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ABSTRACT KEYWORDS
A preparation of TiO2-dispersed Y-zeolite has been attempted by amethod Methylene blue;
comprising a substantial ion-exchange of ammonium titanyl oxalate R’.emO\./aI.;
(NH,),TiO(C,0,), and itsdecomposition. Thiscomposite characterized with UVirradiation;
X-Ray diffractometer and X-ray spectroscopy. These composites have TiO,/zedlite.

many advantages such as high stability and high porosity. The
photocatalytic degradation behavior of methylene blue was investigated
for NaY zeoliteand TiO/NaY zeolite. Theefficiency of time, pH, temperature
and initial concentration of methylene blue (MB) on degradation of
methylene blue wasinvestigated by UV-Vis spectroscopy. And, the optimum
conditionswere determined 8h time, basic pH and highinitial concentrations
of methylene blue and photocatalyst. Results showed that 90% of
methylene blue was removal by synthesized TiO,/zeolite with UV

irradiation. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Methyleneblueisacationic dyethat can bewidely
usedinmedical science, coloring paper, dying cottons,
woolsand etc. Although methyleneblueisnot strongly
hazardous, but can cause harmful effectssuch asin-
creased heart rate, vomiting, shock, Heinz body for
motion, cyanosis, jaundice, quadriplegiaandtissuene-
crosisin human. Alsothisdyeinwater can affect plant
lifeandisaesthetically unpleasant>24,

Adsorption study hasattracted considerableinter-
est asafeasible procedurefor removing dyesfrom ef-
fluents. Literaturereview showsdifferent methodsand
various adsorbents such as activated eggshel|¢,
TiO,!*1, carbon', tea waste!!, clay!', zeolite®27,

MCM-22(21 waste wood®, biomaterialg?!, poly-
mert¥ and composite membrang®, have been devel-
oped for dyeremoval.

Recently, advanced oxidation processes (AOP)
have been widely investigated of which heterogenous
photocatays shasbecomethemost popular. Mot stud-
iesrel ated to photocata ytic degradati on of organic pol-
|utants have been carried out us ng suspens ons of pow-
dered TiO, inthetreated solution™. TiO, isacheap,
reedily availablemateria, highly stable chemically and
the photogenerated holesarehighly oxidizing. In addi-
tion, TiO, is capable of oxidation of awide range of
organic compoundsinto harmlesscompoundssuch as
CO, and H,01*,

TiO, ishy far the most important semiconductor
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with wide application asaphotocatal yst for thedegra-
dation of pollutantsin systemsfor the photochemical
splitting of water and in photovoltaic solar cells. There
isan enormous potential in controlling some of the
photophysical and photochemical propertiesof bulk
TiO, such asthe onset of the absorption band related
to the semiconductor band gap and the efficiency and
lifetime of photoinduced € ectron transfer processes.
To achievethiscontrol, areduction of the particlesize
down to the nanometer rangein which quantum size
effects may operate has been pursued!”421,
Nanoparticles of TiO, have been reported to exhibit
distinctive properties, different from those characteris-
ticof bulk TiO, particles. However, thisstrategy iscom-
plicated by theinstability inherent to nanoparticlesand
thetendency of the primary nanoparticlesto undergo
aggregation at neutrd pH into grainsof muchlarger sze
with anonuniform distribution and to age changing the
propertiesover thetime.

A nove approach that shouldlead to the control of
theTiO, photo activity and may helpto circumvent the
aggregation problem consistsin the encapsul ation of
TiO, nanoclustersinsidetherigidinternal voidsof zeo-
litesthat areon the nanometer scale. Thisstrategy of -
fersasmpleway to control the size, geometry and ac-
cessibility of the TiO, clusters by choosing among the
known zeolites, thosewith the gppropriate pore dimen-
sion and topol ogy!?-2],

However, in spite of the promising advantages of
the use of zeolites as organized media, the number of
studiesonthe photoactivity of TiO, incorporated inside
the poresof zeolitesisstill relatively small. Previous
reportsarelimited to studieson theemission of zeolite-
bound TiO,®* intrazeoliteelectrontransfer from TiO,
tomethyl viologen50, the photocata ytic activity of these
material sfor thedecomposition of NO_and the photo
reduction of CO, by H,O. Theincorporation of TiO,
clusters into zeolites should allow one to prepare
photocata ystswith arangeof distinctiveactivities.

MATERIALSAND METHODS

Materials

Aluminum hydroxide, silicagd , sodium hydroxide,
calcium chloride, (Ti=0) K,(C,0,)*.2H,0 and meth-
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yleneblue (MB) dye(Figure 1) wassupplied by Merck;
and M B wasthe analytical reagent grade and used as
received.

CHs

Figurel: Thesructureof methylenebluedye
Synthesisof NaY zeolite

NaY zeolitewith molar ratio of: 16 NaOH: 1Al
(OH).: 15S0,: 320 H,0O wassynthesized (Breck and
Tonawanda, 1964) and characterized with X-ray dif-
fraction.

Synthesisand characterization of TiO, /zeolite

The corresponding zeoliteinitsNa*form (10 g)
was stirred at room temperature with a solution of
(Ti=0) K(C,0,)*.2H,0 or (NH,).(Ti=0)(C,0,)*
.H,O at therequired concentration (0.05, 0.4 and 0.8
M) for 4 h. After thistime, the solid wasfiltered and
washed exhaustively with distilled water until no ox-
alate anionswere detectablein the washing waters
using afreshly prepared 0.5 M agueous sol ution of
CaCl.,. Thesolidsweredriedinanoven at 150°Cfor
5h. All of them wereused without further purification.
Final product was characterized with X-ray
diffractmeter (Philips 8440) with radiation at room
temperature Cu-Ka. Theelementa analyseswerecar-
ried out by X-ray fluorescence spectroscopy using a
PhillipsMiniPa 25fm that result thesame as proceeded
work™,

Photo catalytic procedure

The degradationswere carried out using the meth-
ylenebluedye (5 mg/L) solutionwasexposed to ultra-
violet radiationinthe presenceof dry zeoliteand TiO,/
zeolite (0.04 g) ; thetemperature was kept at 40 °C.
The photocatalytic reactor used has a surface area
ca 155 cmZ?illuminated by low-pressure mercury lamp
(output at 254 nm,15W) kept at 10 cm distancefrom
solution.The solution of the dye was adjusted to the
desired pH by addition of NaOH or H,SO,.

The amount of degradation MB was measured
spectrophotometrically (A= 670 nm) in periodically
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taken solution samplesand again placed inthe same
vessd sothat theliquid volumewaskept constant. The
removal efficiency (RE %) of thedyewas calculated
by Eq. (1)

RE (%) =(C,-C/C ) x 100 1)
that C_and C aretheinitial and equilibrium concentra-
tionsof MB dye solution, respectively.

RESULTS

Characterization of NaY zeoliteand TiO,/zeolite

Figure 2 shows X-ray diffraction for NaY zeolite
and TiO,/zeolite. XRD patternsindicated that theNaY
zeoliteand TiO,/zeoliteared most Similar tothe parent.
Alsonocrystalline pattern was observed for TiO,/zeo-
lite; thismight be because of their finedistributioninthe
|attice. It appearsthat incorporation of TiO, had little
effect onthecrystalline structure of the host zeolite.

15000 4

10000

5000 =

! } ' |
L 1 | A ‘ \‘ ;IM lﬂl.l,\LJL\.J/ kiR R AR s
\‘D Z‘D 3‘D 4‘0 S‘D E‘D 7‘9 E‘D

8000

2000 '

U L,UJVJJ,L

T T T T T
10 2 30 40 50 &

|
W
i T D

T T T i T
70 80 90 100 1o 120 130
Position['2Theta]

Figure2: X-ray diffraction patternsof NaY zeolite (a) and
TiO,/zeolite(b)

Effect of contact timeon photo degradation of MB
by zeoliteand TiO, /zedlite

Theresult of contact time showninFigure 3 de-
scribesthat about 40% absorption of methylenebluein
first fiveminutesfor both zeoliteand TiO,/zeolite. The
adsorptionincreasesupto 8 hoursfor both zeoliteand
TiO,/zeoliteand equilibriumtimeis8 h. Result showed
that the absorption of methyleneblueby TiO,/zedlitein
presence UV radiation hasmoreincreased. Thesere-
aultsclearly indicatethat the presenceof titanium oxide
incorporated withinthe zeolite, aswell asUV irradia-
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tion, areindispensablefor the photocatal ytic reaction
totakeplace.
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Figure3: RE (%) of methyleneblueby (a) zeolite NaY, (b)
TiO,/NaY zeolitewithout UV radiation and (c) TiO,/NaY
zeolitein presence UV radiation vs. time
Effect of pH on photo degradation MB by zeolite
and TiO, /zedlite

Figure4 showstheeffect of pH ontheremoval effi-
ciency of MB by TiO,/zedlitein presence UV radiation
andinoptimumtime. pH of thesolutionswaschangedin
therangeof 610 9. Result showed that adsorptionof MB
increased withincreasing pH about 100%for TiO,/zeo-
lite. Methyleneblueisacationic dyewhichexistsin ague-
oussolutioninformof postively chargedions. Itsadsorp-
tion onto the adsorbent surfaceisrelated to the surface
chargeontheadsorbent, whichinturnisinfluenced by the
solution pH. It seemsthat, protonionscompetewithMB
cationsfor vacant adsorption sitesat |ower pH, and that
higher pH isfavorablefor absorption of MB.
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Figure4: RE (%) of methyleneblueby TiO_/NaY zeolitevs.
timein different pH
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Effect of initial concentration of M B on adsor p-
tion

Figure 5 show theremoval efficiency of MB asa
functionof timeandinitial concentrationin contact with
TiO,/zedlite. Theamount of M B adsorbed per unit mass
of TiO,/zeoliteincreased withincreasing MB concen-
tration. Removad efficiency of MB increased from 91%
t099%in TiO,/zeolite when the concentration of MB
wasincreased from5to 10 mg/L. Thestructureof TiO,/
zeolitemay contain alarge number of activesitesand
MB cations can uptaketo them. Also, almost 80% up-
takeof total amount of dyein contact with TiO,/zeolite
wasfound to occur inthefirst period of time (30 min)
and then the adsorption rate remained constant.
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Figure5: Effect of M B initial concentration on theremoval
efficiency in TiO,/zeolite
Effect of amount of NaY/TiO, (absor bant) for ad-
sorption of MB

Figure 6 show theremoval efficiency of MB asa
function of timeand different amount of TiO,/zeolite.
The amount of MB adsorbed per unit mass of TiO,/
zeoliteincreased withincreasing amount NaY /TiO,,
Removd efficiency of MB increased from 91%to 97%
inTiO,/zeolitewhen amount NaY /TiO, wasincreased
from 0.04t00.08 g. Thestructure of TiO,/zeolite may
contain alarge number of activesitesand MB cations
can uptaketo them.

Adsor ption isotherm studies

Adsorption isotherm was studied fitting datato
Langmuir and Freundlich isothermswhich may show
monolayer or multilayer sorption. TheLangmuir iso-
thermisvalid for monolayer sorption dueto asurface
of afinitenumber of identica stesand expressedinthe
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linear form asEq.(2)

C/g.="1/bgm+C Jqm= 2
Where C_istheequilibrium concentration (mg/L) and
q, istheamount of adsorbedion at equilibrium (mg/g).
The Langmuir constants g™ (mg/g) represents the
monolayer adsorption capacity and b (Lmg?) isrdated
totheheat of adsorption. The Langmuir isotherm plots
for adsorption of MB by TiO2/zeolitefrom aqueous
solutionsareshownin Figure7.
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Figure 6 : Effect of different amount NaY/TiO, such as
absor bant for removeM B
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Figure7: Theproposed mechanismfor photoreduction of
MB

DISCUSSION

Inthiswork, TiO, wasincorporated onto NaY zeo-
litewithout any changeinitscrystalinestructure. NaY
zeoliteand TiO,/zeolite were used for adsorption of
methylene blueand the optimum conditionsfor thead-
sorption weredetermined as 8h contact time, basic pH,
because protonions competewith MB cationsfor va
cant adsorption sitesat lower pH and higher pH isfa
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vorablefor absorption of MB.

Also, highinitid concentration and temperaturewere
morefavorablebecause of high porosity for NaY zeo-
liteand TiO,/zeoliteand endothermic conditionsfor re-
action. Asitisdemonstrated in experiments, at first the
absorbance of MB increased withincreasingtimeand
then remained constant after 8h. It wasal so observed
that almost 97% MB was adsorbed by synthesized
TiO,/zedlitein presence UV radidtion. It seemsthat TiO,
nanoparticleswereanchored ontheexternd surfaceas
wedll asencapsulated inthecavitiesof porouszeolites™.
Hence, withusing of TiO,/NaY zeolite, theremoval ef-
ficiency of methylenebluedyedecreased, trividity. The
results of these adsorbentswere better in composition
with other adsorbents*. Finally, theequilibriumre-
mova performanceof thecompositesfittedtolangmuir
model and have monolayer adsorption.

Photocata ytic activitiesof TIO2/Y-zeolite system
explain by studying the photoreduction of methyl blue.
Accordingtothem, intheUV irradiation of TiO2-zeo-
lite, the conduction band electron can be removed
quickly from the TiO2 site before charge recombina-
tion, becausethed ectron-rich zeolite surfacefunctions
asaholescavenger (figure7).
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