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ABSTRACT

Nanostructured ZnO was prepared using a facile solution-phase method at room temperature
without need to calcination. Oxidation of zinc sulfate by sodium hypochlorite in the presence of
polyethylene glycol (PEG) and sodium hydroxide (NaOH) gave pure nanostructured zinc oxide
(ZnO-NPs). The structure and physicochemical properties of the material were determined by X-ray
powder diffraction (XRD), Fourier-transform infrared spectroscopy (IR), Energy Dispersive X-ray
Spectroscopy (EDS), Scanning Electron Microscopy (SEM), Transmission Electron Microscopy
(TEM), UV-Vis diffuse reflectance and their optical Properties. ZnO particles were successfully
distributed in two-dimensional sheet with a nanometric thickness and a random distribution. The
activity was evaluated for photocatalytic degradation of methylene blue (MB) by a study of
experimental conditions such as the effect of the mass of the catalyst, the effect of the initial
concentration of the dye and the effect of the volume of the oxidizing agent. The kinetics of the
reaction follow a pseudo-first order.
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1. INTRODUCTION

Recently, a wide range of research on
synthesizing metal oxides have gained much
importance due to their potential applications in
various fields [1]. Among these metal oxides,
zinc oxide attracted the scientists as it is low
cost, environmentally benign and efficient
semiconductor. Zinc oxide is a commercially
important material used in solar cells [2], rubber
[3], sensors [4], varistors [5], etc. and exhibiting
many  significant properties such as
piezoelectricity [6], catalysis [7] and novel optical
properties [8].

Because of its interesting properties, zinc oxide
has been prepared using a variety of methods
such as solvothermal process [9], sonochemical
method [10], thermal evaporation method [11],
laser ablation [12], chemical vapor deposition
[13], sol—gel [14], microwave-assisted strategies
[15]. These routes always require high
temperature, complex apparatus or other rigid
conditions. In addition, methods that work in the
laboratory cannot always be applied on an
industrial scale, where it is important for the
process to be economically effective, high
yielding and simple to implement. Since
precipitation approach compared with other
traditional methods provides a facile way for low
cost and large-scale production, which does not
need expensive raw materials and complicated
equipment’s, so they have been proved to be
promising ways to synthesize ZnO
nanostructure.

Nowadays, environmental pollution has become
one of the most severe challenges. Organic dyes
are compounds widely used in textile, paper,
plastic and cosmetic industries and are easily
recognized as pollutants. Methylene Blue (MB) is
typical dye in the textile industry which appear
resistant to biodegradation [16]. Most
conventional methods for the removal of dye
pollutants such as adsorption on activated
carbon [17], ultrafiltration [18], reverse osmosis
[19], etc. are non-destructive and merely transfer
pollutants from one phase (for example,
aqueous) to the other (for example, adsorbent).
The photocatalysis has shown a great potential
and is extensively employed, because of its
capacity to degrade recalcitrant chemicals in
both gaseous and aqueous systems.The
literature is abundant in reports mentioned that
ZnO nanoparticles can be used to degrade
organic contaminants and to convert them into
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benign materials safe for the environment and
humans [20]. Nanoscale ZnO exhibits high
photocatalytic activity because of its numerous
active sites and significant surface area [21].

Herein, we report the synthesis of nanostructured
ZnO using a fast, facile and inexpensive solution
method which should be suitable for large-scale
production. The synthesis was realized at room
temperature from commercially available Zinc
sulfate in the presence of sodium hydroxide,
aqueous solution of sodium hypochlorite (12%
NaOCI) and polyethylene glycol (PEG) as
surfactant  agent.  Catalytic  activity  of
nanostructured ZnO was investigated in the
photocatalytic oxidation of methylene blue (MB)
under visible light in the presence of sodium
hypochlorite.

2. METHODOLOGY

2.1 Synthesis of Nanostructured ZnO

All reagents were analytical grade and used
without further purification. The precursor
solution was prepared by dissolving 1 g of zinc
sulfate heptahydrate powder in 50 mL of distilled
water. Then, 0.2 g of polyethyleneglycol (PEG)
was added under continuous stirring. The
resulting mixture was stirred at room temperature
for an additional 10 min until a clear and
homogeneous solution was obtained.
Subsequently, 20 mL of sodium hypochlorite
(12%) was added and 0.3M of aqueous NaOH
was added drop-wise to the obtained solution
under vigorous stirring to yield a white milky
precipitate. Vigorous stirring was maintained for
an additional 30 min period at room temperature.
The resulting precipitate was filtered, washed
with distilled water several times and dried either
at room temperature or at 80°C. The phase
structure was examined by XRD Diffractometer
(Bruker D8 Discover) using a Cu Ka radiation
(0.1541nm). The morphology of the products was
investigated by a scanning electron microscope
(SEM, Jeol JMSM5500), MET (JEOL 2200 FS)
and EDS spectrum. Optical proprieties also the
photoluminescence (PL) emission spectra were
taken on a PANalytical AXIOS Max
spectrophotometer.

2.2 Photocatalytic Oxidation of Methylene
Blue

To 50 mL of Methylene Blue ([BM] = 10mg/L)
solution was added 10mg of ZnO nanoparticle.



The mixture was stirred for 15min to have
thermodynamic equilibrium and good dispersion
of the catalyst. 10 ml of NaOCI (12%) were
added and the mixture was then illuminated with
an ordinary tungsten lamp (visible light). The
mixture was left stirring at room temperature and

measuring the absorbance performed in
separate time intervals.

3. RESULTS AND DISCUSSION

3.1 Structural Proprieties of the

Synthesized ZnO Nanomaterials

The general morphologies of as-synthesized
ZnO-NPs was analyzed by scanning electron
microscopy  (SEM)  which reveals two-
dimensional sheet with a nanometric thickness
and a random distribution (Fig. 1(a) and (b)).

The crystallinity of the synthesized ZnO-NPs was
examined by X-ray diffraction (Fig. 2). Several
well-defined diffraction reflections were appeared
in the pattern 31.6, 34.3, 36.2, 47.5, 56.6, 62.8,
68.1, 69.3 and 78.2 which correspond to the
lattice planes of (110), (002), (101), (102), (110),
(103), (112), (201) and (202), respectively. ZnO
crystallize in wurtzite structure, hexagonal phase
(a = 0.3351 nm, c = 0.5226 nm) with the space
group P6;mc.

Diffraction peaks related to the impurities were
not observed in the XRD pattern, confirming the
high purity of the synthesized product.
Furthermore, it could be seen that the diffraction
peaks were more intensive and narrower,
implying a good crystallinity (JCPDS data card
n°: 36-1451).

The average crystallite sizes were estimated
according Debye - Scherrer formula. whose
average size calculated from directions (100),
(002) and (101) is of the order of 31,39 nm
(Table 1).

This fact was further confirmed by energy
dispersive spectroscopy (EDS). As can be seen
from the observed EDS spectrum, only zinc and
oxygen peaks are very clear and important, with
only one insignificant peak related to impurities,
which again confirmed the high purity of ZnO-
NPs (Fig. 3).

The prepared ZnO-NPs was analyzed by Fourier
transform infrared (FTIR) spectroscopy (Fig. 4).
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Several well-defined bands at 540, 1630 and
3460 cm™ are detected in the FTIR spectrum,
The origination of a well-defined band at 540cm™
is due to Zn—O modes and hence confirms the
formation of ZnO.

Fig. 5 shows the TEM images of the ZnO-NPs
before and after recycling. It can be seen that the
morphology remains almost the same, which
justifies the possibility of reusing the ZnO-NPs for
several cycles.

Table 1. Average crystallite sizes estimated
according Debye - Scherrer formula

hkl 20 (deg) FWHM (deg) D (nm)
100 31,6 0,2598 31.8
002 343 0,2273 36.6
101 36,2 0,3247 25.77

Fig. 1. SEM images of synthesized ZnO-NPs
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Fig. 2. XRD patterns of synthetized ZnO-NPs
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Fig. 3. EDS Spectrum of synthetized ZnO-NPs
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Fig. 4. FTIR spectrum of synthetized ZnO-NPs
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Fig. 5. TEM images: (a) before recycling; (b)
after recycling

3.2 Optical Properties of Synthesized ZnO

The UV-Vis spectra of the samples are shown in
Fig. 6. The absorption edge of the ZnO was
observed at 397nm. The optical band gap energy
was estimated to be about 3.12 eV from the
absorption onset measured by the extrapolation
of the linear portion of the graph between
modified Kubelka-Munk function [F(R) hvo]®

versus photon energy (hv). ZnO exhibits also a
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sharp band at 368 nm, which correspond to the
formation of nanoparticles [22].

The photoluminescence (PL) characteristics of
the synthesized ZnO nanoparticles were
obtained at room temperature in the wavelength
range 300-600 nm. In the spectrum (Fig. 7) two
luminescence bands are observed; a short and
weak wavelength band centered at around
392nm, and a broad, strong and dominated band
located at long-wavelength in the 520nm. The
assignment of this band in ZnO is generally
poorly understood in all forms of the sample .The
UV emission band is due to near band-edge
transition, and the broad emission originates
from the recombination of a photogenerated hole
with the single ionized charge state of the single
ionized oxygen vacancy. Notably, the
observation of such strong emission band from
excitons rather than from defects implies that the
as obtained ZnO nanocrystals bear high
crystallinity or low lattice disorder [23-24].
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Fig. 6. UV-Vis absorption spectrum and band
gap estimation of ZnO nanoparticles
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Fig. 7. PL spectra of the as-synthesized ZnO
nanoparticles



3.3 Catalytic Activity of Nanostructured
Zn0O

To explore the potential capability of the obtained
ZnO-NPs to remove contaminants from
wastewater, the catalytic activity was evaluated
in the photodegradation of MB in the presence of
NaOCI. Experiments were carried out both in the
presence and in the absence of catalyst. In the
absence of NaOC|, no  considerable
photodegradation of MB took place after 60 min.
Without the use of visible light, the reaction with
ZnO-NPs/NaOCl is not complete even after 180
minutes stirring and reaches only 59.18%
(Fig. 8a).

Under visible light, total discoloration of the
reaction mixture was observed after 40 min in the
presence of ZnO/NaOCIl system. UV-Visible
spectra (Fig. 8b), shows the reduction in the Ayax
of Methylene Blue over time.

After 40min, 98% of MB removal was occurred.
In addition, the shift of the absorbance maximum
to shorter wavelengths (hypsochromic effect) is
not observed, which shows that N-demethylation
of MB auxochromic groups does not take place
during the catalytic oxidation. A similar effect was
observed by other authors studying the
photocatalytic oxidation of MB [25].

3.3.1 Initial conditions of MB degradation
study

A series of degradation reaction were carried out
with different mass of ZnO (from 5mg to 20mg)
using 50mL solution of varied BM concentration
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(from 10mg / L to 30mg/L) and different volume
of NaOCI 12% (from 5mL to 20mL) (Table 2).

It is noted that the catalytic activity increases with
the increase of the initial ZnO mass up to a
critical mass of 10 mg, beyond which the
percentage of the degradation decreases (entry
1, 2, 3 and 4). The effect of the initial BM
concentration on catalytic activity was studied
using different starting concentration for BM
(entry 1, 5 and 6) for a duration of 40 min. The
degradation decreases slightly with the initial
concentration of BM. For a solution of 50mL of
BM (10mg / L) and optimal mass (10mg) of ZnO,
increasing the volume of NaOCl 12% (entry 1, 7,
8 and 9), the catalytic activity also increases.

3.3.2 Kinetic study

For the evaluation of the reaction rate, a kinetic
study has been carried out which shows that the
reaction is pseudo-first order verified by
monitoring the evolution of the BM absorbance at
different times. The graph in Fig. 9 shows the
variation of In (Cy/C;) as a function of time. The
line obtained In (Cy/Cy) = kt with a R* = 0.96,
confirms that the reaction is pseudo-first order so
the constant of the velocity k = 0.0648 min” is
obtained from the slope.

3.3.3 Recycling of ZnO-NPs catalyst

For further evaluation of the catalytic efficiency of
Zn0O, a recycling study was conducted. For that
after 40min of the reaction, ZnO-NPs is
recovered by centrifugation and reused several
times. From Table 3 it can be seen that ZnO
catalyst can be used up to three times with a
slight decrease in catalytic activity.
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Fig. 8. UV-visible spectra obtained during the MB degradation in the presence of
ZnONst/NaOCI: (a) without light (b) under visible light

17



El

Farrouji et al.; CSIJ, 30(3): 13-20, 2021; Article no.CSIJ.68268

10

20

t

30 40

(min)

Fig. 9. In (C,/C) as a function of time

Table 2. study of initials conditions of MB degradation

Entry Mass of ZnO Concentration of MB Volume of NaOCI % Degradation
(mg) (mg/L) (mL)
1 5 10 10 74
2 10 10 10 98
3 15 10 10 97
4 20 10 10 90
5 10 20 10 90
6 10 30 10 88
7 10 10 5 84
8 10 10 15 96
9 10 10 20 95
time: 40min, room temperature
Table 3. recycling of ZnO-NPs
N° of cycle % degradation
1 98
2 95.12
3 90.25

time: 40min; [MB] = 10mg/L; m(ZnO) = 10mg; V(NaOCI) = 10mL

4. CONCLUSION

We have succeeded in producing hierarchical
structures of ZnO nanosheets by a solution route
at ambient conditions (room temperature and
atmospheric pressure). PEG play an important
role in the formation ZnO hierarchal nanosheet
structures. Efforts are now geared towards
making non- agglomerated sheets. The use of
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ZnO nanostructures shows its effectiveness for
degradation of methylene blue using NaOCI
(12%) as an oxidizing agent. This efficiency has
been increased using visible light irradiation.
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