creative
commons

C O M O N § D

Ol2Xt= otele =2HE 2= B0l 8ot AFEA

o Ol == SH, HE, 85, Al S L 58 = U
o OIXH MHEZSE HdE = UsLICH
Ol HE=Z2E gl SH2=2 0188 & UASsLIT

MNETEHAl Fotes BHMEHNE HEAIGHAHOF SLICEH

o 7lot=, Ol M&A =2 MOISOILE HHESl F<, 0] A =0 HE= 0SS
S T E 6t LIEHLH O OF & LICH
o MNAEAXNZRE EE2 5lIIE 28 0l2lg £2HSE2 HEL KX ZSLICH

AEAG CHE 0182 Hele f128 LWS0ll 26t gets 2 X ZSLICH

01X 2 0l Ed = 772 (Legal Code)S OloiolIl &l kst 23 & LICY.

Disclaimer |:|._'|

Collection



http://creativecommons.org/licenses/by/2.0/kr/legalcode
http://creativecommons.org/licenses/by/2.0/kr/

9 = &
29 24

o}
of

s A4 A}
2012d

3L

[¢)

Ho
X

o
Ho
<]

W7 E 2 Y4



9 =

o}
of

A )

.
5

Ho

el
sl
)

24

2012

Ho
X

o
Ho
<]

W7t E =2 Y



249

24

20124



27

Abstract

o0 0 M L
AN AN M M
N
oy
[T
[
L I
¥
| I ™)
| | g _

|kl
N
[ |
[ [
_ e |

_ [ |
L 1 %0
B U
o N
o
7T
T i
" Moﬂw

) <V ur
oF ﬂmﬁ
0 ! 1
9 o
A H
Yy

%
& A delAd
9]

V. 2Eg¢
X
=
X
=
&

38
40
42
43
45
45
48
50
53
o7

e

1. 48 AA9 4
2. A7)-3k8 57
A7)-skehy 757

3.

V.yx g2 AF 7)dke] A7 -3kstd 57

VI. 4&
Z A



A Study on Nano Carbon based

Smart Materials Characteristic

Ju young Cha

Department of Mechatronics Engineering,
The Graduate School,

Pukyong National University

Abstract

In this study, a nano carbon based smart material composite and their
characteristics to. develop strain sensor, new actuators and corrosion sensor. The
resistance change of the .composites was measured with respect to the change of
strain and the gauge factors of .the composite..were derived and were compared
with others. It is deduced that the largest contribution of piezoresistivity of the
composite comes from slippage of overlaying or bundled MWCNT in the matrix
from a macroscopic standpoint. The graphene / epoxy composite strain sensor
showed much higher strain sensitivity than both carbon nanotubes (CNTSs)
composite strain sensors and the strain gauge made of high-quality graphene films.
A contact area & resistance model of graphene was introduced to explain the
higher piezoresistivity of graphene composites compared to CNTs composites. The
electrochemical actuation characteristics of nano carbon materials were

experimentally studied to develop electrochemical actuators. The electrochemical



actuators were composed of aqueous NaCl electrolyte and their actuating electrodes
were made of multi-walled carbon nanotube (MWCNT) / polystyrene composite and
graphene respectably. Actuation is proportional to charging transfer rate, and the
electrolysis with an AC voltage input has very complex characteristics. To quantify
the actuation property, the strain responses and output model were studied based
on electrochemical effects between the nano carbon fiims and the electrolyte. The
nano composite sensor can detect structural deterioration, chemical contamination
and bio signal by means of its impedance measurement (resistance and
capacitance). For a structural application, the change of impedance shows specific
patterns depends on the structural deterioration and_this characteristic is available
for an in-situ multifunctional sensor, ~which can simultaneously detect multi
symptoms of the structure. This study is anticipated to develop ‘a new nano sensor
detecting multiple symptoms in<structural, chemical and bio. applications with simple

electric circuits.

Key Words ': Carbon nano-tube , Graphene, Smart material, Nano
Composite, Strain sensor, Electro-chemical actuator,

Corrosion sensor
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Fig.lll-2 MWCNT / PS composites fabrication process.
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(b)

MWCNT /PS
0.5wt% composite

Conductivity
electrode
(silver epoxy)

Fig.lll-3 Fabrication of composite electrodes: (a)MWCNT composite
electrodes in a silicon mold and (b) schematic illustration of MWCNT
actuator composite electrode (49.03 mm x 8.32 mm x 0.29 mm,

p=591.51 Q-m).
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Laser Controller :
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Fig.IV-1 Schematic illustration of strain measurement.
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Fig.IV-2 change of electrical resistivity of MWCNT / Epoxy

composite according to the wt%.
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Fig.IV-5 Experimental strain model of carbon nanofiller smart

composite - graphene / epoxy, SWCNT / PMMA, MWCNT / epoxy

composite (3 wt%) strain sensors.

_35_



v B AAE o]gd Batag AEYQ MAME FigIV-5] EA
gk npel o] hF W QI stTol FEd AFAHES Heln CNTE %
AANZ AT B3] voh adas AR AR 5349 A
ol# &o] #A FAHEUTE CNTY FfHol we Aol &9 Aol=
Aol WAEA ggon YRS FHARE AL AFde F AolE
wnojth o1y Axe A 5L 7|4 A= el BExsta gy
W B AAEo] utgrol WHAskE HE A o|Esta lvkal FA
Hrh FigV-6ol =A] g wpel o] 129 CNTE SHA= ARE
wrh 22k o] agds FAAE AREE AFG Rl 7zl
NFH gFol g HAFHAY zpe|7p A Hol H7]A A& zbe]

ool whekA sl 540 gt olAE Ao

N
-~
W
X
e
ox,
Ol
iy
Sriy
2
k]

oz Yelgth 5 1wt%e CNT9F twi%e] 2#j9s Egste] A18&

_36_



4-\25%

compression neutral

O

tension

Fig.IV-6 Schematic illustration of piezoresistivity induced by carbon
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Fig.VI-2/A sample of CNT / Nafion composite. (5wt%) sensor
electrode (édeOx0.0me}: on'll;'_netal specimen,

)
2

Fig.VI-3 Experimental setup for MWCNT / Nafion corrosion sensor.
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