by each polymer chain simultaneously
adsorbed onto several NPs both contribute to the formation of the non-linear behavior of the Payne effect. Elucidating these
basic questions will provide significant scientific basis and theoretical guidance for preparing rubber nanocomposites with
both excellent static and dynamic mechanical properties, further promoting the development of Chinese green automobile
tires with high performance. Lastly, we briefly evaluate the challenges with regards to the structure-property relation of rub-
ber nanocomposites investigated through computer simulation.

Key words: rubber; nano-reinforcement; dispersion; interface; static and dynamic mechanics; molecular
dynamics simulation
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Fig. 1  Snapshots of the dispersion state of spherical with respect

to the interfacial interaction (a) and the change of the

number of neighbor fillers and second virial coefficient as a

function of the polymer-filler interaction strength(b)
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Fig. 2 The change of the total filler-filler interaction energy(a)

and the number of neighbor fillers(b) as a function of

the grafting density
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Fig. 3 Bond orientation as a function of its distance from clay sheet

surface in the case of different interfacial interactions
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Fig. 4 The adsorption state of a single chain on the spherical NP

surface (a ), the equilibrated state of different number of
chains adsorbed on the spherical NP surface (b), and the
adsorption-desorption process in the case of strongly attractive

interfacial interaction ( hydrogen bonding) (c¢)
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Fig. 5 Adsorption state of displayed single chain on sheet surface
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Fig. 6  Uni-axial tension of spherical NPs filled rubber system(a) ,
stress-strain curves at low filler volume fraction (b) and

high filler volume fraction ( ¢), and bond orientation of

glassy polymers with different filler volume fraction(d)
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