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For the replacement of industrial materials that are scarce and very expensive, new
alternative substances were produced by synthesizing nano materials. Chemical vapor
deposition (CVD) method was used to synthesize two types of carbon nanotubes (CNTS)
from soot carbon nanotubes [soot CNTs] and coal carbon nanotubes [coal CNTS] in this
study. The soot and coal CNTs samples were incorporated with molar concentrations *0.1,
0.3, 0.5, 0.7 and 0.9) of MgO. Fourier Transform Infra-Red Spectroscopy (FTIR) and X-
ray Diffraction (XRD) were used to characterize the soot (MgO) and coal (MgO) CNTs
samples. CNTs were formed successfully, according to the results of the FT-IR technique.
The results of the XRD of the d-spacing, crystals size and density of the magnesium oxide
(MgO) integrated into (soot and coal CNTs) or [soot (MgO) and coal (MgO)] CNTs
samples were calculated. The impact of the ratios of MgO on CNTs samples’ structural
properties was calculated. The phases of MgO and its crystalline structure are shown by
the XRD method. The study method and results are analyzed in detail.
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1. Introduction

Nanocomposites of carbon nanotubes (CNT) and nanoparticles (NPs) in one discrete
structure enable to combine the unique physical and chemical properties. These two kinds of
materials with the unique properties, leading to novel and prospective applications [1]. In the
literature great attention has been given to carbon nanotubes (CNTs) [1]. CNTs have special
physical, biological and chemical activities [2, 3]. They are utilized for various purposes like solar
cell, purification systems, fuel cells, as separation membranes, filters, displays, clothes, sensors,
biomedical industry, for hydrogen storage and as a super capacitor [4-8]. The first reports on the
biological application of CNTs were published [9,10].

Nanoparticles are classified into two main forms: Multi-walled CNTs (MWCNTS), with
diameters between 10nm to 50nm and a single single-walled CNTs (SWCNTSs), with diameters
between 0.6nm and 3nm [1]. MWNTSs have high physical, mechanical, and electrical activities.
MWCNTs are weakly bounded by Van der Waals interactions in a tree ring-like structure.
SWCNTSs consist of a roll of graphene sheet used in forming a cylinder; while MWCNTS are made
of multiple rolls of cylinder [8]. Through arc discharge, Mechano-thermal, laser ablation,
electrolysis, flame and CVD, CNTs were synthesized in large amounts [11, 12]. CVD was
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regarded as the most suitable and cheap technique for growing different types of CNTs under mild
environment [13]. CNTs have been produced by different sources of carbon. Hydrocarbon
precursor is needed to produce CNTs using CVD method. Methane and acetylene are the
commonly used hydrocarbon [14]. Carbon monoxide, soot and coal are other sources of carbon
used to produce CNT [15].

It is difficult to prepare uniform samples of filled nanotubes. The surface of CNT cannot
attach to metal precursors due to its chemically ‘inert’ and hydrophobic nature [16]. Thus, it is
necessary to modify its surface to establish efficient tube-matrix contacts. The wide distribution of
diverse functional groups like hydroxyl, carboxyl, and carbonyl on the surface of CNT can offer
active sites for metal ions to attach [17]. Magnesium oxide (MgO) is usually considered as a
potential high-surface-area material of CNTs. Nanoscale magnesium oxide has special physical
and chemical activities due to its structure [17]. A lot of new techniques that can be used to
prepare nano-sized MgO particles [18,19] have been reported in literature.

Nonetheless, there is need to examine the many parameters that influence their production
qualities and yields. There are more areas to research on the synthesis of CNTSs; and it can open
way for the production of value-added products like carbon nanotubes. It is urgently needed to
look for an eco-friendly and effective way to handle the organic contaminants in wastewater. Thus,
it is necessary to produce carbon nanotube—magnesium oxide composite that is efficient. The
production and characterization of CNTs and MgO composites is necessary. Herein, two materials
of soot and coal were utilized to uniformly cover CNTs with various ratios of MgO nanoparticles.
FTIR and XRD techniques were used to characterize the structure of CNTs and MgO/CNT
samples.

2. Materials and methods

2.1. Preparation of Sample

With potassium chlorate (KCIO3), nitric acid (HNOs) and sulfuric acids (H, SO,), soot and
coal were used to prepare CNTSs. First, 5.0g of graphite (soot or coal) was gradually added to
sulfuric acid (50m¢t) and fuming nitric acid (25m¢{) mixture and left for 30 minutes. The mixture
was cooled down in an ice bath to 5°C. 25.0g of potassium chlorate was gradually added to the
mixture and stirred for 30 minutes. When potassium chlorate was added to the solution, there was
great heat, thus there is need to be careful at this stage to smear out temperature effect. The
mixture was heated up to 70°C for 24 hours and left in the air for 3 days. Most of the graphite were
precipitated to the bottom but some carbons that reacted were floating. The floating carbon
materials were transferred into deionized water (1£). After being stirred for 1 hour, the solution
was filtrated and the sample was dried.

The soot (MgO) and coal (MgO) CNTs samples were named soot o5 (MgO)g,, SO0t o5
(MgO)oll, soot g5 (MgO)og, SO0t g5 (MgO)0_5, soot g5 (MgO)Oj, soot g5 (MgO)O.g, coal 5 (MgO)olo,
coal o5 (MgO)q4, coal o5 (MgO)gs, coal o5 (MgO)gs, coal o5 (MgQO)e7, and coal o5 (MgQO)g.,
respectively.

3. Characterization

The vibrational and rotational movements of molecules were analyzed using the FTIR
method. Whether functional groups were present or not was detected using Fourier transform
infrared spectrum. 14000-10 cm * range of the electromagnetic spectrum could be analyzed with
this method. For confirmation of the presence of CNTs, FTIR spectra were recorded in
transmission mode apparatus in the 400 and 4000 cm " region. XRD is a powerful method used for
the determination of the total crystalline structure of nanotubes. The samples were analyzed by
XRD on a powder diffractometer (Philips PW1700 X). The XRD used Cu Ka radiation (A =
0.15418 nm) at a rate of 0.06 oC/second. The XRD pattern was recorded over a 26 interval of 10°
to 50°. The XRD worked at 40 kV and current of 30 mA.
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4. Results and discussion

4.1. The FTIR Study of Soot and Coal CNTs doped with MgO

Figures 1 and 2 show the FTIR spectrum of carbon nanotubes of soot and coal CNTs
integrated with various ratios of MgO. The properties of soot CNTs incorporated with MgO are
seen in Figure 1. A characteristic peak at 3920 cm™ is ascribed to the —C = C—H: C—H bond in the
carbon nanotubes. A characteristic peak at 3760 cm™ is due to the O—H bond in the carbon
nanotubes. A characteristic peak at 3650 cm™ is ascribed to the O-H bond in the carbon nanotubes.
Peak at 3430 cm ' is linked to Phenols and Alcohols (hydrogen-bonded O-H stretch); while the
strongest peak situated at 2930 cm™ shows the presence of (C-H stretch) stretching for Alkanes.
The characteristic peaks of C = O Stretch are located from 1650 cm™ vibration of carboxylic acids.
The peaks located at 1530 cm™ are linked to C=C stretching vibration of aromatic compounds. The
strong peak at 1450 cm™ is linked to aromatic rings C-C = C asymmetric stretch vibration, at 1415
cm™ ascribed to C-H bend vibration of alkanes group; the band at 1040cm™ is linked to esters
group (C-O stretch) vibration. Peak at 570 cm™* is ascribed to alkyl halides C—Br stretch, while the
strongest peak located at 470 cm™ shows the presence of (C-H bend patterns for aromatics)
stretching for Meta (MgO) replaced aromatic.
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Fig. 1. IR spectra of the soot 5 (MgO)g.0, S00t g5 (MgO)g.1, SO0t 5 (MgO)q3, SO0t o5 (MgO)g s,
s00t o5 (MgO),.7 and soot g5 (MgO)ge

The properties of coal CNTs incorporated with MgO are seen in Figure 2. A characteristic
peak at 3850 cm™ is due to the —C = C—H: C—H bond in the carbon nanotubes. A characteristic of
peak at 3700 cm™ is ascribed to the O—H bond in vibration of alcohol group of the carbon
nanotubes. A characteristic peak at 3380 cm™ is due to the phenols and alcohols O-H bond in the
carbon nanotubes. Peak at 3120 cm* is linked to amines primary N - H stretch, while the strongest
peak at 1630 cm™ shows the presence of C = C stretch, stretching for Alkenes. The characteristic
peaks of C-H stretch are located from 1400 cm™ vibration of aromatic. The peaks at 1100 cm™ are
linked to C-O stretch vibration of esters compounds. The strongest peak at 620 cm™ is ascribed to
alkyl halides C—Br stretch vibration.
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Fig. 2. IR spectra of the coal o5 (MgQO)g.0, coal o5 (MgO)y 1, coal o5 (MgO)g 3,
coal o5 (MgO)os, coal o5 (MgO)o7, and coal o5 (MgO)os.

4.2. XRD Study on Soot and Coal CNTs incorporated with MgO

Figures 3 and 4 show the XRD spectra of CNTs before and after being incorporated with
various ratios of MgO. The XRD spectra of the soot (MgO) and coal (MgO) CNTs samples are
conducted to identify the crystal structure, size and phase composition. In Figure 3, the soot o5 (Mg
0O) 0o sample has molar crystallites with (Monoclinic—primitive) crystal structure at (a=21.41,
b=7.2792 and ¢=9.5221) and (o= 90°, p =97.945° and y = 90°). The so00t 5 (Mg O) ., sample has
molar crystallites with (Hexagonal—primitive) crystal structure at (a = b= 2.456 and ¢ = 20.088)
and (@ = B =90 © and y = 120°). The soot o5 (Mg O) o3 sample has molar crystallites with
(Orthorhombic—primitive) crystal structure at (a = 12.372, b=37.1 and ¢ =3.954) and (0o =B =y =
90°). The soot o5 (MgO) o5 sample has molar crystallites with (Monoclinic—primitive) crystal
structure at (a =9.736, b= 8.469 and ¢ = 12.777) and (a. = 90 °, $ =90.56 ° and y = 90°). The soot
05 (MgO) o7 sample has molar crystallites with (Monoclinic—primitive) crystal structure (a =
6.9754, b =12.764 and ¢ = 6.962) and (a.=91.16 °, $=90.32° and y = 83.22 °). The soot 5 (MgO)
0.0 Sample has molar crystallites with (Monoclinic—primitive) crystal structure at (a = b = 2.456 and
¢ =20.088) and (o= p =90 © and y = 120°).
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Fig. 3. The XRD spectra of the soot 5 (MgO)g.,, S00t o5 (MgO)g.1, SO0t g5 (MgO)g 3,
s00t g5 (MgO)gs, 00t o5 (MgO)o7 and soot o5 (MgO)os,

The miller indices of the coal o5 (MgO)o,, coal o5 (MgO)o1, coal o5 (MgO)es, coal o5
(MgO)os, coal o5 (MgO),7, and coal o5 (MgO)eg are shown in Figure 4 The coal o5 (Mg O) o0
sample has molar crystallites with (Tetragonal—primitive) crystal structure at (a=b=7.46 and ¢ =
8.61) and (a = B =y = 90°). The coal o5 (MgO) o1 sample has molar crystallites with (Cubic—
primitive) crystal structure at (a = b=c = 4.152) and (a = p =y = 90°). The coal 5 (MgO) o3
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sample has molar crystallites with (Monoclinic —primitive) crystal structure at (a = 7.1986, b =
7.9393 and ¢ = 17.39) and (o= 90 ©, p = 90.6204 ° and y = 90°). The coal o5(MgO) o5 sample has
molar crystallites with (Hexagonal —primitive) crystal structure at (a =b = 5.39 and ¢ = 46.52 and
¢=17.39) and (@ =B =90 ° and y = 120 °). The coal o5 (MgO) o sample has molar crystallites
with (Triclinic —primitive) crystal structure at (a = 6.485, b =6.415 and ¢ = 16.8) and (a=90.11 ©°,
B =95.91° and y = 90.95 °). The coal o5 (Mg O) o sample has molar crystallites with
(Orthgrhombic —primitive) crystal structure at (a = 11.35, b =24.08 and ¢ = 4.1398) and (a =B =7y
=90").
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Fig. 4. The XRD spectra of the coal o5 (MgQO)g.0, coal o5 (MgO)o 1, coal g5 (MgO)gs,
coal o5 (MgO)os, coal o5 (MgO)o 7, and coal o5 (MgO)o..

The XRD parameters, crystal size, d-spacing and density of the soot 5 (MgO)o0, SO0t o5
(MgO)o.4, s00t o5 (MgO)os, SO0t o5 (MgO)os, SO0t o5 (MgO)o7 and soot o5 (MgO)og CNTs are
shown in Table 1. We calculated the crystals size, density and interlayer spacing of the soot
(MgO) CNPS samples. The density and d-spacing of the soot (MgO) CNPS reduced with
increased molar concentration of MgO. But, the soot (MgO) CNPS’ crystal size increased with
increased molar concentration of MgO. The d-spacing of the soot (MgO) CNPS dropped from
0.33608 nm to 3.3258 nm with increased molar concentration of MgO. The soot (MgO) CNPS’
crystal sizes increased from 07.9nm to 35.6nm with increased molar concentration of MgO.
Diffraction peaks were used to calculate each sample’s average crystallite size with Debye—
Scherrer equation. By adding MgO, the soot CNPS’ density dropped from 4.7179 mg.cm™ to
2.8161 mg.cm®. The findings show that the highest value of the density of sooty5(MgO),y is
4.7179 mg.cm™. The density decreased because the structural defects and/or impurities increased,
including the resultant soot and other pollutants from the precursor.

Table 1. The d-spacing, crystal size and density of the soot g5 (MgO)g.,, S00t o5 " (MgQO)g 1,
s00t o5 (MgO)q3, S00t o5 (MgO)oss, SO0t o5 (MgO),.7 and soot o5 (MgO)o.9 CNPS.

Samples d(A%) X, (nm) 5 (mg.cm™)
So0ty5(MgO)os 3.3608 07.9 47179
S00ty5(MgO)o1 3.3532 08.2 3.7849
S00ty5(MgO)o.s 3.3458 08.9 3.6697
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The XRD parameters, the d-spacing, crystal size and density of the coal o5 (MgO)g,, coal
05 (MgO)o3, coal g5 (MgO)o3, coal o5 (MgO)os, coal o5 (MgO),, and coal o5 (MgO)o s are shown
in Table 2 We calculated the interlayer spacing, crystals size and density of the coal (MgO)
samples. The coal (MgO) CNPS’ d-spacing and crystal sizes increased with increased molar
concentration of MgO. But, the coal (MgO) CNPS’ density decreased with increased molar
concentration of MgO. The coal (MgO) CNPS’ d-spacing increased from 0.34246nm to
0.3676nm with increased molar concentration of MgO. The coal (MgO) CNPS’ crystal sizes
increased from 47.7nm to 75.1nm with increased molar concentration of MgO. By adding MgO,
coal CNPS’ density dropped from 6.4267mg. cm™to 0.1752 mg.cm™.

Table 2. The d-spacing, crystal size and density of the of the coal o5 (MgO)q0, coal o5 (MgO),.1, coal g5
(Mg0)q.3, coal o5 (MgO)oss, coal o5 (MgO)o7, and coal o5 (MgO)o..

Samples d(A”) X, (nm) J (mg.cm™)
coaly5(MgO)oo 3.4246 47.7 6.4267
coal5(MgO)os 3.4685 54.4 41522
coaly5(MgO)o s 3.4876 68.0 3.7849
coal5(MgO)os 3.5394 67.5 32114
coaly5(MgO)os 3.6399 70.3 2.8746
coaly5(MgO)os 3.6760 751 0.1752

4. Conclusion

Due to the special physical and chemical properties of carbon nanomaterials a lot of
attention has been given to their production and characterization. Coot and coal were compared to
synthesize CNTs in order to see the structure and impact of adding MgO onto CNTs. CVD was
used to synthesize the soot and coal (MgO) CNTs samples successfully and FTIR and XRD
techniques were used to confirm them. The FTIR analysis shows that, the characterization
multitasked matching vibration association Alcohols O-H stretch (strong and broad), while there
was a small change in the vibration of the following links (alkyl halides C—Br stretch, Esters (C-O
Stretch), Aromatic C-H stretch, Alkenes C=C stretch, alcohols O—H stretch and alkynes (terminal)
—C = C—H: C-H stretch). But, for the coal (MgO) NPs, links were missing (meta substituted
aromatic C-H bend patterns for aromatics, alkane C-H bend, Aromatic Rings C-C=C Asymmetric
Stretch, Carboxylic Acids C=0 Stretch, Phenols & Alcohols and Hydrogen-bonded O-H Stretch).
The results of XRD show that, the d-spacing and the density of the soot (MgO) NPS decreased
with increased molar concentration of MgO. But, the crystals size of the soot (MgO) NPS
increased with increased molar concentration of MgO. The results of XRD show that, d-spacing
and crystal sizes of the coal (MgO) NPS increased with increased molar concentration of MgO.
While, the results of XRD show that, the density of the coal (MgO) NPS decreased with increased
molar concentration of MgO.
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