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Abstract - Metal matrix composite materials have found application in many areas of daily life for a long time. It is often 

not understood that it uses composite materials in practice. These innovative materials offer unlimited possibilities for 

modern materials science and development. The properties of the metal matrix composites can be designed according to the 

desired material depending on the application. From this potential, metal matrix composites fulfill all the concepts the 

designer wants. For this purpose, by using a hybrid composite comprising two or more types of enhancers, the advantages of 

one type of enhancer and the further development of properties that are lacking in the other are aimed. In this study, Al2024-

CNT-MgO-0.2 Mg hybrid composites were produced by stir casting method. Composites prepared with Mg were heat 

treated at 170oC for 2, 4 and 6 hours. The compression test of the produced composites was performed according to 

international ASTM standards at room temperature and 1 mm / min test speed. The density of the composites was carried out 

according to the Archimedes principle and the porosity results were analyzed by using the theoretical density and measured 

density values. The results obtained were compared and discussed. 
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I. INTRODUCTION 

 

Developments in aluminum alloys, composites and 

optimization of casting techniques have led to 

improved properties, functions and integrations in 

industry to satisfy current market requirements[1, 

2].Although the automotive industry is focused 

onreducing fuel consumption, the developments of 

composites with high specific properties in recent 

years have resulted in a marked performance for 

improvement. Reductions in the weight of key 

components together with higher compression 

strength, low porosity would allow for more efficient 

operations[3]. 

 

The present study was carried out to investigate the 

effects of MgO, CNT and Mg additions, in 

combination with thesereinforcement particles, on the 

density, porosity and compression strength properties 

of Al2024 casting alloy (Al-Cu-Mg). Reinforcements 

with different percentages are used.A decrease in the 

reinforcement particle size to the nano meter range 

can improve mechanical and tribological properties of 

the aluminum matrix composites [4]. Compression 

tests were carried out in the as-cast, heat-treated using 

2,4 and 6 hours at 170 oC.The optimum conditions to 

achieve superior compression strength properties are 

investigated. A uniform distribution of the 

reinforcement phase in the Al matrix was obtained by 

mixing molten metals. Addition of 0.2wt% MgO-

CNT with different ratios and 0.2wt% Mg improves 

the T6-compression properties considerably, 

compared to the as-cast condition. Heat treatment is 

required for development of strength, ductility and 

must be properly applied to ensure high resistance to 

stress-corrosion cracking. T6-treated alloy resulted in 

a marked increase in the density of precipitated 

particles. Also, heat treating the hybrid composite at 

170°C for 2 h resulted in an increase in the density of 

the Al2024. 

 

The Al-Cu-CNT-MgO-Mg casting hybrid composite 

alloys displaying superior strength-to-weight ratio 

(which leads to reducing fuel consumption and 

improving mechanical performance) and compression 

strength values after the application of suitable heat 

treatment procedures as a result of the presence of 

hardening elements, namely, copper, CNT, MgO and 

magnesium. The CNT- MgO-Mg content enhances 

castability, reduces shrinkage and improves both 

strength and ductility.Because of their better 

mechanical properties and the cost advantages make 

them as an attractive option among the 

manufacturers. 

 

CNT-MgO-Mg are the most common strengthening 

elements added to Al casting alloys, for the purposes 

of improving the strength of these alloys, specifically, 

after applying the appropriate heat treatments[5, 

6].The magnesium is comparably low in melting 

temperature, but its density is even lower than 

aluminum.  The wetting of the CNT by molten metals 

can be improved by the addition of Mg alloying 

elements into the molten metals[7].  The performance 

of hybrid Al based metal matrix composites is very 

important in the industry. The casting design and 

foundry techniques employed to realize the 

mechanical-property capabilities and consistently 
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high quality for produced alloys. The properties of 

Al2024 with CNT-MgO-Mg systems were studied for 

high compression low density and low porosity.The 

main objective of this study is to prepare the hybrid 

aluminum metal matrix composite aluminum copper 

(Al-Cu alloy) metal matrix based reinforced with 

CNT-MgO-Mg in various weight ratios and to 

analyze and compare the mechanical properties with 

base material.  

 

II. DETAILS EXPERIMENTAL  

 

Stir casting is a liquid state method of composite 

materialsfabrication, in which ceramic particles are 

mixed with a molten metal matrix by meansof 

mechanical stirring. The metal liquid is poured into a 

mold, which has a cavityof the desired shape and 

dimensions, and then the liquid allowed to cool and 

solidify.The metal matrix composition is given in 

Table 1. 

 

Fe 0,250 

Si 0,073 

Cu 3,610 

Cr 0,005 

Mn 0,620 

Mg 0,840 

Zn 0,019 

Ti 0,019 

Al Remainder 

Table1: Chemical Composition of Al2024 

 

The CNT with average dimensions of  9.5 nm length, 

4.5 nm diameter and MgO with diameter <4.5 nm 

ceramic particles are taken in 0.2% weight ratios to 

that of aluminium and Al-Cu-Mg melted in heating 

machine and mixed with CNT-MgO and Mg in stir 

casting machine for a minute and then taken in a bowl 

and poured in to steel mould. 

 

In compression test, the specimen of material 

compresses and shortens, and forced together. The 

strain is the relative change in length under applied 

stress; positive strain characterizes an object 

undertension load which tends to lengthen it, and a 

compressive stress that shortens an object gives 

negative strain. Tension tends to pull small sideways 

deflections back into alignment, while compression 

tends to amplify such deflectioninto buckling. 

Compressive strength is measured on materials, 

components and structures. In this test, the used 

apparatus is applying a uniaxialcompressive load. As 

can be imagined,the cylindrical specimen is prepared 

in ASTM standards[8].The theoretical density, 

measured density and porosity of the samples were 

calculated by mixing rules and the Archimedes 

principle. 

 

III. RESULTS AND DISCUSSION 

 

Compression test results of composites with 0.2% Mg 

were showed in Figures 1 and 2. Heat treatment 

affected the properties of samples in different ways. 

The compression strength and elongation values of 

composites with addition of 0.2% Mg varied between 

685 MPa and 797 MPa, and 29% and 33%, 

respectively. The maximum compression strength 

value and elongation were obtained as 797 MPa and 

33% under heat treatment of 4h. Al2024 has 

compression strength value of approximately 490 

MPa and the increase in compression strength value 

of composite with 0.2% Mg and heat treatment of 4 h 

is approximately 61%. The improved can be 

attributed to effects of reinforcements, solid solution 

of Mg and heat treatment [7, 9-12]. 

 
Figure 1.Compression strength of composite with 0.2% Mg 

 
Figure 2.Strain of composite with 0.2% Mg 
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Figure 3 displays density changings of composites.  

Theoretical density of composites is 2.9633 g/cm3. 

Measured densities of composites for heat treatment 

time of 2, 4 and 6 are 2.7526 g/cm3, 2.7580 g/cm3and 

2.74.95 g/cm3, respectively. It is clear that the 

measured densities showed slight difference. The 

difference between measured densities and theoretical 

densities values can be explained with porosity as 

seen in the Figure 4. 

 

 
Figure 3.Comparison of densities of composites with 0.2% Mg 

 

The minimum porosity obtained with heat treatment 

of 4h as 7.4425% while the maximum porosity with 

heat treatment 6 h as 7.7730%. At great diversity in 

porosity contents was observed which can be 

attributed to the difference the theoretical and 

measured densities.The change in porosity content is 

high probably related to theformation of intense 

number of nucleation sites during solidificationthat 

can stimulate the pasty mode of solidification[13]. 

 
Figure 4.Porosity contents of composites 

 

IV. CONCLUSION 

 

In this study, Al2024-CNT-MgO hybrid composites 

with addition of 0.2% Mg were produced by stir 

casting method. The mechanical properties of 

composites were investigated using compression test. 

Also, density changing and porosity contents of 

composites were determined. Compression strength 

measurements illustrated enhancement ofmechanical 

properties due to the addition nano-particlesto Al 

alloy matrix and heat treatment compare to the pure 

Al2024 alloy.Optimum compression strength was 

obtained by heat treatment for 4 hours. It has been 

found that hybrid composites can be produced 

successfully by the determined method. 
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