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ABSTRACT

ThisresearcharticlefocusesonthedevelopmentofAA7075alloyreinforcedwithdifferentwt%of
TantalumCarbide(TaC),SiliconNitride(Si3N4),andTitanium(Ti)particulatesusingstircasting.
Mechanicalcharacteristicsliketensile,compression,andmicrohardnessofthedevelopedcomposites
wereanalysed.HightemperaturetribologicalpropertiesofthehybridMMCswerestudiedforvarious
inputcontrolfactorslikeslidingspeed,load,andtemperature.Designanalysishasbeenexecuted
byTaguchiorthogonalarrayandANOVA(analysisofvariance).Theincorporatedreinforcements
exhibited improved wear resistance at ambient temperature along with elevated temperatures.
Monolithicdisseminationofreinforcementsinthepreparedcompositesmagnifiesthemechanical
andtribologicalcharacteristicsforcompositescomparedtomatrixmaterial.Fromtheoptimization
technique, itwaswitnessed thatwear rate and frictional coefficient are afflictedby temperature
goafterloadandslidingspeed.Theoptimalamalgamationofcontrolparametersofdistincttribo-
responseshasbeendetected.
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1. INTRodUCTIoN

Intoday’smodernscientificworld,developmentandcharacterizationofnewmaterialisanever-
endingprocessfortheproductionofnewproductsandtechnology.Therefore,thefieldofmaterial
sciencehaswitnessedthedevelopmentofcompositematerialtosatisfytheabovedemandinmilitary,
automobileandmarinesectors.AluminiumbasedMMCshasraiseditsdemandinvariouskindof
engineeringandmedicalapplicationsbecauseofitsenticingpropertiesforinstancelightweight,high
strength,highcorrosionresistancecharacteristics,highwearresistanceproperties,young’smodulus,
withstandingelevatedtemperatures,excellentcastability,goodthermalstabilityandhightoughness
(Al-Salihietal.,2019).Nowaday’sengineblockmaterialissubstitutedbyaluminiumalloyinstead
ofcastironwithaviewtoreducetheloadofthevehicleandmakeitgreaterfuel-efficacious(Pariyar
etal.,2021).Since1943,aluminium7075seriesalloyisextensivelyutilizedasastructuralmaterial
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intheaeronauticindustryduetoitsappealingproperty.Ithasbeenusedfornumerousapplications
forinstancegears,shafts,aircraftfittingsanddefenceapplications(Jayendraetal.,2020).Chinmayee
Karet.al(Kar&Surekha,2021)experimentallyinvestigatedAA7075basedAMCreinforcedwith
titaniumcarbide(TiC)andredmudofsize25and2micronsusingliquidstircastingtechnique.Itwas
noticedthat,thestrengthoftheheattreatedspecimenswereseentobeapproximatelydoublethanthat
oftheas-castspecimensduetothegrainrefinementduringthermaltreatment.TiCandredmudbuild
arobustinterfacialbondingamongthematrixandreinforcementmaterial.Further,theprocessing
temperaturesoftheMMCwereresponsiblefortheformationofunstableexothermicproductsat
theinterfaceofthealloyandreinforcementalsohelpsinenhancingthestrengthoftheMMC.Also,
duetoplasticdeformationbrittlefracturewasformedresultinginincreaseinhardnessatthecostof
thecomposite.Theauthoralsocomparedsimilarresearchworksandfoundthatflyashparticulates
reinforcedhybridAMCimprovesthemechanicalcharacteristicsoftheAMCs,whichactsasabarrier
tothedislocations.NithinRajet.al(Faisal&Prabagaran,2018)evaluatedthetribologicalbehaviourof
LM13/12wt%Si3N4/3wt%Grhybridcompositeunderexaltedtemperature(150°C).Theresultsreveal
thatbothatroomandhightemperature,wearrateshowsanupwardtrendduetothestress-provoked
whichfracturestheSi3N4particulatesinthematrix.COFincreasesowingtothehardeningoflayer,
thermalsofteningandalsothelubricationoutcomemadebychemicalrevulsions.N.Ramadosset.al
(Ramadossetal.,2020)characterizedB4C(1µm)andBN(10µm)reinforcedAl7075hybridcomposite
utilizing stir casting technique. Microstructural analysis shows the homogeneous distribution of
reinforcementsinthebasematrixandtheformationofAl3BC,AlB12,AlNasinterfacialreactions.It
wasnoticedthatmechanicalpropertiessuchastensile,hardnessandcompressivepropertiesofthe
developedcompositeenhancedduetointerfacialbondingbetweenmatrixandreinforcements,grain
sizeandstraingradientstrengtheningeffectofcomposites.Corrosionresistancefoundtobeimproved,
duringprecipitationhardeningitformsintermetallicphaseAl2Cuandthisactsasanobstaclefor
dislocation.T.PratheepReddyet.al(PratheepReddyetal.,2020)analysedaluminium7075hybrid
MMCreinforcedwithB4Candfly-ashparticleshavingparticlemeshsizeof150µmusingliquid
metallurgystircastingtechnique.Itwasnoticedfromresultsthatthemechanicalandtribological
attributesareenhancedbyreinforcementswithaluminummetalmatrixalloy.Resistancetoplastic
deformationanduniformdispersionofreinforcementsenhancesthemicrohardnessandrigidityof
thecompositematerial.Othermechanicalcharacteristicssuchastensile,percentageofelongation
andimpactanalysisrevealthatthedevelopedhybridMMCimprovedduetothepresenceofhard
ceramicparticulates.Whitepatchesalongwithabrasiveandabrasionwearwereobservedonthe
surfaceofthewearsampleswhichinturnimprovesthewearbehaviourofthecompositeparticularly
forstructuralapplicationssuchasturbines.J.PradeepKumaret.al(Mir&Anand,2018)reviewed
AMMCmaterialreinforcedwithTaC,Si3N4andTi.TheauthorconcludedthatTaCisanextremely
hightemperatureceramicrefractorymaterialmostlyusedforhigh-temperatureapplications.Since
thecombinationsAl-TaC,theproposedcompositematerialcanhaveeminentmaterial,mechanical
andthermalpropertiesforextremelyhigh-temperatureapplications.Also,Si3N4andTiwasusedas
ceramicparticulatesinaluminiummetalmatrixcompositeduetoitsexcellenttribologicalproperties,
goodcreepandfatiguepropertiesatlowandhightemperatureapplications.

TheproposedAA7075basedMMChasunique features likehigh strength, lowdensityand
weight,duetothepresenceofaluminiumasamatrixmaterial.Alsothecompositematerialhasthe
abilitytowithstandbothextremelowandhightemperaturesparticularlyforcomponentsusedin
military,defenceandautomobileapplications.Thedevelopedcompositematerialhasverylesschance
forductiletobrittletransitionatlowandhightemperatures.Inthecurrentarticle,anovelMMCs
comprisesofAA7075asbasematrixandTaC/Si3N4/Tiasreinforcementshasbeenfabricatedusing
low-costconventionalliquidmetallurgystircastingtechnique.Thereinforcedmaterialswereadded
withdifferentwt%andthepreparedcompositewasexposedtoseveralmechanicalandtribological
testsatroomandelevatedtemperatures.Theintentionofthisattemptistodisputetheassetmechanical
characteristicsofAA7075/TaC/Si3N4/Tiwithprosperoustribologicalfeaturesofthecompositeat
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