
1

APROJECTREPORTON

BiodieselproductionusingCaOdepositedonmicroporous

Activatedcarbon(CaO/C-K2CO3)from wastecookingoil

Dissertationsubmittedto

GOAUNIVERSITY

Inpartialfulfillmentoftheawardofthedegreeof

MASTEROFSCIENCE

SEMESTERIV

By

AmitaG.Gaonkar

RollNo.:20P0490026

Undertheguidanceof

Dr.AnjaniP.Nagvenkar

Tothe

DEPARTMENTOFCHEMISTRY

GOAUNIVERSITY



2

CERTIFICATE

This is to certify thatwork incorporated in the projectentitled

“Biodiesel production using CaO deposited on microporous

activated carbon (CaO/C-K2CO3) from waste cooking oil” is

bonafiedworkdonebyMissAmitaG.Gaonkarduringtheperiodof

studyundermyguidanceinpartialfulfillmentofrequirementforthe

award ofthe Degree ofMasterofscience in Chemistry atthe

DepartmentofChemistry,GoaUniversityduringtheacademicyear

2021-2022.

Dr.AnjaniP.Nagvenkar Prof.VidhyadattaVerenkar

Projectguide Dean

SchoolofChemicalSciences SchoolofChemicalSciences

GoaUniversity GoaUniversity



3

DECLARATION

Ideclarethatmatterpresentedinthisprojectentitled“Biodiesel

productionusingCaO depositedonmicroporousactivatedcarbon

(CaO/C-K2CO3)from wastecookingoil”istheoriginalworkdoneby

meattheDepartmentofChemistry,GoaUniversity,TaleigaoPlateau,

GoaundertheguidanceofDr.AnjaniP.Nagvenkar.Andtothebestof

myknowledgesimilarworkhasnotbeensubmittedelsewhereforthe

fulfillmentoftherequirementofcourseofstudy.

Date:29April2022 CandidateSignature

Place:GoaUniversity,

Taleigao-Goa AMITAG.GAONKAR

(M.Sc.Part-II)



4

ACKNOWLEGDEMENTS

Iwouldliketoexpressmyspecialthanksofgratitudetomyproject

guideDr.AnjaniP.Nagvenkarwhogavemethegoldenopportunityto

dothiswonderfulprojectonthetopic“Biodieselproductionusing

catalystcalcium oxidedepositedonmicroporousactivatedcarbon

(CaO/C-K2CO3)from wastecookingoil”,whichalsohelpedindoing

alotofresearchandIcometoknowaboutmanynewthings.

SecondlyIwouldalsoliketothankITDepartmentwhoprovidedus

goodinternetconnection.AndIlikeexpressmydeepappreciationfor

theindividualsupport,guidance,co-operationandencouragement

rendered bymyparentsand friendsthroughoutthisprojectand

collegelife.



5

CONTENT

1.INTRODUCTION......................................06

2.IMPORTANCE………………………………………….08

3.METHODOLOGY………………………………………09

4.OUTPUT………………………………………………....10

5.REFRENCES………………………………………….…11



6

BIODIESELPRODUCTIONUSINGCATALYSTCaODEPOSITED
ON MICROPOROUS ACTIVATED CARBON (CaO/C-K2CO3)
FROM WASTECOOKINGOIL

1.INTRODUCTION

Fossilfuelsnowbecomingasemergingfuelandusingfossilfuelenvironmentalimpactalso

increasing.Itisnecessarytofindsolutionforthisforfuturegeneration.Biodieselproduction

isthebestremediestoovercomethisproblems.Biodieselisdefinedasamixtureoffatty

acid methylesters (FAME)obtained through transesterification oftriglycerides from

renewablesources.Biodieselisrenewable,cleanburningliquidfuel,whichcanbeproduce

bytransesterificationreactionfrom biomasssourceslikewastecookingoil[1,2,3,4,16].

Transesterificationisoneofthereversiblereactionandproceedsviamixingreactants,so

needofcatalysttoacceleratetheconversion.Heterogeneouscatalystaremoreusedover

homogeneouscatalystsince itprovide easyseparation ofproduct,non corrosive and

ecofriendly.Manymetaloxides,suchasalkaliearthmetaloxide,transitionoxides,mixed

metaloxidesandsupportedmetaloxides,hasbeenstudiedasheterogeneoussolidcatalyst

[1,5,6,7,8]..

Theorderofactivityofalkalineearthmetaloxidescatalystisgivenasfollow BaO>SrO>

CaO>MgO[1].Barium israremetalandBaOdissolvesinmethanolandSrisexpensive[9].

AvailabilityofCaOisnaturallyabundantaslimestoneandothersourceofCaOproduction

arewasteshells,suchascrabshells,eggshells,musselshells.Severalworkhasbeen
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reportedusingcatalyticsupportwhichcanprovidehighsurfaceareathuscanincreasethe

yield[10,5,11,12,13].Microporousactivatedcarbonactsashighlyeffectivecatalystsupport,which

provide high surfacearea,stability,controllable poresize and allow dispersereactant

effectively[1,14,5,15,3,16].

CaOshowshigherbasicity,non-corrosive,canbesynthesizedwithlowerpriceandeasyto

handle.Themainpurposeofthisstudyistoenhancetheproductionofbiodieselfrom waste

cooking oilusing CaO deposited on microporousactivated carbon.Itisexpected that

replacingthecommercialCaOwithCaOdepositedonmicroporousactivatedcarboncanlead

tofurtherimprovementinthetransesterificationrate[7,4,17,18,16,19]

Fig.1.TransesterificationofwastecookingoilforbiodieselproductioncatalyzedbyCaO
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2.IMPORTANCEOFPROJECT

Theutilizationofsuccessfulheterogeneouscatalystwillcopewithmostofeconomicaland

environmentaldrawbacks ofhomogeneous process.CaO impregnated on microprous

activatedcarbonwillincreasethecatalystperformancethusincreasetheyieldofbiodiesel.

CaOiseasilyavailableinnatureaslimestoneandonecanmakeuseofeggshell,mussel

shell,crabshellforproductionofCaOthiswillbecosteffective[20,17,21,22,7,9].Amongthealkali

and alkali metal oxides,CaO is one of the solids that have displayed higher

transesterificationactivity.ManystudiesreportedthatCaOisanattractivecatalystforthe

transesterificationreactionofthewastecookingoilthatcanbere-usedforseveralruns

withoutanydeactivation.Finallyotheralkaliearthoxidesorhydroxides,likeforinstanceSrO

orBa(OH)2showhigheractivitybuttheydissolvesinreactionmedium [11,1,23,24,5,14].SoCaO

depositedonmicroporousactivatedcarbonwillbemostsuitablecatalysttobeusedfor

enhancementofbiodieselproduction.
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3.METHODOLOGY

Fig.2.Transesterificationofatriglycerideforbiodieselproduction

ToenhancethecatalyticactivityofcatalystactivationofcarbonwillbedonebyusingK2CO3

whichwillintroducemoremicropororsitycomparedtoKOHactivatedcarbon[2,25,].Thiswill

beproceededbymixingcarbonsourcewithK2CO3for24hoursthanmixerwillbedriedat

1100cthisimpregnatedsamplewaspyrolysedatthetemperatureofaround6000cunderN2

flowof30mlmin-1ataheatingrate50cmin1.Carbonisedsamplewillbewashedwithhot

watertillittreatedwithHCltoremoveimpurityandwashingofhotwaterwillbegivento

removechlorideionsandfinallyproductiddriedat1100c.

Collected waste cooking oilwillbe treated to remove the residualmoisture content,

precipitate and otherresiduein oilwith phosphoricacid and bymaintaining standard

temperature.Furtheritwillbefilteredusingwhatmannfilterpaper.FilteredWCOwilldirectly

usedforFAMEproduction[13,1,10,27].

Inordertoenhancethecatalyticactivityofcatalyst,driedandgroundedCaOwillbemixed

withactivatedcarbonfollowedbycalcinationatoptimum temperatureforfewhoursinN2
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flow.ThecatalyticperformanceofCaO supportedonactivatedmicroporouscarbonwill

evaluateintransesterificationofwastecookingoilwithmethanol.

The transesterification willbe performed in a 100-mlthree-neck round-bottom flask

equipped additionoftheoil.Thereactionmixtureisthenvigorouslystirredat500rpm and

refluxedatdifferenttemperaturesfor6h[5,12,24,28].

PerformanceofsynthesizedcatalystwillbecomparedwithwithoutsupportedCaO with

carboninproductionofbiodiesel.Characterisationofsynthesizedcatalystwillbedone

followed bybasicityand specific surface area ofcatalystwillbe characterized using

HammetindicatorandBrunaeur-Emmet-Teller(BET)methodsrespectively.Catalyticactivity

measurementandreutilizationofthecatalystwillbedone.

Fig.3.SEM imageof(a,b)rawtobaccostem andACsamples,(c,d)activationwithKOH,(e,

f)activatedwithK2CO3,and(g,h)activatedwithZnCl2
.
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4.OUTCOME

TheuseofthisnovelcatalystCaOdepositedonmicroporousactivatedcarbonthiscatalysts

willbecomearecentinteresttomakebiodieselproductionmoresustainable.Inaddition,the

useofthesecatalystswillpromisetoreducethecurrenthighcostofbiodieselproduction,

makingbiodieselcompetitivewithpetrodieselfuels.Researchisthereforeaimedtodevelop

environmentally friendly,cost-effective,and efficientbiobased catalystforbiodiesel

production.Consequently,differentnaturalsources(animals,plants,microorganisms)have

beenusedforsynthesizingbiobasedcatalystsincludingacidcatalysts,alkalicatalysts,and

enzymes.ThecatalyticactivityofthesecatalystsvariesamongothercatalystsinceCaOwill

depositeonmicroporousactivatedcarbon,activationofcarbonwilldoneusingK2CO3which

willincreasemicroporositycomparedtoKOH activatedcarbonwhichalternetlyresultin

increasingbiodieselyield.



12

5.REFERENCES

1. Tabah,B.,Nagvenkar,A.P.,Perkas,N.&Gedanken,A.Solar-HeatedSustainable

BiodieselProductionfrom WasteCookingOilUsingaSonochemicallyDeposited

SrOCatalystonMicroporousActivatedCarbon.31,6228-6239(2017).

2. Foroutan,R.,Mohammadi,R.,Razeghi,J.&Ramavandi,B.Biodieselproduction

from edibleoilsusingalgalbiochar/CaO/K2CO3asaheterogeneousand

recyclablecatalyst.Renew.Energy168,1207–1216(2021).

3. Mohamed,F.,Shaban,M.,Aljohani,G.&Ahmed,A.M.Synthesisofnoveleco-

friendlyCaO/Cphotocatalystfrom coffeeandeggshellwastesfordye

degradation.J.Mater.Res.Technol.14,3140–3149(2021).

4. Tang,Y.,Chen,G.,Zhang,J.&Lu,Y.Highlyactivecaoforthetransesterification

tobiodieselproductionfrom rapeseedoil.Bull.Chem.Soc.Ethiop.25,37–42

(2011).

5. Hawa,K.A.,Helwani,Z.&Amri,A.SynthesisofHeterogeneousCatalysts

NaOH/CaO/CFrom EggshellsforBiodieselProductionUsingOff-GradePalm Oil.

J.RekayasaKim.Lingkung.15,31-37(2020).



13

6. Degfie,T.A.,Mamo,T.T.&Mekonnen,Y.S.OptimizedBiodieselProduction

from WasteCookingOil(WCO)usingCalcium Oxide(CaO)Nano-catalyst.Sci.

Rep.9,1-8(2019).

7. Kawashima,A.,Matsubara,K.&Honda,K.Accelerationofcatalyticactivityof

calcium oxideforbiodieselproduction.Bioresour.Technol.100,696–700(2009).

8. Kouzu,M.,Kasuno,T.,Tajika,M.&Sugimoto,Y.Calcium oxideasasolidbase

catalystfortransesterificationofsoybeanoilanditsapplicationtobiodiesel

production.87,2798–2806(2008).

9. Konwar,L.J.,Boro,J.&Deka,D.ActivatedCarbonSupportedCaOfrom Waste

ShellsasaCatalystforBiodieselProduction.EnergySources,PartARecover.

Util.Environ.Eff.40,601-607(2018).

10. Helwani,Z.etal.CaOfrom chickeneggshellsupportedonactivatedcarbonand

KOH(CaO/C/KOH)ascatalystforbiodieselproductionfrom offgradepalm oil.

IOPConf.Ser.Mater.Sci.Eng.1087,2-12(2021).

11. Refaat,A.A.Biodieselproductionusingsolidmetaloxidecatalysts.Int.J.

Environ.Sci.Technol.8,203-221(2011).

12. Ayodeji,A.A.,Ojewumi,M.E.,Rasheed,B.&Ayodele,J.M.DataonCaOand

eggshellcatalystsusedforbiodieselproduction.DataBr.19,1466-1473(2018).



14

13. Rahayu,R.P.,Helwani,Z.&Amri,A.CaOBerbasisKulitTelurAyam Dengan

PenambahanKarbonAktifDanNatrium Hidroksida(CaO-NaO/C)Sebagai

KatalisUntukSintesisBiodieselDariMinyakSawitOff-Grade.Jom FTEKNIK6,1

-6(2019).

14. Konwar,L.J.,Boro,J.&Deka,D.ActivatedCarbonSupportedCaOfrom Waste

ShellsasaCatalystforBiodieselProduction.EnergySources,PartARecover.

Util.Environ.Eff.40,601–607(2018).

15. Zhang,J.&Meng,Q.PreparationofKOH/CaO/CSupportedBiodieselCatalyst

andApplicationProcess.WorldJ.Eng.Technol.02,184-191(2014).

16. Serafin,J.,Narkiewicz,U.,Morawski,A.W.,Wróbel,R.J.&Michalkiewicz,B.

Highlymicroporousactivatedcarbonsfrom biomassforCO2captureand

effectivemicroporesatdifferentconditions.J.CO2Util.18,73–79(2017).

17. Colombo,K.,Ender,L.&Barros,A.A.C.Thestudyofbiodieselproductionusing

CaOasaheterogeneouscatalyticreaction.Egypt.J.Pet.26,341–349(2017).

18. Tan,Y.H.,Abdullah,M.O.,Nolasco-Hipolito,C.&Taufiq-Yap,Y.H.Waste

ostrich-andchicken-eggshellsasheterogeneousbasecatalystforbiodiesel

productionfrom usedcookingoil:Catalystcharacterizationandbiodieselyield

performance.Appl.Energy160,58–70(2015).



15

19. Nguyen,H.C.etal.Bio-derivedcatalysts:Acurrenttrendofcatalystsusedin

biodieselproduction.Catalysts11,1–28(2021).

20. Helwani,Z.etal.CaOfrom chickeneggshellsupportedonactivatedcarbonand

KOH(CaO/C/KOH)ascatalystforbiodieselproductionfrom offgradepalm oil.

IOPConf.Ser.Mater.Sci.Eng.1087,12-53(2021).

21. Borah,M.J.,Das,A.,Das,V.,Bhuyan,N.&Deka,D.Transesterificationofwaste

cookingoilforbiodieselproductioncatalyzedbyZnsubstitutedwasteeggshell

derivedCaOnanocatalyst.Fuel242,345-354(2019).

22. Pasae,Y.,Leste,J.,Bulo,L.,Tandiseno,T.&Tikupadang,K.Biodieselproduction

from wastecookingoilwithcatalystsfrom clamshell.ARPNJ.Eng.Appl.Sci.14,

828-836(2019).

23. Seffati,K.,Honarvar,B.,Esmaeili,H.&Esfandiari,N.Enhancedbiodiesel

productionfrom chickenfatusingCaO/CuFe2O4nanocatalystandits

combinationwithdieseltoimprovefuelproperties.Fuel235,1238-1244(2019).

24. Liu,X.,He,H.,Wang,Y.,Zhu,S.&Piao,X.Transesterificationofsoybeanoilto

biodieselusingCaOasasolidbasecatalyst.Fuel87,216–221(2008).

25. Heidarinejad,Z.etal.Methodsforpreparationandactivationofactivatedcarbon:

areview.Environ.Chem.Lett.18,393–415(2020).



16

27. Granados,M.L.etal.Biodieselfrom sunfloweroilbyusingactivatedcalcium

oxide.Appl.Catal.BEnviron.73,317–326(2007).

28. Wong,Y.C.,Tan,Y.P.,Taufiq-Yap,Y.H.,Ramli,I.&Tee,H.S.Biodiesel

productionviatransesterificationofpalm oilbyusingCaO-CeO2mixedoxide

catalysts.Fuel162,288–293(2015).


