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Abstract

Potassium dichromate modified TiPhotocatalyst (MD-Ti@ was prepared and its photocatalytic activity waspared with that of
ordinary commercial Ti@(C-TiO,) and special Degussa P25 Ti@-TiO,). An organic dye, remozol red R(RRR) was used sibatrate
for photodegradation from aqueous solution intoimmentally safe products such as water, carboxid and mineral ions. The
photodegradation of RRR was carried out by varyirggconcentration of different types of Bi€uspension, initial concentrations of dyes
between 0.5x IHM and 2.5 x1¢ M, pH between 2.0 and 6.0 and light sources wiieh UV, artificial visible and sunlight. With
increasing the catalyst concentration, percentatizgion was found to increase up to a concentratidn2 g/100 mL of C-TiQ 0.12 g/
100 mL of D-TiGQ and 0.10 g/100 mL of modified MD-TiJor a definite concentration of RRR. However, R&Rws adsorption on TiO
samples except C-TigOAgain, the photodegradation efficiency is invérsefected by the dye concentration. Thus, theaeathefficiency
was found to be influenced by all of the above pet@rs. The maximum removal efficiency is foundoHt 3.0 under sunlight in the
presence of modified MD-Tigwhich suggests that MD-TiQxan be used as an effective material for the rezRRR instead of C-TiD
and D-TiQ.

I. Introduction

Textile and leather industries are discharging uefits
containing a large volume of
biodegradable dyes directly into waterstrehniEhe azo
dyes constitute the largest and the most importkgs of

carcinogenic and non

ozone. Hypochlorite treatment leaves water with hhig
chloride content and electrochemical destructioguires
very high power supply which is not economicallgsiol&.

In recent years, semiconductor oxide mediated plegi@-
dation of textile dyes are drawing attention of sugentists

commercial dyes’. Azo dyes typically contain the all over the world. Titanium dioxide represents miethe
chromophoric -N=N- group unit in their molecular most efficient photocatalyst’ although the effective
structure§ Usually azo dyes are non-degradable undephoto-excitation of Ti@ semiconductor particles requires

sunlight and their stability is proportional to thstructural

the application of light with energy higher thareithband

complexity®. These non-degradable azo dyes are mainlgap energy (3.2 eV). This is an advanced oxidatiatess
present in textile wastewater exhaust. Remazol Red based on the generation of reactive species sulhidrexyl

(RRR), (Fig. 1) is an important azo dye which isnooonly
used in textile industries and mixed with the wastier
during dyeing process.
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Fig. 1. Molecular structure of Remazol Red R (RRR)

radicals that oxidizes the organic dyes quickly armh-
selectively**®>  Photosensitization of titanium dioxide
involving doping or surface modification with p-llo
elements (N, C, S, Cl, Br, I, PBf®> and with d-block
elements (V, Cr, Au, Rh, Ni, Bf)** are well studied in very
recent years. In this work, we have attempted &pgre
Cr,0;% ion modified Degussa P25 TiQMD-TiO,) and we
have applied it as a photocatalyst for photodediamlaf
RRR dye. A comparative study of photodegradatioRRR
dye by different TiQ samples, which are MD-TiQ
ordinary commercial Ti® (C-TiO,) and unmodified
Degussa P25 TigID-TiO,), has been discussed.

I. Experimental

Three different types of TiQwhich are C-TiQ, D-TiO, and
MD-TiO,were used as photocatalysts. C-Ji@hd D-TiGQ
were obtained from Fluka, Switzerland and MD-Ti®as
prepared by modifying D-Ti© with K,Cr,O;. Double

For the treatment of wastewater from textile dyeingdistilled water was used throughout the presermtystu

industries, various physical and chemical methodseh
been developed. Physical method such as adsorpsioig
activated carbon is very efficient in removing arga
pollutants including dyes. However reactivation tbfe
adsorbent forreuse is not economically favourabléarge
scale applications. Membrane filtration technighaese the
potential to produce reusable water and to rembgedies
completely. But all physical methods terminateeoandary

The surface modified material was obtained fromiD-Tby
4 hours sonication with aqueous solution ofCKO, at
room temperature. Where > were at the titanium
dioxide surface from acidic solution. Modificatiaf white
D-TiO, resulted into light yellow MD-Ti@photocatalyst.

All the aqueous solutions were prepared with deiedi
water. The C-Ti@ D-TiO, and MD-TiQ, suspensions were

waste generatién Chemical degradation processes likeprepared separately by taking the required amofifii@,
ozonation, sodium hypochloride treatment and ebebie- in a beaker. Exactly 20 mL deionized water was dddet.
mical destruction are used for the decolorizatiborsame  The TiO, was soaked overnight to achieve the smoothness
classes of dyésBut ozonation needs on-site preparation of
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of the surface. This suspension was then used ifbere
adsorption or photodegradation study.

The dye, RRR was obtained from Dyester (Germany) an
used here without further purification. 10 well gpered
reagent bottles each of which containsx1@ M dye
solution in 100 mL suspension containing 0.10 ¢Tid,
were taken. Then the reagent bottles were placeé in
thermostatic shaker maintained at %D temperature and
shacked continuously. The reagent bottles wereessogely
withdrawn after 10, 20, 30, 50, 70 and 90 minufeBiL of
supernatant liquid from each bottle was centrifugéde
absorbance of the clear solutionwas measured uUdihg
visible spectrophotometer (UV-1610A, Shimadzu, Jgyzd
Ama= 520 nm of the aqueous dye solution and th
concentrations of the RRR solutions were calculatdte
initial concentration in the absence of }i®as determined.
The time taken for centrifuge and subsequent aisalyas
kept constant. Similar procedure was followed foheo
RRR solution of concentrations 0.5 x“1®1, 1.5 x 10" M,
2.0 x 10' M and 2.%10* M.

A beaker of 100 mL was taken as the reactor tooperf
photodegradation of RRR in the presence of diffeferms

e
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I1l. Results and Discussion
Soectral changes of the dye during photodegradation

RRR is a strongly absorbing dye in the UV-visibégion
with distinct bands at 290 nm and in the visiblgioa at
520 nm. The latter band is responsible for the wolising
from aromatic rings connected by azo groups anddimeer

is associated with benzene like structures in tlodeaule.
Fig. 2 shows time dependent absorption spectra RR.R
The topmost spectrum is the original spectrum dé th
aqueous solution of 1x00* M dye and the next one is for
the same solution after adsorption leading to the
equilibrium. All other subsequent spectra were reed
during photodegradation at different time intervalsis
clear from the figure that the intensities of btitle peaks
decrease during adsorption. However, the intessifeboth
the peaks decreased sharply during photodegradation
this peak almost disappeared after 90 minutes of
photodegradation. The disappearance of the pe&Rtahm

is related to the removal of the azo group leadimghe
decolourisation of the dye. However, decrease ia th
intensity near 200 nm is related with the complete
mineralization of the benzene ring. The appearasicthe
peak at the lower wavelength region predicts tleaizkne
ring like structures still exist even after 90 nmntew

of TiO,. The source of radiation was comprised of a |amRiegradation, although the solution is colourless.

emitting monochromatic radiation of 254 nm. Thectea
was placed on a magnetically stirred plate anddibance
of the solution surface from the lower part of tamp was
fixed at 5.0 cm. The total system was enclosedwoaden
box called lamp house. Inner surfaces of the lampsé
were covered with aluminium foil. To study the
photodegradation of RRR molecules, a solution 610"

M in 100 mL suspension containing 0.10 g of Ji®as
taken in the beaker. A magnetic bar was placedht t
reaction mixture. Then the solution was irradiateih
constant stirring (magnetically) and the degradatiione
was monitored using a stopwatch. After a definiterival of
time certain portion of the irradiated solution waken out
and then the absorbance of the irradiated solutias
measured.

The percent degradation (%) has been calculated as-

% photodegradation £e=201%

0

Where, A is the absorbance at t = 0 andi\absorbance at
time t.

This experiment was repeated to study the effecatdlyst
dosage, effect of initial concentration of RRR eeffof pH
and effect of light source on photodegradation BRR

X-ray diffraction (XRD) data of MD-Ti@ were recorded
(Philips PW-1380 X-ray generator operating at 40-30/
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Fig. 2. Absorption spectra 0f.0x10* M RRR during adsorption
and photodegradation by UV light in the presenc®.&b g/100.0
mL MD-TiO, suspension at different time intervals.

Characterization of the prepared sample by XRD

X-Ray Diffraction (XRD) phase analysis of the pregzh
MD-TiO, sample shows the characteristic peaks of MD-
TiO, (Fig. 3). All the characteristics peaks are cdesis
with those reported by Macyk et *hlindicating the

mA) on image plate using an XDC-700 Guinier-Haggchemisorption of dichromate ion on the FiQhe physical
focusing camera. The radiation used was Gil Kind the appearance of the coloured materials as well as the
sample was exposed for 15 minutes. The image plate persistence of the colour even after sonicationthafse
then scanned using HD-CR 35 NDT/ CR 35 NDT scannernaterials in presence of water indicates strongdimgn
The recorded X-ray data were plotted as Intensty#/ between dichromate ions and FiO
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Fig. 3. XRD spectrum of MD-TiQphotocatalyst.
Efficiency of the photocatalyst on removal of RRR
The efficiency of C-Ti@, D-TiO, and MD-TiG; on removal

Effect of catalyst dosage on removal of RRR

The amount of catalyst affects the rate as wethasextent
of photocatalytic degradation. The effect of catbljosages
was investigated by carrying out the experimentsh wi
different amount of TiQ for each type catalyst used
(Fig.5(a) and 5(b)). For C-TiOthe catalyst dosages were
between 0.05 g and 1.6 g/100 mL in 1.0 ¥ MRRR, but
for D-TiO, and MD-TiQ, these dosages were from 0.02 g to
0.14 g/100 mL solution. It is seen that, as theceotration
of catalyst increases, the percent degradatiore&sas and
reaches a maximum value, after that decreasesavittther
increase in the concentration. The optimum dosadeund
to be different for different samples. The optimdosages
for C-TiO,, D-TiO, and MD-TiQ, are 1.20 g, 0.12 g and
0.10 g per 100 mL solution, respectively. Increasthe rate
of degradation with increase in the amount of gatak due
to availability of greater catalyst surface areadbsorption
of quanta and interaction of molecules in the rieact
mixture with catalyst. As a result, the number aflds,

of RRR by both adsorption and photodegradation wabydroxyl radicals and super oxide anions ;JOare

investigated and the result is shown in Fig. 4s keen that
RRR molecule does not adsorb on the C,Ti@hile
considerable extent of adsorption of RRR has oecufor
0.10 g of D-TiQ and MD-TiQ. The initial rapid
degradation for the latter two samples is due tsogution
together with photodegradation. In addition to éhessults,

increased. These are principal oxidizing intermiedian
advance oxidation process and increases the rate of
degradatiof?.

It is expected that after certain amount of Ji@e surface
area does not change anymore. Accordingly, theepéage

RRR does not undergo degradation in absence of arﬂpgradation should show a constant value after reaice

photocatalyst.

amount of TiQ. However,increased amount of LiGhakes
the suspension more cloudy. As a result, the licgn't

However, the dye molecules undergo photodegradaion penetrate thus can’t reach the bulk of the suspandihus,
presence of all forms of TiQunder UV irradiation. Percent gt particles of the TiOin the bulk remain ineffective in

removal of RRR comprising adsorption and photodegra
dation was found 11%, 35% and 45% during 90 minaofes

irradiation with 0.10 g of C-Tig D-TiO, and MD-TiQ.as
photocatalyst respectively. The chemisorption afootate
(VI) species on the surface of D-Ti@hotosensitizes Tig)
which enhances the photocatalytic activity of MDDTi
Hence MD-TiQ becomes the most active photocatalyst
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a0+

30

20

Photodegradation (%)

0r

o L L L L
0 20 40 60 80 100

Time (min)

Fig. 4. Percentage of photodegradation of 121 RRR solution
in presence of 0.10 g of different types of Ti@hotocatalysts.
Initial pH = 5.0.

producing radicals for photodegradation. It is iegting to
note that the optimum degradation capacity changes
lower dosage region with D-TigOand MD-TiQ. This
phenomenon can be correlated with the smallergharsize
of these two samples compared with those of theé@:-T
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Fig. 5(a). Percent photodegradation of 1518l RRR solution in
90 min in presence of different amount of D-F#&hd MD-TiG, in
suspension.
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Effect of initial concentration of RRR on photodegradation

50

The photocatalytic degradation of RRR solution wasied

. out by varying the initial concentration of RRR frd).5 x

. 10* M to 2.0 x 10" M in order to assess the appropriate
concentration required for maximum degradation. these
experiments, MD-TiQwas used as the photocatalyst.

30

0 . The results show that with the increase of initial
concentration of RRR, the percentage of photodegiau
10 decreases (Fig. 7). As the dye concentration ieased, the
light can penetrate less on the surface of thdysttbecause
- most of the light is absorbed by the dye. Moreouke
00 02 04 08 08 10 12 14 16 18 higher value of the denominator lowers the valuethsf

Amount of C-Tiy (g) percentage degradatin
Fig. 5(b). Percent photodegradation of 118l RRR solution in
90 min in presence of different amount of C-Ti® suspension.

Effect of pH on photodegradation of RRR
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pH value of the solution has an influence on thie raf
photodegradation of some organic compounds n
photocatalytic process&sTo study the effect of pH on the
photodegradation efficiency, experiments were edrmout

at various pH values, ranging from 2.0 to 6.0 abastant
dye concentration of 1xTOM. The results show that the
percent degradation is very high at high acidic pla~for
both C-TiQ and MD-TiO, and ~4.0 for D-TiQ (Fig.6). It is 2
well established that upon hydration, the ZFiGurface

develops hydroxyl groups, which can undergo a proto o 2 " o % 100
association or dissociation reacflan

TiOH+ H— Ti(OH),"; at pH<pH,

X m <4 ®

60

40

Photodegradation (%)

Time (min)

L - . o . Fig. 7. Percent photodegradation of different concentnstiof
The pHy of TiO; is within 6 to 7. So in the acidic solution RRR solution with time. Amount of MD-TiO= 0.10 g/100 mL.
of pH <pH,,. the surface of TigQ) is presumably positively |njtial pH = 3.0.

charged. Since the dye has a negatively chargddtesul
group, the acidic solution favors degradation o& dynto
photocatalyst surface. The photogenerated eledtemtsfer  To study the effect of light sources on photodegtiat of
becomes easier from the bulk to the interface dwe tRRR several experiments were carried out in sutligh
electrostatic attraction, which is probably due diwse artificial visible light and UV light (Fig. 8). Theesults
approach of the negatively charged dye to a pasitivide  show that percent photodegradation with MD-Ji@as
surface. Hence the photodegradation efficiencyeimges. At  found to be 85.1%, 54.5% and 95.9% under UV, atdfi
a pH lower than 3.0, the suspension of JTi® coagulated visible and sunlight, respectively under 90 miradiation.
and settled down into the beaker. The net resulthé&s Again, for C-TiQ photocatalyst, 54.3%, 24.6% and 52.3%
lowering of the rate of degradation. photodegradation of RRR were found under UV, aitfi
visible and sunlight, respectively. Finally, for DO,
100 photocatalyst 41.9%, 42.3% and 59.9% photodegradaii
—— CTiO, RRR were found by UV, visible and sun light, respesty.

—a— D-TiOp
—=— MD-TiOp The degradation by the sun light is about 10.8 &héii than
the artificial UV and 41.4 % higher than the acidi visible
light after 90 min irradiation for MD-Ti@ The intensity of
the UV light source was measured previously whicsw
0.14 mW cnit s** Although the intensity of the sunlight
was not measured, this value is higher than theseval
measured for UY. It is well known that the photocatalyst,
o o TiO, is a semiconductor having a band gap energy o\3.2
toz 24 s s 7 which corresponds to 387 nm of thewavelength of the
Initial pH radiation. Thus, any light having wavelength lessnt

Fig. 6. Plots of percent photodegradation of RRR in 90 against 387nm will be capable of producing electron-holegpand

initial pH of the solution for different types ofd; photocatalysts. causes — photodegradation. Visible light can cause
Amount of the catalysts are C-TiG 1.20 g/100 mL, D-Tig=  Pphotodegradation by different mechanism, where dye
0.12 g/100 mL, MD-Ti@= 0.10 g /100 mL. molecules become excited by absorbing the lighttgrho

Effect of light sources on photodegradation of RRR
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These excited molecules transfer electrons to ohelwction 3.
band of TiQ. However, a higher rate of degradation by the
sunlight than the artificial visible light could belated to

the very high intensity of this light.

1404 [ZZ1 C-TiOy, visblelight
XX3 C-TiOp, UV light
120 E=3 C-TiOg, sunlight
[T D-TiOy, visiblelight 5
D-TiO, UV light
D-TiOy, sunlight
== MD-TiOy, visiblelight
[0 MD-TiO, UV light
W MD-TiOy, sunlight

40
20 %
0 ¢ }
2 4

0

Photodegradation (%)

Different types of TiQ

Fig. 8. Percent photodegradation of 118 RRR solution in
presence of C-Ti@ D-TiO, and MD-TiO, under artificial visible,

UV and sun light. Amount of catalysts are C-Ti© 1.20 g/100

mL , D-TiO, =0.12 g/100 mL, MD-Ti@= 0.10 g/100 mL. Intial 9.
optimum pH = 3.0 for C-Ti@and MD-TIQ, and pH = 4.0 for D-
T|02

1V. Conclusion

10.

The effectiveness of different photocatalysts tkenmercial,
C-TiO,, Degussa P25, D-Tiand prepared surface modified,
MD-TiO, has been investigated for the photodegradatian of
textile dye RRR. Among these three catalysts, D, E@bws
better adsorption efficiency but MD-TjQields a net higher
photocatalytic efficiency than the other two castdy The
optimum concentration of MD-Tigor the photodegradation
of RRR was found to be 0.10g/100 mL whereas thoéde- o
TiO, and C-TiQ were 0.12 g/100 mL and 1.20 g/100 mL,
respectively. Photodegradation decreases withnitrease of
initial concentration of RRR. Increased concerdratf RRR
might make the light difficult to penetrate the wmn to
reach the surface of the oxides to generate phiet®hand
electrons. Maximum photodegradation was found at3pH
for both C-TiQ and MD-TiQ, but 4.0 for D-TiQ. It has been
observed that almost 96.0% of 1.0%1M of RRR was
photodegraded when irradiated 90 min under sunligtihe
presence of 0.10 g/100 mL of MD-TiOPhotodegradation
was much higher in sunlight than in UV and visilitght
because of the greater intensity of light.
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