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Fig. 1. Structural diagram of graphene-PET specimen.
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Fig. 2. (color online) Stress-strain curve of the stan-

dard PET specimen.
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Fig. 3. (color online) DIC calibration and correction of tensile test for PET specimen: (a) DIC system;

(b) correction curve.
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strate.
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graphene.

(OB HT G0, AR B L X AR R IZ TG R, AR AR
S DX R A L R B 2 3K, A S I AR 23 A IR BIR
T 2R BRIR. SR, B 7 2 JoR I AR PR 2 P 4 22
0.5% LAJE, AR L IX 1) 3 2 55 B AR R e X (1 L
ACAE I AN P LR PR H GBI AL 2%, A S0 L
AR PR 2 P 2 Ly, AR AR AR > 2%

Je SRSERE N, T A 2R 0 AR A il 2 R EF AR AN
(IR et R 4 R, A SR RS /N e A8 73
LR B JES 98 L)

4.2 AEZ-PETRE@EAOFITH

s i 5 PET F5 i a4 L H-27 ) 856
B 1291, S 6 Bk o PET 25 Ji e i (07 7% 347, 742 i
I S AR B S L 0T S TR AT N
Gy AT, AL HCP T AR, BT e SR B T AR I B
T3S, o o M e 73 73 00 S JaHi A 7 1)
0 I BRI AR,y N ST D)L 7 (ISS), t A
SR JERE, 9 B TARAE A SRR R TT 1) b AR X
B . BB SN INEARTE, ]2 5tk A i 5%
A [25,29].

or = Eey, (2)

Hrp, BV SRIG K SER R, 35 TR 32 0014,
O R 000 52 1 273 £ 22 £ T £ D) L 7 3 R

rida + tdoy = 0. (3)
¥ (2) A (3) 2
dO’f . dé‘f . _ﬁ
@ Pt )
dz
R —

Y of +doy
Graphene .
element

-

Ti

W7 Sk s RS Rl
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FIH (4) 3, A BG5S PET 56 541 18] 1Y) 8
IR/ IE B 8805 1 1E B S — B 4 (R IE B g
IR FE), BRIkt T DLadast o 4 (] 6 B H i 1E R AR 43
A M 2 AL B S SR 3R, AU SRR AR R
HEEEBANE =1 TPa, t = 0.34 nm 2529,

PL100 pm A7 S84 0], B8 45t 1 100 pm FE
JEC A 0.5% By A 55 Jef I 8 il op o B B 2% AR IR
RS o M SRRV ) 7 o AT L Hohr, JREa i 48
BN S350 A0, ALt 2y S U1 735340, Al WLIR]
— T, AR AS FALE TN A — 3L A
5], AEIB G 5K, E R S8 BE X Bt A6 7 B 5 ik
A RO T R, A2 N AR E X A

166801-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 16 (2017) 166801

BIOZ5 T 100 pm A7 S84 RF i 7E A [ 52 i B
RSN 3534, BHER W, B PET 2K
AR 3800 31 0.5% I, A 280 1 2 4k 5 1E BT DN )
IR B RMA. PET KBRS N, 1524
NI G A 1) 00 T T 5 32T 3828 e K ) AR T
RAMR:, RIBRS X EGE K. 24 PET HE RN AR
235 2% LAE, FHEVIN S o3 AR AR, RV 2844
SLARAN P B B AR, AR R, [F, AT
PAFFE) 100 pm 1 280 K YIS /174 0.247 MPa.

Relative location
-0.5 -04 -0.3 -0.2 -0.1 0.1 0.2 03 04 0.5
12 F 0.4
- J0.3
0.2
0.1
0

—0.1

Interface shear stress 7;,/MPa

Normal stress o/ GPa

|
o

|
o
w

0 20 40 60 80 100
Graphene location/pm

B8 (MPIEM) 100 pm A BIGRIEE PET 3K N AR
90.5% I (111582 3 e S V18 73 53 Aii B

Fig. 8. (color online) The distribution curves of the
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Fig. 10. Classical shear-lag model.
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Table 1. The interfacial mechanical parameters of graphene with different lengths.
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Abstract

Monocrystalline graphene is expected to become a core material for the next-generation flexible electronic device,
owing to its superior mechanical and electrical properties. Therefore, it is essential to analyze the interfacial mechani-
cal property of the composite structure composed of large-scale monocrystalline graphene, prepared by chemical vapor
deposition (CVD), and flexible substrate in experiment. Recent years, micro-Raman spectroscopy has become a useful
method of micro/nano-mechanics for the experimental investigations on the properties of low-dimensional nanomaterials,
such as carbon nanotube (CNT), graphene, molybdenum disulfide (MoSz). Especially, Raman spectroscopy is effectively
applied to the investigations on the mechanical behaviors of the interfaces between graphene films and flexible substrates.
Among these researches, most of the measured samples are small-scale monocrystalline graphene films which are me-
chanically exfoliated from highly oriented pyrolytic graphite, a few ones are the large-scale single-layer polycrystalline
graphene films prepared by CVD. There is still lack of study of the large-scale single-layer monocrystalline graphene. In
this work, micro-Raman spectroscopy is used to quantitatively characterize the behavior of interface between single-layer
monocrystalline graphene film prepared by CVD and polyethylene terephthalate (PET) substrate under uniaxial tensile
loading. At each loading step from 0 to 2.5% tensile strain on the substrate, the in-plane stress distribution of the
graphene is measured directly by using Raman spectroscopy. The interfacial shear stress at the graphene/PET interface
is then achieved. The experimental result exhibits that during the whole process of uniaxial tensile loading on the PET
substrate, the evolution of the graphene/PET interface includes three states (adhesion, sliding and debonding). Based
on these results, the classical shear-lag model is introduced to analyze the interfacial stress transfer from the flexible sub-
strate to the single-layer graphene film. By fitting the experimental data, several mechanical parameters are identified,
including the interface strength, the interface stiffness and the interface fracture toughness. The Raman measurements
and result analyses are carried out on the samples whose single-layer graphene films have different lengths. It is shown
that the stress transfer at the graphene/PET interface controlled by the van der Waals force has obvious scale effect
compared with the graphene length. The interface strength, viz. the maximum of the interfacial shear stress, decreases
with the increase of the graphene length. While the graphene length has no effect on the debonding strain or the strain
transfer limit of graphene/PET interface. Combining with other previous studies of the large-scale single-layer graphene
shows that the mechanical parameters of the interface between graphene and flexible substrate have no relation no matter

whether the graphene is monocrystalline or polycrystalline.

Keywords: large-scale single-layer monocrystalline graphene, flexible substrate, interfacial mechanical

property, micro-Raman spectroscopy
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