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Abstract

Environmental problems associated with hazardous wastes and toxic water pollutants have
attracted much attention. Among them, organic dyes are one of the major groups of pollutants
inwastewaters produced from textile and other industrial processes. Among various physical,
chemical and biological techniques for treatment of wastewaters, heterogeneous photocatalysis
has been considered as a cost-effective alternative for water remediation. The superiority of
photocatalytic technique in wastewater treatment is due to its advantages over the traditional
techniques, such as quick oxidation, no formation of polycyclic products, oxidation of pollutants
in the (ppb) range.

Photocatalysis is a process by which a semiconductor material absorbs light of energy more
than or equal to its band-gap, thereby generating electrons and holes which can further generate
free radicals in the system to oxidize the substrate. The resulting free radicals are very efficient
oxidizers of organic matter. TiO, is the most promising photocatalyst due to its facile and cheap
application in removing inorganic and organic pollutants from waste waters.

In the present study the photocatalytic decolorizaion of Methyl Red (MR) dye has been
investigated by employing heterogeneous photocatalysis under solar light. The photocatalytic
activity in presence of TiO, as a semiconductor has been investigated. Thereafter different
operational parameters like catalyst loading, pH, initial dye concentration and recycling of
catalyst on the photocatalytic decolorizaion which affect the decolorization process have been
optimized.

The results shows the solar photocatalytic completely degradation of MR dye was noticed in
acidic region with a catalyst dose of 2.0 g L™ and pH = 3 within 225 minutes The experiments
also shows the degradation of MR decrease with increase of dye concentration at optimum
conditions and performed to evaluate the reusability of the TiO, for decolorization of Methyl
Red.
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1. Introduction

Treatment of the effluent from the dyeing and finishing processes in the textile industry is

one of the most significant environmental problems. Since most synthetic dyes have complex
aromatic molecular structures which make them inert and biodegradable, and difficult when
discharged into the environment. Colored wastes are harmful to aquatic life in rivers, lakes and sea
when they are discharged [1,2]. Colored water hinders light penetration and may in consequence
disturb biological processes in water-bodies. Moreover, dyes itself are highly toxic to some
organisms and hence disturb the ecosystem [3,4]. Dyes can cause allergic dermatitis, skin irritation,
cancer, mutation, etc. In addition, biodecolorization of some of them produce aromatic amines,
which are highly carcinogenic [5,6].
In recent years, heterogeneous photocatalysis was proved to be an effective advanced oxidation
technique for the complete decolorization of hazardous and refractory organic compounds, due to
the high oxidation potential of active hydroxyl free radical (OH") which is generated from irradiated
semiconductor catalyst [7—8]. Among the various semiconductor catalysts employed, TiO, has been
extensively studied because it's one of the most commonly used oxide semiconductor materials due
to its wide band gap (3.2 eV), low cost, nontoxic nature, strong oxidizing power, high resistance to
chemical or photo-induced corrosion, and maximum light scattering with virtually no absorption. It
has been widely used in photocatalysis, photovoltaic, solar energy conversion, sensors, textiles,
paints, cosmetics, etc. [9]. The commercially available TiO, (Degussa P-25, Anatase 70% and
Rutile 30%) with particle size of 20 nm and surface area of 50 m?/g [10].

Methyl Red is also known as 2-((4-(dimethylamino)phenyl)azo)-benzoic acid,
hydrochloride; Methyl Red hydrochloride. The properties, structure and absorption spectra of
Methyl Red dye are given in Table 1. It is an important dye used in biological and chemical assays.
It is used as a dye for coloring textiles (cotton, wool, silks, and acrylics), china clay products,
leather, printing inks, and as a filter dye in photography [11].

In the present work, the effects of various experimental parameters, such as amount of
photocatalyst, pH, initial dye concentration and recycling of catalyst on the photocatalytic
decolorizaion of Methyl Red dye were examined using a solar light with semiconductors TiO; as a
catalyst UV-Vis spectroscopy was employed to rationalize the result of photocatalytic
decolorizaion. Thus the purpose of this work was to study the decolorizaion of Methyl Red with a
particular emphasis on experimental parameters.
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Table 1 Properties and absorption spectra of Methyl Red (MR) dye[12]

Name Methyl Red

Other name Methyl Red hydrochloride
C.l. name Acid Red 2

Natural Acid dye

Molecular formula C15H15N30;

Maximum wavelength (Amax) 440 nm

Molecular weight 269.3 g mol ™!

Cr’:‘.
Molecular structure

OH—

=01

0.5

UV-visible spectra

200 300 400 500 600 700
Wavelength (nm)

2. Experimental
2.1 Chemicals

All chemicals were of the highest purity available and were used as received without further
purification. Methyl Red dye and titanium dioxide were obtained from Loba Chemie (India).
Double distilled water was used for preparation of various solutions. The pH of the solution was
adjusted by adding 0.01N NaOH or 0.01N HCI.

2.2 Preparation of Dye Solutions

Dye solutions were prepared by dissolving required amounts (25 mg) of Methyl Red (MR)
dye in one liter distilled water by continuous stirring (with 15 minutes mixing time)
2.3 Photocatalytic Decolorizaion

For solar experiments, dye solution of 500 ml (25 ppm) is taken in an open glass reactor
with a known amount of the catalyst (0.5-2.5) g/L. The slurry solution is continuously stirred in a
shaking unit at 180 rpm and is illuminated under bright sunlight for five hours. Distilled water is
added at regular intervals to avoid concentration changes due to evaporation with the help of
markings present on the reactor. In all solar experiments the intensity was measured by Radiometer
(Model UVA-365, Lutron Electronic, Taiwan) 33-38 W m™ and temperature 35 °C .

An aliquot of 5 ml of dye solution was taken from the glass reactor at regular intervals of
time with the help of a syringe. The catalyst was filtered from the sample by using a Millipore filter
(0.45 um). These samples were analyzed using a UV-Vis spectrophotometer analysis (UV-1800
Shimadzu, Japan).
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The various experiments were conducted for optimizing the parameters like catalyst loading,
pH and initial concentration of dye.
2.4 Analysis Procedure

The decolorizaion rate of Methyl Red (MR) was calculated from the following equation:

% Decolorization = (A, —A) /A . (1)

Where A, and A; corresponded to the initial absorbency and the absorbency at certain time
intervals, respectively. The decolorizaion rate was used to evaluate the photocatalytic activities of
different TiO, catalyst.

3. Results and Discussion

3.1 UV-vis spectral change

The temporal absorption spectral changes taking place during the photocatalytic decolorization of
Methyl Red by TiO; particles under sunlight illumination are investigated. Figure 1 shows a major
absorption band at 440 nm. From the observed absorbance, absorptivity at 440 nm was estimated to
be 0.406. The well-defined absorption bands disappeared after irradiation for 150 minutes
indicating that Methyl Red had degraded in the presence of TiO; particles with sunlight illumination
[13].
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Figure 1: UV-vis spectral changes with time

3.2 Effect of Catalyst Dose

Catalyst (TiO2) concentration was varied from 0.5 g L™ to 2.5 g L™ during photocatalytic
reactions under sunlight. It was observed that the rate increases with increase in catalyst
concentration and becomes constant above a certain level as shown Figure 2 and it is seen that the
optimum amount of TiO; is found to be 2.0 g L™ This concentration of TiO, has been taken
for the subsequent experiments for studying the effect of pH of the solution and different initial
concentrations. The excess of catalyst concentration might increase the turbidity of the solutions
leading to a shielding effect on the penetration of sunlight. Hence the photoactivated volume of the
suspension decreases. The decreased percentage decolorization at higher catalyst loading may also
be due to the deactivation of activated molecules by collision with ground state molecules. Thus
optimum catalyst concentration has been found in order to avoid the excess of catalyst and ensure
total absorption of efficient photons (as found by Ahmed H. Ali, 2011) [14].
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Figure 2 Effect of catalyst dose for the decolorization of Methyl Red dye natural pH=6.73

3.3 Effect of pH

The solution pH is not only an important parameter for sunlight decolorization process, but
also a chief operational parameter in actual wastewater treatment. To study the effect of pH on the
decolorization efficiency, experiments were carried out at various pH values, ranging from 3-11
for constant dye concentration (25 mg/L) and catalyst loading (2 g/L). Figure 3 presents the
Methyl Red decolorization as a function of pH. The highest decolorization activity was attained
under pH=3, where the Methyl Red removal percentage reached near 95 % in 195 min. This
result was in line with that observed previously, which indicated the optimal pH 3 [15-16].

The point of zero charge (pzc) of the TiO, (Degussa P25) is at pH 6.8. Thus, the TiO, surface is
positively charged in acidic media (pH < 6.8), whereas it is negatively charge s under alkaline conditions
(pH > 6.8), and Methyl Red dye anions lead to strong adsorption and thus enhancing the
decolorization rate. In the alkaline pH there was poor adsorption because the catalyst and dye both
are negatively charged in the alkaline media. Therefore decrease in pH causes increase in
decolorization rate. Similar findings have been reported by other workers for the photocatalytic
decolorization of Ethyl Violet and Basic Blue dyes using ZnO [17]
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Figure 3 Effect of pH for the decolorization of Methyl Red dye.
(25 mg/L dye solution, TiO,-2 g/L)

3.4 Effect of Concentration of Dye

After optimizing the pH conditions and catalyst dose (pH = 3 and catalyst dose = 2 g/L).
The photocatalytic decolorization of Methyl Red dye was carried out at different initial
concentrations (Co = 5-100 mg/L)in the TiO,/sunlight system are compared in Figure 4. As the
concentration of the dye was increased, the percentage of photodecolorization decreased indicating
either to increase the catalyst dose or time span for the complete removal.
The fraction of unreacted Methyl Red dye (C/C,) decreases with increasing Co under the conditions
studied; however, the total amount of dye degraded actually decreases. The limited number of
surface sites of the TiO, catalyst may control dye photodegradation. In case of dye solutions of 5
mg/L, 10 mg/L and 25 mg/L, 100 % decolorization occurred within 180 minutes, 210 minutes and 225
minutes, respectively and in case of 50 and 100 mg/L, complete decolorization in 255 and 300 minutes.
This is due to the increase of incidental photonic flux irradiating the catalyst in the dilute lignin solution.

Thus the rate of hydroxyl radical production increases which would allow the decolorizaion to be faster
[18-20].
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Figure 4 Effect of initial concentration of dye for the decolorization of Methyl Red dye
optimum condition (TiO,—-2 g/L, pH-3)
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3.5 Recycling of TiO,

The catalyst’s lifetime is an important parameter of the photocatalytic process, due to the
fact that its use for a longer period of time leads to a significant cost reduction of the treatment. For
this reason, the catalyst was recycled four times as shown in Figure 5. After the optimized
conditions for the decolorizaion of the effluent were determined, the catalyst was recovered by
filtration and activated at 100 °C and again used to study its recyclibility. As shown in Figure 5,
TiO, can be recycled effectively which makes the process cost effective. The process was repeated
until reasonable dye decolorization upto 78 % was achieved after the fourth cycle [13,14].
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Figure 5 Reusability of TiO; at optimum conditions
(catalyst dose-2 g/L, pH-3)

4. Conclusion

The optimization of the photocatalytic decolorization conditions of Methyl Red in water
using titanium dioxide was investigated under sunlight illumination. The final degradation products
were carbon dioxide, nitrate and ammonium ions. All carbon and nitrogen atoms were transformed
into inorganic compounds. Since the artificial lamp device is particularly expensive in the
nonexclusive areas, the solar photocatalytic degradation technology developed may be available in
those areas. Maximum decolorization of the dye was noticed in acidic region with a catalyst dose of
2.0 g L™ and pH = 3. The experiments were performed to evaluate the reusability of the TiO, for
decolorization of Methyl Red.
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