
INTRODUCTION

Allotropes of carbon have been a subject of great interest
among researchers for several years. Amorphous carbon is the
name used for coal, soot and other impure forms of the element.
These have neither graphite nor diamond like structures.
Amorphous carbon has a wide range of properties that are
primarily controlled by the different bond hybridizations
possible in such materials. Hydrocarbons as one of the major
sources for nanomaterials was reported by many authors1-5.

In the present study, structural characterisation of diesel
soot and camphor soot has been done using different analytical
methods like X-ray diffraction (XRD), Scanning electron
microscopy (SEM) and Energy dispersive spectroscopy (EDS).
X-ray scattering is used to obtain structural information on
the atomic scale, especially the average carbon-carbon distance
and the average coordination number of the carbon atoms.
Scanning electron microscopy study reveals information such
as external morphology, chemical composition and orientation
of materials making up the sample. With these analytical
methods one could determine the structural parameters like
aromaticity fa, lateral size La, stacking height Lc and number
of carbon per aromatic lamellae1-6.

EXPERIMENTAL

The morphological features of nanomaterials were
analyzed by SEM-EDS and XRD. The surface morphology
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and energy dispersive spectrum measurements were obtained
by scanning electron microscope model JSM 6390 from JEOL
Company in Japan. The XRD measurements were carried out
using a Bruker AXS D8 Advance X-ray diffractometer. Diesel
soot was collected from the engine of diesel vehicle was
leached with acetone (DSA). The camphor soot was prepared
by the thermal decomposition of camphor in open air. The
collected soot was leached with acetone and washed with
enormous amount of water. The air dried samples were analyzed
for the nanostructure.

RESULTS AND DISCUSSION

Characterization of amorphous carbon from diesel

soot: Burning of diesel to obtain soot is a thermal decompo-
sition process in which diesel breaks up to form other substance.
The formation and oxidation processes of soot particles are
strongly influenced by the engine operating conditions and
by the combustion system design. The engine borne thermo-
lytic particles are extremely small and occur individually.
Particles obtained from the combustion of diesel are a complex
mixture of elemental carbon, nitrogen, sulphur and hydrogen.

The SEM micrograph of diesel thermolytic carbon
nanomaterials is presented in Fig. 1. The surface morphology
of the carbon deposit obtained is seen to be non-uniform. There
are several grains which look like carbon nanospheres. These
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Fig. 1. SEM data of diesel soot treated with acetone

sphere join together to form chains of spheres. This chain like
structure is seen throughout the surface. The particle size is
measured to be ~109.72 and ~148.28 nm.

Energy dispersive spectrum (EDS) of diesel soot is presen-
ted in Fig. 2. The spectra show the presence of carbon and
oxygen as the combustion product diesel along with sulphur,
traces of calcium and iron in the studied surface. The soot
consists of about 94.81 wt % carbon and 0.78 wt % oxygen.
Hydrogen is absent in the studied sample.
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Fig. 2. Energy dispersive spectrum data of diesel soot treated with acetone

Characterization of amorphous carbon from camphor

soot: Camphor exhibits highest CNT-production efficiency
with minimal waste production. Moreover every atom of camphor
plays a positive role in carbon nanotube synthesis, which
accounts for maximum carbon-to-CNT conversion efficiency
which is reported by many authors earlier4. Camphor, a bota-
nical hydrocarbon, on burning undergoes  hermal decompo-
sition to give soot. Atmospherically burned camphor produces
thermolytic particles which are extremely small. The soot
formed is extremely fine powder, which consists of carbon,
oxygen, aluminium, silicon and potassium. The EDS analyses
(Fig. 3) revealed 93.29 % carbon, 3.19 % oxygen, 0.63 %
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Fig. 3. Energy dispersive spectrum data of camphor

aluminium, 0.55 % silicon and 2.34 % potassium in the soot
formed. Unlike the diesel soot, the presence of aluminium and
silicon are reported in the sample.

The SEM micrograph of nanomaterials formed from
camphor is presented in Fig. 4. The surface morphology of
the carbon deposit is non uniform. The SEM images revealed
that particles of carbon are in the form of spheres. The size of
the particle formed is about 70-90 nm diameter.

Fig. 4. SEM data of camphor soot

Comparative study of diesel and camphor soot: A
comparative study of the XRD profiles of the two kinds of
soot along with pure graphite is shown in Fig. 5. From the
X-ray diffraction profile, it is found that diesel soot is having
more disordered carbon in it compared to camphor soot. The
interlayer spacing d002 is found to be 3.45 Å for diesel soot,
which is very near to the d- spacing of pure graphite8. From
the SEM analysis, it is observed that camphor soot contains
more of ordered nanospheres while diesel soot contains more
of nanoclusters with more disordered carbon in it. The ratio
of intensity of disorder carbon to ordered carbon (I20/I26) is
given in Table-1. A higher intensity ratio would indicate a
higher degree of disorder in the carbon nanotubes. The intensity
ratio for the two bands treated with acetone is observed to be
1.83. This value indicate that comparatively low percentage
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Fig. 5. XRD data analysis of diesel soot treated with acetone (DSA),
camphor soot (CA) and pure graphite (PG)

of carbon nanotubes are formed in the diesel soot and higher
disorder in the sample4.

TABLE-1 
STRUCTURAL PARAMETERS OF DIESEL SOOT TREATED WITH ACETONE (DSA) AND CAMPHOR SOOT (CA) 

Sample I26/I20 I20/I26 fa La (Å) Lc  (A
0) d002 (Å) N n 

DSA 0.55 1.83 0.16 117.94 81.45 3.45 24.63 194.12 
CA 6.30 0.16 0.91 89.13 23.39 3.57 7.55 18.24 

 

The lateral size of the aromatic lamina (La) formed is
found to be 11.7 nm where as stacking height (Lc) is found to
be 8.1 nm for the diesel soot. The intensity ratio of the two
peaks (Iγ/Iπ) for camphor soot is found to be 0.158. This value
indicates that comparatively higher quality carbon nanotubes
are formed in camphor soot which also implies highly ordered
structure4. The nanospheres formed during the thermal
decomposition of camphor are of better quality than that formed
from diesel. It is observed that as the aromaticity increases, the
I20/ I26 decreases, which indicates lower degree of disorder in
the sp2 hybridized carbon. In the case of camphor soot, the
lateral size of the aromatic lamina (La) and stacking height
(Lc) formed is found to be 8.91 nm and 2.34 nm, respectively.
The d002-spacing of the lamellae is found to be 3.57 Å which
is close to the value of graphite layer reported in various
studies8.

In the present study all the samples show strong and
broadened π bond, suggest that the carbon nanosphers (CNS)
formed is composed of crystalline graphitic carbon. Higher
intensity of this band indicates higher degree of crystallinity/
graphitization. The nanostructure growth takes place by adding
up of hexagonal and pentagonal rings as building blocks, not
individual carbon atom. These radicals are in highly active
state and capable of forming a stable structure among them.
The temperature generated during the combustion of diesel/
camphor plays a crucial role in the formation of graphene
layers. The retentention time of the sp2 carbon atoms in the
reaction core is not long enough to form multi-layer graphene
(graphite). Instead, only few-layer graphene is kinetically
favored. Many author's reported the presence of peak at
~42.33° to hexagonal graphite lattice of multi-walled carbon
nanotubes1-8. Very weak peak at 42.33° observed in the present
study is an indication formation carbon nanomaterial in the
soot. Also aromaticity is very high for the nanomaterials
formed from camphor (0.91) compared to diesel (0.16).
Camphor being a natural hydrocarbon will be a better precursor
for the production of nanomaterials.

Conclusion

Carbonaceous soot produced from combustion of diesel
in engine show the presence of significant amount of carbon
nanomaterials. The γ band at about 19.28° has been attributed
to the presence of amorphous carbon and surface defects in
carbon nanotubes. This band is associated with aliphatic side
chains in the disordered carbon atom. The π band at ~25.81°
corresponds to e2g mode of graphite which is related to
vibration of sp2 bonded carbon atoms and the presence of
ordered carbon nanotubes in diesel soot. The SEM micrographs
provide a clear indication that nanoparticle present in diesel
soot are clusters of carbon nanospheres. Energy dispersive
spectrum analysis of diesel soot indicates that the soot particles
to be composed of primarily carbon and oxygen along with
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hydrogen. The camphor soot shows presence of γ and π bands,
which indicates the presence of crystalline graphitic carbon.
The SEM micrographs of camphor show the presence of carbon
nanostructures. The EDS analysis shows more of carbon and
oxygen along with aluminium, silicon and potassium. The
nanomaterials formed in the diesel soot consists more of
disordered carbon, whereas in camphor it is more of ordered
graphite like carbon.
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