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ABSTRACT 

In this research, the photocatalytic degradation of textile wastewater 

from Bhilwara textile industry in Rajasthan, India, using composite 

TiO2 and ZnO with different ratio as photocatalysts was investigated. 

The experiments were carried out at 36
o
C in a stirrer bath reactor by 

using Ultra-Violet photo oxidation process. The effect of pH, time, 

amount of catalyst and ratio of composite TiO2 and ZnO was 

investigated and the optimized conditions for maximum amount of 

degradation were determined. The progress of reaction was observed 

spectrophotometrically. Titanium dioxide and zinc oxide proved to be 

very effective catalysts in photocatalytic degradation of real textile 

industrial water. The maximum decolorization achieved was 88 by using composite TiO2 and 

ZnO 1gm/l with (90:10) ratio at 36
o
C and pH of 8.5, within 180 minutes of irradiations. The 

results indicate that for real textile wastewater, composite TiO2 and ZnO (90:10) ratio is 

comparatively more effective than only TiO2 or only ZnO. This study proves that real textile 

wastewater reacts differently to catalysts than aqueous solution of azo-dyes, which is 

associated with surface steps and sensitization of the reaction rate by presence of other 

contaminants in real textile wastewater. 

 

KEYWORDS: Photocatalytic degradation, Wastewater treatment, Ultra Violet light, Textile 

industry, Titanium dioxide, Zinc oxide. 

 

INTRODUCTION 

In India most textile, leather and other industries are facing shortage of water. The treated 

water may be recycled or reused in other applications in other industries that require low 

quality water. Hence recycling of water is considered an excellent approach for saving huge 
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volume of water. It is known that textile industries discharge large volumes of toxic and non-

biodegradable wastewater. The textile effluent is mostly composed of colored commercial 

dyes, chemicals and pigments. Many commercial dyes and pigments, under commercial 

names are used worldwide by textile and other industries. The textile effluent containing 

these dyes and pigments releases toxic substances into aqueous phase and poses 

environmental concerns. The most common classes of commercial dyes are azo dyes, Vat 

dyes, Reactive Dyes. Most of the reported studies are on aqueous solution of the dyes 

prepared in labs and only a few studies are done on real textile industries waste water. Still 

not enough is known about effectiveness of semiconductors like TiO2, ZnO, H2O2, SnO2, 

CdS or their combine effect on real textile wastewater. The real textile wastewater is the 

result of use of dyes commonly used for dyeing cotton, silk, viscose, flex, wool, jute and 

polyester. 

 

Bhilwara, Rajasthan India has more than 300 textile manufacturing units which export their 

production to whole world. This region is called Indian textile town which constitutes many 

dyeing and bleaching units. Bhilwara serves as one of the major exporters of textiles and is 

the second largest producer of polyester fiber in India.
[1]

 Textile dyes are main source of 

coloured organic compounds in water bodies. During dye production and textile 

manufacturing process a large quantity of waste water containing tons of organic dyes and 

heavy metal (lead, Chromium, Iron and Zinc) are being discharged into water bodies every 

year. Due to this colored waste water, quality of drinking, domestic and agricultural water in 

this region is not safe because water is contaminated with high levels of chlorides and 

fluorides. Agriculture practices of villages located downstream of textile processing unit are 

seriously affected.
[2]

 The physiochemical methods to treat textile industry effluents are very 

difficult and also expensive. Therefore, continues the accumulation of large amount of sludge 

and toxic material in soil which also creates the secondary level of land pollution.
[3-4]

  

 

The impact of these dyes on the environment is a major concern because of the potentially 

carcinogenic properties of the chemicals.
[5]

 The wastewater which is coloured in the presence 

of these dyes and chemicals can block both sunlight penetration and oxygen dissolution that 

are very essential for aquatic life.
[6]

 Consequently, there is a considerable need to treat these 

coloured effluents before discharging them into various water bodies. Various approaches on 

handling and decontaminating such effluents have been reported in the literature. Typical 

techniques include the classical methods such as adsorption
[7]

, coagulation, ion flotation, 
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sedimentation and others. Moreover the cost effectiveness and ease in synthesis, azo dyes are 

much more used in textile industries compared to natural dyes. Usually dyes are aromatic and 

heterocyclic compounds and are poisonous and carcinogenic especially azo dyes.
[8-9]

 Azo 

bonds (N=N) present in these compounds are opposed to break, with the potential for the 

determination and accumulation in the environment.
[10]

 Therefore, degradation of dyes by 

conventional methods is very difficult.
[11]

 Other alternative method is being required to 

minimize the costs of treatment of effluents discharge.
[12]

 

 

The photocatalysis reaction effective for the degradation of various organic and toxic 

impurities in waste water; however, its practical application as slurry type suspensions is 

limited due to the difficulty in separating the catalysts particles after the photocatalytic 

reaction.
[13-15]

 Xiaobo and Samuel reviewed the broad applications of titanium dioxide as a 

photocatalysts.
[16]

 These applications were comprised of photodecomposition of various 

industrial pollutants.
[17]

 Semiconductor catalysts TiO2 and ZnO have been widely used to 

mineralize toxic organic pollutants in wastewater into less damaging inorganic nontoxic 

compounds.
[18]

 Several studies have been carried out for decolorization of industrial 

wastewater by using photocatalysis and bacteria treatment.
[19-20]

 The elimination of color 

from wastewaters is more necessary than the removal of other colorless organic 

compounds.
[21]

 Because of aesthetic and environmental concerns the decolorization of 

effluent from textile dyeing and finishing industry has given most importance.
[22,23]

 

 

TiO2/ZnO photocatalysis, in the presence of UV irradiation can fragment the pollutant dyes 

into non-toxic simple compounds like CO2, HCl and water.
[24]

 Nanosized TiO2, ZnO and 

other photocatalysts in the form of nanorods, nanospheres, thin porous films, nanofibers and 

nanowires have been utilized in various applications, including photocatalysis because of 

their high activity, low cost and environmental safety.
[25-27]

 Interestingly, very high surface to 

volume ratio of nanostructures make them efficient for photocatalysis and other application. 

Various studies have focused on treatment of industrial wastewater using different treatment 

methods; however, most of these treatments have difficulty in realistic uses.
[28,29]

 In recent 

year, investigation on different systems have been carried out, such as, advanced oxidation 

processes (AOP), ozonation, sonolysis, gamma–radiolysis, electro-coagulation, H2O2/ UV, 

photocatalysis, photo-Fenton, biological and combined anaerobic–photocatalytic treatment. 

Photocatalytic oxidation processes, which involve the generation of highly reactive hydroxyl 

radical (HO), have emerged as a promising water and wastewater treatment technology for 
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the degradation of organic contaminants. The photoactivated reactions are characterized by 

the free radical mechanism initiated by the interaction of photons of a proper energy level 

with the catalyst (TiO2, ZnO semiconductor catalysts). The efficiency of a photocatalytic 

system is also affected by the form of TiO2 and ZnO nanoparticle catalysts used as 

immobilized on surface or as colloidal suspension. Several researches proved that the 

recombination is prohibited by semiconductor-metal composites or by employing two 

different semiconductors. When a composite is prepared with a wider band gap 

semiconductor, which has more positive conduction band edge than that of the smaller band 

gap semiconductor, then the electrons from smaller band gap semiconductor can be injected 

into the larger band gap semi-conductor, that coupling can effectively prevent the 

recombination. 

 

The main challenge for the textile industry today is modify production methods, so they are 

more eco friendly at a competitive price, by using safer dyes and chemicals and by reducing 

cost of effluent treatment/ disposal. This study explores the possibility of using UV and solar 

radiations for treating textile effluent by photocatalytic reduction. Various operational 

parameters affecting the reduction such as effluent concentration, catalyst concentration, ratio 

of catalyst (TiO2 and ZnO with different ratio), pH and optimum time will investigate. The 

catalyst itself is unchanged during the process. Additionally micro amounts of reagent will 

sufficient to carry out the process. Due to these advantages the process result in considerable 

saving in the water, production cost and keeping the environment clean.  

 

MATERIALS AND METHODS 

For the present study of Photocatalytic Treatment of Textile Industry Effluent having dyes 

and pigments Using Composite semiconductor TiO2 and ZnO with different ratio, Bhilwara 

industrial area, Rajasthan is selected. Water Samples were collect from the source point outlet 

of finishing unit at Bhilwara industrial area. Standard procedure (spot sampling) was 

followed during sampling. All the samples of the effluent were collect in sterilized, dry and 

properly stopper polypropylene bottles. Temperature of the effluent was determine at the 

spots, whereas, the rest of physiochemical parameters pH and electrical conductivity (EC), 

Total Dissolved Solids (TDS), Hardness and Chloride were determined after bringing the 

samples in research lab.  
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PROCEDURE AND ANALYSIS 

To carry out the photochemical reaction 200 ml of waste water effluent solution of desired 

concentration was taken in 250 ml round bottom flask. The mixture was then irradiated under 

UV light using 2 x 200 W Tungsten lamps (Sylvania Laxman) and solar light to provide 

energy to excite composite TiO2 and ZnO loading. To ensure thorough mixing of catalyst, 

oxygen was continuously bubbled with the help of aerator. A water filter was used to cut off 

thermal radiation. The pH was measured with pH meter (Systronics, 106). All the 

experiments were performed at 36
o
C. 

 

About 3 ml aliquot of the solution was withdrawn after a specific time interval and its 

absorbance was measured using spectrophotometer (Schimadzu, UV-1700 pharmaspec) at 

561 nm after filtered through Millipore filter of 0.45 um. The rate of decrease of color with 

time was continuously monitored. The rate of degradation was calculated in terms of changes 

in absorption spectra. The degradation efficiency (%) was calculated as: 

Degradation efficiency (%) = (Co – C)/ Co x100  

 

Where Co is the initial concentration of contaminants in the sample wastewater and C is the 

concentration after photo irradiation. 

 

RESULTS AND DISCUSSION 

Control experiments (in absence of photocatalyst, light) confirm the necessity of 

photocatalyst, light to follow the photocatalytic path for the Degradation of dyes and 

pigments. The photocatalytic degradation of Textile Industry Effluent having dyes and 

pigments was observed at 561 nm. The optimum conditions for the degradation were pH = 

8.5, TiO2 and ZnO = 1 gm/l, TiO2 and ZnO ratio 90:10, Time = 180 Minutes. 

 

It was observed that absorbance (Abs.) decreases with the increase in time of irradiation 

indicating that the dye is degraded on irradiation. The effect of variation in various reaction 

parameters has been studied e.g. pH, concentration of the TiO2 and ZnO, Ratio of TiO2 and 

ZnO, Time etc under UV and Solar irradiation. 

 

Effect of variation in amount of catalyst  

The amount of semiconductor TiO2 and ZnO powder affects the process of degradation of 

Textile Industry Effluent having dyes and pigments. Keeping all other factors identical, the 

concentration of catalyst was changed from 0.0, 0.2, 0.5, 1.0, to 2 gm/l. It was observed that 
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the degradation increases with increasing catalyst level up to 1.0 gm/l and beyond this, 

degradation becomes almost constant (Fig. 1). 

 

This may be due to the fact that, initially the increase in the amount of catalyst increases the 

number of active sites on the surface that in turn increases the number of •OH and O2 •− 

radicals. As a result the rate of degradation is increased. Above a certain level (saturation 

point) the number of substrate molecules is not sufficient to fill the active sites of 

semiconductor powder and increase in turbidity of solution reduces the light transmission 

through the solution. Hence, further addition of catalyst does not lead to the enhancement of 

the degradation rate and it remains constant. 

 

Table: 1 Effect of Catalyst (composite TiO2 and ZnO) amount variation. 

TiO2 and ZnO Amount Variation 

Composite Catalyst ratio 90:10 ,pH 8.5 , Time 150 Minutes 

S. No. Catalyst gm/l 
Degradation % Under 

UV 

Degradation % Under 

Solar 

1 0 gm/l 21% 19% 

2 0.2 gm/l 76% 65% 

3 0.5 gm/l 82% 69% 

4 1 gm/l 88% 77% 

5 2 gm/l 85% 74% 

 

 

Fig: 1 Effect of Catalyst (composite TiO2 and ZnO) amount variation. 

 

Effect of variation in ratio of catalyst  

The ratio of composite semiconductor TiO2 and ZnO powder affects the photocatalytic 

degradation of Textile Industry Effluent having dyes and pigments. Keeping all other factors 

identical, the ration of catalyst was changed from 100:00, 90:10, 80:20, 50:50 and 00:100. It 

was observed that the degradation increases with increasing catalyst ratio up to 90:10 and 

beyond this, degradation becomes decrease (Fig. 2). 
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Table: 2 Effect of TiO2 and ZnO Ratio variation. 

TiO2 and ZnO Ratio Variation 

Composite Catalyst amount 1.0 g/l ,pH 8.5 , Time 150 Minutes 

S. No. 
TiO2 and ZnO 

Ratio 

Degradation % Under 

UV 

Degradation % Under 

Solar 

1 T:Z '100:00 84% 72% 

2 T:Z '90:10 88% 77% 

3 T:Z '80:20 82% 75% 

4 T:Z '50:50 78% 72% 

5 T:Z '00:100 75% 70% 

 

 

Fig: 2 Effect of TiO2 and ZnO Ratio variation. 

 

Effect of variation in pH  

The pH of the reaction medium has a significant effect on the surface properties of composite 

semiconductor TiO2 and ZnO (90:10 ratios) catalyst. The effect of pH on photocatalytic 

degradation of Textile Industry Effluent having dyes and pigments with semiconductor TiO2 

and ZnO (90:10 ratios) was investigated in the pH range of 7.0, 7.5, 8.0, 8.5 and 9.0 under 

visible light source. 

 

It was observed that the photocatalytic degradation of Textile Industry Effluent increases with 

an increase in pH up to 8.5. This observation can be explained on the basis that as the pH of 

solution increases, more OH- ions are available. These OH- ions will generate more •OH 

radicals by combining with the positive holes of the semiconductor. These hydroxyl radicals 

are responsible for degradation of dye. After a certain pH value i.e. above pH 8.5 the rate of 

degradation of dye decreases due to columbic repulsion between the negatively charged 

surface of photocatalyst and hydroxide anions. This fact could prevent the formation of 

hydroxyl radicals. This results into a decrease in rate of photocatalytic degradation of dye. 
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Table: 1 Effect of pH variation. 

pH Variation 

Composite Catalyst ratio 90:10, Amount 1.0 g/l, Time 150 Minutes 

S. No. pH 
Degradation % Under 

UV 

Degradation % Under 

Solar 

1 pH 7 79% 70% 

2 pH 7.5 81% 72% 

3 pH 8 83% 74% 

4 pH 8.5 88% 77% 

5 pH 9 82% 73% 

 

 

Fig: 3 Effect of pH variation. 

 

Effect of variation in Time  

The variation in time affects the photocatalytic degradation of Textile Industry Effluent 

having dyes and pigments. Keeping all other factors identical, irradiation time was changed 

from 30 to 180 Minutes. It was observed that the degradation increases with increasing time 

up to 180 minutes and beyond this, degradation becomes decrease. 

 

Table: 4 Effect of Time Variation. 

Effect of Time Variation in UV and solar Irradiation 

Catalyst 1.0 gm/l, Ratio 90:10, pH 8.5 

Time Degradation % Under UV Degradation % Under Solar 

0 0% 0% 

30 30% 24% 

60 44% 33% 

90 58% 43% 

120 73% 54% 

150 87% 68% 

180 88% 73% 
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Fig: 4 Effect of Time Variation. 

 

Effect of variation in Na2CO3 

The Comparison study carried out between UV and Solar irradiation on the degradation of 

the Textile Industry Effluent by adding increasing amount of sodium carbonate. It reveals that 

the degradation percentage of the effluent gradually decreases with increasing carbonate ion 

concentration. 

 

Table: 5 Effect of variation in Time Na2CO3. 

Na2CO3 Variation 

S. No. Na2CO3 
Degradation % Under 

UV 

Degradation % Under 

Solar 

1 0 gm/l 88% 77% 

2 100 gm/l 75% 69% 

3 200 gm/l 68% 63% 

4 300 gm/l 56% 51% 

5 400 gm/l 48% 42% 

 

 

Fig: 5 Effect of variation in Na2CO3. 
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Effect of NaCl variation 

Experiments were carried out by adding varying amount of NaCl to effluent solution 

containing 1 g/L of composite TiO2 and ZnO 90:10 ratios under UV and solar irradiation to 

determine the influence of NaCl. The degradation percentage of the Textile Industry Effluent 

decreased with increase in the amount of chloride ion. 

 

Table: 6 Effect of variation in NaCl. 

NaCl Variation 

S. No. NaCl 
Degradation % Under 

UV 

Degradation % Under 

Solar 

1 0 gm/l 88% 77% 

2 100 gm/l 77% 71% 

3 200 gm/l 70% 65% 

4 300 gm/l 58% 52% 

5 400 gm/l 52% 45% 

 

 

Fig: 6 Effect of variation in NaCl. 

 

CONCLUSION 

The results of the present study show that heterogeneous photocatalytic degradation of 

Textile Industry Effluent can be efficiently carried out using composite semiconductor TiO2 

and ZnO (90:10 ratios) under UV irradiation. It is observed that adsorption plays an 

important role in the photodegradation of the dye. The degradation rate depends upon the 

process parameters like catalyst concentration, Ratio, Time and pH. The optimum catalyst 

dose for the degradation of solution is 1.0 g/L of composite semiconductor TiO2 and ZnO 

(90:10 ratios) at 8.5 pH. The addition the presence of Na2CO3 and NaCl decreases the 

reaction rate. 
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