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In this talk, we mainly introduce the progress of polymer nanocomposites studied through computer simulation and experiment, including the change of the dispersion state of the nanoparticles (NPs) as a function of the interfacial interaction, the physical and chemical interfacial interactions between polymer chains and NPs, the mechanical reinforcing effect and the tailoring effect of the visco-elasticity contributed by NPs, by considering the different cases such as spherical NPs, one-dimensional nanorod and two-dimensional nanoplatelet. With regards to the graphene sheets, we examine the intercalation kinetics of polymer chains into the confined space, by systematically investigating the effects of the temperature, chain length and chain flexibility.  In the meanwhile, we also study the effects of the chain functionalization and the surface grafting of the graphene sheets on the dispersion of the graphene sheets. We find that compared to the anisotropic NPs, the end-functionalization effect has more pronounced effect to promote the dispersion of the spherical NPs. Compared to the case of the center-grafting, the edge-grafting of the graphene sheets is more effective to enhance the dispersion state and the mechanical properties. In addition, we examine the structure and dynamics of the interfacial polymer chains located between polymer and graphene, hoping to elucidate whether the glassy polymer layer exists in the interfacial region. Lastly, we introduce that utilizing the nano-springs and graphene with the reversible mechanical behavior can effectively reduce the hysteresis loss of the system. Similar to the uniform micro-phase separation of the thermoplastic block copolymer, we use the NPs to connect the dual end-groups of each polymer chain to construct the ideal network structure, which exhibits excellent static and dynamic mechanical properties. This particular kind of polymer nanocomposite provide some guidances for the development of the next generation of the energy-saving tires. 
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