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Abstract

In the present investigation on fabrication amdrostructure of aluminium based hybrid composif356 based aluminium
matrix material with varying reinforcement perceggerom 0 to 9 wt. % in steps of 3 wt. % silicorrlmde (SiG) and fixed
quantity of 3 wt. % of graphite (Gr) particles werged in fabrication. The specimens were fabrichtedtir-cast method. Heat
treatment was carried out for the cast specim&@4@&(C for 12 hours and further ageing was carried bu5&°C for 3, 6, 9 and
12 hours durations. The specimen after heat trestare ageing were quenched in water 860 he prepared specimens (as-
cast and aged) were examined using optical micpesto know the particle distribution in the matrixardness and tensile
were carried out for as-cast and aged specimen.r@$dts were compared with as-cast and aged spesinThere was a
significant improvement in hardness and tensilgerties due to increase in the weight percentag@@f The specimen A356-
9SiG,-3Gr aged at 9 hrs showed improved hardness, argileewhen compared to other tested specimen. Tésepce of
reinforcements (SiCand Gr) significantly affects the solid state sidion kinetics that improves the properties of posites.
The presences of reinforcements in the specimenewvadent from the electron dispersive spectros¢gpS) analysis.
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1. Introduction

Man in high seek for making life on earth asgemand as safe as possible has understood theameednnovative. The search
has to lead to new class of materials called “casitps”. A composite can be defined as an engineeragrial consisting of a
matrix and a reinforcing material. These two cduostits give the composite the superior propertias are expected from that
material (Rohatgi, 1993; Prasad and Asthana, 20@4Qomposite is a macroscopic combination of twonmre multiphase
distinct materials having an interface between thAncomposite exhibits significant properties ofttb@onstituent phases such
that a better combination of properties is realiZzédmposites are commonly classified into two distilevels. The first level of
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classification is usually made with respect to mhatrix constituents and the second level is basethe type of reinforcements
(Anthony, 2006).

The matrix is to provide a stiff structure tetbomposites. The function of the matrix is to bihe reinforcements collectively
by the virtue of its cohesive and adhesive charisties and further to distribute the load to amdnf reinforcements and to
protect the reinforcements from environmental ctodi Matrix selection not only involves desiredperties but also decides the
material which is best suited for composite manuifi@eg. In case of matrix selection, factors sustdansity, ductility, toughness
and strength retention at elevated temperatureamsidered. Generally, aluminium (Al), magnesiunmgfMzinc (Zn), titanium
(Ti) and copper (Cu) are matrix materials. There three types of matrices, such as polymer, cerandcmetal matrix materials
(Miracle, 2005).

Reinforcement is considered to be particlellite dimensions are nearly equal. Thus, partidesspheres, flakes and any other
shapes of nearly equal axes. The particle size stiaghe has an influence on the property of the ceitgm For effective
reinforcement and better properties, the partislesuld be small and uniform in size and they shdagdevenly distributed
throughout the matrix (Zong et al., 2007). Partigimforced composites exhibit isotropic propettiBisey can be easily processed
by using standard metallurgical technique suchcasd metallurgy technique. The most commonly upadicles in AMCs are
graphite, silicon carbide, alumina and garnet. H@yeprimary disadvantage of all MMCs is that tteeiffer from low strain to
failure and inadequate fracture toughness compaitidthat of the constituent matrix material (Bimdadhavan et al., 2001;
Prasanna Kumar et al., 2006). Liquid metallurgyhtegue being simple, economical and easily appleabfoundries is gaining
wide popularity. This involves incorporation of aatic particles into liquid Al melt and allowing theixture to solidify. The
important aspect is to create good wetting betwibenreinforcement and liquid Al alloy. Vortex migrtechnique is for the
preparation of ceramic.

Hashim et al. (1999) and Hashim et al. (2002a,dist the fabrication of MMCs using stir castingthzal and influence of
reinforcement distribution. Particle size, shapensity, speed of rotation of the stirrer and volufrection influences the
reinforcement distribution in the alloy. Increaseli wt. % of Mg content increases the viscosityheaf slurry by enhancing the
wettability characteristics between reinforcememtl anatrix. Creation of vortex during stirring issestial for immersing the
particles inside the melt medium. Two shapes ofiédawere used to improve the distribution of tHafoecements. The lower
speed of stirring causes inconsistent particlesilligion which contributes to the porosity withparticles clustering at 100 rpm in
most MMCs. Ceramic particles reinforcing with allexere covered with air envelops and water vaporg-Heating the particles
prior to mixing was found to be practical in minizinig porosity resulting in increase in the strermtthe composites.

The mechanical properties of Al based compositegganerally superior to those of base alloys. Coetpto high strength Al
alloys, SiG, reinforced composites have higher strength, stfffnand greater fatigue resistance, even at etetextgperatures. The
mechanical and physical properties of Si€inforced composites are unique and importantufea of these materials. By
increasing the content of Sjan the composite material, corresponding increaskardness, tensile, yield strength and elastic
modulus can be obtained (Wang and Zhang, 1991;rfamdeand Arnberg, 2001). Yu et al. (2007) and Gétoal. (2013)
investigated the mechanical and microstructure 86@\SiG composite that was fabricated by friction stir gessing. The
hardness of the stir zone was higher than thatieé bmetal due to reduced defects and the eutéditdSSiG are dispersed over
the stir zone. The elastic constant and yield gtirenf the composites were found to be higher tharbase alloy.

The increase of the elastic constant in the conpasaterial is only due to the addition of the Sithe dislocation around the
SiC, produced by the coefficient of thermal expansiGME), not only strengthens the matrix by the cotiegal strain hardening
mechanisms, but also can decreases the elastitanbr{glomari et al., 1998; Huber et al., 2006).aHt&eatment affects the
transition from elastic to plastic behavior; hepeak aged MMCs (T6) exhibits superior yield andstienstrength than in as-cast
condition. Increase in the flow stress of the cosijgowith heat treatment is likely to be an indigatof the additive effects of the
dislocation interaction with both the alloy pre¢#te and reinforcements. Ceramic particles where@dd an alloy increase the
CTE between the ceramic particles and the matricchvbauses thermal stress, large enough to defoersdft matrix plastically.
The dislocations are created at the particle-matrigrface and the matrix (Caceres, 2000; Murataglal., 2006). The heat
treated (450°C) composites (Al6061-gi@mproved hardness in 3 hours, while the sameremsi was attained for base alloy
(Al6061) after 10 hours. During natural ageing, thprovement in hardness is small compared to e kalloy. But during
artificial ageing, the MMCs reached peak hardndss & to 8 hours, in contrast to base alloy whiehched at 50 hours. The
ageing behavior of the composites is varied betvibersolutionizing temperatures. The variationsveen hardness are small as
the difference in solutionizing temperature is drfizde et al., 2001).

Thimmarayan and Thanigaiyarasu (2010) studiedettfiect of aged base alloy (Al6082) and Si€inforced composites of
different particle sizes (22, 12 and 3 um) on maida properties. The result reveals that incréaderdness and tensile strength
was observed with decrease of particle size angase of ageing duration. Abarghouie and Reihail@® studied the effect of
heat treatment on composites (Al2024-Jitabricated by powder metallurgy method. The solutreatment of composites and
base alloy was carried out at 4@5or 1, 2 and 3 hrs followed by ageing at 49for 1 to 10 hrs. The peak hardness was obtained
for 2 hrs solution treated for both composites laase alloy. The hardness and tensile propertiaged Al 6061-Sigcomposites
were studied. The results revealed that the agdehable composite improves the strength and st$frimmpared to the base
alloy (Liu and Samuel, 1998; Ehsani and Reihand40Akhter et al. (2007) and Bekheet et al. (206a@jlied the effect of ageing
on hardness behavior of Al-Sj€omposites. The alloy was reinforced with 5, 16 80 wt. % by squeeze casting technique. The
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presence of SiCin matrix material accelerates the precipitatisocgss in the formation of GP zone and ‘S’ preaipit. The
precipitation would not contribute much during matuageing and the formation of S-precipitationartificial ageing was
observed at 1€ due to higher rate of decomposition and formatiérdislocation density. Artificial ageing exhibitaster
precipitation and peak hardness was achieved fornman (30 wt. %) SiG content. Cavaliere et al. (2004) studied the efféc
T5 and T6 heat treatment on mechanical properfié866 thixo-cast alloy. The specimen aged (T5 @)l at 166C and 208C
increases the mechanical properties. The specimed with T6 (with solution treatment) exhibits héghhardness and tensile
properties compared to T5 (without solution treatthe

Ranganatha et al. (2003) and Kim (2011) studiedeffect of heat treatment on mechanical propesia$ microstructure of
Al7049 alloy. The results indicated that fine ppéeites distribution in matrix was obtained at Téahtreatment. Seah et al.
(1997)studied the mechanical properties as-cast andttesaed (288C at 1, 2, 3 and 4 hrs) of ZA-27-Gr ranging frorto® by
wt. % and particles size of 100-150 um. The res@t®aled that the increasing graphite contentAr2Z matrix significantly
increases the ductility, ultimate tensile streratid compressive strength but decreases the harohtsscomposites for both as-
cast and heat treated specimens. As graphite lzesuaft reinforcement, it does not contribute pesiti to the hardness of the
composites.

Westermann et al. (2012) studied the effect of ghiny rate on microstructure and mechanical prageedf Al7108 alloy. The
large deviation in strength depends on coolinglaiding time of the material in the T6 heat treatindhe material was solution
treated at 480°C temperature with independent hgldime. There was no change in microstructure slight decrease in
mechanical property was observed. Kalkani and Yalr(2008) studied the mechanical properties of,§lkD, 15, 20 wt. %)
reinforced using squeeze cast and grain refine8l8®75 composites. The results were compared wstoast and heat treated
specimens. The heat treated composites contairingtl% of SiG shows maximum strength when compared to the as-cas
composites.

Leng et al. (2008) worked on mechanical properiesl-SiC-Gr composites fabricated by squeeze ogstéchnique. The Gr
volume fractions of 3-7% and different particlezes(1, 6, 10, 20 and 70m) were used. The microstructure and mechanical
properties of the composites were evaluated. Toateesuggested that the tensile and elastic matkpends on volume fraction
and the size of the Gr particles. As the volumetfoa of particles increases, the tensile strendtthe composite decreases (Guo
and Yuan, 2009).

Aluminium-silicon (Al-Si) alloys have found widspplication because of their wide range of pragsriThese alloys are quite
compatible with almost all ceramic reinforcementsis possible to produce reliable Al-Si castingscéuse of their excellent
castability. Aluminium alloy alone shows poor megital and tribological properties that led to ttevelopment of new materials
(Kearney, 1990; Surappa, 2003). Most of the reseaark on MMCs is carried out on silicon carbidetjde (SiG,), aluminium
oxide (ALO3) and graphite (Gr) particles alone while few reskars have worked on the combination of reinforeets (hybrid
composites) (Hanumanth and lrons, 1993; Ames apashi1995; Srivatsan et al., 1999; Miracle et24lQ1; Agida et al., 2003;
Shabestari et al., 2004; Basavarajappa et al.,;2@0®) et al., 2008; Viswanatha, 2017).

2. Materials and Experimentation

The materials and experimentation carried out for processing of the base alloy and compositesdaseribed. The
characterization of microstructure, hardness ansilteproperties were carried out.
2.1 Materials
2.1.1Aluminium matrix material: The base alloy (A356) is the popular matrix amatig@luminium (Al) alloys because of its low
density, superior thermal, electrical propertiesrasion resistance and improved damping capatitg.details of matrix material
composition and properties are shown in Table 1Taize 2 respectively (Miracle and Donaldson, 2001)

Table 1 Composition of A356 base alloy

Elements Cu Mg Mn Si Fe Zn Ti Others Al
Weight % 0.1 0.4 0.06 7.0 0.1 0.04 0.1 Traces Badan
Table 2 Mechanical properties of A356, T6 treatment
Material Density Yield strength Tensile strength Hardness
(g/cnt) (MPa) (MPa) (BHN)
A356,T6 2.685 185 262 80

2.1.2 Particle reinforcements. The prime purpose of the reinforcement is to previtrength and stiffness to the composite. The
characteristic of particles depends on the size disiibution of particles; matrix-particles intace bond strength. MMCs are
used for high temperature applications to provideep strength and high temperature tensile strerBilicon carbide particles
(SiG,, average size of 25 pm) are used in the fabricatial the properties are shown in Table 3 (Miraclé Donaldson, 2001). It

is a compound of silicon and carbon that is useabaasive.
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Table 3 Mechanical properties of SiC

Material Density Yield Tensile Poisson’s Hardness,
(g/cnt) strength strength ratio (BHN)
(MPa) (MPa)
SiG 3.2 400 100 0.19 81

Graphite (Gr) is one of the allotropes of carbBn holds the distinction of being the most stadblen of carbon under standard
conditions. Graphite powder is valued in industrigiplications for its self-lubricating and dry lidating properties. The
mechanical properties of Gr are shown in Table #g8e and Donaldson, 2001).

Table 4 Mechanical properties of graphite

Material Density Yield Tensile Hardness,
(g/cnt) strength strength (BHN)
(MPa) (MPa)
SiG, 1.82 292 371 40

2.1.3 Fabrication of composites using stir-cast technique: Fabrication of the base alloy and composites wareied out by stir-
casting technique and as shown in fig. 1. A knoveigivt of a356 billets were placed inside the gregpbiucible and the electrical
furnace temperature is set to 750°C (liquidous tnapire of base alloy). The Si@as varied from 3, 6 and 9 wt. % and fixed
quantity of 3 wt. % of gr was added to the baseyallThe reinforcements were preheated to avoidottide formation and
improve the bonding between matrix and reinforcemeft mechanical stirrer is used to stir the liqaltby (500 rpm) to create a
vortex and the preheated reinforcements are adulédet melt. The degasification agent hexachloraoeth@;Clg) is added to
remove the entrapped gas from the molten mixtuhe greheated mold box is placed on sand bed i dodavoid spilling of
molten metal while pouring. After solidificatiorhd castings were removed from the mold box andpleeimens were prepared
as per ASTM standards.

Stirrer —f | Graphite crucible
Control Panel

.|

Furnace — |

L

Figure l. Electrical crucible furnace

2.1.4 Heat treatment: The prepared specimens were solution treated diC5#0 12 hrs in a furnace and quenched in water at
60°C. The temperature of the furnace was maintainetimit 5° C of the set point by means of an automatic tempegatu
controller.

2.1.5 Ageing treatment: The heat treated specimen were artificially aged) @t 3, 6, 9 and 12 hrs at a temperature of €5and
quenched in water at BC. The details of ageing of the cast specimemanetioned in Table 5 (Miracle and Donaldson, 2001).

Table 5 Heat treatment of cast specimen

Alloy Temperature Solution heat treatment Agemggitment
Temp° (C) Time (hr) Temp® (C) Time (hr)
A356 T6 540 6-12 155 6-12

2.2.1Microstructure: To evaluate the microstructure of the base allay @mposites, polishing was carried out on Mec&230
polishing machine. Fine polishing was done to getanlike finish using alumina powder. Keller'sagent was used as etchant.
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The polished specimens were used to study theilditin of reinforcements in the matrix. Nikon Miscope LV150 with
Clemex image analyzer was used to evaluate theostiacture of the specimen.

3. Results and Discussions
The fabrication, microstructure and mechanicapprties of the as-cast and aged specimen regafesscompared.

3.1 Microstructure and mechanical properties of as-cast specimen:In this section, brief discussion of the microstuwe and
mechanical properties of the base alloy and cortgmsi as-cast and aged specimens were studied.

3.1.1 Microstructure: Microstructure of as-cast specimen is shown in BEigthe microstructure of A356 base alloy (Fig. 2ajl
A356 reinforced with fixed 3wt. % of Gr and varyiBgo 9 wt. % in steps of 3 wt. % of Si@re shown in Fig. 2(b-d) respectively
Microstructure of base alloy (Fig. 2a) consistdiné dendrites of aluminium solid solutions) (vith fine eutectic silicon particles
having needle shape at interdendritic regions. Umiéorm distribution of the reinforcements is a®wh in Fig. 2(b-d). In Fig.
2(b-d) coarser SiCwas observed and Gr particles were well associattdd SiC,. The inter particle spacing is found to play a
crucial role in determining the properties. Theefimicrostructure and homogeneous particle digiahumproves the properties
of the composites. The amount of reinforcementseprein 9 wt. % of Sig(Fig. 2d) is more compared to 3 and 6 wt. % of,SiC
(Fig. 2, b and c).

.
el g i Sl C s S ~h T : 25 de bk e 1 Fh "

Figure 2, Microstructure of (a). A356 alloy (b). A356-3%G%SiG, (c). A356-3%Gr- 6%Sig(d). A356-3%Gr-9%Si¢

3.1.4 Discussion: By liquid metallurgy technique (vortex method), tizle size of 25-44 pm (SiEGr) were dispersed in the
matrix. The uniform distribution of particles inghlcomposite is influenced by the type, shape offeetement and speed of
rotation of the stirrer ((Ames and Alpas, 1995; 8asajappa et al., 2006). The creation of vortestindustirring is essential for
piercing of the particles inside the melt mediumit&ble aerofoil shaped blades were used for imgmmnt in dispersion of
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reinforcements. The distribution of reinforcemeistslependent on the solidification rates. Longer $blidification rate, more
uniform is the distribution of the reinforcementstihe matrix (Shabestari and Shahri, 2004; Viswama2017).

The uniform distribution of Sigand Gr (Fig. 2, b-d) is observed within the interdigtic region. The reinforcements are found
to be pushed by-Al dendrites to the interdendtrictic regions. Thienforcements are segregated along dendritindharies with
higher cooling rate leading to finer dendrite si&tle which gives finer inter particle spacing (Aaiek al., 2003).

In case of composites, when the S#Dd Gr particles are added to Al matrix, extengiverfacial reactions are present (Eqn. 1
and 2). Interfacial reactions enhance the load ibgacapabilities and lubrication properties of MM@xtensive interfacial
reactions are accelerated by high processing teatyer SiG and Gr react with molten aluminium and the followiproducts
were obtained.

4 Al +3Si — C; + 3Si 1
iG AC; [ 1)
4AI+3C — ALC, 2)

In case of first reaction (Egn. 1), aluminium cdebi(Al,Cs) layer is formed through solid state diffusion andthe second
reaction (Eqn. 2) by the dissolution of Gr (C) idiguid Al to form Al,C; The brittle ALC; phase results from the reactions
between Sigor Gr with Al. Al,C; deteriorates the mechanical properties of the ceitgg thus avoiding the formation of,84
as the primary concern for successful fabricattdanumanth and Irons, 1993).

The formation of A|C; is avoided by decreasing the possible reactiowdsst molten Al and reinforcements. The S#0d Gr
reinforcements are preheated to 600°C, which indoeeformation of silicon oxide (Siplayer on the Sig The oxide layer
prevents direct contact between the Sa@d molten Al and this inhibits the formation df,@s. The Gr particles with high degree
of graphitization do not readily react with moltéth because their chemical properties are relativhble that inhibits the
interfacial reaction of Al-Gr composites (Aqgida at, 2003; Shabestari and Shahri, 2004). The imterfformed between the
matrix and reinforcement is important since therabteristic of this region determines the loadtfanand crack resistance of the
MMCs during deformation. It is accepted that in@rdo maximize the interfacial bond strength in M§)@ is necessary to
promote wetting and control chemical reactionsv@san et al., 1999).

The interaction may be in the form of chemical hogdoetween matrix and the reinforcements, whicprowes the hardness
(Fig. 4) and tensile strength of the composite$ witreasing of wt. % of Si&Fig. 5). The presence of §j@long with flow lines
act as barriers to the movement of dislocationkiwithe matrix. In composites, Sj@cts as a load bearing member that enhances
the hardness of the material. Similar results vdrserved for A356-SiC(Ames and Alpas, 1995) and Al-Si-SiCAbarghouie
and Reihani, 2010; Thimmarayan and Thanigaiyard®a0) by earlier researchers. Hardness of the sgecincreases with
increase in Sigand decreases with increasing e reinforcementrgfS8ah et al., 1997). Inclusion of both $ahd Gr will not
yield as good result when reinforced with Selone, as Gr is a soft reinforcement (Leng et28108; Guo and Yuan, 2009). The
presence of reinforcement in matrix generates cligion across the span of lattice (Bekheet eR@bp2; Akhter et al., 2007). The
generation of dislocation as a result of heavy ppeof dislocations at the grain boundary as welthe particle-matrix interface
causes increase in the strength of composites @&eah 1997; Cavaliere et al., 2004; Kim et2011; Ranganath et al., 2013).

3.3 Microstructure and mechanical properties of aged specimen: The objective is to study the influence of heaatineent and
ageing on the microstructure and mechanical primgsedf base alloy and composites. The results wenapared with as-cast
specimens.

3.3.1 Microstructure:Fig. 6 shows the microstructure of base alloy ammhmosites with 9 hr aged specimens. The microstrect
consists of rounded eutectic silicon and fine griégies of alloying elements in the matrix of Allidosolution (Fig. 6). The
refinement of microstructure is a common phenomdndmprove the mechanical properties of cast nalgerlt leads to benefits
such as fine equiaxed grain size and improves tbeepties and machinability (Seah et al., 1997; ffesann et al., 2012;
Kalkani and Yilmaz, 2008). The 9 hr aged specim&msved improved microstructure in all the combmatdf specimens. Fig.
6a shows the microstructure of base alloy withcerndtitic structure and with equiaxed grain struetlfig. 6 (b-d) shows the
microstructure of composites with varying quantfyreinforcements in the matrix. Fig. 6d contain$9SiG, that shows more
reinforcement when compared with other microstmegt(Fig. 6, b and c). Fig. 7 and 8 shows the eladlispersive spectroscopy
(EDS) of A356 base alloy and A356-9Gi8Gr composite. Fig. 8 shows the presence of regafoents and is evident from EDS
that the composite contains $i@hd Gr with matrix material. The graphite is shasrcarbon (C) in the EDS (Fig. 8).
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Fig. 7 EDS of A356-9 hr aged specimen
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Fig. 8 EDS of A356-9SiG-3Gr- 9 hr aged specimen
3.3.4 Discussion

The mechanical properties are highly influendgd microstructure of the material. Consequentlye fmprovements in
mechanical properties were related to durationgefireg (3, 6, 9 and 12 hrs). Fig. 2a shows the dendiructure of A356 base
alloy where the structure consists of primary phas&l and eutectic mixture of Al and Si along graioumdaries. After
guenching, solute atoms of the base alloy werepesaturatedu condition and tend to precipitate during ageib§5°C). The
precipitation phase consisting of rearrangementt@ns within the crystal lattice, constitutes tanicclusters and Guinier-Preston
zones (GP zone) (Bekheet et al., 2002; Cavaliesd. €2004; Akhter et al., 2007; Kim et al., 20Rignganath et al., 2013). The
absence of dendritic structure and reinforcemedigtribution is clearly observed from the Fig. heTageing sequence of age
hardenable alloys (Bekheet et al., 2002; EhsaniReitlani, 2004; Akhter et al., 2007)
is as follows (Egn. 3).

a — > GPzones—»p —* 3)

Where,

a - Supersaturated solid solution

GP - Guinier—Preston zones

B’ - Semi coherent phase

B - Stable, incoherent (M8i)

The specimens were aged at 155°C by holding adréift durations. The early stage of precipitatiooharacterized by GP zones,
as enrichment of solute atoms (Si, Mg) in the AktnmaFurther decomposition process is charactdrizgp’ phase that have the
composition of MgAl. The next stage of decomposition process isléniim phasef (Mg,Si), which is a stable phase. The
transformation off’ to p phase is a minor atomic re-arrangement which irgmtqoroperties to the specimens. The,$Igphase
formation is at ageing duration of 9 hour. The @aging of MgSi phase increases the hardness of the specimeer@3a2000;
Muratoglu et al., 2006). The hardness of the speritends to decrease upon further increase of @gleiration (12 hrs). This is
due to the precipitation hardening process whigatly depends on ageing time (Fig. 9). The initiatease of hardness is due to
the diffusion assisted from the particles. At tleginning of ageing, the solute atoms diffuse armally form clusters to form the
GP zone throughout the matrix. GP zone formati@neiases the mechanical properties [Fig. 9 and u@}td high stress required
to force dislocation through the coherent zone @md Samuel, 1998; Lee et al., 2001; ThimmarayahTdranigaiyarasu, 2010;
Abarghouie and Reihani 2010). The alloy after liestment improves the mechanical properties byifag Mg.Si phase. Large
Mg,Si particles are formed during heat treatment skballoy. In quenching of the solution treated ljt2 at 550° C) specimens,
magnesium stays in the matrix as the supersatusabd solution and it will be ready to precipitadering ageing that will
enhance the mechanical properties. The mechaniopkgies of the base alloy are significantly iefiged by the presence [of
(Mg,Si) phase and distribution of eutectic Si (Ehsard &eihani, 2004). In composites, increasing thefeecement content
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decreases the formation rate of GP zones. Thisbeaautributed to the reduction in the energy baméguired for critical zone
nucleation. The possible mechanisms may accounhéofollowing (Elomari et al., 1998; Huber et &006; Choi et al., 2013).

* Anincrease in the internal lattice energy

» Thermal enhancement in solid state diffusion

The above mentioned mechanisms are interreiatetently. The internal lattice energy is increhbg an increased dislocation
density at matrix-reinforcement interface. Thislylomote strain induced solid state diffusion s Further, the low thermal
conductivity of reinforcements compared to the higlonductive metal matrix results in significanicnescopic thermal gradients
within the material. When the material is coolednir higher temperature, the reinforcement adjaceihé matrix will tend to
cool at a rate slower than the matrix. Consequesityute atoms will migrate to these interfaciahes of higher solubility
enhanced by the increased thermal activation. drsexuent ageing treatments, GP zones tend to forén las duration
accelerating the ageing kinetics.

Accelerated ageing of MMCs can also be attrithutethe increased dislocation in the vicinity efnforcements or in matrix
residual stress field near reinforcements (Hanumantd Irons, 1993; Srivatsan et al., 1999; Agidalgt2003; Shabestari and
Shahri, 2004; Leng et al., 2008; Viswanatha, 20A%)the ageing duration increased, the peak hasdneseases. The formation
of GP zones and their transition fr@#nto B phase is possible only when the specimen is agadeanperature (155°C) below the
GP zone. So in this case of A356 alloy, during ageit 155° C, the high density dislocation wouloviie a short circuit path for
heterogeneous nucleation and fast growtl’gfrecipitates resulting in accelerated ageingtaf matrix. Upon quenching, the
reinforced composite from solutionizing temperatihe soft matrix undergoes plastic deformation ttuthe substantial thermal
expansion difference between Al matrix and reindonents. The plastic deformation of the matrix wekult in large number of
dislocation and vacancies (Liu and Samuel, 199%hBet et al., 2002; Ehsani and Reihani, 2004; Akhteal., 2007). These
dislocations would appear to accelerate the agdaimggics of the matrix at higher ageing duratiods(d 12 hrs). Such effects do
not seem to be effective at lower ageing durati@and 6 hrs). The nucleation of GP zones at (P dugation is homogeneous
and excess vacancies introduced by quenching playpgortant role in their formation, but not theldications.

The reinforcements may themselves be affectatidogeformation process, they may undergo fraaciurealignment during the
deformation. The strength of the composites wathéurimproved by heat treatment consisting of trexipitation of metastable
phases during the ageing at super-saturated smlitian. At ageing duration of 9 hrs, the precifida hardening occurs faster in
the composite than 12 hrs (Lee et al., 2001; Thiragen and Thanigaiyarasu, 2010). Al-Si alloy iswndor its good castability
and corrosion resistance. In this alloy series, GAGS-7%Si-0.3%Mg) has superior properties anditged to produce parts that
require high strength, elongation and light wei@fkthes and Alpas, 1995). At an ageing duration (9, stress relief takes place
in the lattice usually at higher ageing duratiomkich declined the strength of the material Fi§satid 10).

4 Conclusions

From the research work, the following conclusioresewdrawn.

» A356 base alloy and composites were successfullydated by stir-cast method.

» Microstructure shows the uniform dispersion of feinements (Sigand Gr).

» Microstructure of the A356 base alloy and compasitensists of primary aluminium-rich dendritesagfhase. The SiCand
Gr particles are well distributed in the eutectid énterdendritic region in composites.

» After ageing of the specimen, microstructure cdasi$ modified fine rounded eutectic silicon disget in the interdendritic
region and fine precipitates of alloying elememtsttie matrix of Al solid solution. The particleseawell dispersed in the
matrix.
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