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Abstract.  Heavily employed in engineering, Metal Matrix Composites 

are the primary focus of this research. Metal Matrix Composites have 

much improved mechanical properties and find extensive use across 

several sectors, including automotive and aerospace. The experiment 

entails using aluminium (Al7075) as the base material and incorporating 

iron oxide and RHS in weight ratios of 3%, 6%, and 9% to fabricate a 

strengthened Metal Matrix Composite. The stir-casting technique is used 

for the fabrication of these composites. The stir casting technology is 

selected because to its advantages, including its straightforward 

manufacturing process, cost efficiency, and reliable distribution of 

reinforced particles. The Fe3O4 reinforcing particle and RHS have a 

significant impact on the engineering material properties. The examination 

revealed enhancements in mechanical properties, including tensile, 

compression, and hardness strengths. The tensile strength of the 9% wt. 

reinforced Fe3O4 and RHS is found to be the highest at 362 MPa, while the 

yield strength is measured at 262 MPa, when compared to the original Al-

7075 alloy. Furthermore, the recently manufactured Al7075/Fe3O4 and 

RHS Metal Matrix Composite were subjected to microstructural 

examinations using SEM and EDS methodologies. The investigations 

demonstrated a uniform and homogeneous dispersion of Fe3O4and RHS 

reinforced particles inside the composite material. 
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1 Introduction  

In the category of super-high strength deformation alloys, Al-7075 is a precipitation-

hardened alloy that has amazing strength, specific stiffness, excellent fracture toughness, 

corrosion resistance, and great moulding performance and performance. Due to the fact that 

it is an aluminium alloy, it has distinctive characteristics, which makes it a flexible option 

for a variety of applications [1–4]. Metals combination particulates. solidifying particulates, 

acquire construction, along with displacement represent just a few of the unusual qualities 

that make it among among the most important materials for structure in the aerospace and 

automotive industries [5–6]. It is better advantageous to use great aqueous analysing 

approach as opposed with the effective analysing methodology since unique aqueous 

analysing methodology is higher cost-effective that has enough ability to manufacture 

complicated morphological elements. Despite this, one of the most significant difficulties 

associated with its aqueous approach is the achievement of a proportionate the allocation of 

reinforcements as well as its development of a strong interfacial interaction between the 

reinforcement and the matrix[7]. An increase in the Al/Fe3O4 Metal Matrix composite 

results in an increase in both the hardness and tensile strength of the material, but at the 

expense of ductility in comparison to the base alloy. Additionally, the material exhibits a 

ductile mode of facture [8]. 

In the field of mechanical characterization of Fe3O4 and RHS reinforced with Al-7075 

matrix composite, there has been a limited amount of work and research described. The stir 

casting process uses an electric melting furnace to create the suggested Metal Matrix 

Composite for the purpose of the current experimental investigation. 

The aim of the proposed work is to fabricated an Al-7075 Metal Matrix Composite 

reinforced with Fe3O4/RHS(weight proportions) in order to determine the optimized weight 

quantity of Fe3O4/RHS. The composite’s Tensile, compression, Hardness strengths and 

micro structural characteristic were tabulated and shown. 

2 Materials and Methods  

The Al7075 alloy was used as a base metal in the research project for the purpose of 

fabricating a composite material that was reinforced with varying weight fractions of Fe 

Fe3O4/RHS (three percent, six percent, and nine percent by weight). 

 

Table1 provides an overview of the chemical components that make up aluminium. We 

decided to use Fe3O4/RHS 300Mesh particle sizes. 

 

The construction of the aluminium metal matrix composite was accomplished via the use of 

the stir casting technique. A depiction of the casting setup and the stirrer that is attached to 

the variable speed motor can be seen in Figure 1. Figure 2 is a flowchart that demonstrates 

the manufacturing process. 

Table 1: Chemical Compositions of Aluminum7075. 
Constituent Cu Cr Ti Mg Zn Fe Mn Si Al  

Percentage in Wt. 1.8 0.2 0.15 1.9 3.25 0.5 0.4 0.5 Balance 
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Fig. 1. Squeeze casting setup for MMC processing 

 

 
Fig. 2.  Flow chart for proposed fabricated process. 

 

✓ In order to achieve the desired temperature of 660 degrees Celsius, the crucible 

containing the weighed aluminium alloy 7075 was heated. The crucible was held 

in the furnace at the same temperature. 

✓ Based on the weighted proportion of iron oxide and RHS particles, which were 

3%, 6%, and 9% respectively. 

✓ In addition, the moulding dies were heated beforehand. 

✓ To prevent blowholes and to decrease porosity, it is necessary to include 

degasifying chemicals. 

✓ When the temperature reaches the necessary amount, add the determined 

proportion of iron oxide (Fe3O4) and RHS to the molten metal and mix it well at a 

speed of 400 revolutions per minute throughout the process. 

✓ Take out the slag. 

✓ Let the molten metal pour into the die, and then wait for it to cool down. 

 

Using a universal testing equipment manufactured by Instron and a displacement control 

mode rate of 0.1 mm/min for testing, tensile and compression work pieces are machined 
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from rough castings with dimensions of 9 millimetres in diameter and 45 millimetres in 

gauge length in accordance with ASTM requirements. Several other kinds of testing were 

carried out, and the greatest results were averaged. We examined a number of different 

tensile characteristics and percentage elongation for Al-7075 alloy, Al-7075- 3, 6, and 9 

weight percent Fe3O4/RHS composites. In addition, a compression test was carried out on 

the same machine in accordance with the criteria of ASTM. Scanning electron microscopy 

was used in order to do the micro structural examination on the composites that had earlier 

been created. After being cut from the castings and given a thorough polish, the test sample 

has a diameter of between 10 and 12 millimetres. 

3 Findings and Analysis 

3.1. Maximum pull-out force when conduct a tensile test 

Figure 3 illustrates the ultimate tensile strength (UTS) of the material in comparison to 

various percentages of Fe3O4/RHS. In the presence of a 0–9% weight addition of 

Fe3O4/RHS, there is a discernible increase in UTS, which may range from 190 MPa to 348 

MPa across the board. 

  
Fig.3. Composite Al7075 + Fe3O4/PKSA 0–9% composite ultimate tensile strength. 

 

This consistent rise highlights the significant role that Fe3O4/RHS particulates play in 

determining the mechanical characteristics of the composite, notably in terms of increasing 

the tensile strength of the material of the composite. Incorporating different amounts of 

Fe3O4/RHS into the material has a favourable influence on the overall mechanical 

performance of the material, as shown by the observed intensification in tensile strength. 
 

3.2. Strength for yielding 

 

Figure 4 illustrates the composition of the ratio of yield strength to weight %. As the 

weight percentage of Fe3O4/RHS grows from 0% to 9%, the graph clearly demonstrates a 

significant improvement in yield strength, which goes from 103.6 MPa to 262.16 MPa. 

This improvement is a clear indication of the increase in yield strength. This trend 

highlights the good impact that Fe3O4/RHS has, demonstrating a considerable increase in 

the material's yield strength. Therefore, it is important to note that this trend. The fact that 

the yield strength of the Al7075 metal matrix composite increased as a result of the gradual 

addition of Fe3O4/RHS demonstrates that this reinforcement is effective in improving the 

overall mechanical characteristics of the composite material. 
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Fig. 4. Composite strength - Al-7075/Fe3O4/PKSA 0 to 9 weight percent. 

 

In addition to contributing to the composite's better mechanical characteristics, the tight 

arrangement of Fe3O4/RHS particles is responsible for the increased yield strength. This 

arrangement also helps to reinforce the molecular strength inside the aluminium lattice for 

the composite. 

3.3. Measurement of the percentage of elongation 

 

Figure 5 is a graph that illustrates the effect that Fe3O4/RHS has on the malleability of the 

composite material. The graph shows a downward trend when Fe3O4/RHS particles are 

added, with the percentages ranging from 0 to 9 weight percent. The integration of 

Fe3O4/RHS into the composite product resulted in an increase in the composite's strength, 

which is the cause of this reduction. The reduction in malleability that was found highlights 

the trade-off that exists between strength and malleability, indicating the significant 

influence that different percentages of Fe3O4/RHS have on the mechanical behaviour of the 

material. 

.  

Fig. 5. Elongation proportion of Al7075/Fe3O4/PKSA 0–9 weight percent composite. 

3.4. Examination of compression 

A representation of the compression strength of Al-7075 in the presence of Fe3O4/RHS 

composites ranging from 0 to 9 weight percent is shown in Figure 6. Beginning at 629.5 

MPa and continuing all the way up to 787.52 MPa, the compression strength shows a 

progressive rise. This increased trend demonstrates the good influence that the gradual 

addition of Fe3O4/RHS has had, confirming the function that it plays in increasing the 
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compression strength of the composite. Elucidating the possibilities for customising the 

material's characteristics by controlled compositional alterations in Al-7075 metal matrix 

composites, the observed variations give useful insights into the link between the content of 

Fe3O4 and RHS and the compression strength that ensues as a consequence of this 

relationship. 

 
 Fig. 6. 0 to 9 weight percent composite material with a compression strength of Al7075/ 
Fe3O4/PKSA 

3.5. An examination of the hardness 

Using a Brinell hardness tester, indentation tests were performed on the composite material 

that the suggested Al matrix alloy was made of. We created specimens of aluminium 7075 

alloy with Fe3O4/RHS reinforcement at 3%, 6%, and 9% in accordance with the usual 

procedures for metallographic analysis. There was a load of 250 kilogrammes of force, a 

ball with a diameter of 5 millimetres, and a dwell duration of thirty seconds. Recording the 

indentation load depth readings allowed for the determination of the material's hardness. In 

order to conduct the indentation test, each specimen was subjected to three iterations of the 

procedure, and the average data was collected. Hard Iron oxide Fe3O4/RHS is included into 

the mixture, which results in a progressive rise in the hardness values, which range from 

65.7 to 108.75 BHN, as shown in Figure 7. The results of this study emphasise the 

proportionate increase in hardness that occurs with increasing Fe3O4/RHS particle 

reinforcement in the Al7075 metal matrix composite. 

 
Fig. 7. The composite material Al7075/ Fe3O44/PKSA has a hardness ranging from 0 to 9 weight 

percent. 
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3.6. Visual Structure under a Microscope 

The Tescan Vega Scanning Electron Microscope was used during the process of 

conducting a microstructural evaluation of the composites that were manufactured. Cutting 

test samples with a diameter of 10 to 12 millimetres was done from the castings, and then 

they were polished with great care. The Al7075/ Fe3O4/RHS particulate composites are 

shown in the scanning electron micrographs (SEM) shown in Figure 8 (a-3% Fe3O4/RHS, 

b- 6% Fe3O4/RHS, and c- 9% Fe3O4/RHS). Particularly noteworthy is the fact that the 

photos show a uniform distribution of Fe3O4/RHS particles with a restricted amount of 

aggregation, segregation, and porosity. It is essential to note that there is no sign of casting 

faults like as fractures, slag inclusions, or shrinkages, which substantiates the sound quality 

of the casting. The microstructural study highlights the effective incorporation of 

Fe3O44/RHS particles into the Al-7075 matrix. It also highlights the uniform distribution of 

the composite material and the lack of any casting irregularities that might be harmful to its 

performance. 

Figure 8 a-c displays optical micrographs of hybrid composites of varied proportions that 

are based on Al-7075 and include Fe3O4 and rice husks ash. These composites are based on 

Al-7075. Based on the figures, it seems that the distribution of the overall reinforcement 

appears to be distributed in a way that is distributed evenly. When looking at the Al-7075 

alloy, it is able to see the reinforcement that is present not only at the grain boundaries but 

also inside the grains themselves. Among the matrix alloy and the reinforcements, there is a 

remarkable metallurgical connection that exists. Furthermore, each and every one of the 

micrographs demonstrates that there is no damage that can be identified. All of the 

combinations that were investigated did not exhibit any clustering of reinforcements inside 

the matrix, and there was a great dispersion of reinforcements as they moved across the 

matrix. The existence of porosity or cracks in a composite material is a reliable indicator of 

the substance's overall quality.  In the case of the matrix material and the reinforcements, an 

optical micrograph indicates that there is a strong relationship between the two. In addition 

to this, data has been produced that serves to indicate the presence of particles in the border 

region. Gaps and discontinuities are not present inside the reinforced particles; they are 

completely absent. Expanding the quantity of reinforcing material that is present in the base 

matrix might result in a reduction in the grain size. 
 

   
 

Fig. 8. a) 3%RHS/ Fe3O4.           b) 6%RHS/ Fe3O4.                           c) 9%RHS/ Fe3O4. 

 

Figures 8 a–c show optical micrographs of the sample. In every instance of hybrid 

composites, the primary phase of the microstructure was determined to be a-Al, and it was 

accompanied by nucleation of Mg Zn2 and Al2 Cu Mg precipitates. It was discovered that 

both kinds of precipitates could be found in the intervals between the dendrites, while some 

Mg Zn2 precipitates could also be detected in the inside of the dendrites arms. It is 
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important to keep in mind that the morphology has a significant role in determining 

whether substances are classified as intermetallics or precipitates. 

3.7. Surface morphology 

For the purpose of identifying material characteristics, scanning electron microscopes 

(SEMs) that are both highly efficient and versatile are required. The samples are first air-

dried using acetone. Figure 9(a-c) shows several microstructures of Al-7075 and a 

combination of nano-composites. Elongated grains and irregular, acicular particles are seen 

in Figure 7's structure. When macro-cracks occur in Al-7075, it seems that many globular 

apatite particles play a role. The matrix retains the microstructure that integrates reinforcing 

particles because these particles are uniformly dispersed throughout it. 

 

The inclusion of Fe3O4 and rice husks particles reduces the impact of apatite nucleation, 

which causes alloy holes and cracks to form (Figure 9b). The uniform dispersion of silica 

fume particles, as shown in the exterior morphology, proves that the rice husks particles 

were successfully mixed in. Using a 9% hybrid nano-composite normally results in smaller 

surface grain sizes for apatite particles. Achieving a consistent distribution of basic 

elements and distinct subdivisions is the main goal in metallurgy. Figure 9c shows that the 

refined microstructure, with tiny grains originating from the 9% hybrid nanocomposite, 

helps to reduce surface fractures and holes. This is because the sector is more resilient and 

has an equalised morphology. 

 
Fig. 9. Surface Morphology with[a]Al-7075/3%RHS/ Fe3O4, [b] Al-7075/6%RHS/ Fe3O4,[c] Al-

7075/9%RHS/ Fe3O4. 

3.8. XRD analysis 

To examine crystalline materials, scientists use non-destructive X-ray diffraction. Figure 10 

(a-c) shows the results of analysing the samples using XRD to determine the amount of 

Fe3O4 and rice husks produced at different weight percentages. The important aluminium 

segments in Figure 10-a of Al-7075 correspond to the direction statistics of JCPDS card 89-

4184 [22] and are located at 2θ = 23°, 31°, and 39° orientations. Adding a 3–9 weight 
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percent mixture composite causes crisp segments and strong signals, suggesting an increase 

in the Si phase [23], while the matrix’s restricted reflection strength gives a qualitative 

evaluation of the sample crystallinity. 

 

Figure 10-b shows that there are significant XRD reflections when the material becomes 

very crystalline (with more than 3% Fe3O4). The 6% mixed composite in Figure 10-c shows 

strong signs with additional peaks at 2θ= 20°, 30°, and 68°, which are a result of the 

increased concentration of rice husks and lower density, which improves the material 

strength. The dominating C and O peaks clearly show the presence of Fe3O4 and particles 

from rice husks. The availability of reinforcements in a 9% mixed composite may reduce 

the Si and C phases while further enhancing the aluminium segment. 

 
Fig. 10. XRD analysis with[a]Al-7075/3%RHS/Fe3O4,[b] Al- 7075/6%RHS/Fe3O4,[c] Al-

7075/9%RHS/Fe3O4. 

4    Findings derived from the current investigation: 

 The results are arrived at with an average of three values, for the tensile, compression, and 

Hardness studies. 

✓ Al-7075 reinforced with 3%, 6%, and 9 %wt Fe3O4/RHS Metal Matrix composites 

fabricated using stir-casting technique with fairly even distribution of particulates 

in the matrix were effectively produced. 

 

✓ The addition of Fe3O4/RHS Particulates to the Al-7075 matrix has resulted in 

enhanced properties  in  mechanical  when  related to the Al matrix alone. 

 

✓ Corresponding to the result BHN value was dominating the percentage of 9% of 

Fe3O4/RHS. In this process, while the percentage of Fe3O44/RHS increases, the 

higher the value of BHN is noticed. 

 

✓ Further, wt. % addition of Fe3O4/RHS density and hardness of the composite 

increases in such a line of attach that retaining the properties of base metal would 

be the challenging. 
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✓ Corresponding to the surface morphology and XRD Analysis shown the % of 

reinforcements incremental represents oxide layers.  

 

✓ From the SEM images, it can be observed that the distributions of reinforcement 

are fairly uniform. 

 

Lastly, this study concluded that the stirring process also accountable for the fabrication of 

composites. 
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