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Abstract: The impact of Fe content on the microstructures and mechanical properties of an ultra-high strength
aluminum alloy, namely, Al-10.50Zn—2.35Mg—1.25Cu—0.12Cr—0.1Mn—0.1Zr—0.1Ti, was investigated. It is found that
the increase of Fe content leads to a notable rise in the volume fraction of microscale secondary phases, including
(Cu,Fe,Mn,Cr)Al;, o phase (composed of Al, Zn, Mg, and Cu elements), and Al3(Zr,Ti). The formation of these
secondary phases results in the depletion of certain phase-forming elements, thereby significantly reducing the quantity
of strengthening phases. Fe imposes minimal impact on tensile strength, but it can significantly alter the elongation (J).
For instance, the average elongation of the alloy with 0.18 wt.% Fe (6=4.5%) is less than half that of the alloy with Fe
less than 0.1 wt.% (6=9.9%—10.9%). The reduction in elongation is attributed to the combined effects of the formation
of coarse secondary phases and the diminished quantity of strengthening phases around these coarse phases.
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1 Introduction

The Al-Zn—Mg—Cu alloys, commonly
designated as the 7xxx series, are pivotal structural
materials in a range of contemporary industries
such as transportation and aerospace, due to their
exceptional strength, corrosion resistance, favorable
processability, and recyclability [1-3]. However,
the addition of Fe as an alloying element is known
to be deteriorative to the properties of these alloys.
During solidification, Fe typically combines with
other elements to form secondary phases, which are
usually microscale in size. The secondary phases so

formed are rather difficult to eliminate through
subsequent thermomechanical processing or heat
treatment. The presence of Fe-containing secondary
phases in the Al-Zn—Mg—Cu alloys largely hinders
their practical applications at scale [4].

The secondary phases in these alloys caused
by Fe could manifest in varied forms, such as
A17CU.2FC [5], A117(Fe3_2,Mno,g)Si2 [6], A113Fe4 (OI‘
AlgFe) [7], (Al,Cu)s(Fe,Cu) [8], Al;CuFe4 [9,10],
AlsFe [10], (Cu,Fe,Mn)Al;[11], and (Cu,Fe,Mn,Cr)-
Al; [11]. The formation of these secondary phases
depletes the dispersion strengthening elements in
the alloy matrix such as Cu, Cr, and Mn, and in turn
degenerates the key properties such as ductility and
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toughness. OHIRA and KISHI [12] reported a
notable decrease in the fracture toughness of the
7075 Al alloy from 40 to 30 MPa-m'? as the
content of Fe went from 0 to 0.6 wt.%. VRATNICA
et al [13] noticed that the higher content of Fe in the
Al-Zn—Mg—Cu alloys resulted in a higher volume
fraction of the secondary phases, which adversely
impacted the ductility and fracture toughness.
Furthermore, these Fe-rich phases are prone to
crack initiation and facilitate crack propagation at
their interfaces with the matrix under the applied
stress [14]. These works have studied the impact of
Fe and other alloying elements on the formation of
coarse Fe-rich secondary phases in the 7xxx series
aluminum alloys and their influence on properties.
However, the impact of Fe on the formation and
distribution of other secondary phases, as well as on
the overall distribution of alloying elements within
7xxx series alloys remains unclear.

The microstructural details of the secondary
phases are crucial to the properties of alloys [15—18].
The lattice of the microscale Fe-rich secondary
phases is often incoherent with that of the Al matrix,
therefore creating phase interfaces of high energy.
These interfaces facilitate the accumulation and
enrichment of elements such as Zn and Mg [19], thus
altering the microstructures and properties. Furthermore,
the excessive addition of other elements like Cr, Mn,
Ti, and Zr can also induce the formation of
secondary phases at the microscale [20]. Like
Fe-rich secondary phases, these secondary phases
would deteriorate properties in a similar way.

It is noted that all the alloys mentioned before
share a commonality: the total amount of alloying
elements is below 10 wt.%. To meet the ever
pressing materials demands for lightweight
aerospace components, we have developed an
ultra-high strength Al alloy with remarkable
toughness through machine learning [21,22]. This
new alloy contains more than 14 wt.% of alloying
elements. It maintains the ductility and toughness
of the state-of-the-art 7136 alloy (elongation
(0) of 8%—10% and fracture toughness (Kic) of

Table 1 Alloy compositions (wt.%)

Xin-yuan XU, et al/Trans. Nonferrous Met. Soc. China 35(2025) 3179-3190

33-35MPa'm'?) [23] while boosting up the
tensile strength by over 100 MPa (700—750 MPa).
However, the influence of Fe as an impurity
element on the distribution of elements in ultra-high
strength aluminum alloys remains obscure. This
study concentrates on the study of the highly
alloyed Al-10.50Zn—2.35Mg—1.25Cu—0.12Cr—
0.1Mn—0.1Zr—0.1Ti—xFe alloys (x=0.01, 0.09, 0.18,
wt.%). We plan to analyze the impact of Fe on
the microstructures, element distributions, and
mechanical properties of the alloys. The work tries
to elucidate the mechanisms how impurity elements
influence the strength and toughness of the alloy,
which would be insightful to further optimization of
alloy compositions as well as the properties.

2 Experimental

Three alloys of different compositions were
prepared via high-purity raw materials (99.99 wt.%)
including Al, Zn, Mg, Mn, Cr, and intermediate
alloys such as Al-50Cu, Al-10Ti, Al-10Zr, and
Al-5Fe. The compositions of these alloys are
detailed in Table 1. The raw materials were melted
in a ZG—25 medium-frequency vacuum induction
furnace and cast at 730—740 °C to produce several
ingots. Ingots were cylindrical with a diameter of
125 mm, weighing 25 kg. Following casting, the
ingots underwent a homogenization treatment in an
SGM-M30/12A resistance furnace at 400 °C for
24 h, followed by an additional 24 h treatment at
470 °C. The ingots were then turn-milled, and the
initial diameter of the extruded bar was set at
115 mm, with the extrusion barrel measuring
120 mm. The ingots were then extruded via a 500 t
double-acting horizontal extrusion press at 400 °C
and the extrusion ratio was 9:1.

Following extrusion, the bars underwent solid-
solution treatments at 450 °C for 1 h, 470 °C for
1 h, and 480 °C for 0.5 h. Subsequently, the bars
were aged at 120 °C for 24 h. Tensile specimens
were then fabricated and tested at room temperature
for their tensile strengths and elongations via a

Alloy Zn Mg Cu Mn Cr Zr Ti Fe Si Al
0.01 wt.% Fe 10.53 2.38 1.24 0.11 0.13 0.11 0.10  <0.01 0.02 Bal.
0.09 wt.% Fe 10.52 2.33 1.27 0.11 0.12 0.10 0.09 0.09 0.02 Bal.
0.18 wt.% Fe 10.58 2.36 1.24 0.10 0.12 0.10 0.09 0.18 0.01 Bal.
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CMT6000 testing machine with a strain rate of
0.5 mm/min. The specimens were prepared in a
dog-bone shape with a gauge length of 20 mm and
a cross-sectional area of 5Smm x2mm. The
reported mechanical properties were averaged over
two specimens.

Microstructure analysis was carried out with
the Carl Zeiss EVO18 and JEOL JSM—-7001F field
emission scanning electron microscopes (SEM).
Electron backscatter diffraction (EBSD) was
performed at a 25 kV operating voltage to assess
the grain morphology of the alloys, and the relevant
data were analyzed with Channel 5 software from
the University of Oxford. Additionally, high-angle
annular  dark-field (HAADF) imaging and
compositional analysis were conducted at 300 kV
using a Tecnai G2 F30 transmission electron
microscope equipped with a HAADF detector and
an energy-dispersive X-ray spectroscopy (EDS)
system.

3 Results

3.1 Microstructures

The microstructures of the three Al alloys by
SEM images are shown in Fig. 1. It is seen that the
minimal amount of Fe in the Al-Zn—Mg—Cu alloy
results in a scant formation of the microscale
secondary phases, which roughly account for only
0.02% in volume fraction. As Fe goes up to 0.09
wt.%, the formation of these secondary phases is
more pronounced, as evidenced by particles with an
average diameter of (5.2+1.5) um and a volume
fraction of approximately 1.58%. As Fe continues
to increase to 0.18 wt.%, an even higher volume
fraction of these phases is noted, reaching 2.59%.
The mean diameter of these secondary phases also
grows to (13.643.2) um.
microscale secondary phases with distinct shapes
and sizes (some exceeding 30 um) as well as black
voids are noted to form.

Furthermore, the samples with 0.01 wt.% Fe
and 0.18 wt.% Fe were selected to analyze the
elemental distribution of the secondary phases at
the microscale. Figure 2 presents the compositional
analysis of these phases in the alloys with 0.01 and
0.18 wt.% Fe. In Fig. 2(a), the 0.01 wt.% Fe sample
reveals a second phase enriched with Cr, Mn, and
Mg, measuring approximately 5 um in diameter.
The compositional analysis, detailed in Table 2,

In addition, various

suggests that this phase likely corresponds to
Ali3(Cr,Mn);Mgs. Additionally, surrounding this
phase, an agglomeration of Zn, Mg, and Cu is
observed.

(a)

(b)

(c) \

50 pm

Fig.1 SEM images of three ultra-high strength
aluminum alloys with different Fe contents after
T6 treatment: (a) 0.01 wt.% Fe; (b) 0.09 wt.% Fe;
(c) 0.18 wt.% Fe

A considerable number of microscale secondary
phases are shown in Fig.2(b), predominantly
constituted by the aggregation of Fe, Cu, Mn,
and Cr. According to the compositional analysis
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provided in Table 2, these phases likely correspond
to (Cu,Fe,Mn,Cr)Al;. In proximity to the microscale
Fe-rich phases, there is a noticeable accumulation
of Zn, Mg, and Cu, indicating the presence of the
o phase (composed of Al, Zn, Mg, and Cu).
Additionally, the alloy contains microscale secondary
phases composed of Cr, Mn, Zr, and Ti, such as
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Alig(Cr,Mn):Mg3 and Al3(Zr,Ti). Notably, Als(Zr,Ti)
is absent in the samples with 0.01 wt.% Fe.

Figures 3(a—c) illustrate grain morphologies of
three alloys, all exhibiting extrusion texture and
localized recrystallization. Figures 3(d—f) present
the grain size statistics, indicating the average grain
sizes of 7.0, 9.6, and 7.1 um for the respective alloys.

Cr

Fig. 2 Compositional analysis results of secondary phase: (a) 0.01 wt.% Fe; (b) 0.18 wt.% Fe

Table 2 EDS analysis results of arrowed locations in Fig. 2 (at.%)

Location Al Zn Mg Cu Fe Mn Cr Zr Ti
a 80.62 4.21 7.51 2.05 0.01 2.38 3.12 0.06 0.04
b 83.07 2.46 1.46 2.27 9.00 1.33 0.40 0.00 0.00
c 80.47 3.72 6.91 1.83 0.05 245 3.60 0.00 0.00
d 71.72 5.49 6.10 2.14 0.03 0.06 0.10 6.46 6.50

e 83.11 8.09 6.09

2.61 0.03 0.00 0.03 0.00 0.03
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Fig. 3 EBSD results (a—c) and size statistics (d—f) for three alloys: (a, d) 0.01 wt.% Fe; (b, ) 0.09 wt.% Fe;

(c, ) 0.18 wt.% Fe

The inclusion of Fe has a negligible impact on the
grain size and the subtle variations in grain size
may be associated with the uneven microstructure
of alloy [24]. The microscale Fe-rich phase does not
effectively induce particle simulated nucleation
(PSN) nor refine the grain size.

Subsequently, the influence of Fe addition
on the dispersion strengthening phases was investigated.
Note that the dispersion strengthening phases can
be categorized into two distinct types: dispersoids
enriched with Cr, Mn, Zr, and Ti, and precipitates
predominantly containing Zn, Mg, and Cu.

Figure 4 illustrates morphological distribution
and compositional analysis results for typical
dispersoids (i.e., secondary phases with diameters
ranging from 20 nm to 1 um) in the three alloys.
These alloys feature multiple dispersoids composed
of Cr, Mn, Zr, and Ti elements, with sizes varying
from 20 to 300 nm. These dispersoids contribute to
impeding grain boundaries and dislocations,
thereby enhancing the strength of the alloy [21].

Additionally, the presence of Fe-rich phases
significantly impacts the morphology of the
dispersoids. Figure 5(a) demonstrates the influence
of (Cu,Fe,Mn)Al; (length of 1.8pum) on the
morphology of the dispersoids. It can be seen that

around the Fe-rich phase, there is a significant
decrease in the number of dispersoids, with some
areas even having no dispersoids whatsoever. As a
result, some regions are depleted of solute elements
such as Cr, Mn, Zr, and Ti. This effect extends up
to a distance of 2—5 um from the Fe-rich phase.
In contrast, the nanoscale (Fe,Mn)Al; phases,
approximately 500 nm in size, show no significant
decrease in dispersoid quantity in their vicinity, as
depicted in Fig. 5(b). This phenomenon may be
attributed to their smaller dimensions, as nanoscale
(Fe,Mn)Al; phases require fewer solute elements
compared to their microscale counterparts.
Furthermore, the nanoscale (Fe,Mn)Al; phases
have a higher density and are more spherical
in morphology compared to the microscale
(Cu,Fe,Mn)Al; phases.

By further observation of the finer micro-
structures, the influence of Fe on the nanoscale
precipitates composed of Zn, Mg, and Cu can be
examined, as illustrated in Figs. 6(a—d). When there
is insufficient Fe, the precipitates within the alloy
have an average length of 4.9 nm and an average
width of 2.3 nm. In the vicinity of the nanoscale
Fe-rich phases, rich principal elements of Zn, Mg,
and Cu are observed, which leads to the formation
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Fig. 4 HAADF-STEM image and composition analysis results of 0.18 wt.% Fe alloy after T6 treatment
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Fig. 5 HAADF-STEM images and composition analysis results of typical Fe-rich phase
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of larger n-phases. This phenomenon results in a
significant reduction in the density of precipitates in
the surrounding area, despite a solute deficiency.
Additionally, despite the scarcity of solute elements,
the average length of precipitates in the matrix
near the Fe-rich phases measures 5.2 nm, and
the average width is 2.5 nm. The presence of Fe

slightly increases the size of precipitates compared
to the condition when it is absent, which leads to a
further decrease in the precipitate density. Moreover,
analysis of the precipitates reveals that the addition
of Fe does not alter the types of precipitates in the
matrix. These phases still include ' phase, GP I,
and GP II, as depicted in Figs. 6(e—g).
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Fig. 6 High-resolution HADDF-STEM images (a, ¢) and size statistics (b, d) of precipitates without segregation (a, b)
and precipitates under influence of segregation (c, d); HADDF-STEM images of #' phase (e), GP I (f) and GP II (g)

3.2 Mechanical properties

The outcomes of the tensile test of the three
ultra-high strength Al alloys with different Fe
contents are presented in Fig. 7 and Table 3. The
tensile strengths of alloys measure (797+1) MPa,
(785£9) MPa, and (788+8) MPa; their yield
strengths are (762+1) MPa, (752+8) MPa, and
(759+4) MPa; and elongations are (10.9+£0.6)%,
(9.9£0.3)%, and (4.5%1.4)%, respectively. The alloy
with the lowest Fe content exhibits the highest
tensile strength and elongation. When the Fe
content increases to 0.09 wt.%, a slight reduction in
both tensile strength and elongation is observed
relative to alloy with 0.01 wt.% Fe. Further
increasing the Fe content to 0.18 wt.% does not
significantly alter the tensile strength, but leads
to a reduction in elongation, decreasing it to less
than half that observed in the alloys with 0.01 wt.%
Fe.

In summary, the Fe content has a negligible
effect on the strength of the high-strength
Al-Zn—Mg—Cu alloys. When the Fe content is
below 0.1 wt.%, its impact on the ductility of the
alloys is minimal. However, with further increase in

800 -

600 -

0.01 wt.% Fe-1
— — 0.01 wt.% Fe-2
—0.09 wt.% Fe-1
= = 0.09 wt.% Fe-2
——0.18 wt.% Fe-1
— — 0.18 wt.% Fe-2
4 6 8 10
Engineering strain/%

-2 mm

Engineering stress/MPa

12

Fig. 7 Typical engineering stress—strain curves of three
alloys

Table 3 Mechanical properties of three alloys
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Tensile Yield Eloneation/
Alloy strength/ strength/ §/
MPa MPa °
0.01 wt.% Fe 797+1 762+1 10.9+0.6
0.09 wt.% Fe 785+9 75248 9.9+0.3
0.18 wt.% Fe 78848 759+4 4.5+1.4
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Fe content, there is a significant reduction in the
ductility of the alloy.

4 Discussion

4.1 Effect of Fe on microscale secondary phases

Following the solution treatment and aging, the
microscale secondary phases in the Al-10.50Zn—
2.35Mg—1.25Cu—0.12Cr-0.1Mn—0.1Zr—0.1Ti alloy
become virtually non-existent. Upon introducing Fe
into the alloy, several microscale secondary phases,
such as Fe-rich phases, ¢ phases, and Als3(Zr,Ti)
phases, start coming into the scene.

To gain an in-depth understanding of the
impact of Fe, thermodynamic calculations were
performed using Thermo-Calc software with the
TCAL6 Al alloy database. These -calculations
revealed variations in the volume fractions of
phases with temperature for three levels of Fe
contents (Fig. 8). As the Fe content increases, there
is a gradual rise in the volume fraction of Fe-rich
phases from 0 to 0.45%, corroborating the
experimental observations of increased volume
fractions of microscale Fe-rich secondary phases.
Furthermore, the presence of Fe leads to an increase
in the volume fraction of Al3(Zr,Ti) phases at
480 °C, which makes a complete solid solution of
Ti and Zr in the matrix more challenging. On the
other hand, the calculations indicate that the o
phases can completely dissolve at 480 °C.

At the peak solid-solution temperature of
480 °C, the maximum solubility of Fe in the alloy is
below 0.01 wt.% [25]. Consequently, the gradual
increase in the volume fraction of Fe-rich secondary
phases can be attributed to the formation of phases
as the Fe content increases [26]. The Fe-rich
microscale secondary phases are notable for their
incoherent interfaces with the Al matrix,
characterized by higher interfacial energy. As a
result, o phases tend to segregate at interfaces,
leading to the formation of microscale ¢ phases.
Moreover, the originally homogeneous solid
solution of Zr and Ti in the Al matrix results in the
emergence of microscale second phase of Al3(Zr, Ti)
with an increase in Fe content. This suggests that
the presence of Fe elements decreases the
maximum solubility of Zr and Ti in the Al matrix,
thereby hindering their complete dissolving into
the matrix at the elevated temperature of 480 °C.
Consequently, residual Aly(Zr,Ti) microscale secondary
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Fig. 8 Variation of volume fraction of phases in three

ultra-high strength aluminum alloys with different

Fe contents as function of temperature: (a) Fe-free;

(b) 0.09 wt.% Fe; (c) 0.18 wt.% Fe

phases are formed. Regarding the formation of
Ali3(Cr,Mn),Mg; phases, it is seen that even in
the base alloy of Al-10.50Zn—2.35Mg—1.25Cu—
0.12Cr—0.1Mn—0.1Zr—0.1Ti, a small amount of
Al3(Cr,Mn);Mgs phases are formed. This suggests
that the formation of these phases may not be
directly associated with the Fe-rich phases. It is also
conceivable that the components of Fe-rich phases,
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such as Cr and Mn, can potentially impede the
formation of Al;3(Cr,Mn),Mg3; phases.

4.2 Impact of Fe on strength and ductility of
alloys

Fe, as an impurity element, may adversely
affect the strength and ductility of the alloys.
The Al-10.50Zn—2.35Mg—1.25Cu—0.12Cr—0.1Mn—
0.1Zr—0.1Ti—xFe alloys are designed to enhance
strength through mechanisms such as precipitation
strengthening, grain boundary strengthening, and
solid-solution strengthening. The incorporation of
Fe leads to the formation of microscale
(Cu,Fe,Mn,Cr)Al; phases, depleting Cu, Mn,
and Cr elements that tend to form dispersion-
strengthening phases. Concurrently, the presence of
Fe results in the segregation of primary elements
such as Zn, Mg, and Cu at the boundaries of the
(Cu,Fe,Mn,Cr)Al; phase, thereby diminishing the
quantity of #’, GP I, and GP II precipitation phases
within the matrix. Additionally, the formation of
microscale Al3(Zr,Ti) secondary phases contributes
to the reduction in the number density of the
nanoscale Al3(Zr,Ti) phases. Ultimately, the
cumulative effects of these factors lead to a
reduction in precipitation strengthening.

For grain boundary strengthening, the three
alloys exhibit grain sizes of 7.0, 9.6, and 7.1 pm,
respectively. According to the Hall-Petch equation
(0y=00+kyd°3) [27], where ky equals 0.12 MPa-m'?,
the calculated grain boundary strengthening values
for these alloys are 45, 39, and 45 MPa, respectively.
Notably, the alloy with 0.09 wt.% Fe shows reduced
grain boundary strengthening effects. Concerning
solid-solution strengthening, given that the primary
compositions of the alloys are similar and their
solution treatments and agings are identical,
the relatively modest effect of solid-solution
strengthening on the strength [21] suggests that
substantial alterations of the solid-solution
strengthening are unlikely.

In conclusion, the inclusion of Fe promotes the
formation of coarse microscale secondary phases
such as (Cu,Fe,Mn,Cr)Aly, o phase (composed of Al,
Zn, Mg, and Cu elements), and Al3(Zr,Ti).
Furthermore, this inclusion results in solute-
depleted zones around Fe-rich phases, which
significantly decreases the quantity of dispersion-
strengthening phases and consequently reduces the

effectiveness of precipitation strengthening. As a
result, with increasing Fe content, the impact of
precipitation strengthening gradually diminishes.
The alloy with 0.09 wt.% Fe demonstrates
reduced grain boundary strengthening effects, while
the alloys with 0.01 and 0.18 wt.% Fe show
similar effects. The influence of solid-solution
strengthening is minimal. Consequently, the tensile
strengths of the alloys measure (797+1), (78549),
and (788+8) MPa, respectively.

Regarding the ductility of the alloys, tensile
test results indicate that the addition of 0.09 wt.%
Fe has a minimal impact on ductility, resulting in
a decrease in elongation from (10.9+0.6)% to
(9.940.3)%. In these alloys, microscale Fe-rich
phases exhibit an average diameter of (5.2+1.5) um,
featuring an elliptical morphology with a reduced
number of adjacent voids. However, as the Fe
content increases to 0.18 wt.%, ductility decreases
to (4.5£1.4)%. There are microscale Fe-rich phases
with an average diameter of (13.6+3.2) um.
Additionally, numerous sharp-edged microscale
secondary phases greater than 30 um in size are
formed, accompanied by the emergence of black
voids. Therefore, in manufacturing, regulating Fe
content is crucial to preventing the formation of
coarse Fe-rich phases and voids exceeding 30 um in
diameter.

Additionally, the presence of solute-depleted
regions surrounding the Fe-rich microscale
secondary phases significantly reduces the quantity
of strengthening phases produced by Cr, Mn, Zr,
and Ti. This phenomenon diminishes the strength of
the matrix that encompasses micrometer-scale
Fe-rich phases, making it more susceptible to void
formation and cracking [28]. Although solute
depletion near nanoscale Fe-rich phases is less
pronounced, the segregation of Zn, Mg, and Cu still
exists, resulting in reduced strength of the matrix.
However, the impact on ductility is less significant
compared to the microscale Fe-rich phases.

The microscale Fe-rich phases are inherently
hard and brittle, and they exhibit poor compatibility
with the matrix. Under low stress, these Fe-rich
phases are prone to fracture or detachment from the
substrate, forming voids that accelerate crack
propagation [29—-31]. Moreover, Fe-rich phases
larger than 8 pm act as crack initiation sites, while
the propensity for fracture in Fe-rich phases smaller
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than 8 pum is significantly reduced [32]. In alloys
containing 0.09 wt.% Fe, the average size of
Fe-rich phases is (5.2+1.5) um, while in those with
0.18 wt.% Fe, the average size is (13.6£3.2) um.
This variation also explains why the decrease in
ductility is less significant in the alloys with 0.09
wt.% Fe.

5 Conclusions

(1) With increasing the Fe content, there is an
increment in the volume fraction of the microscale
phases, including (Cu,Fe,Mn,Cr)Al;, o phase
(composed of Al, Zn, Mg, and Cu elements), and
Als(Zr,Ti). The precipitation of these phases is
accompanied by the formation of solute-depleted
zones and the consumption of elements that form
phases, which results in a significant reduction in
the number of dispersion-strengthening phases.

(2) Fe has a minimal impact on the tensile
strength of the alloy yet can significantly affect the
elongation. The average elongation of the alloy with
0.18 wt.% Fe (6=4.5%) is less than half that of the
alloy with Fe less than 0.1 wt.% (6=9.9%—10.9%).
This reduction is attributed to the combined effects
of microscale secondary phases and a substantial
decrease in the number of dispersoids.

(3) The quantity of the precipitates decreases
in the solute-depleted areas surrounding the Fe-rich
phases, though the size of these phases remains
largely unchanged.
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HEEMNHAEEM®E AI-Zn-Mg-Cu £ EMABLA S HF NI
B, £ B, RER, LHE, i

Lo AEstRHE RS JE bR R TR mo A G 0, 46T 100083
2. JEEREOREY: SAESE SR ARSI TH AR SR =, dLat 100083;
3. JEEREORS: MR el S BOREH M E RS =, LA 100083

B E: U VS EN AI-10.50Zn-2.35Mg—1.25Cu—0.12Cr—0.1Mn—0.1Zr—0.1Ti #BE8E 4 & BMAR 5 /1%
PERERISOM . 5 HRM, Fe & RIS INGE ORI AR UI(Cu,Fe,Mn,Cr) Al #1. o HI(H1 Al. Zn. Mg #1 Cu JG
FABOM Al(Ze TR B Z N, SECRARTE BRI FE, G S AR I B B> . 5
SR TCE PR SR RN, (BB BE MK RG). Fla, & 0.18%(FEN2F)Fe M& S PHHKR
(0=4.5%) R Fe & m<0.1%(RE D H)E S HI—3(5=9.9%~10.9%). XFh /b IR FHH K E ZH RO SRR 55 — A0
J& B s A A B i 2R SR
KR Al-Zn-Mg-Cu &4 hrffifEfe; TR M Fe &l
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