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Chemical Vapor Deposition (CVD) is employed in this study to create MWCNT thin films. The
examination of X-ray diffraction (XRD) shows that there are several strong peaks at 26 ~ 35.5°, 54°, 57°and
62° which are attributed to the (222), (004), (104) and (015) planes, respectively. This leads to the conclusion
that the sample is polycrystalline in nature with a hexagonal crystalline structure. The Field Emission
Scanning Electron Microscope (FE-SEM) images highlight the shape of CNTs produced on catalyst particles
using the CVD process. MWCNTSs are synthesized in a variety of forms, including straight arrangement,
branching arrangement, coil MWCNT structures, curly and helical-shaped structures. A reduced sensor is
conceivable; this could result in a sensor that is lighter, cheaper and consumes less power. A MWCNT thin
film is fabricated as a gas sensor based on glass substrates, where CH4 and COz gases with concentrations of
1, 2, 3 and 4 ppm are examined, and this study is conducted to see how the absorption of CH4 and CO2 gases
affects the change in the resistance of CNT pellets. According to the study, CNTs are highly sensitive to gases
like CHs and CO2. Future research into CNT-based sensors is expected to focus on a wide range of
applications as the interest of the nanotechnology research community in this area grows.
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1. INTRODUCTION

Carbon nanotubes (CNTs) are tubular forms of carbon
with diameters as tiny as 1 nm and lengths ranging from
a few nm to microns. CNT is a two-dimensional graphene
sheet folded into a tube in terms of the arrangement. It
has Young's modulus of over 1 TPa and tensile strength
of 200 GPa. The electronic properties of CNTs can be
metallic or semiconducting depending on the atomic
arrangement of carbon atoms that make up a nanotube
(chirality), making them widely used in a variety of
applications such as solar cells, fuel cells,
supercapacitors, transistors, memories, displays, filters,
purification systems, sensors, etc. due to their unique
electrical, mechanical, optical, thermal, and other
properties [1, 2]. Chemical vapor deposition (CVD) was
used to make CNTs. The most frequent approach for
growing CNT thin films directly is CVD. Catalyst
nanoparticles on substrates are employed as seeds for
CNT development in the CVD process [3-6]. The
hydrocarbon carrier gas, growth time and temperature,
and catalyst composition are the essential parameters
that influence the growth kinetics. Although vertically
oriented CNTs have unique features and device
applications, such as in-field emission devices and super
capacitors, patterned catalysts, electric or magnetic fields
during the CVD process, directional gas flow, or the use
of a substrate with a predetermined lattice structure can
all be used to create aligned CNT films [6, 7]. As the film
thickness grows, CNT thin films demonstrate a
semiconductor-metal transition and can be employed as
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the active layer in thin-film transistors and sensors [8, 9].
Films with thicknesses ranging from 10 to 100 nm have
good optical transparency and electrical conductivity,
making them a viable alternative to ITO electrodes. CNT
films that are micrometer thick and nanoporous are
employed as electrodes in supercapacitors, fuel cells, and
batteries [10]. In this work, CNT thin films were
synthesized at 700 °C by CVD from a methanol/butanol
mixture by using ferrocene as a growth catalyst.

2. EXPERIMENTAL PART

The production method employed in this study is
CVD. Methanol and butanol were used as a hydrocarbon
source with nitrogen as carrier and purge gas. The
reaction temperature is in the range of 650-700 °C, while
the reaction time is 30 min. In a typical experiment, we
put a quartz substrate (1 cm x 1 cm) that was placed in a
ceramic boat in a furnace. At first, the ceramic tube was
flushed with nitrogen to eliminate oxygen from the
reaction chamber while heating the reactor. When the
furnace reached a temperature of 700 °C, N2 carrier flow
(150 ml/min) was bubbled into the (C1/C4) mixture
(50 ml) used as a hydrocarbon source. Then, (C1/C4)
mixture was decomposed in the furnace to form CNTs.
The reaction was over after 30 min and the furnace was
cooled down with N2 flow. In order for synthetic CNTs to
react with a gas sensor, we should place CNTs on the
surface and use measurements of the electrical
characteristics of the samples while they are exposed to
gases. We examined the current-time (I-f) response both
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before and during gas exposure to study the electrical
properties. To deposit samples on the substrate, 10 mg of
the powder were poured into 100 ml of ethanol and then
sonicated for 15 min with a power of 75 W. At the next
step, we deposited the material on the substrate by the
drop-casting method. After that, we put the samples at
room temperature for a day to dry.

3. RESULTS AND DISCUSSION

Fig. 1 shows the X-ray spectra for CNT thin films.
Several peaks are observed there, the strong peaks at
260 ~ 35.5°, 54°, 57°and 62° are attributed to the (222),
(004), (104) and (015) planes, respectively, of the Fe
substrate which was used as a catalyst for the
precipitation method. The positions of the peaks and the
presence of more than one diffraction peak lead to the
conclusion that the samples are polycrystalline in nature
with a hexagonal crystalline structure [11]. Fig. 1 shows
images taken with a Field Emission Scanning Electron
Microscope (FE-SEM) that highlight the shape of CNTs
produced on catalyst particles using the CVD process.
MWCNTSs were synthesized in various forms, including
straight arrangement, branched arrangement, coil
MWCNT structures, curly and helical structures, which
is consistent with [12].

3.1 MWCNT Thin Film on Glass Gas Sensor

A MWCNT thin film was fabricated as a gas sensor
based on glass substrates, where CH4 and CO2 gases with
concentrations of 1, 2, 3 and 4 ppm were studied. Fig. 2
and Fig. 3 show the sensitivity as a function of gas
concentration with and without exposure to the examined
gasses for MWCNT thin films at different operating
temperatures (room temperature, 50, 70 and 100 °C) with
respect to CHs and COz gases. The gas sensitivity was
calculated according to the equation [13-15]:

700 4
A Fe30,MWCNT
6001 o exr
500

400 4

300 4

Intensity (a.u)

200 . A,
100 .A i ‘ r
J
] " (W
10 20 30 40 50 60 70 80 9 100
20 (degree)

]

Fig. 1 - XRD of MWCNTs obtained at 700 °C
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where R, and R; are the sample resistances exposed to a
clean air and gas-air mixture. Fig. 2 shows the variation
of the CH4 gas sensitivity vs the operating temperature
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for MWCNT thin films at different temperatures. The
maximum sensitivity appeared in the sample at 70 °C by
gaining electrons from n-type samples and a decrease in
their resistance by reducing gasses adsorbed on the gas
sensor surface. In keeping with the findings of Ato et al.
[16] and Deshpande et al. [17], the sample resistance
decreases exponentially when exposed to CH4 gas due to
an increase in the majority charge carrier concentration
in the conduction band. While CO2 gas absorbs more
electrons from the sample surface, the increase in sample
resistance is the result of a decrease in the concentration
of electrons near the surface of the n-type semiconductor.
Due to the high surface-to-volume ratio, the nanoparticle
size has a significant impact on sensitivity [18, 19]. Fig. 2
shows that the sensitivity of the membrane to CH4 gas
increases with an increase in the gas concentration as
well as with an increase in the operating temperature.
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Fig. 2 - CHs gas sensitivity for MWCNT films at different
temperatures
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The reason is due to the decrease in the thermal energy of
gas molecules interacting with oxygen molecules adsorbed
on the surface, and that the type of this adsorption of
oxygen molecules is chemisorption, which occurs when the
temperature of the membrane increases [20]. We notice
from Fig. 3 that the current values increase under the
action of the reducing CHi gas, since the oxygen ions
adsorbed on the surface of the membrane decrease. Then
the concentration of charge carriers (electrons) on both
sides of the voltage barrier increases, so the barrier
growth decreases and the resistance decreases, so the
carriers can cross the voltage barrier and the conductivity
increases. The operating temperature of 100 °C is due to
an increase in the homogeneity of the membrane surface
with a uniform roughness, providing a large area. This
leads to an increase in the interaction of the gas with the
membrane surface [12, 20].
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Fig. 4 - CO2 gas sensitivity for MWCNT films on glass sub-
strates at different temperatures

From Fig. 4, we notice an increase in the sensitivity of
the membrane when exposed to a reducing gas with an
increase in the operating temperature, as well as its
increase with an increase in gas concentration. Due to a
decrease in the thermal energy COz molecules interact
with oxygen molecules adsorbed on the surface [26]. It
can be seen from Fig. 5 that the current values decrease
when the membrane is exposed to the oxidizing CO:z gas,
since the number of oxygen ions adsorbed on the surface
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at the grain boundaries with gas molecules increases.
Then the concentration of most charge carriers (ele-
ctrons) on both sides of the voltage barrier decreases, so
barrier growth increases and the resistance increases,
which prevents carriers from crossing the barrier. The
conductivity decreased and amounted to the lowest
current value at the operating temperature (100 °C).
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Fig. 5 — Current variation for MWCNT thin films at different
operating temperatures with respect to CO2 gas

4. CONCLUSIONS

The experimental findings have shown that CNTs are
capable of sensing methane gas and carbon dioxide at
ambient temperatures. As a result, it can be said that the
analysis of gas sensing properties has demonstrated that
CNTs can potentially be good materials for methane gas
and carbon dioxide sensor materials at room
temperature. We conclude from this work that the type
and concentration of the gas used affected the sensitivity
of the membrane as well as the operating temperature,
and the sensitivity of the film to carbon dioxide was
better than the sensitivity of the film to methane gas at
the same concentration.
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Ximiune ocamkenHsa 3 maposoi ¢asu (CVD) BUKOPHCTOBYETHCA B IILOMY TOCIIIMKEHH] JJIs CTBOPEHHS
ToHKMX NBoK Ha ocHoBl MWCNTSs. Jlocmimxenus metogoM peHTreHiBebKol qudpariii (XRD) mokasye,
10 € KIJIbKA CUJIBHUX IIKiB mpu 26 ~ 35,5°% 54°; 57° 1 62°, aki BITHOCATH BIATOBIAHO 110 IronmH (222),
(004), (104) 1 (015). I1e mo3BoJIsIE 3pOOUTH BUCHOBOK, ITI0 3PA30K € MOJIIKPHUCTATIYHIM 34 CBOEIO IIPHUPOI0I0
3 MeKCArOHAJIBHOK KPUCTAJIYHOK CTPYKTYPOI. 300paskeHHs CKAHYHYOIr0 eJEKTPOHHOI0 MIKPOCKOIA 3
nosboBoo emicien (FE-SEM) minkpecsotors dopmy CNTSs, orprManux Ha 4acTHHKAX KATAJII3aTopa 3a
noromoroio mporecy CVD. MWCNTSs cunTresyoThes B pisHOMAaHITHUX (hOPMAaX, y TOMY YHCHL 3 IPSIMHAM
PO3TAILYBAHHAM, PO3TAJIY:KeHHSIM, KOTYIIKOBUMHU crpykrypamu Ha ocHOoBI MWCNT, dirypauvu Tta
CHipaJIbHUMU CTPYKTypaMu. MoKJINBUIM 3MEHIIEHNWH JaTUMK; 11e MOKe IIPU3BECTH JI0 TOTO, IO JATIHK
Oyme JiermmM, OeIleBIIMM 1 cHokuBaTuMe MeHine edeprii. Tomka miaiBka ma ocmoBi MWCNT
BUTOTOBJISETHCA AK OaTYNK rady Ha CKIAHUX IIOKJIaAKax, ge gocaimkyiorbes rasu CHs 1 CO:z 3
KOHIIeHTpariamu 1, 2, 31 4 ppm, 1 11e JOCTIIKeHHS TPOBOIUTECA, 1100 T00AUYNTH, IK HOIVIMHAHHS rasiB
CH, i CO:z BrummBae Ha 3miny omopy rpanys CNTs. 3rinao 3 mocmimrennsm, CNTs nyske uyriausi mgo
rakux rasis, Ak CHs 1 COsz. Ouikyerbes, 1mo MaiOyTHI mociimkenHsa matyukis Ha ocHoBli CNTs OyayTs
30cepeyKeH] Ha IMMPOKOMY JI1alla3oHi 3aCTOCYBAHb, OCKIJIBKHM 1HTEpeC MOCIIIHUIIBKOIO CIIIBTOBAPHUCTBA
HAHOTEXHOJIOTIH 110 ITiel raay3i 3pocrae.

Knrouori croBa: MWCNTSs, Torxi mmisku, Meroxn CVD, CrpyrrypHi Baactusocti, YyTimBicTs.
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