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ABSTRACT

TiO,/CASB compositewas prepared by straight forward mild hydrothermal
processes. Asprepared photocatal ytic material swere characterized by pow-
der X-ray diffraction (XRD), Scanning Electron Microcopy (SEM), Fourier
Transform Infrared spectroscopy (FTIR), Positrons Annihilation Lifetime
Spectroscopy (PALS) and Inductively Coupled Plasma M ass Spectroscopy
(ICP-MS) to assess their physicochemical properties. Their photocatal ytic
decomposition and disinfection activity of bacteria in municipal sewage
water was studied. The XRD studiesreveal the presence of TiO, intheform
of anatase phase in the supported composite. The XRD studies further
suggested that well crystalline form of TiO, onto calcium alumino silicate
beads (CASB) supports. FTIR resultsrevealed the presence of Ti-O-Si link-
ages in the TiO,/CASB composite, which are responsible for its higher
photocatalytic activity in the destruction of bacterial mass in the sewage
water. TiO, deposited CASB composite showed drastic reduction in the
colony forming unit (CFU) of sewage water with UV light.
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INTRODUCTION

Inthefield of preparation of photocatays, thereis
lotsof growinginterest onthepreparation of highly ac-
tiveand easily recoverablemeta oxidesfor theexplora-
tion, either as photocatalystsor ascatal yst supports*®.
Thedegreeof physi cochemical and the catalytic activ-
ity of the photocatal ysts are highly influenced by the
preparation methodology™®. Sol—gel®, metal oxide
chemica vapor deposition™, spry deposition®, atomic

layer deposition®, chemical reduction method?, and
decompasition of the preci pitatesobta ned by non-ague-
ous precipitation method*¥ are some of the common
preparation methods. Among these methods, hydro-
thermal techniqueismost widely used duetoitsprom-
ising capability in controlling the textural and surface
propertiesof the photocatalyst. Furthermore, dl thewet
chemica methodsingenera, to someextent, still need
cacinationséa reatively higher temperaturesadongwith
longer duration of soaking to obtained fina products
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withgood crygtdlinity. Sinceraisingthecacinationstem-
perature and prolonging the soak time makesthecrys-
tallinegrainsgrow larger in sizeand weaken thereac-
tivity, obtaining nanosized particleshasbeen difficult.
Recently, hydrothermal synthesishasemerged asan
effective catalyst synthesisroute, whichissimpleand
economic. Thisprocess does not requireany compli-
cated procedure and expensive experimental set up.
The productsobtai ned do not requirefurther high tem-
perauretrestment or calcinationsor sntering, etc., which
inturnleadsto conservation of timeand energyt'213,
Several research articles report the sterilization and
decomposition using thisnove photocataytic technol-
ogy for disinfecting drinking water and removing bio-
aerosolsfromindoor air environmentg#1€, Killing of
cancer cellswith the TiO, photocatal yst for medical
applicationshasa so been reported*”. Since photo-€lec-
trochemical disinfectionwith platinum doped TiO, was
first reported amost 20 years agoi*®, many photocata-
lytic-inactivation studieswith TiO, havebeen conducted.
In the present work, TiO, deposited CASB supports
were prepared under mild hydrothermal conditions.
Highly photocataytic activeand well crystallized TiO,
particlewerewd | deposited onthe surfaceof CASB to
increasethe photocata ytic performance and easy recov-
ery of suspended catalysts after compl etion of photo-
catalytic reaction. As prepared TiO, based supported
photocatal ystswere used for the decomposition of bac-
terid masspresent inthemunicipa sewagewater.

MATERIALSAND METHODS

Material preparation and characterization

TiO, deposited CASB supporting photocatalytic
compositewas prepared by hydrothermd techniqueus-
ing genera purposesautoc aves. Schematic diagram of
generd purposesautoclavesprovided with Teflonlineris
showninHgurel. Inatypicd experiment aknownamount
of reagent gradetitanium oxide powder (Aldrich, USA)
wastakeninaTeflonliner and addsaknown volume of
1M HCI solution and stirred well to get homogeneous
solution. Then aknown amount (Sameamount of TiO,
powder) of CASB supports (MTEC, Thailand) was
added into the solution. Teflon liner wastightly closed
andinsertedinto thestainlessautoclave, then placed in-
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sidethe preheated furnace. The hydrotherma tempera-
turewasfixed at 200°Cfor 24 h experimenta duration.
After theexperimenta run, theautoclavewas suddenly
quenched to roomtemperatureby blowingar usngair
jet and the products obtained was careful ly recovered
fromtheTeflonliners. Asobta ned product waswashed
continuoudy with doublede onized water, ultrasonicated

and dried at room temperature.
L > Cap
__E > Spring system
> Plunger
. L

>Teflon liner

/r?"[’recu rsors:

TiO,+Solvent+
CASB supports

> Steel Casing

Figurel: Schematic diagram of general pur posesautoclaves
provided with teflon liner

As prepared supported photocatal ysts were char-
acteristicsby using powder X-ray diffraction (Model-
MAC Science Company Limited, Japan) with Bragg’s
angleranging from 10-70°. The strongest peaks cor-
respondingto TiO, were selected to eva uatethe crys-
talline phasesand i dentification of thecrysta line phases
was compared with JCPDS using PCPDF Win version
2.01. Generd morphology and structurd detailsof TiO,
deposited onto CA SB supports were determined us-
Ing scanning el ectron microscope (Hitachi, Modd S-
4000, Japan). Functiona group and structural eucida-
tionof thehydrothermally prepared TiO, deposited onto
CASB supports were characterized by the Fourier
transform infrared spectroscopy in therange of 400
4000 cm™! (JASCO-460 PLUS, Japan.). The pore
volumeandthe positron lifetimemeasurementsof were
studied by the positron annihilation lifetime spectros-
copy and the pore size has been eval uated as per the
Jean model*?. The amount of TiO, deposited onto
CASB supportsunder the hydrothermally conditions
was determined by usinginductively coupled plasma
mass spectrometer (Model ICP-M S/ELAN-6100).
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Photocatalytic experiment

Thered time sawagewater was collected fromthe
municipal sewagewastewater treatment plant located
insouthern part of Mysore city using polythene bottle.
Ascollected seawagewater wasfiltered to remove sus-
pended solidsand suitably diluted with distilled water
so that thetotal number of colonieson aplatewill be
30to 300. The photocatal ytic experimentswere car-
ried out by using batch photoreactor under theUV light
sourcefor decomposition of total bacteria contentsin
the sewage water. A small scale batch photoreactor
setup includesaborosilicatereaction vessel placed on
the magnetic stirrer and reaction vessel was covered
with athin glasslid to avoid contact with the ambient
conditions. 50 ml of asdiluted municipa sewagewater
wastakeninthereaction vessal and suspended 80 mg
of supported photocatalyst. The contents of reaction
vessdl were continuoudly stirred by means of magnetic
stirrer and reaction vessel was exposed to the light
source in aclosed chamber provided with UV light
source (Sankyo Denki, G8T5, 8W, Japan,) for 4to5h
irradiation. Evaluation of bacteriad concentrationinthe
sewagewater was determined by the standard plating
method (pour plate method) using nutrientsagar me-
dium. During thedetermination of tota bacteria, 1 ml of
sewage water which was subj ected to the photocata-
Iytic experiment was pour into each sterilized petri dish
using 1 ml sterilized pipette before adding melted cul-
turemedia. Pour at least 10to 12 ml liquefied medium
maintained at 44 to 46°C into each petri dish by gently
lifting cover just high enough to pour. Carefully avoid
spilling medium on outside of container or oninside of
dish lid when pouring. When pouring agar from flasks
that have been held in awater bath, wipe with clean
paper towd and flametheneck beforepouring. Aseach
plateispoured mix melted mediumthoroughly with test
portionsin petri dish, taking care not to splash mixture
over theedge, by rotatingthedishfirstin onedirection
and then in the opposite direction, or by rotating and
tilting. Do not let more than 20 min el apse between
starting pipetting and pouring plates. Let platessolidify
(within 10min) onaleve surface. After medium solidi-
fies, invert platesand placeinincubator for 24 -48 h at
36°C. Check sterility of medium and dilution water
blanks by pouring control plates for each series of
samples(blank). After incubation timeall the colonies
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obtai ned were counted on the sel ected portion using
microscope. Then calculatethebacterial concentration
per milliliter usngfollowingformula:

Colonies counted
Actual volumeof sampleindishinmL

CFU/mL =

Where CFU is colony forming unit

Evaluation of bacteria concentrationinthe sewage
water was determined both before and after photo-
cataytic experiments. Effect of photocatalysts|oad and
irradiation timeon the photocatal yti c decomposition of
bacteria in sewage water was studied by varied in
photocatalystsload (20 to 100 mg/50 mL) and irradia-
tiontime(1to5h). Thereductionin CFU vauescon-
firmed the decomposition of total bacteriain the sew-
agewater during photocatal ytic process.

RESULTSAND DISCUSSION

Characterization sudy

Usually catalytic supportsareclassified by their
chemical natureto organic and inorganic supports. No
matter what thesupport is, it playsanimportant rolein
immobilizing active catalyst. Principally, the support
should beincreasethe surface areaof cataytic mate-
ria, decrease sintering, improvethe chemicd stability
of thecatdyticmaterid, governtheuseful lifetimeof the
catalyst andincreasethe overal photocata ytic activity.
Support may also improvethe activity of the catalyst
by acting asaco-catayst. Reducing the particlesize
increasesthesurfacearea. Other possibilitiestoincrease
the active surface area are to increase porosity or to
apply appropriate support. By increasing the porosity,
the surface area of many common supports may be
increased to agreat extent. Inthe present work amor-
phous CA SB supportswere obtained by the fusion of
severd inorganic substancesmainly calcia(Ca0), dlica
(Si0,), and alumina (Al,O,) with lesser amounts of
potassium oxide and magnesium oxide. Thefree ox-
idesarenot present and they arefully combined inthe
fused silicate. Thefused massisquenched to ambient
temperaureat afast rateto prevent crystalization. Then
the bulk calcium alumino-silicateis subjected for the
standard ball milling techniqueto obtainrequired size
of grains. Inthe present study the calcium alumino-sili-
cate are obtained in the spherica shape and thesebeads
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measures 1.5 to 2 mm in diameters. The CASB are
whitein colour withrough surfaceand floatsinthewater
duetothelow dengty. Inthisstudy, the CASB areused
asaneffective supportsfor thehydrotherma deposition
of active photocataystson their surface. CASB con-
tans96 % of CaO-AlO,-S O, composition. Other trace
oxidesarepresent inthe CASB systeminthefusedform
withSO,. Over 73.64%of slicaispresentinthe CASB
along with 5.86 % of aluminaand 16.70 % of CaO.
Thesilicaand aluminahave been widely reported asa
good adsorbent for the organic compounds.

Thepowder XRD pattern of hydrothermally pre-
pared TiO, deposited CA SB supported compositeis
showninFigure 2. Thestrongest peaks corresponding
to TiO, wasidentified along with calcium dumino-sili-
cate pesks and asidentified strong peaks of TiO, were
matched with PCPDF-782485 and it confirmed asana:
tase phase of TiO, obtained on the surface of CASB
supportsduring hydrothermal preparation. The pow-
der XRD pattern of TiO, deposited CASB supported
compositeclearly indicates the presence of well devel-
oped anatase phase of TiO, structures on the surface
of CASB supportswhich greetly influenced on photo-
cadyticactivities.

2500 01

TiO,(anatase), PCPDF: 78-2485
C: calcium alumino-silicate support
2000
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Figure2: Powder x-ray diffraction patter n of hydrother mally
prepared TiO, deposited CASB suppor ted composite

Themost intenseanatase peak ispresent at 20 =
25.3°. Themorphology and detailed surface structure
of hydrothermally prepared TiO, deposited CASB sup-
ported compositesweredetermined using scanning el ec-
tron microscope. The SEM images aredepictsthe ef-
fective and homogeneous deposition of TiO, on the
surface of CASB support. Figures 3(a, b & ¢) show
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the scanning el ectron micrographs of TiO, deposited
CASB supported composite prepared under hydro-
therma conditions(Temperature: 200°C, Duration: 24
hand Solvent: 1M HCI) and it clearly showsdeposi-

Figure3: SEM imagesof: (a) TiO, deposited CASB supports;
(b) surfaceof TiO,deposited CASB support; and (c) enlar ged
portion of TiO,deposited CASB support
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tion of TiO, micro-particles on the surface of CASB
supportsunder mild hydrotherma conditions. The SEM
images of TiO, deposited CASB support composites
indicatethat the deposition of well crystallized phase
and microstructure of TiO, on the surface of CASB
supportsunder mild temperature and it was confirmed
by corresponding powder X-ray diffraction results.
FTIR spectraof CASB supports, directly mixed TiO,
and CASB supportspowder and TiO, deposited CASB
supported composite are shown in Figure 4. All the
samples exhibit two broad and strong peaks at 3400
and 1625 cm™. The band at 3400 cm'* could be attrib-
uted to stretching vibration of d (-OH) groups and band
at 1625 cmrt isdueto bending vibration of thed (-OH)
groupsof theTi—-OH and hydrated species®!. Thereis
anoticeabledifferencein theintensity of these peaks.
Thesepeaksare quiteintensein supported composite
comparedto CASB supports. Thedifferenceinthepesk
intengtiesclearly demongtratesthat CASB containless
hydroxyl groupsin comparison. CASB exhibitsanother
few peaksat 450, 850, and 1098 cmr* of SO, whichis
themagjor composition of CASB supportsand stretch-
ing bandsat 587 cmt corresponding to CaO. The ab-
sorption peaksat 800 and 1098 cm-1 were assigned
to symmetricm(S—O-Si) stretching vibration and asym-
metric m(Si—O-Si) stretching vibration of the Si04 *
structural unit, respectively? in CASB supports. Ad-
ditiondly, theband at 450 cm* isassigned for S—O-Si
bending modes?. Itisinteresting to notethat the peak
at 1098 cmtisobserved only inthe FTIR spectrum of
CASB. Itisoften used asevidencefor Ti incorporation
intothesilicalattice. Thisband hasbeen ascribedto a
vibrationinvolving SiO, tetrahedrabonded to atita-
nium atom through Si—O-Ti bonds. The presence, in
the sameregion, of aband at 1098 cm™ arising from
Si—OH groups prevents quantitative analysis; however,
the high intensity band in between 1000 t0 1200 950
cm* found in TiO, deposited CASB supported com-
positeandit clearly indicatesto the presenceof alarge
amount of S—O-Ti linkages??. It hasbeen reported
that thesurface hydroxyl groupsand S—O-Ti linkages
play animportant rolein the photodecomposition pro-
cessesthrough thelr interaction with photo-generated
holes. Thedecreaseintheintensitiesof the 1240 cm'®
absorption peaks, indicating athe strong deposition of
TiO, during the hydrothermal treatment and it iscon-
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nected withtheformeation of titanium oxide, asevidenced
by the appearance of the broad absorption bandinthe
region of 400 cm* correspondingto TiO,,.
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Figure4: FTIR spectraof: (a) Hydrothermally prepared TiO,
deposited CASB support (b) CASB supports

Thebulk porosity of TiO, deposited CASB sup-
ported composite prepared under hydrothermal con-
ditionswas studied based on the PALS measurements
and theobtained resultsaretabulatedinTABLE 1. The
effect of hydrothermal conditionson thebulk porosity
of TiO, deposited CASB supported compositeswere
studied by means of poresizevolume (V) and pores
concentration (Fv). Themeasured positronlifetimehas
been resolved by lifetime componentst, with relaive
intensity I. Thelifetime t,is due to annihilation of
positron trapped at defect in the product and it repre-
sented as poredistributionin the system and based on
thet,values, theporesizevolume (V) and pores con-
centration (Fv) has been evaluated as per the Jean
mode ™. The PALS measurementswere carried out
for the pure CASB supportsand directly mixed TiO,
with CASB supportswithout hydrothermal trestment.
The PAL Sresultsof CASB support and directly mixed
TiO, with CASB support shows 16.055 Aand 19.656
A3respectivdly. PALSmeasurementsof hydrothermally
prepared TiO, deposited CASB supported compos-
ites showed highest porosity (61.375 A2) and drastic
differenceinthebulk porosity when compared to di-
rectly mixed TiO, with CASB supports. Theeva uation
of deposited rate of TiO, onto CASB supports under
mild hydrothermd conditionswascarried out usng ana:
lytical techniqueslike CP-M Sand resultsobtained are
showninTABLE 2. Thel CP-M Sresultsobtained are
showed very minute quantity of Ti intheraw CASB
supportsand hydrothermally prepared TiO, deposited
CASB supported composite showed 19.67 weight
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percent of Ti presenceinthebulk composite. It clearly
confirmed that well deposition of required amount of
highly active TiO, onto CASB supportswhich further
increasesthe photocatal ytic performance.

TABLE 1: Positron annihilation lifetime spectroscopic
results

Positron annihilation lifetime
measur ement details

Materials 5% 0.03 13£0.29 Vi+0.6 Fy
ns %) (A (%)
Pure CASB supports 0.947 5.071 16.055 0.147
Direct mixed TiO, powder
with CASB supports 1011 2726 19.656 0.096
Hydrothermally prepared TiO,
deposited CASB composite 1598 1449 61.375 0.160

TABLE 2: Inductively coupled plasma mass spectrometry
results

Hydrothermal preparation

Photocatalytic conditions Tiin
. - weight
materials Temperature Duration Solvents %
inC inh

CASB supports 0.07
TiO, deposited
CASB supported 200 24 1MHClI 19.67
composite

Photocatalytic decomposition of bacteriain mu-
nicipal sewagewater

Bactericidal effect of TiO, deposited CASB sup-
ported compositewas studied by photodecomposition
of bacteria massinthesewagewater under ultraviolet
light. The photocatal ytic decomposition experiments
were carried out with different amount of photocatayst
load and irradiation timeat constant temperature and
pH. Theeffect of photocatal ytic activitieson thetotal
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bacterial concentrationinthe sawagewater are shown
inTABLE 3. Thecoloniesobtained inthe standard plate
technique (Figure5) clearly indicate higher rate of pho-
tocatal ytic decomposition efficiency of TiO, deposited
CASB supported compositeunder UV light. Thepho-
tocata ytic inactivation of microorganismsthat consider
therole of complex photooxidantswhich are rel eased
during photoreaction and such photooxidantsarethe
hydroxyl radical (OH), thesuperoxideradicd (O,"),
and hydrogen peroxide (H,0,), etc. It isfrequently as-
sumed that the hydroxyl radical isthemajor factor re-
sponsiblefor theantimicrobia activity observedinthe
TiO, photocatal ytic reaction>?. Other reactive oxy-
gen speciessuch asH,0, and O, etc. aswell asthe
hydroxyl radica area so play sgnificant rolesin micro-
organisminactivetion. Theresultsobtained showed that
upto 95.56 % of decomposition rate of total bacterial
content in the sewage water. Thedisinfection studies
werecarried out either toidentify the optimum catalyst
load for effectivedisinfection of bacteriain sawvagewater
TABLE 3: Photocatalytic decomposition r ateof bacteriain

sewage water at different irradiation time and different
amount of catalyst load

Photocatalyst Irradiation time
load/50 mI__):‘or ﬁ}tl‘{ and 80 mg/mL ﬁ}tt‘l
4h duration catalyst

Blank 293 Blank 293

20 mg 21 1h 19

40 mg 17  2h 18

60 mg 15 3h 15

80 mg 13  4h 13

100 mg 14 5h 12

Figure5: Coloniesformingunit (CFU) on nutrient agar mediumin the: (a) Control without sewagewater sample; (b) Sewage

water without addition of supported photocatalytic composite; (c) Sewagewater with addition of supported photocatalytic

composite
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and 80 mg/50 mL wasfound to be optimum amount of
catalyst load for 4 h duration. The hydrothermaly pre-
pared supported photocatal yst performed significant
rateof bacterid disinfection propertiesandit decreases
thenumber of CFU in 1 mL of sewagewater from 293
to 12 under UV light for 5 h experimental duration. In
addition, itisconfirmed that increased rate of decom-
position efficiency withincreasedirradiationtime.

CONCLUSION

By adopting hydrothermd techniqueswithmild ex-
perimenta conditions TiO, deposited CA SB supported
photocatal ytic compositewas successfully prepared.
As prepared photocatd ytic composite showed higher
porosity, well crystalinestructure, well microstructure
and morphology. Inaddition, FTIR resultsreved ed the
presence of more number of hydroxyl groupsand Ti—
O-Si linkages in the TiO, deposited CASB composite,
which increasesthe photocata ytic activities. ICP-MS
indicated that the sufficient anount of TiO, deposited
onto CASB supportsunder mild hydrothermal condi-
tions. TiO, deposited CASB supported photocatal ytic
composite showed highest activity for thebacteria de-
composition, whichmight beduetoitshigher bulk po-
rosity, well crystalinestructureand easy irradiation to
light source. In conclusion, our findingssuggest that TiO,
deposited CA SB supported photocatal ytic composite
photocatalysismay beaviable processfor disinfection
of bacteriainwastewater treatment systems.
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