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Abstract: Biomolecules present in plant extracts can be used as
capping and stabilizing agents which reduce metal ions or metal
oxide ions to metal nanoparticles in a single-step green synthesis
process. In this study, calcium oxide nanoparticle was
synthesized using Eugenia uniflora leaf extract in order to
ascertain its oil sorption capacity. The characterization of the
calcium oxide nanoparticle through UV-vis spectroscopy
revealed that maximum absorption was obtained at 207nm
indicating surface plasmon absorption of calcium oxide
nanoparticle. FTIR results of the Eugenia uniflora leaf extract
before and after the synthesis of the calcium oxide nanoparticle
indicated the absence of the O-H functional group of alcohol with
peak at 3306.1 cm-' and C-C functional group of alkane with
peak at 1449.9 cm-' indicating their responsibility for the
reduction and capping of the synthesized -calcium oxide
nanoparticle. The morphology of the cacium oxide nanoparticle
indicated no definite shape with smooth surface on
magnification. The XRD pattern showed that the calcium oxide
nanoparticle formed are crystalline in nature with average
crystallite size of 3.25 to 4.76 nm. Effect of contact time on the oil
sorption capacity of calcium oxide nanoparticle revealed highest
sorption capacity at a shorter time (20 min). Kinetically, oil
sorption capacity of CaO nanoparticle fitted the Pseudo-second-
order model with R? close to unity (i.e. 0.996). Mechanism of
sorption is by chemisorption. Therefore oil sorption capacity of
calcium oxide nanoparticle proved to be effective especially at
low contact time can be used to clean oil polluted water.
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Eugenia uniflora, Waste engine oil, Contact time.

I. INTRODUCTION

Nanotechnology refers to an emerging field of science that
includes synthesis and development of various nano-
materials such as nanoparticle. Nanoparticles represent a
particle with a nanometer size of 1-100 nm. The nanoscale
material has new, unique, and superior physical and chemical
properties compared to its bulk structure, due to an increase in
the ratio of the surface area per volume of the material/particle
[1]. The most widely studied nanoparticle materials are metal
nanoparticles including metal oxide nanoparticles because
they are easier to synthesize. Metal nanoparticles are
particularly important class of nanomaterials with applications
in diverse fields including electronics [2], catalysis [3],
sensing [4], water treatment [5] , oil recovery [6], corrosion
inhibition [7] , drug delivery [8] , antimicrobials [9], among
many others. The common inorganic nano metal oxides are

magnesium oxide (MgQO), titanium oxide (TiO;), copper oxide
(Cu0O), zinc oxide (ZnO) and calcium oxide (CaO). These
nano metal oxides are safe to human and other organisms,
stable, antimicrobial agents and have multifunctional
properties [10]. Calcium oxide (CaO) nanoparticles have
significant antimicrobial properties and unique structural and
optical properties; environmentally, they are safe to all living
organisms [11]. Calcium oxide nanoparticles has specific
structural and optical properties, and can be used as a potential
drug delivery agents in photo thermal and photodynamic
therapy and synaphic delivery[12]. With potential biomedical
applications, calcium oxide nanoparticles are also used in the
various fields such as electronics, environmental remediation,
sensors and catalysis.[13] The green synthetic approach to
synthesize both metal and metal oxide nanoparticles is highly
advantageous unlike the conventional method due to its
minimization of hazardous chemicals, prevention of wastes,
efficiency, low cost and comparatively high yield of
products."* Various applications of bio-synthesized calcium
oxide nanoparticle have been documented but none has been
done on it’s oil holding capacity using FEugenia uniflora
extract. In this work, calcium oxide nanoparticles was
synthesized using Eugenia uniflora extract. The obtained
calcium oxide nanoparticle were characterized using UV-Vis
spectroscopy,  Fourier  transform  infrared  (FT-IR)
spectroscopy, X-ray diffraction studies (XRD), Scanning
electron microscopy (SEM) techniques. Its application such as
oil holding capacity was studied.

II. EXPERIMENTAL
2.1 Sample collection

The fresh leaves of Eugenia uniflora were collected from the
Eugenia uniflora plant located at Nkata Ibeku in Umuahia
North Local Government Area, Abia State, Nigeria and were
identifed and authenticated at the taxonomy section of
Forestry Department of Michael Okpara University of
Agriculture Umudike Nigeria.

2.2 Preparation of aqueous leaf extract

The sliced leaves were washed properly with deionized water
and then air dried at room temperature for about two weeks
which were then milled into a fine powder. Eugenia uniflora
leaves extract was prepared by weighing 100g of the fine
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particles into a 1000ml glass beaker using Ataus analytical
balance. 800ml of de-ionised water was added to it and stirred
for some time, boiled at 80°C ( in thermostatic water bath) for
15mins and was allowed to cool. The solution was filtered
through Whatman No. 1. filter paper (Sprungfield
MillMaidstone Kent, England) and the filtrate was used
immediately for the synthesis of calcium oxide nanoparticles.

2.3 Synthesis of calcium oxide nanoparticles

25g of calcium oxide was added to 100mls of the Eugenia
Uniflora leaves extract . The mixture was stirred using a
magnetic stirrer at room temperature for 2hrs, after which 5g
of the ascorbic acid was added to stabilize the zerovalent
calcium oxide reduced by Eugenia Uniflora. The calcium
oxide nanoparticle obtained was purified by repeated
centrifugation at 1500 rpm for 15 mins followed by re-
dispersion of the pellet in de-ionize water. Then the calcium
oxide nanoparticle was dried in an oven at 80°C and then
allowed to cool before storing in an airtight container for
further analysis.

2.4 UV-Visible spectroscopy analysis

The bio-reduction process of calcium ions in aqueous solution
was measured by sampling ImL aliquot compared with 1 mL
of de-ionized water used as blank and subsequently measuring
the UV-visible spectrum of the solution. UV-visible spectrum
was monitored on Cary Series UV-Visible spectrophotometer
Agilent Technology, operated within the wavelength range of
200 to 800 nm.

2.5 FT-IR spectroscopy measurement

This was carried out on Eugenia Uniflora leaves extract and
on the calcium oxide nanoparticle, FT-IR measurement of the
samples was performed using FTIR-Cary 630 Fourier
TransformInfrared Spectrophotometer, Agilent Technology, in
a transmittance method at a resolution of 8 cm™ in potassium
brorlnide (KBr) pellets in the wave number range of 4000-650
cm .

2.6 Scanning electron microscopy (SEM) analysis

Morphology of the nanoparticles was studied using SEM
analysis with electron magnification of 80 — 150,000x
(MODEL-PHENOMProX Scanning Element Microscope
manufactured by Phenom World Eindhoven, Netherlands).

2.7 X-Ray diffraction (XRD) Analysis

XRD (PAN analytical, Netherlands) patterns were obtained
with a diffractometer (Empyrean model, Netherrlands)
operated at a voltage of 45 KV and a current of 40 mA using
Cu-K radiation in a ©-20 configuration with a wavelength (1)
of 1.541 A. The sample was made smoother and was imparted
on a slide which was then charged into the machine after
adjusting the machine parameters and was operated via a
monitor.
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2.8 Oil sorption capacity

Oil sorption capacity (OHC) was calculated according [15]
with slight modifications. 1g of the CaO nanoparticles powder
was weighed in a pre-weighed 30mL plastic centrifuge tube.
10mls of waste motor oil was added to it and was thoroughly
mixed with a vortex mixer at the highest speed and allowed to
stand at room temperature (22 + 2°C) at various time interval;
30, 60, 90, 120, 150 minutes. CaO nanoparticle-oil mixture
was centrifuged at 1200 g (3500 rpm) for 30 min (Model 3K
15, motor 11133, SIGMA, Germany), the supernatant was
carefully decanted and the new mass of the CaO nanoparticle
was recorded. The same procedure was carried out for other
time intervals. OHC (g oil / g dry CaO nanoparticle ) for each
time interval was calculated as:

OHC (g oil /g powder) = (Moited - Ma) /M4 1

Where mg and moiea are the mass of dry powder CaO
nanoparticle and mass of dry powder CaO nanoparticle
including sorbed oil, respectively. The initial weight of the
sample at each time variation serves as the control analysis
and the graph of OSC (g oil /g dry CaO nanoparticle) was
plotted against time.

2.9 Statistical analysis

The data given in this study represents the mean of triplicate
analysis. All results are evaluated by mean SD values. The
correlation coefficient (R?) values of the linear form of
pseudo-first-order and pseudo-second-ordera were also
determined using statistical functions of Microsoft Excel
(version Office XP, Microsoft Cooperation, USA).

III. RESULTS AND DISCUSSION
3.1 UV-visible spectroscopy analysis

UV-visible spectrum of calcium oxide nanoparticle showed
maximum absorption at 219nm. This is due to surface
plasmon resonance (SPR) that is the resonant oscillation of
conduction of electrons at the interface between negative and
positive permittivity material stimulated by incident light.

Figure 1: UV-visible spectrum of calcium oxide nanoparticle
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3.2 Fourier transforms infrared spectroscopy

The FTIR analysis was carried out on Eugenia uniflora leaf
extract and on the synthesized calcium oxide nanoparticle.
FTIR measurements were used to identify the possible
functional groups responsible for the reduction of calcium
oxide ions to calcium oxide nanoparticle and to identify the
possible biomolecules responsible for the capping and
stabilization of the synthesized calcium oxide nanoparticle.
Figure 2 and Table 1 show the vibrational frequencies of the
functional groups present in the Eugenia uniflora leaf extact
while Figure 3 and Table 2 show the vibrational frequencies of
the functional groups present in the calcium oxide
nanoparticle. From Table 1, the peaks at 3276.3 cm'l, 2922.2,
2851.4 cm’, 1625.1 cm’, 1438.8 cm' and 1230.3 cm’
indicated O-H of alcohol, O-H of acid, C-H of alkane, C=C
of alkene or aromatic, C-C of alkane and C-O of ester or
anhydride while from Table 2, the peaks at 3168.2 cm™,
2870.1 cm’, 21134 cm’, 1636.3 cm’ and 1258.1 cm’
indicated O-H of acid, C=C of alkyne, C=C of alkene or
aromatic and C-O of alcohol, ester or anhydride. The main
difference in the FTIR result of the FEugenia uniflora leaf
extract before and after the synthesis of the calcium oxide
nanoparticle is indicated by the absence of the O-H functional
group of alcohol with peak at 3306.1 cm-1, C-H and C-C
functional group of alkane with peaks at 2851.1 cm-' and
1449.9 cm-' as shown in Fig. 2 which indicated that they are
responsible for the capping and stabilization of the
synthesized calcium oxide nanoparticles.
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Figure 2: FTIR of Eugenia uniflora leaf extract

Table 1: Functional groups of the leaf extract of Eugenia uniflora

Peaks ( wavelength in cm-1) Functional group

3276.3 O-H of alcohol
2922.2 O-H of acid

2851.4 C-H of alkane
1625.1 C=C of alkene or aromatic
1438.8 C-C of alkane
1230.3 C-O of ester
1036.2 C-O of ester
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Figure 3: FTIR of calcium oxide nanoparticle

Table 2: Functional groups of the calcium oxide nanoparticle

Peaks ( wavelength in Cm-1) Functional group
3168.2 O-H of acid
2870.1 O-H of acid
2113.4 C=C of alkyne
1636.3 C=C of alkene or aromatic
1148 C-O of alcohol, ester or anhydride

3.3 Scanning electron microscopy analysis (SEM)

The SEM images of calcium oxide nanoparticle are shown in
Fig. 4, 5, 6 and 7. The morphology of the nanoparticle
indicated no definite shape of various sizes that are
agglomerated. Further  observations  with  higher

magnifications reveal that these images possess smooth
surfaces. At much higher magnification the images are seen as
large particles which can be attributed to aggregation or
clustering of smaller particles.

Figure 4: SEM image of calcium oxide nanoparticle.
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Figure 8: X-ray diffraction pattern of calcium oxide nanoparticle synthesized
from Eugenia uniflora.

Figure 8 shows the XRD of calcium oxide nanoparticle
biosynthesized from the leaf extract of Eugenia uniflora. A
number of Bragg reflections values 6.23°, 19.42° 23.05°,
23.97°, 38.87° and 43.69° within the angle range from 5.00°
to 74.99°, were observed. The XRD pattern indicated that the
calcium oxide nanoparticle formed are crystalline in nature
with a mixed phase structure of calcium oxide nanoparticle.
The average crystallite of the calcium oxide nanoparticle was
calculated from the width of the XRD peaks, assuming that
they are free from non-uniform strains, using the Debye-
Scherrer equation shown below in equation 2.

D=kA/Bcosb 2

Where D is the particle size (in nm), k is a constant equal to
0.94, A is the wavelength of X-ray radiation (0.541), P is the
full-width at half maximum (FWHM) of the peak (in radians)
and O is the Bragg angle (in degrees). The average crystallite
size was found to be in the range of 24 to 41 nm.

3.5 Oil sorption capacity (OSC)

Table 3: Results for the oil sorption capacity of CaO nanoparticle at various
contact time

Contact time (minutes) OSC (g oil/g CaO nanoparticle)
10 1.586+0.037
20 1.774+0.056
30 1.615+0.018
40 1.739+0.022
50 1.636+0.024
60 1.694+0.022

Table 3 shows the variation of the oil sorption capacity of the
calcium oxide nanoparticle at various time intervals. From
Table 3, it can be seen that the mass of oil sorbed by the
calcium nanoparticle was found to increase at a shorter time
(20 min) though the oil sorption capacity did not closely

Figure 7: Zoomed SEM image of calcium oxide nanoparticle.
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follow a definite pattern which could be attributed to the
quality and type of nanoparticle synthesized since the quality
and type of nanoparticle synthesized using green technology
are greatly influenced by length of time for which the reaction
medium is incubated.[16] Similarly the characteristics of the
synthesized nanoparticles can also be altered with time and
are greatly influenced by the synthesis process, exposure to
light, and storage conditions, and so forth.[17,18] The
variations in the time may occur in many ways such as
aggregation of particles due to long time storage; particles
may shrink or grow during long storage; they may have shelf
life, and so forth, that affects their potential.[19] From the
results (Table 3), it is indicative that the amount of oil sorbed
did not vary regularly with time. In some cases, the amount
increases with time while in others, it decreases with time.
The average impact of time on the sorption capacity of the oil
depends on the number of adsorption sites available and on
the strength of adsorption and desorption mechanism.
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Figure 9: Graph showing plots for the holding capacity of CaO nanoparticle
versus contact time.

3.6 Kinetic studies:

Several kinetic models including pseudo-first-order, pseudo-
second-order and intra-particle diffusion models are common
kinetic models that can be used to examine the controlling
mechanism involved in the sorption of oil by the CaO
nanoparticle.

The pseudo-first-order equation is given as [20]:

log (q. —q)) =log(qe) — Kk t/2.303 3

whereq, and q; are the amount of oil sorbed at equilibrium and
at time, t (respectively g/g) and k; is the first-order rate
constant (min™"). From equation 3, a plot of log(qe. — q,) versus
t should be linear if a pseudo-first-order kinetic is obeyed.
However, when sorption data obtained for the oil was fitted
into the model expressed by equation 2, values of R* obtained
from the plots (plots not shown) were very low indicating that
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the sorption of oil by the CaO nanoparticle is not consistent
with a pseudo-first-order kinetics.

According to [21], a pseudo-second-order sorption rate
equation can be expressed as follows,

dgyd; = k; (qe—q )2 4

where k, is the rate constant of pseudo-second-order sorption
(gmg'min™), q. and q, are the sorption capacity at equilibrium
and at time, t, respectively. Introducing boundary conditions
to equation 4, i.e t = 0 to t=t and q. = 0 to q; = q,, integrated
form of equation 4 was obtained (equation 5) and upon
simplification, equations 6 and 7 were obtained.

1/(qe_qt) = l/qe + kzt 5
Vg = lhkogd + 1/qe(t) 6
Vg = 1/h + 1/q. (t) 7

The implication of equation 7 is that a plot of t/q, versus t
should be linear with slope and intercept equal to q. and % (h=

k,q?) respectively. Fig. 9 shows a pseudo-second-order
kinetic plots for the adsorption of oil by CaO nanoparticle.
Sorption parameters obtained from the plots are presented in
Table 4. From the results obtained, it can be seen that values
of R? are very close to unity indicating the application of a
pseudo-second-order model to the sorption of oil by the CaO
nanoparticle. It is also evident from the results that the values
of k, and h calculated from the plots are not relatively low.
The value of q. from the plot is almost equal to the
equilibrium sorption capacity indicating fitness of pseudo-
second-order model which is based on the assumption that the
rate limiting step may be chemical adsorption involving
valence forces through sharing or exchange of elections
between the absorbent and adsorbate.
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Figure 9: Pseudo-second-order kinetic plots for the sorption of oil by CaO
nanoparticle.
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Table 4: Pseudo-second-order sorption parameters for the sorption of oil by
CaO nanoparticles

q(g/g) K, h, R?

1.6863 0.5024 1.4287 0.9960

IV. CONCLUSIONS

Characteristics of calcium oxide nanoparticle via UV-Visible,
FTIR, SEM, XRD revealed maximum absorption at 207nm
which is a very good indication for surface Plasmon
absorption of calcium oxide nanoparticle. Different functional
groups where observed in both the leave extract of Eugenia
uniflora and calcium oxide nanoparticle synthesized with the
Eugenia uniflora, and it was deduced that some of the
functional groups observed in a leaf extract did not appeared
in the calcium oxide nanoparticle indicating their usage in the
formation of calcium oxide nanoparticle. The morphology of
the nanoparticle indicated no definite shape of various sizes
that are agglomerated. Further observations with higher
magnifications revealed smooth surfaces of the images. At
much higher magnification the images are seen as large
particles which can be attributed to aggregation or clustering
of smaller particles. The average crystalline size was found to
be in the range of 3.25 to 4.76nm indicating that the calcium
nanoparticle is within the nanoparticle. Oil sorption capacity
of CaO nanoparticle was found to be affected by an
operational variation such as contact time which proved to be
very effective especially at low contact time. The mechanism
of sorption is by chemisorption. Kinetically, oil sorption
capacity of CaO nanoparticle fitted the Pseudo-second-order
model. Therefore CaO nanoparticle can be used to clean oil
polluted water.
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