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ABSTRACT
The investigation focused on the quasicrystalline aluminum alloy Al-Mn-Cu-
Mg-Si-Ti. The influence of microstructure of aluminum alloy strengthened with 
quasicrystals on its corrosion resistance was studied. The properties of newly 
designed quasicrystalline aluminum alloy (QC) were compared to the properties 
of standard AlSi9Cu3 alloy (DIN 226). Both aluminum alloys (QC and AlSi9Cu3) 
were cast in a steel die with a controlled cooling rate. After the preparation of the 
samples, the microstructural characterization was carried out. In the quasicrystal-
line alloy, the microstructure was dominated by a primary phase with fivefold 
symmetry, representing the quasicrystalline phase. To investigate corrosion prop-
erties, open-circuit potential, linear polarization and potentiodynamic polariza-
tion measurements were performed. The influence of corrosion on mechanical 
properties was studied by conducting tensile tests on environmentally exposed 
alloys. It was concluded that the quasicrystalline alloy has comparable corrosion 
properties to the commercially widely used AlSi9Cu3 alloy. In the latter alloy, 
corrosion was observed to initiate in the vicinity of the Al2Cu intermetallic com-
pound particles. In the case of the QC alloy, corrosion attacked mainly the αAl 
phase (matrix).
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GRAPHICAL ABSTRACT

Introduction

Aluminum alloys play a crucial role in numerous 
industries, including aerospace [1, 2], automotive 
[3, 4], construction [5, 6] and packaging [7], due to 
their lightweight, versatility and desirable proper-
ties. Their low density, which contributes to reduced 
product weight, combined with favorable mechani-
cal characteristics and strong corrosion resistance, 
positions them as important materials in advanced 
technologies [8].

Quasicrystals in Al-Mn alloy were observed for 
the first time in 1984 [9, 10]. Further studies revealed 
their high hardness, low friction and good wear 
resistance [11]. This aluminum alloy development 
is significant for global sustainability efforts, as it 
supports the goals of reducing carbon emissions 
and promoting the use of sustainable materials due 
to its high recyclability [12]. Its enhanced mechani-
cal properties enable reduced material usage and 
lower component weight, contributing to improved 
fuel efficiency in transportation. Additionally, the 
incorporation of quasicrystals enables resource effi-
ciency by reducing the reliance on silicon (Si), fur-
ther contributing to more sustainable use of natural 

resources, as found by the life cycle assessment 
(LCA) analysis of the EIT Raw Materials project 
CastQC.

The corrosion resistance of metallic materials is a criti-
cal determinant of their long-term performance and reli-
ability in diverse applications, directly influencing their 
structural integrity, durability and overall functionality 
in challenging environments. Aluminum alloys exhibit 
excellent corrosion resistance due to the formation of a 
protective oxide layer. However, the degree of resistance 
can fluctuate depending on the specific alloy composi-
tion, microstructure and environmental factors [13]. The 
influence of alloying elements in solid solution affects 
measured open-circuit potential (EOCP) [13]. Among 
alloying elements, only Mg and Zn have a good solu-
bility in aluminum [13]. The solubility of other chemical 
elements is lower and therefore during solidification, 
intermetallic compounds are formed. The presence of 
intermetallic phases, which are enriched with various 
alloying elements, can initiate localized instead uniform 
corrosion [13]. The corrosion resistance of aluminum 
alloy depends on the chemical composition of interme-
tallics and their distribution. Electrochemical potential 
of intermetallics in relation to aluminum matrix can be 
either cathodic or anodic. In the case of the cathodic 
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intermetallic phase, its corrosion potential (Ecorr) is 
higher than that of the matrix which causes corrosion of 
the latter. When the Ecorr of intermetallic phase is lower, 
aluminum matrix will remain intact, while anodic phase 
will corrode [14, 15]. Copper is added as an alloying ele-
ment to aluminum to enhance its strength through the 
formation of various intermetallic compounds. Among 
the Al-Cu intermetallics tested in NaCl aqueous solu-
tions of varying concentrations, Al₂CuMg exhibited 
the lowest corrosion potential (Ecorr). The differences in 
Ecorr between Al₇Cu₂Fe, Al₂Cu and Al₂₀Cu₂Mn₃ were 
minor; however, their Ecorr values decreased as the NaCl 
concentration in the testing environment increased [15]. 
For example, Al2CuMg phase is anodic, while Al2Cu 
phase is cathodic in respect to the matrix [16]. Anodic 
Al2CuMg phase is dealloyed, which causes Cu depo-
sition around intermetallics and preferential corrosion 
of aluminum matrix because of galvanic effect [15, 17]. 
While the influence of Cu on the corrosion of aluminum 
alloys is well studied, the Mn is generally considered 
a less harmful alloying element in terms of corrosion 
[15, 18–20]. Based on the available literature mentioned 
previously, it can be concluded that Mn-based interme-
tallics in aluminum alloys are in general cathodic.

Al-Mn quasicrystals are in nature different from 
Al-Mn intermetallics in their structure which is not 
crystalline but quasicrystalline, i.e., exhibiting quasi-
periodicity. This in turn is also strongly related to the 
different corrosion behavior of quasicrystalline phases 
vs. their intermetallic counterparts as the nature of the 
atomic bond is closer to the metallic bond. Their chemi-
cal and structural compositions differ significantly and 
influence corrosion properties. The influence of Al-Mn 
quasicrystals on the corrosion behavior of aluminum 
alloys was barely studied [21] in the past. The aim of the 
present study was to compare corrosion resistance using 
electrochemical methods and determination of mechani-
cal properties after environmental exposures. To bridge 
the gap between the understanding of corrosion behav-
ior and microstructural characteristics, the surface after 
electrochemical potentiodynamic polarization was care-
fully examined by using a scanning electron microscope 
and spectroscopy.

Materials and methods

Standardized DIN 226 alloy (AlSi9Cu3, EN AB 4600), 
and a novel quasicrystalline, QC alloy (Al-Mn-Cu-
Mg-Si-Ti), were cast in the laboratory. To prepare both 
alloys, in the first step, the 99.9% pure aluminum was 
added to the graphite crucible and melted at the fur-
nace preheated to 880 °C. During the stirring of the melt, 
alloying elements were added. After the complete melt-
ing of all constituents, the melt was cast into the steel 
mold, which was preheated to 250 °C, and afterward 
cooled in water. The chemical composition of both cast 
alloys, defined by optical emission spectroscopy method 
(SpectroMAXx, Spectro, Germany) is presented in 
Table 1.

After casting, specimens were machined by milling 
to desired geometries for metallographic and corrosion 
tests. At least 1-mm-thick surface layer was removed 
from cast parts. Metallographic samples were ground 
to 320 SiC, followed by polishing sequentially with 
9 µm, 3 µm and 1 µm diamond suspensions (MetaDi 
Supreme Polycrystalline Suspension) with the addition 
of water-soluble extender (MetaDi Fluid), and finished 
with amorphous colloidal silica (0.06 μm). Microstruc-
ture was observed by optical microscope (Axio Imager 
Z2, Carl Zeiss) on as polished specimens. X-ray diffrac-
tion (XRD) analysis was carried out using an Empyrean 
XRD diffractometer (PANalytical, Malvern, UK) and the 
data were analyzed using HighScore Plus database soft-
ware. The XRD spectra were measured between 4° and 
100° (2Θ), using a step size of 0.0065° and a time per 
step of 61.2 ms.

Before electrochemical testing, all samples were 
ground to 600 SiC, rinsed with deionized water and 
ethanol and air-dried. A three-electrode corrosion cell 
was used for electrochemical tests, consisting of a work-
ing electrode (a cylindrical flat specimen of diameter 
15.0 mm, inserted in the specimen holder, so that an 
effective area of 0.785 cm2 was exposed to the solution), 
a reference electrode (Ag/AgCl/KCl (sat.)), and a graph-
ite rod as a counter electrode. As an electrolyte phos-
phate buffer solution pH 7 with 1 mM NaCl, phosphate 
buffer was prepared by combining 1L of 0.68% KH2PO4 
and 291 mL 0.1 M NaOH. The open-circuit potential 

Table 1   Chemical 
composition of cast 
AlSi9Cu3 and QC alloy, all 
results are in weight %

Alloy Al Mn Si Cu Mg Fe Ti Zn

AlSi9Cu3 85.8 0.27 9.43 2.27 0.31 0.76 0.05 0.88
QC 89.4 5.76 0.42 3.37 0.57 0.11 0.40 0.01
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(OCP) was measured for 1 h, followed by polarization 
resistance measurement (LP) in the range of ± 20 mV 
around OCP with scanning rate of 0.1 mV/s. After that 
electrochemical impedance measurements (EIS) were 
conducted in the frequency range from 65 kHz to 1 mHz 
with an AC amplitude of ± 10 mV. As a last electro-
chemical measurement, potentiodynamic polarization 
(PD) was conducted by increasing potential with scan 
rate 1 mV/s from − 0.25 V versus OCP increasing in the 
anodic direction. The surfaces of specimens intended for 
further microscopic examination after the PD test were 
polished with 0.06 μm amorphous colloidal silica. The 
experiment on these specimens was terminated when 
the current density reached 0.1 mA/cm2 to enable dam-
age comparison. Surface examination was carried out 
using a scanning electron microscope (SEM, JEOL JSM 
IT500LV) coupled with an energy x-ray dispersive spec-
troscopy (EDS, AZtec ADV XMAX 65 EDX detector and 
AZtec 4.3 software).

To investigate corrosion influence on mechanical 
properties, the tensile tests were conducted follow-
ing the SIST EN ISO 6892-1:2017 standard, Method B 
using tensile testing machine Zwick/Roell Z30 with a 
3-kN force cell. Tests were conducted on flat standard 
specimens which were previously not exposed to a 
corrosion environment and those that were exposed 
for 10 cycles to a humid atmosphere (one cycle consists 
of 8 h in the humid chamber at 40 °C according to EN 
ISO 6270-1 and 16 h at the air), or for 10 cycles in the 
salt atmosphere (one cycle consists of 8 h in salt spray 
chamber 35 °C according to SIST EN ISO 9227 NSS: 
2023 and 16 h in the air).

Results and discussion

Microstructure

Figure  1 depicts the characteristic microstructure 
of AlSi9Cu3 alloy, consisting of the matrix (white), 
αAl phase, with a dendritic morphology. The areas 
appearing between the dendrites are mainly eutec-
tic (αAl + βSi). Since the alloy is hypoeutectic (contain 
less than 12.6 wt% Si), a “mesh”-like structure of the 
secondary phase appears in between dendrites of the 
primary αAl. In the microstructure also intermetallic 
Mg2Si, Al2Cu and Al2CuMg phases, enriched with Cu, 
are present in small amounts. The amount of Cu-rich 
phases in this alloy, as measured by ImageJ software, 
was approximately 1.8%. It is noteworthy that all 

intermetallic phases are integral parts of either binary, 
ternary or quaternary heterogeneous structures.

QC alloy microstructure, presented in Fig. 2, con-
sists of the matrix (white), αAl. On αAl matrix grain bor-
ders, segregation of intermetallic Al2Cu and Al2MgCu 
phases can be seen [22, 23]. Quasicrystalline phase of 
gray color, enriched in Mn, is present randomly over 
the whole investigated surface. The amount of this 

Figure 1   Light optical microcopy (LOM) image of microstruc-
ture of AlSi9Cu3 alloy with dominating, gray-colored binary 
eutectic (αAl + βSi) and sporadic areas of brown-reddish-like areas 
containing other intermetallic phases containing copper, magne-
sium and silicon

Figure 2   LOM image of microstructure of QC alloy with den-
drites of αAl matrix as dominant phase and large amount of bulky 
dark-gray iQC phase as second dominant phase, accompanied 
with small amounts of needle-like quasicrystalline approximant, 
denoted as α-AlMnSi phase; in the insert SEM image along with 
EBSD for iQC phase with five-, three- and twofold axes
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phase, as measured by ImageJ software on micro-
structure photograph taken at magnification of 200 ×, 
is around 26% in respect to the total observed surface, 
and the amount of Cu-rich phases is approximately 
1.4%.

From XRD diffractogram in Fig. 3 for both alloys, 
it is clear and is consistent with the micrographs of 
the microstructure in Figs. 1 and 2, that matrix αAl is 
dominant (Crystallography Open Database ID-COD 
ID 9008460). Other phases in the case of AlSi9Cu3 
alloy of the diffractogram in Fig. 3, such as Al2Cu 
(COD ID 9012196) and α-AlFeMnSi (ICDD database 
PDF#06-0669, [24]), exhibit only very small number of 
low-intensity peaks which can be related to the inter-
metallic phases typical for this alloy. In the case of QC 
alloy, additional peaks can be seen between the domi-
nant one for the αAl matrix, i.e., (111) and (200). These 
peaks are related predominantly with the presence of 
the iQC phase (ICDD database PDF-00-040-1233) and 

to those of the quasicrystalline approximant α-AlMnSi 
phase (COD ID 2007194) [21, 25]. Other phases, such 
as Al6Mn (Materials Project (mp-173)), approxim-
ant α-AlMnSi (COD ID 2007194), Al2CuMg (COD ID 
7222567) and Mg2Si (COD ID 1537740), also add to the 
complexity of the XRD diffractogram. The intensities 
for individual peaks may differ from those found in 
the database such as JCPDS because the microstruc-
ture is heavily textured because of semidirectional 
solidification. As analyzed by EDS, QC alloy quasic-
rystals contain 74.2 ± 1.6 wt% Al, 2.2 ± 0.5 wt% Cu, 
21.6 ± 1.9 wt% Mn and 1.5 ± 0.2 wt% Ti.

Electrochemical properties

During the first hour of immersion into the environ-
ment, the shift to more positive potential was observed 
for both aluminum alloys (Fig. 4a). The open-circuit 
potential (EOCP) value of AlSi9Cu3 is higher during the 

Figure 3   XRD patterns of 
the AlSi9Cu3 and QC alloy 
with peaks for the dominant 
phases in both alloys

Figure 4   Open-circuit 
potential measurements (a) 
and linear polarization meas-
urements (LP) (b) for the 
AlSi9Cu3 and QC alloy in 
not aerated phosphate buffer 
pH 7 with 1 mM NaCl, scan 
rate 1 mV/s
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whole duration of this test. At the end of exposure (see 
also results in Table 2), the potential of alloy AlSi9Cu3 
is more positive than that of QC alloy. However, the 
curve for AlSi9Cu3 is unstable and discontinued, with 
several sudden fluctuations in measured EOCP value. 
Similar findings were reported by Zhang et al. [26] and 
Kakinuma et al. [27] for aluminium alloys exposed to a 
chloride test environment in which metastable pitting 
was observed. 

Linear polarization measurements were conducted 
after reaching a steady state and are for the representa-
tive measurements presented in Fig. 4b. In the case of 
these measurements, Rp for AlSi9Cu3 was 288 kΩ cm2 
and for QC was 295 kΩ cm2. The current fluctuations 
were observed in the case of AlSi9Cu3 alloy, show-
ing micro-instabilities. This is also reflected in rela-
tively low repeatability of measurements in the case 
of AlSi9Cu3 alloy; however, the scatter of results was 
also high in the case of QC alloy (see Table 2).

Potentiodynamic polarization curves for both alu-
minum alloys are presented in Fig. 5. Both cathodic 
and anodic behaviors up to − 0.2 V are similar for 
both alloys. However, by increasing potential in the 
anodic region, passive behavior is observed from con-
stant current density on both alloys. The current fluc-
tuations are observed for AlSi9Cu3 and at potential 
of around 0.26 V, the passive layer breaks down at 
breakdown potential Eb, denoted by black arrow in 
Fig. 5. Passive current density in the passive region 
for QC alloy is lower than for AlSi9Cu3. Some current 
fluctuations are observed for OC alloy, the width of 
passive range is higher, and Eb is also at more positive 
potentials at 0.60 V (denoted by red arrow in Fig. 5). 
Lower current densities in passive region, more posi-
tive breakdown potential Eb and fewer current fluctua-
tions point at more favorable corrosion properties of 
QC alloy when compared to those of alloy AlSi9Cu3 
under the given conditions.

Electrochemical impedance spectroscopy meas-
urements were conducted at open-circuit potential. 
Figure 6 displays a representative EIS measurement 
for both alloys. As it can be seen from this Figure, 
impedance spectra for both alloys are similar. The 
fitted values in spectra are represented by a black 
line, which shows the curves fitted to the equiva-
lent circuit (its scheme is plotted in the Nyquist plot 
in Fig. 6). In this circuit, Rs represents the solution 
resistance (66 Ω), Cdl represents the double layer 
capacitance, and Rp represents the polarization 
resistance of the oxide film on the aluminum alloy. 
The polarization resistance is 254  kΩcm2 for the 
AlSi9Cu3 alloy and 243 kΩcm2 for the QC alloy [28].

The results obtained from several repeated electro-
chemical measurements are shown as mean values 
with standard deviation in Table 2. In the appendix, 
in Supplementary figure S1, a scatter diagram is pre-
sented for all polarization resistance measurements 
for both alloys, where the surface for electrochemi-
cal measurements was prepared by conventional 
method, grinding and polishing. Outliers were pre-
sented in red dot and were not used for the stand-
ard deviation presentation of results in Table 2. The 
results from the electrochemical measurements pre-
sented in Table 2 indicate that the protective proper-
ties of both alloys are comparable. This conclusion 
is based particularly on the polarization resistance 
(Rp), which is calculated from linear polarization 
(LP) plots, and the absolute impedance (|Z|), which 
is obtained from the real part of the impedance at 

Table 2   Parameters obtained from the electrochemical measure-
ments

AlSi9Cu3 QC alloy

OCP EOCP(V) − 0.544 ± 0.023 − 0.571 ± 0.037
LP Rp (kΩ cm2) 465 ± 155 469 ± 230
EIS |Z| (kΩ cm2) 290 ± 66 248 ± 16
PD jcorr (µA/cm2) 0.146 ± 0.028 0.145 ± 0.018

jpass (µA/cm2) 8.491 ± 0.371 6.301 ± 0.758
Ecorr (V) − 0.499 ± 0.023 − 0.524 ± 0.030

Figure  5   Potentiodynamic (PD) polarization curves for the 
AlSi9Cu3 and QC alloy in not dearated phosphate buffer pH 7 
with 1 mM NaCl, scan rate 1 mV/s
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the lowest frequency. However, it should be noted 
that a significant degree of variability is exhibited 
in the linear polarization measurements, indicating 
instability in the oxide film.

Surface investigation after potentiodynamic 
polarization

During the potentiodynamic polarization at anodic 
potential, the breakdown of the passive layer on both 
alloys occurred. The potentiodynamic polarization 
was stopped when a current density of 0.1 mA/cm2 
was reached, so that the corrosion damage on the 
specimen surface was minimal.

In Fig.  7, a characteristic corrosion damage for 
AlSi9Cu3 alloy can be observed. Corrosion attack is 
located next to Al2Cu intermetallic inclusion. This 
means that in this case, Al2Cu acted cathodically, 
whereas a αAl matrix behaved anodically, which is 
why it dissolved during anodic polarization. Similar 
observations where Al2Cu behaved as a cathodic inter-
metallic phase were reported previously [29, 30]. It is 
known, that in an acidic environment, the corrosion 
potential of Al2Cu (θ-phase) is several hundred milli-
volts higher than pure Al [15, 31]. Due to the difference 

in corrosion potential, galvanic corrosion of αAl matrix 
in the contact with cathodic phase occurs and propa-
gates through the matrix, as peripheral matrix disso-
lution [32]. A similar intermetallic phase, Al2MgCu 
(S-phase), is present left from Al2Cu intermetallic 
phase. This phase is anodic in nature with respect to 
the matrix. Further proof of the anodic properties of 
this phase is that no sign of corrosion was observed 
in the case of this alloy after PD test. Namely, for this 
phase, a high breakdown potential is reported [15, 
33]. At higher potential and current densities, which 
were not reached during the PD polarization within 
this study, S-phase is dealloyed, accompanied by Cu 
enrichment in near vicinity [29].

Corrosion attack in QC alloy after PD test is pre-
sented in Fig. 8. Here, similarly to the previously pre-
sented alloy, the dissolution of the αAl matrix took 
place. At several sites, “islands” of self-standing Al-Mn 
quasicrystals are surrounded by corroded αAl (see 
black arrow in Fig. 8a). On the other hand, Al2Cu (θ) 
intermetallic phase presence was not observed to cause 
localized corrosion in the vicinity of αAl as in AlSi9Cu3 
alloy. For the QC alloy, the main reason for this effect 
is the potential difference between the matrix and the 
iQC phase, which is expected to be higher than that 

Figure 6   Electrochemical impedance spectroscopy (EIS) measurements, Nyquist and Bode plots, for the AlSi9Cu3 and QC alloy in 
phosphate buffer pH 7 with 1 mM NaCl
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between the matrix and Al₂Cu. The greater potential 
difference in the first galvanic couple promotes matrix 
corrosion around the iQC phase. This suggests that, 
when comparing the local potentials of the iQC phase 
and Al₂Cu, the iQC phase should be more cathodic 
than Al₂Cu. Moreover, from the observed location of 
corrosion damage, it might be assumed that the most 
susceptible sites of corrosion are those with a higher 
density of quasicrystals over the surface. For example, 
αAl within quasicrystals seem preferentially corroded 
compared to more open microstructure. Additionally, 
the size ratio between the cathode (iQC phase, Al₂Cu) 
and the anode (matrix), as well as the geometry of the 
phases, likely plays a role in the corrosion process. 
However, these relationships are complex and difficult 
to analyze in detail without further tests specifically 
focused on them.

The corrosion resistance of aluminum alloys rein-
forced by quasicrystals was only barely studied 

according to studied literature. Available studies 
are limited to investigation of Al-Cu-Fe and Al-Cr-
Fe quasicrystals [34–37]; however, their common 
conclusion is that quasicrystalline phases are more 
resistant to corrosion, and that the selective corro-
sion of aluminum matrix occurs in their presence. 
In addition, study of Y. Massiani et al. [38] showed 
higher importance of elemental composition than the 
quasicrystalline structure. Only for two intermetallic 
phases containing Mn in aluminum alloys, corrosion 
potential are reported: for Al6Mn which is classified 
as cathodic phase [14], and for Al12Mn3Si, for which 
it is assumed not to have discernible influence on 
corrosion of αAl matrix [15]. In the case of the stud-
ied QC alloy, presented in this paper, quasicrystals 
are a third class of phases between crystalline and 
amorphous ones and are in our case composed of 
Al, Mn, Cu and Si. They are sharp-edged crystals 

Figure 7   Backscattered SEM image (a) and EDS elemental mapping of the AlSi9Cu3 surface after PD polarization (b–g)

Figure 8   Backscattered SEM image (a) and EDS elemental mapping of the QC alloy specimens’ corroded surface after PD polarization 
(b–g)
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with cathodic properties regarding the bulk, around 
which preferential dissolution of αAl matrix occurs.

Mechanical properties after environmental 
exposure

Results of tensile tests, performed on tensile test spec-
imens before and after cycling in different environ-
mental chambers (salt spray and humid chambers), 
are presented in Table 3. Mechanical tests conducted 
under laboratory conditions indicate that the QC alloy 
exhibits a significantly higher yield strength (Rp0.2) of 
approximately 276 MPa compared to AlSi9Cu3, which 
has a yield strength of about 193 MPa. The tensile 
strength (Rm) of both alloys was comparable, around 
270 MPa. However, the elongation (A35mm) of AlSi9Cu3 
(∼ 1.3%) was notably higher than that of the QC alloy 
(∼ 0.2%). The presence of quasicrystals (iQC phase) 
within the Al matrix of QC alloys enhances strength 
and hardness [39], but on the other hand simultane-
ously contributes to embrittlement [40]. From these 
results, it can be seen that cycling in an environment 
containing sodium chloride reduced mechanical 
properties (tensile strength, Rm) of AlSi9Cu3 alloy 
for approximately 11% in comparison with reference 
specimens that were not exposed to this environment. 
In the case of QC alloy, the Rm was reduced by 8% 
in comparison with reference specimens. Cycling in 
a humid environment did not affect the Rm of both 
tested alloys in comparison with those specimens 
which were not exposed. From the results of mechani-
cal tests after simulating environmental aging, one can 
conclude that chlorides and the temperature are a det-
rimental factor in the reduction of mechanical proper-
ties due to reduced corrosion resistance properties of 
aluminum alloys.

The primary reason for the change in tensile strength 
before and after cycling in a chloride-containing 

atmosphere is the localized dissolution around the 
Al₂Cu phase in the AlSi9Cu3 alloy and the corrosion 
of the αAl matrix around the iQC phase in the QC 
alloy, as discussed in Sect. “Surface investigation after 
potentiodynamic polarization”. This localized corro-
sion creates a notching effect, reducing the maximum 
force in the tensile test, leading to earlier rupture and 
consequently resulting in an apparent reduction in 
fracture elongation.

Conclusion

This study compared the corrosion behavior of a novel 
high-pressure die-cast quasicrystalline aluminum 
alloy with that of the conventional AlSi9Cu3 alloy 
in a near-neutral phosphate buffer solution with low 
chloride content. The two alloys exhibit significant dif-
ferences in chemical composition, leading to distinct 
microstructural characteristics. The microstructure 
of AlSi9Cu3 alloy consists primarily of an αAl-matrix 
and Si, along with intermetallic phases such as Al₂Cu, 
Al₂CuMg and minor amounts of Fe- and Mn-rich 
phases. In contrast, the QC alloy is dominated by an 
icosahedral quasicrystalline (iQC) phase, with smaller 
amounts of intermetallic phases, including the quasic-
rystalline approximant β-AlFeSi.

Corrosion characterization indicates that the 
QC alloy exhibits comparable, and in some cases 
improved, corrosion resistance compared to AlSi9Cu3.

In AlSi9Cu3 alloy, the cathodic Al₂Cu phase acceler-
ates preferential dissolution of the αAl-matrix due to 
electrochemical potential differences.

Although Al₂Cu is also present in the QC alloy, the 
primary galvanic interaction occurs between the iQC 
phase and the αAl-matrix, thus leading to localized αAl-
matrix dissolution.

Table 3   Results of tensile 
tests on AlSi9Cu3 and QC 
alloy before the exposure, and 
after 10 cycles of exposure in 
salt, or humid chamber

* determined only on one specimen of 3

Type of environmental
exposure

Rp0.2 [MPa] Rm [MPa] A35mm [%]

AlSi9Cu3 Reference 193 ± 1 272 ± 7 1.3 ± 0.2
Salt spray chamber 189 ± 2 240 ± 15 0.9 ± 0.2
Humid chamber 193 ± 2 271 ± 11 1.5 ± 0.2

QC alloy Reference 276 ± 0.0* 270 ± 16 0.2 ± 0.1
Salt spray chamber n/d 249 ± 12 0.1 ± 0.0
Humid chamber 279 ± 6 291 ± 0.5 0.3 ± 0.0
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These findings suggest that the incorporation of 
quasicrystalline phases in aluminum alloys may 
offer potential benefits in mitigating corrosion while 
enhancing mechanical properties.
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