Tarbiat Modares
University

Modares Mechanical Engineering

ISSN: 2476-6909; Modares. Mech. Eng. 2025;25(04):191-202. i)

DOI: 10.48311/MME.25.4.191

journal homepage: www.mme.modares.ac.ir

Cutting-Edge Computational Insights into Polycrystalline BN Behavior: A
Molecular Dynamics and Response Surface Approach

Nokhandan M. A.!, Dadrasi A.>"®, Forouhandeh F.!, Parvaneh V!

I Department of Mechanical Engineering, Sha.C., Islamic Azad university, Shahrood, Iran
2 Department of Mechanical Engineering, Faculty of Engineering, Hakim Sabzevari University, Sabzevar, Iran

ARTICLE INFO

ABSTRACT

Article Type
Original Research

Article History

Received: February 09, 2025
Revised: June 02, 2025
Accepted: June 03, 2025
ePublished: July 19, 2025

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
as a function of temperature, in both armchair and zigzag directions. Additionally, the mechanical properties such as
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
length leads to an increase in stress intensity within this two-dimensional structure. Finally, the quadratic response
surface method exhibited the lowest average error in both the test and train phases and was chosen as the selected
model. The findings demonstrate significant variations in mechanical performance based on thermal conditions, and
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. 2 A schematic of a polycrystalline with 4 oriented grain regions

—Jae el gly bl oSS I (slaegane SO Gl abw
&by il dinge aly gy slazsb 3 Saa el (25 gla
il Sy wilie Jites pste puuiz I jilie o el
el 5o 53 aigdise 0aeli 2] & cunlagses] 51 (glacgaze
2o 3 @l Jle sl johie ) (63959 (Slopiie )3 iy
gy gladse cilo Gl gy slazsb 5 Ngde sl Gy
Gl Jao S aSil pame 4 wbie (5,LST Wl SO Al
LT <5 355 0 518 95T 3390 Gl 255 g basogl cdel sy
Wl sdd anls Glsz ST s b cwl Giduegls; Oy
dalxi 5 lolid (Ban dagtalel G2k 53 3980 5leT axiyegs
odsl sl GolesT slasi (30,18 b o295 0 5o (slapsie
by sl culio co)ls 035 Iy Gl ghe i) 03 08
I gl 2blie Jitue layusio degaxo 5 Guly oo oo
ol iy slagslales 1zl Ygane (Jio (5425 pyiar 035
Slaysie jl Ghs ali SO (sabuog Ewl )51 590 osliiul
sl 4253 Jao gy b gy s @l oS3T e Jao Jaitune
O3Sy b Jolee ol s (g cedle ol 3 35850 0asels

9o guine dlSuiz b

ey g o -V

298 At Jluans Sgige sl —\-¥

13505 3 sezal (bl 93 55 s90 3yt Sl Seige cenSid ylud,
olad e85 8 unp 30 oaslS A B )ee ey ol 03
B asmme SB S (5155l o Jliblo 33 50 ¢l ndiged
A Gl Ll (1) g (S ol g as)S

Volume 25, Issue 04, April 2025



ohlSen g ¢laidgi gles! ihias 35

dlize 4i0)S (o 5 sly eyl ez 53 590 i il (SOl pols> ) Jguz
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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Fig. 4 Top view of four types of polycrystalline boron nitride;
including types 1 and 2 with different grain numbers a) 3, b) 10, ¢)16,
and d) 25 grain regions
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Fig. 6 Crack propagation steps for polycrystalline boron nitride for a) 10 regions, and b) 25 regions
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Fig. 7 The location of edge crack and loading along Y direction
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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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Fig. 8 a) Young’s modulus, b) failure stress, ¢) failure strain, and d) stress
intensity factor polycrystalline boron nitride with 10 and 25 grains as a
function of different crack lengths
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