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Abstract

In this paper we are going to describe the chanazé&tion and mechanical behavior of the Nickel GmaGraphite (NCG) particle
reinforced AI6061 metal matrix composite. Manyrags, the composites fail to answer the questidiaibto serve the purpose for
which it is fabricated to. This is due to the legstting nature between the reinforcement and th&ixand the impossibility of
higher percentage of reinforcement addition inite tmatrix. However, metal coated reinforcementeHhzaen able to overcome these
limitations to a very extent. NCG particles reirded Al6061 matrix with various weight percentagesenfabricated by Squeeze
casting method. Samples of 0, 5 and 10 wt% reipfoent addition were synthesized and characterig@uhlly some useful
conclusions were made.
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1. INTRODUCTION graphite [8]. From older times, graphite has besrognized
as a material having high strength to mass ratiw, density
and a best solid lubricant [9]. Graphite fibre femement has
found wide application in polymer and epoxy based
composites [10]. As well, graphite particle reidement has
also found wide application in wear prone areasiaruaces
where external lubrication is difficult or not pdde [11].
Rohatgi et al. [12] also concludes that the ratewafar
resistance is improved by mixing graphite partidle® the
alloy.

Development of newer materials with better perfaro@afor
tribological applications has made researchersdimec out
with innovative and novel materials to be fabricateom
conceptual methods [1]. Recently, Metal Matrix Casipes
(MMCs) have gone through such a transition [2].nfRa&icing
on aluminum alloy is a new dimension of achievingioved
mechanical properties while adhering to its natpralperties
such as good thermal and electrical conductivity dow
density. Particularly properties like the thermahductivity,
thermal expansion and stiffness can be specificgaifjulated

o . In electronic industries, high temperatures and pevature
within a certain range [3-4].

cycles have a strong impact on the reliability lé fssembly

. . [13]. An improvement of durability of the electransystem
Man)_/ reinforcements proved to yleI_d same resu_lts_ ON  can be achieved by using parts made out of Aluminum
alum!num aIIo_y [51.  The usua] re_mforgements inside Graphite (Al-Gr), because the Al-Gr's coefficierft thermal
alumlnqm matrix .WOU|d be ceramics like SiC,,®4, AIN., expansion (CTE) is very similar to the CTE of sever
B,C, TiC and TiB [6]. These reinforcements are either o amics and semiconductors [14]. Furthermore, AhGs a
purchased or being processed using several tedsipl lower density, in comparison to conventional maisrias

fabricate out of. This makes the cost of reinforeatrcostlier copper, which leads to a vital weight reduction][Bossible
[5]. A_Iso such fabrica_ted composites have provetaee low applications of parts made of Al-Gr are Base platesoolers
ductility than conventional alloys [6-7]. for power semiconductor devices, heat sinks andt hea
spreaders, Lids, substrates, interposer, USB fldshes,
housings and similar complex structures, which ased in
power electronics, microelectronics and optoelent [16].

A promising, effective, economic and a good subttihal
reinforcement with a self lubricating property abube
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Though these benefits and applications overweighs$ cast
alloy and ceramic reinforced one, the mode of mactufe,
the difficulties entitled have confined the usesofch good
property metals to be applied in various enginggrin
applications. The main problem faced with not oslych
composites but with almost all types and categofy o
composite is being the property of wetting that mbe
exhibited between the matrix and the reinforcenfém. If

this phenomenon is better, good is the result efatbnding in Fig - 1: Raw Material - AA 6061 T6

fabricated composite and if poor then it resultsnadequate

bonding between the matrix and the reinforcemesy [1 This alloy also offers good finishing charactedstiand
. . . . responds well to anodizing. The composition of AB66 is

Landry et al [19] tried methods of improving weitdyp of given in table 1.

reinforcement with matrix by casting under 700 -08D

temperature keeping under long time exposure imthk but Table - 1: Chemical composition of Al 6061

on solidification the segregation of reinforcemenias
unavoidable and became a heterogeneous composfiens

Elemen

et al [20] tried to increase the wettability by fi@ating with i Mg | Fe | Si| Cu|l Mn| V| Ti| Al
temperature above 900°C up to 1000°C where anfaciat X

reaction occurred between aluminum and the reiefoemt Weight | 1.0 | 0.1 | 0.6 | 0.3 | 0.5| 0.0 | 0.0 | Res
which vyielded brittle aluminum carbide that brokbet % 8 7 3 2 2 1 2 t
composite due to expansion in humid environment.

Stephenson et al [21] reported that coating of elickn The reinforcement powder is Nickel coated Grapitem
reinforcement and introducing inside the matrixduweced a Chengdu Nuclear 857 Co., The particle size is 13@8h. The
good wettable composite. This wettable wear resista particles were added as reinforcement with weightf%a, 5
aluminum metal matrix composite is commercially dise and 10 within AA matrix.

automobile engine cylinder liner and brake rotd][2p et al
[23], experiments the behavior of aluminum dropletvarious
substrates and uses sessile drop method to cdhfneontact
angle to a minimum for coated reinforcement withnahum
matrix. He proves that the angle is very low too#° nickel
coated graphite substrate.

In this article, firstty we fabricate Aluminum Matr
Composite (AMC) reinforced with Nickel Coated Graph
(NCG) and AMC with separate dispersion of Nickeli)(N
powder and Graphite (Gr) powder as reinforcemerihgus
Squeeze casting method. Secondly, both types opaosites
were characterized for tensile, acoustic and hasltests and
the results were compared and tabulated. Thirdhe t
microscopic examination of the tested samples wase do
depict the nature of bonding and force betweemthgix and
the reinforcement.

Fig - 2: Nickel Coated Graphite Powder

The SEM image of NCG Powder sample is shown in3Fig.
The images clearly show uniform coating of nickelvders
on each particulate of graphite.

2. EXPERIMENTAL DETAILS
2.1 Materials

The aluminum (AA6061 T6) grade was used as theimatr
material. It was purchased from PMC Corporationplasks
and was used for casting. It has very good cornoségistance
and very good weldability.

Fig - 3: SEM Image of Nickel Coated Graphite Powder

Graphite powder used in this work is of 400 me<e sit is
added separately in to the matrix melt after preghgaThe
SEM images of the Graphite powder is shown in Fig.4
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Fig - 4: Images of Graphite Powder sample

Nickel powder of 1micron size, 99.9% purity purobéigrom
J & J Groups was used. The images of the samplshemgn
in Fig.5.

Fig - 5: Images of Nickel Powder sample

2.2 Squeeze Casting Unit

The composites are fabricated with a squeeze castehine.
The melt is discharged out of the furnace by botpamar path
setup. The gravity poured sample is how squeezedigh a
squeezer ram with a pressure of 50T and a setiing of
10secs. The experimental setup of this facilitysi®wn in
Fig.6.

Fig - 6: Squeeze Casting Machine Setup

2.3 Fabrication

Initially, the furnace was turned on to heat toemperature

above 850°C and a holding time up to 1hr. Aluminatioy
blocks were dropped in to the furnace allowingoitnelt in

the furnace. Meanwhile the powders which are tadbded as

reinforcement were preheated at 600-800°C.

reinforcement is slowly added in to the aluminumnmamnelt
through a dispenser while maintaining a constaintirgj of
400 rpm for 6-7secs with a motorized stirrer. Afegrsuring
the proper distribution of the reinforcement intke matrix
the drain plug is opened so that the melt flowsulgh the
pathway which is preheated to a temp of 650°C. iE&me of
the squeezer is now pushed forward so that theeemiglt is
subjected to a pressure of 50 tones with a setiing of 8-
10secs. This squeezing enhances the distribution
reinforcement uniformly in to the matrix there bynimizing
the formation of pores in the cast samples.

Fig — 7: Images of Composite Fabrication

The samples were fabricated as two sets: the Bgstg the
samples under reinforcement of NCG with 0, 5 andM%
addition into the matrix melt and the second behegmixture
addition of Ni powder and Graphite powder in thegartion
of 0, 5 and 10 wt% in to the melt matrix. The csamples
were indexed so as to identify it for varying prdjmn of
reinforcement mixture.

2.4 Composite Material Testing

The prepared samples were carefully machined totsuhe
best standards for each testing. Here ASTM standsard
followed for testing. Tensile samples were prepanéth a
diameter of 16 mm and length of 140 mm. The lergftthe
reduced section is 80 mm and the diameter at thmega
section is 12 mm.

Fig — 8: Samples for Tensile Test
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The composites were tested for hardness in a nactdoless
testing machine. The samples were machined tott#relard
for hardness testing. After machining the samplesrew
polished in papers of varying grit size. The padrsamples

were now placed on the tester for hardness testing.

Structural examination of the so prepared compasite the
tested sample were done with a Scanning Electrandgcope

(SEM) under varying magnification and power.

3. RESULTS AND DISCUSSION

3.1 Tensile Testing
The samples were tested under standard testingticond he

specimen after testing is shown in Fig.9.

The test values are tabulated in Table.2 and thresmonding
output graph of as-cast aluminum, aluminum withasafe
graphite powders and aluminwith
nickel coated graphite powders are shown in Figifl0and
12.

dispersion of nickel -

From the table it is evident that the percentagéitimth of
NCG reinforcement has a positive effect on the ikens
strength (UTS) when compared with the base allay\aith a
reduction in % of Elongation. But a controversidieet is

observed on and graphite powders

111
1]

Fig — 9: Samples after Tensile Test

I

Table — 2: Tensile Test Results

0,
Sample PeZ(kngoad (%i) Elong)ation
Al 6061 as-cast| 10.245 91 16.257
Al/Ni-Gr (5%) 10.01 88 7.857
Al/Ni-Gr (10%) 9.55 84 7.443
Al/NCG (5%) 20.095 178 12.6
AI/NCG (10%) 21.23 183 114

separately.

reinforcing nickel
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Fig — 10: Tensile Graph of As-cast Aluminum Sample
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Fig—12: Tensile Graph of AI-NCG (5 wt%) Composite

Devinder Yadav [24] reported that for 7% Ni additi;n to
matrix Al 1050 yielded an UTS increase of 60% canmm
the base Al 1050 whereas here the result shows% 10
reduction in UTS for 5% of Ni addition in to theuadinum
matrix. This reduction in UTS may be due to therfation of
brittle Al;Ni phases at the region of interface [25]. It c&spa
be found that the statement proposed by, DevindalaY [24]
regarding the % of Elongation is true for our sagspllt is
noticeable that this reduction in % Elongation eala very
drastic for separately dispersed composite when paosal
with coated reinforced composite.
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Rams et al [25], proved that the wettability of mam fibre
reinforcement having coated with nickel gave betteages to
show that the matrix is mostly homogeneous whicly gield
better mechanical properties than uncoated reiafoent.
With this proceeding we too have better results stwength
(UTS) value of coated reinforcement compared withaated
one.

3.2 Microhardness Test

Microhardness test for the prepared samples isumad as
per the test specification and conditions on a ¥iiskHardness
tester. The applied load for indentation on a diachmdenter
is 0.3 kg and the time of indentation is 10 secsaftsamples.
The results of the readings observed are tabulat&@ble.3.
It is evident from the table values that the impattNCG
reinforcement is better than Ni-Gr reinforcemenea&pected.
The values of the Ni-Gr for both wt% additions hapgo be
greater than the as-cast sample but it could haen keven
better if the formation of intermetallic could haveen
avoided. Devinder Yadav [3] has reduced the foromatf
intermetallic by the process of fabricating the pbes through
friction stir processing (FSP). However, the greatdues of
composites than its alloy have given satisfactesylts.

Table — 3:Hardness Test Result

sample Vierrs Hardness NL_mee Average
Trial 1 | Trial 2 | Trial 3 | Hardness
A;:ggsji 65.7 67.2 65.7 66.2
A'ég'(;();r 68.7 | 702 | 718 | 702
Aéll'\g;gr 77 | 752 | 788 | 77
Al(/é\(l)/f)G 75.2 75.2 77 75.8
A(IigOCAS 91.4 84.8 89.1 88.4

3.3 SEM Examination of Tensile Tested Samples

The fracture area examination under Scanning HEectr
Microscope (SEM) reveals several facts that havelerthe
composites to exhibit such mechanical property soément.

In Fig.13 (a & b) shows the micrographs on Ni-Gr
reinforcement taken with lower magnification. Thimage
confirms the existence of medium and higher sizeoads that
affect the mechanical properties. Whereas, theagiephs of
the sample with NCG coating shown in Fig.13(c &dgarly
conveys less formation of voids on the fracturedasie of the
samples. This gives the sample in Fig. ¢ and detariore
ductile in nature than the samples in Fig. a and b.
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A closer examination of the casted composite sasngih®ws
that in Fig. e and f the grain boundaries are wbstinct also
the nickel is found to be distributed in aluminuratrix. Here
the graphite particles are found only as traceshenfracture
surface. This distribution is the reason for havimg value of
hardness compared with NCG composites.
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(9) (h)

Fig-13: Fracture morphology of AA6061 composites
containing Ni-Gr and NCG reinforcements: Under low
magnification (a) 5 wt% Ni-Gr, (b) 10 wt.% of Ni-((c) 5
wt.% NCG, (d) 10 wt.% NCG, Under high magnificati@e)
5 wt% Ni-Gr, (f) 10 wt.% of Ni-Gr, (g) 5 wt.% NCGh) 10
wt.% NCG

The Fig. g and h shows the wetted graphite insite
aluminum matrix. This is because of the NCG reicdonent
added which gave better UTS and hardness valuss. wé
can signify the macroscopic brittle fracture andcrhoscopic
ductile fracture from the images. In Fig. g Graphpiarticles
remain intact in several places which provide ew@geto the
existence of good bonding between the aluminumirnatrd
reinforcement particles.

CONCLUSIONS

1. The tensile test values predicted good resuts NCG

reinforced composite than for ordinary reinforcex®.

2. The NCG reinforced composites were able to aehitter
hardness values than that of the as-cast sampleseparately
dispersed reinforcements.

3. The SEM micrograph very clearly shows less fdiomaof

voids in NCG reinforced composites. This reduceg th

brittleness and retains the ductility to some eix@@md then
allows for fracture.

4. Graphite being less dense was thought to floaget
skimmed away by the melt when more percentage rteels
added. But with nickel coating on graphite we walde to
achieve graphite particles a little denser thamplgjta. It is
also due to this reason we are able to go in fghd
percentage of graphite addition.

5. The intact bonding between the reinforcement #mel
matrix plays a vital role in deciding the behaviércomposite.
We have achieved this intact layer by reducing lthyer of
segregation and improving performance.
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