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Abstract
ZnO- nanoparticles with an average particle size of 24 nm were successfully synthesized using the microwave
assisted sol- gel technique. Structural and morphological properties of the nanoparticles were characterized
by X-ray diffraction (XRD), Field emission scanning electron microscopy (FESEM), Energy disperse
spectrum (EDS) and Fourier transform infrared spectroscopy (FTIR). The band gap energy was measured to
be 3.27 eV. The photocatalytic degradation of tartrazine has been studied in aqueous solution under UV-C
irradiation at different pH values, catalyst doses, and tartrazine concentration. Degradation of samples was
monitored by a spectrophotometer. Results have shown that 95% of 50 mg L™ tartrazine was degraded in
120 min due to the photocatalytic degradation in presence of 0.02 g of ZnO-nanoparticles. The photocatalytic
degradation kinetics has also been investigated. The experimental data were fitted very well in the pseudo-
first-order kinetic and Langmuir-Hinshelwood models.
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INTRODUCTION

Wastewater from textile, paper, and some
other industries contains residual dyes, which
are not readily biodegradable. Tartrazine (C.l.
Acid Yellow 23) as a typical representative of
the group, is used as a cosmetic, drug and food
coloring agent. It is considered highly toxic
to humans and is found at high amounts in
industrial effluents [1, 2]. Many methods have
been reported for the removal of this compound
from the environment including adsorption
[3], microbial [4] or photocatalytic degradation
[5], microwave assisted catalytic oxidation [6],
electro-Fenton methods [5], electrocoagulation
[7], electrochemical treatment [8], and advanced
oxidation using UV/ H,O, [9, 10]. Among these
* Corresponding Author Email: parvizaberoomand@gmail.com

methods, Heterogeneous photocatalysis is an
important destructive technology which can
lead to the total mineralization of most organic
pollutants [11]. Some metal oxide semiconductors
such as titanium dioxide (TiO,), zinc oxide (ZnO),
Zirconium Oxide (ZrO,), tungsten oxide (WO,),
strontium titanate (SrTiO,) and hematite (a-Fe,0,)
are purported to be dynamic photocatalysts. ZnO is
a widely studied metal oxide for applications such
as solar cells, sensors, ultraviolet nanolasers, and
blue-light-emitting diodes (LEDs) [12]. It is a wide
band gap (Eg=3.3 eV) metal oxide semiconductor
with piezoelectric and optical properties in
the UV range [13]. An increasing number of
scientific reports have appeared on using ZnO in
photocatalytic degradation of organic compounds
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[14,15]. ZnO-nanoparticles can be synthesized by a
number of techniques including sol—gel processing
[16-19], homogeneous precipitation  [20],
mechanical milling [21], organometallic synthesis
[22], microwave [23], spray pyrolysis [24, 25],
thermal evaporation [26], and mechanochemical
synthesis [27].

We report here the studies on photocatalytic
degradation of tartrazine in the presence of UV-C
irradiation using ZnO-nanoparticles synthesized by a
microwave assisted sol-gel technique. The synthesized
ZnO-nanoparticles were characterized by XRD,
FESEM, FTIR, EDS and the band gap energy was also
calculated. Furthermore, the optimum conditions of
photocatalytic reaction such as ZnO-nanoparticles
loading, pH, and initial tartrazine concentration were
inspected and realized. Finally, reaction kinetics of
tartrazine degradation was investigated.

EXPERIMENTAL
Materials and methods

Tartrazine dye (acid yellow 23), with the
structure shown in Fig. 1, was obtained from
(Sigma-Aldrich, 85%). Zinc acetate dihydrate
(Zn(CH,COO0), . 2H,0), Ethylene glycol (CH,0,),
Hydrochloric acid (HCI) and Ammonia solution
(25% v/v) were obtained from Merck (Germany).
All materials were of analytical grade. Deionized
water was used for the preparation of all samples.
The degradation of tartrazine was monitored
using UV-Vis spectrophotometer (Cary 100 UV-Vis
spectrophotometer).

Preparation of ZnO- nanoparticles
The synthesis of ZnO-nanoparticles by the
microwave assisted sol- gel technique was as

Na*OOC

Na+03'S

follow, a clear solution of 4 g of zinc acetate
dihydrate (Zn(CH,C0O0),.2H,0 in 30 ml ethylene
glycol was prepared with a Heidolph homogenizer
at 7000 rpm for 5 min. The pH of the solution was
adjusted to 6. Then, the solution was stirred with
a magnetic stirrer (600 rpm) for 3 hours at 120°C.
The obtained gel was exposed to a microwave
irradiation at a power of 600 W for 10 min. The
resultant powder was calcined at 450°C for 2 h to
produce the ZnO-nanoparticles. The sheet chart
explaining the procedure of the preparation of
ZnO-nanoparticles is shown in Fig. 2.

Photocatalytic activity Procedures

To study the photocatalytic degradation, 100
ml solution containing 50 mg L* tartrazine was
prepared and the pH was adjusted to 6. Next, 0.02
g of the ZnO-nanoparticles was added with the
solution placed at a distance of 10 cm from the
UV—C lamp (30 W) for 120 min with continuous
agitation. At certain reaction intervals, 5 ml
samples were taken out and then centrifuged at
1000 rpm for 2 min to remove any suspended
solid. The remained concentration of tartrazine
was determined with UV-Vis spectrophotometer.
According to the Beer—Lambert law, the
concentration of tartrazine is proportional to
the absorbance of tartrazine, so the degradation
efficiency of tartrazine was calculated by Eq. 1.
[28]:

Degradation =<~ x100= =4 100 (1)
0 0
Where A, A, and C,, C are the absorbance and
concentration of tartrazine when the reaction
time is 0 and t, respectively [29, 30].

SO Na*

Fig. 1: Structure of Tartrazine dye (Acid yellow 23).
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RESULTS AND DISCUSSION
Assessment of ZnO-nanoparticles

XRD analysis was conducted on a D8-
Advance (Product Cooperation Bruker AXS and
Siemens) fitted with a Cu-Ka radiation tube.
X-ray diffractogram (Fig. 3) exhibited peaks well
matched with JCPDS card No. 03-065-3411. This
revealed single phase ZnO-nanoparticles with
hexagonal crystal system. The amount of average
crystallite size was estimated to be 27 nm by
Scherrer equation (Eq. 2)

D=0.89 A /B cos & (2)

Where D is crystallite size, A is the wavelength
of X-ray, B is the modified FWHM, and ¢ is the
reflection angle. The crystallinity percentage was
calculated 75% from net to total area ratio.

FTIRspectrumintherange4000-400cm—ofZn0O-
nanoparticles was recorded in transmission mode
(Thermo Nicolet 8700 FTIR) on powder samples
that were ground with KBr and compressed into
a pellet. The spectrum is illustrated in Fig. 4. The
sharp absorption peak at 455.23 cm™ is assigned
to the metal-O stretching vibration. The peak at
1628.53 cm™ refers to COO-metal bond and the
broad absorption at about 3436.91 cm™ assigned
to the OH group which agree well with the results
reported in the literature [30, 31].

FESEM microscope image to illustrate the
morphology of ZnO- nanoparticles is shown in
Fig. 5-a. The image confirmed the sizes of the
particles in nanometer range (24 nm) with high
shape and size uniformity. The EDX spectrum of
Zn0O by sol-gel method is presented in Fig. 5-b.
The result indicates that the powder contains zinc
and oxygen without any impurities.

Photocatalytic efficiency of ZnO nanoparticles

As Fig. 6 displays, there was no significant
degradation with ZnO in a dark place (32%) or
with UV-C irradiation alone without the present
of ZnO (10%). The concomitant presence of ZnO-
nanoparticles and UV—Cirradiation resulted in almost
complete degradation of tartrazine (95%) within 120
min. These results imply that ZnO- nanoparticles
presence strongly influenced the photodegradation
of tartrazine under the UV-C light.

Effect of catalyst weight

With an increase of ZnO-nanoparticles weight
from 0.02 to 0.04 g the percentage of degradation
increased from 95 to 100 in 120 min irradiation
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Fig. 2: Flow sheet of sol-gel method to prepare nanocrystalline
ZnO.

time. After that the increase in ZnO-nanoparticles
weight from 0.04 to 0.08 g did not affect the
degradation significantly and, as shown in Fig.
7, at a higher amount of ZnO-nanoparticles
(0.08 g), less photocatalytic degradation (63%)
was observed. When the dose of ZnO catalyst
increased above the limiting value (0.04 g), the
total active surface area also increased, but there
was a decrease in UV light penetration due to the
increased suspension turbidity as result of the
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excess catalyst particles in the solution [31-34]. Effect of initial dye concentration
Thus, to prevent this disadvantage property, 0.04 g Fig. 8 illustrates the effect of initial tartrazine
of ZnO nanoparticles was used for all the following concentration on photocatalytic degradation.
photocatalytic degradation studies. The study was performed by varying the initial
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Fig. 3: X-ray diffraction pattern of ZnO- nanoparticles.
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Fig. 4: FTIR transmission spectrum of ZnO- nanoparticles synthesized by microwave assisted sol- gel technique.
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Fig. 5: a) The FESEM image and b) EDS of the ZnO- nanoparticles synthesized by microwave assisted sol- gel technique.
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concentration values, 20-200 mgL*and measuring
the absorbance decay in 120 min with 0.02
g ZnO- nanoparticles. The absorbance decay
expressed as tartrazine concentration showed
95% of degradation at 50 mgL™. It is well-known
that as initial concentration increases, more and
more dye molecules are adsorbed on the surface
of nanoparticles, the generation of hydroxyl
radicals will be reduced since there are only fewer
active sites for adsorption of hydroxyl ions and
the generation of hydroxyl radicals. Hence, the
absorption of photons by the catalyst decreases
and, consequently, the photocatalytic degradation
rate is reduced [2, 28, 35-37].
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Fig. 6: Effect of UV-C light and 0.02 g of ZnO nanoparticles on the photocatalytic degradation of 50 mg L tartrazine at pH= 6.

Effect of pH

The effect of pH on the photocatalytic
degradation of a 50 mg L?! tartrazine solution
in presence of 0.02 g ZnO-nanoparticles was
explored. The degradation was monitored in a
pH range 2.0 to 11.0 (the initial pH value was
adjusted with HCl and Ammonia solution (25%
v/v)) and is depicted in Fig. 9. In this study, pH=6
was assessed to be the best pH for the tartrazine
photocatalytic degradation. ZnO has a zero-point
charge at about pH=9 and is positive charged in
pH 5-7. Tartrazine has three O-Na sites, so this
compound is negatively charged. Therefore,
at pH=6, positive ZnO nanoparticles hast high
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degree of adsorption with negative tartrazine
due to electrostatic attraction [38].The decrease
in the photocatalytic degradation of tartrazine at
acidic pH may be due to the dissolution of ZnO-
nanoparticles at low pH. In acidic medium, The
Zn0O nanoparticles were disappeared. At higher
pHs, there was an excess of hydroxyl anions,
which facilitate photogeneration of hydroxyl
radicals [38-42].

Kinetics of photocatalytic degradation

The photocatalytic degradation of tartrazine in
the range of 20-200 mgL* containing 0.02 g ZnO-
nanoparticles in the pH of 6, obeyed the pseudo-
first- order kinetics as described by Eq. (3).

D=0.89 /B cos 8 (3)
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Where C, is the equilibrium concentration of
tartrazine, C is the concentration at time t (min)
and k is the pseudo- first- order rate constant.

Linear plots related to -In(C/C ) versus t (min)
between tartrazine concentration and irradiation
times for photodegradation are shown in Fig. 10.
It can be observed that k value ranged between
0.0447 and 0.0035 for different tartrazine
concentrations [36].

Sobana et al. [43] have used the Langmuir-
Hinshelwood equation to analyses of the
heterogeneous photocatalytic reaction successfully.
The modified Langmuir— Hinshelwood equation is
given in Eq.4:

C

—In—=kt

c. (4)

BZn0=0.06 g B /n0=0.08 g

Fig. 7. Effect of ZnO- nanoparticles weight on photocatalytic degradation of 50 mgL™' tartrazine concentration in pH =6.
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8: The effect of initial tartrazine concentration in the present of 0.02 g ZnO in pH= 6.
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Fig. 9: Effect of initial pH on photocatalytic degradation of 50 mgL™! tartrazine in present of 0.02 g nano ZnO.
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Fig. 10: linear Plots of -In(C/C0) versus time for tartrazine in the range of 20-200 mg/L, 0.02 g ZnO- nanoparticles in pH= 6.
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This equation can be rearranged as Eq.5:
K, -K,[C]
rE TR T (5)
1+K,,[C]

where r is the reaction rate (mgL™ min™), k _,,
is the true rate constant (mg L™ min™) including
parameters such as catalyst loading, photon
flux, and oxygen coverage, K__is the adsorption
coefficient of tartrazine on the ZnO- nanoparticles
(mg™ L) and [C] is the concentration of tartrazine
(mgL?) at time t (min). The applicability of
Langmuir-Hinshelwood  equation for the
photocatalytic degradation has been confirmed by
the linear plot obtained by plotting the reciprocal
of initial rate (1/r) against reciprocal of initial
concentration (1/C) as shown in Fig. 11 with an R?
value of 0.9498. The values of k , and K_,_were
3.529 mg/L. min and 5.8 X10* L/mg, respectively,
indicating that photocatalytic degradation was
a dominant factor when compared to pollutant
adsorption onto the surface of ZnO-nanoparticles
[2, 37].

Band gap energy

The band gap energy (Eg) was evaluated
from the UV-Vis spectrophotometer. ZnO-
nanoparticles were dispersed in 10 mL ethanol and
ultrasonicated for 10 min. The cutoff of the ZnO-
nanoparticles was obtained from the absorption
and reflection UV-Vis spectrum, and the Eg was
calculated by the Eq.6:
1 1 L1
ro K, yK [C] K, 4 (6)

Where E, is the direct band gap energy and A
is the cut off the ZnO- nanoparticles. The optical
band gap of ZnO- nanoparticles estimated to be
3.27 eV in line with literature. [31, 34, 43-45].

CONCLUSIONS

ZnO-nanoparticles were synthesized successfully
by microwave-assisted sol-gel technique using
ethylene glycol. The average particle size,
crystallinity, and band gap were calculated as 24
nm, 75% and 3.27 eV, respectively. Photocatalytic
degradation of tartrazine was evaluated and
the effect of the initial concentration, amount
of photocatalyst loading and pH has been
investigated. Kinetic of photocatalytic degradation
was studied and data were fitted very well in
the pseudo-first-order kinetic and Langmuir-
Hinshelwood models.
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