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ABSTRACT

The photocatal ytic degradation of methylene blue has been investigated in
agueous suspensions of silver chromate prepared by three different meth-
odsunder variety of conditionswhich isessential from an application point
of view. The degradation was monitored by measuring the change in sub-
strate concentration asafunction of irradiation timeemploying UV spectro-
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scopic analysis. The degradation methylene blue was studied using differ-
ent parameters such as type of photocatalyst, catalyst concentration and
substrate concentration. The degradation rate was found to be strongly
influenced by all above parameter. The photocatalyst AQC-US preparaed
by ultrasonic method was found to be more efficient as compared with

AgC-SSand AgC-RF.

INTRODUCTION

Water isabasic requirement for al living organ-
isms. Populationincreaseand industridizationled to
water pollution. Oneof the pollutants of water isthe
dyeeffluentsfrom varioustextileindustries. A substan-
tia amount of dyestuff islost during the dyeing process
inthetextileindustry, which possessamaor problem
for theindustry aswell asathreat to theenvironment(*2,
Decoul ourization of dyeeffluentshasthereforeacquired
increasing attention. During the past decades, photo-
catalytic processesinvolving Ti0, semiconductor par-
ticlesunder UV light illumination have been shownto
be potentialy advantageousand useful in thetreatment
of wastewater pollutants.

Thereare savera studiesre ated to the use of semi-
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conductorsin the photo mineralization of photo stable
dyesd*1, The mechanism constituting heterogeneous
photocatal ytic oxidation processes has been discussed
extensively intheliterature*?%3, Briefly, when asemi-
conductor such as Ti0, absorbs a photon of energy
equal to or greater than itsband gap width, an eectron
may be promoted from the valence band to the con-
duction band (e, ) leaving behind an el ectron vacancy
or “hole” in the valence band (h ,*). If charge separa-
tionismaintained, the e ectron and holemay migrateto
thecatalyst surfacewherethey participatein redox re-
actionswith sorbed species. Specialy, h " holemay
react with surface-bound H,0 or OH-" to produce the
hydroxyl radical (OH') and e, - picked up by oxygento
generate superoxideradical anion (O,) asindicatedin
egs.1-3. It has been suggested that the hydroxyl radi-
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cas(OH') and superoxideradical anions(O,") arethe
primary oxidizing speciesinthe photocata ytic oxida:
tion processes. These oxidative reactionswould result
inthebleaching of themethyleneblue.

TiO,+hv—>e +h,* @
0,+e, >0, @
H,O +h,*— OH+H* ®3)

Earlier studies®*™! have shown heterogeneous pho-
tocatd yti c oxidation processes can be used for remov-
ing colouring materia from dyeeffluentin the presence
of light. But for theactivation of TiO, UV lightisre-
quiredwhichhinder practical gpplication. Ag,CrO, have
orthorhombic structurewith 1.75 €V band ggp and have
a good photocatalytic activity than P25 Degussa.
Ag,CrQ, isnontoxic, quite stablein agueous medium
and activateunder visiblelight arethe advantagesover
TiO, Henceinthe present study weuseAg,CrO, pre-
pared by different methodsto understand more about
photocata ytic processes. M ethyleneblue hasbeen se-
lected arefractory model compound inthisoxidation
process. Methyleneblueisabasic dyeextensively used
for dyingand printing cotton, silk etc. Itisalsoused as
amedicinal dye because of itsanti septic properties.

EXPERIMENTAL DETAILS

The photochemical degradation of methyleneblue
(sdfine-chem) was studied in presence of Ag,CrO,
prepared by different methodsviz. ultrasonic, Reflux,
Solid State reaction methods by using stoichiometric
amount of AgNO, (s d fine-chem) and K.CrO, (sd
fine-chem). Thewater employedin al the tudieswas
doubledistilled water. The samplesprepared by ultra-
sonic, Reflux, Solid State reaction method was denoted
as AgC-US, AgC-RF, and AgC-SS here after. The
detail about itsphotophysica propertiesare described
elsewhere. The pH of theresultant mixturewas mea-
sured by usng digita pH meter (systronicsModd 335)
and wasfound to be 5.6. The Photolysis of aqueous
solution of methylene bluefor 2, 4, 6 ppm and 100,
200, 300 mg of Ag,CrO, prepared by different meth-
odswascarried out inacircular glassreactor (designed
and fabricatedin our |aboratory). Tungsten lamp (40W/
230V/36D, Phillips, Essential) wasused asavisible
light source. During the photolysisexperiment air was
bubbled inasolution continuoudy asasource of oxy-
gen. Aliquotsof the reaction mixturewerewithdrawn
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and suspensionswerefiltered through 0.2 um millipore
discsprior to aquantitetive determination of methylene
bl ue spectrophotometrically usng UV-Visible spectro-
photometer (ShimadzuUV-1800).

Theminerdization of methylenebluewasmonitored
by measuring the absorption intensity asafunction of
irradiation timewhereasthe degradation wasmonitored
by measuring the absorbance on UV-Visi ble spectro-
photometer (ShimadzuUV-1800). The absorption
maximaof the methylene blue have been found to be
663 nm. Therefore, the degradation of the methylene
bluewasfollowed at the wavel ength asafunction of
irradiation timewith appropriate dilution. For each ex-
periment, thedegradation ratefor themineraizaionand
decomposition of themodd pollutantswas cal culated
fromtheinitial dopeobtained by linear regressonfrom
aplot of the natural logarithm of absorbance of the
methyleneblueasafunction of irradiationtime, i.e. first
order degradation kinetics. It was calculated interms
of mol L*min.

RESULTSAND DISCUSSION

Photocatalysisisapowerful advanced oxidation
process having many advantages over theother oxida
tion methods. Figure 1 showsthe changein absorption
intengity onirradiation of an agueoussol ution of meth-
yleneblueinthe presence of Ag,CrO, prepared by dif-
ferent methods.
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Figure 1 : Change in absoption intensity as a fuction of
iradaition time for aqueous solution of methylene bluein
present of different silver chromate. Experimental conditions:
Concentration of methylene blue (2ppm), Volume 100ml,
pH=5.6, Catalyst (200mg)

It was observed that the degradation of methylene
blueismorefor AgC-US, AgC-RF ascompared with
AQC-SS. Thedegradation curves can befitted reason-
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ably well by an exponentia decay curve suggesting first
order kinetics. For each experiment, therate constant
was cal culated fromthe plot of natura logarithm of ab-
sorptionintensity and dye concentration asafunction
of irradiation time. The degradation ratefor the miner-
alization and decomposition was ca cul ated using the
formulagiven below,

-dk[A]/dt =kc"

Where A=Absorbance, k= rate constant, c= concentration of
MB, n=Order of reaction.

Blank experimentswerecarried out by irradiating
agueous sol ution of methylene bluein absence of pho-
tocatalyst, where no observablel ossof methyleneblue.

Silver chromateisknown to bethe semiconductor
with the high photocataytic activity isnon-toxic, rela-
tively inexpens veand stablein agueous solution. Cer-
tain reviews have been written, regarding the
mechanistic and kinetic detailsaswell astheinfluence
of experimental parameters. It has been demonstrated
that degradation by photocatalysis can be more effi-
cient than by other wet-oxidation techniques. Wehave
tested the photocatalytic activity of three different
photocatal ysts prepared by different methods on the
degradation kineticsof methyleneblue. Figure2 shows
the degradation rate for the decomposition of methyl-
ene blue in the presence of different types of
photocataystsvizAgC-US, AgC-RF, and AgC-SS.
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Figure 2 : Comparison of degradation rate for the
miner alisation and decompostion of methylenebluein present
of different silver chromate. Experimental conditions: Con-
centr ation of methyleneblue (2ppm), Volume 100ml, pH=5.6,
Catalyst (200mg)

It hasbeen observed that the degradation of meth-
ylene blue proceeds much morerapidly in the presence
of AgC-US, AgC-RF ascompared withAgC-SS. This
inferred that the catal yst prepared by ultrasonic method
ismore activethan the other two catalysts. Thediffer-
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encesinthe photocatal ytic activity of AgC-RF, AgC-
SSandAgC-USarelikely to bedueto differencesin
the BET-surface, impurities, latticemismatchesor den-
sity of hydroxyl groupson the catalyst’s surface since
they will affect theadsorption behavior of apollutant or
intermedi ate mol ecul e and recombination rate of elec-
tron-holepairs.

Indl thefollowing experiments, AgC-USwasusd
asaphotocatalyst sncethismateria exhibitedthehigh-
est overdl ectivity for thedegradation of methyleneblue.

Itisimportant from amechanistic and application
point of view to study the dependence of photocata-
lytic reaction rate on the substrate concentration. Hence
theeffect of substrate concentration onthedegradation
of methylenebluewas studied at different concentra-
tionssuch as 2, 4 and 6 ppm. Figure 3 showsthe deg-
radation rateand decomposition of methyleneblueasa
function of substrate concentration employingAg,CrO,
asphotocatalyst prepared by different methods.
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Figure3: Influenceof sustr ate concentration on thedegr a-
dation ratefor themineralisation and decomposition of meth-
ylenebluein present of AgC-US Experimental conditions:
Volume 100ml, pH=5.6, Catalyst (200mg)

Itisinteresting to notethat for methyleneblue, the
degradation rateincreases with theincreasein sub-
strate concentration from 2 to 4 ppm and further in-
crease in substrate concentration led to decreasein
degradation rate.

Theeffect of substrate concentration onthedegra-
dation ratefor thedecomposition and minerdization of
methylenebluewasstudied, asitisimportant fromboth
themechanistic and application point of view. Asoxi-
dation proceeds, less and less of the surface of the
Ag,CrO, particleiscovered asthepol lutant is decom-
posed. Our resultsontheeffect of theinitia concentra:
tion onthedegradation rate of methyleneblueindicate
that the degradation rate decreaseswith theincreasein
substrate concentration from 4 to 6ppm. Thismay be
duetothefact that astheinitial concentrationsof the
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dyeincreases, the colour of theirradiating mixture be-
comes moreand moreintensewhich preventsthe pen-
etration of light to the surface of the catalyst. Hence,
the generations of relative amount of OH-and O,~on
the surface of the catalyst do not increase astheinten-
sity of light, illumination time and concentration of the
catalyst are constant. Conversely, their concentrations
will decreasewith increasein concentration of thedye
asthelight photonsarelargely absorbed and prevented
from reaching the catal yst surface by thedyemolecules.
Consequently, the degradation efficiency of the dye
decreases asthedye concentration i ncreases.

Theeffect of catalyst concentration onthedegra-
dation of methylenebluewasinvestigated by employ-
ing different concentrations of Ag,CrO, varying from
100, 200 and 300 mg L-*showninfigure4.
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Figure4: Influenceof catalyst concentr ation on thedegrada-
tionratefor theminer alisation and decomposition of methyl-
enebluein present of AgC-USasaphotocatalyst. Experimen-
tal conditions: Concentration of methylene blue(2ppm), Vol-
ume 100ml, pH=5.6.

Thedegradation ratefor the mineraization and de-
composition of methyleneblueunder investigation was
found to decrease with theincreasein catalyst concen-
tration and remain almost constant abovecertainlevd.
Thiscan beexplaining asfalows, asamount of catalyst
isincreased, the substrate moleculesavailableare not
sufficient. Asthenumber of Ag,CrO, particlesincreases,
i.e. dthough moreareaisavailable, for congtant initial
concentration of dye, thenumber of substrate molecules
present in the solution isthe same. Hence additional
catalyst powder isnotinvolvedin catalyst activity and
therate doesnot increasewith anincreaseintheamount
of catayst beyond certainlimit. Theresultsarein agree-
ment with anumber of studiesreported earlier*4,

CONCLUSION

Ag,CrO, asphotocatalyst can fficiently catalyze
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thephotominerdizationof textiledyelikemethyleneblue
inthe presenceof visiblelight and oxygen. Thedegra
dation ratedecreaseswith theincreasein substrate con-
centration from 2 to 4ppm for AgC-US. The photo-
catalyst AgC-RF and AgC-US showed superior pho-
tocatalytic activity as compared with AgC-SSfor the
degradation of methyleneblueunder investigation. The
observationsof theseinvestigationsclearly demondirate
theimportance of choosing the optimum degradation
parametersto obtain ahigh degradationrate, whichis
essential for any practical application of photocataytic
oxidation processes. The best degradation condition
depends strongly onthenature of pollutant. Theinves-
tigationswere conducted at thelaboratory scalein or-
der to determinethe optimal degradation condition and
further studiesarerequired.
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