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Recent Development on Interfacial Mechanical Properties of Graphene/Flexible Substrate

REN Wen', WEN Pin', HE Daping'*
(1. School of Science, Wuhan University of Technology, Wuhan 430070, China;
2. State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 430070, China)

Abstract: As a carbon nanomaterial, graphene exhibits the superior mechanical, electrical and thermal properties, indicating an
enormous application potential in the field of flexible electronic devices. In flexible devices, interfacial mechanical performance
between graphene and flexible substrate can determine the reliability of devices performance. This review represented recent
development on the interfacial mechanical performance of graphene/flexible substrate, i.e., experimental technology (by Raman
spectroscopy, atomic force microscopy and pressurized blister test) and theoretical calculation model (shear-lag theory, nonlinear
shear-lag analysis, bilinear cohesive law and two-dimensional nonlinear shear-lag mode). In addition, the relevant applications and
difficulties of flexible graphene devices based on its interfacial mechanical research were also introduced. Finally, the future research
and application were prospected.
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& is the critical interfacial shear strain; &y, is the applied strain to the substrate;
s is sliding zone size; L is graphene length; SL is the shear-lag parameter.
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Fig. 7 Normalized sliding zone size versus applied strain
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Table 1 Interfacial mechanical parameters of graphene
with different lengths
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Authors L/pm e/% Emax/%0 7/MPa
Jiang, etal™ 124 2.0 1.22 0.689
134 1.23 0.643

16.8 1.40 0.583

17.2 2.0 1.22 0.497

19.5 2.0 1.30 0.467

21.8 1.55 0.498

Gong, et al*" 12.0 0.800
Dai, et al®® 9.0 0.7 0.450
Xu, et alt’” 20.0 1.5 0.91 0314
50.0 2.0 1.00 0.237

100.0 2.0 0.99 0.158

200.0 2.0 0.99 0.089

800.0 2.0 1.00 0.055

2000.0 2.0 1.01 0.022

5000.0 2.0 1.01 0.009

10 000.0 2.0 1.01 0.004

Qiu, et al™ 40.0 2.0 0.99 0.380
100.0 2.0 1.02 0.247

160.0 2.0 1.02 0.190

&, is interfacial tangential debonding strain limit; epax is maximum strain of

interface transfer; 7. is maximum section shear stress.
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3 R Sy SR 5T B SRR B A

H 1T O 28 R0 0 sa b 2 6 M BH ST #4
e, AR RO O, e
W IR, SR I e A A RRL T RH T )
VEAL RS . e Fa8 . R a S A
Forb, A SR AR SRR T FH T M A AR P R 1 1
(TRIR FikdE ., 383h. AR, R
W AR W] T E R il . Rt g0
wass ik ae DL ANETT TR RIRE .
FL PRI 2% 25k T a2,

Pan £V ] % FLA4R 8 (PCE)E 341, ¥ CVD
) £ 1 = 47 B I (3D-GFs) 5 PDMS & (1
Bl 10 Frow), il % HSife L s R SR RN AR Y R 1
A, BFFEE R R, 1000 CHil & 8 SR
FREIA 11.6 S/em, HFEFMERLF; 7E 50%$
R, HARX BPHAR RN . 7E 900 CHiIl&E A
JEEL A R 1 N AR A B R, N AR ATk
187%, FIHFLLEEIE 5 000 YR AIFLAF—FEHAE R (FE
S0% R AR ) o FHIX T 5T A LI A (10 I A% A B
AT MR 2 A N AAVE SN .

T S R E AR Y 5 S A AR F P R IR
WHERIR, He 25106 o B i (0 SR AR 2 S
ARG b A B A SRR, MR R R A

[57]



5055 7

B 30 S A SIS I Sl ) A T RE B Ut .+ 1817 -

RS B TR AL B ) PDMS (IR . AR
BRI, TSR T AL 3 5 2501 N 2 R K T v
TR R Z R ICECAR T ,  TERR T R A
PR 11 fioR). BT IRl A R E R FI ]
Fi7 AR 99 K 8 T 48 9 58 i —PDMS(Gr-PDMS)
SAEMEE, W] AR A G B RE i A
RS, E AW BRI EABRRI ST A,
T T X 5 G A AT ] H — o Y325 B 1 o 8 mT iz
) B FL AN JRE B F 44 K K FLTL(SE-TENG), TENG
A DARE AR ] 100% 5248, 1 A2 H 3B 2 1 D) 22 4
H IR

Remove PCF
al
and Dry

H,, Ar, CH, PDMS

9 or 1 000C [(ldlfy

::3D Em

CW)&%%%Z%E%%V

% fL4# 5 (PCF),
(3D-GFs), PDMS % # ) 3D-GFs(F£B% PCF fif)Ail
PDMS 7 ) 3D-GFs(# [ PCF J&)
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