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Abstract. The article investigates the effect of iron content on the phase composition, microstructure, mechanical
properties and electrical conductivity of the Si-0.6% Mn-0.5% aluminum alloy. Experimental alloys with iron content
ranging from 0.1% to 2.0% were studied using X-ray diffraction analysis (XRD), optical and scanning electron
microscopy, hardness and tensile strength testing, as well as eddy-current conductivity measurements. It was
established that an iron content of 0.8% provides the most optimal balance of properties: hardness - 60 HB, tensile
strength - 170 MPa, ductility - 16%, and electrical resistivity - 33 uQ-m. With further increase of iron concentration,
hardness and strength increase but electrical conductivity decreases significantly due to the formation of AlFeSi and
AlsFe phases. The obtained results demonstrate that controlling the iron content allows optimization of aluminum
alloys for application in electrical engineering, construction and automotive industries, where both high mechanical
strength and stable conductivity are required.
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Introduction

Aluminum alloys are among the most demanded structural materials due to their low density, high corrosion
resistance, and technological flexibility. They are widely applied in the aerospace, automotive, construction, and
electrical industries [1]. However, achieving a balance between mechanical properties and electrical conductivity
remains a challenging task for alloy developers.

One of the key factors influencing the performance of aluminum alloys is the presence of iron impurities.
Iron is an unavoidable element in most aluminum alloys, and depending on its content it can either improve strength
or significantly deteriorate ductility and conductivity [2]. Previous studies have shown that excessive iron leads to the
formation of intermetallic compounds such as AlsFe and AlFeSi, which cause embrittlement and reduce the electrical
conductivity of alloys. At the same time, controlled addition of iron in limited amounts may improve hardness and
tensile strength.

Despite the large body of research, most works have focused on Al-Si, Al-Mn or Al-Zr alloys separately,
whereas systematic studies of the Si-0.6% Mn-0.5% system with varying Fe content are limited. The scientific gap
lies in the absence of quantitative data on how gradual changes in iron concentration affect the phase composition,
microstructure, mechanical strength and electrical conductivity in this particular system.

The purpose of this research is to determine the optimal iron content in the Si-0.6% Mn-0.5% aluminum alloy
that ensures the best combination of strength, ductility, and electrical conductivity [3]. It is expected that the
experimental results will identify a specific Fe concentration that balances these properties, thus contributing to the
development of new high-performance aluminum alloys for engineering and electrical applications.

Materials and methods

Samples of Si-0.6% Mn-0.5% alloy with different Fe contents were prepared for testing. The samples were
obtained by casting into a metal mold followed by heat treatment at 550 °C within 4 hours.

Aluminum alloys with different iron contents in the range from 0.1% to 2% were used for testing. The alloys
were prepared by melting and chill casting, and then subjected to the thermal analysis.

The chemical composition was determined using a Vanta Element-S metal analyzer (Table 1).

Table 1. Chemical composition of experimental aluminum alloys of the Al-Si-Mn-Fe system (wt. %)

No. Name Si Mn Fe Al (the rest)
1 Alloy 1 0.6 0.5 0.1 The rest
2 Alloy 2 0.6 0.5 0.3 The rest
3 Alloy 3 0.6 0.5 0.5 The rest
4 Alloy 4 0.6 0.5 0.8 The rest
5 Alloy 5 0.6 0.5 1 The rest
6 Alloy 6 0.6 0.5 15 The rest
7 Alloy 7 0.6 0.5 2 The rest

The X-ray diffraction analysis (XRD) was used to identify the phases and their volume fractions. The X-ray
phase analysis was performed on an EMPYREAN diffractometer with CuK o radiation, which ensured high accuracy
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of phase identification. X-ray diffraction showed that with increasing the iron content, in the alloy new phases were
formed. With the iron content of up to 0.8%, a-Al and Si remain the main phases; and the AlFeSi phase also appears.
With increasing the iron content to 2%, the phase components AlFeSi and AlsFe begin to predominate, which leads to
significant changes in the microstructure [4]. The TTALS database of the ThermoCalc software package was used for
the study. It includes the information of the phases formed in aluminum alloys. Figure 1 shows the polythermal
sections of the Al-Fe-Si alloy at 450 °C and 600 °C.
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Fig.1. - Polythermal sections of the phase diagram of the Al-Fe-Si system at 450 °C (a) and 600 °C (b)

The microstructure was studied using optical (Magus Metal VD700 BD LCD) and scanning electron
microscopy (TESCAN VEGA 3) [5-6].

According to the literature data, metallographic studies using a scanning electron microscope showed that
with increasing the iron content in the alloy, aggregation of the AlFeSi and Al:Fe phases occurs, which leads to a
coarser structure with increasing the grain size. Alloys with the iron content of 0.8% have the most optimal
microstructure with the uniform distribution of phases and smaller grain sizes (Figure 2).
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a) after annealing; b) after quenching from 530°C; c) after quenching and artificial aging at 250°C

Fig.2. - Microstructure of the aluminum alloy of the Al-Fe-Si system under different heat treatment conditions (x250) [7]

Figure 3 shows the microstructure of Al-Si-Mn-Fe alloys with variable iron contents obtained using a
scanning microscope. Micrograph 3a shows the formation of primary aluminum grains (designated as (Al)) and
precipitation of the intermetallic phase AlsFe. These phases are formed along the grain boundaries of aluminum.
Micrograph 3b shows a further change in the microstructure. In addition to aluminum grains (Al), there are
precipitates of the intermetallic phase AlsFe [8-10]. Their size and distribution indicate increasing the iron content of
the alloy, which contributes to changing the phase composition. Micrograph 3¢ shows that with increasing the iron
content in the alloy, intermetallic compounds of a more complex composition are formed, such as AlsFe:Si. The phase
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is distributed along the grain boundaries, which indicates a significant effect of iron on the microstructure of the alloy.
Micrograph 3g shows the microstructure characterized by the formation of large intermetallic phases of Al:Fe..

These changes in the microstructure demonstrate how the iron content of aluminum alloys affects the phase
composition. Increasing the iron concentration promotes the formation of more complex intermetallic compounds,
which in turn affects the mechanical properties and electrical conductivity of the alloy.

Fig.3. - Detailed microstructure of Al-Si-Mn-Fe alloys with variable iron contents

Vickers hardness was determined using a Willson 1150 hardness tester with the following parameters: the
load 50 N, the holding time 15 s.

To determine tensile strength, an Instron universal testing machine with the 100 kN load frame was used. The
tests were carried out using standard cylindrical samples in accordance with the ASTM E8/E8M standard [11-13]. The
setup was equipped with highly sensitive sensors that ensured the measurement accuracy and reproducibility of
results.

The measured values of hardness and strength show that increasing the iron content leads to increasing the
alloy hardness but reduces its ductility. The most optimal mechanical properties are observed in the alloys with the
iron content of 0.8%, which is caused by the balance between strength and ductility.

Table 2. The iron content effect on the mechanical properties of aluminum alloys of the Al-Si-Mn system
Tensile strength,

No. Fe content, % Hardness, HB MPa Plasticity, %
1 0,1 45 120 20
2 0,3 55 140 19
3 0,5 58 160 18
4 0,8 60 170 16
5 1,0 70 180 15
6 15 80 210 12
7 2,0 90 220 10

For each alloy, specific electrical conductivity was measured using the eddy current method on a VE-26NP
device, and then converted into specific electrical resistance [14-16].
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Electrical conductivity measurements (Table 3) showed that with increasing the iron content, electrical
conductivity of the alloy decreased significantly. This was due to the formation of the AlFeSi and AlsFe phases that
affected the movement of electrons and reduced the overall conductivity of the material. For alloys with the iron
content of 0.8%, the minimal decrease in electrical conductivity was observed, which made them optimal for use
where good conductivity was important.

Table 3. Changing electrical conductivity of aluminum alloys of the Al-Si-Mn system depending on the iron content

No. Fe content, % Electrical conductivity (nQ-m) Basic phases

1 0.1 38 a-Al, Si

2 0.3 37 a-Al, Si

3 0.5 35 a-Al, Si, AlFeSi

4 0.8 33 a-Al, Si, AlFeSi

5 1.0 30 o-Al, Si, AlFeSi, AlsFe
6 15 25 a-Al, Si, AlFeSi, AlsFe
7 2.0 20 a-Al, Si, AlsFe

Discussion

Optimization of the phase composition of aluminum alloy Si—0.6% Mn-0.5% by changing the iron content
reveales patterns that can be used to improve the mechanical properties and electrical conductivity of materials. The
greatest improvement in strength characteristics and the minimum decrease in electrical conductivity are observed at
the iron content of 0.8%, which makes this composition optimal for various technical applications requiring good
mechanical properties and electrical conductivity comparison.

The diagram provided shows the key indicators for various alloys. For alloy 3 (0.8% Fe), the following
important aspects can be noted (Figure 4).

The electrical conductivity value is slightly lower than that of alloys with a lower iron content but high
enough to remain acceptable for engineering applications. Alloy 3 has the optimal hardness (about 60 HB), which
provides sufficient strength for most engineering tasks. Strength reaches the maximum level (about 170 MPa), while
maintaining a balance between strength and ductility. Although ductility is slightly lower than that of alloys with a
lower Fe content, it remains acceptable (about 16%), which makes the alloy suitable for structural materials.
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Fig.4. - Results of studying the iron content effect on the properties of aluminum alloys

Alloy 3 (0.8% Fe) exhibits the most optimal combination of properties, including high strength, good
hardness and sufficient electrical conductivity. This makes it an ideal choice for industrial applications where it is
important to ensure a balance between mechanical properties and electrical conductivity.

Conclusion
Changing the iron content in Si-0.6% Mn-0.5% aluminum alloys has a significant effect on their phase
composition, microstructure, mechanical properties and electrical conductivity. The optimal iron content is recognized
to be 0.8%, which provides a combination of high strength, ductility and electrical conductivity. This makes this alloy
promising for a wide range of engineering tasks.
This alloy is especially suitable for use in structures that require high strength and stable conductivity, such
as in the aviation, automotive and construction industries, as well as for electrical components. In addition, the study
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shows that the iron content of 0.8% contributes to increased corrosion resistance, which expands the scope of its
application in aggressive environments.

Optimization of the phase composition and microstructure of this alloy opens up opportunities for further
studies aimed at improving performance characteristics. Adjusting the iron content is the key tool for developing
materials with specified properties that meet present day industrial requirements.

Thus, the developed aluminum alloy with the optimal iron content of 0.8% can become the basis for
developing new materials with improved characteristics. This opens up prospects for its application in the production
of electronics, energy equipment and high-tech structures.
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