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Abstract The present study investigated mechanical
properties such as Young's modulus and tensile strength of
aluminum nanocomposite reinforced with defective
graphene with vacancy and hole defects under uniaxial
tension using molecular dynamics simulation. Also, the
effect of the number of graphene layers in a constant
volume ratio on the mechanical behavior of the
nanocomposite has also been obtained. This simulation
was done with the help of the LAMMPS open-source
package by modeling a periodic system with NVE and NPT
ensembles. The AIREBO and MEAM potentials were used
to describe the interaction of carbon and aluminum atoms,
respectively, and Lennard Jones potential was used for the
interaction between these atoms. The obtained results
show that adding a single layer of graphene to the
structure of pure aluminum has improved Young's modulus
and tensile strength of pure aluminum by 220 and 320%,
respectively. In addition, it is observed that the effect of
pinhole and vacancy defects on Young's modulus and
tensile strength is non-linear and has a decreasing trend.
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1-Introduction

A two-dimensional honeycomb structure of carbon atoms
that make up graphene sheets has extraordinary
mechanical properties found as reinforcements in various
composites. Considering the increasing progress of
composites, investigating the mechanical properties of
graphene-reinforced composites is one of the significant
goals of researchers in this field. In 2017, Makhalingam
and Kumar assessed the mechanical properties of
aluminum-graphene nanocomposite [1]. In the mentioned
research, the effect of structural defects and the number of
layers on the mechanical properties has yet to be
investigated, and the reported results are limited to Young's
modulus of nanocomposite. In the present study, the
mechanical properties of graphene-reinforced aluminum
nanocomposite under uniaxial tensile test, as well as the
effect of vacancy defects and hole defects in the graphene
layer and the number of graphene layers on Young's

modulus and tensile strength of the nanocomposite, have
been investigated.

2- Modeling

The nano molecular unit cell (NUC) for MD simulation is
shown in Figure 1. In this simulation, periodic boundary
conditions are used in all three directions. The volume
fraction of carbon is 5%, and the dimensions of the
nanocomposite are 51 angstroms in the x and y directions
and 28.35 angstroms in the z direction. In the present study,
interatomic potentials (MEAM), (AIREBO), and (L-J)
were used. The time step value of 0.5 femtosecond was
considered for all the simulated models and the atoms
under the microcanonical set (NVE) at 300 Kelvin were
balanced with a Langevin thermostat. Afterward, zero load
pressure was applied using the NPT ensemble to release
the initial internal stresses
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Figure 1. Atomic model showing the structure of graphene
aluminum nanocomposite (AL-Gs) a) single-layer graphene,
b) double-layer graphene, and c) three-layer graphene
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3- Results
Figure 2 investigated the effect of vacancy defects, pinhole
defects, and the number of layers on the stress-strain
diagram. It can be seen that with an increase in the atomic
percentage of vacancy defects and radius of the pinhole
defects, Young's modulus and ultimate stress decreased.
However, by augmenting the number of graphene layers,
the mechanical properties of graphene-aluminum
nanocomposite improved.
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Figure 2. Stress-strain curves a) comparison of the effect of
vacancy defect, b) effect of pinhole defect, and c) effect of
number of layers

In Tables 1-3, the nanocomposite Young's modulus and
ultimate stress are given for all the states investigated in
this research. For nanocomposite with 3, 6, and 9 percent

vacancy defects, Young's modulus is 129.6, 116.8, and
102.4 GPa, respectively, which decreased by 15.2%,
23.6%, and 33%, respectively, compared to the perfect
sample. Moreover, for the nanocomposite with pinhole
defects with a radius of 5, 7, and 9 angstroms, Young's
modulus is 140, 135.4, and 120.59 GPa, respectively.
Compared to the perfect sample, it decreased by 8.4%,
11.5%, and 21.1%, respectively. Moreover, Young's
modulus for nanocomposites with one-, two-, and three-
layer graphene increased to 153, 157.7, and 159.7 GPa,
respectively, which shows 218%, 225%, and 228%
improvement, respectively, compared to the pure
aluminum sample.

Table 1. Young's modulus and ultimate strength of
graphene-reinforced aluminum nanocomposite with
vacancy defect

Vacancy Defect | Young's Modulus Ultimate Stress
% (GPa) (GPa)
3% 129.6 16
6% 116.8 15.1
9% 102.4 14.7

Table 2. Young's modulus and ultimate strength of
graphene-reinforced aluminum nanocomposite with pinhole

defect
Pinhole radius Young's Modulus Ultimate Stress
(GPa) (GPa)
5 Angstrom 140 18.6
7 Angstrom 1354 16.7
9 Angstrom 120.6 14.5

Table 3. Young's modulus and tensile strength of pure
aluminum and graphene aluminum nanocomposites (AL-

GS)
sample Young's Ultimate Stress
Modulus (GPa)
(GPa)

Pure AL 70 7
AL-Gs (single layer) 153 22.3
AL-Gs (double-layer) 157.7 22.4
AL-Gs (three-layer) 159.7 22.8

4- Conclusion

Adding a graphene layer to the pure aluminum
nanostructure increased Young's modulus and tensile
strength of pure aluminum significantly. However, the
vacancy defect decreased Young's modulus and tensile
strength of the nanocomposite. As a result, for a
nanocomposite with vacancy defects equal to 3, 6, and 9,
Young's modulus values were obtained as 129.6, 116.8,
and 102.4 GPa, respectively. In addition, the pinhole defect
decreased Young's modulus and tensile strength of the
nanocomposite. For example, for a nanocomposite with a
pinhole radius of 5, 7, and 9 angstroms, Young's modulus
values were 140, 135.4, and 120.59 GPa, respectively.
Finally, the behavior of vacancy and pinhole defects
effects on Young's modulus and tensile strength value were
non-linear with a decreasing trend.
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