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Abstract. The present study aims to optimize the mechanical properties of Al5059/SiC/MoS:
hybrid composites. The hybrid metal matrix composites has been fabricated through stir casting by
reinforcing different size of SiC (10,20&40 pm) with aluminium at different weight fractions
(5 %,10% &15%) meanwhile the addition of Molybdenum di sulphide (MoS>) is fixed at 2% which
enhances the self lubrication properties. The basic mechanical properties were investigated and the
composite with minimum particle size shows high mechanical strength.

Introduction

Many of the engineering applications in the world today require materials with usual
combination of properties that cannot be meet by the conventional metal alloys, ceramics or
polymers [1-3] .This is especially true for the materials that are needed for aerospace and
transportation applications. For example aircraft engineers are in quest for structural materials that
have low densities yet strong, hard and impact resistant [4]. Due to improved mechanical properties,
amenability to conventional processing technique and possibility of reducing production cost of
Aluminium hybrid composites [5]. So A15059 is selected as base metal and it is a non-heat treatable
wrought alloy. It is extensively used in marine and aerospace applications because of its
lightweight, low cost and it is characterized by good formability and excellent weldability [6]. It is
selected as the base metal. The Silicon Carbide is characterized by good strength and high
temperature capacity. It is chosen as the reinforcement. The addition of SiC will improve the
mechanical properties like tensile strength, flexural strength and impact strength. But high amount
of SiC will lead to brittleness [7]. MoS: is added as a secondary material which posses greater load
carrying capacity and its manufacturing quality is better controlled.MoS; is the inorganic compound
and it is widely used as a solid lubricant because of its low friction properties and robustness [8].

Material Selection

Al5059 is selected as a base metal because it has a maximum magnesium content act as a
strengthening agent and improves wettability of Aluminium.

Table 1 Chemical composition of A15059

ELEMENTS %
Magnesium (Mg) 5-6
Chromium (Cr) 0.3
Copper (Cu) 0.4
Iron (Fe) 0.5
Manganese (Mn) 0.8
Silicon (Si) 0.45
Titanium (T1) 0.2
Zinc (Zn) 0.75
Zirconium (Zr) 0.25
Remaining Al
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Stir Casting is a liquid state method of composite materials fabrication, in which a dispersed
phase is mixed with a molten matrix metal by means of mechanical stirring. Stir Casting is the
simplest and the most cost effective method of liquid state fabrication [9-11]. The hybrid composite
of A15059-SiC-MoS, were prepared by stir casting technique as shown in figure 1.
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Figure 1 Stir casting experimental setup

Before casting, 5% of SiC and 2% of MoS: were kept in a small crucible and heated in a small
crucible and heated by a preheating furnace at 400-500°C for 30 minutes [12-14]. After preheating
the reinforcement, the A15059 was melted at 600-700°C in a graphite crucible using furnace. Then,
the reinforcement is mixed with base alloy and magnesium is also added with aluminium foil to
reduce explosion and stirred for 5 minutes at 800rpm in the range of 750-850 rpm. The graphite
crucible is taking away from the furnace, and then the crucible is titled and poured into the die and
then allowed to solidify in atmospheric air for 3-5 minutes [15]. Similarly the eight composite
samples with different weight percentages and different micron sizes were manufactured by above
process.The figure 2 shows the different sizes of SiC at 10 pm 20 pm and 40pm.
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2a) SiC at 10 pm 2b) SiC at 20 um 2¢) SiC at 40 pm

Result and Discussion

Tensile Test
Below figure 2 (a) and (b) shows the before and after testing the specimen in UNIVERSAL
TESTING MACHINE(UTM) as per ASTM ES8 standard.
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Figure 2 a) Before testing b) After testing

The tensile strength of composite material shows below the 8" samples show the higher tensile
strength compared to other composite samples and base alloy. The figure 3shows the tensile
strength increases with increasing SiC reinforcement particles. The tensile strength of composite
material is high compared to base alloy [10]. Tensile strength of the composites increases with
small particle size. The particle size at 40 pm and at 5% of SiC having high tensile values. This is
due to particle size exhibits higher bonding strength between matrix and reinforcement. Figure 2
shows the tensile specimen before and after test.
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Figure 3 Variation for tensile test value

Impact Test

The table 3 shows the impact energy of composite material shows the pure AA5059 is equal to
adding 10% of SiC particles with base metal in 40microns and other weight percentage of SiC
reinforcement slightly decreases. The figure 5 shows impact strength. This graph shows the 8™
sample (10% weight percentage of SiC with 40um) is equal to base alloy. And other composite
material show the impact energy is below than the base alloy. Figure 4 shows the after testing the
specimen,

Figure 4 After testing
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Figure 5 Variation for impact test value

Hardness Test

The composite reinforced with 15 % SiC at 10 pm particle size have the better hardness value.
From the figure 6 it can be noted that MMC hardness increases with increase in SiC percentage and
also higher hardness values are exhibited by the smaller particle reinforced MMCs. Higher hardness
value of reinforced SiC leads to increase in hardness of the MMC. Surface area of the smaller
particles is higher when compared to larger particles in the matrix which can be attributed to the
higher hardness of the smaller particle reinforced MMC.
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Figure 6 Variation for hardness test
Microstructure

Microstructure of the developed composites was analyzed through scanning electron microscope
(SEM) in order to identify the distribution of reinforcement particles on matrix material. The
specimens were prepared as per the required size with the help of wire cut EDM and polished with
300, 600, 1200 and 2000 grit emery sheets. Figure 7a shows the presence of SiC at 5% level at
10um and constant weight percentage of MoS,.Similarly figure 7b and 7c illustrate the occurrence
of SiC at 10% at 10um and 15% at 10 um.
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Fig 7(c) Fig 7 SEM image of different composites

Conclusion

From results of investigation and discussion of this work, the following conclusion  can be
made.The tensile strength increases with increasing the SiC reinforcement particle. The specimen
with the composition of 15% of SiC in 40microns exhibits maximum tensile strength than base
alloy. Hardness of the composites increases with increase in weight percentage reinforcement due to
the higher density of SiC and decreases with increase in particle size. Since SiC is a harder ceramic
the density and hardness of the composite also increase with its addition. Also small particle size
exhibits better hardness than coarse particles due to the higher surface area and it fills the small
pores in the matrix than coarse particles. The impact strength of base alloy is equal by adding 10%
of SiC particles in the matrix at 40microns.
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