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Abstract 

Waste cables represent a significant source of raw materials, particularly metals, necessitating their economic and 

ecological recovery. This study focuses on the recovery of aluminum from waste cables and explores the use of cost-effective 

natural ceramics as replacements for expensive ceramic materials in reinforcement applications. Initially, Aluminum Alloy 

(AA5052) was prepared, followed by the production of two types of composite materials: one incorporating 7 wt% alumina 

particles (30±5 nm) and another 7 wt% bauxite particles (0.98 µm) as natural ceramic additives. 

Experimental investigations focused on mechanical and physical characteristics, such as wear rate, hardness, and 

microstructural analysis using scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), and X-ray 

diffraction (XRD). The findings reveal significant improvements in hardness and wear resistance with the addition of alumina 

and bauxite reinforcements, specifically alumina enhanced hardness by 48%, while bauxite demonstrated a 56% 

improvement. Both materials reduced wear rates by approximately 55% for time periods and exhibited consistent 

performance over extended durations. Importantly, the comparable effects of alumina and bauxite on product properties 

indicate that bauxite can effectively replace advanced ceramic materials in composite reinforcements, offering promising 

opportunities for cost reduction across various applications. 
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1. Introduction 

The lightweight and unique properties of aluminum, 

have contributed to its widespread usage across numerous 

fields in recent years. Its other most important 

characteristics, such as high electrical and thermal 

conductivity and corrosion resistance. Furthermore, 

Aluminum can be manufactured inexpensively using a 

variety of production methods. Despite its high specific 

strength, Aluminum exhibits poor performance at high 

temperatures. Due to attributable to its low melting point, 

thermal and electrical properties, low hardness, and 

extremely low wear resistance. Although, aluminum and 

its alloys stand out as the most commonly used matrix 

materials in the production of metal matrix composites. [1, 

2]. 
Recycling of scrap is accompanied by problems, 

including sorting impurities, to overcome this problem, 

dilution and reduction techniques are used. In addition to 

modern methods, including water jets, cameras equipped 

with sensors, magnets, and others. Treating scrap 

impurities, cutting, and sorting is important for the success 

the recycling process. The choice of manufacturing 

methods for aluminum compounds and the selection of 

appropriate raw materials are crucial factors according 

intended applications. Titanium diboride (TiB2) was used 

to reinforce the 5052A alloy by stir casting to fabricate a 

composite material. The weight ratios of reinforcement 

(2.5, 5 and 7.5 wt. %) were mixed. The result was an 

improvement in hardness (30%) and wear resistance (36%) 

with high load. The sliding speed (1 m/s and 3 m/s) and 

load (10 N and 50 N) to determine the wear resistance [3-

5]. 

In general, aluminum alloys especially alloys that 

contain magnesium such as alloy AA5052, have become 

highly demanded. Thus, these alloys have many 

applications in various fields, that due to their distinctive 

properties. Therefore, can be see their presence in the 

fields of marine industries, shipbuilding, aviation, space 

industries, and others. In other words, fields that require 

strength with light weight, which improves speed and thus 

reduces fuel. In some cases, it is necessary to add materials 

as reinforcements to improve the properties of these alloys, 

including ceramic materials. Among these properties are 

wear resistance, high hardness and others, that are obtained 

after reinforcing aluminum alloys with ceramic materials. 

[6-9]. 
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Due to their distinctive mechanical and frictional 

properties, aluminum alloys such as (AA6063 and 

AA5052) reinforced with ceramic particles find wide 

application in various engineering fields. Therefore, the 

choice of the stir casting method is the most suitable for 

these alloys that are reinforced with silicon nitride (Si3N4), 

aluminum nitride (AlN), Boron Carbide (B4C) and 

titanium carbide (TiC) [10-12]. 

Stir casting used to manufacture a composite material 

from aluminum alloy (AA6063) and strengthened by 

(Nano AlN) with weight mixing ratios (4, 8, and 12 wt.%). 

Then, the mechanical and physical properties of the 

product were examined, and the results were satisfactory. 

The SEM, hardness, wear, tensile, yield strength, flexural 

strength, compression, electrical conductivity etc. The 

additions are ceramic materials in different proportions to 

achieve the desired. Aluminum alloy AA5052 containing 

(Mg 2.5%, Cr 0.25%, Si 0.2%, Zn 0.1%, Cu 0.1%, Fe 

0.35%, and balance of aluminum) was strengthened with 

boron carbide particles and mixing ratio (5 wt.% B4C), 

that, has high stiffness and modulus of elasticity. Stir 

casting is used to prepare the composite, that cost effective 

method for ceramic composite materials [13-15]. 

Furthermore, aluminum alloy (AA5052) reinforced first 

with zirconium oxide and then with alumina, each with 

varying addition ratios through the stir casting method. A 

stir casting (600–800 rpm) used to manufacture the 

composite material based on alloy AA5052 and reinforced 

with alumina (5wt.%  and 10wt.%) and zirconium oxide 

(8wt.%). The wear resistance conducted with three levels 

and three load values (20, 25, and 30 N), so the velocity of 

sliding (300, 400, and 500 rpm) selected. The lowest wear 

rate was achieved under specific conditions: a load of 25 

N, a sliding speed of 300 r/min, and a 5% addition ratio. In 

contemporary industries, the evolution of materials is 

indispensable, and among them, metal matrix composites 

stand out as crucial. Their distinctive properties make them 

one of the most significant materials in modern industry 

[16, 17].  

Several researchers have shown that the effect of 

ceramic materials such as (SiC) was clear in improving the 

mechanical properties as well as the ease of 

manufacturing. The effect on wear resistance, strength, 

cohesion in the structure and all mechanical properties was 

clear. Recently, aluminum-based composites and its alloys 

have a prominent presence in the industry in all fields. 

[18–20],have observed improvements in hardness, density, 

and porosity reduction in samples incorporating sea sand. 

Additionally, alternative natural materials, like agricultural 

waste such as rice husks, have been explored. These 

materials closely resemble traditional options like alumina, 

displaying attributes such as lightweight, wear resistance, 

and various thermal, mechanical, and physical properties. 

Importantly, their cost-effectiveness in production has 

yielded comparable results to those achieved with 

traditional additives. 

Further studies [21-23]support the efficacy of 

incorporating natural materials, such as bauxite, resulting 

in increased density and reduced porosity. This, in turn, 

enhances the thermal properties alongside other notable 

improvements. Bauxite, known for its role in aluminum 

production, also serves as a raw material for alumina, 

offering commendable thermal and chemical stability at 

elevated temperatures. Its excellent wear resistance and 

hardness becomes evident in the enhanced hardness. Also, 

modulus of elasticity, and fracture toughness when 

introducing Iraqi bauxite at 2 and 4 wt. %. However, it's 

worth noting that at 6 wt. %, there is a reduction in fracture 

toughness attributed to the brittle behavior of aluminum 

composite materials. 

From previous studies, it can be concluded that the 

alloy (AA5052) has taken a large space application after 

being reinforced with different materials. Thus, the 

reinforcements are synthetic ceramic materials, and the 

aluminum used as s a matrix to obtain a high strength-to-

weight ratio. In this study, the economic cost of composite 

material based on Al5052 has been reduced. This cost 

reduction achieved by providing the matrix from recycled 

aluminum, and substituting expensive ceramic (Al2O3) 

with natural (Bauxite), that cost-effective alternative. 

2. Experimental Set up 

2.1. Material preparation 

The preparation of samples for the AA5052 alloy 

according ASTM (B209),and additive materials followed a 

specific procedure. Initially, aluminum waste was melted 

at 675 °C in a graphite melting pot that inside the furnace 

in furnace (Figure 1), until the slag appeared on the surface 

of the molten metal.  

 

Figure 1. Furnace of melting 

Stirrer

graphite pot 
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The chromium powder, covered with aluminum foil, 

was heated to 150°C, then immersed under the slag at a 

ratio of 0.25%. Additionally, a strip of magnesium, 

covered with aluminum foil at a ratio of 2.5%, was added 

and immersed under the slag. The aluminum and 

magnesium completely melted, while the chromium atoms 

as form nucleation centers during the cooling. The molten 

were mixed using an electric mixer at a speed of 700 rpm. 

To aid in slag removal, aqueous aluminum chloride 

(AlCl3.6H2O) was added and thoroughly mixed, resulting 

in successful slag removal. The molten mixture was then 

poured into a preheated metal mold at 250°C, see Figure 2. 

After solidification and cooling at room temperature, 

the AA5052 alloy sample was obtained. See Figure 3. The 

chemical compositions of AA5052 in weight percent, of 

this material are given in Table 1. 

To generate the new sample types, the preceding steps 

used to produce the AA5052 alloy were reiterated, until 

the pouring temperature is reached (675 °C).Thus, 

choosing weight percentage (6%, 7% and 8%), where 6% 

were evident casting mistakes, that were visually detected. 

The percentage 8% gave a higher hardness than 7%, but 

increased brittleness and presence of agglomeration, that 

leads to vibrations during cutting or machining. That leads 

to cracks in the surface, so ratio (7 %) was chosen. The 

alpha-type Nano-alumina (Figure 4), at a ratio of (7 wt. %) 

was heated to 150 °C, the molten temperature was elevated 

more than liquid temperature to 800°C. 

Then, cooled at 600 °C, the preheated alumina particles 

are added with manual mixing of semi liquid for three 

minutes. That was to improve the wettability and adhesion 

of the matrix liquid to the alumina particle surface. After 

that the molten temperature is raised to 800 °C with good 

stirring at 700 rpm. 

 

Figure 2. Casting die 

Table 1. Chemical composition of AA5052 (in wt.%) [14] 

 

Mg 

 

Fe 

 

Cu 

 

Mn 
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Al 

2.5 0.4 0.12 0.1 0.25 0.15 0.1 0.05 0.1 0.25 Balance 

 

Figure 3. Samples prepared by stir casting 

AA+ BauxiteAA+ AluminaAA5052 AA5052

AA5052+Alumina

AA5052+Bauxite
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Figure 4. Samples materials 

Then, cooled at 600 °C, the preheated alumina particles 

are added with manual mixing of semi liquid for three 

minutes. That was to improve the wettability and adhesion 

of the matrix liquid to the alumina particle surface. After 

that the molten temperature is raised to 800°C with good 

stirring at 700 rpm. The molten mixture was poured into 

the preheated mold at (250 °C), to create the first sample 

of the aluminum matrix composite. To prepare the last 

samples with same addition, (7 wt.%) of bauxite (Figure 4) 

with a size of 0.98 μm, were fired at 1450°C to eliminate 

moisture and impurities. The preceding steps were used to 

produce alumina samples. The additional samples were 

obtained using bauxite, the casting of all sample types was 

completed. Following the casting processes, and to further 

enhance the homogeneity of the samples, a 

homogenization process was carried out after completing 

the casting operations. Once the furnace temperature 

reached 500°C, the samples were placed inside the furnace 

for 3 hours. Subsequently, the samples were removed and 

allowed to cool at room temperature. 

2.2. Tests Methods 

Subsequently, the samples underwent a testing process 

that included scanning electron microscopy (SEM), energy 

dispersive spectroscopy (EDS), X-Ray Diffraction (XRD), 

hardness, and wear rate assessments. In this study, an 

effort was made to address the cost factor for matrix by 

recycling of aluminum scrap, as well as the expensive 

advanced ceramic additives by substituting them with 

natural ceramic additives (bauxite), which is very cheap. 

This substitution was carried out under identical working 

methods, conditions, and addition ratios. Subsequently, the 

same tests were conducted to compare the results. 

Alumina, representing a conventional advanced ceramic 

material, was selected for comparison with Bauxite. It's 

worth noting that Bauxite typically contains a percentage 

of 60.46% of alumina, as indicated in Table 2, with the 

burnt type containing approximately 75%. 

Table 2. Chemical composition of Bauxite in wt.% before burned. 

Al2O3 SiO2 Fe2O3 TiO2 Others 

60.46 12 8.56 1.05 17.93 

The necessary test samples were precisely cut using a 

lathe machine, ensuring dimensions aligned with the 

specified requirements for the investigation. Subsequently, 

different types of aluminum oxide papers were utilized in 

the grinding and polishing processes. Following these 

preparations, the surfaces underwent treatment with an 

etching solution. Thermo Scientific Axia device is used for 

microstructure testing, SEM (Scanning Electron 

Microscope), and EDX (Energy Dispersive X-ray 

Spectroscopy) analysis was performed. For crystalline 

analysis, samples of the base alloy, the composite material 

of the alloy and alumina. Also, the alloy and bauxite were 

examined using an X-ray diffraction device (XRD 6000, 

Japan). Hardness tests were carried out according ASTM 

E10 using a Brinell device (Wilson/REICHERTER 

UH250) with 2.5mm/31.25 KPa. Three to five readings, 

each lasting 10 seconds, were taken, and an average was 

subsequently calculated. The wear rate conducted at 

(ASTM G99-17) and parameters are selected according to 

previous studies [5,7,9,17 and 27], using a Microtest 

MT4003/BIJUR device at various durations (10, 20, and 

30 minutes), applying a selected force of 5 Newtons and a 

rotational speed of 250 rpm. The results for hardness and 

wear rate are illustrated in Figures 15 and 19, respectively. 

3. Results and Discussions 

3.1. Microscopic characterization 

3.1.1. SEM Test 

Figure 5 displays the SEM image of the alloy and 

composite material microstructure after homogenization at 

500 °C. Figure 5(a) indicates the microstructure of the 

matrix, consisting of 2.5 wt.% magnesium, 0.25 wt.% 

chromium, with aluminum constituting the balance. 

Solidification initiates after the release of fusion heat, 

occurring below the melting point (Tm), and nucleation 

Bauxite

Alumina
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begins. In this structure, the grain boundaries of chromium 

serve as nucleation centers. Subsequently, dendrites begin 

to form after the gathering of Al and Mg atoms, and grain 

growth continues until complete crystallization. Therefore, 

if another substance with a higher melting point than 

magnesium was present, the grains would hinder the 

growth of dendrites, as depicted in the other images (b and 

c).  

 Figure 5(b) shows the microstructure after adding the 

alumina particles to alloy. Thus, the image has more 

nucleation centers than the previous image (a), due to the 

addition of alumina particles. In other words, the results in 

an increased number of nucleation sites, which then grow 

into grains during melt solidification. In addition, good 

mixing, thermal homogenization, and heating of the 

particles before adding lead to a clear improvement in the 

microstructure. That means the process reduced the 

particle segregation or agglomeration due to the stirring 

and preheating of the particles before adding. Additionally, 

the alumina particles cause an obstruction to the growth of 

dendritic branches, which leads to obtaining a 

homogeneous and refined structure. 

Figure 5(c), shows the presence of bauxite particles as 

reinforcement, that induces changes and refinement in the 

microstructure.  Thus, as the image shows, there is shift 

towards more homogeneous grains, influenced by the 

presence of bauxite particles, good stirring, and thermal 

homogenization. Consequently, there is a noticeable 

reduction or elimination of dendrites, indicating a more 

homogeneous structure than that observed in (a) and (b). 

As well as, the dendrite breakage caused by bauxite or 

obstruction of the growth of dendritic leads to refining the 

structure. Furthermore, there is no agglomeration due to 

preheating the bauxite particles before they're added to the 

molten mixture. Thus, it can be concluded that the sample 

resulting from the addition of bauxite gives a more 

homogeneous structure than the sample reinforced with 

alumina. 

Overall, the microstructure depicted across the figures 

appears homogeneous, reflecting effective mixing 

facilitated by the electric mixer during the stir casting 

process. Additionally, the use of a cast iron mold, which 

maintains temperature stability for an extended period, and 

the employment of suitable raw materials contribute to this 

homogeneity. The presence of magnesium is crucial in all 

composites to enhance wetting, promoting cohesion 

between the matrix and the reinforcement particles. 

Furthermore, the introduction of magnesium as a wetting 

agent during alloy casting ensures the uniform distribution 

of reinforcement particles [24] 

Occasionally, SEM test micrographs reveal the 

presence of black spots in certain areas, indicating the 

agglomeration of added particles due to the density 

difference between the matrix and the reinforcements. 

Consequently, during solidification, dendrites of the 

aluminum alloy initiate solidification, hindering the 

progress of reinforcement particles at the solid-liquid 

interface. This results in the segregation of reinforcement 

particles within the internal dendrite [24]. 

 
Figure 5. SEM micrographs: (a) AA5052, (b) AA5052+ Al2O3 and (c) AA5052+ Bauxite. 

 

 

 

 

a b

c
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3.1.2. EDS Test 

EDS technique complements SEM inspection, and is 

conducted to confirm the presence of additives at all 

casting stages. The results of the EDS examination are 

presented in the following figures and tables, focusing on 

selected areas of the sample. 

The images depicted in Figure 6 represent the element 

distribution in AA5052. Specifically, Figures 6(a), (b), and 

(c) illustrate the presence of the main elements 

(Aluminum, Magnesium, and Chromium) in AA5052, 

respectively. Figure 7 provides the map data of Aluminum, 

Magnesium, and Chromium in AA5052, which 

corroborates the findings from Figure 6 and Table 7. The 

atomic and weight percentages along with the percentage 

error in the Alloy AA5052 structure are depicted in Table 

3. Hence, the presence of the main elements constituting 

the alloy is observed, with minor variations in the values 

of these elements. 

This phenomenon can be attributed to losses incurred 

during slag removal, as well as the effects of reactions and 

evaporation, compounded by the presence of impurities. 

This is further elucidated in the subsequent EDS test tables 

of composite materials. Additionally, variations in 

percentages may occur when different areas are selected 

for examination. 

 

Figure 6. EDS elemental distribution Images for AA5052: (a) Al, (b) Mg, and (c) Cr. 

 

Figure 7. Map data of elementals presence for AA5052. 

Table 3. Elements percentage in the alloy AA5052 structure. 

Element Atomic % Atomic % Error Weight % Weight % Error 

Mg 1.9 0.1 2.1 0.1 

Al 97.92 0.4 97.93 0.4 

Cr 0.18 0.1 0.17 0.1 

  

C

a b
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Figure8(a, b, c, and d) depict the distribution of 

elements (Al, O, Mg and Zn) in the microstructure of 

aluminum alloy reinforced with alumina.  

Hence, the presence of Aluminum (Al) and Oxygen (O) 

confirms the presence of Al2O3 in the alloy. Additionally, 

the presence of Aluminum (Al) and Magnesium (Mg) 

indicates the presence of AA5052. The absence of 

Chromium in this selected area is attributed to its small 

quantity in the sample. Furthermore, a small percentage of 

Zinc is observed, which is considered one of the impurities 

associated with aluminum oxide. 

Figure 9 provides the map data of Aluminum (Al), 

Oxygen (O), Magnesium (Mg), and Zinc (Zn) in AA5052 

+ Al2O3. Table 4 displays the atomic and weight 

percentages along with the percentage error in the structure 

of AA5052 + Al2O3. Therefore, the presence of the main 

elements contained in the composite materials reinforced 

with alumina can be observed in Figures 8 and 9, as well 

as Table 4, with minor deviations from the expected 

values. 

 

Figure 8. EDS Elemental Distribution Images for AA5052+ Al2O3: (a) Al, (b) O, (c) Mg, and (d) Zn. 

 

Figure 9. Map data of elementals presence for AA5052+Al2O3. 

Table 4. Elements percentage in the composite AA5052+Al2O3 Structure. 

Element Atomic % Atomic % Error Weight % Weight % Error 

O 4.5 0.3 5.1 0.2 

Mg 0.8 0.1 1.1 0.1 

Al 94.5 0.4 93.7 0.4 

Zn 0.2 0.1 0.1 0.1 

 

  

b

d

a
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Indeed, these deviations can be attributed to losses 

during slag removal, reactions, evaporation effects, and the 

presence of impurities. Additionally, the largest peak 

observed typically represents the highest percentage of 

aluminum. 

Figure 10 provides the map data of Aluminum (Al), 

Oxygen (O), Magnesium (Mg), Iron (Fe), Manganese 

(Mn), and Titanium (Ti) in AA5052 + bauxite, as 

confirmed by Figure 11 and Table 5. This indicates the 

presence of basic elements such as Aluminum and 

Oxygen, along with additional elements including 

Manganese, Iron, and Titanium in this composite material 

of AA5052 + bauxite. 

The final set of images, Figure 11 (a, b, c, d, e, f), 

displays the distribution of elements in the alloy after the 

addition of bauxite. This highlights the presence of 

elements such as Aluminum (Al), Oxygen (O), 

Magnesium (Mg), Iron (Fe), Manganese (Mn), and 

Titanium (Ti) in the aluminum alloy reinforced by bauxite 

(AA5052 + Bauxite). 

Table 5 presents the atomic and weight percentages 

along with the percentage error in the structure of Alloy 

AA5052 + bauxite. Therefore, the basic elements (Al, O, 

and Mg) can be observed in all figures and tables for the 

samples. Additionally, new elements such as manganese, 

iron, and titanium appear in the composite reinforced with 

bauxite, as bauxite contains these elements. 

 

Figure 10. Map data of elementals presence for AA5052+Bauxite. 

 

Figure 11. EDS Elemental distribution Images for AA5052+ Bauxite: (a) Al, (b) O, (c) Mg, (d) Fe, (e) Mn, and (f) Ti. 

Table 5. Elements percentage in the composite AA5052+Bauxite structure. 

Element Atomic % Atomic % Error Weight % Weight % Error 

O 4.2 0.4 4.5 0.2 

Mg 1.1 0.1 1.0 0.1 

Al 94.4 0.5 93.7 0.5 

Ti 0.0 0.0 0.1 0.1 

Mn 0.1 0.1 0.3 0.2 

Fe 0.2 0.1 0.4 0.2 

  

ba C

d e f
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3.1.3. X-Ray Diffraction measurements 

Figures 12 and 13 present the XRD patterns at room 

temperature for the AA5052+ 7% Al2O3 particles mixture 

and AA5052+ 7% bauxite mixture, respectively. The sharp 

peaks observed in the patterns indicate the excellent 

crystallization of the composites. The XRD pattern in 

Figure 12 closely aligns with the reported values for 

aluminum-zinc (JCPDS, Card No. 00-052-0856) and 

magnesium (JCPDS, Card No. 01-089-7195). Notably, 

there is no discernible peak for chromium due to its low 

percentage (0.25%) within the AA5052 alloy. 

Figure 13 depicts the phase analysis of the 

AA5052+7% bauxite mixture, closely aligning with 

comparative values for bauxite, particularly the gibbsite 

phase (JCPDS, Card No. 00-15-0776), and a limited 

presence of kaolinite (JCPDS, Card No. 01-080-0885). 

Notably, the major crystalline phase, characterized by 

extremely sharp peaks, is gibbsite, accompanied by a 

modest quantity of boehmite (JCPDS, Card No. 21-1307). 

These findings closely be similar to values associated with 

gibbsite, with certain peaks indicative of aluminum, 

consistent with (JCPDS, Card No. 04-0787). 

 

Figure 12. X-Ray Diffraction test (XRD) of AA5052+ 7% Al2O3. 

 

Figure 13. X-Ray Diffraction Test (XRD) of AA5052+7% Bauxite.  
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In general, the XRD figures (12, 13) affirm the 

presence of aluminum as a fundamental element, 

consistent with the findings from the EDS examination. 

Figure 12, wherein aluminum manifests as the highest 

peaks, additionally reveals the presence of aluminum oxide 

in the remaining peaks, indicating the structure of the 

composite reinforced with alumina. Figure 13, 

representing the composite material based on the alloy and 

reinforced with bauxite, exhibits a diverse array of 

elements. It is evident that various phases such as Gibbsite, 

Kaolinite, Boehmite, and aluminum are present, indicative 

of the constituent elements of bauxite. The (G) phase, 

representing bauxite, is predominant in most of the peaks, 

with the presence of kaolin evident in other peaks. 

Furthermore, enhancing the properties of the matrix results 

from various factors, including a homogeneous 

distribution. Like that, grain refinement, reduction of 

porosity, and improved interconnection between the matrix 

and reinforcements. Therefore, the homogeneous 

distribution of reinforcements increases interconnection, 

thereby improving mechanical properties[26].  

In this regard, segregation of particles during 

solidification may arise due to density variations between 

the reinforcement and matrix. However, the incorporation 

of Nano-ceramic particles and increasing their percentages 

enhances mechanical properties while reducing 

defects[27,28]. Typically, when casting the matrix alone or 

with reinforcements, porosity is minimized by improving 

the wettability of preheated reinforcements before 

addition. This precaution ensures a strong bond between 

the matrix and reinforcements, mitigating challenges 

associated with the stir casting method. One such 

challenge during liquid mixing is the agglomeration of 

particles. To counter this, the liquid is heated above the 

melting point, then cooled to a semi-solid state. 

Reinforcement particles are preheated before addition to 

the slurry. The mixture is reheated with stirring until it 

returns to its initial state before cooling [29, 30]. 

3.2. Hardness Test 

Hardness tests were performed on the matrix (AA5052) 

and on the matrix reinforced with Al2O3, followed by 

bauxite. The samples were tested using the same 

mechanism and under identical working conditions. 

Multiple readings were taken, and the average was 

calculated, as shown in Figure 14. A structure that is more 

uniform and refined, indicating obstruction to dendrites, 

typically exhibits higher hardness. Reduced grain size 

contributes to increased strength and hardness, as smaller 

grain sizes impede dislocation movement by acting as 

barriers. Furthermore, regions characterized by smaller 

grain sizes demonstrate elevated hardness, as evident in 

Figure 15(C). Therefore, the reduction in porosity through 

enhanced wettability and the uniform distribution of 

reinforcement particles contribute to increased hardness. 

 Additionally, grain refinement and improved 

resistance to cracking or dislocation during hardness tests 

lead to enhanced hardness. The Brinell hardness results for 

alloy 5052 with the addition of Al2O3 and bauxite are 

presented in Figure 15. The impact of the addition is 

evident; under the same conditions, a noticeable difference 

in hardness is observed between the base material and the 

composite materials. Thus, the matrix measures 59.1 HB 

in Figure 15(A), while Figures 15 (B and C) exhibit 

similar hardness values of 87.5 HB with alumina and 92.3 

HB with bauxite, respectively. The results of the hardness 

test indicate a comparable improvement between alumina 

and bauxite, with a slight advantage for bauxite. The 

reason for the slight increase in hardness with bauxite was 

due to the presence of other elements such as (Ti, Fe and 

Zn) in addition to alumina. Thus, the presence of these 

elements improved the structure and makes it more 

resistant to the penetration of the test ball, then increases 

the hardness. 

 
Figure 14. Brinell hardness test. 
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Furthermore, there was a 48% improvement when 

alumina reinforced alloy 5052, and a 56% improvement 

was observed with the addition of bauxite. This 

enhancement can be attributed to the composite material 

reinforced with bauxite being free of porosity and more 

cohesive, as discussed in section 3.1.1. 

This implies that the bauxite exhibits more 

effectiveness than alumina in enhancing hardness, with the 

same addition percentage (7 wt.%) and under similar 

working conditions. The effectiveness of bauxite is 

attributed to its ability to break dendrites, leading to an 

improved structure after thermal homogenization at 500°C. 

This outcome can be attributed to bauxite containing a 

significant amount of alumina, along with other elements 

that contribute to the enhancement in hardness. 

3.3. Wear rate test 

Figure 16 (a, b, and c) illustrates the effect of pin 

sliding on the surface of the alloy samples and the 

composite materials from two groups, reinforced by 

alumina and bauxite, respectively. The surface state of the 

samples is observed after examination conducted under 

identical working conditions for all samples. 

The surface of alloy (a) exhibits more pin penetration 

compared to (b and c), attributed to the frictional resistance 

offered by the ceramic reinforcements. Thus, it is clear 

with an SEM test of the composite sample's surface after 

performing the wear resistance test, Figure 17. 

 

Figure 15. Hardness Comparison tests between: base Alloy 5052 (A) vs. Alloy 5052 with Alumina (B) and Bauxite (C) reinforcements. 

 

Figure 16. Effect of wear test relative to: (a) AA5052, (b) AA5052 reinforced with alumina and (c) AA5052 reinforced with bauxite. 

 

Figure 17. SEM samples images ofAA5052+ Al2O3 and AA5052+Bauxite 
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Additionally, it is evident that the surface of (c) is more 

uniform than (a and b), likely due to bauxite containing 

elements that enhance the microstructure of the sample. 

Generally, surfaces reinforced with ceramic materials (b 

and c) demonstrate resistance to sliding friction from the 

circular pin movement. This resistance is reflected in the 

reduced penetration of the pin into these surfaces, 

indicating the effectiveness of the ceramic particles in 

resisting friction. The weights before and after operation, 

and weight loss of the samples for the three time periods 

(10, 20 and 30 minutes) are shown in Table 6. 

Thus, wear rate (WR) was calculated according to the 

equation (WR=DW1/S1), (S1) represent the sliding 

distance, that take from the device was 141.056 at (10 

minutes), the result of wear rate is (3.757×10-5), the distant 

as shown in Figure 18. 

Figure 19 illustrates the wear rate on samples of the 

base alloy and composite materials with the additions of 

alumina and bauxite. The impact of the ceramic particle 

additions as reinforcements is evident in the wear rate 

values, which exhibits a clear decrease with the 

introduction of these materials. 

Table 6. weights before and after operation, and weight loss for all periods 

Samples Initial 

Weight(g) 

WO 

Weight(g) 

W1 at 10min. 

Weight(g) 

W2 at 20min. 

Weight(g) 

W3 at 30min. 

DW1 

WO-W1 

DW2 

W1-W2 

DW3 

W2-W3 

AA5052 4.7496 4.7443 4.7317 4.7063 0.0053 0.0126 0.0254 

AA+AL2O3 4.3597 4.3573 4.3515 4.3408 0.0024 0.0059 0.0107 

AA+Bauxite 5.0276 5.0251 5.0194 5.0078 0.0025 

 

0.0057 0.0116 

 

Figure 18. The sliding distance 

 

Figure 19. Wear rate comparison: base alloy vs. alloy with alumina and bauxite reinforcements. 
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For instance, at the ten-minute mark, the wear rate for 

the base alloy was 3.76 ×10-5 gram per meter (g/m), and 

this declined to 1.7×10-5 and 1.76×10-5 g/m with the 

addition of alumina and bauxite, respectively. 

Furthermore, the improvement in wear resistance with the 

addition of alumina and bauxite is notable, with a wear 

rate decrease of 55% and 53.2%, respectively, at the ten-

minute mark. However, the wear rate increases at 20 

minutes, reaching 2.1 and 2.06, respectively, with alumina 

and bauxite. Then, the wear rate increases at 30 minutes, 

reaching 2.6 and 2.81, respectively, with alumina and 

bauxite. The enhancement in wear resistance is attributed 

to the addition of reinforcement ceramic particles. Which 

refine the grain size and improve mechanical properties, as 

explained in previous sections. 

Wear resistance experiences an increase with the rise in 

the percentage of reinforcement, attributed to the elevated 

rigidity and strength, achieved at higher reinforcement 

levels [30].  Aluminum matrix composite materials 

incorporating ceramic particles have demonstrated 

favorable properties, including corrosion resistance, tensile 

strength, hardness, and impact resistance. The wear 

resistance shows improvement with both increased particle 

size and percentage of composite content. Strengthening 

the aluminum matrix with ceramic particles yields notable 

improvements in mechanical properties, including 

enhanced wear resistance, hardness, compressive strength, 

bending strength, and tensile strength. The extent of 

improvement varies according to specific applications[31, 

32].  

4. Conclusion 

 In the current study, three groups of samples are 

fabricated by; aluminum alloy AA5052.  Then the same 

alloy reinforced with 7wt% aluminum oxide and lastly the 

same alloy reinforced with 7wt% natural ceramics 

(bauxite), where it can be listed the following findings; 

 The SEM test showed an improvement in the structure 

after adding reinforcements, through grains uniform 

distribution and reduced dendritic branches. 

Furthermore, the EDS test confirmed the presence of 

all the added materials. Hence, this was supported by 

the XRD test, which shows all the elements contained 

in these materials.  

 The effect of alumina and bauxite additions as 

reinforcements in alloy (AA5052) is apparent in both 

hardness and wear rate. The hardness improvement 

reached (87.5 HB and 92.3 HB) with AL2O3 and 

bauxite as reinforcements, respectively. While the wear 

rate becomes (55.3% and 53.2%) at 10 minutes, (54% 

and 54.6%) at 20 minutes and (58% and 54.5%) at 30 

minutes, with AL2O3 and bauxite, respectively.  

 The results showed that the current work led to 

obtaining a composite material with good specifications 

and economic feasibility in terms of matrices and 

reinforcement. It can be concluded that the bauxite can 

be replaced with advanced synthetic ceramic materials 

at a lower economic cost. 
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