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Introduction

Polymer nanocompsites have attracted a lot of attention due 
to their high performance which is attributed to the drastic 
enhanced effects of nanoparticles on mechanical proper-
ties. However, they excel other common counterpart-com-
posites in lighter weight and less required reinforcements. 
Consequently, many investigations have been carried out to 
model the mechanical properties of this group of materials. 
Halpin presented a model for laminated systems assuming 
randomly oriented fibers in a matrix [1, 2]. Other research-
ers have intended to develop the theory of a rigid dispersed 
phase in a non-rigid matrix, based on Einstein’s equation to 
calculate the viscosity of a suspension of rigid inclusions 
[3–5]. Assuming interactions between the dispersed parti-
cles, Deng et al. [6, 7] proposed a model termed as “inter-
action direct derivation” (IDD), in which Eshelby tensors 
were used to impose the influence of particle shape in the 
model. Takayanagi [8] introduced another model assum-
ing the semi-crystalline polymers consisting of amor-
phous and crystalline phases used for polymer composites, 
blends, and also nanocomposites. Jianfeng et al. [9] pro-
posed a straight forward analytical approach to estimate the 
mechanical properties of polymer nanocomposites. Their 
model could treat nanocomposites comprised of nanoparti-
cles as isolated or aggregated dispersed phase.

Based on different assumptions, there are further mod-
els which describe the mechanical response mechanisms 
of polymer nanocomposites against applied stresses. How-
ever, a nanocomposite consists of three different phases 
(matrix, interface, and reinforcing phase). By enhanc-
ing the mechanical properties, interface plays a remark-
able role in nanocomposite systems. Most of the intro-
duced models suffer from lack of accuracy in the final 
results caused by ignoring the interface region which 

Abstract The Young’s modulus of polymer nanocom-
posites is predicted using a numerical approximation sys-
tem (NAS) model based on fully exfoliated nanoparticles, 
random orientation (with platelet and cylindrical forms), 
and nanoparticles of specific shapes (e.g., square plate-
lets, nanotubes, and spherical). The thickness of inter-
face between the polymer matrix and nanoparticles which 
plays an important role in reinforcing mechanism of nano-
composites is also employed in NAS model as a crucial 
parameter. The modulus of interface region on the surface 
of nanoparticle is another significant parameter which is 
taken into account through mathematical modeling proce-
dure of NAS model as it may indicate the manner by which 
the polymer matrix bonds to the surface of nanoparticles. 
NAS model proposes a general formulation through which 
the Young’s modulus of a nanocomposite could be easily 
predicted, while the involving parameters change due to the 
shape of nanoparticle (e.g., platelet, cylindrical or spheri-
cal). The final predications of NAS model are validated by 
comparing them with the results of tensile tests for poly-
amide (PA)/Cloisite 30B nanocomposite system and the 
results reported in other similar studies on the mechanical 
properties of polymer nanocomposites.
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