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Diesel oil used as fuel in motor engines has been used as a precursor for the production of carbon
nanomaterial without a catalyst precursor. Nanomaterials formed in the process were analysed by High
resolution transmission electron microscope, (HR-TEM), Raman spectroscopy, scanning electron
microscope (SEM), energy dispersive spectroscopy (EDS), thermogravimetric analysis (TGA) and X-
ray diffraction (XRD). Carbon nanomaterial produced from diesel soot show the morphology of
carbon nanospheres mixed with carbon nanotubes. The results obtained are presented.

Keywords: Carbon nanospheres, diesel fuel, soot, HR-TEM

1. INTRODUCTION

Diesel fuel which is obtained from crude oil by fractional distillation at a temperature range of
170 — 350°C, is a flammable and volatile product of medium toxicity [1,2]. Diesel oil has a
characteristic smell and is free of any suspended materials. It is a complex mixture of individual
compounds with carbon numbers between Cy — Cy3, with most of these compounds members of the
paraffinic, naphthenic or aromatic group of hydrocarbons. These three classes of compounds have
different chemical and physical properties [2]. Advances in laboratory analytical equipment in the
recent past [3], have resulted in the ability to undertake more sophisticated study of a wide range of
substances produced from the combustion of hydrocarbons [4].

Many workers had accidentally observed carbon nanomaterials and fibers in deposits inside
furnaces dealing with hydrocarbon gases [5]. 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
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present in the reaction zone.[5] Carbon nanotubes and fibers are being fabricated by the pyrolysis of
acetylene [6-8], methane [9], ethanol [10], benzene[11] and carbonization of synthetic polymers, such
as polyvinyl alcohol (PVA) [12] 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 [13,14]. 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 [15]. Hydrocarbons are by far the most widespread precursors among
carbon sources employed in the production of carbon nanotubes and carbon nanospheres.

The objective of this study is to determine the nature and morphology of diesel carbonaceous
soot produced from the combustion of diesel using modern analytical techniques such as scanning
electron microscope, (SEM), X-ray diffraction, (XRD), transmission electron microscope (HR-TEM)
and Raman spectroscopy.

2. EXPERIMENTAL

2.1. Materials

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

2.2. Preparation of diesel carbonaceous soot

Commercial diesel was placed in a simple laboratory lamp with a combustible cylindrical
cotton material. The lamp was left for 24 hrs to absorb the diesel. 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.

2.3 Characterization

The morphological features of diesel soot were analyzed by Raman spectroscopy, FE-SEM,
HR-TEM, 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. The HR-TEM images of the sample were
obtained by a CM 200 electron microscope operated at 100 kV. Powder X-ray diffraction (PXRD)
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patterns were collected with a Bruker AXS D8 Advanced diffractometer operated at 45 kV and 40 mA
with monochromated copper Kal radiation of wavelength (A = 1.540598) and Koa2 radiation of
wavelength (L = 1.544426). Scan speed of 1 s/step and a step size of 0.03°.

3. RESULTS AND DISCUSSION

Burning of diesel to obtain soot is a thermal decomposition process in which the diesel 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 diesel are a complex mixture of elemental carbon, a
variety of hydrocarbons, sulphur compounds and other species [16].

The FE-SEM micrograph of diesel thermolytic carbon nanomaterial is presented in figure 1(a—
b). 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 figure 1b. The diesel 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 pm show particles of carbon which are chain-like agglomerations as shown
in figure 1a.
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Figure 1. Scanning electron micrograph (FE-SEM) of soot obtained from the atmospheric combustion
of diesel.

Energy dispersive spectroscopy (EDS) of diesel soot is presented in figure 2. The spectra show
the presence of carbon and oxygen as the combustion product of diesel. The composition of the soot
aggregates from the EDS analysis indicates the soot to consist of about 27% weight carbon and 72%
weight of oxygen and 0.77% weight of sulphur. The result shows the product of the thermal
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decomposition of diesel to be composed mainly of carbon and oxygen with a small percentage of
sulphur, table 1.
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Figure 2. Energy dispersive spectroscope (EDS) spectra of soot obtained from the atmospheric
combustion of diesel.

Table 1. Table of energy dispersive spectroscopy of diesel soot

SEE Element Atom
(% weight) €))

Carbon (C) 26.77 32.86

Oxygen (O) 72.46 66.78

Sulphur (S) 0.77 0.35

Total 100 100

The Raman spectrum of the diesel soot is presented in figure 3. The Raman spectra show two
major bands at 1341.87 cm™ and 1576.51 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 1341.87 cm™
has been attributed to the presence of amorphous carbon [17-19] and surface defects in carbon
nanotubes. The G band at 1576.51 cm™ correspond to an e2g 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 1341.87 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. We find what could be
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called a small resonance peak at 2662.1 cm™. The absence of this resonance peak in the soot obtained
from diesel combustion is an indication that the diesel soot had formed impure as well as few carbon
nanotubes in the process. The intensity ratio of these two bands (Ip/lc = 1.100) 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 CNTSs. The intensity ratio for the two bands obtained,
1.100, shows that a low percentage of CNTs were formed in the diesel 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 soot obtained from the atmospheric combustion of diesel.

The X-ray diffraction (XRD) pattern of diesel soot is shown in figure 4. The carbonaceous soot
obtained was used directly. The Bragg diffraction peaks at 20 = 23.68° and 42.01° are the only peaks
obtained in the X-ray diffraction analysis. These two intense peaks correspond to hexagonal graphite
lattice of multi-walled carbon nanotubes [20,21]. The peaks 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 20 = 42.01° is an indication of the low
quality of carbon nanomaterial present in the soot.

The HR-TEM micrograph of the diesel fuel soot is presented in figure 5. HR-TEM micrograph
of the carbonaceous soot at 100 and 200 nm show nanomaterials obtained from diesel soot as spherical
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individual particles. Since no catalyst was used in the production of nanomaterials from the diesel,
catalyst particle are absent from this HR-TEM micrograph.
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Figure 4. X-ray diffraction spectra of soot obtained from the atmospheric combustion of diesel.

Morphological details indicate the nanomaterials obtained from the atmospheric combustion of
diesel as nanospheres, observed in the Raman spectral analysis, is further corroborated in the HR-TEM
micrograph [22].
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Figure 5. HR-TEM micrograph of soot obtained from the atmospheric combustion of diesel.
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Figure 6. Thermogravimetric analysis graph of soot obtained from the atmospheric combustion of
diesel fuel.

Several nanospheres have agglomerated together in the HR-TEM micrograph, figure 5 (a & b).
Single nanoparticles of soot indicating the nanospheres to be uniform could also be observed in the
micrograph.
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The HR-TEM micrograph, figure 5 (c & d) reveal lattice fringe images of graphene layers of
individual nanospheres. The crystalline presentation of the layers reflects the graphitization of the
nanospheres.

TG analysis was employed to examine the thermal stability of the diesel fuel soot. The
temperature at which oxidized occurs is an index of the stability of carbonaceous soot obtained from
nanomaterials. Thermogravimetric analysis (TGA) of diesel fuel soot is presented in figure 6. The
thermogravimetric curve obtained indicates a gradual and continual weight loss in the diesel fuel soot
from 50°C to about 900°C. The curve does not produce any endothermic weight loss plateau which is
indication of the absence of decomposition products from the diesel fuel soot. From an initial mass of
2.487 mg of diesel fuel soot, a weight loss of only 78.41% was obtained after heating for
approximately 900°C.

4. CONCLUSION

Carbonaceous soot produced from diesel without a catalyst precursor show the presence of
significant amount of carbon nanomaterial. The HR-TEM micrographs provide a clear indication that
these nanoparticles are carbon nanospheres. Raman spectroscopy and X-ray diffraction investigation
shows the presence of carbon nanotubes in association with amorphous nanomaterial due to the
presence of the D and G bands found in carbon nanotubes. EDS analysis of diesel soot provide strong
evidence of soot particles to be composed of primarily carbon and oxygen. The presence of a peak
corresponding to sulphur is recorded in the EDS analysis.
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