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ABSTRACT

The relative utilization of activated carbon has constantly increased with the

advancementinmoderntechnology.Inabidtomakeuseofalternativeprecursorsfor

activatedcarbonproduction,periwinkleshellswereused.

Thisstudyexploredtheuseofperiwinkleshellsfortheproductionofperiwinkleshell

activatedcarbon(PSAC)preparedusingpotassium hydroxide(KOH)activationmethod.

The adsorbentwas characterized using the FourierTransformed Infrared (FTIR)

analysis.Centralcompositedesign(CCD)inresponsesurfacemethodology(RSM)was

usedfortheoptimizationofPSACproductionconditions.Quadraticmodelsandlinear

modelweredevelopedforthepercentageyieldofPSAC,thesurfaceareaandthe

porosity.ModelsuitabilitywasvalidatedusingAnalysisofVariance(ANOVA).TheFTIR

analysisshowedthepresenceofstretchingvibrationbandssuchascarbonateion

( ),aliphatic N-H and heterocyclic N-H.The optimum conditions forPSAC

productionwas536.375oCand82.087minutesforactivationtemperatureandactivation

time respectively.This led to maximized responses;PSAC’s yield percentage of

95.147%,surfaceareaof71.525m2/gandporosityof36.695.Thecorrelationcoefficient

R2obtainedwereveryhighforeachresponse;99.47%,99.98%and97.77%forPSAC’s

yield,surfaceareaandporosityrespectivelyindicatingthattheresultsofexperimental

studies were in perfectagreementwith those suggested from model.Thus,the

predictionbythemodelwasingoodconformitywithactualresults.Periwinkleshells

werefoundtoattainPSACthathadaveryhighyieldaswellasexcellentsurfacearea

andporosity.
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CHAPTERONE

INTRODUCTION

1.1 BACKGROUNDOFSTUDY

In2017,theglobalactivatedcarbon(AC)marketwasworth$4.12billion,andby2026,it

ispredictedtobeworth$14.21billion(S.M.R.C.P.Ltd,2018).Anincreasingdemand

forwatertreatmentplants,risingpollution,andgreaterindustryandurbanizationareall

keygrowthfactors.Thehighcostofraw materials,ontheotherhand,limitsthe

product'srapidexpansion(Ahmadetal.,2020).

The relative utilization of activated carbon has constantly increased with the

advancementinmoderntechnology.Onthisbasis,innovatorsareseekingtofindthe

differentwaysitcanbeobtainedandharnessed.Inrecenttimes,theproductionof

activatedcarbonfrom biomass,especiallyagriculturalwastes,hasgainedenormous

interest.Activatedcarbonwasinitiallygottenfrom petroleum orcoal.Recently,itisnow

beingproducedfrom wood,wastecocoapodwalnutshells,groundnutshells,coconut

shells,snailshells,periwinkleshells.

Activated carbon is a type ofcarbon thatpossess outstanding physicochemical

qualitiesthatallowittobeutilizedinawiderangeofapplications.‘Activatedcarbonhas

avarietyofapplications,includingcatalysis,gaspurification,chemicalstorageand

purification,and electrode materialforenergy storage systems.The properties

exhibitedbyactivatedcarbonincludehighsurfacearea,variableporesizeandvolume,

chemicalinertnessandstability(Abioye&Ani,2015;Banerjeeetal.,2020)’.Themajority
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of commercialactivated carbons are made from fossilfuel-based precursors

(petroleum andcoal),thusmakingthem expensiveandenvironmentallyunfriendly.Asa

result,moreemphasisisbeingplacedonbiomassprecursors,whicharelessexpensive,

more readily available, renewable, structurally porous, and environmentally

friendly(Abbas&Ahmed,2016;Abioye&Ani,2015;Farmaetal.,2013).

PeriwinklesaremarinesnailsthatbelongtotheshellfishfamilyGastropodmollusc.

Theycanbefoundinoceansallovertheworld.InNigeria,theT.fuscautusspeciesis

themostabundantanditiscommonlyfoundintheNiger-Deltaregion.Periwinklescan

befoundinavarietyoflocationsalongtheshore.Itsheightrangesfrom halfaninchto

oneinch,anditscolourrangesfrom greytoblack.Theshellissubstantialandheavy

(BadmusandAudu,2009).

Periwinkleshellistheby-productobtained aftertheediblepartoftheperiwinkle

shellfishisremoved.Winkles,abalones,andconchsrepresentaround2.8% ofthe16

milliontonnesofmolluscshellfishesgloballyproducedeachyearthroughaquaculture

(Eziefulaetal.,2020),FAO,2016).Theshellofamolluscshellfishaccountsforabout

70%ofitsweightdependingonthespecies;consideringthattheshellisnotedible,a

largefractionofshellfishproductionisconsideredaswaste.Periwinkleshellwastes

arecommonlypiledinopenfieldsandlandfills,resultinginafoulodor,uglyappearance,

andthedevelopmentofdisease-carryingorganisms(Morrisetal.,2019).Inorderto

mitigatetheenvironmentalimpactoftheshellsseveralalternativeuseshavebeing

developedovertime.Oneofwhichistheproductionofactivatedcarbonfrom periwinkle

shells.Periwinkleshellsprovideaverycheap,sustainableandrichsourceofcarbon.

Also,comparedtocommercialactivatedcarbon(CAC),theproductionprocessfor
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periwinkleshellactivatedcarbon(PSAC)ismoreeco-friendly(Banerjeeetal.,2020;

Wangetal.,2017).

The properties ofthe activated carbon produced is dependenton numberof

factors.(Banerjee etal.,2020)stated thatfactors such as;the type ofbiomass

precursorused,activationtemperature,activationtime,impregnationrate,thetypeof

functionalgroup,contentofheterofoam,extentofgraphitizationhaveawayofaffecting

thepropertiesoftheactivatedcarbon.Inordertoproduceactivatedcarbonwiththe

bestsurfaceproperties,thesefactorshavetobeoptimized.Activatedcarbonsynthesis

usingthe“onefactoratatime”methoddoesnotshowtheinteractionbetweenfactors

(A.A.Ahmadetal.,2020)thustheneedforoptimization.

1.2PROBLEM STATEMENT

Waste disposalhas remained the predominantsource ofenvironmentaland soil

pollutionintheworld,especiallyinNigeria.Althoughagriculturalwasteseventually

decompose,itdoessoslowlyandleavestheenvironmentunsightlyforalongperiodof

time.Havingamedium toconvertthesewastestoeithersourceofrenewableenergyor

raw materialswouldnotonlymaketheenvironmentcleaner,itwouldalsohelpto

eliminatethecostofwastedisposal.

The traditionalmeans ofobtaining commercialactivated carbon (CAC)is very

expensiveandnon-environmentallyfriendly.Theenergyrequirementforthisprocess

(above1000oCforpyrolysis)(Faraji&Ani,2015),makesiteconomicallyunattractive.

Thedemandforactivatedcarboncontinuestogrow.Asmoreacademicsuncovernew

applicationsforactivatedcarbon,thenumberofsectorsthatuseittendstoincrease.It
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isnecessarytonotonlygenerateactivatedcarbonfrom alow-costsource,butalsoto

produceactivatedcarbonwithexcellentsurfacepropertieswiththeabilitytosuitthe

specifiedneeds.Theinabilityofthetraditionalexperimentalmethodofchanging“one-

factor-at-a-time”todeterminetheeffectoftheinteractionsbetweenfactorsaffecting

theprocessoutput.(comment;paraphrase)

Theutilizationofperiwinkleshellfortheproductionofactivatedcarbonwould;

 Mitigate environmentalpollution resulting from shellpiles.This would also

minimizetheexpenditureonwastedisposal.

 Provide a more economicallyattractive and eco-friendlymeans to produce

activatedcarbontosatisfyitsneedinvariousindustries.

Byoptimizing the production process,lessertime is spentproducing and more

experimentscanbeconductedthusmakingtheprocessmoreeconomicalandfeasible.

1.3AIMSANDOBJECTIVESOFSTUDY

Theaim ofthisresearchworkistooptimizethesurfacepropertiesofactivatedcarbon

producedfrom periwinkleshellsusingResponseSurfaceMethodology(R.S.M).To

achievethisaim thefollowingobjectiveswillbepursed;

1.Productionofactivatedcarbonfrom periwinkleshell

2.Investigatetheeffectofactivationtemperatureandtimeontheyield,porosity

andsurfaceareaofactivatedcarbon.

3.OptimizationofsurfacepropertiesusingResponseSurfaceMethodology



5

1.4SIGNIFICANCEOFSTUDY

Activatedcarbonhasthestrongestphysicaladsorptionforcesorthehighestvolumeof

adsorbing porosityofanymaterialknown to mankind,its usefulness cannotbe

overemphasizedinthetreatmentofwaterandeffluentgeneratedinindustriesamongst

otheruses.Thishasincreased the demand foractivated carbon overtime.This

study/researchwillprovidethenecessaryexperimentaldatatoharnessthecommercial

productionoftheactivated carbonfrom periwinkleshellatanoptimalcost.This

researchwouldalsoplayavitalroleofmitigatingenvironmentalpollutioncausedbythe

disposalofperiwinkleshells.Overall,thisstudyifharnessedandscaledupwouldhave

apositiveimpactontheeconomicsofthecountry.

1.5SCOPEOFSTUDY

Thisstudyislimitedto:

 Collectionandpreparationoftherawmaterial.

 Productionofactivatedcarbonfrom periwinkleshells.

 Determinationofthesurfacepropertiesoftheactivatedcarbon.

 UseofDesignofExperimenttostudytheparameters.

 OptimizationusingResponseSurfaceMethodology(RSM)

 FTIRanalysis.
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CHAPTERTWO

LITERATUREREVIEW

2.1ACTIVATEDCARBON

Activatedcarbon,oftenknownasactivatedcharcoal,isacrudeform ofgraphitewithan

amorphousnature.Ithasarandom,flawedmicrostructurethatisveryporousovera

widerangeofporesizes,from apparentcracksandcrevicestomoleculardimensions.

Thecarbon'shighsurfaceareaisduetoitsamorphousstructure,whichallowsitto

adsorbawidespectrum ofchemicals

.

Figure2.1:ActivatedCarbongranules
Source@ https://alumichem.com/our-products/chemistry/activated-carbon/

Activatedcarbonhasthestrongestphysicaladsorptionforcesofanysubstanceknown

tomankind,aswellasthelargestvolumeofadsorbingporosity.Thesurfaceareaof

activated carbon can be largerthan 1000m2/g.This equates to 5g ofactivated

carbon canhavethesurfaceareaofafootballfield(Arvanitoyannisetal.,2008).
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Figure2.2:MicroscopicViewofActivatedCarbon
Source@ https://www.desotec.com/en/carbonology/carbonology-academy/chemical-

structure-activated-carbon

2.1.1HISTORYOFACTIVATEDCARBON

Theprecisedateandperiodwhenmanfirststartedusingactivatedcarbonorcharcoal

hasbeenlosttohistory.However,evidenceofitsuseandsignificancecanbefound

throughouthistory,from theancientworldtothecontemporaryera.

CharcoalwasusedbytheAncientEgyptianstoprocessoresintobronzearound3750

B.C.TheEgyptians'usageofcharcoalhaddevelopedby1500B.C.,accordingtothefirst

documenteduseofcharcoalonpapyrus,withthematerialbeingusedtoabsorbbad

odors,alleviateintestinaldiseases,andevenpreservethedead.Charcoalwasfirstused

tofilterwaterbytheAncientHindusandPhoeniciansin400B.C.duetoitsantibacterial

characteristics.Onlongseatrips,thePhoenicianswereknowntocharbarrelstokeep

water.Manyothermariners,includingChristopherColumbus,embracedthispractice
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throughouthistoryandpracticedituntilthe1800s.Hippocrates,oneofthemost

famouscharactersinmedicalhistory,beganemployingcharcoalforavarietyofmedical

usesaround50A.D.,includingtreatingepilepsy,chlorosis,andvertigo.ClaudiusGalen,

anotherprominentpersoninmedicalhistory,wrotearound500treatisesontheuseof

charcoalinmedicinebytheyear2A.D.

Thoughcharcoalhasbeeninuseformillennia,itsaw adramaticrebirthinthelate

1700s.Moredoctors,chemists,andotherscientistsbegantestingthematerialfor

medicalandmanufacturingapplications.CarlWilhelm Scheele,achemist,measured

thevolumeofgasesadsorbedbyporouscarbonin1773andcalculatedtheadsorption

forces.Lowitz,recognizing the adsorptive qualities ofcharcoalin liquid phase,

performedthefirstexperimentsthatestablishedthatcarboncouldbeusedtodecolour

solutionsin1776.

However,in1794,anEnglishsugarrefinerydiscoveredthatcarboncouldbeemployed

asadecolouringagent,makingitoneofthemostsignificantdiscoveriesoftheperiod.

Thesugarbusiness,whichhadbeenlookingforasolutiontomakeawhiter,more

appealingproduct,wascompletelytransformedasaresultofthis.Asaresultofthis

advancement,activatedcarbonresearchhasprogressedevenfarther.By1805,allof

Europehadadoptedcharcoalasamethodofsugardecolourization.

Inthenineteenthcentury,charcoalremainedapowerfulforce,particularlyinmedicine.

Poultices,sloughingulcers,andtreatinggangrenoussoreswereallcommonuses.

Around1820,theactivatedcarbonmethodwasfirstdescribedinmedicaljournalsasa

poisonantidoteandatreatmentfordigestiveailments.GabrielBertrand,aFrench
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chemist,drankarsenicmixedwithcharcoalinanattempttoillustratecharcoal'sworth

asapoisonremedyin1883.Othersimitatedhim andpulledoffthesamestunt.

FrederickLipscombeusedactivatedcarbontopurifydrinkablewaterin1862,pavingthe

wayforcommercialapplicationsofthematerial.HeinrichKayser,aGermanphysicist,

createdtheterm "adsorption"tocharacterizecharcoal'spropensitytoabsorbgases.

Activatedcarbonwasinitiallymanufacturedonalargescaleintheearlytwentieth

century.In 1909,the"ChemischeWerke"wascreated to manufacturecarbon for

commercialusage,creatingEponit,Purit,Norit,andCalgon,amongothercarbons.The

NoritCompany,aDutchbusiness,wasfoundedin1911andquicklygainedareputation

inthesugarindustryforitspowderedsolutions,whicharewidelyusedinthechemical

andfoodindustries.DuringWorldWarI activatedcarbon wasusedingasmasksworn

byAmericansoldierstoprotectthem from poisongas.Thisdevelopmentledtothe

productionofgranularcarbononalargescale.

Theutilizationofactivatedcarbonisexpandingtoday.Itisutilizedonaregularbasisin

almosteveryhospital,clinic,anddoctor'sofficearoundtheworld.Cornandcanesugar

refining,gasadsorption,drycleaning,medicines,fatandoilremoval,alcoholicbeverage

production,andothersectorsusethesubstance.Thetreatmentofmunicipalwater

sourcesisthemajormarketforactivatedcarbon.Whenwaterisdisinfected,activated

carbonfiltersareemployedtoeliminateorganicchemicalsthatproducecarcinogens.

Theremovalofheavymetalsfrom coalfirepowderisthesecondlargestmarketfor

activatedcarbon.
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2.1.2STRUCTUREOFACTIVATEDCARBON

POROUSSTRUCTUREOFACTIVATEDCARBON

Theporouspropertiesofactivatedcarbon,suchasporevolume,poresizedistribution,

porosityandsurfacearea,determineitsincreasedadsorptioncapability.Upto15%of

ashintheform ofmineralmattercanbefoundinactivatedcarbon(Bansaletal1988).

Activatedcarbondevelopsaporousstructureduringthecarbonizationprocessand

continuestodevelopduringactivation.Theporousstructureofactivatedcarbonsis

presentinallofthem.Theporesystem ofactivatedcarbonisdividedintoseveral

categories,witheachporevaryinginsizeandshape.Poresizesinactivatedcarbons

rangefrom afew nanometerstothousandsofnanometers.Poresarecategorized

accordingtotheiraveragewidth.Theaveragewidthofaporeisthedistancebetween

itswalls,ortheradiusofacylindricalpore.(Dubininetal1960)developedconventional

categorization,whichwasformallyadoptedbytheInternationalUnionofPureand

AppliedChemistry(IUPAC).Atypicalporesizeclassificationisshownbelowintable2.1

Table2.1:ClassificationofPoreSizes
TypeofPore Width

Micropore <2.0nm

Mesopore 2.0–50.0nm

Macropore >50.0nm
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Figure2.3:graphicalrepresentationofporestructureofactivatedcarbon

CRYSTALLINESTRUCTURE

Activatedcarbondevelopsamicrocrystallinestructureduringcarbonization.Intermsof

interlayerspacing,thestructureofactivated carbondiffersfrom thatofgraphite.

Interlayerspacingingraphiteis0.335nm,whileitis0.34to0.35nm inactivatedcarbon.

Activatedcarbonsaredividedintotwocategoriesbasedontheirgraphitizingability:

graphitizingandnon-graphitizing.Thereareanumberofgraphenelayerspositioned

paralleltoeachotheringraphitizingcarbon.Becauseoftheweakcrossconnecting

betweenneighboringmicrocrystallites,thecarbonproducedwasfragileandhadaless

developedporousstructure.Non-graphitizingcarbonsarehardduetostrongcross

linkingbetweencrystallinestructureandawell-developedmicroporestructure(Franklin

1951,Jenkinsandkawamura1976).Thepresenceofrelatedoxygenoradeficiencyof

hydrogenintheinitialrawmaterialpromotesthecreationofnon-graphitizingstructures
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with strong crosslinks.Figure 2.4 illustrates schematic representations of the

structuresofgraphitizingandnon-graphitizingcarbons.

Figure2.4(a)graphitizingcarbon (b)non-graphitizingcarbon

CHEMICALSTRUCTURE

Activatedcarbonhasbothaporousandcrystallinestructure,aswellasachemical

structure.Thoughtheporousstructureofactivatedcarbondeterminesitsadsorption

capacity,itissubstantiallyimpactedbyarelativelymodestnumberofchemicallybound

functionalgroup(mostlyoxygenandhydrogen)(Bansaletal.,1988).Theorganization

ofelectroncloudsinthecarbonskeletonvaries,resultingintheformationofunpaired

electronsandincompletelysaturatedvalences,whichalterstheadsorptioncapabilities

ofactivecarbons,particularlyforpolarmolecules.

2.1.3PROPERTIESOFACTIVATEDCARBON

Each variation ofeach base calcined structure has its own unique,predictable



13

properties.Thisallowsonetoselecttheform ofactivatedcarbonthatbestsuitsa

specificapplication.Theyinclude;

Pore Size:Activated carbon eliminates undesirable substances bythe adsorption

process,inwhichthetargetedmaterialbindswithcarbonatomsalongthesurfaceof

theactivatedcarbon.Theactivationprocessformsalargesubmicroscopicporosity

network,which greatly increases the numberofbonding sites available.Varied

applications,however,necessitatedifferentporediameters.Microporousactivated

carbonhasporessmallerthan2nanometers.Theporesizeof"mesoporous"activated

carbonis2to5nm,while"macroporous"activatedcarbonhasaporesizemorethan5

nm.

Iodine numbers:The iodine numberis the mostfundamentalparameterused to

characterizeactivatedcarbonperformance.Iodinenumber(generally500to1200mg/g)

measurestheadsorptioncapabilityforsmallmolecules.Itisdefinedasthemilligrams

ofiodineadsorbedby1.0gofcarbonwhentheiodineconcentrationofthefiltrateis

0.02N (0.02mol/L)(Nunes& Guerreiro,2011).Theiodinecapacity,mg/g,(ASTM

D28 StandardMethodtest)maybeusedasanindicationoftotalsurfacearea.Itisa

measureofthemicroporecontentoftheactivatedcarbon(0to20 Å,orupto2.0nm)by

adsorptionofiodinefrom solution.Itisequivalenttosurfaceareaofcarbonbetween

900and1100 m2/g.Itisthestandardmeasureforliquid-phaseapplications(Mianowski

etal.,2007).

MolassesNumbers:Themolassesnumber(typically95 to 600 mg/g)showsthe

capabilitytoadsorblargemolecules.Molassesnumberormolassesefficiencyisa



14

measureofthemesoporecontentoftheactivatedcarbon(greaterthan20Å,orlarger

than2nm)byadsorptionofmolassesfrom solution.MolassesNumberisameasureof

thedegreeofdecolorizationofastandardmolassessolutionthathasbeendilutedand

standardizedagainststandardizedactivatedcarbon.Duetothesizeofcolorbodies,the

molassesnumberrepresentsthepotentialporevolumeavailableforlargeradsorbing

species.Becausealloftheporevolumemaynotbeavailableforadsorptionina

particularwastewaterapplication,andassomeoftheadsorbatemayentersmaller

pores,itisnotagoodmeasureoftheworthofaparticularactivatedcarbonfora

specificapplication.Thisparameterisusefulinevaluatingaseriesofactivecarbonsfor

theirratesofadsorption.Giventwo activecarbonswithsimilarporevolumesfor

adsorption,theonehavingthehighermolassesnumberwillusuallyhavelargerfeeder

poresresultinginmoreefficienttransferofadsorbateintotheadsorptionspace.

MethyleneblueNumber:Themethylenebluenumber(often11to28g/100g)indicates

theadsorptioncapabilityformedium-sizedmolecules.Itisdefinedasthemaximum

amountofdyeadsorbedon1.0gofadsorbent(Nunes&Guerreiro,2011).

TanninNumbers:Sincemostcontaminantscontainavarietyofmoleculesizes,the

tanninnumber(normally200to362ppm)demonstratesthecapabilityoftheactivated

carbontoadsorbmixtures.

Carbontetrachlorideactivity(CTC):Thisistheporosityofactivatedcarbonforair/vapor

applications,anditrangesfrom 45to70%byweight.

Dechlorination:Thisisthedepthanactivatedcarbonbedmustbetoremovehalfthe

chlorinefrom aliquidstream (knownasthehalf-value).Thelowerthehalf-valueofan
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activatedcarbonbed,thebetteritsperformance.

2.1.4FORMSOFACTIVATEDCARBON

Itisdifficulttoclassifyactivatedcarbonbasedontheirbehaviororsurfaceproperties.

Howeveronthebasisofthephysicalcharacteristicssuchassize,activatedcarboncan

be classified mainly into three (3),namely;Granularactivated carbon,powdered

activatedcarbonandextrudedactivatedcarbon.

GranularActivatedCarbon(GAC):

Ithasasubstantialparticlesizerangingfrom 0.2to5mm and,asaresult,hasasmaller

exteriorsurfacearea.Thistypeofactivatedcarbonisutilizedinbothliquidandgas

phaseapplications.Theyareutilizedinflow systemsandquickmixbasinsforair

filtration and watertreatment,as wellas generaldeodorization and component

separation.

PowderedActivatedCarbon(PAC):

AccordingtoASTM classification,itistermedfinerorpulverizedcarbonwithasize

generallylessthan0.18mm (USMesh80).Thesearemostlyemployedinliquidphase

applicationsandinthetreatmentoffluegases.Becauseoftheconsiderableheadloss

thatwouldoccur,itisuncommontousePACinaspecializedvessel.Instead,PACis

commonlyfedtovariousprocessunitssuchasraw waterintakes,fastmixbasins,

clarifiers,andgravityfiltersdirectly.

ExtrudedActivatedCarbon(EAC):

Thistypeofactivatedcarboniscreatedwhenpowderedactivatedcarbonandabinder

isfusedtogetherandextrudedintoacylindershapedactivatedcarbonblockwith
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diametersrangingfrom 0.8to130mm.Duetotheirminimalpressuredrop,strong

mechanicalstrength,and low dustcontent,these are mostlyused in gas phase

applications.(Kyotani,2003)

2.1.5APPLICATIONOFACTIVATEDCARBON

Activatedcarbonisapplicableindiversefields.Itfindsitsusefulnessinwatertreatment,

chemicalandpetroleum industries,separation,purification,catalysis,energystorage,

batteries,fuelcells,nuclearpowerstations,electrodes forelectric double layer

capacitors,pharmaceutical,hydrometallurgyandothers.

 Activated carbon can be used in the food industry for decolourization,

deodorization,andflavorremoval.

 Itisutilizedinmedicinefortheadsorptionofhazardouschemicalsanddrugs.

 Activatedcarbonisutilizedingascleaningapplicationsforairfiltersandair

conditioning.

 Activatedcarbonhasbeenusedinthemineralsectortorecovergoldfrom

leachedliquors,forexample.

2.2PRODUCTIONOFACTIVATEDCARBON

Theproductionofactivatedcarbonisusuallyatwo-stageprocess;carbonizationand

activation (Kwiatkowski,2008). Biomass,coal,petroleum,forestry waste,and

agriculturalresiduesareutilizedasrawmaterialsintheproductionofactivatedcarbon.

Fortheproductionofactivatedcarbon,theprecursoremployedmustbehighincarbon
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content.Thenecessityofobtainingthemosthomogenousporousstructuredictatesthe

use ofthe two stages in the active carbons production process.Both ofthese

processes,however,haveamajorimpactonthecharacteristicsoftheporousstructure

thatdevelops.Asa result,optimizing themanufacturing processparametersand

selectingthebestmethodandreagentsisoneofthemostimportantissuesinthe

productionofactivecarbons(Kwiatkowski,2008).

2.2.1CARBONIZATIONPROCESS

Carbonization,alsoknownaspyrolysis,istheprocessofheatinginputrawmaterialsto

temperaturesbelow800°Cwithoutthepresenceofairorinacontinuousstream ofinert

gas(Kwiatkowski,2008).Mostnon-carbon elements,hydrogen,and oxygen are

eliminatedingaseousform duringthecarbonizationprocessbypyrolyticdestructionof

therawmaterials,andthefreeatomsofcarbonareclusteredintoelementarygraphite

crystallattice (Kyotani,2003).The carbonization process comprises the thermal

breakdownofcarbonaceousmaterialstoremovenon-carbonspecies,resultingina

semi-finishedproducttermedcarbonisatewithanundevelopedporestructure.

Inthecourseofthecarbonizationprocess,certainparametersgreatlyinfluencethe

process outcome.Such parameters include;temperature,heating rate,pressure,

atmosphere,and properties ofthe raw material,such as its structure,elemental

composition,humidity,the contents and composition ofmineralmatter,and the

compositionandsizeofgrains(Kwiatkowski&Broniek,2017).Thecarbonisatehasa

poorlydevelopedporousstructureandalowadsorptivecapacity,renderingitineffective

inthemajorityofadsorptionoperations.Thecarbonizationprocessincludesseveral



18

criticalphasesthatsignificantlyinfluencethequalitiesofthefinalproduct.Around500o

C,thebasicmicrostructureofthecharwithmicroporosityisformed.Someofthese

pores are sealed by the tarry compounds formed during pyrolysis and may be

accessible onlyaftera subsequentheattreatmentto around 800°C.Furtherheat

treatmentto1000oCandaboveusuallyresultsinhardnessofthecarbonstructuredue

topartialalignmentofgraphiticplanesandadecreaseinporosity,bothofwhichslow

downactivation.Consequently,thecarbonisateisphysicallyorchemicallyactivatedto

obtainthenecessarydegreeofporositystructuregrowth(Kyotani,2003).

2.2.2ACTIVATIONPROCESS

Followingthecarbonizationoftheprecursorfortheproductionofactivatedcarbonis

theprocessofactivation.Thepurposeofactivationistoincreasethediametersofthe

poresformedduringthecarbonisationprocessandtocreatenewporosity,resultingin

theproductionofawell-developedandeasilyaccessibleporestructurewithaverylarge

interiorsurface area.Activation is accomplished in two ways,as detailed in the

followingsections(Kyotani,2003).

2.2.2.1PHYSICALACTIVATION

Itisamethodinwhichthecarbonizedproductdevelopsaporousstructurewith

moleculardimensionsandalargesurfaceareaafterbeingheatedtotemperatures

rangingfrom 800to1000degreesCelsiusinthepresenceofsuitableoxidizinggases

suchassteam,CO2,andair(ACS1996).Activationtemperatureisthedeterminantof

thecourseofreactionandthedevelopmentoftheporousstructure,andassuchit

shouldbeselectedwithduecare.Seeingaslow processtemperaturesmayalter

reactionkineticsduetotheendothermicnatureofthereaction,thetemperatureshould
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bequitehigh.Attherighttemperature,theactivationprocessreactionsoccuronthe

innersurfaceofcarbon,andcarbonistakenfrom theporewallsasaresultofthe

aforementioned processes,causing the pores to widen.However,extremelyhigh

temperaturesmaycauseareactionontheoutersurfaceofcarbonmolecules.When

oxygenorairisusedastheactivatingagent,thereactionmovesveryquicklydueto

theseagents'strongreactivity,andthecarbonisateburnsoffinanunregulatedway.

Uncontrolled burn-offcauses the formation ofa porous structure and significant

materiallosses,aswellasthegenerationofvastvolumesofsurfaceoxides.Asaresult,

inthevastmajorityofsituations,oxygenandairarenotadvisedasactivationagents.

Certainmaterials,evenextremelylittleconcentrationsofparticularchemicals,can

greatlyspeedupthephysicalactivationprocess.KOH andK2CO3areutilizedas

physicalcatalyzersinindustrialapplications(Kwiatkowski,2008;Kwiatkowski&Broniek,

2017).

Physicalactivationhasseveraladvantages,includingacheapcostofmanufactureof

activatedcarbonsandtheabilitytokeeptheshapeandtextureoftheraw material,

allowingforthemanufacturingofactivatedcarbonfabricsandcloths,forexample.

Physicalactivation,ontheotherhand,producesactivatedcarbonswithaspecific

surfaceareaoflessthan2000m2/g.Furthermore,thebulkoftheraw materialis

reduced by up to 70% during the process,and two distincthigh-temperature

carbonizationproceduresnecessitatelargeenergyexpenditures.

2.2.2.2CHEMICALACTIVATION

Chemicalactivationentailsimpregnatingtheraw materialwithasufficientamountof

an activating agentsuch assalts,alkali,metalhydroxides,carbonates,sulphates,
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nitrates,aswellasnitric,sulphuricandphosphorousacids,usuallyintheform ofa

concentratedsolution,andthencarbonizingitinaneutralatmosphere.Toremovethe

remainingactivatingingredient,thecarbonisateiscooledandwashedwithdistilled

waterormildacid(Kwiatkowski&Broniek,2017;Nunes&Guerreiro,2011).

The type ofraw material,processtemperature,the atmosphere ofthe activation

process,andimpregnationratio,i.e.theratiooftheactivatingagenttotherawmaterial,

allaffectthe formation ofthe porous structure during chemicalactivation.The

impregnationratio,i.e.theratiooftheactivatingagenttotheraw material,hasa

particularimpactonporequalityandporesizedistribution.Higherimpregnationratios

usuallyresultinbiggerporecapacityandsurfaceareaoftheactivatedproducts.

Chemicalactivationprocedureshaveanumberofadvantagesoverphysicalactivation.

Chemicalactivation,forexample,minimizesthegenerationoftarduringpyrolysis,

enhancingtheefficiencyoftheprocess.Chemicalactivationcanalsobedoneatlower

temperaturesandforshorterperiodsoftimethanphysicalactivation,resultingina

moreporousstructure.Asaresult,lessenergyisneededthroughoutthemethod,

resultingincheaperproductioncosts.

KOH hasbeendiscoveredtobeusefulasanactivatingagentinthemanufactureof

activatedcarbonwithanarrowporesizedistributionandwell-developedporosity.The

activationprocessusingalkalinemetalssuchasKOHhasbeenpostulated,inwhichthe

alkalimetalinterlinksinthecarbonlatticeandactsasanelectrondonor,sparkingthe

reactionduringgasification.Thepresenceofoxygeninthealkalicouldpreventthe

carbonatomsinthecrystallitesfrom cross-linking.Potassium metalliberationathigh
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temperaturesinteractsandforcesaportionofthecrystallite'sdistinctlayerstogether.

WhencomparedtoZnCl2,theusageofKOH hasbeenrecommendedtobemore

environmentallybeneficial(Yahyaetal.,2015).

Chemicalactivation also allows formore precise controlofporosity formation.

Chemicalactivation,ontheotherhand,hasseveraldisadvantages,suchastheneedfor

an additionalrinse stage to remove excess activating agent,the chance that

contaminantsoriginatingfrom theactivatingagentwouldstayinthecreatedmaterial,

andadditionalchemicalreagentexpenditures.

Inmodernactivatedcarbonproductiontechnologies,acombinationofphysicaland

chemicalactivationmethodsisincreasinglybeingutilized.

2.3PRECURSORFORACTIVATEDCARBONPRODUCTION

Coalandagriculturalbyproductsorlignocellulosicmaterialsarethetwomainsources

ofactivated carbonproduction.Precursorsused incommerciallyactivated carbon

includepetroleum wastes,wood,coal,peat,andlignite,allofwhichareveryexpensive

andnon-renewable.Asaresult,inrecentyears,peoplehavebeenconcentratingon

activatedcarbonpreparationsbasedonagriculturalwasteandlignocellulosesmaterials

thatare both effective and inexpensive,such ascorncob,hazelnutshell,pruning

mulberryshoot,olivestone,Jojobaseed,Chinesefirsawdust,coconutshell,wood,

hazelnutbagasse,kenaffiber,bamboo,ricehusk,petai,groundnutshell,andpapermill

sludge(Yahyaetal.,2015).Whencompared to anthracite,coal,orpeat,theseby-

productshavealowercarbonconcentration.Asaresult,activatedcarbonyieldsfrom

theseprecursorsareprojectedtobereduced.Itslowercost,ontheotherhand,hasa
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greaterimpactthanitsloweryield.Thehighvolatilematterconcentrationofbiomass

hasprovedexcellentforproducingahighlyporousactivatedcarbonstructure.The

usefulnessofthewaste'sendproducts,particularlyactivatedcarbon,andtheeconomic

inputthatmaybereceivedfrom thesevaluableproductscaneventuallyoffsettreatment

anddisposalexpenses.

2.3.1PERIWINKLESHELLSASAPRECUSORFORACTIVATEDCARBONPRODUCTION

Periwinklesaremarinesnailsthatbelongtoagroupofshellfishesknownasgastropod

mollusc.AmongtheseveralspeciesofperiwinkleshellfishincludeLittorinalittorea,

Nodilittorinaradiata,Tympanostomusfuscatus,andPachmellaniaaurita.Periwinkles

inhabittheaquaticregionbetweenlowandhightides.Althoughtheyliveneartheocean

andspendpartoftheirtimeunderwater,periwinklesprefertobepartiallyexposedtoair.

Periwinklesaresoftbutaretypicallysurroundedandprotectedbystrong,brittle,and

hardshells(Eziefulaetal.,2020).Theyarefoundinoceansallovertheworld.The

commonperiwinkle(Littorinalittorea)isoneofthemostabundantmarinegastropods

ontheNorthAtlanticbut,T.FuscatusiscommonlyfoundintheNiger-Delta,Nigeria.

Periwinklesdistributethemselvesindifferentpositionsontheshore.Itisapproximately

one-halfinchtooneinchinheight,andisgreytoblackincolour.Theshellisfairlyheavy

andsolid.Theyliveintheintertidalzone(theareaoftheshorethathasalternating

periodsofexposuretoairandthenwater)(Badmus&Audu,2009).T.fuscatusis

characterizedbyturreted,granular,andspinyshellswithtaperingendsasseeninfigure

2.5.
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Figure2.5:PeriwinkleshellsofTypanotonusFuscatusspecies
Sourcehttps://www.schooldrillers.com/african-periwinkles/

Aperiwinkleshellhasspikeswhichmakesitrough-textured.Themaximum diameterof

periwinkleshellsvariesfrom 10to20mm atoneendandtaperstoapointattheother

end;thelengthvariesfrom 20to60mm (Falade,1995).Themineralphaseofperiwinkle

shellismadeofchitinandnacre,anorganicmixtureofouterlayerofhornyconchiolin

whichisascleroprotein,followedbyanintermediatelayerofcalciteoraragonite

polymorphs and also a layerofcalcium carbonate (Ugoeze and Chukwu,2015).

Molluscanshellsarebasicallycomprisedofabout95to99% CaCO3withasmall

amountofchlorides,sulfates,andorganicsubstances(Oliviaetal.,2015;Yaoetal.,

2014)Heattreatmentofseashells helps to improve the shellquality through

dehydrationanddisinfectionaswellassafehandlingandstorage(Eziefulaetal.,2020;

Yaoetal.,2014).Heattreatmentofseashellsalsohastheprospectofyieldinghigher

Carboncontent(Eziefulaetal.,2020)
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2.4FACTORSDECIDINGTHEPROPERTIESOFACTIVATEDCARBON

Inordertopreparehighperformanceactivatedcarbon,itisimportanttomaintaina

suitablecontroloverthefollowingparametersduringpreparationstage.

RawMaterials:Theprecursorforthesynthesisofactivatedcarbonincludesavarietyof

organic compounds with high carbon content.A varietyoffactors influence the

formationofporouscarbonstructuredactivatedcarbon,includinghighcarboncontent,

low inorganicorashcontent,highdensity,sufficientvolatilecontent,stabilityand

minimaldegradationduringstorage,andlowcost.

SurfaceAreaandPoreSizeDistribution:The key criteria that determine the

physicochemicalfeatures ofactivated carbon are temperature and the choice of

activatingagent.Hightemperaturescausecarbonaceousspeciestodecomposeand

increasecrystallinity.Extremecrystallinity,ontheotherhand,reducessurfacearea.

Extentof Graphitization:High-temperature annealing promotes graphitization by

causing the graphite lattice to self-heal,causing the carbon network around the

heteroatom todecompose.Althoughgraphitizationincreasestheconductivityofthe

carbon matrix,italso causes the depletion ofheteroatoms,lowering the carrier

concentration.

ContentofFunctionalGroups:Thepresenceofsurfacefunctionalgroupspromotesion

adsorptionatthecarbonmatrix'ssurface.Overdopingdifferentfunctionalgroups,on

theotherhand,hasastericimpact,reducingconductivitywithinthecarbonnetwork.

SurfaceConcentrationofFunctionalGroup:Thepresenceofsurface-activespecies

increasesthecarbon matrix'ssurfaceproperties.To achievetherequired surface
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propertiesofthecarbonmatrix,asufficientnumberofsurfacefunctionalgroupsare

required.

TypeofFunctionalGroup:Alongwiththecarbonmatrix,functionalgroupsfunctions

eitherboostreactivityorincreaseconductivity.Pyridinic-N,forexample,servesasa

Lewisbase,whereasgraphitic-Nenhancesconductivity(Banerjeeetal.,2020;Ranaetal.,

2017).

ActivationTime:Thecarbonizationprocessandthefinalpropertiesofactivatedcarbon

are greatly influenced by the activation time.The activation period is directly

proportionaltheBET()surfaceareaandinverselyproportionaltothepercentageyield

ofactivatedcarbon.Thiscouldbeduetothevolatilizationoforganiccompoundsduring

thecarbonizationprocess.

ActivationTemperature:Activationtemperature,inadditiontoactivationtime,isamajor

factorindeterminingtheBETsurfaceareaandyieldofcarbonizedcompounds.Withan

increaseinactivationtemperature,theBETsurfaceareaisobservedtoimprove.Thisis

becausethereleaseofvolatilematerialscausesthedevelopmentofnewporesandthe

broadeningofexistingporesasthetemperaturerises.Sincealargeamountofvolatile

matterisreleasedwhentheactivationtemperatureisraised,theyieldofactivated

carbonisalsoreduced.

2.5DESIGNOFEXPERIMENT

Designofexperimentreferstotheprocessofplanning,developing,andanalyzingan

experimentinordertodraw reliableandobjectiveresultsefficientlyanddecisively.

Simpleandpowerfulstatisticalapproachesmustbeintegratedintotheexperimental
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design methodologyin orderto generate statisticallyacceptable resultsfrom the

experiment(delVecchio,1997).Anyindustriallyconstructedexperiment'ssuccessis

determinedbycarefulplanning,suitabledesignselection,statisticaldataanalysis,and

collaborativeabilities.

Itisregardedasasubsetofappliedstatisticsconcernedwiththedesign,execution,

analysis,andinterpretationofcontrolledexperimentsinordertodeterminethefactors

thatinfluencethevalueofaparameterorcombinationofparameters.A designof

experimentisaseriesofteststhatinvolveschangingtheinputvariablesofasystem or

aprocessandmeasuringtheeffectonresponsevariables.Designofexperimentfinds

applicationinbothcomputersimulationsandphysicalprocesses.Itisaveryimportant

toolformaximizingtheamountofinformationgainedfrom astudyandtheamountof

datatobecollected(Telford,2007).

Thefollowingaresomeofthegoals/objectivesofindustryexperimentation:

 Enhanceyieldorefficiency

 Determiningthebestprocesssettings

 Identifyingsourcesofvariation

 Designingnewprocessesandproducts

 Correlatingprocessvariableswithproductcharacteristics

 Comparingdifferentprocesses,machinesandmaterials.

 Reducingdevelopmentcosts.
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 Reducingoverallcost.(Neubauer,2008)

Indesigningofanexperiment,thefollowingguidelinescanbefollowedto:

 Recognition ofand Statementofthe Problem:Allthoughts regarding the

experiment'sgoalsmustbedeveloped-everyone'sopinionmustbegathered-a

team approachmustbeused

 ChoiceofFactors,Levels,ResponseandRangeVariables:It'snecessarytorely

onengineeringjudgmentorprevioustestfindings.

 ChoiceofExperimentalDesign:Samplesize,replication,runorder,randomization,

softwaretoutilize,anddatacollectingform designareallfactorstoconsider

whiledesigninganexperiment.

 PerformingtheExperiment:it'scriticaltokeepacloseeyeontheprocess.Ina

complicated R&D setting,it's easy to overlook logistical and planning

considerations.

 StatisticalData Analysis:give objective results and utilize basic graphics

wheneverpossible.

 ConclusionsandRecommendation:follow uptestrunandconfirmationtesting

tovalidatetheconclusionsfrom theexperiment.
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2.5.1APPLICATIONOFDESIGNOFEXPERIMENT

Themainapplicationsofdesignofexperimentarelistedbelow;

 Comparative

 Screening/Characterizingfactors

 Optimization

 Modeling

COMPARATIVE:Hereitfunctionsbydeterminingwhetherachangeinasingleaspect

hasresultedinachangeorimprovementintheentireprocess,Selectingbetween

options,havingalimitedscopeandsuitedforpreliminarycomparison.

SCREENING/CHARACTERIZING:understandingtheprocessasawhole,inthesense

thatthedesignerwantstohaveaprioritizedlistofkeytominoraspectsthataffectthe

processinordertodeterminewhichfactorsarecritical.

MODELING:Interested in functionally modeling the process with a well-fitting

mathematicalfunctionastheoutput,aswellashavingreasonableestimatesofthe

coefficientsinthatfunction.

OPTIMIZATION:Interested in identifying optimalprocess factorsettings,thatis,

determiningtheamountofeachfactorthatimprovestheprocessresponse

Theapplicationofdesignofexperimentswouldleadto;

 Improvethedesignofyourproductsandprocesses.
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 Increasethedevelopmentcycle'sspeed.

 Lowerdevelopmentexpenses

 Improve the transition ofitemsfrom Research & developmentactivitiesto

manufacturing.

 Troubleshootproductionissueseffectively.

 Achievingproductexcellenceatthelowesttotalcostpossible

2.5.2FUNDAMENTALPRINCIPLESOFDESIGNOFEXPERIMENT

Thefundamentalprinciplesofexperimentaldesignaresolutionstothechallengesin

experimentationandtheyhelptoimproveexperimentefficiency.Therearethree(3)

mainprinciplesofexperimentaldesign;

 Randomization

 Replication

 Blocking

2.5.2.1Randomization:

Randomizationisamethodthatprotectspersonalbiasorpreferencefrom distorting

theresponseofaprocess.Subjectsarerandomlyselectedandyouguardagainsteither

selectionbiasoraccidentalbias(Telford,2007).Itisaprocessusedtoensurethateach

experimentalunithas an equalprobability ofreceiving any ofthe experimental

treatments.
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Randomizationisimportantbecause;

 Iteliminatesprejudicebecauseitmustbedonethroughamechanicalprocess

withnosubjectivehumaneffectontheoutcome.

 Iteliminatesthelinkbetweenerrors.

 Itensuresthattheresultsfrom eachoftheexperimentalunitsareindependent.

2.5.2.2Replication:

Replicationisatechniqueforboostingtheprecisionofanexperimentbyexpandingthe

samplesize.Whenthenoisecomesfrom uncontrollablenuisancevariables,replication

improvesthesignal-to-noiseratio.Itistheprocessofapplyingeachfactorcombination

toseveralexperimentalunits(Telford,2007).

Themajorbenefitofreplicationisthatitallowstheexperimenttogainanestimateof

theexperimentalerror,whichthenservesasafundamentalunitofmeasurementfor

decidingifobservedchangesindataarestatisticallysignificant.It'sagoodapproachto

reducetheimpactofuncontrolledvariationinanexperimentbyenhancingprecision.

Replicationisnotthesameasrepeatedmeasurements(Montgomeryetal.,2005).

2.5.2.3Blocking:

Blockingisatechniqueforimprovingprecisionbyreducingtheimpactofrecognized

bugs.Althoughbothproceduresareconstantlyappliedtoeachbatch,blockingisa

constraintoftotalrandomization.Sincebatch-to-batchvariabilityisexcludedfrom the

"experimentalerror,"blockingimprovesprecision(Telford,2007).
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Blockingistheprocessofdividingexperimentalunitsintocomparablehomogeneous

groups,eachgroupreflectingaleveloftheblockingvariable.Unitsineachblockareas

similaraspossiblebutdifferfrom unitsinthenextblock.PH,materialkind,moisture

level,gradient,age,timeofexperimentation,andweightlocationcanallbeimportant

blockingfactors.

2.5.3TYPEOFDESIGNOFEXPERIMENT

Therearevarioustypesofexperimentaldesignsandtheyinclude:factorialdesign,

randomized complete blockdesign (RCBD),centralcomposite design (CCD),Box-

Bhenkendesign(BBD),saturateddesignandmixturedesign.

2.5.3.1.Factorialdesign

Factorialexperimentationisamethodinwhichtheeffectsduetoeachfactorandto

combinationsoffactorsareestimated.Factorialdesignsaregeometricallyconstructed

andvaryallthefactorssimultaneouslyandorthogonally.Here,thedataarecollectedat

the vertices ofa cube in q-dimensions where q is the numberoffactors being

studied(Montgomeryetal.,2005).Factorialdesignshaveincreasedprecisionoverthe

othertypesofdesignsbecauseoftheirinternallybuiltinreplications.Therearetwo

formsoffactorialdesignandtheyare:

2.5.3.2.Fullfactorialdesign

Whenallthedataarecollectedform thevertices,itisseenasafullfactorialdesign

requiring2qruns.Sincethetotalnumberofcombinationsincreasesexponentiallywith

thenumberoffactorsstudied,fractionsofthefullfactorialdesigncanbeconstructed.
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Asthenumberoffactorsincreases,thefractionsbecomesmallerandsmaller(1/2,1/4,

1/8,1/16,…)(Telford,2007).This is the mostcommon and intuitive strategyof

experimentaldesign.Table2.1showsanexampleof23 fullfactorialsexperimental

design.

Table2.2:ShowsanExampleof23FullFactorialsExperimentalDesign

2.5.3.3.FractionalFactorialDesign

Whenthenumberofcomponentsrises,thefullfactorialdesignbecomeseconomically

unviable.Inthatinstance,fractionalfactorialdesignisutilized(Sethuramiah&Kumar,

2016).Dataarecollectedfrom aspecificsubsetofallpossibleverticesandrequires

require2p-qruns,with2-qbeingthefractionalsizeofthedesign.

Experiment

Number

Factorlevel Response

variable

Twoandthreefactorinteractions

X1 X2 X3 X1.X2 X1.X3 X2.X3 X1.X2.X3

1 -1(l) -1(l) -1(l) yl,l,l +1 +1 +1 -1

2 -1(l) -1(l) +1(h) yl,l,h +1 -1 -1 +1

3 -1(l) +1(h) -1(l) Yl,h,l -1 +1 -1 +1

4 -1(l) +1(h) +1(h) yl,h,h -1 -1 +1 -1

5 +1(h) -1(l) -1(l) yh,l,l -1 -1 +1 +1

6 +1(h) -1(l) +1(h) yh,l,h -1 +1 -1 -1

7 +1(h) +1(h) -1(l) yh,h,l +1 -1 -1 -1

8 +1(h) +1(h) +1(h) yh,h,h +1 +1 +1 +1
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Thegeometryoftheexperimentaldesignrequireseightrunsifthereareonlythree

factorspresentandaone-halffractionalfactorialexperiment(aninscribedtetrahedron)

requiresfourruns(Telford,2007).Table2.2showsandexampleof23-1fractionaldesign

Table2.3:ShowsanExampleof23-1FactorialDesign

Experimental

number

Factorlevel

X1(A) X2(B) X3(C)=X1.X2 X1.X2.X3

1 -1 -1 +1 +1

2 -1 +1 -1 +1

3 +1 -1 -1 +1

4 +1 +1 +1 +1

Figure2.6:fullfactorial

2.5.3.4.Plackett-Burmandesigns

Aplacket-Burmandesignisatypeofscreeningdesignthathelpstofindimportant

factorsinanexperiment.ItwasdevelopedbyPlackettandBurmanin1946.Itscreens
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outunimportantfactorssuchasnoisewhichmeansthatyouavoidcollectinglarge

amountsofdataonrelativelyunimportantfactors.Aplacket-Burmandesignrequiresto

beperformedtoinvestigateamaximum of4n-1factorsattwolevels.(Designetal.,

2017)

2.5.3.5.Centralcompositedesign

Acentralcompositedesignisa2Kfullfactorialtowhichthecentralpointandthestar

pointsareadded.Thestarpointsarethesamplepointsinwhichallthefactorsbutone

issetatthemeanlevel“m”.Thevalueoftheremainingfactorsisgivenintermsof

distancefrom thecentralpoint.Thedistanceofthestarpointsfrom thecentralpoint

canbechosenindifferentways.

1. Ifitissetto1,allthesamplesareplacedonahyperspherecenteredinthe

centralpoint(centralcompositecircumscribed,orCCC).Thismethodrequiresfive

levelsforeachfactor,namelyll,l,m,h,hh.Thisisthemostcommonmethodusedby

designofexperimentsoftware.

2. Ifitissettothevalue ,theparameterremainsonthesamelevelsofthe2KfullK
K

factorial(centralcompositefaced,CCF).Themethodrequiresthreelevelsforeach

factor,namelyl,m,h.

3. Ifitissettothevalue ,theparameterremainsonthesamelevelsofthe2KfullK
K

factorial(centralcompositefaced,CCF).Themethodrequiresthreelevelsforeach

factor,namelyl,m,h,
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4. Ifthedistanceissettoanyothervalue,whetheritis< (starpointsinsidetheK
K

designspace),<1(starpointsinsidethehypersphere),or>1(starpointsoutsidethe

hypersphere),wetalkofcentralcompositescaled,CCS.Themethodrequiresfivelevels

foreachfactor.

Figure2.7:ExamplesofCentralcompositeexperimentaldesigns(Cavazzati,2013)

Table2.4:CentralCompositeDesign

Factorials Response

Factors

X1 X2 X3

I

y(l,l,m)

y(h,l,m)

y(l,h,m)

y(h,h,m)

-1

+1

-1

+1

-1

-1

+1

+1

0

0

0

0
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2.5.3.6.Box-BehnkenDesign

TheBox-Behnkendesignisanindependentquadraticdesign.Itdoesnotcontainan

embeddedfactorialorfractionalfactorialdesign.Theyarebuiltcombiningtwo-level

factorialdesignswithincompleteblockdesignsinaparticularmanner.Forthisdesign,

thetreatmentcombinationsareatthemidpointsofedgesofthesamplespaceandat

Ii

y(l,m,l)

y(h,m,l)

y(l,m,h)

y(h,m,h)

-1

+1

-1

+1

0

0

0

0

-1

-1

+1

+1

Iii

y(m,l,l)

y(m,h,l)

y(m,l,h)

y(m,h,h)

0

0

0

0

-1

+1

-1

+1

-1

-1

+1

+1

Iv
y (m,m,

m)

0 0 0
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thecorner.

Figure2.8:box-BehnkenDesigns

ConsideringtheBoxBehnkendesignwiththreefactors,inthiscasea22factorialis

repeatedthreetimes;

I. Onthefirstandthesecondparameterskeepingthethirdparameteratthe

meanlevel(samplesare:llm,lhm,hlm,hhm).

II. Onthefirstandthethirdparameterskeepingthesecondparameteratthe

meanlevel(samplesare:lml,lmh,hml,hmh).

III. Onthesecondandthethirdparameterskeepingthefirstparameteratthe

meanlevel(samples:mll,mlh,mhl,mhh).

IV. Thenthecentralpoint(mmm),isadded

2.5.2.7RandomizedCompleteBlockDesign(RCBD)

Theterm randomizedcompleteblockdesign(RCBD)referstotheprocessof

determiningthetotalnumberofexperimentalunitsrequiredintheexperimentationand

thenrandomlyselectingexperimentalunitstoberunfirstorlast(Yuangyai&Nembhard,
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2010).

2.5.3RESPONSESURFACEMETHODOLOGY(RSM)

Responsesurfacemethodologywasfirstproposedintheearly1930s,butitwasn'tfully

realized until1951,due to the efforts ofBox and Wilson.Response surface

methodologyisdefined asa setofstatisticaldesign and numericaloptimization

techniquesforempiricalmodelconstructionandmodelexploitationthatareusedto

optimizeprocessesand productdesign(Yuangyai& Nembhard,2010).A response

surfaceisabasicfunction,suchasalinearorquadraticpolynomial,thatisfittedtothe

dataobtainedfrom thetrials,andtheapproachisknownastheresponsesurface

method(BoxG.E.P.andN.R.Draper,1987).Therearesomanyworksbasedonthe

applicationofRSM inchemicalandbiochemicalprocess.

BeforeusingtheRSM methodology,youmustfirstchooseanexperimentaldesignthat

specifies which tests should be conducted in the experimentalregion under

investigation.Therearesomeexperimentalmatricesthatcanbeusedforthis.When

thedatasetdoesnotcontaincurvature,experimentaldesignsforfirst-ordermodels

(e.g.,factorialdesigns)canbeemployed.However,experimentaldesignsforquadratic

response surfaces,such as three-levelfactorial,Box–Behnken,centralcomposite

shouldbeusedtoapproximatearesponsefunctiontoexperimentaldatathatcannotbe

explainedbylinearfunctions.

RSM assumesthattheresponseofaprocessisafunctionofasetofindependent

variablesX1,X2,X3…Xk

Y=f β+ε (2.1)(x)
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Wherex=(X1,X2,X3…Xk)f(x)isavectorfunctionofpelementsthatconsistsofpowers

andcrossproductsofthepowersofX1,X2,X3,….,Xk,βisavectorofpunknown

constantcoefficientscalledparameterswhileεisarandom experimentalerror.

ThefollowingaresomestagesintheapplicationofRSM asanoptimizationtechnique:

(1)Theselectionofindependentvariablesofmajoreffectsonthesystem through

screeningstudiesandthedelimitationoftheexperimentalregionbasedonthestudy's

objectiveandtheresearcher'sexperience;

(2)Theselectionoftheexperimentaldesignandexecutionofexperimentsbasedonthe

selectedexperimentalmatrix;

(3)Themathematical–statisticaltreatmentoftheobtainedexperimentaldatathrough

thefitofapolynomialfunction;

(4)Thediscussionofmodel’sfitness;

(5)Determiningthenecessityandfeasibilityofconductingashiftindirectiontothe

optimalzone;and determining the optimum values for each variable under

consideration.
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CHAPTERTHREE

MATERIALSANDMETHODOLOGY

3.1MATERIALS

Thechemicalsandreagentstobeusedwereobtainedinahighanalyticalgradeandare

listedasfollow;

 Sulphuricacid;98%pure,producedbyFisons,LoughboroughEngland.

 LeadIIchloride;98%pure,producedbyBDHChemicalsltd,Poole,England.

 EDTA

 Coppersulphate

 Hydrochloricacid(HCL);37%pure,producedbyGuangdongguanghuachemicals

factory,china

 Potassium hydroxide(KOH);97% pure,producedbycentraldrughouseltd

NewDelhi(India).

Table3.5:ReagentsUsedandTheirApplication

S/N ReagentsUsed Application

1. DistilledWater Usedforpreparationof

solutions.

2. Potassium hydroxide(KOH) Usedasactivatingagentfor
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thecharactivation.

3. SulfuricAcid(H2SO4)solution Usedtofacilitate

neutralizationofcarbonized

char.

4. Hydrochloricacid(HCl)

solution

Usedduringdeterminationof

surfacearea.

5. Sodium thiosulfate(Na2S2O3)

powder

Usedastitrantduring

titrationtodeterminethe

surfacearea.

6. Potassium iodide(KI)

powder

Usedforthepreparationof

iodinesolution.

7. Iodine(I2)crystals Usedforthepreparationof

iodinesolution.

8. Cassavastarchpowder Usedforpreparationof

starchindicator.

Table3.6:Equipment/ApparatusUsedfortheExperimentandTheirFunctions

S/N Equipment/

Apparatus

Manufacturerand

ModelNumber

Functions

1. Electricmuffle

furnace

PECMedicalUSA

(Model-SX-5-12)

Carbonizationofperiwinkle

shelltochar.
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2. ThermostaticHotAir

DryingOven

DHG-0AJinotech

InstrumentCo.China

Dryingofadsorbent

3. Desiccator S.PyrexInstruments Usedduringcooling

processestoprevent

moisturegain.

4. ASTM 250µm sieve ASTM Sizereductionofthe

periwinkleshellcharfor

activation

5. Conicalflask Jinotechinstruments Collectionoffiltrateduring

thewashingoutprocess.

6. Filterpaper Whatman Usedtoseparatewashed

charresiduefrom thefiltrate

7. Plasticdropper Usedtoaddminutequantities

ofsamplesolutionsor

reagents.

8. Plasticfunnels Usedduringwashingout

processforfiltration

9. Glassbeakers Jinotechinstruments Usedtoholdsamplesfor

analysis.

10. ElectronicCompact

Scale

Usedtoweighsamplesand

reagents

11. Crucibles ceramics Usedtoholdtheperiwinkle

shellsduringcarbonization

12. Volumetricflask S.Pryexinstruments Usedformakingstandard
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solutions

13. Burette Jinotechinstruments Usedtoholdtitrantduring

titrationprocess.

14. Retortstandand

clamp

Steel Usedtoholdtheburettein

placeduringtitration.

15. Measuringcylinder Jinotechinstruments Measuringvolumesofliquids

16. Cyclingvibrator

(Orbitalshaker)

HY-4APecMedical,

England

Mixingofadsorbentand

effluent

17. HandheldPHMeter JuanjuanDigitalDigital

pHmeter

ModelPH-227H

determinationofpHof

effluent

18. Constant

Temperature

MagneticStirrer

MS300Jinotech

InstrumentCo.,China

stirringadsorbentand

effluentmixturewith

applicationofheat

3.2METHODOLOGY

3.2.1SAMPLECOLLECTIONANDPREPARATION

PeriwinkleshellswerecollectedaswasteinalocalmarketatUselu,EdoState.The

shellswerethoroughlywashedwithwarm watertoremovesoilparticlesandother

undesired materials.Theshellswerethen sun-dried to removeexcesswaterand

packedintoapolyethyleneforfurtherprocessinginthelaboratory.
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Figure3.9:SortedandCleanedPeriwinkleShells

3.2.2CARBONIZATIONANDACTIVATIONPROCESS

30.0gramsofperiwinkleshellswereweighedinto13cruciblesrespectivelyintoan

electricmufflefurnaceoverthetimeandtemperaturestipulatedforeachrunbythe

experimentaldesign.Afterheating,theperiwinkleshellswerelefttocoolinadesiccator

andre-weighedagainandnotedasw1foreachrun.Eachrunwasgrindedandsieved

througha250µm sievethenaddedtoa250mlbeakerandlabeled.

Inactivatedcarbonpreparation,yieldisusuallydefinedasfinalweightofactivated

carbonproducedafteractivation,washing,anddrying,dividedbyinitialweightofraw

material;bothonadrybasis(Prahasetal.,2008).Thepercentageyieldofactivated

carbonproducedwasdeterminedusingtheequation;

yield%= x100 (3.1)
w1

wo
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Where,w1isfinalweightofthepyrolyzedperiwinkleshells).

woisinitialweightofperiwinkleshells.

60mlof0.5M KOHwasaddedtoeachrunandsubjectedtoheatofabout1050Cinan

airdryingovenfor2hours.Theprocessofwashingoutwascarriedouttoneutralizethe

KOHfrom theperiwinkleshellsolution.Theprocessinvolvedaddingwateranddropsof

4%sulfuricacid(H2SO4)tothesolutionandfilteringusingafilterpaperandfunneluntil

neutralizationisattained.Afterneutralizationandfiltration,eachrunwasdriedinthe

ovenatthetempof110oC.

Figure3.10:ImpregnationofPeriwinkleShellCharwithKOH

3.2.3DETERMINATIONOFSURFACEAREABYIODINENUMBERMETHOD

About10mlof5%HClsolutionwasaddedto1.0gram oftheactivatedcarbonsample

andboiledfor60secondsandallowedtocool.Thereafter,20mlof2.1M ofiodine
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solutionwasaddedtoeachofthemixturesandthensubjectedtointensivechecking

usinganorbitalcheckerfor5minutes.0.2mlofstarchsolutionwasaddedindropsto

10mlofeachHCl-Iodinesolutionmixtureuntilitturnedblue-black.

TheHCl-Iodine-starchsolutionmixturewastitratedagainst0.1M sodium thiosulfate

solution.Thetitervolumesobtainedwererecordedforeachtitration.Blanktitrationwas

alsocarriedoutwithoutthesampletodeterminetheblanktitervolume.Todetermine

thesurfacearea,theiodinenumberwasfirstcalculatedusingtheequation;

IN= xNx126.9x (3.2)
Vb-Vs

m

Vfb

Vfs

WhereINrepresentstheiodinenumber

m ismassofsample

Nisnormality(0.1N)

Vbisthetitrevolumeofblank

Vsisthetitrevolumeofsample

Vfb=1

Vfs=1

Thesurfaceareawascalculatedusingtheequation;

Si= xNxWi (3.3)
INx10-5

mi

WhereINistheiodinenumber

mi=126.92g/mol

N=6.023x1023mol-1

Wi=0.2096x10-18m2
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3.2.4DETERMINATIONOFPOROSITY

Todeterminetheporosity,10mlofeachsamplewasmeasureintoameasuringcylinder

and10mlofwaterwasaddedtoeachsample.Eachsamplewasfilteredtocollectthe

volumeofwaterthatcouldpassthroughthesample.

Porositywascalculatedforusingtheequation;

porosity= x100 (3.4)
Vl

Vs

VL=volumeofliquidthatpenetratesintothesample

VS=volumeofsample

3.3DESIGNOFEXPERIMENT

Astatisticalmodelfortheactivatedcarbonproductionprocesswasdesignusingthe

CentralCompositeDesign(CCD)forresponsesurfacemethodology.Two-independent

variableswereinvestigatedin thisstudiesforthepreparationofAC; theyare:x1,

activationtemperature(°C)andx2,activationtime(mins).Thereare4factorialpoints,4

axialpointsand5replicatesatthecenterpoints,indicatedbyatotalof13experimental

runsfortheproductionprocess.,ascalculatedbytheequation;

totalnumberofexperiments = + 2n+nc= +2×2+5=13 (3.5)(N) 2
n

22

Wherenisthenumberoffactors,ncisthenumberofcenterpoints(sixreplicates)

Thereproducibilityofthedataandtheexperimentalerrorwereverifiedusingthecenter

pointsThevariableswerecodedinthe(-1,1)interval,with-1and+1representingthe
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lowandhighlevels,respectively.Theaxialpointsareusuallylocatedat(±α,0,0),(0,±α,

0),and(0,0,±α),whereαisthefixedat1.414.Thecodedandactualvaluesforthe

centralcompositedesignareshownintable3.3Table3.7:CodedandActualvaluesfor

thefactorsofCentralCompositeDesign

IndependentVariables Symbols

CodedandActualLevel

-α -1 0 +1 +α

ActivationTemperature

(oC)
X1 300 358.58 500 641.42 700

ActivationTime(mins) X2 30 51.97 105 158.03 180

Thethreeresponsesareactivatedcarbonyield(Y1),surfacearea(Y2)andporosity(Y3).

Eachresponsewasusedtodevelopanempiricalmodelwhichcorrelatedtheresponse

tothevariablesusingasecond-degreepolynomialequationasfollow(M.A.Ahmadet

al.,2017):

Y=bo+ + + (3.6)

n

∑
i=1

bixi (
n

∑
i=1

biixi)
2 n-1

∑
i=1

n

∑
j=1+i

bijxixj

whereYstandsforthepredictedresponse,

bo=constantcoefficient,

bi=linearcoefficients,

bij=interactioncoefficients,
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bii=quadraticcoefficientsand

xiandxjstandforcodedvaluesoftheactivatedcarbonproductionvariables.

Theinfluenceofasinglefactorisrepresentedbythecoefficientwithonefactor,butthe

interactionoftwofactorsandquadraticeffectsarerepresentedbythecoefficientwith

twofactorsandthosewithsecond-orderterms.Thefeatureofdesirabilitywasapplied

usingDesignExpertsoftwareversion11.1.2.0toreachacompromisebetweenthe

results (STAT-EASE Inc.,Minneapolis,USA).The coefficientofdetermination and

analysisofvariance(ANOVA)wereusedtoevaluatethesuitabilityofthederivedmodel

forpredictingyield,surfacearea,andporosity,aswellasthesignificancelevelsofthe

linear,interaction,andquadraticfactors(Dargahietal.,2021).
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CHAPTERFOUR

RESULTSANDDISCUSSION

4.1PROPERTIESOFPERIWINKLESHELLS

Thephysicalpropertiesobtainedresultsoftheperiwinkleshell-basedactivatedcarbons

arelistedinTable4.1.Theactivatedperiwinkleadsorptionefficiencyshellsisdirectly

relatedtothetotalsurfaceareaofthecarbon(Awokoyaetal.,2016).Largerthesurface

arearesultedinhigheradsorptionefficiencyofthecarbon,whichisanimportant

attributewhenconsideringtheselectionofadsorbentsintheseparationprocess.From

thedatashownontotalsurfaceareainTable4.1,theperiwinkleshell-basedactivated

carbonmanufacturedinthelaboratoryhadalargetotalsurfaceareaofabout1038

m2/g.Theashcontentisameasureofmineralsimpuritiesincarbonsobtainedprimarily

from carbonprecursors.Periwinkleshell-basedcarboncontainedonly0.1percentash

(Olafadehanetal.,2012).

Table4.1:CharacteristicsofPreparedPeriwinkleShellActivatedCarbon(PSAC)

Property Value

AshContent 97.31%

Specificgravity 1.51

Porosity 75.61%

Particlesize <250μm

pH 7.34



51

4.2FOURIERTRANSFORM INFRARED(FTIR)SPECTRA:

Oxygencontainingsurfacefunctionalgroupsplaysimportantroleininfluencingthe

surfacepropertiesandadsorptionbehaviorofactivatedcarbons(Dawood&Sen,2014).

These groups can be formed during activation process orcan be introduced by

oxidationafterpreparationofactivatedcarbon.TheFTIR spectraobtainedforthe

preparedadsorbentisgiveninFigure4.1.Thesampleshowedthreemajorabsorption

bandsintheregion1600–1400cm-1.Thestrongbandaround1435cm-1referstothe

stretchingvibrationsofCarbonateion( )bondswhichisoftenfoundinactivated

carbons.Similarly,theweakpeakseenat3395.60477cm−1 hasbeenassignedto

stretchingvibrationsofAliphaticprimaryamine(N –H)bonds.Thesummaryofthe

resultsisaspresentedinTable4.2.

Figure4.1:FTIRSpectrum ofAnalysisofAdsorbent
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Table4.2:ResultofSpectrum peaksofPSAC.

Peak

Number

Wavenumber

(cm-1)

Intensity FunctionalGroup Comment

1 1435.02507 86.43476 Carbonateion

( )

Strong

stretched

2 3395.60477 92.39848 Aliphaticprimary

amine(N–H)

Weak

stretched

3 3458.96951 92.46313 Heterocyclicamine

(N–H)

Weak

stretched

4.3MODELINGANDANALYSISUSINGRSM

ExperimentaldesignforpreparingACsfrom periwinkleshells(PS)wasinvestigated,

usingresponsesurfacemethodology(RSM)todesigntheexperimentalwork.Thetwo

variablesinvestigatedwereactivationtemperature(x1)andactivationtime(x2))with

threeresponses,includingYield,Y1(%),surfacearea,Y2(m2/g)andporosity,Y3(%).

Thesevariableswereselectedbasedonpreviousrelatedstudiesintheliterature.

4.3.1DETERMINATIONOFAPPROPRIATEMODELS

DesignExpertSoftwarewasusedtoanalyzetheexperimentaldata.Investigationwas

carried outon linearinteraction,two factorinteraction and quadratic models to
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determinethebeststatisticallysignificantmodelandthemodelthatbestdescribesthe

relationshipbetweentheinputsandtheresponse.Themodelswereselectedbasedon

thehighestorderpolynomialswheretheadditionaltermsweresignificantandthe

model,notaliased.Themodelsummarystatisticsofyield,surfaceareaandporosity

responsesisshownintables4.2,4.3and4.4respectively.

Table4.3:ModelStatisticsforYield(Y1)Response

Source Std.Dev. R² AdjustedR² PredictedR² PRESS

Linear 0.5508 0.9205 0.9045 0.8323 6.40

2FI 0.3607 0.9693 0.9591 0.9361 2.44

Quadratic 0.2568 0.9879 0.9792 0.9379 2.37 Suggested

Cubic 0.2899 0.9890 0.9736 0.5644 16.62 Aliased

Table4.4:ModelStatisticsforSurfaceAreaResponse(Y2)

Source Std.Dev. R² AdjustedR² PredictedR² PRESS

Linear 28.45 0.0116 -0.1861 -0.6364
13404.1

8

2FI 29.96 0.0135 -0.3154 -1.2021
18037.9

7

Quadratic 0.4315 0.9998 0.9997 0.9991 7.54 Suggested

Cubic 0.3611 0.9999 0.9998 0.9973 22.27 Aliased
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Table4.5:ModelStatisticsforPorosityResponse(Y3)

Source Std.Dev. R² AdjustedR² PredictedR² PRESS

Linear 0.8016 0.9777 0.9732 0.9544 13.12 Suggested

2FI 0.8315 0.9784 0.9711 0.9246 21.67

Quadrati

c
0.9317 0.9789 0.9638 0.8685 37.83

Cubic 0.4880 0.9959 0.9901 0.9455 15.67 Aliased

ItshowsthatquadraticmodelwasgeneratedbyRSM asitwasstatisticallysignificant

foryield(Y1)andsurfacearea(Y2)responses.Meanwhile,forporosity(Y3)response,

linearmodelwasselected.Thegeneratedempiricalmodelby RSM interm ofcoded

factorsreflectedtheinteractionandsignificanceofvariablestowardsresponse.The

coefficientwith one factorrepresentsthe particularfactoreffectonly,whilstthe

coefficientswithtwofactorsandthesecond-orderterm representtheinteractionoftwo

factorsandthequadraticeffect,respectively.Thefinalempiricalformulamodelsforthe

responsesintermsofcodedfactorsarerepresentedbyEquation4.1;

Yield =94.76-1.32 -1.63 -0.6825 +0.0484 -0.3066(Y1) x
1

x
2

x
1
x

2
x2

1
x2

2

SurfaceArea =78.48-0.986 +3.30 +1,98 -32.01 -15.76(Y2) x
1

x
2

x
1
x

2
x2

1
x2

2

Porosity =35.49+5.88 +0.7135 (4.1)(Y3) x
1

x
2

Correlationcoefficient,R2valuewasverycrucialforvalidationofthemodeldeveloped.
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TheR2 valuesforequation4.1are0.9879,0.9998and0.9777,respectively.These

resultsindicate98.79%,99.98% and97.77% ofthetotalvariationinthePSACyield,

surfaceareaandporositycorrelationbetweentheexperimentalandpredictedvalues,

respectively.ThesehighR2valuesshowthatthepredictedresponseswereneartothe

experimentalvalues,indicating thatthe models are adequate forcorrelating with

experimentdata.Asaresult,theR2 indicatesthatexperimentaldataareingood

agreement.Furthermore,thethreemodelshadlowstandarddeviationvaluesof0.2568,

0.4135,and0.8016.Thecompletedesignmatrixforpreparing(PSAC)isgiveninTable

4.5.Fortheresponses,themodelcoefficientwasestimatedusingmultipleregression

analysistechniqueinRSM.Itcanbeseenthattheexperimentalandpredictedvalues

obtainedwereinagreementhencevalidatingthemodelsandresultsobtained.

Table4.6:ExperimentalDesignMatrixCoded,ActualValuesandExperimentalResults
fortheResponses

Run

No

Activation

Temperature

(oC),X1

ActivationTime

(mins),X2

Responses

Yield(%) Surfacearea

(m2/g)

Porosity

(%)

Code

d

Value

s

Actual

values

Code

d

value

s

Actual

values

EXP.

Values

PRED.

Values

EXP.

Values

PRED.

Value

s

EXP.

Values

PRED.

Values

1 -1 358.57

9

1 158.03

3
95.00 94.88 33.14 33.01 30.90 30.32

2 0 500 1.414 180 91.77 91.85 51.74 51.62 37.20 36.50
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3 1 641.42

1

1 158.03

3
90.97 90.87 34.57 35.00 41.00 42.09

4 1.414 700 0 105 92.83 92.99 13.66 13.06 44.47 43.81

5 0 500 0 105 94.91 94.76 78.13 78.48 35.72 35.49

6 -1.414 300 0 105 96.53 96.73 15.66 15.85 26.10 27.17

7 0 500 0 105 94.97 94.76 78.72 78.48 35.72 35.49

8 0 500 -1.414 30 96.17 96.45 42.59 42.30 33.80 34.48

9 -1 358.57

9

-1
51.967 97.03 96.77 30.39 30.38 30.00 28.89

10 0 500 0 105 94.50 94.76 78.39 78.48 35.50 35.49

11 0 500 0 105 94.60 94.76 78.81 78.48 34.53 35.49

12 0 500 0 105 94.83 94.76 78.36 78.48 35.42 35.49

13 1 641.42

1

-1
51.967 95.73 95.49 23.90 24.45 41.00 40.66

4.3.2ANALYSISOFVARIANCE(ANOVA)

Through analysis of variance, the models' significance and adequacy were

demonstrated(ANOVA).Themeansquareswerecalculatedbydividingthetotalofthe

squaresofeachvariablesource;themodelandtheerrorvariancewereestimatedby

thedegreeoffreedom.Ap-valuelessthan0.05showsthattheoutcomeisnotrandom

andthattheterm modelhasasubstantialimpactontheanswer(M.A.Ahmadetal.,

2017).Table4.5showstheresultsoftheANOVAforthequadraticPSACyieldmodel.



57

Table4.7:ANOVAforQuadraticModelofYield

Source
Sum of

Squares
df

Mean

Square
F-value p-value

Model 37.68 5 7.54 114.26
<

0.0001
significant

X1-Temperature 13.95 1 13.95 211.43
<

0.0001

X2-Time 21.17 1 21.17 320.88
<

0.0001

X1X2 1.86 1 1.86 28.25 0.0011

X1² 0.0163 1 0.0163 0.2468 0.6346

X2² 0.6540 1 0.6540 9.92 0.0162

Residual 0.4617 7 0.0660

LackofFit 0.2970 3 0.0990 2.41 0.2079
not

significant

PureError 0.1647 4 0.0412

CorTotal 38.15 12

Std.Dev. 0.2568

Mean 94.60

C.V.% 0.2715

R² 0.9879

AdjustedR² 0.9792

PredictedR² 0.9379
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AdequatePrecision 33.7789

From table4.6,theModelF-valueof114.26andP-valueslessthan0.0500(0.0001)

impliedthemodelweresignificant.InthiscasetheactivationtemperatureX1,activation

time X2,the interaction term ofactivation temperature and time (X1X2)and the

quadraticfactorX22 weresignificantmodelterms.Whereas,thequadraticfactorX12

wasinsignificanttotheresponse.TheLackofFitF-valueof2.41impliedtheLackofFit

wasnotsignificantrelativetothepureerror.Non-significantlackoffitisgood.The

PredictedR²of0.9379wasinreasonableagreementwiththeAdjustedR²of0.9792;i.e.

thedifferenceislessthan0.2.AdequatePrecisionmeasuresthesignaltonoiseratio.A

ratiogreaterthan4isdesirable.Theadequateprecisionratioof33.779wasobtained,

thusindicativeanadequatesignal.

Table4.8:ANOVAforQuadraticModelofSurfaceArea

Source
Sum of

Squares
df

Mean

Square
F-value p-value

Model 8190.04 5 1638.01 8799.22 <0.0001 significant

X1-ActivationTemperature 7.78 1 7.78 41.78 0.0003

X2-ActivationTime 86.86 1 86.86 466.59 <0.0001

X1X2 15.68 1 15.68 84.24 <0.0001

X1² 7129.77 1 7129.77
38300.4

4
<0.0001

X2² 1728.20 1 1728.20 9283.73 <0.0001
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Residual 1.30 7 0.1862

LackofFit 0.9916 3 0.3305 4.24 0.0982
not

significant

PureError 0.3115 4 0.0779

CorTotal 8191.34 12

Std.Dev. 0.4315

Mean 49.08

C.V.% 0.8791

R² 0.9998

AdjustedR² 0.9997

PredictedR² 0.9991

AdequatePrecision 223.1973

TheANOVAforquadraticmodelforsurfaceareaisshowninTable4.7.TheModelF-

valueof8799.22andmodelp-valueof˂ 0.0001impliedthemodelwassignificant.The

observedP-valueslessthan0.0500indicatemodeltermsaresignificant.InthiscaseX1,

X2,X1X2,X1²,X2²weresignificantmodelterms.TheLackofFitF-valueof4.24wasnot

significantrelativetothepureerror.ThePredictedR²of0.9991isinagood agreement

withtheAdjustedR²of0.9997,ofwhichdifferenceislessthan0.2.AdequatePrecision

measuresthesignaltonoiseratio.Aratioof223.197(higherthanthedesirableratioof

4)indicatedanadequatesignal.

Table4.9:ANOVAforLinearModelofPorosity

Source Sum of df Mean F-value p-value
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Squares Square

Model 281.13 2 140.56 218.77 <0.0001 significant

X1-Activation

Temperature
277.06 1 277.06 431.21 <0.0001

X2-ActivationTime 4.07 1 4.07 6.34 0.0305

Residual 6.43 10 0.6425

LackofFit 5.46 6 0.9092 3.75 0.1107
not

significant

PureError 0.9697 4 0.2424

CorTotal 287.55 12

Std.Dev. 0.8016

Mean 35.49

C.V.% 2.26

R² 0.9777

AdjustedR² 0.9732

PredictedR² 0.9544

AdequatePrecision 43.2268

TheANOVAforthelinearmodelofPSACporosityisshowninTable4.8.TheModelF-

valueof218.77impliedthemodelwassignificant.P-valueslessthan0.0500indicate

modeltermsaresignificant.InthiscaseX1andX2weresignificantmodelterms.The

LackofFitF-valueof3.75impliedtheLackofFitwasnotsignificantrelativetothepure
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error.Non-significantlackoffitisgood.ThePredictedR²of0.9544isinreasonable

agreementwiththeAdjustedR²of0.9732;i.e.thedifferenceislessthan0.2.Adequate

Precisionmeasuresthesignaltonoiseratio.Aratiogreaterthan4isdesirable.Aratio

of43.227whichisgreaterthanthedesirableratioof4,suggestedanadequatesignal.

Therefore,itcanbeconcludedthattheabovemodels(Equation4.1)wereadequateto

predictthePSACyield,surfaceareaandporositywithintherangeofvariablesstudied.

4.2.3.PARITYPLOT

TheexperimentalandpredictedvaluesshowninTable4.5wereplottedtoanalyzethe

correlationbetweenthem asshowninFigure4.2,4.3and4.4foryield,surfaceareaand

porosityresponsesrespectively.Itisobservedfrom theplotsthatthedatapointsare

distributednearthestraightline.Thisfurtherindicatesthatthemodelsspecifiedfor

eachresponsecouldbeemployedasthesignificantmodelforthepredictingresponses

overtheindependentinputvariables.
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Figure4.11:PredictedVersusExperimentalValuesPlotforYieldResponse

Figure4.12:PredictedversusactualvaluesplotforSurfaceArearesponse
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Figure4.13:PredictedversusActualvaluesforPorosityresponse

Figure4.14:3DResponseSurfaceandContourPlotforYieldShowingtheInfluenceof



64

ActivationTemperatureandTime

Figure4.15:3DResponseSurfaceandContourPlotforSurfaceAreatoShowthe
InteractionbetweenActivationTemperatureandTime
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Figure4.16:3DResponseSurfaceandContourPlotShowingtheInfluenceofActivation
TemperatureandTimeonthePorosity

4.4PSACYield

ConsideringtheF-valuesshownintable4.6andthe3-Dresponsesurfaceandcontour

plotinfigure4.5,itcanbeimpliedthatbothactivationtemperatureandactivationtime

hadsubstantialeffectontheyield.However,theactivationtimehasthehighesteffect

onthepercentageyieldsinceitgavethehighestF-valueof320.88.At358.579oCand

51.967minutes,thehighestPSACyield(97.03%)(table4.4)wasachieved.Itshouldbe

notedthatthesewerethelowestvaluesoftheindependentvariables.Thiswasdueto

anincompleteeliminationprocessofthevolatilematterandtarthattookplace(M.A.

Ahmadetal.,2016).Thesevolatilematterandtarcompoundsaddedmoreweightto

thePSAC,thushigheryieldwasobtained.Increasingthetemperaturecausestherateof

reactionsinC–CO2andC–KOHtoalsoincreaseleadingtodecreaseincarbonyieldand

increaseincarbon“burn-off”byKOH(M.A.Ahmadetal.,2020;Q.S.Liuetal.,2010).
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ThePSACyieldcontinuedtodecreasegraduallywithincreasingactivationtemperature

andtime.Thisresultwasinaccordancewiththestudiesonoptimizationofpreparation

conditionsforactivated carbonfrom prosopisafricanaseed hullsusing response

surfacemethodologyandoptimizationandbatchstudiesonadsorptionofmalachite

greendyeusingrambutanseedactivatedcarbon(Rahim &Garba,2016).

4.5PSACSurfaceArea

From table4.6,theF-valueswasindicativethattheindependentvariable;activation

temperatureandactivationtimehadsignificanteffectonthesurfaceareaobtained.

Activatedtimehowever,hadthehighestF-value(466.59).Thevaluesofsurfacearea

achievedrangedfrom 13.66–78.81m2/g.aspresentedintable4.5.Itcanbeseenfrom

the3Dresponsesurfaceandcontourplotthatthesurfaceareagraduallyincreasedwith

temperatureuptoapointanddecreasedwithfurthertemperatureincrement.When

periwinkleshellparticlesareexposedtohighactivationtemperaturesoveranextended

periodoftime,thevolatilechemicalsintheinnerhalfoftheparticleevaporate.Thisaids

theperiwinkleshellparticlesinacquiringdeeperpores,resultinginalargersurfacearea.

Withhigheractivationtemperatures,thesurfaceareagrowsuntilitreachesamaximum

point.Whereasagreateractivationtemperatureisknowntoprovidealargesurface

areaforactivatedcarbon,attemptingtocreateexcessivelylargeporeswillcausecell

wallweakening.The mesopores were generated when many nearby micropores

collapsed,reducingthesurfacearea(Y.Liuetal.,2018).Astheactivatingtemperature

roseoveritsideallevel,thecarbonsurfaceareashrank,resultinginalossinporosity.

TheresultsofthisstudywasinaccordancetoInfluenceofdifferentchemicalreagents
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onthepreparationofactivatedcarbonsfrom bituminouscoalandoptimizationof

activatedcarbonpreparationfrom cassavastem usingresponsesurfacemethodology

onsurfaceareaandyield(Hsu&Teng,2000;Sulaimanetal.,2018).

4.6PSACPorosity
ConsideringtheF-valueintable4.7,itcanbeimpliedthatbothactivationtemperature

andactivationtimehaveinfluencedtheporosityachieved.However,themosttangible

effectwasobservedintheactivationtemperature.IthadthehighestF-valueof431.21

whichgreatlyoutweighstheF-valueof6.34obtainedfortheactivationtime.Thehighest

valueofporosity(44.47%)wasachievedat700oCand105minutes(table4.5).From

figure4.6,theresponsesurfaceandcontourplotshowedanincreaseofporositywith

activationtemperatureandactivationtime.Theincreaseinporositywithtemperature

canbeattributedtothereleaseoftarsfrom cross-linkedframeworkgeneratedbythe

treatmentpotassium hydroxide (KOH)(Prahas etal.,2008).This resultwas in

accordancewiththestudiesontheproductionofactivatedcarbonfrom snailshell

waste(Helixpomatia)andInfluenceofdifferentchemicalreagentsonthepreparation

ofactivatedcarbonsfrom bituminouscoal(Gumus&Okpeku,2015;Hsu&Teng,2000).

4.7OPTIMIZATIONOFACTIVATEDCARBONPRODUCTIONPROCESS
Thegoaloftheexperimentwastodeterminethebestproductionconditionsforahigh

PSACoutput,aswellasalargesurfaceareaandporosity.However,optimizingthese

threeanswersunderthesameconditionwasdifficultduetothedifferentinterestzones

ofvariables.Somerunshadveryhighyieldmatchedwithlow surfaceareaandlow

porosityandviceversa,hencetheneedtofindtheoptimum operatingconditionsto
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maximizeallresponses.

Table4.10:Optimum ConditionforPSACProduction

Temperature Time Yield SurfaceArea Porosity Desirability

536.375 82.087 95.147 71.525 36.695 0.707 Selected

Table4.9showstheoptimalconditionforactivatingthecarbonthatwillmaximizeits

responses.NumericaloptimizationwasperformedusingtheDesignExpertSoftware

version11.1.2.0(STAT-EASEInc.,Minneapolis,USA)toapplythefunctionofdesirability

toacquireacompromisebetweenthesethreeresponses.Itwasusedtooptimizethe

parameterswherethetargetresponsesweresetatmaximum values,whilethevalues

ofvariables(activationtemperatureandactivationtime)weresetinrangeunderstudy.

Theoptimum conditionstheproductionofactivatedcarbonusingperiwinkleshellwas

achievedatactivationtemperatureandactivationtimeof536.375oCand82.087mins

respectively.Theseconditionsresultedinactivatedcarbonyieldof95.147%̀,surface

areaof71.525m2/gandporosityof36.695%.
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CHAPTERFIVE

CONCLUSIONSANDRECOMMENDATIONS

5.1CONCLUSIONS
Thisstudysuccessfullyemployedresponsesurfacemethodology(RSM)toexaminethe

influenceoftheeffectsofactivationtemperatureandactivationtimeonthepercentage

yield,surfaceareaandporosityofactivatedcarbonproducedfrom periwinkleshells,

PSAC.The models developed forstatisticalexperimentaldesigns and process

optimizationswereobserved.TheFTIR analysiswasalsoperformedandfollowing

conclusionshavebeendrawn;

 Periwinkleshellasaprecursorforactivatedcarbonproductionisverysuitable.It

ishighlycarbonaceousandgavehighyieldsthatrangedfrom 90to97.03% of

activatedcarbon.

 The quadratic and linearmodels (p-values˂0.0001)developed forstatistical

experimentaldesignsandprocessoptimizationwerefoundtobestatistically

significantforpredictingandunderstandingtheresponsesasafunctionoftheof

processparameters.

 Itwasfoundthattheoptimalactivationtimeandactivationtemperatureis

82.087minand536.375°C,respectivelygaveapredictedresponseof95.147%

yield,surfaceareaof71.525m2/gand36.695% porosity.Betweenthesetwo

parameters,the activation temperature showed the greatest impact on

responses,PSACyield,surfaceareaandporosity.
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 FTIRanalysisshowedthepresenceofstretchingbandsincluding;thestretching

vibrationsofCarbonateion( )bonds,aliphaticprimaryamine(N-H)and

heterocyclicamine(N-H).

5.2RECOMMENDATIONS

Periwinkleshellsasactivatedcarbonprecursorandagro-wasteshasgreatpotentialsof

replacingcommerciallymadeactivatedcarbon(CAC).ThisisvitalbecausePSACshave

the advantage ofbeing more economically and mitigate environmentalpollution

resultingfrom periwinkleshellsdump.Thefollowingarethereforerecommendedforthe

purposeofscaleuporfutureresearches.

1.Moreagro-wasteproductsshouldbeinvestigatedtocheckfortheirusabilityfor

producingvalueaddedproductssoastofurtherreducedisposalsofagro-wastes

intotheenvironment.

2.Furtherstudiesintotheuseperiwinkleshellsforactivatedcarbonproduction

shouldbecarriedouttooptimizeotherfactorsthatwerenotstudiedinthis

researchandalsotoimproveontheyield,surfaceareaandporosityofthe

activatedcarbon.
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APPENDIX

Figure18:3DResponseSurfaceplotshowingdesirabilityofoptimalconditions



81

Figure19:ContourPlotofDesirabilityofOptimalConditions
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Figure20:Contourplotsshowinginteractionofactivationtemperatureandactivation
timeforthedifferentresponsesatoptimalconditions
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