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Abstract:

In this study, the zinc oxide NPs have been synthesized from the fresh pomegranate peels extract
using the precipitation method. The ZnO nanoparticles were produced from the reaction of fresh peels extract
with zinc acetate salt which was used as zinc source in the presence of 2 M NaOH. The green synthesized
nanoparticles were characterized through X-ray diffraction (XRD), UV-Vis diffuse reflection spectroscopy,
Fourier transform infrared spectroscopy (FTIR), and Atomic force microscopy (AFM). The XRD patterns
confirm the formation of hexagonal wurtzite phase structure for ZnO synthesized using pomegranate peels
extract with average crystalline size of 28 nm. FTIR spectra identify the presence of many active functional
groups for the pomegranate extract which is ideal to bind with zinc acetate to produce the ZnO nanoparticles
during the preparation method. The reflection spectra of green synthesis ZnO with pomegranate extract
observed a blue shift towards lower wavelength with (8 nm) difference compared to ZnO without the
addition of any extract. The provenance of such blue shift towards shorter wave length was due to the
guantum size effect. The Atomic force microscopic (AFM) result shows average roughness value for ZnO
nanoparticles of 6.26 nm. The decolorization efficiency of the methylene blue dye was investigated using the
ZnO nanoparticles under sun light irradiation and it was compared with the bare ZnO synthesized without the
addition of extract. The catalytic activity was about 88% after 60 min of sunlight irradiation for both
prepared catalyst however, the decolorization efficiency of ZnO with the addition of extract was higher at the
first 16 min compared to bare ZnO.
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Introduction:

Dyes with their tremendous varieties are a The photocatalysis was one of the most
symbol for one of the largest groups of organic efficient and an economical method under visible
compounds that have a great effect on increasing light irradiation (4).The principles of the

the environmental danger. The pollutions generated photocatalytic reaction based on the generating of
by these dyes and textile industries include an electron-hole pair that consider as a spark for the
considerable amounts of non-fixed dyes and huge  starting of a series for the degradation reactions of
amount of inorganic salts (1). During the last  organic compounds (5). One of the most active
decade, many novel waste water treatment  species generated from the irradiation of
technologies have been widely developed. These photocatalyst is hydroxyl radicals which is
technologies can be classified into separation, associated with oxygen to achieve a complete
degradation and elimination processes that applied mineralization of organic pollutants into CO,, H,O
on different polluting agents discharged from the and other nontoxic products (6).
industrial sector (2). However, these methods could During the last decade, different types of
not be suitable to degrade all kinds of pollutant due  semiconducting photocatalyst have been
to the wide variety in chemical structure. As such, investigated i.e. TiO,, Fe,03, ZnS, WO,, CdS and
further investigation was needed. ZnO (7). Zinc oxide has been used in wide fields
Recently, different advanced oxidative including electronics, optics, and biomedical
processes that completely or partially degrade the  systems due to its low cost to produce, safe and can
dyes into non-toxic end products are reported (3). be prepared easily. Furthermore, zinc oxide has
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interesting optical properties represented by its large
band gap (3.37 eV) and high excitation binding
energy (60meV) like high catalytic activity, optic,
UV filtering properties, anti-inflammatory and
wound healing (8).

During the last few years, various
preparation methods have been developed for the
production of ZnO NPs, such as reaction of zinc
with alcohol, vapor transport, hydrothermal
synthesis, precipitation method etc. However, these
traditional preparation methods suffer various
disadvantages due to the sever condition that may
be used such as the high temperature / pressure
conditions and the use of toxic chemicals (9).

The green synthesis technology was moved
toward the preparation of nanoparticles using
microorganisms, fruits, bacteria, fungi, alga and
plants. This approach is an environment-friendly,
cost- effective, biocompatible, safe and green
approach. The green synthesis technology allows
the production of a big scale of ZnO NPs free of
extra impurities (8).

In recent years, the productions of different
kinds of nanoparticles have been generated from the
plants and plant parts. The plants extracts may
contain several natural compounds such as
alkaloids, flavonoids, saponins, steroids, tannins,
and other nutritional compounds. The source of
such natural products are represented from leaves,
stems, roots, shoots, flowers, barks, and seeds
where they act as reducing and stabilizing agents for
the bio-reduction reaction in the synthesis of
metallic nanoparticles (10).

In this work, zinc oxide has been
synthesized as a green environmental catalyst using
pomegranate peels extracts for the removal of
methylene blue dye under sunlight irradiation. The
use of peels extract is a green approach that allows
the production of active catalyst without the
addition of any expensive and harms materials.
Furthermore, the peels extract is consider as natural
source act as effective capping and reducing agent
to reduce the agglomeration of the nanoparticles.
The green synthesized catalyst was characterized
using  different  characterization  techniques
including XRD, FTIR, diffuse reflect spectra, and
AFM technique. The efficiency of the produced
catalyst was detected under sunlight irradiation for
the color removal of methylene blue dye which was
used as a pollutant model in this study.

Materials and Methods:
The zinc acetate dihydrate as a raw material
was purchased from GPR. The sodium hydroxide

was purchased from Merck. On the other hand,
methylene blue dye was obtained from Fluka. Table
1, lists the structure and properties of methylene
blue dye as in below:

Table 1. The structure and properties of
Methylene blue dye

Molecular N
/@j \O\
H;C._ ) CH;
TN §7 N7

structure
| cr

|
CH; CH;

Other names  Urelene blue, Provayblue, Proveblue

Molecular 319.85 g/mol
weight
Amax 652 nm
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Preparation of Pomegranate Peel

In this research, the fresh and cleaned
pomegranate peels were used to collect their
extracts by taking 50 g of fresh pomegranate peels
and transferred into 500 ml glass beaker along with
400 ml of distilled water. The mixture was allowed
to boil for about 10 min. The color of mixture
solution changed from colorless to brown (11).
Next, the mixture was allowed to settle and cooled
to room temperature and filtered with Whatman No.
1 filter paper. In all experiments the pomegranate
extract was used as fresh liquid.
Green Synthesis of Zinc Oxide Nanoparticles

For the preparation of zinc oxide
nanoparticles, 8 g of zinc acetate dihydrate was
dissolved in 400 ml of the distilled water and stirred
for 5 min at room temperature. The peels extract
(pH 5) was added to the solution and adjusted by
NaOH to pH 12. The obtained mixture was left
under stirring at room temperature for 2hrs (11).
Then the mixture was filtrate and washed with
distilled water several times. Finally the precipitate
wet powder was dried in oven at 80°C for 24 hrs and
kept for further experiments.
Reaction and Analytical Methods

The photo activity for the prepared zinc
oxide catalyst was tested towards the removal of
methylene blue dye. The methylene blue dye was
used as a pollutant model in this reaction. A conical
flask of 250 mL was used as a reactor equipped
with mechanical stirrer to ensure consistent mixing
of solution in the reactor. Before the starting to
sunlight irradiation, the solid catalyst was mixed in
dark for 30 min to confirm the liquid/solid phase
equilibrium. The acidity of solution was tested
using pH-BP3001 Trans instruments digital pH
meter. Later, the decolorization reaction of dye
solution was started using sun light/solid catalyst
with constant stirring for 1 hr. The samples were
taken at periodic intervals i.e. (10 min). The
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spectrophotometric analysis was used to detect the
maximum absorption length of the methylene blue
dye which was 652 nm. The dye solution
concentration of the dye solution was calculated
based on the maximum absorbance wavelength
using Beer-Lambert law. The catalytic activity
represented by the color removal was calculated
(12) based on equation (1)

Decolorization Efficiency % = [1 — % ]1%100% ... (1)
Where, C, is concentration of dye in (mg/L), C; is
the concentration of dye in (mg/L) at different
reaction time and t (min).

Characterization Techniques

The characterization of the catalyst with
different analytical techniques was performed on
the catalyst. The X-ray diffraction (XRD)/Shimadzu
were performed with a Cu K_ target at 40 kV and
30mA. The  Fourier transforms infrared
spectroscopy analysis was carried out using Bruker
Alpha spectrophotometer. Meanwhile, the reflection
spectra of the solid samples were measured using
the diffraction spectrophotometer (Elmer) with a
wavelength range between 190 and 1,300 nm. The
roughness of the catalyst surface was checked using
Atomic force microscopic (AFM) technique.

Results and Discussion
X-ray Diffraction Analysis

The crystalline characteristic and the
average crystalline size of the ZnO NPs were
further investigated using XRD. Figure 1 presents
the diffraction peaks for the green synthesized ZnO
catalyst prepared with the addition of pomegranate
peels extract. The finger prints of the XRD pattern
confirm the hexagonal wurtzite phase structure of
ZnO0. The results revels the formation of ZnO phase
with a good crystallanity. Several diffraction peaks
were detected i.e. 31.7, 34.4, 36.2, 47.5, 56.5, 62.8
and 67.9. These results were in good agreement
with (13) and (14). The average crystalline size for
ZnO synthesized with pomegranate peels extract
was 28nm which was calculated based on Scherer
equation.
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Figure 1. XRD of the green synthesized ZnO
catalyst using pomegranate peels extract
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Fourier Transforms Infrared Spectroscopy

The FTIR technique was used to identify
the functional groups of the active component. The
FTIR spectra for the green synthesized catalyst
(ZnO) was investigated and compared with the
pomegranate extract as shown in Fig. 2 (a, b). A
broad band at 3267 cm™ was observed for
pomegranate extract that refers to alcohol, phenol,
or O-H stretching band. However, this band was
reduced after the reaction between the zinc acetate
and the pomegranate extract during the preparation
method of ZnO NPs and a band was detected at
3367.7 cm™. In Fig. 2 (a), the absorption peak at
2109.4 cm™ was attributed to alkyne C=C
stretching; this band was shifted to 2317 for the
FTIR spectra of ZnO.

In Fig. 2 (a) the band at 1636.5 cm™ refers
to amide carbonyl group in amide | and amide I
(15). However, in Fig. 2 (b) two new band were
formed at 1554.7 cm™ and 1410.5 cm™ referred to
methylene scissoring vibration from the proteins
(13) . Many absorption bands were detected for the
green synthesized catalyst ZnO that could not be
observed in the FTIR of pomegranate extract i.e.,
the bands at 1240.3 cm™, 1018.4 cm™, 844.6 cm™,
794.6 cm™ and 552.9 cm™ which could refer to
phenols and C-N stretching vibration of amine, C-O
stretching vibrations of alcohols band and aromatics
compounds respectively. Similar results were
detected with (13) they also suggest that these
functional groups act as dispersing, capping, and
stabilizing agents for ZnO NPs during the
preparation methods. Thus, that pomegranate peels
extract can bind to zinc oxide nanoparticles through
these groups.
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Figure 2. FTIR of (a) pomegranate extract (b) ZnO with the addition of extract

UV-VIS Diffuse Reflectance Spectra

The reflection spectra and the optical
properties of the green synthesized 2ZnO
nanoparticles were measured by the UV-Vis diffuse
reflectance spectra and compared to ZnO prepared
by precipitation method without the addition of
peels extract as in Fig. 3 over the wavelength from
200-1200 nm. The bare ZnO prepared without the
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addition of extract shows a reflection spectrum at
414nm see Fig. 3 (a). Meanwhile, ZnO prepared
with pomegranate peels extract shows reflection
spectra at 406 nm as in Fig.3 (b). The rapid drop in
the reflectance spectra at a certain wave lengths
indicated the presence of an optical band gap for the
prepared samples. Similar results were detected by
(16).
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Figure3. UV-VIS diffuse reflectance spectra of ZnO (a) Without the addition of extract
(b) With the addition of extract

The estimated energy band gap of the
samples was calculated by the extrapolation of the
straight line for the graph plotted between the
square Ln [(Rmax-Rmin)/(R-Rmin)] Vversus hv (as
abscissa) (17) as in Fig. 4 (a,b). The results show
that the green synthesis catalyst has an energy gap
of 3.45 ev which is slightly higher than the ZnO
prepared chemically with an energy band gap of
3.41 ev. The slight increase in semiconductor band
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gab represented by the blue shift towards shorter
wave length reflects theoretically the decreasing in
its particle size. As such, a large redox potential will
be produced due to this band edges shift.
Consequently, the wvalence band levels are
moderately shifted to lower energies; meanwhile the
levels of the conduction band are strongly shifted to
higher energies (18).
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Figure 4. The energy band gap of ZnO (a) without the addition of extract (b) with the addition of extract

In this study, the reflection spectra of green
synthesis ZnO with pomegranate extract observed a
blue shift towards lower wavelength with (8 nm)
difference compared to ZnO without the addition of
any extract. The shifting of the wave length
towards shorter wave length was due to the
guantum size effect. Similar result was reported by
(19). The size quantization is termed on nano-scales
particles that showed a reduction in their particles
size and led to an enhancement in the active surface
area of the sample. As such, more light with short
wavelength and energy higher than the band gap
energy of semiconductors would be absorbed to
assist the excitation of electron (20). Observing
these optical properties of our synthesized ZnO
catalyst using pomegranate peels extract indicated
the successful synthesis of nanoparticles due to
the quantum size effect.

Atomic Force Microscopy

The Atomic Force Microscopy 3D image
was introduced to the ZnO prepared by the addition
of pomegranate peels extract to investigate the
surface topography as in Fig. 5. This was detected
by evaluating the average roughness surface of the
prepared catalyst. The result showed an average
roughness value for ZnO with the addition of
pomegranate peels extract of 6.26 nm. According to
the AFM 3D image, it was clear that the surface
moroghology of ZnO was not smooth and has an
agglomerated particles represented by the white
peaks. This agglomeration could be ascribed to the
measurement technique.
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Figure 5. AFM 3D image of ZnO catalyst

Control Experiments

The catalytic activity of zinc oxide for the
methylene blue dye removal was investigated,;
under different conditions i.e, ZnO (with
pomegranate peels extract) under sun light
irradiation, ZnO (with pomegranate peels extract) in
dark, without the presence of catalyst and bare ZnO
synthesized without the addition of extract. All the
reactions were carried out with 10 mg/L dye
concentration, pH around 5.6, catalyst loading of
1.5 g/L with 60 min of reaction time as in Fig. 6. No
color removal was observed for the dye solution
alone without any addition of catalyst under sun
light irradiation. The insufficient amount of OH
radicals generated by photolysis process causes this
low decolorization efficiency (21) since the radicals
formed in photolysis process were generated only
through the dissociation of water molecules.
Besides, the efficient hydroxyl radicals are non
selective and have very short life time that reduces
their possibility to react with the dye molecules
consequently, reducing the probability to obtain
complete color removal. However, as the green
synthesized ZnO catalyst was added to the dye
solution in dark, the absorption rate of catalyst was
about 23% after 30 min of mechanical stirring.

On the other hand, the photocatalytic
activity for the green synthesized catalyst (i.e. ZnO

3.5 3.6 3.7 3.8
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with the addition of extract) was investigated under
sun light irradiation. Before the starting of
irradiation with sun light, the catalyst was mixed
with dye solution to obtain the
adsorption/desorption equilibrium for 30 min as in
Fig. 6. The maximum absorption rate for the ZnO
with the addition of extract was about 23%.
Meanwhile, as the reaction solution was subjected
to sun light irradiation, the decolorization rate began
to increase with maximum catalytic activity of 88%
after 60 min of sunlight irradiation for ZnO with the
addition of extract. This enhancement in
photocatalytic activity was ascribed to the activation
of the solid catalyst under sun light that improved
the generation of more free radicals. The irradiation
of semiconductor by photolysis process excites an
electron from the valence band to the conduction
band thus leaving a hole in the valence band leading
to generation of electron/hole pairs. At the surface
of the photo excited semiconductor catalyst, both
reduction and oxidation processes could occur (22).

The catalytic activity of the green
synthesized catalyst was compared with bare ZnO
prepared without the addition of any pomegranate
peels extract. The result shows maximum
absorption ability of 23% after 30 min of
mechanical stirring and 86% of catalytic activity
after 60 min of sunlight irradiation. In Fig. 6 it was
clear that decolorization efficiency of ZnO with the
addition of extract was higher at the first 16 min
compared to bare ZnO however as the time was
steps forward both catalyst reached to similar
activity after 60 min of sunlight irradiation. The
similarity in catalytic activity for both ZnO
synthesized with and without the pomegranate peels
extract was ascribed to the slight difference in their
energy band gap.
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Figure 6. Decolorization efficiency of ZnO under
different condition

Mechanism of Reaction
Figure7 explains the principles of
photocatalysis reaction process through a series of

792

reaction occurred on the surface of ZnO NPs. The
mechanism of the photocatalytic reaction normally
can be divided into 4 steps i.e. photoexcitation,
charge separation, migration, and surface
oxidation—reduction reactions (23).

The ZnO Photocatalysis can be irradiated
by placing ZnO NPs suspension under natural
sunlight. The exited electron (e") will be transferred
from the valence band (VB) to the conduction band
(CB) of semiconductor by absorbing UV-light
energy higher than its energy gab thus, generates
the (e-h") pair. The (e-h") pair can be either
recombine with each other or initiates by a series of
photo-reactions that may occur by two routes 1) the
direct oxidation of the dye molecules by the formed
hole or the exited electron as in Fig. 7 (a) 2)
oxidation of the dye molecules through the OH’
radicals generated from the oxidation of water or
OH™ by the h* or oxygen radicals (O’, ,07) which
have strong oxidizing properties that generated
from the oxidation of the absorbed oxygen on the
catalyst surface (20) as in Fig. 7 (b).
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Figure 7. Mechanism of the reaction (a)direct
oxidation of the dye molecules (b) oxidation of
the dye molecules through the "‘OH radicals
generated.
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The difference in  mechanism  of
photocatalytic reaction between the bulk and
nanoparticle material should be highlighted. In the
bulk material, when the electron absorb a light it
will be excited and transferred to the conduction
band where high density state with different kinetics
energies are there. Meanwhile, for nanoparticles
materials with its smaller size, the electron and hole
generated upon irradiation cannot fit into such a
particle unless they assume a state of higher kinetic
energy (18).

Conclusions:

The ZnO nanoparticles were synthesized in
one step using pomegranate peels extracts. Different
characterization  techniques were used to
characterize the prepared catalyst. The finger print
of XRD for the green synthesized ZnO NPs catalyst
improved the formation of hexagonal wurtzite phase
structure for ZnO with high crystallanity and
average crystalline size of 28 nm. The FTIR for the
pomegranate peels extract shows different
functional groups that can react with zinc acetate
which was used as zinc source during the
preparation method to produce the ZnO
nanoparticles. The diffuse reflectance spectra for
ZnO prepared with pomegranate peels extract
shows a blue shift towards short wave length
compared to bare ZnO thus, improved the formation
of nano-scale due to the size quantization
phenomena. The AFM technique detects the surface
morphology of ZnO that was not smooth with
average roughness value of 6.26 nm. The
decolorization efficiency for the removal of
methylene blue dye was investigated under sun light
irradiation. The catalytic activity was about 88%
after 60 min of reaction. This result was compared
with the catalytic activity of bare ZnO synthesized
without the addition of pomegranate extracts and
the decolriztion efficiency was 86% after 60 min of
sun  light irradiation. The similarity in
decolorization efficiency for both prepared ZnO
catalyst synthesized with / without the pomegranate
peels extract was attributed to the slight difference
in their energy band gap. Further researches must be
done in the future to investigate the effect of
amount addition of peels extract on physical,
chemical and optical properties of the prepared
Zn0O.
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