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In this project, the removal of Acid Red 114(AR 114) that is a mono Azoo dye with
global usage in an agueous environment was explored by nano photocatalytic
process. The ZnO was supported on Bentonite and used at suspension state in
a batch photoreactor. The catalyst was synthesized by co precipitation methods
and characterized by Scanning Electronic Microscopy (SEM), X-Ray Diffraction
(XRD), and Fourier Transform Infrared (FT-IR) spectra. The effect of operational
variables including pH, initial concentration of Acid red 114, amounts of catalysts
and temperature were investigated on the removal efficiency of AR114. The
optimum conditions were achieved at 1g/I of catalyst, 30 mg/l of AR 114, pH of
9 and temperature at 35°C. The removal of AR 114 in UV, UV/ZnO, and UV/ZnO/
Bentonite process were 26.5, 55 and 92.5% after 2 h of treatment, respectively.
The photo catalytic degradation mechanism was described and the efficiency of

the process increased considerably by modification of photocatalyst.
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INTRODUCTION

The synthetic dyes are widely used in the textile,
pharmaceutical, paper, cosmetics, food, and leather
industries [1-2]. Traditional colors are usually
divided into a variety of acid colors, reactive and
direct colors, basic, and other groups. Azo dyes
are one of the largest groups of synthetic dyes that
have one or more Azo bonds [3], and they are used
in various types of industries due to their high
solubility, low cost, stability and high color variation
[4]. Therefore, due to the risks associated with the
release of colored wastewater to the environment
without using appropriate treatment, the treatment
of this type of wastewater is necessary. Common
methods such as coagulation and flocculation,
biological processes, and chemical deposition
are not able to treat this type of wastewater
properly [5]. Biological processes do not effect
on the removal of these pollutants, and classical
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treatment processes not effective because they
generate solid waste and transfer pollution from
one phase to another. The conventional methods
themselves cause environmental pollution, so the
use of advanced oxidation processes (AOPs) will
be essential. In these processes, active free radicals
such as hydroxyl (OH") are produced, which have
a very high oxidizing power for the decomposition
of organic pollutants due to their high oxidation
potential (EOH" = 2.80 eV) [6]. These radicals have
enough ability to react selectively with organic
molecules to produce dehydrogenated or hydroxyl
derivatives until they degraded completely and
mineralized to CO,, water and mineral ions [7].
Among different photo catalysts, ZnO and
TiO, have been employed widely because of their
uses in degradation of different environmental
contaminants [8-10]. Zinc Oxide has single optical
and electrical features with significant requests,
such as solar cells apparent conducting films, photo
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Table 1. The characteristics of the used Acid Red 114.
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catalyst and antibacterial constituents [11-13]. So
far, many researches had focused on investigation
of slurry systems, in which the suspensions with
powdered photo catalysts are employed [14].

The ZnO along with other modifiers had many
applications. For example, Karthik et al., realized
that the CdO-ZnO Nano catalyst had notable
antibacterial efficiency against many microbial
organisms. The hydrogen peroxide that is a
microbe killer has produced at the surface of CdO
-ZnO Nano catalyst, and the positive charge of
Zn** and Cd** was released from catalyst to absorb
the negative charge on the casing of microbial
cells causing the loss of microbes [15]. The photo
catalytic degradation of methylene blue by nano
RGO-ZnO was investigated by Luo et al., and they
found out that the efficiency was increased by 67%
because the charge carrier recombination was
inhibited by the interaction of ZnO with RGO [16].
Barpuzary et al. investigated the improved electron
transfer with the arrangement of GO, CdS and ZnO
in nano catalyst structure [17-18].

The UV/ZnO process as a photo catalyst is a
branch of AOPs with low operations cost. The use
of ZnO suspension can improve the decomposition
efficiency of organic pollutants in wastewater.
Therefore, in this study, the ZnO catalyst was
modified by supporting on Bentonite through
coprecipitation method and it was characterized
by SEM, XRD, and FT-IR spectra test, then its
efficiency was explored on the removal of AR114
in aqueous environment. The photo catalytic
degradation mechanisms were described and
optimum operational variables were obtained.

EXPERIMENTAL MATERIALS

In this study, the Acid Red 114 (AR114) was
supplied from R.O.D. Company in China and
examined without further purification. It is in the

form of a dark red powder, soluble in water, and
its chemical structure is shown in Table 1. Zinc
acetate, Potash, Sulfuric acid and ethanol were also
purchased from Merck. Bentonite clay was used as
a solid base for ZnO photo catalyst that is obtained
from Kansas Jam Company, Rasht, Iran.

Photo Reactor

The batch glass reactor with 50 cm in length,
25 cm in wide and 7 cm in height were used. The
air was bubbled from the bottom into the reactor
through a sparger. In all experiments, the aeration
rate was constant and uniform, and the magnet
was placed in the middle of the reactor to stir
the solution. Around the reactor was completely
covered with insulation to prevent penetrating UV
lights to outside. In addition, due to the high surface
of the reactor and its low height, it was possible to
diffuse oxygen uniformly throughout the reactor.

The conditions for all sampling were the same,
and all the solutions were exposed to ultraviolet
light without having a dead zone. The catalyst
particles were suspended and slightly settled by
stirring and aerating. The experimental set up was
presented in Fig.1.

The ultraviolet light source is a UV lamp from
Philips Company in Holland with a diameter of 2
cm, a length of 43 cm with a power of 15 w. This
lamp is of low mercury pressure type. The radiation
of this lamp covers the entire ultraviolet range, but
its main wavelength range is suitable for 160-300
nm and its maximum radiation is measured at
the wavelength of 522 nm. The lamp was placed
horizontally above the reactor for the uniform
radiation of the solution in the reactor. The distance
from the lamp to the surface of the reactor solution
was 20 cm. The pH was adjusted by H,SO, and
NaOH solution by PT-10P Sartorius pH meter.

During experiment, the temperature was
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Fig. 1. Schematic diagram of photo catalytic batch reactor:(1- Effluent solution 2- UV lamp 3- Aeration pump 4- Batch reactor, 5-ther-
mo-Bath, 6-magnetic Stirrer, 7-Heat exchanger 8-sampling Point, 9-power supply source 10-Circular pump 11- Magnetic bar).

Table 2. Summary of the stages of experiments investigating the influencing factors in degradation of AR 114.

initial concenltration

<— variab]

Temperature of AR 114 pll Catalyst irradiation
°C Concentration(g/l) w
35 30 3-11 1 15> Runl
35 30 9 6.5-2.5 15 Run2
20-35 30 9 1 15 Run3
35 20-30 9 1 15 Run4
35 30 9 1 13 Run5

regulated by thermostat, RW-0525GS model
from Korea. The water flow was transferred to the
thermal bath by a plastic interface pipe. Finally, the
output water flow was returned to the thermostat,
thus controlling the reactor temperature according
to the test conditions. An aeration pump BS-310
model, with 220V and 3 W from China was used to
saturate the solution with oxygen.

General procedure of experiments

In photo catalytic process, catalyst, color,
temperature and pH values were determined for
each experiment. At first, the UV lamp was switched
off and the solution was aerated and stirred for 30
min for adsorption of the dyes, then the UV lamp
was started and the reaction proceeded for 120 min.
The Samples were withdrawn every 20 min and
centrifuged to separate the catalyst particles. The
absorption of samples was measured using Perkin-
Elmer (Lambda 25) UV-VIS spectrophotometer
at 522 nm. Based on Beer Lambert equation the
absorption was related to the concentration and
therefore, the concentration of the samples was
determined.

In this study, the one factor at a time (OFAT)
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method was used to optimize the process variables
including pH, initial concentration of Acid red 114,
amounts of catalysts and temperature. A summary
of the process conditions are given in Table 2.

The concentration of AR 114 solutions was
determined and the photo degradation efficiency as
a function of time is given as the following (Eq. 1) :

ARll4Removal(%):(%x]00 (1)

Where [4R114] and [4R114] are the concentration
of AR 114 at t=0 and t, respectively.

In order to study the degradation of AR 114
after every 20 min of irradiation, the solution
was sampled and their absorption spectrum was
recorded. These spectra are given in Fig. 2. Based
on these results, it was found that the structure of
the AR114 molecules is broken due to ultraviolet
radiation in the Batch reactor and the absorption
intensity was reduced. As illustrated in Fig.2,
the spectrum of AR 114 has a main peak at 520
nm and as mentioned above, its removal was
calculated from the changes in this peak. It should
be mentioned that the AR114, has other tow peaks
at 245 and 325 nm, which are not displayed in the
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Fig .2. UV Visible spectra of AR 114 (pH at 9, Initial concentration of AR114 at 30 mg/l, temperature at 25, and 120 min of reaction).
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Fig. 3. XRD pattern of ZnO and ZnO/ Bentonite.

Figure. The spectral height in 518 nm was decreased
rapidly which is due to the breakage of N=N bond
of the dyes by hydroxyl radicals.

Preparation of ZnO supported on Bentonite

At first, a saturated solution containing 100 ml
of zinc acetate, Zn (CH,CO0),.2H,0, was prepared
by mixing with magnetic stirrer completely,
then the KOH (5M) was added to the solution
dropwise. After adding each drop, a jelly deposit
was formed. After adding each 5 ml of KOH, a little
of the solution was poured into the test tube and
centrifuged at a rate of 5 rpm for ten min, then a
drop of KOH was added to the solution inside
the test tube and stirred a little to form Zn(OH),
deposits as the gelatinous precipitate. The addition
of KOH to the formed precipitate was continued
until the precipitate can be solved in the KOH and
the precipitate was not formed meaning that all of
the present zinc in the solution was combined with
hydroxide ions to form Zn(OH),. in this situation,
the addition of KOH was stopped, and then the
solution was mixed uniformly for 12 hours. The
resulting precipitate was filtered using filter paper

and rinsed three times with ethanol for water
removal. The precipitate was placed in an oven at
110 °C for two hours to be dried and then it was
placed in the oven for calcination at 450 °C for 2
hours. The XRD, FT IR and SEM techniques were
used to determine the quality of the catalyst. For
the preparation of ZnO based on Bentonite, about
100 ml of a saturated solution containing zinc
acetate was mixed with Bentonite powder until the
magnet rotates hardly, then the adding Bentonite
was stopped and the procedure was continued as
the previous stage with only ZnO.

RESULTS AND DISCUSSIONS
XRD analysis

The crystal structure of the samples was
investigated by X-ray diftraction via Cu Ka radiation
(A = 0.15418 nm). The specimens were examined
in angular range at 20 from 10 to 90 degrees. All
patterns matched the standard templates.

The XRD patterns of ZnO and ZnO supported
on Bentonite are showed in Fig. 3. The peaks in 20
round at 62.89° , 56.62° , 47.57° , 36.29° , 34.46°,
31.77°, have been associated with the hexagonal
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Fig. 5. SEM image of ZnO/BT.

wurtzite phase of ZnO [19]. It was clear that there is
ZnO in the initial zeolite structure, so the location
of the peaks was not changed considerably, so it can
be concluded that the crystal structure of ZnO was
not changed when supported on Bentonite. The
increase in the intensity of these peaks indicates an
increase in the amount of ZnO in zeolite structure.
As investigated by other researchers, the ordered
preparation and crystallinity of the synthesized
sample can be investigated over the XRD results
[20]. Additionally, the highest peaks of Bentonite at
20 about 20° remained with a similar form showing
that the structure of Bentonite is undamaged after
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ZnO modification. The intensity of a little number
of distinct peaks of Bentonite vanished while
comparing the XRD spectrum of Bentonite and
ZnO/BT, this is originated from the covering of
bentonite surface by ZnO effectively.

SEM images

The SEM images of the catalyst are shown
in Figs. 4 and 5. These images showed that the
size of the ZnO particles is large to settle in the
pores of Bentonite. According to SEM images,
the dimensions of the ZnO are larger than the
dimensions of the cavities in Bentonite zeolite.
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Fig. 6. FTIR spectra of the Bentonite and ZnO/Bentonite.
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Fig. 7. Suggested scheme for the photo catalytic degradation of AR 114 by ZnO/Bentonite nanoparticles.

The size of Bentonite cavities is less than one
nanometer. Also, SEM images showed that the
morphology of the zeolite surface had changed
after supporting ZnO on Bentonite. These results
confirm the change in the surface morphology of
the catalyst and the coverage of the zeolite surface
with ZnO catalyst.

In SEM images taken from the catalyst, it
is well presented that ZnO particles are placed
and stabilized on the crystalline parts of zeolite
Bentonite.

The SEM of Bentonite (Fig.4 A) displays the
usual layered structure with numerous nanosized
flakes of clay atoms with a sheet-like morphology.
After precipitation method, the structure of
Bentonite remained fixed and only the space
between flakes was improved considerably.

FTIR spectra analysis
The molecular structure characteristics
of the synthesized catalyst were identified by

FTIR spectra. The infrared spectrum of ZnO/
Bentonite is measured by Perkin-Elmer FT-IR
spectrophotometer with KBr pellets and illustrated
in Fig 6. The FT-IR spectra of ZnO and ZnO/
Bentonite in the range of 400-4000cm™ were
plotted. The bond in 450-500 cm™ represents
to Zinc Oxide bond. The peak at 3450 cm
corresponds to the tensile vibration of the hydroxyl
group and the peak at 476 cm™ is originated from
Zn-0 stretch. The peak at 1660 cm™ represent to
O-H bond of absorbed water molecules. In the
catalyst doped on Bentonite, the absorption at
3700cm™ is related to stretching vibration of OH
group. After modification with Bentonite peaks
appeared at 523 cm™ (Si-O-Mg(Fe), 469 cm™ (Si-
O-Al), and a strong peak at 1058 cm™ represent for
Si-O stretching [21].

The nanophoto catalytic Mechanism
The photo catalytic degradation of AR 114 on
ZnO/BT can be showed in Fig.7. The mechanism is
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Fig. 8. The influence of pH on photo catalytic degradation of AR 114 (Initial concentration of AR114 at 20 mg/l, temperature at 25, and
120 min of reaction, and at 1.5 g/l of catalyst).

offered based on *OH generation studies and band
gap analysis as reported by the previous reports
[22]. The ZnO with a band gap energy of is 3.37
eV, is an n-type semiconductor with two electronic
band structure including valence (VB) band and
conduction band (CB). The transfer of an electron
in the nano photo catalyst generates a positive hole
on VB and subsequently several photochemical
reactions occurred concurrently in the presence
of water and oxygen on the catalyst surface. These
mentioned holes on the VB oxidize the pollutants or
inorganic species such as H O and hydroxyl ions to
form hydroxyl radicals. The photo excited electron
on the CB can reduce oxygen to produce different
intermediate oxidant including HO,,, O, «~, and
OH'. These intermediates have a short lifetime and
very reactive, which accelerate groups of oxidation
reactions result in the continuing degradation
of contaminants to form CO, and H,O. So, the
production of reactive oxygen species is essential
for the photo catalytic performance of ZnO. But,
the recombination of the electron pairs and photo-
generated holes can result in the short catalytic
activity and photo thermal heat production (Egs.2-
10) [23].

ZnO/Bentonite + v — ecy + hyy ()

Recombination

ecg + hiy, —  heat (3)

hj, + AR114 — Intermediates - CO, + H,0 (4)

h:b +H20(ads) - OH;ds + H” (5)
h,, +OH_, — OH, (6)
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O, +AR114— AR114-00° (8)

O, + OH + H" - 0,+H,0,
©)

OH;, + ARl 14(ads) —> Intermediates + OH;,,
— CO,+H,0 (10)

Effect of pH on photo catalytic degradation of AR
114

To investigate the effect of pH on degradation
of AR 114 in photo catalytic process, a solution
with a concentration of 20 mg/l of the dye in the
presence of catalyst was tested. At that time the pH
of each sample was adjusted then the solutions were
irradiated with ultraviolet light for 120 minutes.
During this time, the samples were withdrawn at 20
minute intervals and their adsorption was measured
by a spectrophotometer and the concentration of
AR114 was determined. From Fig.8 it was clear
that the degradation efficiency was increased with
an increase in pH from 4 to 9 and then decreased at
the pH of 11. This phenomenon can be because the
zero points of charge (ZPC) of the ZnO/BT was 9,
and below and above this pH the surface of catalyst
was positively and negatively charged, respectively.
And at the pH of ZPC, the surface of catalyst was
neutral [24]. According to the mentioned reactions
(Eqgs.2-10), with an increase in pH the number of
hydroxide ions and subsequently hydroxyl radicals
were increased so the removal of AR 114 was
increased, but further increase in pH results in
the production of high hydroxyl radicals that the
scavenging of them and lowering their numbers
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Fig. 10. The influence of initial concentration of AR114 on color removal efficiency ( pH at 9, temperature at 25, and 120 min of reac-
tion, at 1 g/1 of catalyst).

happen, therefore the degradation of AR114 was
decreased at pH of 11. The efficiency of photo
catalytic process was increased with an increase
in pH from 4 to 9 and then decreased with further
increase in pH, because the molecules of ARR114
has SO, group in its structure, and this group has
negative charge in very high pH(pH=11), because
of the repulsion with catalyst surface.

Influence of supported catalyst amount

In this section, different amounts of catalyst
were added so that the catalyst concentration varied
between 0.5 and 2.5 g/l, then the solutions were
affected by the ultraviolet radiation. After starting
reaction, the samples were withdrawn at 20-minute
intervals and their absorption was measured by
spectrophotometer at the maximum wavelength.
The results in Fig. 9 showed that the color removal
efficiency was increased with increase in catalyst
concentration to 1 g/l, and then it was decreased
with further increase in catalyst amounts. The
reason is that by increasing the amount of photo

catalyst the number of active sites was increased,
but more increase in catalyst mounts can lead to
decrease in color removal efficiency because the
light scattering occurred due to the collision of
light with catalyst particles in the solution and a
number of photons lost their energy. Therefore the
rate of photo catalytic reactions decreased [25].
Above 1 g/l of catalyst the efficiency of the process
was not increased considerably, therefore 1 g/l of
nano catalyst was chosen as an optimum amounts
from economic point of view.

The effect of initial concentration of AR114

The initial concentration of the dye was also
considered as another very important parameter.
Initial concentrations ranged from 20 to 50
mg/l under optimal experimental conditions
were examined. The withdrawn samples were
centrifuged to separate the catalyst particles;
the absorption of the samples was measured by
a spectrophotometer. According to Fig. 10, the
removal efficiency of AR114 was increased with
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Fig. 11. Effect of temperature on the removal of AR114( pH at 9, Initial concentration of AR114 at 30 mg/l, and 120 min of reaction,
at 1 g/l of catalyst)..

decrease in the concentration of AR114, and the
reason for this is that as the color concentration
increases, the absorption of ultraviolet light by the
color molecules increases, and adequate photons do
not contain adequate energy, so the conversion rate
decreases with increasing color concentration. But
at very low concentrations, the removal efficiency
was reduced to some extent because the ratio of
color molecules to the produced hydroxyl radicals
was reduced and therefore radical scavenging can
happened and subsequently the color removal
efficiency reduced [26].

The influence of temperature

To investigate the effect of temperature on the
photo catalytic removal of AR114, the temperature
inside the reactor was controlled by thermostat.

The results in Fig. 11 showed the positive
effect of temperature on color decomposition.
The increase in temperature from 25 °C to 35°C
indicates that the color removal was increased.
It should be noted that the reason that the
temperature was not chosen exceed 35 C was
that at higher temperatures the probability of
evaporation of the solution increased and caused
the color concentration to change due to solvent
evaporation. Since with increasing temperature,
the transfer of electrons from the conduction
band to Valance band in ZnO/Bentonite has been
performed more rapidly, so the number of active
sites in the catalyst was increased, thus degradation
of AR 114 increased. So the optimum temperature
was chosen at 35 C .
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The effect of ZnO before and after supporting
Bentonite

Asit can be seen from Fig. 12, the photo catalytic
activity of ZnO was increased after inserting on
Bentonite due to the increases in the contact
surface between pollutant and photo catalytic
molecules. The AR114 removal percentage in the
presence of UV, UV/ZnO and UV/ZnO/Bentonite
were about 26.5, 55% and 92.5% at two hours of
reaction, respectively. The efficiency of stabilized
photo catalytic was noticeable. The reason can be
described by this fact that the two phenomena
have played a major role in the photo catalysis
including the adsorption of pollutants molecules
on the surface of catalysts by forming electron-
holes mechanism and subsequently the reaction of
adsorbed pollutants with the produced hydroxyl
radicals. The ZnO/bentonite Nano catalyst was
synthesized with sol-gel method by Xu et al. In their
study, about 90% of yellow acid 11 was degraded by
ZnO/bentonite nanocatalyst under UV irradiation
at 90 min of reaction [27], and the results are in
agreement with present work.

CONCLUSION

In this research, the co-precipitation method
was used to prepare the ZnO /Bentonit and results
showed that it is a suitable and efficient technique.
The synthesized catalyst was characterized by
FT IR, XRD, and SEM techniques. Based on the
experimental results, the efficiency of supported
photo catalytic was improved significantly. The
reason can be described by this fact that the two
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phenomena have played a major role in the photo
catalysis including the adsorption of pollutants
molecules on the surface of catalysts by forming
electron-holes mechanism and subsequently the
reaction of adsorbed pollutants with the produced
hydroxyl radicals. The efficiency of photo catalytic
process was increased with increase in pH from 4
to 9 and then decreased with further increase in
pH. The increase in temperature was enhanced the
color removal efficiency. By increasing the amount
of the stabilized photo catalyst, the efficiency was
increased to some extent but beyond the optimum
concentration of catalyst, the color removal
efficiency was not significant.

The optimum conditions were achieved
at 1g/1 of catalyst, 30 mg/l of AR 114, pH at 9
and temperature at 35°C . The AR114 removal
percentage in the presence of UV, UV/ZnO and
UV/ZnO/Bentonite were about 26.5, 55% and
92.5% after two hours of reaction, respectively.
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