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Abstract:DegradationofdyebyCavitationisanattractivetechniquewhichhasbeenextensivelystudiedforthetreatmentof
complexwastewaterduetoitsabilitytogeneratingthereactivefreeradicals,therebyinitiatingthechemicaltransformation
requiredfordissociationanddegradationoforganicpollutants.Cavitationisthephenomenaofformation,growthandsubsequent
collapseofthecavities/bubbleswherethisprocessoccursinfewmicrosecondsandatthemultiplelocationsofthereactorand
thusreleasingthelargemagnitudeoftheenergy.Thedegradationoforganicpollutantscanbeenhancedincavitationby
combiningitwithotherAOP’sandchemicaloxidants.Inthiswork,theextentofdegradationofAcidred112dyebythe
combinationofhydrodynamiccavitationwithphotocatalysisisperformedandstudied.Toourknowledge,nostudieswerefoundin
theliteratureonthedegradationofAcidred112dyeusingcombinationofHCandphotocatalysis.Theobjectiveofthisstudyisto
maketheanalysistowardstheefficiencyofthehybridadvancedoxidationprocesses,i.eHC+TiO2photocatalystdyeinaqueous
solution.

IndexTerms-Pressure,pH,Cavitation,TiO2,Dyes,Acidred112.

I.INTRODUCTION

Waterisessentiallivingsource.ItsworthforlivingorganismsonEarthismorethangold.Nolivingsystem canstay
alivewithoutwater.Withoutwatercropandlivestockwilldie.Ournaturalecosystem isasthewaythatitcanprevent
waterpollutionbyrecyclingunbearablematerialsatapproximatelyspecifiedrateatwhichtheyareproduced.Inthe
past,ourstreams,lakesandoceanswereconvenientplacetointentionallydisposeofundesirablematerialproduced
byhumanbecauseofindustrialactivity.Itwasoriginallythoughtthatthiswaterwouldmagicallyeliminatethese
undesirablesviatheprocessofdilution.Unfortunatelytheresultofdumpingtheseuntreatedwastesintoaquatic
ecosystem hasincreasedtheriskfordiseasesinhumananddeathofaquaticlife.[1].
Naturalwaterisbeingcontaminatedbyindustrialeffluent,domesticandagriculturalwaste.Wastewaterisanywater
thathasbeenaffectedbyhumanuseorthewaterinwhichundesirablesubstanceisadded.Thiswastewateris
classifiedanddefinedaccordingtoit’ssourcesoforigin.Theterm domesticwastewaterreferstoflowsdischarged
principallyfrom residentialsourcesgeneratedbysuchactivitiesfoodpreparation,laundrycleaningandpersonal
hygiene.Industrial/commercialwastewaterisflow generatedanddischargedfrom manufacturingandcommercial
activitiessuchasprinting,foodandbeverageprocessingandproductiontonameafew.Institutionalwastewater
characterizeswastewatergeneratedbylargeinstitutionssuchashospitalsandeducationalfacilities.[2]
Wastewaterisgenerallycategorizedbasedonsolidorliquidsubstancewhichissuspendedordissolvedinit.
Examplesaretotalorganiccarbon(TOC),totaldissolvedsolids(TDS),turbidity,chemicaloxygendemand(COD),
biologicaloxygendemand(BOD),dissolvedoxygen,hardness,pH,andcolor.Thesecharacteristicsvarybetween
industriesandalsowithineachindustry.Duetothis,Dissolvedoxygenreducesinfreshwater.Therefore,disposing
thesewastewaters,withouttreatment,towatersourcescanbeharmfultoaquaticlife.[2]
Conventionalmethodslikeconventionalphysical,chemical,orbiologicalprocesses,orinsomecasesacombinationof
theseoperationscanbeusedtotreatwastewater.From this,solids,organicmatterand,insomecasesnutrientsfrom
wastewatercanbeeliminated.[3]
Physicaltreatmentincludesisolationorseparationofthewastematerialfrom themainstream.Inthismethod,littleor
nodegradationofthewasteisinvolved,suchasincoagulation,filtration,etc.However,therearesomecontaminants
foundinwastewaterthatarerecalcitranttoseveralofthegenerallyappliedphysicalorchemicaltreatmentprocesses.
Chemicaloxidationprocessescanbeusedtoexpandthecurrenttreatmentprocesses,bytransformationprocesses
thatcanbeusedtodestroytherecalcitrantcompoundsthroughoxidationandreductionreactions[3]
Accordingtoeconomicandecologicsuperiority,biologicalmethodhasbeenpaidmuchattention.Thebiodegradation
rateandbiodegradationdegreeoftheorganicsubstancepartlydependedonthecharactersofthesubstance.Someof
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theorganicpollutantslikeorganicmatters,organophosphoruspesticide,whichhaverelativityhighwatersolubilityand
low acutetoxicity,arebioavailableandeasytobedegradedIthasbeenfrequentlyobservedthatpollutantsnot
amenabletobiologicaltreatmentsmayalsobecharacterizedbyhighchemicalstabilityand/orbystrongdifficultytobe
completelymineralized.Inthesecases,itisnecessarytoadoptaprocesswhichismuchmoreeffectivethan
conventionalpurificationprocesses.[4].
Alotofresearcheshavebeendoneinthelastdecadepointingouttheprominentroleofaspecialclassofoxidation
techniquesdefinedasadvancedoxidationprocesses(AOP)whichusually,operateatornearambienttemperatureand
pressure.Advancedoxidationprocessesaredefinedasthosewhichinvolvethegenerationofhydroxylradicalsin
sufficientquantitytoaffectwaterpurification.[4].
Inthepresentwork,Hydrodynamiccavitationispresented.Hydrodynamiccavitationisproducedbypressurevariation
whichisobtainedusinggeometryofthesystem creatingliquidvelocityvariationForexamplebaseongeometryof
system theinterchangeofpressureandkineticenergycanbeachievedingenerationofcavitiesasincaseofflow
throughorificeventureetc.Duringthegoingupprocess,originalairbubblesarecutupmanytimesbysmallventuri
andbecomemanysmallairbubbles.Twoorseveralofthem quicklyrecombinetoabiggerone.Whentheinnerwall
tensionbetweentwobubblesreachamaximum limit,itbreaksandcollapsesinstantly.Thecavitationhappensand
incidentallythehightemperature,highpressureandhighjetareproducedlocally,whichinduceH2OandO2toform •OH
and•O2

− radicalswithstrongoxidationability,respectively.Thus,theorganicpollutantsaredegradedeffectivelyby
thesereactiveoxygenspecies(ROS).Moreover,freeradicalsaregeneratedintheprocessduetothedissociationof
vaporstrappedinthecavitatingbubbles,whichresultsineitherintensificationofthechemicalreactionsorinalteration
ofreactionmechanism.Theefficacyofcavitationalreactorscanbesignificantlyenhancedbycombiningcavitation
withotheroxidationprocessesorbyusingconcentrationchange,pH change,catalystsand/oradditives,Different
typesofadditivesusedinthecurrentworkincludeTiO2,CaO,Fe2O3whichalsoactsasradicalpromoters.[6]
Thepresenceofadditivesresultsinintensificationduetofollowingpossiblemechanisms Additivescanprovide
additionalnucleisothatthenumberofcavitationeventsinthesystem increases.Additivescanpromoteenhanced
generationoffreeradicalsorgenerationofadditionaloxidizingspeciesinthesystem.Additivescanalterthe
physicochemicalpropertiesoftheliquidmedium therebyfacilitatingtheeaseofgenerationofcavitationevents.
Additivescanalterthedistributionofthereactantsatthesiteofcavitycollapse.Additivescanhaveabilitytoscavenge
unwantedspecies.Additivescanprovideactivesurfaceareaforthebubblestogrow leadingtoanincreaseinthe
cavitationalactivity.Moreoveralongwithalltheseproperties,itisimportantthattheselectedadditivedoesnotleadto
additionalwasteintheprocessandisefficientlyutilizedinthetreatment.[6]
Theprimaryfocusofthispresentexaminationistofindbestfitamongdifferentcatalystswithhydrodynamic
cavitationsoastodegradedyeparticlesfrom wastewater.Aboveallelse,anexcellentunderstandingofdegradation
ofdyeisveryimportantinordertosuccessfullyandeffectivelyapplytheoutlineorprocessinthisresearch.

II.RESEARCHMETHODOLOGY

2.1Materials
PonceauS(3-Hydroxy-4-(2-sulfo-4-[4-sulfophenylazo]phenylazo)-2,7naphthalenedi-sulfonicacidsodium dye),
whichisalsocalledasAcidred112hasbeenusedinthepresentstudyasamodelofsulfonatedazo-dye.PonceauS
azodyeisusedindyingindustryoftextile,leatherandpaperandalsousedinclinicallaboratoriesasaprotein-binding
dyeforstainingofbloodserum proteins.However,itsbiotransformationproductshavetoxiceffectsagainstaquatic
organismsandsuspiciousofbeingcarcinogenicforhumans.ThesolutionofAcidred112waspreparedintapwater
foralltheexperimentswhichisacidicinnaturewithpH3.Titatnium dioxide(TiO2),Ferrousoxide(Fe2O3),Calcium
oxide(CaO),Sulfuricacid(H2SO4),Sodium hydroxide(NaOH)wereoflabgradeandprocuredfrom theLanxess
specialitychemicals.Allthechemicalswerestoredatnormalatmospherictemperature.Sulfuricacidwashandled
withspecialcareandstoredindarkbottle.Allchemicalswereusedasreceivedfrom thesupplierwithoutanyfurther
purificationortreatment.

2.2ExperimentalSetup
AnIn-housefabricatedlaboratoryhydrodynamiccavitationreactorof10Lcapacitywasusedforthedegradationof
acidred112dye.Thelaboratoryscalehydrodynamiccavitationsetuphavepositivedisplacementpumphavingthe
powerratingof1.1kW wasusedforpumpingthedyesolutionthroughthecavitatingdevice(venturi).Feedtank
consistsofacoolingjackettocooldowntheheat,whichisliberatedduringcavitationandtomaintainthedesired
temperature.Thebottom ofthefeedtankconnectedtothesuctionsideofthepumpandthedischargesectionofthe
pumpwasdividedintoonemainlineandoneby-passline.Acircularventuri(2mm throatdiameter)wasincorporated
atcertainpointinthemainlineasacavitatingdevicetogeneratethecavitation.Appropriatenumberofmanual
controlvalvesandpressuregaugewereplacedinpipelinestocontroltheflow rateandtomeasurethefluid
pressuresrespectively.Inadditiontothis,avariablefrequencydrive(VFD)wasaccommodatedtothepumptoadjust
therpm ofthemotorsuchthattheflowratethroughthemainlinecanbecontrolleddirectly.Amanualcontrolvalveis
providedintheby-passlinecanbeadjustedtomaintainthedesiredflowrateinthemainline.Thepipelineismadeup
ofstainlesssteel(SS-316),whereascavitatingdevice(circularventuri)ismadeupofbrass.Visiblelightismountedat
thecenteroffeedtankforthelightirradiation.

2.3Experimentalprocedure
ThedegradationusingHCwascarriedoutusingcircularventuriasacavitatingdevice.Thehydrauliccharacteristicof
venturiwasfirststudiedtoestablishtheoperatingconditionsfortheventurebyestimatingthecavitationnumberat
differentinletpressures.AfterthehydraulicstudythedegradationofAcidred112wasconductedusingHCaloneat
differentinletpressure(1–5bar)fororiginalpH ofadyesolutioni.e.3.Thisisdonetoestablishtheoptimum
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conditionofpressureforgettingmaximum possibledegradationusingHC.Afterachievingoptimum conditionof
pressureie1bar,pHisvariedfrom 2to10.ThepHofthesolutionwasmaintainedbyaddingappropriatequantityof
H2SO4and/orNaOH.TheconcentrationofAcidred112waskeptconstantinallthecasesatalevelof20ppm.Five
litreofAcidred112solutionwassubjectedtohydrodynamiccavitationforatotalcirculationtimeof60min.The
sampleswereregularlywithdrawnataregularintervalof5minandanalyzedfortheextentofdegradation.To
correlatetheobserveddataandtooptimizevariousparameters,apseudofirstorderdegradationkineticswasfitted
totheobserveddegradationdata.

AftertheoptimizationofHCintermspressure,sameprocedureisfollowedforvaryingpH 2to10andoptimizedpH
isobtained.ThedegradationofAcidred112usingthehybridprocessofHCandcatalystwascarriedoutwithvarying
concentrationofcatalystie0.2to1gm/lit.withtheoptimizedpressureandpHtoarriveattheoptimum concentration
ofCatalyst.ThiswasdoneforselectedcatalystTiO2,CaO,Fe2O3.TheefficiencyofthehybridprocessesofHCand
optimizedcatalystTiO2wascomparedwiththeindividualprocessofHCtoestimatesynergyfactor.
FactorsthatwereobtainedasobservationareGaugpressure,absolutepressure(KPa),VapourPressureofliquidat
250C,Densityofliquid(Kg/m3),flowrateatvariablepressurefrom 1to5bar,Areaofpipe.(Eq.1and2)

Velocityofliquid=
Flowrate

Areaofpipe
(1)

Cavitationnumber=
Absolutepressure-vapourpressure

0.5*densityofliquid*Velocityofliquid2 (2)

2.4Analyticalprocedure
ThecollectedsampleswereanalyzedusingUV-Visspectrophotometertoobserveachangein
theabsorbanceofAcidred112withtimeatamaximum absorbancewavelengthof460nm.Theconcentrationof
Acidred112wasthencalculatedusingthecalibrationcurvepreparedforAcidred112.
Thepercentagedegradationwascalculatedbytheformula(Eq.3)

PercentageofDegradation(%)=
C0-C

C0
×100 (3)

Where,C0andCaretheconcentrationsofdyesolutionatair-bubbling0andttime(min),respectively.

III.RESULTSANDDISCUSSION

3.1EffectofPressure
TheoxidationpotentialandtheabilityofHCindegradingorganicpollutantdependonthetypeofcavitationproduced
whichinturndependsontheoperatinginletpressureandcavitationnumber.Initially,hydrauliccharacteristicsofthe
circularventuriwasstudiedbymeasuringthevolumetricflowrateatdifferentinletpressureandthenthecavitation
numberswerecalculatedwiththeknowledgeoftheliquidvelocityandareaofthethroat.Where,thecavitation
numberisadimensionlessnumberusedtocharacterizethecavitatingconditioninsidethecavitatingdevice.
From table3.1,thedegradationratewashighattheinletpressurefrom 1.Beyond1barpressure,therateof
degradationshowsthedecreasingtrend.Higherdegradationat1barpressurecouldbeduetotheincreaseinthe
inletpressureincreasesthevolumetricflow ratewhichleadstoincreasingthenumberofpassagesthroughthe
cavitatingdeviceforthesametimeofoperation.Increasingthenumberofpassagesresultedintohigherdegradation
rateofAcidred112.Beyond1barpressure,chockedcavitationmayoccurandleadstothegenerationofvaporous
cloudconsistingofbubbles.Thesebubblesarecarriedawayalongtheflowwithoutanycollapse.Thisphenomenon
couldreducethe.OH radical’sgeneration,thereforetherateofdegradationreducedwithfurtherincreasingof
pressurebeyond1bar.Themaximum degradationof26.030%in60minutesanddegradationrateconstantofAcid
red112at5.02×10-3min-1wasachievedat1barpressure.(Table3.2)

Table3.1Percentageofdegradationatvariousinletpressure

Inletpressure(Bar) %ofdegradation

1 26.0303

2 13.21

3 6.6666

4 4.5500

5 10.3671

Table3.2:Rateconstantk’andpercentageofdegradationatvariousinletpressureusingHydrodynamiccavitation

Inlet
pressure(Bar)

Volumetricflow
rate(LPH)

Cavitation
number

%ofdegradation k’*10-3min-1

1 175 0.002011946 26.0303 5.02
2 260 0.001371462 13.21 2.35
3 325 0.001172126 6.6666 1.14
4 400 0.00096813 4.5500 0.77
5 425 0.001029735 10.3671 1.82



www.ijcrt.org ©2022IJCRT|Volume10,Issue5May2022|ISSN:2320-2882

IJCRT2205152 InternationalJournalofCreativeResearchThoughts(IJCRT)www.ijcrt.org b437

3.2EffectofpH
Itisalsooneoftheimportantparameterindeterminingthephysicalandchemicalpropertiesofthesolution,whichin
turnaffectsthebubbledynamics.Thegenerationofhydroxylradicalsundertheeffectofbubblingtimegenerally
dependsontheoperatingpHandisfavoredunderneutralconditions.ToobservetheeffectofsolutionpHonthe
degradationrateofdyeusinghydrodynamiccavitation,experimentswereperformedatdifferentpH,rangingfrom 2-
10.AlltheexperimentsforthestudyofsolutionpHwereconductedatoptimizedinletpressureof1bar.Concentrated
H2SO4and1NNaOHsolutionswereusedtoadjustthepHofthesolutionattherequiredvalue.
IthasbeenobservedthatthesuperiordegradationwasobtainedatconditionsofpH6,ratherthanothercondition.
Themaximum degradationof61.585%wasobtainedat20ppm Acidred112atpH6atoptimizedpressure1barand
thepercentageofdegradationdecreasesasthepHincreases.(Table3.3)
Attheinterfacecavities,thedyemoleculeisthensubjectedtothedirectattackofOH-radicals,resultinginto
increaseddegradationrate.WhereasathigherpH,thedyemoleculesgetionizedandbecomemorehydrophilicin
nature,therebyremaininbulkliquid.BecauseofrecombinationofOH radicals,smallfractionofgeneratedOH
radicalscandiffuseintothebulkwhichresultsinloweravailabilityofOHradicalsbeingusedforoxidationofdyeas
onlyabout10%ofOHradicalsgeneratedinthecavitycandiffuseintothebulksolution.[23]

Table3.3PercentageofdegradationatvariouspH

pH %ofdegradation
2 27.447
4 35.537
6 61.585
8 33.264

10 37.605

3.3EffectofCatalystLoading
Experimentshavebeencarriedoutinordertochecktheefficiencyofacidred112withadditionofamountofsolid
particlessuchasCaOpowder;TiO2 andFe2O3 powderusinghydrodynamiccavitation.Theexperimentsperformed
withdifferentamountsofnano-sizedCaO,TiO2andFe2O3particlesinarangeof0.2-1gm/Latoptimizedpressure1
barandpH 6.Ithasbeenobservedthatallthesolidcatalystshowsthesamecharacteristicsasincaseof
degradation.Allthesolidcatalystsshowssignificantenhancementofdegradationforacidred112withincreasing
catalystloading.
3.3.1EffectofCaOloading
ThedegradationofAcidred112dyeincreaseswithadditionofnano-sizedCaOpowderupto0.6gm/Landfurther
additionofnano-sizedCaO particlesdecreasepercentofdegadationofdyedecreasedtosomeextent.Asteep
variationisobservedinthecurvewherethedegradationofacidred112wasmaximum i.e.91.5%attheloadingof
0.6gm/Lofnano-sizedCaOpowder.(Table3.4)Thisisduetotheincreaseinthecatalystdosage,totalactivesurface
areaincreases,henceavailabilityofmoreactivesitesoncatalystsurface.Also,observedeffectmaybeattributedto
theadsorptioncharacteristicoftheAcidred112dyeontheCaOpowder;forhigherextentofadsorption,moreisthe
beneficialeffectofdegradationofdyemoleculestructure.Thedeclinerateofdegradationofdyewiththeadditionof
CaO particlesmightincreaseinturbidityofthesuspensionwithhighdoseofCaO resultsintoaggregationof
molecules,lowernumberofactivesitesavailable,andhenceminimaldegradationofacidred112dyeathigher
catalystloading.[26]
3.3.2TiO2Loading
IncaseofTiO2,similarrangeofcatalystloadinghasbeenusedtoevaluatetheoptimalamountofcatalystfrom for
thedyesolution.Theresultfrom figure5.12clearlyindicatesthatat0.6g/LofTiO2,thepercentofdegradationofacid
red112ishighest96%.(Table3.4)Also,ithasbeenobservedthatcurveshowsacontinuousincreasewithlinearity
uptooptimum level,afterwardsexcessiveamountofTiO2particlescreatemutualscreeningeffectswhichwillblock
someorganicmoleculefrom receivingthesameamountofenergyafterthecollapsingofcavities.Theincreaseinthe
percentageofdegradationofAcidred112 upto0.6g/Lduetothefactthatthepresenceofsolidcatalyst(mostly
TiO2)canenhancethedissociationreactionofH2Omoleculestoincreasesthenumberoffreeradicalsgenerated,
therebyincreasingtherateofdegradationofdye.[26]
3.3.3Fe2O3Loading
IncaseofFe2O3solidparticles,ithasbeenseenthatwithincreasingconcentrationofFe2O3,therateofdegradation
ofAcidred112alsoincreases.HigherpercentageofdegradationofAcidred112,94%hasbeenobtainedat0.8g/L
ofFe2O3.(Table3.4)ThehigherdegradationofAcidred112isduetothefactthatitprovidesadditionalnucleiforthe
cavitationphenomenaandthehencethenumberofcavitationeventsoccurringinthereactorisenhancedresultingin
asubsequentenhancementinthecavitationactivityresultinginincreasesinthenumberoffreeradicals.

Overall,ithasbeenobservedthattheorderofactivitiesforbetterdegradationofAcidred112isTiO2>Fe2O3>CaO
overarangeof0.2to1g/L.ThehigherdegradationofAcidred112usingTiO2 maybedependentuponthe
characteristicsofcatalystsuchasparticlesize,surfaceareaetc.
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Table3.4Percentageofdegradationatvariouscatalystloading

Catalyst
loading(gm/L)

Percentageof
degradation

CaO

Percentageof
degradation

TiO2

Percentageof
degradation

Fe2O3

0.2 68.58 53.46 84.36

0.4 90.07 69.6 92.92

0.6 91.5 96 93.1

0.8 73.56 82.2 94.02

1 70.1 75.23 70.6

IV.CONCLUSION
Inthisstudyhydrodynamiccavitationfordyedegradationinaqueoussolutionwasevaluatedforthedegradationof
Acidred112.ItwasfoundthatthedegradationofAcidred112usingtheHCdependsonvariousparameterssuchas
inletpressuretothecavitatingdevice,cavitationnumberandsolutionpHanditexhibitsamaximum degradationrate
ataninletpressureof1bar.ThedegradationofAcidred112usingHCenhancesatpH6.
Further,thecombinationofHCwithcatalystTiO2 givesgreaterdegradation96%.Onesuggestthattheseprocess
shouldbeusedincombinationHC andcatalystwitheachotherratherthanusingthem individuallyforgetting
enhanceddegradationandhigherdegradationefficiency.Thisismoresuitablethanotherprocessduetothelater’s
higheroxidation potentialand abilityto dissociate into more reactive OH radicals undercavitating condition
developedinHC.
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