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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 

2024 alloy, Graphene and Boron Carbide (B4C) were taken 

as matrix and reinforcement respectively. The 

Microstructure and Mechanical properties investigation of 

Aluminum 2024, Graphene and Boron Carbide (B4C) 

composites containing the different weight percentages 

0.25%, 0.5%, 0.75% and 1% of Graphene and 10% of boron 

by means of Stir Casting Technique. The structural 

properties of the prepared composite are observed using 

Scanning Electron Microscope. The Mechanical properties 

of the prepared composites like Tensile strength are 

determined by Universal testing machine, Hardness is 

determined by Brinell hardness test machine. 
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Mechanical Properties, Stir casting. 

I. INTRODUCTION 

Composite materials are playing vital and major role in 

research and development of various engineering and 

aeronautical sectors. In the past three decades composite 

materials are replaced most of the traditional materials 

because of obtaining superior properties such as higher 

specific strength, high hardness, and high wear resistance, 

high thermal resistance and low density. Specifically, 

aluminum metal matrix composites have preferred in 

aeronautics, marine and automotive industries for obtaining 

best result of mechanical properties. Composite materials 

are manufactured through solid and liquid method. In the 

liquid metallurgy route following methods are preferred 

such as  

Stir casting method, electromagnetic stir casting 

method, centrifugal cast and in-situ method. 

Aluminum alloys are common lightweight 

materials that are known to have good thermal conductivity. 

However, the thermal conductivity of aluminum alloys may 

not be high enough for use in the manufacture of compact 

heat exchangers for specific applications including fuel 

cells. One method to enhance the thermal conductivity of 

aluminum alloys while maintaining their light weight is 

fabricating metal matrix composites (MMC) using materials 

with extremely high thermal conductivity as reinforcement.  

Graphene, which was experimentally demonstrated 

in 2004,1 is a basic building block for various graphitic 

materials including zero dimensional fullerenes (C60), one-

dimensional carbon nanotubes (CNT), and three-

dimensional graphite. Graphene shows excellent thermal 

conductivity. Due to its excellent thermal conductivity, 

graphene is a good candidate for the reinforcement of an 

aluminum matrix to enhance the thermal conductivity.  

Boron Carbide (B4C) has many attractive 

properties, such as low specific gravity, high hardness value, 

high elastic modulus value and neutron absorption, which 

helps B4C to be widely used as cermet’s and armor 

materials. As a promising reinforcement of PRAMC, B4C 

received little attentions over its counterparts such as SiC 

and Al2O3. From limited information of B4C reinforced 

aluminum matrix composites, there are several researches 

works mainly focused on the wettability and chemical 

reaction between aluminum and boron carbide. Analyzed 

the microstructure and interface of B4CP/Al composites 

fabricated by Boranyl process, but the data of mechanical 

property about the composites are not reported yet. This 

paper guides the engineers towards proper selection of 

materials by their properties in the relevant field and 

different techniques involved in manufacturing of metal 

matrix composites, particularly Liquid metallurgy technique 

like Stir casting processes. Preparation of AMC using 

aluminum 2024 as matrix form and Graphene and boron 

carbide as reinforcements by varying proportion. 

II. LITERATURE SURVEY 

The work carried out by Chi HoonJeon, Et Al, “Material 

properties of graphene/aluminum metal matrix composites 

fabricated by friction stir processing”, Volume: 15, 5th June-

2015, has done that Graphene/aluminum metal matrix 

composites with enhanced thermal conductivity fabricated 

by friction stir processing. In fabrication of the MMC, 

graphene reinforcement is applied in the form of a graphene 

oxide (GO)/water colloid for safer and simpler processing. 

The thermal conductivity of the graphene/ aluminum MMC 

is measured to increase by more than 15% in comparison 

with that of the aluminum matrix. FSP and graphene 

reinforcement both improve the ductility of the fabricated 

MMC.  

The work carried out by B. Sai Jagadish, Et Al, 

“Synthesis and characterization of aluminium2024 and 

grapheme metal matrix composites by powder metallurgy”, 

Volume: 2, 7thJuly -2015, involve the‖ development of metal 

matrix composite materials by combining the desirable 

attributes of metals and reinforcements. Here aluminum of 

2024 issued as metal matrix composite with graphene as 

reinforced material. 0.25%, 0.5%, 0.75%, 1% of graphene 

are added to the metal to form composite.  

The work carried out by Pulkit Garg, Pallav Gupta, 

Devendra Kumar and Om Parkash, et al “Structural and 

mechanical properties of graphene reinforced aluminum 

matrix composites”, 20-feb2016 studied that effect of 

sintering temperature on structural and mechanical 

properties of graphene reinforced aluminum matrix 

composites has been investigated. Addition of graphene as 

reinforcement in aluminum matrix increases the strength of 

aluminum. Strength of the composite increases with increase 

in the percentage of graphene. The aim of this paper is to 

study effect of sintering temperature on density, phase, 
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microstructure, hardness and compressive strength of 

graphene reinforced aluminum matrix composites 

containing 0.1 wt. %, 0.3 wt. % and 0.5 wt. % of graphene 

respectively.  

The work carried out by Muhammad Rashada, 

Fusheng Pana, AitaoTanga, Muhammad Asifd, et al, “Effect 

of graphene Nano platelets addition on mechanical 

properties of pure aluminum using a semi powder 

method”23-feb-2014”, has shown that an Aluminum–

Graphene Nano platelets composite using a semi-powder 

method followed by hot extrusion. The effect of GNP 

Nanoparticle integration on tensile, compressive and 

hardness, Raman spectra, SEM with EDS, XRD can be 

find.0.25%, 0.5%, 1% of weight of aluminum is mixed with 

graphene.  

The work carried out by Rajeshprabha.N, et al 

“mechanical property evaluation on aluminum based metal 

matrix composite reinforced with graphite and nickel coated 

graphite”, Volume: 3, 11nov2014, has concluded that the 

yield better performance than it as casting part the 

percentage of reinforcement added in composite fabrication 

places a vital. The value of both NI-GR has weight 

percentage of 5% and 10 % of NI-GR reinforcement. 

III. OBJECTIVES 

The Objectives of this Research work are as follows: 

(1) In this study aluminum matrix composite was fabricated 

through stir casting router. 

(2) The Metal matrix composites are made by varying a 

reinforcing material into a metal matrix. 

(3) Evaluation of microstructural properties of prepared 

composites is done by SEM technique. 

(4) Evaluation of mechanical properties such as tensile 

strength and hardness test is done as per ASTM 

standards. 

IV. MATERIALS AND METHODOLOGY 

A. Materials Used. 

1) Aluminum 2024 

2024 aluminum alloy is an aluminum 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 aluminum alloys, but has 

significantly better corrosion resistance than the 2000 alloys. 

Its relatively high cost limits its use. 

 
Fig. 1: Aluminum2024 

2) Graphene 

Graphene Nano-Powder is the reinforcement used. 

Generally metal matrix composites use three types of 

reinforcements: particulate, fibrous, and continuous. 

Particulate reinforcements consist of powders such as silicon 

carbide that are used in metal matrices. Fibrous 

reinforcements include silicon carbide fibers dispersed in an 

aluminum alloy matrix. Continuous reinforcements include 

filament-wound, carbon fiber, magnesium composites, or 

woven carbon fiber cloth reinforced aluminum alloys. 

 
Fig. 2: Graphene 

3) Boron Carbide 

Boron Carbide (B4C) is one of the hardest materials known, 

ranking third behind diamond and cubic boron nitride. It is 

the hardest material produced in tonnage quantities. Boron 

carbide powder (see figure 1) is mainly produced by 

reacting carbon with B2O3 in an electric arc furnace, 

through carbon thermal reduction or by gas phase reactions.  

For commercial use B4C powders usually need to be milled 

and purified to remove metallic impurities. 

 
Fig. 3: Boron Carbide 

B. Methodology 

 
Fig. 4: Methodology 

C. Preparation of test specimens  

This process is performed by infiltration of liquid in the 

preform made of particulate reinforcement by dipping in 
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molten metal or by introducing the particles directly in to 

the molten metal. In the latter case the mixture of molten 

metal and material introduced is often stirred using a stirrer 

to get the uniform distribution of reinforcement in the 

molten matrix. Muffle furnace is used in the casting process.  

Aluminum is added into the crucible and the 

crucible is placed into the furnace and later the furnace is 

switched on,   muffle furnace took 2hours 30min to reach 

the temperature of 800°c which is more than the melting 

temperature of Aluminum.  

The die is preheated to a temperature of 400°c for 

about 30mins, and later the reinforcements are also 

preheated to the same temperature and time before 

introducing it in to molten aluminum. 

 
Fig. 4: Stir Casting 

Reinforcements are slowly added into the molten aluminum 

during which stirring is done at 250rpm. After stirring it for 

10min it is poured into the die and allowed to solidify. 

 
Fig. 5: Pouring of molten metal into the die 

 
Fig. 6: Casted specimen 

V. RESULTS AND DISCUSSIONS 

A. Microstructure 

Scanning electron microscope (SEM) is one the type of 

electron micro scope which scans the sample with focused 

beam of elections. SEM can gives the information about 

sample contains with less than 1(one) Nano meter accuracy. 

The following gives the SEM images for Al -2024, Al 

2024& B4C (10%), Al -2024&Gr (0.25%) & B4C (10%), 

Al2024&Gr (0.5%) & B4C (10%), Al2024&Gr (0.75%) & 

B4C (10%) and Al2024&Gr (1%) & B4C (10%). 

 
Fig. 7: Analysis of Al2024 composite 

 
Fig. 8: Analysis of Al2024 B4C (10%) composite 

 
Fig. 9: Analysis of Al2024 Gr (0.25%) B4C (10%) 

composite 

 
Fig. 10: Analysis of Al2024 Gr (0.5%) B4C (10%) 

composite 
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Fig. 11: Analysis of Al2024 Gr (0.75%) B4C (10%) 

composite 

 
Fig. 12: Analysis of Al2024 Gr (1%)  B4C (10%) composite 

B. Tensile Test 

The tensile of Al 2024 hybrid MMCS is tested using a 

computerized universal testing machine. The specimens are 

prepared as per the ASTM E8 standards. The specimen was 

machined as per ASTM with 102 mm gauge length, 18 mm 

diameter, 30 mm length for holding the specimen on both 

side and fillet of 6 mm radius was developed to analyze the 

tensile strength. Figure 2 shows the specimens used for 

testing the tensile strength. 

 
Fig. 13: ASTM standards of a tensile testing 

 
Fig. 14: Specimen for Tensile test 

 
Fig. 15: Specimen after Breaking 

Sl. 

No. 
Sample 

UTS 

MPa 

Break 

load N 

% 

Elongation 

1 Al2024 169.02 4.916 29.99 

2 
Al2024  + 

10 % B4C 
245.59 5.29 18.71 

3 

Al2024 

+0.25%Gr + 10% 

B4C 

309.28 8.89 17.03 

4 
Al2024 +0.5%Gr 

+10% B4C 
552.22 15.75 16.75 

5 

Al2024 

+0.75%Gr +10% 

B4C 

889.45 20.83 6.12 

6 
Al2024 +1%Gr 

+10% B4C 
1543.55 30.95 4.42 

Table 1: Tensile test reading of Al2024 alloy matrix and 

composites 

The variation of ultimate tensile strength and Break load 

with varying wt. % of graphene where B4C is kept constant 

is shown in table 1 respectively. The ultimate tensile 

strength And Break load were increased with increasing 

graphene content. 
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Fig. 16: Above graph shows the stress strain curve of the 

tensile test of Al2024 alloy matrix and composites 

C. Hardness Test Results 

The hardness tests were conducted by Brinell hardness tester 

in accordance to the ASTM E8 standard 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 five different places on each 

sample then considered as average hardness value. 

Types Of 

Matrix 

Pure 

Al 

Al+ 

B4C 

Al+ 

10% 

B4C 

+0.25

%Gr 

Al+ 

10% 

B4C 

+0.5 

%Gr 

Al+ 

10% 

B4C 

+0.75%

Gr 

Al+ 

10% 

B4C 

+1%

Gr 

Dia. of 

indenter 

'D' in 

mm 

10 10 10 10 10 10 

Load in 

Kg 
500 500 500 500 500 500 

d1 in 

mm 
3.1 2.9 3 3.1 2.9 2.9 

d2 in 

mm 
3.2 3 2.9 2.9 2.8 2.8 

d3 in 

mm 
3.1 2.9 3 2.7 2.8 2.7 

Averag

ed 
3.1 2.93 2.96 2.9 2.83 2.8 

BHN 64.6 72.5 71.03 74.07 77.86 79.5 

Table. 2: BHN values with different variations of graphene with 

B4C constant 

 
Fig. 17: Graph showing the Hardness value of BHN for 

different % of graphene where B4C is constant reinforced 

with Al2024 

From the calculation and graphs, it is clear that there are 

increases in the hardness of the Al-Gr-B4C metal matrix 

composites. So, as the percentage of Graphene 

reinforcement increases where B4Cis kept constant the 

hardness of the composites also increases and this is useful 

for aerospace application and automobile industries. 

VI. CONCLUSION 

Aluminum 2024 alloy reinforced with Graphene and Boron 

carbide by stir casting process with different weight fraction 

of Graphene 0.25%, 0.5%, 0.75% and 1% Where 10% boron 

carbide is kept constant. 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 aluminum metal matrix 

reinforced with Graphene and Boron carbide was produced 

by stir casting method. No porosity noticed in the samples. 

The SEM micrographs revealed that the presence of 

graphene and Boron carbide weight fraction obtained 

homogeneous dispersion.  

The ultimate tensile strength and break load 

increased with the increase in Graphene content where 

boron carbide is kept constant. 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 Graphene particulates in 

the Al2024 alloy matrix where boron carbide is kept 

constant. 
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