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ARTICLE INFO ABSTRACT

This paper analyzes the fracture behavior of two-dimensional boron nitride (BN) structures, examining both
monocrystalline and polycrystalline states. Molecular dynamics simulation was employed as a cost-effective method
for modeling and testing two-dimensional plates. The mechanical performance of monocrystalline BN was investigated
Article Type as a function of temperature, in both armchair and zigzag directions. Additionally, the mechanical properties such as
Ori gi‘nal Research Young's modulus, fracture stress, and fracture strain were tested for polycrystalline BN in the presence and absence of
cracks, across a temperature range of 100 to 900 K, for various region counts. The results indicate that increasing
temperature reduces the mechanical properties of monocrystalline BN, with higher values observed in the armchair
direction compared to the zigzag direction. Changes in strain rate led to a decrease in Young's modulus, while an
increase in the number of regions in polycrystalline BN results in lower fracture stress. Additionally, greater crack
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ePublished: July 19, 2025 structural composition. Notably, polycrystalline BN exhibits distinct fracture behaviors depending on its

microstructural arrangement, while monocrystalline BN shows directional mechanical advantages. Furthermore, the
quadratic response surface method emerges as a highly effective predictive tool, offering accurate modeling
capabilities for BN nanostructures.
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Fig. 1 Top view of the boron nitride atomic configuration. X and Y
represent the loading direction as armchair and zigzag, respectively
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Fig. 3 Stress-strain curves of monocrystalline boron nitride in the
a) armchair direction, and b) zigzag direction
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Table 1 Mechanical properties of boron nitride nanosheets subjected to tensile loading in armchair direction for various strain rates

0.001
Mechanical properties
100 300 600 900 100
Young’'s modulus (GPa) 697.24 678.57 651.66 627.16 703.99
Failure stress (GPa) 153.47 149.45 142.58 127.68 162.68
Failure strain (%) 0.341 0.325 0.307 0.257 0.405

Strain rate (%)

0.01 0.1
Temperature (K)

300 600 900 100 300 600 900
684.12 645.98 630.34 725.18 711.07 688.99 674.04
155.44 136.52 12891 175.65 162.01 151.75 135.21
0.379 0.316 0.283 0.456 0.404 0.372 0.311
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Fig. 5 Young’s modulus, failure stress, and failure strain of

polycrystalline boron nitride as a function of grain numbers
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Table 2 Comparison of results from previous studies and the present study
on the mechanical properties of polycrystalline structures.

Polycrystalline Size Region Vs e
structures (nm?) number e i Stress e
(GPa) (GPa)
Boron nitride  10x10 16 30211 5705 resem
study
Graphene 24x24 23 184.26 54.19 [14]
Boron carbide 30x30 10 626.43 77.51 [16]
Boron carbide 30x30 8] 631.07 73.22 [29]
Carbon nitride 20%20 25 688.61 96.29 [33]
Boron nitride 25x25 6 - 68.22 [34]
Silicon carbide 30x30 36 63.49 52.05 [35]
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