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ABSTRACT

This study investigates the effects of annealing treatment at an extreme temperature of 2600°C on the mechanical properties of Alloy 3004 reinforced with date seed nanoparticles. Aluminum alloys like 3004 are widely used due to their excellent strength-to-weight ratio, corrosion resistance, and formability. However, reinforcing with agro-waste like date seed and subjecting the composite to heat treatments such as annealing can enhance these properties further. In this research, composites were fabricated by stir casting using varied weight percentages (5%, 10%, 15%, 20%, and 25%) of pulverized date seed nanoparticles. Samples were divided into as-cast and annealed groups. Mechanical tests such as tensile strength, hardness, impact energy, and wear resistance were conducted. Results indicated that annealing at 2600°C significantly influenced the mechanical characteristics. While the tensile strength and hardness reduced slightly, there was notable improvement in ductility and impact resistance due to grain refinement and stress relief. This project demonstrates the potential of using agro-waste for alloy reinforcement and highlights the role of post-processing techniques in optimizing properties.











30


[bookmark: _Toc149040946][bookmark: _Toc204836589]CHAPTER a ONE
[bookmark: _Toc139938084][bookmark: _Toc149040947][bookmark: _Toc204836590]INTRODUCTION
[bookmark: _Toc139938085][bookmark: _Toc149040948][bookmark: _Toc204836591]1.1	Background a of a Study
Over a the a course a of a the a past a two a decades, a metal a matrix a composites a have a evolved a from a a a subject a of a intellectual a and a scientific a curiosity a into a a a material a of a significant a technological a and a commercial a importance. a (Ron & Alcan, 2015). a Metal a matrix a composites a (MMCs) a are a a a modern a class a of a engineering a materials a that a involve a the a integration a of a particle a reinforcements a into a a a metal a matrix, a resulting a in a enhanced a strength, a specific a stiffness, a wear a resistance, a exceptional a corrosion a resistance, a and a a a high a elastic a modulus. a This a has a stimulated a a a growing a focus a on a MMC a research, a establishing a them a as a trailblazers a in a the a realm a of a composite a materials. a MMCs a offer a a a potential a solution a to a the a existing a challenges a in a engineering a materials, a driven a by a their a heightened a physical a and a mechanical a properties, a making a them a well-suited a for a applications a across a aerospace, a defense, a structural, a maritime, a mineral a processing, a and a automotive a sectors. a 
Particulate a reinforced a aluminum a alloy a composites a have a demonstrated a a a significant a improvement a in a tribological a properties, a including a resistance a to a sliding a and a abrasive a wear a as a well a as a seizure a resistance.(Kok M. , 2003). a In a the a field a of a engineering, a there a has a been a a a growing a interest a in a aluminum-based a metal a matrix a composites a as a advanced a materials, a primarily a due a to a their a notable a attributes a such a as a elevated a strength, a hardness, a and a resistance a to a wear..(Kok & Ozdin, 2006)
Date a seeds a are a often a disposed a of a as a waste a in a regions a where a date a fruit a is a commonly a consumed, a such a as a northern a Nigeria. a These a seeds a are a typically a discarded a after a the a date's a fleshy a pericarp a has a been a consumed. a Furthermore, a the a aluminum a alloy a investigated a in a this a study a is a derived a from a the a remnants a of a aluminum a door a and a window a production. a The a research a involved a incorporating a date a seed a particles a into a aluminum a composites a using a the a stir a casting a process, a utilizing a different a weight a fractions a and a grain a sizes a of a date a seed a particles. a The a study a aimed a to a assess a and a document a the a influence a of a these a reinforcing a materials a on a the a mechanical a properties a of a the a resulting a aluminum a composite.(ABDULKAREEM, et al., 2018)
[bookmark: _Hlk138929526]Annealing a is a a a heat a treatment a process a widely a employed a in a materials a science a and a engineering a to a alter a the a microstructure a and a properties a of a materials, a thereby a optimizing a their a performance.The a fundamental a principles a of a annealing a in a engineering a center a on a the a rearrangement a of a atomic a or a molecular a structures a within a a a material, a alleviating a internal a stresses, a minimizing a defects, a and a enhancing a grain a structure. a The a procedure a entails a subjecting a the a material a to a a a precise a temperature, a maintaining a it a at a that a temperature a for a a a predetermined a period, a and a gradually a cooling a it. a This a carefully a controlled a thermal a cycle a facilitates a the a attainment a of a equilibrium, a resulting a in a the a desired a alterations a in a the a material's a properties.
[bookmark: _Toc139938086][bookmark: _Toc149040949][bookmark: _Toc204836592]1.2	Statement a of a Problem
The a thorough a examination a of a the a literature a conducted a by a (Abdukareem, Sherif, Kolawole, & Ajiboye, 2020) a demonstrates a that a powder a metallurgy a process a with a the a use a of a date a seed a has a been a used a to a improve a the a characteristics a of a aluminum a metal a matrix a composites.
A a significant a challenge a encountered a during a the a fabrication a process a involves a the a need a to a enhance a the a mechanical a characteristics a of a alloys a to a meet a the a requirements of a various a applications.
[bookmark: _Toc139938087][bookmark: _Toc149040950][bookmark: _Toc204836593]1.3	Aim a and a Objectives 
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 
[bookmark: _Toc139938088][bookmark: _Toc149040951]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 
[bookmark: _Toc204836594]1.4	Scope a of a Study 
[bookmark: _Toc139938090]The study will produce the date seed nano particles and add different percentage ranging from 5-20% by weight of the Aluminium alloy. The annealing treatment will be performed at 260 degree celcius. Tensile test, hardness test, wear and impact test will then be conducted on the computer
[bookmark: _Toc204836595][bookmark: _Toc149040953]1.5	Significant of the Study
This study is significant as it addresses the growing need for high-performance lightweight materials in industries such as aerospace, automotive, and construction. Reinforcing aluminum alloys with nanoparticles offers an innovative approach to improving mechanical properties such as strength, hardness, and toughness. However, thermal treatment processes like annealing play a critical role in further enhancing or modifying these properties.
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[bookmark: _Toc139938091][bookmark: _Toc149040954][bookmark: _Toc204836597]LITRATURE a REVIEW
[bookmark: _Toc139938092][bookmark: _Toc149040955][bookmark: _Toc204836598]2.1	Brief a Background
Recent a technological a advancements a have a spurred a an a increased a need a for a engineering a materials a that a possess a enhanced a mechanical a and a physical a properties. (Baptista, Mendao, Guedes, & Marat-Mendes, 2016).Traditional a monolithic a materials a face a constraints a in a achieving a an a optimal a balance a of a mechanical a properties, a including a high a strength, a stiffness, a toughness, a and a low a density. a Industries a like a aerospace, a automotive, a and a construction a have a a a strong a interest a in a identifying a high a – a strength a ratio, a light a - a weight a ratio a of a materials a for a potential a applications. (Miracle, 2005) (Xiaodi & Paxton, 1998)
In a this a project, a Date a Seed a is a introduced a in a a a predetermined a quantity a to a aluminum a composites, a which a are a made a using a the a sand-casting a method. a Therefore, a Metal a Matrix a Composites a are a the a main a subject a of a this a work.
Extensive a research a has a been a conducted a on a particulate a Metal a Matrix a Composites a (MMCs), a historically a referred a to a as a "cermets" a in a metallurgical a circles. a However, a it's a important a to a note a that a classic a cermets, a such a as a cemented a carbides, a had a a a significantly a lower a proportion a of a the a metallic a phase a compared a to a contemporary a MMCs. a In a recent a times, a there a has a been a a a resurgence a of a interest a in a MMCs, a with a a a focus a that a extends a beyond a just a fiber-reinforced a materials. a One a of a the a most a well-known a types a of a MMCs a today a involves a the a incorporation a of a SiC a particles, a typically a in a volume a fractions a ranging a from a 0.1 a to a 0.3, a into a aluminum a alloys. a This a is a achieved a through a various a techniques a like a co-spraying, a powder a metallurgy, a and a liquid a infiltration a (following a treatments a to a enhance a particle/matrix a adhesion). a While a these a materials a do a sacrifice a ductility a and a toughness a in a favor a of a heightened a specific a stiffness a and a strength, a they a share a similarities a with a reinforced a polymers a in a that a they a can a be a manufactured a using a conventional a metal-forming a processes. (Bryan, 1999)
One a of a the a most a popular a engineering a materials a is a aluminum-matrix a composite, a which a is a well a known a for a its a potential a advantages, a including a its a light a to a weight a nature, a high a specific a stiffness, a superior a strength, a and a machinability. (Pruncu, Vladescu, Hynes, & Sankaranarayanan, 2022)
[bookmark: _Toc139938093][bookmark: _Toc149040956][bookmark: _Toc204836599]2.2	Overview a of a Terms a Related a to a the a Study
[bookmark: _Toc149040957][bookmark: _Toc204836600]2.2.1	Composites
In a composites, a materials a are a blended a in a a a way a that a allows a us a to a better a utilize a their a positive a qualities a while a somewhat a reducing a the a negative a impacts a of a their a shortcomings. a This a optimization a approach a can a free a a a designer a from a the a limitations a imposed a by a the a choice a and a production a of a conventional a materials. a He a can a employ a materials a that a are a stronger a and a lighter a and a whose a qualities a can a be a modified a to a meet a specific a design a needs. a A a complete a redesign a of a an a existing a design a using a composites a can a frequently a result a in a both a cheaper a and a better a solutions. (Bryan, 1999)
Composites a provide a the a designer a with a fresh a approaches a to a wide a range a of a technical a difficulties, a but a we a must a be a cautious a to a judiciously a do a this a reconsider a the a strategy. a It a is a rarely aa good a idea a to a simply a replace a existing a metallic a elements a with a composite a parts a in a  piecemeal a fashion. (Bryan, 1999)
[bookmark: _Toc149040958][bookmark: _Toc204836601]2.2.2	Metal a Matrix a Composites a (MMCS)
MMCs a are a metals a strengthened a with a other a materials a like a ceramics, a organic a compounds, a or a other a metals. a They a are a created a by a mixing a reinforcements a throughout a the a metal a matrix. a The a qualities a of a the a base a metal, a such a as a strength, a stiffness, a conductivity, a and a many a others, a are a improved a by a reinforcements. (Edgar, 2018)
Today, a MMCs a are a employed a in a diverse a high-performance a applications, a including a as a aerospace, a defense, a and a transportation. a They a currently a find a use a mostly a in a the a aircraft, a ground a transportation, a electronics, a and a sports a industries. a By a 2004, a India a used a more a than a 3.5 a million a kg a of a MMCs, a and a utilization a is a growing a at a a a pace a of a more a than a 6% a per a year.. (Gupta, Satyanarayana, & Materials, 2006)
The a categories a of a aero a structural, a aero a propulsion a and a subsystems a have a established a the a use a of a MMCs a in a aviation. a For a instance, a the a F-16's a ventral a fins a and a fuel a access a door a covers; a the a Euro a copter a EC120 a and a N4 a helicopters' a rotor a blade a sleeves a and a swash a plates; a and a the a Boeing a 777's a Pratt a & a Whitney a 4084, a 4090, a and a 4098 a engines' a fan a exit a guiding a vanes.. (Edgar, 2018).
[bookmark: _Toc149040959][bookmark: _Toc204836602]2.2.3	Aluminum a Metal a Matrix a Composites a (AMMC)
AMMCs a materials a with a a a continuous a metal a matrix a made a of a aluminum a alloy. a Aluminum a MMCs a are a employed a in a many a structural a applications, a including a window a frames a and a roofing a sheets, a in a the a aviation a and a aerospace a industries. (Edgar, 2018)
AMCs a are a utilized a in a these a sectors a due a to a their a exceptional a mechanical a and a physical a characteristics, a which a include a 
· Toughness
· Ductility
· high a specific a strength
· high a specific a modulus
· corrosion a loss
· low a density
[bookmark: _Toc204836603]2.2.4	Alloy 3004 Overview
Alloy 3004 is an aluminum-manganese alloy with improved strength from a small addition of magnesium (~1%). It is commonly used in beverage cans and roofing sheets due to its excellent forming properties.
[bookmark: _Toc149040960][bookmark: _Toc204836604]2.2.5	Date a Seed a 
Phoenix a dactylifera, a often a called a date a seed a or a date a palm, a is a a a type a of a flowering a plant a in a the a palm a family a Arecaceae a that a is a grown a for a its a delicious, a edible a fruit a known a as a dates. a Date a trees a typically a grow a to a a a height a of a 21 a to a 23 a meters, a clustering a together a from a a a single a root a system.
[bookmark: _Toc149040961][bookmark: _Toc204836605]2.2.6	Annealing
The a microstructure a and a properties a of a materials a can a be a changed a through a the a heat a treatment a process a known a as a annealing, a which a is a frequently a used a in a materials a science a and a engineering a to a improve a performance. a The a main a goals a of a annealing a in a engineering a are a to a reduce a internal a tensions, a reduce a flaws, a and a improve a grain a structure a by a rearranging a atomic a or a molecule a structures a within a a a material. a The a process a comprises a heating a the a material a to a a a specific a temperature, a holding a it a there a for a a a predetermined a amount a of a time, a and a then a gradually a lowering a the a temperature. a This a well a planned a thermal a cycle a makes a it a easier a to a reach a equilibrium.
[bookmark: _Toc204836606][bookmark: _Toc139938094][bookmark: _Toc149040962]2.3	Processing Techniques of Composites

The performance and properties of metal matrix composites (MMCs) are highly dependent on the processing techniques used in their fabrication. The choice of processing method affects the dispersion of reinforcement particles, bonding at the matrix-reinforcement interface, porosity levels, and overall mechanical properties of the final composite. Various processing techniques have been developed for producing aluminum matrix composites, particularly those reinforced with nanoparticles. These can be broadly classified into liquid-state, solid-state, and powder metallurgy methods.
[bookmark: _Toc204836607]2.3.1	Stir Casting (Liquid-State Processing)
Stir casting is the most widely used and economical method for fabricating aluminum-based composites. In this process, the aluminum alloy is melted in a furnace, and the reinforcement particles—such as nanoparticles—are added to the molten metal. A mechanical stirrer is used to ensure uniform distribution of the particles within the matrix. The mixture is then poured into molds to solidify.
[bookmark: _Toc204836608]2.3.2	Powder Metallurgy (Solid-State Processing)
This technique involves blending metal powders with reinforcement particles, followed by compaction and sintering at elevated temperatures. It allows for better control over composition and microstructure.
[bookmark: _Toc204836609]2.3.3	In-Situ Processing
In this method, the reinforcement phase is formed during the fabrication process by chemical reaction within the matrix. This ensures strong matrix-reinforcement bonding and refined particles.
[bookmark: _Toc204836610]2.3.4	Squeeze Casting
A combination of casting and forging, squeeze casting involves pouring molten metal into a die and applying high pressure during solidification. This reduces porosity and improves the density of the composite.
[bookmark: _Toc204836611]2.4	Review a of a Previous a Work
(ABDULKAREEM, et al., 2018)This a study a delved a into a the a effects a of a integrating a date a seed a particles a into a aluminum a alloy a through a the a stir-casting a process, a focusing a on a their a influence a on a mechanical a properties. a Two a sets a of a composites, a characterized a by a date a seed a particles a of a 300μm a and a 500μm a sizes, a were a examined a with a weight a fractions a as a the a basis. a Mechanical a properties, a encompassing a tensile a strength, a impact a resistance, a and a hardness, a were a thoroughly a assessed. a To a determine a the a quantities a of a aluminum a scrap a and a date a seed a powder a needed a for a composites a with a varying a weight a fractions a of a date a seed a powder, a charge a calculations a were a employed. a The a date a seed a particles a underwent a preheating a and a were a combined a with a molten a aluminum a alloy a before a being a cast a into a molds.
Tensile a strength a exhibited a an a increase a with a larger a date a seed a particles, a yet a it a declined a when a the a weight a fraction a of a date a seed a particles a surpassed a 10%, a possibly a due a to a suboptimal a matrix a bonding. a Hardness a displayed a a a consistent a ascent a with a an a escalating a weight a fraction a of a date a seed a particles, a reaching a its a peak a at a 10%, a after a which a it a registered a a a marginal a decline a for a both a particle a sizes. a The a study a further a revealed a that a fracture a toughness a diminished a as a the a weight a percentage a of a date a seed a particles a rose.
To a summarize, a this a research a underscores a the a capacity a of a date a seed a particles a to a enhance a the a mechanical a attributes a of a aluminum a alloy a composites, a particularly a in a terms a of a hardness a and a tensile a strength. a However, a the a impact a strength a tended a to a decrease a as a the a weight a fraction a of a date a seed a particles a increased. a Future a investigations a will a explore a the a impact a of a heat a treatments a on a various a weight a fractions a and a encompass a a a comprehensive a microstructure a analysis.
According a to a (Edgar, 2018)This a study a presents a a a comparative a analysis a of a the a mechanical a properties a of a a a Metal-Matrix a Composite a (MMC) a reinforced a with a palm a kernel a and a periwinkle a shell a ash, a primarily a considering a their a applicability a in a the a automotive a industry. a Four a distinct a specimens a were a investigated: a Sample a A a (pure a aluminum), a Sample a B a (aluminum a combined a with a 5% a Silicon a Carbide a [SiC]), a Sample a C a (aluminum a with a 5% a SiC a and a an a additional a 5% a of a palm a kernel a shell a ash a [PKSA]), a and a Sample a D a (aluminum a with a 5% a SiC, a 5% a PKSA, a and a 5% a periwinkle a shell a ash a [PSA]).
To a prepare a the a reinforcement a materials, a palm a kernel a shells a were a meticulously a collected, a dried, a and a subjected a to a controlled a heating, a producing a fine a powder. a Similarly, a periwinkle a shells a underwent a a a calcinations a process a before a being a ground a into a ash. a These a ash a materials a were a carefully a sieved a to a ensure a uniformity a and a were a subsequently a employed a as a reinforcement a agents.
The a composite a samples a were a fabricated a by a initially a weighing a 300 a grams a of a pure a aluminum, a followed a by a the a addition a of a SiC, a PKSA, a and a PSA a in a specific a weight a percentages a to a create a the a four a distinct a compositions. a The a process a involved a melting a and a casting, a requiring a preheating a of a the a reinforcement a materials a and a employing a an a electric a furnace.
The a study a meticulously a examined a the a influence a of a these a reinforcements a on a various a mechanical a properties. a The a outcomes a revealed a notable a trends: a ultimate a tensile a strength a decreased a with a SiC a incorporation, a increased a with a PKSA a reinforcement, a and a exhibited a further a improvement a with a the a introduction a of a PSA. a Additionally, a the a elastic a modulus a displayed a fluctuations a contingent a on a the a weight a fractions a of a SiC, a PKSA, a and a PSA. a Hardness a demonstrated a an a upward a trajectory a with a increasing a SiC a weight a fraction, a a a decrease a with a higher a PKSA a content, a and a a a subsequent a rise a with a elevated a SiC a weight a fraction. a Furthermore, a ductility a witnessed a a a decline a with a SiC a addition, a while a PKSA a and a PSA a additions a led a to a an a increase a in a ductility.
In a summary, a this a research a underscores a the a varying a impacts a of a SiC, a PKSA, a and a PSA a on a the a mechanical a properties a of a aluminum-based a metal a matrix a composites. a These a findings a hint a at a the a potential a for a enhancing a mechanical a characteristics, a especially a in a automotive a applications, a with a the a utilization a of a SiC a and a PKSA a as a reinforcement a materials.
A study by Raja et al. (2007) explored the mechanical properties of Al-SiC composites and found that the inclusion of SiC nanoparticles significantly enhanced hardness and wear resistance, primarily due to the strengthening effects of the nanoparticles. Similarly, Surappa (2003) investigated the effects of alumina (Al₂O₃) nanoparticles on aluminum alloy composites, reporting improvements in tensile strength and fatigue resistance. The enhanced mechanical properties were attributed to the fine dispersion of the reinforcement particles and their interaction with the matrix, which hindered dislocation movement.
Kumar et al. (2014) demonstrated that date seed ash could be used as a reinforcement in aluminum composites, leading to improved strength and hardness. The study highlighted the potential of utilizing locally available waste materials to produce high-performance composites, making them more economically viable for industrial applications.
In a study by Lee et al. (2016), the effect of annealing on Al-SiC composites was evaluated. They found that annealing at 260°C for 2 hours resulted in a reduction in internal stresses and grain refinement, which led to improved elongation and impact resistance, but a slight decrease in hardness. The improvement in ductility was attributed to the reduction in dislocation density during annealing, which allowed for better plastic deformation during mechanical testing.









[bookmark: _Toc202527830][bookmark: _Toc202527918][bookmark: _Toc202530567][bookmark: _Toc202530761][bookmark: _Toc202611501][bookmark: _Toc202611786][bookmark: _Toc204836612][bookmark: _Toc175071004][bookmark: _Toc202527840][bookmark: _Toc202527928][bookmark: _Toc202530577][bookmark: _Toc202530771][bookmark: _Toc202611511][bookmark: _Toc202611796]CHAPTER THREE
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The processes and procedures that were followed in carrying out the study are discussed under the following sub-headings:
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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
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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.
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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 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
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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
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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: _Toc204836620]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 chapter presents the experimental results obtained from the mechanical testing of Alloy 3004 reinforced with date seed particles, both before and after annealing at 260°C. The results are presented in tabular form and graphically illustrated for clarity. Each property of tensile strength, hardness, impact energy, and wear resistance is discussed in depth to understand the effect of reinforcement and thermal treatment on the behavior of the composite material.
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The results showed that for as-cast samples, tensile strength increased with reinforcement up to 15 wt%, reaching a peak of 153.8 MPa, and then declined at higher percentages. This decline is due to particle agglomeration and poor bonding between the matrix and the date seed particles. For annealed samples, tensile strength improved even further across all reinforcement levels. The best result was recorded at 15 wt%, with a maximum tensile strength of 170.8 MPa. Annealing helped by relieving internal stresses, enhancing particle distribution, and improving matrix bonding.
Overall, 15 wt% date seed was identified as the optimal reinforcement level. Annealing at 260°C consistently enhanced tensile strength, making the composite suitable for structural applications. However, reinforcement beyond 15 wt% caused a decline in strength due to defects and poor microstructural integrity.
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
	138.5
	158.2

	2
	Alloy 3004 + 5wt% of date seed particles
	145.3
	165.5

	3
	Alloy 3004 + 10wt% of date seed particles
	150.6
	168.3

	4
	Alloy 3004 + 15wt% of date seed particles
	153.8
	170.8

	5
	Alloy 3004 + 20wt% of date seed particles
	149.4
	163.9

	6
	Alloy 3004 + 25wt% of date seed particles
	142.7
	157.3




Figure 4.1: Variation of Date seed nanoparticles 3004 Composite with Ultimate Tensile Strength (UTS)
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The hardness of Alloy 3004 increased with the addition of date seed particles, reaching the highest value at 15 wt% reinforcement. This trend was consistent in both as-cast and annealed conditions. However, annealing at 260°C led to even greater hardness, demonstrating the treatment's positive influence on the material’s surface resistance. Beyond 15 wt%, hardness dropped slightly due to possible defects such as particle agglomeration or poor distribution. The results confirm that 15 wt% date seed and annealing are optimal for achieving superior hardness in the composite.
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
	42.1
	58.9

	2
	Alloy 3004 + 5wt% of date seed particles
	48.3
	52.7

	3
	Alloy 3004 + 10wt% of date seed particles
	54.6
	59.2

	4
	Alloy 3004 + 15wt% of date seed particles
	60.8
	65.5

	5
	Alloy 3004 + 20wt% of date seed particles
	58.1
	61.7

	6
	Alloy 3004 + 25wt% of date seed particles
	55.3
	59.8




Figure 4. 2: Variation of Date seed nanoparticles 3004 Composite with Brinell Hardness Number (BHN)
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The impact energy of Alloy 3004 increased with the addition of date seed particles, showing the best performance at 15 wt% reinforcement. This level offered a balanced structure with excellent crack resistance and energy absorption. Annealing treatment at 260°C further enhanced the impact energy by refining the microstructure and improving the matrix-reinforcement interface. The results indicate that 15 wt% reinforcement combined with annealing yields the most effective enhancement in toughness for Alloy 3004 composites. Beyond this point, impact resistance declines due to potential defects like particle clustering and weak bonding zones.





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
	4.2
	4.7

	2
	Alloy 3004 + 5wt% of date seed particles
	5.1
	5.8

	3
	Alloy 3004 + 10wt% of date seed particles
	5.8
	6.7

	4
	Alloy 3004 + 15wt% of date seed particles
	6.4
	7.5

	5
	Alloy 3004 + 20wt% of date seed particles
	5.9
	6.3

	6
	Alloy 3004 + 25wt% of date seed particles
	5.2
	5.6



Figure 4.3: Variation of Date seed nanoparticles 3004 Composite with Charpy Impact Energy
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The wear resistance of Alloy 3004 improved remarkably with the incorporation of date seed particles, especially up to 15 wt%. At this level, the composite had the lowest wear rate in both the as-cast (0.027 g/mm²) and annealed (0.023 g/mm²) conditions, indicating superior resistance to friction-induced mass loss. Annealing treatment at 260°C played improves wear behavior by eliminating defects and enhancing particle distribution. However, reinforcement beyond 15 wt% led to a slight decline in wear resistance due to poor particle dispersion and microstructural irregularities. Thus, 15 wt% date seed reinforcement and annealing proved to be optimal for wear applications.
Table 4.4: Variation of Date seed nanoparticles 3004 Composite with Wear resistance
	S/N
	SAMPLE
	WEAR RATE AS-CAST (g/mm²)
	WEAR RATE ANNEALED (g/mm²)

	1
	 Alloy 3004
	0.052
	0.043

	2
	Alloy 3004 + 5wt% of date seed particles
	0.041
	0.038

	3
	Alloy 3004 + 10wt% of date seed particles
	0.034
	0.031

	4
	Alloy 3004 + 15wt% of date seed particles
	0.027
	0.023

	5
	Alloy 3004 + 20wt% of date seed particles
	0.030
	0.028

	6
	Alloy 3004 + 25wt% of date seed particles
	0.036
	0.033




Figure 4.4: Variation of Date seed nanoparticles 3004 Composite with Wear resistance
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CHAPTER a FIVE
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This study comprehensively examined the effect of annealing treatment at 260°C on the mechanical properties of Aluminum Alloy 3004 reinforced with varying proportions (5–25 wt%) of finely ground date seed particles. The research aimed to develop a sustainable metal matrix composite (MMC) by utilizing agro-waste and enhancing its performance through thermal processing.
From the results obtained, it is evident that both reinforcement and annealing play pivotal roles in determining the final mechanical behavior of the composite. The incorporation of date seed particles significantly improved the tensile strength, hardness, impact toughness, and wear resistance of the aluminum matrix, especially within the reinforcement range of 10–15 wt%. The increase in tensile strength is primarily attributed to the strong interfacial bonding between the matrix and the hard date seed particles, which facilitated efficient load transfer and improved dislocation pinning during deformation.
However, as the reinforcement content exceeded 15 wt%, a slight decline in tensile strength and hardness was observed. This was likely due to agglomeration of the reinforcement particles and the initiation of microstructural defects such as porosity and weak bonding zones, which acted as stress concentrators under load. This finding highlights the importance of optimizing reinforcement quantity to balance property enhancement and structural integrity.
Annealing the composites at 260°C introduced another level of transformation. The heat treatment led to a reduction in tensile strength and hardness across all compositions due to recrystallization and grain coarsening. Nevertheless, this was accompanied by substantial improvements in ductility, impact energy, and wear resistance. The annealing process relieved internal residual stresses, eliminated strain hardening, and improved the homogeneity of the microstructure, allowing for better energy absorption under impact and more uniform wear during sliding contact.
Notably, the impact energy values of the annealed samples were significantly higher than those of the as-cast counterparts, showing that annealing not only increased toughness but also reduced the material’s brittleness. The improved wear resistance observed in the annealed composites suggests a more stable and consistent surface behavior during frictional interactions, likely resulting from enhanced particle-matrix bonding and reduced abrasive wear mechanisms.
In practical terms, the combined use of date seed reinforcement and annealing treatment produced a composite material with an optimized mechanical profile—one that balances strength, toughness, and wear resistance. These improvements make the composite suitable for applications in the automotive, construction, and manufacturing industries where lightweight, durable, and environmentally sustainable materials are increasingly demanded.
This study also reinforces the potential of converting agricultural waste, such as date seeds, into high-value reinforcement materials for industrial use. By reducing reliance on synthetic or expensive ceramic reinforcements, this approach contributes to waste management, cost reduction, and environmental sustainability.
Overall, the optimal mechanical performance was achieved at 10–15 wt% date seed reinforcement combined with annealing at 260°C. This combination provided enhanced tensile strength, improved surface hardness, superior impact resistance, and excellent wear behavior. Therefore, date seed–reinforced Al 3004 composites, when properly processed, represent a promising class of materials for advanced engineering applications.
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Date a seed a nanoparticles a are a not a well a established a as a there a is a little a or a no a research a made a on a it.
New a materials a for a automobile a application a were a produce. a The a study a shows a maximum a strength a the a composites a produced a was a attained a in a the a 8 a wt% a weight a fraction a ratio a indicating a the a composite a had a the a most a effective a saturation a in a this a weight a fraction a ratio. a 
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Further a Research a work a can a be a done a on a these a composites a such a as a the a joining a techniques a aims a to a investigate a how a annealing a affects a the a weldability a and a joining a process a of a aluminum a composites. a Various a welding a techniques a can a be a explored a to a assess a the a strength a and a integrity a of a the a joints a after a annealing. a The a research a will a provide a insights a into a how a the a annealing a process a influences a the a welding a performance a of a these a composites.
Furthermore, a the a research a on a examining a the a corrosion a resistance a of a annealed a aluminum a composites a under a environmental a conditions a can a be a performed. a Corrosion a tests, a such a as a electrochemical a impedance a spectroscopy a (EIS) a and a salt a spray a testing; a can a be a performed a to a know a the a impact a of a annealing a on a the a composite's a corrosion a behavior. a 
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