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 In this research, degradation of Tetracycline by Ag doped ZnO based on 
Clinoptilolite (Ag-ZnO@CP) as photocatalyst was investigated under visible light. 
To synthesize of photocatalyst, the wetness impregnation method was used. The 
synthesized photocatalyst was characterized using XRD, FT-IR, SEM, BET and 
DRS analysis. The XRD analysis proved the synthesized crystalline phase about 
42 nm. Based on SEM images, the morphology of the synthesized particles was 
spherical with a mean particle size of 55 nm. The FT-IR characteristic peak proved 
the formation of Ag-ZnO@CP. The photocatalyst bandgap was calculated by the 
Kubelka-Munk algorithm about 2.95 eV. The bandgap indicated that the 
photocatalyst was active in the visible light range. The results of degradation were 
shown that the nanoparticles of Ag-ZnO@CP had a higher efficiency compared 
with the non-silver state. The efficiency of the synthesized photocatalyst was 
evaluated with an initial pH of the solution, initial concentration of the pollutant and 
the amount of photocatalyst. For 60 min irradiation under visible light, the optimal 
values of the solution pH, the initial concentration of the pollutant and the 
photocatalyst were 8, 8 ppm and 1 g/L, respectively with 77.2 % degradation of 
Tetracycline. Also, the photocatalytic degradation of Tetracycline by the 
synthesized sample follows the first-order kinetic equation.  
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1. Introduction 

 
The effluents of the medical industry disposed of a large amount of 

antibiotics content, which generated drug-resistant and decreased the 
resistance of human bodies, polluted environment, and even affected 
on the ecosystem. Also, the presence of patients in different cities and 
their locations in urban areas has led to significant amounts of medicinal 
compounds such as antibiotics to enter the urban sewage (Čižman et 
al. 2015; Rodriguez-Mozaz et al. 2015; Wang et al. 2016). Especially, 
Tetracycline (TC) residues left in the environment, as one of the most 
commonly used antibiotics, can lead to antibiotic resistance by entering 

the environment (Saadati et al. 2016). Due to the antibacterial nature of 
TC, it is very difficult to purify its waste by traditional methods such as 
physical adsorption and biological degradation. 

Among the most commonly used processes, advanced oxidation 
processes (AOPs) with a generation of highly oxidizing hydroxyl 
radicals have exhibited the ability to degrade the recalcitrant and no 
biodegradable compounds (Habibi et al. 2017; Shaykhi Mehrabadi 
2016). So far, TC destruction has been reported with various advanced 
oxidation processes, including Fenton reagent oxidation (Bautitz et al. 
2007), ozonation (Dodd et al. 2009; Khan et al. 2010) and photocatalytic 
oxidation (Zhao et al. 2010). And the photocatalytic technique is 
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considered suitable for the degradation of it with high efficiency, high 
mineralization rate, simplicity of operation and low cost. ZnO, with 
bandgap of 3.37 eV is the most commonly used photocatalyst for a wide 
range of organic compounds (Ahmadi et al. 2016; Bahrami et al. 2015). 
Limitations of work with this semiconductor include inactivity in visible 
light and low surface area. Recently, researches have been done to 
improve its surface area by loading on a porous support. Among the 
different types of supports, zeolites can be mentioned (Wang et al. 
2010). Particularly, natural zeolites due to their large surface area, large 
ion exchange capacity, more importantly, their relatively low cost and 
chemical and thermal stability have a great potential in the wastewater 
treatment (Xingu-Contreras et al. 2017). On the other hand, the doping 
of ZnO with Ag into its lattice has been found to enhanced the light 
absorption ability of ZnO nanomaterial (Nezamzadeh-Ejhieh et al. 
2014). 

In this work, Iranian natural zeolite was used to obtain Ag-
ZnO@Natural zeolite by wetness impregnation method as a 
heterogeneous photocatalyst for degradation of TC pharmaceutical 
capsule in an aqueous solution under visible light. 

 
2. Materials and methods 
 

Zinc Oxide Nanoparticles (ZnO), sodium carbonate (Na2CO3) and 
silver nitrate (AgNO3) were bought from Merck Company. Semnan 
natural zeolite tuffs were obtained from Semnan Negin Powder 
Company. Common TC (C20H24N2O8) pharmaceutical 250 mg capsule 
was purchased from Iran Daru Company. All chemicals in this study 
used without further purification.  

The structure of the samples was examined by using a 
diffractometer Bruker, D8 (with X-ray tube anode and Cu Kα 
wavelength: 1.5406 Å). The surface morphology of samples was 
studied using a KYKY-EM-3200 scanning electron microscope (SEM). 
The BET surface areas of samples were determined from isotherm data 
of nitrogen adsorption data obtained at 77.35 K using Quanta chrome 
Autosorb-1 analyzer. UV–Vis spectra were obtained on a Shimadzu 
UV-1650PC spectrophotometer. Fourier transform-infrared 
spectroscopy (FTIR) in the range of 400-4000 cm-1 was recorded 
(Shimadzu FT-IR 8400S). 

 
2.1. Preparation of CP 
 

At first for preparation of natural zeolite, 25 gr of natural 
Clinoptilolite (CP) powders was added in 250 ml deionized water and 
stirred at 70 °C for 5 hours. The precipitate was then strained with 250 
ml sulfuric acid (1M) at 70 °C for 3 hours. The precipitate obtained after 
separation and washed with deionized water, dried at 110 °C and 
crushed in ceramic mortar. Finally, it was calcined at 500 °C for 3 hours. 

  
2.2. Preparation of ZnO@CP 
 

To prepare the ZnO@Clinoptilolite (ZnO@CP), 4 gr of CP and 0.44 
gr ZnO was added to 40 ml distilled water and stirred (15 min, 70 ºC). 
The sample was filtered off, washed and dried at 120 ºC and then 
calcined at 500 ºC for 2 h (Mahboobi et al. 2018).  

 
2.3. Preparation of Ag-ZnO@CP 
 

To prepare Ag-ZnO@CP, the above procedure was repeated. With 
the difference, 0.5 gr AgNO3 was added from the beginning to the initial 
solution. Then, Na2CO3 solution (50 ml, 0.25M) was added drop by drop 
and stirred (1 hr, 45 ◦C). The sample was filtered off, washed and dried 
at 120 ◦C and then calcined at 500 ◦C for 2 h. 

  
3. Results and discussion 
3.1. Characterization 
 

The XRD patterns of natural zeolite (CP) after activation, 
synthesized ZnO@CP and Ag-ZnO@CP are shown in Fig. 1. The 
characteristic peaks at 2θ values of 9.85°, 22.5° and 27.7° in the pattern 
(a) confirms that the used zeolite has a typical zeolite clinoptilolite 
structure as major phase (JCPDS no. 39-1383) (Korkuna et al. 2006; 
Bahrami et al. 2015). The presence of the new peaks at 2θ values of 
31.8°, 34.46°, 36.2°, 47.5°, 56.78°, 62.8°, 66.3° and 68.9° in the XRD 
pattern of ZnO@CP and Ag-ZnO@CP corresponding to a wurtzite 
hexagonal phase of ZnO (JCPDS 75-0576) (Bahrami et al. 2015; Singh 
et al. 2008). For the Ag-ZnO@CP sample, the main reflection of the Ag 
phase located around 38.11° and 44.31° was also detected which are 

in good agreement with the face-centered cubic structure of Ag (JCPDS 
FileNo.04–783) (Bahrami et al. 2015; Motshekga et al. 2015). In 
addition to the mentioned peaks, there are no other peaks in the 
patterns. Also, the intense and sharp peaks created by it confirm the 
synthesis of crystalline and pure crystalline structures. The average 
crystallite size of the nanoparticles was calculated using the Debye-
Scherer equation (Table 1) (Nezamzadeh-Ejhieh  et al. 2010). 

 

Fig. 1. XRD patterns of a) Natural zeolite (CP), b) Synthesized 
ZnO@CP, and c) Synthesized Ag-ZnO@CP. 

Table 1. Average crystallite size of samples by XRD patterns. 

Sample 𝟐𝛉, ° FWHM Crystallite size, nm 

Natural Zeolite 
(CP) 

25.67 0.4723 18.6 

ZnO@CP 36.27 0.2952 33.37 
Ag-ZnO@CP 36.26 0.2362 41.7 

The FTIR spectra of natural zeolite (CP), synthesized ZnO@CP 
and Ag-ZnO@CP are shown in Fig. 2. The board peak around 3427 
and 1627cm−1 can be assigned to the O–H stretching and vibration of 
adsorbed water, respectively (Mohan Kumar et al. 2010). As shown in 
the spectrum of zeolite in all samples, the peak at 1060.77 cm−1 
corresponds to the Si–O–R (Si or Al) stretching vibration. The stretching 
modes of Zn-O appeared around 460 and 600 cm–1  (Vieira et al. 2019). 
The peak at 799 cm-1 is attributed to symmetric stretching vibrations of 
(Si-O-Si); and the band at 459-463 cm-1 are attributed to the bending 
vibration of (Si-O-Si) (Sanaeishoar et al. 2015) and the bads 646.1 cm-

1 are presents in the spectrum evidence of Ag/ZnO tensional tremble 
(Jafari et al. 2011).  

 

Fig. 2. FT-IR patterns of a) Natural zeolite (CP), b) Synthesized 
ZnO@CP, and c) Synthesized Ag-ZnO@CP. 

DRS analysis was used to investigate the optical properties of the 
samples and the results are shown in Fig. 3. The bands-gap energy 
(Eg) of synthesized ZnO@CP and Ag-ZnO@CP samples were 
obtained by the Kubelka-Munk algorithm and reduced to 3.1 and 2.95 
eV in comparison with pure ZnO, respectively. By reducing the 
bandgap, the sample will be able to activate in visible light. In pure zinc 
oxide, only Zn-O bonds can absorb photons, but when zeolite was used 
as support, Al-O-Zn bonds can also be formed. The short-wave 
absorption band is inherently present in a variety of zeolites, and they 
can transfer the charge from oxygen to aluminum in the presence of 
aluminum in certain locations (Amiri et al. 2015; Bahrami et al. 2015). 
The decrease in the bandgap of the Ag-ZnO@CP may be due to the 

P
a

g
e

 |1
3
9
 

 



 

Hatamzadeh et al. / J. App. Res. Wat. Wast. 12 (2019) 138-143 

 

  

 

Please cite this article as: S. Hatamzadeh, N. Keramati, M. Mehdipour Ghazi, Synthesis and characterization of Ag-ZnO@clinoptilolite for photocatalytic 

degradation of tetracycline, Journal of Applied Research in Water and Wastewater, 6 (2), 2019, 138-143. 
 

 

 

generation of an additional energy level within the ZnO after the 
penetration of silver in the zinc oxide network, which can absorb light 
through zinc oxide at lower energy levels (Wang et al. 2010). 

 

Fig. 3. UV-vis diffuse reflectance spectra of a) Synthesized ZnO@CP, 
and b) Synthesized Ag-ZnO@CP. 

The corresponding images of synthesized ZnO@CP and Ag-
ZnO@CP samples by SEM are shown in Fig. 4a and b, respectively. It 
can be seen from Fig. 4a that the morphology of the synthesized 
ZnO@CP is quasi-spherical nanoparticles (50 nm). According to the 
images, the addition of silver to the ZnO@CP sample has not caused 
a significant change in particle size, and its particle size is about 55 nm. 
This result was also observed with another researcher (Hosseini et al. 
2015). 

 
(a) 

 
(b) 

Fig. 4. SEM images of a) synthesized ZnO@CP, and b) Ag-ZnO@CP. 

The measured BET surface areas of the samples were decreased 
from 235.93 m2/gr for CP to 212.83 for ZnO@CP and 169.21 for Ag-
ZnO@CP. In the adsorption-desorption isotherm (Fig. 5), the created 
hysteresis loop indicates the presence of a mesoporous material. When 
the P/P0 ratio is too large, the material has very narrow pores in the form 
of capillaries, in which case the number of adsorption sites increase 
significantly and the absorbing material is dense on the surface. This 
type of isotherm is often observed for industrial catalysts, and besides, 
the corresponding curve for determining pore size distribution (BJH) is 
also used. To determine of cavity size distribution, the BJH chart (Fig. 
5) is used. According to this diagram, the most common cavity size is 
6.6 nm. The point of zero charge (pzc) of Ag-ZnO@CP was found to be 
8.5 and is shown in Fig. 6. This value corresponded to the pH at which 

the straight line (pHinitial = pHfinal) crossed the sigmoid curve passing 
through the experimental points (Keramati et al. 2014). The electric 
charge properties of both the photocatalyst and pollutant play an 
important role in the adsorption process. The surface of the catalyst was 
positively charged at a pH < pHpzc, negatively charged at a pH > pHpzc, 
and remained neutral at a pH = pHpzc. Such behavior significantly 
affected not only the adsorption-desorption properties of the catalyst 
surface, but also the changes of the pollutant structure at various pH 
values (Keramati et al. 2015). 

 
             (a) 

 
        (b) 

Fig. 5. a) Adsorption-desorption isotherms and b) BJH plot of 
synthesized Ag-ZnO@CP. 

 

Fig. 6. pHpzc of synthesized Ag-ZnO@CP sample. 
 

3.2. Photocatalytic degradation of tetracycline 
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The effect of the initial concentration of pollutant on the rate of 
degradation was determined by changing the initial concentration of TC 
from 6 to 10 ppm by loading constant catalyst at pH=8. Fig. 7 shows 
that with increasing concentrations of pollutants, degradation efficiency 
was decreased due to the reduction of active sites on photocatalyst for 
the oxidation of the pollutant molecule. A Similar result was reported by 
satdeve (2019) for the degradation of Methylene Blue by Ag/ZnO. With 
increasing in the initial concentration of TC, more reactants and reaction 
intermediates were absorbed at the photocatalyst level, so the available 
hydroxyl radical was not sufficient to degrade TC at higher 
concentrations. Thus, its degradation rate was decreased with 
increasing its concentrations. To evaluate the optimal amount of 
photocatalyst loaded, experiments with different amounts of Ag-
ZnO@CP photocatalyst were performed. Fig. 8 shows the degradation 
of TC contamination in different amounts of photocatalyst at pH=8 and 
contaminant concentration of 8 ppm. By increasing the catalyst 
concentration to 1 g/L, degradation efficiency was increased but then 
decreased with increasing catalyst concentration. Reducing the 
degradation efficiency at concentrations higher than 1 g/L due to the 
reflection of light by catalyst particles. In other research, this 
phenomenon suggests that due to the excessive increase in the 
catalyst, aggregation was occurred (Satdeve et al. 2019). 

 

Fig. 7. Effect of initial concentration of TC on degradation efficiency. 

The pH of the solution plays a significant role in the process of 
photocatalytic degradation of various pollutants. The effect of pH on the 
photocatalytic degradation of TC was studied in the range of 6-10. As 
shown in Fig. 9, the highest degradation efficiency was obtained at 
pH=8, which was selected as the optimum value. By reducing pH under 
pHPZC, and eliminating alkalinity, the efficiency of the system was 
increased and reached a maximum at pH=8. But again, with decreasing 
pH, the efficiency of the system was reduced, which was due to the 
dominance of the electron/hole mechanism instead of the mechanism 
of free radicals of hydroxyl (Mokhtarani et al. 2014). To investigate the 
type and nature of photocatalyst used in the photocatalytic degradation 
process, three samples of CP, ZnO@CP, and Ag-ZnO@CP were 
compared in a similar situation. As shown in Fig. 10, for all three 
samples, degradation efficiency was increased over time, which was 
higher for Ag-ZnO@CP than the others. In another study, the key role 
of silver has been investigated for enhancing the photocatalytic activity 
of zinc oxide and a similar result has been reported  (Zhu et al. 2018). 

 

Fig. 8. Effect of photocatalyst dosage on degradation efficiency. 

In this study, the radiation time of 20, 40 and 60 min were 
considered for the destruction of TC by the photocatalytic process of 
Ag-ZnO@CP nanoparticles under visible light. The results were 

indicated that with increasing radiation time (20, 40, 60 min), the 
efficiency of pollutant degradation was increased (about 48, 69, 77 %). 
However, the degradation efficiency was the highest during the first 20 
min of the reaction, and as time goes on, its increasing trend decreased. 
This could be attributed to the rapid decomposition of TC contamination 
in the 20 min before the reaction of free radicals generated by the 
electron excitement used. With increasing radiation time, although the 
process of arousal of photocatalyst nanoparticles and the production of 
free radicals of hydroxyl was not reduced, but due to the formation of 
intermediate organic compounds due to the decomposition of TC, some 
of the free radicals produced were exclusively for the decomposition of 
these compounds, and as a result reduces the amount of pollutant 
removal. 

 

Fig. 9. Effect of initial pH of solution on the degradation efficiency. 

 

Fig. 10. The effect of photocatalyst on the degradation efficiency. 

According to a great number of investigations, the dependence of 
the photocatalytic degradation rate on the concentration of organic 
pollutants has been described well by the Langmuir–Hinshelwood (L–
H) in simplified form (Keramati et al. 2014; Pascariu et al. 2019). 

Ln (C0 / C) = Kt                                                                                   (1) 

where, C0 is the initial concentration of pollutant and C is the pollutant 
concentration at time t. As shown in Fig. 11, the variation of Ln (C0/C) 
is linear in time and the slope of this line is the constant of the reaction 
speed (K). Hence, the photocatalytic degradation of TC follows the first-
order kinetic equation. 

 

Fig. 11.  Ln (C0 / C) vs. time. 
 

P
a

g
e

 |1
4
1
 

 



 

Hatamzadeh et al. / J. App. Res. Wat. Wast. 12 (2019) 138-143 

 

  

 

Please cite this article as: S. Hatamzadeh, N. Keramati, M. Mehdipour Ghazi, Synthesis and characterization of Ag-ZnO@clinoptilolite for photocatalytic 

degradation of tetracycline, Journal of Applied Research in Water and Wastewater, 6 (2), 2019, 138-143. 
 

 

 

4. Conclusions 
 

In this study, Ag–ZnO@CP photocatalysts were prepared by the 
co-precipitation method and its photocatalytic effect on the degradation 
of TC under visible light was investigated. It was shown that natural 
zeolite played a significant role in the increasing of photocatalytic 
properties at the Ag-ZnO nanoparticles, which gave a higher surface 
area to the synthesized product. The determination of the bandgap 
energy showed a shift to the visible region in doped samples (2.95 eV). 
Approximately 77 % of TC has been eliminated after 60 min in the 
presence of Ag-ZnO@CP under visible light. 

 

References 
 
 Ahmadi M., and Amiri P., A comparative study on reaction kinetic of 

textile wastewaters degradation by UV/TiO2 and UV/ZnO, Journal of 
Applied Research in Water and Wastewater 6 (2016) 271-276 

Amiri M., and Nezamzadeh-Ejhieh A., Improvement of the 
photocatalytic activity of cupric oxide by deposition onto a natural 
clinoptilolite substrate, Materials Science in Semiconductor 
Processing 31 (2015) 501-508. 

Bahrami M., and Nezamzadeh-Ejhieh A., Effect of the supported ZnO 
on clinoptilolite nano-particles in the photodecolorization of semi-real 
sample bromothymol blue aqueous solution, Materials Sciense in 
Semiconductor Processing 30 (2015) 275-284. 

Bautitz I.R., and Nogueira R.F.P., Degradation of tetracycline by photo-
Fenton process—solar irradiation and matrix effects, Journal of 
Photochemistry and Photobiology A: Chemistry 187 (2007) 33-39. 

Čižman M., Srovin T.P, Furst J., Čad S.P., Korošec A., Bajec T., The 
long-term effects of restrictive interventions on consumption and 
costs of antibiotics, Journal of Global Antimicrobial Resistance 3 
(2015) 31-35. 

Dodd M.C., Kohler H.P.E., Von Gunten U., Oxidation of antibacterial 
compounds by ozone and hydroxyl radical: elimination of biological 
activity during aqueous ozonation processes, Environmental Science 
and Technology 43 (2009) 2498-2504. 

Habibi M., Zinatizadeh A.A., Akia M., Advanced oxidation processes 
treating of Tire Cord production plant effluent: A comparative study, 
Journal of Applied Research in Water and Wastewater 7 (2017) 319-
330  

Hosseini S.M., Abdolhosseini Sarsari L., Kameli P., Salamati H., Effect 
of Ag doping on structural, optical, and photocatalytic properties of 
ZnO nanoparticles, Journal of Alloys and Compounds 640 (2015) 
408-415. 

Jafari A.R., Ghane M., Arastoo S., Synergistic antibacterial effects of 
nano zinc oxide combined with silver nanocrystals, African Journal of 
Microbiology Research 5 (2011) 5465-5473.  

Keramati N., Fallah N., Nasernejad B., Application of response surface 
methodology for optimization of operational variables in 
photodegradation of aqueous styrene under visible light, Desalination 
and Water Treatment 57 (2015) 1-9.  

Keramati N., Nasernejad B., Fallah N., Photocatalytic degradation of 
styrene in aqueous solution: central composite design optimization,  
Journal of Dispersion Science and Technology 35 (2014) 1543-1550. 

Keramati N., Nasernejad B., Fallah N., Synthesis of N-TiO2: Stability 
and visible light activity for aqueous styrene degradation, Journal of 
Dispersion Science and Technology 35 (2014) 1476-14. 

Khan M.H., Bae H., Jung J.Y., Tetracycline degradation by ozonation 
in the aqueous phase: proposed degradation intermediates and 
pathway, Journal of Hazardous Materials 181 (2010) 659-665. 

Korkuna O., Leboda R., Skubiszew J., Vrublevska T., Gunko 
V., Ryczkowski J., Structural and physicochemical properties of 
natural zeolites: clinoptilolite and mordenite, Microporous and 
Mesoporous Materials 87 (2006) 243-254. 

Mahboobi F., Mehdipour Ghazi M., Latifi S.M., Abedi M., Synthesize 

and characterization of ZnO/-Al2O3 nanocomposite using liquid 
phase method and investigation of H2S sorption, Journal of Applied 
Chemistry 13 (2018) 161-176. 

Mohan Kumar G., Ilanchezhiyan P., Kawakita J., Subramanian M., 
Jayavel R., Magnetic and optical property studies on controlled low-
temperature fabricated one-dimensional Cr doped ZnO nanorods, 
CrystEngComm 12 (2010) 1887-1892. 

Mokhtarani N., Khodabakhshi S., Ayati B., UV/TiO2 photocatalytic 
degradation of compost leachate, Modares Civil Engineering Journal 
14 (2014) 137-146. 

Motshekga S.C., Ray S.S., Onyango M.S., Momba M.N.B., Preparation 
and antibacterial activity of chitosan-based nanocomposites 
containing bentonite-supported silver and zinc oxide nanoparticles for 
water disinfection, Applid Clay Science 114 (2015) 330-339. 

Nezamzadeh-Ejhieh A., and Husmandrad S.H., Solar 
photodecolorization of methylene blue by CuO/X zeolite as a 
heterogeneous catalyst, Applied Catalysis A: General 388 
(2010) 149-159. 

Nezamzadeh-Ejhieh A., and Karimi-Shamsabadi M., Comparison of 
photocatalytic efficiency of supported CuO onto micro and nano 
particles of zeolite X in photodecolorization of Methylene blue and 
Methyl orange aqueous mixture, Applied Catalysis A: General 477 
(2014) 83-92. 

Pascariu P., Cojocaru C., Olaru N., Samoila P., Airinei A., Ignat M., 
Sacarescu L., Timpu D., Novel rare earth (RE-La, Er, Sm) metal 
doped ZnO photocatalysts for degradation of Congo-Red dye: 
Synthesis, characterization and kinetic studies, Journal of 
Environmental Management 239 (2019) 225-234. 

Rodriguez-Mozaz S., Chamorro S., Marti E., Huerta B., Gros M., 
Sànchez-Melsió A., Balcázar J.L., Occurrence of antibiotics and 
antibiotic resistance genes in hospital and urban wastewaters and 
their impact on the receiving river, Water Research 69 (2015) 234-
242. 

Saadati F., Keramati N., Mehdipour Ghazi M., Influence of parameters 
on the photocatalytic degradation of tetracycline in wastewater: A 
review, Critical Reviews in Environmental Science and Technology 
46 (2016) 757-782. 

Saadati F., Keramati N., Mehdipour Ghazi M., Synthesis of 
nanocomposite based on Semnan natural zeolite for photocatalytic 
degradation of tetracycline under visible light, Advances in 
Environmental Technology 2 (2016) 63-70. 

Sanaeishoar H., Sabbaghan M., Mohave F., Synthesis and 
characterization of micro-mesoporous MCM-41 using various ionic 
liquids as co-templates, Microporous and Mesoporous Materials 217 
(2015) 219-224. 

Satdeve N.S., Ugwekar R.P., Bhanvase B.A., Ultrasound assisted 
preparation and characterization of Ag supported on ZnO 
nanoparticles for visible light degradation of methylene blue dye, 
Journal of Molecular Liquid 291 (2019) 111313. 

Shaykhi Mehrabadi Z., Performance of advanced oxidation process 
(UV/O3/H2O2) degrading amoxicillin wastewater: A comparative 
study, Journal of Applied Research in Water and Wastewater 5 
(2016) 222-231. 

Singh P., Kumar A., Kaushal A., Kaur D., Pandey A., Goyal R.N., In 
situ high temperature XRD studies of ZnO nanopowder prepared via 
cost effective ultrasonic mist chemical vapor deposition, Bulletin of 
Materials Scienc 31 (2008) 573-577. 

Vieira C.O., Grice J.E., Roberts M.S., Haridass I.N., Duque 
M.D., Lopes P.S., Leite-Silva V.R., Martins T.S., ZnO: SBA-15 
nanocomposites for potential use in sunscreen: preparation, 
properties, human skin penetration and toxicity, Skin Pharmacology 
and Physiology 32 (2019) 32-42. 

Wang H., Yang X., Zi J., Zhou M., Ye Zh., Li J., Guan Q., Lv P., Huo P., 
and Yan Y.,  High photocatalytic degradation of tetracycline under 
visible light with Ag/AgCl/activated carbon composite plasmonic 
photocatalyst, Journal of Industrial and Engineering Chemistry 35 
(2016) 83-92. 

Wang W., Zhou M., Mao Q., Yue J., Wang X., Novel NaY zeolite-
supported nanoscale zero-valent iron as an efficient heterogeneous 
Fenton catalyst, Catalysis Communications 11 (2010) 937-941. 

P
a

g
e

 |1
4
2
 

 

https://www.sciencedirect.com/science/article/pii/S092583881500849X#!
https://www.sciencedirect.com/science/article/pii/S092583881500849X#!
https://www.sciencedirect.com/science/article/pii/S092583881500849X#!
http://www.tandfonline.com/toc/ldis20/current
http://www.tandfonline.com/toc/ldis20/current
https://www.sciencedirect.com/science/article/pii/S1387181105003653
https://www.sciencedirect.com/science/article/pii/S1387181105003653
https://pubs.rsc.org/en/results?searchtext=Author%3AP.%20Ilanchezhiyan
https://pubs.rsc.org/en/results?searchtext=Author%3AJin%20Kawakita
https://pubs.rsc.org/en/results?searchtext=Author%3AM.%20Subramanian
https://pubs.rsc.org/en/results?searchtext=Author%3AR.%20Jayavel
https://www.sciencedirect.com/science/article/pii/S0926860X10006125
https://www.sciencedirect.com/science/article/pii/S0926860X10006125
https://www.sciencedirect.com/science/article/pii/S0926860X10006125
https://www.sciencedirect.com/science/article/pii/S0301479719303639#!
http://www.tandfonline.com/toc/best20/current
https://link.springer.com/article/10.1007/s12034-008-0089-y
https://link.springer.com/article/10.1007/s12034-008-0089-y
https://link.springer.com/article/10.1007/s12034-008-0089-y
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grice%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=30380537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roberts%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=30380537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haridass%20IN%5BAuthor%5D&cauthor=true&cauthor_uid=30380537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duque%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=30380537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duque%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=30380537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lopes%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=30380537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leite-Silva%20VR%5BAuthor%5D&cauthor=true&cauthor_uid=30380537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martins%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=30380537
https://www.ncbi.nlm.nih.gov/pubmed/30380537
https://www.ncbi.nlm.nih.gov/pubmed/30380537


 

Hatamzadeh et al. / J. App. Res. Wat. Wast. 12 (2019) 138-143 

 

  

 

Please cite this article as: S. Hatamzadeh, N. Keramati, M. Mehdipour Ghazi, Synthesis and characterization of Ag-ZnO@clinoptilolite for photocatalytic 

degradation of tetracycline, Journal of Applied Research in Water and Wastewater, 6 (2), 2019, 138-143. 
 

 

 

Xingu-Contreras E., García-Rosales G., Cabral-Prieto A., García-Sosa 
I. Degradation of methyl orange using iron boride nanoparticles 
supported in a natural zeolite, Environmental Nanotechnology, 
Monitoring & Management 7 (2017) 121-129. 

Zhao C., Deng H., Li Y., Liu Z., Photodegradation of oxytetracycline in 
aqueous by 5A and 13X loaded with TiO2 under UV irradiation, 
Journal of Hazardous Materials 176 (2010) 884-892. 

Zhu X., Liang X., Wang P., Dai Y., Huang B., Porous Ag-ZnO 
microspheres as efficient photocatalyst for methane and ethylene 
oxidation: Insight into the role of Ag particles, Applied Surface 
Science 456 (2018) 493-500. 

 

 

P
a

g
e

 |1
4
3
 

 


