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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



	



[bookmark: _Toc207163809]CHAPTER ONE
[bookmark: _Toc175070980][bookmark: _Toc207163810]INTRODUCTION
[bookmark: _Toc175070981][bookmark: _Toc207163811]1.1	Background of Study
[bookmark: _Toc175070982]The development of metal matrix composites (MMCs) has significantly advanced in recent years due to their potential to combine the desirable properties of metals with the reinforcing capabilities of various reinforcements. These composites are increasingly sought after in industries that demand materials with superior mechanical properties, such as aerospace, automotive, and defense sectors. Among the numerous metal matrix composites, 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). Specifically, Al-Cu-Mg alloys, 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).
Incorporating nanoparticles as reinforcements into metal matrices has been recognized as an effective method to enhance the mechanical and thermal properties of these materials. Nanoparticles, due to their small size and high surface area, can significantly alter the properties of the matrix material by improving strength, wear resistance, and stiffness while maintaining relatively low weight (Rajkumar et al., 2019). Among various nanoparticle reinforcements, date seed nanoparticles (DSNPs) have recently emerged as an interesting and sustainable reinforcement for Al-based composites. The use of DSNPs in metal matrix composites has been shown to enhance mechanical properties such as hardness, tensile strength, and wear resistance due to the strong interaction between the nanoparticles and the matrix (Ahmed et al., 2021).
One of the key factors that influence the performance of metal matrix composites is the heat treatment process, which can significantly alter their microstructure and consequently their mechanical properties. Annealing, a heat treatment process, is commonly used to relieve internal stresses, reduce hardness, and enhance ductility by promoting grain growth and phase transformations in metallic alloys. Specifically, annealing at temperatures around 260°C has been found to have a pronounced effect on the grain structure and phase evolution in aluminum-based alloys, which in turn influences their mechanical behavior (Jang et al., 2020). The annealing treatment is particularly beneficial for Al-Cu-Mg alloys, as it can help improve their ductility and toughness, which are often compromised due to the precipitation hardening mechanism in these alloys.
However, the influence of annealing on the structural and mechanical characteristics of Al-Cu-Mg composites reinforced with date seed nanoparticles remains largely unexplored. The incorporation of DSNPs in these composites could potentially interact with the matrix during heat treatment, influencing both the microstructure and mechanical properties in ways that are not yet fully understood. 
[bookmark: _Toc207163812]1.2 Statement of Problem 

Aluminum-based composites are widely used in structural applications due to their favorable strength-to-weight ratio, corrosion resistance, and good machinability. However, the mechanical performance of conventional aluminum alloys often falls short in extreme service conditions that require higher tensile strength, toughness, and wear resistance. Reinforcing aluminum with ceramic or bio-based particles has been shown to improve these properties, but challenges such as poor particle distribution, weak interfacial bonding, and internal stresses during fabrication can significantly limit composite performance. Specifically, Al-Cu-Mg alloys have been widely used in structural applications where strength and lightness are crucial, such as in aerospace and automotive industries (Rani et al., 2017).
In recent years, agro-waste materials like date seed particles have emerged as promising, low-cost, and sustainable alternatives for reinforcing aluminum alloys.
[bookmark: _Toc175070983][bookmark: _Toc207163813]1.3 	Rationale/Justification 
The increasing demand for lightweight and high-performance materials in engineering applications, particularly in the aerospace, automotive, and structural industries, has driven the advancement of metal matrix composites (MMCs). Aluminum alloys are widely utilized due to their desirable mechanical and physical properties, but further enhancement is necessary to meet the ever-evolving requirements of strength, toughness, and thermal stability in extreme environments.
[bookmark: _Toc175070984]Concurrently, the emphasis on sustainability and environmental conservation has led to growing interest in utilizing agro-waste as a reinforcement material in composite fabrication. Date seeds, When processed into nanoparticles, these date seed particles offer a promising reinforcement alternative due to their mechanical stability and eco-friendly nature. Their application in aluminum alloy matrices supports not only material enhancement but also waste valorization and environmental conservation. 



[bookmark: _Toc207163814]1.4 	Aim and objectives 
The aim of the study is to investigate the influence of annealing treatment at 260oC on the mechanical characteristics of Al-Cu-Mg composite been reinforced with date seed nanoparticles 
The objectives are as follows:
1 To fabricate Al-Cu-Mg matrix composites reinforced with different weight percentage of date seed nanoparticles(5-20%)
2 To produce date seed nanoparticles by milling and sorting into size. The size 35μm will be use 
3 To evaluate the influence of the annealing treatment on the mechanical characteristics of the composite 
4 To provide recommendations for optimizing the annealing treatment parameters (such as temperature, duration and cooling rate) to enhance the performance of the date seed nanoparticle reinforced with Al-Cu-Mg based composites 
4.5 [bookmark: _Toc207163815]Scope of Study 

The study will produce the date seed nanoparticles and add different percentage ranging from 5-20% by weight of the Aluminum alloy. Then annealing treatment will be performed at 260oC. Tensile test, Hardness test and wear resistance will then be conducted on the composites 



[bookmark: _Toc175070986][bookmark: _Toc207163816]CHAPTER TWO:
[bookmark: _Toc175070987][bookmark: _Toc207163817]LITERATURE REVIEW
[bookmark: _Toc207163818][bookmark: _Toc175070988]2.1	Date Seed
Date seeds are the hard inner part of the fruit of the Phoenix dactylifera (date palm). They are typically discarded as agricultural waste during date processing, yet they hold great potential for scientific and industrial applications, especially in the field of material science and engineering. Date seeds are rich in lignin, cellulose, hemicellulose, and silica, and contain trace elements such as calcium, potassium, and magnesium. When calcined or carbonized, they exhibit ceramic-like properties, making them suitable for reinforcement in metal matrix composites.
[bookmark: _Toc207163819]2.2	 Date Seed Nanoparticles as Reinforcements 
Date seed nanoparticles (DSNPs) possess unique properties that make them particularly suitable for reinforcing metal matrix composites (MMCs), such as aluminum-based alloys. When used as a reinforcement in aluminum-based composites, DSNPs have been found to significantly improve the material's properties. Several studies have highlighted the beneficial effects of incorporating DSNPs into aluminum alloys. The incorporation of DSNPs into aluminum composites has been shown to enhance hardness, tensile strength, and wear resistance. The fine dispersion of DSNPs within the aluminum matrix helps improve load transfer and enhances the overall strength of the composite (Srinivasan et al., 2021).
One of the key advantages of adding DSNPs to Al-based composites is the enhancement of wear resistance. The nanoparticles act as barriers to wear and tear, significantly improving the material's durability and performance in abrasive environments. This makes DSNP-reinforced Al alloys ideal for applications involving friction, such as in automotive engines or industrial machinery (Hassan et al., 2018). In addition to improving mechanical properties, the addition of DSNPs can also enhance the thermal conductivity of Al-based composites, making them suitable for applications in heat exchangers, cooling systems, and other thermally demanding environments (Rajkumar et al., 2019). The addition of DSNPs has also been shown to improve the corrosion resistance of aluminum-based composites. The nanoparticles can reduce the susceptibility of the composite to corrosion, especially in aggressive environments like seawater or acidic conditions, which is particularly important for marine and aerospace applications (Srinivasan et al., 2021).
[bookmark: _Toc175070989][bookmark: _Toc207163820]2.3 	Annealing Treatments in Metal Matrix Composites
[bookmark: _Toc175070990]Annealing treatments can significantly influence the mechanical and structural properties of metal matrix composites. These effects are highly dependent on the specific alloy, reinforcement type, and annealing parameters, such as temperature, time, and cooling rate.
1. Mechanical Properties Enhancement:
· Strength: Annealing treatments can lead to an increase in strength in some MMCs, especially if the treatment promotes more favorable particle-matrix bonding or results in fine-grained microstructures
· Hardness: The hardness of MMCs may decrease with annealing if grain growth or particle coarsening occurs. However, in some cases, the improvement in the matrix structure can lead to higher hardness, especially when precipitation hardening is involved (Zhang et al., 2018).
2. Reduction in Residual Stresses: The internal stresses caused by the thermal expansion mismatch between the matrix and the reinforcements can result in cracking, distortion, or reduced mechanical performance. Annealing reduces these stresses by enabling atomic mobility, leading to a more uniform structure and improved mechanical properties (Ali et al., 2021).
3. Grain Structure Evolution: Annealing can alter the grain structure of both the matrix and the reinforcement. In some cases, grain coarsening can occur, reducing the material’s overall strength. However, controlling the annealing temperature and time can allow for desired microstructural changes. 
However, annealing offers several advantages in MMCs, but there are some challenges that need to be carefully considered. If the annealing temperature is too high or the process is prolonged, it can lead to excessive grain growth, weakening the material. This can also lead to the coarsening or agglomeration of the reinforcement particles, which can degrade the overall properties of the composite (Ali et al., 2021). During annealing, there is a possibility that the reinforcement particles may agglomerate or settle, especially if they are not well-dispersed initially. This can lead to a non-uniform distribution of reinforcements in the matrix, which reduces the material’s overall performance (Sharma et al., 2019).
4. Improvement in Toughness: While MMCs can be inherently brittle due to the presence of ceramic particles, annealing can improve their toughness by relieving stresses and promoting better particle-matrix interaction. 
[bookmark: _Toc207163821][bookmark: _Toc175070991]2.4 Effect of Heat Treatment on the Properties of Nanocomposites

The effect of heat treatment on nanocomposites is complex and depends on several factors, such as the type of nanoparticles used, the matrix material, and the heat treatment conditions. Heat treatment processes such as annealing and quenching are known to enhance the strength and hardness of nanocomposites. In metal matrix nanocomposites (MMCs), for example, heat treatment can promote the formation of finer grains and improve the dispersion of nanoparticles within the matrix, leading to better load transfer and enhanced mechanical performance (Kumar et al., 2019). Nanocomposites treated with heat often show improved tensile strength due to the formation of a more homogeneous microstructure.
Heat treatment can improve the interface between the nanoparticles and the matrix material. For example, when using nanoparticles like carbon nanotubes (CNTs) or graphene as reinforcements, heat treatment can enhance the wettability and bonding between the nanoparticles and the matrix, reducing particle agglomeration and promoting better load transfer (Gong et al., 2021). In metal matrix nanocomposites, heat treatment can lead to better particle-matrix bonding, improving the overall conductivity. Heat-treated nanocomposites are widely used in various industries, particularly in aerospace, automotive, and electronics

[bookmark: _Toc207163822]2.5	Effect of Annealing on Al-Cu-Mg Alloys
Annealing treatments significantly influence the microstructure, mechanical properties, and corrosion resistance of Al-Cu-Mg 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 ductility, 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 Al-Cu-Mg alloys. 
One of the most significant effects of annealing on Al-Cu-Mg alloys is grain growth. In the as-cast condition, the alloy often exhibits a coarse grain structure, which limits its mechanical properties. Annealing leads to recrystallization, where fine grains form, and the grains grow due to the reorganization of dislocations. Depending on the annealing temperature and time, this can lead to either grain refinement or grain coarsening (Lee et al., 2017). Fine-grained structures usually enhance mechanical strength and toughness. The Al-Cu-Mg system is known for its precipitation-hardening capabilities. Upon annealing, a change in the solubility of alloying elements like magnesium (Mg) and copper (Cu) occurs, leading to the formation of precipitates like Mg2Cu or θ-phase particles. These precipitates pin dislocations, significantly improving the strength of the alloy. However, if annealing is done at high temperatures or for prolonged durations, overaging may occur, which reduces the strength
The effects of annealing are also heavily influenced by the time and temperature at which the treatment is performed. Annealing at lower temperatures (around 200°C) for shorter periods may lead to partial recovery of the alloy without significant changes in grain structure, resulting in slight improvements in hardness and tensile strength. Annealing at higher temperatures (above 300°C) for extended durations leads to complete recrystallization and phase transformation, significantly improving ductility but potentially reducing strength if overaging occurs (Hu et al., 2016).
[bookmark: _Toc175070992][bookmark: _Toc207163823]2.6	Influence of Date Seed Nanoparticle on Al-Cu-Mg Based Composites
[bookmark: _Toc207163824]2.6.1	Mechanical Properties Enhancement

Date seed nanoparticles are particularly effective in enhancing the mechanical properties of Al-Cu-Mg composites due to their high surface area and hardness. Several studies have shown that the addition of DSNPs leads to significant improvements in strength, hardness, and wear resistance of Al-Cu-Mg-based composites. The incorporation of date seed nanoparticles into the Al-Cu-Mg matrix has been shown to significantly improve the tensile strength of the composite. The nanoparticles, due to their high strength and small size, hinder the movement of dislocations, contributing to a stronger material. According to (El-Sayed et al. 2019), the addition of date seed nanoparticles at 2–5% by weight to Al-Cu-Mg composites resulted in a marked increase in tensile strength, with improvements up to 25%. The hardness of Al-Cu-Mg composites is also enhanced by the introduction of date seed nanoparticles. The hardness improvement is primarily attributed to the pinning effect of nanoparticles, which restricts dislocation motion within the matrix. Hassan et al. (2021) found that the hardness of Al-Cu-Mg composites increased by approximately 30-40% when 2–3% by weight of date seed nanoparticles were incorporated, with the hardness values improving as the reinforcement content increased. Date seed nanoparticles also help to improve the wear resistance of Al-Cu-Mg-based composites. The wear resistance is enhanced due to the increased hardness and better distribution of the reinforcement within the matrix, which helps resist abrasive forces. In a study by El-Sayed et al. (2019), wear testing showed that Al-Cu-Mg composites reinforced with 3% DSNPs exhibited a 40% reduction in wear rate compared to the unreinforced alloy.
[bookmark: _Toc207163825]2.6.2	Microstructural Improvements
The microstructure of Al-Cu-Mg composites reinforced with date seed nanoparticles is significantly influenced by the presence of these nanoparticles. The nanoparticles interact with the matrix during solidification, leading to changes in grain size, phase distribution, and particle-matrix interface properties. Date seed nanoparticles play a crucial role in refining the grain structure of the Al-Cu-Mg matrix. The nanoparticles act as nucleation sites during solidification, leading to finer grains. Fine-grained materials typically exhibit enhanced mechanical properties, such as strength and toughness, due to the Hall-Petch effect. According to research by Mousavi et al. (2020), the addition of DSNPs in Al-Cu-Mg composites resulted in a significant reduction in grain size, which positively influenced the tensile strength and hardness of the material. A uniform dispersion of date seed nanoparticles in the matrix is essential for achieving optimal mechanical properties. Poor dispersion can lead to agglomeration of the particles, which can adversely affect the properties of the composite. In the study by Hassan et al. (2021), effective dispersion of DSNPs was achieved using stir casting, which resulted in a uniform distribution of particles throughout the matrix. This led to improvements in both mechanical properties and wear resistance.
[bookmark: _Toc207163826]2.6.3	Thermal and Phase Behavior 
The thermal properties of Al-Cu-Mg-based composites can also be influenced by the addition of date seed nanoparticles. The nanoparticles, being inorganic, can alter the thermal conductivity, thermal stability, and phase formation within the composite. The presence of date seed nanoparticles in Al-Cu-Mg composites can improve the material's thermal stability. DSNPs, due to their high thermal resistance, help maintain the integrity of the composite under high-temperature conditions. As a result, Al-Cu-Mg composites reinforced with DSNPs show better performance at elevated temperatures compared to unreinforced alloys (El-Sayed et al., 2019). The interaction between the matrix and date seed nanoparticles can also affect phase formation during processing. The study by Hassan et al. (2021) indicated that the addition of DSNPs did not lead to the formation of any new phases within the composite, but the nanoparticles contributed to a more homogeneous microstructure, leading to improved mechanical and thermal properties.
[bookmark: _Toc207163827]2.7	Processing techniques of composites 

[bookmark: _Toc207163828]2.7.1	Liquid-State Processing Techniques
Liquid-state processing involves introducing reinforcement particles into a molten metal matrix (such as aluminum) and then solidifying the mixture to form a composite. This method is cost-effective, relatively simple, and scalable, making it the most commonly used for producing metal matrix composites. The main advantage of liquid-state processing is its ability to produce complex shapes with relatively low-cost equipment. However, it poses challenges such as particle agglomeration, poor wettability, and non-uniform distribution of nanoparticles.
Stir Casting Technique
Stir casting is the most widely used and commercially viable technique for producing aluminum-based composites. It is Low cost and easy to scale up, Suitable for industrial applications and Simple equipment requirements. Its limitations are inadequate wettability of particles, agglomeration of nanoparticles, porosity and segregation, difficulties in achieving uniform dispersion with very fine particles.
· Ultrasonic-Assisted Casting
This method uses ultrasonic vibrations to improve nanoparticle dispersion in the molten aluminum. It is often used as an enhancement to stir casting. Its advantages are significantly improves wettability and dispersion of nanoparticles, Reduces porosity and agglomeration, Produces composites with better mechanical properties. While its limitation are as follow requires specialized equipment, ultrasonic horns degrade over time, not yet widely used at industrial scale.
[bookmark: _Toc207163829]2.7.2	Solid-State Processing Techniques
Solid-state processing involves fabricating composites without melting the metal matrix. Instead, the reinforcement and matrix are processed in the solid phase, which helps maintain uniform microstructure, prevent particle segregation, and minimize undesirable reactions. These techniques are ideal for high-performance applications where grain refinement, high strength, and fine dispersion of nanoparticles are required.
· Powder Metallurgy (PM)
Powder Metallurgy is a widely used solid-state method where metal powders and reinforcements (e.g., Al alloy + nanoparticles) are blended, compacted, and sintered to form a dense composite. It has excellent control over composition and particle dispersion, minimal oxidation and chemical reaction between matrix and reinforcement. However, it disadvantages are high cost due to powder handling and equipment, poor ductility in some sintered products and porosity may still exist if not optimized.
· Cryomilling
Cryomilling is a type of mechanical alloying where powder blending occurs at cryogenic temperatures using liquid nitrogen. It produces nanostructured composite powders, enhances particle distribution and interface bonding, reduces contamination and particle agglomeration but requires special cryogenic equipment, energy-intensive and time-consuming.
· Hot Isostatic Pressing (HIP)
HIP is used to consolidate powder compacts under high temperature and isotropic gas pressure (typically argon) to eliminate porosity. It is achieves near-theoretical density and improves mechanical and fatigue properties. However, it is very expensive equipment and long processing time.
[bookmark: _Toc207163830]2.7.3	Surface-Based Processing Techniques
Surface-based processing refers to techniques where nanoparticles are introduced or modified at the surface of the aluminum matrix or component. These methods aim to enhance surface properties—such as hardness, wear resistance, corrosion resistance, and fatigue strength—without altering the bulk material.
Such techniques are ideal for applications where surface performance is critical while maintaining the integrity and lightweight nature of the aluminum alloy.
· Friction Stir Processing (FSP)
Friction Stir Processing is a solid-state surface modification technique derived from Friction Stir Welding. It uses a rotating tool to stir and mix nanoparticles into the surface of the aluminum substrate, creating a fine-grained surface composite layer. It is Refines surface grains, improving hardness and strength.
· Electrochemical Deposition (Electrodeposition)
Electrodeposition allows nanoparticles to be co-deposited with a metal layer (e.g., nickel, copper) onto the aluminum surface through electroplating in a bath. It’s produces smooth, uniform coatings, precise control over thickness and composition and low processing temperatures.
[bookmark: _Toc207163831]2.8	Reviews on Some Terms Base on This Study
[bookmark: _Toc207163832]2.8.1	Al-Cu-Mg Alloy

Aluminum-Copper-Magnesium (Al-Cu-Mg) alloys are a class of aluminum alloys that are widely used for structural applications due to their excellent combination of strength, light weight, and good corrosion resistance. These alloys are generally known for their good workability and heat treatability, making them suitable for a variety of applications in industries such as aerospace, automotive, and construction. Al-Cu-Mg alloys are primarily composed of aluminum as the base metal, with copper (Cu) and magnesium (Mg) as the primary alloying elements. Copper improves the strength and hardness of the alloy, while magnesium enhances the overall workability, corrosion resistance, and increases the alloy's strength when age-hardened.
[bookmark: _Toc207163833]2.8.2	Metal Matrix Composites (MMCs)

Metal Matrix Composites (MMCs) are materials that consist of a metal matrix (base material) reinforced with particles, fibers, or whiskers of another material. These reinforcements improve specific properties of the base metal, such as strength, wear resistance, thermal conductivity, and corrosion resistance. MMCs are widely used in high-performance applications, especially in industries such as aerospace, automotive, and defense. The primary advantage of MMCs is that they combine the best properties of the metal matrix with those of the reinforcement material, often leading to superior performance in demanding environments.
[bookmark: _Toc207163834]2.8.3	Nanoparticles

Nanoparticles are materials with at least one dimension in the nanometer range (1–100 nm). These materials exhibit unique properties due to their small size, large surface area, and quantum effects. When used as reinforcements in metal matrix composites, nanoparticles, such as those from date seeds, can significantly enhance the mechanical properties of the composite. Nanoparticles can improve properties like hardness, wear resistance, and strength by providing a strong bond between the matrix and the reinforcement, as well as by hindering dislocation movement in the matrix material.
[bookmark: _Toc207163835]2.8.4	Date Seed Nanoparticles (DSNPs)

Date seed nanoparticles are derived from the seeds of the date palm fruit. These nanoparticles have high strength and a fine grain structure, making them suitable for use as reinforcements in metal matrix composites. Besides their mechanical properties, date seed nanoparticles are considered sustainable and eco-friendly because they are a byproduct of the date palm industry. They offer an affordable and renewable alternative to more traditional reinforcement materials such as carbon nanotubes or ceramic particles.
[bookmark: _Toc207163836]28.5	Annealing

Annealing is a heat treatment process that involves heating a material to a specific temperature and then slowly cooling it to relieve internal stresses, improve ductility, and refine the grain structure. In the case of metal matrix composites, annealing can affect the distribution of reinforcing particles, phase formation, and the mechanical properties of the composite. The temperature and duration of annealing are key factors that influence the final properties. In the context of this study, annealing at 260°C is expected to enhance the bonding between the matrix and reinforcement, leading to improved mechanical performance.
[bookmark: _Toc207163837]2.8.6	Tensile Strength

Tensile strength refers to the maximum stress a material can withstand while being stretched or pulled before breaking. It is a crucial property for materials used in structural applications where strength and resistance to deformation are important. The tensile strength of metal matrix composites can be significantly improved by the addition of reinforcing particles, such as date seed nanoparticles, which help prevent the movement of dislocations and promote a stronger material.
[bookmark: _Toc207163838]2.8.7	Hardness

Hardness is a measure of a material's resistance to deformation, particularly permanent deformation, scratching, or indentation. Hardness testing is often used as a quick way to assess a material's ability to resist wear and abrasion. In the context of composites, hardness is an important indicator of how well the reinforcement, like DSNPs, is enhancing the matrix material's ability to resist surface wear. The incorporation of date seed nanoparticles can increase the hardness of Al-Cu-Mg composites due to their high hardness and effective dispersion within the matrix.
[bookmark: _Toc207163839]2.8.8	Wear Resistance

Wear resistance refers to a material's ability to withstand wear and tear when subjected to friction or abrasive forces. In metal matrix composites, wear resistance is typically improved by incorporating hard, wear-resistant particles such as date seed nanoparticles. These nanoparticles contribute to the overall hardness of the composite and reduce the rate of material loss during sliding or abrasive contact.
[bookmark: _Toc207163840]2.9	Review on Previous Work
In the context of investigating the influence of annealing treatment on structural and mechanical characteristics of date seed nanoparticle-reinforced Al-Cu-Mg composites, several studies have explored various facets of the effects of heat treatment, nanoparticle reinforcement, and alloying on the properties of metal matrix composites (MMCs). This review presents insights from previous research on the individual and combined effects of annealing, nanoparticle reinforcement.
El-Sayed et al. (2019) investigated the influence of annealing on the microstructure and mechanical properties of aluminum-based composites reinforced with various types of nanoparticles, including organic and inorganic reinforcements. Their study revealed that annealing at temperatures around 260°C led to significant grain refinement in the composite matrix, which improved the tensile strength and hardness of the material. Furthermore, the annealing process facilitated the formation of a more uniform distribution of nanoparticles, enhancing the interfacial 
Mousavi et al. (2020) examined the effect of various plant-based nanoparticles, including date seed nanoparticles, on the properties of aluminum-based composites. Their study demonstrated that date seed nanoparticles not only enhance the mechanical properties, such as tensile strength and hardness, but also contribute to the sustainability of the composite material, making it a viable choice for eco-friendly applications. The heat treatment process is crucial for the development of high-performance composites, especially when nanoparticles are used as reinforcements. The heat treatment can affect the dispersion of nanoparticles, the formation of precipitates, and the overall mechanical properties of the composite. Hassan et al. (2021) focused on the heat treatment of Al-Cu-Mg composites with date seed nanoparticles and observed an enhancement in the hardness and tensile strength of the composites after aging. The formation of strengthening phases, such as Mg2Si and CuAl2, after the heat treatment process was identified as a key factor contributing to the improvement in mechanical properties.
Previous studies have demonstrated that DSNPs can enhance the hardness, tensile strength, and wear resistance of aluminum alloys, leading to improved overall performance (Ahmed et al., 2021). However, the mechanisms behind these improvements, particularly the interaction between DSNPs and the matrix during heat treatment, have not been fully explored. 
Annealing treatment have been shown to significantly affect the microstructure and mechanical properties of metallic alloys. For Al-Cu-Mg alloys, annealing treatments can promote grain growth, reduce internal stresses, and enhance ductility, which are critical factors for achieving optimal performance in structural applications (Jang et al., 2020). The impact of annealing on the microstructure and mechanical properties of DSNP-reinforced Al-Cu-Mg composites has not been sufficiently investigated, particularly at temperatures such as 260°C, which is commonly used for enhancing the properties of these alloys.
From the review of previous work, it is evident that the combination of annealing treatment and date seed nanoparticle reinforcement can significantly enhance the mechanical properties of Al-Cu-Mg-based composites. The annealing process promotes grain refinement and strengthens the material by improving the distribution and bonding between the matrix and reinforcement. The addition of date seed nanoparticles not only boosts the strength, hardness, and wear resistance of the composites but also offers a sustainable and cost-effective alternative to conventional reinforcements. Further research is needed to optimize the processing conditions, reinforcement content, and heat treatment parameters to fully exploit the potential of date seed nanoparticle-reinforced Al-Cu-Mg composites.
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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][bookmark: _Toc207163843]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][bookmark: _Toc207163844]3.2	Equipment
Milling machine, Set of sieve, Heat treatment furnace, Brinell hardness number, Universal tensile testing machine, Izod impact 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][bookmark: _Toc207163845]Methods and Sample Preparation
Table 3.2 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 3004 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. 
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Testing for Mechanical Properties
[bookmark: _Toc202527836][bookmark: _Toc202527924][bookmark: _Toc202530573][bookmark: _Toc202530767][bookmark: _Toc202611507][bookmark: _Toc202611792][bookmark: _Toc204837339][bookmark: _Toc204838298][bookmark: _Toc204841309][bookmark: _Toc207163847]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][bookmark: _Toc207163848]3.4.2	Hardness Test
Hardness test was carried out on the as-cast specimens. The brinell hardness number 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][bookmark: _Toc207163849]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. 
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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 
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This section presents and analyzes the experimental findings on the mechanical characteristics of Alloy 3004 reinforced with date seed particles, both before and after annealing at 260°C. The results cover tensile strength, hardness, impact energy and wear resistance across different reinforcement levels (5% to 25 wt.%).
The discussion interprets trends in the data, explaining the effects of reinforcement content and heat treatment on mechanical behavior. These insights help identify optimal processing conditions for achieving the desired balance of strength, hardness, toughness and wear rate in the composite material
4.1.1 [bookmark: _Toc207163854]Tensile Strength
Tensile strength increased with reinforcement up to 15%, reaching peak values of 196 MPa (unannealed) and 181 MPa (annealed). Beyond 15%, tensile strength declined due to possible particle agglomeration and reduced interfacial bonding. Annealed samples showed slightly lower tensile strength at all reinforcement levels compared to unannealed samples, indicating a softening effect due to stress relief and grain growth during annealing.
These results demonstrate that adding date seed reinforcement improves the tensile strength of Alloy 3004 up to an optimal level, while annealing slightly reduces strength but can improve other properties like ductility and toughness.
Table 1: Ultimate tensile strength (UTS) values measured for Alloy 3004 composites reinforced with varying percentages of date seed particles, both before and after annealing at 260 °C.
	Reinforcement (%)
	Unannealed (MPa)
	Annealed (MPa)

	5
	174
	160

	10
	188
	170

	15
	196
	181

	20
	182
	165

	25
	170
	157




Figure 1: Ultimate tensile strength (UTS) values measured for Alloy 3004 composites reinforced with varying percentages of date seed particles, both before and after annealing at 260 °C.

4.1.2 [bookmark: _Toc207163855]Hardness 
Hardness increased steadily with reinforcement up to 15%, due to the presence of hard date seed particles impeding dislocation movement. Beyond 15%, hardness declined slightly, likely from particle agglomeration and uneven distribution reducing strengthening efficiency. Annealed samples consistently showed lower hardness than unannealed ones at all reinforcement levels, reflecting the softening effect of stress relief and reduced dislocation density after heat treatment.
These results highlight that reinforcing Alloy 3004 with date seed particles can significantly improve hardness, while annealing moderates hardness by promoting structural relaxation and improved ductility.
Table 2: Brinell hardness values measured for Alloy 3004 composites reinforced with different weight percentages of date seed particles, both before and after annealing at 260 °C.
	Reinforcement (%)
	Unannealed (BHN)
	Annealed (BHN)

	5
	55
	51

	10
	61
	56

	15
	67
	60

	20
	64
	58

	25
	62
	54




Figure 2: Brinell hardness values measured for Alloy 3004 composites reinforced with different weight percentages of date seed particles, both before and after annealing at 260 °C.

4.1.3 [bookmark: _Toc207163856]Impact Energy 
Unannealed samples showed decreasing impact energy with increasing reinforcement, indicating reduced ductility due to the hard particles restricting plastic deformation. Annealed samples displayed consistently higher impact energy at all reinforcement levels compared to unannealed samples. The increase in impact energy after annealing is attributed to stress relief and grain growth in the matrix, which improve ductility and energy absorption capacity.
These results demonstrate that while reinforcement tends to lower the impact energy, annealing treatment effectively enhances toughness, making the composite more suitable for applications requiring better impact resistance.
Table 3: Impact energy values for Alloy 3004 composites reinforced with varying percentages of date seed particles, tested before and after annealing at 260 °C
	Reinforcement (%)
	Unannealed (J)
	Annealed (J)

	5
	7.2
	9.0

	10
	6.8
	88

	15
	6.5
	8.5

	20
	6.0
	8.0

	25
	5.8
	7.6




Figure4.3: Impact energy values for Alloy 3004 composites reinforced with varying percentages of date seed particles, tested before and after annealing at 260 °C

[bookmark: _Toc207163857]4.1.4	Wear Resistance 
Wear rate decreased with reinforcement up to 15 wt%, indicating improved wear resistance thanks to the hard, abrasion-resistant date seed particles embedded in the softer aluminum matrix. Beyond 15%, wear resistance slightly declined due to particle agglomeration and possible porosity reducing uniform load sharing. Annealed samples generally showed slightly higher wear rates than unannealed samples at all reinforcement levels. This is likely due to annealing-induced matrix softening and reduced dislocation density.
These results suggest that reinforcing Alloy 3004 with date seed particles improves wear resistance significantly up to an optimal level of ~15 wt%, while annealing slightly reduces wear resistance but can improve other properties such as toughness and impact energy.
Table 4.4 shows the measured wear rate of Alloy 3004 composites reinforced with varying weight percentages of date seed particles, both before and after annealing at 260 °C.
	Reinforcement (%)
	Unannealed (J)
	Annealed (J)

	5
	4.6
	4.9

	10
	4.1
	4.4

	15
	3.7
	4.0

	20
	3.9
	4.2

	25
	4.2
	4.5



Table 4.4 shows the measured wear rate of Alloy 3004 composites reinforced with varying weight percentages of date seed particles, both before and after annealing at 260 °C.
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[bookmark: _Toc207163858]CHAPTER FIVE
[bookmark: _Toc207163859]CONCLUSION
This study successfully investigated the effect of annealing treatment at 260°C on the mechanical characteristics of Aluminum Alloy 3004 reinforced with varying weight percentages of date seed particles. The results reveal several important findings regarding the performance of the composites in terms of tensile strength, hardness, impact energy, and wear resistance.
The incorporation of date seed particles as a sustainable agro-waste reinforcement significantly enhanced the mechanical properties of the alloy up to an optimal reinforcement level of 15 wt%. At this point, the composite exhibited maximum tensile strength and hardness, attributed to efficient particle dispersion and strong matrix–reinforcement bonding. However, further increase in reinforcement beyond 15% led to a decline in performance, likely due to particle agglomeration and non-uniform distribution, which introduced stress concentrations and porosity.
Annealing at 260°C had a notable effect on all mechanical properties. While it slightly reduced the tensile strength and hardness due to grain coarsening and reduced dislocation density, it significantly improved the ductility and impact resistance of the composites. This indicates that annealing enhances the energy absorption capability of the material, making it more suitable for applications where toughness is prioritized over strength.
In terms of wear resistance, unannealed samples demonstrated superior resistance to material loss, especially at 15% reinforcement. Annealed samples, although more ductile, exhibited a slight decrease in wear resistance due to matrix softening.
Overall, the study confirms that date seed is a viable, eco-friendly reinforcement material for aluminum matrix composites. Optimal mechanical performance is achieved at 15 wt% reinforcement. Annealing at 260°C is beneficial for improving impact energy and ductility but results in slight compromises in hardness and strength.
[bookmark: _Toc207163860]RECOMMENDATIONS 

(a) Optimal Reinforcement Level: For applications requiring a balance of strength, hardness, and wear resistance, a reinforcement level of approximately 15 wt% date seed particles is recommended. This level provided the best overall mechanical performance in this study.
(b) Annealing for Toughness: Annealing treatment at 260°C is advisable for components where improved ductility and impact energy are important, such as crash-resistant structures.
(c) Further Heat Treatment Optimization: Future work should investigate the effects of varying annealing temperatures and durations to identify the most effective heat-treatment parameters for different application needs.
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Unannealed (Mpa)	5	10	15	20	25	174	188	196	182	170	Annealed (Mpa)	5	10	15	20	25	160	170	181	165	157	Reinforcement (wt%)


Ultimate Tensile Strenght (MPa)




Unannealed (BHN)	5	10	15	20	25	55	61	67	64	62	Annealed(BHN)	5	10	15	20	25	51	56	60	58	55	Reinforcement (wt%)


Hardness (BHN)




Unannealed (J)	5	10	15	20	25	7.2	6.8	6.5	6	5.8	Annealed (J)	5	10	15	20	25	9	8.8000000000000007	8.5	8	7.6	Reinforcement (wt%)


Impact Energy (J)




Unannealed (mm³/m × 10⁻³)	5	10	15	20	25	4.5999999999999996	4.0999999999999996	3.7	3.9	4.2	Annealed (mm³/m × 10⁻³)	5	10	15	20	25	4.9000000000000004	4.4000000000000004	4	4.2	4.5	Reinforcement (wt%)


Wear Rate (mm³/m × 10⁻³)
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