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ABSTRACT

A supporting photocatalyst was prepared by depositing anatase phase of
TiO, on the surface of calcium alumino-silicate beads supports that made
easy recoverable and highly active photocatalyst in the aqueous medium.
Supporting photocatalyst was prepared by hydrothermal technique using
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General Purpose autoclaves under mild hydrothermal conditions (tempera-
ture-200°C, solvent-1M HCI, duration-24 h). The photocatalytic degrada-
tion of industrial dye Fast Green FCF in agueous medium was studied in a
batch photoreactor under different light sources. The decomposition of
dye molecules in water by UV/deposited TiO, process was studied under
various conditions such as photocatalyst load, initial dye concentration,

initial pH and temperature.

INTRODUCTION

Synthetic dyesare massively produced to meet the
need of colorful household products around theworld.
Fast Green FCF is a commonly used dye in food,
chocolate, plastic and pharmaceutical industriesasa
colorantinlarge scale. Fast Green FCFispoorly ab-
sorbed by theintestines¥ and itsuse asafood dye has
been prohibited in European Union and some other
countries. Thissubstance hasbeen found to havetum-
origenic effectsin experimental animas, aswel asmu-
tageni c effectsin both experimenta anima sand humans.
It furthermorerisksaretheirritation of eyes, skin, di-
gestivetract and respiratory tract initsundiluted formi2.
Many industrieslike plastics, paper, textileand cos-
metic industries use large numbers of dyesto colour
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their products. These dyes are common water pollut-
antsand they may befrequently found in trace quanti-
tiesintheindustria wastewater. Their presenceinwa-
ter, evenat very low concentrationsishighly visbleand
undesirable. In addition, Fast Green FCF ishighly dif-
ficult to degrade dueto their complex aromatic struc-
ture and they tend to persist in the environment and
creating seriouswater quality and public health prob-
lems. The heterocyclic dye Fast Green FCFisalso us-
ing indyeing, printing, |eather processing, fluorescent
pigments and widely used asacol orant in the cosmet-
icsand drug industries. During themanufacturing and
processi ng operationsasignificant percentage of dyes
arelost as effluent!®® and cause considerableenviron-
mental concerns. Thedirect releaseof wastewater con-
taining Fast Green FCF causes seriousenvironmental
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problems due to its strong colour and toxicity. Fast
Green FCF, for aninstance, awidely used colorant in
textilesand foodstuffs, caninduceirritation to human
skin, eyesand respiratory tract. Alsoitiscarcinogenic
and chronically toxictoward human beings™.

Many technologiescurrently using for thetreatment
of synthetic dyesand organic colorants, such ascarbon
adsorption or biodegradation, merely showed |ess effi-
ciency and failed completeremoval. Inrecent years,
the photocatal ytic technol ogiesare studied and reported
to beeffective on oxidizing severa synthetic dyesand
colorantsat mild conditions. Anataseform of titanium
dioxide(TiO,) isthemost frequent studied photocata-
lyst for environmenta gpplications, becauseitisstable,
non-toxic and iscapable of degrading awiderange of
organic pollutants. However, the practical application
of photocata ytic processesfor thetreatment of organic
pollutantsin aqueous streamsis hindered by thedevel -
opment of effective photocatalysts. Thisprocesshas
beenintensvely investigated for theremediation of dye-
stuffsfromwastewater®2 but itsgpplication isimpeded
by theinefficient recovery of suspended fine catal yst
powder. Recently, photocatal ysts on supporting mate-
rials have been proposed to solvethis problem™17, In
the present study, calcium alumino-silicate beads
(CASB) were used as a supporting material for the
deposition of highly active TiO, particles. The compo-
sitions(73.64 % of silica; 5.86 % of duminaand 16.70
% of Ca0), specific surface area, porevolume, low
density, surface roughness, shape (spherical) and size
(0.5-1 mmindiameter) of CASB supportspromiseas
potentid supportsfor depogtion of active photocataysts.

EXPERIMENTAL

Preparation of photocatalyst

Preparation of highly active photocata ytic particles
under hydrotherma conditionshave been reported by
our group before®2, |n thisresearch work, anatase
phase of TiO, particleswere deposited on the surface
of CASB supportsunder mild hydrotherma conditions
using Genera Purposesautoclaves. During the hydro-
thermal preparation of supported photocatayst, a
known weight of reagent grade TiO, powder (Loba
Chemig, India) wastakeninaTeflon liner and mixed
with 1M HCI solution with continuousstirring for ho-
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mogenous Mixing. In to the homogeneous solution a
known amount of CA SB supports(MTEC, Thailand)
wereadded and the Teflon liner wastightly closed, then
Teflon liner wasinserted into the stainless steel auto-
clave. Finally theautoclave assembly wasplacedinsde
the furnace at a desired temperature (200°C) over a
given experimenta duration (24 h). After hydrothermal
experimentd run, theautocl ave was suddenly quenched
toroomtemperatureby blowingair through air jet. The
resultant productswere carefully recovered from Teflon
liner and washed repeatedly with deionized water. The
resultant productswererinsed with mild akaline solu-
tionto neutralizethe pH and ultrasonicated to remove
theexcessacidic or basic solutions. Theresultant prod-
uct obtained wererinsed again with doubledistilled
water and driedin dust free environment at room tem-
peraturein ahot air oven. Figure 1 shows the sche-
matic representation of hydrothermal preparationof TiO,
deposited CA SB supported photocata ytic composite.
Thecrystallinephase of TiO, deposited on the surface
CASB supports were determined by powder X-ray
diffractometer (Model-M A C Science Company lim-

TiOs 1 M HCI
|
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CASB supports N

into the Teflon

Temperature: 200 °C
Teflon liner is inserted into

Duration: 24 h
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Figure 1 : Schematic representation of hydrothermal
preparation of TiO, deposited CASB supported photocata-
lyticcomposite
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ited, Japan) with Bragg angleranging from 10-70°. The
strongest peaks corresponding to TiO, were sel ected
to evaluatethe crystaline structure of TiO, deposited
onthesurfaceof CASB supports. Theidentification of
the crystalline phase of TiO, deposited was accom-
plished by comparisonwith JCPDSusing PCPDFWin
version 2.01. Inductively Coupled Plasma-M ass Spec-
troscopy (Model ICP-MS/ELAN-6100) was em-
ployed to determinethe contents of Ti (inweight %) on
the surface of CASB supports.

Removal of dye

Inthe present study industrial dye Fast Green FCF
was used asamodel pollutant for the photocatal ytic
degradation studies and chemical structure of Fast
Green FCF dyeisshownin Figure 2. The photocata-
lytic degradation of dye was carried out in asmall
scal e photoreactor and the schematic of photoreactor
usedisshowninFigure3. TiO, deposited CASB sup-
ported composite (70 mg) was suspended in aboro-
silicate reaction vesseal (100 ml capacity) containing
50 ml of 0.00001 M agueous Fast Green FCF dye
solution. The contents of the reaction vessel werekept
under continuousstirring by means of magnetic stirrer
bar inside the reaction vessel. The photoreactor as-
semblewasirradiated to thelight sourcein aclosed
chamber at 12 cm distance. The degradation experi-
mentswere carried out for 5 hirradiation time under
different light sources. At 1 htimeinterval, 5ml of dye
solution was removed and the suspended
photocatalysts were separated by filtration using
polythene microfilter. Reduction of dye concentra-
tion in aqueous dye solutions was observed from its
characteristic percent transmission (%T) at respec-
tiveA (360 nm) using UV Visible spectrophotom-
eter (Model: Minispec SL 171, Elico, India). Chemi-
cal oxygen demand (COD) was estimated beforeand
after the photocatal yti c degradation experimentsto
observereduction of carbon contentsin dye solution.
Thereductioninthe COD andincreasein %T of dye
solutionindicated aremoval of dyein agueous solu-
tion. The photocatal ytic degradation efficiency was
caculated by using thefollowing equation:

Initial _Final
Photocatalyticdegradation _ COD COD
e =—————x100
efficiency (n) Initial COD

H.P.Shivaraju and K.Byrappa 69

—== Qurrent Research Peper

Figure2: Chemical structure of industrial dyefast green
FCF(C,H_N,Nas)
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Figure3: Schematic of batch photor eactor

RESULTSAND DISCUSSION

Hydrothermally prepared supported photocatal ytic
compositeshowswe | devel oped and desired crystdline
phases of TiO, deposited on the surface of CASB sup-
ports. The strongest peaks of TiO, corresponding to
anatase (A) wasidentified without contamination along
with cdciumadumino-slicatepesks. Theidentified crys-
talinephasesof TiO, deposited arewel | matched with
PCPDF-841285 and confirmed anatase phaseof TiO,
deposited onthe surface of CA SB supports. The pow-
der XRD spectraof TiO, deposited CASB supported
compositeisshowninHgure4. Thelnductively Coupled
Plasma-Mass Spectroscopic measurements showed
19.67 wt % of Ti (TiO,) deposited onto CASB supports

TABLE 1: Contentsof Ti on the surface of CASB supports
(in weight per cent)

Tiinwt %
CASB supports 0.03
TiO, deposited CASB supported composite 19.67
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Figure4: Powder x-ray diffraction pattern of TiO, deposited
CASB supported composite

under mild hydrotherma conditionsand theresultsob-
tanedaregivenin TABLE 1.

The photocatal ytic degradati on experimentswere
carried out under different light sourcesand about 70mg
of supported photocatal ytic compositewas|oaded for
each experimenta run. Different light sourcessuch as
UV light (Sankyo Denki, G8T5, 8W, Japan), visblelight
(Philips, 230V, 15W, India) and thenaturd sunlight (be-
tween 10 amnto 3 pm onasunny day) wereused for the
photocata ytic degradation studies. Theresultsobtained
aregiveninTABLE 2 andtheseresultsshowed highrate
of photocatd ytic degradation efficiency under both sun-
light and UV light when comparedtovisiblelight (Fig-
ures5). Atlow light intensity and correspondingly low
carrier concentrations, therate of oxidation of aparticu-
lar compoundisproportiond tolight intensity. Decrease
inCOD valueandincreasein %T of dyesolutionindi-
catetheeffective photodegradation of Fast Green FCF
dyeunder different light sourcesand theresultsobtained
areshownin Fgures5. Thephotocatal ystsdeposited on
thesurface of CASB supportsareeasly exposedtothe
light sourcewithout any agglomeration and it achieved
easy surface contact of dye moleculesin aqueous me-
dium. The shape of the CASB supporting material in-
creasestheirradiation rate of photocatal yst deposited to
thelight sourceby itseasy movementsand spinning aong
with photocatal ystsin aqueous medium. Highrate of ir-
radiation enhancesthe production rate of OH radicas
onthesurfaceof catalysts, which actively takenpartin
the photocatal ytic degradation of dyemoleculesinthe
medium. Silicaand aumina, which arethemgor com-
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TABLE 2: Photocatalytic degradation rate(n) of fast green FCF dyeunder different light sources

. . Under UV light Visible light Under natural sunlight
Irradiation timein h
CODmg/l %T n(%) CODmgl %T n(%) CODmgl %T n(%)
Initial 615 54 0 615 54 0 615 54 0
1 472 63 23.20 504.5 60 18 502 62 18.37
2 370 71 39.83 405 66 34 398 72 35.28
3 270 78 56.01 289.05 69 53 271 80 55.85
4 179 84 70.89 209.1 73 66 160 88 73.98
5 67.5 91 89.01 166.05 87 73 61 93 89.96

ponents of CASB supports, arewidely reported asthe
good adsorbentsfor the organic molecules?-241, More
importantly these supporting materid scompostionform
agood media, which not only facilitate the adsorbing
organic compounds(organic dyesand colorants) but aso
transfersthose adsorbed organi c compoundsto active
steson TiO, deposited. Inaddition, thehydrothermally
prepared supported compositewasfound to beeasy to
handleand recover from aqueous sol ution after thepho-
tocatayticreaction. Fgure6 showstheinteraction of dye
moleculeswith activesitesof TiO, deposited onthesur-
face of CA SB supportsin aqueous medium. The pos-
s blereaction schemefor the photocatal yti c degradation
of Fast Green FCF dyeisgiveninthefollowing equa-
tions(Egs. 110 3).
TiO,+hv — TiO,’
TiO, +OH,0 —> H" +"OH
‘OH+C,H,N,Na,;S;+0,+H,0——>
CO,+NO, +S0,” +NaHSO, +H,0
Inthe present study the effect of experimenta pa-

@
@

©)

TiO,on support

Organicmolecules

Figure6: lllugration of theinteraction between dyeand de-
posited TiO, onthesurface of CASB support

rameters such as photocatalyst load, pH of the me-
dium, experimentd temperature, initia dyeconcentra-
tion and irradiation timeon the photocatal ytic degrada:
tion rate of Fast Green FCF dye in agueous solution
wasinvestigated.

Effect of photocatalyst load

The photocatal ytic degradation experimentswere
carried out using hydrothermally prepared TiO, depos-
ited CASB supported composite and the effect of its
amount on the photocatd ytic degradation rate constant
wasdetermined. Theamount of photocataystsload was
varied from 10 to 100 mg into 50 ml of aqueous dye
sol ution and an experiment was carried out without add-
ing photocatayst. During the photocata ytic degradation
study 0.00001M of agueous Fast Green FCF dye solu-
tion was used under constant experimental conditions
for dl thephotocatal yti c experimentsby adding different
amountsof photocatayst. Thephotocata yticexperiments
were carried out under the UV light sourceand irradia-
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Figure7: Effect of TiO,deposited CASB supportsload on
thephotocatalytic degradation rate constant of fast green
FCFdye
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tiontimewasfixedfor 5h. A sgnificant enhancement of
photocatal ytic degradation ratewas observed a 70 mg
of TiO, deposited CA SB supported compositeload and
theresultsobtained are shown in Figure 7. The photo-
cata ytic degradationratewasnot further enhanced sg-
nificantly beyond 70 mg of photocatalyst |oad and ini-
tiatedightly reductioninthedegradationratebeyondthis
amount of photocatayst load. Thisisduetotheincreased
diffusontime of photonto reach theactivesitesat the
range of super saturation point of photocatayst loadin
agueousdyesol ution. M oreover, thehighamount of pho-
tocatalyst |oad intheagueousdye sol ution than its satu-
ration amount leadsto reduction in the transmission of
light through theagueous dye solution.

Effect of initial dye concentration

Theeffect of initia concentration of Fast Green FCF
dyeinthe agueous sol ution on the photocatal ytic deg-
radation efficiency wasstudied under UV lightfor 5h
irradiationtime. The photocatal ytic degradation experi-
mentswerecarried out by varyingin the concentration
of dyesfrom 1 x 0.00001M to 10 x 0.00001M and
about 70 mg photocatal ytic compositewas|oaded into
each photocatal ytic reaction experiment. The photo-
catal ytic degradation experimental resultsobtained are
shown in Figure 8 and it shows decreased rate of
photodegradation efficiency at higher concentrationsof
dye in the agueous solution. The decreased rate of
photodegradation efficiency wasevident for the effect
of initial concentration of Fast Green FCF dye onthe
photocatal ytic degradation rate under UV light. The
reaction ratewas significantly influenced by thelight

100 -

Photocatalyst load: 70mg/50ml
Light source: UV light

90— Irracliation time: 5 h

Initial pH: 9.6

B0 —

70+

B0 —

50 4

10 -

Photocatalytic degradation rate in %

30 T T T T T T T T T
0 1 2 3 4 5 5 7 8 3
Initial dye concentrations

Figure8: Effect of initial dyeconcentrationsonthe
photocatalytic degradation rateof fast green FCF dye

10 0.00001 M
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intengity, therefore, at higher initia dyeconcentrationin
theagueous medium the sol ution becomesmoreintense
coloured and the path length of photonsentering through
the dye sol ution decreasesthereby fewer photonsreach
catadystssurface. Duetoinsufficient photons, theavail-
ableactivesiteson the catalystsfor the photoreactions
arevery crucia and the productionsof hydroxyl and
superoxideradicalsarelimited.

Effect of temperature

The photocatal yti c degradation efficiency of Fast
Green FCF dye hasbeen studied at different tempera-
tures (28310 333 K). The constant and different range
of temperature (> 303 K) was achieved by keeping the
reaction vessel on aheating plate provided with tem-
perature controller and thelow temperature (= 303K)
wasmaintained by keeping thereactionvessd inacold
water bath with continuous stirring (200 rpm). About
70 mg of hydrothermally prepared TiO, deposited
CASB supported compositewas|oaded into 50 ml of
dye sol ution and the photoreaction wascarried out un-
der UV light source. The photocatal ytic degradation
resultsobtained at different experimenta temperatures
areshownin TABLE 3. Figure 9 showsthe effect of
experimenta temperature on the photocata ytic degra-
dation efficiency with respect toirradiationtime. The
resultsobtaned show the photocatal ytic degradationrate
of dyesgnificantly increased with increased experimen-
tal temperatureand compl ete degradation of Fast Green
FCF dye hasbeen observed within2 and 3hirradiation
timeat thetemperature 333 K and 323 K respectively.
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Figure9: Effect of different temperatureon thephotocata-
Iytic degradation rateof fast green FCF
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TABLE 3: Effect of temper atureon the photocatalytic degr adation rate of fast green FCF dyeunder UV light

Photocatalytic experimental temperature (K) and degradation efficiency in %

Irradiation timein h

283 K 293K 303K 313K 323K 333K
1 9 16 22 24 36 61
2 12 23 34 39 67 99
3 29 45 56 61 99
4 38 67 84 89
5 51 78 91 99

Asseenfrom TABLE 3therateof photocatalytic reac-
tionwasvery lessat |ow temperature because, at low
temperaturethe supplied energy may beutilized for the
equilibrium process. Duetolack of sufficient energy for
theactivation of photocataystsin agueousmedium may
reducethe photocataytic reaction rate at |low tempera:
ture. An increase in temperature favours the
photodegradation reaction, dueto increased oxidation
rate of dyesubstrate at theinterface of the TiO, photo-
catalyst under high degree experimenta temperature.

Effect of initial pH

The pH of agqueous sol ution significantly affectson
al themetal oxide semiconductors, including the sur-
face charge on the semiconductor particles, thesize of
the aggregatesformed and the energiesof conduction
and va ence bands. Theeffect of pH on the photocata
Iytic degradation rate of Fast Green FCF dyewas stud-
ied at different leve of initia pH of dyesolution. The
initial pH of dyesolutionwasvaried from2to 12 and
thepH of dyesol ution wasadjusted using diluted HNO,
or NaOH solutions. The photocata ytic degradation ex-
perimentswerecarried out under the UV light source
by loading 70 mg of photocatalystsinto the 50 ml of
0.00001M dye solution. The minimum photocatalytic
degradation rate was recorded at pH 6 and
photodegradation rate was cons derably increased with
increased pH of dye solution (alkaline condition). At
pH < 6 the TiO, surface accumulates anet positive
charge, whileat high pH thesurface hasanet negative
charge. In accordancewith Nernst’s law, varying the
pH of thesolution shiftstheenergiesof thevaenceand
conduction band edges by 0.059 V per pH unit (at
ambient temperature). Thisresultsinthevaenceband
el ectrons becoming more potent and the conduction
band holes|ess potent at higher pH. Under theacidic
condition of dye solution, the photocatal ytic degrada-
tion ratewashigh and thisisbecause, the perhydroxyl

radical isformed by the protonation of the superoxide
radical. Consequently, the perhydroxyl radica canform
hydrogen peroxidethat in turn dissociatesto give hy-
droxyl radicals(Egs. 4t09), which resultinthedegra
dation of dye. Inthe alkaline pH rangetheincreased
concentration of hydroxideionsresultsinthe produc-
tion of hydroxyl radicals (Eg. 10), whichincreasethe
photocataytic degradation efficiency. Anincreaseinthe
concentration of hydroxideion increasestherate of re-
action, whichincreasesthe concentration of OH radi-
caswithtime. Thus, the photocata yti c degradation of
Fast Green FCF dye can be enhanced by both H* and
OH-. Eventhoughthereisanincreasein the degrada
tion efficiency a higher acidicand dkalinepH, itisnot
suggested to use such pH rangein waste water treat-
ment, becauseit may cause corrosion of theentirewaste
treatment system. Figure 10 showstheeffect of initia
pH of dye solution on the photocatal ytic degradation
effidency.

O,+e+hv — O, 4
0", +H* — HO;, (5

mu-_ Photocatalyst load: 70 mg/ 50 ml

95 - Fast Green FCF (0.00001 M)
1 Light source: UV light

7 Irradiation time: 4 h

35

40

EID—-
?5—-
?D—-
65—-
ED—-

55

Photocatalytic degradation rate in %

50 4

L
1 4 5 6 7 8 9 10 1 12
Initial pH of the dye solutions

Figure10: Effect of initial pH of fast green FCF dyesolution
on thephotocatalytic degradation rate constant

e Snoivonmental Science

Hn Tndéan g%wumé



74 Photocatalytic removal of fast green FCF dye using hydrothermally prepared TiO, deposited

Current Researceh Paper

HO',+HO', —— H,0,+0, (6)
H,0,+e,+hv —— HO'+HO @)
H,0,+0", — HO'+HO +0, 8
H,0,+hv —— 2HO" 9

HO +0,+hv — HO+O", (10)

CONCLUSION

A photocataytic compositeof TiO, deposited CASB
supportswasprepared, which can beeasly recoverable
from agueous medium. An enhancement of the photo-
catayticactivity of TiO, materid swasachieved by depo-
stionof highly activeanatase phaseof TiO, onto CASB
supportsunder mild hydrothermd conditions. Thechar-
acterization resultsindicated that the deposition of 19.67
Wt % TiO, on the surface of CASB supports, which
showed thehighest photocatd ytic activity duringremova
of dyefrom the agueous medium. According to these
observations, we could concludethat hydrothermally
prepared TiO, deposited CASB supported composite
promotethebetter photocata ytic activity for theremova
of industrial dyesunder both UV light and natural sun-
light. Asfar astheindustria application isconcerned,
easy recoveriesand handling of supported photocatayst
during treatment process reducesthetreatment cost in
largescdeapplications.
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