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Abstract

In our work, carbon nanotubes (CNTs) were grown by using NiO as a catalyst, using chemical
vapor deposition (CVD). and using propanol (C3H80) as a carbon source, under specific
conditions such as reaction temperature, time, and gas ratio that are 740 C, 30 min, and 125
Sccm, respectively. Specifications of CNTs were analyzed and characterized using X-ray
diffraction (XRD), the field emission scanning electron microscope (FESEM) with energy-
dispersive X-ray spectroscopy (EDX), transmission electron microscopic (TEM). showed the
results of x-ray diffraction analyzes showed that the sample is the polycrystalline and hexagonal
type with a predominant direction (002). Pictures of FE-SEM showed the formation of carbon
tubes in various and various forms with NiO aggregates, and the rate obtained at the average
sizes of MWCNT was 18.85 nm, As for images of TEM, they demonstrated the formation of
multi-walled carbon nanotubes with high clarity. EDS analysis also showed Primarily carbon and
then nickel and have discernible peaks in the figure, with a few molybdenum and cobalt
impurities showing up. As for images TEM, they demonstrated the formation of multi-walled
carbon nanotubes with high clarity.
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1. Introduction

Although carbon nanotubes are difficult to create
and expensive, the new carbon material consists of
carbon nanotubes (CNTs), which appear to have
become a reality for the world thanks to lijima, who
prepared one type of single-walled carbon nanotube
in 1991 with Ichihashi [1]. Because the tubes are
filtered during the manufacturing process to remove
impurities, they have a lot of potentials and uses in
the present and future, including electrical, optical,
and thermal conductivity, tensile strength, and
chemical reaction. They are also employed in sensors
[2] and lithium batteries [3] due to their exceptional
flexibility. As a result, several attempts to prepare it
appeared, resulting in a progressive drop in the cost
of manufacturing and purifying. Chemical Vapor
Deposition (CVD) [4] and Arc-Discharge [5] are two
primary methods for the manufacture of carbon
nanotubes, as are Laser Ablation Technology [6] and
Flame Method [7] The CVD method offers the
highest chance of obtaining nanotubes with
predetermined qualities based on a regulated
procedure. [8]. The process involves passing
hydrocarbon vapor through a tubular reactor with a
precipitation catalyst at a high temperature of 600-
1200°C, which is sufficient to break the hydrocarbon
bonds in the case of liquid hydrocarbon (gasoline,
alcohol, etc.). the liquid is heated in a special
compartment and an inert gas is passed through it,
which then carries hydrocarbon vapor to the
precipitation zone.[9]. The results also demonstrated
that the catalyst's effect on carbon nanotubes may
be related to the catalyst's nature and the carbon in
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the catalyst's growth potential. The suggested
mechanism for catalytic nanoparticle creation
generates a wide range of sizes and geometries,
which are influenced by a variety of parameters such
as temperature and the chemical composition of the
medium. As a result, nickel-based catalysts make it
easier to catalyze the formation of multi-walled
carbon nanotubes [10]. Regardless of the approach
utilized, the temperature is a key factor in controlling
the formation of carbon nanotubes. [5].The growth
of the MWCNTs was confirmed by field emission
scanning electron microscope (FESEM), high-
resolution  transmission  electron  microscope
(HRTEM), and Raman Spectroscopy.

2. Experimental details

In this study, we used a three-heat zone tube furnace
from Nabertherm in the United States. the was a
quartz tube with a length of 120 cm and a diameter
of 3 cm. The first step in the CVD synthesis of CNTs
is the preparation of the catalyst. In our work, we
used NiO as a catalyst. and we used a thermal
chemical spraying method to deposit NiO films on
quartz substrates. The solution is prepared by using
Nickel chloride hexahydrate (NiCL;.6H;0), a solid
substance in the form of green powder that serves as
a source of nickel ions in the spray solution. The
components were dissolved in 30m| of distilled water
and stirred for 15 minutes in a magnetic stirrer to
ensure complete dissolution of the substance in the
distilled  water, yielding nickel oxide, a
homogeneous green solution. At room temperature,
the solution was created in a laboratory setting. The
spraying procedure was carried out by establishing
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the necessary conditions and setting the distance
between the Nozzle spray device and the base of the
electric heater to (27cm). the temperature at which
the films were prepared was (400°C) and 1.3 bar was
air pressure. And therefore, The quartz substrates are
placed in the CVD furnace's core. Involved was the
buildup of CNTs in the furnace. the carbon source
was propanol and it has a molecular formula C3;HzO,
which has the symbol 1-propanol was heated for 30
minutes at evaporation temperature on a 25 cm?
surface area of the catalyst. after 200 Sccm of N, was
injected into the furnace, which was lowered to 125
Sccm when the temperature reached 740°C at a rate
of 3.5°C/min. Finally, until the temperature reached
room temperature, we lowered the N, flow to 50
Sccm. And as a result, after the propanol vapor
particles disintegrate and the carbon particles fritter
due to the high temperature (740°C ), the formed
product is deposited on the catalyst, resulting in
MWCNT formation.
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Fig.1. X-ray diffraction pattern of NiO thin film .
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Fig. 2 XRD pattern of NiO/MWCNT

3. Results and Discussions

X-ray diffraction characterization (XRD) and
Discussion
Fig. 1 shows the XRD patterns of the prepared NiO

thin film showed diffraction peaks at 26 values of
37.43°, 43.37°, 62.96°, 75.47°, and 79.42° which are
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attributed to the (111), (200), (220), (311) and (222)
crystal planes. The presence of (111), (200), (220),
(311), and (222) crystal planes, thus that the NiO films
have a polycrystalline structure and have a cubic
crystal structure, which matched with the JCPDS card
no: 78-0643. , confirms the formation of phase pure
NiO.

Fig. 2 shows the XRD patterns of MWCNTSs with NiO
as a catalyst, it can be noticed that all the samples
exhibit diffraction peaks around 26 ~ 26.27°, 44.37°,
54.36°, and 76.8° referred to (002),(101),(004), and
(110) favorite directions respectively which are in
agreement with (IDDC) card number 41-1487. as
shown in Table (4.5), The two most important peaks
are noted which can be indexed to the reflection (0
0 2) of graphite, and the next peak at 44.34
corresponds to the (1 0 0) plane of graphite. The
strong peak at 28 = 26.27° confirmed the crystalline
nature of carbon nanotubes with the lattice plane of
002).

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. The presence of
nanotubes indicates the cylindrical structure of
graphite embedded to form a nest-like structure
which was confirmed by using a scanning electron
microscope and transmission electron microscopy.
While the other peaks at 37.43°, 43.37°,
62.96°,75.47°, and 79.42° in the XRD patterns are
assigned to the (111), (200), (220), (311), and (222)
crystallographic plane of NiO catalyst. Thus, we have
achieved the identity of the material for MWCNTs
and NiO catalysts.

3.2 Crystal lattice constants

For the as-prepared NiO nanoparticles, the crystal
lattice constants (ao = bo = co) were determined

using the Cubic structure relationship, Eq. (1) [11]:
1 (h%2+k? +12)
== (1)
dhki a
For MWCNT nanoparticles, the lattice constants
(a=b, c) for the hexagonal structure can be calculated
by using the formula, Eq. (2) [12] :

1 4 , h2+hk+k? 2
2 5 m ) ta @

Where hkl are Miller indices

The plane 111 were used to calculate the lattice
constants ao. The value of the lattice constants were
also determined to be consistent with the value in
the international card number. (78-0643) for NiO
catalyst, as for MWCVT, Planes 002 and 100 were
used to calculate lattice constants ao and co. The
values of the retina constants were also discovered
to be consistent with the values in the international
card number. (41-1487), Table 1 shows the results.
Eg. 3 was used to compute the average crystal size
(D av) of the as-prepared nanoparticles using the

Scherrer method (SM)[13 1.
Ki
Dov=5roion )
Where: D: represents the crystallite size, «: the shape
factor, A: the radiation wavelength, B: the full width
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at half maximum (FWHM), and B represents Bragg's
angle. We have noticed that the crystal size of the
prepared NiO is equal to 9.90 nm for the planar
(111), while the grain size ranged average for the
most substantial three peaks (.90~ 15.14) nm, and
the crystal size of the prepared MWCNT is equal to
5.45 nm for the planar (002). The grain size ranged
average for the strongest three peaks (5.45~ 8.94)

nm. as shown in Table 1.
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photogenerated electron-hole pairs.

3.3 Dislocation Density(8)

Represents the number of dislocation lines that cut a
unit area. It can be calculated by the following Eq. (4)
[14,15]:

1
) =5z 4)

Crystal distortions, or deviation in the lattice
constants from their value in the international card,
are also known as microstrain (S). We used the lattice
constant (C,) as an example, and microstrain can be
calculated using equation (5) [16] :

S =[| C(ASTM) — C(XRD) | /C(ASTM)] x 100% (5)
3.4 EDS for MWCNT with NiO catalyst

The Energy Dispersive Spectroscopy (EDS) of the
produced MWCNT powder with NiO catalyst using
the CVD technique is shown in Figure 2a. Primarily
carbon and then nickel have discernible peaks in the
figure, with a few molybdenum and cobalt impurities
showing up. This is related to the powder
preparation process prior to the FESEM investigation
and the manner of preparation after granulating the
nanopowders.

3.4. 1- Scanning Electron Microscopy (FESEM)
Results

IN Fig.3a, The morphology and microstructure of the
composites prepared from MWCNT/NIO were
visualized by SEM with a magnifying power of 100
nm. it can be roughly illustrated that MWCNT were
uniformly distributed and microscopically compact
by good dispersion of particles with NiO
aggregates. The SEM images revealed the presence
of irregular shapes and sizes of NiO particles. in
Fig.3b,c the average size of catalyst particles for
composites was 35.20 nm and The average sizes of
MWCNT were 18.85 nm which was slightly larger
than XRD measurements. Such difference was
probably because of some aggregation interface
between NiO catalyst and CNT, which is
advantageous for restraining the recombination of
999

Sample Values for NiO Values for
catalyst MWCNT & .
hkl (1 1 1) (002) 100 nm EMT = 500 &V Signal A= InLens Date :18 Sep 2021 —
26 () 37.435 26277 Fig. 3.a. FESEM, of the sample for MWCNT 100.00 kx
d hkl (&) 2.400 3.358
FWHM(deg) 0.8472 1.4967
The lattice ao= 2.470, co= =g
constants (A) zo= Aty 6.777 5 ' 7] R
Dav (nm) 9.90 5.45 N . 7
S (nm —-2) 0.01020 0.00425 - =
Micro Strain (S) 0.0046688 0.0078371 7Z

%&r .
§
5

RN n o0 8w @ )
parficel size (nm) partical size (nm}

Fig. 4. b. The size distribution of the particles for
MWCNT. C. The size distribution of the particles for
NiO catalyst.

W%
96.67
2.62
0.33
0.37
Total | 100.00

Fig. ED of te prpard MCN
3.6 TEM Analysis of the MWCNT Results

The MWCNT nanoparticles prepared by CVD were
studied under the TEM. and were used for further
investigation of the morphology of CNT/NIO
nanocomposites. ~ The ~ TEM  images  of
nanocomposites are shown in Fig. 5.a, b The particle
size of NiO obtained is small and uniform according
to Fig. 5(a). The diameters of the samples were only
about 6 to 15 nm, which was consistent with that of
the XRD results. From Fig. 5(a,b), the surface of CNT
was clean. The diameters of CNT are about 10 to 16
nm. The surface of the nanotubes is covered with
some impurities of NiO particles, which will be due
to the possible presence of CNT and NiO peaks and
their variance with an increase and decrease in the
XRD patterns. The size and shape of the
nanoparticles correspond to their size and shape in
the FESEM results, and the prepared particles are
nanoscale.
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Fig. 6. TEM picture of a: MWCNT 100 nm b: MWCCNT
200 nm.

4. Conclusions

This study reports the growth of MWCNTs on NiO
catalyst at 740°C using the CVD technique. The as-
prepared catalyst comprises nickel oxide, according
to the XRD peak position analysis. based on a FESEM
analysis The shape of the particles within the
agglomerates is generally spherical, as shown in the
TEM images, and it is located within the nanoscale.
The growth of MWCNTSs was confirmed by FESEM,
HRTEM, and Raman Analysis, With the presence of
some contaminants and catalyst particles that
appeared in the EDS, the FESEM pictures reveal the
formation of a network of CNTs. The MWCNT
formation was clearly visible in the HRTEM photos.
The sample has a low concentration of flaws,
according to Raman's analysis.
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