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The Evaluation of Molecular Dynamics of Fracture Behavior according to the

Initial Crack Conditions of a Single Layer Graphene Sheet

Song-Mi Kim

Department of Safety Engineering, Graduate School
Pukyong National University

Abstract
Graphene is an advanced material which is 0.33 nm thin and flexible, and has
a strength 200 times higher than steel and a thermal conductivity 10 times
higher than copper or aluminium. Due to these characteristics, researches are
already underway to utilize and commercialize the excellent properties of
graphene to improve the performance of existing materials or products in
various fields such as displays, batteries, gas sensors, and wearable devices.
However, a thin graphene is more likely to cause cracks in the manufacturing
process at various positions, leading to deterioration of the product. For this
reason, studies have been conducted to evaluate cracks and defects in
graphene, but few studies have been accomplished to evaluate the failure
behavior as the change of initial crack conditions, such as the position and
shape of the crack. Therefore, this study evaluated molecular fracture behavior
of graphene to single layer graphene sheet under various initial crack
conditions. The tool of analysis is used LAMMPS, which can analyze atomic
and molecular units of microscopic dimensions, such as a graphene. The
analysis models were classified into three types according to the position,
distance, and angle. As results of the analysis, the initial crack in the single
graphene sheet tended to break at the same time as it started to grow, and

the model analysis considering the position showed that the fracture strength

_Vi_



of the initial crack located at the upper center was 101 GPa. The results of
this study may provide a criterion to help solving problems for the defects and
cracks in the manufacturing process to improve the performance and

commercialization of graphene.
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Table 1 Properties of graphene

Type Unit Value
Thickness [nm] 0.33
Weight [mg/m’] 0.77
Surface area [m%/g] 2,630
Elastic modulus [TPal 05 ~ 1
Electron Mobility [cm®V'-s™] 15,000
Resistivity [Q-cm] 10°°
Thermal conductivity [W-m K1 4,840 ~ 5,300
. 95 % for 2 nm thick film
Transmittance [%] S
70 % for 10 nm thick film
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Graphene - Oxidation
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Fig. 5 Graphene production methods.
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Zig-zag direction
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Fig. 6 Graphene shape direction.
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Fig. 8 Graphene sample sheet under tension.

Table 2 LAMMPS conditions.

Ensemble NVT at 300 K
Potential CH.AIREBO
Cut—off 1.92
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Fig. 10 Model A and Model B shapes.
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Fig. 12 Model A crack propagation.
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Fig. 14 Model A Case 2 stress—strain curve.
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Fig. 16 Model A Case 4 stress—strain curve.
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Fig. 17 Model B crack propagation.
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Fig. 18 Model B Case 1 stress—strain curve.
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Fig. 19 Model B Case 2 stress-strain curve.
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Fig. 21 Model B Case 4 stress—strain curve.
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Fig. 28 Model C Case 1 crack propagation.
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Fig. 29 Model C Case 2 crack propagation.
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Fig. 30 Model C Case 3 crack propagation.
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Fig. 31 Model C Case 4 crack propagation.
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Fig. 32 Model C Case 1 stress—strain curve.
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X £ : The command script used in simulation

dimension 3

boundary p s s

units metal

atom_style atomic

newton on

neighbor 2.0 nsq

neigh_modify every 10 check yes

read_data gra.dat

pair_style airebo 1.92

pair_coeff * % CH.airebo C

mass 1 12.0

region Ledge block INF 6.140120 INF INF INF INF units box
region Redge block 330.338 INF INF INF INF INF units box
region notchl block 7.368144 9.824192 87.207001 98.551003 INF INF units
box

group crack region notch

group left region Ledge

group right region Redge

group boundary union left right

group mobile subtract all boundary

delete_atoms group crack

velocity all create 300.0 5201314 dist gaussian

velocity all zero linear
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velocity all zero angular

compute myTemp mobile temp
thermo 1000

thermo_style custom step c_myTemp etotal Ix ly 1z pxx pyy pzz
dump 1 all atom 1000 equil_.dat
min_style cg

minimize 1.0e-15 1.0e-10 10000 10000
velocity boundary set 0.0 0.0 0.0

fix 1 boundary setforce NULL NULL 0.0
fix 3 mobile nvt temp 300.0 300.0 0.1
fix_modify 3 temp myTemp
reset_timestep 0

run 20000

unfix 3

unfix 1

undump 1

variable tmp equal "Ix”

variable LO equal ${tmp}

print “initial length, LO: ${L0}"
reset_timestep 0

fix 1 boundary setforce 0.0 0.0 0.0
fix 3 mobile nvt temp 300.0 300.0 0.1
fix_modify 3 temp myTemp

velocity left set —-0.17 0.0 0.0

velocity right set 0.17 0.0 0.0
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thermo_style custom step c_myTemp etotal IxX ly 1z pxx pyy pzz
variable srate equal 1.0el0

variable sratel equal "v_srate /1.0el2”

fix 2 all deform 1 x erate ${sratel} units box remap x

variable strain equal "(Ix-v_L0)/v_L0"

variable pl equal "v_strain”

variable p2 equal "-pxx/1.0ed”

variable p3 equal "-pyy/1.0e4”

variable p4 equal "-pzz/1.0e4”

fix defl all print 500 "${pl} ${p2} ${p3} ${p4}” file sscurve_.dat screen
ves

dump 1 all atom 500 deform_.dat

run 50000
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In his hearts human plan his course,

but the LORD establishes his steps. Proverbs 16:9(NIV)
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