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Abstract: Al has very good corrosion resistance and corrosion properties. The corrosion resistance of Al cast
alloys is different because these alloys contain a lot of elements. Especially in secondary alloys which contain
more impurity elements from which Fe is the most common. This study deals with secondary AlSi7Mg0.3 cast
alloys which contain more Fe and are affected by a chloride corrosion environment. This environment was
selected based on the application of castings in the automotive industry. The main object was to research the
effect of such an environment on basic mechanical properties and fatigue properties. The results show that a
higher Fe content does not lead to a significant reduction in the properties of the casting and the chloride
environment is not so harmful. Therefore, can be stated that the investigated secondary sand-cast experimental
materials can replace the primary alloys without losing the required corrosion and mechanical properties.

Keywords: corrosion of Al casts; fatigue properties in corrosion environment; mechanical properties
in corrosion environment; high Fe content in Al cast alloy

1. Introduction

Over the past 50 years, an increasing proportion of the world's aluminium supply has come from
a variety of sources. One of the major sources is ore, however, scrap aluminium from industrial waste
and end-of-life products is increasingly coming to the fore. The processing of this scrap to produce a
new aluminium alloy is known as recycling, and the alloy is commonly called secondary. [1,2].
Recycling represents increased environmental care in the aluminium industry, which is related to
reducing the consumption of resources such as energy, materials, water, and soil, extending the
lifetime of products, etc. [3-6]. The producers of such aluminum casts have worried about the effect
of chemical composition (especially higher Fe content) on strength, hardness, wear resistance, creep,
stress relaxation, or fatigue since these are influenced by the size, volume, and morphology of
microstructural parameters or intermetallic [7].

Unfortunately, even in casting processes, coarse microstructures, and various defects are
commonly formed, which possibly reduce the mechanical properties and especially the fatigue
strength of the final cast part, as they are discontinuity elements and act as stress concentrators. [8].
The higher Fe content also affects the porosity of cast material. In general, the porosity parameters
(percent porosity, maximum porosity) tend to increase with increasing % wt. Fe. [9]. Although iron
is very soluble in liquid aluminium and its alloys, it has very low solubility in the solid state and
therefore tends to combine with other elements to form various types of intermetallic phases. As the
% Fe increases, the size and density of Fe-based intermetallic phases also increase. In the absence of
Si the phases AlsFe and AlsFe are dominant, with the presence of Si being dominant phases such as
AlsFesSi (known as a-phase) and AlsFeSi (known as (3-phase). The higher content of Fe causes an
increase in forming of a long and higher amount of AlsFeSi phases. Hard and brittle AlsFeSi platelets
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(3D morphology)/needles (2D metallography surface) have a detrimental influence on the properties
of the alloy. These phases enhance porosity, reduce fluidity, act as stress concentrators, promote crack
formation, and reduce impact strength, machinability, and fatigue life. In terms of corrosion, Fe
reduces the corrosion resistance of materials. Despite the lower value of the electrode potential of the
metal, aluminum has excellent corrosion resistance in a neutral environment owing to a passive layer.
This passive layer consists of aluminium oxides and hydroxides that reduce the rate of corrosion
processes by isolating the metal from the environment [11]. If this layer is removed by mechanical or
chemical means, both anodic and cathodic reactions begin immediately (<1 mS) and continue until
the layer reforms [12]. Al corrosion occurs relatively rapidly in areas of activity where the metal is
oxidized to a soluble ionic product, Al 3+. At pH from 4 to 8.5, aluminum is able to form a thin stable
passivation layer of hydrated aluminum oxides (AL20s - H20O), which significantly slow corrosion
reactions [12,13].

Whereas Fe decreases the corrosion resistance of materials, is very important to study its impact
in different environments. The corrosion rate of aluminum in pure water is extremely low. The
assessment of corrosion properties of Al alloys used in the automotive industry is important because
in many regions cars are exposed to severe corrosive conditions during winter, due to the use of de-
icing salt, but also important is how exactly Al and chloride (Cl-) ions s influence the protective
character of the quasi-passive surface films [13]. Uneven corrosion attack of aluminum alloys occurs
especially in the case of higher inhomogeneities of the material, which represent the so-called. "weak
spots”. The weak spots are affected by the purity of Al (i.e., the higher the purity, the higher the
corrosion resistance), and therefore the course of corrosion processes depends on the chemical and
structural composition of Al-alloys. Vargel [14] describes in his work the fact that the individual
components of the structure of Al-alloys have different potential values and move in both directions
from the potential of the basic matrix. However, the dissolution potential of aluminum alloys is
determined by its main component, the solid solution a. The value of the dissolution potential is
approximately -845 mV. The values of the dissolution potentials of the most common intermetallic
phases in Al alloys also differ from the value of the matrix potential. The microstructure of Al-Si
alloys often leads to the formation of galvanic cells, which are places not only for the initiation but
also for the growth of pitting corrosion, precisely due to the presence of intermetallic phases of

different chemical compositions [15]. In the case of the presence of Mg and Si, the Fe forms the n-
phase AlsFeMgsSis, resp. Fe with Mn addition forms Alis(Fe, Mn)sSiz [10]. Mg is an element that
improves the corrosion resistance of Al alloys depending on other additive elements present in the
alloy. The increased Mg content results in a higher susceptibility of Al alloys to intergranular

corrosion or stress cracking. The Mg2Si phase is even more "active" compared to the Al alloy matrix

or silicon itself and contributes to pitting or intergranular corrosion [19,20] focused on investigating
the corrosion behavior of AlSi7Mg0.3 alloy before and after heat treatment. Vargel [14] stated that the
presence of larger eutectic Si particles, in non-heat-treated alloys, caused the formation of pitting
corrosion largely compared to heat-treated alloys. In general, the formation of pitting corrosion in Al-

Si alloys is associated with a difference in corrosion potential, as the intermetallic phases, as well as
eutectic Si, represent the sites for cathodic reactions [16,17]. In some cases, lead to the formation of
intercrystalline corrosion or corrosion during casting stress. Vargel and Ambant et al. [14,18]_also
showed in their work that the presence of Fe-rich intermetallic phases has an adverse effect on
corrosion resistance. The Fe-rich phases act as catalytic sites for cathodic reactions as well as

nucleation sites for corrosion pits.

Al-Si alloys are widely used in fatigue-critical structural applications, such as engine blocks,
cylinder heads, and suspension components, for their excellent combination of mechanical and
technological properties, to improve automotive fuel economy [2]. The increasing use of cast Al-

components under repeated cyclic loading has focused considerable interest on the fatigue properties
of cast Al-alloys. The Wohler test is the most widely used analysis to determine the fatigue properties
of a material and to determine the fatigue lifetime and fatigue strength of constant stress amplitude.
The results obtained from the experiments are plotted into the graphical dependence of the amplitude
of the applied nominal stress 0. depending on the number of cycles to the fracture Nt [21,22]. The
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fatigue life curve for aluminum alloys oe= f (N) has a different shape that of steel. For aluminum
alloys the fatigue life curve decreases constantly with stress amplitude, therefore aluminum alloys
are characterized by a fatigue time limit (oc) for a certain number of cycles [23]. The authors [24]
experimented on the AlSi9Cu3 aluminum alloy in a casting state, where was obtained the typical
fatigue curve. The results show that the fatigue life increases with the decreasing of stress amplitude
in the range of 160 MPa to 80 MPa and the fatigue limit was stated as a value oc.= 80MPa. Fatigue
properties of cast aluminum components strongly depend on casting defects and microstructural
characteristics (especially intermetallic phases and eutectic Si needle-like forms). According to the
authors [25,26] the material with higher Fe content has a better fatigue lifetime, while fatigue is tested
at 100 MPa. Increasing Fe-content reduces the fatigue life in the long lifetime regime (> 10¢ cycles).
Thus has no effect on medium fatigue lifetime (> 105 and < 10¢ cycles) and it slightly increases the
fatigue life in the short lifetime regime (< 10° cycles).

For secondary Al alloys to be able to compete with primary Al alloys, it is essential that the
products produced from them are of high quality and have comparable properties over their entire
service life. The quality of the casting itself is affected by several factors and one of the most
significant is a higher presence of Fe. As mentioned above, higher Fe content reduces the corrosion
properties of castings. Therefore, this work focused on the effect of the corrosion environment on the
mechanical and fatigue properties of secondary AlSi7Mg0.3 alloys with different Fe contents.

2. Materials and Methods

Three as-cast aluminum alloys (cast into sand molds) were studied in this work. as the casting
of secondary alloys in sand molds has not been investigated so far. The alloys were manufactured in
UNEKO, Zator, Ltd. Czech Republic company with the aim to investigate if the increased Fe content
will have a significant detrimental effect on fatigue and corrosion properties. The original alloy ingots
were re-melted and sand-casted into the shape of bars with a diameter of 20 mm and a length of 300
mm. The investigated alloys were without modification or refinement. The chemical compositions
are presented in Table 1. As can be seen — the iron content is gradually increasing. Since the alloy
designated A is a primary type of alloy without the use of scrap metal, the Fe content is the lowest.
The secondary alloys designated B and C are secondary alloys, where a ratio of scrap metal was used,
thus they possess higher Fe contamination. There is also a slight difference between other main
alloying elements such as Si, Mg, and Cu, but these differences are not expected to have a significant
influence on mechanical and corrosion properties. From the as-cast bars were manufactured
specimens for tensile tests and fatigue tests per Figure 1.

Table 1. The chemical compositions of the experimental materials (in wt. %).

type material Si Fe Cu Mn Mg Zn Ti Al

primary A 7.028 0.123 0.013 0.009 0.354 0.036 0.123 92.253

secondary B 7.340 0.454 0.021 0.009 0.302 0.020 0.118 91.673

secondary C 7.315 0.655 0.030 0.010 0.292 0.028 0.120 91.486
60
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Figure 1. The specimens for (a) tensile tests, and (b) fatigue tests. Dimensions are given in mm.

The microstructure character of experimental materials can be evaluated with different methods
of quantitative metallography. In the past, the evaluation of microstructure was measured by etalons,
measurement of structural parameters by coherent tests grids, and so on. Nowadays is mostly used
automatic image analysis. The image analysis enables the evaluation of different structural
parameters, for example, the evaluation of the volume (area) ratio of phases and structural
components, the shape of particles, size of particles, count of particles per unit of area or volume, the
measurement of the distance between particles, length, width, diameter, angle, area or perimeter of
particles, the orientation of the structure and so on in different materials [7,29]. Therefore, the image
analysis software NIS Elements 5.0 was used for these studies.

Specimens for metallography analysis were prepared by standard metallography procedure and
as etchers were used 0.5% HF, Dix-Keller, and for highlighting of Fe intermetallic phases, H2504
etcher was used. For highlighting the 3D morphology of structural constituents, the deep etching
method was used as well. Deep etching was performed with an HCI etcher, which dissolved the
matrix so other microstructural constituents (eutectic Si, and intermetallic phases) were visible and
were not dissolved in the etcher.

The tensile tests, hardness test, and bending impact tests were performed on experimental alloys
that: (a) were in as-cast state (without being affected by the corrosion environment), and (b) after
corrosion attack. The exposition of specimens to a corrosive environment was performed by
immersion test. The corrosion environment was 3.5 % NaCl (aq) solution in which were samples
immersed for three weeks (Figure 2).

@ (b)

Figure 2. The example of (a) placing samples into the container, and(b) embedded in a solution.

Tensile testing was performed on Instron 5985 device (ISO 6892-1A standard [31]), where the
test results include UTS (Ultimate Tensile Strength) and Ductility. Five test specimens per Figure 1a
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for each series of materials A, B, and C were used to determine the mechanical properties and
averaged.

For the assessment of alloy quality, the quality index (QI) or their derivates are commonly
applied to assess comprehensively the operating durability of as-cast aluminium alloys. In this study,
the QI index was calculated according to Drouzy per the following formula [32,33]:

QI=UTS + d-log(A) (1)
where: UTS - ultimate tensile strength; A — elongation; d — experimentally chosen coefficient,
depending on the alloy type (in the case of casting hypoeutectic Al-Si alloys, the most often chosen
value is 150.

The hardness was obtained with the use NEXUS 3000 hardness tester per ISO 6506 — 1 standard
[34]. The used method was HBW 5/250 and the resulting values are average of total six measurements.

The Charpy impact test was performed on Charpy tester with nominal energy of 300 J. These
tests provide information about resistance of the material to impact loading. The final result value at
each state was obtained by an average of at least six measurements.

Fatigue tests were performed on the experimental device KOUPT - for rotating bending fatigue
testing on specimens per Figure 1b. All details regarding the test methodology, e.g. test setup,
temperature control, data recording and others complied with STN 42 0363 [35]. During rotation is
stress at the gauge length sinus changes from maximum tension to maximum pressure. It means that
it is a symmetrical load with a stress asymmetry ratio R =-1, at room temperature T=20 + 5 °C. The
testing device is powered by an electric motor and the load frequency depends on its speed, which
in our case is 30 Hz. The recording of the number of applied cycles is determined using the
revolutions counter.

Two fatigue tests types were performed: (a) fatigue test on rotation bending device at room
temperature without environment (Figure 3a), (b) fatigue test on rotation bending device at room
temperature with corrosion environment (Figure 3b). As corrosion environment was used 3.5 wt.%
NaCl solution. To verify the effect of the corrosive environment during the cyclic loading of the
samples, a solution of 3.5% NaCl was continuously applied to the stressed area with the use of a wick
during rotation. During the fatigue test was controlled the wick, whether is a solution still transported
to the stressed area. These measurements were performed under the same conditions as the fatigue
tests of the specimens without the application of corrosive solution, and under the same loads.

—

(b)

Figure 3. The fatigue test (a) without corrosion environment, (b) with corrosion environment3. Results
and discussion.

3.1. Basic Microstructure

The microstructure analysis demonstrated the presence of general microstructural constituents:
matrix (a-phase), eutectic (mechanical mixture of a-phase and eutectic Si), and intermetallic phases
with different chemical compositions (Figure 4). The effect of higher Fe content on the basic
microstructural features and porosity in the same experimental materials were evaluated in our
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previous study [34]. Its results show the effect of increased Fe content on forming longer Fe-rich
phases in form needles (Figure 4b), eutectic Si morphology changes (Figure 4), and porosity
formation. The formation of finer eutectic Si particles was confirmed as a result of the increasing
formation of the Fe plate-like phases in the microstructure (Figure 4). The length of the Fe needle-like
phases affects the pore growth, too. The longest phases (in alloy B) led to the formation of smaller
pores than in alloys A and C [36].

() (b) (©)

Figure 4. The basic microstructural constituents’ matrix (a), eutectic (E) and intermetallic phases (IP)
in (a) material A, (b) material B, and (c) material C., LM.

The identification of intermetallic phases’ observed in experimental AlSi7Mg0.3 materials was
made with morphology study on an optical microscope and with energy dispersive X-ray analysis
on a scanning electron microscope (EDX). Intermetallic phases based on Fe, Mn, and Mg were
identified by EDX analysis as follows: Mg:Si (in form of globular particles) Alis(FeMn)sSiz (in form of
skeleton-particles), AlsFeSi (in the form of platelets) documented in Figures 5 and 6 [9,10,36].

El AN Series unn. C norm. C Atom. C Error (1 Sigma)

[wt.%] [wt.%] [at.%] [wt.%]
Mg 12 K-series 14.74 9.11 10.06 0.89
Al 13 K-series 130.93 80.94 80.45 6.59
Si 14 K-series 16.08 9.94 9.49 0.78

(a) (b)

Figure 5. The point EDX analysis of Mg:2Si phases (a) the place of measurements and concentration of
elements; (b) numerical results of point measurements.
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Figure 6. The mapping EDX analysis (a) of Alis(FeMn)sSi phases; (b) of AlsFeSi phases in deep etched
samples.

The Effect of Fe on the Mg2Si Intermetallic Phases

The effect of higher Fe content on Mg:Si intermetallic phases amount and morphology was
studied in this experiment and show their presence in the form of dark black oval grains to small fine
skeleton particles (Figure 7). The area fraction measured by using image analysis of Mg:5i phases
ranged from 0.1 - 0.35 %, while no direct relationship was observed between the increased Fe content
and the amount and size of Mg:Si phases. All experimental materials contain a comparable amount
and size of these phases.

(b) (c)

Figure 7. The effect of increasing Fe content on Mg:Si phases in (a) material A; (b) material B; (c)
material C.

3.2. Effect of Corrosion Environment on Mechanical Properties

Results of the static tensile test and hardness test (Table 2) have shown negligible differences
between the different material melts. Immersion of specimens into a corrosive environment had
minimal effect on UTS, hardness, and ductility of the alloy, the differences in the results can be
considered as a standard material scatter. The influence of the Fe content and corrosion attack on the
material is possible to observe in the results of the Charpy test. The impact energy (Table 2) is
decreasing with increasing Fe content in the as-cast materials and exposition to a corrosive
environment causes a further decrease in the resistance to impact loading. These results correlate
with the conclusions of authors [37-40] that the presence of a higher amount of AlsFeSi Fe-rich phases
increases the material tendency to brittle fracture. The effect of the corrosion environment on the
decreasing of all mechanical properties in materials containing more Fe, as demonstrated by the
authors [9,18,19,41] was not confirmed. Our results show, that impact energy correlates with the
results of the authors [9,18,19,41].
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Table 2. The results of basic mechanical properties.

Measured properties Before corrosion After corrosion
A B C A B C
UTS [MPa] 141 150 147 130 140 144
HBW 5/250/15 52 55 54 58 59 59
Ductility [%] 145 191 1.55 1.7 1.5 13
Impact energy [J] 14 12 10.5 10.5 8 7.8

The calculated quality index (Table 3) per Equation (1) shows that both alloys with increased Fe
content (material A and B) before exposure to corrosion environments have a higher quality index
than the primary alloy (material A). When the materials were exposed to a corrosive environment,
the quality index of the primary alloy (material A) is almost identical to the as-cast condition, but the
index of the secondary alloys (material B and C) decreased significantly. However, there is no
significant difference in the quality index of the secondary alloy despite the significant difference in
the iron content. It also demonstrates that all materials affected by a corrosion environment have a
quality index comparable with no relation to the Fe content. The results of mechanical tests and
quality index confirmed that higher Fe content and corrosion environment are not critical for these
experimental materials and they could be used for many common applications in the automotive
industry.

Table 3. The results of the quality index.

Quality index Before corrosion After corrosion
y A B C A B C
QI 165.21 192.16 17555 164.57 166.41 161.09

Evaluation of Corrosion Attack on Tested Specimens

The optical evaluation of corrosion attack shows presence the of pitting corrosion on each
experimental material (Figure 8). The more detailed investigation of pits in such experimental
materials with higher Fe content we demonstrated in our research work [42].

Microscopy
evaluation of
pitting corrosion

Macroscopy documentation of pitting corrosion on tensile test and impact bending
test specimens
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Figure 8. The evaluation of pitting corrosion of experimental materials (a) A; (b) B; (c) C before
mechanical tests.

The increase in occurrence and size of the corrosion pits were observed with increasing Fe
content (Figure 8). The appearance of corrosion attack was comparable between specimens for the
tensile test and specimens for the Charpy impact test. The observation of corrosion attack (Figure 8)
confirms the results of Osdrio et al. [43,44] that increasing the Si content causes a detrimental effect
on the electrochemical corrosion resistance. This correlates with the results of microstructure changes
- the higher Fe content leads to a decrease in the size of eutectic Si, thus resulting in the increase of
the amount of these particles. Locations with an increased number of Si particles are more prone to
initiation of pitting corrosion as a result of the different potential of structural constituents as written
in research [13-17]. The influence of the higher content of Fe on the increasing pitting corrosion of
Al-alloys is confirmed also by the research work of Samuel et al. [9]. Results of this study confirm
that the higher amount and smaller size of eutectic Si lead to the increasing amount of corrosion pit
(Figure 8). However, it should not be forgotten that these changes are related to the increasing amount
of Fe platelets-phases in microstructure due to higher content of Fe.

For documentation of an increasing number of point corrosion pits on the surfaces were used
quantitative measurements of surface area, diameter (marked as D in Table 4 and Figure 9), and
circumference (marked as P in Table 4 and Figure 9) of corrosion pits (Figure 9 and Table 4). The
results confirm the presence of larger corrosion pits on surfaces of materials with higher Fe content
and increasing the maximum area of pits with increasing Fe content. The minimum and average
values of other measured parameters confirm comparable results for each experimental material.
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Figure 9. The quantitative measurements of corrosion pits in (a) material A; (b) material C after on
specimens after Charpy impact test: D — diameter, P — Circumference, A — area.

Table 4. The results of quantitative measurements of corrosion pits in experimental material after a

corrosion attack: D — diameter, P — Circumference, A — area.

Material A Material B Material C
A D P A D P A D P
[mm?] [mm] [mm] [mm?2] [mm [mm] [mm?] [mm][mm]
1

Minimum 48.66 025 0.78 48.66 025 0.78 2483  0.18 0.56
Maximum 33991 0.66 207 39726 071 2.23 43798 075 235

Average 0.43
11599 0402 1.21 161.34 1.39 14473 0.403 1.34
value 4

Mean
71.74 0.120 0.33 105.31 0.15 0.44 91.09 0.15 0.42

deviation

3.3. Effect of Corrosion Environment on Fatigue Properties

One of the main experimental interest was to determine the results of the corrosion environment
on the fatigue properties of experimental alloys, which have different Fe content. The fatigue life of
the experimental materials was defined as the highest applied stresses which a specimen can
withstand Nc = 3 x 105 cycles (Figure 10). The previous study by Kucharikova (2021) demonstrated
the effect of Fe content on the fatigue properties of these experimental alloys before corrosion attack
(pointed lines in Figure 10) and they show that with a decrease of the stress amplitude, the fatigue
properties of alloys with a higher content of Fe fell sharply, and were lowest in the alloys with
chemical composition closest to the standard (alloy A without increased content of Fe). When
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materials were under higher stress amplitude as 60 MPa the better fatigue properties had materials
with higher Fe content.

The fatigue properties of materials affected by the corrosion show a significant drop of fatigue
toughness when compared to the as-cast state (Figure 10). Again, direct correlation between the iron
content and fatigue properties was not confirmed. The experimental material C with the highest Fe
content has the best fatigue properties. The values of fatigue toughness for Nc = 3 x 105 cycles are
shown in Table 4.

Table 4. The results of fatigue properties.

Faticue life Before corrosion After corrosion
& A B C A B C
03<10° [MPa] 68.5 75.5 73.5 63.5 515 69.5

According to the S-N curves, the material with the longest and thinnest Fe platelets- phases
(material B) has the worst fatigue properties after a corrosion attack, but without exposure to
corrosion, the material has the best fatigue properties. A significant decrease in fatigue properties
was observed in material A (primary alloy with lowest Fe contamination) at lower stress amplitudes.
The material C has comparable fatigue properties at smaller stress amplitude (Figure 6).

® Material A ® Material B Material C
R?=0.7879 R2=10.77 R2=0.8007
A Material A + 3.5 %NacCl A Material B + 3.5 %NaCl Material C + 3.5 %NaCl
R?=0.7254 R2=0.8586 R?=0.8281
105
& o5 e o
E‘ .
< 85
(]
o 75
ke
=}
£ 65
o
S
© 55
a
9]
&5 45
104 10° 108 107

Number of cycles to failure [log(N)]

Figure 10. The S-N curves from really measured data.

The Basquin equation is commonly used to model the fatigue data trend for different numbers
of cycles by using the statistical calculation of the S-N curves (Figure 10). The Basquin equation has
the form [45-47]:

oa=0t (Ne) P (2)
where “o¢” is the fatigue strength coefficient, and “b” is the fatigue life exponent. Therefore, for
better visualization of the corrosion environment effect, statistical calculation was used and obtained
Basquin equation for experimental materials in different states are:
Material A: ga=372.02 x N¢-013%, Material A +3.5 % NaCl: ca= (3)
986.79 x N-0217),
Material B: 0a = 567.35 x N¢0160, Material B + 3.5 % NaCl: ca=  (4)
653.96 x N¢0202),
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Material C: 0a = 535.69 x N¢-0157), Material C + 3.5 % NaCl: ca= (5)
365.29 x N¢-013)

The application of the Basquin equation is shown in Figure 11. These predicted curves point to
the fact that the highest Fe content does not lead to decreasing fatigue properties. It also demonstrates
that material C has the best fatigue life after a corrosion attack. Moreover, it seems to have better
properties than the same material without corrosion attack (Figure 11).

® Material A ® Material B Material C
A Material A + 3.5 %NaCl A Material B + 3.5 %NaCl A Material C + 3.5 %NaCl

105
95
85
75
65
55

45

Stress amplitude 6a [MPa]

35

25
10* 10° 10° 107
10°

Figure 11. The predicted S-N curves by using the Basquine equation for stress under 45 MPa.
3.4. Effect of Corrosion Environment on Fracture Surfaces

3.4.1. Fracture Surfaces after Tensile Strength and Charpy Impact Tests

The character of the fracture surface of specimens after the tensile test is mixed and consists of
the transcrystalline cleavage fracture and transcrystalline ductile fracture. This character of fracture
surface correlates with results of other research works [48-50]. Macrofractography assessment of
fracture failure does not show a greater effect of the higher Fe content on the increasing fragmentation
of fracture surfaces (Figure 12). The presence of corrosion products was documented in the detail of
the fracture failure below the surface (Figure 12). This microfractographic assessment declares that
material A is not affected to the greater depth by corrosion (Figure 12a). The increasing Fe content
leads to the penetration of the corrosion into greater depths (Figure 12b,c). The microfractographic
analysis of fracture surfaces in the center of the specimen also shown the presence of a mixed fracture.
The fine transcrystalline ductile fracture with a higher presence of the ductile ridges of the matrix is
typical for material A. Phase identification was possible to perform according the morphology of
individual features based on work of Taylor [10], where phase character reconstruction was
performed. The increasing amount of brittle Fe needles-phases lead to increasing transcrystalline
cleavage fracture content in materials B and C. Also changes in the finesse of the transcrystalline
ductile fracture which is connected with changes in the size of the eutectic Si in the microstructure
were observed (Figures 4 and 12).

The character of the fracture surface of specimens after the Charpy impact test is comparable
with the observation of specimens after tensile tests - fracture surface with mixed crack propagation
mechanisms. It also consists of transcrystalline cleavage fracture and transcrystalline ductile fracture.
Macrofractography assessment of fracture surfaces does not show a greater effect of the higher Fe
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content on the increasing fragmentation of fracture surfaces. The character of the fracture profile is
similar for each experimental material (Figure 13). The presence corrosion products was documented
in detail in Figure 13. This microfractographic assessment declares that material C has a lot of
corrosion products on the surfaces, but material B is comparable with material A. The
microfractographic analysis of fracture surfaces in the center of the specimen again demonstrated the
presence of a mixed fracture as in tensile test specimens. The fine transcrystalline ductile fracture
with a higher presence of the ductile ridges of the matrix is typical for material A (Figure 13a). The
increasing amount of brittle Fe platelets lead to increasing of the transcrystalline cleavage fracture in
materials B and C (Figure 13b,c). Also changes in the finesse of the transcrystalline ductile fracture
which relates to changes in the size of the eutectic Si in the microstructure were observed (Figures 4
and 13).

Fracture failure of the Detail of the fracture failure Detail of the fracture failure in the
below the surface center of the specimen

) J |

tensile test specimen

(b)
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Figure 12. The fractography analysis of fracture surfaces after tensile tests of (a) material A; (b)
material B; (c) material C after corrosion attack.

Fracture profile of the Detail of the fracture failure below the Detail of the fracture failure
Charpy impact test surface in the middle of the
specimens 7 specimen
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Figure 13. The fractography analysis of fracture surface after Charpy impact test of (a) material A; (b)
material B; (c) material C after corrosion attack.

3.4.2. Fracture Surfaces after Fatigue Tests

The effect of higher Fe content on the fatigue fracture was studied in previous research work
[36]. These fatigue results and fractography analysis have not confirmed the results of Wang et al.
[51] or Caceres et al. [52] suggesting that large Fe-rich phase particles are the main contributing factor
for fatigue failure. As declared in our work [36], the crack initiation sites were locations of surface or
near-surface porosity. The presence of Fe-rich phases did not lead to initiation of fracture, but in all
the experimental materials, fatigue cracks initiated on pores. The presence of a higher number of
initiations locations in specimens with higher Fe content correlates with the results of the porosity
ratio and their size.

This study of the corrosion environment attack on fatigue fracture surfaces confirms, that the
same microstructural parameters relate to initiation but around these places were observed corrosion
products (Figure 14). The initiation places were near-surface pores. An increase in the number of
initiation locations (Figure 14), as a result of higher porosity, is connected with higher Fe content as
was mentioned previously.

The fractography analysis of the fatigue region shows the presence of the typical fatigue fracture
of a matrix on each specimen (Figure 15), but the presence of striation was difficult to observe,
because of the presence of oxide films on the failure of specimens without corrosion attack (Figure
15a) and with affecting the fatigue region after corrosion attack (Figure 15b). The smooth area in the
fatigue region relates to the presence of the long Fe platelet-like phases in this type of experimental
material.

(a)
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Figure 14. The fractography analysis of initiation places (marked by arrows) in material C (a) without
corrosion environment and (b) with corrosion environment.

Fatigue region Final static rupture

2\ N o

(b)

Figure 15. The fractography analysis of fatigue and static region in material C (a) without corrosion
environment and (b) with corrosion environment.
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The final static rupture (Figure 15) shows a mixed transcrystalline ductile and transcrystalline
cleavage fracture as after tensile test and Charpy impact tests. Transcrystalline ductile fractures relate
to the matrix and the size of dimple depends on the fineness of the eutectic Si particles [53-56].
Transcrystalline cleavage fractures depend on the size and amount of Fe phases and eutectic Si
particles. The presence of corrosion product on the static rupture of the fatigue specimens was not
observed (Figure 15b).

4. Conclusions

This study was focused on the effect of the corrosion environment on the basic mechanical
properties and fatigue properties changes of the aluminum cast made from secondary alloys. The
study was chosen with respect to industrial application of sand castings from AlSi7Mg0.3 and brings
these results:

The microstructure of secondary materials (with higher Fe content) is completely comparable
with the base microstructure of primary alloys and contains the same microstructural constituents.
The difference was observed in the increased amount and size of Fe platelet phases. The presence of
long phases leads to decreasing size of the eutectic Si which affects the results of the mechanical
properties in a positive direction.

The UTS and HBW of all alloys are comparable — with and without a corrosion environment.
Ductility in the materials without affecting by corrosion environment increase is again very similar
for all three alloys. After corrosion attack, a general decrease of the Ductility can be observed for all
materials. Impact energy decrease with increasing Fe content in both states of experimental materials
— with and without exposure to a corrosion environment. In view of these results could be stated that
secondary materials have comparable strength properties (UTS and HBW) as primary alloys.

Exposure to a corrosive environment caused, that each material was attacked by pitting
corrosion. The increasing content of Fe leads to the formation of a higher amount and size of corrosion
pits, however, it must be noted, that locations which are more prone to corrosion are, where eutectic
phase is present (mechanical mixture of eutectic Si and matrix). The decrease in size of eutectic Si and
the associated increase in their share in the microstructure correlates with creating a higher number
of places with corrosion pits. Therefore, it should be noted that corrosion attacks (size and amount of
pits) increase with increasing Fe content.

The fatigue properties after corrosion attack were lower, when compared to the as-cast state of
experimental materials. A great decrease was observed in material B, which has the best mechanical
properties of each experimental material. The best fatigue properties after corrosion attack had
material C, the one with the highest content of Fe. Material A (compared to typical primary alloys)
has a very low fatigue life at lower stress amplitude. Therefore, could be stated that the higher Fe
content does not lead to a greater decrease in fatigue properties, but under a corrosion environment,
the material behaviour changes differently, and it does not depend on the Fe content.

The investigation of tensile and impact test specimens fracture surfaces showed presence of a
mixed fracture character, which consists of the transcrystalline cleavage fracture and transcrystalline
ductile fracture. This character of fracture correlates with common knowledge. Corrosion
environment leads to affecting the surface of experimental specimens for tensile tests and impact
bending tests. The corrosion products were visible not only on the surface, but on the fracture
surfaces, too. The higher content of Fe leads to violation of the protective layer which creates the
locations in which the corrosion environment attacks the microstructure which is also visible on the
fracture surfaces of materials B and C. More corrosion products were visible on fatigue test specimens
fracture surfaces, in the fatigue region of fatigue crack propagation, because the corrosion
environment acted during the fatigue test.

The results of these studies do not confirm a significant negative effect of the combination of
higher Fe content and corrosion environment on the greater decreasing of AISI7Mg0.3 castings
properties, but it is necessary to make a complementary experiment, because these materials were in
the as-cast state and their common application is after heat treatment.
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