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ABSTRACT

Immobilization of catalysts on the surface of some inert supports makes therecovering step easier. Because of the specific physicochemical properties, zeolites
are good candidate as catalyst supports. In this study, zeolite X was synthesized by natural kaolin and TiO, was incorporated into zeolite phase by
impregnation method. Degradation of Safranin Orange, methylene blue and 2,4—dinitroaniline was studied in the presence and absence of ultraviolet radiation.
The effect of experimental parameters including TiO, loading,photocatalyst amount, irradiation time, pH and initial concentration were studied. Adsorption
and photodegradation of the pollutants followed first_order kinetics.Adsorption isotherms were analysed using Langmuir and Freundlich models. The higher
activity obtained for TiO,supported onzeolite X is attributed to the greater adsorption of the pollutants on the zeolite surface as compared to pure TiO».
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1. Introduction

In many industries such as paper manufacturing, petroleum
refining, textile processing dyeing of cloth, food and printing many
organic pollutants are produced. Since most of these compounds are
toxic and cause allergic dermatitis, skin irritation, cancer and
mutation in man, their disposal to the environment is one of the
major environment control problem [1-4]. Physical adsorption of
discharged pollutants by activated carbon is an expensive and
commercially unattractive, while adsorption by other adsorbents
such as fly ash [5], wood ships [6], natural clays [7] and zeolite [8]
is investigated as low cost alternative to activated carbon [9]. A new
class of techniques devoted to pollutant remediation is referredas
advanced oxidation processes (AOPs) [10-14]. Pollutants could be
degraded into harmless matter by AOPsmethods under normal
temperature and air pressure. Titanium dioxide (TiO,) is one of the
most effective photocatalysts because it is biologically and
chemically inert. With near—UV band gap energy, it has no toxicity,
low price, high activity, large stability in aqueous media and safe to
handle [15-17].

Immobilizing of the photocatalyst on the adsorbent surface is to
help the filtration step, reduce losses of the materials and is to give
better results in removing organic pollutants [18-23]. Many
researchers have examined some methods for fixing TiO, on
supporting materials including glass beads [24], fibre glass [25],
silica[26], and zeolite [27-28].Among the various supports, zeolites
seem to be the most suitable materials due to their unique uniform
pores and straight channels. They provide large surface area and
most of degradable molecules easily diffuse to the channels and
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cages of the order of 4-14A resulting in the enhanced degradation
[29, 31].Zeolite X with low Si/Al ratioin the framework posseses
high ion exchange capacity, sorption and relatively large pore size
that exhibits the highest photoactivity and makes it ideal adsorbent
among the various zeolites [32]. In this study, zeolite X was
synthesized by natural kaolin which is a raw mineral of low cost
and contained of combined source of silica and alumina [33]. TiO,
was encapsulated in the H-type zeolite by the impregnation of
aqueous solution of ammonium titanyl oxalate monohydrate.
Safranin—-O(SO), methylene blue (MB), 2,4—dinitroaniline (DNA)
were chosen as model compounds of photodegradable organic
materials. Safranin—O is a biological stain used in histologyand
cytology that is believed to be carcinogenic in nature, any presence
of this pollutant in wastewater would have detrimental effects on
marine life. Methylene blue has many uses in biology and
chemistry. 2,4—dinitroaniline is used in synthetic intermediate,
corrosion inhibitor. It is poisonous and toxic if swallowed, inhaled
or absorbed through the skin.

2. Experimental
2.1. Synthesis of zeolite by kaolin

Kaolin from Gonabad region in (North-East of Iran) was taken as
Si—Al source for synthesize of zeolite X. It contains some quartz as
impurity, which was separated by sedimentation in water. Kaolin
was converted to metakaolin by heating in an electrical furnace at
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900 °C for 1 h. 4.0 g of metakaolin was added to 20 mL of dionized
water and the mixture was homogenized by magnetic starrier
(solution A). 15 mL of 7.8 N sodium hydroxide (NaOH) solutions
was added to solution A containing metkaoline. The mixture was
shaken until dissolution of kaolin (solution B). In another beaker
2.7g of sodium silicate (Na,O 8%, SiO,27%, and H,O 65%, Merck)
was dissolved in 10 mL of water (solution C). Solution B was added
to solution C and the final mixture was stirred for 1 h. The reaction
mixture was aged at room temperature for 48 h and then at 90 °C for
24h under autogenously pressure. Along the synthesis process, the
effective parameters such as temperature of crystallization, ageing
time were optimized [33].

2.2. Preparation of photocatalyst

To prepare hydrogen form of zeolite X (HX), 100 mL of 1.0N
ammonium chloride solution (NH4CI) was added to 10 g of sodium
form of zeolite (NaX). The mixture was shaked for 24 h at room
temperature. The exchanged form was separated and rinsed with
distilled water. It was dried at 110 °Cfor 12 h. and calcined at 400 °C
for 4h. Incorporation of TiO, into zeolite was performed by
introduction of 20 mL of aqueous solution of ammonium titanyl
oxalate monohydrate ([(NH4),[TiO (C,0,),] to 10g of H-X. The
mixture was stirred for 12h and the solid phase was filtered, washed
with de-ionized water and dried at 110°C. The sample was calcined
in air at 200 °Cfor 5 h [34].Several preparations were performed,
each with known amount of TiO, content.

Zeolite and photocatalyst were characterized by X-ray
diffractometer (XRD, Bruker, D8—Advance, German with CuKa
radiation y) and FTIR (Nicolet, 400D-Impact, USA). FTIR spectra
were obtained in KBr pellets using over the range of
1200-400 em™.

2.3. Photodegradation and adsorption studies

To study the dual—effects of adsorption and photodegradation, 20
mL of the pollutant solutions was mixed with 0.02 g of the
photocatalyst. The pH of solution was adjusted by HCl or NaOH
solution. The suspensions were magnetically stirred at room
temperature for known period of time in dark condition and then
illuminated by a 30W mercury lamp for photodegradation. The
mixture was centrifuged before measurements. The effects of
different parameters, such as TiO, loading, irradiation time, pH,
initial concentration and photocatalyst amount were studied. To
optimize each parameter, one of the parameters was varied while
keeping other constant. To eliminate the interferences a blank
solution was used under identical conditions. The concentration of
the pollutants was determined using a UV/Vis spectrophotometer
(Carry 100, Australia) at Ay, = 519 nm, 663 nm and 250 nm
respectively for SO, MB and DNA. The degradation percentage and
the amount of adsorption were calculated respectively by the Eqs.
(1) and (2):

%degradation = (Cy — C;) x 100 / C, (€Y

q¢ = (Co — CYV/(m X 1000)(2)

Where Cy and C, are respectively the concentrations (mg L) at
initial and given time, m is the amount of photocatalyst (g), V is the
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volume of the solution (mL), and q; is the amount of adsorption (
adsorption capacity) (mg g™).

%degradation = (Cy- Cy) x 100 / C,
Gt=(Co- Cy) V/ (m x 1000)

M
@

Where C, and C, are respectively the concentrations (mg L) at
initial and given time, m is the amount of photocatalyst (g), V is the
volume of the solution (mL), and q; is the amount of adsorption (
adsorption capacity) (mg g™).

3. Results and Discussion
3.1. Characterization of zeolite and photocatalyst

The result of chemical analysis of purified kaolin is shown in Table
1. The SiO,/Al,O5 ratio was about 3.

Fig. 1 shows the XRD pattern of zeolite and the photocatalyst. Due
to the small quantity of TiO, and its location in zeolite cavities, it
was observed that the framework structure of zeolite is unaltered
during the inclusion of TiO,[36, 37].

Fig. 2 shows the infrared spectroscopy (FTIR) of zeolite and the
photocatalyst. IR spectrum of photocatalyst is similar to that of
zeolite, but a new small band is observed converses a range from
945 to 900 cm™' which is assigned to stretching vibration of Ti-O—
Si, Ti-O-Al[38, 39].

Table (1) Chemical analysis of purified kaolin

Components SiO, Al,03 NaO Fe,03 MgO TiO, KO0 CaO
Weight% 47.1 36.1 0.22 046 032 0.05 006 061

P,0s LOI°
0.09 9.55

(a)LOA= loss on ignition

An

Fig. 1. XRD pattern of zeolite (A) and photocatalyst (B)
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Fig 2 FTIR spectra of photocatalyst (A)and zeolite (B)
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3.2. Effect of TiO, loading

The samples with different TiO, loading were selected to examine
the effects of TiO, content on the photodegradation and adsorption
capacity of the photocatalysts.

As the TiO,content of the photocatalyst increases the number of
ctive sites and hydroxyl radicals (OH ’ ) increases. This trend
continued up to 0.8wt% of TiO, for SO, 1.2wt% for MB and DNA.
To study the adsorption capacity, the experiments were conducted
in dark conditions. It was concluded that the photocatalyst had high
affinity towards Mo and the highest adsorption capacity was
obtained with photocatalyst contained 0.8-1.2 wt% of TiO, (Table
2). However, with higher TiO, contents aggregation of TiO, on the
surface of the zeolite took placed with the effect that the TiO,
particle size increased and its specific surface area decreased [40].
Collisional deactivation would also decrease degradation rate; Eq.
3).

TiO% + Ti0, — TiO% + Ti0, 3)

Where TiO3 and TiO3 are respectively activated and deactivated
species [41].

3.3. Effect of photocatalyst amount

Adsorption and degradation experiments were carried out at
different solid/liquid ratios, the results are given in Table 3. Up to 1
g of photocatalyst/L, the degradation percentage increased with
increasing photocatalyst amount and then remained constant or
decreased. With increasing the photocatalyst amount, the number of
available adsorption sites increases which results in increase of the
amount of adsorbed pollutants. The decrease in adsorption capacity
with increase in the photocatalyst amount is mainly because of
adsorption sites which are partially occupied. It also could be
attributed to the particle interaction, such as aggregation. Such
aggregation and sedimentation would lead to decrease in total
surface area of the photocatalyst and an increase in diffusion path
length [42, 44].

3.4. Effect of Irradiation time

The effect of Irradiation time on photodegradation of the pollutants
is shown in Figure 3. The experiments were carried out by using 20
mL solution of 21 mg L™/(SO), 20mg L'(MB) and 10 mg L'(DNA)
with 0.02 g of catalyst. The initial rate of the reactions is found to be
very fast and thereafter is almost constant. At the beginning,
generation of OH'is very fast and a large number of vacant surface
sites are available for adsorption. After a known period of time, the
remaining sites are hardly occupied due to the repulsive forces
between the molecules on the surface and in the bulk phase [44].
The formation of intermediates which compete with the parent
molecules decreases the reaction rate in the prolonged time. At these
conditions, the slow kinetics of degradation after certain time is due
to the difficulty in converting the N-atoms of the pollutants into
oxidized nitrogen compounds [45,46]. The results indicate that in
the presence of photocatalyst and UV irradiation 66% of SO, 83%
of MB and 49% of DNA are degraded at the irradiation time of
respectively 120,120 and 140 min, while the degradation is much
lower in the absence of the photocatalyst.
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Table (2) Effect of TiO, loading on ([SO ] =7 mg Lt [MB] = [DNA] = 1!
time length for SO=MB =30 min DNA 120 min, amount of photocatal

. SO MB DNA
wt.%) loadin

%degradati g %degradati g %degradati q;
0.6 60 3 37 5 38 1
0.8 69 4 53 6 42 1
1.2 63 3 55 6 44 1
1.6 61 3 39 4 25 1
1.8 58 3 39 2 20 0

Table (3) Effect of photocatalyst amount ([SO ]=7 mg L' [MB]=[DNA]=
time length for SO=MB =30 min DNA 120 min, wt.% of TiO, for SO=
MB=DNA=1.2)

Photocatalyst SO MB DNA

g L? %degradati q; %degradati q; %degradati q;
0.6 55 5 35 8 17 3
0.8 67 4 41 6 21 2
1.2 69 4 55 6 44 1
1.6 65 3 56 5 24 1
1.8 65 3 56 5 32 1
25
= 20 uv
5 10 Adsorption
g
£ 5 Photodegradation
=
o O T T
O
0 200 300
t(min)
25 B
=~ 20
= uv
E 15
= -
£ 10 Adsorptio
]
€ 5 Photodegradation
=
8 O T T T
0 100 200 300
t (min)
~ 12
L 10 85
> uv
= 8 Adsorption
S 6
© .
g 4 Photodearadation
S 2
(&)
g O T T T
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Fig 3 The effect of irradiation time on degradation of safranin—O
(A),methylene blue (B) and 2,4—dinitroaniline (C)



Faghihian et al. / Iranian Journal of Catalysis 1(2011) 45-50

3.5. Effect of pH

The effect of pH was studied over the entire pH range of 3—11 for
So, MB and DNA. The influence of pH on degradation depended to
the amount of adsorbed pollutants by the photocatalyst and the
number of hydroxyl radicals.

The results indicate that increasing the pH of SO and MB solutions
leads to increasing degradation and adsorption. The possible reason
for this behaviour is that alkaline pH range favours the formation of
more OH’ due to the presence of large quantity of OH™ ions [41].
The degradation of DNA was minimal in acidic and basic solutions.
This could be attributed to the protonation and deprotonation of
NH, group at high and low pH. The optimal pH for SO, MB and
DNA was respectively 6.7, 6.7 and 5.8. Table 4.

3.6. Effect of initial concentration

The effect of initial concentration on the degradation of the
pollutants is shows in Table 5. The reaction occurs between OH ’
generated at the active OH" sites and the molecules of the solution.
At lower concentration, the number of the available active sites is
more than the pollutant molecules, while at higher concentrations,
there would be a competition for engaging the active sites.
Moreover, with increasing of the pollutants concentration, the light
absorption is enhanced with the result that fewer photons reach to
the photocatalyst surface [47].

The maximal adsorption was observed at in 21 mg L™, 30 mg L™,
and 10mg L™ respectively for SO, MB and DNA.

3.7. Comparison of the phtocatalytic activity of TiO, and TiOr-
zeolite

The photocatalytic activity of TiO,and TiO,—zeolite on degradation
of SO, MB and is shown in Table 6. In the absence of zeolite, the
degradation percentage of 19%, 60% and 36% was obtained
respectively for SO, MB, and DNA, while with TiO,—zeolite the
values of 88%, 90% and 49% were obtained.

The higher photocatalytic activity o TiO,—zeolite compared to pure
TiO, is attributed to the moleculeswhich are adsorbed on the
adsorbent sites of zeolite where OH ~ is available.

4. Isotherm Study

An adsorption isotherm shows how the dye molecules distribute
between the liquid and solid phases. The adsorption data fitted to
various equations to find a suitable model. In this research, two
isotherm models were used. The linear from of the Langmuir and
Freundlich equations can be written as shown in Egs. (4) and (5),

respectively.
1/qe = 1/qmax + 1/bqmaxCe €))
log q. = log Ky + 1/nlogC, )

Where q. is the amount of adsorption (mg g™"), C. is the equilibrium
concentration (mg L), quax(mg g)and b(L mg™") are the Langmuir
constants related to maximum adsorption capacity and energy of

adsorption, respectively and Ky [mg g”'(L mg™)'™ ], n are the
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Table (4) Effect of pH on degradation of the pollutants

so* MB® DNA®
pH %degradati q. pH Y%degradati q. pH Y%degradati q.
3 14 2 3 49 4 3 12 0
5.7 (Neat dye 58 2 5.8(Neat dye 67 3 4.7 19
6.7 66 9 6.7 83 7 5.8(Neat dye 49 1
9.3 67 11 9.2 83 9 6.8 8 1
11 71 13 11 86 9 10.8 6 0

2[S0] = 21 mg L'", amount of photocatalyst = 1 g L'}, wt.% of TiO, = 0.8 , time length =
’IMB] = 20 mg L', amount of photocatalyst =1 g L™, wt.% of TiO, = 1.2, time length =
°[DNA] = 10 mg L'}, amount of photocatalyst = 1 g L', wt.% of TiO,= 1.2 , time length =

Table (5) Effect of initial dye concentration on dyes

SO MB DNA
mgL" %degradati q mg L™ %degradati q, mg L™ %degradati q,
1.7 97 2 5 95 4 5 42 1
7 93 6 10 90 7 10 49 1
14 78 8 20 83 7 15 17 1
21 66 9 30 30 9 20 12 1
28 32 7 40 16 7 30 6 0
?SO= amount of photocatalyst =1 g L™, wt% of TiO, = 0.8 , time length = 1201

"MB= amount of photocatalyst =1 g L'}, wt.% of TiO,= 1.2, time length = 120 m
‘DNA= amount of photocatalyst= 1 gL'l, wt.% of TiO,=1.2 , time length= 140 m

NA

O T T
0 0.1 0.2
1/C,

0.3

Fig 4. Langmuir adsorption isotherm for safranin-O, methylene blue (A)
and2,4—dinitroaniline (B)

15
& SO
D
8 %ﬁ'ﬁ MB
05 |
0 T T T
05 1 2
05 DNA
logC,

Fig 5. Freundlich adsorption isotherms
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Table (6) Comparison of photocatalytic activity of pure TiO, and TiO;

(pureTiO, for SO=5x10"g L'}, MB = DNA=1x102g L")

>hotocatalys S0 MB DNA
%degradati q. %degradati q. %degradati q;
TiO, 19 0 50 1 36 0
TiO,—zeolite 93 7 90 7 49 1

_Table (7) Langmuir and Freundlich isotherm parameters

Langmuir coefficient Freundlich coefficient

e 9max B r n Kr r’
SO 9.52 0.94 0.98 7.19 5.52 0.592
MB 8 0.88 0931 5.55 4.37 0876

DNA 0.51 -0.47 0.641 -2.82 1.66 0.865

Freundlich constants related to the adsorption capacity and
adsorption intensity, respectively. When 1/q, is plotted against 1/C,,
a straight with slope 1/bqax log qeis plotted
against log C,, a straight line with slope 1/n are obtained [48].
Figs. 4 and 5 were used to calculate the Langmuir and Freundlich
constant respectively, and their values are given in Table 7. The
Langmuir isotherm model provided the best fit for the equilibrium
data for safranin-O and methylene blue in the concentration range
investigated, with the maximum adsorption capacity being 9.52 mg
g and 8.00 mg g, respectively. The adsorption capacity of 2,4—
dinitroaniline was negligible and Freundlich model provides better
fit to the adsorption data.

and when

5. Kinetic Study

The linearized integrated rate law for first order reaction is given by
[49, 50].

ln(co/c) = Kappt (6)

Where C. is the initial concentration of the reactant, C is the
concentration of the reactant at time t, t is the time length and K,is
the apparent constant. When In(C,/C) is plotted against t, a straight
line with slope K, is obtained (Fig. 6 and 7). The first order rate
constants listed in Table 8.Thus, it is concluded that MBis more
prone to oxidative changes compared to the other studied pollutants.

1.6
- 1.2 -
Q
g 0.8 -
£ 04 |
0 A ‘
0 100
t (min)

Fig 6. Kinetics of photodegradation of the pollutants.
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Fig 7. Kinetics of adsorption of pollutants

Table (8) Kinetic parameters for the first orde

Dye ’hotod egrad:;ltim Adsmfptio;l
Kippx10™ T Kippx10™ T
SO 5 0951 3 0924
MB 13 0.942 3 0.984
DNA 6 0.99 1 0.985

6. Conclusion

Zeolite X has been selected as the host material for the
incorporation of TiO, due to its three dimentional channels which
limits the particle size of TiO, during the growth. Combination of
the adsorption and photodegradation enhances the removal
efficiency of the studied compounds. Adsorption of the pollutants
on the photocatalyst surface is one of the key reaction steps in
degradation. The removal efficiency of TiO,—zeolite for the studied
pollutants was found to be better than TiO, alone. The photocatalyst
had both high photocatalytic activity and adsorption affinity
towards all the studied pollutants. The adsorption data of safranin-O
and methylene blue fitted well to Langmuir equation and that of
2,4—dinitroaniline fitted to Freundlich model. Kinetic data followed
the first order kinetic model for all the three compounds.

References

[1] C. Hachem, F. Bocquillon, O. Zahraa, M. Bouchy, Decolourization of
textile industry wastewater by the photocatalytic degradation process,
Dyes Pigments 49 (2001) 117-125.

[2] A. Reife, H.S. Freeman, H.C. Freeman, Environmental Chemistry of
Dyes and Pigments, 1st ed., Wiley—Interscience, USA, 1995.

[3] H. Zollinger, Color Chemistry, VCH Publishers, New York, 1987.

[4] A. Dabrowski, Adsorption from theory to practice, Advances Colloid
and Interface Science 93 (2001) 135-224.

[5] A. Houas, H. Lachheb, M. Ksibi, E. Elaloui, C. Guillard, J.M. Herrmann,
Photocatalytic degradation pathway of methylene blue in water, Appl.
Catal. B: Environ. 31 (2001) 145-157.

[6] M.P. Gupta and P.K. Bhattacharya, J. Chem. Tech. Biotechnol. 35
(1985) 23-32.

[7] M.A. Dweib, ed., Adsorption of dyes from their solutions using natural
clays. MSc Thesis, University of Jordan, 1993.



Faghihian et al. / Iranian Journal of Catalysis 1(2011) 45-50

[8] B. Arma—ana, M. Turana, M.S.Celikb, Equilibrium studies on the
adsorption of reactive azo dyes into zeolite, Desalination 170 (2004) 33—
39

[9] Sanghi, R. and Bhattacharya, B., Review on decolorization of aqueous
dye solutions by low cost adsorbents, Coloration Technology 118
(2002) 250-269.

[10] A. Fujishima, T.N. Rao, D.A. Tryk, J. Photochem. Photobiol. C:
1(2000) 1-21.

[11] N. Serpone, E. Perizzetti, Photocatalysis-
Applications. Wiley, New York, 1989.

[12] M.A. Fox, K.E. Doan, M.T. Dulay, Res. Chem. Intermed. 20 (1994)
711.

[13] J. Cunningham, G. Al-Sayyed, S. Stijarani, in: G.R. Helz, R.G. Zepp,
D.G. Crosby, Aquatic and Surface Photochemistry, Lewis, Publishers,
Boca Raton, FL, (1994, Chapter 22)

[14] R. Comparelli, E. Fanizza, M.L. Curri, P.D. Cozzoli, G. Mascolo, R.

Passino, A. Agostiano, J. Appl. Catal. Environ. 55 (2005) 81-91.

LK. Konstantinou, T.A. Albanis, TiO,-assisted photocatalytic
degradation of azo dyes in aqueous solution: kinetic and mechanistic
investigations: a review, Appl. Catal. B 49 (2004) 1-14.

[16] Z. Wang, W. Cai, X. Hong, X. Zhao, F. Xu, C. Cai, Photocatalytic
degradation of phenol in aqueous nitrogen-doped TiO, suspensions with
various light sources, Appl. Catal. B 57 (2005) 223-231.

[17] M.R. Hoffmann, S.T. Martin, W. Choi, D.W. Bahnemann,
Environmental applications of semiconductor photocatalysis, Chem.
Rev. 95 (1995) 69-96.

[18] S. Gelover, P. Mondragén, A. Jiménez. Titanium Dioxide Sol-gel
Deposited Over Glass and its Application as a Photocatalyst for Water
Decontamination. J. Photochem. Photobio. A: Chem. 165 (2004) 241-
246.

[19] K. Ventaka Subba Rao, A. Rachel, M. Subrahmanyam, P. Boule.
Immobilization of TiO, on pumice stone for the photocatalytic
degradation of dyes and dye industry pollutants. Appl. Catal. B:
Environ. 46 (2003) 77-85.

[20] V.KS. Rao, M. Subrahmanyam, P. Boule. Immobilized TiO,
photocatalyst during long-term use: decrease of its activity. Appl. Catal.
B: Environ. 49 (2004) 239-249.

[21]S. Qourzal, A. Assabbane, Y. Ait-lchou. Synthesis of TiO, via
hydrolysis of titanium tetraisopropoxide and its photocatalytic activity
on a suspended mixture with activated carbon in the degradation of 2-
naphthol, J. Photochem. Photobio. A: Chem.163(2004) 317-321.

[22] R.,Yuan, R. Guan, J. Zheng. Photocatalytic degradation of methylene
blue by a combination of TiO, and activated carbon fibers, J. Colloid
Interface Sci. 282(2005) 87-91.

[23]A. Bhattacharyya, S. Kawi, M.B. Ray,Photocatalytic degradation of
orange Il by TiO2 catalysts supported on adsorbents. Catalysis Today 98
(2004) 431-439

[24]M. Takeuchi, T. Kimura, M. Hidaka, D. Rakhmawaty, M. Anpo, J.
Catal. 246, (2007) 235-240

[25] K. Hofstandler, K. Kikkawa, R. Bauer, C. Novalic, G. Heisier,
Environ. Sci. Technol. 1994, 28, 670.

[26] S. Sato, Effects of surface modification with silicon oxides on the
photochemical properties of powdered titania, Langmuir. 4, (1988)
1156-1159

[27] V. Durgakumari, Subrahmanyam, M.; Rao, K.V. S.; Ratnamala, A,;
Noorjahan, M.; Tanaka, K. J. Appl Catal.A: 234(2002) 155-165.

Fundamentals and

[15]

50

[28] G. Li, X.S. Zhao, Madhumita B. Ray advanced oxidation of orange Il
using TiO, supported on porous adsorbents: The role of pH, H,O, and
O3, Separation and Purification Technology 55 (2007) 91-97

[29] C. Bouvy, W. Marine, R. Sporken, Su, B.L. J. Chem. Phys. Letters.
428 (2006), 312-316.

[30] M.V. Shankar, K.K. Cheralathan, A. Banumathi, M. Palanichamy, V.
Murugesan, J. Mole. Catal. A: 223 (2004) 195-200.

[31] M.A. Abdullah, F.K. Chong Dual-effects of adsorption and
photodegradation of methylene blue by tungsten-loaded titanium
dioxide Saepurahman, Chemical Engineering 158 (2010) 418-425

[32] N. Takeda, M. Ohtani, T. Torimoto, S. Kuwabata and H. Yoneyama, J.
Phys. Chem. B 101 (1997), p. 2644

[33] S. Chandrasekhar, P.N. Pramada, Kaolin-based zeolite Y, a precursor
for cordierite ceramics. Applied Clay Science 27 (2004) 187—- 198

[34] S. Chandrasekhar, P.N. Pramada, J. Porous. Mater. 6 (1999) 283-297.

[35] X. Liu, K. K. lu, J. K. Thomas, J. Chem. Soc. Faraday Trans, 89 (1993)

[36] Y. Kim, M. Yoon. TiO,/Y-Zeolite encapsulating intramolecular charge
transfer molecules: a new photocatalyst for photoreduction of methyl
orange in aqueous medium, Journal of Molecular Catalysis A: Chemical
168, 257-263(2001)

[37] Y. Xu, X. Chen, Chem. Ind. 6, 497 (London, 1990)

[38] S. Anandan, M. Yoon. Photocatalytic activities of the nano-sized TiO,-
supported Y-zeolites, Journal of Photochemistry and Photobiology C:
Photochemistry Reviews 4 (2003) 5-18

[39] X. Liu, K. K. lu, J. K. Thomas, J. Chem. Soc. Faraday Trans, 89 (1993)

[40] C.C. Wang, C.K. Lee, M.D. Lyu, L.C. Juang, J. Dyes and Pigments.xx
(2007)1-8 Photocatalytic degradation of C.I. Basic Violet 10 using TiO2
catalysts supported by Y zeolite: An investigation of the effects of
operational parameters

[41] M.H. Habibi, H. Vosooghian, Photochem. Photabiol. A 174, (2005)45-
52

[42] M.A. Rauf, S.B. Bukallah, A. Hamadi, A. Sulaiman, F. Hammadi,
Chem. Eng. 129, (2007)167-172

[43] C.C. Wang, C.K. Lee, M.D. Lyu, L.C. Juang, J. Dyes and Pigments.76,
(2008)817-824

[44] E. Pehlivan, T. Altun, S. Parlayici.Utilizartion of barley straws as
biosorbents for Cu* and Pb® ions, J. Hazard. Mater. 164, (2008) 982-
986

[45] D. Lu, Q. Cao, X. Cao, F. Luo, Removal of Pb using the modified
lawny grass: Mechanism, Kinetics, equilibrium and thermodynamics
studies. J. Hazard.Mater. 166, (2009)239-247

[46] Bandara, J.; Nadtochenko, V.; Kiwi, J.; Pulgarin,C. Water Sci. Technol.
1997, 35, 87.

[42] C. Walling, Acc. Chem. Res. 8, (1975)125

[47] N. Daneshvar, D. Salari, A.R. Khataee, J. Photochem. Photobiol. A
Chemistry 157, (2003)111-116

[48] Adsorption ot safranin-T from wastewater using waste materials-
activated carbon and activated rice husks Gupta, V.K.; Mittal, A.; Jain,
R.; Mathur, M.; Sikarwar, S J OF Colloid and Interface Sience
303(2006)80-86

[49] CS. Turchi, DF. Ollis, J. Catal. 122, (1990) 92-178

[50] M.A. Abdullah, L. Chiang, M. Nadeem, Comparative evaluation of
adsorption kinetics and isotherms of a natural product removal by
amberlite polymeric adsorbents, Chem. Eng. J. 146 (2009) 370-376.



