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Fig. 1  The topological structure of polycrystalline graphene

2 sy FaEh el

21 #EAE

ARSI A A 2 #0238 5 Large-scale Atomic/Molecular Massively Parallel Simulator
(EF LAMMPS ) ) S 3 T 431 8l S BHUR 38, I3 22 8] A RH B P ), s 2 3 v
S0 T R E 45 SR T RE M 1) SR B DN 3R AR ROR IR AL B S 1 B 3 pR RO PR T
— Rl TR A7 S TR s T R M Sk R T 2 T AR LA AR SO A Van der
Waals (JEAEAE ) A ELAE A48 R FRI7E FH 2, B Lennard-Jones e, ik U, (r) =
e[ (a0/r) % = (00/r) ], HAHHPHREL &) = 2.85 m- eV AEFI 0 I HAH A B 5[ Y
BiE] oy = 0.34 nm"*" 55 —Fi ol AIREBO Z A bR A | A I 7 05 0 5E P B L T, A



904

il

5 B#

Ko W He =k A3 fe St 1] 1) AH B AR FH AR SRt A g sE4tl b ) ] AIREBO # eRi BIORH A £ 25
I PR RSl B (A AH ELAE .

YK H IR A AR B R b AR SCER I NVT R 25 (R IR TF5CH | R G R BANR
JEMRFFERE ) , T Nose-Hoover 535 2 ¥ RIS H 7 1 K, BLLLAY [ 22 B B) 25435 h
1x107"7 s, B RSB TE XY Verlet 575, AIREBO 32 bR %5 r i - fifk 8 1t A B I 15 34
0.192 nm"* (A EASAUS B Sk 56 T SR 04 3h J1 2E R AR — S
2.2 HKERIEM

TE Lee %55 YN K R IR 7 00 A1 8805 124 PR IR B 5286 TAE R, B T SRl — 4k
SERRRIE , IR SC IS AN BE -5 YO R — R E T, BRSO 2R B2 0 8075 T 5 Tl 1) T
il IR LI 36 L, SR 5 FH R Sk BRI FEFLIR 1E 0 19 80 B 77 25 0L B T S 36 v o 280
TS RS — i LU SIS b i Tk [ LRAS 22, nl i U A S8 I 7 R L B b SRR Z AR &
AEREOT T RS L AR AR R DG S 5 3 — R AN, AR SCHE AN oK F IR BBl by | DR (BR800 300 7 [
SE LU 2 BT, 22 0 B0 0 BLAR I M 20 nm , HARFMNEE ROk [ 1 1 (a) T2 1E 5 TE X 38 ) Y
VI, ik i BB 200 1.2 TTA A 580 2 A5 1 Th i 5T 4 A s — 2 8 2 IR
8 [ T BT LA 322 5 20 P 0 d SRR , 3 BBl A B IR  FERL L R
H] A HARIE ; 50— SR K] 2 AR AR AT A R XS A R A g [ A
MFYOK IR SE 5 5 [RIFLh 2 il i e IR R SR AR 2 nm B9EERE, WKL 2 i
LT, AR R 4 KA I DY TR %) 25 () SR T 2544 , k- B AR B 1 5K 0.155 nm

indenter

before loading z l fixed atoms

during loading free atoms

B2 ZaAmsIfBaR IR o7 8l )2 A
Fig. 2 The molecular dynamics model for polycrystalline graphene under nanoindentation
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Fig. 3 The molecular dynamics model for polycrystalline graphene under uniaxial tension
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Fig. 4 Molecular dynamics (MD) simulations and analyses of nanoindentation and uniaxial tension
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Fig. 5 The snapshots during simulation of polycrystalline graphene under nanoindentation and uniaxial tension
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Grain-Size-Dependent Elastic Moduli and Strengths
of Polycrystalline Graphene: Atomistic Simulations

LU Ying‘ ,  QIAN Jin'?
(1. Soft Matter Research Center, Department of Engineering Mechanics
Zhejiang University, Hangzhou 310027, P.R.China;
2. Key Laboratory of Soft Machines and Smart Devices of Zhejiang Province
(Zhejiang University) , Hangzhou 310027, P.R.China)
( Contributed by QIAN Jin, M. AMM Editorial Board)

Abstract . For polycrystalline graphene, the existence of grain boundaries might strongly influ-
ence the mechanical properties. There had been increasing experimental and numerical studies
on the stiffness and strength of polycrystalline graphene, where 2 methods of nanoindentation
and uniaxial tension had been widely employed for tests. However, significant discrepancies in
the elastic moduli and breaking strengths from the 2 methods had been reported. Herein atomis-
tic simulations of both the nanoindentation and the uniaxial tension were performed to explore
the effects of grain sizes on the mechanical properties of polycrystalline graphene. In the simula-
tions, the failure of polycrystalline graphene always occurred at grain boundary junctions,
showing that the poly-graphene samples were weakened by the combination of grain boundary
junctions, holes and topological defects. The results indicate that, the Young’ s moduli and
breaking strengths, from both the nanoindentation test and the uniaxial tension test, are strong-

ly influenced by the grain sizes of poly-graphene.

Key words: polycrystalline graphene; nanoindentation; uniaxial tension; elastic modulus;
breaking strength; atomistic simulation
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