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Abstract: Aim of this project work is to synthesize Al7075/B4C/Gr composite material using the Stir 

Casting process and to test the Mechanical properties by ASTM E8M-15a, ASTM D695, IS 1500-2010, 

ASTM G99 and SEM and EDAX images are used for morphological characterization. In last 10 years many 

researchers have investigated Aluminium Matrix composite with SiC, Grey cast iron, TiB, Al2O3, ceramic, 

copper, TiC, Mg etc.…, still many works are ongoing with varying % of reinforcement to attain the 

increasing demand for Automobile and marine applications. Despite B4C having lower density, good 

wettability, significant thermal stability, and outstanding chemical inertness very few works are there using 

B4C as a reinforcement agent. In the present study an effort has been made to synthesize B4C and Gr 

reinforced Al7075 hybrid composite using stir casting method by varying weight percentage (0%, 1.5%, 3% 

and 4.5%) of B4C and keeping the (1%) of Gr constant. Results from Tensile, compression, BHN shows 

there is increase in Brinell Hardness Number, Compression strength and Ultimate tensile strength of the 

composite respectively with varying percentage of Boron carbide and from wear test results it is observed 

that resistance to wear increases as the percentage of reinforcement increases gradually. 

 

Index Terms – Al7075, B4C, Gr, SEM, EDAX and ASTM 

 

INTRODUCTION 

 

Aluminium have been using widely in manufacture industries because of its mechanical properties such as 

an excellence corrosion resistant, good thermal and electrical conductivity, and light weighted [1]. Also 

Aluminium has its limitations like softness and ductility, hence Aluminium needs to be combined with other 

materials to fulfil the higher demand of toughness, wear resistance and high strength for further application 

like on automotive and marine industry. For instance, need of a lightweight and material with high strength 

for the brake pads in automotive industry can be fulfilled by using a lightweight metal reinforced with high 

strength ceramic instead of conventional CI that is more expensive and heavy. Reinforcement was added in 

order to improve hardness, tensile, and yield while maintaining its ductility and light weight. Micron sized 

B4C were chosen as the reinforcement due to its high stiffness modulus, high temperature resistance and 

high strength. With adding B4C as reinforcement, graphite is needed to strengthen the interface between the 

reinforce and matrix. 

 

Aluminium Metal Matrix Composite (AMMC): 

 

Aluminium Matrix Composites owing to its excellent wear, higher strength to weight ratio, improved 

stiffness, corrosion resistance and lower density with limited thermal expansion coefficient, the exploitation 

of MMCs has been primarily used in marine and automotive applications. Among the various materials and 

alloys, Aluminium and Aluminium based alloys have been primarily used as a matrix material for 

synthesizing of MMCs particularly for functional and structural applications. 

 

This is since these Aluminium based alloys possess exceptional mechanical properties and lower density in 

comparison with other materials. Nevertheless, the major drawback of these materials is it attributes low 

strength, low melting point, and inadequate wear behavior. To overcome such limitations inclusion of 

reinforcement in the Aluminium matrix makes the material high modulus and high strength. 
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The importance of Aluminium matrix composites (AMCs) reinforced with ceramic particles in modern 

engineering applications lies in the combined and distinctive characteristics that differentiated them from 

the rest of the engineering materials, such as environment resistance and adequate mechanical, light weight 

and physical properties. Number of different methods are used for manufacturing of MMC’s, they can be 

classified into following main groups: 

 

 Liquid state processes, such as melt stirring, casting and in-situ and infiltration.  Solid state processes, 

such as diffusion bonding, powder metallurgy and physical vapor deposition (PVD). 

 

PROBLEM DEFINITION 

 

Review of literature [1-17] suggest Aluminium as a potential material for greater mechanical properties and 

stir casting process as one of the better processing method. In spite of that, there are very few researchers 

have used B4C as a reinforcement even it has better strength, good wettability, and chemical inertness. 

Research carried out so far reveals right choice of suitable reinforcement can result in improved mechanical 

properties. Hence, the aim of the project was to fabricate AL7075/B4C/Gr composite and test mechanical 

and wear properties of the composites. 

 

MATERIALS 

 

Al7075 

 

In the present study, aluminium alloy of Al7075 has been used as matrix for synthesizing aluminium hybrid 

composites using stir casting method. This material has been selected as matrix material due to its sufficient 

strength, high strength to weight ratio, low cost, low density, and excellent quality materials which are 

commonly selected by researcher for automobile and marine applications. Table shows the chemical 

composition of Al7075. 

 

BORON CARBIDE: 

 

It is well known that increase in percentage of reinforcement decreases the density of composites. This can 

be achieved only when reinforcement particles have lower density. Considering this the commercially 

available reinforcement of B4C possesses the density of nearly 2.52 g/cm³ and The Melting Point of boron 

carbide is 2445 °C, which comparatively lower than Al7075 aluminum alloys (2.810 g/cm3) and other 

ceramic reinforcements such as SiC, TiC, ZrSiO4 and Al2O3. It is also proved that usage of B4C as 

reinforcement exhibits significant thermal stability, good wettability, and chemical inertness. Considering 

the above advantages B4C is used as primary reinforcement in this study. 

 

Graphite 

 

Graphite possesses several unique properties that make it highly valuable for various applications. Addition 

of graphite to various materials has shown to improve their properties in several ways. Graphite is a two-

dimensional carbon allotrope with exceptional electrical, mechanical, and thermal properties. Some of its 

notable properties include Strength, Chemical Stability, Flexibility and conductivity with addition of 1% of 

Graphite above mentioned properties can be improved. 

 

EXPERIEMENTAL SETUP 

 

Stir Casting Process 

 

Al7075 rods of 1/2inch thickness and 7-inch length were procured from the supplier. It was cut to 2-inch 

length and required number of pieces. Mold box is made by the MS and CI and Furnace heating coil having 

capacity of 10HP. 
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 Very first set the furnace temperature is 0o C to 750o C Temperature.  Clean the crucible thoroughly.  

Coat the Stirrer and crucible by Graphite powder.  Reinforcement prior to the addition to the molten metal 

was separately pre heated to 4500 C to remove volatile substances from the material. 
 

 
Stir casting process 

 

Four compositions of the composite were prepared by varying the weight percentage of the reinforcement 

i.e., 0%, 1.5%, 3%, 4.5% of B4C and keeping the Gr 1%. Al7075 pieces were placed in the crucible and 

melted at 7500 C in a furnace with duration of 10 minutes. Stirring of the molten metal was carried using a 

mechanical stirrer placed on top of the Induction furnace. Required amount of reinforcement was added to 

the melt through a funnel placed in position. Vortex was created by rotating the stirrer at 500rpm, two step 

stirring was carried out to overcome heat loss and drop in furnace temperature. After complete melting 

Hexachloroethane was added as a degasification agent and Alkaline powder or Scum powder was added to 

remove the slag. Figure Shows the stir casting process. 

 

Molding and Casting: 

 

Permanent mold cavities for cylindrical and flat billets are cleaned using a wire brush and are coated with 

graphite powder along with water emulsion. Assembled molds were preheated to a temperature of 4500 C 

for an hour in a separate furnace. After the completion of stirring the molten metal with reinforcements was 

poured to a pre heated permanent mold and allowed to solidify at room temperature. 

 

After pouring the molten metal into the mold box casting is allowed to solidify, finally casted product is 

removed from mold and cleaned thoroughly 

 

Machining 

 

After Molding and casting, casted composites are cleaned thoroughly and machined to the required size and 

shape by Lathe machine to make composite ready for testing. 

 

Testing: 

 

Brinell Hardnesstest: 

 

In this test method, a predetermined force (F) is applied to a tungsten carbide ball of fixed diameter (D) i.e., 

5mm and held for a predetermined time, and then removed. The spherical indenter creates an impression on 

the test piece. Procedure is repeated for 3 experiments and then averaged to get the indentation diameter (d). 

Using this indentation size (d) Brinell Hardness Number (BHN) is calculated using the Brinell hardness test 

equation. 
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Specimen dimensions for BHN test 

 

Compression Test 

 

It is one of the fundamental type of mechanical testing. compression tests used to determine a materials 

behavior under applied crushing loads on UTM and compressive strength of the material is determined. 

 

 
Dimensions of compression test specimen 

 

Procedure 

 

Step1: specimen preparation-material to be tested should be cleaned thoroughly to eliminate defects and 

flaws  Step2: test Setup-Specimen is placed between grips and securely tightened  Step3: Set the Testing 

Parameters-Desired parameters i.e., test speed, load limit etc. are setup.  Step4: Starting and monitoring the 

test-Once parameters are set, actuator starts applying force onto the specimen and load cell measures the 

force being applied as illustrated in Fig.  Step5: Analysis of Results-Final step is to analyze to find out the 
compressive strength of the specimen using equation. 

 
 

Tensile Test 

 

Test Method: ASTM E8M-15a Ultimate Tensile Load: 14.42KN, 17.08KN, 17.48KN, 19.74KN Tensile test 

on UTM is recognized as one of the most commonly using method to analyze the mechanical characteristics 

of material. Tensile test is the process of applying the load and determining how the specimen reaction to 

forces being applied in tension. 

 

 
 

Procedure: 

 

 Step1: Specimen preparation-material to be tested should be cleaned thoroughly to eliminate defects and 

flaws  Step2: Test Setup-Specimen is placed between grips and securely tightened  Step3: Set the Testing 
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Parameters-Desired parameters i.e., test speed, load limit etc. are setup  Step4: Starting and monitoring the 

test-Once parameters are set, actuator starts applying the force to firmly fixed specimen and load cell 

measures the force being applied.  Step5: Analysis of Results-Final step is to analyze to determine the 
Ultimate Tensile strength of the specimen using equation. 

 

Wear Test 

 

Pin-on-disk apparatus is used for determining the coefficient of friction of material during sliding. This 

method includes a pin with a tip which is positioned perpendicular to the flat circular disk and a rigidly held 

ball used as the pin specimen. Parameters-Load, sliding speed, distance, temperature and atmosphere 

 

 
 

Pin-On-Disk apparatus 

 

RESULTS AND DISCUSSION 

 

Table shows the results of BHN Test on different specimen samples namely specimen without adding the 

B4C, specimen sample with addition of 1.5%, 3% and 4.5% of B4C at pouring temperature of 750DegC. 

The result of Hardness testing shows that the inclusion of B4C to Aluminium Matric Composite shown an 

improvement in the value of matrix hardness. Specimen samples without B4C addition have the lowest level 

of hardness compared to samples with B4C. From results, specimen with 4.5% of B4C has hardness of 110 

and this is more than samples with 1.5% and 3% of B4C having 89 and 93 BHN respectively. As indicated 

in Fig. Al7075+0%B4C+1%Gr: Test Method: IS 1500-2010 Ball diameter: 5mm Load 250 Kg 

 

 
 

 
 

 

 

 

 

http://www.jetir.org/


© 2018 JETIR June 2018, Volume 5, Issue 6                                                             www.jetir.org (ISSN-2349-5162) 

 

JETIR1806938 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 934 
 

BHN Test results 

 

Compression Test: 

 

As per ASTM D695 standard composite specimens for various percentage of reinforcement i.e., 0%, 1.5%, 

3% and 4.5% of B4C by weight have been conducted a compression test with computer interface to 

determine the mechanical properties of specimen and obtained compressive strength in MPa are presented in 

Table. Test Method: ASTM D695 

 

 
 

Compression test result 

 

Tensile Test: 

 

As per ASTM E8M-15a standard composite specimens for various reinforcements such as 0, 1.5, 3 and 

4.5% by weight have been conducted a tensile test with computer interface to determine the mechanical 

propeties and stress-strain results of obtained yield stress and UTS (Ultimate Tensile Strength) are listed in 

Table. Test Method: ASTM E8M-15a 

 

Table shows that with the raise in percentage % of reinforcement i.e., rate of B4C in composite Ultimate 

tensile strength enhances gradually, by above table with no addition of B4C UTS recorded is 219.45MPa 

and with 4.5% of B4C UTS increases to 301.25MPa this increases the overall strength of the final 

composite and make it suitable for applications. 
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Tensile test results 

 

Scanning Electron Microscope: 

 

 
 

From Fig.(a), (b), (c) and (d) one can see optimal measures can obviously improve the microstructure of the 

composite with the stir casting process. Here lighter particles are aluminium and the darker ones are Boron 

carbide also it is detected that reinforcements are dispersed unevenly and some micro cracks and porous 

sites are there 

 

Conclusion 

 

From the obtained results it is observed that usage of stir casting method for processing/fabricating hybrid 

composite of Al7075/B4C/Gr with varying percentages of B4C i.e., reinforcements, the wear and 

mechanical characteristics are enhanced very much as evident from the graph and SEM images, also wear 

properties with respect to parameters like load, speed and distance also coefficient of friction, resistance to 

wear increases as percentage of reinforcement increases. As observed from the graphs and EDAX images 

further addition of reinforcements may result in increasing the brittleness of the composite which may cause 

brittle fraction. So, the optimum combination of 4.5%B4C and 1% of Gr resulted in improved properties of 

wear and mechanical properties as noticed from Fractography and SEM images of wear and mechanical 

specimens machined and tested to ASTM standards. 

 

Scope for Future Work: 

 

Further improvement of the results of Al7075/B4C/Gr hybrid composite will be observed by various heat 

treatment processes and quenching it to air, any fluid like water/oil etc.., cooling it to sub-zero temperature 

and further heating it to T6 heat treatment process 

 

 Production of Al7075/B4C/Gr hybrid composite using stir casting process.  

 

 Mechanical characterization of Al7075/B4C/Gr composite by Tensile, compression and BHN tests.  
 

 Interpretation of SEM and EDAX images of stir casted composite.  

 

 Wear characterization of Al7075/B4C/Gr hybrid composite by Pin on Disk Apparatus. 
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