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Fig. 1 Force-strain curve of the PET substrate Fig. 2 Schematic diagram of micro-loading
(grey region is the loading range) device and graphene/PET specimen
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Fig. 3 Sketch of the frequency shift in Raman Fig. 4 Contour maps of the strain field of graphene
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Fig.5 The statistical histogram of 2D frequency shift of 100 symbols at the center of specimen
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Fig. 6 (a)Relationship graph between graphene 2D Frequency (normal strain) and PET strain,
(b) The 2D Frequency at the central point of graphene for different PET strain
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Fig. 7 Distribution of 2D frequency shift and normal stress in the graphene along the loading direction:
(a)sample 50pum, (b)sample 140pm

(Symbols are the Raman measurements, and the lines are the piecewise function fitting results)
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F 1 AR A1 80 5 5 ) 5 R S HOT 1

Tab.1 Comparison of interface parameters between graphene with different sizes and substrate

EER -2 DN O 118 727 NS i A SN (TR DA BT 0 R N B TR i £ 1

(pm) 73] (MPa) (X10 *m]/m*)
50 2.4 0.316 43.01

140 2.4 0.168 8. 14

270 2.4 0. 105 3.31

600 2.4 0.074 1.27

4 #Eie

ARSCR P2 GG BORDISE T CVD il 52 A s 0 55 32 1 5 I 0 0 1 D) 1) 6 ) A% 08, S0 45 21
W o ST AT A 36k KRB S DA B B« WA B B BE ISR T T2 T S IR A SR BB B TU AR IV 5 RS
B B SR ALY 2 52 4 Al 18 45 A1 SR 0 L DU JL IR AR TR 5 i A% I B L 2R IR N AR R T A SR I AR L P IR AT
TE G BT 7S 5 5T JBORS BEOR B B o A7 28060 15 B R BRSOt 3L ) 45 1

P2 MR 1 T 50pm. 140pm, 270pm Al 600m PUFRN RUSH £r 88485 A4 ek 76 35 IS Hir A in 485k 2 v 1
TE R AE | TR g RS TR UTD IS g B S0 4 R LA 2 A e S 0 DD 1) B TR $E BE A LA SR . S



55 TR A0SR SR S T A 3 B 2 D Sl e 607

U 235 SR AR A A0 S RS XU ) S U 2k S RO R AT S R R 0 5 R S U 7 T LL R SRS D) 1)
ST K F B8 A S R S, I RO ) S TR R AR 5 B RSB U ARG . B RO 8K
IO P AL B R A R A 9 10 RN A O (AR HE— IR AT 9T . D38k A S AR SR RHE B T
TN A A A5 UM FH o 8 RS 2380 07 A 5 A n L 2% O

S % Uk

[1] BaeS, Kim H, Lee Y, et al. Roll-to-roll production of 30-inch graphene films for transparent electrodes[ J].
Nature Nanotechnology, 2010, 5(8):574—578.

[ 2] Novoselov K S, Geim A K, Morozov S V, et al. Electric field effect in atomically thin carbon films[J]. Science,
2004, 306(5696) :666—669.

[ 3] Raju AP A, Lewis A, Derby B, et al. Wide-area strain sensors based upon graphene-polymer composite coatings
probed by Raman spectroscopy[J]. Advanced Functional Materials, 2014, 24(19) :2865—2874.

[4] Zong Z, Chen C L, Dokmeci M R, et al. Direct measurement of graphene adhesion on silicon surface by
intercalation of nanoparticles[J]. Journal of Applied Physics, 2010, 107(2):026104.

[5] LiG, YilmazC, An X, et al. Adhesion of graphene sheet on nano-patterned substrates with nano-pillar array[ J].
Journal of Applied Physics. 2013, 113:244303.

[ 6] Koenig S P, Boddeti N G, Dunn M L, et al. Ultrastrong adhesion of graphene membranes []]. Nature
Nanotechnology, 2011, 6(9) :543—546.

[7] Wang G, Dai Z, Wang Y, et al. Measuring Interlayer Shear Stress in Bilayer Graphene[ ]J]. Physical Review
Letters, 2017, 119(3):036101.

[ 8] Jiang T, Huang R, Zhu Y. Interfacial sliding and buckling of monolayer graphene on a stretchable substrate[ ]J].
Advanced Functional Materials, 2014, 24(3):396—402.

[9] LiP, YouZ, Cui T. Adhesion energy of few layer graphene characterized by atomic force microscope[J]. Sensors
&. Actuators A Physical, 2014, 217:56—61.

[10] LiZ, Young R J, Kinloch I A. Interfacial stress transfer in graphene oxide nanocomposites[ J]. Applied Materials
&. Interfaces, 2013, 5(2):456—463.

[11] Young R J. Gong L, Kinloch T A, et al. Strain mapping in a graphene monolayer nanocomposite[ J]. Acs Nano,
2011, 5(4):3079—3084.

[12] LeiZ. Li X, Qin F, et al. Interfacial micromechanics in fibrous composites: design, evaluation and models[ ] ].
The Scientific World Journal, 2014, 2014(3) :282436.

[13] XuC, Xue T, Guo J, et al. An experimental investigation on the mechanical properties of the interface between
large-sized graphene and a flexible substrate[J]. Journal of Applied Physics, 2015, 117(16):164301.

[14] Xu C, Xue T, Qiu W, et al. Size effect of the interfacial mechanical behavior of graphene on a stretchable
substrate[J]. Acs Appl. Mater. Interfaces, 2016, 8(40):27099—27106.

[15] Han J, Pugno N M, Ryu S. Nanoindentation cannot accurately predict the tensile strength of graphene or other 2D
materials[J]. Nanoscale, 2015, 7:15672—15679.

[16] Guo G, Zhu Y. Cohesive-shear-lag modeling of interfacial stress transfer between a monolayer graphene and a

polymer substrate[ J]. Journal of Applied Mechanics, 2015, 82(3):031005.



(2017 4F) %8 32 4%

3

608 SO N

Raman Spectroscopic Experiment of Interface
Load Transfer between Graphene and Flexible Substrate

YU Xin-tong, XU Chao-chen,DU Hong-zhi, QIU Wei,GUQO Jian-gang, KANG Yi-lan
(Tianjin Key Laboratory of Modern Engineering Mechanics, Department of Mechannical, School of the Mechanical Engineering, Tianjin

University, Tianjin 300072, China)

Abstract: In this paper, the problem of tangential interfacial load transfer between the large scale
graphene prepared by Chemical Vapor Deposition (CVD) and the flexible poly(ethylene terephthalate)
(PET) substrate during tensile deformation process was investigated. The distribution curves of
normal strain, normal stress and interfacial shear stress of graphene in the loading process were
obtained by in-situ Raman spectroscopy experiment. Experimental results show that the process of
load transfer between graphene and PET substrate can be divided into four stages: initial stage,
adhesion stage, slide stage, and debonding failure stage, respectively. According to these results, the
interface mechanical properties of four sizes of graphene specimens, i. e. 50pm, 140pm, 270pum and
600pum, were respectively measured. The change of bonding energy of graphene interface caused by
substrate deformation was also preliminary given. The influence of specimen size on mechanical
properties of graphene interface was also analyzed. Experimental results show that the interfacial
strength index, such as maximum shear stress and critical debonding tangential interface adhesion
energy, between graphene material and flexible substrate are significantly affected by size. The
smaller the size is, the higher the tangential interface strength, otherwise, the larger the size is, the
lower the strength.

Keywords: Graphene; Raman spectroscopy; interfacial mechanical properties; size effect



