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ABSTRACT

Neem oil (Azadirachta indica) is a vegetable low cost nonedible oil obtained from its fruits
and seeds. Due to easily available in nature with plenty of abundance, and being a rich source of
carbon, it can be used as organic precursor for the synthesis of Multiwalled carbon nanotubes
(MWCNTs). In this study, we experimented the synthesis MWCNTs by using spray pyrolysis of
neem oil over cobalt catalyst under the influence of argon atmosphere at 850°C. As synthesized
MWCNTs were purified using acid treatment and characterized for structural confirmation. The
electronic properties of as synthesized and purified MWCNTSs was studied using four probe method.
We studied the influence of acid treatment to MWCNTs on Surface area, Electrical properties and

Hydrogen gas adsorption.
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INTRODUCTION
Azadirachta indica, a key member of

botanical family is widely known as Neem oil
in urban language [1]. Neem is considered to be
a part of India’s genetic diversity [2]. It is a
vegetable oil obtained from its fruits and seeds.
It is easily available in nature with plenty of
abundance and also known as margosa oil.
Neem tree is indigenous to the Indian
subcontinent and has been introduced to many
others areas in the tropics [3]. Multiwalled
carbon nanotubes has built a concrete platform
for a variety of applications across all the fields
on globe. Not a single domain has left over
where nanotechnology based products are
unaware. The literature has witnessed plenty of
methodologies for the synthesis MWCNTs by
several ways [4]. Some of the methods are
based on the chemical synthesis under different
experimental conditions. However, these
methods had reported afterwards that having
costly affair from economic and environmental
view point. Therefore, a new arena of green
synthesis had come up with efficient
methodologies followed by benchmarking end
product with desired quality and quantity [5].
Neem is the key element of nature and pretty
rich in anti-oxidant property [6]. It is enriched
with carbon storage which on exposure to high

temperature under catalytic climate yields

MWCNTs. Researchers had reported the

synthesis of MWCNTs from different natural
precursors [7], functionalization with different
functional groups [8] In this study, we have
discussed the spray pyrolysis of neem oil with
cobalt catalyst as reaction stimulator. A vertical
spray pyrolysis furnace equipped with inert gas
and water circulator with elevated temperature
chamber having temperature range maximum
of 1150°C.
Experimental
Preparation of Cobalt catalyst

The economical and qualitative cobalt
Nanoparticles was obtained using in-house
green method and used as catalyst for synthesis
of MWCNTs. The details of this green method
is described elsewhere in [9].
Synthesis of MWCNT's

The MWCNTs was synthesized from
Neem oil using a cobalt catalyst, by vertical
tube spray pyrolysis method at 850°C in an
inert atmosphere of argon gas. Details about
synthesis of MWCNTs is discussed elsewhere
[10].
Purification of MWCNTSs

The as obtained MWCNTs from boats
was purified by soaking in 50% Hydrochloric
acid followed by 50% Nitric acid solution for
24 h and later it was sonicated for 2h. Further

MWCNTs were washed with water for several
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times and dried at 200°C for 3hrs in muffle
furnace.
Characterization of MWCNTs:

Purified MWCNTs were characterized
by X-ray diffraction (XRD) analysis which was
performed using Phillips analytical X-ray
diffractometer with Cu Ka radiation running at
45 KV/40 mA in the 20 range 2°-100° with
step size of 0.02. Specific surface areas were
measured using SmartSorb-92/93 model of
Smart Instruments Co. Pvt. Ltd. by low
temperature nitrogen adsorption using the
Brunauer-Emmett-Teller (BET) single point
method. The samples were degassed at 150°C
for 2 hours prior to analysis. The

morphological analysis was performed with a

Phillips SEM 505 scanning electron
microscope.
Surface area measurement by MBA

(Methylene Blue Dye Adsorption) and BET
method:

In MBA measurement the dye used was
‘Methylene blue, (MB)from qualigens fine
Chemicals’. Aqueous Solutions of different
concentrations of MB are prepared ranging
from 0.25 to 5.0 ppm and the absorbance of
these solutions are measured using a UV-
visible spectrophotometer at a fixed wavelength
of 662 nm. This wavelength is selected for
absorption measurement as MB solution shows

highest absorbance at 662nm. Linearity curve

of concentration v/s absorbance is plotted; the
absorbance was found to be linear with
regression factor 0.999. Weighed exactly 100
mg of test sample (MWCNTs) in 500 ml round
bottom flask and added 100 ml of 5 ppm MB
solution, shaken to mix properly then this
solution is refluxed at 260 °C temperature for 1
hr. Allowed to cool the solution in same flask
and kept for 24 hrs to absorb the MB on test
sample. The absorbance of this solution is
measured by UV-vis spectrophotometer at
662nm wavelength and found the amount of
MB dye adsorbed on the test sample from
linearity curve and by using formula the
specific surface area was calculated. Similarly,
the surface area of same test sample was
determined using well known scientific
apparatus called BET surface area analyzer
from SMART instruments and both the results
obtained by BET and MBA method were
compared.

Electrical properties of MWCNTs:

Different weight % of MWCNTs were
mixed with HDPE and prepared its chip using
hydraulic press. Inserted the prepared chips of
different weight % of MWCNTs in four probe
instrument to measure the respective resistivity
The schematic representation of four probe

instrument to measure the resistivity is as

shown in below Figure 1.
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Figure 1: Schematic Diagram of four-point probe method

Hydrogen gas Adsorption Measurement
Adsorption of hydrogen gas on MWCNTs
is carried out using low pressure Sieverts
apparatus; this apparatus enables us to measure
the hydrogen adsorption of MWCNTs by
measuring decrease in hydrogen pressure. A
detailed about apparatus, leak test and

hydrogen adsorption measurement is discussed

elsewhere [10].

RESULTS AND DISCUSSION
The Diffractogram of as obtained
MWCNTs (impure) and Acid treated

MWCNTs (purified) shows the reduction of
peaks due to metallic impurities present in test
sample. Figure 2 (a) represents the major peak
at around 26° is due to carbon i.e. MWCNT
and the other two peaks at around 44.4° and
51.3° mainly due to metallic impurities i.e.
presence of cobalt catalyst in test sample.

Intensity of peaks due to metallic impurities

gets reduced after purification which represents
the purification of MWCNTs with acid
treatment.

Scanning Electron Microscope image of
purified MWCNTs show the formation of
MWCNTs with tube diameter ranging from
28nm to 35 nm size (Figure 3).

The  different

MWCNTs with HDPE w/w were exposed to

concentration of

four probe method and the volume resistivity
obtained is plotted against concentration as
shown in Table 1.

The plot of percentage loading of
MWCNTs with HDPE and its volume
resistivity is shown below in Figure 4. The
Resistivity decreases with the increase in
MWCNTs loading with HDPE. Confirms that
the MWCNTs are electrically conductive.

The optimal hydrogen storage capacity

of purified MWCNTs at different pressure was
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measured by using Sieverts apparatus. It found
that the hydrogen adsorption capacity of
MWCNTs is 1.20 wt. % at 11 kg/em® and
3.25wt% at 100kg/cm’

Resistivity of MWCNTs shows the
highest conductance capacity of MWCNTs
when spiked with HDPE in
obtained MWCNTs are
by MBA

higher
concentration. 1.e.

conducting. The Surface area
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method and BET method as obtained is
tabulated below along with Hydrogen Gas
storage capacity of MWCNTs obtained from
Neem oil shown in Table 2.

The surface area of MWCNTs
measured by in-house MBA method is found to
be comparable to that of BET method and also

shows relative Hydrogen gas storage.
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Figure 2(a): X-Ray Diffractogram of As obtained MWCNTSs (Impure)
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Figure 2(b): X-Ray Diffractogram of purified MWCNTSs
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Figure 3: SEM image of purified MWCNTSs

Table 1: Percentage Loading of MWCNTSs with HDPE and volume resistivity

Sr No % Loading of MWCNTSs Volume Resistivity
with HDPE (Ohm-cm)
1 2 17
2 4 11
3 6 8
4 8 5
5 10 4
6 12 3
7 14 3.2
8 16 3.1
9 18 3.2

Volume Resistivity (Ohm-cm)

5

4 & B 10 iz 1 16
% Loading of MWCNT with HDPE

16 18 20

Figure 4: Plot of % loading of MWCNTs with HDPE v/s volume Resistivity

Table 2: The surface area and Hydrogen storage capacity of MWCNTs
Surface Area (m*/g) Hydrogen Gas Storage
Sample Details BY MB Adsorption By BET At 11 kgem® At 100 kg/cm®
MWCNTs (Obtained
from Neem Oil) 112 118 1.20 5.25
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CONCLUSION

Naturally occurring precursor i.e. Neem
oil is used for the synthesis of MWCNTSs. The
obtained MWCNTs were purified and
characterized using different analytical tools
and also studied its applications in Hydrogen
gas adsorption and -electrical property i.e.
resistivity.  Along  with  surface  area
measurement of MWCNTs with in-house
Methylene Blue Adsorption and existing BET
method which are found to be comparable and
in-house MBA method can be replaced to that
of existing BET method of surface area
measurement. The results of resistivity
measurement shows that the MWCNTs are
electrically conducting.
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