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Abstract

The current study explains synthesis of carbon nanotubes (CNTs) with a few walls (FWCNTS) using a mixture
of equal ratios of aliphatic alcohols (1:1) ethanol/propanol by applying chemical vapour deposition
method(CVD). This method was conducted using a tube burner reactor at 750 °C, and the synthesis was
conductedon a silica surface. FWCNTS, as product, was characterized using Scanning electron microscopy
(SEM), X-rays diffraction (XRD), Energy dispersion X-rays (EDX), Raman spectroscopy, Thermo gravimetric
analysis(TGA) and Fourier-transform infrared spectroscopy (FTIR). The sizes of FWCNTSs ranged of (40-60)
nm, were obtained, with lengths about 6 pm. The majority of CNTs have onion-like shape.

Keywords:Ethanol, Propanol, CVD, carbon nanotubes (CNT).

1. Introduction

Carbon nanostructures are the most significant
nanoscale materials, referring to structures composed
of carbon molecules that are connected to each other
with a sp? hybridization with graphene or graphite as
a layer. It's similar to the pattern of honeycomb or a
network of hexagons made up of carbon atoms.
Carbon nanotubes are divided into two moieties
based on the sequence in which their graphene sheets
are wrapped up into cylinders: single-walled carbon
nanotubes(SWCNTs) and multi-walled  carbon
nanotubes(MWCNTS). Carbon nanostructured with a
single wall can be existed as a metal or a
semiconductor. This depends on contingent of the
direction of wrapping helicity and the diameter of the
produced tube [1].

The second form of carbon nanotube is multi-
walled carbon nanotubes, which differs from
SWCNTSs in that they are made up of more than two
layers of graphene species that are folded into a
cylinder. Carbon nanomaterial with a few walls are a
comparatively recent class of CNTs (FWCNTS) [2],
that are a type of MWCNTSs that has architectural

completeness comparable with SWCNTSs and consists
of (2-6) graphene layers. This new type of CNTSs falls
between SWCNTs and MWCNTs. This type
typically has a diameter ranging from 0.5 to 100 nm,
and their length might be measured in millimeters.
SWCNTSs have a diameter of approximately 1 nm and
a length of less than 20 cm, whereas FWCNTSs have a
diameter around 4-7 nm [4-5] and cross CNTs
(MWCNTS) have a diameter around 10 nm [3]. In
general, carbon nanotubes have unique optical,
magnetic, electrical, chemical, and physical
properties due to the nature of their structure. CNTs
are among the strongest fibers known to date, this
phenomenon is related to their C—C bonds. CNTSs are
also extremely thermally stable, both in a vacuum
and in the atmosphere. In this context, CNTs can be
synthesized using a variety of processes, each of
them differs in efficiency, cost, and quality.
Important example of these methods are laser
ablation, chemical vapour deposition method, sol-gel
method and Arc discharge method [6-8]. The
outcome of these processes is huge in amount and
contains additional byproducts, such as amorphous

*Corresponding author e-mail: ahmed.halbus@uobabylon.edu.iq; (Ahmed F. Halbus).
Receive Date: 13 June 2022, Revise Date: 13 July 2022, Accept Date: 08 August 2022, First Publish Date: 08 August 2022

DOI: 10.21608/EJCHEM.2022.144460.6301

©2022 National Information and Documentation Center (NIDOC)


https://doi.org/10.21608/ejchem.2022.144460.6301

536 Bashaer J. Kahdum et.al.

carbons and catalyst, which must be extensively
purified before high quality carbon nanotubes can be
obtained. Among different methods that can be
utilized in synthesizing of CNTs, CVD seems to be
a typical way to synthesize pyrolysis of hydrocarbons
over a catalytic powder creating carbon
nanomaterial’s; without a catalyst, carbon clouds
deposit in the formation of nanotubes happens on a
particular spot [9]. The highly reactive carbon
sources used in low-temperature CVD synthesis are
methane  [10], ethylene[11],  acetylene[12],
benzene[13], carbon monoxide [6,7,14], and
cyclohexane [15]. Alcohols are a viable alternative
carbon source that can be used in synthesizing of
CNTs, despite being less reactive, this observation is
due to producing of high-quality CNTs upon using
these materials as carbon source[16]. This benefit
comes from the hydroxyl radical etching of the
produced amorphous carbon, which extends the
catalyst's lifespan and produces higher-quality CNTSs.
The hydroxyl radicals are produced by either alcohol
thermolysis or the addition of water vapour as an
auxiliary additive [17].

The forms and skeletons of carbon nanotubes
generated using this approach are influenced by the
molecule of the precursor, ethane, ethylene, and
acetylene are linear hydrocarbons that thermally
breakdown into atom carbon or linear dimmers and
trimmers of carbon, resulting in hollow CNTs.
Branching CNTs are produced by predecessors with
even more than seven carbon atoms, whereas cyclic
compounds like xylene, benzene and cyclohexane
yield curved CNTs with curving tube walls,
numerous of which are linked. CVD was employed in
this study to make CNTs from alcohols for example
1-propanol, ethanol and 2-propanol. Atmosphere
pressure and 750°C are used in this technique[17].

The present work would involve synthesis of
CNTs using a chemical vapor deposition method. In
this approach a mixture of (1:1) of ethanol and
propanol would be used as a source of carbon. The
proposed synthesized CNTs would be investigated
using different spectroscopic and analytical
techniques.

2. Experimental

2.1. Materials
Ethanol (99.99%) was supplied by J.T. Baker,1-
propanol (99.99%) was provided by sigma Aldrich.
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Hydrogen peroxide (30%) was supplied from
Barcelona, Spain. Nitrogen gas N with a purity of
99.99 was supplied by Emirates industrial gases.

2.2. Methods
2.2.1. Synthesis of MWCNTSs
Nabertherm USA technique was utilized in

synthesizing of carbon nanotubes using chemical
vapour deposition method CVD. This process was
performed in a tube furnace with three steps. This
furnace has two quartz tubes: inner one with a length
of 125 cm and a diameter of 4 cm, and the outer one
with a diameter of 6 cm and a length of 110 cm.

The ceramic boat was placed in the tube furnace's
optimal precipitation area, which is placed in the
center of the inner tube. To eliminate the air from the
reaction chamber systems before turning on the tube
furnace, N, gas was flushed as a carrier at a 100
cm®min flow rate. For 35 minutes prior to starting
synthesis processes. Then, the furnace was heated to
reach 550 °C under atmospheric pressure. Then, N
gas flow was progressively lowered to 80 cm3/min
after the furnace achieved the desired temperature.
After passing N2 gas through a vaporizer containing a
1:1 methanol/propanol mixture (Ye+ mL) that was
evaporated at 80 °C. In this manner N2 gas held a
vapor of alcoholic mixture, which isa carbon source.
After the deposition was completed, the furnace was
turned off and allowed to cool to ambient temperature
while nitrogen gas was still flowing at rate 80 cm?/
min. The produced CNTs was collected from furnace
in order to be processed properly. The apparatus of
the unit that is utilized in synthesis of CNTSs is shown
in Figure 1.

The purification of the synthesized CNTs was
performed by immersing the product in 200 mL of
ethanol for 20 minutes using an ultrasonic water bath.
Using a separating funnel, re-distributed the collected
particles. At 20 °C for 14 hours, the bottom partial
was detached and dispersed with 100 mL of H0,,
100 mL of deionized distilled water was added to
dilute the solution. The mixture was progressively
heated to a temperature of 50 °C for 30 minutes to
finish the dissolving of the residual H»O,. The
obtained CNTs was washed many times with DI-
distilled water before being dried at 100 °C for 15
hours.
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Fig. 1. Schematic description for the unit that was used in synthesis of CNTs according to CVD approach.

2.2.2. Characterization of the synthesized CNTs
The produced CNTs was investigated using

different spectroscopic and analytical techniques. X-
rays diffraction (XRD) using a Cu K radiation
wavelength 0.15405 nm and a (XRD6000, Shimadzu,
Japan) X-ray diffractometer. A tube with a voltage of
40 kV and a current of 100 mA was used. Raman
spectra was performed using Sentara Infinity Bruker,
JEOL AR and EDX Broker X-Flash 5030 detectors
were used to create SEM pictures.
Thermalgravimetric analysis was performed using
(STA.PT.1000, LINSEIS Germany). The TGA
studies were carried out by burning from a
comfortable 25 °C to 900 °C at a rate of 10°C/min in
dry air flow at a rate of 50 ml/min. Fourier —
Transform Infrared spectroscopy using FTIR
spectrophotometer - 8400S, Shimadzu, Japan, using
KBr disc in a ratio of (1/50) measurements were
conducted in the range from 200-4000 cm-.,

3. Results and discussion

3.1. Raman shift spectrum
Raman spectra for the synthesized CNTs using a

mixture of ethanol/propanol (1:1) as a source of
carbon are shown in Figure 2. These spectra show
two main peaks of the major characteristic graphite
bands. The band around 1400 cm™ is related to D
band of sp® amorphous carbon. The band around
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carbon. Generally, these characteristic peaks D and G
appear in the range of 1250 to 1450 cm for D band
and for G band appear in the range of 1600-1700 cm-
L. This depends on the type of produced CNTs and
presence of impurities [18]. Most carbon isotopes,
particularly amorphous carbon sp? have the G band
around 1577 cm™, the G band is related to the lateral
shear stage of carbon atoms attributed to in vibrant of
the C-C bond that matches to the graphite plane
widening manner [19].

The intensity of the D to G band (Io/lg) indicates
crystalline degree of the synthesized CNTs and in
this study it was around 1.23 which indicates good
crystalline quality, also according to this ratio it can
be determined type of CNTs and it seems to be as
FWCNTs. Also, from these spectra, it can be seen
appearance of radial breath mode around 150 cm,
which is related with CNTSs radius [20-21]. The weak
peaks appear around 2400, 2800 and 2900 cm™ can
be assigned to D™ and G™ bands which are related to
overlap of the two peaks G and D on tubular structure
of the synthesized CNTs [21].

3.2. X-rays diffractionfor the synthesized FWCNTSs

XRD patterns for the synthesized FWCNTSs are
shown in Figure 3. From these patterns, the peaks
at 20= 25.6, 26, 30 °, and 38, these are related to the
typical graphitic peak coming from the appearance of
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a tubular carbon atoms configuration in the sample
with (002) and (100) planes. The peaks at 20 = 43.85
(101) and 53.30 (004) plane can be assigned to the
assembly of nanotubes. The peaks at 20 = 33.45°,
35.38°, 41.65, and 48.4 are attributed to the
amorphous carbon that is present with tubular
structure of the synthesized CNTSs [22,23].
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Fig. 2. Raman spectra of FWCNTSs synthesized at
750 °C using a mixture of ethanol/propanol.
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Fig. 3. XRD patterns for the FWCNTSs synthesized at
750°C using a mixture of ethanol/propanol(1:1).

3.3. Scanning electron microscopy for the synthesized
CNTs

Surface morphology of the synthesized CNTs was
investigated using SEM technique. The obtained
images for the synthesized FWCNTs are shown in
Figure 4. From these images, it can be seen formation
of tubular CNTs using from alcoholic mixture as a
source of carbon. Diameters of the synthesized
CNTs were in the range from 40 to 60 nm and with a
tublar length around 6 pm. In addition to that,
majority of the material has like onion-shaped
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components, implying that it was made via a unique
CNTs fabrication. In this manner, ethanol
necessitates a considerable proclivity for edging iron
nanocomposites rather than promoting the technique
of forming a cylinderconfiguration, which is
necessary to give lamellar constructions. Ethanol
requires a greater propensity towards encircle
nanopowders of iron rather than forming of cylinder
configurations required to obtain lamellar structures
[24-26].

The obtained results from the SEM micrographs,
the average diameter for the synthesized CNTs from
a mixture of ethanol/propanol(1:1) was ranged from
40-60 nm, which is greater than the one which was
reported for each of ethanol and propanol alone and it
was around 18 nm and 15 nm for each alcohol
respectively [17], also the average length of the
CNTs were around 6 pum which is greater than for
CNTs that wasproduced from each alcohol alone and
it was 1.2 um and 2.0 um respectively [17]. So it can
be concluded that using a mixture of aliphatic
alcohols can yield CNTs with longer length and
greater external diameter in comparison with using
them indivitually as a source for CNTSs synthesis.

3.4. Energy dispersion X-rays for the synthesized
CNTs

Elemental analysis of the synthesized CNTs was
performed using EDX technique. The obtained
results are shown in Figure 5. This spectrum confirms
presence of C and O in the structure of the
synthesized CNTs. The impurities of Si, K, Al, Ca,
P, Na, Fe and Mg probably arises from activities that
were conducted during purification processes for the
synthesized CNTs, and other components from the
instruments and sample compartments.

3.5. Thermal gravimetric analysis for the synthesized
CNTs

TGA was used to examine the thermal behaviour
of the CNTs that were synthesized. The TGA profile
for the synthesized CNTSs is shown in Figure 6. The
losing weight was approximately 6% in the range of
100 to 180 °C, can be assigned to lose of the adsorbed
water [YVY]. The evaporation of amorphous carbon
causes a mass loss around 16.44 % in the range 200 —
500 °C. The weight loss in the range of 580°C to 900
°C can be related to slow oxidation steps, resulting in
a loss of 30.59% of the investigated sample. The
CNTs that lost between 220 and 410 °C which was
around 53% of the sample's mass [28,29]..
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Fig. 4. SEM images of the synthesized FWCNTSs at 75°C using a mixture of ethanol/propanol (1:1).
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Fig. 6. TGA analysis for synthesized FWCNTSs using

a mixture of (1:1) ethanol/propanol.

3.6. Fourier-transform infrared spectra of the
synthesized CNTs

FTIR spectroscopy was used to investigate the
presence of functional groups on the surface of the
synthesized CNTs. FTIR spectraof the synthesized
CNTs are shown in Figure 7. From these spectra, the
peak around 1690-1630cm™ is assigned to the
vibration of -C=C- of alkenes and that around 1500-
1400 cm™ can be assigned to the vibration of C-C in
aromatic ring. [27-29]. The peak around 1760-1690
cm can be assigned to stretching vibration modes of
C=0 group at the surface of synthesized CNTSs, and
the absorption peaks at 3500-3200 cm™ is related to
absorption of OH group. The peak around 1320-1000
cmlis assigned to CO stretching of CNTs. The peak
around 1310-1000 cm™ is assigned to stretching
vibration of CO group in CNTs [30,31].

4. Conclusions

In this work MWCNTS of type only FWCNTSs was
synthesized successfully using a mixture of
ethanol/propanol in equal ratio (1:1) of these aliphatic
alcohols. Synthesis process was performed using
chemical vapor deposition approach under a stream
of Ny flush at burning temperature of 750 °C on a
silica chamber. The temperature in an outer chamber
that contains an alcoholic mixture was 78 °C. This
mixture has a boiling point, which is lower than that
of each pure alcohol indivetually. From the obtained
results, the synthesized CNTs was of type a few
walled carbon nanotubes with an average external
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diameter around 50 nm and tube length around 6 um.
In this context, molecular contact plays a vital
function in controlling the precipitation process for
carbon atoms from alcohol molecules in the used
mixture. Mixing has the advantage of lowering the
boiling temperature, boosting mixture evaporation,
and resulting in less amorphous carbon being
produced.
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