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Stircasting method is commonly used to efficiently produce high-grade 
Metal Matrix Composites (MMCs). In the current study, we produced 
hybrid materials by altering the weight percentages of B4C, which were 
2%, 4%, 6%, and 8%, while maintaining a constant weight percentage of 
5% for Cenosphere. Following that, we performed examinations of 
microstructure, hardness, and tensile properties on both the as-cast 
materials and the hybrid composites. The microstructural analysis 
unveiled a consistent dispersion of reinforced particles throughout the 
base matrix, which was observed in both the as-cast and hybrid 
composite samples. Highest hardness of 86.55 VHN is achieved for the 
8% B4C + 5% cenosphere reinforced MMCs. The maximum tensile 
strength of 180.58 MPa is obtained for 6% B4C + 5% cenosphere 
reinforced MMCs. Minimum wear loss is observed in the 6% B4C + 5% 
cenosphere reinforced MMCs. The ductility of the hybrid composite is 
decreased as the amount of reinforcement was increased. The tensile 
fractured sample shows the voids, micro-cracks and particles pullouts. 
It indicates the strong adhesion between the reinforcements and the 
matrix material, with bonding influenced by the reinforcement 
geometry and grain size. The wornout surfaces of the as-cast show the 
deep grooves, delamination and ploughs on the wear directions. 
However, hybrid MMCs micro-graphs indicate the deep grooves, 
particles pullouts and voids in the wear directions. It is due to the high 
hard reinforcement’s presence in the matrix and resists wear of MMCs. 
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1. Introduction 
The term "composite" pertains to a material formed by blending two distinct or closely related materials [1]. 
Aluminium Matrix Composites (AMC) are renowned for their exceptional characteristics, including enhanced 
hardness, low density, outstanding wear resistance, and stability at elevated temperatures. These qualities make 
them highly valuable in applications within the fields of wear and mechanical industries worldwide [2-4]. The 
utilization of aluminum alloys is increasingly prevalent in commercial sectors owing to their non-toxic 
properties and ease of recyclability, spanning a range of industries, such as structural, aerospace, and 
automotive sectors [5-8]. Ceramic particles called cenosphere particulates are formed from fly ash. Increasing 
the presence of fly ash particles enhances hardness and reduces composite density. Using Cenosphere as a filler 
in aluminium casting reduces costs, lowers density, and increases hardness, stiffness, wear resistance, and 
abrasion resistance. Cenosphere also enhances damping capacity and the coefficient of friction, making it 
suitable for industries such as aerospace and automobile sectors [3]. Extensive research has been focused on 
developing aluminium composites with various reinforcing combinations. For instance, R. Balachandar et al. [1] 
investigated the mechanical properties of Al- 6xxx + magnesium composites that were fabricated through the 
stircasting method, and these composites featured varying weight percentages. Their findings demonstrated 
that the introduction of AZ31 led to an augmentation in tensile strength, whereas density of the composite 
decreased as a result of the inclusion of rock dust. Sridhar Raja et al. [9] examined the impact of ceramic 
particles on the microstructure and mechanical characteristics of Al composites and found that increasing the 
reinforcing content increased tensile and hardness strength. S. Gopalakrishnan [10] noted that a higher rate of 
wear was seen when the applied load was increased, while augmenting the concentration of carbide particles 
decreased the wear rate. Abrar Ahamed and Prashanth T [11] conducted an evaluation of how Cenosphere 
particles influenced aluminum composites mechanical characteristics and microstructure. Their investigation 
revealed that an optimal weight percentage of Cenosphere had a positive impact on the tensile strength. Ashoka 
et al. [12] found that Cenosphere improved the mechanical attributes of aluminium alloys, reaching its peak as 
the weight percentage of Cenosphere increased in all composite samples. Hamidreza Ghandvar et al. [13] 
studied the role B4C addition on microstructure, mechanical, and wear characteristics of Al-20%Mg2Si hybrid 
metal matrix composite. The results revealed that the addition of B4C particles up to 10 wt% reduced the 
nucleation temperature (TN) and growth temperature (TG) of the primary Mg2Si phase. Moreover, the proper 
amount of B4C added to Al-20%Mg2Si composite has a significant effect on the microstructural alteration, 
mechanical, and tribological properties of the composite. Chetan S Patil et al. [14] studied the influence of micro 
B4C ceramic particles addition on mechanical and wear behavior of aerospace grade Al alloy composites. The 
outcome of the experimental investigation revealed that 2% B4C particulate reinforced composite exhibits better 
mechanical, physical and tribological properties. 10% B4C particulate reinforced composite shows clustering 
and agglomeration at some local regions causing a drop in the properties. However, there is limited information 
on the wear and mechanical attributes of B4C and Cenosphere-reinforced Al7075 hybrid MMCs in the literature. 
This research aims to address this gap by investigating how the addition of B4C-Cenosphere particles influences 
the mechanical and wear attributes of Al7075 hybrid composites. Various weight percentages of B4C (2%, 4%, 
6%, and 8%) were used in combination with a constant weight percentage of Cenosphere (5%) to create the 
hybrid MMCs. Cenosphere is used as a one of the lubricating agents in the MMCs. The cenosphere helps 
secondary processes like machinability and other processes. So, it has been kept constant at 5% in all the 
developed MMCs samples. Additionally, this study explores the microstructure, hardness, tensile strength, and 
wears behavior of Al7075/B4C-Cenosphere hybrid MMCs. To examine the fracture surfaces of the test specimens 
used for tensile and wear testing, Scanning Electron Microscopy (SEM) analysis was performed. The novelty of 
the present work was to examine the study on microstructure, mechanical, wear and fracture behavior of 
Al7075 Alloy reinforced by B4C - CeO2. In this present research work, hybrid composites were developed by 
stircasting method. Mechanical and wear behavior were studied. Finally, fractured surfaces were examined 
using SEM analysis. 

2. Materials and Methodology  

2.1 Reinforcements and Matrix 
The primary alloying elements in the precipitation-hardened alloy Al7075 are zinc and magnesium. Alloy 7075 
stands out among other alloys due to its lightweight nature, medium to high strength, and exceptional anti-
corrosion properties in the presence of air and sea water [16–19]. Boron Carbide (B4C), an extremely hard 
particle, is produced through the crystalline complexes of carbon and silicon sand. Since the late 18th century, 
B4C has played a crucial role in cutting tools, grinding wheels, and sandpapers. It's also considered as suitable 
material for the blanket components of fusion reactors and is used in nuclear fuel particulate coatings for high-
temperature gas-cooled reactors [6]. Cenosphere is a mineral with silica and alumina content. It behaves like a 
tiny ball bearing, enhancing workability. Cenosphere possesses qualities of being rigid, hard, lightweight, non-
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toxic, waterproof, and insulative. It combines the advantages of a spherical shape with lower density, all at an 
economical cost [20]. 

2.2 Fabrication of Composites  
The stir casting process led to enhance the properties of aluminum composites because of homogenous 
distribution [21]. So, in the present investigation, stircasting technology was selected for manufacturing of 
hybrid MMCs. The schematic diagram of stircasting process is showed in Fig. 1. To create these composites, 
bright extruded rods of Al7075 and B4C and Cenosphere powders were used. The chemical composition of 
Al7075 in wt. % is as in Table 1. Properties of the B4C & CeO2 are tabulated in Table 2. The process began by 
melting Al7075 alloy at 700°C in a graphite crucible [22, 23]. The molten metal was then combined with pre-
heated (400°C) reinforcements, including B4C (2%, 4%, 6%, and 8%) with a size of 5-10 micrometers and 5% of 
Cenosphere with a size of 15 micrometers. 5% of CeO2 was maintained constant in the hybrid MMCs for weight 
reduction purposes (waterproof and insulative). Also, CeO2 acts as a solid lubricant in the matrix. Due to the 
above unique properties, CeO2 is widely used for fillers in hybrid MMCs. The reinforcement particles, which had 
been preheated, were blended with the base alloy during the stirring process. A degassing tablet was used to 
remove inert gases from the molten aluminum metal matrix. Stirring was carried out at 100 rpm for 2 minutes, 
after which the molten slurry was poured into a preheated mold [24]. Once solidified, the as-cast samples were 
removed from the mold. The samples were pre-machined using CNC turning, ensuring a homogeneous 
dispersion of reinforcement throughout the base material by continuous stirring. The metallic die was then filled 
with molten metal, and castings were removed from it. CNC machining was employed to manufacture both as-
cast and hybrid composites. Test specimens for hardness, tensile, and wear tests were prepared as per the 
appropriate ASTM standards. For microstructural examination, hybrid MMC samples underwent a polishing 
process using diamond paste and grit sheets of varying sizes to achieve a smooth surface finish. These samples 
were then etched using Keller’s reagent and allowed to dry in the air. Microstructure studies of the formed 
hybrid MMCs were conducted using optical microscopy (Nikon E-200). Vickers Micro Hardness testing 
instrument was used to conduct microhardness testing on the formed hybrid MMCs in accordance with E92-
ASTM standards. Specimens measuring 25 mm in diameter and 20 mm in thickness were utilized for hardness 
assessment. A diamond-shaped indenter was applied with a consistent 5 kg load for duration of 30 seconds. 
Tensile testing, in accordance with ASTM E8 specifications (gauge length: 50 mm & gauge dia: 10 mm), was 
performed using a 450 KN weight on Universal Testing Machine (UTM). The results considered were the average 
values of three tensile test samples with similar compositions, showing fluctuations in tensile strength values of 
less than 5%. To assess wear loss, the pin-on-disc test equipment was employed following ASTM G99 standards 
(35 mm length and 6 mm dia). Three wear test specimens with similar compositions were examined, and the 
mean values were considered, with deviations of less than 5%.  
 

 

Fig. 1 Schematic diagram of stircasting process [21] 
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Table 1 Chemical composition of Al7075 alloy (wt. %) 

Content Al Cu Mg Si Fe Mn Ni Pb Sn Ti Zn Cr 

Wt. % Rem 1.480 2.306 0.059 0.256 0.052 0.052 0.023 0.012 0.052 5.424 0.280 

Table 2 Properties of the B4C & CeO2 
Elements Density (g.cm-3) Melting Point (°C) Young's Modulus 

(GPa) 
Thermal 

Expansion Co-eff. 
x10-6 (°C) 

Molar mass 
(g/mol) 

B4C 2.52 2445 450 - 470 5 55.255 
CeO2 7.6 2340 180 11 172.115 

3. Experimental Results and Discussion 

3.1 Micro-Structural Inspection 
Microstructural inspection was carried out to examine the homogeneous scattering of B4C and Cenosphere 
particles were incorporated, yielding enhanced outcomes regarding the mechanical and wear attributes of Metal 
Matrix Composites (MMCs) [25–27]. The sample used for the microstructural inspection is as shown in Fig. 2. In 
Fig. 3 (a & b), an optical microscopic perspective of Al7075 and B4C-Cenosphere reinforced hybrid MMCs is 
presented. These images distinctly display the existence of reinforcing particles and grain boundaries [28]. 
Moreover, it is apparent that the reinforced particles within the alloy matrix are evenly dispersed. The outcome 
shows that continuous stirring led to a consistent and even distribution of hard reinforcements throughout the 
structure of matrix [29]. Fabricated hybrid MMCs display smaller grains compared to the as-cast alloy, primarily 
due to the occurrence of strong reinforcements, which contribute to improved grain refinement [30]. In the 
development of hybrid MMCs, the presence of both B4C and Cenosphere underscores the significance of a grain 
refining process. In Fig. 2(a), the microstructure of the matrix alloy (Al7075) is depicted, while Fig. 2(b) 
illustrates the hybrid composites microstructure (8% B4C and 5% Cenosphere). It is widely recognized that the 
incorporation of hard particles into the Al matrix results in improved grain refinement. Due to improved particle 
wettability, improved reinforcement structure, and uniform dispersion of reinforcements within the base matrix 
alloy, hybrid composites also show a more durable bond between the base matrix and reinforcements. The 
strength of the hybrid MMCs is ultimately influenced by these parameters [31, 32].  

 

 
Fig. 2 Sample used for optical micrograph 

3.2 Hardness 
The hardness of the manufactured MMCs was assessed using “Vickers Hardness" testing equipment, as per E92-
ASTM standards [33, 34]. A diamond-shaped indenter measuring 10 mm, under 5 kg steady load, was used for 
30-second test duration. To obtain average hardness values, hardness examinations were conducted at ambient 
temperature at three different locations on the surface of the test samples. Fig. 4 shows the sample used for 
hardness test. Fig. 5 illustrates both the as-cast and B4C-Cenosphere reinforced composites hardness. When 

https://www.google.com/search?sa=X&sca_esv=a6fbe16d171ab0fd&bih=694&biw=1517&hl=en&sxsrf=ACQVn0-hLjC1jcy-zKH3bv6l0vm78_40Xg:1707201196385&q=ceriumiv+oxide+molar+mass&stick=H4sIAAAAAAAAAOPgE-LUz9U3MC0yz8vV0spOttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqxy83MSixRyE4uLF7FKJqcWZZbmZpYp5FdkpqQqIOQAEQ4jqFUAAAA&ved=2ahUKEwjelfuGjJaEAxVYT2wGHddlArkQ6BMoAHoECFQQAg
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comparing the outcomes to those of the base matrix, it became clear that the inclusion of B4C and Cenosphere 
particles improved the hardness of the developed hybrid Metal Matrix Composites. Ceramic particles are 
instrumental in displacing density during the solidification process in cast composites [35, 36].  

 

 

Fig. 3 Optical micrograph of (a) Ascast; (b) Al7075 reinforced with 8% B4C and 5% Cenosphere 

 
 

 

Fig. 4 Sample used for hardness test 
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Fig. 5 Hardness results of as-cast and hybrid MMCs 

The stircasting technique employed in composite fabrication fostered a robust connection between the 
reinforcement and matrix, which in turn bolstered the material attributes of the hybrid composites. The even 
spreading of B4C and Cenosphere particulates within the base alloy heightened overall stress levels, 
consequently leading to a growth in hardness. According to Xuedan Dong [37], increasing the Cenosphere 
content improved material strength of the MMCs. In this study, the load was typically borne by the reinforcing 
ceramic particulates within the soft matrix, providing higher resistance [38, 39]. Hard ceramic particles acted as 
load-bearing elements in the current study, withstanding the highest applied force before plastic deformation 
occurred, thereby enhancing the hardness in the created hybrid MMCs [35]. Furthermore, the hardness of 
hybrid composites, which was added with silica and Cenosphere, had the potential for improvement through 
grain refinement. Ultimately, the composition of B4C, Cenosphere, and the existence of hard particulates exerted 
a substantial influence on the mechanical strength of the produced hybrid MMCs [40]. The hard particulates in 
B4C enabled material flow without deformation, and they fractured without additional deformation once critical 
values were surpassed. In accordance with the Hall-Petch equation, a reduction in grain size resulted in 
increased hardness [39]. Beyond 6% B4C, the stircast hybrid MMCs exhibited only a slight elevation in hardness, 
mainly because of the accumulation of increased weight percentages of reinforcements. This observation aligns 
with findings from other researchers [37]. Additionally, the restraint of B4C and Cenosphere particle movement 
contributed to increased hardness. These robust particles within the matrix, including B4C and Cenosphere, 
acted as barriers to dislocation motions and increased the stress required for dislocation movement [11, 12, 15]. 

3.3 Tensile Strength 
Experiments were done employing a Universal Testing Machine (UTM) with a maximum load of 450 kN. The test 
samples had been prepared in accordance with the ASTM-E8 guidelines [41–43]. Fig. 6 represents the tensile 
test sample used for the investigation. Fig. 7 presents the tensile behavior of the developed MMCs. The overall 
mechanical strength of the composites increased by the addition of B4C and Cenosphere particles.  
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Fig. 6 Sample used for tensile test 

 

 

Fig. 7 Tensile strength of as-cast and hybrid MMCs 

Various factors played a role in enhancing the mechanical performance of the fabricated hybrid Metal Matrix 
Composites, encompassing the even distribution of particulates, grain size, and the interface bonding between 
the matrix and reinforcements. Stirring played a crucial role in achieving a more even distribution of 
reinforcement throughout the base matrix. This resulted in improved bonding between B4C and Cenosphere 
particles and the matrix alloy, particularly during solidification. Additionally, mechanisms such as grain 
refinement, dislocation strengthening, and load transfer were linked to the increased tensile strength. It was 
found that establishing a robust interface between the material matrix and the hard reinforcement particulates 
is vital for the efficient transfer of loads within the bulk material. Enhanced bonding among the matrix and 
reinforcement particles resulted in a more effective transfer of loads from the matrix alloy to the hard 
reinforcements [28]. The mechanism for strengthening involved recrystallization that could occur during 
thermo-mechanical processing. The occurrence of hard particulates led to the formation of a deformation zone 
due to mismatches between the hard particulates and the surrounding material. From the Hall-Petch principles, 
grain refinement induced by particulate-stimulated nucleation increased the material strength of hybrid MMCs. 
The higher dislocation density in hybrid MMCs significantly enhanced their strength. Furthermore, the "Orowan-
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Strengthening" mechanism contributed to an improvement in tensile strength by impeding dislocation 
movement through finely dispersed hard particles like B4C and Cenosphere [39]. These hard particles acted as 
barriers against dislocations by being uniformly distributed throughout the base matrix, owing to their extreme 
hardness and non-deformable nature, making dislocation movement, and cutting challenging. In this study, the 
hybrid MMCs displayed enhanced tensile strength up to a 6% B4C content. Beyond this point, a decline in tensile 
strength became evident. This reduction was attributed to the clustering or agglomeration of higher weight 
percentages of reinforcements [37]. Additionally, restraint to B4C and Cenosphere particle movement 
contributed to increased hardness. The hard particles within the matrix, including B4C and Cenosphere, acted as 
barriers to dislocation motions and increased the stress required for dislocation movement. The maximum 
tensile strength of 180.58 MPa is obtained for 6% B4C + 5% cenosphere reinforced MMCs. The obtained result 
indicates that, the as-cast shows the lower tensile strength when compared to the 6% of hybrid composites. 
Further increase of hybrid reinforcement (8%) tensile strength is decreased. In 8% of hybrid composite, it is 
observed that, the lower tensile strength was found when compared to 6% of hybrid composite. It is due to the 
brittleness formation at 8% hybrid composites.  Fig. 8 depicts the elongation percentage for developed hybrid 
composites, indicating a slight decrease in ductility as the B4C and Cenosphere particle content in Al7075 
increased [44, 45]. However, the hybrid MMCs still exhibited greater ductility compared to the as-cast alloy. This 
reduction in ductility was primarily due to casting flaws such as solidification shrinkages and porosities, which 
served as crack nucleation sites, promoting fracture propagation. Moreover, the inclusion of hard particles in 
hybrid composites refined the grain, which in turn enhanced ductility. Higher weight percentages of B4C and 
Cenosphere particulates caused a further decline in ductility. This reduction was primarily due to the existence 
of numerous sites where cracks initiated, especially at the contact point between the reinforced material and the 
base alloy, along with the presence of micro porosities [46].  

 

 

Fig. 8 Elongation of as-cast and hybrid MMCs 

Elevated weight percentages of reinforcements resulted in substantial debonding at the contact point between 
the matrix and reinforcement material when subjected to tensile loading, consequently diminishing ductility 
[41]. Fig. 9 displays tensile fractography images of as-cast and hybrid MMC samples. Extreme ductility in MMC 
manufacturing was caused from the growth of microscopic pores on fractured material surfaces. as-cast element 
with a fractured surface exhibited more dimple forms, indicating better ductile strength compared to hybrid 
MMCs. Fractographic studies revealed that the failure type shifted from ductile to brittle as B4C and Cenosphere 
content increased. The dimples on the broken surface and the deformed area are indicators of this shift. More 
microcracks appeared when there were more hard ceramic reinforcements, which suggests that the material 
was less ductile. Fractured surfaces often had a higher density of voids and cracks in their topology. A triaxial 
stress state developed around the robust ceramic particles due to their presence in the soft matrix, which 
eventually resulted in void formation. This suggests a strong adhesion between the reinforcements and the 
matrix material, with bonding influenced by the reinforcement geometry and grain size. Dimple sizes indicated a 
linear relationship between composite strength and dimple size. The broken surfaces of tensile samples 
provided insights into the mix of hard particles at the interface. Fracture mechanisms included hard particle 
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pullout and fracture, both of which reduced ductility. Voids at the particle-matrix interfaces accelerated the 
outward spread of cracks from their centers [47-49].  Fig. 10 exhibits the stress-strain curve for both the as-cast 
material and the hybrid MMCs that were created. The findings suggest that the composite comprised of 6% B4C 
+ 5% Cenosphere can endure the greatest stress while also showcasing enhanced toughness. Nevertheless, it's 
worth emphasizing that several methods aimed at enhancing strength resulted in a reduction in ductility.  From 
the Fig. 10, it can be reveal that, the percentage of elongation decreases with increase in % of B4C reinforcement. 
Compared the % of deformation of hybrid composites with as-cast are shown in the stress-strain curve (Fig. 10). 
The obtained result indicates that, the as-cast shows the lower tensile strength when compared to the 6% of 
hybrid composites. Further increase of reinforcements it is observed that, reduction tensile strength. It is due to 
the brittleness formation at 8% hybrid composites. 
 

 
(a)                                                            (b) 

Fig. 9 SEM of fracture surface of the tensile test samples (a) as-cast; (b) hybrid composites 

 

 

Fig. 10 Stress strain curve of as-cast and hybrid composites 
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3.4 Wear Loss 
In accordance with ASTM guidelines, a wear test was conducted by PIN-ON-DISC method by using a steel disc of 
grade EN32 at a sliding speed of 2 m/s and a continuous load of 30 N. Test samples, measuring 30 mm in length 
and 8 mm in diameter, were prepared through CNC machining. The wear loss was determined in both as-cast 
and hybrid composites by measuring weight loss. Fig. 11 represents the sample used for the wear test. The wear 
pattern of the B4C and Cenosphere reinforced Al hybrid composite is visually presented in Fig. 12. 
 

 
Fig. 11 Sample used for wear test 

 

 

Fig. 12 Wear loss of as-cast and hybrid composites 

The inclusion of hard particles, such as B4C and Cenosphere, within the matrix material increased the van 
der Waals forces, leading to fewer dislocations and enhanced wear resistance [36]. This effect resulted in a 
higher load-bearing capacity for hard particles, reducing wear loss. It's evident that the combination of B4C and 
Cenosphere particles contributed to the hybrid composites losing less weight over time compared to the as-cast 
alloy. The abrasive nature of B4C and Cenosphere particles contributed to the increased hardness of the 
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generated MMCs. Furthermore, the finer dispersion of harder shattered particles strengthened the hybrid 
composite [50]. However, an increase in the percentage weight of reinforcements further intensified wear loss, 
typically due to particle aggregation. Similar findings have been reported by other researchers [24, 27].  

Scanning Electron Microscopy (SEM) analysis was utilized to inspect the sliding wear tracks of the test 
samples. SEM investigations of the worn surfaces offered insights into the effect of hard particles on the wear 
attributes of the MMCs. Fig. 13 presents test specimens from both as-cast and hybrid composites, showcasing 
worn surfaces captured in SEM images. These images unveil grooves of varying diameters on the worn surfaces, 
likely as a result of worn debris particles behaving as secondary abrasive bodies. The creation of these grooves 
and tiny patches on the worn surfaces was caused by the inclusion of hard particles in the base matrix, which 
hindered plastic deformation. The creation of a protective effect on the surface under the applied stress was 
facilitated by B4C and Cenosphere particles, greatly improving wear resistance. This study has demonstrated the 
positive impact of B4C-Cenosphere particles on the wear attributes of the MMCs. Both the test samples and the 
counterface were loaded with B4C and Cenosphere particles, which led to micro-ploughing on the contact 
surfaces of the hybrid MMCs produced. Notably, there was material transfer between the sliding surfaces, which 
was evident in the wear surfaces. The matrix's increased wear resistance was largely attributed to the 
homogeneous distribution of B4C and Cenosphere materials. SEM images of the fabricated hybrid MMCs in Fig. 
13(b) show more uniform sliding wear tracks with significantly less debris, in contrast to Fig. 13 (a), which 
shows tracks with larger debris content in the produced hybrid MMCs. In contrast to as-cast alloys, hybrid 
composites have a higher density and better interfacial adhesion between the particles and the base matrix, 
which contributes to their improved wear resistance. Reduced wear loss was the result of the steel discs 
inability to penetrate the composite materials due to the presence of ceramic particles [48, 51, 52]. 

 

 
(a)                                                               (b) 

Fig. 13 SEM fractography of worn-out surface of (a) as-cast; (b) hybrid composites 

4. Conclusions 
The primary emphasis of this investigation was on the production and study of hybrid Metal Matrix Composites 
(MMCs) consisting of Al7075, Boron Carbide (B4C), and Cenosphere. Stircasting technique was employed for 
fabrication. The significant outcomes and conclusions drawn from this study can be summarized as follows: 
Stircasting was used effectively to produce hybrid Metal Matrix Composites. Microstructure analysis showed 
that the matrix and reinforcement had better bonds and that the boron carbide + cenosphere particles were 
dispersed uniformly. It was found that hybrid MMCs have higher tensile and hardness strengths than as-cast 
alloy. Ductility was reduced as cenosphere and boron carbide weight percentages increased. The highest 
hardness of 86.55 VHN was achieved for the 8% B4C + 5% cenosphere reinforced MMCs. Maximum tensile 
strength of 180.58 MPa was obtained for 6% B4C + 5% cenosphere reinforced MMCs. The fractography study 
illustrates how the inclusion of harder particles like boron carbide and cenosphere caused a change in failure 
types from ductile to brittle. The lowest wear loss was observed for the 6% B4C + 5% cenosphere hybrid 
composites. Further increase of reinforcement leds to gradual wear taking place. Fractography was used to 
display the tensile specimen's interior fractured structure. It was observed from scanning electron microscopy 
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research that hybrid Metal Matrix Composites showed fewer fracture initiation. Additionally, there was better 
enhanced adhesion between the reinforcements and the matrix interface. 
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