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Abstract. In this work a detailed investigation of
heterogeneous photocatal ytic degradation of Navy blueHE2R
1 (NB), azo dye of the reactive class is presented using
UV/TiO,/H,O, processin the agueous suspension under 8W
low-pressure mercury vapor lamp irradiation. Here we also
report about optimization of various experimental parameters
such as effect of catalyst concentration, effect of substrate
concentration, effect of H,O, addition. The effect of the
UV/TiO,/H, 0O, process empl oyment and sel ection of optional
operational parameters on complete decolorization and
substantial decrease of Chemical Oxygen Demand (COD)
and Total Organic Carbon (TOC) of dye solution has been
established.

K eywor ds: photocatalysis, textile dye Navy blue HE2R 1
(NB), titanium dioxide, hydrogen peroxide.

1. Introduction

Azodyesarean abundant classof synthetic, colored,
organic compounds, which are characterized by the
presence of one or more azo bonds (-N=N-). About half
of the textile dyestuffs manufactured worldwide is used
inavariety of applications[1]. Such colored dye effluents
pose a major threat to the surrounding eco-system. It is
well known that soluble azo dyes when incorporated into
the body are split into corresponding aromatic amines by
liver enzymes and intestinal flora, which can cause cancer
in human [2]. The toxicity and potentially carcinogenic
nature of these substances and their manufacturing
precursors represent an increasing danger to aquatic life.
Therefore, it is necessary to treat these effluents before
being discharged to the natural water bodies.

Several studies have been conducted on the issues of
biological, physical and chemical treatment of effluents
containing dyes, biotreatment of azodyes is, in general
ineffective firstly dueto its resistance to aerobic degradation

[3] and secondly due to the formation of more hazardous
intermediates under anaerobic conditions [4]. Furthermore,
the azo dyes that undergo reductive cleavage through
anaerobic biological treatment, potentially, generate
carcinogenic aromatic amines in the process [5]. The
conventional physical methods such asadsorption onactivated
charcoal, flocculation, reverse asmosis, etc. simply transfer
the pallutants from one phase to ancther causing a secondary
pollution [6]. Chemical methods using chlorine or 0zone can
be used for destruction of dyes but doses required are so
high that they are not economically feasible [7].

Currently, chemical methods such as advanced
oxidation processes (AOP's) seem to be more promising
for treatment of textile industrial effluents [8]. Among
various advanced oxidation processes (AOP'S)
heterogeneous photocatal ysison metal oxide semiconductor
particles has been found to be very effective for removing
the organic pollutants from wastewater [9-11]. The basic
principles of heterogeneous photocatalysis using
semiconductor oxide are well-established [12] and can be
briefly summarized in the following simplified processes.
The photo-excitation of semiconductor particles promotes
an electron from the valence band to the conduction band
thusleaving an dectron deficiency or the holeinthevalence
band, in this way electron/hole pairs are generated. Both
reductive and oxidative processes can occur at/or near
the surface of the photoexcited semiconductor particle.
In aerated agueous suspensions, oxygen isableto scavenge
conduction band electrons forming superoxide ions (O,")
and its protonated form, the hydroperoxyl radical (HO,)

O, + e® Of (1)
O, + H'® HO, ()

In this way, electron/hole recombination can be
effectively prevented and lifetime of holes is prolonged.
HO, can lead to the formation of H,O,

HO, + e ® HO, 3)
HO, + H'® H,0, (4)
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Photogenerated holes can react with adsorbed water
molecules (or hydroxide anions) to give hydroxyl radicals:
HO+h ® HO+H* (5)
or they can also be filled by an adsorbed organic donor.
The whole process can end in complete mineralization of
organic compounds. Further, the addition of H,O, to this
heterogeneous system increases the concentration of -OH
radicals and it also inhibits electron hole recombination
process at the same time and hence consequently increases
the degradation rate dramatically.

Keeping in view the concept of zero discharge and
emerging strict environmental legislations for the disposal
of wastewater in the rapidly developing countries, the
exhaustive research on photocatalytic treatment at the
laboratory scale and probing its suitability at an industrial
level is a need of current research and development
activities.

The aim of the present work is to investigate an
effective and economical AOP for the degradation of azo
dye of thereactive class. Here we have undertaken detailed
study on photodegradation of Navy Blue HE2R 1(NB) azo
dye, which is extensively used in textile industry, and to
the best of our knowledge; this is the first report on the
photocatalytic degradation of this dye. We have employed
UV/TiO,/H,0, processes for complete decolorization and
substantial decreases of Chemical Oxygen Demand (COD)
and Total Organic Carbon (TOC) of dye solutions under
optimized conditions of experimental parameters.

NH,OH

505K pN=N- N=N
HiC SOH OH
Navy biug HE2R (Reactive Blue 172)

NH

2. Experimental

2.1. Reagent and Chemicals

TiO, (LR grade Merck with 99 % purity: mixture
of anatase and rutile) of band gap = 3.2 eV, H,0, (30 % wiw,
Merck),) Reactive textile dye Navy Blue HE2R (Reactive
blue 172) was obtained from the local textile industry,
Solapur India. All chemicals were used in the form as
received without further purification. The solutions were
prepared in Millipore water.

2.2. Photoreactor

The experiments were carried out in the batch
immersion well photocatalytic reactor procured from
“Scientific Aids and Instruments Corporation” Chennai,
India. (Fig.1) The reactor consists of the double wall
immersion well made of quartz, which was placed inside
the glass reactor fitted with the standard joint. The whole
assembly of the reactor as procured from the manufacturer
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also consists of 8W low-pressure mercury vapor lamp
(peak emission at 254 nm) which was placed inside the
immersion well. Water circulated through the inlet and
outlet provided by the reactor in order to maintain the
constant temperature between 303 + 1 K.

2.3. Procedure

The photodegradation of NB was carried out with
different AOP’s such as (i) UV (ii) UV/TiO, (iii)
UV/TiO/H 0O, toidentify the most suitable and economical
process for complete decolorization and substantial
mineralization of the dye. The effect of various
experimental parameters such as irradiation time, catalyst
concentration, substrate concentration and H,O, addition
was carried out to arrive under optimized experimental
conditions. For that, from the stock solution of NB of
concentration 0.01 mol/l, various solutions of desired
concentrations were prepared in Millipore water. The
photodegradation experiments were carried out in the
photoreactor in which 250 ml of NB solution were taken.
The solution was agitated with the help of aeration pump
and magnetic stirrer. To study the effect of irradiation time
of photocatalytic degradation experiments were carried
within the range of 3-8 h. The effect of the catalyst
concentration was studied by varying the amounts of TiO,
ranging from 50 to 125 mg/250ml. To study the effect of
substrate concentration, the photocatalytic degradation
experiments were carried out at the optimized catalyst
concentration. For this the substrate concentration, i.e.
concentration of NB was varied from 1.0x0° to
2.540*mol/l. For each experiment, thealiquot was taken
out after every one hour with the help of the syringe, which
wasthen filtered through 0.2 mm, 13 mmdiameter Millipore
disc and analyzed for its concentration with Schimadzu
UV-visible Spectrophotometer to study the decolorization
and degradation. The degree of mineralization of the dye
was confirmed by COD and TOC analysis.
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Fig. 1. Photoreactor
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2.4. Analysis

The optical absorption spectrum for NB was
determined by the double beam Schimadzu UV-visible
Spectrophotometer. The characterized wavelength of NB
was found to be 610 nm, which was used to monitor the
decolorization and degradation of the dye. The chemical
oxygen demand (COD) was measured by the dichromate
reflux method [13] and total organic carbon (TOC) was
measured using commercially available test kits
(NANOCOLOR TOC 60) from Macherey-Nagel, Germany
[14] to determine the mineralization of the dye solution
under optimized conditions.

3. Results and Discussion

The photodegradation of NB was carried out with
different AOPs such as (i) UV, (ii) UV/TiO,, (iii)
UV/TiO/H 0O, toidentify the most suitable and economical
process for complete decolorization and substantial
mineralization of the dye.
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3.1. Optimization of Various Experimental
Parameters

(i) The effect of irradiation time; (ii) the effect of
catalyst concentration; (iii) the effect of substrate
concentration; (iv) the effect of H,O, addition.

3.1.1. Effect of irradiation time

The effect of irradiation time on photocatalytic
degradation of NB was studied in the range of 3-8 h. The
obtained results show that maximum degradation of NB
can be achieved in the first 3 h. The minimum time of
irradiation for maximum degradation was found to be 5 h.
Beyond this, the rate of degradation of NB is almost
constant.

3.1.2. Effect of catalyst concentration

The effect of catalyst concentration was studied
by varying the amounts of TiO, ranging from 50 to

& TiO2 =50mg
BWTiO2 =75mg
18 A TiO2 =100mg
[ ] ' - ® TiO2 =125ng
. : = Fig. 2. Influence of catalyst concentration
%] on the degradation rate for decomposition
e N . of Navy Blue HE2R 1 (NB) in the presence
0€ 1 A ¢ . of TiO,. Experimental conditions : dye
4 . concentration is 2.540°% mol/l ; catalyst
04 4 . concetration (50, 75, 100 and
125mg/250ml) ; T=303K ;
a | V =250 ml ; irradiation timeis 5 h.
Photocatalyst : Merck TiO,
Q T T T
0 1 2 3 4 5 6
Irradiationtime, h
1z
1 ® . .
° . . 3 Fig. 3. Influence of substrate concentration
0t | . on the degradation rate for decomposition
e | of Navy Blue HE2R 1 (NB) in the presence
0¢ » t of TiO,. Experimental conditions: substrate
X - - concentrations (1:40°, 2.540°%, 540° and
0z | * . 2.540“mol/l); T=303K;V =250ml;
 conomamiml irradiation time is 5 h. Photocatalyst: Merck
. ® Conc=0.00025mol/I )
0z A Conc=000Bmol! Ti 02: 100 mg.
= Conc=0.000025mol/I
C

0 1 2 3 4

Irradationtime, F
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125 mg/250ml, in order to obtain an optimum catalyst
concentration for the maximum photodegradation, which
could save unnecessary use of photocatalyst excess. For
these studies, the substrate concentration was kept constant
(2.5X0° mol/l). Fig. 2 shows that the degradation
efficiency increases up to 100 mg/250 ml of the dye
solution, above which it shows reduction in degradation
efficiency. Beyond this dose, the substrate molecules
available are not sufficient for adsorption by the increased
number of TiO, particles. Hence, the additional amount of
the catalyst is not involved in catalyst activities and the
rate does not increase with an increase in the amount of
the catalyst [ 15]. Also at high TiO, concentrations particles
aggregate reduces the interfacial area between the reaction
solution and the photocatalyst. Thus, the number of active
siteson the catalyst surface decreases. The surplus addition
of the catalyst makes the solution more turbid and the
reduction in degradation efficiency may be due to the
reduction in penetration of light with the surplus amount
of TiO, In the present investigation, 100 mg of TiO,in
250 ml of the dye solution was found to be the optimized
dose for maximum degradation of NB.

3.1.3. Effect of substrate concentration

The effect of the substrate initial concentration on
the degradation of NB dye was studied at different
concentrations varying from 110" to 2.540“moal/l since
the pollutant concentration is a very important parameter
in water treatment. Experimental results are presented in
Fig. 3, which shows that the degradation rate depends on
the initial concentration of the dye NB. The rate of
degradation was found to increase with the increasing
concentration of NB up to 2.5X0°mol/l. The further
increase of the concentration decreases the rate of
degradation. This may be explained on the basis that upon
increasing the concentration of NB, the reaction rate
increases as more molecules of the dye are available for
degradation. Also with an increase in dye concentration,
the solution becomes more intensely colored and the path
length of photons entering the solution is decreased thereby
fewer photons reached the catalyst surface. Hence, the
production of hydroxyl and superoxideradicals arereduced
[15]. Therefore the photodegradation efficiency is reduced.
Moreover, at the higher concentration, the number of
collisions between dye molecules increases whereas the
number of collisions between dye molecules and -OH
radical decreases. Consequently, the rate of reaction is
retarded [16]. Hence in the present investigation the
optimized substrate concentration of NB was found to be
2.540°mol/l.

3.1.4. Effect of H,O, addition

The effect of H,O, addition to the system with
optimized catalyst concentration and optimized initial
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substrate concentration was studied by varing the amount
of H,O, ranging from0.175 g/250 ml to 0.475 g/250 ml.
Fig. 4 shows the variation in the photodegradation rate of
NB for different amounts of H,O, The highest rate of
degradation was found for H,O, = 0.375 g and beyond
this the rate of degradation of NB was not significant. The
addition of H,O, to the heterogeneous system increases
the concentration of -OH radicals.

TiO, (e) +H,O, ® TiO,+ OH + OH (6)
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Fig. 4. Influence of H,0, concentration on
photodegradation of Navy Blue HE2R 1 (NB) in the
presence of TiO,. Experimental conditions: H,0,
concentrations (0.175, 0.275, 0.375 and 0.475 g); T = 303 K;
V = 250 ml; irradiation timeis 5 h. Photocatalyst :
Merck TiO, = 100 mg.
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Fig. 5. Comparison of degradation rate for decomposition of
Navy Blue HE2R 1 (NB) under different Advance Oxidation
Processes. Experimental conditions: dye concentration is
2.540°moal/l ;H,0, concentration is 0.375g; T = 303 K;

V =250 ml; irradiation timeis 5 h. Photocatalyst :
Merck TiO, = 100 mg. Immersion well photoreactor,
continuous air purging and stirring
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Fig. 6. Change in absorption intensity as a function of time
for Navy Blue HE2R 1 (NB) under UV/TiO,/ H,0, process,
light source is 8W low pressure mercury vapour lamp;
irradiationtime: 0 min (a), 1 h (b), 2h(c), 3h(d),4h (e
and 5 h (f)

Being an electron acceptor, H,O, does not only
generate ‘OH radicals but it also inhibits the electron hole
recombination process at the same time, which is one of
the most important practical problemsin using TiO, as a
photocatalyst. When the H_O, concentration becomes high,
the excess of H,O, consumes hydroxyl radicals and it
performs like hydroxyl radical scavengers [17].

H,0,+ OH® HO, + H,0 (7

When H,O, was added, the maximum degradation
was achieved in the first hour only. The complete
degradation was achieved in 2 h. Thus in the present
investigation the optimized amount of H,O,was found to
be 0.375 ¢/250 ml. The photocatalytic degradation of NB
using different AOPs such as (i) UV, (ii) UV/TiO,, (iii)
UV/TiO/H,0O,is shown in Fig. 5 and the corresponding
spectral changes observed for UV/TiO,/H.O, process are
depicted in Fig. 6.

3.2. Estimation of Chemical Oxygen
Demand (COD) and Total Organic
Carbon (TOC)

The COD is widely used as an effective technique
to measure the organic strength of wastewater. The test
allows the measurement of wastes in terms of the total
quantity of oxygen required for oxidation of organic matter
to CO, and water. The COD of the dye solution was
estimated before and after the treatment under optimized
conditions. The reduction in the COD and TOC values of
the treated dye sol ution indicates the mineralization of dye
molecules along with color removal. The percent reduction
in the COD values and TOC values of the treated dye
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solution under above optimized condition was found to be
85 and 65 % respectively in the present study.

4. Conclusions

The results obtained in the present study show the
great efficiencies of advanced oxidation processes in
removing diazo dyes, which are resistant to other
conventional treatment processes. This is the first report
on the photocatalytic degradation of NB. The application
of heterogeneous photocatalytic treatment using TiO, for
NB degradation has been found to be a promising process.
Further addition of H,O, to the above system made the
degradation much faster and could degrade the dye only
in couple of hours. Degradation of NB was found to
increase in the order UV<UV/TiO,<UV/TiO/H.O,. The
employment of UV/TiO,/H,O, process led to complete
decolorization and to 85 % decrease in COD and 65 %
decrease in TOC values. The observations of these
investigations clearly demonstrated the importance of
choosing the optimum degradation parameters, which are
essential for any practical application of photocatalytic
oxidation process. Thus, UV/TiO,/H.O, seems to be the
most appealing choice for complete degradation and
substantial mineralization of NB and may be extended to
treat real industrial wastewaters.
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BILJIUB UV/TiO/H,O, TPOLIECY
TA EKCILUIYATALIIMHUX [TAPAMETPIB
HA ®OTOKATAJITAYHY JETPAIALIIIO
A30BAPBHUKA Y BOJHIN CYCHEH3II TiO,

Anomauyin. Y pobomi npedcmasneni pezyibmamu
00Ci0MHCEHb 2emepoceHol homoramanimuuHoi decpadayii memHo-
cunvozo azobapenurxa HE2R 1 (NB) 3a donomozoio UVITIO/H,O,
npoyecyy 600Hiil cycnensii nio onpominennsm 8WpmymHoio 1amnoro
Huzbko20 mucky. Ilokazano moocausicms onmumizayii maxux
EKCnepUMEHMANbHUX NApaMempis, K KOHYeHmpayis kamanizamopa,
Konyenmpayia cybcmpamy, oooasnennsa H,0,. Bcmanoeneno éniue
sacmocysanns UVITIO,IH, O, npoyecy ma eubopy dodamxosux
eKCNIyamayitiHux napamempie Ha nosHe 3He6apeIIeH s, ma icmomHe
3HUDICeHHSL XIMiuHO020 cnodcusanns kuchio (XCK) ma 3a2anvhoz2o
opaaniunozo eyeneyio (30B) 6 posuuni 6apenuka.

Knwuosi cnosa: pomoxamanisz, mekcmuibhuti 6apeHUK
memno-cunitt HE2R 1 (NB), diokcud mumany, nepokcud 600Hio.





