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Fabrication iof iAl6061 iMetal iMatrix iComposite iThrough iStir iCasting
iMethod

ABSTRACT
Aluminium ialloys iare iwidely iused iin iaerospace iand iautomobile iindustries idue ito itheir ilow idensity iand
igood imechanical iproperties, ibetter icorrosion iresistance iand iwear, ilow ithermal icoefficient iof iexpansion
ias icompared ito iconventional imetals iand ialloys. iThe iexcellent imechanical iproperties iof ithese imaterials
iand irelatively ilow iproduction icost imake ithem ia ivery iattractive icandidate ifor ia ivariety iof iapplications
iboth ifrom iscientific iand itechnological iviewpoints. iThe iaim iinvolved iin idesigning imetal icomposite
imaterials iis ito icombine ithe idesirable iattributes iof imetals iand iceramics.Present iwork iis ifocused ion ithe
istudy iof ibehavior iof iAluminium ialloy i(Al i6061) iwith iSiC iand iGr icomposite iproduced iby ithe istir icasting
itechnique. iAl i6061 ialloy iis itaken ias ibase imaterial iand ithen iit iis ireinforced iwith isilicon icarbide i(SiC) iand
iGraphite i(Gr). iAfter ipreparation iof isuitable isamples, itensile itest iand ihardness itest iwere iperformed iand
iresults iwere ianalyzed. iAt ilast, ia icomparison iis imade ibetween ithe imechanical iproperties iof iAl ialloy
ihybrid icontaining i2 iwt% iGraphite iconstant iand ivarious iSiC icompositions inamely i3%, i6% iand i9% iby
iweight.

Key iWords: iHybrid imetal imatrix icomposite i(HMMC), istir icasting, iAl6061, iSIC, iGraphite,
iReinforcement, iHardness, iTensile istrength, iCompression istrength.

INTRODUCTION
Metal iMatrix icomposite i(MMC) iis ia imixture iof iMetal i(Matrix) iand ihard iparticle/clay i(Reinforcement)
iwhich igives idesirable iproperties. iIt iis iused iin ithe imanufacture iof iSpace iCraft, iAutomobiles iand iother
iequipment. iThe iexpanded irequirement iof ilightweight imaterials iwith ihigh iparticulate iquality iin ithe
iaviation iand icar ienterprises ihas iprompted ito ithe iimprovement iand iutilization iof iAl iamalgam ibased
icomposites i(basically iAl icombination/SiC icomposites). iThe iMMCs iare iappealing imaterials ifor iuse iin
ibasic iapplications isince ithey ijoin iideal imechanical iproperties, igreat iwear iresistance, iand ilow iwarm
iextension. iThe ihalf iand ihalf iSiC ifoam iSiC iparticles/Al idouble iinterpenetrating icomposites iutilized ias
ithe ibrake imaterials iof ifast iprepare iwere icreated iby ipress ithrowing iprocedure. iThe iMMCs iare imetals
ireinforced iwith iother imetal, idismissed ior inatural imixes. iReinforcement iis idone ito ienhance ithe
iproperties iof ithe iparent imetal, ilike, iconductivity, iquality, ietc. iThe iAluminium iMMC iis igenerally iutilized
ias ia ipart iof iair iship, iaviation, iautos iand idifferent ifields. iThe imost iordinarily iutilized istrengthening idoes
iinclude iSilicon iCarbide iand iAluminium iOxide. iSilicon iCarbide i(SiC) isupports isizes ithe irigidity,
ihardness, ithickness iand iwear iresistance. iAluminium iis ithe imost igiving imetal iin ithe iSoil's ioutside ilayer,
iand ithe ithird imost iimmeasurable icomponent, iafter ioxygen iand isilicon. iIt imakes iup iaround i8% iby
iweight iof ithe iSoil's istrong isurface. iThe icost iof iproducing icomposite imaterials iutilizing ia ithrowing
itechnique iis iaround i33% ilarger ithan ithat iof iaggressive istrategies ibesides ihigh ivolume icreation. I

The imain iadvantages iof icomposite imaterials iare itheir ihigh istrength iand istiffness, icombined iwith ilow
idensity, iwhen icompared iwith ibulk imaterials, iallowing ifor ia iweight ireduction iin ithe ifinished ipart. iThe
iindustrial ineed iof igood imaterials iwith ilight iweight, iexcellent iproperties iand ilow icost idemanded ithe
iscientists ito iresearch ion icomposite imaterials. i



MATERIALS iUSED

1. Aluminium i6061
The imaterial iused iin ithe ipresent istudy iis iAl i6061 iwhose ichemical icomposition iis ilisted iin iTable i1. iIt
itherefore ihas ia ilow imelting ipoint i660°C. iThe imolten imetal ihas ihigh ifluidity iand isolidifies iat iconstant
itemperature. iIt ipossess iexcellent imechanical iproperties, isuch ias igood icorrosion iresistance, igood
ideformation ibehavior, ihigh ispecific imodulus, itensile istrength, ihardness, igood iwear iresistance iand ilow
icoefficient iof ithermal iexpansion

i i i i i i i i i i i i i i i i i

i i i i i i i i i i i i i i i i i iTable-1: iChemical icomposition iof iAl i6061 iby iwt%. i

Cu i Mg Si Fe Mn Cr Zn Ti Al

0.22 0.82 0.60 0.25 0.03 0.24 0.10 0.1 Bal

2. Silicon iCarbide i

The ireinforcement imaterial iused iin ithe iinvestigation iwas iSilicon icarbide iin iwhich iit iis ikept iconstant i(6wt
i%) iand iit iis icomposed iof itetrahedral iof icarbon iand isilicon iatoms iwith istrong ibonds iin ithe icrystal ilattice.
iIt ihas ihigh ithermal iconductivity icoupled iwith ilow ithermal iexpansion iand ihigh istrength igiving
iexceptional ithermal ishock iresistant iproperties. iIt iis iused iin iabrasives, irefractories, iceramics, iand
inumerous ihigh-performance iapplications.

Fig.1 iSilicon icarbide

3. Graphite i

Another ireinforcement imaterial iused iin ithe ipresent iinvestigation iwas iGraphite iwhich iis idiversified iinto
i3wt%, i6wt%, i9wt% iat ia isuitable iinterval iof i3wt% iin isteps iof i3. iIt iis ia isolid ilubricant iwhich ienhances ithe
iwear iand ianti-frictional iproperties. iThe iacoustic iand ithermal iproperties iof igraphite iare ihighly
ianisotropic. iGraphite’s ihigh ithermal istability iand ielectrical iand ithermal iconductivity ifacilitate iits
iwidespread iuse ias ielectrodes iand irefractories iin ihigh itemperature imaterial iprocessing iapplications.
iGraphite iand igraphite ipowder iare ivalued iin iindustrial iapplication ifor itheir iselflubricating iand idry
ilubricating iproperties.



Fig.2 iGraphite i

METHODOLOGY i

HYBRID iCOMPOSITE iPREPARATION
In ithe ipresent istudy, istir icasting imethod iis iused ifor ithe ipreparation iof ihybrid icomposite. iIn ithis iprocess
iAl i6061 ibars iare icut iinto ismall iingots. iThese iingots iare iplaced iin icrucible iin iwhich iit iis ikept iin ielectrical
iresistance ifurnace. iThe iingots iare imelted iat ia itemperature iof i8000 iC, iafter ieffective idegassing
ipredetermined imass iof ipreheated i6wt% iof iSiC iis iadded iinto ithe imelt iand istirred icontinuously iin iorder
ito iachieve iuniform idistribution iof iparticles iin ithe imatrix. iGr iof i3wt%, i6wt%, i9wt% iat isuitable iintervals iof



i3wt% iin isteps iof i3 iis ithen iadded ito ithe imixture iof iAl i6061 iand iSiC. iAfter ithe imixing iof ithe
ireinforcements i(SiC iand iGr) iwith ithe ibase imatrix, ithe icrucible iis itaken iout ifrom ithe ifurnace iand ithe
imolten imetal iis ipoured iinto ithe imetal imould iand iallowed ito isolidify. iAfter ithe isolidification, ithe icasted
ispecimen iis iremoved ifrom ithe imould iand imachined ias iper iASTM istandards ifor itesting.

Sl.no. i Hybrid iComposition

1 i Al i6061

2 i Al i6061+6%SiC

3 i Al i6061+6%SiC+3%Gr

4 i Al i6061+6%SiC+6%Gr

5 i Al i6061+6%SiC+9%Gr

i i i i i i i i i i i i i i

Table-2: iComposition iof ithe iproduct i

TESTING iOF iCOMPOSITE i

a) Tensile iTest i i

A iTensile itest ialso iknown ias itension itest iis iprobably ithe imost ifundamental itype iof imechanical itest ithat
ican iperform ion imaterial. iThe iability ito ipredict ithe iloads ithat iwill icause ia ipart ito ifail idepends iupon iboth
imaterial iproperties iand ithe imachine ipart igeometry. iThis ilab iinvolves itwo itesting iprocedures ithat iare
iused ito iverify ithese icharacteristics. iThe ifirst itest iis ia imaterials itest iknown ias ia itensile itest iwhich iis iused
ito idetermine/verify imaterial iproperties. iThe isecond itest iis ia ifailure itest iwhich iis iused ito
idetermine/verify ithe iloading ilevel ithat iwill icause ia imachine ipart ito ifail.

Table-3: iTensile itest iresults ifor iconstant iSiC i

Sl.no. i Composition i(wt%) Tensile iStrength
i i

(MPa)

1 i Al i6061 i 128

2 i Al i6061+6%SiC i 150

3 i Al i6061+6%SiC+3%Gr i 141

4 i Al i6061+6%SiC+6%Gr i 148

5 i Al i6061+6%SiC+9%Gr i 156

iGraph.1 iTensile istrength icomparison iplot ifor iconstant iSiC

Table i3 ishows ithe itensile itest iresult ifor iconstant iSiC. iFrom ithe itest iit iis iinference ithat ithe iimprovement



iin iultimate itensile istrength iin ibase imatrix iwith i6% iSiC, ithis iis idue ito ithe ifact ithat iSiC iis ia ihardest
iceramic iwhich ion ireinforcement iforms ia istronger icomposite. iFrom ithe igraph, itensile istrength iof
icomposites icontaining i6 iwt% iof iSic iparticulates iis ihigher iwhen icompared ito ias ibase iAl i6061. iIt iis iclear
ifrom ithe igraph iis ithat ithe itensile istrength iincreases iwith ithe iincrease iin ithe ipercentage iof iGr
iparticulates. i

Table-4: iTensile itest iresults ifor iconstant iGr i

Sl.no. i Composition i(wt%) Tensile iStrength
i i

(MPa)

1 i Al i6061+2%Gr 79

2 i Al i6061+3%Sic+2%Gr i 82

3 i Al i6061+6%SiC+2%Gr i 94.36

4 i Al i6061+9%SiC+2%Gr i 94.59

i i i i i i i i i iGraph.2 iTensile istrength icomparison iplot ifor iconstant iGr

In iTable i4 ifor iconstant iGr iAl ialloy iit iis iobserved ifrom ithe igraph ithat ithere iis ian iincrease iin iTensile
istrength iby iadding iSiC i& iGr ito iAl6061.

b) Hardness iTest

Hardness iis ithe imeasure iof ia imaterial's iresistance ito isurface iindentation, ialso iit iis ia ifunction iof ithe
istress irequired ito iproduce isome ispecific itypes iof isurface ideformation.

Table-5:Hardness itest iresults ifor iconstant iSiC i

Sl.no. i Composition i(wt%) i BHN

1 i Al i6061 i 85

2 i Al i6061+6%SiC i 111

3 i Al i6061+6%SiC+3%Gr i 106

4 i Al i6061+6%SiC+6%Gr i 98

5 i Al i6061+6%SiC+9%Gr i 90



Graph.3 iHardness icomparison iplot ifor iconstant iSiC

Table i5 ishows ithe iBrinell’s ihardness itest iresult. iIt iis iobserved ifrom ithe igraph, ithe ihardness iof iAl
i6061-hybrid icomposite idecreases isignificantly iwith iincreasing icontent iof ithe igraphite iparticulate.
iHowever, idecrease iin ihardness iof iAl6061-hybrid icomposite ipossibly idue ito ipoor iwetting
icharacteristics iof iGraphite iby iAl i6061. iA isignificant iincrease iin ihardness iof ithe ialloy imatrix ican ibe iseen
iwith iaddition iof iSiC iparticles. iThe imeasurements ishow ithat ian iincrease iin igraphite icontent ifor ithe
isame iamount iof iSiC ireduces ihardness iof ithe icomposite.

Table-6:Hardness itest iresults ifor iconstant iGr

Sl.no. i Composition i(wt%) BHN

1 i Al i6061+2%Gr 20

2 i Al i6061+3%Sic+2%Gr i 22

3 i Al i6061+6%SiC+2%Gr i 29

4 i Al i6061+9%SiC+2%Gr i 33

i i i i i i i i iGraph.4 iHardness icomparison iplot ifor iconstant iGr

For iconstant iGr iAl ialloy iIt iis iobserved ifrom ithe igraph ithat iadding iof iSiC ito iAl6061 iincreases ithe
ihardness ibecause iGr iis iconstant ihere iwhereas iGr iis ivarying iin itable i5.

i

c) Compression iTest
Compression itesting iis iused ito idetermine ihow ia iproduct ior imaterial ireacts iwhen iit iis icompressed,
isquashed, icrushed ior iflattened iby imeasuring ifundamental iparameters ithat idetermine ithe ispecimen
ibehavior iunder ia icompressive iload.



Table-7: iCompression itest iresults ifor iconstant iSiC

Sl.no. i Composition i(wt%) i Compression
iStrength i

i(MPa)

1 i Al i6061 i 580

2 i Al i6061+6%Sic i 650

3 i Al i6061+6%Sic+3%Gr i 743

4 i Al i6061+6%Sic+6%Gr i 847

5 i Al i6061+6%Sic+9%Gr i 987

i i i i i i i i iGraph.5 iCompressive iStrength iGraph ifor iconstant iSiC

Table i7 ishows ithe icompression itest iresult. iIt ican ibe iseen ifrom ithe igraph iis ithat ias ithe igraphite icontent
iincreases, ithe icompressive istrength iof ithe ihybrid icomposite imaterial iincreases imonotonically iby
isignificant iamounts. iIn ifact, ias ithe igraphite icontent iis iincreased ifrom i3% ito i9% ithe icompressive
istrength iincreases idue ito ithe igraphite iparticles iacting ias ibarriers ito idislocations iin ithe imicrostructure.

Table-8: iCompression itest iresults ifor iconstant iGr

Sl.no. i Composition i(wt%) Compression
iStrength i

i(MPa)

1 i Al i6061+2%Gr 931

2 i Al i6061+3%Sic+2%Gr i 996

3 i Al i6061+6%SiC+2%Gr i 1000

4 i Al i6061+9%SiC+2%Gr i 1076

Graph.6 iCompressive iStrength iGraph ifor iconstant iGr



It iis iobserved ifrom ithe igraph ithat ihere iis ian iincrease iin iCompressive istrength iby iadding iSiC i& iGr ito
iAl6061. i
i i i i i i i i i i i i i i i i i i i

CONCLUSIONS

Al i6061 ihybrid icomposite imaterial icontaining iSiC iand iGr iparticulates iwere ifabricated isuccessfully iby
ivarying iwt% iof iGr ifrom i3% ito i9% iusing istir icasting imethod iand isuccessfully icompared iwith iconstant iGr
iAl ialloy. iTensile istrength iand iCompressive istrength iincreased iby iadding iSic i& iGr ito iAl6061 iin iboth
ialloys. iHardness idecreased iin iconstant iSic iAl ialloy iwhile iincreased iin iconstant iGr iAl ialloy.
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