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An effective homogenization scheme is crucial for successful room temperature equal channel angular
pressing (RT-ECAP) deformation of the 7050 aluminum (Al) alloy. This study investigated the effects of
different single-stage homogenization heat treatments (ST), double-stage homogenization heat treatments
(DT) and subsequent RT-ECAP deformation on as-cast 7050 Al alloy. Multiscale observations of
microstructure evolution were conducted using differential scanning calorimetry, optical microscopy, x-ray
diffraction and scanning electron microscopy equipped with energy-dispersive spectroscopy. Mechanical
properties and crack depth variations were analyzed using universal testing machine and depth testing
platform. The results show that the microstructure of as-cast 7050 Al alloy exhibits severe dendritic
segregation, with non-equilibrium phase areas fraction of approximately 4.1% and coarse grain boundaries
around 5.14 μm. With increase in temperatures and times of ST, dendritic segregation gradually diminishes
and the non-equilibrium second phase dissolves into the matrix. After DT of 7050 Al alloy at 465 °C-24 h+
475 °C-4 h, only 0.7% of insoluble residual phases remained and the grain boundaries became fine with a
width of 1.08 μm, representing reductions of approximately 82.9 and 79% compared to the as-cast,
respectively. Additionally, owing to significant improvements in the microstructure, no cracks were ob-
served in the subsequent RT-ECAP of 7050 Al alloy. The ultimate tensile strength (UTS) and yield strength
(YS) of 7050 Al alloy decreased from (472±4) and (457±15) MPa in as-cast state to (450±17) and (335±
26) MPa after DT at 465 °C-24 h+475 °C-4 h. The fracture elongation of 7050 Al alloy was increased from
(5.3±1.1) to (7.0±0.3)% in as-cast state. Subsequently RT-ECAP, the UTS and YS of 7050Al alloy were
increased to (554±3) and (525±26) MPa, respectively, and the fracture elongation was reduced to (6.5±
0.3)%. After the DT of 465 °C-24 h+475 °C-4 h, significant improvements were achieved in the
microstructure, simultaneously enhancing the plasticity and the RT-ECAP workability of 7050 Al alloy with
limited strength reduction, indicating this scheme as the reasonable DT scheme.

Keywords as-cast 7050 Al alloy, ECAP, homogenization, me-
chanical properties, microstructure

1. Introduction

As a critical component widely employed in aerospace, new
energy vehicles and other high-end equipment, the develop-
ment of fasteners has emerged as a research focal point (Ref 1-
3). Currently, fasteners are manufactured using titanium alloy
and alloy steel as the primary raw materials (Ref 2, 4-6),
making it difficult to simultaneously meet the increasingly
pressing demand for both high-strength and lightweight
characteristics simultaneously. Characterized by its low density
and high specific strength, Al alloy has attracted increasing
attention in the field of equipment manufacturing (Ref 7-10).

The production and application of Al alloy fasteners have
become a principal driving force for further advancements (Ref
11, 12). Nevertheless, Al alloy fasteners fail to meet the high-
strength requirements such as aerospace and new energy
vehicles, limiting its wide application. Therefore, there is
significant importance in modifying the microstructure of Al
alloys to achieve a substantial enhancement in the mechanical
properties of their fasteners.

As a severe plastic deformation (SPD) technology, equal
channel angular pressing (ECAP) has become a common
method for the production of ultrafine-grained (UFG) and
nanograin structured (NS) mechanical parts due to the cross
section remains constant and repeatable (Ref 13-15). It has been
shown that ECAP treatment of magnesium and alloys, copper,
steel, Zn and titanium alloys can greatly increase their
mechanical properties (Ref 16-19). Processing Al alloys
through ECAP enables the manufacture of high-strength Al
alloys (Ref 20-22). Heat-treatable 7050 Al alloy, due to the
addition of a series of microalloying elements such as Cu, Mg,
Zn and Si, increases certain mechanical properties and becomes
a preferred material such as aircraft skins (Ref 23). However,
during the cooling process of 7050 Al alloy casting, serious
elemental segregation and the formation of a large number of
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non-equilibrium eutectic phases are produced due to the
inhomogeneous distribution of the added alloying elements
and insufficient solubility, which seriously affects the subse-
quent plastic deformation characteristics of the material and the
mechanical properties of the processed products (Ref 24-27). It
can be seen that before ECAP deformation, it is very necessary
to carry out the corresponding treatment of as-cast 7050 Al
alloy to eliminate or reduce the inhomogeneity in chemical
composition and microstructure, thereby lowering the resis-
tance to deformation and preparing the microstructure for
deformation (Ref 28, 29).

Actually, homogenization treatment of alloys has become
the most widely used process in order to improve RT
workability. Wong et al. (Ref 30) studied cast AZ31B
magnesium alloy and found that the homogenized treated alloy
did not show surface cracking and exhibited improved
machinability during subsequent plastic deformation. Yang
et al. (Ref 31) and Deng et al. (Ref 32) found that homoge-
nization improved its microstructure and facilitated subsequent
rolling deformation on as-cast 7075 Al alloy and Al-Cu-Li-Zr
alloy, respectively. Additionally, Liu et al. (Ref 33) conducted
ST and DT on cast Mg-6Zn-3Sn alloys, demonstrating that DT
could achieve better results. Gao et al. (Ref 34) pointed out that
DT of Al-Cu could prevent overburning and subsequent high
temperatures could further dissolve the residual eutectic phase.
It can be observed that the DT effect is superior to ST, not only
preventing the occurrence of overheating but also positively
impacting the strength. However, the relationship between the
effect of ST or DT on the microstructure of as-cast 7050 Al
alloy and subsequent room temperature ECAP (RT-ECAP)
plastic deformation has not been fully reported. It is essential to
study the relationship between microstructure, mechanical
properties and subsequent plastic deformation.

In this work, as-cast 7050 Al alloy was taken as the research
object, the homogenization system of the alloy and the
microstructure evolution during homogenization were investi-
gated, the effects of different homogenization treatments on the
RT-ECAP formability and mechanical properties of the alloy
were explored, and the reasonable DT scheme was been
established. The results of this research are expected to provide
reliable theoretical guidance for establishing the homogeniza-
tion regimen and enhancing the workability of RT-ECAP of as-
cast 7050 aluminum alloy.

2. Material and Experimental Procedure

2.1 Material and Sample Preparation

In this paper, 7050 Al alloy ingot produced by Tong Xiang
Metal Materials (Shanghai) Co., Ltd. was selected as the raw
material with the chemical composition shown in Table 1. A
number of 10-mm-diameter bars were cut from the original

7050 ingot Al alloy using an EDM wire cutter (DK 7735) as the
initial as-cast samples.

Samples of as-cast 7050 Al alloy (approximately 10mg)
were heated from 25 to 650 °C on a differential scanning
calorimetry (DSC, STA 8000) at a constant heating rate of 10 °
C/min to measure the phase transition temperature under
nitrogen atmosphere. The result is shown in Fig. 1. The
apparent heat endothermic peak of the curve at 495.5 °C is
caused by the dissolution of the non-equilibrium eutectic phase
within the as-cast 7050 Al alloy. Taking into account measure-
ment errors, the overburning temperature for as-cast 7050 Al
alloy can be set at 480 °C.

Then, the as-cast 7050 Al alloy was heat treated in a high-
temperature furnace (SXL-1200D) at temperatures of 435, 465
and 480 °C with a heating rate of 10 °C/min, and holding times
of 4, 8 and 10 h for a ST, respectively. On the basis of
optimizing the ST regime, 7050 Al alloy was subjected to a
second-stage homogenization with a heating temperature of
475 °C and holding times of 4, 8 and 10 h, respectively. The
whole heat treatment was water quenching and the transfer time
of the sample was within 3 s.

The cooled 7050 Al alloy was immediately put into an
ECAP die with inner angle φ=120° and outer angle ψ=30°.
The ECAP forming of 7050 Al alloy was carried out at RT
using a four-column hydraulic press (Y-160 T) with a
descending speed of 3 mm/s. Meanwhile, MoS2 was used as
the lubricant for the ECAP experiments, in order to reduce the
friction between 7050 Al alloy and the mold. The ECAP
principle, equipment and the schematic diagram of the whole
experimental route are presented in Fig. 2

Table 1 Chemical composition of 7050 Al alloy(wt.%)

Cu Mg Zn Fe Cr Mn Zr Ti Si Al

2.0-2.6 1.9-2.6 5.7-6.7 � 0:15 � 0:04 � 0:10 0.08-0.15 � 0:06 � 0:12 Bal.

Fig. 1 DSC curve of as-cast 7050 Al alloy
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2.2 Tensile Testing

Dog-bone shaped tensile test specimens of 30 mm96 mm9
1.2 mm (with a gauge length of 10 mm) were prepared using a
wire EDM (DK7735). Sandpaper with polishing paste was used
to grind and polish the tensile specimens, followed by cleaning
and drying with an ultrasonic cleaner (G-040S). Tensile tests
were performed on the specimens using a universal tensile testing
machine (JVJ-50 s)with a tensile speed of 5mm/min at RT. Three
sampleswere tested for each condition to confirm reproducibility.

2.3 Microstructure Characterization

All of 7050 Al alloys after heat treatment were ground using
800, 1000, 1200, 1500 and 2000# sandpaper. Subsequently,
mechanical polishingwas performed on a polishingmachine (MP-
2B) using 2.0, 1.5 and 1.0 polishing pastes until amirrorfinishwas
achieved. After polishing the specimens were chemically etched
using Keller’s reagent (1 mL HF+1.5 mL HCL+2.5 mL HNO3+
95 mL H2O). Metallographic analysis of the corroded 7050 Al
alloywas carried out using opticalmicroscope (OM,4X-CIS). The
microstructure of the 7050Al alloywas observed using a scanning
electron microscope (SEM, QUANTA-250), and the microstruc-
tural composition was analyzed using attached energy-dispersive
spectroscopy (EDS). X-ray diffraction (XRD)was used to analyze
phases of the alloy samples, using Cu-Kα radiation, with a
scanning speed of 8 min−1 and a scanning range of 10-90°. Field
emission scanning electronmicroscopy (FE-SEM,QUANTA650)
was used to observe the fracture morphology of 7050 Al alloy in
different states. The grain morphology and dislocation density
microstructure of 7050 Al alloy were observed by transmission
electron microscopy (TEM, Talos F200X G2).

3. Results and Discussion

3.1 Microstructure of As-Cast 7050 Al Alloy

Figure 3 shows the microstructure morphology of as-cast
7050 Al alloy observed using SEM. It can be seen that coarse
residual non-equilibrium phases are gathered at the grain
boundaries in the as-cast microstructure. Quantitative measure-
ments of the coarse grain boundaries, revealing an average
width of approximately 5.14 μm.

Figure 4 shows the SEM images of the residual second
phase morphology of the as-cast 7050 Al alloy and the
corresponding EDS. The morphology of the residual second

Fig. 3 Microstructure and morphology of as-cast 7050 Al alloy

Fig. 2 (a) Principle diagram of ECAP; (b) forming equipment of ECAP; (c) Schematic diagram of the entire experimental route of 7050 Al al-
loy
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phase of the as-cast 7050 Al alloy, which is continuous or
discrete in the microstructure and appears white and light white,
as shown in Fig. 4(a). The quantitatively measured residual
phase area fraction of the as-cast 7050 Al alloy is about 4.1%.
In addition, the EDS results from point A show that the
aggregated elements are mainly Al, Mg, Zn and Cu. Combining
with the mass fractions of each element, it can be inferred to be
composed of the θ (Al2Cu) and T (Al2Zn3Mg3) phases, as
shown in Fig. 4(b). This is in agreement with the results of
existing studies related to Al-Zn-Mg-Cu alloys (Ref 35, 36).
From the EDS point scanning results at point B, it is seen that
the aggregated elements have a certain content of Fe elements
in addition to Cu, Mg, and Zn, which is deduced from the
analysis to be mainly composed of the Fe-containing insoluble
impurity phase (Al7Cu2Fe), as shown in Fig. 4(c). From the
above analysis, it can be seen that it is necessary to eliminate
the severe elemental segregation of as-cast 7050 Al alloy by
homogenization.

3.2 Microstructures of 7050 Al Alloy After ST

Figure 5 shows the microstructure of as-cast 7050 Al alloy
under different ST observed using optical microscopy (OM).
From Fig. 5(a,b), the microstructure of as-cast 7050 Al alloy
exhibits dendritic features, a radial distribution of grains,
ambiguous grain morphology and grain boundary characteris-
tics. Figure 5(c,d) shows the microstructure after 435 °C-10 h.
The non-equilibrium residual phases begin to dissolve into the
matrix and a small number of dendritic structural domains still
exist. The heat enhances atomic activity in the 7050 Al alloy,
facilitating the dissolution of residual phases at grain bound-
aries into the matrix. Figure 5(e,f) shows the microstructure
after 465 °C-24 h, the dendritic structure is completely
eliminated and the low melting point residual phase is basically
dissolved. The microstructure of the alloy is smooth with
continuous and distinct grain boundaries. However, there are
still some high melting point residual phases that have not been
dissolved. When the holding time was extended to 36 h, the
microstructure did not show significant differences compared to
that at 24 h, as shown in Fig. 5(g,h). From the above analysis, it
can be deduced that 465 °C-24 h can be used as a reasonable
first-stage homogenization regime.

3.3 Microstructures of 7050 Al Alloy after DT

As shown in the above results, the low melting point
eutectic phases present in 7050 Al alloy have dissolved into the
matrix at 465 °C-24 h regime. In order to dissolve the high
melting point non-equilibrium such as S(Al2CuMg) phase, a
second-stage homogenization of the Al alloy is required. The
microstructures of 7050 Al alloy treated by DT with different
holding times at the second-stage temperature of 475 °C are
shown in Fig. 6. After 465 °C-24 h+475 °C-1 h homogeniza-
tion, the high melting point non-equilibrium at the grain
boundary starts to dissolve into the matrix gradually and the
grain boundary becomes obviously continuous and clear, as
shown in Fig. 6(a,b). With the holding time extended to 4 h,
more high melting point non-equilibrium phases dissolve, the
grains tend to be equiaxed crystals, as shown in Fig. 6(c).
Extending the holding time to 8 h does not result in a
significantly different improvement in microstructure morphol-
ogy compared to that observed at 4 h, as shown in Fig. 6(d).
Meanwhile, the microstructure of 7050 Al alloy under the 8 h
shows the appearance of grain boundary triangular re-melting
zone (region A) and re-melting sphere (region B), as shown in
Fig. 6(d). The appearance of region A and B indicates that the
overburning behavior of as-cast 7050 Al alloy has been
occurred at 465 °C-24 h+475 °C-8 h.

Figure 7 shows the SEM images of as-cast 7050 Al alloy
after DT at 465 °C-24 h+475 °C-4 h with the corresponding
EDS mapping distribution of elements. SEM images show that
the microstructure of the 7050 Al alloy appears smooth. The
grain boundaries changes from coarse to fine with a width of
1.08 μm. The EDS shows that the aggregation of Mg, Zn and
Cu elements in the as-cast 7050 Al alloy becomes homoge-
neously distributed after 465 °C-24 h+475 °C-4 h. Besides, a
small amount of Fe, Cu and Si elements are still observed to be
aggregated from the EDS scanning. The residual elements
consist of insoluble impurity phases of Al7Cu2Fe and Mg2Si,
scattered sporadically in the microstructure of 7050 Al alloy, in
agreement with previous research results (Ref 35, 37, 38).
Additionally, quantitative analysis of the 7050 Al alloy treated
with DT at 465 °C-24 h+475 °C-4 h revealed that the area
fraction of the residual phases is approximately 0.7%. Apart
from a few refractory impurity phases remaining undissolved,
most of the eutectic phases have fully dissolved into the matrix.

Fig. 4 Non-equilibrium phases of as-cast 7050 Al alloy: (a) SEM; (b–c) corresponding EDS
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Moreover, the overburning behavior caused by longer holding
time is avoided. Then, the optimal DT scheme for the as-cast
7050 Al alloy is 465 °C-24 h+475 °C-4 h.

3.4 X-Ray Diffraction Analysis

XRD patterns of as-cast 7050 Al alloy after different ST are
shown in Fig. 8. A large amount of η (MgZn2) phase exists in
the as-cast 7050 Al alloy. With the increase in temperature with

holding times, the η phase gradually dissolves into the matrix
and forms the S phase, as shown in Fig. 8(a,b). From Fig. 8(c),
it can be seen that only the α(Al) peak is observed in the as-cast
7050 Al alloy at 480 °C for different holding times and no other
distinct characteristic peaks are seen, indicating the disappear-
ance of other soluble intermetallic compounds. Combining the
analysis of OM and XRD plots, the scheme of 465 °C-24 h as
the first-stage of homogenization is reasonable.

Fig. 5 OM images of ST of 7050 Al alloy and enlarged images of the area in marked by the red frame: (a-b) as-cast; (c-b) 435 °C-10 h; (e-f)
465 °C-24 h; (g-h) 465 °C-36 h (Color figure online)
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Figure 9 shows the XRD pattern of 7050 Al alloy after DT at
465°C-24 h+475°C-4 h. It can be found that both the low
melting point η phase and the high melting point phase are fully
dissolved into the matrix, leaving the Mg2Si insoluble phase.

Meanwhile, the indissolvable phase Al7Cu2Fe in alloy 7050
could not be detected by XRD due to its low content, which is
consistent with the results of the related study (Ref 39, 40). On

Fig. 6 OM images of 7050 Al alloy after different DT: (a) 465 °C-24 h+475 °C-1 h; (b) enlarged image of the area in (a) marked by the red
frame; (c) 465 °C-24 h+475 °C-4 h; (d) 465 °C-24 h+475 °C-8 h (Color figure online)

Fig. 7 SEM and EDS images of 7050 Al alloy after homogenization of 465 °C-24 h+475 °C-4 h
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the whole, the suitable DT scheme for the 7050 Al alloy is
suggested to be 465 °C-24 h+475 °C-4 h.

3.5 Morphology and Crack Depth of RT-ECAP 7050 Al Alloy

Figure 10(a) and (b) shows the surface morphology and
fracture depth of as-cast 7050 Al alloy during RT-ECAP

deformation after different homogenization. After 435 °C-8 h,
7050 Al alloy undergoes complete shear fracture in the
subsequent ECAP deformation and the crack depth is equal
to the size of the initial diameter, which is about 10 mm. When
the temperature is increased to 465 °C, the 7050 Al alloy does
not undergo complete fracture, but the crack is also deep, which
is 8.31mm. Further extending the holding time to 24 h, the
7050 Al alloy shows a reduction in crack depth and number in
the ECAP, which was 3.95 mm, a reduction of approximately
60.5%. After DT of 465 °C-24 h+475 °C-1 h, the subsequent
ECAP deformation of the 7050 Al alloy showed only one crack
with a depth of 2.68mm, a reduction of 73.2%. During the
ECAP deformation after DT at 465 °C-24 h+475 °C-4 h, 7050
Al alloy does not show obvious defects such as cracks,
enhancing the RT-ECAP workability.

In order to further understand the relationship between the
subsequent ECAP deformation and the microstructure of the
7050 Al alloy after different homogenization, the fracture
modes of different states of the 7050 Al alloy during ECAP
were investigated by FE-SEM. Figure 11 shows the FE-SEM
images of the fracture shapes of different states of 7050 Al alloy
in subsequent ECAP deformation. After ST at 435 °C-8 h, the
presence of a large number of dendritic structures and non-
equilibrium eutectic phases in the 7050 Al alloy resulted in
poor ductility, which led to the appearance of flat facets and
fracture cracks in the subsequent ECAP fracture morphology,
which showed brittle fracture dominant fracture mode, as
shown in Fig. 11(a). When the ST temperature was increased to
465 °C, the microstructure was effectively improved with the
appearance of unevenly distributed dimples, showing a mixed

Fig. 8 XRD patterns of 7050 Al alloy after different ST temperatures and times: (a) 400 °C; (b) 435 °C; (c) 480 °C

Fig. 9 XRD pattern of 7050 Al alloy after 465 °C-24 h+475 °C-
4 h
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fracture of ductile and brittle fracture, as shown in Fig. 11(b).
After 465 °C-24 h, with the disappearance of dendritic
structures and the dissolution of low melting point non-
equilibrium phases into the matrix, a large number of dimples
and a ridge shape appear in the subsequent ECAP fracture
morphology, representing ductile fracture, as shown in Fig. 11
(c). Figure 11(d) shows the ECAP fracture morphology of 7050
after DT at 465 °C-24 h+475 °C-1 h. It can be seen that due to
the dissolution of some of the high melting non-equilibrium
phase, a large number of dimples and ridges appear and are
more homogeneously distributed. The more homogeneously
distributed dimples indicate that the plasticity of the alloy is
greatly improved. It can be further speculated that the ductility
of 7050 Al alloy will be further improved after the DT at 465 °

C-24 h+475 °C-4 h, when the remaining high melting point
non-equilibrium is resolved and the microstructure reaches the
ideal state, which is in agreement with the results of
microstructure evolution. Therefore, 465 °C-24+475 °C-4 h
can be considered a reasonable DT scheme for as-cast 7050
aluminum alloy.

3.6 Mechanical Properties of 7050 Al Alloy in Different
States

To investigate the influence of homogenization and ECAP
on the mechanical properties of 7050 Al alloy, RT tensile tests
were conducted and the results are shown in Fig. 12(a) and (b).
The ultimate tensile strength (UTS) and yield strength (YS) of

Fig. 10 ECAP deformation of 7050 Al alloy after different homogenization schemes: (a) deformation morphology; (b) crack depth changes

Fig. 11 FE-SEM images of fracture morphologies of different 7050 Al alloy states: (a) 435 °C-8 h; (b) 465 °C-8 h; (c) 465 °C -24 h; (d) 465 °
C-24 h+475 °C-1 h
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7050 Al alloy decreased from (472±4) and (457±15) MPa in
as-cast state to (450±17) and (335±26) MPa after DT at 465 °
C-24 h+475 °C-4 h. At the same time, the fracture elongation
of 7050 Al alloy was increased from (5.3±1.1) to (7.0±0.3)%
in as-cast state. Besides, after ECAP, the UTS and YS of 7050
Al alloy were increased to (554±3) and (525±26) MPa,
respectively, and the fracture elongation was reduced to (6.5±
0.3)%, as shown in Fig. 12(b).

The grain size distribution of 7050 Al alloy in different
states is shown in Fig. 13(a). Under the thermal driving force
provided by the DT at 465 °C-24 h+475 °C-4 h, the diffusion
of solute atoms of 7050 Al alloy is accelerated and complete
recrystallization occurs. Additionally, the dissolution of the
non-equilibrium second phase aggregated at the grain bound-
aries into the matrix induces an increase in grain size from
(27.6±2.4) to (107.7±9.6) μm in the as-cast state, which is
consistent with the microstructure evolution results. Figure 13
(b) shows the BF-TEM image of 7050 Al alloy after DT at
465 °C-24 h+475 °C-4 h. Due to the high temperature,
dislocations undergo annihilation behavior and coarse grains
are observed, but dislocations are difficult to observe, which is
consistent with existing studies. The dislocation density of
metal alloys is closely related to grain size and mechanical
properties. Therefore, the decrease in dislocation density with
increase in grain size reduces the obstacle of dislocation

movement and the deformation resistance, which causes a
decrease in UTS and YS and an increase in fracture elongation
of 7050 Al alloy, which is in accordance with the Hall–Petch
relationship and the Bailey–Hirsch dislocation relationship (Ref
14, 15, 41). Furthermore, during the subsequent ECAP process,
due to the shear force induced continuous dynamic recrystal-
lization (CDRX) of 7050 Al alloy, the grain refinement shows a
lath-like shape with a size of (24.7±1.1) μm. At the same time,
a large amount of dislocation density reappears as shown in
Fig. 13(c). The decrease in grain size and the increase in
dislocation density increase the barrier to dislocation movement
and the resistance to tensile deformation, resulting in an
increase in strength and a decrease in fracture elongation of the
7050 Al alloy.

In summary, the DT at 465 °C-24 h+475 °C-4 h improve the
microstructure characteristics of as-cast 7050 Al alloy, signif-
icantly enhancing RT-ECAP deformability with minimal
reduction in tensile strength. Besides, subsequent ECAP
deformation further increased the strength (including UTS
and YS), expanding its application prospects. Consequently, by
evaluating the microstructure characteristics, mechanical prop-
erties and RT-ECAP deformation behavior of the 7050 Al alloy
comprehensively, it is reasonable to conclude that the DT of
465 °C-24 h+475 °C-4 h represents the most effective
homogenization scheme.

Fig. 12 Mechanical properties of 7050 Al alloy in different states: (a) engineering stress–strain curves; (b) tensile properties

Fig. 13 Grain size distribution of 7050Al alloy in different states (a); BF-TEM images of 7050 Al alloy in 465 °C-24 h+475 °C-4 h state (b)
and ECAP state (c)
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4. Conclusions

In this study, as-cast 7050 Al alloy was subjected to different
regimes of ST, DT and subsequent RT-ECAP deformation,
observing microstructure evolution, damage crack depth and
tensile strength, revealing the relationship between microstruc-
ture and ECAP deformation behavior. The following main
conclusions can be drawn:

1. The element distribution in the as-cast 7050 Al alloy is
inhomogeneous, with severe dendritic segregation. The
area of non-equilibrium residual phases in the as-cast al-
loy is approximately 4.1%, with a grain boundary width
of 5.14μm.

2. During the homogenization of the as-cast 7050 Al alloy,
low melting non-equilibrium phases continuously dis-
solve into the matrix. After the 465 °C-24 h+475 °C-4 h
treatment, dendritic segregation in the as-cast 7050 Al al-
loy is eliminated and the distribution of elements from
the grain boundaries to inside becomes homogeneous.
The alloy contains approximately 0.7% insoluble impu-
rity phases and the grain boundary width narrows to
about 1.08μm, representing reductions of 82.9% and 79%
compared to the as-cast state, respectively.

3. After ST at 465 °C-8 and 24 h, the ECAP crack depth of
7050 decreased from 10 to 8.31 and 3.95 mm, reducing
by about 16.9% and 60.5%, respectively. In the DT at
465 °C-24 h+475 °C-4 h, cracks in 7050 Al alloy disap-
pear, resulting in optimal ECAP formability.

4. The UTS and YS of the 7050 Al alloy decrease from
(472±4) and (457±15) MPa in the as-cast state to (450
±17) and (335±26) after DT at 465 °C-24 h+475 °C-
4 h, respectively. The fracture elongation of 7050 Al al-
loy increases from (5.3±1.1) to (7.0±0.3)% in as-cast
state. Subsequent ECAP deformation results in an in-
creased UTS and YS of (554±3) and (525±26) MPa,
respectively. The 465 °C-24 h+475 °C-4 h scheme can
be determined as the optimal DT for the as-cast 7050 Al
alloy.
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