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Abstract: The corrosion resistance and mechanical properties of peak-aged AlZnMgCu alloys containing Si and Er
elements were investigated with hardness test, tensile test, intergranular corrosion test, exfoliation corrosion test and
transmission electron microscopy. The results indicate that peak-aged AlZnMgCuSiEr alloy is strengthened by
co-precipitation of 7' phases and nano-sized GPB-II zones. The yield strength of the AIZnMgCu alloy is increased by
38.5 MPa and the elongation is increased by 4.5%. At the same time, the corrosion resistance of the AlZnMgCuSiEr
alloy is enhanced due to the synergistic effect of Er and Si. The maximum intergranular corrosion (IGC) depth
decreases from 264.2 to 9.9 um. The fundamental reason is that the co-addition of Si and Er regulates the evolution of

precipitated phases in grains and at grain boundaries.
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1 Introduction

Al-Zn—Mg—Cu alloys are extensively applied
in the aerospace industry due to their excellent
combined properties such as lightweight, superior
strength, ductility, toughness, and fatigue resistance
[1,2]. However, Al-Zn—Mg—Cu alloys exhibit
susceptibility to corrosion cracking, so their
applications are limited. Different forms of
corrosion can occur in Al-Zn—Mg—Cu alloys due to
damp air and industrial conditions, for example,
exfoliation corrosion (EXCO), intergranular
corrosion (IGC), and stress corrosion cracking
(SCC) [3,4]. To further advance Al-Zn—Mg—Cu
alloys, a crucial aspect is to enhance their corrosion
resistance while simultaneously meeting the

required mechanical properties.

Results in the literature [4,5] have shown that
the simultaneous attainment of high strength and
exceptional corrosion resistance in peak-aged
Al-Zn—Mg—Cu alloys is an extraordinary challenge.
High strength can be achieved by single-stage peak
aging heat treatment (T6 treatment) for Al-Zn—
Mg—(Cu) alloys. Nevertheless, the corrosion
resistance of Al-Zn—Mg—Cu alloys following
single-stage peak aging treatment is generally poor
[6]. The continuous precipitates serve as corrosion
channels along grain boundaries, expediting the
corrosion process [3]. Researchers have developed
various heat treatment processes to reconcile the
conflicting attributes of high strength and corrosion
resistance. After two-step over-aging treatment
(T7x), the corrosion resistance of Al-Zn—Mg—Cu
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alloys demonstrates a noticeable improvement, but
during the over-aging process, Al-Zn—Mg—Cu
alloys experience a reduction in strength of
approximately from 10% to 15% [7,8] as a result
of the coarsening of precipitates inside the grain.
The 10%—15% loss in strength is quite severe for
Al-Zn—Mg—(Cu) series alloys, especially in the
aerospace sector.

In order to minimize the strength degradation
resulting from two-step over-aging (T7x), the
retrogression and re-aging (RRA) heat treatment
technique has been engineered [9], which led to the
corrosion resistance of 7xxx series alloys in the T7x
temper while strength levels maintaining at those
under T6 condition. However, the RRA heat
treatment includes a retrogression process carried
out at approximately 170280 °C and the time of
the retrogression process is only several minutes
(typically <10 min) [3]. So, the application of RRA
heat treatments is primarily limited to thin section
components, as it cannot achieve complete
transformation and uniform performance in thick
sections within short regression time. Finally, RRA
heat treatment is not suitable for thick and large
structural materials [10,11].

The microalloying technique is considered one
of the most effective approaches to regulating
precipitation evolution and improving properties of
Al alloys [12—14]. The addition of Er promotes the
formation of a large number of AI:Er phases in the
Al matrix [15], which greatly improves the
mechanical properties of the Al alloy. However, the
influence of Er on the corrosion resistance of Al
alloys is often ignored, which is mentioned only in
a few literatures [16]. Therefore, it is necessary to
reveal the effect of Er on the corrosion resistance
of Al alloys to understand the influence of Er
microalloying.

Literatures [17,18] show that Si promotes the
aging response and changes the evolution process
of the precipitated phase. As a result, the strength of
the Al alloy increases significantly. The co-addition
of Si and Er is expected to regulate the evolution of

Table 1 Element contents of experimental alloys
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the precipitated phase and further improve the
comprehensive properties of Al alloys. In this work,
we intend to improve the strength and corrosion
resistance of Al-Zn—Mg—Cu alloys under single
stage peak aging condition by co-microalloying
with Si and Er.

If the evolution process of intergranular and
grain boundary precipitates can be adjusted and
controlled by microalloying under the condition of
T6, the desired microstructures of high-strength
and corrosion-resistant Al-Zn—Mg—Cu alloys are
expected to be achieved. It is highly possible to
overcome the deficiency of both T7x and RRA.

In present research, corrosion resistance and
mechanical properties of the AlI-Zn—Mg—Cu alloys
containing Si and Er were investigated. The
research results may provide some insights for the
development of Al-Zn—Mg—Cu alloys with high
strength and corrosion resistance under single-stage
peak aging conditions.

2 Experimental

The experimental alloys were prepared using
the traditional casting route. The master alloys
(Al-50wt.%Cu, Al-27wt.%Si, Al-6wt.%Er) and
high-purity aluminum, pure Zn, and pure Mg were
used as raw materials to prepare experimental
alloys. The raw materials were melted at 780 °C
by using a VBF-1200X model air circulation
resistance furnace, then melt was poured into an
iron mold and 35 mm % 90 mm X 175 mm ingot
was produced. The composition of experiment
alloys was detected by X-ray fluorescence (XRF)
spectroscopy. Element contents of experiment
alloys are given in Table 1 and the experiment
alloys are defined as Alloy 1 and Alloy 2 for
convenience herein, respectively.

The ingots were subjected to a homogenization
process (450 °C, 15 h). Subsequently, homogenized
material was rolled into sheets (3 mm in thickness).
The thickness of the material before hot rolling was
machined to 15 mm. The deformation amount of

Actual composition/wt.%

Sample No. Alloy
Zn Mg Cu Si Er Al
1 Al4.5Zn1.5Mg1.0Cu 4.48 1.51 1.10 0.03 - Bal.
2 Al4.5Zn1.5Mg1.0Cu0.35Si0.1Er 4.49 1.53 1.04 0.38 0.12 Bal.
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each pass was ~10%. The hot rolling process was
carried out at 450 °C.

A solid solution heat treatment was conducted
in following conditions: the samples were slowly
heated from room temperature to 540 °C at a rate of
~2 °C/min and then kept at that temperature for 1 h,
followed by immediate water cooling. To explore
the optimal aging process under the single stage
aging condition, the samples were further subjected
to isothermal aging at 125, 175 and 225 °C for
varying duration of 0.25, 0.5, 1, 3, 6, 12, 24, -,
384 h, respectively.

The variations in hardness of the samples
during the aging process were characterized using a
hardness tester (model: Hxd-1000TM/Icd). The
tensile test was performed using a universal testing
machine (model: ETM—205D) to determine the
ultimate tensile strength (abbreviated as UTS),
yield strength (abbreviated as YS), and elongation
(abbreviated as El) of the experiment alloys at their
peak-aged state.

The IGC test was conducted in accordance
with the ASTM G110—92 standard [19]. The
pre-treated IGC samples were immersed in the test
solution (57 g NaCl + 10 mL H»O, (30%) + 1L
deionized water) for 6 h at (30£3) °C. The EXCO
test was conducted in accordance with the ASTM
G34—01 standard [20]. The pre-treated EXCO
samples were immersed in the test solution
(dissolving 234 g of NaCl and 50 g of KNOs in
deionized water, adding 6.3 mL of concentrated
HNOs (70 wt.%), and then diluting to 1 L) for 48 h
at (25£3) °C. The optical microscopy technique
(OLYMPUS PMG3 model) was utilized to observe
the surface morphology and measure the maximum
corrosion depths of the immersed samples. The
cross-section of the immersed samples was selected
for the analysis of the corrosion depth after being
polished with metallographic sandpapers.

The electrochemical tests were carried out
using a Bio-logic SP—150 three-electrode system.
Polarization measurements were performed with an
applied voltage range from —1.6 to 0.7V and a
scanning speed of 0.5 mV/s. A saturated calomel
electrode (SCE) was worked as the reference
electrode, a Pt electrode was used as the auxiliary
electrode and 1 cm? of the alloy under investigation
was used as the working electrode. A 3.5 wt.%
NaCl solution was used as the test solution, which
was kept at room temperature. In order to ensure

the reliability of the results, repeated tests were
conducted.

The metallographic microstructure of the
experimental alloys was characterized using the
OLYMPUS PMGS3 optical microscope, and Keller
solution (95vol.% H,O + 2.5vol.% HNOs; +
1.5 vol.% HCI + 1vol.% HF) was used to etch
polished specimen surfaces before samples were
observed.

The microstructure analysis involved the
utilization of a Titan G2 transmission electron
microscope (TEM) operating at a voltage of 300 kV.
For TEM observations, the samples with a diameter
of 3 mm were carefully prepared using a twin-jet
electro-polisher (model: MTP—1A). The electrolytic
solution consisted of 25% HNO;and 75% CH3;OH.
The twin-jet electro-polisher was operated at a
current of 85 mA and a temperature of —25 °C
approximately.

3 Results

3.1 Characterization of mechanical property

The aging hardening curve of the experimental
alloys is shown in Fig. 1. The hardness value of
Alloy 2 consistently exceeds that of Alloy 1 in the
solid solution state, as depicted in Figs. 1(a—c).
Alloys 1 and 2 exhibit similar isothermal aging
hardening characteristics when aging at 125 °C.
In 30 min, the hardness values of the two alloys
experience a rapid increase, and then the hardness
increases slowly until 384 h. When isothermal
aging at 175 °C, the aging hardening responses of
the two alloys are obviously different. Following a
30 min aging period at 175 °C, the aging hardening
rate of Alloy 2 significantly exceeds that of Alloy 1,
and Alloy 2 attains a much higher peak hardness
(~HV 150) than Alloy 1 (~HV 110). The two alloys
achieve their peak hardness more rapidly when
subjected to isothermal aging at 225 °C, but the
peak hardness is lower. In order to obtain higher
hardness in a short time, 175°C and 24 h are
chosen as the optimal aging (peak-aged) condition
for Alloy 2.

The tensile properties (UTS, YS and El) of
two peak-aged alloys at 175 °C are given in Fig. 2.
The UTS, YS, and El of Alloy 2 are 405.5 MPa,
339.5 MPa, and 14.0%, respectively, which are
29.0 MPa, 38.5 MPa and 4.5% higher than those of
Alloy 1. The YS and El of Alloy 2 are significantly
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Fig. 1 Aging hardening curves of two alloys at 125 °C (a),
175 °C (b) and 225 °C (c)

enhanced due to the co-addition of Er and Si
elements in the AlZnMgCu alloy.

Figure 3 shows experimental results after
the IGC test. The surface morphology and the
maximum corrosion depths of peak-aged alloys
after immersion are displayed in Figs. 3(a—d). It is
evident that there is scarcely corrosion occurring
on the surface of Alloy 2, whereas Alloy 1 exhibits

severe intergranular corrosion (IGC) characteristics
on its surface. The maximum corrosion depth of
Alloy 1 is 264.2 um. However, in Alloy 2, the
maximum corrosion depth is only 9.9 um. After
the addition of Er & Si, the maximum IGC depth
decreases significantly from 264.2 to 9.9 um. The
IGC resistance of Alloy 2 is greatly improved. The
addition of Er and Si elements can contribute to this
phenomenon.
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Fig. 2 UTS, YS, and El of two alloys at 175 °C under
peak-aged conditions

Figure 4 exhibits experimental results after the
EXCO test. The results show that the exfoliation
corrosion sensitivity of Alloy 2 is up to the EA
level compared to the EB level of Alloy 1. The
synergistic effect of Er and Si elements significantly
reduces the maximum depth of exfoliation
corrosion (from 291.3 to 203.9 um) and enhances
the resistance to exfoliation corrosion.

The polarization curves of the two peak-aged
samples immersed in 3.5 wt.% NaCl solution are
displayed in Fig. 5. It can be seen that Alloy 2
exhibits a more negative corrosion potential
((—0.83+0.02) V) and a lower corrosion current
density ((1.52+£0.07) pA/cm?), while Alloy 1
exhibits a more positive corrosion potential
((—0.80+0.02) V) and a higher corrosion current
density ((2.97£0.11) pA/cm?). According to the
Faraday’s law, the corrosion current density reflects
the corrosion rate of the alloy, and the higher the
corrosion current density, the faster the corrosion
rate. Therefore, the corrosion resistance of Alloy 2
is better. According to the results achieved from the
above experiment, the combined microalloying of
Si and Er results in a synergistic enhancement of
both mechanical properties and corrosion resistance
in the peak-aged Alloy 2.
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Fig. 3 Surface morphology (a, b) and maximum corrosion depths (c, d) of two alloys after IGC test: (a, c¢) Alloy 1;

(b, d) Alloy 2

Fig. 4 Surface morphology (a, ¢) and maximum corrosion depth (b, d) of two alloys after exfoliation corrosion

susceptibility test: (a, b) Alloy 1; (c, d) Alloy 2
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Fig. 5 Polarization curves of two peak-aged alloy

immersed in 3.5 wt.% NaCl solution

3.2 Characterization of intragranular micro-

structure

Figure 6 demonstrates the intragranular
microstructure of the two peak-aged alloys at
175 °C. Figure 6(a) illustrates that the predominant
precipitated phase in Alloy 1 is the T’ phase, with
only a minimal presence of the #’' phase. The
corresponding selected area diffraction pattern
(SADP) inserted in Fig. 6(a) provides further
evidence of the abundant presence of the 7" phase.
Figure 6(b) displays two different morphologies of
precipitates in Alloy 2, as confirmed by the SADP
depicted in Fig. 6(c). The SADP verifies that these
precipitates are composed of 7' phases and GPB-II
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zones [21]. It can be observed that the GPB-II zone
exhibits a uniform distribution within the aluminum
matrix. The presence of GPB-II zones contributes
significantly to the boost in mechanical properties
in Alloy 2.

3.3 Characterization of grain boundary micro-

structure

The corrosion resistance of age-hardening Al
alloys is connected with the microstructure at the
grain boundary. Figure 7 illustrates the micro-
structures of the grain boundaries of the two
alloys at their peak-aged state at 175 °C. The grain
boundary precipitated phase of Alloy 1 lies at
the grain boundary in a continuous distribution, and
the size of precipitation-free zone (PFZ) is about
200 nm, as shown in Fig. 7(a). On the grain
boundary of Alloy 2, discontinuous precipitates are
arranged along the grain boundary, and the average
spacing between them is significantly increased

compared to that of Alloy 1, as shown in Fig. 7(b).
The local magnification in Fig. 7(c) reveals that the
size of the PFZ in Alloy 2 is approximately 150 nm
smaller than that of Alloy 1. This reduction is
attributed to the formation of the GPB-II zone
within the aluminum matrix. These results indicate
that the co-microalloying of Er and Si regulates and
controls the microstructure of grain boundaries,
leading to the discontinuous distribution of
precipitates along the grain boundary in Alloy 2.
Several studies [22,23] have demonstrated that
enhanced corrosion resistance of the AlZnMgCu
alloy can be achieved through the discontinuous
precipitates along grain boundaries because the
continuous distribution of the grain boundary
precipitates can often be used as a channel to induce
corrosion.

Figure 8(a) illustrates the microstructure of
Alloy 2 at grain boundaries before artificial aging.
Figures 8(b—f) shows the corresponding element

Fig. 7 Microstructures of grain boundaries in two peak-aged alloys at 175 °C: (a) Alloy 1; (b, c¢) Alloy 2
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Fig. 8 Microstructure (a) and corresponding element mappings (b—f) at grain boundary of Alloy 2 before artificial aging

(Mapping of Al is not shown here)

mappings at grain boundary (recorded in high-angle
annular dark field (HAADF) mode). It can be seen
from Figs. 8(e, f) that there are grain boundary
precipitates rich in Er and Si elements on
the grain boundaries (marked with white arrows),
which contribute to the heterogeneous nucleation
preferentially and precipitation of grain boundary #
phase during aging. Therefore, grain boundary
precipitates are coarser and more discrete in Alloy 2
compared with those in Alloy 1.

In addition, the metallographic images of the
two alloys (solid-solution state) are shown in Fig. 9.
There is a noticeable disparity in grain size between
Alloy 2 and Alloy 1, with the former exhibiting a
significantly smaller grain size. The pinning effect
of Er—Si phases in Alloy 2 on grain boundaries
makes it difficult for grain boundaries to migrate
and merge, which leads to inhibiting grains growth
and coarsening.

Figure 10 presents the metallographic images
of the as-cast and as-homogenized alloys. The
results show that the as-cast or as-homogenized
grain size of Alloy 2 is just a little smaller than that
of Alloy 1. This is mainly because the Er—Si phases

may be formed during the hot-rolling process. The
Er—Si phases have no contribution to the refinement
of as-cast or as-homogenized grains. The small
grain size of Alloy 2 is indeed affected by the tissue
genetic effect of the initial grain size. However, the
degree of influence of the pinning effect of the
Er—Si phases is much greater than that of the tissue
genetic effect.

The refined grain is also advantageous for
enhancing the strength and elongation of Alloy 2.
At the same time, according to reports from
literatures [24,25], the corrosion resistance is also
affected by the variation in grain size. Compared
to the impact of grain size, the corrosion resistance
of Alloy 2 is more prominently influenced by
the distribution characteristics of grain boundary
precipitates.

Figure 11 shows the elemental analysis of
grain boundary precipitates in the peak-aged Alloy
2. The microstructure of Fig. 11(a) was recorded in
HAADF mode. Element segregations at the grain
boundary are not obvious, so the grain boundary
contrast is not clear in this model. The observation
in Fig. 11(b) clearly reveals that the concentration
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Fig. 11 Elemental analysis of precipitates along grain boundaries in peak-aged Alloy 2: (a) Grain boundary precipitates

(recorded in HAADF mode); (b) Content of elements in grain boundary precipitates (along red arrow); (c) Local
magnification (changes in Er content) of (b)



Shang-shang LIANG, et al/Trans. Nonferrous Met. Soc. China 35(2025) 3191-3202 3199

of Mg and Zn elements in the grain boundary
precipitates is notably high. Mg and Zn elements
are the components of grain boundary # phase. The
inset (local magnification) in Fig. 11(b) reveals that
the Cu element has an obvious segregation in the
grain boundary precipitates. More importantly, Er
and Si elements are detected in the grain boundary
precipitates. Figure 11(c) clearly reflects the change
of Er content. The content of Er is about 0.45 at.%,
which is much higher than that in the matrix of
Alloy 2. However, the precipitates along grain
boundaries of the peak-aged Alloy 1 do not contain
Er and Si elements (not shown here). These
experimental results indicate that grain boundary
precipitates of peak-aged Alloy 2 may rely on the
Er—Si phases (as mentioned in Fig. 8) for nucleation
and growth.

4 Discussion

4.1 Relationship between microstructure and
mechanical properties

According to the experimental results in Fig. 1,
Alloy 2 exhibits a higher hardness value compared
to Alloy 1 under solid solution conditions. The
co-addition of Si and Er elements results in a higher
concentration of solute atoms in the matrix of Alloy
2 compared to that in the matrix of Alloy 1. Alloy 2
exhibits higher hardness values than Alloy 1 at the
aging state (at 175 °C), primarily attributed to the
formation of numerous small and dispersed GPB-II
zones in the former (as illustrated in Figs. 6(b, d)).
However, in Alloy 1, the predominant strengthening
phase is the relatively large 7" phase (see Fig. 6(a)).
These results indicate that the precipitate evolution
sequence of AlZnMgCu alloy is changed by the
co-addition of Er and Si. The size of the 7" phase
(~15nm) is significantly larger than that of the
GPB-II zone (~5 nm).

The GPB-II zone is a metastable phase and its
strengthening effect is more excellent than that of
the 7" phase, which has been confirmed in our latest
work [21]. The GPB-II zone was first discovered
and named in AIMgCu alloy containing 0.12% Si
[26]. Subsequently, the GPB-II zone is found in
AlZnMgCu alloy, but the GPB-II zone is observed
only near the grain boundary, as reported in relevant
literature [27]. In our present research, a large
amount of GPB-II zone is discretized and evenly
distributed in the Al matrix due to co-microalloying

with Er and Si. The appearance of the GPB-II zone
in the Al matrix greatly improves the mechanical
properties of Alloy 2. The 7' phase is widely
recognized as the primary strengthening phase in
AlZnMg(Cu) alloys [22]. The two-phase synergistic
strengthening of #’' phases and GPB-II zone is
realized in Alloy 2. The excellent thermal stability
of GPB-II zone ensures that the precipitates of
Alloy 2 cannot be severely coarsened during peak
aging treatment (at 175 °C or above). So, Alloy 2
demonstrates superior mechanical properties
(strength and hardness) compared to Alloy 1.

Figure 2 also shows that Alloy 2 exhibits
significantly higher elongation (14.0%) compared
to Alloy 1 (9.5%), indicating that the microalloying
of Si and FEr elements significantly improves
the elongation of the alloy. Further, Fig. 7(b)
demonstrates that precipitated phases along grain
boundaries in Alloy 2 are discontinuously
distributed, while the precipitates along grain
boundaries in Alloy 1 are continuously distributed.
The continuous distribution of grain boundary
precipitates is detrimental to the elongation of
AlZnMgCu alloys, which weakens the binding
force between adjacent grains. The synergistic
effect of Si and Er elements changes the
morphology and distribution characteristics of grain
boundary precipitates of AlZnMgCu alloy. In detail,
the microalloying of Si and Er elements leads to the
formation of the grain boundary precipitates rich in
Er and Si elements (see Fig. 8). The precipitates
rich in Er and Si elements ultimately promote the
formation of an interrupted distribution of the grain
boundary phases in Alloy 2 (see Figs. 7(b, c)). At
the same time, the reductions of PFZ width (from
200 to 50nm) are proved in Alloy 2. In the
precipitation-free zone, slip bands and stress
concentrations are preferentially relieved, resulting
in enhanced strength and elongation of the
aluminum alloy [28,29]. The mechanical properties
of AlZnMg(Cu) alloys are improved by a narrower
width of the PFZ, which is positively correlated
with elongation [29].

On the other hand, smaller grains also
contribute to improving the strength and elongation
of AlZnMgCu alloy. However, the characteristics of
the grain boundary precipitates and the width of
PFZ are the more important factors affecting the
elongation compared to the size of the grain. Based
on the above analyses, the co-addition of Er and Si
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elements obviously improves the mechanical

properties of AlZnMgCu alloys.

4.2 Relationship between evolution of precipitated
phases and corrosion resistance

The experimental results in Figs. 3—5 and
Fig. 7 show that the co-microalloying of Si and
Er elements in Alloy 2 leads to a noteworthy
enhancement in its corrosion resistance. The further
reason is that Er and Si elements regulate and
control the precipitation process of precipitates
along the grain boundaries. The regulation and
control of Er and Si elements on precipitates along
the grain boundaries originates from the formation
of nano-scaled Er—Si phases at grain boundaries
(see Fig. 8), and grain boundary precipitates of
peak-aged Alloy 2 rely on the Er—Si phases for
nucleation and growth (see Fig.11). Finally,
co-addition of Er and Si affects the distribution
characteristics of grain boundary precipitates during
aging (see Fig. 7). So, in the peak-aged Alloy 2,
the precipitates along the grain boundaries are
discretely distributed.

There are two fundamental opinions regarding
the corrosion mechanism of AlI-Zn—Mg—(Cu) alloy.
Firstly, the existence of potential differences
between the precipitates situated at the grain
boundaries and the adjacent electrodes leads to
the anodic dissolution of the precipitates at the
grain boundaries. The electrode potentials of the
equilibrium # phase along the grain boundaries,
PFZ, and Al matrix of aged AlZnMg(Cu) alloy are
—0.86, —0.57, and —0.68 eV, respectively [3]. The
corrosion potential (pcorr) value of PFZ and Al
matrix is positive to that of # phase at the grain
boundary. The equilibrium # phase at the grain
boundary is always anodic with respect to the Al
matrix and its surrounding PFZ.

The continuous # precipitates on the grain
boundaries are extremely susceptive anodic
channels, which provide paths for the initiation and
propagation of IGC in Alloy 1. The discontinuous
and coarse grain boundary precipitates cut off
the anode corrosion channel, and then reduce the
corrosion rate of Alloy 2 to some extent. Literature
research [30] has shown that the increasing content
of intragranular precipitates may have the potential
to enhance the IGC resistance by diminishing the
potential difference between the grain and the PFZ.
In present research, the volume fraction of the

intragranular precipitates is obviously increased by
the co-precipitation of the GPB-II zone and 7’
phases inside the grain, which may be an important
reason for enhancing IGC resistance of Alloy 2 and
more detailed reasons need to be further studied.

Secondly, the width of the PFZ is a crucial
consideration affecting the susceptibility to IGC of
AlZnMgCu alloys. Although the effect of PFZ on
corrosion resistance is controversial, a large number
of research results [31-33] show that the widened
PFZ dramatically deteriorates the IGC resistance. In
other words, as the width of PFZ narrows, the IGC
resistance gradually increases. The PFZ size of
Alloy 2 is much smaller than that of Alloy 1, and
the IGC resistance of Alloy 2 is superior to that of
Alloy 1.

In brief, the enhancement of the corrosion
resistance can be attributed to the decrease in the
size of the PFZ and the discontinuous distribution
of grain boundary precipitates.

5 Conclusions

(1) The synergistic effect of Si and Er elements
improves the strength and elongation of A1ZnMgCu
alloy. The yield strength experiences a significant
enhancement of 38.5 MPa, accompanied by a
notable increase in elongation of 4.5%.

(2) Improvement of mechanical properties is
caused by the synergistic strengthening of the #’
phases and the novel nano-scaled metastable
GPB-II zone, especially the GPB-II zone.

(3) The corrosion resistance of AlZnMgCuSiEr
alloy is greatly improved. The simultaneous
addition of Si and Er elements facilitates the
discrete dispersion of precipitates along the grain
boundaries and leads to a substantial reduction in
the width of the PFZ.
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Er 1 Si JTREXTIERTZS AlZnMgCu &
M o 1 B B 1 E1E A

REEW R, RAR?, NER!, A F, L F2
XEE?, K B2, ;i fidin?, &AF2

1. KERHRY: MERES TR, KB 030024;
2. dEE Tk K2 MRRS S TR, J6aT 100124

W OE: Ed AN R, SRR R e, IE S RS BT T Si M Er JUER G
B3 AlZnMgCu & & M ih It Re 5 714 Re . SR KW, ptHFMPIKY GPB-11 X 0] ¥ [7] 58 4k W ] 25035
AlZnMgCuSiEr 4. AlZnMgCu &4 8 R8T $2 15 38.5 MPa, K ZHRIRE 4.5%. [N, Er 1 Si ;KM
fEF R AlZnMgCu & &I MRS, 55K 5 BRI M 264.2 um Y/ ZE 9.9 pm, HARARE & Er A1 Si st &R
HIE AN % AlZnMgCu 4 4 005 PO AT ST AR IR AR I 2
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