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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



 

 

10 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/prediction-of-surface-roughness-during-

dry-sliding-wear/282698

Related Content

Dynamic Performance Improvement of Journal Bearing by Using Dimple and

Protruded Textured Surfaces
Sanjay Sharma, Aniket Sharmaand Rajeev Kumar Awasthi (2022). International

Journal of Surface Engineering and Interdisciplinary Materials Science (pp. 1-22).

www.irma-international.org/article/dynamic-performance-improvement-of-journal-bearing-by-

using-dimple-and-protruded-textured-surfaces/295093

Glimpses of 3D Printing in the 21st Century
Vijay Tambrallimathand R. Keshavamurthy (2023). Development, Properties, and

Industrial Applications of 3D Printed Polymer Composites (pp. 1-8).

www.irma-international.org/chapter/glimpses-of-3d-printing-in-the-21st-century/318969

Mechanical Properties and Wear Behavior of Aluminum Grain Refined by Ti

and Ti+B
Ahmad Omar Mostafa (2019). International Journal of Surface Engineering and

Interdisciplinary Materials Science (pp. 1-19).

www.irma-international.org/article/mechanical-properties-and-wear-behavior-of-aluminum-grain-

refined-by-ti-and-tib/227705

Design and Simulations of Negative Refractive Index Metamaterial (NIR)

SRR and CSRR Structures
 (2018). Modeling and Simulations for Metamaterials: Emerging Research and

Opportunities  (pp. 141-147).

www.irma-international.org/chapter/design-and-simulations-of-negative-refractive-index-

metamaterial-nir-srr-and-csrr-structures/199341

Ab Initio-Based Stochastic Simulations of Kinetic Processes on Surfaces
Zhengzheng Chenand Chao Wu (2016). Computational Approaches to Materials

Design: Theoretical and Practical Aspects  (pp. 28-60).

www.irma-international.org/chapter/ab-initio-based-stochastic-simulations-of-kinetic-processes-

on-surfaces/156826

http://www.igi-global.com/article/prediction-of-surface-roughness-during-dry-sliding-wear/282698
http://www.igi-global.com/article/prediction-of-surface-roughness-during-dry-sliding-wear/282698
http://www.igi-global.com/article/prediction-of-surface-roughness-during-dry-sliding-wear/282698
http://www.irma-international.org/article/dynamic-performance-improvement-of-journal-bearing-by-using-dimple-and-protruded-textured-surfaces/295093
http://www.irma-international.org/article/dynamic-performance-improvement-of-journal-bearing-by-using-dimple-and-protruded-textured-surfaces/295093
http://www.irma-international.org/chapter/glimpses-of-3d-printing-in-the-21st-century/318969
http://www.irma-international.org/article/mechanical-properties-and-wear-behavior-of-aluminum-grain-refined-by-ti-and-tib/227705
http://www.irma-international.org/article/mechanical-properties-and-wear-behavior-of-aluminum-grain-refined-by-ti-and-tib/227705
http://www.irma-international.org/chapter/design-and-simulations-of-negative-refractive-index-metamaterial-nir-srr-and-csrr-structures/199341
http://www.irma-international.org/chapter/design-and-simulations-of-negative-refractive-index-metamaterial-nir-srr-and-csrr-structures/199341
http://www.irma-international.org/chapter/ab-initio-based-stochastic-simulations-of-kinetic-processes-on-surfaces/156826
http://www.irma-international.org/chapter/ab-initio-based-stochastic-simulations-of-kinetic-processes-on-surfaces/156826

