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ABSTRACT

Thisarticlestatisticallyinvestigatestheeffectofvariousparameterssuchasmaterialfactors:silicon
carbide(SiC)reinforcement,graphite(Gr)reinforcement,andmechanicalfactors:normalload,sliding
distance,andspeedontheslidingwearrateofvacuumstircastself-lubricatingAZ91D-SiC-Grhybrid
magnesiumcomposites.Theslidingweartestshavebeenperformedonpin-on-disctribometerat10-
50Nloads,1-3m/sslidingspeedand1000-2000mslidingdistance.Ithasbeenexaminedthathybrid
compositesyieldedimprovedwearresistancewithreinforcementofSiCandsolidlubricantgraphite.
ANOVAand signal-to-noise ratio investigation indicated that applied loadwas themost critical
factorinfluencingthewearrate,followedbyslidingdistance.Further,theAZ91D/5SiC/5Grhybrid
compositehasexhibitedthebestwearproperties.FromtheSEMandEDSanalysisofwornsurfaces,
delaminationwasconfirmedasthedominantwearmechanismforAZ91D-SiC-Grhybridcomposites.
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1. INTRoDUCTIoN

Theenergycrisis andchange inenvironmentdue toglobalwarmingare themainchallengesof
thecontemporaryworld.Beingoneofthemajorsourceofenergyconsumptionandenvironmental
pollution,fortransportindustries,thereisgrowingworldwidedemandsoflightweightmaterialsthat
arestrongerandcheaperwhichcanreducetheweightofautomobileimprovingthefuelefficiencyand
reducingtheharmfulgasemission(Banerjeeetal.,2019;Campbell,2012).Moreover,lightweight
magnesiumand its alloyspossessinghigh stiffness and specific strengthhavebecomeattractive
materialstomeetsuchdemandsinautomobile,aerospace,medical,electronic,defenseandsports
industries(Lietal.,2019;Yuetal.,2018).ReductioninweightofV6,3-cylindercarbyreplacingits
engineblockmadeofcastironandaluminumbymagnesiumwas54.6kgand9kgrespectively,which
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furtherpromotesfuelsavingsandemissionreduction(Tharumarajah&Koltun,2007).However,low
creepresistance,lowductility;poorcorrosionandwearresistanceofmagnesiumrestrictsitswider
applications(Dey&Pandey,2015).Theselimitationscanbeeliminatedbyadditionofreinforcement
andalloyingelementsinmagnesiumintheformofalloy,compositesandhybridcomposites(Gopal
etal.,2017).

AZ91Dwithhighspecificstrengthandgoodcorrosionisthewidelyusedmagnesiumalloyin
aerospaceandautomobile industries;however, ithasbeenmostlyused for structuralapplication
(Zafarietal.,2012).ApplicationsofAZ91Dalloycanbefurtherincreaseinotherautomobileand
spacesatellitecomponentssuchasenginecylinder,piston,stirlineengineandhighspeedairfoil
bearingbyimprovingitsmechanicalpropertiesalongwithwearresistance.Overthepastyears,many
researchershaveimprovedthemechanicalpropertiesofAZ91Dbyreinforcingthehardceramics
particlessuchassiliconcarbide(SiC),ceriumoxide,aluminumoxide(Al2O3),yttriumoxide(Y2O3),
boroncarbide(B4C)andtitaniumcarbide(TiC)atmicroandnanolevel(Khatkaretal.,2018).SiC
wasthemostusedreinforcement,duetoitsgoodwettabilityinmagnesium.GoodwettabilityofSiC
inmagnesiumisduetolowsurfacetensionofmagnesium(0.599N/mm),whichisalsolowerthanof
aluminium(0.720N/mm)(Poddaretal.,2007).ForAZ91Dmagnesiumalloypresenceofaluminum
hastremendousinfluenceinincreasingthewettabilityofSiC(Aatthisuganetal.,2017).Forthebetter
tribologicalproperties,graphite(hexagonallatticecrystalstructure);duetoitslowcostandeasily
availabilityhasbeenwidelyusedassolidlubricantofvariousmetalmatrixandtheiralloyssuchas
aluminum(Ravindran,Manisekar,Rathikaetal,2013),copper(RamPrabhuetal.,2014),nickel(Li
&Xiong,2008)zinc(Babicetal.,2010),magnesium(Girishetal.,2015),silver(Fengetal.,2007),
andbronze(Cuietal.,2013).Therefore,reinforcingthecombinationofhardceramicsSiCandsolid
lubricantgraphiteinAZ91Dalloyasself-lubricatinghybridmagnesiummatrixcomposites(HMMCs)
giveopportunitytoachieveimprovedmechanicalandwearproperties.Self-lubricatingHMMCsare
theimportantclassofmaterialsreinforcedwithsolidlubricantsassecondaryreinforcement,find
applicationsinharshorvacuumenvironmentalconditionswherelubricationusingliquidlubricantis
difficultorimpossible(Menezesetal.,2013;Moghadametal.,2015;Reevesetal.,2013).Moreover,
liquidlubricantsemitsharmfulpollutantstoenvironment,sotheneedofhouristofabricateofgreen
orenvironmentfriendlymaterialsfortheseapplicationsandself-lubricatingHMMCsareoneofthe
bestoptions(Omranietal.,2016).

Overthepastdecades,manytechniqueshavebeendevelopedforfabricationofHMMCssuch
as,disintegratedmeltdepositionmetal(DMD)technique,stircasting,squeezecasting,remeltingand
dilutiontechnique,infiltrationmethod,frictionstirprocessing(FSP)andpowdermetallurgy(Khatkar
etal.,2018).Inpresentresearchworkadvancedvacuumassistedstircastingprocessinghasbeen
consideredforfabricationofHMMCsreinforcedwithSiCandgraphiteduetoitslowerfabrication
cost,simplicity,abilitytocastcomplexshapesandlessdestructiontoreinforcementparticles.In
advancedvacuumassisted stir casting, twoblade stirringofmelt has been followedbyvacuum
assistedbottompouringwhicheliminatedthedrawbacksofconventionalstircasting.Agglomeration
ofreinforcementparticles,theirinhomogeneousdistributionandinterfacialreactionswithmatrixare
themajordrawbacksofconventionalstircasting.SiCandGrasahybridreinforcement(whereSiC
isincorporatedasprimaryreinforcementwhileGrisaddedassecondaryreinforcement)hasbeen
extensivelyusedbyseveralresearchersforimprovingthemechanicalandtribologicalpropertiesof
HMMCsofvariousmatrixmaterialssuchasaluminium(Bodunrin,2015;Guo&Tsao,2000;Mosleh-
Shirazietal.,2016),Copper(Rameshetal.,2009;Xiaoetal.,2013),andiron(Maetal.,2008).

Maamari et al. (Soorya et al., 2016) reinforced different content of solid lubricant graphite
in pure magnesium by mechanical alloying to fabricate Mg-Gr self-lubricating composites and
examined mechanical and wear behavior. It was reported that reinforcement of graphite in pure
magnesiumreducedthemechanicalpropertiesofcompositeswhileimprovingthewearresistance.
TheminimumwearrateandcoefficientoffrictionforMg-Grcompositeswasachievedwith5wt.%
reinforcementofgraphite.Beyond5wt.%ofgraphitewearrateandcoefficientoffrictionforMg-Gr
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