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Today the world is worried over the particulate emission from various forms of internal
combustion engines. The present work is an attempt to understand the constituents of
the particulate emission and its possible use. The particulate exhaust matter containing
carbonaceous soot produced from the combustion of fuel containing hydrocarbons shows
the presence of significant amount of carbon Nanomaterials. Hydrocarbons are the most
widespread precursors among carbon sources employed in the production of carbon
nanotubes (CNTs) and carbon nanoparticles (CNPs). Carbon nanotubes find application in
fuel cells providing improved performance. The soot particles collected from the internal
combustion diesel engines are cleaned, powdered and analyzed by various techniques.
The CNPs are characterized by Field Emission Scanning Electron Microscopy (FESEM),
X-Ray Powder Diffraction (XRD), Energy Dispersive X ray diffraction (EDS), Raman
Spectroscopy, Photoluminescence spectroscopy (PL), Power spectrum and CIE plot. X Ray
Diffraction and Raman spectroscopic analysis show the presence of carbon nanotubes in
the amorphous materials.
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Introduction
Nanoscience and technology have grown explosively in the last
decades, because of various synthesis procedures and characterization
techniques.1 From the nineteenth century, carbon nanoparticles
are one among the blooming fields of research and have been in
constant limelight since then, due to its unique physical and chemical
properties, making it a whole host of applications ranging from
clean energy to nanoscale electronics.2-9 The carbon is the sixth most
abundant available element in the universe, which is a non-metallic
element commonly obtained from coal deposits. The toxicity level to
humans is very less for the pure carbon, which makes its application
in almost every field of science and technology. The carbon exists
in a many allotropic forms, among them graphite, diamond, and
amorphous carbon are naturally occurring. Coal, soot, carbidederived carbon and other impure forms of carbon also come under the
terminology amorphous carbon. They are not truly amorphous, but
rather polycrystalline materials within an amorphous carbon matrix.
Hydrocarbons are organic compounds consisting of carbon and
hydrogen elements only. At present lot of hydrocarbons are used as
precursors in several methods of nanoparticles preparation. Simplest
form of hydrocarbons, i.e. saturated hydrocarbons contains only single
bonds. The unsaturated forms of them have double or triple bonds in
their structure and aromatic hydrocarbons have at least one aromatic
ring. Diesel, Kerosene, paraffin wax etc. are the most commonly used
hydrocarbon sources for the production of carbon nanoparticles.10,11
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Today diesel engines are used worldwide for power generation,
farming, manufacturing, construction and very importantly in
transportation. The saturated and aromatic hydrocarbons in diesel take
part in the combustion process. In an unsteady mode and environment,
the diesel engine combustion takes place at very high temperatures
and pressures.12 The common diesel fuel is chemically represented as
C12H23 (ranges from C10H20-C15H28). The products of the incomplete
combustion of hydrocarbons, called soot particles are the actual source
of nanoparticles synthesis. The incomplete combustion depends on
the environment of burning. Some environments don’t enable enough
oxygen to get into the gas mixture to drive complete combustion and
the reactions can easily leave a lot of sooty emissions.
Combustion also known as burning is the basic chemical process of
releasing energy from a fuel and air mixture. This combustion method
belongs to the class of bottom-up method of nanoparticles synthesis,
where we require a combustion chamber of high temperature and
pressure. Since the diesel engine provides high temperature and
pressure essential for the breakdown of hydrocarbons we have made
use of the internal combustion engine for the synthesis of carbonaceous
soot particles. In the present work, we try to investigate the various
constituents in the particulate matter exhaust from the internal
combustion engines (ICEs). In order to understand the presence of
various allotropic forms of carbon in the sample synthesized the
samples are subjected to various characterizations by FESEM, EDS,
XRD, PL, and Raman spectroscopy.

Experimental methods
For the effective use of the particulate matter emitted by ICEs,
proper analysis and understanding of its constituents are essential.
Internal combustion engines are seen mostly in transportation. In
an ICE the combustion of fuel occurs in the combustion chamber
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resulting in the formation of particulate matter (Block diagram of
internal combustion engine is shown in Figure1).

Raman spectrum is a proven tool for structural evaluation of
materials. The nanostructures are formed by the addition of hexagonal
and pentagonal rings as building blocks. The temperature in the
internal combustion engine plays a significant role in the formation
of carbon nanotubes and graphene layers. It is well understood that a
CNT exhibit two characteristic bands in the Raman spectrum and is
also evident from Figure 5. A stretching G mode or Graphitic mode
around 1600 cm-1 and a defect band or D mode around 1350 cm-1. The
Raman spectrum of highly ordered graphite shows a first order features
in the region 1100-1700 cm-1 and second order features between 2400
and 3300 cm-1. In the sample formed from the internal combustion
engine we could observe all these bands. The G band corresponds
to the first order scattering of the E2g mode of sp2 carbon.22,23 The D
and G bands in the Raman spectrum obtained from the diesel soot are
observed at 1373 cm-1 and 1602 cm-1 respectively. The higher order
modes are also observed at 1811 cm-1 and 2204 cm-1 confirming the
formation of CNTs in the diesel soot.

Figure 1 Block diagram of internal combustion engine.

The particulate exhaust from the ICE are collected and purified
by liquid phase oxidation method, in which, the sample is mixed with
sulphuric acid and nitric acid in the ratio 1:3, ultrasonicated using
Scientech SE-366 for 30 minutes, filtered with Whatman Filter paper
41 and washed with distilled water three times. Then it is quenched
with ice-cooled water and base neutralized with sodium hydroxide.13
Then the sample is again washed with distilled water four times and
filtered with Whatman Filter paper 42.
The morphological and elemental analysis of the exhaust diesel soot
is done by Nova Nano FESEM and JEOL JEM-2100 TEM. In order to
understand the crystallinity of the soot particles, XRD measurement
is carried out using a Bruker D8 Advanced Diffractometer with CuKα
radiation (λ=1.5406 Å). The Raman Spectrum of the carbonaceous
soot is recorded using Lab Ram Micro-Raman Spectrometer. Photo
luminescent Spectrum of the sample is recorded using Horiba
Fluoromax.

Figure 2 FESEM images of soot particles.

Results and discussion
The particulate exhaust particles synthesized by the internal
combustion engines are subjected to morphological and structural
analysis. The FESEM and HR-TEM images of the sample are shown
in Figure 2. The FESEM image reveals the presence of agglomerated
carbon nanoparticles of size between 30 and 40 nm, whereas the HRTEM image shows carbon nanotubes and graphene sheets. From the
EDX spectrum of the soot particle given in Figure 3, it can be seen
that the emission contains sulphur, sodium, potassium and chlorine
in addition to carbon and oxygen. From Figure 3b, it can be seen that
the purification has removed the impurities and elements other than
carbon and oxygen.
The XRD spectrum of the soot sample shown in Figure 4 exhibit
a strong and broadened π band around 25.16° which corresponds
to E2g mode of graphite due to sp2 bonded carbon atoms and the
ordered CNTs in the sample. This indicates that the CNPS formed are
composed of crystalline graphitic carbon.14 The peak around 42.65°
from (100) plane is due the hexagonal lattice of multiwalled CNT.
This is in agreement with the values reported in literature.15‒21 From
the XRD spectra one can understand that the particulate diesel soot
contains CNTs.
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Figure 3 EDX Spectrum of diesel soot
A) Before purification. B) After purification

Figure 4 XRD pattern of diesel soot.
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highly significant in the context of pollution and search for low-cost
material for photonics and electronics applications and thereby turning
the hazardous, futile material into a fruitful material. We have also
reported the use of camphor soot as blue light emitter and investigated
its UV- protection action in leaves.9,23
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