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ABSTRACT

A stir casting processwas used to fabricate aluminum compositesreinforced
with variousvolumefractionsof 2, 4, 6, and 8 wt% rice husk ash (RHA) and
silicon carbide (SiC) particulates in equal proportions. The study was
undertaken to investigate the ageing response of the aluminum alloy
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(A356.2) when dispersed with RHA and SiC particles. A systematic study
of the base alloy and composites was done using the Brinell hardness
measurement and the corresponding age hardening curves were obtained.
It was observed that in comparison to the base aluminum alloy, the
precipitation kinetic was accelerated by adding the reinforcement. This
effect reduced the time for obtaining the maximum hardness by the aging

heat treatment.

INTRODUCTION

Thedemandfor high performancemateridsinagro-
space and automobile applications hasled to the de-
velopment of numerousstructura compositematerid g%
4. Amongst different kinds of therecently developed
composites, particle-reinforced meta matrix compos-
itesand, in particular, duminum basemaeriashavead-
ready emerged ascandidatesfor industrid gpplications.
Thisisduetotheir excellent combination of properties
such ashigh specific strength and stiffness, improved
wear resi stance and the additional advantagesof being
machinable and workabl €59

Theincorporation of severa different typesof ce-
ramic particulatesinto asinglematrix hasledto thede-
vel opment of hybrid composites. Also, usingahybrid
compositethat containstwo or moretypesof particu-
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lates, the advantages of onetype of particulatescould
complement withwhat islackingin the other. Nowa-
days, theuse of agro/industrial wastesas asecondary
reinforcement in the fabrication of compositesisgain-
ing moreimportance. The advantages of using these
wastes are, to produce low cost by-product thereby,
reducing the cost of auminum products, readily avail-
ablewithlesscost, and often lower densitiesin com-
parison with most technical ceramics (such asboron
carbide, duminaetc.). Many researcheshavebeenre-
ported the potentia sand limitations of theuse of wastes
asreinforcementg’8.

Agehardening behavior of Aluminum meta matrix
composite hasbeen of great interest of present research.
Thenatureof changein kineticsand magnitude of hard-
ening during ageing of composites depends on matrix
materid!, typeof reinforcement including itssize, shape
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and volumefraction®, and method of synthesizingthe
composite, post fabrication trestment and temperature
of ageing. It hasbeen conclusively shownthat the pres-
enceof ceramicreinforcement suchasSC/ALQO, (whis-
kers, particleor short fibers) lead to accelerationin the
ageing kineticswhen compared with the unreinforced
aloy. Thisbehavior generally has been attributed to
enhanced nucleation and growth dueto the presence of
high matrix did ocation densties, whichisgenerated due
tothe coefficient of therma expanson (CTE) mismatch
between the matrix and the reinforcements. Selection
of ceramic reinforcement in the current research has
been congtrictedto few reinforcement typeslikeAlLO,,
SiCandB,C. Limited work has been reported on fab-
rication and characterization of RHA reinforced with
auminum meta matrix composites. RHA possesshigh
hardness, high modulusof easticity, and excdllent ther-
ma sability.

The present study is an attempt to bring out the
effect of RHA and SIC particleson the age hardening
behavior of A356.2 dloy. Hencedifferent weight frac-
tions of RHA and SiC particles were reinforced in
A356.2dloy viadtir casting technique.

MATERIALSAND METHOD

Matrix material

Inthe present study, A356.2 with the theoretic den-
sity of 2760 kg/m?® wasused asamatrix material. The
chemica composition of thematrix materia isgivenin
TABLE 1. RHA particulateswith an averagesize of 25
umand SIC particulateswith an averagesizeof 35 um
are used as reinforcement materials. The chemical
compositionof RHA isgiveninTABLE 2. Magnesium
was sel ected asawetting agent to improve wettability
between thematrix and the reinforcementsduring pro-
duction of the hybrid composites.

Prepar ation of hybrid composites

TheAluminumdloy wascharged into thegraphite
crucibleand heated to 750° Ctill theentiremetd inthe
cruciblewasmelted. Thereinforcement particles(RHA)
and SIC were preheated to 700° C- 800° C for 1 h
beforeincorporationinto themelt to remove moisture.
After themolten metal wasfully melted degassing tab-
let was added to reduce the porosity. Simultaneoudly,
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1% by weight magnesium was added to the melt to
enhancethewettability betweenthematrix and there-
inforcements. Thestirrer made up of stainlesssted was
lowered into themelt dowly to stir themolten metal at
the speed of 700 rpm. The speed of the stirrer can be
controlled my meansof regulator provided onthefur-
nace. Thepreheated SiC particleswereadded into the
molten metal a aconstant rateduring thestirringtime.
Thestirring was continued for another 5-10 minutes
even after the completion of particlefeeding. After this
stagetheAl/SiC compositedurry isallowed tomain-
tainat 700° Cfor 10 minuteswithout stirring. Thecom-
positedurry then heated to 750° C and preheated RHA
particulateswere poured at aconstant rateand the stir-
ring was continued for 20 minutes. The mixturewas
poured into themold (prepared for tensile test speci-
mens) which wasalso preheated to 500°C for 30 min
to obtain uniform solidification. Using thisdoublestir
casting process, 2, 4, 6 and 8% by weight in equal
proportions of RHA / SiC particle-reinforced hybrid
compositeswas produced.

Microstructural characterization

Themicrostructure of the hybrid compositeswas
examined using an Optical microscope (OM), and
scanning electron microscope (SEM). JSM-6610LV
scanning e ectron micrascopeequi pped withenergy dis-
persive X-ray analyzer (EDX) was used to study mi-
crostructure of the hybrid composites. The samples of
unreinforced and hybrid compositesfor SEM was cut
from tensile specimens and were ground by means of
abrasive papersfollowed by rotating disc cloth polish-
ing. Keller’s reagent (95 ml water, 2-5 ml HNO3, 1-5
ml HCl, 1-0 ml HF), very popular general purpose re-
agentfor Al and Al dloys, wasused asan etching agent.

Density and por osity measur ements

Densty measurementswerecarried out onthe base
metal and reinforced samplesusing theArchimedes’s
principle. Thismethod of density measurement smply
involvesweighingthesampleinar andinanother fluid
of known density. Application of Archimedes’ principle
leadsto thefollowing expressionfor thedensity (p, . )
of the composites:

Pmme = m_ml Pw (@h)

e, P aterioly Seience
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wheremisthemass of thecompositesampleinair, m,
isthe massof the same compositesampleindistilled
water and p,, isthe density of thedistilled water. The
density of distilled water at 20°C is 998 kg/m?3. Using
thismethod, thedenstiesof the basemetal and hybrid
compositeswas measured.

During the process of fabrication of MM Cs, some
porosity level isnormal, because of thelong particle
feedingand theincreasein surfaceareain contact with
ar. Thevolumefraction of porosity, itssizeand distri-
butionin acast MM Csplay animportant rolein con-
trolling themechanicd properties. Porosity levelsmust,
therefore, bekept to aminimum. Porosity cannot be
fully avoided during the casting process, but it can, how-
ever, be controlled. Porosity of the composites was
estimated by the equation given hereunder

Porosity = P = Pm. ?
Ptn

Wherep, andp,_ arethetheoretica and measured den-

sitiesrespectively. p, for asingle constituent can be

found fromtheruleof mixtures.

pth =pme +prVr (3)
Wherep, isthedendty of thematrix, V _isthevolume
fraction of thematrix, p, isthedensity of reinforcement
andV _isthevolumefraction of reinforcement.

Theempirica relation for density canbemodified
for hybrid composites, by including thevolumefrac-
tionsfor both thereinforcements (RHA and SiC) as
follows

Pih =PaVa +PruaVrua +PscVsc 4
Wherep, , pyiar P A€ thedensitiesof duminumal-
loy, ricehusk ashand SiC respectively,V,, V., Ve
arethevolumefractionsof auminumalloy, rice husk
ashand SIC respectively. Also
V=1 Vet Vsd ©)
Thevolumefraction of thereinforcement wascal-
culated from equation 6

Pm ~Pmme
Vi =—7—" 6
Pm =P ©
Agehardeningstudiesof hybrid composites
Brinell hardness measurementswere used to as-
certain theage hardening behavior of thecompositesin

the present study. Prior to theageing studies, thedloy
and composites were solutionised at 540 °C for 8 h
followed by quenchingin cold water. Thisisreferred to
as solutionised condition. Theageing temperaturewas
maintained at 155°C for different timeintervas. The
above heat treatment sequenceistermed as T6 treat-
ment. The composites subjected to ageingweretested
for their hardnessusing aBrinell hardnesstester. A test
load of 500K gisapplied to the specimensfor 30sec.
Thediameter of the steel ball indenter is10 mm. The
sizeof theindent (d) isdetermined optically by mea
suring two diagonals of theroundindent. TheBrindl
hardness number (BHN) is calculated for the
unreinforced and hybrid compositesusing theequation
7. An average of five readings was taken for each
samplefor hardness measurement.

2F
nD(D—\/DZ—dz) (7

WhereFistheappliedloadin Kg, D isthe diameter of
thested bal inmmanddisthesizeof theindentinmm.
Each hardnessvalue presented isan average of at least
fivesymmetricd indentations.

BHN=

RESULTSAND DISCUSSION

Microstructural characterization

Figure laand Figurelb showsthe scanning el ec-
tron micrographs of RHA and SiC sampl es respec-
tively. It could be observed that therice husk ash con-
sistsof particulateswith different sizesand different
shapes. Theaveragesizeof theRHA and SC samples
arefound to be 25um and 35um respectively. The
optical micrographs of aluminum compositesrein-
forced withRHA and SiC areshowninFigure2aand
2b. Optical micrographsof hybrid composites shows
clearly theuniformdistribution of RHA and SiCinthe
matrix and no void and discontinuitiesare observed.
Therewas agood interfacial bonding between the
particles and matrix material (Figure 2b). Figure 3
shows the Scanning el ectron micrograph of the hy-
brid composite. It could be observed that fairly uni-
formdistribution of the RHA and SIC particulatesin
thealuminum aloy and good interfacia bonding has
also been observed.
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Figure 3 : Scanning electron micrograph of the hybrid
composite

Figure?2: Optical micrograph a) hybrid compositeb) at theinterface, 100X
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Density and por osity measur ements

Figure4 showsthe variation of measured density
and the porosity on the base meta and the hybrid com-
posites. It could be observed that the density decreases
with theincreasein thereinforcement. Thedecreasein
densitiesof the hybrid compositeswasdueto the pres-
enceof low density RHA particulates. Thetheoretica
densitiesare obtained from therule of mixturesusing
equationsfrom 1-7. Based onthemeasured and theo-
retica dengtiestheporosity of duminiumaloy and the
hybrid composites has been measured and found to
increasewiththeincreasein reinforcement asshownin
Figure4. Theincreasein porosity can be attributed to
gasentrapment during mixing, hydrogen evolution, and
shrinkage during solidificationand air bubblesentering
thedurry either independently or asanair envelopeto
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Figure 4 : Variation of density and porosity with %
reinfor cement

thereinforcement particles.

Ageing studies of A356.2/RHA/SIC hybrid com-
posites

The ageing response of theA356.2/RHA/SIC hy-
brid composites at atemperature of 155°C was stud-
ied. The preliminary observationsfrom the assessment
of the hardnessresultsindicated that the hardness of
the compositesincreased with increasein volume per-
cent of the reinforcement particulates. In the as cast
condition, thereisan overall increase of hardnessby
about 36 BHN inA356/8%RHA/8%Si C hybrid com-
posite ascompared to the base alloy asshownin Fig-
ure 6. In absence of thereinforcement particles, i.e.,
A356.2 alloy, the age hardening curveisvery sharp
and apeak hardnessvaueof 111 BHN isattained after
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Figure5: Variation of hardnesswith % reinfor cement

300 min (5 h) of ageing, whilein case of the compos-
itesthecurveisthecurveisquitesmooth, i.e.,, thedrop
inhardnesswithtimeisgradud.
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Figure 6 : Brinell hardness ver susthe aging time for the
alloy and hybrid composites

Figure 6 showstheeffect of agingtimeonthehard-
nessof reinforced and unreinforced A356.2 dloy. One
can noticethat an increasein the hardness of the com-
posite materials occurred after the aging treatment.
However, itis of interest to note that peak hardness
wasobserved at lower aging timesfor the hybrid com-
posite compared to theAl basealloy (240 min for the
A356.2/2%RHA/2%Si C hybrid composite, 180 min
for A356.2/4%RHA/4%Si C,A356.2/6%RHA/6%SIC,
A356.2/8%RHA/8%SI C hybrid composites and 300
minfor theAl dloy).

Theseresultsindicate that the addition of reinforce-
ment to the aluminum matrix accel eratesthe aging ki-
netic. Thisbehavior can berelated to the high matrix
did ocation density induced by the mismatch between
thematrix and thereinforcement. Itiswell known that
high dislocation density in the metal matrix promotes
didocation-asssted diffusion of theaging e ements. On
the other hand, theinfluence of thereinforcement on
the aging behavior can be attributed to the heteroge-
neous nucl egtion capability of metastable phaseson the
reinforcement particles. It can, therefore, be concluded
that both nucleation and growth of the GP zone are
influenced by the ceramic particles. GPzonesarethe
meta-stable phases(or precipitates), which, duetotheir
high degreeof disperson and correspondingly largecon-
tribution to strength, areof primary interest. Thesepre-
cipitatesare crystalographically coherent withthema:
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trix and their fine dispers on enhancesthe mechanica
propertiesof thedloy. The s zeof these GPzonesisof
the order of few nanometers. Such small sizeisthepri-
mary reason of very high mechanica strengthening of
themateridl.

CONCLUSIONS

e Inthisinvestigation, thestir casting processwassuc-
cessfully implemented for producing auminum hy-
brid compaositescontaining 8% wt SC/ 8% wt RHA
particles.

e Itwasobserved that the density decreasesand po-
rosity increaseswith theincreasein percentagere-
inforcement.

e Thehardnessof thecompositesincreaseswith the
increasein percentagereinforcement.

e Itwasfoundthat in comparisontothe baseadumi-
num alloy, the preci pitation kinetic was accel erated
by adding the reinforcement. Thiseffect reduced
thetimefor obtaining the maximum hardnessby the
aging heat trestment. Thereason for theimprove-
ment of thekineticsof GPzoneformationisreated
tothehigher did ocation density of themeta matrix,
duetothethermd mismatch. Thisnot only enhances
the nucleation rate (heterogeneous nucl egtion), but
dso affectsthediffusionrate of the soluteel ements.
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