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AbstractAbstractAbstractAbstract 
In this study, ZnO nanoparticles fixed on glass plates were employed as photocatalysts for the degradation of Acid 
Red 88 (AR88) dye in aquatic solution. ZnO nanoparticles were synthesized through coprecipitation method and 
fixed on glass plates. X-ray diffraction (XRD) and scanning electron microscopy (SEM) techniques were used for 
characterization of nanoparticle samples. A batch reactor equipped to UV lamps was used for photocatalytic 
experiments. The effect of pH, initial concentrations of AR88, radical scavengers, and enhancers were studied on 
photocatalytic removal efficiency of AR88. The results showed an increase in AR88 removal at the neutral pH of 7 
(79%), but a decreased in acidic and alkaline pH values. It was also found that at lower initial concentration of dye 
the removal efficiency increases. Among different radical scavengers and enhancers, addition of CH4O as radical 
scavenger and ethylenediaminetetraacetic acid (EDTA) as enhancer had the greatest effect on degradation 
efficiency. The photocatalysis process using fixed ZnO nanoparticles was shown to have good efficiency for removal 
of AR88 from aqueous solution. Therefore, it can be concluded that the photocatalysis process using fixed catalyst 
could be a promising method for treating wastewater of dye industries. 
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Introduction1    

Synthetic dyes are a group of organic 
pollutants that are widely used in the textile, 
paper, food, and plastic industries.1 
Wastewater from such industries is discharged 
into aquatic environments causing water 
pollution and environmental problems.2 

Among commercial dyes, the azo group is the 
largest and most important group, comprising 
up to 70% of dye compounds.2 Azo dyes have 
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nitrogen−nitrogen double bond (-N = N-) in 
their chemical structure, along with one or 
more aromatic system(s).3 Worldwide 
production of azo dyes is about 500,000 tons 
per year, 1-20% of which is estimated to be 
discharged into the water bodies.4 Therefore, 
such dyes are serious threats to the ecosystem.5 

These materials may reduce light penetration 
into the water, which affects the photosynthetic 
activity of plants. They may also cause 
eutrophication, depletion of dissolved oxygen 
in water, and increase in suspended solids and 
turbidity.6 In addition, many dyes are resistant 
to biodegradation and oxidizing agents and are 
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toxic and carcinogenic for humans and 
aquatics.1,7 Therefore, it is essential to remove 
dyes from wastewater before it entering the 
environment.8 Various methods have been 
used to remove dyes such as adsorption 
processes, chemical coagulation, chlorination, 
reverse osmosis, and nano-filtration.1,9 

However, the conventional processes for the 
purification of wastewater are not effective 
enough.10 In such processes, only a change in 
the phase of dye occurs and the concentrated 
pollutants and generated secondary pollutants 
require advanced treatment processes.11 

Therefore, the appropriate option would be the 
application of processes, which lead to the 
removal of pollutants or their oxidation to 
harmless byproducts. Today, the integration of 
different advanced oxidation processes for the 
decomposition of organic pollutants has 
become more widespread.12 For example, the 
integration of ultraviolet light and titanium 
dioxide (TiO2) or zinc oxide (ZnO) catalysts for 
the removal of organic contaminants is a 
photocatalytic process with a more effective 
performance than other processes.13 In general, 
advanced oxidation processes are oxidation 
and decomposition reactions in which free 
radicals, such as hydroxyl produced by UV 
light, breakdown organic matters into simpler 
inorganic compounds such as mineral acids, 
water, and CO2.14 

ZnO is a semiconductor photocatalyst with 
a high light sensitivity, high stability, and non-
toxic nature and high efficiency in the 
production of electrons. Such characteristics 
make it a good candidate for the photocatalytic 
process.15 The principal advantage of ZnO over 

TiO2 is its capability to absorb a wide range of 
electromagnetic waves.16,17 Catalysts in the 
photocatalytic processes are used in the fixed 
or suspension forms. The fixed catalysts are 
economical and functional because they do not 
need to be removed after large scale 
processes.15 Acid Red 88 (AR88), is a mono azo 
dye and is widely used in the textile and food 
industries. It is resistant against optical, 
chemical, and biological decompositions and 
its byproducts (e.g., aromatic amines) have 
carcinogenic effects.7 To the best of our 
knowledge, the use of ZnO nanoparticle fixed 
on glass plates as catalyst has not been 
reported for the removal of AR88 dye from 
aquatic solution. Therefore, this study 
investigated the efficiency of ZnO 
nanoparticles fixed on glass as catalyst in AR88 
removal in the presence of UV light on a 
laboratory scale. 

Materials and Methods 

All chemicals used in this study were analytical 
grade and purchased from Merck Company 
(Germany). AR88 dye was purchased from 
Alvan Sabet Corporation, Iran. The 
characteristics of AR88 are presented in table 1.  

ZnO nanoparticles have been synthesized 
through simple coprecipitation method. For the 
preparation of ZnO nanoparticles, 1.362 g 
ZnCl2 was added to 50 ml deionized water. 
Then, 1 M NaOH solution was dropwise added 
to the abovementioned solution under 
magnetic stirring until the pH reached 10. The 
suspension was filtered and washed with 
absolute deionized water and ethanol and 
dried in an oven at 80 °C for two days.  

 
Table 1. Characteristics of Acid Red 88 
Dye Chemical Structure Molecular Formula λmax (nm) Mw (g/M) 

Acid Red 88 

 

 
 

C20H13N2NaO4S 505 400.38 
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First, glass plates were kept in a solution of 
50% NaOH for 24 hours. Then, 3% 
nanosuspension was prepared and mixed for 1 
hour. It was placed in an ultrasonic bath until 
particles were dispersed. Subsequently, 5 ml of 
homogeneous solution was poured on the glass 
plates (3 × 15 cm) and kept for 24 hours at room 
temperature to dry slowly. Then, the glass plates 
were placed in an oven with a temperature of 450 
°C for 3 hours for stabilization.15 

A Plexiglas batch reactor with working 
volume of 500 ml was used for photocatalytic 
experiments. Moreover, 4 glass plates with 
fixed catalyst were placed on the inner surfaces 
of reactor walls. A 9-W low-pressure UVC 
lamp (Philips, Netherlands) with a quartz 
cover was used as the UV source. A magnetic 
stirrer (Heidolph, Germany) was used for 
mixing the solution (Figure1).  

 

 
Figure 1. Photocatalytic reactor 
 

Initially, AR88 dye stock solution (1000 
mg/l) was prepared by dissolving 1 g of dye in 
1000 ml of deionized water and the stock 
solution was kept in the refrigerator. Different 
concentrations of AR88 were prepared by the 
dilution of stock solution (1000 mg/l) and 
added to the reactor. The effect of different pH 
(3, 5, 7, 9, and 11), initial concentrations of 
AR88 (10, 25, 50, and 100 mg/l), and contact 

times (30, 60, 90, and 120 minutes) were 
studied on photocatalytic removal efficiency of 
AR88. Furthermore, the effects of radical 
scavengers (Na2CO3, NaCl, and CH4O) and 
enhancers (H2O2, ethylenediaminetetraacetic 
acid (EDTA), and FeSO4) were evaluated on the 
AR88 removal efficiency. 

Equation (1) was used to calculate the 
percentage of dye removal.18 

 

(1) R = [ C0 - Ct / C0] × 100 
 

where, R is the removal percentage (%), and 
C0 and Ct are dye concentrations at times of 0 
and t, respectively. 

The morphology of fixed ZnO nanoparticles 
was evaluated using a scanning electron 
microscope (SEM) (TESCAN, Czech Republic). 
The X-ray diffraction (XRD) patterns of 
synthesized ZnO nanoparticles were studied 
using a Cu anode XRD system (λ: 1.54056 Å) in 
2θ range from 10 to 80° and step size of 
0.026°/s. A DR-5000 UV-VIS 
spectrophotometer (HACH, USA) was 
employed for the measurement of AR88 at 505 
nm (Determinate λ max). The pH of the 
solution was measured using a digital pH 
meter (Jenway, UK). 

Results and Discussion 

Structural analysis 

SEM results 
Figure 2 shows the SEM image of ZnO 
nanoparticles on glass plate. The fixed ZnO 
nanoparticles have relatively uniform spherical 
shape and uniform size distributions. The 
average size of ZnO nanoparticles is 20-50 nm 
with tangible agglomeration. It can be 
observed that the fixation of ZnO nanoparticles 
on a glass plate has been accomplished well. 
XRD results 
The crystal structure of synthesized ZnO 
nanoparticles was examined using XRD 
analysis and is shown in figure 3. The 
diffraction peaks analysis of the ZnO 
nanoparticles revealed peaks at 100, 002, 101, 
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102, 110, 103, and 112 planes, corresponding to 
the hexagonal wurtzite phase of ZnO. 

Moreover, the sharp and intense peaks 
display the excellent crystal structure of 
synthesized ZnO nanoparticles. The crystallite 
size of ZnO nanoparticles was estimated using 
the Debye–Scherrer equation.19 Accordingly, 
the average crystallite size of the ZnO 
nanoparticles was about 47.4 nm. 

 

 
Figure 2. Scanning electron microscopy (SEM) 

image of fixed ZnO 
 

Photocatalysis efficiency of AR88 

Effect of pH 
The pH of the solution may affect the surface 
charge of adsorbent, the degree of ionization of 
different contaminants, the separation of 
functional groups on the adsorbent active sites, 
and also the structure of dye molecules.20 The 
effect of pH on the photocatalytic removal of 
AR88 from aqueous solutions was studied at 
the pH range of 3 to 11 and dye concentration 
of 50 mg/l (Figure 4). Samples were taken at 
30-, 60-, 90-, and 120-minute time intervals and 
the removal (%) was calculated using equation 
1. The highest removal efficiency (78%) was at 
neutral pH, and any increase or decrease from 
pH of 7 reduced the removal efficiency. A 

similar result was also reported by Daneshvar 
et al. for Acid Orange 7, in which 
photocatalytic degradation was higher at 
neutral and alkaline pH values.21 The presence 
of free hydroxyl anions in the solution is 
necessary for hydroxyl radical production. 
However, at the acidic pH values, there are no 
free hydroxyl anions in the solution.15 

 

 
Figure 3. X-ray diffraction (XRD) pattern of ZnO 
nanostructures 

 
Effect of initial dye concentration 
The effect of initial dye concentration on the 
photocatalytic removal of AR88 in aqueous 
solutions is shown in figure 5. Samples with 10, 
25, 50, and 100 mg/l of dye concentration and 
pH of 7 were provided and exposed to UV light 
for 120 minutes. The results showed that when 
the dye concentration increases from 10 to 100 
mg/l, the removal efficiency decreases from 
92% to 45% (Figure 5), meaning that their access 
to the catalyst surface is reduced. An important 
part of dye removal is performed by active 
hydroxyl radicals, generated by UV radiation on 
the catalyst surface. High concentration of dye 
molecules may act as an inhibitor of hydroxyl 
radical generation by absorbing light photons, 
which results in decreased dye removal 
efficiency.21 

Grzechulska and Morawski studied the 
removal of azo acid black using a photocatalytic 
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process.22 They reported that higher 
concentrations of dye cause the formation of 
multiple layers of dye molecules on the catalyst 
surface and prevent the direct contact of other 
molecules with the hydroxyl radicals, and thus, 

reduce the efficiency of the process. In addition, 
the increased numbers of dye molecules absorb 
light photons and inhibit them from reaching 
the catalyst surface and producing hydroxyl 
radicals.22 

 

 
Figure 4. Effect of pH on the photocatalytic removal of Acid Red 88 (AR88) from 
aqueous solutions (initial dye concentration: 50 mg/l, time: 120 minutes) 

 

 
Figure 5. Effect of initial dye concentration on the photocatalytic removal of Acid 
Red 88 (AR88) from aqueous solutions (pH: 7, time: 120 minutes) 
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Effect of radical Scavengers  
To evaluate the effect of interferences on the 
photocatalytic removal efficiency of dye, 1 mM 
of NaCl, Na2CO3, and CH4O were separately 
added to the samples with a dye concentration 
of 50 mg/l and at neutral pH. Figure 6 shows 
the effect of radical scavengers on the 
photocatalytic removal of AR88 from aqueous 
solutions. After 120 minutes of contact time, 
the results showed that such interferences 
reduce the removal efficiency of the studied 
dye (Figure 6). The reaction of ions such as Cl- 
and CO32- with the hydroxyl free radicals 
reduces the free radicals, and thus, removal 
efficiency. Daneshvar et al. investigated the 
effect of operational parameters of Rhodamine 
B treatment.23 They showed that Rhodamine B 
degradation decreased in the presence of Cl-, 
HCO3-, and CO32-, which was due to the 
scavenging of hydroxyl radicals.23 

 

 
Figure 6. Effect of radical scavengers on the 
photocatalytic removal of Acid Red 88 (AR88) 
from aqueous solutions (initial dye 
concentration: 50 mg/l, pH: 7, time: 120 minutes) 
 
Effect of Enhancers  
In the present study, the effect of different 
enhancers, including H2O2, EDTA, and FeSO4, 
on the photocatalytic removal of AR88 from 
aqueous solutions was investigated and the 
results are shown in figure 7. The results 
revealed that the addition of 1 mM H2O2, 

EDTA, and FeSO4 into the dye solution (50 
mg/l), at neutral pH and for 120 minutes, 
increases the removal efficiency of the dye by 
97%, 99%, and 83%, respectively, from the 
constant removal of 79%. Subramonian and 
Wu, in their study on the effectiveness of 
enhancers on the photocatalytic process, 
showed that the addition of enhancers (H2O2 
and S2O82-) results in the degradation of more 
dye molecules through the production of more 
hydroxyl radicals.24 Similar results have been 
reported by other researchers.25 A study on the 
removal and mineralization of reactive Yellow 
86 dye showed that the presence of ferrous ions 
(Fe+2) in the photo-Fenton process causes an 
increase in OH0 generation, and therefore, 
increase in the photocatalytic decomposition of 
dye molecules.26 In photocatalytic processes, 
EDTA acts as electron donor and scavenger of 
valence band holes and provides more radicals 
by delaying the electron-hole recombination on 
the particles and also enough time for 
photoactinic processes. The results of the study 
by Asgari and Ayati showed that photocatalytic 
removal of dye is faster in the presence of 
EDTA compared with its absence, which 
corresponds with the results of the present 
study.27 

 

 
Figure 7. Effect of enhancers on the 
photocatalytic removal of Acid Red 88 (AR88) 
from aqueous solutions (initial dye 
concentration: 50 mg/l, pH: 7, time: 120 minutes) 
EDTA: Ethylenediaminetetraacetic acid 
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Figure 8. Comparison of photolysis, nanocatalyst alone, and photocatalysis 
processes in the removal of Acid Red 88 (AR88) from aqueous solutions (initial 
dye concentration: 50 mg/l, pH: 7, time: 120 minute) 

 
Comparison of processes 
To determine the effect of important 
parameters in photocatalytic decomposition of 
dye removal, adsorption, photolysis, and 
photocatalytic processes were studied using 
nanoparticles, UV light, and a combination of 
nanoparticles and UV light. Therefore, the 
experiments were performed on dye 
concentration of 50 mg/l, at pH of 7 and time 
intervals of 30, 60, 90, and 120 minutes. Figure 8 
shows the comparison of photolysis, 
nanocatalyst alone, and photocatalysis 
processes in the removal of AR88 from 
aqueous solutions. The results indicate that the 
dye removal efficiency using photolysis 
process (without catalyst), catalyst alone, and 
the simultaneous use of both was 17, 23, and 
79%, respectively. This finding could be 
attributed to the fact that the UV light or 
catalyst, separately, cannot produce enough 
hydroxyl radicals as the main dye degradation 
factor.28 Shanthi and Kuzhalosai reported the 
same result for the removal of azo dye.29 They 
reported that the use of photolysis, or the 
catalyst alone had little effect on the dye 

degradation, but the simultaneous application 
of both resulted in a high removal of dye.29 

Conclusion 

The removal of AR88 from aqueous solution 
using fixed ZnO photocatalysis under UV light 
irradiation was studied in the present research. 
The results showed that the highest removal 
efficiency was achieved at the neutral pH of 7 
(79%). In acidic and alkaline pH, the removal 
efficiency decreased. By increasing the initial 
concentration of dye from 10 to 100 mg/l, the 
removal efficiency decreased from 92 to 45%. 
The addition of radical scavengers at optimum 
condition resulted in the decreasing of the 
removal efficiency, but with the addition of the 
enhancer the removal efficiency of AR88 was 
improved. The results of this study confirmed 
that photocatalysis using fixed ZnO 
nanoparticles is an efficient method for the 
removal of textile dyes from aqueous solution. 
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