
1. Introduction

Aluminum alloys, because of their low mass and good 
mechanical properties, are one of the most popular groups of 
functional materials. AlSi5, AlSi7Mg and AlSi10Mg are typical 
casting alloys used for parts with thin walls and complex 
geometry. This kind of alloy is also used for parts which are 
subject to high loads and are complicated in shapes. Due to 
the complicated shape and size, the elements are produced 
mostly by sand casting. The properties of the aluminum–silicon 
alloys depend on the amount of the alloying elements in the 
microstructure. The microstructure of these alloys is built from an 
α–aluminum solid solution and secondary phases such as AlFeSi, 
AlFeSiMn, Mg2Si, AlFeSiMg. As it is known one of the most 
problematic properties of these kinds of alloys is the corrosion 
resistance. The most common form of aluminum corrosion is 
pitting, especially when chloride ions are present, causing the 
breakdown of the passive layers. Due to the corrosion processes 
in the aluminum–silicon alloys, the silicon is cathodic in relation 
to the aluminum matrix. That is why localized micro galvanic 
corrosion can be observed. Defects formed during the casting 
processes also have an influence on the course of the corrosion 
mechanisms. The corrosion mechanism is more complicated 
when other types of phases are present in the microstructure [1 
- 6]. The aim of this work is to compare the corrosion resistance 
of the AlSi5, AlSi7Mg and AlSi10Mg alloys.

2. Methods

Metallographic observations were performed with the use 
of optical microscopy (OM). The metallographic samples were 
prepared by means of the standard metallographic procedure, 
which includes cutting, mounting, grinding and polishing. The 
samples were ground (600 – 1200 grit papers), mechanically 

polished and etched with the use of the Keith etching reagent. 
The corrosion resistance of these alloys was characterized 
by means of the Potentiodynamic Polarization Test (PPT), 
with the use of the AutoLab equipment with a three electrode 
system. A saturated calomel electrode (SCE) was the reference 
electrode and a platinum electrode was the counter electrode. 
The tests were conducted in 0.1 M sodium chloride (0.1 M 
NaCl) at room temperature. The scan rate was 0.1 mV/s and 
the potential range was from -1 to 2 V. The examination of 
the corrosion attack morphology as well as the EDS analysis 
were performed with the use of scanning electron microscopy 
with an energy dispersive spectrometer (SEM/EDS) in the 
secondary electron and the backscattered electron mode. SEM 
investigations were performed with the use of 3500 N with an 
accelerating voltage of 15 kV.

3. Results

The results of the metallographic observations performed by 
means of an optical microscope show that all of the investigated 
cast aluminum alloys are characterized by a dendritic structure 
of the solid solution (α) (Figs 1a, 2a, 3a) and a discontinuous Si 
(β) phase forming α+β eutectic grains (Fig. 1b). 

Fig. 1. Structure of the AlSi5 alloy as observed (light microscope)
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As we can see, the morphology depends on the concentration 
of the silicon mass. Also, a plate/needle-like morphology of the 
particle is visible (Fig. 2a). The analysis of the literature data 
revealed that the needle-like particles are probably intermetallic, 
e.g. β-Al5FeSi [7 – 16]. Also, the occurrence of the script-type 
phases (Fig. 3b), such as α-AlFeMnSi and π-AlFeMgSi is 
visible, especially in the AlSi7Mg and AlSi10Mg alloys. what 
is more, in these alloys “bone” particles of the magnesium phase 
Mg2Si were detected (Fig. 2b). As the literature data shows, the 
presence of the β-AlFeSi intermettalic phase has an adverse 
influence on the properties of the aluminum–silicon-magnesium 
alloys [17]. This phase is visible as needles in the structure, and 
the shape of this phase depends on the amount of iron in the 
microstructure. β-AlFeSi has got a low adhesion to the matrix. 
To reduce the presence of this phase in the microstructure, 
Mn is added as an alloying element. The addition of Mn has 
an influence on the formation of the AlFeSiMn phase. The 
AlFeSiMn phase significantly improves the mechanical or 
corrosive properties of the material [18].

Fig. 2. Structure of the AlSi7Mg alloy as observed (light microscope)

Fig. 3. Structure of the AlSi10Mg alloy as observed (light microscope)

In order to confirm the assumptions about the composition 
of the intermetallic phases, the spectral analysis of selected phases 
was performed. The edS analysis results (Fig. 4a) showed that 
the positions 1, 3 and 6 were defined as the eutectic silicon phase. 
The analysis of the positions 4 and 5 shows a phase containing 
magnesium, iron, silicon and aluminum, which, taking into 
account its morphology, may be considered as the Al9FeMg3Si5 
phase. The position 2, beside the aluminum content, also 
showed silicon and iron, yet a very low manganese content. The 
edS studies confirmed the presence of the β-AlFeSi platelets 
(without Mn) and the α-AlFeMnSi phase with the addition of 
manganese. Fig. 4b analyzes a phase containing magnesium and 
silicon, as positions 1 and 2. It may be considered as the Mg2Si 
phase and it confirms the original assumption. Fig. 5a shows 
the analysis for AlSi10Mg where the phase containing Mn is 
observable. Positions marked as 1 and 2 (Fig. 5a) show phase 
containing magnesium, aluminum, manganese and iron. It could 
confirm the presence of α-AlFeMnSi phase which properties 
were mentioned above. The results shown in the Fig. 5b marked 

as 1 and 2 contain small share of aluminum and in the majority 
of silicon which confined the presence of eutectic silicon phase. 
Besides Mg2Si and π-AlFeMgSi were also identified in the 
microstructure of AlSi10Mg alloy.

Fig. 4. SeM micrographs of the AlSi7Mg alloy and the positions of 
the EDS analysis

Fig. 5. SeM micrographs of the AlSi10Mg alloy and the positions of 
the EDS analysis

The polarization curves of AlSi5, AlSi7Mg and AlSi10Mg 
after the potentiodynamic tests in a 0.01 M NaCl solution are 
shown in Fig. 6. The polarization curves of all the experimental 
alloys are similar. The cathode and anode branches of the 
polarization curves are not symmetrical. The potentiodynamic 
anodic curves show that the analyzed materials are in the 
passive state and undergo pitting corrosion. 

Fig. 6. Potentiodynamic polarization curves obtained for the AlSi5, 
AlSi7Mg and AlSi10Mg alloys

The values of the corrosion potential Ecor are from -0.91 
V for AlSi7Mg and -0.89 for AlSi5 up to -0.82 V for AlSi10Mg 
(Tab. 1). This shift in the corrosion potential is connected with 
several factors, such as the type of precipitates present in the 
microstructure. As it well known the presence of different 
microstructural features in the alloys can cause microgalvanic 
corrosion. As the silicon particles are cathodic in relation to the 
eutectic aluminum phase, the corrosion processes should mostly 
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occur in the areas where the silicon particles are surrounded by 
this phase [1 – 4]. There are differences in the current density 
icor, where the values are from 6.38e-8 A/cm2 for AlSi7Mg up 
to 1.606e-7 A/cm2 for AlSi5 and 1.034e-7 A/cm2 for AlSi10Mg. 
The growth of the current density in the anodic range and the 
small differences between the pitting potential Epit and the 
corrosion potential Ecor indicate insignificant stabilization of the 
passive layer. The effect is well observable on the AlSi10Mg 
sample, where the obtained values of the potential (Ecor and 
Epit) are similar. The distribution of the intermetallic phases, the 
distribution of Si in the structure, the thickness of the corrosion 
layers and the pores present in the microstructure can have 
a strong influence on this effect. 

TAbLE 1
Characteristic electrochemical parameters of the analyzed alloys 

obtained by the potentiodynamic method

Sample icor[A/cm2] Ecor[V] Epit

AlSi5 1.606e-7 -0.89 -0.79
AlSi7Mg 6.38e-8 -0.91 -0.89
AlSi10Mg 1.034e-7 -0.82 -0.75

SeM observations present in Fig. 7 show difference 
between progressive corrosion damages of AlSi5, AlSi7Mg 
and AlSi10Mg. As it is observable the smallest damages after 
corrosion tests occurred on the surface of AlSi10Mg. From the 
corrosive point of view, Mn reduces the cathodic effect of the 
iron. This has an impact on the galvanic processes and leads 
to less intense galvanic couples compared with the Al-Fe-
Si intermetallic compounds. That is why AlSi10Mg has got 
smaller reactivity in the corrosive solution. 

Fig. 7. SeM images of the morphology after potentiodynamic 
polarization measurements obtained for: a) AlSi5, b) AlSi7Mg, c) 
AlSi10Mg.

4. conclusions

In this work the microstructure and its influence on 
corrosion resistance of AlSi5, AlSi7Mg and AlSi10Mg was 
described. The microstructure observations and the example 
of EDS studies of the AlSi7Mg and AlSi10Mg alloys 
confirmed the presence of the α-Al matrix, the Si particles, the 
α-AlFeMnSi and β-AlFeSi intermetallic phases, as well as the 
π-AlFeSiMg phase and a small amount of Mg2Si particles. The 
AlFeMnSi phase was also observable in the microstructure of 
AlSi10Mg. In the case of the AlSi5 alloy, the presence of the 
Mg2Si particles was not visible. 

Laboratory tests of corrosion behavior of analyzed 
materials in 0.1 M NaCl showed that all materials underwent 
localized corrosion. Pits are well observable on the surface of 
samples and there are differences in their depth and volume. 
because of different microstructural features observed in 
materials there are differences in corrosion resistance of AlSi5, 
AlSi7Mg and AlSi10Mg. The less reactive in 0.1 M NaCl was 
AlSi10Mg where the phases containing Mn are present in the 
microstructure.
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