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Abstract

Composite materials withluminumas matrix material have a wider amplitudelafge scale
applications in engineering. Some salient featureglaminummatrix composites are, low
density, low thermal coefficient of performance and low weight and high strength. Among the
various series oéluminumalloy, Al6061 have been widely usbyg researchers due to its
outstanding properties particularly as they are heat treata#d&uminum6061 alloyshave
been reinforced with various particulate reinforcements such as silicon carddegraphite

to study their friction and wear resistancegperties. Adding silicon carbide particulate
reinforcement improveshe sliding wear resistance of composite matertldbwever, imakes

the material brittle and hard resulting in machining difficulties and rough surface finish. On
the other hand, it hadeen found fromthe literature survey thathe addition of graphite
particulate reinforcement increases ductility and sliding wear resistance. In this context, the
presentarticle focuseon developinghybrid alumirum matrix composites by incorporating
both graphite and silicon carbide-deat treatment has been carried out farther enhance

the wear resistance and strength of the composites. Voedix casting was successfully
utilized to fabricate AI606BICGr hybrid composites. There was excellent bogdetween

the matrix and reinforcement materials as revealed by the microstructure stlidy.sliding
wear resistance afhe AlI6061SiC composite was higher than the base matrix material. Heat
treatment increaseghe sliding wear resistance of the composite. Ice quenching results in
maximum improvement. Increased content of graphite incredabessliding wear resistance
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of AlI6061SiC composite. Further heat treatment increaessliding wear resistance of the
hybrid composites with ice quenching resulting in maximum improvement.
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1. Introduction

Ly @(2RI&Qa faumidhmaleyy @eSsyitisthugey bafuminum matrix composites
(AMCs) because of their outstanding properties such as improved wear resistaeicgt-to-
strength ratio, saving of energy etéluminum matrix composites are those materials that are
specially designed for applications in the field of apexe and automobile engineering. It has
excellent properties for example good wear resistanceadttigher temperature, high stiffness,
better corrosion resistance, good specific strength, excellent fatigue resistancdlptémong
various reinforcements tried silicon carbidand aluminumoxide are generally adopted for
improving the hardness of thealuminum alloy. Composites fabricated using particulate
reinforcements providehe excellent capability for plastic formingsulting ina ductile type of
failure compared to otherreinforcements [2 3]. In hybrid aluminumgraphitesilicon carbide
compositesthe existence of silicon carbide helps in improving mechanical strength in addition to
improvement of wear resistanceA the same time,the presence of graphite provideselt
lubrication, improves ductility, impact strength and decreasles coefficient of frictioncompared
to that of aluminumsilicon carbide andaluminumgraphite composites[4, 5]. The presenceof
siliconcarbide inaluminumalloy shows bettetoad-withstandingand load-carryingcapacity.The
elastic properties ofaluminum matrix composites have been largely influenced by the
microstructural parameters such as volume fraction, shape, size, orientatiottistribution of the
reinforcement materiald6-9]. As there is alemandfor increasing the production ciluminum
matrix composites because of their excellent properties in the present market, there is a need to
understand the various processing metlsof these composite§10-14]. Because of their
outstanding propertiesauminum-based composites have been the most suitable alternative
materials for various aerospace and industrial applications. This is also because their properties can
be improved byadding hard particulate reinforcements such as silicon carbide. With this, they have
shown an excellent improvement in specific strength and specific stiffness at elevated room
temperatures[15-17]. Some applications of A061 matrix composites are found in helicopter
structures, missile & satellite structural supports & compressor bladeghtemperature
structures,and superconductor restraints in fission power reactdéace it is difficult toary both
silicon carbide and graphite, this articteintains the constant weight of silicon carbidie contrast,
graphite is added fromwt% to 4wt% inthe step of 1wt%.The effect of graphite othe wear
resistance of Al 6065iC composite has been avaled. Pastresearch showed thahe addition of
SiC beyond 7wt% mluminumalloy showed lesser improvement in the strength properties of the
composites. In light of the aboy¢he present article attempts to study theffect of graphite on
sliding wear resistance tieattreated A6061-SiC composite.
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2. Materials and Methods
2.1 Fabrication ofComposite Material

In the present work, Al6061 is used as matrix material while reinforcements such as silicon
carbide and graphite are used. The size of the reinforcements igsiimicrons and 60 microns
respectively. Stir casting technology is adopted for casting cortgposterials. In vortex casting
superior bonding beveen reinforcements and the matrix phase can be achievazhuse of stirring
action. It is alsovery simple, economical and commercially used by many researchsesmatrix
material is heated inside thgraphite crucible for about 7EXCafter which the reinforcements are
added gradually and stirred uniformly for about 15 minutes. The molten liquid mixture of the
compositesis thenpoured inside a preheated metatold. To remove gases and other impurities
from the molten mixture,a hexachloroethane (k) degassing tablet is used. Two types of
composite materials are fabricated such as Al68GWt%SiC and Al60617wt%SIiG xwt%Gr. The
graphite reinforcement is varied from 1wt% to 4wt%he step of 1wt% respectively.

2.2 HeatTreatment Process

The base and composite materials are heated inside an electric furnaeestautionizing
temperature of about 55@C, for one hour. The specimens are quenched in ice, water and air media
respectively.The specimensvere further heated to ageing temperature of about 17&for six
hours resulting inmaximum hardness. After the heat treatment all the specimens are cooled under
normal temperature.

2.3 AdhesiveNear Test

Standard pin on disc tribometer is used to study sliding wear and friction of base material and all
its composites as shown Fgure 1. Specimens with diameterof 10 mm and height 23nm are
developed. The specimens were finely grounded. Theopitribometer had a counter disc of
hardened steel material of Rc 60. Tests were conducted at sliding speed oh/s&7 and load of
10N with sliding distance of 5.65610°m.
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Figurel Friction and wear monitor.
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3. Results and Discussions
3.1 Microstructure Studies

The optical microphotographs of-8061 and its hybrid composites after etching are shown in
Figure2(af).

(e) Al6061+7Wt%SiC+3wt%Gr (f) Al6061+7Wt%SiC+AWt%G

Hgure 2 (a-f) Optical microphotographs of Al6061 and its hybrid composites

It can be seen iRigure 2 that the reinforcements are distributed in the matrix material uniformly.
Also the grain structure has low porosity. It d@seerthat the reinforcements ar@omogeneously
distributed, but clear identification of both the Gr and SiC is diffiaott can be detected with the
help of some other test such as XRD.

3.2 Wear Test
3.2.1 Impact of GBic Reinforcementsn Wear Propertyof Al6061Alloy

The impact of graphite and silicon carbide reinforcementthersliding wear property of Al6061
alloy is shown ifHgure 3and Table 1
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Figure3 Impact of G+SiC reinforcements on sliding wear property of Al6061 alloy.

Table limpact of G#Sic reinforcementsn sliding wear property of Al6061 alloy.

Material Type Base 0 1% 2% 3% 4%

Material loss (micron) 488 388.5 2285 168 144 122

It can be seen iHgure 3 that the material loss due to sliding wear 06861 alloy is higher
compared to that of composite material. This is due to hard&@i@orcement which increased the
strength property of AB061 composites. Also it can be seen that wille addition of Gr
reinforcement further there is a gradual drop in material loss. This can be reasoned theestlf
lubricating capacity of Gr neiorcement as seen in the SEM of the composites.

3.2.2 Effect oReinforcementand Quenching Media

The material loss due to sliding weareafat-treated matrix material and its composites is shown
in Hgure 4(ab) and Table 2
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Figure4 (a-b) Material loss due to sliding wear of heat treated matrix material and its
composites
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Table 2Material loss due to sliding wear of heat treated matrix material and its

composites
(a)
Material Type Base 0 1% 2% 3% 4%
. 383.5 226.5 167 160.5 136.5 120.5
Material
loss Water 221.5 160 148 1425 1215 109
(micron) ¢ 1755 160 1325 126 1205 955
(b)
Material Type Base 0 1% 2% 3% 4%
] Air-8hrs 2355 165.5 155 1495 1285 119
Material Water-
loss 185 160 135.5 128 121 107
. 6hrs
(micron)

lce-6hrs 162 126 1175 1075 99.5 93

It can be found irHgure 4 (ab) that with heat treatment there is significanimprovement in
the sliding wear resistance of both the matrix material and its composites. Howeeanaterial
loss due to sliding wear was lower in@AEGr composites. This may be due to improvemertha
strength properties of ABICGr compositeg\so withthe increase in Gr reinforcemennaterial loss
is decreasedlue towearing This may bewk to theselflubricatingproperty of Gr reinforcement
[18]. Among all the quenching media studiede-quenched specimenshowed the best results
followed by water and air.

3.2.3Fractography

The scanning electron micrographsadfactured surface of specimen subjected to sliding wear
testare shownin Hgure 5 (al).
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(a) Al6061 (b) Al6061 (ice quenched)
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(c) Al6061+7wWt%SiC (d) Al6061+7wWt%SiC (Ice g
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(g) Al6061+7wWt%SiC+2wt%Gr (h) AI60617wt%SiC+2wt%Gr (Ice quenched)

(i) Al6061+7wt%SiC+3wt%Gr (j) AI6061+7wt%SiC+3wt%Gr (Ice quenched)
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(k) Al6061+7Wt%SiC+4wt%Gr (1) Al6061+7Wt%SiC+4wt%Gr (Ice quenched)

Figure5 (a-) SEM of fractured surface of specimen subjected to weatr test

Page7/11



Recent Progress in Materi&623; 5(2), doi:10.21926fpm.2302015

From Hgure 5 (a, b), excess plastic deformation can be seen on the surface of the casted
specimen. It can be observed thanormal metal matrixpossessea rough surface with grooves
along the sliding direction indicating higher material loss while heat teeafeecimen has the least
damage to the surface which are relatively smooth indicating lesser material loss Hgumen 5 (c,

d) formation of grooves by hard reinforcement particles of Sifemi-treated composites can be
observedDue tothe adhesive weq pits of irregular shapes and depths are formed on the surfaces.
FromFigureb (el) formation ofthe lubricant layer by the Gr resulting ihe smooth running of the
projected material can be observed. The waut surface of the specimen showrse presence of
smeared Gr particles. These Gr particles Hawmed a thirtribofilm between the disc and specimen
surfaces, thereby preventing direatetatto-metal surface contact. Maybe because of thise
material loss in ABIGGr wasmuch less than inhe AI-SiC composite.

3.2.4 SEM dfVear Debris Particles

The scanning electron micrographs of wear debris particlehefspecimensubjected tothe
sliding wear testire as shown irHgure 6 (a).
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Figure6 (a-l) SEM of wear debris particles of specimen subjected to wear test
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