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Abstract - In the production of composite materials, the possibility of combining different material systems (metal-ceramic-

non-metal) offers a wide range of applications. The properties of these new materials are mainly determined by the 

properties of their components. Reinforcement of metals can have many different purposes. In particular, the strengthening 

of light metals such as aluminum makes it possible to apply these materials in areas where weight reduction is a top priority. 

The precondition here is to improve the component properties. The development objectives of light metal composite 

materials are high yield strength and tensile strength increase at room temperature and above while maintaining ductility or 

hardness, increase in creep resistance at higher temperatures, increase in fatigue strength at high temperatures, improvement 

of thermal shock resistance, improvement of corrosion resistance, improvement of elastic modulus and thermal reduction of 

elongation. In this study, Al-Cu-Mg-CNT-MgO hybrid composites were produced by stir casting method and 0.5% and 1.0% 

by weight of extra Mg was added to the composite. Composites were subjected to heat treatment at 170oC for 2, 4 and 6 

hours and tensile test and hardness test were applied to the samples. Tensile test was performed according to international 

ASTM standards at room temperature and 1 mm / min tensile speed. Thus, the effect of heat treatment time and extra 

magnesium addition on the hardness and tensile strength of the composites were tried to be determined. 
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I. INTRODUCTION 

 

Nowadays, metal matrix composites possess sets of 

properties that are of interest to designers for both 

structural and non-structural applications[1, 2]. 

Material properties are continually being improved to 

satisfy expectations, safety and operational standards 

with technological developments. Aluminum matrix 

composites are synthesized with relatively wide range 

of reinforcement materials suchas carbon nanotube, 

graphite, some oxides, and carbides[3, 4].The 

reinforcement in aluminum matrix composites could 

be in the form of different orientation,type, geometry 

and combinations. Typically, the selection of the 

reinforcement morphology is determined by the 

required property/cost combination. A wide range of 

aluminum metal matrix is generally manufactured 

either by solid stateor by liquid state process 

effectively. Among the various manufacturing 

methods,stir casting is one of the most advantageous 

methods to fabricate composite with homogenous 

distribution of particles in matrix with cost 

effectiveness[5]. 

 

An understanding,designing, and investigating of the 

science oflight-weighthybrid composite production 

process, especially the factors affecting the properties 

of Al composites are required to overcome the 

problems and opened a new window to get high-

quality and low-cost reinforcements.Wide range of 

material combinations and resultant properties is 

available by adding to the different reinforcement 

materials, morphology, the options of weight ratios, 

orientation, and matrix alloy composition and heat 

treatment. The integration of MWCNTs, more 

chemically stable, was supposed to make a strong 

MWCNT/Al composite potential for applications in 

automotive and aerospace industries [6, 7].   

 

The objective of this work is to investigate the 

mechanical behavior of aluminum alloy Al-Cu-Mg 

reinforced with carbon nanotube (CNT), magnesium 

oxide (MgO) and extra magnesium (Mg) particulates 

to reach severe operating conditions in an 

environment. Hybrid composite materials are 

classified according to the physical or chemical 

nature of the matrix. The influence of content (0.2wt 

% MgO and MWCNT) 0.5% and 1.0% by weight of 

extra Mg in matrix on properties were experimentally 

investigated.  

 

The weight ratio combinations planned for the study 

consists of aluminum-copper-magnesium as a metal 

matrix and 0.2% MgO and MWCNTparticles. The 

properties of Al-Cu-Mg- MWCNT-MgO-Mg systems 

were studied for tensile strength and hardness 

properties. The main objective of this study is to 

prepare the aluminum metal matrix composite 

aluminum copper in different weight ratios and to 

analyze and compare the mechanical properties with 

base material.  

 

II. DETAILS EXPERIMENTAL  

 

Aluminum-copper-magnesium alloy is used as matrix 

material with reinforcements MWCNT with average 

dimensions of  1.5 µm length, 9.5 nm diameterand 
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MgOwith diameter <45 nm. The composition of 

Al2024 alloy is presented 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 Al-Cu-Mg 
 

Aluminium metal matrix alloy is melted at 750 °Cin a 

graphite crucible using furnace. At the this 

temperature, MWCNT and MgO particles were added 

individually and combined,and mixed into the molten 

aluminum with mechanical stirring at 500 rpm for 10 

min. The main challenges in producing hybrid 

nanoparticle reinforced compositesare 

theagglomeration of the particles and non-uniform 

distributionof the nanoparticles within the metal 

matrix. Stir-casting is a common, economical, and 

simple method of producing metal 

matrixnanocomposites wherein the reinforcement 

particles are incorporated into the molten matrix 

metal[8].The argon gas (99.999%)is used to reduce 

the atmospheric contamination duringprocess. The 

molten metal at a temperature of 750 °C was then 

poured into the mould andallowed to solidify.  

The tensile specimens were repared as per ASTM 

standard as shown in Figure 1[9].  

 

 
Figure 1.Standard tensile test specimen 

 

The ultimatetensile stress was estimated using 

computerised axial tensile testing machine. In tension 

test, a mono axial stress is generated in sample. This 

stress is induced via external loading of the sample in 

a longitudinal direction via a tensile force. Gaining 

advantage from the strength of the reinforcement 

material strongly depends on its mechanical and 

physical properties, its morphology, and the way it 

bonds to the metal matrix, including its reactivity at 

the reinforcement/matrix interface. To determine the 

strength of the material, loading of the sample is 

slowly and continuously increased until its fails. The 

maximum test force occurring is a measurement of 

the strength of the material.Hardness test can be used 

as agood indicator for material selections to 

determine  metalforming dies orcutting tools. 

Hardness test is also employed for qualityassurance 

in parts which require high wear resistance.The 

hardness of the specimen was measured at different 

locations using Rockwell B Hardnessmethod [10]. 

 

III. RESULTS AND DISCUSSION 

 

Figures 2 and 3 show the results of tensile test of 

aluminum matrix composites with 0.5% Mg.  The 

ultimate tensile strength and percent elongation of 

composites increased to 218 MPa and 8.52 %.  

Al2024 has UTS value of 180 MPa and the increase 

in UTS value with 0.5% Mg and heat treatment of 6 h 

is approximately 21%. The improved can be 

attributed to effects of reinforcement, solid solution 

of Mg and heat treatment [11-13]. The decreasing of 

UTS and elongation values with heat treatment of 4 h 

can probably be due to agglomeration of 

reinforcement and increasing of porosity content [11, 

14, 15]. 

 
Figure 2.UTS of composite with 0.5% Mg 

 

 
Figure 3.Elongation of composite with 0.5% Mg 
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Figures 4 and 5 illustrate the results of tensile test of 

aluminum matrix composites with 1.0% Mg.  It is 

clear that the UTS values decrease linearly from 227 

MPa to 225 MPa and 184 MPa with heat treatment of 

2, 4 and 6 h, respectively. The agglomeration 

influence can be obviously seen at sample heat-

treated with 6 h. The increase in UTS value with 

1.0% Mg and heat treatment of 2 h is approximately 

26.55%. 

 

 
Figure 4.UTS of composite with 1.0% Mg 

 

 
Figure 5.Elongation of composite with 1.0% Mg 

 

Figure 6 and 7 display comparison of UTS and 

elongation values of composites with 0.5% Mg and 

1.0% Mg. It is obvious from figure that 1.0% Mg 

improves the tensile strength of composites under 

same conditions. The maximum UTS value was 

obtained with 1.0% Mg and heat treatment of 2 h. 

This is due to solid solution effect of magnesium 

element.The solid solution mechanism is a result of 

an interaction between the mobile dislocations and 

the solute atoms [16]. In the mechanism, mobile 

dislocations can interact with obstacles such as the 

solute atoms, precipitates, crystal lattice itself and 

other dislocations.Mg is one of point defects within 

the lattice and Mg atoms act as obstacles to 

dislocation motion. At low strains solute atom-

dislocation interactions result in strengthening of the 

composite [17]. 

 

 
Figure 6.Comparison of UTS values of composites 

 

In the Figure 7, the differences among elongation 

values of composites are the increasing of 65.28% 

and 104.30% for 2 h and for 4 h, and the decreasing 

of 75.48% for 6 h. 

 
Figure 7.Comparison of elongation values of composites 

 

Figure 8 shows hardness values of composites. The 

hardness values of composites with variedwith 

addition of 0.5% Mg between 64 HRB and 66.08 

HRB, with addition of 1.0% Mg between 59 HRB 

and 62.8 HRB. The maximum hardness obtained with 

addition of 1.0% Mg as 66.45. Heat treatment 

affected samples in different ways.Morphology and 

distribution of particles in the microstructure and may 

be the reason for this changing [18]. The differences 

between hardness values 9.05% for 2 h, 21.13% for 4 

h and 5.23% for 6 h. 
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Figure 8.Comparison of hardness values of composites 

 

IV. CONCLUSION 

 

In the present work, Al2024-0.2 (50% MgO-

50%CNT) composites with addition of 0.5% Mg and 

1.0% Mg were produced with stir casting method. 

Composites were heat-treated at 170oC for 2, 4 and 6 

h and mechanical properties of composites were 

studied by tensile test and hardness test. Ultimate 

tensile strength and hardness of composites improved 

with addition of Mg. It was observed to be more 

efficient of 1.0% Mg addition in advancing the 

mechanical properties. These results should be 

supported with the microstructure studies, optical and 

SEM analysis. 
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