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ABSTRACT 

                                

          The present study involves the experimental investigation of hybrid metal matrix 

composite such as Al 7075 reinforced with particulates B4C and Graphite by sand casting 

method. Aluminum Metal Matrix Composites (MMC's) possess its importance in the field of 

aerospace, automotive and marine applications owing to their improved properties. There is 

a growing interest worldwide in manufacturing hybrid metal matrix composites [HMMCs] 

which possesses combined properties of its reinforcements and exhibit improved physical and 

mechanical properties. In this work, the mechanical behavior of Aluminum Hybrid Metal 

Matrix Composites (HMMCs) has been investigated. Al7075 alloy was selected as matrix 

alloy and Boron Carbide (B4C) and Graphite (Gr) were used as reinforcements for 

fabrication of HMMCs by sand casting. By The addition of the reinforcements enhances the 

mechanical properties of aluminium hybrid metal matrix composite. Mechanical properties 

such as hardness, tensile strength and microstructure were studied on the prepared 

composites. 

 

Key words: Al 7075, Graphite, B4C (Boron carbide), Metal matrix composite (MMC), Sand 

casting. 

 

1. INTRODUCTION 

Nowadays composite materials reinforced with different ceramic particles having high 

strength and toughness is developed to suit the varying needs in aerospace and automotive 

applications. To suit the requirements of engineering industries, the ceramic particles like 

Al2O3, boron carbide are mostly reinforced with the aluminum metal matrix for their 

improved mechanical properties like hardness, toughness, and low wear rate. Aluminium - 

Matrix based Metal Composites (MMCs) have received increasing attention in recent 

advanced engineering technology. Composite materials are known as advanced materials for 

their high strength, high wear resistance, good damping characteristic and their enhanced 

high temperature performance. 

2. OBJECTIVE 

 The Main objective of this research is developing lightweight Aluminum metal matrix 

composites and analyzes the influence of boron carbide and graphite reinforcements. The 

Pramana Research Journal

Volume 9, Issue 6, 2019

ISSN NO: 2249-2976

https://pramanaresearch.org/1348



testing specimens are prepared by sand casting method. The mechanical properties like 

hardness, tensile strength are calculated by changing the reinforcement material composition 

based on different volume percentage of B4C and graphite.  

3. LITERATURE REVIEW 

 

Jag mohan et.al [1] have investigated the AA6101 hybrid metal matrix composite (HAMMC) 

reinforced with Particulates with different weight fractions of SiC and Al2O3 by a stir-casting 

process. The experimental investigation revealed that the when the SiC and Al2o3 content 

increased from 5% to 7.5%, the tensile strength of the composite increased by 8.2%, the yield 

strength increased by 36.48%, and the hardness increased by 20%.  

 

Lavinia Tonelli et.al [2] produced a surface composite by incorporating B4C particles on the 

surface of AA7075 alloy through friction stir processing (FSP) using both a pinless and a 

cone pin tool. Friction stir processing of the AA7075 alloy surface resulted in improving the 

hardness and the wear properties of the alloy. They concluded that the AA7075-B4C surface 

composite samples processed using pinless tool displayed a more homogeneous dispersion of 

B4C reinforcing particles in the outer region of the processed region.  

 

Sajjad Arif et.al [3] were fabricated the Al-SiCmicro-SiCnano hybrid composites containing 

10 wt% SiCμm together with different weight fractions of SiCnm (0–7 wt%) by powder 

metallurgy method. In this work they found that inclusion of nano SiC increases the hardness 

of hybrid composites up to 5 wt% addition. However, hardness of hybrid composite 

reinforced with 7 wt% nano-SiC is decreased due to low relative density at high particle 

concentration. 

 

Abhishek bhardwaj and sunil kumar [4] developed the Aluminum 6063 based boron carbide 

and fly ash composite material using stir casting technique. The experimental investigation 

revealed that the tensile strength improved with increase in weight (%) of the reinforcement 

of B4C particles. They found that the hardness of composite decreased when weight (%) of 

B4C increased. 

 

T. H Manjunatha et.al [5] investigated the microstructure and mechanical behavior of 3 and 6 

weight percentage of nano sized B4C particulate reinforced to Al7075 alloy composites. 

Micro structural observation revealed that the uniform distribution of B4C particles in the the 

Al7075 alloy matrix. They observed that the improvements in compressive strength of the 

Al7075 alloy matrix were obtained with the addition of nano B4C particulates. The extent of 

improvement obtained in Al7075 alloy after addition of 6 wt. % nano B4C particulates was 

13%. 

 

Vignesh.T et.al [6] fabricated the Al7075 mmc reinforced with various weight percentages of 

B4C, TiC, SiC, and Al2O3 (containing 2%, 4%, 6%, 8% by weight of the composites) by stir 

casting method. Hardness test revealed that with sintering temperature (450C to 600C) and 

reinforcement containing TiC (2% to 8%), B4C (up to 6%), and graphite (up to 9%) the 

hardness was higher and it was also increased when compared with the base Al7075 alloy 

matrix. It can be concluded that the hardness properties got increased after the addition of 

carbide particles in the matrix. 

 

A. Karthikeyan and S. Nallusamy [7] made an attempt to study the mechanical properties and 

wear performance with regard to the tribological behavior of aluminum metal matrix 

Pramana Research Journal

Volume 9, Issue 6, 2019

ISSN NO: 2249-2976

https://pramanaresearch.org/1349



composites reinforced with silicon carbide particulates and added with graphite particulates 

as a second reinforcement. Nearly 9 % increase in tensile strength was observed in the 

prepared composite sample. The wear behavior showed reduction in mass loss and wear rate 

at higher loads. SEM image revealed that the material removal is mainly due to micro cutting 

and micro chipping. 

 

Soorya Prakash Kumarasamy et.al [8] developed hybrid Al7075 composite (AMMC) through 

two-step compo casting method by reinforcing constant amount of fly ash cenosphere (10%) 

and varying quantity of graphite (2%, 4% and 6%). In this investigation they found that 

addition of low density flyash cenosphere particulates results in 6.8% decrement in density 

for the hybrid composites. Finally they found that the cutting speed and reinforcement 

content play a vital role in altering the surface finish of the machined composites. 

 

Dinesh patidar and R.S.Rana [9] studied the effect of B4C particle reinforcement on the 

various properties of aluminium matrix composites. In this study they found that initially by 

increasing the wt % of B4C particles the hardness value increases drastically and with further 

reinforcement, the increase in hardness value is lower. The ultimate stress, breaking load, 

max displacement and flexural strength increases with reinforcement of B4C particulates in 

aluminum matrix. Initially tensile strength of the composites increases greatly with 

reinforcement and after that, level of increasing in tensile strength gets reduced due to the 

clustering of reinforcement particles. 

 

Mohammed Imran et.al [10] studied the hardness and tensile strength of Aluminium-7075 

reinforced with graphite and bagasse-ash composites. In this study the hardness of 

composites was gradually increased with increasing the reinforcement in the base alloy. The 

95% confidence interval has shown BHN increased with increasing in reinforcement. 

Ductility of the composites decreases with increasing content of reinforcement in the matrix 

alloy. Resultant Al7075–bagasseash–graphite hybrid composite possesses ultimate tensile 

strength and yielding strength increased gradually with increasing in reinforcement. 

 

Neeraj Sharma et.al [11] fabricated the 6061 Aluminium alloy reinforced with Si3n4/N-Gr by 

stir casting route. In this research the authors concentrated on the experimental investigation 

of wear characteristics of Al 6061/Si3N4/n-Gr in the sliding condition. In this work wear 

resistance of Al 6061 successfully improved by the addition of ceramic reinforcements 

(Si3N4+n-Gr). Micro-structural analysis revealed that at optimized setting fine grooves were 

observed which shows a decrement in wear rate while at other settings severe ploughing was 

observed. 

 

M. Refat et.al [12] investigated the microstructure, hardness and impact toughness of heat- 

treated nano dispersed surface of Aluminum alloy AA7075. Friction stir processed of 

AA7075 alloy without and with the addition of Al2O3 nano particles produces hard surfaces 

of optimized hardness-impact toughness. Though the friction stir-processed alloy without 

nano dispersion showed higher values of both hardness and impact toughness. Finally they 

observed that the nano dispersed alloy exhibited features of ductile fracture of the surface. 

 

4. SELECTION OF MATRIX AND REINFORCEMENT MATERIAL 

4.1. Matrix material (Al7075) 

Al7075 is chosen as matrix material due to its wide applications in many engineering sectors. 
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Aluminium 7075 is an aluminium alloy with zinc as primary alloying element. The 

composition of Al7075 is shown in the Table 1.  

 

                                       Table 1. Composition of Al7075 

Alumini

um (Al) 

Chromi

um (Cr) 

Copp

er 

(Cu) 

Iro

n 

(F

e) 

Magnesi

um 

(Mg) 

Mangan

ese 

(Mn) 

Silic

on 

(Si) 

Titani

um 

(Ti) 

Zinc 

(Zn) 

87.1-

91.4 

0.18-

0.28 

1.2-

2.0 
0.5 2.1-2.9 0.3 0.4 0.2 

5.1-

6.1 

4.2 Reinforcement Materials 

4.2.1. Boron carbide 

Boron carbide generally is in the form of black powder. It is the hardest of the conventional 

abrasives.  It has the unique features such as semi conductivity, high grinding efficiency and 

no reaction with either acids or alkali etc. It is used to manufacture the wear resisting parts, 

metal cutting tools, nozzle and neutron absorbing rods, additive compound materials for 

military planes and as a raw material for metal boride, aluminum alloys. The properties of 

boron carbide are shown in table 2. 

Table 2 Boron carbide properties 

Property Boron carbide 

Modulus of Elasticity 460 Gpa 

Flexural strength 410 Mpa 

Poisson’s ratio 0.17 

Fracture toughness 2.50 Mpa 

Shear modulus 197 Gpa 

 

4.2.2. Graphite  

Graphite is a crystalline form of the element carbon with its atoms arranged in a hexagonal 

structure. It occurs naturally in this form and is the most stable form of carbon under standard 

conditions. Under high pressures and temperatures it converts to diamond. Graphite is used in 

pencils and lubricants. Its high conductivity makes it useful in electronic products such as 

electrodes, batteries, and solar panels. The properties of graphite are shown in table 3. 

 

Table 3. Graphite properties 

      Property Graphite 

 Density (g/cm3) 2.28 

Modulus of Elasticity 

(Gpa) 

8-15 

Compressive strength 

(Mpa) 

20-200 

Flexural strength (Mpa) 6.9-100 

Poisson’s ratio 0.14 
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5. Fabrication of Al7075- B4C - Gr composites 

 

5.1. Experimental Details  

Al7075 hybrid metal matrix is fabricated by sand casting method. It is an attractive and 

economical casting technique which allows conventional metal processing route. Al 7075 

melted above 850ºC in a graphite crucible and the reinforcements were preheated up to same 

temperature for proper mixing. Preheated B4C and graphite were mixed in the metal slurry 

manually at 850ºC. The molten metal poured in preheated moulds and allowed to cool. 

Casted metal matrix was machined to remove cluster formation on the surface and then cut 

into required dimension by using fan-saw cutting machine. Table 4 shows composition of 

different reinforcements which were added in matrix material Al7075.The manufactured 

MMCs are shown in Figures. 

Table 4: Composition used for Metal Matrix Composite 

 

Specimen No. Amount of Al-

7075 (gm) 

Amount of B4C 

(gm) 

Amount of Gr 

(gm) 

Specimen 1 (6% B4C & 

2%Gr) 

920 60 20 

  Specimen 2 (10% B4C & 

2.5%Gr) 

875 100 25 

Specimen 3 (14%B4C & 

3%Gr) 

830 140 30 

                           

 
           (a) Aluminum alloy 7075                     (b) Boron carbide powder (B4C)           (c)    

Graphite powder 

Fig.1 B4C powder and Graphite powders added to molten Al7075 

    
Fig.2 Casting Set-up used for fabrication of Composites (Al 7075+B4C+Gr) 
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5.2. Casted components 

    
(a) Specimen 1: Al7075+ B4C 6% + Gr 2%       (b)     Specimen 2: Al7075 + B4C 10% + Gr 

2.5%        (c) Specimen 3:  Al7075 + B4C 14 % + Gr 3% 

Fig. 3 HMMC of Al7075 with B4C and Graphite 

 

5.3. Mechanical Testing 

All the mechanical testing procedures are conducted at ambient temperature. Brinell hardness 

testing machine is used for performing hardness testing. The tests were repeated for three 

times for each specimen and average values are noted. Tensile tests were carried out with 

universal testing machine (UTM) and the microstructure was studied under scanning electron 

microscope. 

 

6. RESULTS AND DISCUSSIONS 

 6.1.Hardness 
Figure 4 shows the variation of the hardness with respect to reinforcement material 

composition. Boron carbide and graphite particles act as a load bearing member in hybrid 

composites, thus enhances mechanical property of the material. The mechanical properties of 

matrix alloy Al7075 is improved upon B4C and Graphite incorporation. From table 5, it is 

observed that the hardness of MMCs is increased when the amount of reinforcement 

particulates increases. Addition of reinforcement particles in the matrix increases the surface 

area of the reinforcement. The presence of such hard surface area of particles offers more 

resistance to plastic deformation which leads to increase in the hardness of composites. 

According to the graph, the hardness increases at B4C 14% + Gr 3% compared to other two 

specimens. 

 
Figure 4. Graphical representation of Hardness 

Table 5: Brinell hardness values for various composition of MMC 

 

 

 

S.NO. Specimens Hardness(BHN) Average Hardness(BHN) 

1. Al7075+ B4C 6% + Gr 2% 47.9 ,48.3, 47.9 48.03 

2. Al7075 + B4C 10% + Gr 2.5% 49.6,48.8,49.2 49.20 

3. Al7075 + B4C 14 % + Gr 3% 51.9, 51.0, 51.0 51.30 
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6.2. Ultimate load 

 

Figure 5 shows the variation of the ultimate load of the specimens with respect to 

reinforcement material composition. The reinforcements of the composite play a significant 

role in the strength of composite. It shows that increase in the B4C and Graphite particles 

leads to increase in the ultimate load of the hybrid composite material. According to the plot, 

the ultimate load increases at B4C 14% + Gr 3% compared to other two specimens. 

10

12

14

AL7075+ B4C 6% + 
Gr 2% 

AL7075+ B4C 10% + 
Gr 2.5% 

AL7075+ B4C 10% + 
Gr 2.5% 

U
lt

im
a

te
 lo

a
d

Ultimate load

 
Figure 5: Graphical representation of Ultimate load 

6.3. Tensile strength 

Figure 6 shows the variation of the tensile strength of the specimens with respect to 

reinforcement material composition. It can be inferred that B4C and graphite particles are 

very effective in improving the tensile strength of composites from 56.840 N/mm2 to 69.713 

N/mm2. It may be due to the strengthening mechanism of the reinforcement. The addition of 

B4C and graphite particles in the matrix induces much strength to matrix alloy by offering 

more resistance to tensile stresses.  

 
Figure 6. Graphical representation of Tensile strength 

6.4. % Elongation 

Figure 7 shows the variation of elongation with respect to wt. % of B4C and graphite. With 

increase in B4C and graphite particles there is a decrease in the percentage elongation of the 

composite. 

 
Figure 7. Graphical representation of % Elongation 
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6.5. Evaluation of Mechanical Properties  
The produced mechanical properties of AMMCs are presented in Table 6. 

Table 6. Mechanical Properties of Produced Al7075 with B4C and Graphite 

 

 

 

 

 

 

 

 

 

 

 

6.6. Metallographic Analysis 

Metallographic weld specimens were cut, mounted, polished and examined by optical 

and scanning electron microscopy (SEM). SEM microscope used was a JEOL JSM-6460. 

Micro structure of a prepared surface specimens tested by inverted metallurgical microscope 

range of 25X -500X magnification. For a reinforcement of 6%B4C and 2%Gr given in Fig. 8, 

the matrix shows the cluster formation of reinforcement particles. The composite particles are 

agglomerated at certain locations of the metal matrix.   

 
Fig 8. Optical & SEM image of 6% B4C & 2% reinforced Al7075 MMC 

 

The microstructure of the composite having a reinforcement of 10% B4C and 2.5% Gr given 

in Fig. 9 shows the distribution of non metallic particles in between metallic particles. The 

composite particles are agglomerated at certain locations of the metal matrix. The graphite 

particles and the boron carbides are grouped together. 

 

 

 
Fig 9. Optical & SEM image of 10% B4C & 2.5% reinforced Al7075 MMC 

 

The formation of dendritic structure resulted by solidification process observed in fig.10 

before heat treatment of composite. B4C, graphite and Al particles melted and mixed 

homogeneously by heat treatment and uniform distribution of reinforcements. 

Al7075+ B4C 6% + Gr 

2% 

Al7075 + B4C 10% + 

Gr 2.5% 

Al7075 + B4C 14 % 

+ Gr 3% 

Ultimate load 

(KN) 

10.840 Ultimate 

load 

(KN) 

11.640 Ultimate 

load 

(KN) 

12.480 

Tensile strength 

(N/mm2) 

56.840 Tensile 

strength 

(N/mm2) 

64.955 Tensile 

strength 

(N/mm2) 

69.713 

Elongation (%) 5.00 Elongation 

(%) 

2.900 Elongation 

(%) 

1.840 
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Fig 10. Optical & SEM image of 14% B4C & 3% reinforced Al7075 MMC 

 

7. CONCLUSION 

 

In this work hybrid Al7075 MMC fabricated by sand casting method effectively. The 

experimental study reveals the enhanced mechanical properties like hardness, ultimate load 

and microstructure considers the potential use of Al-B4C and graphite hybrid metal matrix 

composite (MMC) with particular reference to the aerospace industry. 

 

From this experimental study the following conclusions are made:  

 The hardness of composites increased with addition of B4C and Graphite particles.  

 The addition of B4C and graphite particles improved the hardness in the specimen-3 i.e. at 

composition of Al 7075 + B4C 14% + Gr 3%.  

 The ultimate load is maximum for specimen-3 i.e. at composition of Al 7075 + B4C 14% + 

Gr 3% compared to other two specimens.  

 The tensile strength is maximum for specimen-3 i.e. at composition of Al 7075 + B4C 14% + 

Gr 3%. 

 Homogeneous mixture of the reinforcement particles with molten metal was observed in the 

microstructure of all specimens. 

 Micro structure of polished surface resulted cluster formation of reinforcement particles in 

the specimen-1, i.e. at composition of Al 7075 + B4C 6% + Gr 2%. 

  Clear identification of non-metallic particles distribution in between metallic particles 

resulted by etching process in the specimen-2.  

 The formation of dendritic structure resulted by solidification process is observed in 

specimen 3. 

 The addition of reinforcements of Al7075 leads to decrease in elongation of material. 
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