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Keywords Abstract

One of the most important applications of nanomaterials in polymer resins is to achieve high fracture
toughness even in small volume fractions of filler nanoparticles. Such performance is related to energy
released through damage mechanisms that occur at the nano scale. Among these mechanisms,
nanoparticle surface separation is more important. In the present work, considering the hierarchical
structure of nanocomposites, it has been tried to investigate the effect of debonding of graphene
nanoparticles from the surrounding resin on the fracture toughness of the first mode of the presented
epoxy/graphene nanocomposite using a multi-scale method. Therefore, a representative volume element
has been selected and using the data available in the experimental works of other researchers, the effect of
several parameters such as Young's modulus, weight fraction and dimensions of nanographene was
investigated. Finally, it was observed that the fracture toughness has a direct relationship with the
Young's modulus of the nanocomposite. Also, the smaller the dimensions of the nanoparticles used, the
greater the improvement in the fracture toughness.

Graphene nanoparticles,
Fracture toughness,
Nano composite,
Multiscale model.
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Table 1 A summary of the experimental properties used in the present work
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Fig. 3 Normalized fracture toughness of epoxy/graphene

nanocomposite according to different weight percentages of
nanographene, considering different lengths of graphene nanoparticles
based on reference data [29]
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Double-walled carbon nanotube (DWCNT)?*
Multi-walled carbon nanotube (MWCNT)?
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Fig. 5 Normalized fracture toughness of epoxy/graphene

nanocomposite according to different weight percentages of
nanographene, considering different widths of graphene nanoparticles
based on reference data [29].
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Fig. 6 Normalized fracture toughness of epoxy/graphene

nanocomposite according to different weight percentages of
nanographene, considering different widths of graphene nanoparticles
based on reference data [30].
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Table 2 Comparison between the fracture toughness obtained by experiments [29, 30] and the present multi-scale model
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Table 3 Comparison between the fracture toughness obtained by experiments [29, 30] and the present multi-scale mode
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