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ABSTRACT

Due to the relatively low strength and poor wear resistance of unalloyed titanium and its good
mechanicalproperties, corrosion resistance,andbiocompatibility,Ti6Al4Vhasbeenextensively
usedinvarioustypeofapplicationincludingaerospace,biomedical,andoffshoreindustries.The
goalofthisresearchistoenhancethesurfacepropertiesofthehighstrengthalloysexaminedsuchas
Ti6Al4VpinslidingagainstAl2O3disc,duetothevarioussurfacesroughnessparameters.TheCOF
andthewearratewerefoundtobelowerathigherappliedloadduetohigherfrictionalheatingleading
tothermaloxidationandtherebyformationofseveralmmthicktribo-layersonthewornsurfaces.
Characterizationof thetribologicalsamplewasperformedusingascanningelectronmicroscope
(SEM)equippedwithenergydispersivex-rayanalysis(EDAX)toensurethatthewearpatternand
debrismorphologiesoftheTi6Al4Vandaluminadisksweredistinct,suggestingasurfaceroughness
valuedeterminedby3Dprofilometeratvariousloadandslidingspeedof0.01ms-1.
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INTRoDUCTIoN

Titaniumanditsalloysareattractingsignificanceasspinalimplantmaterialsbecauseoftheirhigh
specificstrength,strongbiocompatibility,andefficientcorrosionresistance(Merolaetal.,2019).
Duetoitssuperiorstrength,Ti6Al4Vwithextra-lowinterstitialwascommonlyusedasasubstitute
materialforspinalfixinginstruments.ThevanadiuminTi6Al4V,howeverisvenomoustothephysical
structureandthusthemodulusofElasticityofTi6Al4V(about110GPa)hashigherthanplanttissue
(about30GPa),whichcausesstressshielding(Zivicetal.,2011).Moreover,duetonon-toxicity,it
exhibitsgoodbiocompatibilityandasitshowstheelasticmodulusofalumina(about90GPa)isless
thanthatofTi6Al4V(Amalrajuetal.,2012;Leeetal.,2014).

Puretitaniumandtitaniumalloys,ontheotherhand,haveapoorwearresistance(Budinskietal.,
1991)whichcanbeduetotwomainreasons(Molinarietal.,1997):(a)Theyhavelowplasticshear
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resistanceandlowworkhardening.Asaresult,thematerialweaklycounteractswearphenomena
relatedtotribologicalpropertiessuchasabrasionandadhesion.(b)Theoxidelayer,whichisformed
duetohighflashtemperaturescausedbyfrictionduringdrysliding,providesprotectionandisquickly
eliminatedbyscalingormicro-fragmentation,sothatsubsurfacelayersarenotprotectedagainstthe
wearphenomenon.Asaresult,severalsurfacetreatmentprocessesforpuretitaniumanditsalloyshave
beenproduced(Deligiannietal.,2001;Chernetal.,2020;Matosetal.,2019).However,tomaximise
thesurfacetreatment,theuntreatedalloysharmmechanismsmustbecarefullystudied.Theinferences
fromthepreviousreportsdonotappeartobeanalyzedindetailsinanyscientificstudiesalongwiththe
interpretationofmechanismsofdamages.Variousexperimentshaveshownthatmorphologicalchoices
atthemicronlevelregulatetherateandconsistencyofnewtissuedevelopmentattheinterface.(Suh
etal.,1973)experimentallyinvestigatedthedamagemechanismsofmetalsunderlowspeedslippy
conditionstoexplorethevalidityoftheharmtheoryofdelamination.Mistreatmentwasdocumented
usingninecompletelydifferentmetalswithvariedchemicalcompositionandmicrostructureunder
anargonatmosphere,theundergroundharmbeneathandtearingthedamagedtrackswereobserved.
Theoutcomeoftheexperimentsreportedthattheprevailingwearmechanismwasthewearitinduces
bythedelaminationsheets.Thedamagesheetcausedbyanundergroundcrackthatextendsovera
distancethatwastypicallyonetotwomagnitudeorderslongerthantheasperitycontactdiameter.
Throughoutplasticdeformation,thevoidsarenucleatedaroundtheinclusion.Thevoidnucleation
rateinmetalswhilenotinclusionswerefoundtobelowthanthatofthewearratewhichwaslow
evenaftertheyhavealowerhardness.(Findiketal.,2020)reportedthatthemajormedicaldevices
weredevelopedusingavarietyof typicalconventionalmetal,ceramic,polymericandcomposite
biomaterialsthatweresignificantlyrestricted.Thelatestmetallicimplantadvancesweresummarized
forbiomedicalapplications.Inadditiontothedistributedstudies,additionalstudieswerealsoplanned
ontheoppositemetallicmaterials,thealternationfortheimplementationofconventionalTi6Al4V
alloys, thedevelopmentsofsomeadditionalTibasedimplantalloysandemphasishasalsobeen
devotedtofurtherinvestigationofthedegradationprocessinmetallicimplants.Implantmaterials
aresubjectedtorelativemovements(Hammoodetal.,2019)thatcancausewearinjuryalongside
thecorrosivebodyfluidsideattacks.(Chausovetetal.,2016)carriedoutexperimentalstudies,the
impactoscillationload(dynamicmethodwithoutequilibrium)canbeusedasapreliminarymethod
ofrefiningmicrostructureformaterials.Alltestswerecompletedatambienttemperature.Therefore,
finegrainsarenotformedjustwithinthebasisofthealloyitselfbutalsotheprocessofrefining
theundergraintakesplaceinsidethisdatabase(Deyetal.,2018;Rahmanetal.2017).Theauthors
assumethattheformingoffinegrainalloymicrostructureunderimpactoscillatoryloadingleads
toasubstantialincreaseinthealloyinitialplasticdeformationundermorestatictensionbecause
ofitshighvolumematerial.(Khan&Dey,2021;Yuanetal.,2008)performedaslidingweartest
usingaballondiscappratusatroomtemperaturetostudythechangeinsurfaceroughnessaswear
progressesunderappropriatelubricationandlubricationconditionsinadequately.Analysisofparticle
sizedistributionandsurfacesofweardebrisandtestsamplesbasedonwearconditionandwearrates
forwearcomponentswereperformedinthepresentstudy.Changesinsurfacetopographyofwear
debrisandwearcomponentshavebeenstudiedaswearprogresses.(Dey&Khan2021;Wangetal.,
2020)surfaceroughnessparametersareasignificantfactorinfluencingsurfacewearresistance.Indry
frictionalconditions,thewearresistancewasnotdirectlyrelatedtothetopographicoffsetdistance
andtheshapeofthesurfacetopography,butthiswascloselylinkedtotheroughnessparametersof
thesuperficialtexture.(Yuetal.,2016)slidingweartestswerecarriedoutatdifferentspeedsand
loadsusingapinondiscapparatus indryconditions.Theresultssuggest that thecoefficientof
frictionissignificantlylowerinAl-Ti-CmasteralloycompositesthaninTiCreinforcedcomposites
Meanwhile,wearratesarelowerincompositeswithCuadditions.Basedonmicrostructuraland3-D
pfofileanalysis,coefficientoffriction,measurementsofwearrateandroughnesssettingsofaluminum
matrixcomposites,thebestwearbehaviorshowsAlsamplesstrengthenedwith15%Al-Ti-Cmaster
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