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Multiscale Analysis on Expectation of Mechanical Behavior of Polymer
Nanocomposites using Nanoparticulate Agglomeration Density Index

Kyungmin Baek*, Hyunseong Shin**, Jin-Gyu Han*, Maenghyo Cho*"

ABSTRACT: In this study, multiscale analysis in which the information obtained from molecular dynamics simulation
is applied to the continuum mechanics level is conducted to investigate the effects of clustering of silicon carbide
nanoparticles reinforced into polypropylene matrix on mechanical behavior of nanocomposites. The elastic behavior of
polymer nanocomposites is observed for various states of nanoparticulate agglomeration according to the model
reflecting the degradation of interphase properties. In addition, factors which mainly affect the mechanical behavior of
the nanocomposites are identified, and new index ‘clustering density’ is defined. The correlation between the clustering
density and the elastic modulus of nanocomposites is understood. As the clustering density increases, the interfacial
effect decreased and finally the improvement of mechanical properties is suppressed. By considering the random
distribution of the nanoparticles, the range of elastic modulus of nanocomposites for same value of clustering density
can be investigated. The correlation can be expressed in the form of exponential function, and the mechanical
behavior of the polymer nanocomposites can be effectively predicted by using the nanoparticulate clustering density.
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Fig. 1. Degradation of the interphase elastic modulus
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Fig. 2. Various nanoparticulate arrangements generated by in-house code for the 20 number of nanoparticles at a fixed volume frac-
tion (3%) and radius (9 A) of nanoparticles (a) Non-cluster (b) Single cluster (c) Some clusters (d) Single cluster and some free
nanoparticles. Here, configurations show the only interphase zone
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Fig. 8. Unit cells where nanoparticles form various agglomerations at a fixed volume fraction (3%) and radius (9 A) of nanoparticles (a)
The value of clustering density = 0.2 (b) The value of clustering density = 0.5 (c) The value of clustering density = 0.8. Here,

configurations show the only interphase zone
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Table 2. Verification of proposed approach for the mechanical
behavior of nanocomposites

Example |Clustering| Homogenization |Proposed| Error
id density Result (GPa) (GPa) (%)
1 0.1203 2.2103 2.2162 0.27
2 0.2468 2.1001 2.1228 1.08
3 0.4487 2.0490 2.0020 2.29
4 0.7125 1.8841 1.8855 0.07
5 0.8551 1.8539 1.8372 0.89
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