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1. Introduction

The discovery of graphene with a hexagonal
structure in 2004 attracted the attention of
researchers to two-dimensional structures such
as boron nitride, phosphorus, silica, graphene,
etc. Boron carbide (BCs), with low density and
special mechanical properties, has applications
in industry such as the production of abrasives,
armor, thermoelectrics, and neutron detectors.
This two-dimensional structure was identified by
Tanaka et al. through epithelial growth at NbB>
levels. This structure has been introduced as the
hardest material after diamond and cubic boron
nitride. Moreover, the composites of this
ceramic have high strength, low hardness, and
low specific gravity. The mentioned properties
make BCs a suitable option for experimental
studies and simulations.

This is a numerical study on the two-
dimensional structure of BCzbased on molecular
dynamics simulations. Mechanical properties
including Young modulus, stress, and strain at
break point were calculated. The effects of
circular defect position with a fixed radius at
different locations of the structure were studied.
Moreover, the influence of increasing the
temperature from 100 to 1000 K on the
mechanical properties of the structure was
investigated.

2. Calculation methods

In this study, molecular dynamics simulations in
Lampes software were used to measure the
mechanical properties of BCs. The zigzag and
armature directions were considered along the X

and Y axes, and the Tressof potential was used to
depict the interactions between boron and carbon
atoms, as well as the interaction of bonds.
Moreover, the circular defects and temperatures
changes as two effective elements on the
mechanical properties were investigated. During
the simulation, structures were balanced under
NPT conditions and an integrated plate with
dimensions of 200A x 200A with 13376 atoms
was formed and put under axial tensile loading.

3. Results and discussion

The effect of circular defect position

A circular defect with a radius of 15 angstroms
was created in five positions on the structure
containing 33, 66, 100, 133 and 166 angstroms.
Figure 1 shows a schematic of the circular defect
and its position at the center of the boron carbide

structure.
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Figure 1. A schematic of the circular defect and its
location at the center of the BCs structure

The structure was put under tensile loading at
300K. Figure 2 shows the stress-strain diagram
in the presence of a defect in five positions. The
results showed that the lowest amount of
mechanical properties occured in the case of a
circular defect at the center of the BCs plate
(X100) and the highest amount happend in the
Xies position. The value of the Young modulus
has risen from 741.01 GPa in the Xeg position to
749.04 GPa in the Xues position, indicating an
increase of 1.08%. This increasing bahavior is
also observed for stress and strain properties at
the breaking point. It should be noted that at high
stresses, defects with energy gain cause the
atoms to become out of their steady state and the
growth of the defect occurs.
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Figure 2. Stress-strain diagram of BC3 on zigzag
direction and five circular defect position

The influence of temperature with fixed
position of circular defect

Given that in the previous section, the best
results were observed in the Xigs position, the
structure with this defect position was examined
at five temperatures of 100, 200, 300, 700, and
1000 K. Figure 3 shows the changes in stress and
Young modulus with respect to temperature.
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Figure 3. The changes in Young modulus and
stress at the breaking point of BCs structure for
different temperatures

The results showed that the mechanical
properties decreased with increasing
temperature. The values of Young modulus has
risen from 781.21 GPa for temperature of 100K
to 749.49, 712.98, 689.33 and 616.19 GPa for
temperatures of 300, 500, 700 and 1000 K,
which shows a decrease of 4.11%, 8.73%,
11.76%, and 21.12%, respectively. The value of
stress at break point decreased from 99.59 GPa
at temperature of 100 K to 56.71 GPa at 1000 K,
which indicated a decreasing percentage of
57.61%.

Figure 4 shows the failure process of a
carbide structure with a defect in the Xies
position at three different temperatures. It can be
seen that with increasing strain, the
concentration of stress around the defect
increases, which causes failure in the structure.
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Figure 4. Crack propagation scenarios theoretically
captured for BCs structure at (a) 100K , (b) 300K, (c) 700K
for constant circular defects on Xaes

4. Conclusion

In this study, the mechanical properties of two-
dimensional structure of BCs in the zigzag
direction were investigated. Circular defect
position and temperature changes as two
affacting elements on the Young modulus,
failure stress, and strain were studied. The results
showed that the presence of a circular defect
changes the mechanical properties. As its
location approached the center of the structure
from the edges, the mechanical properties
decreased. The effect of five different
temperatures of 100 K to 1000 K was
investigated. The results showed a decrease of
21.12% in the Young modulus. Moreover, the
amount of failure stress and strain of 1000 K was
reduced by 43.05% and 46.19% compared to 100
K, respectively.
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