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ABSTRACT

Inthis paper, the effects of catalysts’ properties on the photocatal ytic activ-
ity behavior of TiO,were studied. In this regards; Titania nano particles
with high photocatal ytic activity were prepared fromtitanium alkoxide dis-
solved in alcohol and water under acidic conditions. The properties of the
powderswereinvestigated by powder XRD, Brunauner-Emmett-Teller (BET)
method and Zeta sizer. The photocatalytic activities of the TiO, nano par-
ticles were assessed by the degradation of Methylene blue (MB) in aque-
ous solution. The X-ray diffraction results showed that the product had
anatase crystal structure with crystallite size below 10nm. According to the
obtained results, the kinetics of photocatalytic reaction followed pseudo-
first-order model. Particle size analysis showed that the mean particle size
were 15 and 128nm. The chemical mechanism was discussed in relation to
the sol-gel transition, which provides a possible theoretic explanation to
the photocatalytic activity of TiO, nano particles. The results showed that
the photocatalytic activity TiO, nano particles strongly depended on the
type of stabilizer and presence of Methylcellulose (MC).
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A great deal of effort has been devoted in recent
yearsto devel oping oxide semiconductor photocata ysts
with high activitiesfor environmenta protection proce-
duressuchasair purification, water disinfection, haz-
ardouswasteremediation, and water purification. Het-
erogeneous photocatalysis seemsto be an attractive
method becauseit can be employed for the degrada-
tion of variousfamiliesof organic pollutant™. Therea-
sonfor theincreased interest in such photocatalysisis
that the process may use atmospheric oxygen as oxi-
dant and can be carried out in water at room tempera-

tureand normal pressure. Among the photocatalysts,
TiO, (in anatase phase) has been most widely used
becauseit’seadly avallable, inexpensive, non-toxic, and
showsrelative high chemical stability!®. Sol-gd pro-
cessing isone of the most common methodsto pro-
duce photocatalyst TiO, in both formsof coatingsand
powder because thistechniques offer someadvantages
such aseaseand versatility of processing, homogeneity
at amolecular level, aswell asmild and ambient atmo-
spherereaction conditiong®.

Good cata ytic property isgoverned by two major op-
posingphysicd properties: Crystdlinity and surfacearea
of photocatalyst. Thehigh crystalinity helpsto prolong
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Figurel: XRD patternsof prepared TiO, nanoparticlesand
P25

therecombination rate of the photoexcited € ectronand
positive hole, hence, strong reducing and oxidizing
power of the photocatdyst. The high surfaceareawould
enhance adsorption of thetarget moleculeson to the
surface of the catalyst, ashigher numbersof molecules
are adsorbed thefaster therate of reactionl®. The pho-
tocata ytic activity intheagueoussystemisusudly evalu-
ated by measuring the degradation rate of an organic
moleculeinthesolution. Usualy MB hasbeenused as
such adye. Thereasonsfor thechoiceof thisparticular
dyeare (i) itisrelatively stableagainst UV irradiation
without any photocatayst, (i) itsstableunder environ-
menta conditiong’,

In this study, highly photocatalytically active
nanometersized TiO, photocata ystswith different phase
compositions have been prepared by sol-gel process.
Theeffectsof thetypeof stabilizer suchasHNO, and
CH,COOH cataysts and presence of methylcellulose
wereinvestigated on the microstructures and photo-
cataytic activity. In this paper, P25 was studied for
comparisonwith prepared samples.

EXPERIMENTAL

The materials for preparation of two samples
(CAT.sand CAT.p) wereasfollows

Titaniumtetraiso propoxide (TTIP) (98%, Merck)
and Iso-Propanol (99.5%, Merck) were used as pre-
cursor and sol vent respectively (Ti, H,O: 0.005: mol
retio; Ti,Alcohol: 1.57: mol ratio). HNO, (65%, Merck)
and CH_COOH (95%, Merck) were used respectively
inCAT.sand CAT.p asstahilizer. Thegpplied stabilizer
was 0.0068 molar. Methylcellulose (M C) wasused as
adispersant in preparation of CAT.p. CAT.swaspre-
pared without MC. Two sampleswere prepared with
hydrothermdl treatment.

Theprocedurefor preparation of two solswasas
follows

Titanium tetraiso propoxidewas slowly added to
CHEMISTRY c—

TABLE 1: Propertiesof TiO, nanoparticlesprepared under
variousconditions

Sample Surface  Crystallite Crystallinity’Mean particle
No. area(m’g’) size®(nm) (%) size"(nm)

CAT.p 180 7.1 89 128

CAT.s 165 7.4 77 15

aCalculated from XRD data using Eq.(2), ®Calculated from XRD
datausing Eq.(3a)for anatase phase, ‘Calculated from Zeta sizer
acohol and then, the mixture of titanium tetraiso
propoxide & alcohol was placed inthe oil-bath. The
solution wasthen added to the acidic solution and re-
fluxed under vigorousstirring (800 rpm) at 90°Cfor 8
h. Inthecaseof usng MC, in separate contai ner, meth-
ylcellulose solution (2wt% in distilled water) was pre-
pared and then thesetwo solutions(Titaniasol and MC
solution) were mixed and stirred for 1 hour at 90°C.
Two samplesweredried at roomtemperatureand were
finally calcined at 350C witharamp rate of 2°C min?
for 1 hour.

Thephotocataytic activity of the sampleswas esti-
mated by decomposition of 20 ppm Methyleneblueby
using 50 ppm of photocatalyst. The photoreactor con-
ssted of cylindrica glassreactor that alight sourcefrom
400 w high-pressure mercury lamp located in front of
vessal. A magnetic stirrer was used to produce homo-
geneousreaction mixture, beforeand during illumina
tion. Degradationwas monitored by taking aliquots at
different timeintervas. The UV-visabsorption spectra
of the sampleswere recorded with aUV-vis spectro-
photometer (UV /vis-Beckman Du series-500) after and
beforeillumination at differenttimesatA,__ =665nm.
The degradation of Methylene bluewas cd culated by
usingthefollowingformula
% Degradation =[(C_-C)/C ]x100 4
Where C_and C areinitia concentration and thereac-
tion concentration of M B, respectively. Photocatal ytic
reactions are considered as pseudo-first-order reac-
tioni*+12, So, for kinetic study we can usethefollowing
expresson:

Ln(C/C)=Kt (5)
WhereK isthe apparent reaction rate constant and C_
and C areinitia concentration and the reaction con-
centration of M B, respectively**%,

Theparticlesizesof prepared solswere analyzed
usingaMalvern particles zer after 24hthe preparation.
The sampleshad to bediluted in water and they were
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Figure2: Mean particlesizefor two samples

aso sonicated for 2min.

X-Ray diffraction measurementsweremadewitha
Philips PW 1840 automated X -ray diffractometer us-
ing graphitemonochromatized CuK o radiationin he
step-by-step mode. Preferred orientationswere deter-
mined by comparingtheir rel ativeintenstieswith those
reported inthe JCPDS cards*®l. Themean crystallite
size D wasdetermined from the broadening 3 of the
most intenseline, for each polymorph, inthe X -ray dif-
fraction pattern, based on the Scherer equation:

KA

D= B Cosd @
Where ) istheradiation wavel ength (0.15406 nm for
copper lamp), K =0.89 and 6 the Bragg angl "8,

The phase content of the samples can be calcu-
lated from theintegrated intensities of anatase (101),
rutile (110) and brookite (121) peaks. If asample con-
tainsanatase, rutile and brookite, smilar relationscan
be derived®?;

KA
WA= A A (3a)
KiAL+AR +K AL
A
W, = R
R KA +AL +K A, (30)
K.A
Wo = A +A TKA (3¢)
A A R B B

WhereW, W, and W, represent themassfractionsof
anatase, brookiteand rutile, respectively. A, A, A, IS
theintegrated intensity of the anatase (101), brookite
(121) and rutile (110) peaks, and K , and K , aretwo
coefficientsand their valuesare 0.886 and 2.721, re-
spectively. With Eq. (3), the phase contentsinany TiO,
samples can be cal cul ated™.

BET surfaceof the sampleswasperformed through

nitrogen adsorption a -196°C using aQuantasorb BET
surface areaandyzer.

RESULTSAND DISCUSSION

Figure 1 showsthe XRD patternsof TiO, particles
for all prepared samplesaong with the XRD of P25
sample. When thewidth was broader, the crystallites
exhibited smaller size. In other words, sharper XRD
peak indicatesalarger particle size or morewell-or-
dered crystallites asit was reported earlier by other
research group.

Asshownin TABLE 1, for two samples, CAT.p
has a high percent of anatase phase and specific sur-
face areawhich wasmorethan thisamount in CAT.s.
TABLE 1 showsthe comparison of the mean particle
of two samples. Figure 2 showsthemean particlesize
of CAT.swhichislessthanthat of CAT.p. Thediffer-
enceinthe mean particle size between powders pre-
pared with HNO, and CH,COOH as stabilizers can
be explained by theinfluence of the peptization stepon
thedispersion of primary particlesinthesol*”. For the
powders prepared under excessHNO,, protons (H*)
from HNO, are adsorbed on the surface of the primary
particles. Asmogt particlescarry apositive charge, they
repel each other to form astable sol with aminimum
degree of aggregation; thus Titaniasol that was pre-
pared as CAT.swas more stablethan that of CAT.p.

The specific surface areaand crystallite size of
P25 samplewere determined to be about 50(m?g?)
and 30(nm), respectively. The degradation results of
MB after 60 min for two samples are presented in
figure 3, which showsthat photocata ytic activity for
CAT.p was more than that of CAT.s. The results
showed that the addition of acid acetic and presence

—,  CHEMISTRY
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Figure 3 : Degradation of MB after 60 min for prepared
samplesand P25

of M C caused phase separation in the precursor so-
lution and photocatal ytic activity wasincreased. The
increasing surface areaof TiO, powder enhanced the
photoactivity of the catalyst by increasing the percent
of anatase phase. It seems to us When CH,COOH
was used as a stabilizer, the phase transformation of
the TiO, powders from amorphous to anatase was
enhanced then thisin turn, enhanced the photoactivity
of catalyst; becauseitisgenerally accepted that ana-
tase is more active than two other phases of TiO,,.
Therefore, by introducing MC, which resultsin apo-
rous body after cal cination, one could enhance per-
cent of degradation of MB.

The photoactivity of P25, CAT.p and CAT.s
samplesareshowninfigure4, intermsof MB remova
rate asafunction of pollutant concentration and cata-
lyst materia. The oxidation of MB followed first order
kineticsfor all photocatalyst samples. It could be seen
that CAT.p, showed high photocataytic activity witha
rate constant of 4.33x102 min'. Itsphotocatal ytic ac-
tivity washigher than that of P25 (2.19x10?), whichis
wdl knownto giveahigh photocataytic activity!®. Fig-
ure4 demonstratesthat therate constant for the TiO,
powderswith MC isgreater thanthat of the TiO, pow-
derswithout MC, showing aconsiderably higher effi-
ciency asphotocatalyst. It ispossibleto assumethat
the increased activity of the MC can cause more
photodegradation of Methylene Blue dye, duetoits
greater porosity, nanostructure. Higher photoefficiency
might be dueto the greater accessible surfaceareain
thesystem. Accordingto TABLE 1, figure3and figure
4, the photoefficiency of CAT.p washighest amongthe
samples, mainly because of itshigh surfacearea (180n/

CHEMISTRY c—

La(C /C) = 00385t + 0.0152
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Figure4: Dependenceof theappar ent rateconstant (k, min)
for CAT.p, CAT.sand P25

g) and the polymorphousstructure of thesematerids. It
has been reported that acombination of different poly-
morphsof TiO,, including theamorphousphase, insome
cases, exhibitsardatively higher photoefficiency than
pure anatase?>%, Larger particlesize (~30nm) of the
powder, and the resulting lower surfacearea (50m?g),
are considered as the main reasons for the low
photoefficiency of P25 in comparison with CAT.pand
CATs.

CONCLUSION

A nanoparticleswith high photocatal ytic efficiency
were developed through a novel method using
nanoparticles TiO,, sol-gel process and organic dis-
persant. The photocatalyst isdesignated for used in
degradation of amodd dye pollutant inwater. Thepho-
tocatal ytic activity of Titaniapowders prepared by hy-
drolysisof titaniumtetraisopropoxideunder ultrasonic
irradiation is strongly influenced by the presence of
methylcellulose (M C) asadispersant and type of sta-
bilizer. When CH,COOH wasused asastabilizer caused
phase separation in the precursor solution and photo-
catalytic activity wasincreased. When HNO, isused
asastabilizer, particlescarry apostivechargeand they
repel each other to form astable sol with aminimum
degree of aggregation. Increasing positive charge (pro-
tonsfrom H*) of solsenhanced thestability of sols. The
photocatalytic activity of the TiO, powders prepared
according to sample CAT.p was higher than that of
CAT.s. When CH,COOH and MC are used as a sta-
bilizer and dispersant; respectively; the photocata ytic
activity of the TiO, powderswas enhanced.
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