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Abstract: The evolution of textures, the degree of recrystallization and the mechanical properties
of 7A65 hot rolled plates during re-dissolution were studied with different thicknesses (25 mm,
65 mm, 120 mm) and different degrees of deformation. It was found that different plates exhibited
different trends of re-dissolution because the degrees of deformation increased and the degrees of
recrystallization were different during the solution treatment. With the increase of deformation and
static recrystallization degrees, texture types changed from Cube, R-Cube to Brass, R, Cube and

Copper during the re-dissolution process. The value of the Schmid factor (
¯
µ) was calculated and

the value along the rolling direction was significantly larger than along the transverse direction,
which led to a lower yield strength along the rolling direction. In terms of the average contribution
of the yield strength, the strengthening of the grain boundary including LAGBs (low-angle grain
boundaries) was found to play a more significant role than the effect of solid atoms and dislocation
densities. Therefore, the 25 mm plate exhibits the best mechanical properties, with a yield strength of
565.7 MPa along the rolling direction.

Keywords: 7A65 hot rolled plates; re-dissolution; recrystallization; texture evolution; Schmid factor

1. Introduction

In the field of aeronautical materials, especially in the aircraft manufacturing field,
Al-Zn-Mg-Cu hot rolled plates with different heat treatment conditions have been used
extensively in recent years [1,2]. Nonetheless, mechanical anisotropy is often a problem
that exists in hot rolled plates [3–6]. Different plates with different degrees of deformation
exhibit contrasting extents of mechanical anisotropy [7–11]. Texture type and orientation
density are the main factors that affect mechanical anisotropy, and texture evolution will oc-
cur in the process of solution treatment [12–15]. Thus, it is crucial to observe the relationship
between the texture and mechanical anisotropy in different solid solution stages [16–19].

Owing to the deformation of the plates differing greatly, the initial textures and degrees
of recrystallization are different which leads the evolution process to be slightly differ-
ent [20–24]. Han et al. [25] investigated the effect of the initial texture on dissimilar channel
angular pressing (DCAP). The results showed that the <110>//ND (the normal direction)
texture accelerated the formation of the <111>//ND, and the Cube texture accelerated the
formation of R-Cube. In the previous investigations of the solution process, different solu-
tion treatments affected texture evolution to different degrees [26,27]. However, almost no
research has focused on the influence of the initial texture of the hot rolled plates during the
solution process at the same solution temperature. Thus, this subject is certainly interesting
and important.

Metals 2022, 12, 8. https://doi.org/10.3390/met12010008 https://www.mdpi.com/journal/metals

https://doi.org/10.3390/met12010008
https://doi.org/10.3390/met12010008
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/metals
https://www.mdpi.com
https://doi.org/10.3390/met12010008
https://www.mdpi.com/journal/metals
https://www.mdpi.com/article/10.3390/met12010008?type=check_update&version=2


Metals 2022, 12, 8 2 of 17

In addition to considering the effect of initial texture and recrystallization, the influence
of the re-dissolution should be investigated as well. The reason is that the solution process
is complex and involves a mass of changes including re-dissolution of the second phase,
recrystallization and texture evolution [16,18]. Thus, it is of great significance to analyze
the whole re-dissolution process and observe the relationship among re-dissolution, recrys-
tallization and texture evolution. Diffusion is the main factor that affects the re-dissolution
process, and temperature and defect density are the two factors that influence the diffusion
process [28]. Thus, due to the plates having different deformation, the defect density is
different and there are contrasts in the diffusion process during solution treatment, which
may affect texture evolution in the following solution treatment. In this research, the
re-dissolution process was studied and the evolution of textures was discussed to clarify
the effects of the initial texture, recrystallization and the re-dissolution process on texture
evolution for plates of different thickness. Mechanical properties and anisotropy after
different solution treatments were also found to be related to the texture and the degree
of recrystallization.

2. Materials and Methods

Different thicknesses (25 mm, 65 mm, 120 mm) of 7A65 hot rolled plates with a
nominal composition of Al-7.7Zn-1.65 Mg-1Cu-0.1Zr were selected for the experiment. To
examine the evolution trends of re-dissolution and orientation density with the extension of
solution time, samples were taken from the center thickness of the plates. The solid solution
temperature in this study was 477 ◦C; 30 min, 90 min, 210 min and 330 min were adopted
as the solution times in this study. In order to eliminate the impacts of the quenching
sensitivity, samples were tested in the same size. Samples (75 mm × 60 mm × 25 mm) were
cut from the plates continuously and then the solid solution treatment was conducted in
the box furnace. After water quenching at room temperature, the same T74 (121 ◦C/6 h +
152 ◦C/25 h) ageing treatment was accomplished for all the samples.

Optical microscopy (OM) images were obtained after the samples were etched with
Keller reagent. The scanning electron microscope (SEM) was applied to observe the phase
morphology and distribution, and energy dispersive spectroscopy (EDS) was adopted
to confirm the phase composition. Samples for electron backscatter diffraction (EBSD)
were prepared after being mechanically polished and electrolytically polished. The grain
orientation and the percentage of low-angle grain boundaries (LAGBs) and high angle
grain boundaries (HAGBs) were identified by using EBSD results after being analyzed by
TSL OIM Analysis software (version 5.3, EDAX, Beijing, China). The Schulz back reflection
method was adopted to perform the macro texture tests using X-ray diffraction (XRD),
and the results were processed by the JTEX software (developed by J.-J. Fundenberger
and B. Beausir) to obtain the orientation distribution function (ODF) and the inverse pole
figure (IPF) results. The orientation densities of all textures were obtained through picture
scales, after gathering statistics. Meanwhile, the volume fraction of Brass texture was
obtained through calculating the proportion of Brass orientation density in all orientation
densities. Samples for texture and conductivity tests (10 mm × 10 mm × 10 mm) were
cut after solution treatment and the surface of rolling was tested. Conductivity tests were
performed using an eddy current conductivity meter, and the mean of five test results was
considered the final result. Conductivity was measured to analyze the degree of second
phase re-dissolution. Tensile tests were performed along the rolling direction (RD) and the
transverse direction (TD) to analyze the relationship between the mechanical properties
and the texture (including the types and orientation density).

3. Results
3.1. Microstructure of Hot Rolled Plates

Figure 1 shows the grain structure and the phase composition of the hot rolled plates.
The degree of grain deformation of the 25 mm hot rolled plate is greater than that of the
65 mm plate. The same shifting trend can be observed in the experiments with the 120 mm
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hot rolled plate. The phase composition does not change significantly in the microstructure
of the 25 mm and 65 mm plate compared with the 120 mm plate. The phenomenon
that the Al7Cu2Fe phase distributes along the grain boundaries can be observed in the
microstructure of the 25 mm and 65 mm plates, which is similar to the microstructure of
the 120 mm plate.

Figure 1. Grain structure and SEM results of hot rolled plates: (a,c) 25 mm; (b,d) 65 mm.

Figure 2 presents the IPF and BC images of the 25 mm and 65 mm plates. As can be
observed from Figure 2a,c, the grain orientation of the 25 mm plate can be divided into
two categories. Grains with lower degrees of LAGBs tend to the orientation of [101] along
the ND, and grains that have higher degrees of LAGBs tend to the orientation between
[001] and [111]. It is obvious that the density of the LAGBs in the 65 mm plate (with the
fraction 0.167) is significantly lower than that in the 25 mm (with the fraction 0.317) plate.
The results indicate that with the increase of degrees of deformation, the density of the
LAGBs increases rapidly. Meanwhile, the LAGBs always exist in the broken small grains
and around grain boundaries. A similar discovery was discussed in previous experiments
with the 120 mm plate.

Figure 2. IPF results and boundary contrast (BC) images of hot rolled plates: (a,c) 25 mm;
(b,d) 65 mm.
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To characterize texture types and orientation densities of the plates in different thick-
nesses, ODF maps are shown in Figure 3. In the 25 mm plate, the main textures are
Brass {011} <211>, R {124} <211>, Cube {001} <100>, Copper {112} <111> and Goss {011} <100>.
The Goss texture almost disappears in the 65 mm plate (Figure 3b) and disappears com-
pletely in the 120 mm plate (Figure 3c). Texture types change significantly when the
thickness of the plate increases to 120 mm. The main textures in the 120 mm plate change
from Brass, R to Cube, R-Cube. Meanwhile, the value of orientation density decreases
dramatically. The texture types and orientation density of the plates are shown in Table 1.

Figure 3. ODF maps of hot rolled plates: (a) 25 mm, (b) 65 mm, (c) 120 mm.

Table 1. The texture types and orientation density of the plates.

Plate Thickness Cube Brass Copper R R-Cube Goss

25 mm 3.94–5.94 24.00- 3.94–5.64 13.19–15.38 ——— 5.64–7.4
65 mm 6.58–8.68 28.6- 2.6–4.56 6.58–8.68 ——— ———
120 mm 1.37–1.61 —— ——— ———– 3.88- ———

3.2. Microstructure of Hot Rolled Plates after Different Solution Time

Figure 4 presents SEM images of different plates after different solution times. It can be
observed that the MgZn2 phase redissolves into the Al matrix partially after 30 min solution
treatment, and the plate almost completes the re-dissolution process after 90 min solution



Metals 2022, 12, 8 5 of 17

treatment, as shown in Figure 4a,b (microstructure in the 25 mm plate) and Figure 4e,f
(microstructure in the 120 mm plate). The MgZn2 phase almost redissolves into the matrix
after 30 min solution treatment (as shown in Figure 4c,d) indicating that the re-dissolution
process in the 65 mm plate is faster than in the other two plates. Compared with the
re-dissolution speed of the 25 mm and 120 mm plates, the MgZn2 phase is difficult to
dissolve in the 120 mm plate at the beginning of the solution.

Figure 4. SEM figures of 25/65/120 mm hot rolled plates after solution at: (a,c,e) 477 ◦C/30 min;
(b,d,f) 477 ◦C/90 min.

Figure 5 shows IPF and BC images of the different plates after different solution times.
As shown in Figure 5a,d, grain orientation changes acutely and is more complex compared
with the microstructure in the hot rolled state for the 25 mm plate (Figure 2a). Most of
the grains are in the process of recrystallization and a fraction of new recrystallized grains
can be observed. The new recrystallized grains remain in the deformed structure. For
the 65 mm plate (Figure 5b,e), the degree of recrystallization is lower than that of the
25 mm plate after the solution treatment. Simultaneously, grains that have already been
recrystallized remain in the deformed structure. A similar phenomenon can be observed in
the 120 mm plate (Figure 5c,f). The grain morphology of the 65 mm and 120 mm plates
remains unchanged after the MgZn2 phase is basically dissolved; however, that of the
25 mm plate changes to a distinctly banded shape.
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Figure 5. IPF and BC images of the different plates after different solution times: (a,d) the 25 mm
plate treated for 90 min; (b,e) the 65 mm plate treated for 30 min; (c,f) the 120 mm plate treated for
90 min.

Figure 6 shows the ODF maps of the 25 mm plate after solution at 477 ◦C for different
times. Compared with the texture before solution treatment (as shown in Figure 3a), texture
types do not change significantly and the main discrepancy is orientation density. The main
textures are as follows: high orientation density of Brass, R and low orientation density
of Copper, Cube, Goss. In the re-dissolution process (0–90 min), the volume fraction of
Brass texture decreases (the volume fraction changes from 44.0% to 41.1%). After the
re-dissolution process, the volume fraction of Brass texture first increases (the volume
fraction changes from 41.1% to 43.6%) and then decreases (the volume fraction changes
from 43.6% to 39.7%).

Figure 6. ODF results of the 25 mm hot rolled plate after solution at 477 ◦C for: (a) 30 min, (b) 90 min,
(c) 210 min, (d) 330 min.
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As can be observed from Figure 7, texture types for the 65 mm plate do not change
after solution treatment at different times which is the same as the 25 mm plate. The main
texture is a high orientation density of Brass and a low orientation density of R, Cube,
Copper. Goss texture does not occur during solution treatment, indicating that it is mainly
controlled by the deformation process. The volume fraction of Brass texture decreases in
the re-dissolution process (0–30 min), and the volume fraction changes from 60.3% to 54.3%.
The same phenomenon that the volume fraction of Brass texture first increases (the volume
fraction changes from 54.3% to 66.0%) and then decreases (the volume fraction changes
from 66.0% to 62.4%) can be observed in the 65 mm plate as well.

Figure 7. ODF results of 65 mm hot rolled plates after solution at 477 ◦C for: (a) 30 min, (b) 90 min,
(c) 210 min, (d) 330 min.

The ODF results of the 120 mm plate are shown in Figure 8 to confirm the texture
evolution after the solution treatment. The texture types change dramatically at the begin-
ning of the solution treatment (as shown in Figures 3c and 8a), which is contrary to other
plates. R-Cube texture disappears and Brass, Copper, R texture appear after the solution
treatment for 30 min. The texture types do not change but the orientation density has
different changes with the extension of solution time. The volume fraction of Brass texture
goes through a similar process of the 25 mm plate in the re-dissolution process (the volume
fraction increases from 0 to 47.9% and then decreases to 41.5%). After the re-dissolution
process, the volume fraction of Brass texture also goes through the comparable process like
the trend in the re-dissolution process (the volume fraction transforms from 41.5% to 49.9%
and then decreases to 49.6%). The evolution trends of other textures are discussed in
Figure 9.



Metals 2022, 12, 8 8 of 17

Figure 8. ODF results of the 120 mm hot rolled plate after solution at 477 ◦C for: (a) 30 min, (b) 90 min,
(c) 210 min, (d) 330 min.

Figure 9. Curves of the texture orientation density after different solution times: (a) 25 mm, (b) 65 mm,
(c) 120 mm.

Figure 9 shows the curves of the orientation density after different solution times. The
mean of the orientation density range is adopted as the nominal orientation density to
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draw the curves of the orientation density after treatment for different solution times. The
orientation density of texture shows different trends for the three plates owing to their
distinction in the initial texture and re-dissolution process. The solution process can be
divided into the re-dissolution process and the process after re-dissolution.

For the 25 mm plate, as shown in Figure 9a, the orientation density of Goss texture
basically remains the same in the whole process. In the re-dissolution process, the variation
trend in the orientation density of Copper and Cube texture is similar to that for Brass
texture. However, the orientation density of R texture exhibits the opposite trend compared
with other textures. The orientation densities of Brass and R textures experience a slight
increase and then decrease after re-dissolution, which is opposite to the trend of Cube
and Copper.

As presented in Figure 9b, for the 65 mm plate, the orientation density of Copper
remains low in the process of solution treatment. The orientation density of Cube and R
fluctuates within a certain range and the value ranges from 6 to 10. The Brass texture is
still the main texture in the 65 mm plate which is greatly affected by the solution time.
In particular, the orientation density of Brass peaks after 210 min solution treatment (the
orientation density is 29.36) and then decreases.

The orientation density of the 120 mm plate is shown in Figure 9c. The evolution
of texture is different from other plates in the solution process. At the preliminary stage
of solution, textures change extraordinarily in the first 30 min and then remain basically
unchanged in the following 60 min. The evolution trend of Brass texture is similar to that
of the 65 mm plate after the re-dissolution process. The orientation densities of Copper and
Cube texture decrease while the orientation density of R texture remains unchanged, with
the deepening of the solid solution process.

The IPF results of different hot rolled plates after different solution treatments are
shown in Figure 10. The orientation of the 25 mm plate along the RD is mainly <112> (the
orientation density is 6.54) and <001> (the orientation density ranges from 4.37 to 4.97),
and the orientation along the TD is <111> (the orientation density ranges from 4.97 to 5.65).
The orientation of the 65 mm plate is analogous to that of the 25 mm plate, as shown in
Figure 10a,b. It is apparent from Figure 10c that the orientation of the 120 mm plate along
the rolling direction is chiefly <111> (the value ranges from 4.81–5.47) and <001> (the value
ranges from 4.23–4.81). However, the orientation along the TD is not obvious.

Figure 10. IPF results of hot rolled plates after different solution treatments: (a) 25 mm plates treated
for 90 min; (b) 65 mm plates treated for 30 min; (c) 120 mm plates treated for 90 min.
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3.3. Properties of Hot Rolled Plates after Different Solution Times

To further analyze the re-dissolution process, conductivity was measured after differ-
ent solution times, as presented in Figure 11. In the first 30 min, the conductivity value
decreases rapidly, indicating that re-dissolution has occurred. In the following 60 min,
the conductivity further decreases for the 25 mm and 120 mm plates; however, for the
65 mm plate, it remains approximately unchanged. With longer solution treatments, the
conductivity does not change significantly.

Figure 11. Conductivity results after different solution times.

Figure 12 shows the mechanical properties of the plates after solution and ageing
treatment. For the 25 mm plate, the mechanical performance after 90 min solution treatment
is distinctly better than that after 30 min treatment. The tensile strength is increased by
about 90 MPa and the elongation after fracture is improved especially along the TD. The
same tendency can be observed in the 120 mm plate: the tensile strength is increased
by about 130 MPa which is more obvious than that for the 25 mm plate. As shown in
Figure 9b, the orientation density of Brass rises to the maximum after 210 min solution
treatment. Thus, the mechanical properties after 210 min treatment were tested for the
65 mm plate. The elongation after fracture of the 65 mm plate decreased rapidly under
the 477 ◦C/210 min solution treatment compared with the treatment of 477 ◦C/30 min
(the value changes from ~10.5 to ~1.5). Meanwhile, the tensile strength decreases by about
35 MPa.
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Figure 12. Mechanical properties of the plates after solution and ageing treatments: (a) σb, (b) σ0.2, (c) δ.

4. Discussion
4.1. Analysis of the Potential Slip Systems in Theory during Tension

According to the results of IPF, as shown in Figure 10, the slip systems of different
plates can be calculated under the method of Schmidt’s law [29]. Schmidt’s law can be
estimated by:

τ = σ cos α cos β = σµ,

where τ is the sheer stress, σ is the normal stress, α is the angle between the direction
of σ and slip, β is the angle between the direction of σ and the normal direction of the
slip surface and µ is the Schmid factor. For FCC metals, there are four equivalent slip
planes and three equivalent slip directions. The value of µ changes greatly along different
directions in different plates. The orientation and density along RD and TD of different
plates are shown in Table 2. The activated slip systems are dependent on the stretching
orientations. When the direction of extrusion is <112>, the confirmed slip system should be
the one with the largest µ value. The slip systems and the value of µ are shown in Table 3.
On account of the [111] orientation being perpendicular to the slip directions, the slip
systems start with difficulty and the value of µ is 0. At the beginning of the stretch process,
the slip systems of grains with the orientation of [112] and [001] start first and other slip
systems start in the subsequent plastic deformation process. The orientation and densities

are different in different plates along RD and TD, and the average value of µ (
¯
µ) can be

calculated to reflect the mechanical behavior of the plates. In the process of calculation,

only the main orientations are considered. The values of
¯
µ in the plates with different

thicknesses are shown in Table 4. In general, the value of µ is inversely proportional to the
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yield strength [30]. Thus, the yield strength along the RD is smaller than that along the TD
for the 25 mm and 65 mm plates. For the 120 mm plate, the yield strength along the RD
and TD has a great difference on account of the inconspicuous fiber texture along the TD
(Figure 10c). Owing to the value of µ being related to the value of M (the Taylor factor),

the analysis of the value of the
¯
µ is the basis to analyze the theoretical yield strength in the

following discussion in Section 4.3.

Table 2. The orientations and orientation densities of different plates.

Plate Thickness RD TD

25 mm
[112] 6.54 [111] 4.97–5.65
[001] 4.37–4.97 [001] 1.11–1.51

65 mm
[112] 3.85–4.37 [111] 4.96–5.72
[001] 3.85–4.37 [001] 1.4–1.76

120 mm
[111] 4.81–5.47 —————
[001] 4.23–4.81

Table 3. The orientations, slip systems and the value of µ.

Orientation Slip Systems µ

[112] (111)<101>,(111)<011> 0.27

[001] (111)<101>,(111)<101>,(111)<101>,(111)<101>
0.41(111)<011>,(111)<011>,(111)<011>,(111)<011>

[111] —————— 0

Table 4. The value of
¯
µ in the plates with different thicknesses.

Plate Thickness ¯
µ/RD

¯
µ/TD

25 mm 0.33 0.08
65 mm 0.34 0.09

120 mm 0.19 ——–

4.2. Influence of Different Solution Times on the Texture Evolution and Mechanical Properties

For the hot rolled plates, textures play a significant role in their mechanical anisotropy,
and the different evolution of textures during solution treatment affects the mechanical
properties dissimilarly [26,27]. According to the results above, the changes of textures in
the plates are affected by two main factors: one is the initial textures of the plates, the other
is the re-dissolution of the second phase.

For the 25 mm and 65 mm plate, the main texture is Brass {011} <211> and R {124} <211>
with high orientation density due to the influence of deformation. However, the texture in
the 120 mm plate is not obvious since the degree of deformation is not high, and the main
texture is R-Cube {001} <110> and Cube {001} <100> (Figure 3). Different trends are shown at
the beginning of the solution process for the different initial textures. It can be observed that
no matter what the initial textures are, textures change to the combination of Brass, R, Cube
and Copper {112} <111> after solution treatments (Figures 5–7). According to the analysis
above, with the increase of deformation degrees, textures change to Brass, R, Cube and
Copper which is the same trend caused by static recrystallization. In the solution process,
the force from static recrystallization makes the texture evolution occur and develop rapidly
in 30 min. To sum up, with the increase of deformation and static recrystallization, texture
types change from Cube, R-Cube to Brass, R, Cube and Copper during the re-dissolution
process. Meanwhile, the evolution of texture occurs simultaneously in the process of re-
dissolution. However, it is difficult to identify the relationship between re-dissolution and
texture evolution.

After the re-dissolution process is completed, similar trends can be observed in the
three plates, namely, that the orientation density of Brass texture first increases and then
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decreases. As shown in Figure 12, the elongation after fracture of the 65 mm plate decreases
rapidly because the orientation density of Brass texture increases greatly, which is seldom
reported by other researchers. According to the analysis in Section 4.1, in the process
of tensile experiments, the Schmid factor (µ) is related to the mechanical properties [29].
According to previous research, the Schmid factor of the Brass texture along the TD is larger
than that along the RD. Generally speaking, the yield strength is inversely proportional
to the Schmid factor [30]. Therefore, the value of yield strength is smaller along the TD.
The slip systems are difficult to operate as the orientation density of Brass texture rises to
a specific level, so that the elongation after fracture decreases sharply. As a result, there
is almost no theoretical foundation about the reason why the high orientation density of
Brass leads to the sharp decrease in the elongation in the previous studies. Thus, in order
to improve the mechanical properties of the plates, the solution time should be selected as
the moment when the microstructure has just completed the re-dissolution process. When
the solution time is too long, the elongation decreases greatly on account of the orientation
density of Brass increases.

4.3. Influence of Re-Dissolution and Recrystallization

In general, the second phases in the hot rolled plate are mainly MgZn2 and Al7Cu2Fe,
as shown in Figure 1. As the deformation increases, the Al7Cu2Fe phase is separated and
does not distribute along grain boundaries. The re-dissolution of the second phase exhibits
different trends as the deformation increases as well. For the 25 mm and 120 mm plates, the
rate of re-dissolution is slower than that of the 65 mm plate, as can be observed in Figure 4.
The same conclusion can be obtained from the conductivity results, which confirm the
accuracy of the re-dissolution process. The degree of lattice distortion of the Al matrix is the
main factor that affects the conductivity in the re-dissolution process [31]. At the beginning
of the re-dissolution process (0–30 min), a large amount of MgZn2 phases dissolve into
the matrix, which causes an increase in the degree of lattice distortion. The increase in
lattice distortion leads to the scattering of the electrons during conduction which causes
the conductivity to decrease rapidly. In the following 60 min (30–90 min), the conductivity
decreases in the 25 mm and 120 mm plate and remains unchanged in the 65 mm plate,
indicating that the MgZn2 phase further dissolves in the 25 mm and 120 mm plate. The
existence of the MgZn2 phase affects the mechanical properties, as presented in Figure 12.
The analyses above indicate that to obtain better mechanical properties, the first step is to
make sure that the re-dissolution process is mainly completed.

After the re-dissolution process is completed, different plates exhibit different degrees
of recrystallization. The theoretical yield strength can be described as [32]:

σ0.2 = σ0 + σss + σgs + σd ,

where σ0 represents the yield strength of pure Al matrix, σss is the strength affected by the
solid solution, σgs is the strengthening effect of grain boundaries and σd is the strength
affected by the dislocation density. In addition to the above four factors, the strength
affected by age hardening is also an important factor for all solution-treated and aged
Al-Zn-Mg-Cu alloys. However, since the aging treatment is unchanged in this study, the
effect caused by age hardening in this study is considered to be similar.

For the plates analyzed in the experiment, σ0 is a constant value. σss can be ex-
pressed as [32]:

σss = M(τ
3
2

1 + τ
3
2

2 + τ
3
2

3 + . . .)
2
3 ,

where M represents the Taylor factor and τ represents the strength contribution caused
by the solute atoms. The value of τ is affected by many factors, such as temperature, the
concentration of the solute elements, the strain rate and the energy barrier to overcome
dislocation motion. In general, the energy to overcome dislocation motion decreases as
deformation increases. Meanwhile, the value of σss is positively correlated with the value
of the energy barrier. Thus, the τ value of the 25 mm plate is slightly smaller than that
of the 65 mm and 120 mm plates. According to the plates tested, other factors above are
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approximate due to the second phase being mainly dissolved into the matrix; therefore, the
main factors that affect the σss are the value of M and the energy barrier. The value of σgs

can be estimated by the Hall–Petch formula (σgs = σ0 + kd−1/2). It is obvious that with the
increase of thickness, grain sizes increase. The value of σd can be expressed as [33]:

σd = αGMBρ
1
2 ,

where α is a constant value, G is the shear modulus of aluminum, B is the Burgers vector,
ρ is the dislocation density and M is the Taylor factor. On account of the plates having
different degrees of deformation and recrystallization, the value of M, ρ is different. Grain
boundaries can absorb dislocation and then the dislocation density decreases. Thus, the
dislocation density decreases with the increase of the LAGBs percentage (ρ (25 mm) <
ρ (65 mm) < ρ (120 mm)). Meanwhile, the effect of LAGBs should be considered and the
formula is [34]:

∆σgb
∼= α2GB(1 − frex)(

1
δ
),

where frex represents the recrystallization fraction and δ represents the subcrystalline size.
In conclusion, different factors affect the yield strength to different degrees. When

stretched along the RD, µ (25 mm) ≈ µ (65 mm) > µ (120 mm) as shown in Table 4. In general,
the value of M is inversely proportional to the value of µ. Thus, M (25 mm) ≈ M (65 mm) <
M (120 mm). For the value of σss, τ (25 mm) < τ (65 mm) < τ (120 mm), so σss (25 mm) <
σss (65 mm) < σss (120 mm). For the value of σgs, σgs (25 mm) > σgs (65 mm) > σgs (120 mm).
For the value of σd, σd (25 mm) < σd (65 mm) < σd (120 mm). The degree of recrystallization
fraction and the subcrystalline size are smaller for the 25 mm plate, so ∆σgb (25 mm) >
∆σgb (65 mm) > ∆σgb (120 mm). As shown in Figure 12, σ0.2 (25 mm) > σ0.2 (65 mm) >
σ0.2 (120 mm); the mechanical results above indicate that the strengthening effect of grain
boundaries (including LAGBs) plays more significant roles in the strengthening of σ0.2
than the effect of the solid atoms and dislocation density. Thus, decreasing the degree of
recrystallization and grain growth (increasing the percentage of the grain boundaries and
low-angle grain boundaries) are the main methods to improve the yield strength.

In this work, the evolution of textures, the degree of recrystallization and mechanical
properties during the process of re-dissolution of different plates were discussed. The
slip systems that may be actuated and the factors that affect the yield strength in different
degrees of different plates were also analyzed. Meanwhile, the phenomenon that the high
orientation density of Brass texture caused the elongation after fracture to decrease rapidly
was seldom reported by other reviewers. This work will provide many ideas for other
researchers. For example, in order to enhance the mechanical properties of the plates, the
optimal solution time is the moment when the redissolution process is mainly completed.
Considering the intrinsic influence of different strengthening methods, increasing the
strengthening effects of the grain boundaries (including LAGBs) is an effective means to
improve the mechanical properties. However, there are additional factors affecting the
mechanical properties and formability. First, although the aging temperature is low in this
study and textures are assumed unchanged in the aging treatment, texture changes may be
influenced by the aging time. Meanwhile, different deformation may affect texture changes
to different degrees during aging treatments. Secondly, since the plates investigated are all
rather thick, localized thinning may not be a problem during processing. Therefore, in order
to solve localized thinning problems, texture evolution trends for thin plates (thickness less
than 6 mm) during solution and aging treatments need to be investigated in the future.

5. Conclusions

(1) Different plates exhibit different processes of re-dissolution. For the 25 mm and
120 mm plates, the re-dissolution is almost completed in 90 min at 477 ◦C. However,
the re-dissolution time of the 65 mm plates is shorter (30 min) compared with the
other plates at the same temperature.

(2) The 25 mm and 65 mm plates exhibit significant fiber textures along the RD and TD,
while the fiber texture is not obvious for the 120 mm plate along the TD. The value of
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¯
µ along the RD is significantly larger than that along the TD, which leads to a lower
yield strength along the RD.

(3) With the increase of deformation and static recrystallization degrees, texture types
change from Cube, R-Cube to Brass, R, Cube and Copper during the re-dissolution
process. After the dissolution of the second phase, the orientation density of Brass
texture first increases and then decreases in the three plates. With the maximum of
the Brass orientation density, the elongation after fracture decreases sharply to ~1.4%.

(4) In terms of the contribution of the yield strength, grain boundary strengthening
including LAGBs plays more significant roles than the effect of solid atoms and
dislocation densities. The 25 mm plate exhibits the best mechanical properties, with a
yield strength of 565.7 MPa along the rolling direction.
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Nomenclature

B Burgers vector
BC boundary contrast
DCAP dissimilar channel angular pressing
EDS energy dispersive spectroscopy
G shear modulus
HAGBs high angle grain boundaries
IPF inverse pole figure
LAGBs low-angle grain boundaries
M Taylor factor
ND normal direction
ODF orientation distribution function
OM optical microscopy
RD rolling direction
SEM scanning electron microscope
TD transverse direction
XRD X-ray diffraction
µ Schmid factor
¯
µ average value of µ
σ0 yield strength of pure Al matrix
σss strength affected by the solid solution
σgs strengthening effect of grain boundaries
σd strength affected by the dislocation density
τ strength contribution caused by the solute atoms
ρ dislocation density
Frex recrystallization fraction
δ subcrystalline size
∆σgb effect of LAGBs
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