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Abstract—The performance of brakepad systems is crucial for the safety and efficiency of automotive applications. This 

study investigates the impact of reinforcements, namely Boron Carbide (B4C) and Molybdenum Disulfide (B4C), on the 

frictional and mechanical behavior of Aluminum 2024 (Al2024) Matrix Composites (MMCs) used in brake pads. 

Al2024 is a widely employed material in various engineering applications due to its excellent strength-to-weight ratio, 

but its tribological performance in brake systems can be enhanced by incorporating reinforcements. The study aims to 

evaluate the improvements in friction, wear resistance, and mechanical properties of Al2024 

whenreinforcedwithvaryingconcentrationsofB4C and B4C. A series of experiments were conducted, including pin-on-

disk tribological testing and tensile, hardness, and impact tests, to assess the influence of these reinforcements on the 

overall performance of brake pads. The results suggest that B4C significantly enhances the wear resistance and hardness 

of Al2024 MMCs, while B4C providesimproved lubricating properties, reducing friction 

 

and enhancing the material's durability. The synergistic effects of both reinforcements in the Al2024 matrix demonstrate 

a potential pathway for the design of high-performance brakepad materials. This research contributes to the 

development of advanced materials for automotive brake systems, improving safety and performance under high-stress 

conditions. 
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I. INTRODUCTION 

 

The performance and reliability of braking systems are critical factors in automotive and aerospace applications, where 

efficient energy dissipation and durability are paramount. The choice of brake pad materials significantly influences 

factors such as wear resistance, coefficient of friction, thermal stability, and mechanical strength. Traditional brake pad 

materials, such as metallic and ceramic 

 

 

composites,  have  been  widely  used,  but  increasing 

 

demand for lightweight, high-performance alternatives has driven research in to advanced metal matrix composites 

(MMCs). 

 

Aluminum2024(Al2024) is a lightweight, high-strength alloy known for its excellent mechanical properties, making it a 

promising candidate for brake pad applications. However, its tribological performance, particularly in terms of wear 

resistance and frictional stability, requires enhancement to meet the rigorous demands of braking systems. Reinforcing 

Al2024 with hard ceramic and solid lubricant materials can improve 

 

its overall tribological and mechanical characteristics, leading to improved performance and longevity. 
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In this study, Boron Carbide (B4C) and Molybdenum Disulfide (B4C) are selected as reinforcements for the Al2024 

matrix. B4C, being one of the hardest known materials, enhances wear resistance, hardness, and load-bearing capacity. 

B4C, a widely used solid lubricant, reduces friction and enhances self-lubrication, there by improving the stability of the 

braking system under varying operating conditions. The synergistic effects of these reinforcements are expected to 

enhance the overall frictional and mechanical behavior of Al2024 MMCs, making them a viable alternative to 

conventional brake pad materials. 

 

This research aims to analyze the impact of different weight fractions of B4C and B4C on the tribological and 

mechanical properties of Al2024 MMCs. The study involves a comprehensive2experimental evaluation, including wear 

tests, friction analysis, hardness measurements, and mechanical strength assessments. The findings will contribute to the 

development of high-performance, pad materials with improved durability, frictional efficiency, and thermal stability. 

 

IILITERATUREREVIEW 

 

 

Kumar et al. (2021) conducted a study on the tribological behavior of Al-based metal matrix composites (MMCs) 

reinforced with B4C. Their findings indicated that the addition of B4C significantly improved wear resistance and 

hardness while maintaining a stable coefficient of friction. The study highlighted that there inforcement acted as a load-

bearing phase, reducing material loss under high-stress conditions, making it suitable for braking applications. 

 

Patel et al. (2020) investigated the self-lubricating effects of B4C in aluminum composites. The research demonstrated 

that B4C acted as a solid lubricant, reducing friction and improving wear performance. The study concluded that an 

optimal concentration of B4C enhanced the tribological properties of aluminum alloys, making them more suitable for 

applications where controlled friction and wear resistance are critical, such as brake pad systems. 

 

Sharma etal. (2019) explored the combined effects of ceramic and solid lubricant reinforcements in Al-MMCs. Their 

experimental analysis revealed that thehybridreinforcementofB4CandB4Cresultedin 

 

 

a balanced improvement in hardness, wear resistance, and friction control. The study emphasized that while B4C 

increased the material’s load-bearing capacity, B4C facilitated smooth sliding, reducing friction-induced temperature 

rise and wear. 

 

Reddy et al. (2022) analyzed the mechanical and tribological behavior of Al2024 composites 

reinforcedwithvaryingweightfractionsofB4Cand B4C. The results showed that increasing the B4C content enhanced 

hardness and wear resistance, while B4C improved friction stability and reduced wear rates. The study suggested that a 

specific combination of the inforcements could optimize 

 

theperformanceofAl2024MMCsfor high-performance brake pad applications. 

 

 

IIIOBJECTIVESANDMETHODOLOGY 

 

 

Objectives 

 

 To fabricate Aluminium alloy 2021 reinforced with B4C MMCs through Powder metallurgy technique. 

 

 To do comparative study about friction & wear behavior of Al , Mg , Zn , Cu existing brakepad materials 

used in market. 
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 To simulate the real time parameters of automobile   Brake   such   as   sliding 

 

velocity, contact pressure and temperature.3 

 

 To Evaluate Tribo-mechanical properties of existing Brake pad material and novel composites. 

 

 

Methodology 

 Material Selection 

 

 Material Properties 

 

 Sample Preparation 

 

 Testing Mechanical Properties on Setup 

 

 Testing Wear Rate Analysis on Setup 

 

 Results Evaluation 

 

 Comparison and Validation 

 

 

IV.EXPERIMENTALRESULTSANDDISCUSSIONS 

 

Sliding Wear Response 

 

The findings show that aluminum alloys consistently demonstrate a decrease in wear rate across several test cycles. As a 

result, the Al2021 alloy matrix is suggested as an optimal choice for the intended applications. This recommendation is 

backed by test data indicating that Al2021 surpasses other materials, including Al, Mg, Zn, and Cu, in terms of wear rate 

and coefficient of friction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig4.1:Wearrateofdifferent materials 
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Fig4.2:COFofdifferentmaterials 

A) Tensile Strength 

Table5.5presentsthetensilestrengthandelongation percentages for the Al2021+B4C composites. Compared to pure 

Al2021, which has a tensile strength of 309 MPa, the composites with 3%, 6%, 

and9%B4Cexhibitstrengthsof315MPa,333MPa, and 351 MPa, respectively. 

 

 

 

 

 

 

 

 

 

 

 

Fig4.3:TensileStrengthofB4CComposition 

B)  Compressive Strength 

The compressive strength of pure AL2021 is 103 MPa, whereas the composites AL2021+3% B4C, 

AL2021+6%B4C,andAL2021+9%B4Cshow compressive strengths of 113 MPa, 164 MPa, and 193 MPa, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig4.4:CompressiveStrengthofB4CComposition 
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C) Hardness(BHN) 

 

The test results revealed that the hardness of the composites gradually increased with the addition of B4C. The hardness 

of pure AL2021 is 80 BHN, while the configurations AL2021+3% B4C, AL2021+6%B4C,andAL2021+9%B4Cshow 

BHNvalues of109,111,and 125, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig4.5:Hardness(BHN)ofB4CComposition 

 

 

V. CONCLUSION 

 

Various tribological and mechanical tests conducted on Al2021+B4C metal matrix composites, along with other brake 

pad materials, led to the following conclusions. 

 

 

 The aluminum alloy (AL2021) reinforced with 6% B4C particulate was manufactured using the powder 

metallurgy process, demonstrating excellent mechanical and tribological properties.  

 

 The experimental results for sliding wear and coefficient of friction(COF) of the proposed Al2021+B4C 

composite show significant improvements compared to existing brake pad materials.  

 

 Increasing the B4C content from 0%to 9%in the AL2021 alloy enhances its tensile strength by 21%, compressive 

strength by 27%,andhardnessby38%.However,adding more than 9% B4C results in a noticeable decline in mechanical 

properties.  

 

 The composite containing 9% B4C exhibits the highest wear resistance, as well as superior COF, tensile strength, 

hardness, and compressive strength.  
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