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Abstract 
This study investigated the photocatalytic degradation of textile Azo dye using the photocatalyst immobilized 

Dowex-1x8. Advanced oxidation processes (AOPs) are the best methods for treating textile effluent. 

Immobilized Dowex-1x8, a newly developed photocatalyst, is used for the photodegradation of azo dye. The 

effects of various factors including photocatalyst loading, dye concentration, light intensity and pH on 

photocatalytic degradation were evaluated. The photo degradation efficiency reached about 98% after 210 min 

of irradiation. The degradation rate typically follows a first order kinetic reaction. In this study, we found that 

the photocatalytic degradation treatment of the dye in water is a simple and rapid method. 
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1.  INTRODUCTION: 

Textile industries are among the largest consumers 

of water, dyes and various chemicals, resulting in 

large quantities of highly toxic waste. Pre-treatment 

of these wastes can be hazardous to the 

environment. Generally, textile wastes mainly 

range in color, pH, chemical oxygen demand, 

inorganic salts, turbidity and temperature [1]. 

According to the United States Environmental 

Protection Agency (USEPA), textile waste is 

mainly classified into four types, namely hard-to-

treat, high-volume, dispersible, and hazardous and 

toxic waste [2]. 

 

The textile industry uses water during the dyeing 

and finishing processes [3]. When both volumes 

discharged and effluent composition is considered, 

the wastewater generated by the textile industry is 

rated as one of the most polluting of all industries. 

About 1 to 20% of the world's total dye production 

is lost during the dyeing process and released into 

textile effluents [4]. The release of these coloured 

effluents into the environment is a significant cause 

of pollution and eutrophication, and it can generate 

dangerous byproducts through oxidation, 

hydrolysis, or other chemical reactions occurring in 

the wastewater phase [5]. 

 

In view of the carcinogenic or mutagenic character 

of some azo dyes, the dangerous effect of the colour 

in the textile effluent, and the traditional resistance 

of the effluents to biological degradation, the 

necessity of investigating new alternatives for the 

adequate treatment of these kinds of residues are 

evident. Primary (flocculation, adsorption), 

secondary (biological methods), and chemical 

processes (ozonization, chlorination) are currently 

used to degrade the colour of dye-contaminated 

water [6,7]. However, these techniques are non-

destructive because they only transfer non-

biodegradable matter into sludge, resulting in a new 

type of pollution that requires additional treatment 

[8,9]. Advanced oxidation processes (AOPs) based 

on heterogeneous catalysis have emerged as a 

potentially destructive technology capable of 

completely degrading the majority of organic 

pollutants [10,11]. 

 

As a result, the immobilized resin Dowex-1x8 

photocatalyst has been studied as an alternative to 

conventional processes. Recently,the use of 

advanced oxidation processes (AOPs) has 

generated considerable interest in incompletely 

decomposing dyes. AOP is based on the production 

of reactive species, such as hydroxide atoms, which 

rapidly and selectively oxidize a wide range of 

organic pollutants[12-17]. A significant destructive 

technology that completely degrades the majority of 

organic contaminants, including organic colours, is 

heterogeneous photocatalysis.[18-21]. 

 

2. Materials and methods: 

2.1 Materials: 

The dye Brilliant Yellow (BY) purchased 

fromLobachemie(India), the photocatalyst  Dowex 

resin-1x8 (Sisco chem) and Methylene blue hydrate 

(Lobachemie,India). Double distilled water was 

used for preparation of various solution. The pH 

conditions of the desired solution were adjusted by 

using standardized 1N H2SO4 and 1N NaOH 

solution. pH of the solution was measured by digital 

pH meter. All experiments were performed at room 

temperature and with a magnetic stirrer. 

 

2.2 Photocatalytic studies and design of 

photoreaction chamber: 

The photocatalyst is prepared using Dowex-1x8 

materials, and for immobilization, a concentration 

solution of approximately M/100 of methyl blue is 

prepared in double-distilled water, and Dowex-1x8 

resin is added to the solution and shaken well to 

immobilize resin pores for up to 24 hours. All this 

was done in a dark place. Then the resin prepared 

from the solution is filtered by double-distilled 

water and used as a photocatalyst. Photochemical 

degradation experiments were conducted in glass 

reactors containing solutions of the Brilliant Yellow 

dye. The characteristics and structure of the 

Brilliant Yellow dye are listed in Table 1. The 

reactor solution is continuously agitated by a 

magnetic stirrer during the experiment. After 10 

minutes of darkness, the reactor solution was 

illuminated on the reactor by 200 watt tungsten 

lamps (Philips, India) emitting light equivalent to 

visible light (Figure 1). The lamp is surrounded by 

an aluminium reflector to avoid radiation loss. 
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Table -1 Properties of Brilliant Yellow (BY) dye 

Dye Name        :            Brilliant Yellow(BY)                             

C.I. Name        :            Direct Yellow 4 

Molecular Formula    :   C26H18N4O8S2Na2 

Molecular Weight      :   624.5gm/mol 

Class                :             Azo dye 

Solubility        :                Soluble in water 

Nature              :            Acidic                                             

λmax                 :            497 nm 

Structure 

 
 

 
figure 1. Schematic diagram of the experimental set-up 

 

2.3 Mechanism and Method: 

The mechanisms of the degradation of Brilliant 

Yellow(BY) dyes under ultraviolet or solar light 

include electron excitation and the generation of 

very active oxygen species that attack dye 

molecules and result in photo degradation.The 

Dowex-1x8 is a photocatalyst developed from 

methyl blue immobilized resin. Due to the 

photosensitive nature of methylene blue, the 

electron transitions from the valence band (VB) to 

the conduction band (CB) and reaches the triple 

state (Dye*3) of methylene blue by the ISC. After 

the intermolecular electronic transition begins 

between the resin, blue dye molecules, water 

molecules, brilliant yellow dye molecules, and 

dissolved oxygen, holes, hydroxyl radical (•OH), 

and superoxide ions (O2
-) form,which are highly 

oxidized by the action of holes,hydroxyl radical 

(•OH),and superoxide ions on azo dyes. They are 

converted to simple organic compounds such as 

CO2 and H2O. 

Dye 
𝐿𝑖𝑔ℎ𝑡 𝑅𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛
→              Dye*1 

 

Dye*1
      𝐼𝑆𝐸          
→       Dye*3 

Dye*3 + Im-R→  Dye+  + Im-R(e−) 

Im-R(e-) + O2 →  Im-R + O2
− 

Dye+ + OH−→  Dye + •OH 

Dye/Dye+ + •OH/ O2
−  →Product 

Im-R=Immobilized Resin 

 

The dye concentration change is simply observed 

by the CSIM 500 microprocessor UV/Visible 

spectrophotometer at λmax is 497nm. At the 10 

minute time interval, we pipette out 5 ml of 

solution. This equation calculates the degradation 

efficiency (X%) of dye solution. 

 

X % = (Ci -Ct / Ci) × 100 

Where, Ci and Ct are the initial optical density and 

the optical density at time t of brilliant yellow dye, 

respectively. 
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3. Results of dye degradation by photocatalyst 

under UV/ Visible light 

3.1.Effect of photocatalyst loading dose: 

The amount of photocatalyst used is the most 

important parameter affecting the rate of 

photocatalytic degradation.At a constant pH of 7.5 

and an intensity of light of 10.5mWcm-2, we 

observed a change in photocatalysts of 1.0 to 2.5 

g/100 ml, dye concentrations of 30 mg/L, and 

photocatalysts. We found that with increasing the 

number of catalysts, the rate of degradation 

increases because the surface area of the 

photocatalyst is enhanced, the quantity of 

absorption and interaction of reaction mixture 

molecules with the potocatalyst is increased, and 

the number of holes, hydroxyl radicals (•OH) and 

superoxides (O2
-) increases. These are the primary 

oxidizing intermediates in the advanced oxidation 

process, which increases degradation efficiency. 

Figure 2 shows the impact of photocatalyst loading 

on optical density. 

 

 
Figure-2Effect of photocatalyst loading on optical density 

 

3.2.Effect of initial dye concentration:  

The initial dye concentrations were influenced by 

the effect of varying from 30 to 60 mg/L, based on 

a constant photocatalyst (2.0 g/100 ml), pH 7.5, and 

light intensity 10.5mWcm-2, and tested on 

degradation efficiency. As the concentration of dye 

increases, the rate of degradation decreases (shown 

in figure 3). This effect can be caused by the 

following factors: As dye concentration increases, 

the numbers of photons that reach the unit surface 

area of the photocatalyst decreases. As a result, the 

formation rate of holes, hydroxyl radicals (•OH) and 

super oxides (O2
-) decreases, alsothe rate of 

degradation decreases. The photocatalyst active site 

has a limited number of dye molecules, and the 

remaining dye molecules persist in the solution until 

the previously attached molecules degrade. 

 

 
Figure-3Effect of initial concentration on optical density 

 

3.3. Effect of pH:  

The influence of pH on the degradation rate of dye 

molecules is very interesting for us. The results 

show that in high acid pH ranges below pH 5, the 

degradation rate is very slow.When pH reaches the 

basic range, the rate of degradation increases 

rapidly, and in the pH range at 7.3 to 11, the rate of 

degradation is very good. At constant catalyst 

amount 2.0g/100ml, dye concentration 30mg/L, and 

light intensity 10.5mWcm-2, the rate of degradation 
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begins to increase as pH increases. As a result, we 

concluded that the degradation rate of the basic 

medium is higher than that of the acid medium. The 

increase in photocatalytic degradation may be due 

to the increased availability of hydroxyl 

radical(•OH) in the pH range of 7.3 to 11.The 

formation of more hydroxyl radicals(•OH) that 

combined with holes formed by electronic 

excitation in photocatalysts. Superoxides (O2
-) are 

less likely to cause photocatalytic degradation than 

hydroxyl radicals. As pH increases above 11, the 

degradation rate slows down. This effect may be 

caused by competition between •OH groups and O2
- 

for attachment the active site of the catalyst(Figure 

4). 

 

 
Figure-4Effect of solution pH on optical density 

 

3.4.Effect of visible light: 

The most important factor affecting the rate of 

degradation is the intensity of the light. We found 

that as the light intensity increases (dye 

concentration 30 mg/l, photocatalyst 2.0 g/100 ml, 

pH 7.5), the rate of degradation of dye molecules 

increases to a certain point, and above that point, no 

change in the degradation rate of the dye is observed 

at the light intensity. This change in the rate of 

degradation of the dye molecules is due to the 

change in the intensity of the light. As the intensity 

of light increases (5.4.1-15.5 mWcm-2), the number 

of photons reaching the surface of the photocatalyst 

increases, the number of pores, hydroxyl radical 

(•OH), and super oxide ions (O2
-) increases, and the 

degradation rate of dye molecules increases.This 

can result in the availability of the maximum 

number of photons required for the excitation 

within a fixed range of light intensity after a 

significant change in the rate of degradation is 

observed because the excitation does not require 

more photons. Since all photocatalyst molecules are 

active in fixed light intensity ranges, the 

degradation rate remains unchanged when light 

intensity increases toany range (Figure 5). 

 

 
Figure-5Effect of visible light intensity on optical density 

 

3.4 FTIR Characterizations 

The FTIR technique was used to examine the 

surface group responsible for dye adsorption. The 

FTIR spectra (Figure 6) of the degraded dye show a 

peak at 3585 cm-1 –OH stretching vibrations. The 

absorption peaks at ~2850 cm-1 due to OH 

stretching vibration. 
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The absorption peaks at ~2360 cm-1 stretching 

vibration C-H bond. The absorption peak at ~1735  

cm-1 was due to the observed -NH bending of 

aromatic amines and C=C in the aromatic stretching 

vibration peak. The adsorption bands at 702-1480 

cm−1 were assigned to SO3 and –C=C trans alkene 

stretching groups on the samples. IR spectra clearly 

showed that the azo bond (N=N) is broken, which 

is mainly responsible for the toxicity of industrial 

waste textile dye. 

 

 
Figure -6 FTIR analysis of degrade dye 

 

3.5 Kinetics study 

Figure 7 shows the kinetics of the disappearance of 

Brilliant Yellow dye at an initial concentration of 30 

mg/L under optimised conditions. The results show 

that photocatalytic degradation of  Brilliant Yellow 

dye in the photocatalyst MBIR Dowex-1x8 can be 

described by the first-order reaction lna/(a- 

 

x) = kt, a being the initial concentration, and x being 

the constant concentration of t. The semi-

logarithmic plot of the concentration data gives a 

straight line. The rate constant was calculated as 

5.909 x 10-2 min-1. 

 

 

 
Figure 7 kinetic analysisfor the degradation of Brilliant Yellow dye 

 

4. Conclusions: 

We found that the methylene blue immobilized 

resin Dowex-1x8used as a photocatalyst gives very 

good results in dye degradation, so the dye 

degradation efficiency of 99% has been achieved by 

this photocatalyst under favourable conditions. The 

degradation of textile azo dyes by the newly 

developed photocatalyst MBIR Dowex-1x8is an 

economical and very good alternative to 

conventional techniques for industrial application. 

We observe the effect of various parameters given 

in order of importance. 

• Variation in catalyst dose: As the photocatalyst 

dose increases, so does the rate of dye degradation 

increases. 

• Variation in dye concentration: As dye 

concentration increases, the degradation of dye 

also decreases. 

• pH variation:The acidity range of pH is very low. 

With pH increases, degradation rate increases, and 

between pH 7.3 and 11, it is a good degradation 

rate. As pH increases, the rate of degradation 

increases. 

• Variation in light intensity: As the intensity of 

light increases, the degradation rate of dye 
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molecules increases to a certain point, and no 

further changes occur afterwards. 

• FTIR analysis of the degraded dye solution using 

immobilized Dowex-1x8resin is carried out after 

a photo degradation process of 210 min. The dye 

was completely degraded in MBIR dowex-1x8, 

and no azo bonds were detected in the degraded 

dye. The decolorizing of the solution was due to 

degradation. 

• The photocatalytic degradation followed first 

order kinetics. 
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