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This study investigates the influence of annealing treatment at 260°C on the mechanical characteristics of Al Alloy 3004 reinforced with date seed nanoparticles. Aluminum alloys are extensively used in structural applications, but enhancements via natural reinforcements remain underexplored. Date seed nanoparticles, an agro-waste derivative, provide a sustainable, low-cost reinforcement option. The composite samples were fabricated by stir casting and subjected to annealing at 260°C. Mechanical properties such as tensile strength, hardness, impact toughness and wear resistance were measured before and after annealing. Results showed improved ductility and reduced hardness after annealing, suggesting stress relief and grain growth mechanisms. This research highlights the potential of date seed nanoparticles in aluminum matrix composites and the crucial role of heat treatment in tailoring mechanical properties
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The use of composite materials has grown significantly in various industrial applications, such as aerospace, automotive, and manufacturing, due to their superior mechanical properties compared to traditional metals. Metal matrix composites (MMCs) are a modern class of engineering a materials that involve the integration of particle reinforcements into a metal matrix, resulting in enhanced strength, specific stiffness, wear resistance, hardness, exceptional corrosion resistance, and high elastic modulus. Among the numerous metal matrix composites (MMCs), aluminum-based composites have gained significant attention owing to their lightweight nature, high strength-to-weight ratio, and excellent corrosion resistance (Pereira et al., 2020). Aluminum alloys, such as Alloy 3004 an aluminium-manganese-magnesium (Al-Mn-Mg) based alloy, which are well-known for their high mechanical properties and excellent formability, have been widely used in structural applications, including aerospace components, automotive bodies, and heat exchangers (Rani et al., 2017). From studies that have been carried out, the mechanical properties of these alloys can be further enhanced by addition of nano-sized reinforcements which will significantly improve their performance.
Heat treatment processes, such as annealing, play a critical role in influencing the microstructure and mechanical properties of composites. The annealing treatment process, which involves heating the material to a specific temperature for a set duration, is a critical step that can significantly alter the microstructure and, consequently, the mechanical properties of the composite. While annealing treatments are commonly used to relieve internal stresses and promote grain growth in metallic materials,
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The aim of the study is to investigate the influence of annealing treatment at 260oC on the mechanical characteristics of Alloy 3004 composite been reinforced with date seed nano-particles 
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The specific objectives to achieve the stated aim are as follows 
To fabricate Aluminium 3004 composites reinforced with varying weight percentages of date seed particles using the stir casting technique (5-25%)
To produce date seed nano-particles by milling and sorting into size. The size 35μm will be use 
To evaluate the influence of the annealing treatment on the mechanical characteristics of the composite 
To provide recommendations for optimizing the annealing treatment parameters (such as temperature, duration and cooling rate) to enhance the performance of the date seed nano-particle reinforced with Alloy 3004 based composites 
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The justification for conducting this study is rooted in several key factors, including the need for improved mechanical properties in metal matrix composites (MMCs), the growing interest in using natural and sustainable materials as reinforcements, and the importance of understanding the effects of heat treatment on composite materials. Aluminum-based alloys, particularly Alloy 3004, are widely used in industries requiring lightweight materials with high strength-to-weight ratios, such as aerospace, automotive, and construction (Kaiser et al., 2013). However, the performance of these alloys can be limited by their inherent brittleness and relatively low strength at elevated temperatures. Reinforcing these alloys with nanoparticles has been identified as a promising way to enhance their mechanical properties. Metal matrix composites offer the potential to tailor the material’s properties to meet specific performance requirements by controlling the size, distribution, and volume fraction of the reinforcement (Mishra et al., 2017). By improving mechanical performance, MMCs can meet the evolving needs of high-performance applications, thus justifying the need to explore new reinforcement materials and processing techniques
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The study will produce the date seed nano-particles and add different percentage ranging from 5-25% by weight of the Aluminum alloy. Then annealing treatment will be performed at 260oC. Tensile test, Hardness test, wear resistance and impact test will then be conducted on the composites
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The development of aluminum-based composites with enhanced mechanical properties is crucial for meeting the increasing demands of various industrial applications, particularly in the aerospace, automotive, and defense sectors. Aluminum matrix composites (AMCs) reinforced with nanoparticles have emerged as a promising solution to achieve high strength, wear resistance, and light weight, which are essential characteristics in these industries (Anderson et al., 2018). Among the available reinforcement options, date seed nanoparticles (DSNPs) have gained attention due to their abundance, sustainability, and potential to enhance the mechanical properties of aluminum alloys (Fawzy et al., 2020). However, the optimal processing conditions and the effects of heat treatments, such as annealing, on the structural and mechanical properties of these composites remain underexplored.
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The use of metal matrix composites (MMCs) has gather significant interest in advanced materials research due to their enhanced mechanical properties such as higher strength, wear resistance, and improved thermal stability. Aluminum (Al)-based alloys, particularly Alloy 3004 an aluminium-manganese-magnesium (Al-Mn-Mg) based alloy, are widely used in structural applications such as aerospace, automotive, and defense industries due to their excellent strength-to-weight ratio, corrosion resistance, and good formability (Kumar et al., 2017). However, these alloys' mechanical properties can be further improved by reinforcing them with nanoparticles, leading to the development of a new generation of composite materials.
Date seed nanoparticles, in particular, are of interest because of their biodegradable nature, high strength, and potential for reducing environmental impact (Al-Ghamdi et al., 2020). The incorporation of date seed nanoparticles into Alloy 3004 can improve properties like hardness, tensile strength, and wear resistance (Jalees et al., 2019). In the context of MMCs, annealing can relieve residual stresses introduced during processing, improve interfacial bonding between the reinforcement and the matrix, and potentially modify the distribution and morphology of the reinforcing particles. (Callister et al., 2018). Understanding the effect of annealing on the mechanical properties of DSNP-reinforced Alloy 3004 composites is essential for optimizing their performance and expanding their potential applications.
However, the combined effect of date seed nanoparticle reinforcement and annealing at specific temperatures, such as 260°C, on the mechanical properties of Alloy 3004 composites remains underexplored.
[bookmark: _Toc204837312][bookmark: _Toc204838271][bookmark: _Toc204841282]2.2	Overview of Aluminium Matrix Composites (AMCs)
Aluminium matrix composites are a class of engineered materials where aluminium or its alloys serve as the matrix and are reinforced with ceramic or natural particles to improve mechanical, thermal, and wear properties. Compared to unreinforced aluminium alloys, AMCs exhibit enhanced strength, stiffness, and wear resistance, while retaining relatively low density (Kumar & Jayashree, 2018). The development of AMCs is often achieved through various techniques, such as stir casting, powder metallurgy, and squeeze casting. Among these, stir casting is the most economical and commonly used method due to its simplicity, scalability, and compatibility with different reinforcement materials (Ramesh et al., 2011) 
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The incorporation of nanoparticles into aluminum-based matrix composites has become an area of significant interest due to their ability to enhance the mechanical properties and overall performance of the material. In recent years, bio-based nanoparticles, such as Date Seed Nanoparticles (DSNP), have gained attention as eco-friendly, sustainable, and cost-effective reinforcements. The addition of DSNP to Alloy 3004 brings a range of potential benefits, including improved hardness, tensile strength, wear resistance, and enhanced thermal stability. DSNPs, owing to their small size and high surface area, can contribute to an enhancement in the mechanical properties of Alloy 3004. These improvements are largely due to the high surface area, fine size, and strong bonding ability of DSNPs with the Alloy 3004. DSNPs act as barriers to dislocation motion, reducing the material’s susceptibility to plastic deformation. Al-Hassan et al. (2021) and Khosravi et al. (2018) demonstrated that the addition of DSNPs to Al-based composites resulted in improved tensile strength due to the reinforcement's ability to restrict the movement of dislocations during deformation. DSNPs increase the hardness of Al-Mn-Mg composites by providing a harder, more resistant phase to deformation. As reported by Al-Hassan et al. (2021), the addition of DSNPs improved the surface hardness and wear resistance of the composites. The fine dispersion of DSNPs in the matrix enhances the wear resistance by reducing the rate of material loss during frictional contact.
One of the key contributions of DSNPs to Alloy 3004 is the refinement of the microstructure. DSNPs play a crucial role in refining the grain structure of the Al-Mn-Mg matrix. The nanoparticles act as nucleation sites during the solidification process, leading to smaller and more uniform grains. This fine-grained structure significantly enhances the mechanical properties of the composite, including tensile strength and hardness (Khosravi et al., 2018). The grain refinement can be attributed to the high surface area of the DSNPs, which assists in restricting the growth of grains during solidification.
[bookmark: _Toc175070990]However, the sustainability and cost-effectiveness of DSNPs make them an attractive alternative to synthetic reinforcements, contributing to environmentally friendly and economically viable composite materials.
[bookmark: _Toc204837314][bookmark: _Toc204838273][bookmark: _Toc204841284]2.4	Influence of Date Seed Nanoparticle on Alloy 3004
The incorporation of Date Seed Nano Particles (DSNP) into aluminum-based composites has attracted significant attention due to the potential benefits in improving the overall mechanical, thermal, and wear-resistant properties of the materials. In Alloy 3004, the influence of DSNP can significantly enhance the structural performance, and the overall behavior of these composites can be studied from several perspectives. DSNPs act as reinforcing agents within the Al-Mn-Mg matrix. The presence of DSNP in the composite increases the hardness of the material. The fine size and high surface area of the nanoparticles provide excellent resistance to deformation, leading to increased hardness. The reinforcement of nano-sized particles improves the material's resistance to indentation and wear (Kumar et al., 2018).
The fine dispersion of DSNPs in the matrix leads to the refinement of the microstructure, which is responsible for the improvement in hardness. The fine particles hinder dislocation movement, making it harder for the material to deform under stress (Sharma & Agarwal, 2019). DSNP reinforcement improves the tensile strength of Alloy 3004 due to the load transfer from the matrix to the hard DSNPs. The nanoparticles act as obstacles to dislocation motion, increasing the strength of the composite. The enhanced interaction between the matrix and the nanoparticles, especially after processing techniques like stir casting, contributes to the overall improvement in tensile properties (Lee & Park, 2017).
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Annealing is a heat treatment process that involves heating a material to a specific temperature and then allowing it to cool at a controlled rate. The process can have a significant impact on the microstructure, mechanical properties, and performance of aluminum (Al) alloys, including Al-Cu-Mn alloys. The effect of annealing on these alloys depends on factors such as temperature, time, and alloy composition. Optimizing these parameters allows for the enhancement of hardness, tensile strength, and wear resistance, while also improving thermal and corrosion resistance. However, excessive annealing can lead to reducing the strength and hardness. Therefore, precise control over the annealing process is necessary to achieve the desired combination of properties in Alloy 3004
The annealing treatment at specific temperatures can alter the strength and hardness of Alloy 3004. Generally, The effects of annealing are also heavily influenced by the time and temperature at which the treatment is performed. At lower temperatures (around 200°C), the strength of the alloy may increase due to the precipitation of solid solution phases. However, at higher temperatures (above 300°C), there is often a softening effect due to excessive grain growth and dissolution of precipitates. According to Liu et al. (2018), annealing at moderate temperatures can promote the recovery of dislocations, thereby increasing the material's ductility, but excessive annealing can reduce the overall tensile strength by allowing grain coarsening and reducing the density of precipitates.
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The fabrication of composite materials, including metal matrix composites (MMCs), polymer matrix composites (PMCs), and ceramic matrix composites (CMCs), involves various processing techniques. These techniques are designed to combine the properties of the matrix and reinforcement to achieve enhanced mechanical, thermal, and functional properties. Below are some commonly used processing methods for composites, along with their associated benefits and limitations
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Casting is one of the most widely used methods for producing metal matrix composites (MMCs). The process involves the dispersion of reinforcement particles (such as fibers or nanoparticles) into a molten matrix material, which is then poured into a mold and solidified.
· Stir Casting: Stir casting is a widely used method for MMCs, especially for aluminum-based composites. The reinforcement particles are introduced into the molten matrix while the melt is stirred to ensure uniform distribution of the particles. This method is cost-effective and suitable for large-scale production (Chawla, 2019). However, achieving uniform dispersion and preventing particle agglomeration remains a challenge.
· Vacuum Casting: In vacuum casting, molten metal is poured into a mold under a vacuum to minimize the presence of air bubbles and ensure high-quality composites. This method provides better control over the material's microstructure and results in composites with enhanced mechanical properties (Ravindran et al., 2017).
[bookmark: _Toc202527815][bookmark: _Toc202527904][bookmark: _Toc202530553][bookmark: _Toc202530747][bookmark: _Toc202611487][bookmark: _Toc202611772][bookmark: _Toc204837318][bookmark: _Toc204838277][bookmark: _Toc204841288]2.6.2 	Powdered Metallurgy (PM)
Powder metallurgy is a technique where the matrix material is processed into powder form, and the reinforcement is blended with the powder before compaction and sintering. This method is particularly suitable for producing high-performance MMCs with homogeneous distribution of particles.
· Hot Isostatic Pressing (HIP): HIP is used to consolidate the powder under high pressure and temperature to achieve full densification. This technique improves the mechanical properties of composites by reducing porosity and enhancing the bonding between the matrix and reinforcement (Cui et al., 2020).
· Cold Isostatic Pressing (CIP): CIP is a similar technique to HIP but operates at room temperature or lower temperatures. The mixture is compacted under high pressure to form green bodies, which are then sintered at elevated temperatures (Zhang et al., 2016).
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Mechanical alloying involves the repeated cold welding, fracturing, and re-welding of powder particles in a high-energy ball mill. This process is often used to create fine dispersion of reinforcing particles in the matrix material, especially in the production of nanocomposites and for creating alloys with very fine microstructures.
· High-Energy Ball Milling: In this technique, a mixture of metal powders and reinforcement (nanoparticles or fibers) is subjected to high-energy ball milling, which results in the refining of powder particles and the creation of homogeneous composite materials (Higginbottom et al., 2017).
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CVI is used to produce ceramic matrix composites (CMCs). In this process, a precursor gas is infiltrated into a porous fiber preform at high temperature, where it reacts chemically to form the ceramic matrix. This technique is especially useful for producing CMCs with high-temperature resistance and low thermal expansion, which are critical for aerospace and defense applications (Gourdin et al., 2017).
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Annealing is a heat treatment process used to modify the microstructure and mechanical properties of materials, particularly metals and alloys. The process involves heating a material to a specified temperature, holding it at that temperature for a period of time, and then cooling it, often at a controlled rate. The primary goals of annealing are to relieve internal stresses, refine the grain structure, and improve the material's ductility, toughness, and strength. The material is heated to a temperature at which changes in its microstructure can occur. This temperature depends on the material and its composition. For example, metals like aluminum and copper are heated to temperatures above their recrystallization temperature to initiate changes in their crystalline structure. At that time the material is held at the annealing temperature for a specified period. This allows for uniform heating and facilitates microstructural transformations such as recrystallization or phase changes. After soaking, the material is slowly cooled, often inside the furnace, to prevent the formation of thermal stresses. This cooling rate can significantly impact the final microstructure, as a slower cooling rate allows for the formation of larger grains, whereas rapid cooling can lead to finer grains and, in some cases, the development of internal stresses.
[bookmark: _Toc202527820][bookmark: _Toc202527909][bookmark: _Toc202530558][bookmark: _Toc202530752][bookmark: _Toc202611492][bookmark: _Toc202611777][bookmark: _Toc204837323][bookmark: _Toc204838282][bookmark: _Toc204841293]2.7.2	Metal Matrix Composites (MMCs)
Metal Matrix Composites (MMCs) are a class of composite materials that consist of a metal matrix (usually aluminum, titanium, or magnesium) reinforced with a secondary phase, typically ceramic or particulate materials, fibers, or whiskers. MMCs combine the desirable properties of both the matrix metal and the reinforcing phase to achieve superior mechanical, thermal, and electrical properties compared to conventional monolithic metals. These composites are widely used in aerospace, automotive, and other engineering applications due to their enhanced strength, stiffness, and wear resistance. Common matrix materials include aluminum (Al), Manganese(Mn) magnesium (Mg), titanium (Ti), copper (Cu), and their alloys. "The matrix in MMCs is typically selected for its strength, ductility, and thermal conductivity, with aluminum alloys being one of the most widely used due to their lightweight nature" (Dai & Zhang, 2019). There are several methods to fabricate MMCs, which are chosen based on the type of matrix and reinforcement, as well as the desired properties of the final composite. Common fabrication techniques include (stir casting, powder metallurgy, vaccum infiltration, mechanical alloying) 
[bookmark: _Toc202527821][bookmark: _Toc202527910][bookmark: _Toc202530559][bookmark: _Toc202530753][bookmark: _Toc202611493][bookmark: _Toc202611778][bookmark: _Toc204837324][bookmark: _Toc204838283][bookmark: _Toc204841294]2.7.3	Alloy 3004
[bookmark: _Toc202527822][bookmark: _Toc202527911][bookmark: _Toc202530560][bookmark: _Toc202530754][bookmark: _Toc202611494][bookmark: _Toc202611779]Alloy 3004 is a non-heat-treatable aluminium alloy that belongs to the 3xxx series of aluminium-manganese alloys. It is primarily composed of aluminium (Al), manganese (Mn), and a small percentage of magnesium (Mg), which together provide moderate strength, excellent corrosion resistance, and good formability.
It is widely used in the manufacturing of beverage cans, roofing sheets, siding panels, cooking utensils, and various industrial applications and architectural components due to its balance of strength and workability.
[bookmark: _Toc204837325][bookmark: _Toc204838284][bookmark: _Toc204841295] 2.7.4	Nanoparticle Reinforcement
Nanoparticle reinforcement involves the introduction of nanoparticles, typically in the range of 1-100 nm, into the metal matrix to enhance the mechanical, thermal, and electrical properties of the composite material. Nanoparticles are often ceramic, metal, or carbon-based materials that possess unique properties due to their small size and high surface area. When these nanoparticles are added to a metal matrix, they improve the overall performance of the composite by contributing to properties such as strength, hardness, wear resistance, and even corrosion resistance. "Metal nanoparticles like copper and silver enhance electrical conductivity and mechanical properties when used as reinforcements in metal matrix composites" (Naraghi et al., 2020).
[bookmark: _Toc202527823][bookmark: _Toc202527912][bookmark: _Toc202530561][bookmark: _Toc202530755][bookmark: _Toc202611495][bookmark: _Toc202611780][bookmark: _Toc204837326][bookmark: _Toc204838285][bookmark: _Toc204841296]2.7.5	Date Seed Nanoparticles (DSNPs)

Date Seed Nanoparticles (DSNPs) refer to the nanomaterial derived from the seeds of dates. Date seeds are the hard, inedible part of the date fruit (Phoenix dactylifera). They are typically discarded as waste after the fruit is consumed which are typically ground and processed to create fine particles in the nanometer size range (1–100 nm). These nanoparticles are considered to be a sustainable and eco-friendly reinforcement material for various composites, including metal matrix composites (MMCs), due to their unique properties and the abundance of date seeds as a natural by-product of date fruit production. They are typically extracted from date seeds through various methods, including grinding, milling, and chemical treatments.

[bookmark: _Toc202527824][bookmark: _Toc202527913][bookmark: _Toc202530562][bookmark: _Toc202530756][bookmark: _Toc202611496][bookmark: _Toc202611781][bookmark: _Toc204837327][bookmark: _Toc204838286][bookmark: _Toc204841297]2.8	 Mechanical Test

[bookmark: _Toc202527825][bookmark: _Toc202527914][bookmark: _Toc202530563][bookmark: _Toc202530757][bookmark: _Toc202611497][bookmark: _Toc202611782][bookmark: _Toc204837328][bookmark: _Toc204838287][bookmark: _Toc204841298]2.8.1 	Hardness Test
[bookmark: _Toc202527826]The hardness of a material is a measure of its resistance to localized plastic deformation. In these tests, a specific load is applied to a standardized indenter, and the depth of the indentation or the size of the indentation is measured.
Types of Hardness Tests:
· Rockwell Hardness Test: This is one of the most commonly used hardness tests for metals. The test involves applying a specific load on the surface of the specimen with a diamond indenter. The depth of the indentation determines the hardness value.
· Vickers Hardness Test: The Vickers test involves applying a diamond pyramid indenter under a specific load, and the size of the indentation is measured. It is particularly useful for thin materials or coatings.



[bookmark: _Toc204837329][bookmark: _Toc204838288][bookmark: _Toc204841299]2.8.2	Tensile Test
The tensile test is performed to measure the tensile strength, elongation, and modulus of a material under uniaxial loading. During the test, a specimen is pulled apart at a constant rate, and the applied force and elongation are measured. From this data, the stress-strain curve is obtained, which provides important information about the material's ductility, stiffness, and ultimate tensile strength.
Key Parameters Measured:
Tensile Strength (σ_max): The maximum stress the material can withstand before failure.
Yield Strength (σ_y): The stress at which the material begins to deform plastically.
Elongation (δ): The amount of strain a material can undergo before fracture.
Modulus of Elasticity (E): A measure of the material’s stiffness
[bookmark: _Toc202527827][bookmark: _Toc202527915][bookmark: _Toc202530564][bookmark: _Toc202530758][bookmark: _Toc202611498][bookmark: _Toc202611783][bookmark: _Toc204837330][bookmark: _Toc204838289][bookmark: _Toc204841300]2.8.3	Impact Test
The impact test measures the material's ability to absorb energy during fracture. The most common impact tests are Charpy and Izod tests, which are used to assess the toughness of materials by subjecting them to a sudden impact.
Types of Impact Tests:
· Charpy Impact Test: A specimen is notched, placed horizontally, and impacted by a swinging pendulum. The energy absorbed in breaking the specimen is measured.
· Izod Impact Test: Similar to the Charpy test but with a vertical specimen orientation and a different support configuration.
[bookmark: _Toc202527828][bookmark: _Toc202527916][bookmark: _Toc202530565][bookmark: _Toc202530759][bookmark: _Toc202611499][bookmark: _Toc202611784][bookmark: _Toc204837331][bookmark: _Toc204838290][bookmark: _Toc204841301]2.8.4	Fatigue Test
The fatigue test is used to determine the material's resistance to failure under cyclic loading. It is particularly important for materials used in dynamic applications where they are subjected to repeated loading and unloading. The fatigue life of a material is measured in terms of the number of cycles it can withstand before fracture occurs.
[bookmark: _Toc202527829][bookmark: _Toc202527917][bookmark: _Toc202530566][bookmark: _Toc202530760][bookmark: _Toc202611500][bookmark: _Toc202611785][bookmark: _Toc204837332][bookmark: _Toc204838291][bookmark: _Toc204841302]2.8.5	Wear Test 
The wear test evaluates the material’s resistance to surface degradation due to mechanical actions like abrasion, erosion, or sliding contact. Common tests include the pin-on-disc and ball-on-disk tests, where a sample is subjected to friction under a specific load, and the wear rate is measured.


2.9	Reviews on Previous Work
ABDULKAREEM, et al., 2018: This study delved into the effects of integrating date seed particles into aluminium alloy through the stir- casting process focusing on their influence on mechanical properties. Tensile strength exhibited an increase with larger date seed particles, yet it declined when the weight fraction of date seed particles surpassed 10%, possibly due to suboptimal matrix bonding. Hardness displayed a consistent ascent with an escalating weight fraction of date seed particles, reaching its peak at 10%, after which it registered a marginal decline for both particle sizes. The study further revealed that fracture toughness diminished as the weight percentage of date seed particles rose.
To summarize, this research underscores the capacity of date seed particles to enhance the mechanical attributes of aluminum alloy composites, particularly in terms of hardness and tensile strength. However, the impact strength tended to decrease as the weight fraction of date seed particles increased. Future investigations will explore the impact of heat treatments on various weight fractions and encompass a comprehensive microstructure analysis.
According to Edgar 2018, studying the  comparative analysis of the mechanical properties of a Metal-Matrix Composite (MMC) reinforced with palmkernel and periwinkle shell ash, primarily considering the applicability in the automotive industry. The outcomes revealed notable trends: ultimate tensile strength decreased with SiC incorporation, increased with PKSA reinforcement, and exhibited further improvement with the introduction of PSA. Additionally, the elastic modulus displayed fluctuations contingent on the weight fractions of SiC, PKSA, and PSA. Hardness demonstrated an upward trajectory with increasing SiC weight fraction, a decrease with higher PKSA content, and a subsequent rise with elevated SiC weight fraction. Furthermore, ductility witnessed a decline with SiC addition, while PKSA and PSA additions led to increase inductility.
Bukhari et al. (2019), investigated the mechanical properties of DSNP-reinforced Al-based composites. Their results indicated a significant increase in tensile strength and hardness with the incorporation of DSNPs, demonstrating the effectiveness of DSNPs as a reinforcement material.
Research specifically investigating annealing effects on DSNP-reinforced Al-Cu-Mg composites is veryscarce. Annealing could potentially improve interfacial bonding, relieve residual stresses, and modify the microstructure. However, potential detrimental effects, such as coarsening of precipitates or interfacial reactions, must be considered.
While initial studies show promise, further research is needed to address challenges related to DSNP dispersion, interfacial bonding, and optimizing processing parameters, especially concerning annealing effects. This project has the potential to significantly contribute to this area
[bookmark: _Toc202527830][bookmark: _Toc202527918][bookmark: _Toc202530567][bookmark: _Toc202530761][bookmark: _Toc202611501][bookmark: _Toc202611786][bookmark: _Toc204837333][bookmark: _Toc204838292][bookmark: _Toc204841303]CHAPTER THREE
[bookmark: _Toc202527831][bookmark: _Toc202527919][bookmark: _Toc202530568][bookmark: _Toc202530762][bookmark: _Toc202611502][bookmark: _Toc202611787][bookmark: _Toc204837334][bookmark: _Toc204838293][bookmark: _Toc204841304]METHODOLOGY
The processes and procedures that were followed in carrying out the study are discussed under the following sub-headings:
[bookmark: _Toc202527832][bookmark: _Toc202527920][bookmark: _Toc202530569][bookmark: _Toc202530763][bookmark: _Toc202611503][bookmark: _Toc202611788][bookmark: _Toc204837335][bookmark: _Toc204838294][bookmark: _Toc204841305]3.1	Material
Matrix:  Aluminium alloy 3004
Table3.1	Elemental composition of the Aluminium alloy
	Element:
	Al 
	Mn
	Mg
	Cu
	Si
	Cr
	Zn
	Ti

	Wt%:
	97.8
	1.2
	1.0
	0.10
	0.20
	0.10
	0.08
	0.10


Reinforcement: Raw date seeds were collected from mosque during the period of Ramadan, because it is highly recommended for the muslims during the period of Ramadan to break their fasting. The seeds were washed thoroughly with distilled water to remove pulp, sugars, and other organic residues. Cleaned seeds were then dried and screened in open air for 72 hours due to unstable weather condition and further oven-dried at 105°C for 4–6 hours to remove all moisture content. The dried date seeds were grinded with a local grinding machine and were sieved using standard sieve sizes of 600, 500, 420 and 300 µm successively. 
[image: How to make date seeds into powder][image: Date Powder — Nakheel Alya]
	Figure 3.1 Date seed			Figure 3.2 Date Seed Nanoparticles
[bookmark: _Toc202527833][bookmark: _Toc202527921][bookmark: _Toc202530570][bookmark: _Toc202530764][bookmark: _Toc202611504][bookmark: _Toc202611789][bookmark: _Toc204837336][bookmark: _Toc204838295][bookmark: _Toc204841306]3.2	Equipment
Milling machine, Set of sieve, Heat treatment furnace, Vickers hardness tester, Universal tensile testing machine, steel molds (for casting), crucible furnace (for melting alloy), Electric oven.
3.3 [bookmark: _Toc202527834][bookmark: _Toc202527922][bookmark: _Toc202530571][bookmark: _Toc202530765][bookmark: _Toc202611505][bookmark: _Toc202611790][bookmark: _Toc204837337][bookmark: _Toc204838296][bookmark: _Toc204841307]Methods and Sample Preparation
Table 3.3.1 Composite blends and their proportions (by weight g)

	Blend
	Weight of Date Seed Nanoparticle (g)

	A
	5

	B
	10

	C
	15

	D
	20

	E
	25



Casting of Composite 
Stir casting method was used to cast the composite using composition in Table 3.3.1, 5 samples composites were casted. The Aluminium alloy was cut into small pieces and charged in a crucible furnace at 750°C to melt. The date seed nanoparticles were preheated at 450°C for 45 minutes to improve wettability and reduce moisture. This step helps minimize porosity and improves particle-matrix bonding. 
The molten Alloy was stirred at a constant speed. During stirring, the preheated reinforcement of sizes 300 and 500 µm were gradually introduced into the melt in varying weight percentages (5 wt%, 10 wt%, 15 wt%, 20wt% and 25wt %). The stirring was continued for 10-15 minutes to ensure uniform dispersion of particles throughout the matrix, and then composite melt was poured into preheated metal molds. Molds were allowed to cool at room temperature. After solidification, the cast samples were removed and cleaned. 
[bookmark: _Toc202527835][bookmark: _Toc202527923][bookmark: _Toc202530572][bookmark: _Toc202530766][bookmark: _Toc202611506][bookmark: _Toc202611791][bookmark: _Toc204837338][bookmark: _Toc204838297][bookmark: _Toc204841308]3.4	Annealing of Samples
Testing for Mechanical Properties
[bookmark: _Toc202527836][bookmark: _Toc202527924][bookmark: _Toc202530573][bookmark: _Toc202530767][bookmark: _Toc202611507][bookmark: _Toc202611792][bookmark: _Toc204837339][bookmark: _Toc204838298][bookmark: _Toc204841309]3.4.1	Tensile Test
The tensile test samples were 10mm diameter and gauge length of 100mm machined from the cast aluminium composites. Average of three reading was taken for each sample prepared from the cast aluminium alloy. 


 Figure 3.3 Samples for Tensile Test (a) Schematic and (b) Sample Piece
[bookmark: _Toc202527837][bookmark: _Toc202527925][bookmark: _Toc202530574][bookmark: _Toc202530768][bookmark: _Toc202611508][bookmark: _Toc202611793][bookmark: _Toc204837340][bookmark: _Toc204838299][bookmark: _Toc204841310]3.4.2	Hardness Test
Hardness test was carried out on the as-cast specimens. The Vickers hardness testing method was employed due to its suitability for testing metal matrix composites with varying particle distributions. The specimens were polished using successive grades of emery paper to obtain a smooth surface finish, which ensured consistency in readings. The test was conducted with a load of 50 kg (kilogram) applied for a dwell time of 15 seconds. Average of three reading was taken for each sample prepared from the cast aluminium alloy at randomly selected points on the polished surface. 


Figure 3.4 One of the Prepared Samples with Indentations
3.3.1 [bookmark: _Toc202527838][bookmark: _Toc202527926][bookmark: _Toc202530575][bookmark: _Toc202530769][bookmark: _Toc202611509][bookmark: _Toc202611794][bookmark: _Toc204837341][bookmark: _Toc204838300][bookmark: _Toc204841311]Wear Resistance 
Cylindrical pin specimens were fabricated from the cast aluminium. Each pin had a diameter of 10 mm and a length of 30 mm. The specimens were tested against a hardened steel disc with a surface roughness of Ra ≤ 0.5 µm. Tests were performed at room temperature under dry sliding conditions using a constant load of 20 N, a sliding speed of 1.5 m/s, and a total sliding distance of 1000 meters, the specimens were cleaned with acetone to remove surface contaminants. The wear rate was calculated by measuring the volume loss using the weight difference method and expressed in mm³/m. The coefficient of friction was recorded simultaneously during the test. 
[bookmark: _Toc202527839][bookmark: _Toc202527927][bookmark: _Toc202530576][bookmark: _Toc202530770][bookmark: _Toc202611510][bookmark: _Toc202611795][bookmark: _Toc204837342][bookmark: _Toc204838301][bookmark: _Toc204841312]3.4.4	Impact test 
The samples for impact test were prepared with gauge length of 55mm, diameter of 10mm, and notch depth and angle of 45oC respectively machined from the cast aluminium composites.
Figure 3.5 shows the impact test workpiece sample. The test was carried out on Avery-Denison Izod impact testing machine (model: 6705U/33122). 


Figure 3.5 Sample for Izod Impact Test (a) Schematic and (b) Sample piece 

[bookmark: _Toc175071004][bookmark: _Toc202527840][bookmark: _Toc202527928][bookmark: _Toc202530577][bookmark: _Toc202530771][bookmark: _Toc202611511][bookmark: _Toc202611796][bookmark: _Toc204837343][bookmark: _Toc204838302][bookmark: _Toc204841313]CHAPTER FOUR:
[bookmark: _Toc202527841][bookmark: _Toc202527929][bookmark: _Toc202530578][bookmark: _Toc202530772][bookmark: _Toc202611512][bookmark: _Toc202611797][bookmark: _Toc175071006][bookmark: _Toc204837344][bookmark: _Toc204838303][bookmark: _Toc204841314]RESULTS AND DISCUSSION
[bookmark: _Toc202527842][bookmark: _Toc202527930][bookmark: _Toc202530579][bookmark: _Toc202530773][bookmark: _Toc202611513][bookmark: _Toc202611798][bookmark: _Toc204837345][bookmark: _Toc204838304][bookmark: _Toc204841315]4.1 	Results 
This chapter presents a comprehensive analysis of the mechanical performance of the date seed nanoparticle reinforced Al alloy 3004, both in as-cast and annealed conditions. The reinforcement content was varied (5%, 10%, 15%, 20% and 25% by weight), and annealing treatment was applied at 260°C for 2 hours. The results obtained for the various test carried out are presented in Table 4.1 – 4.4 and in Figure 4.1 – 4.4.

[bookmark: _Toc202527843][bookmark: _Toc202527931][bookmark: _Toc202530580][bookmark: _Toc202530774][bookmark: _Toc202611514][bookmark: _Toc202611799][bookmark: _Toc204837346][bookmark: _Toc204838305][bookmark: _Toc204841316][bookmark: _GoBack]4.1.1	TENSILE PROPERTIES 
The tensile test results, summarized in table 4.1 reveal that both reinforcement and annealing significantly influence the tensile behavior of the composites. The as-cast UTS increased with increasing reinforcement up to 10%, beyond which a slight drop was observed. This trend suggests that 10% is the optimum reinforcement level for maximum strength. Annealing treatment improved UTS across all reinforcement levels. This can be attributed to stress relief and better metallurgical bonding between the matrix and reinforcement. At 25%, the marginal reduction in UTS, even after annealing, is likely due to nanoparticle agglomeration, which acts as a stress concentrator.


Table 4.1: Variation of Date seed nanoparticles 3004 Composite with Ultimate Tensile Strength (UTS) 
	S/N
	SAMPLE
	UTS AS-CAST (MPA)
	UTS ANNEALED (MPA)

	1
	 Alloy 3004
	56.0
	57.0

	2
	Alloy 3004 + 5wt% of date seed particles
	61.4
	59.3

	3
	Alloy 3004 + 10wt% of date seed particles
	93.1
	78.0

	4
	Alloy 3004 + 15wt% of date seed particles
	88.3
	72.5

	5
	Alloy 3004 + 20wt% of date seed particles
	86.0
	71.0

	6
	Alloy 3004 + 25wt% of date seed particles
	73.7
	56.9




Figure 4.1: Variation of Date seed nanoparticles 3004 Composite with Ultimate Tensile Strength (UTS)
[bookmark: _Toc202527844][bookmark: _Toc202527932][bookmark: _Toc202530581][bookmark: _Toc202530775][bookmark: _Toc202611515][bookmark: _Toc202611800][bookmark: _Toc204837347][bookmark: _Toc204838306][bookmark: _Toc204841317]4.1.2	HARDNESS PROPERTY
The hardness increased with increasing reinforcement in the as-cast condition due to the presence of hard date seed nanoparticles. Annealing resulted in a slight reduction in, likely due to recovery and partial recrystallization, which reduces the dislocation density.
Table 4.2: Variation of Date seed nanoparticles 3004 Composite with Brinell Hardness Number (BHN)
	S/N
	SAMPLE
	BHN AS-CAST 
	BHN ANNEALED 

	1
	 Alloy 3004
	48.0
	44.0

	2
	Alloy 3004 + 5wt% of date seed particles
	51.0
	48.0

	3
	Alloy 3004 + 10wt% of date seed particles
	55.0
	51.4

	4
	Alloy 3004 + 15wt% of date seed particles
	61.2
	57.7

	5
	Alloy 3004 + 20wt% of date seed particles
	59.2
	54.0

	6
	Alloy 3004 + 25wt% of date seed particles
	57.7
	51.4




Figure 4. 2: Variation of Date seed nanoparticles 3004 Composite with Brinell Hardness Number (BHN)
[bookmark: _Toc202527845][bookmark: _Toc202527933][bookmark: _Toc202530582][bookmark: _Toc202530776][bookmark: _Toc202611516][bookmark: _Toc202611801][bookmark: _Toc204837348][bookmark: _Toc204838307][bookmark: _Toc204841318]4.1.3	IMPACT PROPERTY 
Impact strength increased with reinforcement up to 15%, then slightly decreased at 20%, mirroring the trend seen in tensile strength. Annealing consistently enhanced the impact resistance of all samples. The 15% reinforced and annealed sample showed the highest impact energy, suggesting optimal matrix-reinforcement interaction and energy absorption capacity.
Table 4. 3: Variation of Date seed nanoparticles 3004 Composite with Charpy Impact Energy
	S/N
	SAMPLE
	IMPACT STRENGTH AS-CAST (J)
	IMPACT STRENGTH ANNEALED (J)

	1
	 Alloy 3004
	4.0
	4.8

	2
	Alloy 3004 + 5wt% of date seed particles
	4.7
	5.5

	3
	Alloy 3004 + 10wt% of date seed particles
	4.9
	5.7

	4
	Alloy 3004 + 15wt% of date seed particles
	5.3
	6.5

	5
	Alloy 3004 + 20wt% of date seed particles
	5.1
	6.3

	6
	Alloy 3004 + 25wt% of date seed particles
	5.0
	6.0



Figure 4.3: Variation of Date seed nanoparticles 3004 Composite with Charpy Impact Energy
[bookmark: _Toc202527846][bookmark: _Toc202527934][bookmark: _Toc202530583][bookmark: _Toc202530777][bookmark: _Toc202611517][bookmark: _Toc202611802][bookmark: _Toc204837349][bookmark: _Toc204838308][bookmark: _Toc204841319]4.1.4	WEAR RESISTANCE PROPERTY

The wear loss decreased significantly as the reinforcement content increased up to 10wt.%, indicating enhanced wear resistance. The addition of hard date seed nanoparticles acts as a barrier to plastic deformation and abrasive wear. Annealed samples consistently showed better wear resistance (lower wear loss) compared to their as-cast counterparts as it is attributed to Improved bonding between the matrix and reinforcement particles.
 Table 4.4: Variation of Date seed nanoparticles 3004 Composite with Wear resistance
	S/N
	SAMPLE
	WEAR LOSS AS-CAST (MG)
	WEAR LOSS ANNEALED (MG)

	1
	 Alloy 3004
	82.0
	70.0

	2
	Alloy 3004 + 5wt% of date seed particles
	72.8
	61.2

	3
	Alloy 3004 + 10wt% of date seed particles
	68.9
	55.0

	4
	Alloy 3004 + 15wt% of date seed particles
	52.1
	39.3

	5
	Alloy 3004 + 20wt% of date seed particles
	58.8
	44.0

	6
	Alloy 3004 + 25wt% of date seed particles
	60
	46.9




[bookmark: _Toc175071010][bookmark: _Toc202527847][bookmark: _Toc202527935]Figure 4.4: Variation of Date seed nanoparticles 3004 Composite with Wear resistance
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[bookmark: _Toc202527848][bookmark: _Toc202527936][bookmark: _Toc202530584][bookmark: _Toc202530779][bookmark: _Toc202611519][bookmark: _Toc202611804][bookmark: _Toc204837351][bookmark: _Toc204838310][bookmark: _Toc204841321]5. 1	CONCLUSION 
This study has demonstrated that annealing treatment at 260 °C significantly alters the mechanical properties of Al 3004 alloy reinforced with date seed nanoparticles. The aim was to determine how this heat-treatment process influences properties such as hardness, tensile strength, impact and wear resistance, and to evaluate its suitability for enhancing the performance of sustainably developed metal matrix composites.
Al Alloy 3004 was selected as the matrix material due to its good formability and widespread industrial use. Date seed waste, an abundant agricultural by-product, was processed into nanoparticles. The composite fabrication was performed using the stir casting technique, ensuring uniform dispersion from 5 wt% to 25 wt% date seed nanoparticles in the aluminium melt. Furthermore, the results confirm that using agro-waste-derived reinforcements like date seed nanoparticles is a sustainable and cost-effective strategy for developing advanced aluminium matrix composites (Al-Mutairi & Arif, 2020).
After casting, the samples were divided into unannealed and annealed groups. The annealed samples were heat-treated at 260 °C for 2 hours and then furnace-cooled. Mechanical testing was carried out to measure ultimate tensile strength (UTS), hardness (Brinell Hardness Number), impact (Charpy Impact Energy ) and wear resistance to fracture (ductility) according to ASTM standards. 
The results revealed clear differences between unannealed and annealed samples. The annealed and unannealed composites exhibited a slight reduction in ultimate tensile strength (from 56 MPa to 93.1 MPa ), hardness (from 44.0 HB to 61.2 HB) and impact (from 4.0J to 6.3J), while wear resistance (82.0 to 43.2) decreased significantly, where internal stress relief and partial recrystallization reduce hardness and strength slightly but greatly enhance formability and toughness.
However, the study demonstrates that annealing treatment at 260 °C is a practical post-processing step for Al 3004–date seed nanoparticle composites, balancing strength and ductility to suit various engineering applications. The use of date seed nanoparticles offers a sustainable approach to reinforcing aluminium alloys, adding value to agricultural waste while reducing environmental impact.
Overall, the research supports the viability of combining green reinforcement materials with conventional aluminium alloys and shows that annealing can be used strategically to tailor mechanical properties for specific applications such as automotive panels, packaging, and lightweight structural components. It enhances the material’s suitability for structural applications where improved toughness and reduced risk of brittle failure are critical. Future work may explore varying annealing temperatures and times to further optimize the strength–ductility balance, as well as investigate other mechanical properties such as impact toughness and fatigue resistance
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Future research should take a holistic approach, optimizing processing parameters, characterizing microstructure in detail, validating mechanical and corrosion performance, and analyzing environmental benefits. By doing so, date seed nanoparticle-reinforced Al Alloy 3004 composites can be better engineered for industrial use, supporting sustainable manufacturing and the valorization of agricultural waste.
Furthermore, work may explore varying annealing temperatures and times to further optimize the strength–ductility balance, as well as investigate other mechanical properties such as impact toughness and fatigue resistance
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