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Background: Industrial dyestuffs are the main sources of the discharge of dye pollutants into the environment, which are hardly
degradable in the conventional biological treatment plants. Therefore, finding an effective method of treatment is urgent for color
removal from dye-contaminated effluents.

Objectives: In the present study, the photocatalytic degradation of C.I. Sulphur Red 14 was studied by using UV/ZnO process.

Materials and Methods: In this work, ZnO catalyst and mercury lamp (UV-C, 254 nm) have been applied for removal of the C.I. Sulphur
Red 14 dye from aqueous environments. The influence of various parameters such as the amount of Zn0, initial dye concentration, pH
level, and H,0, presence were also examined.

Results: The results showed that the optimum catalyst dose was found to be 50 mg/L. The maximum rate of decolorization was obtained
in acidic condition at pH 5 and the initial dye concentration of 10 mg/L. Photodegradation of C.I. Sulphur Red 14 increased by addition of
proper dose of hydrogen peroxide. Mineralization of the dye was also investigated as Chemical Oxygen Demand (COD) measurements
showed increase in the COD removal with increase in decolorization rate.

Conclusions: The UV/ZnO system has been found an effective process with 90.2% COD removal and 95.6% dye removal after 50 minutes

treatment.
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1. Background

Various industries such as paper, plastics, food, cos-
metics, and textile use considerable volume of water,
chemicals, and dyes in order to color their products.
Consequently, they generate a significant amount of dye-
contaminated effluents (1-3). Dye removal from waste-
water has been seriously targeted in the last years, not
only because of its potential toxicity to some organisms,
including aquatic animals but also due to their aestheti-
cal problems in receiver waters (4). Each of the methods
for treatment of dye-containing wastewater has specific
advantages and disadvantages. Physical processes are
generally non-destructive, and further treatment is nec-
essary. Chemical treatment by chlorine or ozone is effec-
tive for color removal, but they are not cost-effective (as a
result of their high dosages). Biological treatment meth-
ods are usually inefficient due to non-biodegradable or-
ganic compounds and other hazardous chemicals into
the effluents.

The heterogeneous photocatalysis in the presence of UV
radiation has been found an attractive advanced oxida-

tion process for degradation of azo reactive dyes (5, 6).
Recently, various advanced oxidation processes (AOP) such
as ozonation, peroxone, Fenton, photo-Fenton, UV/O,, UV/
H,0,, UV[TiO,, and UV/ZnO have been extensively used for
mineralization of many pollutants in aqueous solution
(7-10). Among them, TiO, or ZnO nanoparticles are used as
effective, inexpensive, and nontoxic heterogeneous pho-
tocatalysis for the degradation of a wide range of toxic
and bio-resistant compounds and synthetic dyes into H,0
and CO,, without generating any harmful by-products (8).
Also, owning to similar photodegradation mechanism,
ZnO nanopowder is a suitable alternative to TiO, (11). Also,
ZnO nanopowder is used in various wastewater treatment
such as pulp mill bleaching wastewater treatment (12, 13)
and used for degradation of 2-phenyphenol and phenol in
the photocatalytic degradation system (14).

2. Objectives

The principal objective of the present study is to evaluate
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photocatalytic degradation of C.I. Sulphur Red 14, in the
presence of ZnO nanopowder by UV-C light under various
conditions. In this regard, the effect of several operating
parameters such as pH level, the amount of nanocatalyst,
and the initial dye concentration were examined. The in-
fluence of H,0, addition for enhancing the decolorization
of synthetic dye-containing wastewater was studied too.

3. Materials and Methods

3.1. Materials

C.L Sulphur Red 14 (purchased from Alvan Sabet Co.)
was used without further purification. Its structure and
characteristics are given in Table 1. Diameter, specific sur-
face area, and band-gap energy of ZnO (purchased from
FLUKA) were 14 nm, 10 m?/g, and 2.92 eV, respectively. The
pH of the solution was adjusted with NaOH or HCI solu-
tion from Merck. Deionized and double distilled water
was used throughout this study. Reagents used for COD
measurement such as potassium dichromate, silver sul-
fate, mercuric sulfate, ferrous ammonium sulfate, sulfu-
ricacid, and Ferroin indicator were obtained from Merck.
H,0, (30%, Merck) was used for UV/ZnO[H,0,/ system.

Table 1. Structure and Characteristics of C.I. Sulphur Red 14

Variable Value
Structure

Molecular Formula C3gHN,4O,S,
Molecular Weight, g/mol 656.69

A max, nm 565

3.2. Experimental Apparatus and Procedure

Dye removal experiments with UV/ZnO system were car-
ried out in a batch water jacketed photoreactor with the
total capacity of 800 mL. This reactor is double-walled
made of a quartz, in which the temperature was main-
tained constant throughout the reaction by circulating
water in its jacketed wall. To carry out the photodegra-
dation of C.I. Sulphur Red 14, a solution containing de-
sired concentration of dye and an appropriate amount
of ZnO was prepared and transferred into 800 mL reac-
tor. The radiation source was a 15 W mercury lamp, which
was placed above the reactor. We measured COD by the
standard method of potassium dichromate oxidation.
The pH of the solution was adjusted using dilute sulph-
uric acid and sodium hydroxide solutions and measured
by pH meter (Philips PW 9422). After that, the lamp was
switched on to initiate the reaction. During the reaction
time, the system was constantly agitated by a magnetic
stirrer to keep the photocatalysts suspended. For separat-
ing of ZnO nanoparticles from suspension, the samples
were centrifuged at 5500 rpm, for 10 minutes. The con-
centration of the dye in each sample was evaluated by
UV-visible spectrophotometer (Lambda 25, USA) at Amax

=565 nm. Then, the concentrations of dye in the samples
were determined by calibration curves. The definition of
dye degradation percentage (DDP) is as follows:

M DDP = S~ o 1099

Cdye 1

Where, DDP (100) is the degradation percentage of the
reactor, C, is the initial concentration of dye (mg|L), C, is
the concentration of dye (mg/L) after reaction for (t) time.

In this study, for determination of optimum pH and
Zn0 dose, 30 and 36 samples were used, respectively. Also,
the number of samples for the evaluation of dye con-
centration effect, H,0, addition, and evaluation of COD
removal in UV/ZnO process under optimized conditions
were 24, 20, and 7 samples, respectively, when each test is
replicated three times.

4. Results

4.1. Effect of Initial pH

Solution pH is an important parameter that influences
photodegradation efficiency of dye. Therefore, the effect
of pH on the dye degradation was assessed at different
ranges from 3 to 11 for constant dye concentration (10
mg/[L) and catalyst dose (75 mg/L). Figure 1 shows the ef-
fect of initial pH on decolorization efficiency of C.I. Sul-
phur Red 14. The results showed that the decolorization
efficiency increased with decrease in pH. As shown in
Figure 1, pH 5 is found to be more favorable for decolor-
ization. The obtained result from our study was in agree-
ment with other studies for decolorization of azo dyes (12,
15-17). The interpretation of pH effects on the efficiency of
the photocatalytic degradation process is a very difficult
task since it has multiple roles. Because of the amphoter-
ic nature of the most metal oxide surface, pH could easily
affect the surface-charge properties of the semiconduc-
tor particles. On the other hand, pH could influence dye
dissociation and OH radical formation (18). The experi-
mental results revealed decolorization rate for the C.I.
Sulphur Red 14 increased with the decrease in reaction
pH and highest efficiency was observed at pH 5. These
findings may be related to the interactions between the
dye anions and negative charged in the catalyst surface
leading to strong adsorption on the catalyst surface.

4.2. Effects of ZnO Dosage

Figure 2 shows the decolorization efficiency at different
concentrations of ZnO (5, 10, 25, 50, 75, and 100 mg/L) at
pH 5. Experiment results indicate a trend of reduced re-
moval with increasing ZnO concentration up to 50 mgjL.
Decolorization efficiency decreased with Increasing of
ZnO nanopowder from 50 to 100 mg/L. This observation
can be explained by the increase in accessibility of ac-
tive sites on the ZnO surface through increasing in the
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amount of catalyst. On the other hand, at higher catalyst
loadings (above the limiting value), and accumulation of
ZnO particles the number of surface active sites decreases
and the turbidity of the suspension and light scattering
of ZnO particles increase as aresult of decrease in the pas-
sage of light through the suspension (11, 19). Therefore,
the ZnO dose of 50 mg/L was performed for decoloriza-
tion of C.I. Sulphur Red 14, for further studies.

Figure 1. Effect of pH on Degradation of C.I. Sulphur Red 14
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Figure 2. Effect of ZnO Amount on Decolorization Efficiency of C.I.
Sulphur Red 14
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Figure 3. Effect of Initial Dye Concentration on Decolorization Efficiency
of C.I. Sulphur Red 14
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4.3. Effect of Initial Dye Concentration

Although industrial wastewaters often contain dif-
ferent concentrations of dye, the majority of the
studies on photocatalytic decolonization have been
performed at specific range of initial concentration.
Therefore, it is worthwhile to study the influence of ini-
tial concentration of dye on decolorization efficiency.
The influence of various initial C.I. Sulphur Red 14 dye
concentrations on photocatalytic decolorization by
UV/ZnO process at optimal conditions obtained from
pervious stages, (pH 5, [ZnO] = 50 mg/L) carried out by
changing the initial concentrations of dye from 10 - 40
mg/L (Figure 3). The results showed that an increase in
initial dye concentration from 10 to 100 mg/L decreas-
es the C.I. Sulphur Red 14 decolorization from 96% to
62.2% after 50 minutes treatment. Likely explanations
are given by other studies (4,20). The presumed reason
is that when initial dye concentration increases, more
and more dye concentration is adsorbed on the ZnO
surface. Therefore, the generation of hydroxyl radicals
will be reduced, which consequently lowers the cata-
lytic activity. In addition, When the initial dye concen-
tration increases, (due to the photons get intercepted
before they can receive the ZnO surface) the absorption
of photons by the ZnO decreases, and the decoloriza-
tion efficiency decreases too (21-23).

4.4. Effect of H202 Concentration

In photocatalytic degradation studies, it was indicated
that addition of hydrogen peroxide was significantly
improved the oxidation of the organic compounds. In
order to determine the effluence of H,0, concentra-
tion on the decolorization rate of C.I. Sulphur Red 14
using fluid suspension of 50 mg/L ZnO, different doses
of H,0, in the range of 0 to 200 mg|L were added (Fig-
ure 4). The results showed that the decolorization of the
dye increases as the hydrogen peroxide concentration
increases until an optimal H,0, concentration reaches,
when above that level, the decolonization rate decreas-
es.An explanation for this behavior is that at higher con-
centrations of H,0, it can also act as a scavenger of va-
lence band holes and hydroxyl radicals (24). Therefore,
H,0, could improve the reaction by producing hydroxyl
radicals, but it can act as a radical or a hole scavenger
at excess concentrations. As shown in Figure 4, the de-
colonization rate increases when H,0, concentration
increases from 0 to optimal concentration (100 mgj/L).
Atlow concentration of H,0,, a relatively low concentra-
tion of hydroxyl radicals was formed for dye oxidation,
which resulted in a low decolorization rate. However,
the improvement of decolonization by using hydrogen
peroxide is due to the production of OH, as shown by
Equations 2 and 3

(2) e~ +H,0,—-0OH™ +O0OH
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(3) H,0,+hv—-20H

Also, H,0, can produce OH by reacting with O, or by di-
rect photolysis:

(4) 0,4+ H,0,—-OH"+OH+0,

Above 100 mg/L H,0, the decolorization efficiency de-
creases due to inhibition of H,0, via reaction of excess
H,0, with OH (Equations 5 and 6).

(6) HO,+OH—-H,0+0,

Figure 4. Effect of H,0, Addition on Decolorization Efficiency of C.I
Sulphur Red 14
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Figure 5. Color and COD Removal in UV/ZnO Process Under Optimized
Conditions
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4.5. Chemical Oxygen Demand (COD) Removal

Since reduction of COD reveals the amount of degrada-

tion rate of an organic materials, its reduction was inves-
tigated under optimized conditions obtained from pervi-
ous stages (pH 5, [ZnO] = 50 mg/L, dye =10 mg/L). Figure
5 presents the color and COD removal rate as a function
of UV/ZnO process at an initial C.I. Sulphur Red 14 concen-
tration of 10 mg/L, representing increase in COD reduc-
tion, accompany with increase in the color removal. As
shown in Figure 5, the decolorization efficiency in UV|
ZnO process for time reactions of 5, 10, 20, 30, 40, and 50
minutes in the optimized conditions were 55.3%, 65.2%,
74.3%, 84.2%, 92.5%, and 95.6%, respectively, representing
a trend of increased decolorization efficiency by increas-
ing the time reaction. The COD reduction efficiency for
the corresponding time reaction of UV/ZnO process were
24.4%, 36.7%, 46.3%, 60.6%, 88.5%, and 90.2%, respectively,
indicating a similar reduction trend. However, the rate of
change in COD was significantly higher than that for dye.
These findings show that decolorization efficiency in the
initial time of reaction had no significant influence on
COD removal efficiency. A possible reason for this result
would be the greater ability of UV/ZnO process for deg-
radation of color than for their organic intermediates;
thus, in the initial time of reaction, more organic inter-
mediates were generated from degradation of dye and
accumulated in the reactor that contributed to the COD
measurement.

5. Discussion

In the present study, the photocatalyst decolorization of
C.I Sulphur Red 14 by UV irradiation in the presence of
ZnO nanopowder was studied. The results confirm that
simultaneous presence of the catalyst and light is essen-
tial for the photodegradation of organic compounds in
water. It was found that the rate of dye degradation is
significantly affected by the pH, the initial dye concen-
tration, and catalyst concentration. The results indicated
that optimal loading of ZnO was 50 mg/L, with the dye
concentration of 10 mg|L and pH 5. The results show that
the rate of decolorization increases as the catalyst dose
increases up to an optimum loading. But above that, any
increase in catalyst dose had no effect. Also, H,0, was
proved to be useful for improvement in the catalytic deg-
radation of dye-containing solutions in the UV/ZnO[H,0,
process as it significantly accelerates dye degradation
and decreases the required time of reaction compared to
UV/ZnO process alone.
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