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ABSTRACT

The photocatalytic bleaching of textile azo dye Methylene blue has been carried out in the presence of
semiconductor Nb,Os and the progress of reaction was observed spectrophotometrically.The effect of various
operating parameters like pH, concentration of the dye, amount of photocatalyst and nature of photocatalyst on the
efficiency of the reaction has been studied. Attempts have been made to study the effect of addition of common
cations and common ions such as Na*, K*,Ca*?, Ba", CI", SO,% and CO5. It was observed that trace quantities of
all the added metal ions increases the reaction rate to some extent. A tentative mechanism has been proposed.
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INTRODUCTION

Azo dyes are versatile class of colored organicpmmds, which are characterized by the presencae@br more
azo bonds (-N=N-). These are widely used in numdfendustries such as textile dying, food, leattadditive,
cosmetic, paper, pharmaceutical industries etd.[1-2

During dye production and textile manufacturing gasses, a large quantity of waste water contaidiyrstuffs
with intensive color and toxicity are introducedoirihe aquatic systems [3].The azo linkage is reduo aromatic
amines under anaerobic conditions that can be tmdcpotentially carcinogenic [4-6].

It is necessary to find an effective method of wastter treatment in order to remove color fronuefits. A
number of physical and chemical techniques has begmarted for the removal of dye compounds sucidasrption
on activated carbon [7], biodegradation [8], ozamaf9] and advanced oxidation processes (AOPH) siscFenton
and photo-Fenton catalytic reactions [10,11J0MUV processes [12] and semiconductor photocata[§&§is15] .

Advance oxidation processes are the methods inhmncy reactive species such as hydroxyl radic@isi) are
produced. The hydroxyl radical is a powerful oxidahat can rapidly and non-selectively oxidize amiga
contaminants into carbon dioxide and water [16,%3d]it is able to degrade pollutants effectively]l®.Among the
AOPs heterogeneous photocatalytic oxidation usii@ &s photocatalyst has been extensively studied, i§i@ery
effective, relatively inexpensive, easily availabled chemically stable photocatalyst. The apprépilumination
of these particles produces excited-state highgetierelectron and hole pairs/tg). These pairs are able to initiate
a wide range of chemical reactions that may leazbtoplete mineralization of organic and inorgaredytants [20-
22], Bhandariet al.[23] observed photocatalytic degradation of some dyeghf®sin-B, Rose Bengal FCF and
eosin Y), with semiconducting zinc oxide in the smece of F&, Ni**, Ag’, C#*, C&*, V**and Mrf*ions as
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dopent. Main objective of the present study is whamce the photocatalytic activity of M using
various metal ions of appropriate concentration.

The aim of this work to asses the photocatalyéatiment of azo dye Methylene blue (MFitigN3SClI MW:
319.85) selected due to its toxicity, carcinogeéninature as well as its presence in wastewatsewéral industries
such as textile dying, printing, tannery etc.[scheth

On irradiation, electron migrates on metal whetgeitomes trapped and electron-hole recombinatisaoppressed.
The hole is then free to diffuse on the semicormustirface where oxidation of organic species @i

_ N _
N
H;C @®_ -
\ITI S N/CH3 Cl
\
CH; CH,

MATERIALS AND METHODS

The stock solution of dye Methylene blue 0.01M §@6g/250ml) was prepared in doubly distilled wafegueous
solutions of desired concentrations were prepareth fthe stock solution. The desired pH of the sofutvas
adjusted by the addition of previously standardigalphuric acid and sodium hydroxide solutions. laboratory
reagents were of analytical grade.

In photocatalytic experiment, the dye solution &mdwn amount of semiconductor (M) and metal ions were
taken in a beaker and cutoff filter was placed idetshe beaker (Pyrex) to completely remove anyntaé
radiation. The solution was irradiate by visiblegsten lamp. Dye sample of about 2-3 ml was takeraba regular
time interval from the test solution and opticalnsiéy was recorded spectrophotometrically(systr®nic
spectrophotometer)lt is observed that the opticahsdy (O.D.) of Methylene blue solution decreases
presence of the semiconductor, metal ions and.ligtiémpts have been made to study the effect oftiatdof
common cations and common anions such ds KaCa?, Ba', CI, SO;% and CQ2

RESULTS AND DISCUSSION

The plot of 1+log O.D. vs. time was found straifihé suggesting that bleaching of dye by,8€ follows pseudo
first order rate law. Rate constant was calculatedraphs as follows

K;= 2.303 x slope
A typical run is given in Table-1 and Fig.1

Table 1
A Typical Run
[Methylene blue] = 1.6 10°M, pH = 8.5
Light intensity = 37.0 mWcrA Nb,Os = 0.10 g

Time(min.) | O.D | 1+log O.D

0 0.89 0.95
10 0.87 0.94
20 0.85 0.93
30 0.83 0.92
40 0.81 0.91
50 0.8 0.90
60 0.79 0.90
70 0.79 0.90
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Fig.1- A typical run

Effect of variation in pH:

The effect of pH on photocatalytic bleaching of Mdéne blue with NiOswas investigated in the pH range of 6.0
to 9.0 under visible light source, reported in Fig It was found that the rate of photocatalytieawhing increases
with an increase in pH up to 7.5. Thereafter theran adverse effect on the rate of reaction oneasing pH
further. This observation can be explained on thsisbthat as the pH of solution increases, moré iOh$ are
available. These OHons will generate moreOH radicals by combining with the hole of the semniductor. The
hydroxyl radical is an extremely strong, non-sélecbxidant [E= +3.06], which leads to the partial or complete
mineralization of several organic chemicals.

After a certain pH value, more Okbns will make the surface of semiconductor negdyi charged and is retarded
the approach of dye molecules toward the semicdndwsurface due to repulsive force between semigctod
surface and anionic dye molecule. This will regutib a decrease in rate of photocatalytic bleaghindyes.

Effect of amount of catalyst Nb,Os]:

The effect of amount of photocatalyst on the degtiad kinetics of Methylene blue was investigateapkying
different concentrations of the Nb205 varying fr@xi0 to 0.40g/ 100ml. It was observed that the cdteye
decolourization increases with increasing catdlygtl up to 0.10 g and beyond this, the rate oftitea becomes
almost constant (Fig.3).

This may be due to the fact that, initially therigese in the amount of catalyst increases the nuaflactive sites
on the Nb205 surface that in turn increases thebeuraf « OH and O2+- radicals. After a certain levecatalyst
availability with the same concentration of dyertlier dye molecules are not available for adsomptibhe
additional catalyst particles therefore are notolmed in the catalytic activity. Hence the degramtatremains
constant.

Effect of concentration of Dye [Methylene blue]:

The effect of substrate concentration on the dedial of Methylene blue was studied at differemeantrations
varying from 1.0 x 10 -5 M to 4.0 x10 -5 M at fixedncentration of Nb205=0.10 g, pH=8.5.The higleitiency
was observed at lower concentration, which deceeadth the increase in substrate concentration fiobnx 10 -5
M to 4.0 x10 -5 M (Fig-4).

This may be due to the fact that with the incraagaitial concentration of the dye, while the wration period and
catalyst dose are kept constant, more dye moleeuesdsorbed onto the surface of Nb205. Thuspenease in
the number of substrate ions accommodating inlayter spacing inhibits the action of the catalygtjch thereby
decreases the number of reactive « OH and O2--rhdieals attacking the dye molecules and photadkdion
efficiency.
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Effed of light intensity

The effect of variation in light intensity on thate was also investigated and the observationseeprated in Table.
The data indicate that the degradation actiondglacated as the intensity of light increases, bigeany increase in
the light intensity will increase the number of phs striking per unit time per unit area of thensmnductor
powder. An almost linear behaviour between lighemsity and rate of reaction has been observed eMemnyhigher
intensities are avoided due to thermal effects.

Table -2
[Methylene blue] = 1.6 10°M
Light intensity = 37.0 mWcrA Nb,Os = 0.10 g

pH | kx 10 (sec)

6 0.17

6.5 0.17

7 0.25

7.5 0.32

8 0.34

8.5 1.14

9 0.36

9.5 0.39

10 0.35

10.5 0.26
1.2 ~
1 4
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]
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Fig.2: Effect of pH

Table-3
[Methylene blue] = 1.6 10°M, pH = 8.5
Light intensity = 37.0 mWcrh

Amount of B
) k x 10* (sec)
Semiconductor (@)
0.06 0.22
0.08 0.66
0.1 1.14
0.12 0.5
0.14 0.3
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Fig.3: Effect of catalyst concentration
Table-4
pH=85
Light intensity = 37.0 mWcrA Nb,Os = 0.10 g
[Methylene blue] x 16 M | k x 10* (sec?)
0.6 0.81
0.8 0.92
1 1.14
1.2 0.87
1.4 0.44
1.6 0.3
1.2 -
1 -
0.8 A
(%]
2 0.6 1
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0.5 0.7 0.9 1.1 1.3 1.5 1.7
Methy.blue

Fig.4: Effect of dye concentration
Table-5
[Methylene blue] = 1.6x 10° M, pH = 8.5, NBOs = 0.10 g

Intensity of light (mW cm?) | k x 10* (sec)
23 0.08
27 0.11
30 0.34
34 0.72
37 1.14
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Fig.5: Effect of light intensity

Effect of common cations (with same concentratiom)n photocatalytic bleaching of Methylene blue by NJO5
The effect of addition of metal ions (N&K*, Cd? Ba’, CI, SO? and CQ? on photo degradation efficiency of
Nb,Os has been investigated, and results are reportéd.i(6). The result shows that the trace quaeginf all the
added metal ions enhance the rate of photocatdligaching of Methylene blue to some extent.
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Fig. 6: Effect of common cations on photo catalytibleaching of Methylene blue

The increase in the photocatalytic activity maydae to introduction of new trapping sites by inaogiion of
transition metal ions. On irradiation, electron ratgs on metal where it becomes trapped and eteetrbole
recombination i s suppressed. The hole is then tiediffuse to the semiconductor surface where atiich of
organic species can occur. (Scheme 2)

As the surface of catalyst particles is negativdigrged and hence, it permits more metal ions t@adsorbed on
the Nb205 particles surface and as consequenceutfece of semiconductor will become positiveladed. As
methylene blue dye is anionic dye, so it will fanere Electrostatic attraction with cations (Madsorbed on the
semiconductor surface.

The electron from NjDs conduction band is transferred to metal ion toveohit into its lower oxidation state, in
turn transfer this electron to oxygen molecule. §puevent electron-hole recombination. At the sdime , the
positively charged vacancies(h+) remaining in taerce band of Nb20O5 can extract electron from dwgrions
in the solution to produce the hydroxyl radicalsQ{H). These hydroxyl radicals oxidize the dye malecinto
colorless products.

H + H,O (ads) — > OH+H

H"+ 20H—— » ‘OH + OH
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The concentration of transition metal ions is vemall and large concentrations are detrimental.
Metal modification

Dye +hy , 1Dye (singlet excited state)
Dye, ——» Dye, (triplet excited state)
Nb,Os —_—» NBOs* (h+vb + e_cl:)

M™+e  _ p u(n-1)+

m(-D+io; —— » M40, -
NbOs* (h"p)*OH  —,  NiDs + OH
*Dye, +* OH ———*» Degradation of the dye

Electron )
Trap Barrier

Semiconductor

Scheme 2. Metal-modified semiconductor photocatalyparticle
MECHANISM
Photocatalysis over a semiconductor oxide suchta®dNs initiated by the absorption of photons with yyeequal
to, or greater than the band gap energy of thecsamductor
(3.2 ev for anatase), producing electron—hole {@-airs.
Nb,Os+hy ———» NbOs* + h™ (vb) + €(ch) (1)
Wherecb is conduction band andb is valence band.

The photo produced holes and electrons may migpatee particle surface, where the holes can

React with surface-bound hydroxyl groups (P&hd water molecules to form hydroxyl radical®©H).
h* + OH e "OH 2

+ e . .
h" + H,O OH+H 3)

The electrons in conduction band react with thevdrbsd oxygen molecules to form super oxide ions (0
€ + O, (ads.) — (O, (ads.) 4)

Super oxide ions (£ ) is reduced by H accounting for hydroperoxyl radical (HO) and hydroxyl radical
production.
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0, +H" L HO, (5)
20, o— L2 H+ L 2'0OH+ 0Oy (6)
HO," * OH and @ are strong oxidizing species and they react wjthmolecules to oxidize them.

In the second pathway where a dye absorbs radiafiGuitable wavelength and excited to its firstgbet state
followed by intersystem crossing to triplet state.

Dye, hy bye, (singlet excited state) 7
—_
! Dye, —_— Pye, (triplet excited state) (8)

The excited dye may be oxidize to product by higklgctive hydroxyl radical OH).

*Dye, +* OH / HO, /0, —— Colorless End Products (Degradation) (9)

The participation of OH radical as an active oxidizing species wasiomed using its scavenger, i.e. 2-propanol,
where the rate of bleaching was drastically reduédr continuous irradiation the formation of g@ulphate ions
and nitrate ions in bleached dye solution showttete is total destruction of organic compoundhis process.

The end products are simple molecules and harridebg environment.

The whole process can be summarized as:

C16H15N5SCI "OH /HO, /10,™ Intermediates

(Methylene blue) | -

CQ + NO; +SO% + H' + Na" + H,O + CI
CONCLUSION

The photocatalytic degradation of Methylene blue dss found to be dependent on various kineticrpeters like
concentration of dye, pH, amount of semicondudtdgnsity of light etc. And also degradation istfadien small
amount of metal ions add. Colour change is irreérsand degradation rate of the dye follows theuge-first
order kinetics.
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