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Abstract 
All automotive applications require lightweight materials with good strength. Hence Al-Si alloys are generally the 

choice of the Engineers for the automotive applications. The silicon percentage varies from 7% to 14%. Boron 

carbide as a reinforcement material is preferred for its capability to better the Mechanical properties of the 

developed composites. Boron carbides with three particle sizes were chosen for the reinforcement with the Al-Si 

base alloy. The particle sizes of the reinforcement are 24 microns, 63 microns and 100 Nanometres. The composite 

is developed through stir casting process. The developed composite is tested for its Mechanical properties, Wear 

behaviour and machinability studies. The wear tested specimens are characterized using scanning electron 

microscopy. It was found that the composite reinforced with particle size with 100 nanometres has better 

mechanical properties and wear behaviour. Also it was found that the material removal takes place through 

chipping and micro cutting during the wear testing process. Machinability studies revealed that no grain pullout or 

particle dislodgement was seen in the machining process. XRD pattern showed the existence of reinforcement 

particles in the developed composites.  
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Introduction 
Composite consist of one or more discontinuous 

phases embedded in a continuous phase. The dis-

continuous phase is usually harder and stronger than 

the continuous phase and is called the reinforcement 

or the reinforcing material, whereas the continuous 

phase is termed as the matrix. Properties of 

composites are strongly dependent on the properties 

of their constituent material, their distribution and the 

interaction among them. Metal matrix composites 

(MMCs) offer high strength to weight ratio, high 

stiffness and good wear resistance resulting in an 

ever increasing use in the aerospace, automotive and 

bio-medical industries. Popular reinforcement 

materials for these composites are silicon carbide , 

boron Carbide, alumina  particles, while aluminum, 

titanium and magnesium are the most common 

matrix materials aluminum metal matrix composites 

(AMMCs) possess much higher specific strength and 

stiffness, improved high temperature properties, 

higher wear resistance and lower thermal expansion 

coefficient in comparison to their base alloy matrixes 

due to the incorporation of suitable particles or fibers 

into the matrix metal. Currently, there are several 

fabrication methods of AMMCs, including 

mechanical alloying with high energy milling vortex 

process, disintegrated melt deposition, powder 

metallurgy, ultrasonic casting etc. Solid-state 

methods for the fabrication of AMCs seriously suffer 

from limitations in size and complexity of the  

 

 

 

components. The liquid-state methods such as stir-

asting and compo casting are attractive due to low  

cost, high yield, and near net shaping.   Boron carbide 

(B4C) is one of the most promising ceramic materials 

due to its high strength, low density, high hardness 

and good chemical stability.  

 

Hence addition of B4C as reinforcement with the 

aluminium alloy will enhance the wear resistance of 

the base matrix and can provide good potential of 

mechanical and wear properties. Al–B4C composites 

can be processed with low-cost casting routes. But 

poor wetting between Al and B4C below 1100 ºC 

means that it is difficult to produce Al–B4C 

composites by mixing particles into the liquid phase. 

In order to enhance the wettability of ceramics and 

improve their incorporation behaviour into Al melts, 

particles are often heat treated or coated.  

 

The wear resistance and the hardness of the 

aluminium alloys can be increased with the addition 

of 10%wt B4C and 5% wt graphite reinforcements. 

The increase in the hardness was observed in the Al 

hybrid composite, which can be attributed to the fact 

that the B4C and graphite possess higher hardness. 

The wear resistance of the composites was increased 

with the addition of B4C and graphite particles. The 

wear rate was significantly less for the composites 

compared to base matrix. 
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Materials  
Aluminum –Silicon alloy was used as matrix alloy 

and B4C particulates with a nominal size of 200μm 

and MoS2 powder were used as reinforcement phase. 

The composition of alloy is Al-Si alloy chosen for the 

investigation contains 10% Si, 0.10 % Mg, 0.10% 

Cu, 0.50% of Mn, 0.60% Fe, 0.20% of Ti and rest Al. 

The composite required for the invest

fabricated by gravity die stir-casting technique. The 

final composites were cast to the size of 25mm 

diameter, 250mm length.  

 

Aluminium Silicon Alloy  
� Density (g/cm

3
)              : 2.65 

� Melting Point (°C)         : 660 

� Brinell Hardness            : 50-55 

� Young’s Modulus(GPa) : 71 

 

Boron Carbide [B'C]  
� Density (g.cm

-3
)                               : 2.52

� Melting Point (°C)                           : 2445

� Hardness (Knoop 100g) (kg.mm
-2

) : 2900

� Fracture Toughness (MPa.m
-½

)       : 2.9 

� Young's Modulus (GPa)                  : 450 

 

3.1. Processing 

Stir casting setup was used to melt the aluminum 

alloy. The furnace was fired after setting the graphite 

crucible with required quantity of aluminum and with 

flux added to it. Sufficient time was allowed for the 

aluminum to melt and the furnace was maintained at 

700ºC for half an hour. 3.33 Weight % of B

taken in another graphite crucible and preheated for 

half an hour which ensures uniform distribution of 

B4C particle. The heated boron carbide is then added 

slowly through a funnel into the melt. The stirrer of 

the furnace is switched on all this time so as to ensure 

uniform distribution of boron carbide in the molten 

matrix. The stirrer is made to run at 750rpm for a 

period of 15 minutes. The molten mixture is then 

poured into a graphite coated die by gravity and the 

die is then cooled at room temperature  

Figure 1. Stir Casting Set Up
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Figure 1. Stir Casting Set Up 

4.1Machinability Studies 

Machinability studies were performed on the 

composites developed with two different boron 

carbide particle 24 microns and 100 nm. Figures 4.1 

– 4.4 illustrates the roughness for varying depth of 

cut. By changing the speed and feed the various 

measurements were taken.  

 

 

Figure 4.1.  Depth of Cut Vs Roughness (0.05feed)

 

 

Figure 4.2.  Depth of Cut Vs Roughness(0.15 feed)

Figure 4.3.  Depth of Cut Vs Roughness (0.05feed)

Machinability studies were performed on the 
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carbide particle 24 microns and 100 nm. Figures 4.1 
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cut. By changing the speed and feed the various 

 

Figure 4.1.  Depth of Cut Vs Roughness (0.05feed) 

Figure 4.2.  Depth of Cut Vs Roughness(0.15 feed) 

 

 
Figure 4.3.  Depth of Cut Vs Roughness (0.05feed) 



 

 

 

Figure 4.4.  Depth of Cut Vs Roughness (0.15feed)

 

It is observed composite reinforced with fine particles 

shows better surface finish while machining. There 

are no symptoms of grain pullout or particles 

dislodgment seen while machining the composites.

 

4.2 EDAX Analysis  

Energy Dispersive X ray Spectroscopy is an 

analytical technique used for the elemental analysis 

or chemical characterization of a sample. Its 

characterization capabilities are due in large part to 

the fundamental principle that each element has a 

unique atomic structure allowing unique set of peaks 

on its X-ray spectrum. The higher peak represents the 

higher the percentage of the material present in the 

composite. The highest peak in figure 4.13 

corresponds to Aluminum as it is the base metal 

present in the composite as inferred from the image. 

The next peak corresponds to silicon and the 

subsequent peak corresponds to Boron.

Figure 4.5.  Representation of Peak in EDAX
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Table 4.1 indicates the quantitative Analysis of 

EDAX Results.

Table 4.1. Quantitative Analysis of EDAX Results

 

The presence and volumetric composition of the 

reinforcement in the base alloy was studied. The 

presence of various elements was confirmed from the 

test.  

 

4.3. SEM Examination  

Figure 4.6reveals the how the micro sized particles 

are distributed in the Matrix.  

 

Figure 4.6. Distribution of the micro sized B4C 

Particle in the Developed Composites

Table 4.1 indicates the quantitative Analysis of 

EDAX Results. 

 
Table 4.1. Quantitative Analysis of EDAX Results 

The presence and volumetric composition of the 

reinforcement in the base alloy was studied. The 

presence of various elements was confirmed from the 

Figure 4.6reveals the how the micro sized particles 

 

Figure 4.6. Distribution of the micro sized B4C 

Particle in the Developed Composites 



 

Figure 4.7 shows the SEM image of the worn 

surface at 3000 m for a load of 30 N. 

 

Figure 4.7.SEM Image of Al-B4C worn Surface at 

3000 m Sliding Distance

 

The image in figure 4.15 reveals that the material 

removal has occurred due to micro cutting. In some 

places chipping has taken place. Ploughing marks are 

widely seen in the surfaces. Long abrasion grooves 

and a number of pits are observed which are parallel 

to the sliding direction. Figure 4.8 shows the SEM 

Image of the machined surface for particles 

reinforced with 24 microns.  
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Figure 4.7 shows the SEM image of the worn 

surface at 3000 m for a load of 30 N.  

 

B4C worn Surface at 
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Long abrasion grooves 
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to the sliding direction. Figure 4.8 shows the SEM 

Image of the machined surface for particles 

 

Figure 4.8. Machined surface (1400 rpm, 0.25 

feed) at250x

The machined surface reveals that the material 

removal is mostly due to shearing. The formations of 

pit like surfaces are the results of the inherent nature 

of the casting process 

4.4 Conclusions 

Aluminium Boron Carbide with Molybdenum 

Disulphide composite exhibited the least volume loss 

when compared with the Aluminium Boron Carbide 

Composite.  The wear rate of Aluminium Boron 

Carbide with Molybdenum Disulphide composite 

was also found to be the least. It can be concluded 

that Molybdenum Disulphide acts as a solid 

lubricant, which prevents the dislodging of materials 

through film formation. The tribo

wear surface results in the reduction of removal of 

material from the worn surface. The loss percentages 

were 0.59% for Al-B4C: & 0.54% for Al

MoS2. 

 

The SEM images shows material removal is less in 

the case of MoS2 added composites. No signs of 

micro cutting and chipping are observed in the MoS

added composites. Machinability studies reveal that 

no grain pullout has taken place during the machining 

process. The material removal is more of shearing as 

such in regular machining process.
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250x 

The machined surface reveals that the material 

removal is mostly due to shearing. The formations of 

pit like surfaces are the results of the inherent nature 

Aluminium Boron Carbide with Molybdenum 

composite exhibited the least volume loss 

when compared with the Aluminium Boron Carbide 

Composite.  The wear rate of Aluminium Boron 

Carbide with Molybdenum Disulphide composite 

was also found to be the least. It can be concluded 

e acts as a solid 
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.54% for Al-B4C with 

The SEM images shows material removal is less in 

added composites. No signs of 

micro cutting and chipping are observed in the MoS2 

Machinability studies reveal that 

place during the machining 

process. The material removal is more of shearing as 

such in regular machining process. 


