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Abstract: In this study, we evaluated the photocatalytic 

activities ofT analyticalT reagentT (AR)T gradeT TiO2T toT identifyT 

aT low-costT photocatalystT forT dyeT degradation.studiedT 

differentT conditionsT inT theT presenceT ofT TiO2T suspension.T 

TheT effectofT variousT parametersT suchT asT massT ofT titaniumT 

dioxide,T dyeT concentrationonT theT photocatalyticT degradationT 

wereT investigated.T ResultsT showedT that,T thephotocatalyticT 

degradationT processT wasT highT atT theT beginningT andT thenT 

decreasedT withT time.T ThisT processT wasT wellT describedT byT 

pseudo,T firstT orderT kineticsT accordingT toT theT 

Langmuir-HinshelwoodT model. 

TheT resultsT explainedT theT photocatalyticT degradationT 

efficiency,T whichT wasT increasedT byT increasingT catalystT 

loadingT from0.05T toT 0.3T g/100ml.T ResultsT alsoT showedT thatT 

theT rateT ofT photocatalyticT degradationT wasT increasedT withT 

decreasingT dyeT concentration. 

KeywordsT :T PhotocatalyticT degradation,T TitaniumT dioxide,T 

MethylT violet,T LightT intensity. 

I. INTRODUCTION 

DyesT colored,T ionizingT andT aromaticT organicT 

compoundsT whichT showT anT affinityT towardsT theT substrateT 

toT whichT itT isT beingT applied.T ItT isT generallyT appliedT inT 

aqueousT solution.T DyesT mayT alsoT requireT aT mordantT toT 

betterT theT fastnessT ofT theT dyeT onT theT materialT onT whichT itT 

isT appliedT [1-4]T .T DyesT mayT beT classifiedT inT severalT ways,T 

accordingT toT theirT chemicalT constitution,T application,T 

originT andT use.T TheyT canT beT naturalT andT syntheticT basedT 

onT theirT origin.T DyesT areT classifiedT intoT acidic,T basic,T 

mordant,T direct,T reactive,T vat,T disperse,T sulfur,T azoetcT 

basedT onT theirT applications.T [5-8] 
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DyesT andT pigmentsT areT extensivelyT usedT inT industriesT 

thatT manufactureT andT processT textiles,T paper,T plastics,T 

leather,T food,T andT cosmeticT products.T TheT releaseT ofT 

dye-containingT effluentsT fromT theseT industriesT intoT waterT 

bodiesT posesT aT considerableT threatT toT aquaticT lifeT asT wellT 

asT theT environment.T NumerousT studiesT haveT investigatedT 

theT efficientT removalT ofT hazardousT organicT moleculesT 

fromT wasteT waterT duringT pastT decades.T TheseT studiesT 

haveT demonstratedT thatT theT hazardousT organicT moleculesT 

inT wasteT waterT canT beT degradedT usingT photoT excitedT 

chargeT carriersT inT anT excitedT semiconductorT 

[9]semiconductorsT areT wide-band-gapT semiconductors,T 

whichT requireT ultravioletT (UV)T irradiationT forT 

photocatalysisT WhenT aT wide-band-gapT photocatalystT isT 

irradiatedT withT lightT ofT energyT equalT toT orT higherT thanT 

itsT band-gapT energy,T electron–holeT pairsT areT created.T InT 

anT aqueousT medium,T reactantsT mayT beT adsorbedT onT theT 

surfaceT ofT aT photocatalystT andT mayT reactT directlyT orT 

indirectlyT withT theT photo-generatedT electronsT andT holesT . 

II. EXPERIMENTALT PART 

A. Materials 

T CommercialT TiO2T powderT wereT purchasedT fromT 

(sigma-aldrich,T Germany)T MethylT VioletT dyeT (MV)T wasT 

supportedT byT HillaT CompanyT ofT textileT dyes/T Iraq.T AllT 

chemicalsT usedT inT thisT studyT wereT analyticalT gradeT andT 

usedT directlyT withoutT furtherT purification.T AT stockT 

solutionT ofT 1000T mg/LT wasT preparedT byT dissolvingT (1T 

gm)T asT anT appropriateT quantityT ofT textileT dyeT (MV)T inT (1T 

L)T doubleT distilledT water.T  

PhotoT catalyticT experiments 

PhotocatalyticT degradationT wasT carriedT outT inT anT 

experimentalT setupT consistT ofT aT homemadeT photoreactor.T 

IrradiationT sourceisT PhilipsT mercuryT lampT UVT (A),T 

containsT sixT lampsT ofT 15T WT 

forT eachT oneT (Germany).T 

MostT experimentsT wereT 
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carriedT outT inT aT reactorT containingT 400T cm3.T TheT lampT 

wasT positionedT perpendicularlyT aboveT theT radiationT vesselT 

andT theT distanceT wasT fixedT forT aT chosenT lightT intensity.T 

InT allT experiments,T theT requiredT amountT ofT theT catalystT 

wasT suspendedT inT 200T cm3T ofT aqueousT solutionsT ofT dye,T 

byT usingT aT magneticT stirrer.T AtT predominantT times,T 3T 

cm3T ofT reactionT mixtureT wasT collectedT andT centrifugedT 

(6000T rpm,T 10T minutes)T inT aT HettichT centrifuge.T TheT 

supernatantT wasT carefullyT collectedT inT aT syringeT withT aT 

longT pliableT needleandT centrifugedT forT aT secondT time,T atT 

theT sameT speedT andT forT theT sameT periodT ofT time.T ThisT 

secondT centrifugationT wasT foundT necessaryT toT removeT theT 

fineT particlesT ofT TiO2T thatT foundT effectiveT onT theT resultT 

ofT analysisT byT UV-VisibleT spectrophotometer.T dyeT 

concentrationT wasT determinedT byT ParkashT etT al.8T atT aT 

wavelengthT 580T nm,T byT usingT UV-VisibleT 

spectrophotometerT (TypeT ApelT PD-303T UV).T AllT 

experimentsT carriedT outunderT temperatureT 298T K. 

III. RESULTT ANDT DESICCATION 

EffectT ofT massT dosage 

AT 15mg/lT aqueousT solutionT ofT methylT violetT wasT usedT inT 

thisT study.T AboutT 100mlT ofT solutionT withT catalystT amountT 

ofT 0.05T g/100mlT toT 0.3T g/100mlT wasT added.T BeforeT 

irradiationT theT systemT wasT magneticallyT stirredT forT 15T 

minutesT underT darkT toT establishT theT adsorption-desorptionT 

equilibriumT betweenT theT catalyticT surfaceT andT theT dye.T 

TheT irradiationT timeT wasT limitedT toT oneT hourT basedT onT 

theT lampT life.T TheT absorbanceT ofT theT solutionT beforeT andT 

afterT theT irradiationT wasT measuredT usingT 

spectrophotometerT atT 580T nm.TheT profileT behaviorT ofT 

photocatalyticT degradationT isT illustratedT inT Fig.T 1. 

 

 

Fig.1:T PhotocatalyticT degradationT ofT MVT dyeT atT differentT 

massT dosage.T ExperimentalT  

Conditions:T InitialT conc.T 15T mg.L-1,T Temp.T 30T 
oC,T andT 

L.I.T 2.42T mW.cm-2.T  

Fig.2T representsT theT percentT degradationT ofT MethylT violetT 

againstT theT differentT amountT ofT catalyst.T ThisT showsT thatT 

theT percentT degradationT ofT modifiedT catalystsT increaseT 

withT increaseT inT theT amountT ofT catalystT fromT 0.05T -T 0.3T 

g/100mlT andT aboveT thisT limitT thereT isT notT muchT 

change.[10-12].T ThisT indicatedT thatT theT activeT siteT 

providedT forT theT adsorptionT ofT substrateT onT theT catalystT 

surfaceT isT limitedT toT catalystT amountT ofT 0.15T g/100mlT 

andT afterT thatT noT muchT changeT inT theT degradation.T AtT 

higherT dosageT theT vacantT sitesT areT consumedT byT theT 

intermediateT productsT obtainedT duringT theT reactionsT 

whichT retardT furtherT degradationT ofT theT substrate.T HenceT 

theT percentT degradationT decreasedT orT retainedT withoutT aT 

noticeableT changeT [13-17].T  

 

Fig.2T photoT catalyticT degradationT efficiencyunderT 

differentT catalystT loading.T ExperimentalT Conditions:T 

InitialT conc.T 15T mg.L-1,T Temp.T 30T 
oC,T andT L.I.T 2.42T 

mW.cm-2. 

IV. EFFECTT OFT CONCENTRATIONT OFT DYE 

TheT effectT ofT MVT dyeT concentrationT hasT beenT 

investigatedT atT pHT 6.2,T catalystT concentrationT 0.15T 

g/100mlT ,T lightT intensityT L.I.T 2.42T mW.cm-2.,T flowT rateT 

ofT O2T (5T mL.T min-1)T andT MVT dyeT concentrationsT (5-25T 

mg/L).T [11,T 18-20]T .TheT experimentalT dataT couldT beT 

analyzedT toT assume-firstT orderT kineticT asT shownT inT 

FigureT 3. 

 

Fig.3:T PhotoT catalyticT 

degradationT ofT MVT dyeT atT 

differentT initialT concentration.T 
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ExperimentalT Conditions:T massT amountT 1.5T g.L-1,T Temp.T 

30T 
oC,T andT L.I.T 2.42T mW.cm-2. 

TheT excessT ofT MVT dyeT preventT theT penetrationT ofT lightT 

throughT theT successiveT layersT ofT MVT onT theT TiO2T surfaceT 

isT weakT toT generateT theT requiredT excitedT stateT ofT theT MVT 

dyeT onT TiO2[21][22].T TheT concentrationT ofT MVT dyeT 5T 

ppmT givesT theT optimumT PhotocatalyticT degradationT 

efficiencyT whichT isT equalT to64%.T TheT resultsT ofT theT 

changeT inT percentageT PhotocatalyticT degradationT 

efficiencyT (P.D.ET %)T withT concentrationT ofT MVT 

dyeplottedT inT FigureT 4. 

 

Fig.T 4.T EffectT ofT initialT dyeT concentrationT onT theT photoT 

catalyticT degradationT ofT MVT dye.T ExperimentalT 

Conditions:T massT amountT 1.5T g.L-1,T Temp.T 30T 
oC,T andT 

L.I.T 2.42T mW.cm-2.T  

V. CONCLUSIONS 

TheT obtainedT resultsT showT thatT MVT canT beT easilyT 

degradedT byT aT TiO2T assistedT processT inT aqueousT 

dispersionsT underT UVT irradiation.T TheT photoT degradationT 

ofT theT dyeT followsT firstT orderT kineticsT andT parametersT 

likeT theT EffectT ofT massT dosageTiO2T andT EffectT ofT 

concentrationT ofT dyeT onT theT photoT degradation.TheT 

resultsT indicatedT thatT theT catalystT loading,T theT initialT dyeT 

concentrationT affectedT theT degradationT efficiencyT ofT TiO2T 

powdersT obviously.T WeT learnedT thatT theT photoT 

degradationT efficiencyT isT enhancedT withT theT increaseT ofT 

catalystT loadingT andT theT reverseT effectT isT obtainedT withT 

theT increaseT ofT initialT dyeT concentrationT inT ourT 

experiments.T TheT photoT catalyticT decompositionT ofT MVT 

dyeT wasT mostT efficientT inT theT solutionT atT lowerT initialT 

concentrationT whichT indicateT ourT methodT moreT friendlyT 

andT economically. 
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