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Measuring the Tensile Properties of the Nanostructure Using a Force Sensor
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Z&: ot okl &80l 7hedt Ymaxte] spEe Yeaxte] 1 2 MRS AAs] fEiA vt
2Ae] ItEd SAHL Fosith B AFdANE OeHEAYEFEMWCNT)SE Abstold Ui T (ZnO
nanorod)®] NFAIHS AAFALA R H(SEM) W F-oll A Faatalch. Aol 55 Yez2z}r] kol FAlA
7F AFRE QA Yz ol 28 HFER AY Jhetes AAHAL WMo R A2 Fyhdardun 4
(TEM) 18] = HOﬂ AR YA = meA} Foto] A9 uA-E F QAo FHHAL AT
Alg & TEMZ} SEMS &35t dhdH-S 574319131 MWCNTS} ZnO nanorod«] B A4 0.98TPa, 55.85GPa
2 717} SA4 A

Abstract: It is important to measure the mechanical properties of nanostructures because they are required to
determine the lifetime and reliability of nanodevices developed for various fields. In this study, tensile tests for a
multi-walled carbon nanotube (MWCNT) and a ZnO nanorod were performed in a scanning electron microscope
(SEM). The force sensor was a cantilever type and was mounted in front of a nanomanipulator placed in the
chamber. The nanomanipulator was controlled using a joystick and personal computer. The nanostructures dispersed
on the cut area of a transmission electron microscope (TEM) grid were gripped with the force sensor by exposing
an electron beam in the SEM; the tensile tests were the performed. The in situ tensile loads of the nanostructure
were obtained. After the tensile test, the cross-sectional areas of the nanostructures were observed by TEM and
SEM. Based on the TEM and SEM results, the elastic modulus of the MWCNT and ZnO nanorod were calculated
to be 0.98 TPa and 55.85 GPa, respectively.
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Fig. 1 The SEM image of the nanostructure ; (a)
Carbon Nano Tube (b) ZnO nanorod
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Fig. 2 The image of the experimental setup inside
the SEM specimen chamber
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Fig. 3 The dispersed nanostructure on the TEM grid ;
(@) CNT (b) ZnO nanorod

L3 dto s AE TEM 2#E=E AT o
2= AlE

HE
EJ
o
Lo
oo
—
o
Z
N
Zi
t
mi%
4
¥
rlr
o

g 7he

>
N
=2
e
o, DY

ofo

QL
o

S s

e
o, %
o

Koo
ol
ol
ol
N

51799 @8- 11\

Y



214 ART -

. ...
Te;nsile direction

E-beam

E-beam

Fracture

\0
Tens\\e a“eﬁ

Skx BE7nm 1852 BE-26-2005

Fig. 4 The procedure of tensile test for the nano-
structure; (a) show the nanostructure was
gripped on the TEM grid by E-beam (b)
show the nanostructure was gripped ong the
force sensor (c) show the nanostructure was
extended to tensile direction (d, e) show the
tensile test of CNT and ZnO nanorod,
respectively
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Fig. 6 The TEM image of the area of CNT
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Table 1 Mechanical properties of the nanostructures

. Tensile Young's
Elongation
Structure %) strength modulus
’ (GPa) (GPa)
CNT 1 3.02 30 993.3
CNT 2 3.06 30.1 983.7
ZnO NR 1 0.66 0.3 51.2
ZnO NR 2 0.95 0.6 59.4
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