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ABSTRACT; 

The importance of reinforced particle with aluminium metal matrix is to study and predict in 

the enhancement of mechanical properties like tensile and tribological property.Metal matrix 

composites (MMCs) constitute an important class of design and weight-efficient structural 

materials that are encouraging every sphere of engineering applications. There has been an 

increasing interest in composites containing low density and low cost reinforcements. With 

the increasing demand of light-weight materials in the emerging industrial applications, 

fabrication of aluminium-boron carbide with graphite composites is required. In this context 

aluminium - boron carbide with graphite composites were fabricated by stir casting with 

different particulate composition of B4C (5%,10%).Microstructure analysis was done with 

scanning electron microscope.With the increase the amount of the boron carbide, the density 

of the composites decreased whereas the hardness is increased. The ultimate compressive 

strength of the composites was increased with increase in the weight percentage of the boron 

carbide in the composites.  

 

Keywords:Aluminium alloy, Boroncarbide, graphite, stir casting, SEM, Mechanical 
properties. 

 

INTRODUCTION; 

Metal Matrix Composites (MMCs) have emerged as an important class of materials 

and are increasingly utilized in various engineering applications, such as aerospace, marine, 

automobile and turbine compressor engineering, which require materials offering a 

combination of light weight with considerably accelerated mechanical and physical properties 

such as strength, toughness, stiffness and resistance to high temperature.  

Aluminum is the most frequently use matrix material due to its low density. Because 

of its extreme hardness and temperature resistant properties, B4C, graphiteare often used as 

reinforcement  
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within the aluminum matrix. This type of composite is more frequently used in the 

automotive industry today, particularly in various engine components as well as brakes and 

rotors.  

 Boron Carbide (B4C) has many attractive properties, such as low specific gravity, 

high hardness value, high elastic modulus value and neutron absorption, which help B4C to 

be widely used as and armor materials. From limited information of B4C reinforced 

aluminum matrix composites, there are several research works mainly focused on the 

wettability and chemical reaction between aluminum and boron carbide with graphite  

This paper aims to analyze the microstructure evolution of B4C/Al composites during 

mechanical alloying bonding with graphiteand the microstructure, mechanical property of the 

composites prepared by stir casting 

 

LITERATURE REVIEW; 

K. Madheswaran, S.Sugumar: has studied mechanical characterization of aluminium-

boron carbide composites with influence of calcium carbide particles. The objective of this 

work is to fabricate and testing the mechanical properties of aluminium metal matrix 

composites with boron carbide and calcium carbide reinforcements at different volume 

fractions. Mechanical properties like tensile strength, shear strength and toughness of newly 

developed MMCs is improved significantly by incorporating boron carbide and calcium 

carbide particles. The toughness of material is considerably reduced if the percentage of 

calcium carbide addition is increases. From this study, it is concluded that the ultimate tensile 

strength of aluminium metal matrix composite with 2% of calcium carbide and 8% boron 

carbide reinforcements compared with 1% calcium carbide and9% boron carbide 

reinforcements is increased by 8%.  

Ehsan Ghasali,Masoud Alizadeh : Hasworked on investigation of microstructure and 

mechanical properties of B4C-Aluminum matrix composites prepared by microwave 

sintering.B4C reinforced Aluminium composites were fabricated by microwave heating of 

the mixture of B4C (10, 15 and 20 wt. %) and aluminium powder at 650,750,850 and 

9500c.The effect of different amounts of B4C on the microstructure and mechanical 

properties of aluminium matrix was examined. The maximum bending (238MPa) and 

compressive strength (330MPa) values were measured for composites sintered at 950 and 

7500c respectively. The maximum hardness (112 Vickers) was measured for Al-20wt. % 

B4C composite sintered at 8500c. 

 

Experimental Details 
2.1 Materials 

Metal matrix composites containing 5 and 10 weight percentages of B4C and 4 

weight percentages of graphite particles were produced by liquid metallurgy route. For the 

production of MMCs, an Al LM25 alloy was used as the matrix material while B4C, graphite 

particles with an average size of 80-90μm were used as the reinforcements. Al LM25 alloy 
having chemical composition as per the ASTM ingot specification is given below 
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2.2 Preparation of composites 

 

 

In stir casting method before the casting reinforcements, stirrer, permanent mould 

preheated to 300
0
C to remove moisture and gases from the surface of the reinforcements, 

and equipment’s before casting. Now the required amount of Al LM25 is weighed and 

placed in the graphite crucible and heated to 730
o
C using resistance furnace then the 

degassing tablet is added to minimize the coating film defects by expelling the volatile 

components present in the melt during casting. The tablet helps in the removal of 

entrapped air in the melt and thus prevents casting defects like porosity and blow holes. 

Then the matrix Al LM25 is reinforced with B4C particulates with different weight 

percentages (5&10). 

 

 

 

 

 

 

 
Table 1Chemical composition of the matrix alloy Aluminum (LM25) 

The micro particle of B4C, Graphitewas added at the temperature of 710
o
C and constant 

rigorous stirring was done for 15mins until a clear vortex is formed.The melt was then 

superheated above the liquidstemperature and finally poured into a cast iron permanent 

mould to obtain cylindricalsamples of 15 mm diameter and 75 mm length. Unreinforced 

matrix alloy specimens were also cast for comparison purpose. 

III. Testing of Composites 

Micro Structure Analysis.Micro structural characterization studies were conducted on 

unreinforced and reinforced samples. This is accomplished by using scanning electron 

microscope. The compositesampleswere metallographically polished prior to examination. 

Characterization is done in etched conditions. Etching was accomplished using Keller‘s 

reagent. The MM micrographs of composite and wear debris were obtained using the 

metallurgical microscope –Dewinter Tech. The images were taken in both secondary 

electron (SE) and back scattered electron (BSE) mode according to requirement. 

Particle Size Analysis.Particle size of the milled powder was measured by Malvern particle 

size analyzer (Model Micro-P, range 0.05- 550 micron). Firstly, the liquid dispersant 

containing 500 ml of distilled water was kept in the sample holder. Then the 15 instrument 

was run keeping ultrasonic displacement at 10.00 micron and pump speed 1800 rpm. 

Electrolytic Etchtant:1%HF 

Tensile TestTensile tests were conducted at room temperature using a universal testing 

machine (UTM) in accordance with ASTM standard. The tensile test specimens of 

diameter 9mm and gauge length 45mm were machined from the cast composites with the 

gauge length of the specimens parallel to the longitudinal axis of the castings. For each 

composite, two tensile test specimens were tested and the average values of the ultimate 

tensile strength and yield strength were measured.  
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Wear Resistance Test.The wear resistance test is conducted on wear test machinein 

accordance with ISTM. The wear test specimens of diameter 150mm and gauge length 

500mm were machined from the cast composites. For every composite, one wear 

resistance test specimens were tested.The wear resistance values of the samples were 

measured on the machined samples with a load of 1000gms,40 RPM and 60 grade coarser 

abrasive sheet. 

 

IV.RESULTS AND DISCUSSION; 

It is well known stir casting process, the following figures shows the distribution of 

aluminium- boron carbide with graphite particles through in metal matrix composite. The 

result indicates the reinforcement of particles as distributed in good manner the  bonding 

between aluminium- boron carbide with  was graphite achieved through stir casting 

method. Addition of graphite added with aluminium,increases the ultimate tensile strength 

and wear resistance,reduce the co efficient of friction. 

Micro Structure Of Al-B
4
c With Addition Of Graphite 

91% of Al and 5% of B4C,4% of Graphite 
B4C-Al with graphite showing different microstructures obtained after initially subsequently 

cooled in the furnace for 24 h (initial composition: 5 % B4C-91% Al, 4%graphite ),then 

obtaining the microstructure shows figure
 

 
Figure 1  91% of Al and 5% of B4C,4% of Graphite 

.86% of Al and 10% of B4C,4% of Graphite 
B4C-Al with graphite showing different microstructures obtained after initially heating to 

700°C for one and half hour and subsequently cooled in the furnace for 24 h (initial 

composition: 10% B4C-86% Al, 4%graphite ),then obtaining the microstructure shows 

figure. 

 



                                                                         JOURNAL OF CRITICAL REVIEWS  

                                                                                                                      

                                                                               ISSN- 2394-5125     VOL 7, ISSUE 19, 2020 

 

10385 

 

 

 

 

TENSILE TEST 

we can see that the tensile strength was increased in the composites and have comparable 

variation. Weak interfacial bonds may result in decrease in tensile strength of the composite, 

but here the increase of tensile strength shows that there was good interfacial strength.From 

this result we can expect good interfacial strength when we heat the reinforcements at higher 

temperatures which will facilitate uniform distribution of more amount of composite without 

losing the strength. 

Figure 2 86% of Al and 10% of B4C,4% of Graphite 

Comparison of Tensile Strength

The microstructure shows network of interdentric Al-Si Eutectic particle in the matrix of Al solid 

solution.in this matrix, some porosity also observed 

 

Wear test 

When the friction is the predominant factor causing deterioration of materials, abrasion and 

wear testing will give data to compare materials or coatings and can help you predict of life 

time of material or coating. 
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s.no Composition material Wear loss 

1. AL LM25 0.20 

2. AL LM25,5% B4C,4% 

GRAPHITE 

0.15 

3. AL LM25,10% B4C,4% 

GRAPHITE 

0.17 

 

CONCLUSION; 

The Al–B4C–Gr hybrid composites were prepared successfully by stir casting method 

and reinforcement of boron carbide increased the strength of composites. Optimal per cent 

reinforcement can be of 12% for any value of sliding distance, speed and load within the range 

considered in this investigation. Al–B4C–Gr hybrid composites are better substitutes the Al alloy 

owing to improved hardness and wear resistance as a result of the addition B4C–Gr particulates 

to Al. Analysis shows that, increase in per cent reinforcement reduces the wear up to 12%.The 

hardness of the composites increased and density was decreased with increasing the amount of 

the boron carbide in the matrix phase. Increasing the amount of boron carbide particles in 

composites caused the ultimate compression strength to increase 
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