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a b s t r a c t
Dye is one of the most important environmental pollutants which threats human and environmen-
tal health. Due to the solubility and high stability of dye in water, incremental attention has been 
paid to their destruction and removal from industrial effluents. In this study, the efficacy of ZnO 
nanoparticles coated on natural zeolite (Zeo) as photocatalyst was evaluated to destroy the safranin 
dye in water solution under UV light. In order to determine the optimal conditions, the effect of 
dye concentration and solution pH were investigated. Field-emission scanning electron microscopy 
images show that ZnO is well situated on the Zeo surface and Fourier-transform infrared spectros-
copy analysis confirmed the presence of Fe-ZSM5 Zeo and ZnO anatase phase in the synthesized 
photocatalyst. Optimal values of pH and the dye concentration for dye removal by synthesized UV/
ZnO-Zeo photocatalyst were 9 and 100 mg/L, respectively. The maximum safranin dye removal (100%) 
in optimal conditions under UV light was obtained after 105 min. Also, the maximum adsorption 
capacity ZnO-Zeo catalyst for safranin was 26.35 mg/g. The removal efficiency reduced from 93% at 
run first to 32.15% at run fifth. In general, the results showed that the UV/ZnO-Zeo process can be 
used as an effective and efficient method in removing the safranin from aqueous environments.
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1. Introduction

With the increasing population and the expansion of 
industries and factories, water consumption and wastewater 
generation are increased. Dye is the most important pollut-
ant released by effluent of the textile industries and other 
industrial processes [1]. Dyes are organic aromatic com-
pounds that are absorbed in a wavelength of 350–750 nm. 
Nowadays, dyes are classified into acidic, basic, direct, vat, 
dispersed, azo, and reactive dyes depending on how they 
are used in the dyeing process [2]. The textile industries are 
among the most important consumers of synthetic dyes and 

chemicals [3]. The entry of industrial wastewater containing 
pigments into the water environment reduces water qual-
ity and cause toxic effects, carcinogenicity and mutations, 
and irreparable damage to the environment. Also, the entry 
of colorful effluents into the receiving water prevents the 
transfer of sunlight to the aquatic environment and reduces 
photosynthesis, as well as the disruption of biological  
processes [4].

One of the most widely used dyes is safranin, which is 
used in the textile industries, medical and laboratory sci-
ences. Various methods such as adsorption processes, oxida-
tion–reduction, ozonation, biological methods, coagulation, 
and flocculation are used to treat wastewater containing 
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paint [5]. Common processes for the treatment of these 
effluents, such as adsorption or coagulation, are not effec-
tive enough because they lead to incomplete destruction of 
pollutants. Also, the use of adsorbents is usually expensive 
and costly. Oxidation–reduction also requires the addition 
of additional chemicals to the wastewater, which results in 
secondary contamination [6,7]. Advanced oxidation pro-
cesses are one of the most effective treatment methods, 
which is based on the ability to destroy hazardous organic 
compounds. This process removes many contaminants that 
cannot be removed by conventional treatment processes 
such as coagulation, flocculation, and biological treatment 
methods [8]. These processes are based on the production 
of free hydroxyl radicals with high-oxidation power, which 
converts organic chemical pollutants into minerals and is 
most effective in oxidizing resistant organic compounds [9]. 
When the energy of a photon is equal to or greater than the 
energy gap of semi-conductor, the result is the excitation 
of an electron from the valance band to the conduction 
band, which leads to the production of a hole in the valance 
band due to the excitation of the electron. Excited elec-
trons can directly or indirectly produce hydroxyl radicals, 
which convert by organic matter into minerals [10].

The photocatalytic mechanism of the semiconductor can 
be divided into five main stages: first, the transfer of reac-
tants in the liquid phase to the surface, second, the adsorp-
tion of the reactants, third, the reaction in the adsorbed phase, 
fourth, the adsorption of products, and fifth, the removal of 
products from interphase region [11]. In advanced oxidation 
with photocatalytic technology, a semiconductor such as 
ZnO is used to optically excite the electrons of the valance 
band to the conduction band under the influence of UV radi-
ation. These excited electrons transferred to the conduction 
bands, along with the positive pores created in the catalyst 
valance band, are used to produce hydroxyl radical [12]. 
Hydroxyl radicals are produced in aqueous media using 
H2O2, UV/H2O2, UV/TiO2, UV/ZnO and other methods [13].

The ZnO is due to its direct bandgap energy, bonding 
energy of 60 megaelectron V, its stability against optical and 
chemical corrosion, its non-toxicity, insolubility, its ability to 
decompose toxic organic compounds, its ability to absorb a 
wide range of electromagnetic waves, and its photocatalytic 
ability for oxidation of a wide range organic compounds in 
presence of radiation and is used as an important semicon-
ductor material [14]. Despite the good photocatalytic perfor-
mance, low adsorption is the limitation of the use of these 
semiconductors. To address this limitation, many attempts 
have been made to improve photocatalytic efficiency by 
using appropriate substrates [15]. Some researchers work on 
Direct Blue 53 dye using a ZnO catalyst stabilized on acti-
vated carbon [16], utilizing TiO2 and nanoparticles HZSM-5 
zeolite to remove reactive dye 2 [17], and the photocatalytic 
removal of methylene orange using titanium oxide stabi-
lized on activated carbon [18]. Although, activated carbon 
is widely used as an adsorbent, it has disadvantages such 
as high cost of production, recycling and regeneration [19]. 
Due to their unique structure and properties such as high 
adsorption power, high specific surface area, thermal sta-
bility, hydrophilicity, abundance and cheapness, zeolites 
(Zeo) are more superior and better performance compared 
to other adsorbents as substrates [20].

In this study, the efficacy of safranin dye removal by 
the synthesis of ZnO nanoparticles and its stabilization 
on clinoptilolite Zeo in the presence of UV rays has been 
investigated. The effective factors studied include the ini-
tial amount of ZnO-Zeo oxide nanoparticles, reaction time, 
pH, initial concentration of safranin, and the effect of the 
recyclable catalyst.

2. Materials and methods

2.1. Materials

The research was conducted on a laboratory scale. In this 
study, nitric acid, potassium dichromate, sodium hydroxide, 
ethanol was produced from Merck, Germany. The natural 
Zeo of clinoptilolite (mines of Semnan Province) was pre-
pared from the Tejarat Novin Company. A 12-W UV lamp 
(Philips Co., Germany) was also used as a UV source. The 
interior is made of a 1 L glass reactor with a UV lamp inside 
a quartz cylinder. The outer part of the reactor is covered 
with a larger reactor with a volume of 8 L of water to pro-
vide a temperature of 25°C. The variables in question were 
studied. A hole was also made at the top of the reactor to 
take the sample. To provide the condition for better irra-
diation of the sample and to avoid the loss of the reflected 
light, the lamp was placed in the center of the container in 
the solution. Moreover, the reactor was completely covered 
with aluminum foil for better sample irradiation and pro-
tection against the carcinogenic effects of UV rays. During 
the test, the contents of the reactor are shaken by a mag-
net. On the other hand, hydrochloric acid and sodium 
hydroxide were used to regulate the pH.

2.2. Zeolite preparation

The natural Zeo of clinoptilolite was crushed by a mor-
tar after preparation in the laboratory and was meshed 
with sieve No. 30. To remove fine particles and salts, the 
Zeo samples were washed three times with distilled water, 
then dried in an oven at 100°C for 24 h to remove moisture 
from its internal cavities [20].

2.3. Synthesis of ZnO nanoparticles

The hydrothermal method was used to synthesize ZnO 
nanoparticles. For this purpose, 6 g of zinc chloride was 
poured into 100 mL of double-distilled water and stirred for 
2 h by a magnet. The sodium hydroxide solution was then 
instilled in it. At the same time, the pH of the solution was 
controlled. Addition of the sodium hydroxide solution was 
continued until the pH reached 11. It was then stirred for 
7 h by the shaker. Finally, the white precipitate was washed 
several times with distilled water and dried at room tem-
perature. It was then calcined at 300°C in a furnace [21].

2.4. Preparation of ZnO-Zeo composite

The preparation of the composite continued accord-
ing to the above method. The zinc chloride was added to 
double distilled water and then, 10 g of Zeo was added to 
the above solution and until the pH reached 12, sodium 
hydroxide was added drop by drop. The resulting sediment 
was then extracted and calcined as shown above [1,21].
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2.5. Photocatalytic degradation of dye

To perform the experiments, the safranin stock solution 
was first diluted by dissolving 1 g/L of water twice. Factors 
investigated in this study included the initial concentration 
of dye (50, 100, 150, and 200 mg/L), the amount of catalyst 
(0.1, 0.25, 0.5, 0.75, and 1 g/L), pH (3, 5, 7, and 9) and the 
effect of recycled catalyst. Given that there are two import-
ant processes for photocatalytic removal is reduction and 
adsorption, for starting the photocatalytic tests, nanocom-
posite and safranin dye were placed in the dark for 15 min 
to reach equilibrium. Then, the UV lamp was light and the 
contents of the reactor were stirred by the mixer. The mag-
netism was disturbed. The experiments were performed by 
keeping constant of the three variables and changing one 
variable. For example, at pH of 5 and the composite dosage 
of 1 g/L, different concentrations of safranin dye were added 
to the reactor and sampled at different times. The removal 
percentage of safranin was calculated using Eq. (1):

Effeciency %� � � �
�

C C
C

e0

0

100  (1)

where C0 is the initial concentration of safranin in the solu-
tion (mg/L) and Ce is the equilibrium concentration (mg/L). 
The equilibrium adsorption capacity was determined 
using Eq. (2):

Effeciency %� � � �� �C C V
M

e0  (2)

where C0 is the initial concentration of safranin in the solu-
tion (mg/L), Ce is the equilibrium concentration (mg/L), qe is 
the equilibrium adsorption capacity (mg/L), m is the mass 
of the adsorbent (g), and V is the volume of solution (L).

In final, data analysis was performed using Excel 2019 
software. The residual concentration of safranin, after cen-
trifugation, was measured by a spectrophotometer (DR5000) 
at a wavelength of 518 nm [22].

2.6. Determination of pHZPC

To determine the pH of the zero point of the nanoparti-
cle, 0.5 g of the catalyst was poured into 250 mL Erlenmeyer 
flasks and, using the solutions of caustic soda and acid chlo-
ride, the pH of solutions was adjusted at 2, 3, 4, 5, 6, 7, 8, 
9, 10, 11, and 12 and mixed with the shaker at rpm 150 for 
48 h. After that period, the final pH values were read and 
the initial and final pH was plotted against each other in a 
diagram. The intersection point of the graphs was deter-
mined as the pH of the zero point of the catalyst [23].

3. Results and discussion

3.1. Structural characterization of adsorbent

3.1.1. X-ray fluorescence spectroscopy study

To analysis chemicals of the catalysts, X-ray fluores-
cence spectroscopy (XRF) was used using a Shimadzu 
XRF-1800 (Made in Japan). The results of XRF analysis 
(Table 1) confirm the presence of silica and alumina as the 

main components along with a small amount of sodium, 
magnesium, potassium, iron, and titanium dioxide as impu-
rities in the composition of the natural Zeo. The molar ratio 
of the silicon to aluminum is 2, but mostly due to the substi-
tution of elements such as magnesium and iron in the Zeo 
structure with aluminum, or due to the presence of quartz, 
this ratio is more than 2, and the results of X-ray diffraction 
(XRD) confirm the presence of quartz. CaO and Na2O lev-
els indicate the presence of calcite and sodium between the 
Zeo layers. On the other hand, the results show that most of 
the aluminum is in the form of bentonite, so it is expected 
that the adsorbed species of pollutants are mainly removed 
by SiO2 or Al2O3 [24].

3.1.2. XRD study

XRD analysis was used to evaluate the structural prop-
erties and identify the formed phases. For this analysis, the 
Inel Diffractometer EQUINOX 3000 device (made in the 
United States) was used in the range of 2θ between 10° and 
80°. The crystalline structure of the ZnO nanoparticles syn-
thesized by the XRD device is shown in Fig. 1a. According 
to Standard No. JCPDS = 36-1451, clear crystalline peaks of 
ZnO nanoparticles can be seen at angles 2θ: 37°, 40°, 42°, 
55°, 66°, 74°, and 78° indicating the hexagonal structure of 
nanoparticles [25,26]. According to a study by Benhebal et 
al. [23], sharp peaks on the graph indicate the good crystal-
lization of ZnO nanoparticles. There are a few other weak 
peaks with lower intensities at angles 2θ: 59°, 47°, and 32°, 
which according to the standard JCPDS = 0587-04 indicates 
the presence of KCl. Also, the peak at 2θ: 63°, 53°, 36°, and 31° 
indicates the presence of NaCl. Yamamoto et al. [27] reported 
slight amounts of sulfur impurities in ZnO nanoparticle 
crystals produced by the chemical method. Another study 
identified impurities such as copper, cadmium, lead, and 
magnesium in very small amounts in catalyst used in their 
study [28]. A researcher reported NaCl peaks in the XRD 
test in iron nanoparticles synthesized from plant extracts 
[29]. The XRD pattern recorded for natural Zeo adsorbent 
presented in Fig. 1b also shows that there are some non-clay 
impurities in the bentonite adsorbent structure, including 

Table 1
Results of X-ray fluorescence spectroscopy analysis for the 
natural Zeo

Elements Quantity (%)

SiO2 42.081
Al2O3 10.247
Fe2O3 6.119
Na2O 0.381
MgO 5.182
K2O 2.661
TiO2 0.557
MnO 0.138
P2O5 0.128
LOI 20.1
CaO 12.352
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quartz (Q), calcite (C) and feldspar (F). On the other hand, 
the formation of sharp and elongated peaks, especially in 
the 2θ equal to 24.3° and 27°, which are related to quartz, 
is a proof of the high crystallinity of the adsorbent [22,30].

3.1.3. Field-emission scanning electron microscopy study

The surface morphology of synthesized samples was 
analyzed by field-emission scanning electron microscopy 
(FE-SEM) analysis using the Hitachi S-4160 device made in 
Japan. FE-SEM image of Zeo-ZnO before Fig. 2a and after 
b process. According to the FE-SEM analysis image before 
process, a uniform appearance with small lumps and swell-
ings can be morphologically attributed to natural bentonite 
(Fig. 2a). As a result of stabilization of the ZnO on the Zeo, 
as can be seen in the relevant figure, the Zeo surface is sig-
nificantly covered with ZnO nanoparticles. ZnO nanoparti-
cles appear to have non-uniform shapes with large granules 
(20–30 nm) and these particles are evenly and uniformly 
placed on the surface of the Zeo. Recently a researcher stud-
ied on the synthesized ZnO nanoparticles and reported 
a porous and uneven surface for this catalyst [31]. Fig. 2b 
also shows the FE-SEM image for Zeo-ZnO after process. 

As shown, the absorbent sites were covered by methylene 
blue dye molecules.

3.2. Effect of variable parameters on the removal efficiency of the 
photocatalytic process

3.2.1. Effect of UV radiation, zeolite, ZnO alone in 
photocatalytic removal

To investigate the effect of different processes in the 
photocatalytic reduction of safranin dye, the efficacy of Zeo, 
ZnO, UV alone, and UV/ZnO-Zeo in reducing the safranin 
dye was examined separately under optimal conditions 
(pH of 9 and composite value of 0.75 g/L), and the results 
shown in Fig. 3. As a result, the safranin removal efficien-
cies of ZnO alone, Zeo, UV alone were 54.66%, 59.85%, and 
60.62% by adsorption at a reaction time of 120 min. As can 
be seen, the efficiency of the UV/ZnO-Zeo process to reduce 
the safranin was about 87.92%, which was more effective for 
reducing the safranin compared to other processes. In situa-
tions, where UV light was studied alone, the efficiency of dye 
removal was very low. This suggests that the production of 
hydroxyl radicals, which require the formation of catalysts, 
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Fig. 1. X-ray diffraction pattern related to synthesized ZnO nanoparticles (a), and Zeo (b).
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Fig. 2. Field-emission scanning electron microscopy image of Zeo-ZnO before (a) and after (b) process.
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plays a major role in initiating the degradation of safranin. 
It also proves that in the presence of catalysts and UV rays 
together, electron–hole pairs can be produced, which results 
in the formation of oxidizing agents to degrade organic con-
taminants [1,32]. The study conducted on the removal of acid 
red dye by the titanium oxide-Zeo catalyst in the presence 
of UV light illuminated that the efficiency of each material 
alone is less effective than their combination and the high-
est efficiency of oxidation is related to the TiO2-Zeo/UV 
(92.8%), which is consistent with the research results [1].

3.2.2. Effect of pH

The effect of the initial pH of the solution on the effi-
ciency of the process was investigated by changing the ini-
tial pH of the solution (3, 5, 7 and 9) under constant condi-
tions, that is, initial safranin concentration of l30 mg/L and 
constant composite dosage of 0.5 g at different times. Fig. 4a 
shows the results of the effect of pH on process efficiency. 
As can be seen, the efficiency of the process increases with 
increasing pH. As the pH increases from 3 to 9, the removal 
efficiency increases from 57.28% to 94.72%, respectively.

The cause of this phenomenon is related to the safr-
anin dye structure and the catalyst structure, as well as the 
pHpzc. With increasing pH, due to increasing the hydroxyl 
ions level and changing the surface charge of adsorbent, the 
ionization level of the pollutant increases. In this study, the 
pHzpc catalyst was obtained to be 7.6; this indicates that at 

pH values below 7, the catalyst level has a positive charge, 
and at pH values above 7.16, the catalyst surface has a neg-
ative charge. On the other hand, the cationic dye of safranin 
is ionized due to its cationic structure in the solution, and 
this leads that its molecules become cationic. For these rea-
sons, by increasing the pH, the surface charge of the cata-
lyst becomes negative and a strong attraction force is created 
between the catalyst surface and the dye molecules, and this 
maximum electrostatic attraction causes more adsorption of 

 

0

20

40

60

80

100

0 30 60 90 120 150 180

R
em

av
al

 o
f D

ye
 %

Time (min)

UV/ZnO/ZEO

UV

Zeolite

ZnO

Fig. 3. Effect of UV lamp, zeolite, and ZnO alone in photocata-
lytic removal (catalyst dosage = 0.75 g/L, pH = 9).

b 

0

20

40

60

80

100

0 15 30 45 60 75 90 105 120

R
em

ov
al

 o
f d

ye
 (%

)

Time (min)

0.1 g/l
0.25 g/l
0.5
0.75 g/l
1 g/l

0

20

40

60

80

100

0 30 60 90 120 150

R
em

ov
al

 o
f d

ye
 %

Time (min)

50 mg/l
100 mg/l
150 mg/l
200 mg/l

 

96
74.52

62.22 52.34
32.15

0

20

40

60

80

100

Run 1 Run 2 Run 3 Run 4 Run 5

R
em

av
al

 o
f D

ye
 (%

)

 

0

20

40

60

80

100

0 15 30 45 60 75 90 105 120

R
em

ov
al

 o
f D

ye
 (%

)

Time (min)

pH=3
pH=5
pH=7
pH=9

(a) (b)

(c)

(d)

Fig. 4. Effect of variable parameters on the removal of safranin dye: (a) effect of initial pHs (catalyst dosage = 0.75 g/L, safranin 
c = 30 mg/L), (b) effect of initial dosage (safranin concentration = 100 mg/L, pH = 9), (c) effect of initial concentration of safranin dye 
(catalyst dosage = 0.75 g/L, pH = 9), and (d) reusability of catalyst (catalyst dosage = 0.75 g/L, dye concentration = 50 mg/L, pH = 9).



243D. Naghipour et al. / Desalination and Water Treatment 304 (2023) 238–246

contaminants on the catalyst surface and thus further deg-
radation [33,34]. In the study on the photocatalytic removal 
of safranin dye by titanium oxide, it was reported that with 
increasing the pH from 2 to 12 increased the efficiency of 
removal [35]. Another study worked on the removal of 
safranin dye with titanium-silver oxide, showed increasing 
the pH from 3 to 12 has significantly led to developing the 
safranin dye removal efficiency significantly [36].

3.2.3. Effect of the dosage of composite

The effect of the dosage of composite on the removal 
efficiency of the photocatalytic process to observe the effect 
of the initial dosage of composite, different values (0.1, 0.25, 
0.5, 0.75 and 1 g/L) were investigated under constant condi-
tions including pH of 9 and the initial safranin concentra-
tion of 100 mg/L. Fig. 4b displays the results of the effect of 
the initial composite dosage on the photocatalytic removal 
process of safranin. As can be seen, increasing the amount 
of composite from 0.1 to 1 g/L increases the percentage of 
photocatalytic removal from 40% to 96.27%. Determining 
the amount of adsorbent due to economic considerations is 
one of the most important issues in adsorption systems. As 
experimental, the maximum adsorption capacity ZnO-Zeo 
catalyst for safranin was 26.35 mg/g. By increasing the cat-
alyst dosage, the safranin removal efficiency increases due 
to the fact that more surface is provided for dye adsorption 
and the contact between pollutant and substrate surface [37]. 
As can be seen from the results, increasing the amount of 
ZnO-Zeo catalyst increases the efficiency of safranin dye 
removal. In a past study, it has shown that increasing the 
concentration of the ZnO catalyst increases the rate of photo-
catalytic degradation due to the increase in radical hydroxyl 
production [38,39]. As shown in Fig. 4b, increasing the cat-
alyst dosage to values higher than the optimal dosage does 
not have a significant effect on removal efficiency; this can 
be due to the maximum absorption of photons in the reac-
tor and the reduction of active sites available and prevent 
the formation of electron-cavity pairs, which consistent 
with results of similar studies [40].

3.2.4. Effect of initial concentration of safranin dye on photo-
catalytic removal

To observe the effect of the initial concentration of safr-
anin dye, different values (50, 100, 150, and 200 mg/L) were 
prepared from stock solution and tested under constant con-
ditions (pH = 9 and composite value of 0.75 g/L) at different 
times. Fig. 4c shows the results of the effect of the initial con-
centration of safranin dye on the removal efficiency of the 
photocatalytic process. As can be seen, the removal efficiency 
decreases with increasing the initial safranin dye concentra-
tion, so that when the initial concentration of safranin dye 
increases from 50 to 200, the removal efficiency decreases 
from 100% to 84%. At higher concentrations of inlet con-
taminants, large amounts of contaminants are absorbed on 
the ZnO catalyst, which prevents photons from reaching the 
catalyst surface and thus reduces the production of hydrox-
ide radicals, thus reducing the removal efficiency [23,41]. 
Also, in another study conducted on the photocatalytic 
removal of safranin dye with titanium oxide, it was found 

that by increasing the initial amount of safranin dye, the 
removal efficiency decreased, which is consistent with the 
present study [35]. Additionally, study on the dye removal 
by photocatalytic process showed the dye removal efficiency 
depends on the amount of hydroxyl radical produced. And 
the study expressed that by increasing the dye concentra-
tion, the dye molecules absorb the photon emitted from 
the UV lamp and prevent reaching them the catalyst leads 
to less production of hydroxyl radical, which is consistent 
with research results [42].

3.2.5. Reusability of catalyst

To observe the efficiency of the recycled catalyst in the 
photocatalytic removal of safranin dye, the catalyst was first 
washed and regenerated with NaOH solution, it was used 
to remove the removal percentage under constant condi-
tions (pH of 9, the composite dosage of 0.75 g/L, and ini-
tial safranin concentration of 50 mg/L). Fig. 4d shows the 
efficiency of removing safranin dye using recycled cata-
lyst. As can be seen, the removal efficiency reduced from 
93% at run first to 32.15% at run fifth. This reduction in the 
removal efficiency may be because of aging pollution in the 
photocatalyst pores.

3.2.6. Kinetic studies of dye removal reaction

In the present study, the pseudo-first-order and pseu-
do-second-order models were used. The pseudo-first-or-
der and pseudo-second-order models are listed, respec-
tively. The linear form of the pseudo-first-order model is as 
follows [43]:

Pseudo-first-order equation: ln C
C

K t
0

1

�

�
��

�

�
�� � �  (3)

where Ct (mg/L) means the residual concentration of safr-
anin dye at time t, C0 (mg/L) means the initial concentration 
of safranin dye, and K1 (min–1) indicates a constant rate of 
pseudo-first-order equation.

Linear form of the pseudo-second-order equation is as 
follows [43]:

Pseudo-second-order equation: 1 1

0
2C C
K t� �  (4)

where K2 represents the constant degradation rate.
The kinetic parameters of safranin dye removal in opti-

mal conditions are given, in which pH was 9 and compos-
ite dosage was considered 0.75 g/L.

Table 2
Kinetic parameters of safranin dye removal

C0 (mg/L) First-order Second-order

K1 (min–1) R2 K2 (L/mg·min) R2

50 0.234 0.945 0.056 0.966
100 0.035 0.880 0.010 0.718
150 0.015 0.801 0.0005 0.947
200 0.011 0.882 0.0002 0.964
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Table 2 shows the kinetic parameters of safranin dye 
degradation. According to Fig. 5 and Table 2 and compar-
ing the correlation coefficients, it can be concluded that the 
process equilibrium has more obedience from the pseu-
do-second-order model. Also, the value of qe calculated in 
this model is very close to the value of qe obtained from lab-
oratory data.

3.2.7. Comparison of studies

In Table 3, a comparison of maximum adsorption 
capacity (qm) of different catalysts for different dyes is 
prepared. As shown, ZnO-Zeo catalyst in present study 
has a promising qm in comparison of other studies.

4. Conclusion

The results of FE-SEM and XRD analyzes showed the 
accurate structure of the catalyst and uniform presence of 
ZnO nanoparticles on the Zeo surface. Increasing the ini-
tial concentration of safranin dye significantly reduces the 
elimination efficiency. The highest the safranin removal effi-
ciency (100%) was obtained for the initial concentration of 
50 mg/L at a pH of 9. Also, the maximum adsorption capac-
ity ZnO-Zeo catalyst for safranin was 26.35 mg/g. It should 
be noted that the UV/ZEO-ZnO process showed better effi-
ciency in the removal of dye compared to ZnO nanoparti-
cles and Zeo. Moreover, the catalyst has the reusability with 
acceptable removal efficiency, which due to the proper per-
formance of this process in the safranin dye removal, can 
be used as one of the effective methods in wastewater treat-
ment of textile industries and other industries containing 
high amounts of dye.
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