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Abstract: In this study,

oxide(ZnO) composite film. Carbon nanotubes

we fabricated NOx gas

(CNTs) have good electronic,

sensor by using multi-walled carbon nanotubes(MWCNT)/zinc

chemical-stability, and sensitivity

characteristics. And zinc oxide (ZnO) is a wide band gap and large exciton binding energy semiconductor. In

particular, gas sensors require characteristics such as high speed, sensitivity, and selectivity. The fabricated gas sensor

was used to detect NOx gas for different values of the NOx gas concentrations. The gas sensor that absorbed NOx gas

molecules showed a increasing in resistance. The sensitivity of the gas sensor was increased by increasing the gas

concentrations. Additionally, while changing the temperature inside the chamber for the MWCNT/ZnO composite film

gas sensor, we obtained the sensitivity. And the comparison analysis to ZnO film gas sensor for detecting NOx gas.

From the experiment result, we confirmed improvement of NOx gas detection characteristics using the MWCNT/ZnO

composite film.
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olo] mel B oA ©a%t My EAT} sl
A Qe Ao 4¥sh @ ool Jbsd
712 Ux EHY (carbon nanotubes, CNT)& EA
stst 71 A ¥ (thermal chemical vapor

deposition)g £ AAE, MWCNT (multi-walled
carbon nanotube)?} Atstotdd (zinc oxide, ZnO)2
o]-gsto] MWCNT/ZnO YA BES AAsIRCH,
Fe 2 2= ¥igho] ©E NOx 7t HdF S48 4t
sfoldl JpAMAe} WL BAsich Ea, A

NOx 7tA Fko] mg 7IAAIMe AE S48
ST} [7-15].

B AlSlo|x% Thermal CVD ®o| oJs] AxE
MWCNT 28 A85191 00, 4[mg]e] MWCNT &%
o 20[mo]o] oEE 8AIE Sste] ZAMAIE AlAFSt
ot AAE 2AAE 2[kef/ci]e] Pog Axmgo]
71MZ ol&st /2] 71 Yol g sidley, A
ndo] B MWCNTZo] FxrAoz AL E 150
‘Co] SrEPo|E oAl ATt [16]. 1 %
sk Epll AME (facing targets sputtering, FTS)=
o]-835fo] MWCNTZEE ¢foll ZnOE FAsHAT [17].

E5F, MWCNT/ZnO 23t =29 71A M2 ALR
171 flste] DC AmE & o] &5to Au A=5 SAS)
Fon, A cl-2A A= 2 30m]2 A
Arstdtt. 18 19] (a)= 7FA AMQ AA ¢AE Y
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Fig. 1.

fabrication of the NOx gas sensor, (b) gas sensor measurement

(a) Schematic structure of the processes in the

system.
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Fig. 2. (a) SEM image of MWCNT nanostructure, (b) raman
spectra of MWCNT nanostructure.

a3 29] (a)e field-emission scanning electron
microscopy (FE-SEM, Hitachi S-4700, Japan)& At
25t MWCNT/ZnOS] DX 1EE ¥oli 9o,
(b)= Zn02] XRD (X-ray diffraction) Tj&l& LJrE}LH
3 9tk MWCNT 9] 4oz A7 30 [nm],

7} 93 [%] o)dolH, H|BHAL2 200 [mi/g] E—l E'**

S42 Boch ARE JAAAE FRE Tta 2EA
Aeo] AAksto] £ (20~60°C) U NOx 7hx 0]
o staAAel URES Ssteint [18,19]
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3. Z3 % 1

2 AFoA= AY o 2= £AY gHEolES
RIS &, 3 Yof] AR MWCNT/ZnO 7FAAIA S
FAbskict. 2= NOx 7FA 20 [pp ]% 4 5 7t
2AXC A& EAFE BAstEe, 7tA FE E40]
7S Hold 60°C &74ollA 8 [ppm]’*—‘! % 80 [ppm|7t
Al dAEZ o] 2 7tAMAMO] RIS ibst
At [20,21]
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Fig. 3. Sensitivity of gas sensor for NOx gas 20 [ppm] as the
ZnO fim and MWCNT/ZnO film.

2y 32 Ay W 2EE g2 xRz 3o
MWCNT/ZnO 7t AMet ZnO 7hAMIAe] NOx 7t
£ 20 [ppm] FE& 545 A (D)= ol&stoq HEU!

o [22].
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b By Ry
Sensitivity = R, X 100% (1

Ro: 7F2AIA O] £7] A [k
Rg: NOx £ & 712AMAM 9] A7 [kQ]

MWCNT/ZnO 2] B2 7ANAY] 7hA U7te
700 BE 7k A9 UZEBct Hold 2 &l
4 9olth 1 olgk BUA BEEC b fe
529 Qo] ARl oz BUHL 5, nd YUE
A9l ZnO 59| ok Ff2lolel At py WHER|Q
MWCNT %9 ok 7A2lolel H39 s=st Z7pt
gof 4% Ffeolse M2 CFe WrEA| 02 =Mt
o Hlo| n, pd WEAISY }2 Aol F7h}
HeolHo NOx 7t 4% 542 ¥9 Zos mu
dckh. 73 4a)s MWCNT/ZnO S37| BE 7hAAl
Aol ew st BE APES Holm 9o, (bl
AR L5 £ F ORI} L 60CE J|FOR

r
p
y

é 2 % e

Sensitit{(R R /R, "100%)

10 20 30 40 50 50 70
Temperature ['C]

304

303 4 (b)

302

301 4

300 - »
-

w
297 4 -
208 ]
205 ]
204 4

2] | b

292

20 | H
290 e | T } ;

o 10 20 30 40 50 50 0 B0
NO_ Gas Concentration [ppm]

Reststanca [kOhm]
“ o

4.0 (C)

3.5
3.0 4

2544

1.5 4

1.0+

Sensitvity[(R, R, /R, “100%]

0.5

0.0 -
10 20 30 40 s0 80 70 80

NO, Gas Concetration [ppm]

Fig. 4. (a) Sensitivity of gas sensor for NOx gas 20 [ppm]
with the variation of temperature, (b) gas sensor resistance
from the variation of gas concentrations, and (c) sensitivity as

the result from sensor resistance.

NOx 7t~ %& wWato] the A2 Uepjolck.
wWato] mE SLAMAY UPE Fae ewvt

Aol £ 7bA] AR ZPAAIAG] GFS 7R
= woEt. A WA 202 2ert F7kEs
7heel el Gws) Ao} kAN et g

oRo

Fha BAE 20| o] 2ol BIZiEO] are A
T HARE 25 4 A AIM B8O & ‘:é’ﬂ oy
Al ESH %7}E]O1 Zn0 &9 A& (conduction

band, CB)ol At} o]go] F7te o] 7k2AIA RiZ
o] dFL 7Xe Aoz mo=Eitt. MWCNT/ZnO
SYA 7E2AIA Y AYE2 A (2)o] HERA AT

NOX + e = NOX + O (2)
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Fig. 5. Analysis of comparison from the variation of NOx gas
concentrations by MWOCNT/ZnO composite film gas sensor

(diagonal line bar) and ZnO film gas sensor (red bar).
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