[image: ]
DEPARTMENTOFSCIENCELABORATORYTECHNOLOGY

PRODUCTIONANDANALYSISOFBIOLUBRICANTFROMALOCALLYPRODUCEDCOCONUTOIL(ADINAGBON)

By
LUKUMAN MUTIHAT AJIA

HND/23/SLT/FT/0133

BEINGATHESISSUBMITTEDTO

THEDEPARTMENTOFSCIENCELABORATORYTECHNOLOGY(CHEMISTRYUNIT),
INSTITUTEOFAPPLIEDSCIENCES,KWARASTATEPOLYTECHNICILORIN,KWARASTATE.
INPARTIALFULFILLMENTOFTHEREQUIREMENTFORTHEAWARDOFHIGHERNATIONALDIPLOMA(HND)INSCIENCELABORATORYTECHNOLOGY,KWARASTATEPOLYTECHNICILORIN,
KWARASTATE
SUPERVISEDBY:MR.O.E.ADEYEMO
				2024/2025SESSION


CERTIFICATION
This is to certify that this project work presenrd by Lukuman Mutihat Ajia with Matriculation Number HND/23/SLT/FT/0133 has been read, approved and submitted to the department of Science Laboratory Technology (chemistry unit), institute of Applied science, kwara state polytechnic, ilorin.

____________________				________________
MR.O.E.ADEYEMO					DATE
Supervisor

____________________				__________________
DR.JAMIUWASIU				DATE
HEADOFUNIT
____________________				__________________
DR.USMANABDULKAREEM			DATE
HEADOFDEPT

____________________				__________________
EXTERNALEXAMINER					DATE


DEDICATION

This project dedicated to almighty Allah creator of heaven and the earth. Who preserved my life throughout this programme,



ACKNOWLEDGEMENT
First and foremost I gave thanks to almighty Allah for his unfailing lov, mercy and favour upon our lives.
I also appreciate gratitude to the encouragement and support of my supervisor Me. O. E. Adeyemo for is guiding and support throughout the project.
All my lecturers are also acknowledge for their support from the beginning of HND 1 to the finalist stages jazakhumullah khairah Amin 
My profound gratitude to also goes to my lovely parent Mr. &Mrs Lukuman Ajia for fat both spiritual and morally support that giving to me throughout the journey I pray to almighty Allah to remain you for me so that you will reap the fruit of your labour in peace of mind Amin.
I as well acknowledge the unflinching co-operation of my group and my friend especially my copy cop, my life partner in the name of Mrs Aminat Abiomi and also Rofiat, Nahimat, Abdulbasheet, Islamiyyah e.t.c
For the co-operation and for the love, sacrific, support and encouragement Jazakhumullah khairah.



Contents
Titlepage
Certification
Dedication
Acknowledgements
TableofContent
Abstract
TableofContent
CHAPTERONE
1.0	Introduction
1.1	ProblemStatement
1.2	AimandObjectivesoftheStudy
1.3	JustificationoftheStudy
1.4	ScopeoftheStudy
1.5	RelevanceoftheStudy
CHAPTERTWO
2.0	LiteratureReview
2.1	SourcesandPreparationofLubricantoil
2.2	PropertiesofBio-lubricant
2.3	ModificationofBaseBio-lubricant
2.4	TribologicalPerformanceofBio-lubricant
2.5	MechanismofBio-LubricantduringOperation
2.6	BenefitsofBio-lubricantandMarketAvailability
2.7	AdvantagesandDisadvantagesofBio-lubricant
2.8	ApplicationsofBio-lubricant
2.9	Coconutoil
2.9.1	MethodsofPreparationofCoconutoil
2.9.1.1SolventExtraction
2.9.1.2EnzymaticProcess
2.9.1.3WetProcessingofCoconut
2.9.1.4CopraMillingbyTraditionalMethods
2.9.1.5CopraProcessingbyContinuousProcess
2.9.1.6HydraulicProcesses
2.9.2	ImportanceofCoconutasoilSeed
2.9.3	BiologicalEffectsofCoconutoil
2.9.3.1Anti-MicrobialEffectsofCoconutoil
2.9.3.2HypolipidemicEffectsofCoconutoil
2.9.3.3EffectsofCoconutoilonCardiovascularHealth
2.9.3.4HepatoprotectiveEffectsonCoconutoil
2.9.3.5EffectsofCoconutoilonmetabolicsyndrome
2.9.3.6Anti-CancerEffectsofCoconutoil
2.9.4	HealingPropertiesofCoconutoil
2.9.5	ApplicationsofCoconutoil
2.9.5.1EdibleApplicationsofCoconutoil
2.9.5.2Non-edibleApplicationsofCoconutoil
CHAPTERTHREE
3.0Materialsandmethods
3.1Reagentsandapparatus
3.1.1Reagents
3.1.2Equipmentandapparatus
3.2Collectionandpreparationofsample
3.3Purificationofoilsamplebycolumnchromatography
3.4Preparationofreagents
3.4.1Preparationof1%w/vphenolphthaleinsolution
3.5Trans-esterificationofoilsample
3.6Preparationofbiolubricantsamples
3.7Characterizationofbiolubricants
3.8Analysisofthebiolubricants
3.9Determinationofsomephysicalproperties
3.10Analysisofthebiolubricantqualityparameters
CHAPTERFOUR
4.0Resultsanddiscussion
4.1Results
4.2Discussion
4.3Conclusion
	Referencesasfootnotes


Abstract
Inthisstudy,asampleofcoconutoilproducedlocallywaspurifiedandsubsequentlytransformedintoabiolubricantusingthefattyacidmethylester(FAME)fromtheoilsampleandtrimethylolpropane(TMP).ThebiolubricantproducedwasanalyzedforitsqualityparametersandthechemicalcomponentselucidatedbyGC-MS,andFTIRanalysis.TheresultshowedthatthebiolubricantpreparedfromthecoconutoilhadaqualitycomparabletoISOVG32standardlubricantquality.Thepredominantcarboxylicacidsintheoilsamplewereidentifiedtobeoctanoic,nonanoicanddecanoicacids.Thisworkhasestablishedthatthelocallyproducedcoconutoilisapotentialfeedstockforbiolubricant-anenvironmentalfriendlyproduct.
Keywords:biolubricant,coconutoil,fattyacid,lubricantquality









CHAPTERONE
1.0	INTRODUCTION
Inindustries(transportationandproduction)oranyslidingoperationslubricantsareusedtoreducewearandfrictiononinteractingsurfaces1.Apartfromminimizingwearandfriction,lubricantsalsohelppreventcorrosion2distributepower,removeheat3,andProvidealiquidsealatmovingcontracts.Fromlargegearlikeindustrialmetal-rollingmillstosmallequipmentlikecomputerharddrives.Lubricantsareemployedinavarietyofequipmenttomaintaindependablemachineperformance4.Althoughnotalllubricantsareliquids,thatway19thcentury’sindustrialgrowthgeneratedademandforliquidlubricantsthatquicklyoutpacedthesupplyofeveryothertype,thusmeetingtheexpectations5.
1.SuryawanshiS.R.andPathwarJ.T.“EffectofTiO2NanoparticlesBlendedwithLubricatingoilontheTribiologicalPerformanceoftheJournalBearing;TribologyinIndustry40,(2018):370-391.
2.ShahR,Woydt.MandZhangS.“TheeconomicandEnvironmentalSignificanceofSustainableLubricants”.Lubricants,No.9(2021):21.
3.WongV.MandTungS.C.“OverviewofautomotiveenginefrictionandreductionTrends-effectsofSurface,MaterialandLubricant-additiveTechnologies,”Friction.No.4(2016):1-28.
4.MannekoteJ.K,KailasS.V,Ventatesh.KandKathyayini.N.“EnvironmentallyFriendlyFunctionalfluidsfromrenewableandsustainablesources.AReview”.RenewableandSustainableEnergyReviews81,(2018):1787-1801.
5.BoroojeniK.G,etal..“ATheoreticalBilevelControlSchemeforPowerNetworkwithlarge-scalepenetrationofDistributedRenewableResources”,2016IEEEInternationalConferenceonelectroInformationTechnology,(2016):510-515.
Insolvingthelubricationchallenges,mineraloil,arawmaterialmadepossibleusingpetroleumsource,wasalsoproduced.However,sinceordinarybaselubricantcannotwithstandtheworkingconditions,enhancementthroughinclusionofsuiadditiveswereintroduced.Inthissynergisticapproach,whiletheadditivesoffersextrafeaturestofinalproduct,basestockscontributeuniquebasiccharacteristics.
1.1	PROBLEMSTATEMENT
Theenvironmentalimpactoftraditionallubricantsissignificant,withapproximately40%ofalllubricantsbeingdischargedintotheenvironment,particularlyindevelopingcountrieswheredisposalregulationsareoftenlacking.Thiscreatesatoxicworkingenvironmentandleadstoharmfulpollutantsbeingreleasedintotheairthroughpracticessuchasburninglubricantsforfuel.Additionally,theproductionofpetroleum-basedlubricantsresultsinairbonepoisonsandharmfulsubstances.Giventhesechallenges,thereisapressingneedforbiolubricants,whicharederivedfromrenewablesource,tomitigatetheseenvironmentalissues.Howeverbiolubricantsfacetheirownchallenges,includingperformancelimitations,oxidationstability,compatibilitywithexistingmachinery,andhigherproductioncosts.Addressingtheseproblemsisessentialforpromotingtheadoptionofbio-lubricantsasasustainablealternatives6.
1.2	AIMANDOBJECTIVESOFTHESTUDY
Theaimofthisstudytypicallyfocusonaddressingenvironmentalandperformancechallengesassociatedwithconventionallubricants.Thespecificobjectivesofthestudyisasfollows:
· Tocollectsamplesofcoconut
· Toextractthecoconutoilfromcoconutmilkpress-cake
· Studyingthesolventextractionofresidualoilfromwetcoconutmealusingisopropanol
· Extractionofcoconutoilfromcoconutpastebyanewenzymaticprocess



6.MobarakH.M,.NizaM.E.,MasjukiH.N,KalamM.A,AiMahmudKandHabibullah.M,(2014).“Theprospectsofbiolubricantsasalternativesinautomotiveapplicationrenewableandsustainableenergyreviews”,2014,33:34-43,http://dx.doi.org/10.1016/j.rser.01.062
· Filtrationextractionofgranulatedcoconutonabenchscale
· Tocarriedoutlaboratoryscalestudiedthepreparationofahighlynutritiouscoconutflourfromgranulatedcoconut
· Thedesiccatedcoconutproducedcanbeusedformechanicalextractionofcolourless,odourlesscoconutoilsuitablefordirectconsumption.
1.3	JUSTIFICATIONOFTHESTUDY
Oncompletionofthisstudy,itisgroundedintheirenvironmentalbenefits,sustainability,healthandsafetyimprovements,economicviability,technologicaladvancements,andregulatorycompliance.
1.4	SCOPEOFTHESTUDY
Thescopeofthisprojectresearchincludestheirsources,(suchasanimalfats,coconut)chemicalproperties,performance,environmentalimpact,applications,andregulatoryaspects.Thismultidisciplinaryapproachaimstoenhancethedevelopmentandutilizationofsustainablelubricants.

1.5	RELEVANCEOFTHESTUDY
Therelevanceofthisprojectresearchissignificantinpromotingenvironmentalsustainability,creatingeconomicopportunities,ensuringregulatorycompliance,enhancingperformanceandfosteringinnovation.














CHAPTERTWO
2.0	LITERATUREREVIEWONCOCONUTOIL
Philippines,Indonesia,India,SriLanka,Mexico,westMalaysia,andPapuaandNewGuineaarethe7countrieswhichproducemajorquantitiesofcoconutintheworld.Coconutisavailableintwoformsviz,wetanddrymaterialscommonlyknownaswetcoconutanddrycoconutorcopra.Theoilcanbeextractedfromboththeserawmaterials.However,inIndiaandSriLanka,itisageneralpracticetouseonlycopraforoilextractionandtheoilisusedforfoodandcosmeticpurposes.InPhilippines,theoilisextractedfromwetcoconutalsoandisknownasvirgincoconutoil.Insomecountriessolventextractionofthedrycoconutfollowedbyrefiningbleachinganddeodorizationiscarriedouttogettherefinedbleachedanddeodorizedcoconutoil.ThetechnologyfortheproductionofcoconutoilthroughexpelleriswelldevelopedandmanymediumscaleindustriesinIndiaproduceoilbythismethod.However,somesmallscaleindustriesproducetheoilbyprocessingfreshcoconutalsousinglocalexpellerpress.Problemsofsedimentsandranciditypersistintheseoils7.
2.1	SOURCESANDPREPARATIONOFLUBRICANTSOIL
Conventionallubricantscontainhighmolecularweighthydrocarbonsderivedfromthevacuumresiduesintherefineryasbasestocks.Unsaturatedfattyacidsareusedasbasestocksinbio-lubricants,whichuntilnowhavebeenbasedonvegetableoil8.Duetotheirweakheatstabilityandpooroxidationstabilityfromthepresenceofoxidizablefunctionalgroupsbroughtonbyanunsaturatedbondpurevegetablelubricantsarefoundinappropriateforuseinapplicationslikelubricatingfluids9.Vegetableoilscanhavetheirunsaturatedfattyacid



7.CorneliusJ.A.“Coconuts:areview”.Trop.Sci5,1(1973):15-37.
8.WomaT.Y,LawalS.A,AbdulrahmanA.S,OlutoyeM.AandOjapahM.M“VegetableoilBasedLubricants”ChallengesandProspects”.Tribologyonline14,(2019):60-70.
9.SrivyasP.DandCharooM.S.“AreviewonTribologicalCharacterizationofLubricantswithNanoadditivesforAutomotiveapplicatios”,TribologyinIndustry40,(2018):594-623.
contentdecreasedtomakethemappropriateforuseinenginesandmakethemequivalenttoconventionallubricantsviachemicalmodificationmethodslikehydrogenation,transesterificationandepoxidation10,11,12.Toenhancethefinallubricantformulation’sphysical,chemicalandthermalqualities,aswellasstabilitythroughadditives,addednewfeaturetobasestocks.Basedontheirfunctioninlubricationsystems,lubricantadditivesarederivedintodifferentcategories:frictionmodifiers,anti-oxidationagentsanti-wear.Additionally,theyarecategorizedaccordingtotheirworkingenvironmentandrole,liketribo-improvers,rheo-improvers,andmaintainers13.Lubricantstribologicalperformanceisimprovedbytribo-improvers,rheo-improversaredesignedforbaseoilsfluidity,whilemaintainerspreventthelubricantsandmachinespartsfromdegrading,aswellasthebreakdownofthesubstanceinvolvedinthelubricationsystem.
10.KerniL,RainaAandHaqM.I.U.“FrictionandwearperformanceofoliveoilcontainingNanoParticlesinBoundaryandMixedLubricationRegimes”wear426-427,(2019):819-827.
11.GadM.S.andGadowS.I.“EnhancementofCombustionCharacteristicsandMissionsReductionsofadieselenginesusingBiodieselandCarbonNanotube”,Furterene,NanotubesandCarbonNanostructure29,(2020):267-279.
12.LiuZ,LiJ,Knothe.G,SharmaB.KandJiangJ.ImprovementofDieselLubricitybyChemicallyModifiedTung-Oil-BasedFattyacidestersasadditives”,EnergyandFuel33,(2019):5110-5115.
13.MinamiI.“MolecularScienceofLubricantadditives”.AppliedSciences,7(2017):445.
[image: ]
Figure2.1:Chemicalstructureofmostoil-basebio-lubricantshowingtriglyceride
2.2	PROPERTIESOFBIOLUBRICANTS
Themajorfunctionsofbiolubricants,i.e,reducingfrictionandwear,thedispersionofdeposits,theinhibitionofrust/corrosion,thedissipationofheat,andthesealingofcriticalcontactjoints,arereflectedinthepropertiesofthebaseoil.Thebaseoilisexpectedtopossesoptimumviscosityandviscocityindex,lowvolatility,lowdepositformation,lowtemperaturesolidification,goodhydrolyticandthermos-oxidativestabilityandbiodegradability14.Agoodbio-lubricantshouldhaveitsboilingpointdistributiontowardshightemperatures,highviscocityindex,corrosionpreventioncapability,

14.JosephP.V,SaxenaD,andSharmaD.K.“StudyofsomeNon-edibleVegetableoilsofIndianoriginforlubricantapplicationJ.SynthLubr24,(2007):181-197.
highthermalstability,lowfreezingpoint,andhighanti-oxidationpotential15.Whilethesearethepreferencecharacteristicsofanybiolubricant,specificapplicationstodemanduniqueproperties.Forexample(a)engineoilapplicationdemandslowemissionsofvolatileorganiccompoundsandpolyaromatichydrocarbons,(b)metalworkingfluidsrequiregoodamplifiability,(c)hydraulicoilsrequireslowcompressibilityandaquickreleaserateofair(d)transmissionoilsandgearoilsrequireshighweldload,and(e)greasesshouldpossessgoodanti-wearandanti-scoringproperties.Thesalientpropertiesareexplainedinthefollowingsections.
2.2.1	Viscosity
Viscosityisakeyparameterthatdeterminesthetimetoreplacethelubricantinadevice.Theviscositydependsonthefactorssuchastheconcentrationofparaffinsandtheadditivesthataffecttheinternalfrictionamongthemolecules,anditincreasewiththeincreaseinthe

15.MobarakH.M,NizaMohamed.E,MasjukiH.H,KalamM.A,AIMahmudK.A.HHabibullah.MandAshrafulA.M.Theprospectsofbiolubricantsasalternativeinautomotiveapplications”,RenewSustain.EnergyRev33,(2014):34-43.
chainlengthofthehydrocarbonportionofthefattyacidoralcoholinester-basedbiolubricants.Owingtoincreasedhydrogenbondinginteractions,thepresenceofhydroxylgroupsinthelubricantformulationortheadditionofpolyolsmodifiestheviscosityindex16,17,18.Theviscosityindex(IV),ametricusedbylubricantusersandrefiners,describestheeffectoftemperaturechangesontheviscosityoftheoil19.
2.2.2	Thermo-OxidativeStability
Auto-oxidationofthelubricantispromotedduetolocalizedhightemperaturecausedbyfrictionalheatgeneratedbytherubbingofsolidsurfacesagainsteachother.


16.CeciliaJ.A,BallesterosPlataD,AlvesSaboyaR.M,TravaresdeLunaF.M,CavalcanteC.LandRodriguez–CastellonE.“Anoverviewofthebiolubricantproductionprocess:ChallengesandFutureProspective”,Processes,8(2020):257.
17.SaboyaR.M.ACeciliaJ.A,Carcia-SanchoC,LunaF.M.T,SalesA.V,Rodriguez-CastellonEandCavalcanteC.L.“AssesmentofCommercialResinsintheBiolubricantsProductionfromfreefattyacidsofcasteroil”,Catal.Today279,(2017):274-285.
18.SaboyaR.M.A,CeciliaJ.A,Garcia-Sancho.C,LunaF.M.T,Rodrigue–CastellonE,CavalcanteC.L.“Wo3-BasedcatalystssupportedonporousclayHeterostructures(PCH)withSi-ZrPillarsforsyntheticestersproduction.”Appl.ClaySci.124-125,(2016):69-78.
19.VerdierS,CoutinhoJ.A.P,SilvaA.M.S,AlkildeO.FandHansenJ.A.“ACriticalapproachtoviscosityindex”,Fuel88,(2009):2199-2206.
Thistendstoaltertheviscosityofthelubricantduetoreactionsthatpromotethecleavageoflongchainhydrocarbonmolecules.Therefore,duetoexothermicoxidationandendothermic.Pyrolysisreactions,thethermo-oxidativestabilityofthelubricantdecreasewithusage20.Thermo-oxidativestabilitycanbetestedusingtheRPVOTtest(ASTMD2272).Thisinvolvestheevaluationoftheoxidationstabilityofthebiolubricantsinthepresenceofacoppercatalystandwaterat423kand620kpaofoxygen.
2.2.3	PourPoint
Pourpointisthetemperaturebelowwhichthelubricantlosesitsflowability.Inbiolubricants,itisrelateddirectlytotheviscosityindex.Thepresenceofternaryalcohols,suchastrimethylpropane(TMP),reducesthepourpointofthebiolubricant,eventhoughittendstoreducethethermo-oxidativestabilityofthelubricant21.ItcanbemeasuredusingASTMD5949,whichinvolvesthedeterminationof
20.MinamiI.“IonicLiquidinTribology”,Molecules14,(2009):2286-2305.
21.CeciliaJ.A,BaltesterosPlata.D,AlvesSaboyaR.M,TavaresdeLunaF.M,CavalcanteC.LandRodriguez-CastellonE.“AnoverviewoftheBiolubricantProductionProcessChallengesandFutureProspectives”,processes,8(2020):257.
pourpointbyapplyingaburstofnitrogengasintothelubricantsample,whilesimultaneouslycoolingit.Itisusuallyperformedinanautomatedinstrument,whichalsodetectsmovementofthesurfaceofthetestsampleusinganopticaldevice.

2.2.4	Ecotoxicity
Ecotoxicityisametricusedtocharacterizetheenvironmentaltoxicityofalubricantformulation.Itisamajorpropertythatdetermineswhetheralubricantformulationcanirreversiblyaffectlivingthings.Asaqeousecosystemsarepronetodamagebytheorganicandhydrocarboncomponentsoflubricants,itisvitaltodeterminelubricanttowatertoxicity.Thisisdefinedasthepotentialofalubricanttopoisontargetorganismssuchasbacteria,algae,smallfish,orlaboratoryrats,ASTMD6081-20isthestandardprotocoltotesttheaquatictoxicityofthelubricant.
2.2.5	HydrolyticStability
Theresistanceofbiolubricantstochemicalattack,especiallywhenwatermoleculesareinvolvedeitherasareactantoraproduct,ischaracterizedbyhydrolyticstability.TheASTMD2619-21standardtestmethodisusedtodeterminethehydrolyticstabilityofpetroleumorsynthetic-basedhydraulicfluids.Biolubricantsforuseasinsulationfluidsrequirehighwatersolubilityandahighdielectricconstant.Therefore,theassessmentofhydrolyticstabilitybecomesimperative.
2.2.6	Biodegradability
Ifalubricantcanbestructurallydecomposedbyenzymesormicroorganismthroughaerobicprocess,itcanbeconsideredbiodegradable22.Alubricantcanbeconsideredbiodegradableiftheprecentdegradationinastandardtestexceedsacertainvalue.Vegetableoilsaremorebiodegradablethanmineral-basedoils23.Theenvironmentalconcernaroundthedepletionofmineralreserveshassparkedinterestinbiolubricantsderivedfromnaturaltriglycerides,aswellasthefattyacidderivedfromthem24.Biodegrabilityofthebasefluid(oranyothercomponent)ofanenvironmentallyacceptable
22.Haase,K.D,HeynenA.JandLaaneN.L.M.“Compositionandapplicationofisostericacid”,FatSci.Technol.91,(1989):350-353.
23.MobarakH.M,NizaMohamad.E,MasjukiH.H,KalumM.A,AIMahmudK.A.H,HabibullahM,andAshrafulA.M.“TheprospectsofBiolubricantsasAlternativesinAutomotiveApplications”,Renew.SustainEnergyRev.33,(2014):34-43.
24.Kamalakar.K,RajakA.K,PrasadR.B.NandKarunaM.S.L.“RubberSeedoil-basedbiolubricantbasestocks:APotentialSourcesforhydraulicoils”,Ind.Crop.Prod51(2013):249-257.
lubricant(EAL)dependsonbothitsmolecularpropertiesandthetestmethodutilized25.Importantly,thechemicalcompositionofbaseoilscanchangeduringtheapplicationoflubricants,i.e,whentheyaresubjectedtovaryingtemperature,airhumidity,metalsandpressure.
2.3	MODIFICATIONOFBASEBIOLUBRICANT
Theobjectiveofbio-lubricantresearchhasbeentocomprehendtheconnectionbetweenchemicalassemblyandmolecularstructureandtoaddresstheshortcomingsofbothnaturalandmanufacturedlubricantsforinstance,bio-lubricantmadeofbranchedfattyacidslikeisostericacid,displayoutstandinglow-temperatureperformance,includingalowpourpoint,lowviscosity,goodchemicalstability,andflushpoint26,27.PolyunsaturatedC18fattyacidsarethermallyisomerizedandthenhydrogenatedtoproduceisostericacid.Onlytheinsideofthemoleculehasbranchingsites.Similartothat,12-
25.BattersbyN.S“Biodegradablelubricants:Whatdoes‘Biodegradable’ReallyMean?”Synth.Lubr22,(2005):3-18.
26.SyahirA.Z,ZalkifiN.W.M,MasjukiH.H,KalamM.A,Alabdulkarem.A,Gulzar.M,KhuongL.S.andHarithM.H.“AreviewonBio-BasedLubricantsandtheirapplication”,JournalofCleanerProduction,168(2017):997-1016.
27.EckN.J.andWaltmanL.“SoftwareSurvey:VOSviewer,aComputerProgramforBibliometricMapping”,IOPConferenceSeries:MaterialsScienceandEngineering68,(2013):152-157.
hydroxystearicacid,whichisproducedbyhydrogenatingricinoleicacid,canalsoemployed.Aswaspreviouslymentioned,theperformanceofthebiolubricantisimprovedbyeliminatingthedoublebondsandglycerolmoleculesformthetriacylglycerols.
Inthemodificationseveralapproachesareusedincludingesterification/transesterification,hydrogenation28,oligomerization/estoloidesandepoxidationbutincourseofthisresearch,onlytransesterificationsynthesisofformulationoffattyacidsmethylestersandethyleneglycoldi-esterswereconsidered.
[image: ]


28.ZhuJ.Su.Y,Chai.J,Muravev.V,Kosinov.NandHensenE.J.M.“MechanismandNatureofactivesitesformethanolSynthesisfromCO/CO2onCu/CeO2”ACSCatalysis10,(2020):11532-11544.
[image: ]
Figure2.2:TriglyceridesreactiontoproduceFAMEsviaTransesterificationtechnique
2.4	TRIBOLOGICALPERFORMANCEOFBIO-LUBRICANTS
Someinvestigationhadbeenconductedondifferentbio-lubricantsunderapplicationofdifferentNPsasadditives,withrecommendedresultsaspresentedintablebelow.


Table2.1:Summaryoftribologicalqualitiesofsomebio-lubricantsandtheirapplications.
[image: ]
Thottackad29,conductedtribologicalinvestigationusingCuONPscombinedwithcoconutoil.Accordingtothefinding,theCuOnanoparticleconcentrationthatproducedthelowestwearreteandfrictioncoefficientwas0.34mass%.
Theviscosityandfirepointincreasedwhenthenano-additivewas
29.Thottackad.M.V.PerikinaliR.KandKumarapillaiP.N.“ExperimentalEvaluationontheTribologicalPropertiesofCoconutoilbytheadditionofCuONanoparticles,”InternationalJournalofPrecisionengineeringandmanufacturing13,(2012):111-116.
applied,whilethesurfaceroughnessreduced30.Onanalysisconductedby31.Employingzincoxide(ZnO)andcopperoxide(CuO)aslubricantadditive.TheoutcomefoundthatbothZincoxideandcopperoxideNPswererenderedinactiveasananti-wearadditionforsoybeanandsunfloweroilduetotheriseinfricationcoefficientandthepresenceofabrasivewearonthewornsurface,inanotherstudybyArumuganandSrilamarguedontheperformanceofmicroparticleaddition32.TiO2NPswereaddedtochemicallychangedrapeseed.ComparingtheTiO2microparticles,TiO2NPsvisiblyobservedtoenhancedthelubricantlubricationperformance32,33.UndernanoscaleTiO2of6.9%andmicroTiO2,theCOFofrapeseedoilblendedadditivesyieldedreductionby15.2%and6.9%respectively34.PerformedthroughexperimentonbiolubricantbehaviorunderadditivesofTiO2,CeO2andZrO2NPsusingricebranoilasbaselubricant.
30.AlvesS.M.,Barros.B.S,TrajanoM.F,RibeiroK.S.BandMoura.E.“TribologicalBehaviorofVegetableoil-BasedLubricantswithNanoparticlesofoxidesinBoundaryLubricationConditions”,TribologyInternational65,(2013):28-36.
32.ArumagamSandSriramG.“PreliminaryStudyofNano-andMicroScaleTiO2additivesonTribologicalBehaviorofChemicallyModifiedRapeseedoil”,TribologyTransactions56,(2013):797-805.
33.KumarM,Afzal.AandRamisM.K.“InvestigationofPhysiochemicalandTribologicalPropertiesofTIO2Nano-LubricantoilofdifferentConcentration”,Tribological35,(2017):6-15.
34.RaniS.“TheTribologicalBehaviorofTiO2,CeO2andZrO2NanoParticleasaLubricantadditiveinRiceBranOil”,InternationalJournalofScientificandEngineeringResearch,7(2016):708-712.
Theresultrevealedthat0.5mass%CeO2and0.3mass%TiO2respectivelyyieldedthegreatestCOFandwearreduction.Thiswasafformedby35throughanalysisonAl2O3NPsmixedwithjojobaoilwithconcentrationofoilmass%thusminimalfrictionandwearwasachievedcomparedthebaselubricant.Again,36carriedouttribologicalinvestigationutilizingCuOblendedwithpongumiaoil.Theresultobservedthat0.075mass%ofCuOwastheoptimalconcentrationtothebasedlubricantusedwithexcellentwearandfrictionreduction.Again,copperandh-BNNPswereaddedtoapoxidizedoliveoilduringtribologicalinvestigatoryworkby37.








35.SutharK,Singh.Y,SuranaA.R,RajubhaiV.HandSharma.A.“ExperimentalevaluationofthefrictionandwearofJojobaoilwithaluminumoxide(Al2O3)NanoParticlesasanadditive,”MaterialToday:Proceedings25,(2020):699-703.
36.RajubhaiV.H,SinghY,Suthar.K,andSuranaA.R.‘FrictionandWearBehaviorofAI-7%SiAlloypinunderpongamiaoilwithcopperNanoparticlesasadditive”,MaterialsToday:Proceedings25,(2019):695-698.
37.KerniL,Raina.AandHaqM.I.U.“FrictionandwearPerformanceofoliveoilcontainingNanoparticlesinBoundaryandMixedlubricationRegimes”,Wear426-427(2019):819-827.
2.5	MECHANISMOFBIO-LUBRICANTSDURINGOPERATION
Enhancementofphysiochemicalandtribologicalperformanceofbio-lubricantisthroughmodificationandinclusionofsuitableadditives.ForgoodcompatibilityandperformanceofNPsinbio-lubricants,mostofthemwerediscoveredtobeofhydrophobicpotentialwithabilityrepeloxidativeagent.TheinvestigatorystudyonlubricatingstrengthofEichhorniacrassipesNPs(EC-NPs)furtherrevealedthatreductioninthesizeofECintonanoscalechangesfromhydrophobictoamphiphilic(hydrophobictailandhydrophilicheal)form38,39asaresultofincreaseinsurfacearea,thusillustratedinfigure2.1(a).


38.OpiaA.C.MohdKAMELIA.H,Syahrullail.S.,AbdRahimA.BandJohnsonC.A.N.“EichhorniaCrassipesTransformationfromProblemstowideuniqueSourceofSustainablematerialsinengineeringapplication”,IopConferenceSeries:”MaterialScienceandEngineering1051,(2021):012-100.
39.ZhuQ,Pan.Y,JiaX,LiJ,Zhang.MandYin.L.“ReviewontheStabilitymechanismandapplicationofwater-in-oilemulsionsencapsulatingvariousadditives”,ComprehensivereviewinfoodScienceandFoodSafety18,(2019):1660-1675.

[image: ]
Figure2.1:Arrangementofamphipathicadditivesinsidebio-lubricant(a);diffusionofsulphur(S)atomofFeSNPs(b)anddefensiveoperationoforganic/inorganicadditiveinbiolubricantagainstoxidationandrust(c)Note:Extremepressureadditive(EP);anti-wearadditive(AW);Viscositymodifier(VM),frictionmodifier(FM).
Also,thediffusionbehavioroftheFeSNPsontheslidingmaterial
surfacewasconductedby40,illustratingthesulfur(S)atomdiffusionresultinginfrictionreduction,thusillustratedinFigure2.1(b)whilefigure2.1(c)illustratedthedefendingmechanismofadditivesinbiolubricantsduringoperations.ThebehaviorofvariousadditivesduringoperationaredemonstratedinFigure2.1(c),owingtothedegradationeffect.
Rustandcorrosionarebothelectrochemicalprocessesthatresultintheoxidativedeteriorationofmetallicmaterials.Thecorrosionprocessthatmostcharacterizeslubricationsystemsisgalvaniccorrosion41.Inanutshell,themechanism,isasfollows.Anoxidelayertypicallycoversmetalsurfaces.Theoxideisremovedbythetribologicalprocess,exposingmetalsurfaces.Betweenmetalandmetaloxide,thereisadifferenceinelectricalpotential.Galvaniccellsarecreatedwhenaconductiveliquidoccurs


40.ZhouL.H,WeiX.C,MaZ.JandMeiB.“Anti-FrictionPerformanceofFeSNanoparticleSynthesizedbyBiologicalmethod”,AppliedSurfaceScience407,(2017):21-28.
41.Minami.I.“MolecularScienceofLubricantadditives”,AppliedScience,7(2017):445.

betweenthesurface42.Themetalatomincreasesitsoxidationnumber,releasingelectronstoformmetalions(thisprocessistheoxidationofmetal).Anoxygenmoleculeinthesystemisreducedbythemetal’sreleasedelectron.
2.6	BENEFITOFBIO-LUBRICANTANDMARKETAVAILABILITY
Lubricantsfromvegetablesourcecanbenaturallyused.Theyhaveseveraladvantagesanddisadvantageaswillbeseeninthechallengeswhichmaketheproductlacksomevaluesinthemarket.Vegetableoilsafteroutstandinglubricity,whichissignificantlybetterthanthatofmineraloils.Furthermore,vegetableoilshaveahighVI.Forinstance,vegetableoilsfrequentlyhaveaVIof223,butmostmineraloilstypicallyhaveaVIof90-100.Vegetableoilshavehighflashpointsof326℃,whilecommonmineraloilshaveaflashtemperatureof200℃.Otherbenefitsfromtheuseofvegetablelubricantsaresummarizedbelow.
42.Minami.I“MolecularScienceofLubricantadditives”,AppliedScience7(2013):16598-16605.
Table2.2:Keybenefitsofbio-lubricanttypeinlubrication
[image: ]
Theglobalmarketforbio-lubricantsinexpectedtobeinfluencedbytheexpandingopportunitiesforsustainablesolutions,suchasgreenbuildingsandsustainablelubrication.Theinternationalmarketforbio-lubricantisanticipatedtoreachUS$2.6billionunderaCAGRof5.2%overtheforecasttimelineof2020-2027,basedonrecentreportbyglobalindustryAnalyst43.Thedemandforbio-lubricantsisstillhigh,especiallyinEuropewhereitisencouragedbynationalandglobalbrandingregulations,subsidizationandtaxbenefits,44.

43.GlobalIndustryanalysisProductionandTradeofLubricantsintheUnitedKingdom,(2010-2021).2021,2021.
44.GlobalIndustryanalystsProductionandTradeofLubricantsintheunitedkingdom,(2010-2021).2021,2021.
2.7	ADVANTAGESANDDISADVANTAGESOFBIO-LUBRICANTS
Table2.3:AdvantagesandDisadvantagesofBio-lubricant45,46
[image: ][image: ]
2.8	APPLICATIONSOFBIO-LUBRICANT
Engineoilstendtominimizethetransportofcontaminantsandotherparticulate,andkeepthemawayfromthemovingparts47.As

45.CeciliaJ.A,BallesterosPlata.D,AluesSaboyaR.M,TraveresdeLunaF.M,CavalcanteC.LandRodriguez-Castellon.E.“AnoverviewoftheBiolubricantProductionProcess:ChallengesandFuturePerspective”,Processes,8(2020):257.
46.HoC.K,McAuleyK.B.andPeppleyB.A.“BiolubricantsthroughrenewableHydrocarbons:Aperspectivefornewopportunities”,RenewSustain,EnergyRev.113,(2019):109261.
47.ListonT.V.“EngineLubricantadditiveswhattheyareandhowtheyfunction”,Lubr,Eng.48,(1992):389-397.
engineoilsundergooxidativedegradationandwearduringservice,itisvitaltocharacterizetheageingofengineoilsatsimulatedconditionstounderstandandevaluatetheperformanceofexistingoilsandalsodesignnewformulations48.Researchershaveemployedpongamiaoilsasacompressionignition(CI)enginelubricant49,showingthatitimprovesefficiencyandunlikeamineraloillubricant,canpotentiallyeliminatetheemissionoftracemetals,asitisdevoidofanymetalconstituents.
Cattonfluidscontrolthetemperaturerisebygivingadequatelubricationandcoolingbetweentheworkpieceandthetool50.Eventhroughmineralsoilsarecomparativelycheaperforthisapplication,theyexhibitpoorperformanceduetolow-temperaturesolidification,oxidativeinstabilityandlossofviscosityatelevatedtemperatures.Theyarealsosusceptibletoexplosioninthepresenceofanoxidizingagent.Importantly,theadditivesusedtoenhancetheperformanceof
48.JedrzejczykM.A,VandenBosch.S,VanAelst.J,VanAelst.KourisP.D,Moalin.M,HaenenG.R,BootM.D,HensenE.JandLagrain.B“Lignin–Basedadditivesforimprovedthermo-oxidativestabilityofBiolubricants”,ACSSustain,Chem.Eng.9(2021):12548-12559.
49.BekalSandBhatN.R.“Bio-lubricantasanalternativetomineraloilforaCIEngine–Anexperimentalinvestigationwithpongamiaoilasalubricant”,EnergysourcepartArecoveryutil.Enviorn.Eff.34,(2012):1016-1026.
50.Katna.R,Suhaib.MandAgrawal.N.“Nonediblevegetableoil-basedcuttingfluidsformachiningprocesses”,Areviewmater,manuf.Process35,(2020):1-32.
thelubricantmaybedangeroustohumansandtheenvironment.Non-ediblevegetableoilsarebiodegradableandareultimatelydecomposedandmineralizedintocarbondioxideandhydrogenbymicrobes.Biodegradabilityensuresthesafeintegrationofbiomaterialbackintocarboncycleofnature.Non-ediblevegetableoilsdegradefasterthanmineraloilsinthenaturalenvironment51,52.
		Theminimumquantitylubrication(MQL)isanenvironmentalprotectiontechnologythatemploysanozzletosprayasmallamountoflubricatingfluidandcompressedgasintothecuttingzoneforthepurposeofcoolingandlubrication53,54.Discussedthetemperatureoftheminimumquantitylubrication(MQL)millingofthe45steepusingcottonseed,palm,caster,soybean,andpeanutoilsbasestocks.Itwasshownthatthecottonseedandthepalmoilsexhibitedagoodcoolingeffect.Thisisduetothepresenceofshortcarbonchainlengthpalmitic

51.Emmanuel.O.A.Kessington,O.O,Mudiakeoghene.O.“Biodegradationofvegetableoils”,AreviewSci.Res.Essay,4(2009):543-548.
52.GhugeN.C,DhatrakV.KandMahalle.“AminimumQualityLubricationIosrjen,2(2012):55-60.
53.GhugeN.C,DhatrakV.KandMahalle.“AminimumQualityLubricationIosrjen,2(2012):55-60.
54.DongL,Li.C,Zhou.F,Bai.X,Gao.W,DuanZ,Li.X,Lv.XandZhang.F.“Temperatureofthe45steelintheminimumQualitylubricantmillingwithdifferentBiolubricants”,Int.J.Adv.Manuf.Technol,113(2021):2779-2790.
acidincottonseedandpalmoils,whichisconducivetotheminimumquantitylubrication(MQL)milling.
Gearoilsarenecessaryforindustrialandautomaticlubrication,whereintheyaregenerallyusedindifferentials,transmissions,powertake-offsandnon-driveapplications.Besidestheusualfunctionsoflubricants,theseoilsarerequiredtoreducenoise,inhibitcorrosion,transferheat,andimproveoverallefficiency55,56.Inordertoobtaingoodprotectioninboththehydrodynamicandelastohydrodynamicregimes,strictviscosityregulationofthebaseoilisneeded.Whilevegetableoilsdonotpossesstherequiredviscosityfortheapplication,thislimitationcanbeovercomebythermalpolymerizationoftheoilbyheatingtheoilininhertambrencetogeneratehighmolecularweightproducts54.



55.Mang.T,Freiler.CandHorner.D.“MetalworkingFluids”,InLubricantsandLubrication,2nded,Mang.T,Diesel.W,Eds.“WileyVCH:Weinheim”,Germany,(2007).
56.Arca.M,SharmaB.K,PerezJ.MandDollK.M.“GearoilFormulationdesignedtomeetBio-PrefferedCriteriaaswellasgiveHighPerformance”,Int.J.SustainEng,6(2013):326-331.
Table2.4:Oils,theirpropertiesandtheirmajorapplications
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2.9	COCONUTOIL
Coconutoilisanedibleoilthathasbeenconsumedintropicalcountriesforthousandsofyears.Asithasalongshelflifeandmetingpointof76℉,itisusedinbakingindustries.Anegativecampaignagainstsaturatedfatsingeneral,andthetropicaloilsinparticular,ledtomostfoodmanufacturesabandoningcoconutoilinrecentyearsinfavorofhydrogenatedpolyunsaturatedoils,particularlysoy,whichcontaintransfattyacids.Studiesdoneonpopulationconsumingdietshighincoconutoilshowonadverseeffectsonthehealthofthepopulation56.
Coconut,alsoknownasCocosNucifera57,atreeknownforitsmanynutritionalandmedicinalpropertieshasgainednewfoundinterestinwesternmedicine.Itisbelievedthatcertainpartsofthecoconut,forexample,tendercoconutwaterandkernelhavemedicinalqualitiesincludingbutnotlimitedtoantibacterialantiviral,antifungal,antioxidant,lowglycemicindex,hepatoprotective,andimmunesystemenhancement58.Coconutoilisverycommonlyusedasatropicaledible


56.ThampanP.K,GlimpsesofCoconutindustryinIndia,CoconutDevelopmentBoard,Cochin1988.
57.Debmandal.MandMandal.S.AsianPac.J.Trop.Med.4,3(2011):241-247.
oilinmanyassignculturesandiscomposedofalmost90-95%saturatedfattyacids58.Thehealthandnutritionalbenefitsderivedfromcoconutoilarebothcompellingandcontradictory,mainlyduetoitshighsaturatedfatcontentasrelatestochronicdiseases,especiallythoseinvolvingthecardiacsystem59.
2.9.1	MethodsofProductionofCoconutoil
Differenttypesofcoconutoilforediblepurposeareavailableviz,virgincoconutoilfromwetcoconut(unrefinedgrade);coconutoilfromdrycoconut(unrefinedgrade);andcoconutoilbysolventextractionmethod(refinedfromcoconutexpellercake).Virgincoconutoilisclaimedtohavemorehealthbenefitscomparedtococonutoilextractedfromcopra.
2.9.1.1Solventextraction
Canceletal60hasstandardizedconditionforcoconutoilextractionfromcoconutmilkpress-cake61studiedthesolventextraction
58.BurnettC.L.Int.J.Toxicol.30,3(2011):55-165.
59.NevinK.G.andRajamohanT.Clin.Biochem39,9(2004):830-835.
60.CancelL.E,RosarioHernandezJ.A,andHernandezE.R.de.“CoconutoilextractionfromcoconutmilkPress-Cake”,J.AgricUnipueretorice60,3(1976):281-293.
61.A.L.Gonzalez,etal.“StudiesonSolventextractionofresidualoilfromwetcoconutmealusingisopropanol”,Phillip.J.Sci.102,½(1973):31-43.
ofresidualoilfromwetcoconutmealusingisopropanol.Bernardini62hasdescribedanewsinglesolventdirectextractionprocess(byCMB,Pomezia)whichObtiatesandBuccat63studiedthefiltration-extractionofgranulatedcoconutonabenchscale.Claudioetal64carriedoutlaboratoryscalestudiesonthepreparationofahighlynutritiouscoconutflourfromgranulatedcoconut.Preliminaryfeedingexpt.IndicateaPERcomparablewithcaseinpreparedfoods(cakes,doughnuts,cookies,pastries)with20-30%wheatflourreplacedbycoconutflourobtainedhightasterating.
2.9.1.2EnzymaticProcess
Coconutoilisextractedfromcoconutpastebyanewenzymaticprocess65andthemethodusedlessenergythantheconventionalprocesses.ASrilankaninventor66hasdevelopedasimplemethodformakinghighqualitycoconutoilanddesiccatedcoconutusingmore

62.BernardiniE.“DirectextractionofoilfromoilseedswithoutPressing”,Riv.Italide.Sost.Gras49,8(1970):385-391.
63.AliwalasA.R.andBuccatC.P.“Filtration-extractionofgranulatedCoconutonabenchscale”,Phillip.J.Sci.96,3(1970):215-285.
64.Claudio–TR,CapulsoS.A,GonzalesA.L,FuenteF.S.dela,andManalacG.C.“LaboratoryScaleStudiesonthePreparationofCoconutflourfromgranulatedcoconut”,PhillipJ.Sci.97,1(1968):45-56.
65.ThampanP.K,GlimpsesofCoconutindustryinIndia.CoconutDevelopmentBoard,Cochin(1988).
66.Leonard.E,“SriLankanInventorwhomakeslifeeasierforhiscountrymen.(1983).Community,APCC/QS/45/83,33-35.
manpowerandlittleornoelectricity,itinvolvesbreakingthecoconut,scrapingitanddryinginaspeciallydesignedsolardrier.Thedesiccatedcoconutproducedcanbeusedformechanicalextractionofcolourless,odourlesscoconutoilsuitablefordirectconsumption67,68developedasimpleprocessforproducingcoconutoilandfoodgradecopracakewhichhasbeenpotential.Nambiar69developedamethodfortheproductionofrefinedoilformthemilkoffreshripecoconutsandhasbeengrantedanIndianpatent.
2.9.1.3WetProcessingofCoconut
Nambiar(1977)70hasdevelopedamethodofprocessingfreshripecoconuttoobtainrefinedoilandtosimultaneouslyrecovercoconutproductsincludingsolidcoconutproductsforhumanconsumptionwhichhasalsobeenpatentedinIndia.CastellanosandAsturias71.Investigatedthewetmillingprocessesfortheextractionofoilfrom
67.“Small-Scaleoilextractionfromgroundnutsandcopra.InternationalLabouroffice”,UnitedNationsIndustrialdevelopmentorganizationTechnicalMemorandum,UnitedNationsIndustrialdevelopmentOrganization,4(1983)xi+111pp.ISBN922103503.4.
68.MojicaI.N.Jr.“ProcessforProducingCoconutoilandfoodgradecopracake”.(1978)Philippines-Patent11661/C.
69.NambiarT.V.PMethodfortheproductionofrefinedoilfromthemilkoffreshripecoconuts.(1977),Indian-Patent.
70.NambiarT.V.P.AmethodofProcessingfreshripecoconuttoobtainrefinedoilandtosimultaneouslyrecovercoconutproductsincludingsolidcoconutproductsforhumanconsumption,(1977):India-Patent.
71.CastellanosP.S,andAsturiasC.R.“Extractionofoilfromfreshcoconut”,Oleagineux24,1(1969):419-21:24(819)505-09.

decorticatedfreshcoconutunderavarietyofexperimentalconditionstogetoilofbetterqualityanditrequiredlessrefining72identifiedthecriticalunitoperationsinthewetprocessingoffreshcoconutsfortherecoveryofoilandfoodgradeprotein.
2.9.1.4CopraMillingbyTraditionalMethods
Theextractionofoilfromcopraisoneoftheoldestseedcrashingoperations.InIndiaandSriLankaCopraisstillcrushedforoilextractionintheprimitivechekkusaswellasinrotaryghains,expellersandhydraulicpresses.
TheChekkuisafixedwoodenorstonemortarinsidewhichrevolvesonahardwoodenpestle.Thepestleisattachedtoalongpolewhichismovedroundviabullocks,donkeyorbyhumanlabor.About20-40kgofcopracanbehandledbyachekku.



72.HagenmaierR.D,CaterC.MandMattilK.F.“Identificationofthecriticalunitoperationinthewetprocessingoffreshcoconutfortherecoveryofoilandfoodgradeprotein”,Abstr.Papers.AmericanChemicalSociety,J.Amer.Chem.Soc.162,(1971):AGFD8.
2.9.1.5CopraProcessingbyContinuousPressing
Thisisdonewiththehelpofexpellers.Theoilexpellerisessentiallyamechanicalscrewpressinwhichtheoilisexpelledfromthecoprabythepressureexertedbyacontinuousrotatingwarmshaftinthebarrelisbuiltwithopeningstoallowtheescapeofoilandthesecanbeadjustedaccordingtothetypesofseedbeingcrushed.Traditionally,virgincoconutoilisproducedbyfermentationmethod,wherecoconutmilkexpelledfromfreshlyharvestedcoconutsisfermentedfor24-36hrs,andduringthisperiod,theoilphase.Further,theresultingwetoilisslightlyheatedforashorttimetoremovethemoistureandfilled-filtered.Themaindisadvantagesofthisprocessarelowoilrecoveryandfermentedodor,whichmasksthecharacteristiccoconutflavoroftheoil.
2.9.1.6HydraulicProcess
Theseareusedinthelargeinstallations.Theyareoftwomaintypes-openorAnglo-Americanpressesandtheclosedorcagetypespresses.Inthisthespacebetweentheplatesaboveramandtheheadisdividedbyplatesbetweenwhichcopraisputwrappedinpressclothes.
Thecommonmethodistoextractoilfromcopraordrycoconutsconventionallycoconutoilisproducedbyexpellingdrycoprafollowedbyrefiringduringwhichoilisexposedtohightemperature.Thecoprabasedrefinedcoconutoilorthesolventextractedandrefinedcoconutoilwillhaveabrandtasteduetotherefiningprocesses.
2.9.2	ImportanceofCoconutasOilSeed
Thecoconutpalmisthemostimportantparentalsourceofoil,whichisgrowninIndia.Thecultivationofcoconutisspreadovertheentirecoastedbeltandalsosomeinteriortracts.Comparedtoallotheroilseedcropscoconuthasthehighestproductivityaswellasconsistencyinproductioncomparedtootheroilseedcropscoconutislesssusceptibletoabnormalclimaticcondition.
2.9.3	BiologicalEffectsofCoconutoil
HistoricalinformationclaimsthatcoconutoilwasthecureforillnessinancientIndiaandChina,treatinganythingfrominfectionsanddisease,tonauseaandtoothaches.Thecreamy,softtextureofcoconutoilhasalsobeenusedasaskinmoisturizerandashairtherapy,aidinginpreventingandtreatmentofdryskinanddamagedhairinthehot,tropicsun.claimedtoguaranteedblemishandinfectionfreeskinaswellasstrongbones,Samoonmothersmassagetheirchildren’sentirebodiesfrequentlysinceinfancywiththemiracleoil.Coconutoilcanalsoberubbedonthegumsofbabiestoeasethepainduringteething.Jamaicansbelievescoconutoiltobevaluabletohearhealth,anddrankitasatonicwheneversick73.
2.9.3.1Anti-MicrobialEffectsofCoconutoil
Coconutoilhasbeenfoundtoaidasanantibacterial,antifungalantiviralandantidermatophyticagents.IthasbeenusedinAyurvedicmedicineaswellasinmanyothercultureworldwidestudieshavebeenconductedtotesttheeffectsofcoconutoilasanantimicrobialagentandfindingsformanysupportthisthousand-yearolduniversalremedy.Byproductsofcoconutoilbreakdownresultintheproductionofmedium-chainfattyacids(MCFA)andmonoglycerides(MG).itistheseMCFAandMGthatconferantimicrobialproperties,bydestroyingpathogenicbacteria,virus,fungiandprotozoa74.

73.SouthPacificinformation/coconut-oil.Html(July5Coconutoil:http://rudanetrading.com/au/th2013).
74.FifeB.AgrofoodindHiTec24,3(2013):7-10.

Coconutoilhasbeenprovenverysuccessfulandeffectiveagainstvirusesthatlipid-coated,suchasEpstein-Barvirus,influencevirus,leukemiavirus,hepatitisCvirus,andcytomegalovirus(CMV),tonameafew.Itaccomplishesthisbyinterferinganddiscruptingthevirusmembrane,assembly,andmaturation75.
2.9.3.2HypolipidemiceffectsofCoconutoil
Whilecardiovasculardiseaseisontherise,mainly,duetoitscorrelationswithobesity,agrowingepidemicacrosstheglobe,riskfactorsofcardiovasculardiseaseincludeseveralcomponents,suchasdiet,levelofphysicalactivity,psychologicalwell-being,andotherlifestylecomponentslikesmokingofthesescientificevidencehaveindicatedthatdietaryfactorspredominantlyinfluenceserumlipidconcentrations76.Itislargelybelievedthatcertaindietaryfatslowerlowdensitylipoprotein(LDL)Levelswhileassistinginelevatinghigherdensitylipoprotein(HDL)levelintheblood.Clinicalevidenceshave


75.DebMandal.MandMandal.S.AsianPac.J.Trop.Med4,3(2011):241-247.
76.NevinK.GandRajamohan.T.ClinBiochem37,9(2004):830-835.
alsoindicatedthatriskforcardiovasculardiseaseincreasedramaticallywhenserumLDLiseasilyoxidized76.Thereisnewfoundinterestinthecardio-protectiveeffectofcoconutoilasreportedbythecoconutresearchcenterinonestudy,coconutoilwasreportedtocauseanincreaseintotalcholesterollevels.However,itisnoteworthythatsomeoftheelevationincholesterollevelsisattributedtoanincreaseinHDLorgoodcholesterol77.Therefore,itisessentialtounderstandthechemicalcompositionofcoconutoilinordertoextrapolatethehealthbenefitandclinicalsignificanceofconsumingcoconutoilasaheathpromotingdietaryfat.
2.9.3.3EffectsofCoconutoilonCardiovascularHealth
ArecentstudyinvestigatedtheriskforcardiovasculardiseasesuponconsumptionofcoconutoilinthePhilippines,acountrywhereincoconutoilisabundantlyusedforcookingpurposes.Coconutoilbeingextremelyrichinsaturatedfats,thepremiseofthisstudywasto



77.Fife.B.AgrofoodIndHiTec24,3(2013):7-10.
investigatetheeffectsofsaturatedfatsincoconutoilanditsatherogenicpropertiesinacohortof1,839Filipinowomen78.Theresultsofthisstudyindicatedthatconsumptionofcoconutoildidnotelevateserumtotalcholesterolorserumtriglycerides.However,measurementofcoconutoilintakewascalculatedusingself-reportingviatwo24-hoursdietaryrecalls.Thus,duetothenatureofthedesignedpracticedbythestudyandlackofabilitytocontrolvariousexternalandconfoundingvariables,itwouldbesafetoassumethatadditionalclinicaltrialsarerequiredbeforehealthprofessionalsareconfidentlyabletoprescribecoconutsoilconsumptionasitrelatestobeingacardio-protectiveagent.
2.9.3.4HepatoprotectiveEffectsofCoconutoil
Liverisoneofthelargestandmostimportanceorgansinhumanbody.Thehumanliverisresponsibleforcontrollingcarbohydratesstorageandmetabolism,proteinsynthesis,breakdownofredblood

78.FeranilA.B.AsiaPac.J.Clin.Nutr.20,2(1971):366-369.
cells,anddetoxification79.Despitethemanyadvancesinthemedicalfield,westernmedicinehasbeenunabletopreventandcuremanychronicconditions,onebeingofferingprotectionfrommuchchemicalandphysiologicaldamagetohepaticcellsresultingfromroutineexposuretodifferentnutrients,drugs,andenvironmentalfactors.Inthemostrecenttimes,VCOhasgainedalotofpopularityintheclinicalfield,especiallyinrelationtoitsanti-oxidantandcardo-protectiveproperties.However,theunderstandingofthefunctionalpropertiesofcoconutoilclinicallywithinthehumanbodyrequiressophisticatedresearchmethodologies.DatainanimalssuggestthatVCOmayinduceahepato-protectiveeffectinadditiontotheantiviral,anti-inflammatory,andcardio-protectivemechanism.Zakaria79investigatedthehepato-protectiveeffectsofVCOonparacetamolinducedliverdamageinrats.TheresultindicatedthattreatmentofthedamagedratliverwithVCOsignificantlyreducedliverdamageconcludingthatcoconutoilmayindeedoffersomehepato-protectiveeffects.The


79.ZakariaZ.A.Evid.BasedComplementAlternat.Med,2011(2011):142739.
authorsconcludedthatfurtherin-depthstudiesarerequiredtoobservesimilarresultsinhuman79.
2.9.3.5EffectsofCoconutoilonMetabolicSyndrome
Thereisasurgeinchronicdiseases,mainlystemmingfrompresenceofobesity,verylittlepreventivecureisavailablethroughwesternmedicine.Type2diabetes,hypertension,cardiovasculardisease,andcertaincancersareallchronicconditions,riskforwhichcanbeincreasedbywhatisdeemedasmetabolicsyndromeaclusteroffactorscomprisingoflowlevelsofHDL,hyperglycemia,abdominalobesity,hypertionandhightriglycerides80.Althoughthepathogenesisofmetabolicsyndromeiscomplex,verylittleisknownabouttheunderlyingmechanismsandsuccessfulpreventionandtreatmentthroughwesternmedicine.Ithasbeenobservedthatinanimal(micemodels),consumptionofMCTsuchasthosefoundincoconutoilmayofferenhancedlipidoxidationandgreaterenergyexpenditure.ArecentstudysuggestedthatconsumptionofMCT’s(CoconutandMilk)


80.NagaoKandYanagitaT.PhamacolRes61,3(2010):208-212.
resultedingreaterelevationofpostprandialoxygenconsumptioninhealthymenascomparedtoLCT81.Hyperlipidemia,aclassicconditionassociatedwithmetabolicsyndromeisoneofthemanyleadingcausesofcardiovasculardiseasesandwhiletherearenumeroussyntheticdrugsavailabletotreattheconditionnonecomewithouttheaddedriskofsideeffectssometimesdebilitatingandinterferingwithbodyprocessesandmetabolism82.
2.9.3.6Anti-CancerEffectsofCoconutoil
In1987,Lim-Sylianco83publisheda50-yearliteraturereviewshowingtheanti-cancereffectsofcoconutoil.Inchemicallyinducedcancersofthecolonandbreast.Cohenetal84showedthatcoconutoilwasbyfarmoreprotectivethanunsaturatedoils.Forexample,32%ofcornoileatersgotcoloncancerwhereasonly3%ofcoconutoileatersgotthecancer.Animalsfedunsaturatedoilshadmoretumors.Thisshowsthethyroid-suppressiveandhence,immune-suppressiveeffectsofunsaturatedoils.
81.SeatonT.B.AmJ.ClinNutr44,(5)(1986):630-634.
82.ZakariaZ.A.Evid.BasedComplementAlternat.Med2011,(2011):384-387.
83.Lim-SyliancoC.Y.“Anticarcinogeniceffectsofcoconutoil”,PhillipJ.Coconutstudies12,2(1987):89-102.
84.L.A.Cohen,etal.“Dietaryfatandmammarycancer,I.PromotingeffectsofdifferentdietaryfatsonN-nitrosomethylurea-Inducedratmammarytumorigenesis”,J.Natl.CancerInst.77,1(1986):33-42.
2.9.4	HealingPropertiesofCoconutoil
Coconutoilisantiviral,antifungal(killsyeasttoo)andantibacterial.Itaffectsandkillsvirusesthathavealipid(fatty)coating,suchasherpes,HIV,HepatitisC,theflu,andmononucleosis.Itkillsthebacteriathatcausepneumonia,sorethroats,dentalcavities,urinarytractinfections,meningitis,gonorrhea,foodpoisoningandmanymorebacterialinfections85.Itkillsthefungus/yeastinfectionsthatcausecandida,ringworm,athletesfoodthrush,jockitchanddiaperrash.
2.9.5	ApplicationsofCoconutoil
Coconutoilhasalongshelflifeandisusedinbakingindustries,processedfoods,infantformulas,pharmaceuticals,cosmeticsandashairoil.Theoilcontains92%ofsaturatesconsistingofmediumchainfattyacidsintheformoftriglycerides,andabout8%ofunsaturatedconsistingofoleicandlimoleicacidsastriglycerides.Theoilhasasmallamountofunsaponifiablematter(<0.5%),iscolorlessandhasa

85.S.Nandi,S.GangopadhyayandS.Ghosh.“ProductionofMediumchainglyceridesfromcoconutandpalmkernelfattyacidsdistillatesbylipase-catalyzedreactions”,Enz.AndMicrobialTechnol36,(2005):725-728.
odortypicalofthecoconuts.Theoilhasasmallamountsoftocopherols.Theoilisknowntohaveantiviralandantibacterialeffectsandexcellenthealingproperties.Itgetseasilyabsorbedinthebodyandisanaturemimicofhumanbreastmilkfatandhenceusedininfantformulae.
2.9.5.1EdibleApplicationsofCoconutoil86
Coconutoilhasahighdegreeofsaturatedwithahighcontentofsaturatedfattyacids.Becauseofhighcontentofsaturatedfattyacidscoconutoilishighlyresistanttooxidativerancidity,coconutoilisusedasacomponentofinfantmilkpowdersbecauseofitseasydigestibilityandstableflavorcoconutoilisextensivelyusedinthefoodindustriesasaconfectionaryfatparticularlyinthepreparationoficecream.Ininitiationchocolatescoconutoilisusedinplaceofcocoabutteralongwithcocoapowder.




86.A.G.GopalaKrishnaetal.“CoconutOil:Chemistry,ProductionandItsApplications-AReview”.IndianCoconutJournal.2010,15-27
2.9.5.2Non-EdibleApplicationsofCoconutoil86
Oneofthemajornon-edibleapplicationsofcoconutoilisinthesoapindustries,oneimportantchemicalderivativeofcoconutoilismethylestersofcoconutfattyacids,whichareproducedbytreatingcoconutoilwithmethylalcohol.Thesemethylestersconstituteanimportantrawmaterialforthechemicalindustriesastheyaremorestableandareeasiertoseparatebyfractionaldistillation.Coconutoilhasmanyotherindustrialusesinthepharmaceuticals,cosmetics,plasticsrubbersubstitutes,syntheticresinsetc.coconutoilhasalsobeenfoundusefulformixingwithdiesel.Thesemixturesintheproportionas30:70hasgivenexcellentroadperformanceofdieselvehicles.Methylestersofcoconutoilfattyacidsisalsobeingusedaslubricantsandbiodieselinaviationindustry.


CHAPTERTHREE
3.0MATERIALSANDMETHODS
3.1REAGENTSANDAPPARATUS
3.1.1Reagents
Allreagentsusedareofanalyticalgradeandincluded:N-hexane,methanol(CH3OH),sodiumhydroxide(NaOH)pellets,sodiummethoxide(NaOMe),sodiumhydroxide,silicagel,activatedcharcoal,distilledwater,Trimethylolpropane(TMP),phenolphthalein,alcoholether,ethanol,potassiumhydroxide(KOH),
3.1.2EquipmentandApparatus
Heatingmantle,beakers,funnel,round-bottomflask,measuringcylinders,chromatographycolumn,separatingfunnel,distillationapparatus,thermometer,two-neckedroundbottomflask(500ml),anti-bumpingstone,electric-mechanicalstirrer,weighingbalance,burette(50mL),pipette(25mL),andmagneticstirrer.


3.2COLLECTIONANDPREPARATIONOFSAMPLE
Thecommerciallyavailablelocallyproducedcoconutoil(adinagbon)producedbytraditionalmethodwaspurchasedatOJA-OBA(translatedasKing’smarket)inIlorin,KwaraState,Nigeria.Thesamplewasprocuredinplasticcontainerstightlystoppered.Itwastransportedtothelaboratoryinsamecontainerandkeptatambienttemperatureuntilthetimeofuse.
3.3PURIFICATIONOFOILSAMPLEBYCOLUMNCHROMATOGRAPHY
Theoilsamplewasmixedwithafewgrams(2-3g)ofactivatedcharcoalandstirredwellforaperiodoftime(about5minutes)withaglassrod.Silicagelwasmixedwithanothersmallamountofactivatedcharcoalintheratio10:1respectively,andwaspacked(asthestationaryphase)intofrittedchromatographycolumnthatwasinitiallycloggedwithcottonwool.Then-hexanewhichwasthemobilephasewascarefullypouredintothecolumnandkeptafewcentimetersabovethetopofthestationaryphase.Themixtureoftheoilsample,activatedcharcoalandsomevolumeofn-hexaneweremixedandpouredintothechromatographycolumnandallowedtorunthroughthestationaryphasewithn-hexaneasasolventThepurifiedoilcontainingthesolventwascollectedintoabeakerandredistilledtoremovethesolvent.Thepurifiedsamplefromeachoilwascollectedandkeptforanalysis.
3.4PREPARATIONOFREAGENTS
3.4.1Preparationof1%w/vPhenolphthaleinSolution:1.00gofphenolphthaleinpowderwasdissolvedin100mlofethanolina100mlstandardflask.Thiswasusedastheindicatorsolution.
3.4.2Preparationof1%w/vSodiummethoxide:1.00gofsodiummethoxidewasdissolvedin100mlofmethanol.ThisRepresent1%w/vofthecatalystinthereactant.
3.4.3PreparationofPotassiumhydroxide:5.611gofpotassiumhydroxidewasdissolvedinsmallamountofdistilledwater.ThesolutionwascarefullyandquantitativelytransferredintoacleanlLvolumetricflaskandmadeuptothemarkwithdistilledwater.Thisgaveanapproximately0.1Msolutionwhichwassubsequentlystandardized.
3.5TRANS-ESTERIFICATIONOFOILSAMPLE
ThemethylestersoffattyacidineachoilsampleusingsodiummethoxideNaOMEcatalyzed-transesterificationwithsomemodificationsuchthatthemethoxidewaspreparedbydissolvingsodiumhydroxidegranulesinmethanol.1gofNaOHwasdissolvedin20mlofmethanolwithelectrichotplate.100mlofeachoilsamplewasheatedtoabout60oC.The20mlmethanolicsodiumhydroxide(NaOME)solutionwaspouredintothehotoilandmaintainedatthattemperaturewithvigorousstirringusingmagneticstirrerfor10minutes.Thustheconversionofeachoilsampletoitsmethylesterwaspracticallycompleted.Itwaslatertransferredtoaseparatingfunnelforseparationofthebio-dieselfromtheglycerinby-productandotherproducts.Thesetup(i.e.separatingfunnelanditscontents)wasleftundisturbedtoallowthefattyacidmethylestertoseparatefromothercomponents.Thelowerphasecontainingtheglycerol,unreactedmethanolandcatalystwasremoved.Theupperphasecontainingthemethylesterwasthenwashedwithdistilledwaterseverally.Theemulsionproducedwasresolvedaddingfewgramsofsodiumchloride(NaCl)crystals.Thefattyacidmethylesterofeachoilsamplewascollectedandstoredinlabeledplasticcontainer.ThethevetiaperuvianasamplecouldnotbetransesterifiedtoitsFAMEbutratheritformedsoap.Thiswasduepossiblytoitshighacidvalue.Sonofurtherworkcouldbedoneonthethevetiaperuvianaseedoilasregardconversiontobiolubricantinthiswork.
3.6PREPARATIONOFBIOLUBRICANTSAMPLES
100goftheFAME(Fattyacidmethylester)ofeachoilsamplewasweighedintoacleandry500mltwo-neckedroundbottomflask.Theoilwasheatedinitiallyto60oCandabout11.5gofTMPwasadded,followedby44.35gofKOH(potassiumHydroxide).Theentiremixtureintheflaskwasheatedto130oCandmaintainedatthistemperatureforanhour.Theresultingbiolubricantwasallowedtocoolandtransferredintoa250mlbeakertofurthercool.TheBiolubricantobtainedwasthenkeptinplasticreagentbottleforanalysisandlabelledCOBL.


3.7CHARACTERIZATIONOFBIOLUBRICANTS
ThebiolubricantsampleswereanalyzedforqualityparametersandcharacterizedbyinstrumentalmethodswhichincludeGC-MSandFTIR.
3.8ANALYSISOFTHEBIOLUBRICANTS
Thebiolubricantswereanalysedfortheirphysicalproperties(colorandodor)andotherqualityparametersforlubricants.
3.9DETERMINATIONOFSOMEPHYSICALPROPERTIES
Color:Theoilandbiolubricantsampleswereobservedorganolepticallyforitscolors.Bio-lubricantgoldenyellow)
Odour:Theodorsoftheoílsandbiolubricantsampleswerealsoperceivedbysimplywaftingtowardthenostrils.
3.10ANALYSISOFTHEBIOLUBRICANTQUALITYPARAMETERS
Thefollowinganalyseswerecarriedoutonthebiolubricantsprepared;viscositiesat40°Cand100°C,otherqualityparametersoflubricantswereanalyzedandcomparisonoftheparameterswithvariousstandardvaluesofdifferentgradeswasalsocarriedout.


CHAPTERFOUR
4.0RESULTSANDDISCUSSION
4.1RESULTS
Thetablesbelowpresenttheresultsofthephysicalproperties,qualityparameterandinstrumentalanalysisofthebiolubricantpreparedfromlocallyproducedcoconutoil.
Table4.1:Resultofappearanceofsamplebeforeandafterpurification
	Physicalproperties
	Colorbeforepurification
	Colorafterpurification
	Odorbeforepurification
	Odorafterpurification

	Coconutoilsample
	Offwhite
	Colorless
	Strongodorofrancidcoconutoil
	Odorless





Table4.2:ResultofQualityparameterofthebiolubricants
	Sample
	Visc@40oC(cSt)
	Visc@100oC(cSt)
	Viscosityindex(VI)
	Flashpoint(oC)
	TBN
(mgKOH/g)
	Pourpoint(oC)
	Crackle

	Testmethods
	ASTMD445
	ASTMD445
	ASTMD2270
	ASTMD92
	ASTMD2896-11
	ASTMD97
	

	COBL
	24.39
	4.62
	104
	144
	9.8
	-
	Passed

	Standard
	Visc@40oC(cSt)
	Visc@100oC(cSt)
	Viscosityindex(VI)
	Flashpoint(oC)
	TBN
(mgKOH/g)
	Pourpoint(oC)
	Crackle

	ISOVG32
	
	>4.10
	104
	-
	-
	<-10
	-

	ISOVG46
	>41.40
	>4.10
	>90.0
	220
	-
	<-10
	-

	ISOVG68
	>61.40
	>4.10
	>198
	-
	-
	<-10
	-

	ISOVG100
	>90.00
	>4.10
	>216
	-
	-
	<-10
	-

	MineraloilSN500
	95.76
	10.86
	98
	-
	-
	<-31
	-





Table4.3:Resultofinstrumentalanalysisofbiolubricant
Table4.2:Otherchemicalcompoundsinthecoconutoil(adinagbon)biolubricant
	S/N
	STRUCTURES
	NAMES

	1
	[image: ]
	1,4-Dioxaspiro[4.4]nonane,7-butyl-(R,R)-2,3-dimethyl-

	2
	[image: ]
	2,4-thiophenedicarboxylicacid,5-amino-3-methyl-,diethylester

	3
	[image: ]
	2-Azacyclooctanone

	4
	[image: ]
	2-Butenedioicacid(E)-,bis(2-methylpropyl)ester

	5
	[image: ]
	2-Dibenzofuranamine

	6
	[image: ]
	3-benzofuranamine

	7
	[image: ]
	4-Dibenzofuranamine

	8
	[image: ]
	5-Ethyl-1,3-dioxane-5-methanol

	9
	[image: ]
	7-hydroxy-4,6-dimethylnonan-3-one

	10
	[image: ]
	8-octadecenoicacid,methylester

	11
	[image: ]
	9-octadecenoicacid(z)-,methylester

	12
	[image: ]
	9-octadecenoicacid,methylester,(E)-

	13
	[image: ]
	cyclododecanol,1-aminomethyl-

	14
	[image: ]
	Decanoicacid,methylester

	15
	[image: ]
	Decanoicacid

	16
	[image: ]
	Decanoylchloride

	17
	[image: ]
	Dodecanoicacid,ethenylester

	18
	[image: ]
	Dodecanoicacid,Methylester

	19
	[image: ]
	Dodecanoicacid

	20
	[image: ]
	D-Ornithine,N,N,'-bis(dimethylaminomethylene)-,methylester

	21
	[image: ]
	Fumaricacid,2-hexylisohexylester

	22
	[image: ]
	furamicacid,4-heptylhexylester

	23
	[image: ]
	Furamicacid,di(4-methylpent-2-yl)ester

	24
	[image: ]
	furamicacid,isohexyl4-octylester

	25
	[image: ]
	hexadecanoicacid15-methyl-methylester

	26
	[image: ]
	hexadecanoicacidmethylester

	27
	[image: ]
	Lauricanhydride

	28
	[image: ]
	Methylester

	29
	[image: ]
	N-Acetylpyrrolidone

	30
	[image: ]
	n-Decanoicacid

	31
	[image: ]
	Nonanoicacid,9-oxo-,methylester

	32
	[image: ]
	Nonanoicacid,Methylester

	33
	[image: ]
	o-(3-methylcyclohexyl)s-(2-diethylaminoethyl)ethylphosphonothiolat

	34
	[image: ]
	Octanoicacid,3-chloroprop-2-enylester

	35
	[image: ]
	Octanoicacid,methylester

	36
	[image: ]
	Octanoicacid

	37
	[image: ]
	Octanoylchloride

	38
	[image: ]
	pentadecanoicacid14-methyl-methylester

	39
	[image: ]
	sarcosine,N-(1-naphthoyl)-,butylester

	40
	[image: ]
	sarcosine,N-(1-naphthoyl)-,ethylester

	41
	[image: ]
	tetradecanoicacid

	42
	[image: ]
	tridecanoicacid12-methyl-methylester

	43
	[image: ]
	Undecanoicacid,10-Methyl-,Methylester



4.2DISCUSSION
Table4.1showsthechangeinthephysicalallpropertiesoftheadinagbonachievedviapurificationfromoffwhitetopurewhitecolorduetotheremovalofimpuritiesandremovalofodor.
FromTable4.2,theresultsoftheCOBLviscosityat40°CagreesonlywiththeISOVG32grade.Whileat100°Cthevalueagreeswithallthegrades.Ithoweverhaslowervaluestothatofthemineraloilusedasbasedoilforsyntheticlubricants.

4.3CONCLUSION
ThisworkshowsthatthelocallyproducedcoconutoilcanbesuccessfullytransformedtobiolubricantwithcomparablequalityparameterstoISOVG32and46incertainrespect.Itthuscanfindindustrialapplicationinthisareaasarenewablefeedstock.
Andwithfurtherrefining,thequalityoftheresultingbiolubricantcanbeenhanced.
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