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Abstract Key words

In this research, design of advanced material for sunlight Nanostructured ZnO,
conversion requires focused research to obtain efficient photodegradation,
photocatalytic system. Nanostructured ZnO was synthesized using interfacial charge
spin coating technique. The structural, morphological and optical transfer.
properties of annealed nanostructured ZnO thin film at 390 C° for 3
hours were characterized by x-ray diffraction, atomic force
microscope AFM and UV-VIS spectrophotometer. Nanostructured
ZnO was applied for removal Methylene Blue (MB) dye from water
using sunlight induced photocatalytic process. Overall degradation of Article info.
MB/ZnO was achieved after 120 minutes of sunlight irradiation Received: Mar. 2017
while it needs more time for MB alone. The reaction rate constant fit Accepted: Apr. 2017
pseudo first order for MB/ZnO degradation was 0.031 min™t Published: Sep. 2017
compared to 0.018 min® using blank sample. Annealed
nanostructured ZnO thin film was considered as an excellent
candidate to enhance photocatalytic system to convert sunlight to
chemical energy based on interfacial charges transfer.
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Introduction environment [1]. Sustainable energy
Photocatalysis, known as green generation for avoiding a future energy
technique, offers great potential for crisis  depends  on pioneering
elimination of toxic chemicals in the breakthroughs in the design of cost-
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effective and efficient systems for the
conversion and storage of energy from
renewable sources [2, 3]. Solar-to-
chemical energy conversion is one of
the most favorable tools to accomplish
such demands [4]. In continuation of
this, the use of photocatalysts has
gained considerable attention because
these can be used to convert solar
energy to chemical energy.

Metal oxides are widely present in
nature and some of them are of great
practical use [5]. Zinc oxide (ZnO) are
one of these oxides, which are used in
many fields [6]. Zinc oxide (ZnO) has
stimulated great research interest due
to its unique optical and electrical
properties that are useful for
nanolasers [7], solar cells [8], gas
sensors [9, 10], photocatalyst [11, 12].
ZnO-based photocatalytic and
photoelectrocatalytic oxidation
processes have drawn increasing
attention in  wastewater treatment
because they are non-toxic, chemical
and biological stability materials with
high photosensitivity [13]. ZnO has
been extensively investigated as a
semiconductor photocatalyst due to its
wide direct band gap (3.2 eV). In the
area of water purification, the
adaptation  of highly  advanced
nanotechnology offers the possibility
of an efficient removal of chemical and
biological  pollutants. Dyes are
presented in many foods and drugs
products and have been reported as a
possible cause of asthma, urticaria, and
angioedema [14]. They are produced in
large amounts and enter the water
stream during the production and
manufacturing processes at different
industrial plants. Solar energy is a
clean and renewable resource ideal for
environmental and sustainable
applications. Several works have been
published in the photocatalytic process
and enhance the efficiency of
photocatalysis in nanostructured ZnO
due to interfacial charge transfer [15-
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17]. Engineering novel useful catalytic
systems with nanometer dimensions as
a promising friendly solution for
environmental  remediation  using
nanostructured ZnO to understand
more accurately the interfacial charge
transfer on the catalysts surface was
achieved.

ZnO photocatalysis for  water
purification
The photocatalytic activity

mechanism of nanostructured ZnO can
be described sequencelly starting from
Eg. (1) to Eqg. (7) [18]. When
nanostructured ZnO irradiated with a
photon energy (hv) that approximately
matches or exceeds its band gap
energy (EQ), electron-hole pairs were
generated. The electrons can be excited
from the valence band (VB) to the
conduction band (CB), leaving the
same number of holes behind in the
VB. Holes can react with water
adsorbed molecules to form highly
reactive hydroxyl radicals (OHe) as in
Eg. (2). Meanwhile, on the surface of
the thin films, oxygen trapped the CB-
electron to produce superoxide radical
(O*7,) as in Eq. (3). The redox process
is based on the interfacial charge
transfers (IFCT) which plays a
significant role in electron-hole
separation considering the energy
barriers of the energy level at
semicounductor—electrolyte interface.
The formed radicals in redox process
have a powerful oxidation ability to
degrade MB organic dye to produce
CO;and H,O as in Eq. (7).

ZnO +hv — e cg+hvs 1)
HO+hyg — OHe+H" 2
Oz +e=—(0°72) (3)
O+ "+ H" — HO-, (4)
2HO+>— H,0, + O, (5)
H,O, + O 5 — OHe+ + O, + OH— (6)

OHe + organic dye — CO,+ H,O  (7)



Iragi Journal of Physics, 2017

Experimental details
1- Material

Zinc Acetate Dehydrate (ZAD) (Zn
(CH3CO0),_2H,0) and Methylene
blue dye (C16H1sN3SCI) were supplied
from central drug hose, India. The
2-methoxyethanol  (C3HgO,) and
monoethanolamine (MEA) (C,H;NO)
were purchased from  Scharlab
S.L.Spain.

2- Preparation of photocatalysts

A glass substrate was dipped in the
chromic acid to remove organic
impurities, then soaked in soap
solution to remove any grease present.
These slides were then ultrasonically
cleaned by distilled water for 10 min
each to remove any dust or
contaminants present and kept for
overnight drying. 0.45 M precursor
solution was prepared by dissolving
(ZAD) in 2-methoxyethanol and
(MEA). Where, they are used as
solvent and stabilizer, respectively. 1:1
molar ratio mixture of ZAD to MEA.
The mixture was stirred on a hot plate
at 65 °C for 1 h until get transparent
homogeneous solution. The prepared
solution was spun on the pre-cleaned
substrates  using  spin  coating
technique. In the first 10 s, the spin-
speed of the glass substrate was 1500
rpm; in the last 20 s, the spin-speed
was 3000 rpm. In order to evaporate
the solvent and remove the organic
residuals, the films were dried for
5 min after each coating on an open air
furnace at 150 °C. The final ZnO thin
film was annealed at 390°C for 3 h to
obtain  crystalline structure. The
Michelson interferometer was used to
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measure the thickness of annealed thin
film [19, 20]. The thickness values of
annealed ZnO thin film was 294 nm.

3- Characterization techniques

The characterization and structure
also the average crystal size of the
photocatalyst was measured using
Bruker D2 phaser x-ray diffractometer
with Cu ko radiation at A=1.5418 A.
The morphology and the average grain
size of annealed nanostructured ZnO
thin film were analyzed using atomic
force microscopy (AFM, modal AA
3000 scanning probe microscope from
angstrom advanced inc., USA). The
absorbance spectra of the samples were

recorded in the wavelength
range 300-1000 nm using
a UV-VIS (SHIMADZU 1800)
spectrophotometer.

4- Evaluation of photocatalytic
activity

The photocatalytic  experiments
were conducted under ambient

atmospheric conditions and at natural
pH using sunlight as a light source. All
blank MB solution and with
nanostructured ZnO catalysts were
immersed in a quartz vessel containing
the MB solution with concentration
(0.019 g¢/L) as in Fig.l. In order
to ensure adsorption/desorption
equilibrium, the solution was stirred
for about 45 min in dark, prior to the
irradiation. The exposure times are (0,
30, 60, 90 and 120) minuets. The
absorption spectra were taken after
every irradiation exposure time for MB
and with annealed nanostructured ZnO
thin film catalyst.
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Fig. 1: The experimental schematic for photocatalytic degradation of MB solution
(A) MB solution without catalyst (B) MB with nanostructured ZnO thin film.

Results and discussion
1- Structure Analysis of the ZnO
thin film

In order to determine the
composition of the  synthesized
annealed nanophotocatalysts,

qualitative analysis of XRD patterns
was performed for ZnO in Fig. 2. ZnO
pattern shows a hexagonal wurtzite
with lattice constants (a = b = 3.2299 A
and c= 5.1755 A), the peaks are
consistent with the standard data given
in JCPDS cards (JCPDS 36-1451).
These results approve the synthesis and
immobilization of nanostructured ZnO.
In addition, the sharp and intense
diffraction peaks are at (100), (002),

(101), (102), (110), (103), (200), (112)
and (201) phase which is confirmed at
20 values equal 31.67°, 34.31°, 36.14°,
47.40°, 56.52°, 62.73°, 66.28°, 67.91°
and 69.03°, respectively. There is no
evidence of bulk remnant materials and
impurities. From the spectrum, the
average crystalline size of the ZnO is
23 nm. The photocatalytic activity of
the system increases dramatically with
decreases crystalline size due to
increase surface-to-volume ratio. A
significant fraction of the atoms (or
molecules) in such systems are surface
atoms that can be gained surface
reactions.
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Fig. 2: X-Ray diffraction pattern of ZnO thin film.
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The dislocation density (3) is
20.66 x10™ (nm)' which represents
the amount of defects in the sample is
defined as the length of dislocation
lines per unit volume of the crystal and
was calculated using the Eq. (8) [21]:

§=1/D° (8)
where D is the crystallite size.
The lattice strain ‘g’ value of

annealed nanostructured ZnO thin film
calculated from all XRD peaks was
0.0019 as in Fig. 3. That means the
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nanostructured ZnO sample was purity
crystalline with little amount of defects
and had a weak hardness. Therefore, it
can be suggested that annealing
method is an effective method to repair
the structural defects of the ZnO
sample. Where, the defects can become
the recombination center of the
photogenerated charges and thus
worsen the photocatalytic activity. So,
the high purity of nanostructured ZnO
can be improved the photocatalytic
activity.
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Fig. 3: The strain of nanostructured ZnO.

2- Morphological analysis

The topological properties of
annealed nanostructured ZnO thin film
done by AFM is shown in Fig. 4. The
average grain size was 79.25nm and
the surface roughness was equal to
1.22 nm. This figure shows that the
morphology of the thin film has a large

number of grain size with a circle-
shape and are quasi-homogeneously
distributed, which indicates the
crystalline nature of the films. From
the granularity distribution charts, the
distribution of particles size were
Gaussian curve in range between 40
and 120 nm.

Fig. 4: 2D, 3D images and granularity distribution chart of the atomic force microscopy for

the nanostructured ZnO thin film.
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3- The optical of
nanostructured ZnO

Fig. 5 shows the absorption spectra
of the nanostructured ZnO thin film
before and after annealing in the UV
region and almost all the visible
spectrum radiations are transmitted. At
the annealing temperature, the optical
absorption edge is higher and slightly
shifted towards the longer wavelength
according to change in their
morphologies, particle size and surface
microstructures with the annealing
temperature. The band gap of ZnO was
3.4 eV before the annealing process
while it decreased to 3.2 eV after
annealing. From  these  results,
diminishing in the band gap could be
occurred because of the appearance of

properties
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band tail resulting from defects
associated with the presence of cavities
and surface roughness. It was known
that during thermal annealing at
temperature below the glass transition
temperature Tg, the unsaturated defects
are gradually annealed producing a
larger number of saturated bonds. The
reduction in the number of unsaturated
defects decreases the density of
localized states in the band structure.
The wide band gap is necessary to
enhance photocatalytic ~ activity.
Nevertheless, narrow band gap
semiconductor is difficult to maintain
photoactivity over a long period of
time due to the fast recombination of
photogenerated electron—hole pairs.
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Fig. 5: The absorption spectra of nanostructured ZnO thin film and its band gab after and

before annealing process.

4- Photocatalytic degradation of
methylene blue dye under sunlight
illumination

At blank experiment, UV-VIS
absorption spectra for the direct
photolysis of MB dye is presented in
Fig. 6. UV-VIS absorption spectra of
the degradation MB dye using
annealed nanostructured ZnO thin film
is presented in Fig. 7. According to the
change of the absorbance intensity at
664 nm, the completely decolorization
of MB solutions was observed after
120 min of irradiation by sunlight. UV
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irradiation which reaches to the
nanophotocatalyst surface leads to
form the hydroxyl radicals *OH and
O+ anions. These reactive radicals can
be degraded the MB dye. From the
figure, the results indicated that both of
the irradiation and nanostructured ZnO
photocatalyst were necessary for the
effective removal of the MB where the
blue solution of dye transforms to
transparent and more light can get
through it.
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Fig. 6: Absorption spectra of MB dye without catalysis under sunlight irradiation.
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Fig. 7: Absorption spectra of MB solutions with nanostructured ZnO under sunlight
irradiation.

The photocatalytic  degradation
process obeys first pseudo order
kinetics that is defined as:

(9)

—InCi/Co=ka t

where, Cq is the initial concentration, C;
is the reaction concentration of MB,

ka is a pseudo—first-order rate constant
and t is an irradiation time [22]. By
plotting the —In (C¢/Cyp) versus sunlight
irradiation time as shown in Fig. 8, one
can get the value of rate constant ka
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which is equal to the slope. The values
of a pseudo—first-order (rate constant)

ka are equal to 0.031 for
nanostructured ZnO and 0.018 min*
for blank. Therefore, the
photodegradation  efficiency  with

nanostructured ZnO is approximately
two times greater than the self-
degradation of the MB solution under
sunlight irradiation.
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Fig. 8: Determination the pseudo-first-order kinetic rate constants for blank MB solution
and with nanostructured ZnO.

Conclusions

In this work, efficient ZnO
nanocatalysts was prepared at certain
thickness which offer possibilities for
finding an appropriate environmentally
friendly  solutions for transform
sunlight into chemical energy more
efficiently. The photocatalyst activity
of nanostructured ZnO IS
approximately twice than the direct
photolysis of the MB solution under
sunlight irradiation. The enhancement
of photocatalytic performance using
annealed nanostructured ZnO is due to
efficient interfacial electron transfer.
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