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ABSTRACT

Azo dyes are the largest group of synthetic organic dyes which containing the linkage C-N=N-C and used in
various industries such as textile industries leather articles, and some foods. Azo dyes are resistant compounds
against the biodegradation processes. The purpose of this research was hybrid UV/COP advanced oxidation
process using ZnO as a catalyst immobilized on a stone surface for degradation of acid red 18 (AR18) Dye. In
the hybrid process using some parameters such as the dye initial concentration, pH, contact time and catalyst
concentration, the process efficiency was investigated. In order to the dye removal, the sole ozonation process
(SOP), catalytic ozonation process (COP) and photocatalytic process (UV/ZnO) were used. The ZnO nanoparticles
were characterized by XRD, SEM and TEM analyses. The maximum dye removal was achieved 97% at the dye
initial concentration 25 mg/L, catalyst concentration 3 g/L, contact time 40 min and pH 5. As a real sample, the
Yazdbaf textile factory wastewater was selected. After that, the physicochemical quality was evaluated. As well as,
in the optimal conditions, the AR18 dye removal efficiency was achieved 65%. The kinetic results demonstrated
that the degradation reaction was fitted by pseudo-first-order kinetic. The UV/COP hybrid process had high
efficiency for removal of resistant dyes from the textile wastewater.
Advantages of this technique were as follows:

¢ 7ZnO nanoparticles were synthesized as catalyst by thermal method and were immobilized on the stones.
e pH changes had no significant effect on the removal efficiency.
¢ In the kinetic studies, the decomposition reaction followed pseudo-first order kinetic.
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Introduction

The textile industry wastewater contains many contaminants such as dyestuff, chemical
compounds and nonionic surfactants therefore, the textile industry is one of the most polluting
industries [1]. Azo dyes are non-degradable, resistant to light, have one or more nitrogen-nitrogen
band. These dyes are inexpensive and have high solubility and stability [2]). Due to azo dyes variety
structures and easy to make are the most used among dye compounds [3]. The azo days could cause
some environmental and health problems such as cancer, renal and liver dysfunctions [4]. Hence,
removal of azo dyes from textile industry wastewater is so necessary. Lately, a lot of physical, chemical
and biological methods [5,6] such as adsorption [7-13], electrocoagulation [14-17], activated sludge
[18], photochemical [19-31), oxidation [30-34], trickling filter [35] and membrane processes [36] have
used for the azo dyes, organic and inorganic pollutants removal from the environment. However,
these methods have some problems [23] such as the toxics production expensive facilities and high
maintenance and operation costs.

The catalytic ozonation method is an effective process for the azo dyes and other pigments
removal compared to the other processes [37-40]. Ozone is a powerful oxidant and dissolved in
water and uses in the waters and wastewaters treatment [41]. In addition, single ozone doses could
therapeutically use in the selected human diseases. Although, conventional ozonation technologies
have some limitations such as low ozone efficiency ozone poor mass transfer from the gas phase to
liquid phase and the limited organics mineralization [42,43]. To solve some of these problems, use of
a catalyst has been suggested. Using catalyst could increase the oxidants generation such as hydroxyl
radicals and as a result the process efficiency will enhance [44,45].

In the catalytic ozonation systems, the nature of generated oxidants depend on the catalyst
used type [46]. For example, interaction between ozone and CaO, could generate superoxide which
enhance the ozone transformation to OH~ [47]. Some researchers reported that the surface atomic
oxygen formation will happen in the presence of catalyst when single oxygen and HO,~ be dominant
oxidants [48].

In the literature NiFe,04 [49], Fe, Cu, Ry, and Ag precursors to Mn/HZSM-5 [50], nano-Fe304@cow
dung ash [51], MgO [52], Fe304/Mn0O, [53], Ce/Al,03 [54], graphite felt supported MgO [55] and
MgO/AC [56] as heterogeneous catalysts were used in the presence of O3 to produce *OH to increase
organic oxidation.

Due to, previous studies literature review, there is no research about the AR18 removal using
hybrid UV/COP advanced oxidation process using ZnO as a new method for degradation of AR18 dye
from aqueous solutions.
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Fig. 1. Experimental procedure for the synthesis of nano-ZnO and immobilization on the stone surface.

Method

The study steps were as follows: first of all, the ZnO nano particles were prepared with thermal
method and were characterized by using SEM, XRD and TEM analysis. Then, in order to process
operation, a batch reactor was designed. After that, the photolysis, sole ozonation, catalytic ozonation
and photocatalytic processes were compared with each other. In the next step, the operational
parameters which affected on the AR18 removal efficiency were evaluated and optimized. At next
level, the physicochemical quality of Yazdbaf textile factory wastewater was determined. The AR18
degradation kinetic with hybrid UV/COP advanced oxidation process was investigated. Finally, in the
optimal conditions, the AR18 degradation from wastewater was evaluated.

Chemicals

CH3CH,0H, H,SO4, NaOH, ZnSO4, 7H,0 and Na,COs; were purchased from Merck Company
(Germany) and used without more purification. AR18 dye (99% purification) was obtained from Alvan
Paint Company (Tehran, Iran). In addition, suitable dimension waste stones with flat surfaces were
used as catalyst bed. All the materials were in analytical grade and used without further purification.
Deionized water (DW) was used during the tests.

ZnO nanoparticles synthesis and characterization

By thermal method according to Zn4(SO4)(OH)g.0-5H,0 conversion, ZnO nanoparticles were
synthesized. First of all, a 0.5 molar solution of ZnS0,4-7H,0 and 0.4 molar solution of Na,CO3 were
prepared. In the next step, Na,CO3 solution was added gradually to ZnSO4 solution in order to form
Zn4(S04)(0OH)6.0-5H,0 with high speed mixing, at 70 °C for 45 min. After that the obtained sediment
was collected and washed with ethanol and DW then dried at 70 °C in the oven. Eventually, the
precursor was immobilized on 3 pieces of flat and rough stone 3 in 20 cm and in order to calcination
it was placed in an electric furnace (BADi) for 1 hour at 850 °C (Fig. 1) [19].

In order to measure the output and initial dye concentrations a UV spectrophotometer (Shimadzu
model, Japan) at a wavelength of 507 nm was used. To determine the constituent phases and the
ZnO nanoparticles crystallite size that immobilized on the stone surface, an X-ray diffraction analyzer
(XRD) (Philips X’PERT) was used. The microscopic structure, morphology and the size of synthesized
ZnO nanoparticles were determined by using a scanning electron microscope (SEM) (KYKY-EM3200,
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Fig. 2. Peristaltic pump [1], ZnO synthesized nanoparticles on stone bed [2], UV lamp [3], cubic reactor [4], Transformer [5].

China) and transmission electron microscope (TEM: Philips CM30, Netherland). The reaction kinetic
was studied with the pseudo-first order equation. The obtained results were analyzed using SPSS-22
software.

Reactor design and the process operation

A plexiglass laboratory-scale reactor with dimensions of 10 x 25 x 5 c¢m, as shown in Fig. 2,
was used to do the experiments. On the top of the reactor, three UV-C lamps (6-watt) were placed.
To produce ozone, ozone generators (Modular Ozone Generator, France) were used. The ozone was
injected into the reactor. To produce hydroxyl radicals, the distance between the UV irradiation source
and the catalyst bed surface, was set about at 2 cm. Materials were mixed using a peristaltic pump
with a flow rate of 1 mL/s the reactor.

AR18 synthetic solution was prepared and stored in a dark place. 350 mL of solution was poured
inside the reactor in the presence of UV lamps and ozone. After that, the effects of various dye
concentrations (25, 50, 75, 100 mg/L), different pH’s [4,7,9,11], and different times in removal of the
dye efficiency (5, 10, 15, 20, 25, 30, 35, 40 min) were investigated. The various processes effects
such as SOP, COP, photolysis and photocatalysis were investigated. In the optimum conditions, the
amount of dye removal was investigated and also, the physicochemical quality of Yazdbaf textile
factory wastewater was evaluated. Because of low concentration of AR18 dye in wastewater, this dye
was added to the wastewater sample until the dye concentration reaches to 25 mg/L. In this study,
the total sample size was 128. All experiments were repeated triplicate. The results were reported as
mean with standard deviations.

Comparison of the SOP, photocatalysis (ZnO/UV), photolysis (UV) and COP processes

The AR18 removal efficiency in the SOP, photocatalysis (ZnO/UV), photolysis (UV) and COP
processes were compared. In the same conditions, removal efficiency of dye for each process was
tested and by comparison the obtained results which shown in Fig. 3, the effect of each process was
determined.

As shown in Fig. 3, in the AR18 initial concentration of 25 mg/L, contact time 40 min and at
pH 6.5 in the photolysis (UV), sole ozonation process (SOP), ozonation under UV irradiation, UV/COP
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Fig. 3. The involved processes effect in the AR18 removal rate with a hybrid UV/COP process (dye initial concentration: 25 mg/L,
contact time: 40 min, pH: 6.5).

ozonation and photocatalysis (ZnO/UV) processes, the rate of dye removal was achieved at 36, 86.5,
86, 90, and 97%, respectively.

Operational parameters optimization on the decomposition of AR18

Effects of the dye various concentrations, different pHs, and different times in the dye removal
efficiency were optimized. The maximum dye removal efficiency, by using the UV/COP hybrid process
in the dye initial concentration 25 mg/L, pH 5, contact time 40 min and catalyst concentration 3 g/L
was achieved 97%. The hybrid process had high efficiency in all pH ranges. pH change did not produce
significant change in the efficiency process. In the acidic and basic conditions, the hybrid process was
able to remove the resistant organic compounds.

The kinetic study of AR18 degradation

To describe the dye removal, pseudo-first order kinetic is used which is commonly used for
degradation of azo dyes in the advanced oxidation processes and the dye removal in the liquid
leachate process. Therefore, based on the Eq. (1) and by using the pseudo-first order kinetic model,
the AR18 degradation kinetic [57] in the range of 0-40 min and at concentrations 25, 50, 75 and
100 mg/L and was evaluated. After that, in order to calculate the required time to achieve the 99%
dye removal rate, Eq. (2) was used [58].

Ln(Cy/Cr) = —Kqt ()

tgg = —Ln0.01/K (2)

where K; is the pseudo-first order kinetic equation rate constant (1/min), Cy is the equilibrium
concentration and C; is the concentration at time “t” [59].

The pseudo-first order kinetic diagram of dye degradation in the hybrid UV/COP process has been
shown in Fig. 4. The rate constant was calculated with the linear graph, which was obtained by
drawing Ln (Cy/Ct) in contrast to the reaction time.
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Fig. 4. The AR18 degradation kinetic in the hybrid UV/COP process (pH: 5, catalyst concentration 3 g/L, O3: 2.55 mg/min).

Table 1
The results of the pseudo-first order kinetic model
for dye degradation in the hybrid UV/COP process.

Co (mg/L) R? K (1/min)  tgg (min)
25 0.9887 0.083 55.5

50 0.9947 0.046 100

75 0.9992 0.033 139.5
100 0.9987 0.028 164.5

In Table 1 the rate constant (K), correlation coefficient (R?), and time required to degrade 99% of
the AR18 dye are shown.

According to the obtained results which shown in Table 1, in the hybrid UV/COP process, between
56 and 165 min, the AR18 dye removal rate was achieved 99%. The correlation coefficient (R?) of more
than 99% in the pseudo-first order kinetic equation for the different dye concentrations approves that
the pseudo-first order kinetic model is appropriate for describing the AR18 dye removal efficiency. As
well as, by increasing the color concentration, the rate constant speed decreases [58,60].

Yazdbaf textile factory wastewater physicochemical quality and AR18 degradation from
wastewater

The physicochemical quality of Yazdbaf textile factory wastewater was achieved pH: 8.9, EC: 4850
ps/cm, Turbidity: 660 NTU, COD: 3200 mg/L, BODs: 350 mg/L, TDS: 9000 mg/L, TSS: 2800 mg/L,
detergent: 120 mg/L, benzene: 145 mg/L, Cr: 18 mg/L, Pb: 30 mg/L, Ni: 14 mg/L, respectively. The
removal efficiency percentage of AR18 dye from Yazdbaf textile factory wastewater, in the optimum
conditions was obtained 65%. In the real sample, the effect of pollutant influence was investigated.
In the both synthetic and real sample, the dye removal efficiency decreased from 97% to 65%. In
the hybrid UV/COP advanced oxidation process, the organic compounds degradation happen via two
mechanisms types in the presence of ozone. Ozone directly reacts with compounds which have double
bonds and also, organic matters such as detergents and benzene in the wastewater. However, in order
to produce the hydroxyl radicals, UV/O3 reacts non-selectively with all compounds in the wastewater,
which leads to reduce the removal efficiency of dye molecules. Free radicals that generated from
ozone could indirectly react with organic matters. Dye molecules degraded with ozone and hydroxyl
radicals in synthetic sample and produce intermediates.
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Conclusion

In summaries, the UV/COP hybrid oxidation was an efficient process in the removal of AR18 dye
from textile wastewater. The UV/COP hybrid oxidation process was the most efficient method in
the dye removal compared to the SOP, COP, and photocatalysis processes. A maximum dye removal
efficiency using the UV/COP hybrid process was obtained 97% at contact time 40 min and the initial
dye concentration 25 mg/L. The hybrid process showed high efficiency in all pH ranges. pH change
did not make a significant change in the efficiency process. Considering that the UV/COP hybrid
oxidation process could remove resistant organic compounds in the both acidic and basic conditions,
this method can be applied for removal of some environmental pollutants in the different industries.
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