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ABSTRACT

Thisarticlerevealstheexperimental investigationonthemachinabilityofA356-TiB2/TiCin-situ
compositespreparedbyamixedsaltreactionsystem.Thefabricatedcompositesarecharacterizedby
Energydispersiveanalysis(EDAX),X-rayDiffraction(XRD),scanningelectronmicroscopy(SEM)
andmicro-hardnessanalysis.Multi-coatedtungstencarbidetoolwasusedtoexaminetheinfluence
ofTiB2/TiCreinforcementratioonmachinabilitybehaviourofcomposites.Thevariationsincutting
speed,feedrateanddepthofcutuponcuttingforce,surfaceroughnessandflankwearwereexamined.
Theexperimentalresultsrevealedthattheenhancementofareinforcementratiocausesthedecrease
incuttingforceandincreaseinflankwearandsurfaceroughness.Higherflankwearisobserved,
whenmachiningtheA356-TiB2/TiCcompositesathighercuttingspeedduetothegenerationofhigh
temperatureatthemachininginterface.Theincrementinsurfaceroughness,flankwearandcutting
forceisexperiencedathigherdepthofcutandfeedrate.Further,themechanismsofchipformation
andsurfacegenerationunderdifferentmachiningparametersareaddressed.Theoutcomeof this
experimentalinvestigationhelpstoutilizetheturningprocessformachiningthein-situcomposites
ateconomicmachiningratewithoutcompromisingthesurfacequality.
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1. INTRodUCTIoN

Aluminium matrix composite has high strength, low weight, good wear resistance, excellent
formability,highthermalconductivityandlowthermalexpansion(Chenetal.,2000).Thesematerials
successfullyappliedincentrifugalpumps,controlvalves,heatexchangers,nozzlesandbarrelliner
forguns(Lewis,1991).A356alloyhasgoodcastabiltyandstrengthtoweightratio.Theseproperties
makethemtouseinvariousfields,includingtorpedoes,missilebodiesandautomobilecomponents
likeenginecylindersandpistons.(Amneeshetal.,2016;ShyamKumaretal.,2015;Srinivasuet
al.,2015).TiB2andTiCareboride,andcarbide-basedreinforcementsandhassuperiorhardness,
stiffnessandresistance.Thesereinforcementswillactasgoodgrainrefiningagentsforaluminium
alloy(Kennedy&Wyatt,2000).TiB2andTiCreinforcementsrefinealuminiumgrainsandenhanced
theinterfacialbondingstrengthbetweenreinforcementsandmatrix,whichcausesimprovementin
mechanicalproperties(Birol,2006).
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Machiningofthecompositematerialandachievethegeometricalaccuracyisaparamounttask.
Turningisabasicoperationistocovertfabricatedcompositesintothedesiredsizeandshape(Devinder,
2012;Singh&Singh.,2013).Duringturningoperation,compositematerialoffersvariableforceson
cuttingtooledge.Duetopresenceofceramicreinforcementphase,thisreinforcementshearsthecutting
edgeandcausesthetoolwear.Thisworn-outtoolincreasesanareaofcontactandspoilsthesurface
textureofamachinedsurface(Mishra&Sahu,2014).Itisessentialtounderstandthemechanismof
chipformationandsurfacegenerationandaddressthechallengesassociatedwiththemachiningof
thecomposites(Hiremath&Auradi,2016).In-situcompositesareattractedmanyscientistsdueto
itssuperiormechanicalproperties.Thesepropertiesareachievedbyreinforcingofsmallsize,dirt
andoxide-freereinforcements,whicharegeneratedbyexothermicchemicalreaction.(TjongandMa,
2000).Al2O3,AlN,TiB2,TiC,ZrB2,andMg2Siceramicscanbereinforcedintoaluminiumalloysvia
in-situsynthesis(Pramodetal.,2000).Fabricationofthein-situreinforcementbyreactingwiththe
inorganichalidesaltswerewelldocumentedfromtheliterature.Mahamani,(2011)describedthatthe
mechanismoffluxassistedsynthesismethodtofabricatetheTiB2reinforcedcomposites.Therole
oftheexothermicreactionindevelopingofhighinterfacialstrength,improvedwettabilityandthe
cluster-freereinforcementformationsarediscussed.Dinaharanetal.,(2011)synthesizedzirconium
diboridereinforcedcompositesviaK2ZrF6-KBF4reactionsystem.Experimentalresultsrevealedthat
thehardness,ultimatetensilestrengthandwearresistanceofcompositesisimprovedbyanincrease
inthevolumefractionofZrB2particleswithinthematrix.Mahamanietal.,(2015)presentedthe
dualreinforcedin-situcompositesfabricatedthroughK2TiF6-KBF4-K2ZrF6reactionsystem.Presence
ofmicrosizeTiB2andsub-micronsizeZrB2reinforcementsinthematriximprovedthemechanical
properties.Jeromeetal.,(2010)discussedthesynthesisofAl-TiCcompositesproducedbyfabricating
thecompositebyreactingwiththeK2TiF6andgraphitewithaluminiummelt.Analysisofresults
showsthattheadditionofreinforcementenhancedthewearperformanceofaluminumcomposites.

Themachinabilityissuesonaluminiumex-situcompositesarewidelyreportedinthevarious
literatures.(Krishnamurthyetal.2011;ThirumalaiKumaranandUthayakumar2014;Kannanand
Kishawy2008).Machiningbehaviorofthein-situaluminiummatrixcompositehasreceivedlimited
attentioninthereportedliterature.Anandakrishnan&Mahamani(2011)conductedturningstudies
onAA6061-TiB2reinforcedcompositeconsideringmachiningparametersascuttingspeed,feedrate
anddepthofcut.Resultsoftheexperimentalworkindicatedthattheincreaseasthevolumefraction
ofreinforcementincreasesthetoolwearandsurfaceroughness.Kumaretal.,2014examinedthechip
formationinmachiningofin-situAl–4.5%Cu/TiCcompositesunderdryturningbyusinguncoated
ceramicinserts.Scanningelectronmicroscopicanalysisofthecuttingtoolshowsthatthelessbuilt-up
edgeformationathighercuttingspeed.Further,itisfoundedfromanalysis;thereinforcementratio
offersconsiderableinfluenceinthechipformationandalsonoticedthatthechipshapewaschanged
fromductileC-typetobesegmental,withanincreaseinreinforcementratio.Ozcatalbas,(2003)
describedthechipformationmechanisminmachiningofin-situAl4C3-Alcompositesatvariousturning
conditions.Analysisofresultsdisclosesthatthehighervolumefractionofreinforcementreducesthe
formationofabuilt-upedgeacrosstherakefaceofatool.Further,thecuttingforceissensitivewith
respecttothefeedrate,andalsoitrepresentsthatsurfaceroughnessofthecompositeswasincreased
byanincreaseintoolfeedrateduringturningofcomposites.Fabricationofdualreinforcedcomposite
offersthemorecomplimentarybalancebetweentheintrinsicadvantages(Johnetal.,2009).

Hybridizationisawaytoexploretheadvantagesofreinforcements.Inthepresentinvestigation
titaniumdiboride(TiB2)andtitaniumcarbide(TiC),reinforcementsgeneratedthroughmixedsalt
reactionandthiscombinationhasapotentialforimprovementinmechanicalpropertiesandwear
resistance to elevated temperatures. Therefore, it is expected that the reinforcing TiB2 and TiC
ceramicsintoA356matrixwouldservemanyautomobileapplications.Hence,themechanismof
the chip formation and surface generation at various turning conditions and reinforcement ratio
facilitates for obtaining the economicmachining ratewithout compromising the surfacequality.
Further,theliteraturereviewexposesthatthemachinabilityissuesonA356-TiB2/TiCcomposites
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