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The mechanical properties of different metal matrix compositeshave been determined. Al 6061, Al 6063 and Al

7072

matrixalloysarereinforcedwithaluminaparticulates. Theyieldstrength,ultimatestrength,andductilityof Al/Al203met
almatrix composites are in the downhill order of Al 6061, Al6063and Al 7072 matrix alloys. Alumina is highly
reactive to the Mgcontentinthematrixalloys. Thefracturemodeispredominantlyductilein nature.

l. INTRODUCTION
A composite is a material that is produced
throughaphysicalcombinationofmaterialstoobtainan
ewmaterialwithuniquepropertieswhencomparedtoth
emonolithicmaterialproperties. Thisdefinitiondisting
uishesacompositefromother multiphase materials.
Composite materialshave been of interest to
aerospace and
defensemarketsformanydecadesastheysoughttoobta
incontinuousperformanceimprovements. Themateria
Iselectioncriteriainvolvetherequirement  of  high

strength, and good
corrosionresistancealuminumalloysforthematrixmat
erials.

Inthepresentwork,Al-
alloybasedmatrixmaterialshavebeenconsideredforal
umina(Al,Oz)particulatereinforcedmetalmatrixcom
posites. Three Al-alloys namely Al 6061,
Al6063andAl7072alloyswerechosen. Theeffectof
matrix materials on the mechanical
propertiesandfracturebehaviorhasbeeninvestigated.

Table-1:Chemicalcompositionofmatrixalloys
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1. EXPERIMENTAL PROCEDURE
Thematrixalloysandcompositeswerepreparedbystirc
astingprocessinTapasyaCastingPrivateLimited—
Hyderabad. Thechemicalcompositionofalloysisgive

TheelementsofSi,Fe,Cu,Mn,andMginAl- 23

alloys are known to increase tensile properties
byforming precipitates such as Al,Cu, Fe Als,
MgsAlg,andMg,Siduringthefabricationprocess(Sele
znev et al, 1998). Alumina is known to
bestableinpurealuminum,butreactswithmagnesium
to form MgAI,O4 (spinel). MgO
mayformathighmagnesiumlevelsandlowertemperat
ures whereas the spinel will form even atvery low
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ninTable-1. The properties of the matrix materials
are giveninTable-
2.Thevolumefractionandparticlesize

ofAlO reinforcementare20%and10(] m

magnesium levels (Lioyd et al., 1990). Inthe as-cast
conditions, the matrix is
multiphase.Evensmallquantitiesofbrittlesecondphas
es,particularly if these are located along the matrix-
reinforcement interface, affect the toughness
andtensile ductility of metal matrix composites
[Duttaetal.,1994andReddy2003).SomeAl,Ogparticl

es aggregated to form coarse clusters in thematrix.

Www.ijera.com

111|Page




Int. Journal of Engineering Research and Application

www.ijera.com

ISSN : 2248-9622, Vol. 8, Issue 6, ( Part -111) June 2018, pp.111-117

According to a previous study
(Manoharan,andLewandowski,1990),iftheagglomer
ationappearstobewellbondedtothematrix,theagglom

eration can contribute to the
strengtheningofthecomposites.
respectively.

Table-2:Mechanicalpropertiesofmatrixmaterials

aterial cc GPa

ModulusoflUltimateT
MatrixM |Density,g|Elasticity,

IAlIB061 2.7 68.9

AI6063 2.7 68.9

Al7072 [2.72 68.0

PreparationofMeltandMetalMatrixCompos
ites
Al alloys were melted in an oil-fired
furnace. Themeltinglossesofalloyconstituentswereta
kenintoaccountwhilepreparingthecharge. The charge
was fluxed with coverall to
preventdressing. Themoltenalloywasdegasifiedbytet
rachlorethane(insolidform).Thecruciblesweremade
ofgraphite. Thepreheatedreinforcement particles

ensilestre [Elongation,

ngth, %

MPa

241 22

172 22

168 15

were added to the

liguidmelt. Themoltenalloyandreinforcementparticle
s are thoroughly stirred using a mixer tomake the
melt homogenous. The temperature
ofthemeltwasmeasuredusingadiptype

thermocouple. The dross removed melt was
finallygravitypouredintothepreheatedcastironmould
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Figurel:Tensilespecimen,alldimensionsareinmm

3.1EffectofMatrixAlloyontheMechanicalProperties
Figure 3 shows the influence of matrix alloy onthe
yield strength (YS) of Al/Al,O; composites. ltcan
be seen that the Al 6061 matrix alloy displayslarger
YS than Al 6063 and Al 7072 matrix
alloys.TheY SofAl6063matrixalloyissuperiortothato
fAI7072matrixalloy.

TensileTest

The samples were machined to get dog-
bonespecimenforthetensiletest. Theshapeanddimens
ions of the tensile specimen are shown inFigure 1.
The computer-interfaced UTM
(UniversalTestingMachine)wasusedforthetensiletes
t.The loads at which the specimen has reached
theyieldpointandbrokenwerenoteddown. Theextenso
meterwasusedtomeasuretheelongation.

Optical and Scanning Electron Microscopic
AnalysisMicroscopicanalysisofthecastcompositesa
mples  was performed by the

opticalmicroscopy.Animageanalyzerwasus
edto
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Matrixalloy
examinethedistributionofthereinforcementparticles
within the aluminum matrix. The

polishedspecimenswereringedwithdistilledwaterand
etchedwith5%HFsolution.

Fracturesurfacesofthedeformed(undertensi
le loading) test samples were examined in
ascanning electron  microscope (SEM) to
determinethe macroscopic fracture mode and
toestablishthe microscopic mechanisms governing
fracture.Samples for SEM observation were
obtained fromthe tested specimens by sectioning
parallel to thefracture surface and the scanning was
carried
inlICT(IndianInstituteofChemicalTechnology-
Hyderabad).

1. RESULTS AND DISCUSSION
Thetestedtensilespecimensareshowninfigure2. Three
samplesweretestedforeachtrial.

Matrixalloy

Theaveragevaluesofyieldstrength,ultimatetensile
strength, and ductility in terms of tensileelongation.
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Figure2:TestedtensileAl/SiCCompositespecimens
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Figure4:InfluenceofmatrixalloyontheUTSof
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The influence of matrix alloy on the
ultimatetensile strength (UTS) of metal matrix
compositesand unreinforced alloys is shown in
Figure 4. It
isobservedthatthe Al6061matrixalloyexhibitslarger
UTSthanAl6063andAl7072matrixalloys. TheUTSof
Al7072matrixalloyisinferiorto that of Al 6063
matrix alloy. The UTS of metalmatrixcomposites
isverymuchprivilegedthantheunreinforced Al-alloys.

Figure5showstheeffectofmatrixalloyontheductility(
measuredintermsoftensileelongation)ofmetalmatrix
compositesandunreinforced alloys. The variation in
Matrixalloy

25 4

20

the ductility ofcomposites is largely influenced by
the change inmatrixalloy.Theductility ofAl-Al,O3
compositesis much lesser than that of un-reinforced
Al-alloy.The ductility is in the downhill order of Al
6061,Al6063andAl7072matrixalloys.

25

also seen along the grain boundaries. The
phasesAl,Cu, Mg,Si, AlsCu,MggSis and
Al4CUMQsSi4

arealsoobservedinthemicrostructures. Thepercentag
eofintermetallicsinAl7072/Al,Osishigher to that in
Al 6063/Al,0; and Al
6061/Al,03metalmatrixcomposites.
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Figure 5: Influence of matrix alloy on the ductility
ofAlfde Oscomposita

Figure 6: Microstrure of Al 6061/ O3metal

matrixcomposite, 200X
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Figure 7: Microstructure of Al 6063/ AbOsmetal

matrixcomposite, 200X
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Figure 8: Microstructure of Al 7072/ A}z03metal
matrixcomposite, 200X

Al,O3particlesaggregatedtoformcoarse

clusters in the matrix. The agglomeration can addto
the strengthening of the composites. Aluminareacts
with  magnesium to form MgO and
MgAl,0,4.Al,Ozisnotthermodynamicallystableinmo
staluminumalloys.Thereisalsopossibilityofforming

intermetallics such as AlsCu,MggSis
andAl,CuMgsSis. These are brittle in nature. The
MgcontentinAl6061,Al6063,andAl7072isrespectiv

ely0.920%,0.520%,and0.396%.TheYS and UTS of
Al/ALL,O3 metal matrix
compositesarelargerthantheunreinforcedalloysincon
sequenceoftheloadtransferredtothereinforcementAl,
Ogparticles.

The various intermetallics can be revealed
inthe microstructures shown in figures 6-8. In
theas-cast conditions, the matrix is multiphase.
Evensmallquantitiesofintermetallics,particularlyifth
ese  are located  along the matrix-
reinforcementinterfaceaffect the YS, UTS and
tensile ductilityof
metal matrix composites.In the as-cast condition,Al
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is present both in solid solution with the matrixand
precipitated as Al;;Mg;; phase that is presentat and
along the grain  boundaries. A  non-
uniformdistribution of Al,O3 particulates through
the Al-alloy metal-matrix with evidence of
clustering,
oragglomerationisobserved.MgOandMgAl,O,are

3.2FractureBehavior
Thefracturedsurfacesofthetensilespecimensareshow
ninfigures9—
11.ThefractureofAl,OgparticlesisnotseeninAl6061/
AlL,O; metal matrix composite (figure 9).
Thefracture is only due to the matrix in Al
6061/Al,03composites. ThefailuremodeinAl6063/A
|203
metalmatrixcompositesisasaresultoftheparticle-
matrix

interfacecracking(figure10). TheruptureofAl,Osparti
clesandparticle-interfacecracking appear in the Al
7072/Al,03 metal
matrixcomposite. Theoverallfractureisductileinnatur
e.
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Figure 9: SEM of fracture surface of Al,O3/AI6061
metalmatrixcomposite, 1000X

Figure 10: SEM of fracture surface of
AbO3/AIB063metalmatrixcompaosite, 1000X

Figure 11: SEM of fracture surface of
Al O3/AI7072metalmatrixcomposite, 1000X
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V. CONCLUSIONS

The vyield strength, ultimate tensile strength,and
ductility of Al/Al,03 metal matrix compositesare in
the downhill order of Al 6061, Al6063 and Al7072
matrix alloys. In the as-cast condition, Al ispresent
both in solid solution with the matrix
The fracture of AIl/Al,O; particles is not seen
inAl6061AIl/Al,O3metalmatrixcomposite. Thefractu
reisonlyduetothematrixinAl6061Al/Al,O3

composites. The failure mode in AI6063AI/Al,O3
composite is on account of particle-
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andprecipitated as Al;;Mg;; phase that is present
atandalongthegrainboundaries. Theagglomeration
can add to the strengthening of
the Al/Al,Osmetalmatrixcomposites.

interfacecracking.ThefailuremodeinAl7072Al/AlLO
3 composite is the resultant effect
ofparticleruptureandtheparticle-
matrixinterfacecracking.
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