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 ZnO/Fe2O3/Zeolite nanophotocatalyst was synthesized by sol-gel method, and its 
performance in degradation of ENR, as one of the most commonly used veterinary 
antibiotics, is evaluated. The synthesized nanophotocatalyst is characterized by 
XRD, XRF, FT-IR, FE-SEM, EDX, and BET analyses. According to XRD, FT-IR, 
and EDX, presence of ZnO and Fe2O3 on the zeolite surface is confirmed. Based 
on XRF results, the optimal molar value of Fe3+/ZnO in the synthesized 
nanophotocatalyst is obtained as 0.06. The FE-SEM results confirm the deposition 
of ZnO/Fe2O3 on the zeolite surface and indicate the approximate size of the 
photocatalyst particles as 48 nm. According to BET results, the specific surface 
area and pore volume for the synthesized nanophotocatalyst are obtained as 
280.16 m2/g and 0.35 cm3/g, respectively. The simultaneous effects of operational 
factors, including the concentration of pollutant (150-450 mg/l), initial pH of the 
solution (5-9), and H2O2 concentration (50-200 mg/L) are examined on the ENR 
degradation efficiency via RSM. The results demonstrate that ENR concentration, 
pH, and H2O2 concentration have significant impacts on the ENR degradation 
efficiency in turn. According to the experimental results under optimal conditions 
(pH, contaminant concentration, and H2O2 concentration: 9, 500 mg/l, and 90 mg/l, 
respectively), the ENR degradation efficiency is 97.4%. This study suggests that 
the synthesized nanophotocatalyst has an acceptable efficiency to degrade a non-
biodegradable contaminant. 
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1. Introduction 
 

In recent decades, pharmaceutical compounds have been 
identified as an environmental issue, so the presence of antibiotics in 
environment seriously threaten the health of living creatures (Yi et al. 
2019). ENR is a FQ which is used in veterinary medicine for treating 
breathing diseases, skin infections, and bacterial infections of animals 
(Anirudhan et al. 2017). Owing to extensive ENR consumption in animal 
husbandry and aquaculture, this animal antibiotic has a direct access 
to soil and groundwater through wastewater sludge or recycling of 
agricultural fertilizer from animal husbandry (Sturini et al. 2015). ENR 
has been recognized in surface water (4.4 ng/L), urban wastewater 
(0.7-8.3 ng/l), urban waters (2.8-8.3 ng/L), and sediments (123 ng/g) 
(Xiong et al. 2017). ENR has a mutagenic potential and drug resistance 

(Alexandrino et al. 2017). The presence of ENR in water even at very 
low concentrations damages the health of humans and marine 
creatures (Deng et al. 2018). Therefore, ENR removal from wastewater 
and water resources is vital considering its non-biodegradability, 
mutagenicity, and drug resistance (Wen et al. 2018). Researchers have 
utilized AOPs, including ozonolysis, sonolysis, UV/H2O2, photolysis, 
Fenton, photoelectron-Fenton, oxidation electrochemical, persulfate 
oxidation, and photocatalysis (Guo et al. 2017; Wang et al. 2017). The 
basis of these processes is to produce •OH, whereby the medicines are 
converted to CO2, H2O, and inorganic acids (Qiu et al. 2019). 
Photocatalytic processes are the most common AOPs widely used in 
the treatment of pharmaceutical effluents thanks to their high efficiency, 
production of non-toxic compounds, chemical stability, and reaction at 
room temperature (Yu et al. 2017). The removal of ENR has been 
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examined through the following photocatalysts: TiO2 (Anirudhan et al. 
2017; Lu et al. 2014; Su et al. 2017; Yu et al. 2017), Graphene-like 
BN/BiPO4 (Chen et al. 2017), Ag2O/CeO2 (Wen et al. 2018), Co3O4-
composite (Deng et al. 2018), Fe3O4/MMT (Peng et al. 2019), and CuO 
(Fink et al. 2012). ZnO photocatalyst has a great characteristic in 
degrading non-biodegradable pollutants due to its high stability, 
recoverability, high photo sensitivity, and non-toxic nature 
(Amornpitoksuk et al. 2018; Nava Núñez and Martínez-de la Cruz. 
2018). Therefore, ZnO has been commonly used in photocatalytic 
processes (Zhu et al. 2018). Furthermore, Fe2O3 is an effective factor 
in enhancing the photocatalytic properties of ZnO (Davari et al. 2019). 
Natural zeolites (clinoptilolite) have been used as the support of 
photocatalysts because of their high chemical stability, porous surface, 
large pore volume, and relative abundance in Iran (Arimi et al. 2016; 
Esmaili et al. 2017). Hybrid photocatalysts have greater photocatalytic 
activity, leading to higher degradation efficiency (Siwińska-Stefańska et 
al. 2018). To the best of our knowledge, this is the first study to 
investigate ENR degradation in polluted water with hybrid 
nanophotocatalyst consisting of ZnO and Fe2O3 supported on zeolite. 
In this study, by depositing ZnO/Fe2O3 on zeolite, a nanophotocatalyst 
is synthesized with a high efficiency in ENR degradation through sol-
gel method. Following characterization, the synthesized 
nanophotocatalyst is used in an advanced oxidation reactor in order to 
degrade the contaminant. The effects of operational factors, including 
the antibiotic concentration, H2O2 concentration, and initial pH of the 
solution are investigated on the ENR degradation efficiency by RSM. 
Furthermore, the recoverability of the synthesized ZnO/Fe2O3/Zeolite 
nanophotocatalyst is evaluated in the ENR degradation. 

  
2. Materials and methods 
2.1. Chemicals 
 

All chemicals used in this study are purchased from Merck. To 
synthesize ZnO/Fe2O3/Zeolite nanophotocatalyst, chemicals, namely 
FeCl3 and Zn(CH3COO)2

.2H2O are utilized. To adjust pH of the solution, 
H2SO4 (purity 97 %), NaOH, and NH4OH (purity 98 %) are used, 
respectively. In all of the experiments, H2O2 is applied as an oxidizing 
agent. Additionally, natural zeolite is obtained from mines of Semnan, 
Iran. Enrofloxacin (ENR) (purity around 98 %) attained from Sians Co., 
Iran. Physical and chemical properties of ENR are presented in Table 
1. 

Table 1. Specifications of ENR antibiotic (Dolar et al. 2013). 

Enrofloxacin Pharmaceutical name 

Antibiotics Pharmaceutical type 

3O3N1F22H19C Molecular formula 

 

Pharmaceutical structure 

359.40 Molecular weight, g/mol 
3397 Solubility, mg/L 
275 λmax, nm 

 
2.2. Method for synthesis of ZnO/Fe2O3/Zeolite nanophotocatalyst 
  

In order to synthesize ZnO/Fe2O3/Zeolite nanophotocatalyst via sol-
gel method, the zeolite sample is prepared. It is then washed with 
deionized water and dried at room temperature. For achieving the 
maximum degradation efficiency based on screening tests, the optimal 
molar ratio of Fe3+/ZnO as 0.06 is considered. Moreover, 1.35 g 
Zn(CH3COO)2

.2H2O and 0.06 g FeCl3 are dissolved in 100 ml deionized 
water, after which the solution undergo ultrasound at 25 °C. Next, 0.47 
g zeolite is added to the solution, and the pH is adjusted at around 7 by 
NH4OH. The solution is stirred at 25 °C for 4 h and is left in the 
laboratory for 24 h to complete the reactions and form the gel. The 
solution is dried at 80 °C and 5 h in an oven, and the calcination process 
is performed in a muffled furnace at 350°C for 3 h to obtain 
ZnO/Fe2O3/Zeolite nanophotocatalyst (Davari et al. 2017). 

 
2.3. Characterization of ZnO/Fe2O3/Zeolite nanophotocatalyst 
 

Various analyses are utilized for characterization of zeolite and 
ZnO/Fe2O3/Zeolite nanophotocatalyst. XRF analysis is used to 
determine the composition of different elements in the structure of 
zeolite and the synthesized nanophotocatalyst. XRF analysis is 
conducted by an X-ray fluorescence device (S4-Pioneer, Bruker, 

Germany). FT-IR analysis is also performed to determine the functional 
groups by a Fourier transform infrared spectrometer device (FT-IR-
6300, Jasco, Japan). BET analysis is conducted with the aim of 
investigating specific surface area and pore volume of zeolite and the 
synthesized nanophotocatalyst by means of N2 adsorption at 77 K 
(Belsorp mini, Japan). FE-SEM images are obtained by a FE-SEM 
device (S-4160, Hitachi, Japan). The morphology and structure of 
zeolite as well as the synthesized nanophotocatalyst are examined by 
a scanning electron microscopy device (SEM, XL series, Phillips XL30) 
equipped with EDX analysis (AIS2300C, SERON technology). XRD 
analysis is used for identifying ZnO and Fe2O3 on zeolite and confirming 
stability of zeolite after deposition of nanoparticles on it. XRD analysis 
is performed by an X-ray diffraction device (D-8 Advance, Bruker, 
Germany). 

 
2.4. Experimental photoreactor 
 

In this study, a double-walled glass reactor with an approximate 
volume of 250 ml is used, in which a UV lamp (8 W, 254 nm) is located. 
The reactor temperature is adjusted at 25±1°C through water circulation 
in cooling pipes devised around the reactor. The solution homogeneity 
is considered by a magnetic stirrer and magnet. The utilized 
experimental system is demonstrated in Fig. 1. 

 

Fig. 1. Experimental system. 
 

2.5. Design of experiments 
 

In this study, response surface methodology (RSM) is utilized for 
the photocatalytic degradation of ENR. According to Table 2, 
operational factors, including ENR concentration, H2O2 concentration, 
and initial pH of the solution are examined, and other factors such as 
temperature (25±1 °C) as well as the intensity of UV lamp radiation (8 
W power, 254 nm wavelength) are assumed constant. Based on the 
screening experiments, optimal values for ZnO/Fe2O3/Zeolite 
nanophotocatalyst within the range of 0.25-1 g/L and the irradiation time 
of 45-180 min are considered as 0.5 g/l and 120 min, respectively. 

Table 2. Selected factors and levels in the photocatalytic degradation 
of ENR. 

 Levels  Factors 

450 300 150 Enrofloxacin concentration, mg/L 
200 100 50 H2O2 concentration, mg/L 
9 7 5 Initial pH 

 
2.6. Procedure of ENR photocatalytic experiments 
 

For each experiment, a solution of ENR with the desired 
concentration is prepared and its pH is adjusted by diluted solutions of 
H2SO4 and using a pH meter (UB-10, Denver Co.). Moreover, in each 
experiment, the concentration of ZnO/Fe2O3/Zeolite nanophotocatalyst 
(0.5 g/L) is added to the photoreactor with certain amounts of H2O2. In 
order to separate the photocatalyst particles in the solution, a centrifuge 
device (UniCen, Herolab Model, Herolab Co., Germany) is used within 
10 min at 5000 rpm. The output concentration of ENR is determined by 
a spectrophotometer device (V-570, Jasco, Japan) using the calibration 
curve at its maximum wavelength (275 nm). E is calculated by Eq. 1, 
where Ci and Ce represent the initial and final concentrations of ENR in 
terms of mg/L. 
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3. Results and discussion 
3.1. Nanophotocatalyst characterizations 
3.1.1. XRD analysis 
 

XRD results for clinoptilolite as well as ZnO/Fe2O3/Zeolite 
nanophotocatalyst are illustrated in Fig. 2. Zeolite have main peaks at 
2θ values of 22.34° and 22.46°, corresponding to the reference peaks 
(Korkuna et al. 2006). Considering the different structures of zeolite 
extracted from diverse sources, there are some differences in their XRD 
patterns. ZnO/Fe2O3/Zeolite peaks can be observed at 2θ values of 
31.82° and 36.19°, which correspond to the reference peaks 
(Hernández et al. 2007). The common peaks in the synthesized 
nanophotocatalyst and zeolite indicate that the position of the main 
zeolite peaks remains almost constant, suggesting the structure of 
zeolite as the support of the nanophotocatalyst. Since the iron content 
is less than 5 wt. %, the peaks associated with Fe3+ cannot be detected 
by XRD analysis (Hernández et al. 2007; Wang et al. 2011). 

 

Fig. 2. XRD analysis of zeolite and ZnO/Fe2O3/Zeolite 
nanophotocatalyst. 

 
3.1.2. XRF analysis 
 

XRF analyses of ZnO/Fe2O3/Zeolite nanophotocatalyst and zeolite 
are illustrated in Table 3. The values of ZnO and Fe2O3 in the 
synthesized nanophotocatalyst are 55 and 3 wt. % in turn. In addition, 
the pre-calculated value of Fe3+/ZnO (0.06) is successfully obtained in 
ZnO/Fe2O3/Zeolite nanophotocatalyst. The value of Si/Al in zeolite is 
equal to 6.11, suggesting thermal stability of zeolite (Cruciani. 2006). 

Table 3. XRF analysis of zeolite and ZnO/Fe2O3/Zeolite 
nanophotocatalyst. 

ZnO/Fe2O3/Zeolite 
concentration, wt. % 

Zeolite concentration, 
wt. % 

Compound 

55.70 - ZnO 
30.55 79.73 SiO2 
4.72 11.52 Al2O3 
0.83 1.95 CaO 

- 1.93 Na2O 
0.73 1.86 K2O 
3.44 1.41 Fe2O3 
0.46 1.06 MgO 
0.08 0.19 TiO2 
0.09 0.18 SO3 
0.06 0.13 SrO 

- 0.04 CuO 
3.34 - Cl 
100 100 Total 

 
3.1.3. FT-IR analysis 
  

FT-IR spectra for ZnO/Fe2O3/Zeolite nanophotocatalyst and zeolite 
can be seen in Fig. 3. The peaks related to zeolite are also repeated in 
ZnO/Fe2O3/Zeolite nanophotocatalyst. In the synthesized 
nanophotocatalyst spectrum, additional peaks are observed at wave 
numbers of around 610, 460, and 3500 cm-1, which are related to the 
functional group of Zn-O for ZnO nanoparticles, stretching vibration of 
Fe-O functional group of iron oxide nanoparticles, and superficial O-H 
hydroxyl group of zinc oxide and iron oxide particles, respectively 
(Hernández et al. 2007). 

 
3.1.4. EDX and FE-SEM analysis 

FE-SEM image and EDX spectrum for ZnO/Fe2O3/Zeolite 
nanophotocatalyst and zeolite with the scale of 375 nm are presented 
in Fig. 4. FE-SEM image in Fig. 4a indicates the smooth surface of 
zeolite, and Fig. 4b shows the surface of the synthesized 
nanophotocatalyst, where presence of deposited nanoparticles 
(ZnO/Fe2O3) is obvious. Based on Fig. 4b, the approximate size of the 
photocatalyst is around 48 nm. Moreover, the results of EDX spectrum 
confirm loading of Al and Si on zeolite (Fig. 4a) as well as loading of Zn 
and Fe on ZnO/Fe2O3/Zeolite photocatalyst (Fig. 4b). 

 

Fig. 3. FT-IR spectrum of zeolite and ZnO/Fe2O3/Zeolite 
nanophotocatalyst. 

 
(a) 

 
(b) 

Fig. 4. EDX spectrum and FE-SEM image of (a) zeolite and (b) 
ZnO/Fe2O3/Zeolite nanophotocatalyst. 

The diameter of the synthesized nanophotocatalyst particles is 
measured by ImageJ 1.44 p software, with Fig. 5 demonstrating 
particles size distribution. The particle size distribution ranges between 
1 and 100 nm, and the synthesized nanophotocatalyst has around 30% 
particles with a diameter below 20 nm. 
 
3.1.5. BET analysis 
 

BET results of ZnO/Fe2O3/Zeolite nanophotocatalyst and zeolite 
are demonstrated in Table 4. The specific surface areas (m2/g) for 
zeolite and the synthesized nanophotocatalyst are 370.45 and 280.16, 
and the pore volumes (cm3/g) are 0.57 and 0.35, respectively. As can 
be seen, zeolite has a larger specific surface area and pore volume 
because successful deposition of ZnO/Fe2O3 on the surface and inside 
pores of zeolite reduce its surface area and pore volume (Davari et al. 
2017). 

Table 4. BET analysis of zeolite and ZnO/Fe2O3/Zeolite 
nanophotocatalyst. 

Compound 
BET surface area, 

m2/g 
Pore volume, 

cm3/g 

Zeolite 370.45 0.57 
ZnO/Fe2O3/Zeolite 280.16 0.35 
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3.2. Results of the photocatalytic experiments for ENR 
degradation 

In this study, some experiments are performed in the absence of 
UV light in order to determine ENR adsorption on ZnO/Fe2O3/Zeolite 
nanophotocatalyst. The adsorption efficiency at all pH values and after 
24-48 h is about 3 %. Moreover, prior to the photocatalytic tests, ENR 
degradation in dark condition is investigated within 2 h, which indicates 
that the removal of ENR is negligible. Therefore, the adsorption 
capacity of the nanophotocatalyst for the ENR degradation is neglected. 
Table 5 presents the results obtained from the design of experiments 
through RSM and with factors, including ENR concentration, initial pH 
of the solution, and H2O2 concentration across three levels for ENR 
degradation with ZnO/Fe2O3/Zeolite nanophotocatalyst. The analysis of 
the results and evaluation of the optimal conditions on the ENR 
degradation are determined by Design Expert version 8.0.1 software. 

 

Fig. 5. Particles size distribution of ZnO/Fe2O3/Zeolite 
nanophotocatalyst. 

Table 5. RSM results for the photocatalytic degradation of ENR. 

E: Enrofloxacin degradation 
efficiency, % 

C: H2O2 concentration, 
mg/L 

B: pH 
A: Enrofloxacin concentration, 

mg/L 
Run number 

86.5 ± 0.3 50 ± 0.15 9 ± 0.01 300 ± 0.4 1 
92.3 ± 0.4 100 ± 0.2 9 ± 0.01 450 ± 0.5 2 
72.6 ± 0.2 100 ± 0.2 5 ± 0.01 150 ± 0.2 3 
84.3 ± 0.3 50 ± 0.15 5 ± 0.01 300 ± 0.4 4 
73.2 ± 0.2 200 ± 0.5 7 ± 0.01 150 ± 0.2 5 
90.5 ± 0.4 200 ± 0.5 7 ± 0.01 450 ± 0.5 6 
71.6 ± 0.2 50 ± 0.15 7 ± 0.01 150 ± 0.2 7 
85.2 ± 0.3 200 ± 0.5 5 ± 0.01 300 ± 0.4 8 
87.6 ± 0.3 200 ± 0.5 9 ± 0.01 300 ± 0.4 9 
86.4 ± 0.3 100 ± 0.2 7 ± 0.01 300 ± 0.4 10 
87.5 ± 0.3 100 ± 0.2 7 ± 0.01 300 ± 0.4 11 
90.6 ± 0.4 50 ± 0.15 7 ± 0.01 450 ± 0.5 12 
89.8 ± 0.3 100 ± 0.2 5 ± 0.01 450 ± 0.5 13 
86.5 ± 0.3 100 ± 0.2 7 ± 0.01 300 ± 0.4 14 
74.1 ± 0.2 100 ± 0.2 9 ± 0.01 150 ± 0.2 15 

The statistical analysis of data was performed by ANOVA, whose 
results are shown in Table 6. Assessment and data analysis are 
performed based on p-value (as the index for significance of factors) 
and F-value (as the index for priority of factors influence). Based on 
RSM principles, the factors with p-value less than 0.05 are considered 
significant, i.e. there is 5% error probability to assume an insignificant 
factor as a significant one (confidence interval 95%). Based on p-values 
in Table 6, the statistical model, ENR concentration, pH, and H2O2 
concentration are significant factors, and there is no interaction 
between the factors. Additionally, according to F-values in Table 6, the 
factors, including ENR concentration, pH, and H2O2 concentration have 
the maximum impact on the ENR degradation efficiency, respectively.  

Table 6. ANOVA for the photocatalytic degradation of ENR. 

Status P-value F-value MS SS DF 
Model 
terms 

Significant 0.0001 283.86 78.27 704.39 9 Model 
Significant 0.0001 2228.46 614.43 614.43 1 A 
Significant 0.0020 34.55 9.53 9.53 1 B 
Significant 0.0499 6.62 1.82 1.82 1 C 

Insignificant 0.1976 2.21 0.61 0.61 1 A×B 
Insignificant 0.3389 1.12 0.31 0.31 1 A×C 
Insignificant 0.5290 0.46 0.13 0.13 1 B×C 
Insignificant 0.5041 0.55 0.15 0.15 1 A2 

Insignificant 0.4654 0.62 0.17 0.17 1 B2 

Insignificant 0.2516 1.73 0.51 0.51 1 C2 

Insignificant 0.9397 0.12 0.071 0.21 3 
Lack 
of Fit 

 
3.2.1. Model for the photocatalytic degradation of ENR 
 

In this study, the second-order statistical model presented by 
Design Expert for the photocatalytic degradation of ENR is shown in 
Eq. 2, where A, B, C, and E represent ENR concentration, pH, H2O2 
concentration, and the ENR degradation efficiency. 

CBAE 48.009.176.867.86                                             (2) 

To indicate a good correspondence between the experimental data and 
the predicted responses, R2 criterion is used, whose value range is 
between 0 and 1. R2 value is 0.99, suggesting a suitable 

correspondence between the experimental and predicted results. In 
addition, the value of modified R2 is 0.98, indicating the model’s 
accuracy of fitting. The mentioned results are shown in Fig. 6. 

 

Fig. 6. Experimental results (    ) and predicted results (    ) for the 
photocatalytic degradation of ENR. 

 
3.2.2. Effect of ENR concentration on the photocatalytic 
degradation of ENR 
 

The effect of ENR concentration on the ENR degradation efficiency 
by ZnO/Fe2O3/Zeolite nanophotocatalyst is shown in Fig. 7. The 
nanophotocatalyst concentration, irradiation time, and pH are 
considered as 0.5 g/l, 120 min, and 7, respectively. According to the 
results, with an increase in ENR concentration from 150 to 450 mg/l at 
a constant H2O2 concentration, the degradation efficiency increases 
from around 75 to 91 %. The assumed reason is that when ENR 
concentration rises, more ENR molecules are adsorbed on the surface 
of the nanophotocatalyst, resulting in the increase in the ENR 
degradation efficiency up to the optimal nanophotocatalyst capacity 
(Esmaili et al. 2017). 
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Fig. 7. Counter plot of ENR degradation efficiency as ENR 
concentration and H2O2 concentration. 

 
3.2.3. Effect of H2O2 concentration on the photocatalytic 
degradation of ENR 
 

The effect of H2O2 concentration and pH on the ENR degradation 
efficiency with ZnO/Fe2O3/Zeolite nanophotocatalyst is shown in Fig. 8. 
The nanophotocatalyst concentration, irradiation time, and ENR 
concentration are considered as 0.5 g/L, 120 min, and 300 mg/l, 
respectively. The results indicate that as H2O2 concentration grows from 
50 to 200 mg/l at a constant pH, the degradation efficiency first 
increases and then decreases. This is due to the fact that with an 
increase in H2O2 concentration up to its optimal point, the degradation 
efficiency grows thanks to further produced •OH. Nevertheless, when 
H2O2 concentration increases at beyond its optimal point, the 
degradation efficiency drops because of •OH2 formation which has less 
degradation efficiency (Taghvaei et al. 2017). Additionally, according to 
Fig. 8, with a rise in pH at a constant H2O2 concentration, the ENR 
degradation efficiency increases, obtaining the degradation efficiency 
of around 87% at alkaline pHs. At acidic pHs, ZnO loses its oxygen and 
turns into Zn2+, dissolving in water and reducing its photocatalytic 
properties (Farzadkia et al. 2014). At alkaline pHs, ZnO has a greater 
ability in •OH production (Davari et al. 2017), resulting in further ENR 
degradation. Therefore, the minimum degradation efficiency of ENR 
with ZnO/Fe2O3/Zeolite occurs at acidic pH, while the maximum 
degradation efficiency is achieved at alkaline pH. 

 

Fig. 8. Counter plot of ENR degradation efficiency as pH and H2O2 
concentration. 

 
3.2.4. Optimizing the photocatalytic degradation of ENR and 
recovery of ZnO/Fe2O3/Zeolite nanophotocatalyst 
 

The experimental efficiency of ENR degradation is obtained as 97.4 
%, while the degradation efficiency by the model is predicted as 98.5 % 
under optimal conditions (ENR concentration: 500 mg/L, pH=9, and 
H2O2 concentration: 90 mg/L). Therefore, the correspondence between 
the responses obtained from the experimental results and the statistical 
model suggests that the model presented by the software offers a good 
prediction of the experimental results for the ENR photocatalytic 

degradation. In a photocatalytic process, the stability of the 
photocatalyst activity and its recoverability are influential factors in the 
assessment of the photocatalyst performance. In this study, the stability 
of the synthesized ZnO/Fe2O3/Zeolite is examined under optimal 
conditions for the ENR degradation. After five replications of the 
experiment at optimal conditions (ENR concentration: 500 mg/l, pH=9, 
and H2O2 concentration: 90 mg/L), the ENR degradation efficiency with 
the synthesized nanophotocatalyst remains 97.4 %, resulting in a good 
stability and recoverability for the nanophotocatalyst. 

 
4. Conclusions 
 

This study indicates that the synthesized ZnO/Fe2O3/Zeolite can be 
used as an efficient method for degrading ENR antibiotic in 
pharmaceutical wastewater and water resources. The obtained results 
indicate that when ENR concentration and pH rise, the ENR 
degradation efficiency increases, while with an increase in H2O2 
concentration, the degradation efficiency first increases and then 
decreases. The ENR degradation efficiency is achieved as 97.4%, and 
the synthesized nanophotocatalyst is still recoverable after five 
repetitions of the experiment under optimal conditions, including 500 
mg/l ENR, pH=9, and 90 mg/l H2O2. 

  
Nomenclature 
 

ANOVA Analysis of variance 
AOPs Advanced oxidation processes 
BET Brunauer emmett teller 
DF Degrees of freedom 
EDX Energy dispersive x-ray 
ENR Enrofloxacin antibiotic 
FE-SEM Field emission scanning electron microscope 
FQ Fluoroquinolone antibiotic 
FT-IR Fourier transform infrared 
MS Mean square 
RSM Response surface methodology 
SS Sum of squares 
XRD X-ray diffraction 
XRF X-ray fluorescence 
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