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ABSTRACT

In recent years much attention has been focused on photocatalytic
degradation of organic pollutants by TiO, particlesirradiated by ultraviolet
(UV) light. This method is undoubtedly an effective approach toward
abatement of a wide variety of harmful/toxic organic pollutants in
wastewaters. Unfortunately, the need of an ultraviolet excitation source
restrictsitstechnological utility to limited applications. Inthiswork, TiO,/
SO, and Pt-TiO,/SiO, nanoparticles were prepared in anatase form to
improve and modify TiO, photocatalytic activity in UV and visiblelight.
In the case of using SIO, the results showed that the crystal size and
surface areaof TiO, have beenimproved from 17 to 5 (nm) and 80 to 555
(m?/g) respectively. In the case of using platinum (Pt), platinum can be
either doped in the crystalline structure of TiO,/SiO, or deposited on the
surface of TiO,/SIO,. The results showed that photocatal ytic activity of
Pt-TiO,/SiO, and TiO,/SiO, has been increased in visible and UV light
respectively. The characterizations of catalystswere performed by XRD,
FTIR, SEM, TEM, BET and UV-Visdiffusereflectance spectra. Finaly, in
order to assess photocatalytic activities of TiO,/SIO, and Pt-TiO,/SiO,,
degradation of monochlorobenzene (MCB) was tested under UV and
visiblelight. © 2013 TradeSciencelnc. - INDIA
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Nowadaysduetoindustria growth, the environ-
menta pollution has beenincreased and attained to a
dangerouslevel in devel oping/devel oped countries. In
order to decrease environmenta pollutants, photooxi-
dation process by using TiO, photocatalyst is being
widely studied asarelatively new technique of pollu-
tion abatement™3. TiO, semiconductor fine nano par-
ticlesareideal and powerful photocataystsdueto their

chemica stability, nontoxicity and highreactivity for
thedimination of pollutantsin air and water. However,
TiO, semiconductors havearel atively large band gap
of 3.2 eV, corresponding to wavel engths shorter than
388 nm. Unfortunately, the need of an ultraviolet (UV)
excitation sourceredrictsitstechnologica utilityfor lim-
ited applications. For widespread applications, effec-
tiveTiO, photocataystinvisibleradiation or solar light
needsto be devel oped asfuture generation photocata
lyticmaterial. TiO, absorbsonly 3-5% of thesolar spec-
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trum energy, soin order to enhancethe photocatal ytic
activity of TiO,, modification of itssurface properties,
crystalinestructure and composition are needed*?. For
examplethesurface modification by doping trangition
meta ssuch asPlatinum (PY) and controlling nanopartides
S ze have been empl oyed to extend thelight absorption
inthevisble (bathochromic shift of the band gap en-
ergy) or UV region***, Many methods have been
devel oped to control the size of nanoparticlessuch as
Langmuir and Blodgett films method®¥, Vesicles
method(*®!, reverse microemulsions method*” and sur-
face active supports method!*8. For example, Ander-
son and Bonard*¥ reported the effect of incorporation
of silicaontheTiO, particlesizewhichincreasesthe
titaniabased photocatayst activity intheUV light. Ac-
cording to the their result for decomposition of
Rhodamine-6G, thetitania/silicamixed oxide (TiO,/
SI0,) withtheratio of 30/70 producesthe highest ac-
tivity about threetimeshigher than Degussa P25 titania

Inorder to modify nanoparticle surface, addition of
metal particlessuch asplatinum, silver and ferrouson
photocatayst surfaceincreasesthelight absorption ef-
ficiency and photocata ytic activity inthe UV light'®23,
whileby doping thesemeta sinto the structure of semi-
conductors, their photocatal ytic activity increaseinthe
visiblelight. Theseincrement of activitieshavebeen ex-
plained either by the suppression of hole-electronre-
combination or the e ectron trapping by the metal §24.
It hasbeen observed that themost active metd for pho-
tocatd ytic enhancement isplatinum, which can produce
the highest Schottky barrier among themetalsthat fa-
cilitate electron capture®,

Inthis paper and inthefirst step, TiO, photocata-
lyst was synthesized by the sol gel method with precipi-
tation of inorganic precursor (TiCl,). Then effects of
platinum and slicaaddition on photocata ytic activity of
TiO, wereinvestigatedintheultraviolet andvisiblelights.
It should be mentioned that in the case of using plati-
num, platinum either can be deposited onthe surface of
TiO,/SO, (typeA) or doped intothe crystalline struc-
tureof TiO,/SIO, (typeB). In addition, in order to as-
sess and compare the photocatalytic activity of TiO,,
decomposition of monochl orobenzene under ultravio-
let and visblelightswasstudied. It should bementioned
that many researchershave studied photocatal ytic deg-
radation of organic compoundsinthe presence of TiO,

Physical CHEMISTRY o

under ultraviolet irradiation. For exampleAlmquist .
a. havereported MCB oxidation at temperature< 300
°C using V,O/TiO, nanocatalyst without irradli ationf.
They founded that MCB is stable in the presence of
V,0/TiO, at temperature up to 300 °C and they ob-
served stable organic byproducts of MCB oxidation at
temperature <400 °C.

EXPERIMENTAL DETAILS

M aterialsand methods

In order to prepare different catal ystswhich syn-
thesizedinthiswork, thefollowing materia swere used:
Tetra chloride titanium (TiCl,, M=189.79),
tetraethylortosilicate (S (OCH,),, M=208.33), Nitric
Acid (HNO,, M=63), Ammonia (NH,, M=17), po-
tassium hydroxide (KOH=56) and platinum chloride
acid (H,PtCl .6H,0, M=517.92).

Preparation of TiO,and TiO,/SIO, photocatalysts

Anatase TiO, and TiO,/S IO, nanocrystalline pow-
derswereprepared by sol gel method. A certainamount
of deionized water wasadded to TiCl, asstarting ma-
teria to form asuspension. Then an exact amount of
HNO, ([H*]/[Ti*] = 0.5) was added to 500 ml of the
suspens on which contains 12 moles of titanium with
strong stirring for about 7 hours. Asaresult, astable
titanium oxide sol has been formed. In the next step
gppropriateamount of tetragthylortodicate (TEOS) was
dropped into the previoustitanium oxide sol until the
desiredratioof TiO,/SO,=30/70 (moleratio) obtain.
Then the sol wasdried and cal cined for 3 hoursto ob-
tanTiO/S O, catayst.

Pt modified TiO,/SIO, catalyst

1% Pt-TiO,/SIO, photocatalyst was prepared by
photo deposition method similar to theKraeutler and
Bard method®’. All preparation experimentswerecar-
ried out in afluidized bed photo reactor consists of 250
ml cylindrica quartsbody with sampling and gasinlet/
outlet ports. Theprepared TiO,/S O, powder in section
(2.2) and equeousplatinumchlorideacid (H,PCI .6H,0)
wereadded into 100 ml of distilled water with vigorous
stirring to producebasi c suspension. ThepH of thissus-
pension was adjusted to 6.8-7 by addition of 0.1 N po-
tassium hydroxide (KOH) solution.
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Inthenext step in order to producetype (A) of Pt-
Tio/S O, (TiO,/S 0, with Ptonitssurface), thebasic
suspension wasstirred by pure nitrogen gasflow up to
30min. Thenthissuspensionirradiated with UV light
(250W) for photodeposition of Pton TiO,/SIO, sur-
face. Inorder to producetype (B) (dopped PtinTiO,/
SO, structure), the basic suspension was stirred by
pure nitrogen gasflow and irradiated by UV light si-
multaneoudly until color of the suspension gradually
turned fromyellow to gray. Finaly theresult solutions
(type (A) and type (B)) which contain Pt-TiO,/SIO,
catdyst werecentrifuged and washed with digtilled weter
until no chlorinewasdetectedinrinsngwater and dried
overnight at about 383 K. ThelCPanalysisindicates
that platinum presenceintype (A) and type (B) cata-
lystsisabout 18% and 80% respectively.

Characterization of nano photocatalysis

Thecrygtdlinestructureof nano photocatd ystswas
assessed and characterized by X-ray diffractometry
(D4-BRUKER and Cu-Kd radiation at 30kV and 20
mA). Thechemica structureof prepared particleswas
examined using Fourier transform infrared spectropho-
tometer (FTIR, SHIMADZU-840S). Thediffusere-
flectance UV-Visabsorption spectraof catalystswere
recorded by UV-Vis spectrophotometer (Shimadzu-
2550). In addition, the particles morphol ogy was ob-
served by Scanning Electron Microscopy (SEM, Philips
— XLF30) and Transition Electron Microscopy (TEM,
CM200FEG). Surface areawas cal cul ated using ni-
trogen absorption data at 298 K and BET analysis
(MICROMERITICS-GEMINI)

Photocatalytic experiment

In order to determine activity of each of thefour
cataysts(TiO,, TIO,/S O, and Pt-TiO,/SIO,: type (A)
and (B)) degradation of Monochlorobenzene (MCB)
inaquartz tube batch reactor wasinvestigated. Ineach
experiment, 0.2, 0.25 and 0.3 grams of each catalyst
wasdissolved in 200 ml of MCB (300 ppm) solutionin
water. Beforeirradiation, the mixtureswere maintained
indarknesswith stirring for onehour. At givenirradia-
tiontimeintervals, 5ml of each solution wastaken and
analyzed by means of a UV-Vis spectrophotometer
(Shimadzu PC1201, maximum absorbance wastaken
at 627 nm). Also dl experimentsrepeated in different
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pH (pH=3, 5 and 6). The obtained results show that
the 0.25 gramsof TiO,/SIO, and Pt-TiO,/SIO, (type
(B)) catalystsat pH=3 arethe best condition for deg-
radation of monochl orobenzene at temperature<40'C
under UV andvisblelight respectively.

RESULTSAND DISCUSSIONS

XRD analysis

The XRD patterns of TiO, and TiO,/SIO, nano
powders showed fiveclear diffraction peaksat 25.48°,
38.24°,48.12°,54.96° and 63.48° (Figure 1). All peak
whichindexed as(101), (004), (200), (105) and (204)
diffraction linesin the XRD pattern was assigned to
anatase phaseof TiO, (ICCD card FileNo 21-1272).
It should be noted that thereisacharacter of residual
amorphous SIO, inthe XRD pattern. Thismeansthat
the materials consist of TiO, nanocrystalsand SiO,
based powder. The size of nanoparticlescan beca cu-
lated by Scherrer’s equation. By using this equation the
crystal sizeof TiO,and TiO,/SIO, wereestimated 17
and 5 nm respectively while the surface areawas 80
and 555 m?/g respectively.
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Figurel: TheXRD patternsof TiO, (a) and TiO,/SIO, (b)
nanopowders
Figure 2 showsthe X -ray diffraction pattern of Pt-
TiO,/SIO, photocatalyst in bothtypes(A) and (B). Asit
canbeseen, intype(A), the platinum peak hasoccurred
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at 2g=40° corresponding to ASTM (23-1306 card),
whereasthereisno distinct peak for platinum in type
(B). Infact, intype(A), because of existence of oxygen
onthesurfaceof TiO,/SO,, platinum can not dopedinto
crystdlinenetwork but can deposit onthesurfaceof TiO/

type (a)

SO, thusthe platinum peak observedinthe XRD pat-
tern. Butintype(B), continuous purenitrogen gasflow
causesplatinum penetrateinto crystdlinenetwork insteed
of titanium. Therefore, thereisnot distingui shed platinum
peak inthe X -ray diffraction pattern of type(B).

70 -

type (b)
A: anatase phase

0 10 20 30 40 50 60 70 8(
260 Scale

Figure2: Thex-ray diffraction pattern of Pt-TiO,/SIO, photocatalyst in both types(A) and (B).

70 A
A: anatase phase
@ 50 R: rutile phase
= Pt: platinum
o
C 30 "
o AR A A
10
ol :
0 10 20 30 40 50 60 70 80
20 Scale
FT-IR analysis

The FT-IR spectra of TiO, and TiO,/SiO,
nanoparticles have been showninFigures3and 4 re-
spectively. The observed peaksat 1070, 950 and 460
cm? indicate the bands of (Si--O--Si) asymmetric
stretching near 1070 cn?, (Ti--O--Si) asymmetric
stretching around 950 cnt and (Ti--O) stretching near
460 cmt. In addition, the absorption band at about

950 cmrt isassociated with titaniuminfour-fold coor-
dinationwith oxygeninthe SO,* structure. Thebroad
absorption peak appearing near 3400 cm relatesto
stretching vibration of (Ti--OH) group. Also at 1620
cm'® region, aband assigned to water appears. It should
be noted that theintensities of absorption peaksdueto
OH group near 1620 and 3400 cm* increased with
increasing of sillicaamount.
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Figure3: TheFT-IR spectraof TiO, nanoparticles
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Figure4: TheFT-IR spectraof TiO,/SIO, nanoparticles

UV-Visdiffusesreflection spectra (DRYS)

Figure 5 shows diffusereflection spectraof TiO,
and TiO,/SIO, photocataysts. Asit can be observed
the absorption band of TiO,/SIO, exhibitspartia hyp-
sochromic shifts, whichindicatesthe enhancement of
photocatayticactivity of TiO,/SO, catalystinUV light.
Thisresultindicatesthat theaddition of SO, intitania
particles decreases crystal sizeand crystallinity by in-
hibiting thegrowth of thetitaniaparticlesin crystalline
network. Thediffusereflection spectraof TiO, and Pt-
TiO/SIO, (type(A)) and TiO, and Pt-TiO,/SIO, (type
(B)) have beenshowninfigure6 and 7 respectively. In
figure 6, the absorption spectraof TiO, photocatal yst
in comparison with the absorption spectraof Pt-TiO,/
SO, type(A) showspartid hypsochromic shift which
indicatesplatinum has been deposited on the surface of
TiO,. Butinfigure 7 the absorption spectraof TiO,/
SO, (type(B)) in comparison with the abosorption spec-
traof TiO, showsdistinguished batho-chromic shift
which confirmsplatinum hasbeen doped inthecrysta-
linenetwork of TiO,.

Scanning electron microscopy (SEM)
Morphological propertiesof TiO,and TiO,/SIO,
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Figure5: Thediffusereflection spectraof TiO, (@) and TiO,/
SO, (b) nanophotocatalysts

catalystswereinvestigated by Scanning Electron Mi-
croscopy (SEM). Figure 8 showsthemultiangular and
different szesof nanocrystalline particlesof TiO, catar
lyst, whereasin figure 9 because of existenceof silica,
nanocrystalline particles have spherical shapeand dis-
tributed uniformly onthesurfaceof TiO, /SO, catdyst.
Inaddition, EDX analysis(Figure 10) of unloaded cata
lyst showsthat the mean weight percentageof TiO, and
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SO, are27.7 and 72.3 respectively and the atomic per-
centage of TiO, and SIO, are 22.4 and 77.6 respec-
tively.
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Figure6: Thediffusereflection spectraof TiO, (a) and type
(A) of Pt-TiO /SO, (b) nanophotocatalysts
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Figure7: Thediffusereflection spectraof TiO, (a) and type — ) -

(B) of Pt-TiO,/SIO, (b) nanophotocatalysts Figure9: The SEM imageof TiO,/SiO, nanophotocatalyst
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Figure10: TheEDX analysisof TiO,/SiO, nanophotocatalyst
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Transition electron microscopy (TEM)

Figure 11 showsthe TEM image of type (B) Pt-
TiO,/SIO,. It can be observed that the platinum par-
ticleshave spherical shape and their dispersionsare
uniformonsurfaceof TiO,/SIO,. Also EDX andysisof
this catalyst indicates existence of Pt, Sl and Ti ele-
mentsin crystallinenetwork (Figure 12).

B
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Photocatalyticactivity

In order to assess photocatal ytic activity of pre-
pared catalysts, degradation of Monochlorobenzene
(MCB) withillumination of ultraviolet and visiblelight
wasinvestigated. Figures 13 and 14 snhow abatement
performancesof TiO,and TiO,/S O, catdystssonMCB
degradation under UV light. Asit can be seen, degra-

CuK

SiK

CK TiK

PtM

CuL PiL

-L‘._ullh..l.l.n Y als

2.00 4.00 6.00 8.00 10.00 1200 1400 16.00 18.00
Figure 12 : The EDX analysis of Pt-TiO,/SiO, type (B)
nanophotocatalyst
dationreactionon TiO,/S O, performsinashorter time
(90min) incomparisonwith TiO, catayst (240 min). In

Figurell: TheTEM imageof type(B) Pt-TiO,/SIO, nanophotocatalyst

addition, abatement performancesof TiO, /SO, and Pt-
TiO/SIO, (type (B)) catalysts on MCB degradation
under visiblelight have been showninfigures15and
16 respectively. Asit can be observed absorption pesks
of MCB have been diminished and disappeared by us-
ingtype (B) Pt-TiO,/SIO, photocatalyst after 90 min,
whereas absorption peaks of MCB haveno changes
by using TiO,/SIO,, It should bementioned that partial
changeswhich observed in the absorption intensity of
MCB ininitial times(infigure 15), causesby the ad-
sorption of MCB onthesurfaceof TiO,/SIO,. Figure
17 shows the GC analysis of MCB extracted by
CH,Cl,. Asit can be observed, thereare not any inter-
mediates or byproductsafter 90 minirradiation by type
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(B) Pt-TiO,/SIO, under visiblelight.
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Figure13: Abatement performanceof TiO, catalyst on MCB

degradation under UV light

24
—#— MCB (Ref) ~4—MCB (Dark) ——MCB (after 30 min)
2 —#— MCB (after 60 min) —-o—MCB (after 90 min)
1.6
]
a i
2 1.2
0.8
0 T T T T T T T T T T T T T
230 240 250 260 270 280 290 300

(nm)

Figure 14 : Abatement performanceof TiO,/SO, catalyst on
M CB degradation under UV light
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Figure 15: Abatement performanceof TiO,/SO, catalyst on
M CB degradation under visiblelight

CONCLUSION

Synthesisof titania/silicamixed oxidesisneeded to
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Figure 16 : Abatement perfor manceof Pt-TiO /SO, type(B)

catalyst on M CB degradation under visiblelight
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Figure 17 : The GC analysis of M CB degradation by Pt-
TiO,/SiO, type (B) under visiblelight in different times (0,
30& 90 min)

overcome present drawbacksof puretitanium powder
asregardsitsapplication. High activity of TiO,/SIO,
photocatayst can be mainly attributed to the combina-
tion of surface areaincrement and connection bands
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between titanium speciesand SIO, matrix. In order to
improvethe photocatalytic activity of TiO,, particles
suchas SO, and Pt were used. Elemental analysis of
TEM images confirmsthe existence of S and Pt and
results showed that 0.25 grams of TiO,/SIO, and Pt-
TiO/SiO, type(B) at pH=3 arethebest conditionsfor
degradation of monochlorobenzeneat temperature <
40°C under UV and visible light respectively. This is in
marked contrast to the photocatal ytic degradation of
many organic compoundsinthe presence of TiO, under
ultravioletirradiation, inwhichintermediatesareeasly
detected by absorption spectrd®. For exampleAlmauist
et. al. havereported oxidation of MCB at temperature
<300°C using V,O,/TiO, nanostructure asacatalyst
without irradiation. They founded that MCB isstablein
the presenceof V,O,/TiO, catalyst at temperature up
t0 300 °C and they observed stable organic byproducts
of MCB oxidation at temperature < 400 °C. But our
recent resultsshowed that the activity of Pt-TiO,/SO,
(type(B)) whichissynthesized in thiswork hasbeen
increased considerably in comparisonwith vV, O/TiO,
catalyst reported by Almquist et. al.
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