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Abstract 
Ternary Al-4.5 (wt%) Cu-3.4 (wt%) Fe in-situ composite was prepared at 
1100˚C by conventional casting method. However, this particular alloy con-
tains larger needle-shaped intermetallics of Al3Fe phase. These exert adverse 
effect on the mechanical properties of the alloys. The larger shape and uneven 
orientation of the intermetallic were found to be responsible for the degrada-
tion of properties. The main purpose of this study was to modify the geome-
try of those needles by adding magnesium (Mg) as a fourth material. A series 
of alloys were prepared by adding 4, 6, 8, 10, wt% Mg in Al-4.5 (wt%) Cu-3.4 
(wt%) Fe alloy. Microstructures were observed by optical microscopy. Me-
chanical properties like ultimate tensile strength, % elongation, % area reduc-
tion, hardness and wear test were determined. The study revealed that Mg 
transformed the needles of Al3Fe into globular shape which gave the alloys 
better mechanical properties.  
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1. Introduction 

Materials with high stiffness and low specific gravity are required in the arena of 
aerospace, weapon, automobiles, electronics and sports industry [1]. For that 
reason, metal matrix composites (MMCs) came into play in commercial produc-
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tion in early 1990s [2]. Light matrix is combined with relatively harder reinforc-
ing particles in reason metal matrix composites (MMCs). For many of these 
applications MMCs are more reliable than conventional alloys. MMCs provide 
suitable properties like high elastic modulus, strength, hardness and wear resis-
tance [3]. Moreover, they offer cheaper and easier techniques for fabrication. 
These properties are not developed from continuous fibres reinforcement rather 
come from the randomly distributed particles. This phenomenon can be achieved 
either from in situ composite processing or powder metallurgy process [4]. In 
situ technique allows reinforcing particles to precipitate from within the alloy 
during the solidification. This technique offers certain benefits like uniformity of 
particles, ease of processing and low cost production [5]. As a consequence, 
aluminium has been adopted for many years as a substitute of steel or cast iron 
due to the demand for lighter-weight materials in material processing. Pure Al is 
soft and not recommended for load bearing and high temperature applications 
although Al alloy shows required efficiency under those circumstances [6]. Since 
different alloying elements exert different properties in Al alloy, metallurgists all 
over the world are creating different Al alloys for understanding the suitability of 
alloying element addition in Al. It is also necessary to determine the optimum 
quantity of alloying element addition that has to be made for acquiring the de-
sired properties under applied conditions. But there were difficulties in produc-
ing good quality composites due to adverse chemical reactions between these fi-
bers and the matrix [7]. With successive developments in the structures of dif-
ferent fibres and intermetallics, this field of alloy modification has become a 
prime interest for scientists. Emerging sectors of Military and Aerospace Indus-
tries greatly require materials with high strength-to-weight ratios or high mod-
ulus-to-weight ratios. Materials with these properties can also withstand severe 
high temperature as well as corrosive environments [8]. Although it makes their 
production complicated and enhanced costing. In order to ensure cost-effective 
manufacturing techniques, reinforcement of in-situ particles in composites is a 
popular way for sustainable commercial applications [9]. To reduce their cost for 
increasing easy usage cost-effective manufacturing techniques such as in-situ 
particle reinforced composites will find commercial applications. The uprising 
demand for excellent mechanical and wear resistance properties and high 
temperature applications have provided the incentive for concentrated research 
in light composite materials. Hence to develop the properties of both Iron (Fe) 
and Aluminium (Al) at a time, these elements were targeted for creating alloys. 
Under equilibrium condition, Al-Fe binary system exhibits the presence of in-
termetallic phase of Al3Fe [10]. It can act as in situ reinforcing particle [11]. A 
popular method for the production of in situ composites is casting technique 
[12]. On the other hand, Cu can be added to this system to achieve age hardena-
ble matrix which in turn improves the mechanical properties of the material 
[13]. The shape of intermetallics is a critical factor as it can be detrimental to the 
mechanical properties of the alloys. 
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Therefore, the aim of this research is to modify the shape of these intermetal-
lics and to possess optimum mechanical properties. This work focused on alloy-
ing Al-4.5 Cu-3.4 Fe system with a fourth element. Magnesiem (Mg) of different 
concentrations (4 - 10, wt%) were alloyed with Al-4.5 Cu-3.4 Fe system with the 
aim of modifying size of intermetalics and getting better mechanical properties. 

2. Experimental Procedure 
2.1. Materials 

Commercially available pure aluminium ingots (99.7% purity, Balco, India), 
copper ingots (99.85% pure, Rajshi, India) and pure iron ingot (99.9% Pure, 
Taigang, China) were used to cast Al-4.5 Cu-3.4 Fe master alloy. Addition of Mg 
to the Al-4.5 Cu-3.4 Fe master alloy was done by pure magnesium rod (99.9% 
pure, MS Metalshipper, USA). 

2.2. Method 

A graphite crucible was used to cast the products. Small metallic pieces from 
aluminium ingot were cut and melted in graphite crucible at 800˚C. After that, 
small pieces of copper were added to the melt. This step was followed by 
required amount of pure iron addition as metallic chips. Temperature was raised 
to 1100˚C and the melt was stirred for 20 minutes for complete dissolution and 
homogenization. A cast iron mould was used to cast the melt. The mould was 
preheated to 500˚C to avoid surface shrinkage. Then the Al-4.5 Cu-3.4 Fe melt 
was poured into the prepared mould and allowed to solidify slowly. The solid 
ingot of desired composition was then removed from the mould and used as 
master alloy for subsequent alloying. Al-4.5 Cu-3.4 Fe master alloy of definite 
weight was taken into a graphite crucible and the temperature was raised to 
900˚C. After adding suitable amount of fluxing materials, desired amount of Mg 
was added to the melt and stirred carefully. Then the crucible was kept in the 
furnace at 900˚C for about 30 minutes for homogenization. The melt was then 
poured into the preheated cast iron mould. Following the above mentioned 
process 4%, 6%, 8%, 10% Mg was added to the master alloy and four different 
alloy compositions were prepared.  

Optical microscopy was performed to observe surface morphologies. An opti-
cal microscope (Olympus PMG3) was used to examine the microstructures. 
Samples of 2 cm × 2 cm were sectioned from parent alloy, mount and grinded in 
SiC abrasives. After wet polishing in 1 µm Al2O3 abrasives, they were etched 
chemically by Krolls Reagent (Distilled Water—92 ml, Nitric Acid—6 ml, Hy-
drofluoric Acid—2 ml). Tensile properties were determined using Instron 3369 
(USA) universal testing machine. The test speed was 2 mm/min. Hardness was 
measured by a hardness tester (Future-Tech Corp., model FR-1E, Japan) in HRF 
scale. 5 repetition was performed for each sample to measure tensile properties 
and hardness. Wear study was done by pin on disc method. Three different rota-
tion periods (5, 10, 15 minutes) were maintained at constant rotation speed. 
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3. Results and Discussion 
3.1. Optical Microscopy 

Microstructures of the samples were observed by optical microscopy. The optical 
micrographs of as-cast Al-4.5 Cu-3.4 Fe composite and 4% - 10% Mg added 
Al-4.5 Cu-3.4 Fe composites are illustrated in Figure 1. 

As in Figure 1(a), large needle like structures are evident in as cast Al-4.5 
Cu-3.4 Fe composites. This secondary phase can be identified as Al3Fe phase 
[13]. The reinforcing particles were apparently bigger in size and unevenly dis-
tributed in the matrix. With addition of 4% (Figure 1(b)) and 6% Mg (Figure 
1(c)), the larger needle shaped secondary phases got finer in size. Particularly, 
the spheroidization of Al3Fe needles started with the addition of 6% Mg. The  
 

  
(a)                                       (b) 

  
(c)                                       (d) 

 
(e) 

Figure 1. Optical microscopy of Al-4.5 Cu-3.4 Fe alloys with (a) as-cast condition; (b) 4% 
Mg addition; (c) 6% Mg addition; (d) 8% Mg addition; (e) 10% Mg addition. 
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shape change played a crucial role in the modification of mechanical properties. 
Precipitation strengthening was predominant in this stage of transformation. 
The increment of tensile properties was the result of this transformation. Upon 
further addition of Mg (Figure 1(d) and Figure 1(e)) the spheroidization process 
advanced and formed spherical shape particles.  

3.2. Tensile Properties 

Figure 2 presents the tensile properties ((a) ultimate tensile strength, (b) %, 
elongation, (c) %, area reduction) of different alloys of Al-4.5 Cu-3.4 Fe system 
as a function of %, Mg addition. From Figure 2(a), it is shown that ultimate ten-
sile strength of the alloys increased as %, Mg addition was raised. This increment 
may be attributed to the precipitation strengthening that came from transformation 
of needle shaped phases to the spherical particles.  

However, the ultimate tensile strength downgraded contrastingly for 10% Mg 
addition. There is a tendency of Al3Fe intermetallics to gather in the grain 
boundary region when Mg is added more than 10%. This was the reason of that 
decrement. The %, elongation decreased as Mg addition increased up to 8% 
(Figure 2(b)). It was due to the formation of globules in the matrix that was 
harder than the needles [14]. For, 10% Mg added Al-4.5 Cu-3.4 Fe alloy the %, 
elongation increased insignificantly. The %, area reduction for the alloys fol-
lowed an inconsistent trend (Figure 2(c)). It increased up to 6% Mg addition 
followed by a sharp decline. At 6% Mg added Al-4.5 Cu-3.4 Fe alloy spheroidization 
started.  

3.3. Wear Property 

Figure 3 illustrates variation in wear loss at three different rotation periods (5, 
10, 15 minutes) as a function of %, Mg addition in Al-4.5 Cu-3.4 Fe alloys. The  
 

 
Figure 2. Tensile Properties of (%) Mg added Al-4.5 Cu-3.4 Fe alloys ((a) ultimate tensile 
strength; (b) % elongation; (c) % reduction). 
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Figure 3. Wear Property of different concentration of %, Mg added Al-4.5 Cu-3.4 Fe al-
loys at three different rotation periods (5, 10, 15 min). 
 
wear rate generally increases with the rotation period for every alloy system. 
This wear rate was effectively modified by Mg addition. Wear rate decreased 
with Mg addition for all rotation periods with some exceptions. In case of the 
highest rotation period of 15 minutes, wear rate decreased gradually from 7.8 × 
10−6 gm/m to 4.3 × 10−6 gm/m which confirmed good performance of Mg added 
composites for longer period. The reduction of wear loss rate was an anticipated 
phenomenon because the lengths of needle shaped Al3Fe secondary phases be-
came shorter with Mg addition. Moreover, Mg addition transformed the needles 
into globular precipitates. Those globular precipitates are harder than the 
needles [14]. These harder phases upgraded the wear resistance of the alloys 
[15]. For 5 minute rotation period, the wear loss decreased up to 4% Mg addi-
tion and then contrastingly got aggravated. This exceptional phenomenon may 
be attributed to the presence of deleterious CuAl2 Phases in the matrix [16]. 
Apart from this, addition of 4% Mg did not improve wear resistance significantly 
but higher percentage of Mg addition revealed better wear performances.  

3.4. Hardness 

Figure 4 represents hardness of different alloys of Al-4.5 Cu-3.4 Fe system as a 
function of %, Mg addition. Hardness had been calculated in HRF scale. It is 
evident from Figure 4 that Mg addition resulted in better hardness than as-cast 
Al-4.5 Cu-3.4 Fe alloy. Al-4.5 Cu-3.4 Fe as-cast composite showed hardness val-
ue of 71.7 HRF. With addition of Mg, hardness values of the alloys increased 
gradually up to 8% Mg addition. The alloy with 8% Mg addition exhibited the 
highest hardness value. The transformation of needle shaped Al3Fe secondary 
phases into spherical shape was the main reason behind increase of hardness as 
those spherical shapes are hard in nature. For 10% Mg added Al-4.5 Cu-3.4 Fe 
alloy, the hardness value reduced slightly. The Al3Fe intermetallic compounds 
tend to gather at the grain boundaries, which could be a reason for low hardness 
of 10% Mg added alloy. 
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Figure 4. Hardness of different concentration of %, Mg added Al-4.5 Cu-3.4 Fe (HRF 
scale). 

4. Conclusion 

In this research, the shape of the needle like Al3Fe intermetallic particles in the 
Al-4.5 (wt%) Cu-3.4 (wt%) Fe cast in-situ composite was modified by suitable 
Mg addition. The structure and the properties were investigated by optical mi-
croscopy, tensile, wear properties and hardness measurements. Based on the re-
sults obtained, it can be inferred that it is possible to modify the needle like Al3Fe 
intermetallic particles in the Al-4.5% Cu-3.4% Fe cast in-situ composite by Mg 
addition. With Mg addition higher than 8%, the particles became spherical and 
evenly distributed in the matrix. Ultimate tensile strength, wear resistance and 
hardness were increased by Mg addition than as cast Al-4.5 (wt%) Cu-3.4 (wt%) 
Fe. In future work, the rolling effect can be observed on Mg added Al-4.5 (wt%) 
Cu-3.4 (wt%) Fe composite. 
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