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The objective of this investigation is to enhance the mechanical and tribological 

properties of aluminum foam composites through the incorporation of cenospheres and a 

Mg-Sn alloy. Cenospheres, lightweight ceramic microspheres, are integrated as fillers 

within the metal matrix composites, capitalizing on their high strength-to-weight ratio 

and buoyancy. The synergistic effect of the Mg-Sn alloy addition is postulated to fortify 

the composite, augmenting its strength. These lightweight yet robust composites are 

poised to offer significant benefits in sectors demanding high performance and reduced 

weight, such as aerospace, automotive, and biomedical engineering. A meticulous 

examination of density, hardness, friction coefficients, and wear rates was conducted. It 

was observed that the inclusion of cenospheres precipitated a decrease in density from 

2.51 to 2.01 g/cm3 with a volume fraction increase from 0 to 55%. The introduction of 

0.8% Mg-Sn alloy to a blend of 55% cenosphere and 44.2% aluminum resulted in a 

density increment to 2.14 g/cm3. Concurrently, the Vickers hardness exhibited an 

increase from 37 HV to 53 HV with a rising cenosphere concentration and further 

escalated to 57 HV upon the addition of the Mg-Sn alloy. Tribological testing revealed 

that the friction coefficient diminished from 0.293 to 0.235 µ with an escalated 

cenosphere volume from 25 to 55%. The integration of 0.4% Mg and 0.4% Sn alloy was 

demonstrated to significantly enhance the friction behavior compared to the pure 

aluminum and aluminum-cenosphere composites at a 55% volume fraction. The wear 

rate exhibited a pronounced decrease from 1.957 × 10-6 to 1.1245 × 10-6 g/cm under a 10 

N load, which correlated with the increasing cenosphere content. This trend persisted 

under 20 N and 30 N loads, where wear rates diminished with a higher cenosphere 

volume fraction. The composition comprising 55% cenosphere and 0.8% Mg-Sn alloy 

manifested the lowest wear rates across varying stress conditions. Compression testing 

underscored a consistent decrease in compressive strength from 160 MPa to 65 MPa as 

the cenosphere content rose from 0 to 55%. However, the composite with 55% 

cenosphere sees a dramatic rise in compressive strength when Mg and Sn are introduced 

at 0.8 vol.%. Observed changes in density, hardness, friction and wear rates indicate that 

composite properties can be improved. These composites have the ability to combine 

mechanical strength with lightweight design, making them attractive for industrial 

applications. 
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1. INTRODUCTION

The emergence of composite materials as a new class of 

materials has great implications for many industries [1-3]. Due 

to its many uses, aluminum is one of the most common 

minerals found on earth and one of the most beneficial. These 

characteristics include high thermal stability, corrosion 

resistance, low density and high strength-to-weight ratio. 

Taking advantage of the natural properties of aluminum, 

scientists and engineers have combined aluminum with other 

materials such as ceramics, polymers, and carbon-based 

materials to create a variety of sophisticated composite 

materials [2, 4-6]. The importance of lightweight materials can 

be linked to the challenges and requirements of specific 

industries. For example, lightweight materials are important in 

the automotive industry to reduce emissions and increase fuel 

efficiency [7]. Lightweight materials are becoming 

increasingly important as the requirement to reduce the size of 

implants and prostheses in biomedical engineering increases, 

so researchers developing those materials must this requires a 

reasonable compromise between reducing their weight and 

maintaining system integrity [8]. Despite the focus on weight 

reduction, maintenance costs and replacement costs can be 

saved in the long run by using lightweight materials. 

Furthermore, the use of lightweight materials can accelerate 

the transition to sustainable energy and transport systems. 
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Thus, in order to achieve sustainability goals, it is necessary to 

develop lightweight products to address specific issues and 

requirements in different industries [9]. Cenospheres are 

highly light, hollow, spherical microspheres packed with inert 

gases such as carbon dioxide or nitrogen. Coatings, 

engineering plastics, modified rubber, electrical insulating 

components, aerospace materials, and building materials may 

all benefit from their low density, wear resistance, high 

temperature resistance, excellent dispersion, and high strength 

[10, 11]. Fly ash, a byproduct of burning coal in thermal power 

plants, is processed to remove cenospheres. Cenospheres are 

separated from fly ash, a result of burning coal, using a cyclone 

separator. This extraction method is crucial in lowering carbon 

emissions and fostering sustainable growth, in addition to 

isolating cenospheres. Cenospheres make up around 10–15 

percent of fly ash's total volume. Low-density concrete is 

made by incorporating cenospheres, which are hard, stiff, 

lightweight, waterproof, and insulative, into the cement mix. 

In addition to being utilized as fillers in metals and polymers, 

they play a role in the production of lightweight composite 

materials that outperform conventional foams in terms of 

strength [12, 13]. Cenospheres have a number of desirable 

inherent properties that can have a positive tribological impact 

on composites with an aluminum matrix. Their porous 

construction allows them to support loads by absorbing energy 

from impacts. Because of their form, they can function as little 

ball bearings, facilitating easier sliding between two surfaces 

in contact [14]. Cenospheres' abrasion resistance is further 

enhanced by their strong ceramic walls. Aluminum-

cenosphere composites can have enhanced wear rate, friction 

coefficient, and seizing resistance compared to aluminum 

alloy equivalents by optimizing cenosphere properties and 

distribution [15]. Lightweight structural components may be 

made using the tried-and-true press-and-sinter processing 

method for aluminum powder metallurgy (P/M) alloys. In this 

technique, atomized aluminum powder is combined with other 

raw powders and compressed. In addition, either elemental or 

master powder forms of alloying elements are included in trace 

amounts [14, 16-19]. For decades, the press-and-sinter 

processing technique has been the standard for fabricating 

aluminum powder metallurgy (P/M) alloys into lightweight 

structural components. A raw powder combination, mostly 

made of atomized aluminum powder, is compressed using this 

process. Alloying elements, either in elemental or master 

powder form, are also added, albeit in minute quantities. 

According to Novák et al. [20], pre-alloyed aluminum 

powders with elemental compositions similar to those of 

natural aluminum ores were used to create bulk aluminum 

alloy samples in this investigation. Aluminum alloys with 

consistent microstructures and alloying element distribution 

were produced by a manufacturing technique including cold 

compaction followed by sintering. Mechanical qualities of the 

naturally occurring alloy compositions were found to be 

similar to, or perhaps somewhat inferior to, those of the 

industry standard AA6061 alloy. The tensile strength could 

reach 240 MPa, while the hardness was close to 95 HB. These 

findings suggest the potential for enhancing the strength of 

aluminum alloys without resorting to specialized alloying 

additives. The sintering behavior of aluminum powders is 

modulated by the inclusion of alloying elements such as Mg, 

Si, Fe, Mn, Ti, and Zn, which likely form intermetallic phases 

with the aluminum matrix at sintering temperatures [20, 21]. 

The oxide properties on the powder surface are modified by 

these alloying elements, thus influencing sintering dynamics. 

Fracture and removal of oxide coatings during compaction 

may have been aided by the presence of elements like 

magnesium and zinc. Powder bonding can be improved in this 

way [22, 23]. The mechanical characteristics of aluminum 

components can be improved by adopting a sintering method 

that incorporates magnesium element powder [24]. 

Magnesium can decrease the surface Al2O3 coating on 

aluminum alloy powder and speed up the sintering process, 

both of which increase the material's tensile strength. 

Powdered tin, when added to a combination of aluminum 

powder and magnesium powder, is said to help the powders 

compact more tightly. Powder metallurgy's liquid phase 

sintering process for aluminum can benefit from the addition 

of Sn and Mg [24, 25]. The aim of this study is to 

comprehensively investigate the influence of cenospheres and 

Mg-Sn alloy on the mechanical and tribological properties of 

aluminum foam composites, including density, Vickers 

compressive hardness, friction coefficients, wear rates, and 

compressive strength. The study seeks to uncover the 

synergistic effects of these additives and their potential to 

tailor the attributes of the composites, offering insights into 

their suitability for lightweight applications across diverse 

industries.  

 

 

2. EXPERIMENTAL 

 

2.1 Materials 

 

In this study, an aluminum foam composite is fabricated 

utilizing fly ash cenospheres obtained from Xingtai Shineway 

Corporation CO., Ltd. The microstructure of the cenospheres 

is shown in Figure 1(a). The average size of the cenospheres 

is 387 m±49, which is determined from the statistical analysis 

of scanning electron micrographs of the cenospheres. 

Cenospheres are low-density, hollow ceramic microspheres 

that serve as fillers in metal matrix composites, thereby 

decreasing their overall weight without compromising their 

structural integrity. 

The aluminum powder (with a purity of 99%) utilized in this 

research was procured from Guangzhou Kias Biotechnology 

Co., Ltd., as illustrated in Figure 1(b). It exhibited a particle 

size varying between 11 and 53 m during the experimental 

procedures.  

Two additional types of powders were incorporated in the 

research. One of these powders consisted of tin (Sn), with a 

purity of 99% and particle dimensions spanning from 20 to 40 

µm. The second powder encompassed magnesium (Mg), 

boasting a purity of 98% and a particle size of 30 µm. The 

sintering process deliberately adds tin and magnesium powder 

to aluminum powder to create a composite with unique 

properties The microstructure and mechanical properties of the 

resulting material greatly influence alloy parts, which can 

improve performance and performance on in a particular 

application. Shenzhen Xiangu High-Tech. Co., Ltd. supplied 

both the tin (Sn) and magnesium (Mg) powders. Extensive 

scientific research was done to investigate the unique 

properties of these powders. Particle size and composition 

were two of several characteristics that required careful 

examination as part of the inspection process. In addition, the 

interactions between the powders were carefully studied to 

determine the combined effect on the final composite, 

especially during sintering to determine the chemical 

composition of magnesium, tin, and aluminum in detail, as 
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shown in Tables 1, 2, and 3, respectively. This table provides 

important information on the chemical composition of each 

component, improving the behavior and properties of the 

materials under study. 

 

 
 

Figure 1. Scanning electron microscope (SEM) imagery: (a) 

cenosphere and, (b) aluminum powder 

 

Table 1. The chemical compounds of Aluminum powder 

 

Elements Measured % 

Al 99.0 

Fe 0.31 

Mo 0.1 

Co 0.08 

Mn 0.21 

Si 0.11 

Tin 0.04 

Mg 0.013 

Zn 0.1 

 

Table 2. The chemical compounds of Magnesium powder 

 

Elements Measured % 

Mg 98.0 

Fe 0.41 

Mo 0.24 

Co 0.15 

Mn 0.35 

Si 0.32 

Ni 0.12 

Cu 0.2 

Cr 0.21 

 

Table 3. The chemical compounds of Tin powder 

 

Elements Measured % 

Sn 99.0 

Fe 0.150 

Mo 0.019 

An 0.011 

Sr 0.015 

Ti 0.012 

Mg 0.042 

Cu 0.700 

Cr 0.013 

 

2.2 Characterization and testing 

 

The surface structure analysis of aluminum foam 

composites was performed using a Japanese-made JEOL JSM-

7800F field-emission scanning electron microscope (FE-

SEM). Using an automated Disc-on-Disc tribometer, the 

friction and wear properties were evaluated by ASTM G99 

guidance. Wear analysis was performed using an MMW-1A 

vertical universal friction testing system (Beijing United Test 

Co., Ltd.). This procedure involved the arrangement of two 

discs: a rotating disc made of composite Al foam and a 

stationary disc made of alloy steel (CK 50) with specific 

dimensions. The testing was consistently conducted under 

room temperature conditions, maintaining a steady sliding 

velocity, varying loads, and designated test duration. The 

evaluation of wear results encompassed the measurement of 

sample mass reduction, following the procedure outlined in 

accordance with the ASTM G99 standard [21]. 

 

𝑊𝑅 =
∆𝑤

𝑆𝐷
 (1) 

 

where, WR: Wear rate (g/cm).  

w: Weight difference of sample before and after each test 

(gm), and 

SD: Total sliding distance (cm).  

Compressive specimens were analyzed using universal 

testing equipment (WDW-300, Beijing, China) in accordance 

with the ASTM E8 standard. 

 

2.3 Sample preparation 

 

The samples were manufactured using a standard press-and-

sinter process. Cenospheres and aluminum powder were dried 

for 30 minutes at 120℃ to eliminate any moisture. The raw 

materials were manually mixed with cenospheres ranging 

from 25 to 55 vol%. To ensure excellent miscibility, pure 

ethanol was added to the mixtures before compacting. There 

was a total of six carefully created sets, each distinguished by 

its own unique combinations of composite compositions. For 

each set, three distinct samples were created, each reflecting a 

particular variation in the composition parameters. These 

variants may involve varying ratios of aluminum powder, 

cenospheres, and added tin (Sn) and magnesium (Mg) powders. 

The three samples were carried out to examine elements and 

composition ratios that affected the final material's properties. 

A detailed understanding of the experimental design and its 

implications for further research would result from a close 

review of the unique compositions in every sample. Die 

lubricant was used to reduce the impact of friction throughout 

the procedure. It was in an Argon (Ar) environment that the 

specimens were sintered. The temperature was increased by 

20℃ each minute for two hours, during which all of the 

specimens were treated at 680℃. Aluminum powder oxidation 

during the sintering process can be successfully prevented by 

preparing the sample in an argon atmosphere. Previous study 

findings may have affected the choice of a 2-hour treatment 

period at 680℃ and a ramp-up rate of 20℃ per minute [26-

28]. Figure 2 displays the aluminum foam composite with 

specific dimensions after sintering. 

 

 
 

Figure 2. Aluminum foam composite with specific 

dimensions 
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3. RESULTS AND DISCUSSION 

 

3.1 Microstructure assessment 

 

In this study, we examined the effects of adding cenosphere, 

magnesium, and tin to aluminum composites made by 

sintering at 680 degrees Celsius. Cenospheric additions ranged 

from 25 to 55% of the total volume. The outcomes of our 

Scanning Electron Microscopy (SEM) examination of the 

samples' microstructure are shown in Figure 3. Without the 

cenosphere, the sintered aluminum sample's microstructure 

appeared to be pore-free and included fine granules throughout 

Figure 3(a). But as can be seen in Figure 3(b), (c) and (d), the 

microstructure underwent a significant alteration after the 

addition of cenosphere. Additionally, there were no obvious 

evidence of degradation and the cenosphere was evenly 

distributed throughout the aluminum matrix. This finding 

shows a considerable rise in particle density as the volume 

proportion of cenosphere increases and validates the 

appropriate distribution of cenosphere particles in the 

composite. Additionally, it is obvious that cenosphere has 

caused some pores to develop in the aluminum matrix. This 

occurrence can be linked to cenosphere, which are hollow, 

light-weight particles made of fly ash that have special 

properties. Cenosphere is less dense than aluminum, thus 

when they are added to a composite, the sintering process may 

cause voids or pores to emerge because of the difference in 

densities between the two materials [29]. The sharp contact 

between the cenosphere shell and the aluminum matrix is 

visible in Figure 4(a) and (b)'s higher magnification 

micrograph. The bonding between the cenosphere and the 

matrix can be seen more clearly in this magnified picture, and 

it appears to be fairly strong. 

 

 
 

Figure 3. Scanning electron microscope of composite foam 

with the addition of cenosphere (a) 0 vol.%, (b) 35 vol.%, (c) 

45 vol.%, (d) 55 vol.% 

 

 
 

Figure 4. Microscopic image displaying a robust connection 

between the cenosphere shell and the aluminum matrix 

 

The results of adding 0.4% Mg and 0.4% Sn to a 

combination of 55% cenosphere and 44.2% aluminum powder 

are shown in Figure 5. When the composite is sintered at 680℃ 

for 2 hours, the microstructure undergoes dramatic changes, 

especially in terms of porosity and pore size. Pores formed in 

the aluminum matrix during sintering are shown in Figure 5(a) 

and, whereas porous aluminum composites are shown in 

Figure 5(a). When Mg and Sn are introduced, however, a 

dramatic change takes place, and the pores disappear (Figure 

5(b)). Incorporating Mg and Sn acts as alloying agents that 

help refine grains and reduce voids during sintering. Grain 

development and pore coalescence are both slowed when Mg 

and Sn diffuse into the aluminum lattice. This results in a finer 

grain structure and fewer holes in the sintered aluminum. The 

material's wear characteristics and overall performance are 

greatly improved by the material's finely adjusted 

microstructure, making it suifiguire for uses that need high 

strength and resistance to fracture propagation [30-32]. Recent 

literature corroborates the claim that sintering may include 

solid-state diffusion between aluminum, magnesium, and tin 

atoms, potentially resulting in the creation of alloy phases that 

impact the characteristics of the material [32-34]. Intermetallic 

compounds are created and electron exchange occurs during 

the alloying of aluminum with magnesium and tin [24]. The 

microstructure and properties of the composite material may 

be impacted by the atomic-level processes. When magnesium 

is mixed with aluminum, for instance, a solid solution is 

produced that can enhance the mechanical properties of the 

resulting material [33]. Therefore, during sintering, the 

molecular or atomic interactions between the atoms of 

aluminum, magnesium, and tin may create alloy phases that 

affect the properties of the material. 

 

 
 

Figure 5. Scanning electron microscopy depiction of 

composites comprising 0.4% Mg and 0.4% Sn combined 

with 55% cenosphere and 44.2% aluminum 

 

A thorough analysis of the effects of the cenosphere and 

Mg-Sn alloy on the density of aluminum foam composites is 

shown in Figure 6. The results reveal a consistent trend: a 

progressive increase in the volume fraction of cenosphere 

from 0 to 55% leads to a notable reduction in composite 

density, decreasing from 2.51 to 2.01 g/cm3. Interestingly, 

when incorporating 0.4 vol.% of both Mg and Sn in 

conjunction with a 55% volume fraction of cenosphere into the 

aluminum matrix, a distinct deviation occurs. Specifically, the 

density of the composites shows a discernible increase, rising 

from 2.01 to 2.14 g/cm3. The variation in density upon adding 

cenosphere, magnesium, and tin can is attributed to the 

distinctive properties and behaviors of these materials. 
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Cenosphere, being hollow and lightweight microspheres 

derived from fly ash, displace denser aluminum material due 

to their lower density, thus contributing to the overall 

reduction in composite density with their increasing volume 

fraction. On the other hand, the addition of magnesium and tin, 

both denser than aluminum, would typically lead to an 

increase in composite density. However, their incorporation 

might introduce other beneficial attributes, such as improved 

wear properties or enhanced alloying effects, which could 

outweigh the density increment [11, 13]. 

 

 
 

Figure 6. The influence of cenosphere and Mg-Sn alloy on 

the density of aluminum foam composites. 

 

3.2 Tribological and mechanical tests 

 

Figure 7 displays the outcomes of an investigation into how 

the inclusion of cenosphere and the Mg-Sn alloy impacts the 

friction coefficients, wear resistance, Vicker hardness, and 

compressive strength of the composite foam. Figure 7(a) 

compares the friction coefficients of composite materials to 

those of pure aluminum. Various volume fractions of 

cenosphere (0 to 55 Vf%) were used to strengthen the 

composites, and 0.4% Mg and 0.4% Sn were added to a 

mixture of 55% cenosphere. The findings indicated that pure 

aluminum had a friction coefficient of 0.308. The friction 

coefficients fell from 0.293 to 0.235 as cenosphere was added 

in volume fractions rising from 25% to 55%, respectively. The 

friction coefficient increased noticeably when 0.4% Mg and 

0.4% Sn were added to the mixture of 55% cenosphere and 45% 

aluminum. The addition of Mg and Sn resulted in significant 

improvements of 53.2 and 16.9%, respectively, when 

compared to both pure aluminum and composites containing 

55% cenosphere. The effects of adding cenosphere, along with 

0.4% Mg and 0.4% Sn, to aluminum composites on their wear 

rates is shown in Figure 7(b). Additionally, it investigated how 

different loads influenced the wear characteristics. All 

specimens were tested under similar environmental conditions, 

with a spindle speed of 200 rpm and test durations lasting 300 

seconds. The findings, presented in Figure 7(b), revealed that 

at a test load of 10 N, the wear rates significantly decreased 

from 1.957*10-6 to 1.265*10-6 g/cm as the cenospheres' 

volume fraction increased from 0% to 55%. Similarly, at a test 

load of 20 N, the wear rates dropped remarkably from 

12.913*10-6 to 1.759*10-6 g/cm with increasing cenosphere 

content. Likewise, at a test load of 30 N, the wear rates 

decreased significantly from 3.834*10-6 to 2.179*10-6 g/cm as 

the cenospheres' volume fraction increased from 0% to 55% . 

Furthermore, the results demonstrated that the lowest wear 

rates were seen in comparison to other samples when 0.4% Mg 

and 0.4% Sn were added to a mixture of 55% cenosphere and 

45% aluminum powder. Specifically, at pressures of 10 N, 20 

N, and 30 N, the wear rates were 1.1245 * 10-6, 1.669 * 10-6, 

and 1.879 * 10-6 g/cm3 are obtained, respectively. 

 

 
 

Figure 7. The impact of cenosphere and Mg-Sn alloy on (a) friction coefficients, (b) wear rate, (c) Vicker hardness, and (d) 

compressive strength of aluminum composite foam 
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These hard particles are responsible for the decrease in wear 

rate and coefficient of friction with increasing cenosphere 

number. They act as thick lubricants, reducing the contact 

areas between absorbers and smoothing the surface. As a result, 

there is less frictional resistance, which lowers the friction 

coefficient. Furthermore, the incorporation of 0.4% Mg and 

0.4% Sn into the composite is essential in further reducing the 

coefficient of friction. Tin and magnesium are well-known for 

having low friction coefficients and lubricating qualities. They 

reduce adhesion and friction between the sliding surfaces by 

forming a lubricating coating on them when included into the 

composite. Additionally, they may react with the aluminum 

matrix to form compounds that enhance the lubricating effect. 

This reduction in friction results in the observed significant 

improvements in friction performance compared to both pure 

aluminum and composites with only cenosphere. 

A thorough analysis of the relationship between cenosphere 

and the Mg-Sn alloy and the Vickers hardness of composite 

foam is depicted in Figure 7(c). According to the findings, 

there is a consistent pattern whereby increasing the amount of 

cenosphere in the composite from 0 to 55% causes a 

significant increase in hardness, from 37 to 53 HV. The 

addition of Mg and Sn, each at 0.4 volume percent, to a 

combination that already contains 55% cenosphere by volume, 

however, results in a surprising event. The hardness of 

composites obviously rises, rising from 53 to 57 HV. This 

unique variation emphasizes the additional components' 

synergistic role in fortifying the composite material. Hollow 

low-mass particles called cenosphere have exceptional 

strength for their size. They act as fillers when added to the 

composite foam, taking advantage of the voids that are present 

naturally. This improves the packing density of the composite, 

which in turn increases its hardness. Cenospheres, which are 

rigid by nature, can also boost the composite's stiffness and 

strength, which in turn helps the material's hardness. Then, a 

magnesium-tin alloy is used to reinforce the composite foam. 

A composite's hardness can be increased by effectively 

pinning dislocations and preventing deformation using 

dispersed Mg-Sn alloy particles. The use of this alloy enhances 

the material's strength and resistance to plastic deformation. 

Figure 7(d) shows the results of a study on the effects of 

cenosphere and the Mg-Sn alloy on the compressive strength 

of composite foam. The findings revealed a recurrent pattern: 

as cenosphere content in the composite increased (from 0% to 

55%), compressive strength gradually decreased, falling from 

160 MPa to 65 MPa. However, when 0.4 vol.% of Mg and Sn 

were added to the composite, which contained 55% 

cenosphere, an unusual observation was made. In this instance, 

the composites' compressive strength significantly increased, 

going from 65 to 73 MPa. More empty spaces are introduced 

into the composite as the volume proportion of cenosphere 

rises, resulting in a decrease in the composite's overall density. 

The existence of void areas and lower-density regions reduces 

the composite's ability to resist compressive forces since 

compressive strength measures a material's capacity to tolerate 

compression and deformation. Additionally, the composite 

may experience stress concentrations due to the cenospheres' 

hollow shape. These stress concentrations might result in 

localized failure sites under compressive loads, lowering the 

composite's total compressive strength. 

 

3.3 The morphology of a worn surface 

 

The micrographs in Figure 8 display the surface 

morphologies, under a 10N load, of aluminum matrix 

composites reinforced by varying concentrations of 

cenosphere. Each image features a sliding indicator in the form 

of a directional arrow. Figure 8 show how, at lower cenosphere 

concentrations, the worn surfaces show deep furrows. 

However, when the concentration of cenosphere increases, the 

furrows diminish and more wear debris is distributed across 

the surface. These furrows are a reflection of the direction of 

sliding. Wear debris from a matrix with lower cenosphere 

concentrations is longer and more extensive than that from a 

matrix with reinforced composites. As the cenosphere loads 

grow, tension and temperature near the sliding interface 

decrease. Particles from the cenosphere and aluminum are 

hence less likely to become airborne and disperse from the 

specimen. Furrows and wear detritus on the specimens are 

indicative of a plowing action and microcutting, respectively. 

When 0.4% Mg and 0.4% Sn are added to a composite of 55% 

cenosphere, interesting results are found (Figure 8(e)). As can 

be seen in Figure 8(d), this configuration reduces surface wear 

even further than a composite reinforced only with 55% 

cenosphere. Magnesium and tin are essential because of their 

lubricating properties and capacity to reduce friction 

coefficients. Once integrated into the composite, these parts 

provide a lubricating film on the sliding surfaces, reducing 

adhesion and friction. It's also likely that their interactions with 

the aluminum matrix result in compounds that provide even 

better lubrication [35].  

 

 
 

Figure 8. Worn surface of aluminum composite reinforced 

by cenosphere and Mg-Sn alloy. The volume fractions of 

cenosphere: (a) 25%, (b) 35%, (c) 45%, (d) 55% and (e) 55% 

cenosphere+(0.4% Mg and 0.4% Sn) 

 

The findings indicate that these composites possess the 

ability to achieve a harmonious combination of lightweight 

construction and mechanical durability, rendering them 

appropriate for a wide range of technological uses. The 

materials' versatility is emphasized by their capacity to alter 

features such as density, hardness, friction, and wear rates .

Although the study provides a basis for future inquiry, further 

research is required to enhance the alloy composition and 

investigate novel performance measures. The prospective 

ramifications and practical uses of these results might be 

examined, focusing on inquiries regarding the future 

utilization of these composites and their appropriateness for 
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certain sectors or applications. In summary, this research 

provides opportunities for customizing composites to fulfill 

specific technological specifications, hence promoting more 

investigation and utilization in diverse industries. However, 

this study may have several drawbacks. The experimental 

design focused on particular compositional alterations, 

although a wider range of factors might improve 

comprehension. Material variances may result from aluminum, 

cenosphere, and Mg-Sn alloy purity and supply variations. The 

study focused on density, hardness, friction, wear rates, and 

compressive strength, ignoring mechanical, thermal, and 

dynamic qualities that may improve the evaluation. The 

research recognizes atomic interactions during sintering, but a 

more extensive study of molecular and atomic interactions 

may help explain observed effects. The study offers 

applications in aerospace, automotive, and biomedical 

engineering, although industry-specific needs may require 

more research. Optimization of alloy composition and 

identification of appropriate performance metrics may limit 

the findings' application. These limitations must be addressed 

to contextualize the study's findings and guide future research. 

 

 

4. CONCLUSIONS  

 

In this research, the complex relationship between 

cenospheres and Mg-Sn alloy within aluminum foam 

composites was investigated. We uncovered valuable trends 

that have wide-ranging ramifications for several industries by 

methodically studying density, Vickers compressive hardness, 

friction coefficients, wear rates, and compressive strength. The 

similar patterns seen with cenospheres ranging in volume 

fraction from 0 to 55% highlighted the critical function of 

these additives in adjusting composite properties. Composite 

density decreased significantly with increasing cenosphere 

volume, from 2.51 to 2.01 g/cm3. This finding demonstrates 

the promising lightweight application of these materials. The 

composite density increased unexpectedly to 2.14 g/cm3 after 

the addition of 0.4% Mg and 0.4% Sn, revealing the intricate 

synergies at work. Increases in cenosphere content were 

associated with a rise in Vickers hardness, from 37 to 53 HV. 

This indicated the possibility of improved mechanical 

performance. With the addition of 0.4% Mg-Sn, the hardness 

was further enhanced to 57 HV, proving the efficacy of 

specific reinforcing procedures. The potential for improved 

tribological capabilities of the material was demonstrated by 

the sharp drop in friction coefficients seen with 

increased cenosphere concentration, particularly in the case of 

0.4% Mg-Sn reinforcement. Wear rates decreased for 

various loads, indicating that these composites may have a 

long service life. A notable decrease in compressive strength 

from 160 MPa for aluminum without additives to 65 MPa 

(with a 55% cenosphere concentration) demonstrates the 

study's ability to increase material durability). Significantly, 

this pattern was inverted, as there was a subsequent rise to 73 

MPa when including 0.4% Mg-Sn in the mixture with 55% 

cenosphere concentration. The study clarifies the complex 

interrelationships among cenospheres, aluminum, and the Mg-

Sn alloy, revealing their joint impact on the mechanical 

properties of the composite material. This study adds value to 

the optimization of aluminum foam composites by 

demonstrating how unique compositions may minimize 

potential drawbacks and increase material strength. The 

findings not only enhance our fundamental knowledge of the 

impact of cenosphere and Mg-Sn alloy on the tribological and 

mechanical properties of Aluminum Foam Composites, but 

also have practical applications for sectors such as aerospace, 

automotive, and biomedical engineering. Overall, this 

research expands the current knowledge by revealing new 

opportunities for customizing and using lightweight, yet 

strong, aluminum foam composites. 
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