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Abstract: Aluminium has been a favorite material for automobile and aerospace application for its low density
and corrosion resistance properties. But after the invent of Aluminium based metal matrix composites the
attraction shifted towards the composites as they are cheaper and even lesser density than Aluminium and
aluminium based alloys. The present study aims to evaluate the mechanical microstructural properties of
Aluminium metal matrix composites reinforced with Silicon Carbide. Here the average particle size taken id 30-
45um. The reinforcement is added with base metal in varying weight percentages (wt %) ranging from 0—15 wt%
in an incremental step of 5% each. Mechanical properties like Ultimate tensile strength, micro hardness and
density of the fabricated composites were investigated in these prepared materials. Also, Microstructure analysis
was carried out on casted composites using optical microscopy and scanning electron microscopy. Results
revealed that, the addition of SiC reinforcement in the aluminum matrix increases the hardness and ultimate
tensile strength gradually. From micrographs some clustering and porosity in the cast material.
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1. Introduction

Aluminum is most abundant and naturally occurring metal in the earth’s crust, modern life needs the
aluminum as an essential element. The conveniences of today’s world would not be simple, without the
proper utilization of aluminum by which it increases the sustainability of national economy. Aluminium
and its alloys as a base metal in metal matrix composites (MMCs)[1] plays a prominent role in order to
make present materials more commercially attractive.Metal matrix composites are materials with
metals as the base matrixand typically ceramic or organic compounds added as reinforcements to
enhance the properties. The reinforcements will be in the form of particulates, whiskers and fibers.
Metal matrix composites can be tailored by varying the nature of the components and their volume
fraction [2]. The MMChas superior properties as compared with the base metal likecreep resistance,
improved strength, wear resistance, stiffness, conductivity, dimensional stabilityetc.Generally used
reinforcements are graphite, boron carbide (B4C), silicon carbide (SiC),aluminium oxide
(Al203),Zirconium silicate (ZrSiO4) andtitanium di-boride (TiB2)[3-5].The tailorability is a key
advantage of all types of composites, but it is particularly so in the case of MMCs. There are
numerousconventional processing methodsof fabricating metal based composites such as co-spray
deposition process, vacuum hot pressing, powder metallurgy,stir casting and squeeze casting methods.
The stir casting method is commonly preferred for discontinuously reinforced metal matrix composites
because of its simplicity, inexpensive and offers a wide selection of processing conditions and
materials.In general, the solidification synthesis of MMCs includespreparing a melt of selected matrix
material followed by the incorporation of a reinforcement material into the melt by constant stirring to
achieve a suitable dispersion. To attain higher strength in composites, the basic requirement is strong
interface bond between matrix and reinforcement.By preheating of the reinforcement and the addition
of small amount of magnesium will help in good wetting of the reinforcements inmolten matrix during
casting [6-7].A few researchers made an investigation on Al based composites reinforced with SiC
particles + graphite fibres, Al2Os particulates, carbon short fibres + Al20s short fibres, Al20s fibres +
SiC particles and many are available in which studies on effect of volume fraction, particle size and
type of reinforcement were reported [8-18]. The literature review reveals that the main problem was to
get uniform dispersion of the reinforcement by using the cost conventional technique for commercial
applications like heat sinks, substrates for electronics, heat spreaders,lids for electronic chips and also
in automobile industries.In the present study, Al-SiC composites containing 5%, 10% and 15% weight
fractions of silicon carbide particles were prepared with the use of stir casting technique. The effects of
volume fraction of SiC particles and its dispersion on the properties of Al/SIC composites were
investigated. The properties such as density, tensile strength, micro Vickers hardness and microstructure
of the composites were analyzed.

2. Experimental Work

2.1. Materials Used
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The materials used in the fabricationareAl (1100) and SiC. Al (1100) procured from PMC Corporation
Ltd., was used as the matrix material. The SiCof average particle size 30-45um procured from
KemphasolPvt. Ltd. was used as the reinforcement material for the fabrication process. The chemical
composition analysis is carried out using optical emission spectrometer and the composition is as shown
in the Table 1.

Tablel Chemical composition of the Aluminum (1100)

Elements Aluminium Beryllium Copper Iron Manganese Vanadium

Percentage(%o) 99 0.0008 0.05 0.04 0.05 0.038

2.2. Fabrication

Liquid state fabrication of MMCs involves integration of dispersed ceramic phase into a molten metal,
followed by its solidification process. Stir casting technique is the simplest and the most cost effective
method in all liquid state fabrication processes. Figure 1 shows the schematic diagram of the stir casting
setup for the fabrication of metg! matrix composites.
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Figurel Schematic diagram of stir casting Setup for the fabrication of MMC

A weighted quantity of aluminum in the form of ingots was taken in the graphite crucible and
temperature is raised such that a uniform phase of molten aluminium is formed. Calculated amount of
flux was added to minimize the oxidation of the molten aluminium. To minimize voids, porosity and
blow holes formation in the fabricated specimen, degassing tablets are put in to the molten aluminium.
Thus obtained melt was stirred using a stainless steel impeller at a speed 600 rpm tocreate the vortex
[19]. The impeller blades were designed in such way that it creates a vortex to achieve the sound particle
mixing[20]. The reinforcement is preheated to a temperature of 450 °C to remove the oxide layer around
the SiC particle and to create a good bonding between matrix and particles[21]. Soon after the formation
of vortex in the melt, the reinforcing particles were introduced with a separate pouring attachment at the
rate of 15-20 g/min into the melt during stirring and also a small quantity of magnesium was added to
increase the wettability of SiC Particles. The stirring was continued for another fewminutes, even after
the completion of particle feeding to achieve homogeneous distribution of the reinforcing particles. The
mixture was poured in to the preheated permanent metallic mould of dimension 45 x 60 x 100 mm
(LxBxH). The temperature of 680°C was maintained during pouring. The melt was allowed in the mold
for complete solidification. The similar processing condition was used to cast the base material for
comparison. Three sets of composites of Al/SiC were fabricated by varying SiC content in volume
percentage and the composition is shown in table 2. During stir casting process, the stirring duration,the
position of stirrer in the crucible and the quantity of matrix material usedwas kept constant to minimize
the contribution of variables related to stirring on the distribution of reinforcing particles [22].

Table2 Composition of mixtures for each composite

Matrix Reinforcement
Al - 100 % SiC 0%
Al - 95% SiC 5%
Al - 90% SiC 10%
Al - 85% SiC 15%
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2.3 Microstructure Characterization

Microstructural characterizations were conducted on both unreinforced and reinforced as cast samples.
The specimenpreparation is done in three steps, i.e., ground, polished and etched,after that the same
samples were observed under optical microscope. The specimens were mounted and mechanically
polished on a series of silicon carbide (SiC) abrasive papers of increasingly finer grit sizes and using
diamond paste of size (1um) with special polishing cloth. Specimens will be chemically etched using
Keller’s Reagent (190ml distilled water,5 ml Nitric acid, 3 ml Hydrochloric acid and 2 ml Hydrofluoric
acid) for about 25-30 seconds. Then the samples were washed with running water and alcohol further it
is completely dried. Optical examination of the samples was performed using optical microscope
equipment connected to a computer. The morphology of the composites was studied by scanning
electron microscope (JEOL JSM-6380LA).

2.4Mechanical Properties Evaluation

The tensile specimen was prepared by machining as per the ASTM E-8 standards [23]. The dimensions
of the tensile specimens are as shown in figure 2 and the test was conducted using Shimadzu AG-X plus
TM 100kN, universal testing machine with a fixed crosshead speed of Imm/min and tensile properties
like ultimate tensile strength, percentage elongation and fracture surfaces of the tensile tested samples
were also analyzed.
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Figure 2ASTM ES8 tensile specimens

The theoretical and experimental densities of each composition of the Al/SiC reinforced composites
were compared. The experimental density was determined by dividing the measured weight of a test
specimen by its measured volume and theoretical density was evaluated by using the rule of mixtures
[24]. The percent porosity of the composites was calculated using the equation (1).
% porosity = {(pT —pEx) + pT} x 100% (1)
Where, pT = Theoretical density (g/cm?),
pEx = Experimental density (g/cm?).

Vickers hardness measurements were carried out in order to examine the influence of SiC particles on
matrix hardness. The test samples were sectioned using an abrasive cutter, then ground and polished
using conventional metallographic methods and hardness measurements were carried out using Zwick
Vickers hardness tester at100 gf load applied for 15Seconds.Six readings for hardness values were taken
for each sample and the average hardness (HV) were reported.

3. Results and Discussion

Microstructural analysis gives us an idea about the distribution of the reinforced particles in the matrix,
which has a great influence on the properties of the composite. Figure 3 shows the optical micrograph
of (a) Aluminium (1100) without Silicon carbide (b) Aluminium with SiC 5%,

(c) Aluminium with SiC 10%, and (d) Aluminium with SiC 15%. It is clearly observed that the
reinforcing particles are visible and the particles are fairly distributed in composites with some clusters.
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Figure 30ptical microscopic images showing the silicon carbide particles distribution in as cast
condition (a) Aluminium (1100) without Silicon carbide (b) Aluminium with SiC 5% (c) Aluminium
with SiC 10% and (d) Aluminium with SiC 15%.

The SEM micrographs of cast Al (1100) and the composite are shown in Figure 4. The micrographs clearly
reveal minimal micro porosities in the casting, and it is also observed that, the distributions of reinforcement
in the respective matrix are fairly uniform. These micrographs also clearly reveal the increased filler contents
in the composites. We can clearly distinguish between the unreinforced and reinforced composite due to the
presence of SiC particles in the matrix in the latter, Al-10wt% and Al-15% SiC shows a higher amount of
SiC particles.
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Figure 4SEMimages showing silicon carbide particlesdistribution (a) Aluminium (1100) without
Silicon carbide (b) Aluminium with SiC 5%, (¢) Aluminium with SiC 10%, and (d) Aluminium with
SiC 15%.

The table 3 shows the results of a porosity percent of the composites with their theoretical and
experimental values with respect to composition, results revealed that the composites are slightly porous
in nature but it’s less than 1%. Porosity percentage increases with increase in SiC particles addition.This
is due to the fact that while casting, usually particles enter the melt as a group of particles trapping air
in between them to form a void space [4][25]. Therefore, as the volume fraction of SiC particles
increases, the amount of trapped air also increases. Large pours observed in Al/SiC 15% contain a cluster
of SiC particles which did not get properly dispersed within the Al matrix during processing.The
Porosity level and variations in theoretical and experimental density values with composition are
graphically represented infigure 5 (a) and (b).Acceptability of porosity level is maximumof 4 % have
been reported [26] for cast aluminium matrix composites.

Table3Composite density and estimated percent porosity

Sl Material Theoretical  Experimental ~ “Porosity
No Composition Density Density in %
1 AI(1100) 2.72 2.71 0.47
2 Al/SiC 5% 2.74 2.73 0.51
3 Al/SIC 10% 2.77 2.75 0.64
4  Al/SiC 15% 2.78 2.75 0.93
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Figure5(a)Variation of theoretical and experimental density (b)Porosity versus materials composition

The hardness is termed as resistance of materials against surface indentation. The plot shown below
(Figure 6) reveals that there is an increase in the hardness value with the increase in the addition of
reinforcement, similar type of results were observed by other researchers also[27]. Unreinforced Al has
hardness value of 23 HV and maximum obtained hardness value is 47 HV for 15 wt. % SiC reinforced
Al composite.
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Figure 6 Vickers Hardness versesSiC wt% Figure 7 Ultimate Tensile Strength versus SiC wt%

The micro hardness of composites evaluates the interface bonding strength between matrix and
reinforcing particles. The Vickers hardness for 5 wt% SiC and 10 wt% SiC reinforced composites are
37 HV and 44 HV respectively. The presence of harder and well bonded SiC particles in aluminum
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matrix that hinders the movement of dislocations, which increases the hardness of the Al-SiC composite.
The ASTM standard E-8 specimen was prepared by machining the cast composites using conventional
machining process. The figure 7 shows the variation of ultimate tensile strength with respect to wt % of
SiC particles.The tensile strength of 15% SiC reinforced composite is higher as compared to 5% and
10% SiC reinforced composites and pure Aluminium. Similar kind of result was obtained by
Shanmugaraja et al., [28]. Hence, we can conclude that tensile strength increases with increase in SiC
content in Aluminium matrix. This is due to strong interfacial bonding between the matrix and
reinforcement, which improves the tensile strength of MMCs. The aluminium matrix contains high
amount of dislocations, responsible for the strengthening of the material [29][30].During cooling process
the dislocations are introduced by the SiC particles, due to the difference in thermal expansion
coefficient [31]. The dislocation to dislocation interaction, dislocation density and constraint of plastic
flow due to the resistance offered by particles are the expected reasons for strengtheningof composites.
By many researchers it is reported that, there is a possibility of increase in dislocation density within the
matrix due to the thermal mismatch stress, which leads to local stress increasing strength of the matrix
and the composite[32].

4. Conclusion

In this research, aluminum as base matrix and SiC as reinforcement in varying Wt % from 0 to 15 in a
step of 5were fabricated using stir casting method. Microstructural aspects and mechanical properties of
the prepared composites were studied. Based on experimental evaluation, following conclusions can be
drawn

e Adoption of stir casting technique was successful in fabricating aluminum-silicon carbide
composites.

e Clustering and fair dispersion of silicon carbide particles in aluminum matrix were observed in
microstructure andporosity level increased with increase in SiC Content.

e |t was found that tensile strength and hardness were significantly improved by the addition of
SiC particles with respect to unreinforced composites.

e Increases in the mechanical properties were found to be directly proportional to the wt % of SiC
particles added. The best results have been obtained for composites reinforced with 15% weight
fraction of SiC particles, maximum hardness achieved was 47HV & maximum ultimate tensile
strength was 130 MPa.

e Due to its improved mechanical properties achieved by one of the easiest ways of fabrication
method, thus it can replace the aluminum and its alloys in various commercial applications.
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