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Abstract

Carbon nanospheres (CNSs) were successfully prepared and
synthesized by Catalytic Chemical Vapor Deposition (CCVD) by
using camphor as carbon source only, over iron Cobalt (Fe-Co)
saturated zeolite at temperature between (700 °C and 900 °C), with
different concentrations of camphor, and reaction time. The
synthesized CNSs were characterized using Scanning Electron
Microscopy (SEM), X-ray diffraction spectroscopy (XRD), and
Fourier Transform Infrared (FTIR). The carbon spheres in different
sizes between 100 nm and 1000 nm were investigated. This work has
done by two parts, first preparation of the metallic catalyst and
second part formation CNSs by heat treatment.
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Introduction bonds, with the several structural
As early as 1985, the discovery of arrangements, i.e. planar, linear, or tetra
bucky balls publicised a renewed hedrical geometries [6]. The

interest in new forms of the carbon
materials. These new carbon
nanostructured materials (CNMs) from
the C, family consist of carbon
nanotubes (CNTSs) [1-3], nanofilaments
[4], nanocapsules [5], and the recently
discovered carbon nanospheres (CNSs).
CNSs have unique compounding or
combination of chemical properties,
deduced by sp, sp? and sp® hybridized
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incomparable unique properties of
CNSs make them an attractive material
for a difference or variety of potential
applications, such as energy-storage
devices, lubricating materials; fabricate
diamond films, super capacitors,
catalyst supports, super conductivity,
and special rubber additives [7, 8].
These properties of CNSs are similar to
those of graphite or fullerenes, which
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include a large packing density, high
temperature stability and excellent
electrical ~ conductivity [9]. The
fluorescent and luminescent properties
of carbon quantum dots (CQDs) are
being explored as a low-toxicity as
compared with metal-based quantum
dots [10, 11]. Many techniques have
been used to produce CNSs to date: the
pitch's carbonization [12], arc discharge
[13], the pyrolysis of hydrocarbons such
as (toluene, styrene, benzene, ethane,
and hexane), chemical vapor deposition
(CVD) [14, 15], the use of micelles [16]
and ultrasonic processing [17]. The cost
of production in the synthetic methods
is high and limits production in larger
quantities. Most of the Carbon Nano
Materials  (CNMs) have  Dbeen
synthesized from precursors based on
the fossil fuels such as acetylene and
petroleum products. These precursors
are destined to get depleted one day.
Moreover, the cost of those raw
materials is expected to increase day by
day. Therefore, it is necessity to
consider  developing  carbonaceous
materials from the natural resources and
recently, there have been reports for
using carbon source like: camphor
(C10H160), turpentine oil (C1oH16), neem
oil, eucalyptus oil (C1oH180) and palm
oil (Ce7H1270g) [18-25]. Chemical vapor
deposition (CVD) is the most popular
thermal decomposition of a hydrocarbon
vapor is achieved in the presence of a
metal catalyst. Hence, it is also known
as thermal CVD or catalytic CVD (to
distinguish it from many other kinds of
CVD used for various purposes). If a
solid hydrocarbon is to be used as the
CNSs precursor, it can be directly kept
in the low-temperature zone of the
reaction tube. Volatile materials
(ferrocene, camphor, naphthalene, etc.)
directly turn from solid to vapor, and
perform CVD while passing over the
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catalyst kept in the high-temperature
zone.

Experimental
1. Preparation
particles

The popular metal catalyst (Fe, Co,
Ni), other metals, such as, Au, Cu, Ag,
Pt, Pd were also used to catalyze
CNMs  growth  from  various
hydrocarbons. In this article, 0.1 g
Fe(NO3)3.9H,0, and 0.1 g
Co(NO3).6H,0, were dissolved in 20
ml ethanol using ultrasonic for 15 min,
after that add 1 g zeolite powder to the
solution and sonicate the mixture for
1h. The solvent was then dried on hot
plate at 80 °C for 8 h to get powder and
ground into fine powder to be used as
ready support (catalyst-impregnated-
zeolite) for synthesis of CNSs.

metal catalyst

2. Synthesize of CNSs

Fig. 1 shows experimental setup for
the synthesized CNSs. The synthesis of
CNSs was carried out by a CVD system
at atmospheric pressure in horizontal
tubular quartz (1.85 cm inside diameter,
and 130 cm long) from thermal
decomposition of camphor vapor
(C1oH160). Firstly, in zone (1), (2, 2.5,
3) g camphor was placed inside the
quartz tube was vaporized at 225 °C,
secondly, vaporized camphor pyrolyzed
over 0.5 g catalyst-impregnated-zeolite
were placed in a ceramic boat at the
center of the reactor tube in the furnace
zone (I1) at temperature (700-900) °C,
with argon as carrier gas at ambient
pressure. After (20, 25, 30) min reaction
time, the furnaces were allowed to
natural cooling to room temperature
under argon flow and the carbon
product on the zeolite was collected,
weighed and characterized.
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Fig. 1: The schematic experimental setup for the synthesis of CNSs.

3. Factors interaction of growth
mechanism

The interaction and cohesion
between suitable metal catalyst and
decomposed carbon from camphor,
(such a thermal decomposition is
called pyrolysis), reaction times,
temperatures and concentration of
catalyst control the size of carbon
nanospheres. Argon gas was followed
at 60 sccm for different time at (700,

800, and 900) °C and the collected
products of CNSs were (0.2, 0.24, and
0.27) g respectively, for different
weight of impregnated zeolite with
metal catalyst (Fig. 2). Fewer amount
of dispersed carbon nanotubes can be
obtained at 700 °C, the growth
mechanism is the Nano cluster shapes
were periodically changing its shape
from spherical to cylindrical to arrange
the graphene as shown in the Fig. 5d.
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Fig. 2: Processes of catalytic CNSs growth mechanism.
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At temperature 700 °C, the metal
atoms clustered into bigger clusters
leading to bigger CNSs, more carbon
when

generate

increasing

the

with

concentration of camphor and the
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volume of carbon spheres increase
increasing temperature,
more CNSs vyield as showed
Table 1, and Fig. 3.

Table 1: Experimental condition and response for CNSs synthesized.

hence

Experimental [ Temperature | Reaction time Camphor Yield of CNSs
run (°C) (min) Weight () (9)
1 700 20 2 0.20
2 800 25 2.5 0.24
3 900 30 3 0.27
0.28—-
0.27—- [ ]
0.26—-
@ 0.25—-
é) 0.24—- n
() ]
G 0.234
° _
& 022
0.21—-
0.20—- n
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2.0 2.2 2.4 2.6 2.8 3.0
Camphor Weight (g)

Fig. 3: Camphor weight vs yield.

Characterization of CNSs

XRD is widely used for the
microstructural  characterization  of
carbonaceous materials by peak
analysis. The nature and phase
(crystalline or amorphous structure) of
the obtained product studied by

powder x-ray diffraction analysis,
which  was performed by x-ray
6000  diffractometer using the

monochromatic  high-intensity  Cu
(1.54060 A) Voltage: 40.0 kV Current:
30.0 mA, Scan Range: 20.0000-
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60.0000 deg, A typical XRD pattern of
the synthesized products is shown in
Fig. 4. This figure shows peaks that
correspond to the graphitic lattice,
(002), (101) and (004) reflections of
hexagonal graphite (JCPDS # 25-0284
Graphite, Carbon). XRD reflections
correspond to 20 = (26.4, 43.4, and
54.6) degree respectively, these
patterns reveals a characteristic pattern
of graphitized carbon. The high
intensity of the sharpness of the peak
(002) suggests that the carbon
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nanospheres  (CNSs) formed is
showing strong crystalline structures.
This pattern also indicates a high
degree of crystallinity which suggests a
low content of amorphous carbon and
the presence of impurities drawn from
the catalyst, usually iron particles [26].
The peak located at 20 angle of ~43.4,

Vol.15, No.35, PP. 75-82

with the low intensity as showed is an
indication of the quality of carbon
nanospheres present in the synthesized
product and can be readily assigned to
(101) diffraction of graphene and is a
signature of the hexagonal graphite
lattice of multi-walled CNTSs present.
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Fig. 4: XRD the spectroscopy of graphite nano-powders obtained by CCVD.

The SEM micrograph of the prepared
carbon nanospheres is presented in
Fig. 5. The surface morphology of the
carbon deposit obtained is seen to form
several spherical carbon nanomaterials
which  could be called carbon
nanospheres. SEM images of the
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collected products show  mono-
dispersed carbon spheres over supported
zeolite powder. These carbon spheres
have diameters of 100-1000 nm. The
micrograph reveals the presence of
(hard spherical) carbon spheres having a
smooth surface morphology.
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Fig. 5: Electron microscopic images of synthesized CNSs a, b, ¢ 800 °C with different scale
bar and d-reacted catalyst as CNTs with 700 °C.
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Infrared spectral data are used to
identify the functional groups of the
carbon nanospheres (CNSs) formed
(Fig.6), FT-IR spectra were collected on
powder samples the peaks are hardly
observed at 3290-3142 cm™ assigned to
(C-H) sp and sp? aromatic hydrocarbon,
the peaks at 2981 and 2841 cm™ are
assigned as CH, asymmetric stretching
vibration and CH3; symmetric stretching
vibration respectively. The peak visible
at 2393 cm™ due to C=C, the very
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small absorption in the range at 1730-
1606 cm™ due to stretching of C=C
bonds in the graphene layers (vC=C).
The peak at 1450 cm™ assigned to C—C
skeleton and C-H bending modes. the
bands in the range of 1300 to 1000 cm™
indicating few C—OH stretching and OH
bending vibrations and implying few
residual hydroxyl groups, 1122-
947 cm™, the FT-IR spectra exhibit
bands corresponding to CH3 groups [27,
28].
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Fig. 6: FTIR spectra of synthesis of CNSs.
Conclusions Buckminister fullerene. Nature, 318
CNSs have been successfully (1985) 162-163.
synthesized from camphor [2] S. lijima Helical, Nature, 354

decomposition at optimum temperature
800 °C by a catalytic CVD method over
zeolite  powder supported Fe/Co
nanoparticles as catalysts prepared by
wet impregnation method. From the
synthesis of carbon materials it is
possible to obtain spherical carbon
particles, with diameter in the (100-
1000) nm range, but also the presence
more of larger particles can be detected.
The product obtained was characterized
by X-ray diffraction, FTIR spectroscopy
and SEM.
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