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Abstract The dye stuff lost in the textile industry poses a major problem to wastewater sources. This paper reports
an investigation into the effect of a number of operating factors on the removal of Allura Red AC from an aqueous
solution through photocatalysis Advanced Oxidation Processes (AOPSs) are effective processes in treating waters
polluted by a variety of harmful pollutants. This paper discusses about effect of the number of factors on removal of
Allura Red AC from an aqueous solution using a photcatalytic process. The photcatalyst used in this solution was
WO3/TiO2. Optimal dose of the photocatalyst was 0.1gL -1, color concentration was 20mL-1, and pH was 7.0.
Efficiency of the photocatalyst was tested by SEM methods. Post-treatment analysis by GC-MS studies showed
intermediate compunds. Photocatalysis is an effective process in decoloration because of isochronous presence of
some strong oxidants and their promoting effect through production of highly reactive active hydroxyl radicals
(OH).
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Introduction

Due to increasing population growth accompanied by industrial and agricultural developments, the world is
experiencing shortage of safe water. Hence, treatment and recovery of used water is especially important [1]. As
industry and technology developed, the volume of industrial wastewaters increased and huge quantities of organic
and inorganic pollutions released into wastewater. Wastewaters of chemical industries contain different materials
and pollutions. Dyes are the most common form of organic pollutions, which are highly problematic due to their
complex and stable structure [2]. Wastewaters of dye industries are complicated effluents containing chemicals, and
their disposal poses severe environmental challenges [3]. In 1987, it was estimated that of 450000 tons of dyes, 2%
in the phase of production and 92% in dyeing enter the wastewater. Under these conditions, 50000tons of dyes enter
wastewater every year [4]. Conventional methods for treatment of dyes such as activated sludge, flocculation and
biological fouling were used to destroy unsaturated bonds existing in the structure of dyes, but the end result was not
satisfactory. In contrast, advanced oxidation processes such as photo catalytic reactions, ozonation and photon
emission are able to degrade organic dyes in a relatively short and to a considerable extent [5]. AOPs with the aid of
highly reactive hydroxyl radicals are able to attack and eliminate oxidable pollutions effectively and non-selectively
[6]. In AOPs of hydroxyl ions, Os, H,O, or air are used as oxidant and ultraviolet waves as external energy. The
main advantages of this method are prevention from contamination of crops in the environment; control the hazard
of increased concentration of oxidants and high velocity of the process [7]. Empirical progressin oxidation
operations resulted in using photcatalytic processes. In these processes, reactive radicals are produced through
absorbing light by semiconductors [8]. In catalytic reaction, semiconductors can mineralize organic compounds
perfectly, do not produce sludge, and they operate under mild temperature and pressure [9]. A variety of
semiconductors such asTiO,, ZnS,Zn0,Zn0,, SrO,, and CdS are used as catalysts in photo catalytic reactions [10,
11]. Among these catalysts, WO3/TiO, is the most stable one, used in environmental reactions [12]. Owing to their

éfi\\;s The Pharmaceutical and Chemical Journal
s

149



Pirkarami A et al The Pharmaceutical and Chemical Journal, 2016, 3(2):149-156

electronic structure, semiconductors act as photosensitizers in optical oxidation-reduction processes. In addition,
photo catalytic degradation process can be accelerated in presence of H,O,. During the reaction, it can form
hydroxyl radicals in presence of superoxide radicals [13, 14]. Furthermore, WO3/TiO, serves as a conduction band
for the electron accepter and form hydroxyl radicals [10]. The main phase of these reactions is production of
electron holes in semiconductors [15].

H,0, + WO,/TiO,(® ) — OH + OH (1)
+

H,0, + e _, OH, + H* (2)

OH. + OHZ. — Hzo + 02 (3)

Parameters of these reactions are: pH, concentration of oxygen and WO3/TiO,. Selection of a suitable method for
decoloration depends on type and concentration of the dye. In order to select a suitable decoloration method, plus
efficiency of the method, economics and finished cost of implementing the process should also be taken into
consideration [16].

An aqueous solution including an Azo dye (Allura Red AC) was used in a photo catalysis process to analyze the
effect of the number of parameters on removal efficiency of dye. The parameters are amount of photo catalyst
(WO4/TiO,), pH, and dye concentration. A comparison was made between rates of removal by these parameters.
Efficiency of the photo catalyst was tested by SEM. Also, the post treatment product was tested by GC-MS.

Experimental Work
Materials
Sulfuric acid, hydroxide acid and H,O,used in the tests were procured from Merck® at an experimental purity
grade.WO,/TiO, was purchased from Mina Tajheez Aria Co. Allura Red AC with 85% purity grade was provided
from Alvan Sabet Co. Table 1 shows the chemical structure of this dye (mono azo and molecular weight
350.32g/Mol). Concentration of the dye was measured by spectrophotometer Unico 4802- Double beam and by
using calibration curve.

Tablel: Chemical structure of dyes studied in this research
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Figurel: Schematic representation of the reactor
Analysis products were tested through spectrophotometry (GC-MS) by GC 7890 Agilent and a capillary column HP-
5 MS, 30 m x 0.25 mm equipped with Agilent Mass spectrometer 5973, functioning with an energy of 70 eV. The
reactor (photo catalyst) was a 2L double glazed glass container covered by aluminum foil. A 9V lamp, purchased
from Philips Co., The Netherlands, was placed in a single wall quartz tube fixed in the center of the reactor. A 4L
tank connected to the reactor and a pressure pump controlled velocity of the solution flow. Figure 1 shows a
schematic representation of the reactor.

Methodology

The aqueous solution was prepared by dissolving dye in distilled water. Then, WO,/TiO, was added to the sample.
pH of the solution was adjusted by NaOH and HCI. The sample entered the reactor and the UV lamp was put inside
it.

The sample was exposed to photo catalysis process for 180 min. This was aimed to examine the number of factors
on removal of Azo dyes. For this purpose, catalyst concentration, pH, and dye concentration were analyzed. The
effect of catalyst concentrations (0.02gL™, 0.04gL™, 0.08gL™, 0.1gL™, 0.12gL™) on dye removal from solution was
studied. Effect of pH was evaluated through adjustment of pH in 5 values: 2.5, 4, 6, 7, 8. To find out how dye
concentration affects the rate of removal, 3 different values were used: 20gL™, 30gl™?, 40gL™.

Results and Discussion

Effect of Photo catalyst Concentration

When Nano photo catalyst is WO,/TiO,, two reactions should happen at the same time: a) oxidation from holes
generated by light and b) reduction from electrons generated by light. If Nano photo catalyst remains unchanged,
these processes should occur with a constant speed [17].

UV *02H
a\ b H"xoo-z 02 .”\\U v

Figure2: Main process in semiconductor Nano photo catalyst of photon absorption and electron generation-hole
charge separation and migration to locations of surface reaction or re-combination sites. Chemical surface
reactions in reactive sites.

In the first key process in Fig. 2, photon absorption is electron hole pair generation. If an electron moves from
conduction to valence balance, incident light energy should be higher than energy difference between these two

bands. Success or failure of this phase depends on semiconductor band gap [17, 18].

One of the most principal factors to be noted in catalytic reactions is catalyst concentration. Effect of
photocatalyston kinetic energy of degradation of Allura Red AC dye was analyzed through applying 5 doses of
WO,/TiO,: 0.02, 0.04, 0.08, 0.1, and 0.12GI™. It was observed that photo catalytic degradation of azo dyes increased
by using larger number of quantity of Nano particles. However, based on Fig.3, the last three values exhibit similar
rate of removal. For this reason and from an economic viewpoint, 0.1gL™ was selected as the optimal dose for
suitable degradation of dye. Fig. 4 shows a comparison between speeds of dye removal. When WO,/TiO, increases,
decoloration also increases. Effect of quantity of photo catalyst can be explained this way. Increase in amount of
photo catalyst leads to larger number of electron-hole pair, and consequently to more WO,/TiO, reactive sites on the

surface, resulting in higher number of “OH and “O,. These reactive radicals react with organic molecules and convert
them to nontoxic simple materials [17, 19, 20].

WO/TIO, + (hv) — WO/TiO, + (h*) + (&) ®)
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Figure 3: Effect of concentration of WO4/TiO, on degradation of Allura Red AC: 180min, dye concentration: 20
mgL™, pH=7, temperature=25°C)
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Figure4: Comparison between rates of removal for various concentrations of WO3/TiO, (contact time: 180min, dye
concentration: 20 mgL™, pH=7, temperature=25°C)

Effects of pH

Fig.5 shows effects of pH on removal efficiency of Allura Red AC. Five pH values were analyzed: 2.5, 4, 6, 7, 8.

We observed that almost 91%, 94% and 97% of dye were removed in the following pH values: 2.5, 4, 6,

respectively, after 180 min. This phenomenon can be explained in this way: as pH decreases, concentration of H

ions increase, which it will lead to improved production of “OH and “Oby photocataylist. However, it is quite clear

that rate of removal is lower in pH greater than 7. This might happen because in greater pH, negatively charged
surface of photocatalyst releases dye anion and reduces efficiency of phtocatalyst [21, 22].
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Figure5: Effect of Initial pH (i-pH) value on degradation of Allura Red AC (contact time: 180min, dye
concentration= 20 mgL™, photocatalyst concentration = 0.1 mgL™, pH=7, temperature=25°C).

Effect of Dye Concentration

Three concentration values (20mgL™, 30mgL™, 40 mgL™) were used to study about effects of initial concentration
of dye on efficiency of photocatalyst degradation. As shown from Fig 6, changes in initial concentration (20mgL ™)
will result in 97% dye removal after 180 min. However, rate of degradation reduces at greater concentrations. This is
why increased dye concentration prevents photons from reaching the photocatalyst surface that itself stops formation
of superoxide and hydroxyl radicals, which are responsible for absorbing dye molecules and reducing rate of
removal [22-24]. Fig 6(b) shows reduction in concentration of Allura Red AC (wavelength 482 Hz in contact time
from 0 to 180 min).
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Figure 6: Effects of initial concentration on removal of Allura Red AC(contact time:180 min, photocatalyst:0.1gL™,
pH=7, temperature=25 C).

Description of Photo catalysis Process: SEM Study

Composition of WO3/TiO, on the Surface was determined by SEM before and after photocatalysis process. Fig 7b

illustrates uniform distribution of fine particles with similar sizes. As Fig7b,c implies uniform particles of WO,/TiO,

are covered by dye.
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Figure7: SEM image, initial WO,/TiO, (a), WO,/TiO, following decoloration process
GC-SM Study

GC-SM study was carried out to identify the intermediate product produced during Allura Red AC treatment. Fig.8
shows the results about main intermediates products formed in the process.

Regarding the process, it can be said that “OH and O attacks carbon atom in the dye molecule, which breaks down

C-N bond to form 2-amino sulfonic acid (m/z 27), benzene (m/z 173), 3-amino 5 (4-amino 6-chloro-1,3,5-triazin, 2-
yl) amino 4, hydroxynaphthalene-2-sulfonic acid methane ethyl (m/z 465). If photo catalysis continues, these
organic compounds will be converted to CO, H,0, SOs, NO,, NO3, Na".
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Figure 8: Mechanism of degradation of Allura Red AC (contact time:180min, dye concentration: 20 mgL™, pH=7,
temperature=25°C)

Conclusion

In this study, photo catalytic degradation of azo dye (Allura Red AC) by WO,/TiO, as a photocatalyst suspended in
an aqueous solution was studied. Parameters of process are quantity of photocatalyst, dye concentration, and pH. It
was observed that 0.1 mgL™ is the best concentration of Nano photocatalyst to remove dye and the best initial dye
concentration is (20 mgL™) to remove maximum dye (97%). However, dye removal is lower in higher
concentrations of photocatalyst. The efficiency of photocatlysis process was evaluated by SEM method. Post-
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treatment products were tested by GC-MS studies. Consequently, intermediate compounds were identified and a
reaction pathway was introduced for dye decomposition.
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