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A Study on Sensing Characteristics of Carbon Nanotube Smart
Composite Nano Sensors Based on Electrical Impedance
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Abstract : To address the need for new intelligent sensing, this paper introduces nano sensors made of carbon

nanotube (CNT) composites and presents their preliminary experiments. Having smart material properties such as
piezoresistivity, chemical and bio selectivity, the nano composite can be used as smart electrodes of the nano
sensors. 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 depending on the structural deterioration and this characteristic is available for
an in-situ multi-functional 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.
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Fig. 1 Fabrication of CNT/PMMA composite
electrodes (a) SEM images of multi-wall carbon
nanotube (MWCNT)PMMA (20 wt %) sample at
1000x; (b) spray fabrication on a patterned bar (c)

SWCNT/PMMA electrode (5 wt %, 5 x 30 x
0.3mm, resistivity = 58 c¢m/S); and (d) fabricated
MWCNT/PMMA structural sensor sprayed on a
glass fiber beam (5 wt % MWCNT, 330 x 5 x

0.08 mum, R=117.03 k , C=14.7 pF)
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Fig. 2 Equivalent electrical model of CNT composite
electrode based on EIS test; {(a) equivalent electrical
model of a 10% (wt.) CNT/PMMA composite; and
(b) simplified electrical model of CNT composite sensor
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3 Electrical impedance variations of CNT composite sensor in the case of structural health monitoring (a)

static (DC) response of the sensor under 0.208Kg static load and (b) dynamic strain response of the
SWCNT/PMMA 10% strain sensor in free vibration beam (cutoff frequency 30Hz, gain:20 dB)
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Fig. 4 Electrical impedance variations of CNT
composite sensor under crack progression in the
case of structural health monitoring
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Fig. 5 Electrical impedance variations of CNT composite
sensor under chemical contamination (5 wt %
MWNT/PMMA, 60 x 5x0.08 mm, R=117.0 K, C=19.1 pF)
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Table 1 Electrical Parameter Change Ratio of the CNT Composite Sensor

Resistance (R) Capacitance (C) Output Voltage (V) Development
trend AR trend AC trend AV [%0]
Strain ) 1.0015 <> 1 1 7.8E-4 0.13
Crack 0 1.48 J -0.66 0 0.24 80
Corrosion T 1.053 0 60 0 0.025 100
%1 2829, 2% HotH eguel weby & @ & AT 24T e oA wse 43
ONT B34 A4S guds S4o] 2718 o o =% 548 fEse o9 4xd Be 433
J9s wsh 540) S4stuA ke BoA 2 3 FAETFY 38 B4 A o)A@ WA
&4 9G¥l daled g Wstehs AL Mol  WHx Jr N2 e WE 542 BT
B2, ol 54E S8ITE & sl A7 2 3 AlY 5L AXTE FAG o8 E2F 2 38k
9 A71E BEE o)&dt FREC LAse WIS dd A7A e ojgsly Py
ZEZQ, 3d E RAE FA HEE F dE F dE 54 A (multi-functional sensor)<]
07154 AlX(multi-functional sensor)e] A¥HE RS b & 4 ok
7VsstAl & 4 Sl CNT &vtE E3taA Axe A% g 9o
A B, BEFY vy 23y ZHE 9
4. 8 B A, d=2 A FAF B T 2L IS ge
2 AT 4 ol i Ak el A3 & 5 9
2 47dAE Uk 2rtE B AA(nano T E3 FERE AW A Aol AR

smart composite)Z AZE AAe A7 JddAw LHE} g
Z(electrical impedance) W3slo] 93 234 EAS 39 AAME 2T 4 Qe T 3 gdy &%
s I

A7etd FxEY ARG A A& AsAe AT FAoE AFFEA AL sHsd FHol 9l
A AAMe ZYHE NANEmatrix)E O Z2HY ol AMARE sty 93 U B
AREEt] U AR Ak FH(carbon  FAE FAL oFAZIA Uk g9 EAd 71
nanotubes, CNT)E ¥=(bulk) 53} A|A AZS 3§ o8 FAHS W2 YoER A5 A

¢

SAth ZElal o] AIXE gEHe AAL 3 5 3 EAT FE Hook @ 7 & BAE dolok
2E (strain), AH(crack) 2 & 2¥r = FFole CNTE 334 7i53 AZE 5319

3 43¢ B3 TREDH VAT 5 At 2 53 38 43 gy 2ASY A9hoz £ 9

2 3 4E UES ASe] 43 AAHez  F YE 54 2 olHP WS Baked A4 AT

A% A2 AN Y ez 54 wg 2713 J9Ea} wsshe 54 043 ONT:

g 2339 ShE BgaA AF9 A A7 A9 G Aol
CNT 2:vtE Bg2d] AME ARRF $37)

©9 38 =% Fu9 #7844 wdw A7) &1 28

4 Qo 540 29y @ 4 on, 2zt
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