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ABSTRACT

Aluminum alloy-based metal matrix composites (AMCs) are widely accepted material in the
aerospace,automotive,military,anddefenceapplicationsduetotheirlightweightandhighstrength.
Fortribologicalapplications,high-performancewear-resistantmaterialslikeAMCsarethecandidate
materials.Inthisinvestigation,AA7075-basedcompositeswithdifferentsizeTiB2particleswere
fabricatedusingin-situandultrasoundcastingtechniques(UST).TheAMCsweretestedusingpin-
on-disctribotester,andtheeffectsofdifferentsizedTiB2particlesonwearresistanceofAA7075/TiB2
compositeshavebeeninvestigated.ThewearresistanceofAA7075/TiB2compositefabricatedusing
USTisfoundtosignificantlyimprovewhencomparedtobasealloyandalsoin-situcompositedue
torefinementintheparticlesize,reducedtheagglomeration,andimprovedthedistributionofTiB2
particles.ThetestresultsalsorevealedtheexistenceofamixtureofmechanicallymixedAl–Zn–Fe
intermetallicalloyandoxidesoftheseelements.
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1. INTRoDUCTIoN

Lowdensityandhighperformanceofaluminiummatrixcomposites(AMCs)makeitapotential
candidateforautomobile,aerospace,andothermanufacturingindustries.Thecurrentstateofthe
artofAMCmanufacturingconsistsofin-situsynthesis,whichholdsmanyadvantagesoverother
techniquessuchasstircasting,powdermetallurgy,andsprayforming.In-situsynthesisofAMCs
is advantageous for the generation of fine thermally stable reinforcement particles and process
flexibility(Pramod,etal.2015;Chakrabortyetal.,2012).Recently,anultrasound-assistedin-situ
castingtechnique(UST)hasbeendevelopedforthesynthesisofAMCs,whichcanrefinetheparticle
sizedowntosubmicronandnanoregimeandalsoenhancetheuniformdispersionofreinforcement
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particles.AwieldofUSTtowardsthein-situcompositesynthesisisbeneficialfortailoringthesize
anddistributionofreinforcementparticlesandthusenhancethemechanicalpropertiesofAMCs(Meti
etal.,2017).Recentstudiesincludingtheworksbythecurrentauthor’sreportsthattheultrasonic-
assistedcompositefabricationcansynthesizeagoodqualityAl/TiB2compositewithTiB2particles
ofmicron,submicronandnanometerinsizewithenhancedmechanicalproperties(Siddhalingeshwar
etal.,2009;2011a,2011b;2013,Patiletal.,2020;Banapurmathetal.,2020).

Alongwith themicrostructuralandmechanicalproperties, the tribologicalcharacteristicsof
AMCsarealsoasignificantdesignelement.ThetribologicalbehaviorofAMCsdramaticallydepends
onthesizeandvolumefractionofreinforcementparticles.Abetterunderstandingofthemechanism
ofwearandtheparametersaffectingthewearcangivetheinsighttodesignanewmaterialwith
improvedwearresistance.Thedryslidingwearofcompositematerialsinvolvescomplexprocesses
likemechanical,chemical,andthermalinteractionsbetweenthetwoslidingsurfaces.Delaminationis
oneoftheprimaryphenomenathatcausesadrasticalterationinthedryslidingwearrate.Literature
summarizesthatthesize,volumefraction,anddispersionofreinforcementparticlescanaffectthe
delaminationphenomena.Hence,thestudiesondryslidingwearofcomposites,delaminationpattern,
andtheroleofparameterslikereinforcementparticlesize,thefractionofparticles,anditsdispersion
areofgreatsignificanceforthedesignofawear-resistantcomposite.Thetribologicalbehaviorof
AMCsreinforcedwithavariousfractionofbothex-situand in-situ reinforcementssuchasSiC,
TiC,B4C,TiB2,graphite,andflyashareavailableintheliterature.Thestudiesontheinfluenceof
particlesizeanddispersionofparticlesonthewearperformanceofsubmicronandnano-sizeparticle
reinforcedcompositesareminimal.

Mandalet al.(2007)reportedthattheincorporationofin-situsynthesizedTiB2particles(1-2
µmofaveragesize)enhancedwearresistanceby2-3timesforbothAl-4CuandA356alloymatrices.
Teeet al.(2000)analysedthewearperformanceofAl1100/TiB2andAl-4.5Cu/TiB2compositesby
varyingthefractionofTiB2particlesandfoundthattheadditionofmicron-sizedTiB2particlesof
about10vol.%enhancedthewearresistanceupto18times,andfurtherincreaseinreinforcement
contentto15vol.%resultedinamarginalincreaseinwearresistancethanthemonolithalloy.Teeet 
al.(2000)alsofoundthatthedryslidingwearofAl/TiB2compositesresultsinraggededgeformation
ofTiB2particlesratherthanfracture.StudiesbySharmaet al.(2018),Kumaret al.(2008)andAdebisi
et al.(2016)reportedthattheparticlesizereductioncanenhancethewearperformanceofAMCs.
SahinandKamil(2004)foundthatthemodeofwearvarieswiththereinforcementparticlesize,and
itplaysasignificantroleindisplacement,anddamageofsoftmatrixmaterials,whichisinvestigated
bythereinforcementparticlesuponthesliding,mayvarywiththesizeofreinforcementparticles.
ThoughaseriesofstudiesarereportedonthewearperformanceofAl/TiB2composites,thereare
noreportsabouttheroleofTiB2particlesizeespeciallyinthesubmicronandnanorangeonthe
wearbehaviorandgoverningwearmechanisminvolvedindryslidingwearofAl/TiB2composites
processedthroughUST.Hence,inthisinvestigation,thestudyoftheeffectoffine(sub-micron)and
coarse(micron)TiB2particlesonthewearbehaviorofAA7075/TiB2compositeprocessedthrough
ultrasound-assisted in-situ casting technique. The effect of particle size on the operating wear
mechanismisalsodiscussedindetail.

2. EXPERIMENTAL DETAILS

AluminumAA7075alloymeltedinagraphitecrucibleat8000C.K2TiF6andKBF4saltsaremixed
inastoichiometricratiotoobtainTiB2particlesbyaluminothermicreactionwithmoltenaluminum.
Thepreheatedsaltmixture(at1500Cfor1hour)wasaddedtotheAA7075meltandstirredatregular
intervalsof10minutes.Themeltwaskeptat8000Cfor60minutestocompletethereaction.After
thein-situreaction,theslaganddrossformedremoved,andthecompositemeltcastto100x100x10
mmmildsteelmoldpreheatedto3000C.Aseparatesetofcastingmadefor5and7.5%ofTiB2
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