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Use of a new nanosized photocatalyst BaOsTiO.SrO3TiO for degradation of
AzureB: An eco friendly process
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ABSTRACT

Colours are widely used in different industries like textile, plastic, yarn etc. When not consumed these are excreted
in environment polluting it. Efforts in present work are made to remove these pollutants through photo catalytic
degradation process using a new semiconductor BaO;TiO.SO3TiO. The optimum conditions were extracted by
varying pH, concentration of dye, amount of semiconductor, intensity of light etc. The process follows pseudo first
order rate law which is confirmed on kinetic parameters. Formation of nontoxic degraded products like NO,,
CO,,H,0 etc makes the process of immense importance. Participation of OH" free radical was confirmed by use of
scavenger.

Keywords: Photo degradation, Pseudo first order, Azure Biaistrontium titanate.

INTRODUCTION

Today most of water resources are polluted. Wabuton is increasing steadily, due to rapid p@ign growth,
industrialization, urbanization, increasing livisgandard and wide sphere of human activities. Tlaeeemany
methods available for removals of various watetytahts, but these are associated with some asttier demerits.
One of the most economical and ecofriendly methisdhowever, the use of photocatalytic reactionslakt few
years, Advanced Oxidation Processes (AOP's) liketquatalysis, photo-Fenton reaction, ozonolysisphsis etc.
have emerged as successful techniques in combidtengroblem of environmental pollution. Colouredusion

containing dyes from industrial effluents of teatildyeing and printing industries may cause skimceadue to
photosensitization and photodynamic damage. Dydaaing coloured water is of almost no use, buthis

coloured solution is leached to give colourlessewathen it may be used for washing, cooling, atign and
cleaning purposes. The photocatalytic bleachingnsge be quite promising and can provide a low oosthod to
solve this problem.

The field of photocatalysis has been excellentiyawed by Ameta et al.[1]. Photodegradation of clired 81 by
using zinc oxide nanoparticles in acidic pH wasriedrout by Ebrahimi et al. [2]. An Efficient Platatalytic
Degradation of Methyl Blue Dye by Using Synthesige&ilO Nanoparticles was studied by Borhade et al.[3]
Photocatalytic degradation of cetylpyridinium clifier over TiO2 has been reported by Singhal et Jal$#milar
photocatalytic reaction of xylidine ponceau andngexG dyes by ZnO powder has been reported by $hatm
al.[5]. Yoneyama et al.[6] studied the photocatalyeduction of dichromate ions using WO3 powderatidic
range. Photocatalytic degradation of brilliant dy& and textile waste water has been suggestedabyrd et al.[7].
Photocatalytic degradation of acid blue-62 over 3r®2 nanocomposite photocatalyst under simulatetight
has been reported by Xia et al.[8]. Photocatalgidgradation of azo dye acid readily in water usf as
photocatalytic has been investigated by Daneshvalr[8]. TiO2 sol-gel deposited over glass andajplication on
the photocatalytic phenol degradation was repobedColon et al.[10] whereas photodegradation afifigfrom
black liquor using a UV/TIiO2 system was investighby Ksibi et al.[11]. Morwetz and Selli[12] invégated the
effect of iron species in photocatalytic degradatiof azo dye in TiO2 suspension. Photocatalytic ewat
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decontamination has been reported by Gelover[@BhlPhoto-induced transformation of some orgatsgpiorous
pesticides over TiO2 was investigated by Calzal.§t4). Reddy et al.[15] showed the photocatalwitivity of

Bi203 for the treatment of phenolic wastes. Degtiadaof some dyes using zirconium phosphate phoadyst
have been studied by Panwar et al.[16]. Photoramuctf Congo red by ascorbic acid and EDTA overnciaun

sulphide as photocatalyst was carried out by Kothamal.[17]. Sharma et al.[18] used semiconductiigmuth
sulfide as a photocatalyst for degradation of Bsegal.

Although a lot of work has been carried out in fledd of photocatalysis, a fewer attention is paid ternary
photocatalysts which are found to be more effeqtieitutant removers than binary ones. Thus an gttémpresent
work is made to remove dyes by using a novel naeal photocatalyst BadiO.SrO;TiO.

MATERIALSAND METHODS

The stock solution of dye [Azure B 0.0761 g/250nl x 10° M (BDH)] was prepared in doubly distilled waterdan
diluted as required. The pH of the solution was snead by pH meter [Hena imported pen type] and veaied
using standardized solutions of HCI (BDH) and NaQW#kerck). Solution of dye was taken in a 100ml beake
(borosil), known amount of semiconductor [Bariunoatium titanate (Aldrich)] was added and was cedewith
water filter to avoid the heat reaction. Then tbhitson was irradiated by a 200 watt tungsten Igbpilips) and
optical density was recorded spectrophotometriqalgtronic model 106). The intensity of the lamg@swneasured
by solorimeter (CEL 201).
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Fig.1. Azure B (lupac name: 3-(dimethylamino)-7-methlylamino)-phenothiazine-5-ium chloride)

This dye belongs to phenothizine group. It 1s & daeen powder soluble in water. The colour ofdke solution in
water is blue. It hak,,=645 nm and is used as a biological stain.

RESULTSAND DISCUSSION
At regular time intervals, an aliquot was drawonirthe reaction mixture and the optical density vea®rded. The
effect of irradiation time is shown in plot of 14®.D. v/s time and was found to be straight linggesting that the
reaction follows pseudo first order rate law. Ratastant was calculated by

k = 2.303 x slope

The typical run is given in table 1 and figure heTrate slows down with time as the breakdown &f G-found
difficult and so becomes difficult the conversidmdrogen atom into nitrogen compounds [19,20].

Table 1: Amount of semiconductor=0.16g,light intensity=37mWcm™2 [Azure B]=5x10°M, pH=10.1

Time (min.) | O.D. | 1+log O.D.
0.0 0.57 0.7558
5.0 0.45 0.6532
10.0 0.36 0.5563
15.0 0.29 0.4623
20.0 0.22 0.3424
25.0 0.15 0.1760
30.0 0.10 0.0000
35.0 0.00 0.0000

K=7.29x10" sec’?
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Figure2: A typical run
Amount of semiconductor=0.16g,light intensity=37mWcm? [ Azure B]=5x10°M, pH=10.1

The data show a continuous decrease in opticaitgieBsmultaneously controlled experiments wereaiedrout and
no change was observed in the optical density pgothe reaction to be a photocatalytic one. Usecavenger
suggested the participation of Oftee radical.

3.1 Effect of pH: Effect of variation of pH (6 to 10.5) was studieith keeping all other factors constant and the
data are recorded in Table 2 and figure 3.

Table 2: Effect of variation of different parameters

o Effect of Azure B Effect of amount Effect of light
Effect of pH variation . . L . - o
concentration variation of catalyst variation intensity variation
Dye conc.
Dye_gonc. =5x Dye conc.
5 1 Catalyst = 0.16g 10°M =5x%
10°M Catal pH=10.1 pH=10.1 10°M Catal
yst = 0.169g yst = 0.16g
Rate constant . . T Rate constant| . . Rate constant ' Rate constant
. Light intensity = Light inten
Light x 10° o x 10° 0 " x10° _ x10°
intensity =37 37mWic _ sity = 37 _ pH_—10.1_
mw Dye Concentration mwW Light intensity
e varied ler? mw/cn?
) Catalyst Varied
pH varied varied
6.2 1.24 0.8 1.36 0.06 1.32 37 7.29
7.0 1.40 1.0 1.38 0.08 2.05 34 2.27
7.5 1.52 3.0 2.97 0.12 3.01 30 1.01
8.0 1.67 4.0 3.66 0.14 4.34 27 0.53
9.3 5.79 5.0 7.29 0.16 7.29
10.1 7.29 6.0 0.72 0.18 1.69
10.5 1.02 e
0.45
0.4
0.35 =—4—pH=6.2
g 03 —B—pH=7.0
o 0.25
§° 0.2 == pH=8.0
-+
= 0.15 =>=pH=8.5
01 ¥ pH=9.3
0.05
0 . =0-pH=10.1
0 10 20 30 40 50 pH=10.5
Time(Min.)

Figure 3: Plot of 1+ 1og O.D. v/stimefor pH variation
(Amount of semiconductor=0.16g, light intensity=37mwWem2 [ Azure B] =5x10°M)
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It was found that as pH increases, the rate oftimamcreases. It attains a maximum value at 18fter this, if pH

is raised, the rate decreases. Increase in pHasesethe number of Okbns. Due to irradiation hole is generated at
semiconductor surface which abstracts an electrom fOH ion converting it into OH* free radical. This free
radical is responsible for the bleaching of dye alihis proved by use of scavenger. After this, iasesin pH
reduces the rate. It is because of more availghilft base generating more number of ‘Qbhs. This causes
repulsion between negatively charged surface ofathgbenegatively charged OHThus rate reduces.

3.2 Effect of concentration: Keeping all other factors constant, the concéiomaof dye was varied (0.8xT0to
6.0x10°M) and its effect on rate was evaluated. The degaecorded in table 2 and Figure 4.

0.9
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0.7 —0—0.8M
g 0.6 0
o 05 —&=1.0M
[-T]
o 04 —h—3.0M
+
- 0.3
0.2 —>é=4.0M
0.1 —#—5.0M
O T T T T L 1
—0—6.0M
0 10 20 30 40 50
Time(Min.)

Figure4: A plot of 1+log O.D. v/stimefor variation of concentration of dye
(Amount of semiconductor=0.16g, light intensity=37mWem?, pH=10.1)

The rate of photocatalytic bleaching is found tor@ase with increase in the concentration. Thixesause the rate
of reaction is directly proportional to the molamcentration. Number of photons striking the swefacea of dye
molecule increases and thus increases the numlascitéd molecules. These molecules in their tripleited state
react with OH free radical and break down in fragments occirmdre concentration of dye is taken, the rate of
reaction decreases. It is due to the fact that moneentration of dye imparts only darker colouthe solution and
may act as filter to the incident light reaching semiconductor surface. As a consequence the agtbfvother
molecules gaining the light and attaining excitedesis interrupted and this results in the deeé&ableaching.

3.3 Effect of amount of semiconductor: Keeping all other parameters constant, amourgeoficonductor was
varied (0.04g to 0.18g). The data are recordedbtet2 and figure 5.
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0.35
5 03 —o—0.06g
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Figure5: A plot of 1+log O.D. v/stime of variation of amount of semiconductor

(Light intensity=37mWocn,[Azure B]=5x10°M, pH=10.1)

It was found that up to a limited weight of semidaaotor (0.16 g), the rate of photo bleaching insesalt may be
due to more surface area available of semicondteteatch hold the photons of light and generageettcited state.
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After a limited amount (0.16 g) the rate decredsssause the increase in amount of semiconductogdses only
the thickness of the layer and not the exposed ditmas the molecules gaining photons becomes limiarther,
after a limit, substrate molecules are not suffitieo fill the active site of semiconductor and sitaneously
increases in turbidity reduces the light intenségching the base. Thus further addition of phatalgst decreases
the rate.

3.4 Effect of light intensity: The effect of intensity of light on rate of blédrg was studied by keeping the reaction
mixture at different intensity below the lamp addather factors were kept constant. The data arengin table 2
and figure 6.

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0 ; ;

-0.05 ¢ 10 20 30 40 50

Time(Min.)

=9—37mW/cm2
=—34mW/cm2

1+log O.D.

30mW/cm2
== 27mW/cm2

Figure6: A plot of 1+log O.D. v/stime of variation of intensity of light
(Amount of semiconductor=0.16g,[ Azure B] =5x10°M, pH=10.1)

The rate of photocatalytic bleaching increaseshadritensity of light is increased [21,22]. It miag explained on
basis of excited molecule. As more intensity ohtifplls on semiconductor molecules, more numbemnofecules
get excited which in turn may bleach more dye mdkecThus the rate of bleaching was found increasiith
increase in intensity of light.

The proposed mechanism is

hv+ Dye — Dye' (Dye in singlet exited state)

Dye' — Dye® (Dye in triplet exited state through inter systemssing)

hv + SC — h' + € (Generation of hole and electron at semicondisiudiace)
h"+ OH — h + OH (Formation of free radical)

OH' + Dyé — Leuco form dye— degraded product

Here SC is semiconductor or photocatalystjshhole generated at the surface of photocatalydté is electron
generated at the surface of photocatalyst.

Controlled experiments have proved the reactiodoa photocatalytic one. Use of scavenger has grtive
participation of OH free radicals causing photo degradation and varitagraded products like NGCO,, H,O etc.
have been tested which are not harmful to the enmient. Thus an eco-friendly, cost effective, tiagphe natural
resource of energy i.e. solar energy and envirotah@notecting process may be used to make theeptdean and
pollution free.
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