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Abstract
Anatase phase T TiIO,-SIO, (TS) photocatalyst were prepared by wet chemiagirtigue. The synthesized nano particles were
characterized by XRD, SEM-EDAX, TEM, UV and FTIecsmscopy. The grain size of the Ti@noparticles was found to be 24nm,
while 7-10nm for Ti@SiO,was calculated by using Scherrer’s formula. The 388D, core shell nanocomposites were identified by
TEM analysis. Ti-O, Si-O bonds were confirmed byARDand FTIR. The photocatalytic decomposition aflas black was
investigated. The photo catalytic activity of Ti@&nhanced by doping of SiGn TiO,. The important factors such as pH, Wt % of
dyes and nanopatrticles, intensity of light are aéf@ct the photocatalytic action.

Index Terms. Nanocomposites, Photocatalyst, TEM, SEM-EDAX
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1. INTRODUCTION

The waste water that is characterized with higlowgl high

COD, low biodegradability and high variability hasriously
polluted the drain water. Among the problems itsesucolour.
The most critical dye stuff is the primary sourdecolour.

Most of the dye stuffs are complicated aromatic poomds
and are chemically stable. Through the waste waisses the
low BOD/COD ratio, colour, COD and residual dyedkeare

still high even after traditional biological treatmt or

chemical coagulation treatment. Without furtheatmeent the
waste water will not meet the ever stricter envinental

standards of discharged water.

Many processes have been proposed over the yedraran
currently used to remove organic toxins from wastger.
Current treatment methods for these contaminanth s
adsorption by activated carbon and air strippinggraty
concentrate the chemicals present by transferhiegitto the
adsorbent or air, but they do not convert them mda toxic
wastes. Thus one of the major advantages of thdopho
catalytic process over existing technologies is thare is no
further requirement for secondary disposal mettjbHs

During the photo catalytic process, the illuminatiof a
semiconductor photocatalyst with ultraviolet raidiat
activates the catalyst, establishing a redox enuirent in the
aqueous solution [2]. Semiconductors act as seasitifor
light induced redox process due to their electratiacture,
which is characterized by a filled valence band ancempty

conduction band [3]. The energy difference betwdba
valence band and conduction band is called bandgap.
Nanocrystalline photo catalysts are ultra smallisenductor
particles which are few nanometers in size. Dutimg past
decade, the photochemistry of nano semiconductdicles
originates from their unique photophysical and phatalytic
properties [4]. Due to their large surface areaponaized
catalyst particles show a significantly enhancedctigity
compared to larger particles or bulk material.

Heterogenous photocatalysis a promising technolagy
environmental cleanup is mostly based on the serdigctor
photocatalyst nanocrystalline TiO2 [5], becauss itontoxic,
easy to be made, inexpensive and chemically stEbii.
Photooxidation by using TiO2 photocatalyst is beinigely
studied as a relatively new technique of pollutadratement.
TiO2 is a commonly used photocatalyst becausesdtibility
in UV light and water [9].

Furthermore to improve the efficiency of the cdtialyactivity
more emphasis is placed on mixing TiO2 with SiOQ][The
addition of SiO2 helps to create new catalytic\acsites due
to interaction between TiO2 and SiO2 [10-13]. Byyaducing
SiO2 on TiO2 can transform amorphous phase to atiyst
anatase phase [14]. Titania-Silica mixed oxidesehavarge
number of applications in catalysis either as gataby
themselves or as catalyst support [15]. TiO2-SiO&enh
oxides shows a higher thermal stability, adsorptiapability
and good redox properties [16]. A number of methbdse
been applied to prepare TiO2-SiO2 composites, dictu e
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beam evaporation, chemical vapor deposition flagtdiysis
and sol-gel method. Among all type of synthesis hoes
Solgel method has several advantages good homaogesase

of composition control, low processing temperatatality to
fabricate large area coatings and low equipmertt[¢@$. The
size and shapes are also modified by Solgel teaksigThis
technique can be employed for development of optica
coatings and wave guides [18].

In this present work we synthesis TiO2, TiO2-Si@2ecshell
nanocomposites by Solgel method at room temperaiure
composite was analyzed for grain size by XRD, safa
morphology and composition by SEM-EDAX, band gap by
UV-visible spectra, metal oxide bonds by FT-IR spe@nd
the photocatalytic decomposition studies of Isdiack was
investigated by UV-Visible spectroscopy.

2. EXPERIMENTAL
2.1. MATERIALS

All reagents used were of analytical grade puritg avere
procured from Merck Chemical Reagent Co. Ltd. India

2.2 PREPARATION OF NANOCOMPOSITES

In the synthesis of TiO2 patrticles, Titanium taf@propoxide
was used as a precursor and it was mixed with ltbianol
and deionised water mixture, stirred for half amton pH
range of 1.5. 10 ml of deionised water was addetieambove
mixture and stirred for 2 hours at room temperat&inally
the solution was dried at room temperature andpiheder
was heated at 1200C for 1 hour. Silica particlesevpgepared
from silicic acid and were stirred with THF for budr. Then
Titania gel was slowly added to the silica parscl@he
mixture was stirred for 3 hours and dried at roemperature.
Finally the mixture was heated at 1200C for 1 hour.
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2.3 CHARACTERIZATION

The prepared Nano particles were characterized tier
crystalline structure using D8 Advance X-ray diéfian meter
(Bruker AXS, Germany) at room temperature, opegatin 30
kV and 30 mA, using (K radiation ¢ = 0.15406 nm). The

crystal size was calculated by Scherrer's form®Barface
morphology was studied by using SEM-EDS (Model JSM
6390LV, JOEL, USA), UV-Vis diffuse reflectance spec
were recorded with a Carry 5000 UV-Vis-NIR
spectrophotometer (Varian, USA) and FTIR spectraewe
measured on an AVATAR 370-IR spectrometer (Thermo
Nicolet, USA) with a wave number range of 4000 &0 4m ™.

2.4 PHOTOCATALYTIC STUDIES

Photocatalytic activity of the as-prepared particfer the
environmental application was evaluated by meaguthe
photo degradation of methylene blue (MB) in wateder
sunlight irradiation. The initial concentration &iB was
50mgl* and the concentration of nanoparticles was 1'0g |

3. RESULT AND DISCUSSION

Fig.1 shows the XRD patterns of sol-gel derived ,T&nd
nano TiQ-SiO, composites. The crystallite type of the TS
nano composite particles was the pure anatase. mdst
intense reflection at2=25.30 is assigned to anatase (d101).
Not much difference has been detected betweenrpsittef
TiO, and TiQ-Si0,. The powders showed the crystalline
pattern and the observed d-lines match the reperkeks for
the anatase phase. The intensity of reflectiongagg to be
decreased for Ti©-SiO, as compared to Tiue to inclusion

of amorphous Si® The average crystallite size was
determined by carrying slow scan of the powderthérange
24-27 with the step of 0.0lomin-1 from the Scherrer's
equation using the (101) reflections of the anatphase
assuming spherical particles. An estimate of tleéngsize (G)
from the broadening of the main (101) anatase peak be
done by using the Scherrer’'s formula

G = 0.9\ A(20) cos6 (1)

Where/ is the Cu K radiation wavelength anti(26) is peak
width at half-height. The nanocrystallite sizes evéound to

be 15-20nm for TiO2 while 7-10 nm for T}5i0, powders.
The weakening and broadening of the XRD peaks may b
attributed to the decrease of the sample grain aimb the
increase of the SiO2 content. The introduction @,Scan
effectively suppress the grain growth of anatasmpared
with pure TiQ. Moreover, the suppression is more remarkable
with the introduction of higher silica content, whi is
consistent with the literature [19]. The major diffnces were
the narrower first maximum and the broader second
maximum.
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Figl. XRD patterns of Ti@ TiO,-SiO, nano composites.

Fig.2 represents the FT-IR spectra of sol-gel @eriviO,,
TiO,-Si0O, composites. The peaks at 3400 and 1650" ¢m
the spectra are due to the stretching and bendbrgtion of
the -OH group. In the spectrum of pure Ji@he peaks at 550
cm® shows stretching vibration of Ti-O and peaks &0Ldm

! show stretching vibrations of Ti-O-Ti .The speatrof TiO,-
SiO, show the peaks at 1400¢m450-550cm® exhibiting
stretching modes of Ti-O-Ti, 1100chshows Si-O-Si bending
vibrations and peak at 950€rshows Si-O-Ti vibration modes
which is due to the overlapping from vibrationsS#OH and
Si-O-Ti bonds. This result indicates that the T&8mparticles
were prepared by a combination of Fi@ith SiO, nano
particles [20].

Fig2. FTIR patterns of Tig TiO,-SiO, nano composites

Fig.3 shows the SEM images along with the partiilee

distribution of the pure Ti@sols and of the colloidal TS nano

composites respectively. The pure TiQarticles exhibited

irregular morphology due to the agglomeration oifimairy
particles and with an average diameter of 15-206m.the
other hand, the colloidal TS nanocomposites exddbiegular
morphology, since the TiOcores were coated by SiO
particles. The average particle size of the collbitiS nano
composites was measured to be 7 -10nm. The EDAK/sina

of TiO,, TiO,-SiO, nano composites confirms the presence of
Ti-O, Si-O bonds.
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Fig3: SEM-EDAX analysis of Ti@, TiO»-SiO, nano
composites.

Fig.4 represents the TEM images of Ti&hd nano Ti@SiO,
core shell nano composites. Transmission electron
microscopic analysis strongly supported the nanspha
formation of TiO2 and nano TiEBiO, core shell nano
composites. The average particle size measured frav
was found to be in the range of 15-20 nm for JJi@hd 10-15
nm for TS, which was slightly varied from the peldi size
evaluated from diffraction method since in X-rayabmsis it
was assumed that the crystallites are formed withoy local
strain. From the TEM scale it was clearly obserteat the
particles exhibited in spherical in shape and imomaeter size.
Fig 4b clearly shows the formation of TiO2-Si€ore shell
nano composites.
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Fig.4 TEM analysis of TiQ, Figure 3f) TEM analysis of
TiO,-SiO, core shell nano composites

UV-Vis absorption spectra of composite after drysigpw a
good transparency between 400 and 800 nm (Fig&ually,
the band edge of bulk anatase82 eV and is also shown on
the same graph. After heat treatment, a small rioadiibn was
observed, due to the presence of anatase nanalttgst
Indeed, the gel was highly transparent, and anyrabsce
which appeared at energies below the band gap emerg a
result of interference fringes and of the high aefion index
of Titania. When Si was present, four additionabBmeaks
were observed in the absorption corresponding & 3R2,
3P1, 3P0 and 1D2 manifolds as seen in Fig.4. Fumtbes,
presence of SiOcontent results in higher transparency in the
visible region, due to the smaller particle sized drigher
dispersity.
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Fig.5. UV-Visible spectroscopy of Ti@ TiO,-SiO, hano
composites

3.1 PHASE ANALYSIS

The gel-derived specimen obtained after being thdym
treated at 823 K for 6 h were all non-crystallireexidenced
by XRD analysis. It is known that at about 823 Keth
equilibrium phase should be cristobalite for SEhd anatase
for TiO,. Accordingly, it is suggested that Ti@nd SiQ be
mixed uniformly at the atomic scale in the sol-gehversion
may occur simultaneously; however, one of them adnd the
dominant process at the given conditions. Contisuou
proceeding of the condensation reaction causeshhia-like
structures to have a fast interaction between wtedaORY
groups and form interchain bonding, which increaties
strength of gel structure. Heat treatment will apHie the
structures of the resultant cross-linked gels, Itieguin the
formation of particles with irregular shape, wigerticle size
distribution and low specific surface area .The oroars
obtained interact with each other to establish aeeth
dimensional network structure via condensation &ormin
solids with textures like fragments of monolith Wdugh heat
treatment spheroidize these fragments, the calcpaticles
give a high specific surface areas, due to residoigs in the
network structures Then, the monomers of M(OH)ztreath
each other to form particle-like polymers The sfiecurface
areas of these materials after heat treatmentoaresince the
hydrogen bonding between the particles makes thtcles
pack more efficiently [19].

3.2 FORMING MECHANISM OF STABLE PURE
TIO02 AND SI02-MODIFIED TIO2 HYDROSOLS

Titania is a Lewis acidic oxide [21]. For pure Ti@ydrosol,

in the hydrolysis process, Ti(OlHyvas formed after Titanium
tetra isopropoxide was hydrolyzed by ethanol anidrdsed

water mixture. In the acid-peptization process, etain

amount of HCI, was added and in the neutralizatioycess,

the added —OH first neutralized the extensive f#éen the

mixture and later attacked Ti-OH

Ti—OH + H" & Ti-OH " )

The pure TiQ colloid particle can be illustrated as below. For
SiO,-modified TiO, hydrosols, Ti—-O-Si bonds were formed as
indicated from FTIR. The model proposed by Tanabale
[22] assumes that the doped cation enters thedatfi its host
and retains its original coordination nhumber. Sittoe doped
cation is still bonded to the same number of oxygmren
though the oxygen atoms have a new coordinationbeuna
charge imbalance is created. The charge imbalancsg be
satiated, so Lewis sites and Bronsted sites amaddrwhen
the charge imbalance is positive and negative, ectsely.
The charge imbalance is calculated for each indadithond to
the doped cation and multiplied by the number afdsoto the
cation. SiQ is tetrahedrally coordinated with each oxygen
atom bonded to two silicon atoms.BiQs octahedrally
coordinated with each oxygen atom bonded to thtasiim
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atoms. Since the radius of*Sis much smaller than that of
Ti**, the Tf* could be substituted with j and Ti—-O-Si
bonds were formed. If a silicon atom enters a Taadattice,
each of its four bonds is now attached to an oxygering 4/6
anion bond. The charge imbalance is 4x (1>-4/64/3. Since
the imbalance is positive, Lewis sites are formad aore
hydroxyl groups would be absorbed on the colloidecof
TiO,—SIO, [23].

3.3 DEGRADATION OF DYES

Fig 6, 7shows the degradation of Isolan black by Fi0O0,-
SiO, composites respectively. The UV-Visible spectra of
initial solution and product under sunlight for % teaction
over TiQ, TiO,-SiO, samples were recorded to determine
how deeply Isolan black was degraded. The primary
absorption peaks of the dye solution are shows m7Bnthe
range of 200-800nm. As the reaction time incresisepeaks
disappear gradually and the full spectrum pattemanges
obviously after 5 hr. At the end of th& Eaction time there is
no evident absorption peak observed. It indicdtasthe main
chromophores in the original dye solution are agstd with
photocatalytic reaction and proves that the Isdbeck is
decomposed in the UV/ Tiand UV/ TiQ-SiO, system.

Absorbanca_

Fig.6. Photo catalytic decomposition of ISOLAN BLACK by
TiO,.

Apsorbance

Fig.7.Photo catalytic decomposition of ISOLAN BLACK by
TiOx-SiO,.

CONCLUSIONS

TiO,, TiO,-SiO, photocatalyst was synthesized by wet
chemical method and its photocatalytic activitydmgradation
of textile dyes were tested. TEM images shows thméation

of core shell nano particles. The surface morpholagd
photocatalytic activity was modified by SiOln 5 hour
reaction time the concentration level of dye solutiowered
down significantly, which indicates Ti5iO, nanocomposite
was effectively degrade the dye molecules.
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