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Abstract: The growing worldwide fascination with metal-matrix composites has spurred significant research 

and development initiatives. This investigation specifically focused on the effects of integrating Boron Carbide 

(B4C) and Titanium Diboride (TiB2) into an AA5083 matrix on manufacturing process as well as mechanical 

attributes.  Three distinct combinations of hybrid reinforcements are deliberately selected to formulate the 

composite materials. A precise two-step stir-casting process is employed to produce the composite specimens. 

Various mechanical assessments, including tensile strength, impact strength, and hardness tests following 

ASTM standards, are conducted to evaluate the composite materials. Through experimentation, the most 

effective reinforcement proportions are identified, with the combination of 6 wt% B4C and 9 wt% TiB2 

demonstrating superior mechanical strength.  
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1. Introduction 

Metal Matrix Composites (MMCs) are innovative materials formed by combining matrix and 

reinforcement elements. This fusion empowers researchers to tailor the attributes of MMCs, 

enabling the fabrication of materials with precise characteristics. Commonly employed matrix 

materials include aluminum, magnesium, titanium, and copper. Among these, aluminum 

emerges as the preferred option due to its inherent features such as lightweight and exceptional 

resistance to corrosion. These inherent properties make the Aluminium Metal Matrix 

Composites (AMMCs) highly sought after. By introducing foreign particles into the aluminum 

matrix, characteristics such as density, specific modulus, thermal conductivity, and wear 

resistance can be effectively altered, allowing Advanced Metal Matrix Composites (AMMCs) 

to be applied across a wide range of industries including aeronautics, aviation, automotive, and 

marine sectors. To achieve enhanced mechanical properties, tough and inflexible ceramic 

particles such as SiC, TiB2, B4C, Al2O3, and others can be blended into the aluminum matrix, 

thereby boosting the overall performance and adaptability of these sophisticated composites. 
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The various research inquiries and analyses highlighted previously illuminate the substantial 

influence of different reinforcing components in Metal Matrix Composites (MMCs). The 

detailed analysis of these studies shows that adding different reinforcing elements to the matrix 

can greatly augment the mechanical attributes of MMCs. Moreover, the utilization of creative 

methods like hybridization, which involves integrating multiple types of reinforcement into 

one material matrix, has demonstrated the ability to customize the characteristics of metal 

matrix composites effectively. This strategy has played a crucial role in creating hybrid metal 

matrix composites (HMMCs), providing a flexible and adaptable platform to enhance the 

properties of these sophisticated materials through the strategic choice of appropriate 

reinforcing particles [3-5]. 

The two-step stir casting method has emerged as a suitable solution to address 

challenges such as the distribution of reinforcing particulates in the molten phase of the matrix 

and the wettability of particulates in the molten matrix. This method is well-regarded for its 

simplicity, economic feasibility, and effectiveness in addressing the complex manufacturing 

issues associated with metal matrix composites [6]. Additionally, the diverse findings from 

multiple research endeavors underline the pivotal role of careful selection and varied weight 

percentages of reinforcing elements in influencing the mechanical attributes of metal matrix 

composites. The studies reveal the nuanced effects of different weight proportions of 

reinforcing elements, including B4C, TiB2, Al2O3, SiC, mica, and more, on characteristics 

like tensile strength, hardness, wear resistance, friction, and sliding wear behavior, thereby 

contributing to a deeper understanding of the intricate relationships between reinforcement 

content and material performance [7-9]. 

Based on comprehensive insights and observations from previous studies, the present 

research aims to enhance performance of AA5083 hybrid metal matrix composites by 

reinforcing varying weight fractions of B4C and TiB2. The study also aimed to explore how 

varying reinforcement weight fractions affect the mechanical properties of hybrid composites. 

Further, integrating experimental results with existing knowledge, the potential applications of 

this fabricated composite across industrial and engineering sectors can be decided [10-13].   

2. Materials and Methods 

2.1   Materials Used 

Aluminum alloy 5083 (AA5083) is an alloy with manganese and chromium traces. It is well 

known for its excellent performance in harsh environments such as seawater and industrial 

chemicals. It is widely used for the construction of ships, pressure vessels, car bodywork, and 

other applications. Due to its high resistance, corrosion resistance, welding, and mechanical 

strength, it has been chosen as a basis material for current research. AA 5083 aluminum alloy 
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in billet form is purchased from Suresh Metals, Maharashtra, India. The reinforced particles, 

B4C and TiB2, are procured from Parshwamani Metals, Maharashtra, India.  

2.2. Fabrication of Composite  

In this investigation, AMMC is fabricated by utilizing a two-step stir-casting approach. A stir 

casting machine with a bottom pouring mechanism manufactured by Swam-Equip, illustrated 

in Figure 1, is used. As outlined in Table 1, a suitable quantity of AA5083 alloys along with 

reinforcement materials (B4C and TiB2) are taken to produce the targeted AMMCs. Initially, 

the required amount of AA5083 alloy billet is placed within a crucible and heated to a 

temperature of 750°C. 1% magnesium is incorporated into the melt to improve the adhesion 

amongst the matrix and reinforcement. Then, the temperature was allowed to decrease to 

575°C to attain a semi-solid state. The appropriate amounts of B4C and TiB2, as specified in 

Table 3, are added to the melt. Before incorporation, the reinforcement particles underwent 

preheating at 400°C for an hour to eliminate any residual moisture. Subsequently, the mixture 

of matrix and reinforcement was stirred at a semi-solid consistency, utilizing a four-blade 

mechanical stirrer at a speed of 300 rpm, for a duration of 7-8 minutes. Then, the slurry 

temperature is elevated to 750°C to achieve a liquid state, ensuring thorough mixing of the 

matrix and reinforcement. Subsequently, the slurry is stirred at 300 rpm for an additional 10 

minutes. Argon gas was introduced during this process to prevent oxidation, and 

thermocouples are utilized to regulate the temperatures. Following the stirring process, the 

resulting mixture is dispensed into a preheated cylindrical mould cavity measuring 140 mm in 

long and 13 mm diameter [15-17]. One of the primary advantages of employing this two-step 

stir-casting procedure instead of traditional stir casting is the uniform dispersion of particles, 

leading to a homogeneous scattering of the reinforcement [18]. The detailed composition of 

various composites fabricated, are presented in Table 1. 

Table 1: Weight percentage of matrix and reinforcement material 

SL 

NO. 

Wt.% of Matrix material 

(AA5083) 

Wt.% of boron carbide 

(B4C) 

Wt.% of Titanium Diboride 

(TiB2) 

S1 100 0 0 

S2 85 4 11 

S3 85 6 9 

S4 85 8 7 
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Figure 1: Stir casting setup 

2.3. Mechanical Characterization 

2.3.1. Tensile test 

The tensile test was carried out  by following the ASTM E8/E8M-09 standard using an 

INSTRON 3382 with load capacity of 100 KN. The test was conceded out at a crosshead speed 

of 2.3 mm/min. To ensure accuracy and reliability, five test samples for each category listed 

in Table 3 are prepared by cutting cylindrical rods using a CNC lathe. The ultimate tensile 

strength is determining the mean value from the outcomes of the five samples [19]. 

2.3.2. Impact testing 

The Charpy impact test is employed to assess how much energy the material absorbs when it 

fractures, which indicates the material's notch toughness because it operates at high strain rates. 

This test is conducted in alignment with the ASTM E23-18 standard, involving impact 

specimens. Like the tensile test, five test samples of distinct combinations were examined, and 

the average value of their results is recorded. 

2.3.3. Hardness Test 

The Vickers-micro hardness test is a valuable technique for evaluating the hardness or 

resistance to deformation of materials. The testing procedures is conducted in full compliance 

with the ASTM E92 standard. Before the test, the workpiece underwent a polishing phase to 

ensure optimal testing conditions. The indentation is achieved using a diamond-shaped 

indenter for a duration of 30 seconds, utilizing a dead weight of 300 g. The final hardness value 
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is evaluated by calculating the average value from the results of these five locations of each 

sample, ensuring a comprehensive and accurate assessment [20]. 

3. Result Analysis 

3.1. Tensile strength 

The tensile test outcomes of the composites are illustrated in Figure 2. From the experiment, 

the tensile strengths of the S1, S2, S3, and S4 samples are found to be 123.53, 142.17, 154.48, 

and 149.63 MPa, respectively. Notably, a notable increase in tensile strength is noticed with 

the incorporation of hybrid reinforcement using B4C and TiB2, as compared to the base 

material AA5083. Tensile strength consistently rises as the concentration of B4C is raised from 

0 wt% to 6 wt%. The composite sample containing 6 wt% B4C and 9 wt% TiB2 exhibited an 

optimal tensile strength value, approximately 25% higher than pure AA5083. This indicates 

the enhanced mechanical properties achieved through the strategic incorporation of B4C and 

TiB2. The study observed a declining trend in tensile strength as the proportion of B4C 

increased beyond the optimal percentage. This finding indicates that the addition of B4C and 

TiB2 substantially enhanced the tensile strength up to a specific weight percentage 

combination, after which an excess amount of B4C led to degradation in tensile strength. 

Similar findings regarding the increasing trend in tensile properties were also reported by other 

researchers [5, 21, 22], affirming the significance of the observed results. 

 

Figure 2: Tensile strength of composites 

3.2. Impact Strength 

Figure 3 demonstrates the impact strength of the AA5083 hybrid composite.  At first, a 

reduction in impact strength was noticed upon incorporating 4 wt% B4C and 11 wt% TiB2 

into AA5083. However, a subsequent increase of 43% in impact strength is observed with the 

incorporation of 6 wt% B4C and 9 wt% TiB2, showcasing the significant enhancement 

achieved through this hybridization process. The variability in impact strength as the B4C 
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content changes is due to the unpredictable dispersion of reinforcing particles throughout the 

base matrix material, which leads to localized energy concentration effects. However, a higher 

value of the impact strength is noticed in the subsequent increase of B4C. Again, the impact 

strength is found to decrease with further increases in B4C content from 6 wt% to 8 wt%. It 

could have happened due to the agglomeration of reinforcing B4C at the preferred propagation 

sites. These findings align with earlier research by Hu et al. [2], which also highlighted similar 

trends in impact strength based on the varying composition of reinforcing materials in 

composites. 

 

Figure 3: Impact strength of composites 

3.3. Micro-Hardness  

Figure 4 illustrates a distinct pattern in how hardness varies across the hybrid composite, as 

shown by the experimental results. The plot pattern reveals that the hardness increases with a 

higher reinforcement of B4C, coupled with a decrease in TiB2 content. This behaviour aligns 

with the theory of plastic deformation, as the increasing reinforcement leads to dislocation pile-

up, contributing to the enhanced hardness. The increased hardness is due to the incorporation 

of tough reinforcements that integrate smoothly with the matrix, thereby boosting overall 

hardness. Additionally, the grains formed through in-situ creation add to the improved 

resistance against indentation. Given that B4C exhibits higher hardness and superior fusion 

with the AA5083 matrix compared to TiB2, an increase in B4C content directly correlates with 

an increase in composite hardness. The peak hardness value of 114.3 HV is attained with 8 

wt% of B4C and 7 wt% of TiB2 reinforcement. These outcomes are in line with a similar study 

by Raja et al. [7], further emphasizing the significance of reinforcement composition on 

composite hardness. 
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Figure 4: Micro-hardness of composites 

4. Conclusion  

Based on the investigations conducted in the current study on the hybrid composites prepared 

by incorporating B4C and TiB2 into the AA5083 matrix using a two-step stir casting process, 

the following conclusions can be inferred: 

1. Adding 6% B4C and 9% TiB2 increased the tensile strength of the test samples by 25% 

compared to the original AA5083 matrix. However, excessive amounts of B4C 

significantly decreased the strength, highlighting the critical need for optimal proportions 

of reinforcement materials. 

2. The Impact strength decreased as the TiB2 content decreased, with the highest impact 

strength observed at 6 wt% B4C and 9 wt% TiB2. 

3. In contrast, higher levels of B4C content lead to increased Vickers micro-hardness, which 

highlighting how the inclusion of foreign particles affects the mechanical characteristics of 

the composites. 

These findings underscore how B4C and TiB2 enhance the mechanical attributes of hybrid 

composites, opening avenues for their application in various engineering fields requiring 

improved durability and performance. 
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