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Abstract  
   The current research work focuses on the synergistic effect of tin doped Zinc oxide(Sn- ZnO) nanorods 

in combination with ozonation for the degradation of dyes in the water released from textile industries. 

Well crystalline mono dispersed Sn doped ZnO (Sn-ZnO) nanorods have been synthesized by simple 

hydrothermal method.  The XRD results show the hexagonal wurtzite structure of the prepared catalyst. 

The result of EDAX and XPS revealed that Sn was doped in to ZnO lattices. FESEM image show that the 

sample possesses hexagonal rod morphology with an average of 1µm in length and 50 to 100nm in 

diameter.  Optical transmittance of the sample was recorded in the wavelength range of 300–800 nm, 

and the band gap was determined. The prepared nanocatalyst in combination with ozone is used for the 

photocatalytic ozonation (nano PCO) of the azo dyes taken for the present study. Nano PCO is carried 

out in a laboratory scale photocatalytic ozonation reactor.  The experiments were conducted under 

different ozone dosages (0.12-0.57 g/h), pH (3-9), catalyst dosage (0-2 g/L) and dye concentration (5-50 

mg/L) to arrive at optimized reaction conditions for degradation of dyes by Sn-ZnO assisted PCO.  Three 

experimental sets (Sn-ZnO/UV, UV/O3 and Sn-ZnO/UV/O3) were carried out under optimized reaction 

conditions to prove the synergistic effect of ozone on Sn-ZnO.  Use of ozone with Sn-ZnO leads to 95% 

decolourisation of the dyes in 30 min and 79.4% mineralization in 180 min.   The reusability of the 

photocatalyst was checked six times and the results revealed that the efficiency of the sample slightly 

decreased at the end of sixth cycle.  Based on the above results, the current route is promising for the 

application of Sn-ZnO based nanocatalyst in combination with ozonation for wastewater treatment. 

Keywords: Sn doped ZnO (Sn-ZnO), Photocatalytic Ozonation (PCO), Azo dyes, Synergistic effect.  

 

1. INRODUCTION  

   Water polluted with dyes constitutes an 

increasing environmental pollutant, mainly 

in places such as India, where textile 

industries play a vital role in the economic 

growth. During the last decade, the 

unregulated discharge of textile effluents 

by the industries into the water bodies have 

had much more deleterious effects on our 

environment, than the benefits it bestowed 

to the society.   Due to the recalcitrant 

chemical nature of dyes, photochemical, 

chemical and bio-chemical degradation of 

wastewater is much limited.  

   The current wastewater treatment 

methods adopted in industries are solar 

evaporation or biological treatment 

systems which are not effective in 

elimination of these different classes of 

dyes. In the last decade, a lot of research 

has been addressed to a special class of 

oxidation technique known as Advanced 

Oxidation Processes (AOPs), pointing out 

its prospective major role in the 

wastewater treatment [1-7]. These 

treatment processes are considered as very 

promising methods for the remediation of 

ground and surface waters that are polluted 
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by non-biodegradable, toxic organic 

industrial effluents. In particular, 

semiconductor mediated nano photo-

catalysis is a rapidly developing field of 

research with a wide range of applications 

in water disinfection, hazardous waste 

remediation and water purification. Among 

various photocatalysts, Zinc Oxide (ZnO) 

with high surface reactivity owing to large 

number of active sites and other innate 

characteristic has emerged as an efficient 

photocatalyst. It absorbs wider spectrum of 

radiation and has high photochemical 

reactivity. It can be synthesized under mild 

conditions and various methods have been 

adopted. Electrochemical deposition 

method is used for production of zinc 

oxide nanorods [8]. Various sizes of ZnO 

nanoparticles are synthesized for the study 

on degradation of dyes by sol-gel method 

[9]. Amongst the various synthesizing 

routes of nanoparticles, hydrothermal 

method has gained great success in 

producing nanaomaterials as it has low 

energy consumption, normal operating 

conditions and environmentally benign.  

Low operating temperatures, diversified 

morphologies and pronounced crystallinity 

of the nanoparticles along with high purity 

makes this process more advantages than 

other methods [10]. This method is 

expected to produce nanorods with 

minimal defects, good homogeneity having 

special morphology and metastable phase 

thermodynamics [11]. 

   However, the rapid recombination rate of 

the photo induced charge carriers in ZnO 

results in reduction of its photocatalytic 

activity which is unfavourable for 

commercial application [12, 13]. One of 

the important strategies to reduce the 

recombination of charge carriers in ZnO is 

doping where doping generates more 

defects and vacancies which traps the 

charge carriers and enhances 

photocatalytic activity of ZnO [14-16]. 

Recent studies demonstrated that transition 

metal doping into ZnO lattices can tune 

various properties of ZnO and enhance its 

visible light photocatalytic activity [17-

21]. Many efforts have been taken to 

prepare different morphology of doped 

ZnO nanoparticles.  Some of the methods 

used co-precipitation [22, 23]. Pulsed laser 

deposition [24] and vapour phase transport 

[25]. Many elements have been identified 

for doping with ZnO [26]. Aluminium 

doped ZnO [27] is used for the study on 

degradation kinetics for photocatalytic 

reaction of methyl orange. Yarahmadi et. 

al., [28] have synthesized Strontium doped 

ZnO nanoparticles for photocatalytic 

applications. Cadmium doped ZnO 

nanocatalyst is used for degradation of 

textile dyeing wastewater [29]. Siva et al 

[30] have synthesized and characterized Sn 

doped ZnO nanoparticles and studied the 

optical and photocatalytic behaviour with 

model dye methylene blue. Among them, 

Sn is considered as an important dopant 

material for ZnO, because of the different 

structure of the electronic shell and the 

similar ionic radii of Sn4+ (0.071nm) and 

Zn2+ (0.074nm) [31]. The incorporation of 

Sn in ZnO lattice generates reactive 

oxidant species, when it is illuminated by 

UV or visible light that in turn enhances 

the photocatalytic activity of the sample. 

Furthermore, one dimensional (1D) 

nanostructures such as nanorods, 

nanofibers and nanowires also improves 

the photocatalytic activities of ZnO since 

electrons are confined in one dimension 

(1D). 

   However, as the number and 

concentration of contaminants increase, the 

process becomes more complicated and 

challenging problems such as catalyst 

deactivation, slow kinetics, low photo 

efficiency and unpredictable mechanism 

need to be solved. Despite the great efforts 

devoted to the study of photocatalytic 

processes, only few studies have been 

found in the literature of their application 

on industrial scale. Although total 

elimination of the active species can be 

achieved in most cases, complete 

mineralization of organic matter usually 

requires longer periods of treatment.  
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In order to improve the performance of 

photocatalytic process, different strategies 

have been used. On the other hand, the use 

of ozone for the destruction of organics in 

water is considered as a well-known water 

treatment technique. O3 is a powerful 

oxidant (E˚ =2.07V) and reacts with many 

compounds via direct or indirect reactions. 

Indirectly, O3 can react through hydroxyl 

radical (E˚=2.8V) which is a powerful and 

nonselective oxidant and can react with 

almost all organic compounds [32, 33]. 

   The similarity between the mechanisms 

of destruction in AOPs indicates that 

appropriate combination of these oxidation 

systems could give better performance, as 

compared to individual processes and 

some of the drawbacks of one process 

could be eliminated by some 

characteristics of other processes. The 

efficacy of these processes depends 

strongly on the rate of generation of the 

free radicals and their utilization by 

organic molecules. 

   Photocatalytic ozonation (PCO) is one 

such emerging new technology which uses 

the combination of photocatalysis and 

ozonation.  It has been recently studied in 

treating dibutyl phthalate [34], oxalate ions 

[35], carboxylic acids [36], phenolic [37] 

and pesticide wastewaters [38].  Further, a 

review on different compounds degraded 

by PCO has been published [39] and the 

results showed that the combination of two 

methods manifested the removal of 

organics in effluent in shorter period.  

The present work reports the degradation 

of textile dyeing wastewater by PCO 

assisted by Sn-ZnO nanorods. Sn-ZnO 

nanorods were synthesized by a simple 

hydrothermal method and the effect of 

varying experimental parameters such as 

pH, Ozone dosage, dye concentration and 

Catalyst dosage was investigated. Azo 

dyes such as Reactive Red 120 (RR 120), 

Reactive Yellow 145 (RY145) and 

Amaranth have been taken as model dye 

pollutants for the present study.  The 

synergistic effect of ozonation on Sn-ZnO 

photocatalysis was evaluated and 

compared with individual techniques.  

 

2. MATERIALS AND METHODS 

2.1 Materials 

   Azo group of dyes such as RY 145, 

Amaranth and RR 120 were selected as 

model dyes which are prevalently present 

in textile effluents. ZnCl2 and SnCl4 were 

used without any further preliminary 

treatment. All the other chemicals such as 

hexamethylene tetramine, KI, Na2S2O3 

5H2O, NH4OH, H2SO4 and NaOH are 98% 

pure and are supplied by Merck which are 

analytical grade. All the aqueous solutions 

are prepared with double distilled water.  

 

2.2 Preparation of Sn Doped ZnO 

Nanorods 

   Sn-ZnO nanocatalyst was prepared by 

hydrothermal method.  Aqueous solutions 

of 0.1M ZnCl2 and 0.01M SnCl4 were 

mixed under continuous stirring for 45 min 

at room temperature. After stirring, 

aqueous solution of 0.1M hexamethylene-

etetramine was added and stirred for 30 

min. The pH of the solution was 

maintained at 8 by adding few drops of 

NH4OH. The final solution was again 

vigorously stirred for 30 min and 

transferred to Teflon lined autoclave which 

was then sealed and heated up to120°C for 

5 h. The same procedure was repeated 

without SnCl4 for pure ZnO. After 

terminating the reaction, the autoclave was 

allowed to cool at room-temperature and 

the obtained products were washed several 

times with deionised water and ethanol. 

Finally the prepared products were dried at 

60°C. The catalyst thus prepared is used 

for the degradation of azo dyes in an 

annular photocatalytic ozonation reactor. 

 

2.3 Photocatalytic Ozonation with 

Prepared Sn Doped ZnO Nanorods 

   For the experimental runs, a pyrex 

annular photoreactor as shown in Figure 1 

has been used. The photoreactor containing 

500mL of aqueous suspension was 

provided with ports in the upper part for 
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inlet and outlet of ozone and at the lower 

part to withdraw aliquots of reacting 

suspension. 

 

 

 
Figure 1. Reactor set up for Photocatalytic ozonation. 

 

   A medium pressure mercury lamp of 

15W was immersed in axial position inside 

the photoreactor. The photon flux emitted 

by the lamp has its maximum value at 365 

nm. Sn-ZnO was used as photocatalyst 

without any further preliminary treatment.  

0.2 g/L of photocatalyst was added to 500 

mL of the dye solution (20 mg/L). Ozone 

was generated by feeding synthetic air to 

the Ozone generator (Indiozone, India) and 

was able to vary the O3 production rate in 

0.12g/h to 0.54 g/h range.  The initial pH 

was adjusted using 0.1N H2SO4 or 0.1N 

NaOH.   The temperature of the suspension 

was maintained at 20±1˚ C.  The slurry 

mixed by magnetic stirrer was allowed to 

attain steady state in the dark for 30 min. 

after which Ozone was passed through the 

reactor. Aliquots of samples were 

withdrawn at specified intervals of time. 

The reaction parameters such as ozone 

dosage, pH, catalyst dosage and dye 

concentration were optimized and final 

degradation experiment was performed in 

the annular reactor with optimized reaction 

conditions.  Samples were withdrawn at 

regular intervals and analysed for the 

percentage of decolourisation and 

degradation. Decolourisation was 

monitored by decrease in absorbance at 

418nm, 522nm and 530 nm respectively 

for RY145, Amaranth and RR120 in the 

UV-visible spectrophotometer.  Chemical 

Oxygen Demand measured by open reflux 

potassium dichromate titrimetric method 

[40] showed the decrease in degradation.   

TOC was measured using Total Organic 

Carbon Analyser. 

 

3. CHARACTERIZATION 

   The pure and Sn-ZnO samples were 

investigated by XRD using Rigaku 

Minflex-IIC model diffractometer with 

CuKα radiation (λ = 1.5406Å) in the scan 

range (2θ) from 20° to 80° at room 

temperature. The surface morphology and 

elemental confirmation of the Sn-ZnO 

sample was studied using FEI Quanta FEG 

200 model FESEM operated at 30 kV 

equipped with an energy-dispersive X-ray 

(EDAX) detector. X-ray photoelectron 

spectroscopy (XPS) analysis was carried 

out to determine the chemical states of the 

elements present in the sample. The optical 

transmission spectra were recorded using 

LABINDIA T90+ UV-Vis spectro-

photometer in the wavelength range of 

300-800 nm.  

 

4. RESULTS AND DISCUSSION 

4.1 Structural Studies 

   The powder XRD patterns of the pure 

and Sn-ZnO samples are depicted in Figure 

2. The XRD results reveal that the samples 

are in single crystalline phase with 

hexagonal wurtzite structure. Within the 
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XRD detection limit, no extra diffraction 

peak from Sn related a second phase was 

observed. This indicates that Sn4+ 

substituted for Zn2+ of ZnO host without 

changing the wurtzite structure.  

 

 

 
Figure 2. Powder XRD patterns of Pure and Sn-ZnO nanorods. 

 

   The intensity of the (1 0 1) plane in the 

pure ZnO is much stronger than that of Sn 

doped ZnO and a slight shift of peaks 

positions related to the change of lattice 

spacing was observed due to the 

substitution of relatively less ionic radii 

(0.071 nm) Sn4+ at the Zn2+ (0.074 nm) 

sites. The weak intensity peaks and the 

slight shift of peaks positions may imply 

that Sn4+ incorporates into the ZnO lattices 

and substitutes the Zn2+ site. 

 

4.2 Morphological and Compositional 

Analysis  

   The surface morphology and composi-

tional analysis of Sn-ZnO sample was 

determined using field emission scanning 

electron microscopy (FE-SEM) equipped 

with EDAX analysis. FESEM image 

reveals that the sample consists of 

nanorods with length and diameter in the 

order of 1µm and 50-90 nm.  

 

 
Figure 3. (a) FESEM image of Sn doped ZnO  (b) EDAX spectrum of Sn-ZnO. 
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   Figure 3(a) indicates the uniform 

distribution of hexagonal nanorods without 

any defects and exhibit good crystalline 

quality. The EDAX analysis was 

performed to confirm the presence of Sn in 

ZnO. Figure 3(b) show the EDAX 

spectrum of Sn-ZnO sample. The results 

reveal that the sample consists of Zn, Sn 

and O which confirms the substitution of 

Sn in ZnO. 

 

 
Figure 4. XPS spectra of Sn-ZnO (a) Survey spectrum (b) Zn2p (c) O1s and (d) Sn3d. 

 

   XPS analysis was performed to identify 

the elements present in the sample. The 

survey spectrum for the Sn-ZnO sample is 

presented in Figure 4(a). The energy scale 

was calibrated with the C 1s peak at 284.6 

eV as reference. The peaks observed at 

1023 eV and 1046 eV are assigned to the 

electronic states of Zn 2P3/2 and Zn 2P1/2 

respectively and indicating that Zn2+ ions 

are dominant in the sample (Figure 4(b)). 

Figure 4(c) shows O1s XPS spectrum in 

which the peak observed at 533 eV is 

attributed to O2- ions of ZnO. Figure 4(d) 

shows the Sn 3d spectrum of the sample. 

There are two main peaks positioned at the 

binding energy sites of 487eV and 495eV 

corresponding to the Sn 3d5/2 and Sn 3d3/2 

orbital respectively and indicating the 

existence of Sn ions in the sample [41, 42]. 

 

 

 
Figure 5. (a) Optical transmission spectra of Pure and Sn-ZnO and  (b) plot of (αhν)2 versus 

Photon energy. 
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4.3 Optical Studies  

   The optical transmission spectra of pure 

and Sn-ZnO samples are shown in Figure 

5(a). The samples are transparent in the 

visible optical region, and with increase in 

Sn doping, the transmittance maxima 

decrease. The optical band gap (Eg) was 

estimated from the Tauc’s relation [43],  

(αhν)2 = A (hν-Eg) 

where A is an energy dependent constant, 

Eg is the optical band gap of the sample. 

The optical band gap energy was 

calculated by extrapolation of the linear 

part of plot between (αhν)2 and hν as 

shown in Figure 5(b) and the estimated 

band gap values are 3.22eV and 3.05eV 

respectively for pure and Sn-ZnO.   Signal 

at 380nm might be due to charge transfer 

excitation, the absorption bands resulted 

from transition π→ π* and n → π* 

involving π orbitals and lone pairs (n=non-

bonding).   With Sn doping the band gap 

value of ZnO decreases. This might be due 

to band gap shrinkage effect by increased 

carrier concentration [44]. This decrease in 

the bandgap has two major advantages. 

Lower band gap facilitates electron 

excitation with comparatively low energy 

and hence meets the requirements for 

visible photocatalysis. Electrons available 

in the conduction band for the 

photocatalytic reaction increases and 

enhances the photodegradation. Further, 

doping introduces intermediate states 

within the conduction band and valence 

band. These intermediate states help in 

trapping the excited electron that causes 

enhanced charge separation thereby 

inhibiting recombination [30]. 

 

4.4 Studies on Photocatalytic Ozonation 

4.4.1 Effect of Ozone Dosage 

   To find out the optimal ozone dosage 

required for the degradation of dyes, the 

ozone dosage was varied from 0 g/h to 

0.52 g/h. The removal rate was found to 

increase linearly with increase in ozone 

dosage and decreases after 0.48 g/h as 

shown in Figure 6. 

 

 

 
Figure 6. Effect of Ozone dose on nano-PCO for degradation of azo. 

 

   The COD removal was 61.6% for the 

mixture of dyes at the end of 60 min. The 

increased COD removal could be 

attributed to fast reaction of ozone with 

reactant molecules. But at very high 

dosage, some of ozone may escape out 

without reacting with the pollutant due to 

less contact time of ozone with the 

reactant. The additional increase in flow 

rate of ozone would no longer contribute to 

increase the removal of the pollutant and 

hence it is optimized at this point [45]. 

Similar studies on the Photocatalytic 

ozonation degradation of textile dye by 

Cadmium doped ZnO resulted in 88.6% 

decolourisation [29]. 

 

4.4.2 Effect of pH  
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   Ozone can degrade organic pollutants 

either by direct electrophilic attack at 

acidic or neutral pH or by indirect attack 

through the formation of hydroxyl radical 

at alkaline pH. For the photocatalytic 

process, generally the pH has varied effect 

on the process based on the surface 

adsorption properties. In this study, the 

reaction was carried out at pH 3, 6 and 9 

with 0.2 g/L Sn-ZnO and 0.48 g/h of O3. 

The COD removal in 180 min was 78%, 

82% and 80% at pH 3, 6, and 9 

respectively as shown in Figure 7.  

 

 

 
Figure 7. Effect of pH on nano-PCO for degradation of azo dyes. 

 

   The results indicate at high pH due to 

faster decomposition of ozone the 

synergism was lost in PCO and hence 

neutral pH was suggested for the 

degradation of dyes [45]. With Copper 

doped ZnO catalyst used for photocatalytic 

ozonation of Amaranth [46] also reported 

that 63.5% degradation with pH 6 whereas 

with pH 3 and 9 it was respectively 54%  

and 52%. 

 

4.4.3 Effect of Catalyst Dosage 

   In photocatalytic processes, catalyst 

dosage is an important parameter. Thus, 

the influence of initial catalyst on PCO of 

dyes was examined by using different 

concentrations of Sn-ZnO ranging from 0 

to 1 g/L with 20 mg/L of dyes and 0.48 g/h 

O3 dosage at pH 6. When the catalyst 

concentration was increased, an increase in 

COD removal was observed as shown in 

Figure 8 and was 68% with 0.2g/L of 

catalyst. 

 

 
Figure 8. Effect of Catalyst Dosage on nano-PCO for degradation of azo dyes. 
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   Nevertheless, a further rise in Sn-ZnO 

concentration to 1 g/L did not lead to 

corresponding enhancement in COD 

removal. The gradual increase in COD 

removal was attributed due to the fact that 

with increase in catalyst concentration, the 

surface area and thus the number of active 

sites increase. When the catalyst 

concentration is too high, the excess 

catalyst might lead to a shielding effect on 

the penetrating radiation. Penetration of 

light into reactor is hampered by the 

increased turbidity of the solution [46]. 

 

4.4.4 Effect of Dye Concentration 

   The degradation of dyes at different 

concentrations (5, 10, 15, 20 and 50 mg/L) 

for a catalyst loading of 0.2g of Sn-ZnO 

was investigated and shown in Figure 9.  

The degradation efficiency was to be 

inversely proportional to the increase in 

concentration. Degradation was found to 

decrease with increase in the concentration 

of the dye and decolourisation was almost 

complete even at higher concentration. 

Also, the graph in Figure 9 shows that 

even at 50 ppm the degradation efficiency 

was 45% which means that Sn-ZnO 

worked well at high concentration. 

Initially, the catalyst surface area available 

helped to increase degradation efficiency 

but with a further increase of dye 

concentration (at 50 mg/L) active sites of 

the catalyst were fully occupied by dye 

molecules and no space was available for 

OH• radicals’ generation. 

 

 
Figure 9. Effect of Dye Dosage on nano-PCO for degradation of azo dyes. 

 

   The high concentration of dye would 

have acted as a filter for the incident light, 

which ultimately reduced degradation 

efficiency. Similar results have been 

reported [46] with Amaranth dye 

degradation by Copper doped ZnO where 

98% decolourisation and 68% degradation 

was achieved with 25 mg/L of dye.  But 

when the dye concentration was increased 

to 50mg/L, only 28% degradation was 

noted even though decolourisation around 

80%.   

 

4.4.5 Mineralisation Studies and 

Synergistic Effect 

   The mineralization of mixture of these 

dyes by the application of different 

treatment procedures has been studied by 

the reduction in TOC content.  In table 1, 

TOC removal by different processes is 

presented.  Blank experiments were also 

carried out to illustrate the effect of light in 

the absence of catalyst and the effect of 

catalyst in the dark.   

   It was obvious from the results that the 

dyes did not mineralize either by the 

catalyst alone or by UV radiation alone 

and indicated that neither hydrolysis nor 

photolysis had taken during the course of 

the reaction. 75.4% TOC removal was 
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achieved with nano PCO.  The initial rate 

of dye mineralization by the application of 

different techniques is obtained from 

slopes of TOC/TOCo vs. time up to 180 

min indicates that degradation rate 

constant with nano PCO was higher than 

the individual and other combined AOPs. 

   It is clearly seen from table 1 that Sn-

ZnO/UV/O3 was the most efficient AOP.  

However, the question arises whether this 

is just due to two independent AOPs (Sn-

ZnO/UV and O3/UV) contributions or due 

to some synergistic effect of O3 on Sn-

ZnO/UV process. In combined nano 

photocatalytic ozonation process, the rate 

constant observed was 2.6 times higher 

than that observed in TiO2 photocatalysis 

and 2.1 times higher than ozonation 

process which proves the synergistic effect 

in the combined process. Three possible 

reasons for this synergistic effect of O3/UV 

and Sn-ZnO/UV is[39]: 

 

a) O3 as a stronger oxidant than O2 is 

more easily reduced by a 

photogenerated conduction electron 

from Sn-ZnO producing ozonide 

radical anion, which in the next step 

generates hydroxyl radicals (equation 

1, 2 and 3). 

 

O3  + e-                          O3˙
-                   (1) 

O3˙
- +  H+                      HO3˙                 (2) 

HO3˙                             O2  +  HO˙        (3) 

 

b) Due to more efficient trapping of 

photogenerated electrons by ozonation 

the recombination between holes and 

electrons is minimized.  Consequently, 

a larger number of radicals are 

produced, thereby accelerating 

photocatalytic reaction.  

c)  Even if molecular oxygen accepts the 

photogenerated electrons a resulting 

superoxide radical anion can react with 

ozone to give in subsequent steps a 

hydroxyl radical             (equation 4 -

7). 

 

O2 + e-                                O2˙
-               (4) 

O2˙
- + O3                             O3˙

- + O2      (5) 

O3˙
-   + H+                           HO3˙             (6) 

HO3˙                                   O2 + HO˙     (7) 

 

   Consequently, when the Sn-ZnO is nano 

photocatalyst is irradiated in the presence 

of ozone, a greater number of hydroxyl 

radicals are produced compared to the 

presence of oxygen.  Ozone therefore acts 

as a powerful oxidant in place of oxygen 

mainly owing to the fact that ozone is more 

electrophilic than O2 towards electron 

photogenerated onto the Sn-ZnO surface.  

This fact can justify the significant positive 

effect of nano photocatalysis coupled with 

ozonation on the degradation of dyes. It is 

not just the combination of two different 

processes but the synergistic effect of 

ozone on nano photocatalyst is clearly 

shown by the mechanism of nano PCO 

depicted in Figure 10.  

   The degradation of different dye samples 

measured by analyzing the COD content of 

the wastewater and the results are shown in 

Figure 11. Comparing to degradation, 

decolourisation was very much faster and 

complete decolourisation could be 

achieved in 45 minutes as shown in Figure 

12.   

 

4.5 Stability and Reusability Studies  

   In any treatment methods involving 

photocatalysts, the life time and the 

reusability of the catalyst is an important 

parameter as it determines the cost 

involved the process [47-49]. Hence, in the 

present study the stability and reusability 

of the Sn-ZnO catalyst was studied with 

PCO process and was evaluated in six 

successive cycles for the degradation of 

different dye samples. After each run, the 

photocatalyst was recovered by 

centrifugation (4000 rpm for 15min) and 

redispersed in dye solution without any 

washing or drying. As shown in Figure 

13(a-c), after six cycles, the photocatalytic 

efficiency decreased slightly compared to 

the as-synthesized Sn-ZnO for all dyes, 

thus indicating that the photocatalyst 

exhibits high stability.  
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Figure 10. Mechanism for Photocatalytic Ozonation by nano Sn-ZnO/O3/UV. 

 
Figure 11. Degradation of Azo dyes by nano Sn-ZnO/O3/UV. 

 
Figure 12. Decolourisation of Azo dyes by nano Sn-ZnO/O3/UV. 
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Figure 13. a, b, c) Plot of photodegradation percent of dyes using the Sn-ZnO catalyst at 

optimized conditions versus cycle number. 

 

   A study on photocatalytic ozonation 

degradation of oxytetracycline the stability 

and reusability of catalyst was acceptable 

and only 7% decrease in efficiency is 

reported [50]. 

 

5. CONCLUSION 

   Nanorod structured pure and Sn-ZnO 

samples were prepared by hydrothermal 

method. The XRD results indicate that the 

Sn doping does not change the wurtzite 

structure of ZnO in the sample. EDAX and 

XPS proves the presence of tin in ZnO.  

FESEM images showed that the sample 

consist of hexagonal nanorod morphology 

without any crack. The band gap 

determined from optical transmittance 

spectra shows a reduction in band gap for 

Sn-ZnO. Prepared nanocatalyst in 

combination with ozonation under the 

influence of UV light proved to be a better 

treatment method for the degradation of 

dyes. The efficiency and stability of this 

nano PCO is evaluated with the 

degradation of different azo dyes and it 

could possibly be a cost effective simple 

method for the industries to adopt for the 

treatment of their complex structured 

recalcitrant pollutants.  
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