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Sensing Properties of Hydrogen Gas for the MWCNT Thin Film Sprayed
on the Glass Substrate Cured with Plasma and Nitrocellulose
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Abstract: Carbon nanotubes (CNTs) have excellent electrical, chemical stability, mechanical and thermal properties.
In this paper, networks of Multi-walled carbon nanotube (MWCNT) materials were investigated as a resistive gas
sensors for the Hy gas detection. Sensor films were fabricated by the air spray method using the multi-walled CNTs
dispersion solution on the glass substrates cured with plasma and nitrocellulose. Sensors were characterized by the

resistance measurements in the self-fabricated oven in order to find the optimum detection properties for the hydrogen

gas molecular. The sensitivity and the linearity of the MWVNT sensors using the glass substrate cured with plasma
for the Hy gas concentration of 0.06~0.6 ppm are 0.013~0.097%/sec and 0.131 ~0.959%¢FS, respectively. The MWCNT
film was excellent in the response for the hydrogen gas moleculars and its reaction speed was very fast, which could

be using as hydrogen gas sensor. The resistance of the fabricated sensors decreases when the sensors are exposed to

Ho gas.

Keywords: MWCNT (Multi-walled carbon nano tube), Hydrogen gas sensor, Sensor sensitivity, Sensor

linearity, Spray method, Plasma/nitrocellulose cured substrate
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Table 1. The physical properties of MWCNT.

Effect | Effect . . Specific
. Purity | Density
diameter | length (%) (¢/cr) surface area
(nm) (¢m) : & (m'/g)W
MWCNT 30 13 > 93 0.04 200

Fig. 1. SEM of the MWCNT powder.

Fig. 2. Fabricated MWCNT dispersion.
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Fig. 3. The structure of hydrogen gas sensor fabricated
with the MWCNT,
image of the fabricated sensor.

(a) sensor structure, and (b) real

Fepzole Aeste] UERZABRSAE Yo 3
$9 Fehzol Qg A @ AR ERAE

292 TS Aurst f8 713l Az CNT
BEAAE 2 kef/ert YHOZ AZFolsle] whute A

Zpstct. olw, 2xgo] AR 60 sec = SHATH
[56]. F&l7]Ze] MWCNTHe] Fx4o2 StgdsH =
& 317] f&lA AderEl MWCNT =Hehs 120C Y
stZEd o)l Ed A 207 A8 Ak I, AzE
MWCNT g8 7tz &8317] 98 wdax
Holl Au A=S ~3E (Hoyeontech Co, Korea)®
FAskA T 17 3o HdE Agd AlAe FFS B
AT o, =3 Age 30 me = AT &
3], 2D Flux (Jaewoo system, Korea)Z=Z 1L 9]
g3t AA " @dol vEvA &e A5 =27
HEE wpaags AA 9 A Rste] d5o®2 AREs

At
23 7t2ds 49

Az wbake] isiA EAFRE
FE-SEM (Hitachi S-4700, Japan)<
& BAstR o, dLdA Fa =
Ecopia Co. Korea)E ©]-&3}o] Azte
5, ol5E 2 AgEs FAHSA

AZE MWCNT F27F2~ AAe gisiA 4 7}
29 AEF 5L 19 49 Zo] AAF Tt=HE A

@=3a7] A
o]-§3to] SEMA}
74 7] (HEM-3000;
Breke] A zlo]E

Sample gas
and Dry air

45

Power
circuit

Il 11
MWCNT
Gas sensor

DAQ
Interface circuit

Oven

Fig. 4. Apparatus for the gas sensing system.
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Fig. 5. SEM image of the surface, (a) glass substrate
cured with the nitrocellulose/plasma, and (b) MWCNT
spray film for 60 sec on the glass substrate cured with

the nitrocellulose/ plasma.

Table 2. Carrier concentration n, mobility 1 and resistivity
p for the sensors coating with nitrocellulose/MWCNT.

nem™® | ulem®V-s)| p(Q-cm)

Plasma cured substrate | 3.726x10" | 1.210x10% | 1.433x10°

Bare substrate 3.733x10" | 1.193x10° | 1.400x10°
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Fig. 6. FEM analysis of the designed electrode, (a) potential
contour, (b) element split, (c) electrical filed vector, and (d)
Image of potential contour.
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Fig. 7. The response properties for the hyrogen gas
concentration on the sensor cured with plasma.

Fig. 8. The absorption properties of the hyrogen gas on
the MWCNT sensor.
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Fig. 9. The normalized response properties for the
hyrogen gas concentration on the sensor cured with
plasma.
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Fig. 10. The sensitivity properties for the hyrogen gas
concentration on the sensorcured with plasma.
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Fig. 11. Linearity properties on the hydrogen gas for the
sensors coating with MWCNT.
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Fig. 12. The response properties of sensor with the
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