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Abstract: The waste water from the textile industries generate serious problems for environment by the
presence of color compounds such as dyes and these are resistant to the natural and conventional treatment.
Present work incorporates the photocatalytic degradation of Azure-B dye using tungsten containing
semiconductors (WO3;, BaWO, and BasY,WQyg) and solar light. The degradation of dye in aqueous solution was
examined spectrophotometrically. It was observed that concentrations of dye, pH, amount of semiconductor,
intensity of light were significant parameters whose influence is directly related to changes in the concentration
of OH and O, free radicals.
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I.  Introduction

Dyes are usually resistant compounds that can be found industrial wastewater, producing drastic
environmental problems [1]. Different biological treatments [2] and traditional methods like ultra filtration,
extraction and carbon adsorption [3] have been applied to remove such compounds. A disadvantage of most of
these processes is that they are non-destructive; they simply transfer the pollutant from one phase to another [4].
Over the past few years, several advanced oxidation processes (AOPs) have been proposed as alternative routes
for water purification. Among them, oxidation via ozonolysis or hydrogen peroxide was one method [5].
Nevertheless, the photocatalytic process seems to be the most successful one for water decontamination, since it
involves strong oxidizing species such as hydroxyl radicals [6,7]. The photocatalytic degradation rate of
different compounds depend on various parameters (concentration of semiconductor, initial concentration of the
pollutant, initial pH, temperature, light intensity, addition of salts and oxidants, partial pressure of oxygen, etc.)
[8, 9]. A photocatalytic process is based on the action of light on the surface of a semiconductor, which causes a
jump of electrons from the valence band to the conduction band (electronically). This process can be
summarized, in brief, in three steps:

(1) The production of pairs of electron-positive holes[10]
photocatalyst + hv "— e g+ h'yg --------- 1)

(2) The separation of electrons and holes
e CB+ h+VB — heat (2)

Recombination of electrons and holes is the main factor limiting the rate of oxidation of organic
substrates [11]. The recombination should be thus avoided, for an efficient photocatalyst. This is made possible
by the transfer and trapping of free charges to intermediate energy level (irregularities of structure or adsorbed
molecules). For example, the electron trapping occurs through molecular oxygen adsorbed, forming superoxide
radicals.

e cgt+ O, (adsorbed) — Oy " ----m-mmmmmmm- 3)
(3) The oxidation and reduction: the charges created migrate to the surface of the catalyst and react with
adsorbed substances likely to accept electrons (i.e. oxidizing) or give electrons (i.e. reducing). These are
oxidation or reduction substances which are interesting for remediation. Thus, in an aqueous medium, the
hydroxyl groups OH, adsorbed on the surface of photocatalyst, react and produce free radicals OHe. In fact, the
main reactions are [12] as follows:

h*ve+ H,O (adsorbed) — OH+ H* ------- 4)

h*ve + OH (surface) —— OH" --------------- 5)

Tungaten materials with novel architectures and physical and chemical properties are very useful for
many potential applications such as flashing materials, LED [13], magnetic and fluorescent materials [14-20],
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optical fiber, humidity sensors [21], light emitting materials [22,23], photocatalytic materials [24-30],
scintillator [31], laser host[32], and nanoordered substrate materials[33,34], so they are considered as am
important class of functional materials. As important photocatalyst tungsten containing semiconductor (WOs,,
BaWQ, and BasY,WQ,) has been applied for photodegradation of Azure B dye from water under solar light
irradiation.

Il.  Materials And Methods

Stock solutions of Azure B dye (0.030583g/100 ml=1x10°M) was prepared in doubly distilled water
and diluted as required. The optical density (O.D.) of the solution at Amax = 648 nm was determined using a
spectrophotometer (Systronics Model 106). The pH of the solution was varied by prestandardized NaOH and
HCI solutions and was determined by pH meter (Hena pen type). To 50 ml of the solution, 0.10 g of Tungsten
oxide, 0.18 g of Barium tungstate and 0.12 g of Barium yttrium tungsten oxide was added respectively and it
was exposed to a 200 watt tungsten lamp (Philips). The O.D. of the solution was recorded at different time
intervals and graph was plotted between time and 1+log O.D. It was found to be a straight line suggesting the
reaction to follow pseudo first order kinetics. The rate constant was determined by —
K=2.303 x slope

A water filter was used to cut off the heat reaction. Use of scavenger suggested the participation of OH"
free radical in the reaction. This free radical is found to be strong enough to break the different bond of dye
(C=N, C-N, C=C, C-C, C-S etc). Controlled experiments proved the reaction neither photo degradation nor
catalytic degradation rather it was a photo catalytic degrading process.
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Fig. 1: Structure of Azure B

I11.  Results And Discussion

3.1 Atypical run

To a 100mL beaker, 50mL of dye solution was added, 0.12, 0.18 and 0.12g of semiconductors WQ3,
BaWQ, and BazY,WO, were added respectively and the setup was covered with water filter to avoid heat
reaction. This assembly was exposed to 200 watt tungsten lamp. At different time intervals an aliquot of 2mL
was taken out and the optical density (O.D.) was recorded. It was observed that the O.D. of solution decreases
with time.

The data of typical run for all the three semiconductors are given in Figures ( Figure 6 for WO3; and
Azure B, Figure 7 for BaWwO, and Azure B and Figure 8 for BasY,;WQq ) and Table 1. It is observed from the
comparison of data that efficiency of ternary semiconductor to remove the dye is much greater than other two
semiconductors.

3.2 Effect of pH

The effect of variation of pH on the rate of photocatalytic degradation of Azure B was investigated by
keeping all other factors constant and by varying the pH of the solution by adding prestandardized HCI and
NaOH solutions. The data are represented graphically in Figure 2 and comparison is reported in Table 2. The
rate of photocatalytic degradation of Azure B increases for the WO;, BawO, and BasY,WQ, with increase in
pH up to a pH value of 7.8, 7.3 and 7.3 respectively and then decreases again with increase in pH value above
7.8 and 7.3. 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 values. 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 7.3 or 7.8, the increased humber 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
Azure B molecules to the semiconductor surface will be retarded. This will result in a decrease in the rate of
photocatalytic degradation of Azure B dye.

3.3 Effect of 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. Thus the effect of concentration of dye was
observed on the rate of reaction by changing the concentration of dye and by keeping all other factors constant.
The data are represented graphically in Figure 3 and compared in table 2. 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 dye. The rate of degradation relates to the probability
of OH’ radicals formation on the catalyst surface and to the probability of OH" radicals reacting with dye
molecules. As the concentrations of the dye increase the probability of reaction between dye molecules and
oxidizing species also increases, leading to an enhancement in the decolorization rate. On the contrary, the
degradation efficiency of the dye decreases as the dye concentration increases further. The presumed reason is
that at high dye concentrations the generation of OH’ radicals on the surface of catalyst are reduced since the
active sites are covered by dye ions. Another possible cause for such results is the Visible-screening effect of the
dye itself. At a high dye concentration, a significant amount of light may be absorbed by the dye molecules
rather than the semiconductor particles and that reduces the efficiency of the catalytic reaction because the
concentrations of OH" and O," is decreased.

3.4 Effect of amount of semiconductor

The effect of variation of semiconductor on the rate of the photocatalytic degradation of the Azure B
was also recorded and all other factors were kept constant. The results are given graphically in Figure 4 and are
compared in Table 2. The value of K increases with increase in the amount of WO; (0.12g), BawO, (0.18g),
BasY,WOy (0.12g). Beyond the particular amount of semiconductor, the rate of the photocatalytic degradation
decreases as the amount of the semiconductor increases. It is likely to state that addition of semiconductor
increases the site to absorb the light and generate electron hole pair. This increases the rate of degradation.
Beyond the particular amount of semiconductor, the further addition increases the thickness of the
semiconductor layer without affecting its surface area. Further, addition of semiconductor may generate more
number of OH™ and the caused crowd may repel the oxidizing species forcing their recombination with holes and
thus reduction in rate is observed.

3.5 Effect of light intensity

The effect of variation of light intensity on the rate of photocatalytic degradation of Azure B was
observed by keeping all other variables constant. The results obtained are reported graphically in Figure 5 and
are compared in Table 2. The observation shows that an increase in light intensity increases the rate of
photocatalytic degradation. As the intensity of light increases, the number of photons striking per unit area of the
semiconductor (WOs;< BaWO,< BazY,WOQ,) also increases. A linear behavior between light intensity and the
rate of reaction was observed. Since an increase in the light intensity increases the temperature of dye solution
and a thermal reaction may occur, therefore higher intensities were avoided.

IV.  Conclusion
It is concluded here that the rate of degradation of dye molecule in water is affected by following factors:
pH of the solution
Concentration of the dye
Amount of the semiconductors
Intensity of light
Type of semiconductor
A mechanism is proposed:
As light falls on the dye it gets excited to its singlet state and then by loosing energy through inter system
crossing gets converted to triplet state.
hv + Dye — Dye' (Dye in singlet exited state)
Dye! — Dye® (Dye in triplet exited state)[I1SC]
On the other hand semiconductor, on exposure to light generates an electron hole pair by exciting an electron
from highest occupied molecular orbital (HOMO) to lowest unoccupied molecular orbital (LUMO) and
generating a hole. In photo oxidation process this hole is responsible which abstracts an electron from OH" ion
and generates the responsible OH free radical species.
hv + SC — h" +¢
h*+ OH — h + OH"
These free radicals attack the dye molecule, break its conjugation starting a chain reaction which causes a
complete degradation of the dye in various products like CO,, H,0, NO,, H,S, SO, etc. gases.
OH" + Dye’ — Leuco form of dye — degraded product
These gases are removed from water, making it safe for further use.
A comparative study (Table 2)of all the semiconductors show the supremacy of ternary semiconductor as it
requires less time to degrade the dye, less amount of semiconductor is required and pH of the solution is less
altered thus causing less alteration to the environmental factors.
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Table 1: Typical run for the three semiconductors

WO; BawO, BasY,WOQOq
pH=7.8 pH=7.3 pH=7.3
Dye concentration Dye concentration= Dye concentration= 5x10"°M
=5x10°M 4x10°M Catalyst = 0.12g
Catalyst = 0.12g Catalyst = 0.18g Light intensity = 37mWem™
Light intensity = Light intensity =
37mwem? 37mWem*?
Time 1+log O.D Time 1+log O.D. Time 1+log O.D.
0.0 min. 0.5263 0.0 min. 0.4232 0.0 min. 0.4393
15.0 min. 0.5105 15.0 min. 0.3961 2.0 min. 0.3802
30.0 min. 0.4814 30.0 min. 0.3765 4.0 min. 0.3654
45.0 min. 0.4424 45.0 min. 0.3729 6.0 min. 0.3096
60.0 min. 0.4183 60.0 min. 0.3560 8.0 min. 0.2600
75.0 min. 0.3783 75.0 min. 0.3443 10.0 min. 0.2227
90.0 min. 0.3424 90.0 min. 0.3404 12.0 min. 0.1760
105.0 min. 0.3010 105.0 min. 0.3201 14.0 min. 0.1398
120.0 min. 0.2764 120.0 min 0.2380 16.0 min 0.1003
135.0 min. 0.2479 135.0 min. 0.2380 18.0 min. 0.0755
Table: 2 Comparative study of degradation of Azure-B:
Factors WO3 BaWO, BasY, WOy
Rate Constant = 9.2x10° sec™ Rate Constant = 4.9x10° sec™ Rate Constant = 8.44x10
sec™
pH 7.8 7.3 7.3
Concentration of dye 5x10° 4x10° 5x10°
(moles/liter)
Amount of semiconductor (g) 0.12 0.18 0.12
Intensity of light (mW/cm?) 37 37 37
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Figure 6: A typical run for WO3; and Azure B
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