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Abstract
During the arc discharge technique, a high direct current (DC) voltage powers have been employed
by researchers for the fabrication of carbon materials, while in this reported technique, a very low
DC power is used to produce carbon micro balls (CMBs). Wherein, the CMBs were synthesized
with a minimum capacity of current (1.5 amperes) and voltage (15 volts), and their structural
properties were investigated. The electrochemical arc discharge was performed between two
graphite rods inserted in an aqueous solution of 1% acetonitrile. The prepared CMBs were
characterized using X-ray Diffraction (XRD), Scanning Electron Microscope (SEM), Attenuated
Total Reflectance Fourier transform infrared spectroscopy (ATR-FTIR) and Energy Dispersive X-
ray (EDX) analysis for confirmation of their characteristic properties. The existence of spherical
shape and smooth surface of the CMBs was confirmed by SEM with diameters in the range of
80µ-300 nm, and the EDX analysis exhibited the composition of CMBs with atomic mass percents
of carbon (88.35%) and oxygen (11.65%). Similarly, the XRD analysis revealed the crystalline
graphitic carbon nature of the CMBs with an average crystallite size calculated from the major
diffraction peak using the Scherrer formula of about 40.59 nm. The FTIR analysis also showed the
signs of the aromatic and oxygen functionalities present in the CMBs.

Keywords: Arc discharge, Carbon micro balls, Scanning electron microscopy, X-ray diffraction,
FTIR spectroscopy.
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Introduction

The manufacture of carbon based nano-materials
such as fullerenes discovered in 1985 [1], carbon
nanotubes [2] in 1991, carbon nano rods, carbon
nano balls (nano spheres) and graphene in 2004 [3]
are of tremendous importance due to their
specialized applications in broad areas of science
and technology. The importance of these materials
stems from their characteristic properties such as
high strength, small dimensions, high electrical
conductivity, high thermal conductivity and a low

thermal expansion coefficient. The synthesis of
these carbon products can be roughly divided into
two types of methods. The first one is mainly
based on the sublimation of carbon in an inert
atmosphere, such as an electric arc discharge
process [4], laser ablation [5] or sublimation by
solar energy [6], and the second includes catalytic
decomposition of suitable organic precursors [7],
electrolysis in a molten ionic salt [8], heat
treatment of polymers [9], low temperature solid
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pyrolysis [10] and etc. Similarly, arc discharge
techniques for the synthesis of carbon materials are
also applied which are considered to be more cost
effective as compared to among the above
mentioned processes [11], because the carbon
nanospheres (nanoballs) have also received great
attentions due to their potential applications in
anodes for lithium-ion batteries, catalyst supports,
electrodes for super capacitors, lubricants,
polymers, rubber additives and etc. [12, 13]. For
example, He et al. [14] investigated the growth of
carbon nano balls in the presence of acetylene with
coke powder as carbon source by arc discharge
technique. The resulted products were
characterized using Field emission scanning
electron microscopy (FE-SEM), field emission
scanning and transmission electron microscope
(STEM) equipped with energy dispersive X-ray
(EDX), X-ray diffraction (XRD), and Raman
spectroscopy to confirm their characteristic
properties.

Similarly, Wu et al. [15] also presented a
novel synthesis of carbon nano balls with
diameters in the range of 30-70 nm using starch as
carbon source, followed by vaporization of
carbohydrate by arc under a helium atmosphere
and characterized the resulted product with
transmission electron microscopy (TEM), EDX
and XRD.

The present work also deals with the

formation of CMBs by employing the

electrochemical arc discharge technique with a low

DC power of 1.5 amperes and 15 volts as

compared to the previous research workers that

used high DC powers to fabricate carbon materials.

Therefore, the aim of this study is focused on the

preparation of CMBs from the graphite anode in

the arc discharge process employing low DC

power. The detailed analysis of the obtained CMBs

by means of FTIR, XRD, and SEM is also

performed.

Materials and Method

For this work, the graphite rods (150 mm
in length and 3 mm in diameter) and acetonitrile
(C2H3N)) of analytical grad reagent were

purchased from Sigma-Aldrich. The DC voltage
power supply (LD-Didicatic GmbH, 52145, made
in Germany) with capacity of current (1.5 amperes)
and voltage (0 to 15 volts) was used.

The synthesis of CMBs

For the synthesis of CMBs, a low DC

voltage arc discharge technique was performed.

Wherein, two graphite rods as electrodes (anode

and cathode) were connected with a copper wire to

the DC voltage power supply and were inserted in

an electrolytic cell containing an electrolyte

solution made of acetonirile in deionized water

(acetonitrile is an aprotic organic solvents used in

electrochemistry). The process of CMBs formation

in the DC arc discharge cell is shown in Fig. 1. By

switched on the DC voltage power supply, the

evaporation of the graphite anode was started when

the anode was touched with the cathode in pulses

under in an electrolyte solution (anode was

touched momentarily with the cathode to discharge

the residual charge). The process was performed at

various conditions of DC voltages (5, 10 and 15

volts) and various percent concentrations of an

electrolyte solution in deionize water (0.5, 1 and

1.5%) for time interval of 30 minutes to get an

optimum product yield. During the optimization

process, the formation of the product yield was

found to be 50 % by weight with an optimum

concentration of electrolyte solution of 1%

acetonitrile and with a maximum voltage of 15

volts for 30 minutes. The percent yield as a

function of the arc discharge process with various

voltages and various electrolyte solutions for 30

minutes were also tabulated as shown in Table 1.

After completion of the process, the particles

present in the precipitated and suspended forms in

the electrolyte solution were filtered and washed,

respectively. The residues found after filtration and

washing were collected and dried in an oven at 105

ᵒC and finally the CMBs in powder form were 

desiccated for further use to characterize with

different techniques for confirmation of their

characteristic properties.
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Figure 1. Process of CMBs formation using DC are discharge

Table 1. The yield (%) as a function of arc discharge with various
voltages and concentrations of electrolyte solutions for 30 minutes.

DC Voltage
(volts)

Time
(min)

Concentration of
electrolyte solution

(%)

Percent
weight

(%)

5 30 0.5 15

10 30 1 50

15 30 1.5 35

Characterization

The surface morphology of the CMBs was
examined under a Scanning Electron Microscope
(Model; JSEM5910, JEOL, Japan). Similarly, the
elemental analysis of the product was also
performed using Energy Dispersive X-ray
Spectroscopy (EDX with SEM (JEM5910)
INCA200/Oxford Instruments, UK).

The CMBs in powder form were used in the
X-ray diffraction (XRD) analysis. The XRD
patterns of the samples were obtained by a
diffractometer (JEOL X-ray diffractometer, model
JDX-3532, Japan) using X-rays; CuKa
(λ=1.5418Å).

Scherrer equation was used to determine the
crystallite size from X-ray diffraction pattern
measured for nanoparticles:






cos

K
d

Where K is the Scherrer constant (shape
factor, its value is 0.9), k is the X-ray wavelength
(λ=0.15418 nm), β is the line broadening at half
the maximum intensity (FWHM) in radians, θ is 
the Bragg angle, (the position of the diffraction
peak maximum) and d is the averaged dimension
of crystallites in nanometers.

Infra-Red Spectroscopy (Eco-ATR
Spectrometer, Alpha, Bruker) was also used to
characterize the presence of functional groups in
the CMBs.

Results and Discussion
Morphology and energy dispersive x-ray analysis
of CMBs

The SEM micro photographs (with low
and high magnification) of the product obtained
during electrochemical arc discharge are shown in
the Fig. 2a-c. Wherein, the CMBSs with spherical
shape and smooth surface can be observed. The
large quantity of CMBSs with diameters in the
range of 80-300nm were produced as graphically
shown in Fig. 2d. The EDX analysis is shown in
Fig. 3 which reveals that the CMBs are composed
of carbon and oxygen with atomic mass percents of
88.35 and 11.65, respectively. The presence of
oxygen atom may be due to the electrochemical
oxidation of graphite or the absorption of air [16].
Thus the EDX results confirm that the carbon was
the dominant element and no metals were found in
the product. From the SEM images the spherical
shape of carbon particles can be seen.

Figure 2. Surface morphology of the synthesized CMBs (a, b) with
low-magnification SEM image and (c) with high-magnification
SEM image, and (d) graphical representation of diameters of
CMBs.
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Figure 3. EDX spectrum of CMBs.

X-ray diffractometry

The XRD pattern of CMBs is shown in
Fig. 4. The profile shows two peaks at 2θ of 23.85° 
and 26.55° (with interlayer spacing 3.73Å and
3.36Å calculated according to the Bragg’s
equation) corresponding to the amorphous and the
graphitic nature of the resulted product (JCPDS
Code: 00-008-0415) as also described earlier in the
literature [14, 17-24]. The mean size of the
crystalline CMBs was also calculated from the
major diffraction peak using the Scherrer formula
which was found to be 40.59 nm. It suggests that
the prepared CMBs mostly consist of crystalline
graphitic carbons and less amount of amorphous
carbons.
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Figure 4. XRD profile of CMBs

FTIR study

The ATR-FTIR spectrum of the CMBs is
shown in Fig. 5 exhibiting broad and featured
signals at various wave numbers such as 3418,

3098, 2318, 1692, 1645 and 1514 cm-1. The
absorption band observed at 3418 cm-1 is mainly
due to the presence of O-H and N-H groups. A
small peak can also be seen at wave number 3098
cm-1 which may be ascribed to the presence of
aromatic ring in the CMBs. The presence of peak
at 2318 cm-1 is assigned to the C=C stretching
vibration. The peaks observed at 1692 cm-1 and
1645 cm-1 correspond to the stretching vibrations
of C=O and C=C bonds. The small peak appears
at 1514 cm-1 is due to the hexagonal C=C bond of
the CMBs formed as reported earlier in the
literature [14-24]. The presence of these oxygen
and nitrogen functional groups on the materials
can perform as active sites, chemisorbing the
reactants and forming surface intermediates of
sufficient strength. Because, the basic carbons are
considered to be the most active for environmental
catalysis applications, both in the gas and liquid
phases as described earlier [25].
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Figure 5. ATR-FTIR profile of CMBs

Conclusion

The aim of this work was to produce
CMBs from graphite rod by an electrochemical arc
discharge technique with low DC voltage power.
The maximum product yield was found to be 50 %
by weight using 1% electrolyte solution of
acetonitrile in deionized water with a maximum
voltage of 15 volts for time duration of 30 minutes.
The SEM images of the obtained product revealed
that the CMBs exist with spherical shape and
smooth surface. The EDX analysis showed the
composition of CMBs with atomic masses of
88.35% carbon and 11.65% oxygen. Similarly, the
XRD analysis confirmed the crystalline graphitic
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nature of CMBs. The FTIR analysis exhibited the
presence of significant functional groups in the
CMBs. The present work deals with the
preparation of high purity CMBs that could be
used for applications as reinforced rubber
additives, lubricating materials, column packing
materials, catalyst supports and for environmental
catalysis applications.
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