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Abstract: Kerosene has been used as a precursor for the production of carbon
nanomaterial without a catalyst precursor. Nanomaterials formed in the
process have been analysed by Raman, Scanning electron microscope (SEM),
x-Ray diffraction (XRD) and by Energy dispersive spectroscopy (EDS).
Carbon nanomaterial produced show the morphology of carbon nanospheres
with diameters of about 0.3 um.
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Introduction

Kerosene which is obtained from the fractional distillation of crude oil constitutes one of the
most important fuels used in heating and as a fuel'. Kerosene is a complex mixture of
aromatic and aliphatic hydrocarbons with carbon numbers predominantly in the Cy - Ci¢
range’. Many workers had accidentally observed carbon nanomaterials and fibers in deposits
inside furnaces dealing with hydrocarbon gases’. These products were found growing on
graphite rods, quartz tubes, ceramic tubes, fire bricks and other materials of iron, cobalt,
nickel or any other material present in the reaction zone®. Carbon nanotubes and fibers are
being fabricated by the pyrolysis of acetylene*®, methane’, ethanol®, benzene’ and
carbonization of synthetic polymers, such as polyvinyl alcohol (PVA)' among others.
Carbon nanospheres (CNS), on the other hand, have a semi-crystalline structure which is a
reflection of their unique properties of low density, high porosity, increased surface area and
relatively high chemical and thermal stability'""'>. CNS and carbon nanotubes can be made
by a variety of procedures and these include numerous variations of the arc-discharge, laser
ablation and chemical vapor deposition processes with inorganic metals and in some
instances organometallic complexes are used as catalysts in these methods. The catalysts are
generally made from metals or their salts’. Hydrocarbons are by far the most widespread
precursors among carbon sources employed in the production of carbon nanotubes and
carbon nanospheres.
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Most of these process are either unsuitable for large scale production of carbon
nanotubes or nanomaterials and are expensive. There is therefore a need to find a cheap
source and a simple technique to synthesize carbon nanomaterials. In this study, commercial
kerosene which is cheap and locally available is investigated as a precursor for the
production of carbon nanomaterials.

Experimental

Kerosene used in this study was purchased from shell garage in Vanderbijlpark, Republic of
South Africa and used without further purification.

Preparation of nanomaterials

Commercial kerosene was placed in a simple laboratory lamp with a combustible cylindrical
cotton material. The lamp was left for 24 h to absorb the kerosene. The lamp was lighted
with a match and allowed to burn. A flat ceramic tile plate was placed above the flame of the
lamp to collect soot emitted from the lamp. When an amount of soot approximately equal to
10 g was collected, the experiment was terminated.

Characterization

The morphological features of nanomaterials were analyzed by Raman spectroscopy,
FE-SEM, EDS and XRD. The Raman spectra were obtained by a Raman spectroscope,
Jobin-Yvon HR800 UV-VIS-NIR Raman spectrometer equipped with an Olympus BX 40
attachment. The excitation wavelength was 514.5 nm with an energy setting of 1.2 mV from
a coherent innova model 308 argon-ion laser. The Raman spectra were collected by means
of back scattering geometry with an acquisition time of 50 seconds. The surface morphology
and EDS measurements were recorded with a JEOL 7500F Field Emission scanning electron
microscope. Powder x-ray diffraction (PXRD) patterns were collected with a Bruker AXS D8
advanced diffractometer operated at 45 kV and 40 mA with monochromated copper Kol
radiation of wavelength (A = 1.540598) and Ko2 radiation of wavelength (A = 1.544426).
Scan speed of 1 s/step and a step size of 0.03°.

Results and Discussion

Burning of kerosene to obtain soot is a thermal decomposition process in which the kerosene
breaks up to form other substances. The air borne thermolytic particles are extremely small
and occur individually. Some particles are seen to form aggregates on the ceramic collector
plate. Particles obtained from the atmospheric combustion of kerosene are a complex
mixture of elemental carbon, a variety of hydrocarbons, silicon compounds and other
species'.

The FE-SEM micrograph of kerosene thermolytic carbon nanomaterial is presented in
Figure 1. The surface morphology of the carbon deposit obtained is seen to be non-uniform.
There are several grains with what looks like carbon nanotube formed in this Figure. The
kerosene soot particles are extremely small with a majority of the particles about 0.3 um in
diameter. The FE-SEM image of soot particles at 100 nm and 1 um show particles of carbon
which are chain-like agglomerations as shown in Figure 1.

Energy dispersive spectroscopy (EDS) of kerosene soot is presented in Figure 2. The
spectra show the presence of carbon and oxygen as the combustion product of kerosene. The
composition of the soot aggregates from the EDS analysis indicates the soot to consist of
about 27.17% weight carbon and 72.63% weight of oxygen and 0.20% weight of silicon.
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Figure 1. Scanning electron micrographs of sooth obtained from the combustion of kerosene
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Figure 2, Energy dispersive x-ray spectra of sooth obtained from the combustion of
kerosene
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The result shows the product of the thermal decomposition of kerosene to be composed
mainly of carbon and oxygen with a small percentage of silicon, Figure 2 and Table 1. The
origin of silicon in this investigation is not known at this moment.

Table 1. Table of energy dispersive spectroscopy of kerosene soot

Element Element, % weight Atom, %
Carbon (C) 27.17 33.23
Oxygen (O) 72.63 66.67
Silicon (Si) 0.20 0.11

Total 100 100

The Raman spectrum of the kerosene soot is presented in Figure 3. The Raman spectra
show two major bands at 1330.34 cm™ and 1583.88 cm'. These bands are the D and G
bands which indicate the presence of crystalline graphitic carbon in synthesized carbon
nanotubes. The D band at 1330.34 cm™ has been attributed to the presence of amorphous
carbon®'>'® and surface defects in carbon nanotubes. The G band at 1583.88 cm
correspond to an e,, mode of graphite which is related to the vibration of sp>-bonded carbon
atoms and the presence of ordered carbon nanotubes in a sample. The band at 1330.34 cm
of moderate intensity is associated with vibrations of carbon atoms in disordered graphite.
The D and G bands should produce an overtone which resonates at about 2600 cm™'. The
presence of this resonance peak in the Raman spectra of a CNTs synthesis could be related
to the amount of carbon nanotubes produced in the synthesis as well as their purity. The
absence of this resonance peak in the soot obtained from kerosene combustion is an
indication that the kerosene soot had formed impure as well as few carbon nanotubes in the
process. The intensity ratio of these two bands (Ip/Iz = 0.8399) is also considered as a
parameter to characterize the quality of CNTs in the samples under investigation. A high
intensity ratio would indicate a higher degree of disorder in the CNTs. The intensity ratio for
the two bands obtained, 0.8399, shows that a low percentage of CNTs were formed in the
kerosene soot obtained. The intensity of the two peaks are quite high indicating that there exits
two dimensional disorder in the carbon nanomaterial produced from this thermolytic process.
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Figure 3. Raman spectra of sooth obtained from the combustion of kerosene
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The x-ray diffraction (XRD) pattern of kerosene soot is shown in Figure 4. The
carbonaceous soot obtained was used directly. The Bragg diffraction peaks at 260 = 23.68°,
42.33° are the only notable peaks obtained in this x-ray diffraction analysis. The peaks at
20 = 23.68° and 42.33° correspond to hexagonal graphite lattice of multi-walled carbon
nanotubes'”'®. The peak at 20 = 23.68° is a moderately high intensity broad peak which
indicates the presence of large amounts of amorphous material in association with
nanotubes. The low intensity of the peak at 26 = 42.33°, is an indication of the low quality of
carbon nanomaterial present in the soot. Reflections in Figure 4 could also be indexed as
(002) and (101). The peak at (002) is strong while the peak at (101) is weak .
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Figure 4. X-ray diffraction pattern of sooth obtained from the combustion of kerosene

Conclusion

Carbonaceous soot produced from kerosene without a catalyst precursor show the presence
of significant amount of carbon nanomaterial. Raman spectroscopy and x-ray diffraction
investigation shows the presence of carbon nanotubes in association with amorphous
nanomaterial. The presence of silicon is recorded in the EDS analysis the source of which is
unknown.
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