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Molecular Dynamics Simulation of Thermodynamic Properties of Polypropylene/Fullerene Composites
Li Yasha, Chen Junzhang, Guo Yujie, Wang Jiamin, Yan Xinyue, Zhang Yongheng
(College of Electrical Engineering & New Energy, China Three Gorges University, Yichang 443002, China)

Abstract : In order to improve the thermodynamic properties of polypropylene (PP) and make it better applied in high-voltage
cables, the effect of doped fullerene (C,,) on the thermodynamic properties of PP was discussed from the microscopic level. Four
molecular models of pure PP, PP/C,, and C,, composite systems (PP/C,-OH and PP/C,-NH,) modified with hydroxyl and amino
groups were established by molecular dynamics method. The cohesive energy density, solubility parameter, interaction energy,
thermal conductivity, glass transition temperature, free volume fraction, elastic modulus and ratio of volume modulus to shear
modulus at different temperatures were calculated for each model. The results show that fullerene C,,, hydroxyl and amino modified
C,, has good compatibility with PP, and could improve the thermodynamic properties of PP. In terms of thermal properties, the
thermal conductivity of PP/C -OH and PP/C -NH, systems is increased by 9.18% and 15.82%, respectively, compared with pure
PP systems, and the glass transition temperature is increased from 256 K to 279 K and 286 K respectively. In terms of mechanical
properties, the rigidity of the composite decreases, the elastic modulus of PP/C,-OH and PP/C,-NH, system decreases by 5.99%
and 9.51% respectively compared with pure PP, and the toughness increases. The toughening effect of PP/C,-NH, system is the best
followed by PP/C,-OH system. A comprehensive analysis of the thermodynamic simulation results of the four systems shows that
the addition of amino modified C,, has the most obvious improvement in the thermodynamic properties of PP, and PP/C,-NH,
composite has better comprehensive properties, and provides a reference for inhibiting the thermal aging of PP and developing envi-
ronmentally friendly cable materials.

Keywords : polypropylene ; fullerene ; molecular dynamics ; glass transition temperature ; mechanical property
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