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Temperature-Dependent Characteristics of Carbon Nanotubes-Film-Based
Electrochemical Sensor
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Abstract

In this study, we investigated a carbon nanotube (CNT) film sensor to detect hazardous and noxious substances distributed in sea-
water. The response change of the sensor was studied according to environmental temperature, and its temperature coefficient of resis-
tance (TCR, o) was measured. The temperature of the CNT film (~50 pm) was in the range of 20-50 °C, and aCNT was calculated
to be —0.0011 %/ °C. We experimentally confirmed that the CNT film had a smaller TCR value than that of the conventional sensor.
Therefore, we investigated the response change of the CNT sensor according to temperature. The CNT sensor showed a relatively small
error of approximately 2.3 % up to 30 °C, which is within the temperature range of the seawater of the Korean Peninsula. However,
when the temperature exceeded 40 °C, the error in the CNT sensor increased by more than 5.2 %. We fabricated a metal oxide (ITO,
indium-tin-oxide) film and compared its performance with that of the CNT sensor. The ITO sensor showed an error of >12.5 % at 30 °C,
indicating that in terms of the stability of the sensor to temperature, the CNT film sensor has superior performance.

Keywords: carbon nanotube, electrochemical sensor, hazardous and noxious substance, temperature-dependent characteristics,

temperature coefficient of resistance

Mol FrtelA setad AES s
Z7etA T 1 SolA = AA A
Sensor[1], DNA Sensor[2], LoC
W] of gk skAIRE 9F 6,000
3 =2 (HNS, hazardous and noxious
,B1A, S B 5 Yt A

Al 74 YubA o] v o g
ATH4]. Altk7F HNS7} 82l

AAM[3] 5
ol o]2= A 91
substances)2 =%l A

< Ho|n 53]
AZol olgdt = &

‘e gl g A A A A F S (Major of Electronic  Materials
Engineering, Korea and Maritime Ocean University), Busan, 49112, Korea
@] Frh st ) FEHE 29 8 FH(Department of offshore plant
management, Korea and Maritime Ocean University), Busan, 49112, Korea
At FEHEA T & o) FobH 37 A T B B (Maritime Safety and
Environmental Research Division, KRISO), Daejeon, 34103, Korea
“Corresponding author: jiho_chang@kmou.ac.kr

(Received: Apr. 6,2022, Revised: May 16, 2022, Accepted: May 19, 2022)

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(https:/creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

163

(o3

NI

il

Y oF oX

Ny o
oy

of oX
ro,
2
oX
o)
%
T
o
o
ojf
i
r o
o
ro,
i_x“

o rlet

=2
R0
o
tlo
=
El‘
n\l
N{J}; WE

£ o

4

oL

X
2
ox
Z

o A0 o
=
:10
0%
Z

oo e

r__).:{
X
e
fo
_0|L
vl
A
oy
r
ol
>,
i)
oX

N
-

o
rr
re ot I
Ay
o ob rot N of

[0
o
o g
E0)
2 X ooy 12

er

e _1),
B
Ao

Hir
rlo
oyl
b2

& ¢

iy
=2
>
ofl
_[}‘J_‘
©
~

E
2

ﬂ![ﬂl o o o

£

I o
2
£

34\0

L L
oy
o,

S PARBANIFN
g ”‘1]"1 S HRto 2 A Foltk. Add FH ¢
ATEE= AF-F AR (ITO, indium-tin-oxide)” |5+ AlA] o]
gk AF7F ATHS). ITO 1 ket AA & o] &3l A A2
Methanol (MeOH), Ethanol (EtOH), Iso-propanol (IPA)E 7455&
A AF A0 AAM S-S gRlsii). s, B g4 ol
= AME grsl] ko] sl %0 Wste] t-g 7hsd Al
A7t w9 F 8B o] olof] thk A= mFSi).

2 AFellM e B8, st g o] ek
< B =2 SHE 7IHE T e SV FH(CNT, carbon
nanotubes)E AlA] ARAFZ ARSI THEA] A5 2w}
FAE o] &ato] Ae] 2wt 545 RIS T o] A+

il

f 1o
ol

e

obo
o
Jo
)

P

A

ri

] 0

e 1A

= ZA5IA w0 A G35l B2 A2S s AA e S &
wslol el 23 A7 BR1s] o HTHET). WEkA £ A7

J. Sens. Sci. Technol. Vol. 31, No. 3, 2022



Jaecha Noh, Hyung Soo Ahn, Sangsu An, Changhan Lee, Sangtae Lee, Moonjin Lee, Dongmin Seo, and Jiho Chang

£ 3% 3 71 lolE B40] 5w AALY HNS 0E AN E

ARSI, 3 Ao AT ONT A7} 8l £ wsjol of

o] 7F59kA] BRI §late] R o)E S BAlsla wASISIT)
2. 48 9y

B AgeAE Belo|= 12 J1ES olgsle] TN B

U =FE (MWCNT, multi-walled carbon nanotubes) film< A2+

SFATHS]. MWCNTSE IPA (iso-propanol)E ARE-sled 233} 4
Z HollA A7 T A APt AT 7R R e

200 pm SA2] PET (polyethylene telephtalate) Z&5-2 AM&-31%1
t}. PET 7132 DI waters A3t 103 539F 2391 A3

ARE3I3ATE. CNT Z52] 2148 vRITI 2= SBR (styrene butadiene
rubber)¥} CMC (carboxymethyl cellulose)S &3 3le] ARE-31

oh B3 50 AEEE FIAA A5 A AARS 8ol
Al 3171 218l Ho]2=Eo acetylene blackS F715F3Ath. H o]

E &3} )82 CNT : Binder :
AW 2 A2 THI]. o121 st FANE Aeslr] S5t oy
71 E3F HlES 2t H|o|2E ol&ale] dEo] W w24
, AR 58 vlaste] 7P #Ag FEo] dojA=
ABIATE QAU FONT Z5ol #Eshs vl ¢} 72 A1 A

acetylene black = 78 : 17 : 52]

= x4 4

T A=

317] $13l A28 2E-g o] 83ke] 90°CAlA 2A17F BTt EA
2 SIATHI). AZe CNT 59| ¥9 43 TS 242 3
sk | A 3 AALEY AR N 7 (FE-SEM, field emission-

scanning electron microscopeyS AH&-3FITH Al 59 A714 &
A3 A F2F 542 1-V Sourcemeter (Keithley 2400)E ©]&
ste] EA s A ZsE ONT 259 2=A AT (arces
temperature coefficient of resistance)E #4317 ¢13) &2
2ol mE A e sk ST M o] SR A
Fof| w2 AgH|ZE A 25t T} (Response AR=R/R,, R, : F-
A= 27 x{a]— R, : BNE HE S _1_§]. xi?ﬂ-) A o &
o] A7 Raf7F ZASE 1.23 Vel [10] Lok 1S st
1 Ve] AAYE 7hsto] Aol S48 ale] =71 ¥
stet= ol A ONT 252 &% o4 gelshr] f1siA
Hot plateg AH8-sto] 52 7Idsiloen, oju A8 39
L& d3Pd 71 EHFlir TH0)E A3 S48k 8 39
SHATH [11]. £ ONT &9 aree ©] AIA Sl vAE ¥
g2 B1s] 918l 20~50 °CS] 2= Wslof w2
2 45kl o] AdE & A3 AFRE ITO
S A s} Hlaste] - AREsh Wae] U9le w3

=51

olmr
O

o o[

A 3
28

0

¥ o
£ oo £

¢}

o o=

],

3. nE

Zn g

Fig. 1(a)= PET 7|23l A1 5+ CNT Z &, Fig. 1(b)= FE-

J. Sens. Sci. Technol. Vol. 31, No. 3, 2022

164

Electric
Contacts

/v

'

CNT NP film

0.04 25

(¢)

CNT NP Film
R=2340Q

CNT Film Sensor
@RT, Vais : IV, [NHY

»n
o

Current [A]
5 o
8

Sensor Response [AR]
&

o

0
Volatge [V] Time [min.]

Fig. 1. (a) CNT film printed on PET substrate, (b) FE-SEM image of
CNT film surface, (c) I-V test results of CNT film, (d) Tem-
poral response of CNT film sensor in NH; solution.
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Fig. 2. (a) Comparison of controlled and measured temperature.
Pyrometer images at (b) 20°C and (c) 40°C.
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Table 1. Temperature related error of CNT and ITO film sensors
Error [%, ARg/ARA%100%]

Temperature
CNT Film ITO Film
20°C 0 0
30°C 1.8 6.1
40°C 3.8 12.5
50°C 52 17.4
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