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Production of primary aluminium is energetically enormously expensive. The use of secondary (recycled) 
aluminium, has therefore a high potential to save money and energy while reducing the negative 
environmental impact of aluminium production. Although the properties of secondary aluminium alloys 
are generally comparable to those of primary aluminium alloys, the increased Fe content can lead to a 
significant reduction in the corrosion resistance of these alloys. Secondary (recycled) AlSi7Mg0.3 cast 
alloy with different iron contents (0.123, 0.454, 0.679 and 1.209 wt. %) in the as-cast and after heat 
treatment (T6) condition was investigated. The quantitative analysis was focused on the evaluation of 
the Fe-phases, especially the needle-like Al5FeSi phase. The corrosion resistance was measured by a rapid 
corrosion test (AUDI test). The corrosion damage of the surface was observed macroscopically. The 
results show that Fe content higher than 0.454 % has no significant effect on the amount and size of 
needle-like phases of Al5FeSi. The corrosion resistance is mainly influenced by the size and length of the 
Al5FeSi phases. Increased Fe content decreases the corrosion resistance of AlSi7Mg0.3 alloy and 
accelerates the initiation of corrosion. 
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 Introduction 

Aluminium is one of the most used metals in the 
modern world. The main reason is a good 
combination of properties (lightweight, corrosion 
resistance, castability and machinability) of 
aluminium-based alloys. The downside of using 
primary aluminium is the manufacturing price, 
because of the amount of energy used in its 
production. Secondary aluminium gets its name from 
its source. It is ‘secondary’ because it is made from 
recycled aluminium scrap. This scrap can come from 
all sorts of aluminium products and profiles, such as 
aluminium turnings, aluminium sheets, aluminium 
shreds, aluminium radiators, cast aluminium, 
extrusions, painted sidings, aluminium dross, and 
more. The most laborious aspect of secondary 
aluminium production is the cleaning and separation 
of aluminium scrap from other materials. After 
processing, it is smelted, usually using natural gas. The 
energy requirements for secondary production are 
therefore much less energy intensive compared to 
primary aluminium. The statistics bear this out – an 
increase in the aluminium recycling rate of just 10 % 
can reduce gas emissions from aluminium processing 
by up to 15 % and recycling aluminium scraps requires 
95 % less energy than primary production. Generally, 
secondary aluminium has a higher tolerance for 

alloying elements, such as iron, magnesium, and 
silicon (which are commonly added in the recycling 
process) [1-4].  

Al-Si-based alloys are the most used aluminium 
casting alloys. On the surface of said alloys, a barrier 
oxide film that is strongly bonded to its surface is 
formed as soon as being in contact with air. This oxide 
film is the most stable in aqueous media with a pH 
between 4.0 and 8.5. If this barrier is damaged (e.g., by 
open-air solutions containing halide ions) it re-forms 
immediately in most environments. The surface of 
cast Al-Si-Mg alloys contains not only aluminium 
oxide but also mixed Al-Mg oxide [5-7]. 

AlSi7Mg0.3 cast alloy is an aluminium alloy that is 
characterized by good casting properties, good corro-
sion resistance and machinability. The most common 
type of corrosion attacking AlSi7Mg0.3 alloy is pitting 
corrosion. This type of corrosion is localized and usu-
ally manifested by random pitting. Only a small part 
of the surface is attacked, but the corrosion progresses 
intensively in depth. Once initiated, this type of corro-
sion is very unpredictable [7-9].  

This paper focuses on secondary AlSi7Mg0.3 cast 
alloy with increased iron content. This may be caused 
by iron introduced into the AlSi7Mg0.3 alloy during 
melting from scrap, through the melting medium or 
the handling equipment used. The high iron content 
of secondary aluminium alloys is therefore a serious 
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problem because it is impossible to eliminate its 
negative effect. Since iron has low solubility in 
aluminium alloys, it is precipitated in the form of 
intermetallic phases. The intermetallic phases are, for 
example, needle/plate-like Al5FeSi, plate-like Al6Fe or 
Al5Fe. Mn-alloyed alloys contain the skeleton-like or 
Chinese script-shaped Al15FeMn3Si2 phase. Hard and 
brittle Al5FeSi platelets/needles have a detrimental 
influence on the properties of the alloy. These phases 
cause porosity, lower fluidity, act as stress 
concentrators, promote crack initiation, and reduce 
impact strength, machinability, and fatigue life. From 
the electrochemical point of view, the Al5FeSi phase is 
nobler than the matrix in aqueous media, making the 
alloy system highly susceptible to localised corrosion. 
The higher content of Fe causes an increase in 
forming of a long and higher amount of Fe needle 
phases as a decrease in ductility and corrosion 
properties, too [9-15]. Many studies show that the 
effect of Fe-rich phases on the corrosion resistance 
and the mechanical or fatigue properties of aluminium 
alloys depends on their type, size, and amount. The 
major problem can occur once the critical value of the 
iron content is exceeded, which is individual for each 
alloy and depends on the silicon content of the 
aluminium alloy. The critical iron content of the 
AlSi7Mg0.3 alloy, which is the subject of this paper, is 
approximately 0.5 % [9-15]. 

Magnesium, present in the microstructure of Al-Si-
Mg alloys can form intermetallic phases such as Mg2Si, 
Al8FeMg3Si6 or Al9FeMg3Si5. These phases can cause 
improved corrosion resistance, along with weldability, 
work-hardening and strengthening. The studies show 
that as little as 1 wt. % of added magnesium causes a 
reduction in the size of pits caused by pitting 
corrosion. After the addition of 4.5 - 9 wt. % Mg, the 
pits and pitting marks disappear completely from the 
surface of Al-Si alloys [14, 16-17].  

In the current practice, there are several ways of 
the corrosion resistance testing of aluminium alloys. 
Exposure methods such as immersion tests and 
corrosion resistance tests in the condensing chamber 
are carried out in various corrosion environments, 
depending on the application of said alloys. Another 
type of corrosion testing method is the 
electrochemical method. These include for example 
potentiodynamic and potentiostatic tests, 
electrochemical impedance spectroscopy and others 
[7, 15, 18-19].  

Al-Si-Mg alloys in general are widely used in the 
automotive, aerospace and even food industry. Good 
castability and corrosion resistance makes these alloys 
suitable for automotive applications such as engine 
brackets and mufflers. However, it is particularly 
important that the alloy has good thermal 
conductivity, because these components could get 

overheated. Other areas of use are for example 
shipbuilding (anchors), the aerospace industry, in 
favour of reducing the weight of the plane (wing skins, 
fuelling fittings, overwing emergency door exit) and 
the chemical industry [20-22].  

The paper aims to study the effect of Fe on the 
morphology and number of Fe-rich intermetallic 
phases and to evaluate the corrosion resistance using 
the rapid AUDI test. The work is part of the VEGA 
01/0398/19 project focused on the study of 
secondary alloys with higher iron content. 

 Materials and methods 

Investigated samples of secondary AlSi7Mg0,3 
aluminium cast alloy were produced at UNEKO, spol. 
s.r.o, Zátor, Czech Republic and they were supplied in 
a form of circular rods with 20 mm diameter and 
length of 300 mm. All the samples were made by 
gravity casting into sand moulds (Fig. 1). These 
moulds have been treated with a protective spray that 
prevents penetration of liquid metal into the sand 
mould and thus ensures a better-quality surface. 

 

Fig. 1 Moulds used for sand casting 

To evaluate the effect of higher Fe content on the 
presence of Fe-rich intermetallic phases and the 
corrosion resistance, 4 melts were cast with different 
iron contents in wt.%: 0.123 (alloy A); 0.454 (alloy B); 
0.679 (alloy C) and 1.209 (alloy D). The chemical 
composition of investigated aluminium alloys and the 
calculated critical iron value are shown in Tab. 1. The 
casting temperature for each melt was 750 °C and the 
refining temperature was 740 - 745 °C. From each 
melt, 24 bars were cast, and half of the bars were 
subjected to heat treatment T6. These samples were 
compared to determine whether the heat treatment 
improves corrosion resistance and lowers the amount 
of Fe-rich intermetallic phases in needle forms present 
in the microstructure. 
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Tab. 1 Chemical composition of experimental AlSi7Mg0.3 cast alloy (wt. %) 
Alloy Si Fe Cu Mn Mg Cr Zn Ti Ga V Al Fecrit. 

A 7.028 0.123 0.013 0.01 0.35 0.002 0.04 0.12 0.01 0.01 ball. 0.48 
B 7.340 0.454 0.021 0.01 0.3 0.002 0.02 0.12 0.01 0.01 ball. 0.50 
C 7.346 0.679 0.0096 0.01 0.4 0.002 0.03 0.11 0.01 0.01 ball. 0.50 
D 7.340 1.209 0.01 0.01 0.31 0.002 0.01 0.12 0.01 0.01 ball. 0.50 

Microstructure analysis has been done to 
determine the connection between microstructure and 
corrosion resistance as well as the influence of heat 
treatment on investigated AlSi7Mg0.3 alloys. The 
experimental samples have been prepared using a 
suitable metallographic procedure, consisting of 
grinding with 500 and 1 200 - grit Strues SiC grinding 
paper, followed by polishing with 3 µm diamond paste 
and Strues Op-S. The etcher 0.5 % HF and H2SO4 
were used for chemical etching, the latter, to highlight 
Fe-rich phases in the microstructure of investigated 
alloys. Prepared samples were observed by optical 
microscope NEOPHOT 32. 

Quantitative analysis of Fe-rich phases was 
performed using an optical microscope with NIS 
Elements 5.2 software. This was done to evaluate the 
effect of the Fe content and heat treatment on the 
length of Fe-rich phases, focusing mainly on the 
phases in the plate-like (needle) form. The length of 
Fe-rich intermetallic phases in needle form was 
measured 50 times on all the experimental samples, 
with and without heat treatment (T6). 

The corrosion resistance of investigated samples 
from secondary AlSi7Mg0.3 alloy was examined. 
AUDI test, an internal PV 11 13 standard for the 
automotive industry, was chosen to evaluate the 
corrosion behaviour of these samples [23]. The 
specimens used for this test were 18 mm in diameter 

and 10 mm long, and for each melt, 3 specimens were 
used for this test. Before testing each specimen was 
degreased in ethanol and dried with hot air. Then all 
the specimens were weighed using analytical scales 
with an accuracy of 5 to 6 decimal places and 
immersed in AUDI solution – 1 dm3 H2O + 20 g NaCl 
+ 0,1 dm3 20 % HCl for 2 hours at 20 ± 2 °C. After 
the test, each specimen was rinsed in distilled water 
and ethanol, dried with hot air and weighed. 
Afterwards, the specimens were visually evaluated 
using Olympus Stereo microscope SZX16, to 
determine the influence of increased Fe content and 
heat treatment on the investigated alloy. 

 Results and discussion 

 Structural analysis 

Typical microstructures of the experimental alloys 
are shown in Fig. 2. The microstructure consists of α-
phase, eutectic (dark grey crystals Si in α- phase) and 
various types of intermetallic phases. The α-matrix 
crystallises from the liquid as the primary phase in the 
form of dendrites. Silicon is observed in alloys in the 
cast state in the shape of more angular grains and after 
heat treatment as fine round particles. The 
intermetallic phases identified were Fe-rich (Al5FeSi 
needles) and Mg-rich (Mg2Si very fine particles).  

 

Fig. 2 Microstructure of experimental alloys with different amount of Fe, in as-cast state – a) 0.123 Fe; b) 0.454 Fe, c) 0.679 % 
Fe and d) 1.209 Fe; after T6 - e) 0.123 Fe; f) 0.454 Fe, g) 0.679 Fe and h) 1.209 Fe; etch. 0.5 % HF 

The results of the metallographic observation car-
ried out showed that as the iron content increased, the 
presence of the needle-like Al5FeSi phase increased in 

the alloys. An increase in their length, as well as thick-
ness, was also observed. The same tendency of Fe’s 
on Al5FeSi phases influence was also seen in the melts 
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after heat treatment. Heat treatment preferentially af-
fects the spheroidization of eutectic silicon. The melts 
with heat treatment led to significant spheroidization 
of the eutectic silicon, but its size was strongly influ-
enced by the amount of Fe needle-like phases in the 
microstructure. The effect of the T6 on the interme-
tallic phases was manifested in the fragmentation of 
the Fe intermetallic phases into smaller formations 
and the dissolution of the Mg2Si phase in the matrix 
[24-25]. 

 Quantitative analysis 

The results of the quantitative analysis are docu-
mented in Tab. 2 and Fig. 3 and 4. The results show 
that an increase in Fe content does not necessarily lead 
to an increase in the average length of the Fe phases 
and the length of the Al5FeSi needles is mainly af-
fected by the heat treatment when the so-called phase 

segmentation occurs. The shortest average length of 
the intermetallic phase of Al5FeSi in alloys without 
heat treatment was observed in alloy A with a mini-
mum iron content (0.123 % Fe), which corresponds 
to the chemical composition of the primary alloy. In 
the alloys with increasing Fe content, a constant in-
crease in the average length of the Al5FeSi phases was 
not observed. The average length of needle-like 
phases was less in alloys D and C than in alloy B, prob-
ably due to the same critical iron value (Fecrit. - 0.5 - 
Tab. 1).  

If we compare alloys with the same % Fe without 
and after heat treatment (Tab. 2), it can be concluded 
that after T6 heat treatment, a decrease (reduction) in 
the average needle length was observed in alloys with 
an iron content of up to 1.209 % Fe. This reduction 
decreased with increasing iron content from 51 % for 
alloy A to 15 % for alloy D. 

Tab. 2 The results of quantitative analysis of Fe intermetallic phases in form of needles 

Alloy Fe [wt. %] Min. length [µm] Max. length [µm] Average length [µm] After T6 

A 0.123 10.49 52.47 30.04 
↓ 51 % 

AT6 0.123 3.41 47.96 14.64 

B 0.454 12.06 202.46 59.77 
↓ 37 % 

BT6 0.454 15.26 117.41 37.56 

C 0,679 9.76 161.48 46.27 
↓ 21 % 

CT6 0.679 6.57 155.32 36.25 

D 1.209 6.34 141.8 34.42 
↓ 15 % 

DT6 1.209 5.85 93.25 40.57 

 
Fig. 3 Quantitative analysis of Al5FeSi needles, in as-cast state - a) 0.123 Fe; b) 0.454 Fe, c) 0.679 Fe and d) 1.209 Fe;  

after T6 - e) 0.123 Fe; f) 0.454 Fe, g) 0.679 Fe and h) 1.209 Fe; etch. H2SO4 
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Fig. 4 Effect of iron content on the average length of Al5FeSi 
needles 

 AUDI test 

The AUDI test was performed to determine the 
corrosion behaviour of the examined alloys. After two 
hours, the samples were removed from the solution, 
washed, and dried. Then they were weighed and 
evaluated gravimetrically, i.e., average values of mass 
changes were calculated. The results of the gravimetric 
evaluation are displayed in Tab. 3. All alloys recorded 
weight losses. The AUDI test showed that increasing 
Fe content leads to a gradual acceleration of corrosion 
attack. Weight losses grew exponentially with 
increasing Fe content. This was also the case in alloys 
without heat treatment as well as after heat treatment. 
Alloy D (1.209 % Fe) exhibited the worst corrosion 
resistance, either with or without heat treatment. 
However, heat treatment does not significantly 
increase the corrosion resistance of alloys. 

Tab. 3 The results of weight changes after the AUDI Test 
Sample A AT6 B BT6 C CT6 D DT6 

Weight loss -0.00768 -0.04197 -0.13040 -0.14266 -0.17596 -0.23626 -0.27205 -0.26296

The macroscopic observation of the surface of the 
samples is documented in Fig. 5. Macrographs show 
that all samples were attacked by pitting corrosion. In-
creasing the Fe content leads to the formation of sig-
nificantly    larger    and     deeper     corrosion     pits.  

The greatest corrosion attack was observed in samples 
C and D, i.e., in alloys with Fe content greater than 
0.679, regardless of the condition of the samples 
(without heat treatment or after T6). No corrosion 
products were observed on the surface of the samples.

Fig. 5 Corrosion characteristics of the tested alloys after the AUDI test: in as-cast state - a) 0.123 Fe; b) 0.454 Fe, c) 0.679 Fe 
and d) 1.209 Fe; after T6: e) 0.123 Fe; f) 0.454 Fe, g) 0.679 Fe and h) 1.209 Fe 

Metallographic analysis of the AlSi7Mg0.3 alloy 
(cross-section through the samples) confirmed (Fig. 6) 
that the beginning of pitting corrosion was observed 
only on the surface of the samples. A preferential at-
tack through the eutectic regions can be observed. It 
can be concluded that the critical nucleation sites of 
the corrosion attack are the Al5FeSi/silicon needle-like 
phase interfaces, while the primary α-matrix remains 
unaffected. In the eutectic, corrosion occurs mostly 
around silicon particles and Fe-phase. Fe and Si are 

cathodic concerning aluminium and can therefore 
form a micro galvanic couple together. Therefore, the 
silicon and Al5FeSi needle particles act as local cath-
odes concerning the eutectic phase of aluminium, 
forming a local galvanic cell, and leading to pitting cor-
rosion [26]. If the galvanic coupling is the main cause 
of the corrosion, the area ratio between the noble and 
less noble phases can be one of the key parameters to 
determine the severity of corrosion [27]. 
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Fig. 6 Microstructure of alloy with 0.454 Fe (cross-section through the sample):  
a) surface corrosion attack, b) detail of pits, etch. H2SO4 

 Conclusion 

The analysis focused on the influence of increased 
Fe content on microstructure and corrosion resistance 
in secondary AlSi7Mg0.3 cast aluminium alloys in the 
as-cast state and after heat treatment T6. Based on the 
experimental results the following conclusions can be 
stated: 

 The microstructure of investigated 
AlSi7Mg0.3 alloy consists of α-phase, 
eutectic, and intermetallic phases as needle-
like Al5FeSi Fe-phase, and Mg2Si. The higher 
Fe content in chemical composition leads to 
an increased amount of Al5FeSi intermetallic 
phases in the microstructure. 

 Quantitative analysis shows that a higher Fe 
content causes an increase in the length of the 
Fe needle-like phases; however, after the so-
called critical iron content is exceeded (alloys 
C and D), the average length of the needle-
like Al5FeSi phases does not increase any 
further. 

 Heat treatment T6 causes a reduction in the 
length of the needle phases, the reduction 
ranging from 51 to 15 %. 

 A rapid corrosion test (AUDI test) was used 
to test the corrosion resistance. This corro-
sion test proves that increasing Fe content in 
alloys leads to a gradual acceleration of corro-
sion attack. As the Fe content increases, the 
weight of the samples increases exponentially, 
both in the samples with and without heat tre-
atment. 

 Pitting corrosion was observed on the surface 
of the samples starting at the eutectic. Critical 

nucleation sites of corrosion attack are the 
Al5FeSi/silicon needle-like phase interfaces. 
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