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ABSTRACT 

Advanced oxidation process (AOP) is best for treatment of textile industries effluents (waste water). Methylene 
blue immobilized resin dowex-11, a newly developed photocatalyst is used for degradation of azo dyes. The mechanism of 
the photodegradation depends on the radiation used. The degradation of dyes depends on several parameters such as catalyst 
loading, dye concentration, pH, and light intensity. Activity of catalyst remains unaffected on continuous use. The process 
follows pseudo first order kinetics according to Langmuir Hinshelwood model. Carbon dioxide, water, nitrate, sulphate ions 
have been identified as mineralization products. 
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INTRODUCTION 

Today most of water resources are polluted. Water pollution is increasing steadily, due to rapid 
population growth, industrialization, urbanization, increasing living standard and wide sphere of human 
activities. Large volume of discharge and effluents and wastewater of textile industries are most polluting 
among all industrial sectors1. Wastewater of textile industries cannot be treated successfully by conventional 
treatment methods and presently used methods give low quality water not suitable to use for domestic 
utilization. Organic dyes are present in textile wastewater and these dyes are synthetic and non-
biodegradable so, biological treatment of wastewater alone is usually not effective and waters may result in 
poor water quality.2  

Dyes are used mostly in the textile (fabric used in clothing) industry and paper industry. These 
industries have shown a significant increase in the use of synthetic complex organic dyes as the coloring 
material. The annually world production of textile industry is about 30 million ton requiring 700,000 tons of 
different type dyes which causes considerable environmental pollution problems3. These dyes create severe 
environmental pollution problems by releasing toxic and potential carcinogenic substances into the aqueous 
phase. Various chemical and physical processes such as adsorption, air stripping, flocculation, precipitation, 
reverse osmosis and ultra-filtration can be used for color removal from textile effluents4-7. Many textile 
manufacturers use dyes that release aromatic amines (e.g. banzidine, toluidine). Dye bath effluents may 
contain heavy metals ammonia, alkali salts, toxic solids and large amounts of pigments, many of which are 
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also toxic. Treatment of dye-based effluents is considered to be one of the challenging tasks in 
environmental fraternity. Dyes are complex aromatic compounds, which are normally used for coloration of 
various substrates like leather, textiles, papers etc. They are sometimes fused with heavy metals on the 
structural interface and are considered to have relatively bad consequence on the surrounding environment 
due to their toxic and inhibitory nature8,9. 

Ever since 1977, when Frank and Bard10,11 first examined the possibilities of using TiO2 to 
decompose cyanide in water, there has been increasing interest in environmental applications. Treatment 
plants have applied additional processes like coagulation, or adsorption for the removal of the 
contaminants12-14. In recent years, TiO2 photocatalyst has been successfully applied to remove organic and 
inorganic pollutants15, to inactivate microorganisms16 and to control disinfection byproduct formation17,18. 
TiO2 photocatalyst was found to be effective for the destruction of a wide variety of environmental 
contaminants present in water and wastewater, this technology has not yet been successfully commercialized 
in past because of the costs and problems connected to the separation of TiO2 particles from the suspension 
after treatment. In order to solve this problem, supported photocatalysts have been developed19-26; in 
particular, titanium powder has been immobilized on supports transparent to UV/VIS radiation. 
Unfortunately, the surface area of active catalyst exposed to solution is lower in supported systems than in 
suspended systems, reducing the catalytic activity.  

For this reason, methylene blue immobilized resin Dowex-11 photocatalyst has been studied as an 
alternative to conventional processes. Recently, there has been considerable interest in the utilization of 
advanced oxidation processes (AOPs) for the complete destruction of dyes. AOPs are based on generation of 
reactive species such as hydroxyl radicals that oxidizes a broad range of organic pollutants quickly and non-
selectively27,28. AOPs include photocatalysis systems such as combination of semiconductors and light, and 
semiconductor and oxidants. Heterogeneous photocatalysis has emerged as an important destructive 
technology leading to the total mineralization of most of the organic pollutants including organic reactive 
dyes29-32. 

EXPERIMENTAL 

Photocatalytic degradation mechanism  

The detailed mechanism of the process has been discussed previously in literature1,2,33-44 and will be 
only briefly summarized here – 

Dye  Dye*1 

Dye*1 ISC  Dye*3 

Dye*3 + I–R  Dye+ + I–R (e–) 

I-R (e–) + O2  I–R + O2
– 

Dye+ + OH–  Dye + •OH 

Dye/Dye+ + •OH /(O2
–)  Product 

Methylene blue can act as sensitizer for light induced process. Due to sensitization of photocatalyst, 
electron migrates from valance band (VB) to conduction band (CB) and holes are formed in valance band; 
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these holes can generate hydroxyl radicals, which are highly oxidizing in nature. Probably hole can react 
with dye molecule and abstract electron from dye molecule and process of degradation start. 

When the solution of the dye was exposed to light, in presence of photocatalyst, initially the dye 
molecules are excited to first excited singlet state (dye*1). Then these excited molecules are transferred to the 
triplet state through inter system crossing (ISC). The triplet dye (dye*3) may donate its electron to the 
photocatalyst (I-R) and the dye becomes positively charged. The dissolved oxygen of the solution will pull 
an electron from the conduction band of the semiconductor thus, regenerating the semiconductor. The 
positively charged molecules of the dye (dye+) will immediately react with OH– ions to form OH• radicals 
that will convert the dye molecules into products45,46. 

The azo dyes that have been already studied for their MBIR Dowex-11 assisted photocatalytic 
degradation are summarized in Table 1.  

Table 1: Summary of MBIR Dowex-11 mediated photocatalytic degradation studies of some azo dyes 

Azo dyes No. of azo bonds Wavelength (nm) References 

Acid red 73 
Direct red 81 
Ponceau-BS 
Acid red 186 

Chicago sky blue 6B 
Acid red 27 

Methyl orange 
Ponceau S 
Sudan iv 

Direct red 23 
Acid orange 7 
Direct red 5B 

Amido black 10B 
Acid orange 6 

2 
2 
2 
1 
2 
1 
1 
2 
2 
2 
1 
2 
2 
1 

507 
508 
508 
455 
618 
520 
460 
514 
520 
508 
483 
510 
620 
387 

41 
42 
38 
40 
37 
1 
33 
36 
2 
39 
43 
44 
35 
34 

FTIR spectra of photocatalyst (MBIR-11)  

The IR spectrum of Dowex-11 resin (Pure) shows peak in the region 3100-3000 cm-1 is attributed to 
=C-H stretching vibration. Another strong and sharp peak show in the region 1650-1600 cm-1 denotes –
C=C- stretching vibration. Two peaks in the region 1600-1450 cm-1 show aromatic –C=C-stretching 
vibration. Following peak is shown in Fig. 138,39. 

In order to examine the differences between immobilized Resin Dowex-11 and pure Resin Dowex-
11, the FT-IR spectra were applied to the study. The FTIR spectrum of immobilized Resin Dowex-11 
exhibit many alterations from that of pure Resin Dowex-11. The major differences where 3650-3400 cm−1 to 
>N-H stretching vibration and 3100-2900 cm-1 stretching vibration of =C-H (Methylene) group. Due to 
immobilization and another strong and sharp peak of N-H bending in the region 1550-1510 cm-1, these peaks 
are shown in Fig. 2.  
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Fig. 1: FTIR spectra of Dowex-11 resin without immobilization 
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Fig. 2: FTIR spectra of immobilized Dowex-11 resin 

Effect of irradiation time  

The percentage degradation increases with increasing irradiation time. The light induced degradation 
proceeds with a slow kinetics after one hour irradiation. This indicates the formation of intermediates and its 
competitiveness with parent dye molecules in the photocatalytic degradation process. Bandara et al47 have 
attributed the slow kinetics of dye degradation after certain time limit due to the difficulty in converting the 
N-atoms of dye into oxidized nitrogen compounds. This has been observed during photocatalytic 
degradation of C-N bonds in aliphatic compounds like form amide Mallard et al.48 The photocatalytic 
degradation of the dye occurs on the surface of catalyst where OH• and O2

• radicals are available for 
photocatalytic degradation. Hydroxyl radicals are formed from the holes in valence band reacting with either 
water OH- adsorbed on the catalyst surface. The OH• radicals are strong enough to break the different bonds 
in the dye molecules (N=N, C-C, C=N, C-N, C-S and C=N) adsorbed on the surface of catalyst, which lead 
to the formation of carbon dioxide and inorganic ions such as NH4

+, NO3
-, Cl- and SO4

2-. The formation of 
OH• radicals and O2

• increases with increase in irradiation time. 

Effect of initial dye concentration 

It is important both from a mechanistic and from an application point of view to study the 
dependence of the photocatalytic reaction rate on the substrate concentration. It is generally noted that the 
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degradation rate increases with the increase in dye concentration to a certain level and a further increase in 
dye concentration leads to decrease the degradation rate of the dye49-51. The active surface on the catalyst 
available for reaction is very crucial for the degradation to take place, but as the dye concentration is 
increased and the catalyst amount is kept constant, results in fewer active sites for their action52,53. With 
increased dye molecules the solution became more intense colored and the path length of photons entering 
the solution decreased thereby only fewer photons reached the catalyst surface. And therefore, the 
production of hydroxyl and superoxide radicals was limited. At still higher concentration of the dye, the path 
length was further reduced and the photodegradation was found to be negligible.  

Effect of catalyst loading 

The amount of catalyst is one of the main parameter for the degradation studies. The degradation 
efficiency increases with increase in the catalyst loading upto certain limit. The photocatalytic destruction of 
other organic pollutants has also exhibited the same dependency on catalyst dose54. This can be explained on 
the basis that optimum catalyst loading is found to be dependent on initial solute concentration because with 
the increase of catalyst dosage, total active surface area increases, hence availability of more active sites on 
catalyst surface55. The availability of active sites increases with the suspension of catalyst loading, but the 
light penetration, and hence, the photo-activated volume of the suspension shrinks. Moreover, the decrease 
in the percentage of degradation at higher catalyst loading may be due to deactivation of activated molecules 
by collision with ground state molecules.  

Effect of light intensity 

An increase in light intensity increases the rate of photocatalytic degradation56,57. As the intensity of 
light increases, the number of photons striking per unit area of the photocatalyst also increases. Linear 
behavior between light intensity and the rate of reaction was observed. Ollis et al.58 reviewed the studies 
reported for the effect of light intensity on the kinetics of the photocatalysis process and stated that (i) at low 
light intensities (0-20 m W/cm2), the rate would increase linearly with increasing light intensity (first order), 
(ii) at intermediate light intensities beyond a certain value (approximately 25 mW/cm2)59, the rate would 
depend on the square root of the light intensity (half order), and (iii) at high intensity the rate is independent 
of light intensity. This is likely because at low light intensity reaction involving electron hole formation are 
pre dominant and electron hole recombination is negligible. However at increase light intensity electron hole 
pair separation competes with recombination, thereby causing lower effect on the reaction rate. In the studies 
reviewed here, the enhancement of the rate of degradation as the light intensity increased was also 
observed60-62. 

Effect of pH variation 

The interpretation of the pH effect on the efficiency of dye photodegradation process is a very 
difficult task because of its multiple roles. Increase of pH of the dye solution from 3.5 to 7.5 increases the 
degradation of dye. Photocatalytic degradation of dye increases with increase in pH upto a pH value of 7.5 
and then decreases again with increase in pH value above 7.5. This behavior may be explained on the basis 
that the increase in the rate of photocatalytic degradation may be due to the increased availability of OH– at 
higher pH values63-65. By combining with holes, OH– ions will generate more hydroxyl radicals (OH•), which 
are considered responsible for the photocatalytic degradation. Above a pH value of 7.5, the increased 
number of OH– ions will compete with the electron rich dye. The OH– ions will make the surface of the 
semiconductor negatively charged and as a consequence of repulsive force between two negatively charged 
species (OH–) ions and the electron rich dye); the approach of dye molecules to the semiconductor surface 
will be retarded. This will result in a decrease in the rate of photocatalytic degradation of dye. 



 Himakshi et al.: MBIR Dowex-11 Assisted Photocatalytic Degradation…. 186

Effect of dissolved oxygen on degradation rate 

As dissolved oxygen increases in dye solution rate of degradation also increases. When oxygen gas 
is passed through reaction mixture the rate of degradation also increases. When nitrogen or any other non-
reacting gas is passed through this solution no effect is observed on rate of degradation. This effect may 
cause due to more availability of oxygen for formation of super oxide ions and hydroxyl radicals. These are 
highly oxidative in nature and increase the rate of degradation of dye molecules40. 

Recycling studies 

In order to know the stability of the catalyst, the catalyst was recycled five times by using dye 
solutions at optimum conditions. After each experiment, the catalyst was separated from solution by 
filtration, washed with deionized water for several times, the catalyst was dried overnight and then used for 
next run. Noticeably, after five cycles of experimentation, the catalysis efficiency was still higher and the 
catalytic performance was not affected by the times of reuse41,42. 

Kinetic study 

The photocatalytic degradation of dye follows pseudo-first-order kinetics66,67. The plot of 1 + log O. D. 
versus exposure time is a straight line. The rate constant (k) for the reaction was determined using the 
expression. Rate (k) = 2.303 × slope. The dye removal efficiency (X %) of dye solution is calculated by this 
equation. 

X % = (Ci - Ct / Ci) × 100 

Where, Ci and Ct are optical densities of dye solution at initial time and at time t, respectively. 

CONCLUSION 

As compared to solar photocatalytic systems with other catalyst, methylene blue immobilized-resin 
Dowex-11 used as solar photocatalyst gives very good results and successfully improved the degradation 
rate of organic dyes. It is believed that the improved color degradation capability is due to the fact that the 
visible region of the solar radiation excites the methylene blue immobilized resin, followed by a series of 
photosensitizing reactions. Degradation of textile azo dye by newly developed photocatalyst MBIR Dowex-
11 is a cheap and a very good alternative to traditional technologies for industrial application. It provides a 
promising technology to improve the quality of effluents from textile waste water treatment plants.  
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