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Abstract: - Current revolutions in the synthesis of boron 
nitride nanotubes (BNNTs) attracted researchers’ attention 
to developing their nanocomposites. This is because BNNTs 
possess wide band gap, strong hardness, thermally and 
chemically stable, and excellent piezoelectric properties 
than carbon nanotubes. Besides, BNNTs have comparable 
mechanical and thermal properties compared to CNTs. As 
the first of its kind, this study reports the transversely 
isotropic elastic properties of pristine and Stone-Wales 
(SW) defected BNNTs within the framework of MDS using
a Tersoff force field. This is achieved by imposing axial 
extension, twist, in-plane biaxial tension, and in-plane shear 
to the BNNTs. The study report that a higher density of SW 
defect affects profoundly the axial Young’s modulus, shear 
modulus, plane strain bulk and in-plane shear moduli of 
BNNTs. The present fundamental study highlights the 
significant role played by SW defected BNNTs in 
determining their mechanical behaviours as reinforcements 
in multifunctional nanocomposites.
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I. INTRODUCTION

In the past decade, the discovery of carbon nanotubes (CNTs) 
done by Iijima [1] and their remarkable mechanical [2], [3], 
thermal [4] and electrical [5] properties have drawn a great 
deal of attention. After that, BNNTs revealed from its 
unexpected electromechanical [6], and thermal [7] properties. 
The structure of CNTs and BNNTs are similar from carbon (C) 
atoms are substituted by boron (B) and nitrogen (N) atoms [8]. 
Theoretical and experimental studies disclosed that BNNTs 
have a wide band gap (5.5 eV) regardless of their tube chirality
and its morphology [9]. The chemical and thermal stability of 
BNNTs is higher than CNTs. Instead of that BNNTs 
demonstrated comparable mechanical properties to CNTs 
[10]. Such excellent properties make BNNTs a perfect material 
for many multifunctional applications like composite material 
[11], [12], hydrogen storage [13], transistors and 
optoelectronics[14]. 

Owing to some of the extraordinary properties of the 
BNNTs, attracted enormous attention to experimental and 
theoretical studies [15]. BNNTs are being fabricated by using 
well known techniques such as laser ablation [16] and arc 
discharge [17]. These synthesizing processes promote the 
presence of Stone-Wales (SW) defects [18]. however, defects 
in BNNTs bring controllably by irradiation process [19] which 
can make BNNTs for appropriate applications. Grown defects  
[20] play an important key factor to alter the unique

mechanical properties of nanotubes. The SW defect is very 
significant in illustration of BNNTs and causes the presence of 
novel electronic levels in the essential band gap of the 
nanotube [21]. Hence, it is necessary to conduct a study on the 
impact of SW defects on the mechanical properties of BNNTs. 
BNNTs exposed to uniaxial loadings with several techniques 
such as tight-binding [22], molecular dynamics simulations 
(MDS) [23] [24] [25], and molecular mechanics (MM) [26]. 
Wang et al. [27] studied the stiffness, mechanical strength and 
failure strain of  SW defected BNNTs. Their results revealed 
that SW defects expressively affect the mechanical properties 
of BNNTs for different loading condition via density 
functional theory (DFT) calculations. Roohi et al. [28] studied 
the effect of SW defects on the structural and electronic
properties of BNNTs and they exposed that the band gap 
energy of BNNT increases under axial compression and 
decreases during axial tension. Huang et al. [18] studied 
the continuum model for SW transformation in BNNTs under 
tension. They observed that properties of BNNTs depend on 
the chirality and diameter of BNNTs respectively. Similarly, 
critical strain for armchair BNNTs was always higher than for 
zigzag BNNTs. Hu et al. [29] examined the electronic 
nanostructures of defected BNNTs under transverse electric 
fields by using DFT. The SW defect creates when B-N bond 
considering in between two hexagons and this B-N bond rotate 
by 90o about an axis that is perpendicular to the tube surface. 
After transformation, these B-N bond converted into B-B and 
N-N bonds. Four hexagonal cells as shown in Fig. 1 atom then 
transform into two pair of heptagonal and pentagonal 7/5/5/7, 
respectively [30].

Fig. 1: Transformation of SW defects.

To the best of our knowledge, BNNTs are 
considered as isotropic for reviewing their mechanical 
properties for pristine as well as the influence of SW defects. 
This indeed provided us the inspiration for the present work. 
In the present study, MDS was performed to explore the effect 
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of SW defects on the transversely isotropic elastic properties 
along with fracture behavior of BNNTs.

II. MODELING

MDS is used to calculate the interatomic interaction in 
between atoms and molecules at the atomic level and this 
technique mainly used for simulation of nanostructures and 
nanomaterials. It involves the determination of the time 
evolution of a set of interacting atoms, followed by integration 
of the corresponding Newton’s equation of motion step-by 
step [31]. In the present study, all MDS were completed by 
using open source software, Large-scale atomic/molecular 
massively parallel simulator (LAMMPS) [32], and molecular 
interactions of BNNTs were described in terms of three-body
Tersoff potential force field [33].[23], [34], [35]. 

The step by step MDS were performed. Intially 
BNNTs nanostructured were prepared for both pristine and 
SW defected BNNTs, to maintain a steady state condition
minimize there energy by using a conjugate gradient 
algorithm. Individually simulation was performed in the 
constant volume and temperature canonical (NVT) ensemble 
using a time step of 0.50 fs with a total time of 50.0 ps to 
equilibrate the BNNT nanostructures [36]. The Velocity Verlet 
algorithm was used to integrate Newton’s classical equations 
of motion. Initially uniformly SW defect created in BNNTs, 
such as at 25 Å and 35 Å SW defect was formed, and the 
representation is for 25 Å length SW_1 and for 35 Å length 
SW_2. Schematics representation as shown in Fig.2.

Fig. 2: Schematics representation of pristine and SW defected (10, 10) 
BNNT 

To determine the five independent elastic moduli, four loading 
conditions (shown in Fig. 3) were applied to the BNNTs. 

Fig. 3: Boundary conditions imposed on BNNTs: (a) Tensile, (b) Twisting, 
(c) In-plane biaxial tension, and (d) In-plane shear

Axial Young’s modulus (E1): From the slope of the stress-
strain curve and distortion energy density determine the elastic 
constants. The axial stress was discolsed over the cross-
sectional area of the BNNT; as follows:

= 1 ̅ (1)
Where ̅ is the axial strain, σaxial is the longitudinal stress, E 
is the strain energy in a BNNT, and V is the volume of a 
BNNT. Consequently, the strain energy density can be 
described as = ̅ (2)
where is the strain energy per unit volume and it is described 
by,

= (3)
where that increasing the potential energy of BNNT, ̅ =⁄ is the axial strain of a BNNT, A describe cross-sectional 
area of a BNNT, and describe changing length. Using the 
succeeding description, the major Poisson’s ratio ( ) of a 
BNNT can be described,

= − ̅̅ (4)
where ̅ and ̅ are the dispersed circumferential and axial 
strains.
Longitudinal shear modulus (G12): A twisting moment with 
a constant rotation of 0.80°/ps of BNNT were applied for 
determining the G12 using the following relation. 

= 2 (5)
where ϕ is the twisting angle and J is the polar moment of 
inertia; viz,

= − (6)

Plane-strain bulk modulus (K23): A BNNT was exposed to 
the plane-strain condition. The plane strain bulk modulus ( )
of a BNNT can be attained by using the subsequent relation 
[2], [3],

= 2 ̅ (7)
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In-plane shear modulus (G23): A BNNT was exposed to in-
plane shear at small strains in such way that its circular cross-
section distorts into an elliptical shape.  The in-plane shear 
modulus can be attained by using the subsequent definition [2], 
[3]: = 2 ̅ (8)

III. RESULTS AND DISCUSSION

By using MDS determine elastic constants such as Young’s 
modulus, Poisson’s ratio and shear modulus of pristine and 
SW defected armchair (10, 10) BNNTs were compared with 
previous results [8], [23] and the evaluation was originated to 
be in the good agreement shown in Table 1. 

Table 1: Five independent engineering constants of (10, 10) BNNTs

The Stress-strain curves of armchair (10, 10) BNNTs, 
as shown in fig. 4. Maximum stress reaches up to 110.02 GPa 
at strain 0.49-0.53. The slope of the curve obtained from the 
inset view of Fig. 4. The stress-strain curves are found to be in 
good agreement in the present study with those attained for 
pristine BNNTs [8], [36], [37].  The SW defected BNNTs 
(SW_1 and SW_2) were fractured at lower strain levels 
compared to SW_0. The Present study discloses that SW 
defected BNNTs, depicts the lower properties than pristine 
BNNTs. The trends of Poisson’s ratios are originated to be 
same as those shown in Fig. 4. Although it is not shown here.

Fig. 4: Stress-strain curves for (10, 10) BNNTs

The variation of PE of armchair (10, 10) BNNTs as shown in 
Fig. 5. The SW_0 (pristine) shows higher PE energy compared 
to SW defects created for length 25 Å for SW_1 and 35 Å for 
SW_2.

Fig. 5: Variation of PE of (10, 10) BNNTs

Subsequently, MDS performed BNNTs until they fractured 
under the torsional loading, in-plane bi-axial tension, and in-
plane shear. In this work for the sake of brevity mechanical 
behaviour of a pristine and defected (10, 10) BNNTs 
considering for only axial tension. The value of G12, K23, and
G23 obtained by strain-energy density-elastic constant relation 
are collected in Table 1. MDS snaps (Fig. 6) of BNNTs during 
uniform applied twist and demonstrate the change in the
potential energy with the twisting angle for BNNTs. It shows 
that the BNNT first shows a flattening effect (Fig. 6a). The 
failure of BNNTs bonds starts at a critical angle of 35° shows 
in Fig. 6b and facture occur at an angle of 178° depict in Fig. 
6c. The observed failure behaviour is comparable to previous 
studies [38]. 

he value of G12 of BNNTs reduces due to SW defects, 
by by 7% and 25% for SW_1 and SW_2, respectively. Fig. 7 
illustrates the failure phenomena for in-plane bi-axial tension. 
The failure under in-plane loading starts at a strain value of 
0.35 (Fig. 7a), it is a primary failure at PE 1100 eV. After that 
at the critical strain reaches up to 0.45 to 0.5, it is a secondary
failure as shown in Fig. 7b. B-N bonds break permanently at 
critical strain 0.5 under in-plane loading. A comparable 
observation of BNNT under in-plane shear loading but not 
exposed here.

Fig. 6: Snapshot of twisting of pristine armchair (10, 10) BNNT.

Case of 
BNNT

Engineering constants
E1 (TPa) ν12 G12 (TPa) K23 (TPa) G23 (TPa)

SW_0 1.064 0.191 0.6617 0.301 0.173
Ref. [8] 1.064 0.190 0.6617 0.300 0.173

SW_1 0.910 0.173 0.5356 0.267 0.153
SW_2 0.879 0.159 0.4677 0.258 0.145
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Fig. 7: Failure of BNNTs under in-plane bi-axial tension

IV. CONCLUSION

The elastic properties of pristine and SW defected BNNTs 
determine by using MDS. Our results reveal that the SW 
defected BNNTs diminishes elastic properties and their 
strength. The SW_2 (high density of SW defect) affects 
profoundly all the elastic properties of BNNTs. The present 
work illustrates that SW defects play a significant role in 
BNNTs which can be engineered and used to alter their 
properties of nanocomposite structures for multifunctional 
applications.
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