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Abstract
This paper deals with the comparison of mechanical properties of a metal matrix composite of AA7075 with SiC reinforcement, processed by the stir casting technique under 700°C with continuous stirring. The composites are cast, and the specimens are made using con-venational machining processes as per ASTM standards, followed by various mechanical tests.
The microstructural behaviour, tensile strength, compression strength, impact (Izod) test, the composites were tested for different reinforcement compositions of 0%, 5%, and 10%. The tensile strength, impact strength and Hardness have been observed to improve with an in-crease in the reinforcement percentage when compared to the base alloy. The 10% SiC+AA7075 gets the better values as compared to other compositions by the Mechanical Testing’s and their Results.
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1. Introduction
Composite materials are engineered materials composed of two or more different constituents that combine to enhance the properties of the base matrix. In metal matrix composites (MMCs), the base material, which is typically a metal alloy, acts as the matrix, while the other constituent serves as reinforcement to improve mechanical properties. MMCs are widely used in aerospace, automobile, marine, and structural applications due to their superior strength, wear resistance, and high-temperature stability.
AA7075 is an aluminium alloy known for its high strength, excellent fatigue resistance, and superior corrosion resistance. It is primarily composed of aluminium, zinc, magnesium, and copper, making it one of the strongest aluminium alloys available. AA7075 is widely used in aerospace and high-performance automotive applications due to its exceptional strength-to-weight ratio.
Silicon carbide (SiC) is a ceramic material commonly used as a reinforcement in MMCs due to its high hardness, excellent thermal stability, and outstanding wear resistance. The incorporation of SiC particles into the AA7075 matrix enhances mechanical properties such as hardness, tensile strength, and wear resistance, making it an ideal choice for high-performance applications.
The reinforcement plays a crucial role in determining the mechanical properties, cost, and overall performance of the composite material. The SiC particles act as strengthening agents, improving the load-bearing capacity and stiffness of the composite. Additionally, SiC enhances thermal stability, making the composite suitable for applications requiring high-temperature resistance.
Composite materials consist of two distinct phases: the matrix phase and the reinforcement phase. The matrix phase provides ductility and toughness, while the reinforcement phase imparts strength and rigidity. The discontinuous phase, such as SiC particles, is harder and stronger than the continuous phase, which is the AA7075 matrix.
Stir casting is one of the most popular and widely used techniques for fabricating MMCs, including AA7075/SiC composites. In this process, the metal alloy is melted, and the reinforcement particles are introduced into the molten metal while stirring continuously to ensure uniform dispersion. The mixture is then poured into a Mold to solidify into the desired shape. Stir casting is preferred due to its simplicity, cost-effectiveness, and suitability for large-scale production.
Our specimen under goes Stir casting which is one of the most popular and widely used method in which material formation (mainly Metal Alloys and Metal Matrix Composites) and has been completed by melting metals and casting them into suitable shapes and sizes by pouring them into the mould cavities. It is also called as liquid metallurgy. After the stir casting process, the casted material goes for Mechanical Testing’s. And the Testing’s are tensile test, Hardness test and impact test. These testing’s are done with the American Society for testing and Materials (ASTM) Standards.
AA7075 reinforced with SiC is an advanced metal matrix composite with superior mechanical properties, making it highly suitable for demanding applications in aerospace, automotive, and structural industries. The stir casting process ensures a uniform distribution of reinforcement particles, leading to enhanced strength, durability, and performance of the composite material.



2.1. Materials:
2.1. Aluminium Alloy 7075
[image: ]In our present work, we used AA7075, a high-strength aluminium alloy known for its excellent mechanical properties and corrosion resistance. AA7075 is primarily composed of aluminium, with zinc as the primary alloying element, along with magnesium and copper for enhanced strength (Al-Zn-Mg-Cu). It is widely used in aerospace, automotive, and structural applications due to its high strength-to-weight ratio. The alloy is commonly processed through heat treatment to achieve superior hardness and durability. We procured AA7075 from Choudary Metal Industries Hyderabad (India) ensuring high-quality material for our research.
Fig 1. Aluminium Alloy 7075 Rectangular Plates
	  Element
	Al
	Mg
	Si
	Fe
	Cu
	Cr
	Zn
	Ti
	Mn
	Others

	% by weight
	87.1-91.4
	2.1- 2.9
	0 –
0.4
	0-
0.50
	1.2-
2
	0.18-
0.28
	5.1-
6.1
	0-
0.15
	0-
0.2
	0.05-
0.15


Table 1. Chemical Composition of Aluminium Alloy 7075(AA7075)

2.1.2 Silicon Carbide
 In our present work, we used Silicon Carbide (SiC) with 99% purity, a high-performance ceramic material known for its exceptional hardness, thermal conductivity, and wear resistance. Silicon Carbide is a compound of silicon and carbon (SiC) and is widely used in applications requiring high strength, thermal stability, and resistance to chemical degradation. It is commonly utilized in abrasives, cutting tools, and reinforcement in composite materials. Due to its excellent mechanical and thermal properties, SiC is an ideal choice for high-performance engineering applications. We procured Silicon Carbide (99% purity) from Vedayukt India Pvt.Ltd in Jharkhand, ensuring high-quality material for our research.			  
[image: ][image: ]
Fig 2. Silicon Carbide Microparticles
	Tensile Property
	Value Range
	Description

	Tensile Strength (MPa)
	200 – 500 MPa (bulk), up to 1 GPa (fiber)
	High resistance to tensile loads, depending on form and processing.

	Elastic Modulus (GPa)
	330 – 450 GPa
	Provides high stiffness and rigidity under tension.

	Fracture Toughness (MPa·m¹/²)
	3 – 5 MPa·m¹/²
	Moderate resistance to crack propagation under tensile stress.

	Poisson’s Ratio
	0.14 – 0.19
	Describes the material’s lateral strain response to tensile loading.

	Tensile Strength (MPa)
	200 – 500 MPa (bulk), up to 1 GPa (fiber)
	High resistance to tensile loads, depending on form and processing.




Table 2. Properties of Silicon Carbide (SiC)

3. Methodology
3.1 Die Preparation
The present work, I had used Mild Steel Die for the Casting Process to get the moulds. Die casting is a metal casting process that is characterized by forcing molten metal under high pressure into a mould cavity. The die preparation plays a major role in casting process and also some of the properties of the material may depends on the material of the die and the dimensions of the die. Mild steel was chosen for the die material due to its good machinability, durability, and cost-effectiveness.[image: ][image: ]
Fig. 3. Metallic Die
3.2 Pre Heating of Reinforcement Material
[image: ]I had Preheated the reinforcement material (SiC) to 500°C for 60 minutes is to enhance its compatibility with the molten metal matrix, ensuring improved bonding and uniform dispersion within the composite. Preheating eliminates moisture, volatile impurities, and surface contaminants, preventing defects such as porosity and weak interfacial adhesion. 
Fig. 4. Preheating of Reinforcement Material (SiC)
3.3. Melting of Matric Material
AA 7075 metal has to be melted under melting temperature of 5500C to 7000C for the phase change of solid state to molten or liquid state. 
[image: ]Fig.5.Melting of Matrix Material

3.3 Stirring of Reinforcement Material by using Stirrer
After the melting of the molten metal, the molten metal has to stirred by means of the stirrer for mixing of all the compositions in the AA7075, it should be done co continuously throughout the process for less solidification rate. continuously through throughout the process for less solidification rate. out the process for less solidification rate. 
3.4 Feeding of Reinforcement Material
In the continuous stirring process, the Preheated reinforcement has to be feeded by varying the percentages for a composite material.
3.5 Pouring of Molten Metal with Stirred Reinforced Material in the Mould
[image: ]After proper stirring of molten metal containing the reinforcement, then the mixture is transferred to die to get the required shape and get solidified.
3.6 Extraction of Plates
After the solidification the plates takes place then the plates have to be extracted, repeat this process for different compositions as 0% ,5% and 10% for finding of the required values.
Fig. 6. Extraction of Plates (0%,5% and 10%)
3.7 Specimens Making
After the completition of the Stir Casting process, there have to prepare specimens for making of necessary tests on the certain specimen by Converting the casted plate into the ASTM Standards to do the required test to get the physical properties and microscopic analysis of the materials.



5. Results & Discussion
The project work progress is started with mould (die) making (completed) followed by stir casting and then specimen is made out. Testings on the Specimens are completed, the mechanical test i.e. Tensile test, Impact test and hardness test values are listed below.
5.1 Tensile Test Report
	
TENSILE TEST REPORT

	Specimen
	Tensile strength (N/mm2)
	Percentage Elongation (%)
	Yield       Strength (N/mm2)

	AA7075 + 0% SiC
	84.959
	1.24
	79.618

	AA7075 + 5% SiC
	10.474
	2.66
	9.951

	AA7075 + 10% SiC
	103.290
	1.08
	93.967



 Table 3 shows the Tensile Test Report, Percentage elongation, Yield strength of the Specimens with different compositions which has done the tensile testings of ASTM standards.
[image: ]Table 4: Tensile Test report
Fig7: Graphical Representation of Tensile Strength vs Yield Strength
5.1 Impact Test Report
Table 3 shows the Impact (Charpy) Test Report, Impact Strength (J) of the Specimens with different compositions which has done the Impact Test of ASTM standards.

	IMPACT TEST REPORT


	Specimen
	Impact Strength (J)

	AA6061 + 0% SiC
	0.8

	AA7075 + 5% SiC
	0.6

	  AA7075 + 10% SiC
	0.8


Table 3: Impact Test Report
5.1 Hardness Test Report
Table 3 shows the Hardness Test Report, Percentage elongation, Yield strength of the Specimens with different compositions which has done the Impact Test of ASTM standards.

	HARDNESS TEST REPORT
	

	

S.NO.
	
AA7075 + 0% SiC
	
AA7075 + 5% SiC
	
AA7075 + 10% SiC

	
	HARDNESS VALUE [HV 5]
	HARDNESS VALUE [HV 5]
	HARDNESS VALUE [HV 5]

	1
	123
	104
	111

	2
	122
	106
	112

	3
	121
	105
	110

	AVG
	122
	105
	111


Table 4: Hardness Test Report

6. Conclusions
By this present work on Metal matrix composite of AA7075+SiC reinforcement, the following conclusions has been obtained 
· By comparing the Compositions done with the stir casting process, the Tensile properties have been increased. 
· The Impact test properties has been varying with respect to the percentage of reinforcement. 
· In this the hardness test properties have been varying with respect to the percentage of reinforcement. 
· At last, I conclude that 10% SiC+AA7075 has the better results compared to other compositions as per the testings and their Results. And the Tensile test Value for 10% is 103.290 Mpa, Impact test values is 0.8 and Hardness value is 111.
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