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Abstract— In the recent trends Metal Matrix Composites 

(MMCs) are increasingly becoming a new class of material 

in aerospace, automobile applications. Since their properties 

can be tailored through the addition of selected 

reinforcements, superior strength to weight ratio, wear and 

high temperature resistance. In the present study Aluminum 

alloy (Al2024) and Boron Carbide (B4C) were taken as 

matrix and reinforcement respectively. The Fabrication, 

mechanical and metallurgical investigation of Aluminum 

alloy (Al2024) and Boron Carbide (B4C) composites 

containing the three different weight percentages 3%, 6% and 

9% of B4C by means of Mixing method of Stir Casting 

Technique. The reinforcement particulates like Boron 

Carbide (B4C) weight percentage are selected. For the 

Evaluation of microstructure and mechanical properties of 

Aluminium metal matrix composite (Al/B4C) selection of 

experimentation tests which can be done are discussed. 

Microstructures of Aluminium (Al2024) reinforced with 

Boron Carbide composites were discussed.  Aluminium metal 

matrix composite helps us to know the recent technology in 

automotive industry. 
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I. INTRODUCTION 

Composite materials are a mixture or a combination of two or 

more constituents differing in form and/or material 

composition and are essentially insoluble in each other. 

 
Fig. 1: Classification of matrix 

 Both constituents maintain their identity as they do 

not dissolve or melt in each other, and act in such a way that 

a new material results whose properties are better than the 

sum of their constituents. Due to advancement in technology, 

there is enlarged demand for an economical, light weight, 

harder, stronger and energy saving material in the area of 

space, aircraft, defence and automotive applications and 

aluminium matrix composites (AMCs) found applications in 

these areas. Aluminum is a corrosion resistance material 

widely used in aerospace applications doesn’t have 

appropriate wear resistance by itself. Therefore, improvement 

of surface properties is required in practical applications. The 

need for advanced engineering materials in the areas of 

aerospace and automotive industries had led to a rapid 

development of metal matrix composites. Metal matrix 

composites (MMCs), a metal/ alloy as matrix with ceramic 

reinforcements, are known for their high specific been used 

by man for thousands of years. Correspondingly the majority 

of natural materials that have emerged as a result of a 

prolonged evolution process can be treated as composite 

materials. strength, modulus and hardness properties. 

Nowadays boron carbide based aluminium composites are 

mainly used in nuclear and defence fields such as neutron 

absorber, armour plate materials and as substrate materials in 

computer hardware. Al based MMCs can be fabricated via 

various casting techniques such as reactive squeeze casting 

and rapid solidification processing, exothermic dispersion, 

reactive hot pressing, and self-propagating high temperature 

synthesis (SHS) and mechanical alloying. 

II. OBJECTIVES OF THE RESEARCH WORK  

1) To prepare the metal matrix composite by varying 

reinforcement particles (0%,3%, 6%, 9%) by using liquid 

metallurgy technique. 

2) To characterize the microstructural properties of the 

prepared composites by SEM technique.  

3) To evaluate the mechanical properties such as tensile 

strength and hardness test as per ASTM standards. 

4) To compare the result and conclusion.  

III. MATERIALS AND METHODOLOGY 

A. Materials Used      

 Aluminium-2024 

The base metal used in this project work is aluminium 2024 

shown in fig3.Aluminium alloy is an aluminium alloy, with 

zinc as the primary alloying element. It is strong, with 

strength comparable to many steels, and has good fatigue 

strength and average machinability. It has lower resistance to 

corrosion than many other aluminium alloys, but has 

significantly better corrosion resistance than the 2000 alloys. 

Its relatively high cost limits its use. 

Elements Wt. Percentage 

Mg 0.02 

Si 0.15 

Cu 6.4 

Zr 0.2 

Fe 0.25 

Mn 0.02 

Ti 0.05 

V 0.1 

Zn 0.1 

Al Balance 

Table 1: Chemical composition of Al2024 alloy 

 Boron carbide 

Boron carbide (B4C) is an extremely hard boron–carbon 

ceramic and ionic material, used in tank armor, bulletproof 

vests, engine sabotage powders, as well as numerous 

industrial applications. It is one of the hardest known 

materials, behind cubic boron nitride and diamond. Boron 

Carbide particulate reinforced aluminum composites possess 

https://en.wikipedia.org/wiki/Aluminium_alloy
https://en.wikipedia.org/wiki/Aluminium_alloy
https://en.wikipedia.org/wiki/Zinc
https://en.wikipedia.org/wiki/Zinc
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a unique combination of high specific strength, high elastic 

modulus, good wear resistance and good thermal stability 

than the corresponding non reinforced matrix alloy system. A 

limited research work has been reported on AMCs reinforced 

with B4C due to higher raw material cost and poor wetting. 

B4C is a robust material having excellent chemical and 

thermal stability, high hardness and low density (2.52 g/cm3) 

also it is used for manufacturing bullet proof vests, armor 

tank, etc. 

  
Fig. 2: Aluminium 2024 Fig. 3: Boron carbide 

IV. METHODOLOGY  

 

V. PREPARATION OF TEST SPECIMEN 

Detailed steps for the preparation of the nano composite are 

as follows: 

1) Both the base metal and the reinforcement were weighed 

depending on the requirement. 

2) Furnace was switched on and both the base metal and the 

reinforcement were heated separately to about 750 C. 

3) The molten metal was added with “coverall” (scum 

powder) to remove the slag. 

4) Degasified tablet (Hexa-Chloro-Ethane) was added and 

held immersed for a few seconds till all the gases were 

removed.  

5) Meanwhile, the mould boxes were heated using blow 

torch till the mould boxes lost all the moisture. 

6) The gap between the cope and drag boxes was sealed 

with clay. 

7) The pre weighed and preheated reinforcement was added 

using the graphite spoon provided to the molten metal in 

the furnace simultaneously stirring the melt @ 250 rpm 

to create vortex for about 15 mins.  

8) The reinforced molten metal was then carefully 

transferred to the mould boxes. 

9) The casting was allowed to cool, and after cooling it was 

removed from the mould and subject to hot rolling.  

  
Fig. 4: Molten liquid Fig. 5: Casting specimen 

VI. RESULTS AND DISCUSSIONS  

A. Microstructure     
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Fig. 6: SEM Image of (a) as cast Al2024 alloy (b)Al2024-    

3 wt. % B4C composite and (c) Al2024-6 wt. % B4C 

composite (d) Al2024+ 9% B4C composite 

 The optical micrographs of as cast Al2024 alloy and 

Al2024 alloy reinforced with 3 wt. % of B4C, 6wt. % of B4C 

and 9 wt. % B4C are shown in figure 5a, 5b,5c and 5d 

respectively. Scanning Electron Microscope Image of 

Al2024 alloy composites revealed the uniform distribution of 

B4C particulates in the matrix, and no void and 

discontinuities were observed. Common casting defects such 

as porosity and shrinkages were not found in the micrographs. 

There was a good interfacial bonding between the B4C 

particles and Al2024 alloy matrix. 

B. Tensile Test  

 
Fig. 7: ASTM standards of a tensile special 

 
Fig. 8: Tensile specimen before testing 

 
Fig. 9: Tensile specimen after testing 

 

Sl. 

No. 
Sample 

UTS 

MPa 

Break load 

N 

% 

Elongation 

1 Al2024 Alloy 106.65 3017 14.16 

2 

Al2024 Alloy 

+ 

3 wt. % B4C 

133.5 3546 12.16 

3 

Al2024 Alloy 

+ 

6 wt. % B4C 

142.61 4034 8.68 

4 

Al2024 Alloy 

+ 

9 wt. % B4C 

169.65 4742 7.28 

Table 2:- Tensile test reading of Al2024 alloy matrix and 

composites 

The variation of ultimate tensile strength and Break load with 

varying wt.% of B4C is shown in table 1 respectively. The 

ultimate tensile strength and Break load were increased with 

increasing B4C content. The B4C particles in the matrix alloy 

provide protection to the softer matrix. The addition of hard 

ceramic particle improves the mechanical properties mainly 

by stress transference from the Al2024 alloy matrix to the 

B4C reinforced particles. This is because of dislocation 

mechanism by which a dislocation bypasses impenetrable 

obstacle where a dislocation bows out considerably to leave 

a dislocation loop around a particle. This interaction between 

the dislocations and B4C results in an improved strength.  

 It can be seen that the elongation of the composites 

decrease as the increase of B4C content in the Al2024 alloy 

matrix. Under tensile loading, the unformed B4C particle 

could cause stress concentration around particles. Thus, 

particles aggregated at grain boundaries intensified the stress 

concentrations. So, the addition of B4C particles reduced the 

elongation of the matrix. As the ceramic particle contents 

increased in the soft Al2024 alloy matrix, the stress 

concentrations increased. Thus, the elongation decreased 

with the increase of wt.% of B4C particulates. 

 
Fig. 10: Comparison of load with Elongation with different 

variation of b4C reinforced 

C. Hardness test results 

The hardness tests were conducted by Brinell hardness tester 

in accordance to the ASTM E8standard with the ball indenter 

diameter 10mm, load applied 500 kg and 30 seconds. The test 

were carried out in the room temperature atmosphere in the 

range of 30 to 32°C and measurements of hardness were 

obtained from different places on each sample then 

considered as average hardness value. 
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Fig. 11: Specimens for Hardness test 

 
Fig. 12: Specimen after testing 

Type of matrix 
Pure 

Al 

Al 

+3%of 

b4c 

Al 

+6%of 

b4c 

Al 

+9%of 

b4c 

Diameter of 

indenter D in 

mm 

10 10 10 10 

Load in kg 500 500 500 500 

d1 in mm 3.1 3 3.1 2.9 

d2 in mm 3.2 2.9 2.8 2.8 

d3 in mm 3.1 2.96 2.9 2.83 

Average d 3.1 2.96 2.9 2.83 

BHN 64.6 71.03 74.07 77.86 

Table 3: BHN values with different variations of b4c 

 
Fig. 11:- Graph showing the Hardness value of BHN for 

different % of b4C reinforced with Al2024 

 From the calculation and graphs, it is clear that there 

is increases in the hardness of the aluminium–Boron carbide 

metal matrix composites. So, as the percentage of Boron 

carbide reinforcement increases the hardness of the 

composites also increases and this is useful for aerospace 

application and automobile industries. 

VII. CONCLUSION 

The effect of layering sequence and hybridisation of jute 

fabrics with banana fabric on the mechanical and water 

absorption properties was studied. It is observed that the 

layering pattern has significant effect on the tensile, flexural 

and impact properties of the composite. Even though woven 

jute fibers were hybridized with woven banana fiber, the 

effect of hybridisation is lesser when compared with the 

effect of layering sequence. Further, it is observed that 

composite of Banana/Jute/Banana is suitable for applications 

encountering tensile and bending loads. For application 

encounters impact loading, composite of Jute/Banana/Jute 

trilayer is suitable. 

 The effect of layering sequence and hybridisation of 

jute fabrics with banana fabric on the mechanical and water 

absorption properties was studied. It is observed that the 

layering pattern has significant effect on the tensile, flexural 

and impact properties of the composite. Even though woven 

jute fibers were hybridized with woven banana fiber, the 

effect of hybridisation is lesser when compared with the 

effect of layering sequence. Further, it is observed that 

composite of Banana/Jute/Banana is suitable for applications 

encountering tensile and bending loads. For application 

encounters impact loading, composite of Jute/Banana/Jute 

trilayer is suitable. 

 Aluminium 2024 alloy reinforced with Boron 

carbide synthesized by stir casting process with different 

weight fraction of 3%, 6% and 9%. The mechanical 

properties such as tensile strength, hardness test, and 

scanning electron microscope test were obtained and 

analyzed. From this project work, the following results were 

obtained quantitatively. 

 Defect free aluminium metal matrix reinforced with 

Boron carbide was produced by stir casting method. No 

porosity noticed in the samples. The SEM micrographs 

revealed that the presence of Boron carbide weight fraction 

obtained homogeneous dispersion. The ultimate tensile 

strength and break load increased with the increase in B4C 

content. The strength improvement of composites can be 

attributed to the good bonding between the matrix and 

reinforcement material. It has been noted that the percentage 

elongation decreased with increase in wt.% of B4C 

particulates in the Al2024 alloy matrix 
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