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Abstract 

Photocatalytic 

degradation of 

tetracycline using 

phyto-enhanced zinc 

oxide doped with 

graphitic carbon 

nitrite (ZnO:g-C3N4) 

was investigated 

under solar light 

irradiation. Leaf 

extract from moringa 

oleifera was the source 

of the phytochemical 

constituents used in 

the phyto-

enhancement of zinc 
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Introduction  
Antibiotics as 

additives have been 

reported to have 

gained wide 

acceptance in 

medicine and 

agriculture. This have 

led to enhanced 

growth, boost 

efficiency and curbing 

of disease outbreaks. 

In recent times, the 

presence of 

antibiotics in the 

environment has 

been reported (Priya 

and Radha, 2015). 

This have been 

attributed to the 

unrestrained release 

of untreated 

wastewater from the 

pharmaceutical 

industries, residues 

from intensive 

farming and human 

excretion. Among all 

the antibiotics, 

tetracycline (TCs) 

have been extensively 

used in human and  
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oxide synthesized by 

precipitation method 

using zinc nitrate 

precursor. Doping was 

achieved by physically 

mixing phyto-

enhanced synthesized 

zinc oxide with 

graphitic carbon 

nitrite, a light yellow 

powder gotten from 

the calcination of 

melamine at 550 oC. 

The produced 

photocatalyst was 

characterized by FTIR, 

SEM and EDX to 

determine the 

functional groups, 

structural 

morphology, 

elemental composition 

of the prepared 

photocatalyst. The 

effective operation 

parameters employed 

to enhance the 

photocatalytic process 

are solution pH and 

catalyst dosage. The 

result shows that 98% 

degradation of 

tetracycline 

concentration of 10 

mg/L was obtained 

with the optimum 

doping ratio of 5% 

(w/w), pH 8 and 

photocatalyst dosage 

of 0.2 g/L. This may be 

attributed to narrow 

band gab and 

improved 

electron/hole 

separation efficiency. 

Based on this outcome, 

it can be concluded 

that, phyto-enhanced 

zinc oxide doped with 

graphitic carbon 

nitrite (ZnO:g-C3N4) 

photocatalyst can 

effectively degrade 

tetracycline in 

pharmaceutical 

effluents. 

 

eterinary medicine to treat and prevent bacterial infections 

(Wang et al., 2018). TC is poorly adsorbed in digestive tract of 

animals, and 50–80% is excreted through feces and urine. The 

presence of TC in the environment have reportedly caused harmful effects 

leading into antibiotic opposed genes (Zhu et al., 2018). Most conventional 

wastewater treatment methods such as adsorption, membrane filtration, 

chemical coagulation and ion exchange on synthetic adsorbent resins, have 

been reportedly inefficient in the removal of TC antibiotic (Xiong et al., 

2018). These methods do not mineralize completely organic contaminants 

but only transfer pollutants from one phase to another leading to 

secondary pollution. Hence, affordable green processes must be developed 

to ensure complete mineralization of pollutants (Saadati et al., 2016). 

Recently, advanced oxidation processes (AOPs) is being suggested as the 

best technologies for the removal of organic pollutants from water (Li et 

al., 2018). AOPs are known for their rapid conversion rates with non-
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targeted oxidation, resulting in coexistent degradation of multiple 

pollutants (Kishnan et al., 2017). Heterogeneous photocatalysis seems to 

have gained more popularity amongst the AOPs as it has been conveniently 

applied in the degradation of pollutants into H2O and CO2 (Sohrabi et al., 

2017) and can be carried out under ambient conditions (Lam et al., 2012).  

Metal semiconductor photocatalyst such as TiO2, ZnO, fe2O3, CdS and ZnS 

are cost-effective, reportedly efficient and environmentally-friendly 

materials that have been utilized for the remediation of the environment 

(Chen et al., 2017). Impressively, among the various semiconductors zinc 

oxide exhibit high efficiency in photocatalytic degradation. ZnO has a wide 

band gap of 3.37eV at room temperature, a high excitation binding energy 

of 60meV, optical properties, high catalytic activities and produces 

electron-hole pairs under UV light (Verma et al., 2017). The electron and 

holes can interact with the dissolved O2 and H2O to generate *O2 

(superoxide radical) and *OH (hydroxyl radical) respectively which can 

reduce and oxidize the organic pollutant completely into CO2 and H2O 

(Chen et al., 2017).  

These qualities have aroused the interest of the research community to 

develop novel techniques for the production of ZnO through conventional 

techniques (physical and chemical methods). Although these methods use 

less time to synthesize bulk amount of nanoparticles, equipment and 

energy demands of the methods is not sustainable. Furthermore, toxic 

chemicals are reportedly used to maintain stability, this have led to toxicity 

in the environment. Having this in mind, green technology which employs 

the use of plants is reported to be eco-friendly, nontoxic and safe remains 

a viable option since plant extract mediated or phyto-enhanced synthesis 

is economically advantageous and offers natural capping agents (Priya and 

Radha, 2015). This synthesis also permits distinct morphology of 

nanoparticles, guarantees biodegradability and stability. Fundamentally 

the known metabolites present in plant extract are saponins, tannins, 

starches, polypeptides, terpeniods, flavaniods and phenolics. These 

perform the role of reducing Zn2+ to Zn0 (shabnam et al., 2019). Although 

phyto-enhanced ZnO is reported to have a slightly reduced band gap, it is 

still not within the visible light region. Hence the low visible light utilization 

and frequent recombination of photo-induced holes and electrons is still a 
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prevailing challenge seeking for attention. Therefore, the key factor in 

manufacturing highly effective photocatalyst like ZnO is to identify the best 

possible way to narrow the band gap and curb the photo-induced electron-

hole recombination. (Li et al., 2015). 

In a buildup to surmount these challenges, doping has been suggested. It is 

a technology which adjusts physical properties and the electronic structure 

of ZnO. This will improve its utilization of solar energy and ensure reduced 

charge recombination (Kong et al., 2017). For example, Cho et al 2010 

reportedly extended the visible light response of ZnO by doping with 

carbon sourced from vitamin C, whereas Sawant et al., 2016 reportedly 

synthesized visible light active zinc oxide–carbon core–shell nanoparticles 

using an aniline nitrate complex. Similarly, a visible light responsive C-ZnO 

have been derived from a zinc-based metal organic framework (2-

methylimidazole). Legitimately, these carbonaceous materials extended 

the visible light response and catalytic activity of ZnO (Ansari et al., 2017). 

Regrettably, these have not satisfactorily altered the characteristics of ZnO 

that will make it an excellent photocatalyst.  

Recently, attention have shifted towards the use of graphitic carbon-nitride 

(g-C3N4) sourced from melamine as a dopant. It is a relatively novel, 

versatile, and promising metal-free polymeric semiconductor. In this work, 

the use of phyto-enhanced zinc oxide doped with graphitic carbon nitrite 

(ZnO:g-C3N4) for the complete degradation of tetracycline pollutant in a 

synthetic pharmaceutical wastewater is investigated under sunlight 

irradiation. Furthermore, the effect of operations parameter is also 

researched and the kinetics of the process is also determined. 

 

MATERIALS AND METHODS 

Moringa Oleifera Leaf Sample Collection and Pretreatment 
Moringa oleifera leaves were collected from Tudun Fulani, Bosso Local 
Government Area, Minna, Niger Sate, Nigeria. The collected leaves were 
gently washed with distilled water, sundried for seven (7) days and 
afterward was grinded and stored for subsequent usage.  
 

Preparation of Moringa oleifera Leaves Extract 

Thirty grams (30 g) of the powdered moringa oleifera leave was weighed 

into a beaker and de-ionized water of 300 ml of was added. The mixture 
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was heated for 15 minutes at 60 °C on a heating mantle, allowed to cool at 

ambient temperature and filtered with Whatman No.1 filter paper. The 

obtained filtrate was kept in a bottle at 4 oC in a refrigerator for further use. 

 

Synthesis of Zinc Oxide (ZnO). 

The preparation of one molar (1M) concentration of sodium hydroxide 

(NaOH) was done by adding 40 g of the crystals into 1000 ml of de-ionized 

water. To synthesized ZnO, 0.7M of the zinc nitrate [Zn(NO3)2.6H2O] 

solution was prepared by adding 20.825g zinc nitrate [Zn(NO3)2.6H2O] to 

100 ml of de-ionized water in a beaker and stirred at 50 rpm for sixty (60) 

minutes. The solution pH was put to 12 with the prepared 1M NaOH. 20 ml 

of de-ionized water was subsequently added, stirred rigorously and 

allowed to settled for thirty (30) minutes and then decanted after which 

the same volume of water was continually added three times and decanted 

respectively. The gel obtained were properly dried in an electrically heated 

oven over the night at 100 oC and then calcined for two (2) hours in a muffle 

furnace set at 350 oC, cooled and stored for use. 

 

Synthesis of phyto-enhanced zinc oxide (ZnO) 

30 ml of moringa oleifera leave extract was added to 0.7M of Zinc nitrate 

[Zn(NO3)2.6H2O] solution and stirred for sixty (60) minutes at a rotation 

speed of 50 rpm. The mixture pH was subsequently adjusted to 12 with the 

prepared aqueous NaOH. 20 ml of de-ionized water was subsequently 

added, shaked rigorously and allowed to settled for thirty (30) minutes and 

then decanted after which the same volume of water was continually added 

three times and decanted respectively. The gel obtained were properly 

dried in electrically heated oven over night at 100 oC and thereafter 

calcined at 350 oC for two (2) hours in muffle furnace, cooled and stored 

for use. 

 

Doping phyto-enhanced zinc oxide with graphitic carbon nitrite   

Melamine calcination in a furnace was carried out at 550 oC for two (2) 

hours to obtain graphitic carbon-nitrite (g-C3N4). The yellow powdered g-

C3N4 was further purified at the same temperature for a further 1 hour. A 

yellow powered brighter product was obtained, labelled and stored for use. 
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Phyto-enhanced ZnO synthesized was mixed with the graphitic carbon-

nitrite at 5% w/w doping ratio. 20 ml of de-ionized water was added and 

the mixture was stirred for six (6) hours at a speed of 100 rpm. Thereafter 

the mixture aged overnight and subsequently oven dried at 100 oC. The 

dried mixture was calcined in a furnace at 350 oC and stored for use. 

 

Quantitative Determination of the Phyto-Constituents of Moringa oleifera 

Leave Extract 

Determination of total phenols 

The Folin-Ciocalteau method as outlined by (Cicco et al., 2009) was 

employed in the quantifying the total phenolic content. Different 

concentrations ranging from 0.2-1.0 mg/cm3 of gallic acid and methanol 

extract of moringa oleifera leave extracts were prepared in methanol. 

Thereafter, 4.5 cm3 of de-ionized water was added to 0.5 cm3 of the extract 

and mixed with 0.5 cm3 of a ten-fold diluted Folin-Ciocalteau reagent. Five 

milliliters of 7.5 % sodium carbonate were then added to the tubes with 

another 2 cm3 of de-ionized water. The mixture was let still for a duration 

of 90 min at ambient temperature consequent to the absorbance 

measurement at 765 nm using shimadzu UV spectrophotometer (UV-1800, 

240v). This determination was done in threefold with a positive control of 

gallic acid. The total phenolic content was expressed as Gallic Acid 

Equivalent (GAE). 

 

Determination of total flavonoids 

The determination of total flavonoid content of the moringa oleifera leave 

extract was conducted according to the method described by Chang et al., 

(2002). Approximately 0.5 cm3 of the extract was mixed with 1.5 cm3 of 

methanol, 0.1 cm3 of 1 M sodium acetate and 2.8 cm3 of de-ionized water 

and allowed for 30 min. The absorbance measurement was conducted at 

415 nm using a double beam Shimadzu UV-visible 1800 

spectrophotometer. Calibration curve for Quercetin was prepared as 

standard. Total flavonoid was estimated using the linear relationship; 

𝑌 = 1.2766𝑋 + 0.0448 

Where: Y =Absorbance (nm)  

 X= Concentration (mg/L). 
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Determination of total tannins 

According to Chang et al., 2002, approximately 2.0 g of the moringa oleifera 

leave extract was measured into a 50 cm3 beaker after which 20 cm3 of 50 

% methanol was added. The beaker was covered with foil paper and set up 

in a water bath at 77-80 °C for 1 hour and thereafter shaken to ensure 

uniform mixing. The resulting mixture was filtered using the Whatman 

No.1 filter paper into a volumetric flask of 100 cm3. 20 cm3 of de-ionized 

water, 2.5 cm3 of Folin-Denis solution and 10 cm3 of 17 % of Na2CO3 were 

added and mixed properly and left for 20 min. The absorbance 

measurement was observed at 760 nm using Shemadzu UV- 

spectrophotometer (UV- 1800, 240v). Calibration curve was prepared 

using tannic acid as standard. Total tannins were evaluated using the 

equation below;  

𝑌 = 0.5269𝑋 − 0.602 

Where Y= Absorbance (nm)  

X = Concentration (mg/L). 

 

Characterization of the Prepared Photocatalysts  

The zinc oxide (ZnO) and phyto-enhanced zinc oxide synthesized were 

characterized using the following analytical procedures;  

 

Experimental conditions for surface electron microscopy (SEM) 

0.05 g each of zinc oxide and phyto-enhanced zinc oxide synthesized 

samples was sprinkled on a carbon tape which was fixed onto an aluminum 

stub. The zinc oxide and phyto-enhanced zinc oxide synthesized were 

coated with gold-palladium (Au:Pd; 60:40) using Quorum T15OT for five 

(5) minutes preceding  the analysis. The essence of this, is to prevent 

charging which interfere with images during analysis. To examine the 

morphology and elemental makeup of the samples, the Zeiss Auriga SEM 

couples with EDS were respectively used. The microscope was ran at 5 KeV 

for imaging and 20 KeV detectors for EDS. 

 

Measurement conditions for energy dispersive x-ray spectroscopy (EDXS) 

0.05 g each of zinc oxide and phyto-enhanced zinc oxide synthesized 

samples was sprinkled in a sample holder covered with carbon adhesive 
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tape which was sputter-coated with Au-Pd using Quorum T15OT for 5 min 

to the commencement of analysis. The sputter coated samples were 

characterized using Zeiss Auriga SEM. The secondary electron mode was 

activated for imaging and a homogeneous region on the sample was 

identified. The microscope was operated with electron high tension (EHT) 

of 20 KV for EDS, the illumination angle was adjusted to 150° and then the 

elemental composition of the sample was determined. 

 

Photocatalytic experiment 

10 ppm of Tetracycline wastewater was prepared by dissolving 10 mg of 

tetracycline hydrochloride in 1000 ml of deionize water. 0.5 g of the 

photocatalyst powder was dispersed in 100 ml of aqueous solution of 

tetracycline (10 ppm) and the solution pH was adjusted to 2, 4, 6, 8, 10 and 

12. The resulting mixture was set up on a magnetic stirrer and whirled for 

thirty (30) minutes in the dark before exposure to sunlight. This is to 

ensure that the adsorption-desorption equilibrium was reached. The 

mixture was continuously stirred under sunlight irradiation and the 

mineralization of tetracycline in the wastewater was monitored for 3 h. a 

test sample at regular interval of 30 minutes was taken from it and 

centrifuged. The resulting supernatant liquid was analyzed using UV-Vis 

spectrophotometer. The spectrum was recorded at a wavelength of 357nm 

and the percentage removal was evaluated using the equation below; 

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑓 𝑡𝑒𝑡𝑟𝑎𝑐𝑦𝑐𝑙𝑖𝑛𝑒 =  
𝐶𝑜 − 𝐶𝑡

𝐶𝑡

 × 100 

Where Co is the initial concentration of tetracycline in wastewater before 

sunlight irradiation, Ct is the concentration of tetracycline in wastewater 

after sunlight irradiation for time t i.e 0, 30, 60, 90, 120, 150 and 180 min. 

This procedure was repeated severally as the catalyst dosage was also 

varied in the range of (0.1 – 0.5 g) (Kaur et al., 2019). 

 

RESULTS AND DISCUSSION 

Phytochemical screening of Moringa oleifera Leaves Extract  

The outcome of the quantitative phytochemical screening conducted on 

the aqueous leaves extract of the Moringa oleifera is shown below 
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Table 4.1 Phytochemical Assessment of the Moringa oleifera Leaves 

Extract 

CONTENTS CONCENTRATION  (mg/100g) 

Phenol 

Flavonoid 

Tannins 

Alkaloids 

Saponins 

279.4 

61.4 

52.03 

12.2 

104.1 

 

The phytochemical assessment was conducted to unravel the 

phytochemicals present and their concentration respectively in Moringa 

oleifera leaves extract. It was discovered that phenol, flavonoids, tannins, 

alkaloids and saponin were present in significant amount. These 

phytochemicals are responsible for capping and stabilizing nanomaterials 

(Vinu et al., 2017). This according to reports implies that these plants 

extracts behave in a similar manner with the commercial reducing agents 

such as citric acid, sodium borohydride (NaBH4), lithium aluminium 

hydride (LiAlH4).  

 

Characterization of phyto-enhanced zinc oxide nanoparticle doped with 

graphitic carbon nitrite 

FTIR analysis 
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Figure 1.0: FTIR spectrum for doped phyto-enhanced zinc oxide 

nanoparticles 

 

The phyto-enhanced zinc oxide nanoparticles doped with graphitic carbon 
nitrite (ZnO:g-C3N4) was characterized by FTIR. The FTIR spectrum 
revealed functional groups in all the samples investigated. These functional 
groups were revealed in the scan range of 4000–500 cm-1. The spectrum 
showed peaks at 2488.08, 2345.06, 1777.07, 1687.17, 1523.73, 1380.70, 
1147.79, 1070.15, 878.09, 698.30 and 628.83 cm-1 respectively The 
obtained peak at 2488.08 cm-1 and 2345.06 cm-1 represents C=O of carbon 
dioxide. The peak at 1777.07 cm-1 represents C-H bending of aromatic 
compounds. The observed peak at 1687.17 cm-1 reveals the N-H bending 
and the peak at 1523.73 cm-1 is assigned to symmetric vibration of C=O. 
The bandwidth of 1500 – 600 cm-1 shows the fingerprint region of zinc 
oxide nanoparticles. Emphatically, the introduction of graphitic carbon 
nitrite (g-C3N4) as dopant led to some modifications during synthesis. 
(Rajendran et al., 2017). 
SEM ANALYSIS 

 

  
Figure 2.0: SEM Image for doped phyto-enhanced zinc oxide nanoparticles 

at different magnifications.  
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Scanning electron microscope (SEM) has been reported to be one of the 

notable leading techniques for the determination of the topographical 

study of prepared samples. It is known for providing vital facts about the 

shape of synthesized samples. The SEM micrograph at different 

magnifications confirmed that ZnO nanoparticles were formed. The SEM 

micrograph of the phyto-enhanced zinc oxide doped with graphitic carbon 

nitrite (ZnO:g-C3N4) reveals loosed structure of uniformly distributed 

particles with increased surface area. The nanoparticles were spherical 

and granular in nature. In addition, the nanoparticles were inclined to 

aggregation due to the surface-to-volume ratio which is typical with phyto-

enhanced nanoparticles as suggested in many literatures. This is because 

phyto-enhanced nanoparticles possess higher surface area. Remarkably, 

greater amount of the zinc oxide nanoparticles doped with graphitic 

carbon nitrite (ZnO:g-C3N4) were identical in dimension. 

EDX ANALYSIS 

 
Figure 3.0: EDX spectrum for doped phyto-enhanced zinc oxide 

nanoparticles 

 

The elemental makeup of the phyto-enhanced zinc oxide(ZnO) 

nanoparticles doped with graphitic carbon nitrite (ZnO:g-C3N4) with their 

respective atomic and weight percent were confirmed by energy 

dispersive X-ray (EDX) analysis. The EDX spectra of the samples shows 

that it contains traces of impurities which is expected.  The peak of 

zinc(Zn), oxygen(O), carbon(C), sodium(Na), magnesium(Mg), 

phosphorous(P) and potassium(K) for the synthesized phyto-enhanced 

zinc oxide nanoparticle doped with graphitic carbon nitrite (ZnO:g-C3N4). 

The EDX spectra indicates three peaks for zinc(Zn) at 1 keV, 8.6 keV, and 
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9.6 keV respectively and a unique peak for oxygen at ~0.5 keV which is 

typical of ZnO NPs (Azeez and Himdad, 2020). The observed peaks of 

Potassium(K), Sulphur(S), magnesium(Mg) and phosphorous(P) in traces 

could be due to surface contamination in the course of the analysis. The 

carbon peaks observed maybe attributed to the carbon composition of the 

storage material and the carbon introduced by the dopant. However, the 

observed spectrum of sodium is a misidentification of Zn Lα as Na Kα 

(Newbury, 2009). The absence of nitrogen in the synthesized phyto-

enhanced zinc oxide nanoparticle doped with graphitic carbon nitrite (g-

C3N4) could be attributed to the deamination during thermal 

polymerization reaction (Paul et al.,2020). Theoretically as reported by 

Bari et al., 2009, the expected stoichiometric weight percent of Zn and O 

for raw zinc oxide (ZnO) synthesized nanoparticles are 80.3% and 19.7% 

respectively. Although in this work the weight percentage of these two 

elements are not close to the expected values because of these 

contaminations aforementioned earlier. However, it did not in any way 

affect the photocatalytic rendition of the synthesized zinc oxide 

nanoparticles doped with graphitic carbon nitrite (ZnO:g-C3N4).  

 

Effect of operating parameters on photocatalysis 

Effect of photocatalyst loading on the degradation of tetracycline 

The amount of catalyst affects the reaction rate by providing the surface 

for the adsorption as well as generating oxidative valence band holes and 

electrons. The different photocatalyst dosages between 0.1 - 0.5 g were 

employed in the batch experiment to investigate the effect of photocatalyst 

dosage on the photocatalytic degradation of organic pollutants present in 

the tetracycline wastewater. It is observed that with increase in the 

photocatalyst loading, there is a subsequent increase in tetracycline 

degradation capacity of the photocatalyst. As shown in Figure 4.0, the 

efficiency degradation was the best at the dosage of 0.2 g, after which there 

was a sharp decrease in the removal efficiency. This behavior can be 

explained by the fact that the adequate photocatalyst particles increased 

the generation of electron/hole pairs, resulting in enhancing 

photodegradation. However, excessive photocatalyst dosage may lead to 

the light transmittance decrease and light scattering increase in the 
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solution and result in low utilizing efficiency of electron/hole pairs (Wang 

et al., 2013). 

 

 
Figure 4.0: Effect of catalyst dosage on percentage degradation 

 

Effect of initial solution pH 

The initial solution pH is one of the most essential parameters in 

photocatalytic processes. It dictates the adsorption capacity of the targeted 

organic molecules and its subsequent photocatalytic degradation by 

influencing the ionization state of the catalyst surface visa-viz the electrical 

charge characteristics of the photocatalyst. Although degradation may be 

attributed to the nature of the pollutant and photocatalyst in different pH. 

However, it is difficult to interpret the influence of pH value on 

photodegradation process due to its multiple roles. The pH values 

influences the adsorption and dissociation capacity of compounds, the 

charge distribution on the catalyst surface, and the oxidation potential of 

the valence band of catalyst (Saadati et al., 2016). Generally, it is observed 

that the rate of decomposition of organics over the photocatalyst is more 

pronounced if large number of target molecules is adsorbed on the catalyst 

surface, which either depends on the acidic/basic nature of the surface of 

the catalyst or surface modifications through change in pH of the system 

(Hur et al., 2006). The removal of tetracycline from wastewater using 

ZnO:g-C3N4 nanoparticle at different pH range from 2-12 under batch 

conditions was studied (Figure 5.0). The highest degradation efficiency 
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was observed at pH 8. This may be due to the processes occurring on the 

surface of the ZnO nanoparticle and organic pollutants present in the 

wastewater. The nanosized ZnO surface undergoes surface modification 

due to its basic nature, thereby resulting in the formation of negatively 

charged specie. This feature is responsible for the combined action of 

simultaneous adsorption followed by photodegradation of organic 

pollutants on the surface of the nanoparticle. In addition, alkaline range is 

reported to favour the formation of more OH radicals from the large 

quantity of OH ions present which could enhance the degradation 

significantly (Khokhawala and Gogate, 2010). 

 
Figure 5.0: Effect of pH on degradation percentage  
 
CONCLUSION 
In this study, phyto-enhanced zinc oxide nanoparticle doped with graphitic 
carbon nitrite was successfully developed via physical mixing method. The 
photocatalyst produced was characterized by FTIR and SEM-EDX. The 
morphology of the photocatalyst at different magnifications confirmed that 
ZnO nanoparticles were formed. Revealing also loosed structure of 
uniformly distributed particles with increased surface area. Whereas the 
EDX confirms the elemental presence of Zn and O, the FTIR spectrum 
suggests the existence of functional groups typical of zinc oxide 
nanoparticle. The produced photocatalyst was successfully used to 
degrade tetracycline in a synthetic pharmaceutical wastewater. The results 
of this degradation shows that tetracycline removal largely depends on 
operating parameters as 98% degradation was recorded with the catalyst 
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dosage of 0.2 g and pH 8 as optimum conditions. This technique has been 
confirmed to be effective.    
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