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Abstract— The objectives of this work is to fabricate hybrid 

composites with the base metal as Aluminum 2024 alloy 

reinforced with 4 Wt % of Nano sized boron carbide 

particulates and fly ash  by stir casting method.  The 

mechanical properties like tensile strength, yield strength, 

material toughness and hardness will be analyzed and these 

results will compare with the conventional materials and 

existing composite material. 
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I. INTRODUCTION 

Many of the engineering applications in today's world require 

materials with unusual combination of properties that cannot 

be met by the conventional metal alloys, ceramics or 

polymers. This is especially true for the materials that are 

needed in Aerospace and Transportation Industries. Often, 

materials having high strength have relatively high density, 

also increasing the strength or stiffness results in a decrease 

in impact strength. Engineers around the world have always 

been in search of better combination of properties in 

materials.  A new class of materials, called "composite 

materials" has answered to this search to great extent. 

Composite materials are those which are created artificially 

by combining two or more materials which usually have 

dissimilar characteristics. The constituents of a composite 

material can be generally identified macroscopically. This is 

in contrast to usual metallic alloys, whose phases can be 

identified only under higher magnification microscopic 

examination. In the present study mechanical tests such as 

Tensile, Hardness and Compression are conducted as per 

ASTM (American Society for Testing and Materials) 

Standards.  

II. EXPERIMENTAL WORK 

A. Materials 

Al-2024 is an alloy with Copper as the primary alloying 

element. It has good strength comparable to many sheets of 

steel and average machinability but has high resistance to 

corrosion than many other aluminium alloys. It’s relatively 

high-cost limits and used in applications where cheaper alloys 

are not suitable. 

Element Content (%) 

Aluminum, Al 90.85 

Zinc, Zn 0.25 

Magnesium, Mg 1.80 

Copper, Cu 4.90 

Chromium, Cr 0.10 

Si 0.50 

Fe 0.50 

Ti 0.15 

Mn 0.90 

Other 0.05 

Table 1: Chemical Composition of Aluminium alloy-2024 

Element Content (%) 

Strength High 

Corrosion resistance Poor 

Weldability and brazability Poor 

Workability Good 

Machinability Fair 

Table 2: General Characteristics of Aluminium alloy-2024 

B. Preparation of Aluminium alloy Composites 

The hybrid composites were fabricated by stir casting method 

to ensure uniform distribution of the reinforcements. The AL 

alloy, initially in the  form of ingot, which was cut into small 

pieces then it is placed in the Graphite crucible, Aluminum  

alloy was first melted in an electric furnace. The 

reinforcements by 4 wt %  of flyash and B4C are pre heated 

to a temperature of about 300°C, and then added to the molten 

metal at 650°C and stirred continuously. The stirring was 

carried out at 250 rev/min for 5min. Then the preheated 

reinforcement was poured into a permanent metallic mold. 
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Fig. 1: Stir Casting Process 

C. Testing of Composites 

Microstructure study has been carried out on the prepared 

composite using Vegas Tescan made scanning electron 

microscope. Basically the test samples of 10-12mm in 

diameter are cut from the prepared castings using lathe 

machine and polished thoroughly as already mention methods 

it is etched using reagent for better results. The polished 

specimens which looks like mirror. The specimens are 

characterized for various magnifications (100X, 200X, 800X) 

to indicate distribution of reinforcements in metal matrix. The 

microstructures of samples i.e. as cast, 4 wt% B4C and 4wt% 

of Flyash are also examined. 

Tensile test specimens were machined from the cast 

samples. The tensile specimens of circular cross section with 

a diameter of 9 mm and gauge length of 45mm were prepared 

according to the ASTM E8 standard testing procedure using 

Instron made Universal Testing Machine. All the tests were 

conducted in a displacement control mode at a rate of 0.1 

mm/min. Multiple tests were conducted and the best results 

were averaged. Various tensile properties like ultimate tensile 

strength, yield strength and percentage elongation were 

evaluated for as cast Aluminium alloy. Figure 2 showing the 
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tensile test specimen dimensions used to conduct the 

experiments. 

 
Fig. 2: Tensile specimen and its dimensions in mm 

III. RESULTS AND DISCUSSION 

A. Microstructure Study 

 
(a) 

 
(b) 

Fig. 3: a-b Showing the Scanning Electron Microscope 

image of (a)Al-2024alloy (b) and AL-

2024+4%B4C+4%Flyash 

Figure 3 (a-b) shows the SEM microphotographs of 

Aluminium alloy as cast and Aluminium, 4 wt. % B4C and 4 

wt. % Flyash particulate composites. This reveals the uniform 

distribution of reinforcement and very low agglomeration and 

segregation of particles, and porosity. 

Fig. 3 b clearly shows and even distribution of B4C 

in the Aluminium alloy matrix. There is no evidence of 

casting defects such as porosity, shrinkages, slag inclusion 

and cracks which is indicative of sound castings. In this, 

wetting effect between particles and molten Aluminium alloy 

matrix also retards the movement of the reinforcement, thus, 

the particles can remain suspended for a long time in the melt 

leading to uniform distribution. 

 
Fig. 4a: showing the EDS spectrum of Aluminium 2024 

Alloy 

 
Fig. 4b: showing the EDS spectrum of Aluminium -4wt. % 

of B4C and fly ash composites 

In order to confirm the presence of B4C energy 

dispersive spectroscope analysis was carried out at the edge 

of the reinforcement particle and Aluminium alloy matrix. 

The EDS spectrum reveals the presence of Al, Zn, Cu and Mg 

in the interface reaction layer (fig. 4(a - b)). 

B. Tensile Properties 

The tensile test values are shown in figure5(a-b). In this 

research, the test results show the improvement in the tensile 

strength with increasing the weight percentage of B4C-

Flyash. The composite with 4wt.% B4C and 4wt.% Flyash 

had maximum tensile strength up to 278 MPa,  

The composite containing 4wt.% B4C and wt.% 

Flyash had the lowest value in the percentage of elongation 

among all of the composite materials produced. The 

interfacial bonding between reinforcement and matrix forms 

the micro pores, initiating the propagation which caused 

fracture of composites. It reduced the plasticity behaviour of 

hybrid composites 

Earlier research results also revealed that the 

aluminium alloy with reinforcement particles like boron 

carbide and fly ash reinforcement offered maximum tensile 

strength as compared to the unreinforced Al alloy. The 

reinforcement of particles induced the higher strength and 

offered more resistance to the tensile stresses. The load 

transfer from the matrix to the reinforcement particles gives 

maximum tensile strength of composites. 
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Fig. 5a: Ultimate tensile strength of Aluminium alloy 

composites. 

 
Fig. 5b: Yield strength of Aluminium alloy composites. 

C. Hardness Study 

The Brinell hardness test on all compositions was conducted 

using steel ball indenter at an applied load of 60kgf for time 

of 10 seconds to each sample at different locations.Hardness 

of Al-2024 reinforced with B4C-Flyash hybrid composite. 

The hardness values were measured at three locations in each 

sample and the average of three hardness values for sample is 

listed in fig6. It indicates that hardness of composite material 

increases with addition of B4C and Flyash reinforcement in 

aluminium alloy. The multiple reinforcements contribute to 

minimizing the porosity and fine grain structure of particles 

as well as creating the resistance to plastic deformation which 

increases the hardness of hybrid composites. This is due to 

the reinforcement of B4C and Flyash particles in the 

aluminium matrix composites. The maximum hardness was 

87 BHN by cumulative reinforcement of 4wt.% B4C and 

Flyash particles in aluminum alloy.  

 
Fig. 6: Comparison of Aluminium alloy and Hybrid 

composites 

IV. CONCLUSIONS 

The mechanical investigations of the Aluminium alloy 

composites materials produced by stir casting are remarked 

as below:  

 The liquid metallurgy technique was successfully 

adopted in the preparation of Aluminium alloy 

composites.  

 The microstructural studies revealed the uniform 

distribution of the B4C particulates in the Aluminium 

alloy matrix.  

 The ultimate tensile strength and yield strength 

properties of the composites found to be higher than that 

of base matrix.  

 Improvements in hardness of the Aluminium alloy 

matrix were obtained with the addition of B4C and Flyash 

particulates.  
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