Regular Paper 181

J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 33, No. 3, pp. 181-185 May 2020

DOL: https://doi.org/10.4313/JKEM.2020.33.3.181
ISSN 1226-7945(Print), 2288-3258(Online)

Multi-Walled Carbon Nanotubes (MWCNT) olijjut=ato| xjj=tu}
sistMIN] S&F S40f Zst A7

I_xHOIJ! -'-I-,'l_t-é.ll1! %%15 1_§g1 OIgEHZ! IJIJOE’:S, gxli.i

A Study on the Fabrication of Multi-Walled Nanotubes (MWCNT) Based Thin Film and
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Abstract: Hazardous and noxious substance (HNS) detection sensors were fabricated using multi-walled carbon nanotubes
(MWCNTs) and various binder materials for ion batteries. To obtain uniformly printed films, the printing precision according
to the substrate cleaning method was monitored, and the printing paste mixing ratio was investigated. Binders were prepared
using styrene butadiene rubber + carboxymethyl cellulose (SBR+CMC), polyvinylidene fluoride + n-methyl-2-pyrrolidene
(PVDF+NMP), and mixed with MWCNTs. The surface morphology of the printed films was examined using an optical
microscope and a scanning electron microscope, and their electrical properties are investigated using an [-V sourcemeter.
Finally, sensing properties of MWCNT printed films were measured according to changes in the concentration of the chemical
under the various applied voltages. In conclusion, the MWCNT printed films made of (SBR+CMC) were found to be feasible

for application to the detection of hazardous and noxious chemicals spilled in seawater.

Keywords: MWCNT, SBR, PVDF, Chemical sensor, Electrode

1. ME FoA FEEY Si4E TOef wEr] Sitstes a7

of ojefgo] Qlojal x7|o] HEste] LS WAlstaL

95 95 EAl(hazardous and noxious substance, THASHof it SHA|QF =g 9l 2%} Apur) dAIE
HNS) QIAo] Salisty £57F chorsict [1]. §35] 8 o0, AAo] st TrOHH ool ARggh Aol A
T 25t 4ets L AKE HAXTIE & &

ol
4>

(o] o

&4 Jiho Chang; jiho_chang@kmou.ac.kr ﬂ-]J Al }\-]% 754‘ %_o]— OﬂE—] 7}7(] _,_xﬂ S| ] oﬂ}b]-% q
AR X Al = 5 olg k=)

Copyright ©2020 KIEEME. All rights reserved. = AollA = }\HE_"—_ WAS Aol Astel 1%
This is an Open-Access article distributed under the terms of the Creative Commons St i].é_‘}x_-! §,]-75] oﬂ }\«]E_ LH__rL e 7vy1 %75}8‘:_1- N ol o

Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0) M
which permits unrestricted non-commercial use, distribution, and reproduction in any o] = HalE2 AZXE3E A ol y]|»=-2 Yols
medium, provided the original work is properly cited. o HNSO| & ¥igts 452 & 9l ZlIe= Fost

oga R
s}



182 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 33, No. 3, pp. 181-185, May 2020: J.-H. Noh et dl.

710 Ager oj2AR9 A= e EEE 2 A
oFstIct. Eot AAF ol wshA = Z2tAaE AE9
SN2 J|HS ol g3lo] HYOINY BEEES o]
o, JP5E g e A e Mgstel AAYe
Bug BES 20 7S ARG

NA AEREA ol FAl9 AT 2R wWol A7
Y1 Q= oEd SAUEEH(multi-walled carbon

nanotubes, MWCNT)Z o]&5}7|2 359, Qlafjarat
< 7P HEAQl 1Ml JHARYH S A& B2

Sttt ESH 7|[HoRXN = RAA 7|HOo R Wo| HE
Tl 9l= polyethylene terephthalate (PET) 7]|®-2&
AlR35712 stk AR Qlajututo]l A& EA

W 54, 2ete U] gt 2EE HAstel 2 3
of £Alst: HNSE ZE% & 9t slbiAzA

2. A3 wy
B Aol MWCNTE o] &sto] laf utatg A
As1oirt. Qlalg s|go e 200 un F7o] PET W&
2 APEGCh FUT A AL A7) Ysto} oA
57 54712 olgstel JlWe] BH A uho) ©
€ Eu oflirls) U8S B 1Y A9 9
0 2% N, blow, DI water, IPA (isopropyl alcohol),

acetoneg 77} AHgsto] 247} 102 &9 251t AlA
R1e§stitt. MWCNT= IPAE o] &afl 3AIKF &Qt
g & Atgsteint. WolAEe] HALYH Q14
Rolste wleltie ole Al HIo] ALEH
o9l SBR+CMC (styrene butadiene rubber +
carboxymethyl cellulose), PVDF+NMP (polyvinylidene
fluoride + n-methyl-2-pyrrolidene)S X835} I
O|AE AAF2 MWCNT &2, otdEal EW(acetylene
black), HII{E FAH]2 =&sto] AATSHITE OfAl
gl S22 AEare] 7fejo] ols=E FHAIA Al
o] =5 5717171 Hsto] ArIstRitt. o] AE”]
S3tH]l= MWCNT : (SBR+CMC) : acetylene black =
78 : 17 : 5, MWCNT : (PVDF+NMP) : acetylene black =
3:65: 59 Ml el Al

doctor bladeE ©0]83F knife casting
19gstgict. of wpEe slE glo] Lge

o]

Fir 4o Hz o
ot 2:

A

l'_L4F|.|

o]

o

o "H
) ]J_L} _«&U:h‘} 01730} 7}7:12
o] AEVE FASH FAVF H=
. Doctor blade?] blo]= 20|

m
-] ng] OH

e |m

Jpu w
>
-
M
o
-

S olgsto] 94 usto] SIS 217t 35 um, 65 m
9750 QA BAS APstct A AERo] wA
& 5+20 s} 7 st

mlo
T
Obo
ol
ok
9.
_Q
fn‘
o8}
=
+
@)
=
Q
—" F

o] =7l 3= A9E
o]-g3ll AAfet QIAf wfure- 70 C°ﬂ/\1 2R12E 5J 7]
oA ERYE Al ;}9";_' (2], (PVDF+NMP) BIRIH &
ol-gsll AAfet <l Bfek2 90°ColA ARt AE A
Bl x2S "J%ﬂ%ﬂr [3,4]. (PVDF+NMP) H}QIG
S ol&et Y2 Ay SOl EAYE A&t olie
71 oA ExlestdS o 7] Mol wEE el

7] wgolch PET 7lwe] 2wy £E(100C o8
o e exolA AR2 st golE Wao] WaH ol
#71 ulsiel doklg skl 1dt Ao e wd, s
A7 ATE A isto] (PVDF+NMP)S Safl Mgt vt
Sre A3 FolA dAels Nl

o]xfutat Ao astksn) At KA}qu}oin] &=
I A d vt S8 24819141, -V sourcemeter
(Keithley 2400)5 ol&<gt A71A E”% ZAFSFACE
sz 3-8l }%@ | st sk, AP
YE 1V, 5V 10 Ve Wsh7eA sis W dey
of B wisjo] m Al M 2 sk skt
o] Axjo} 2z Asfetel A Walge Aol
At (S=R/Ro, H=:S
Ro, SAA R). 22 AlA

1o
M
J

[e) (o] S 1%
water, IPA, acetoneg ©0]£3

Mgk 7ol mW P4 BH oURE 54 7éﬂ]r
ot ®9H o||X]= DI water2 A|A3gH 7]Ho] 8
2 2 MMM 54T 4& *—1%‘71’394 EiY
o qx](88.1 m]/m*)et GARSIICH ESE N, blow,
IPA, acetone© @ XA3t HS zFzZF 57.4 m]/m? 80.3
mj/m? 65.2 m]/m*e] BW oUxS A} o]2|gh
B o] Wl Aujgor WS HHO| P
Hsto] o3t Zlo g WHEr)
TLg QuafEtakE AlRtslr] Yske 7He] BH oy



7R = o)== Al

(a) N2 Blow

¥ = 57.4 m/m-=

(c) IPA- Cleaning .

y = 80.3 mi/mé |

Fig. 1. Surface morphology and surface energy of PET films
according to the surface cleaning method. (a) N, blow, (b) DI
water cleaning, (¢) IPA cleaning, and (d) acetone cleaning.
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Fig. 3. Sensitivity variation of printed MWCNT films using (SBR+
CMC) binder. (a) Under the external bias voltage of 1, 5, 10 V
and (b) sensitivity variation against the DI water, brine, brine +
NH; solution (V=1 V).
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Fig. 4. Temperature charge before and after NaCl solution during
sensing test.
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Fig. 5. Sensitivity variation of printed MWCNT films using
(PVDF+NMP) binder. (a) Under the external bias voltage of 1, 5,
10 V and (b) sensitivity variation against the DI water, brine,
NHjs/brine solution (NHs/brine = 100 mg/L) when Ve =1 V.
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