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Abstract. In order to increase system efficiency, lightweight materials are 
crucial in the automotive and aerospace sectors. In this work, iron oxide 
(Fe2O3) and cobalt (Co) were used as reinforcements, with aluminium 
alloy AA2014 serving as the matrix material. The metal matrix composites 
were made using the stir casting technique. The proportions of iron oxide 
and cobalt utilised as reinforcement in the composites were 2.5 wt % and 5 
wt %, respectively. On the composite specimen created in accordance with 
ASTM E8, E9, and E23 standards, the mechanical properties of tensile, 
flexural, and impact strength were investigated. Investigations were also 
done on the hardness of the composites. The morphology of the composites 
was examined using an optical microscope. 

1 Introduction 

Since composite materials contain a number of distinctive properties not present in typical 
ordinary materials, they are desirable in many industrial applications. The volume-to-
weight ratio is one such important characteristic that the automotive, aerospace, and other 
industries find particularly attractive [1]. 

Researchers are drawn to aluminium metal matrix composites because of their low 
weight and great strength, which reduces the amount of material and energy needed. Some 
important elements to take into account include the size of the reinforcement particles and 
their properties. These days, reinforcements made of bio-ceramics are also employed. The 
mechanical and tribological properties of aluminium alloy composites reinforced with bio-
ceramics were examined by V. Bhuvaneswari et al. The mechanical and tribological 
properties of seashell powder reinforced with AA2219 alloy were improved by 3 wt% [2]. 

According to studies, stir casting is mostly utilised to create Al-based MMC. Utilizing 
a two-stage stir casting procedure, Cast A 356 alloy reinforced with 4 weight percent 
graphite (Gr) and 12 weight percent boron carbide (B4C) was created. The hardness and 
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tensile characteristics were improved by the homogeneous distribution of B4C and Gr; 
however the density was lowered upon adding the reinforcement [3]. The mechanical 
characteristics and microstructure of the stir-cast and campo-cast A356 aluminium 
alloy/Al2O3 composites were compared by Seyed Abdolkarim Saiiadi et al [4]. 

With the examination of the structure and attributes of fine fly ash particle reinforced 
Al-7Si-0.35Mg alloy composites, the impact of three distinct stir casting processes is 
assessed. Evaluations of liquid metal stir casting, modified compo casting, compo casting 
(semi solid processing), and modified compo casting followed by squeeze casting 
techniques were among them, the latter produced composites with well-dispersed fly ash 
particles that were largely agglomeration and porosity free. Liquid metal stir cast 
composites exhibit greater interfacial interactions between the fly ash particle and matrix 
that result in the development of Mg Al2O4 spinel and iron intermetallics than compo cast 
composites [5]. 

The three main drawbacks of stir casting include porosities in composites during 
fabrication, the wettability of ceramic particles with molten metals, and poor distribution of 
the reinforcing particles known as agglomerations in the metal matrix. The main goal of 
many studies is to improve the parameters of stir casting for Ceramic-Metals Matrix 
Composites (CMMCs). The factors influencing the uniform dispersion of reinforcements, 
porosities in composites during the manufacturing process, and the mechanical 
characteristics of the ceramic metal matrix composites were thoroughly examined when 
talking about the stir casting procedure.[6,7]. 

Since the matrix and reinforcing components are in varying phases, achieving 
homogeneous metal matrix composites poses challenges. Although there has been a 
significant increase in interest in the topic, the title "Particulate Metal Matrix Composites" 
does not adequately describe all of its diverse aspects.  In this study, the mechanical 
characteristics of metal matrix composites made of aluminium alloy are examined. Iron 
oxide and cobalt were used as reinforcements, and AA 2014 aluminium alloy was used as 
the matrix. 

2  Materials and Experimentation 

2.1 Material 
 
The matrix material chosen was AA 2014 aluminium alloy, which is primarily employed in 
the construction of truck frames and aircraft constructions. The material was purchased in 
an ingot form. The AA 2014 alloy has a density, poisson's ratio, and melting point of 2.82 
g/cm3, 0.33, and 5150 C. Table 1 lists the chemical composition of the AA 2014 alloy used 
in this investigation. The reinforcements employed were iron oxide (Fe2O3), a reddish-
brown solid powder with a density of 5.23 g/cm3, and cobalt (Co), a ferromagnetic, silver-
white lustrous element with a density of 8.9 g/cm3 and a poisson's ratio of 0.31. Cobalt has 
the ability to withstand wear and corrosion. 

 
Table 1. Chemical composition of AA2014 Aluminium alloy 

Al (%) Cu (%) Si (%) Mg (%) Cr (%) Mn (%) 

93.2 4.35 0.95 0.6 0.2 0.7 
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2.2 Fabrication of composites 
 
The ratios of reinforcements used to develop the AA 2014 Aluminium alloy Composites are 
listed in Table 2. 

 
Table 2. Proportions of AA2014 Aluminium alloy composites 

Composites AA 2014 (%) Iron Oxide (Fe2O3) (%) Cobalt (Co) (%) 

S1 100 - - 

S2 97.5 2.5 - 

S3 95 5 - 

S4 95 2.5 2.5 

S5 90 5 5 
 
Stir casting was used to create the composites made from the AA 2014 Aluminum alloy. It 
was done using stir casting machinery with a maximum temperature of 10000C and a 
capacity of 2 Kg. The apparatus includes an immersion-type mould pre heater with a 450°C 
maximum temperature. Also used was an automatic stirrer with a speed range of 300 to 
1200 rpm. In order to avoid porosity, which is a significant issue in the casting process, the 
mould was preheated. Preheating releases the gases that were trapped in the slurry before 
they could enter the mould. For 60 minutes, the preheating operation was conducted at 
4500C [8].  

 

 
Fig. 1. Stir casting technique  

 
The additional support to get rid of any moisture, iron oxide and cobalt was additionally 
warmed for 45 minutes at 4500C. The furnace was stacked with the AA2014 Aluminum 
Alloy ingots, and the temperature was steadily raised. Cobalt and iron oxide metal powder 
were manually added after the ingots had begun melting and reached a semi-solid state. To 
guarantee homogenous mixing, the reinforcement and matrix material were mixed using an 
automated stirrer at a 400-rpm speed. Figure 1 shows the stir casting method used in this 
work. 
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2.3 Mechanical Properties 
 

The specimens were prepared as per the ASTM standards. The specimens for tensile, 
flexural and impact strength were prepared as per ASTM E8, E9 and E23 standards. Tensile 
and flexural strength tests were conducted using the TINIUS OLSEN H10KT dual column 
universal testing machine, which has a 10 kN frame capacity. The machine has the 
following measurements: 1600 mm (H), 650 mm (W), and 450 mm (D). The testing speed 
range is 0.001 to 1000 mm/min, and the maximum crosshead travel is 1100 mm. The 
impact strength was measured using Tinius Olsen's pendulum impact tester, which has a 
maximum speed of 5.47 m/s and a lowest speed of 0.13 m/s. 
 
3 Results and Discussion 

 
The mechanical characteristics of AA2014 mixed with cobalt and iron oxide are 

shown in Table 3. The composites' tensile, flexural, and impact strengths are shown and 
compared with those of pure AA2014. The Composites' hardness is also determined and 
compared. When compared to pure AA2014, the tensile strength and hardness of the 
AA2014 composite with 5 wt% of iron oxide increased to 48.14% and 19.38%, 
respectively. With the addition of iron oxide and cobalt at a 5 wt% each, AA2014 
composites improved their flexural and impact strength. 

 

Table 3. Mechanical properties of AA2014 Aluminium alloy and its composites 

Specimen 
Tensile 
Strength 
(MPa) 

Flexural 
Strength 
(MPa) 

Impact 
Strength 

(Nm) 

Percentage of 
Elongation 

(%) 

Hardness 
(HV) 

S1 222.50 128.40 6.1 10.8 113.5 
S2 272.80 106.52 5.2 8.2 127.2 
S3 329.62 97.33 4.6 6.5 135.5 
S4 253.25 126.82 5.8 9.9 118.8 
S5 302.72 140.48 7.4 11.3 121.4 

 
Figures 2, 3, 4 and 5 show the tensile strength of AA2014 aluminium alloy with 

cobalt and iron oxide reinforcement. Compared to AA2014, iron oxide is a tougher 
substance. The stiffness of the composite material is improved, which increases the flexural 
strength and hardness of the composites when iron oxide as the reinforcement is added to 
the matrix material AA2014 in the range of 2.5 wt% and 5 wt%. While the impact strength 
and flexural strength both decreased by the same percentage. The cobalt reinforcement 
cobalt was added to the composite in the range 2.5 wt% and 5 wt%. It moderates the 
hardness of the composites due to which the composites became soft, increasing the 
flexural and impact strength of the material [9, 10]. 
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Fig. 2. Tensile strength of AA2014                                   Fig. 3. Flexural strength of AA2014 
Aluminium alloy and its composites.                           Aluminium alloy and its composites. 

Fig. 4. Impact strength of AA2014                                   Fig. 5. Hardness of AA2014  
Aluminium alloy and its composites.                       Aluminium alloy and its composites. 
 

 
Fig. 6. Stress – Strain curves of AA2014 Aluminium alloy and its composites. 

  
Figure 6 depicts the stress-strain behaviour of AA2014 and its composites with 2.5 and 5 
weight % of iron oxide and cobalt. Within the elastic limit, the stress value grows linearly; 
however once above that point, the strain increases quickly for a small stress value. As 
compared to pure AA2014, the stress-strain behaviour of AA2014 composites including 2.5 
and 5 wt% iron oxide and cobalt was quite similar. Along with the improvement in the 
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stress-strain relationship, the percentage of elongation was also improved [11]. The 
percentage of elongation is lowered when iron oxide is added to pure AA2014 because it 
reduces deformability, whereas the percentage of elongation is increased when cobalt is 
added as reinforcement because it promotes deformability [12, 13]. 
 

              
 

(a)                                                                           (b) 
 

             
(c)                                                                            (d) 

Fig. 7. Optical microscope images of Aluminium alloy AA2014 with (a) 2.5 wt. % of Iron oxide (b) 5 
wt. % of Iron oxide (c) 2.5 wt. % of Iron oxide and Cobalt, each (d) 5 wt. % of Iron oxide and Cobalt, 
each 
 
Figure 7 demonstrates the strong contact between the reinforcement and the matrix material 
created by the addition of cobalt and iron oxide particles to Pure AA2014 alloy [14]. Cobalt 
particles and Fe2O3 clusters can both be seen in the microstructure. The AA2014 alloy's as-
cast microstructure shows several dispersed compounds in the grain boundary [15]. Five 
weight percent of the AA2014 matrix is covered in a uniform distribution of Fe2O3 and 
cobalt particles. Fe2O3, which was used in this study and has a tetragonal structure, tends to 
restructure into a monoclinic structure as it cools. This transition consequently results in 
volumetric expansion, which may facilitate in the filling of the defects. The reinforcements' 
and AA2014 matrix's strong interaction significantly improved interfacial adhesion and 
dispersion. As a result, the mechanical characteristics of the composites might be enhanced 
[16, 17]. 
 
 

6

MATEC Web of Conferences 393, 01015 (2024)	 https://doi.org/10.1051/matecconf/202439301015
STAAAR-2023



4  Conclusion 
 
The mechanical characteristics of AA2014 aluminium alloy reinforced with 2.5 and 5 
weight percent of iron oxide and cobalt were investigated, and the results were compared 
with those of virgin aluminium alloy. In the composite of AA2014 with 5 wt.% iron oxide, 
the tensile strength and hardness were improved. The flexural strength and impact strength 
of the AA2014 composite with 5 wt.% iron oxide and 5 weight percent cobalt were 
improved. Using an optical microscope to examine the microstructure revealed that the 
inclusion of reinforcement iron oxide and cobalt contributed to the strengthening of the 
composites, improving their characteristics. 
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