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Abstract

In this work, the texture evolution of an Al-8 wt.% Zn alloy during equal channel angular
pressing (ECAP) and post-ECAP isothermal annealing was systematically investigated by electron
backscatter diffraction (EBSD). Special attention is paid to the influence of static recovery and
recrystallization on ECAP texture. After 1 pass of ECAP, the sample shows a texture similar to the
ideal shear texture. Specifically, during deformation, the less deformed coarse grains rotate towards
close to ideal ECAP texture orientations. With increasing ECAP passes to 5, the main texture
component can still be depicted by fibers f1-f3. However, fading of the fl, f2 and f3 fibers occurs,
resulting in less completed f1-f3 fibers. The weakening of ECAP texture with increasing deformation
strain is attributed to continuous dynamic recrystallization (CDRX). Static recovery and
recrystallization during post-ECAP isothermal annealing have a limited influence on the ECAP
texture.
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1. Introduction

Al-Zn binary system is the base for numerous industrial alloys due to a good combination of
physical, mechanical and superplastic properties together with good abrasion and wear resistance [1-
3]. At room temperature (RT), Zn has a relatively high solid solubility in Al, ~0.85 at.% (~2.0 wt.%
Zn) [4]. However, the mechanical properties of binary Al-Zn alloys, such as tensile strength, are
inadequate for some structural applications, which need to be further improved. One of the most

effective ways is by adding alloying elements, such as Cu and Si [5]. Another one is severe plastic



deformation (SPD), which can be utilized to fabricate ultrafine grained (UFG) Al-Zn alloys with
enhanced strength.

Among various SPD techniques, equal channel angular pressing (ECAP) [6-11] is especially
promising because it can be scaled-up to produce bulk UFG materials. The microstructure and texture
of materials can be significantly changed by the plastic deformation induced by ECAP. Studies on
ECAP texture are necessary since it can help to understand the anisotropy in physical and mechanical
properties of materials. In comparison to the extensive studies on the evolution of deformation
structures and mechanical properties, the texture evolution during ECAP has not been paid enough
attention. In terms of FCC materials, the previous studies on ECAP texture evolution have mainly
focused on pure Al [12-20] and Cu [12, 21-25], with limitted studies on the texture evolution of high
alloyed metals [26-30]. In the work [28], in spite of the ECAP textures of different Al alloys (1050,
5083, 6082 and 7010) have been investigated, but only after one pass of ECAP. In general, the
evolution of microstructure and texture during ECAP has been studied separately and most efforts
have been made in investigating the macro-texture evolution during ECAP using X-ray measurement
[17, 29] or neutron diffraction [21], whereas the correlation between the microstructure and the ECAP
texture are not shown. In addition, most studies using route Bc are on ECAP textures after even-
numbered passes, while odd-pass ECAP textures still need to be examined.

The initial texture [31], die angle [32, 33], route [33] and pass number of ECAP [34] have been
shown to play some role in the formation of ECAP texture. The textures developed after 1 pass of
ECAP are found to be similar to the simple shear texture [14, 32, 35-38], such as the textures after
torsion deformation. Deformation textures after multiple ECAP passes depend on the ECAP route. In
route A (no rotation of billet around the ED axis) and route C (the billet is rotated 180° around the ED
axis), monoclinic symmetry of the first-pass ECAP texture is found to be retained [21]. In contrast,
the subsequent ECAP passes in route Bc (rotation of the billet around the ED axis by 90°) result in
variation of orientations and densities of the main texture components [21]. For commercial purity Al
deformed after multi-pass ECAP, it has been found that compared to route Bc, the texture strength

developed in route C is higher up to four passes [20].



So far, ECAP has been applied to some Al-Zn alloys with eutectic [39], eutectoid [40] and
monotectoid compositions [41], whereas there appears to be a lack of investigations on the texture
evolution of binary Al-Zn alloys containing less than 10 wt.% Zn during large number of ECAP
passes. In addition to ECAP route and number of passes, annealing is expected to be another factor
that can influence the formation of microstructures and textures. This is because annealing can modify
the deformation texture, such as rolling textures. At the same time, for potential forming applications
in aerospace industries, annealing on the UFG Al-Zn alloys is necessary to improve the formability.
However, the influence of post-ECAP annealing on ECAP texture evolution [18, 22] is still lacking,
thus systematic investigations need to be conducted on the concomitant development of
microstructure and texture during post-ECAP annealing. Therefore, in the present work, in addition to
the formation of ECAP texture in the binary Al-8 wt.% Zn alloy, the influence of post-ECAP
isothermal annealing (recovery and full completion of static recrystallization) on the evolution of

microstructure and texture have been studied.

2. Experimental
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Fig. 1. (a) Schematic illustration of the 90° ECAP die and the plane for EBSD observation, (b)
sketch of the ECAP die, showing the shear direction (SD) and shear plane normal (SPN), and (c)
macroscopic shear patterns for consecutive passes using route Bc. ND, TD and ED are abbreviations

for the normal, transverse and extrusion directions, respectively.



In the present work, the Al-8 wt.% Zn ingot was made by melting Al and Zn, both of which are
in commercial purity. As shown in our previous work [42], in the as-cast state, no Zn precipitates can
be observed in the Al matrix, which indicates that nearly all the Zn content is in the Al solid solution.

The as-cast ingots were machined into bars with a square cross-section of 19.5 mm X 19.5 mm
and a length of 100 mm. Afterwards, well-lubricated bars were deformed repetitively by a 90° ECAP
die (Fig. 1(a)) via route Bc at RT. The ECAP bars were subjected to 1, 3 and 5 passes, with an
equivalent strain of about 1.0 per pass [10]. Fig. 1 includes coordinate axes of ECAP, showing that the
ECAP bars exit the ECAP die along the extrusion direction (ED) axis. Route Bc means that the ECAP
bar is rotated by 90° in the same sense between each pass with respect to the ED axis. The shear
direction (SD) and shear plane normal (SPN) are defined in Fig. 1(b).

Post-ECAP annealing was conducted at 200 °C (oil furnace) and 350 °C (salt bath) for various
times, followed by water quenching. Samples for electron backscattered diffraction (EBSD)
observation were cut from the middle part of as-deformed bars (Fig. 1(a)), where the deformation
structure is more uniform. Full details of the preparation of EBSD samples is the same as that in our
previous work [8]. EBSD was performed on the longitudinal section (ND-ED plane) using a field
emission gun SEM (Hitachi SU-6600), equipped with a Nordif EBSD detector. The texture analysis
has been carried out by pole figures and the orientation distribution function (ODF) plots, both of
which were obtained using the TSL OIM software, based on the orientation data collected from large
areas of ~380 um x 380 um by EBSD. The ODF plots were calculated using the harmonic method

with a series expansion of 16.

3. Results and discussion

3.1. Formation of texture during ECAP

Microstructures of the as-cast and as-ECAPed Al-8Zn alloy, as well as their corresponding pole
figures are shown in Fig. 2. The average grain size of the as-cast Al-8Zn alloy was measured to be
~50 um. The microstruactural evolution during ECAP deformation has been fully presented in our
previous work [42], in which the mechanism for the formation of equiaxed ultrafine grains is clarified
to be continuous dynamic recrystallization (CDRX) [42]. As indicated in Fig. 2(d;), after 5 passes of
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ECAP, the average grain size is reduced down to ~0.9 pum. It is smaller than the steady grain size (~1.3
um) of high purity (99.99%) Al deformed by ECAP [43] while larger than the steady grain size (~0.27
um) of the Al-3 wt.% Mg alloy [43] (with similar atomic content of additional atoms to the Al-8 wt.%
Zn alloy). This implies that the Zn element is less effective in refining grains than Mg.

For FCC materials, the orientations of main simple shear texture components are found to
distribute along two fibers: the A-type {h k 1}<1 1 0> fiber (or <1 1 0>-fiber in short) and the B-type
{1 1 1}<uvw> fiber (or {1 1 1}-fiber in short) [44], where the notation refers to {planes |
SP}<directions | SD>. Usually, ECAP textures are studied in the coordinate system defined by the
billet reference axes, which can be related to the shear reference axes by a rotation around the TD axis,
for example, 45° in a 90° ECAP die. Based on the simple shear texture, the two ECAP texture fibers
can be designated as {1 1 1}¢<uvw> and {h k I} <110>y, respectively [21].

As can be seen from the (1 1 0) and (1 1 1) pole figures in Fig. 2(az), the as-cast alloy has a
nearly random texture. After 1 pass of ECAP (Fig. 2(b2)), the original as-cast texture has been
significantly changed. A strong shear-type texture with a maximum intensity of ~5.9 mr (multiply
random) is formed, showing six almost equal-spaced peaks. The nearly monoclinic symmetry can be
identified, which refers to the invariance about a 180° rotation around the TD axis. Furthermore, the
<1 1 0> directions tend to align with the shear direction (45° to ED) and the {1 1 1} planes tend to be
in line with the shear plane (with their normal directions perpendicular to the shear plane). It indicates
that both the {1 1 1}o-fiber and {1 1 O}e-fiber [15, 44] have formed. This is in good agreement with
both the simulation [25] and experimental results [28] in other works, where a clear shear-type texture
can be identified regardless of initial textures.

After 3 passes of ECAP (Fig. 2(c2)), compared to the 1P sample, the texture components become
more concentrated with the maximum intensity increased to ~9.1 mr. However, as can be observed
from the (1 1 0) pole figure, some pole peaks have faded. The texture orientation components at the
edge of the great circle in the (1 1 1) pole figure have rotated a little in the clockwise sense around the
TD axis. The maximum intensity value of both the {1 1 1}¢-fiber and {1 1 0}¢-fiber components

increases.
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Fig. 2. Microstructures and pole figures (in the ND-ED projection) of ECAP processed Al-8Zn
samples via route Bc. (a1) and (a;) Before ECAP, (b)) and (bz) 1P, (¢1) and (¢2) 3P, and (d;) and (d>)
5P. In IPF maps, grey and black lines depict boundaries with misorientation angles of 5° < 0 <15° and
15° <0 <180°, respectively. In pole figures, the shear plane is indicated by the dashed line while SPN

represents the shear plane normal.



With further increasing the strain to € = 5 (5§ ECAP passes), the monoclinic symmetry cannot be
well identified. Both of the {1 1 0}¢-fiber and {1 1 1}¢-fiber components have deviated away from the
shear direction and shear plane, respectively. Besides, the maximum intensity of both the {1 1 0}e-
fiber and {1 1 1}e-fiber components shows a decreasing trend. As indicated in Fig. 1(c), route Bc is a
cyclic process of 4 ECAP passes. The shear plane of the 5 pass is the same as that of the 1 pass, but
the ECAP texture of the 5P sample is different from that of the 1% pass. The main differences between
the 1% and 5™ pass is the “initial texture” and the extent of grain refinement as a result of CDRX.
However, it has been demonstrated that the initial texture only influences the texture intensity while
the ECAP texture orientations are much less affected [17, 45]. Thus, the CDRX process is the main
reason for the loss of monoclinic symmetry and deviation from ideal positions.

Fig. 3(a) shows the IPF map of the 3P sample, where coarse and fine grains can be clearly seen.
For the fine grains, when considered as a whole aggregate, they show characteristics of the ideal
ECAP texture, as confirmed by the pole figures of the region 1 and region 2 in Fig. 3(b) and (c),
respectively. However, when consider the fine grains separately, for some of them, such as the fine
grains G1 and G2 highlighted in Fig. 3(a), neither the <1 1 0> directions are in line with the shear
direction, nor the {1 1 1} planes are parallel to the shear plane. It means that orientations of these fine
grains greatly deviate from the main ECAP texture components as shown in Fig. 2(c2). This can be
related to the additional rotation of these fine grains due to CDRX.

Fig. 3(f) and (g) show (1 1 0) and (1 1 1) pole figures of the coarse grains G3 and G4. As can be
clearly identified, for the coarse grain G3, one of the <1 1 0> directions parallels to the shear direction.
However, as indicated in Fig. 3(g), the coarse grain G4 is different from grain G1. One of its <1 1 0>
directions is in line with the shear direction while one of the {1 1 1} planes parallels to the shear plane.
It confirms that the coarse grain G3 gives rise to the {1 1 0}¢-fiber components, whereas the coarse
grain G4 leads to both the {1 1 O}o-fiber and {1 1 1}e-fiber components. These two examples of
coarse grains reveal that although the coarse grains are less deformed, they have rotated to

orientations that contribute to the main texture components shown in Fig. 2(c»).
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Fig. 3. IPF map of the 3P Al-8Zn sample and corresponding pole figures (PFs) of highlighted
grains and regions. (a) IPF map, (b) PFs of Region 1, and (c) PFs of Region 2, (d) PFs of the fine
grain G1, (e) PFs of the fine grain G2, (f) PFs of the coarse grain G3, and (g) PFs of the coarse grain
G4.

In addtion to pole figures, ODF plots have also been made to demonstrate more clearly the

character of ECAP texture. The main ideal ECAP texture components are denoted as Ay, A;, By, and
Co [21], which are given in the form of Euler angles (only in the ¢, = 0° and 45° sections) in Table 1.

As shown in Fig. 4(a), ODF plots separate the components that partially overlap in pole figures (e.g.
Ao, Ay and ATQ), allowing for a more unambiguous comparison of the individual components and

fibers. Studies on ECAP texture of FCC materials have introduced the so-called f1, f2 and f3 fibers



[12, 21]. The f1 fiber is composed of the ATQ—AQ—AZQ {1 1 1}¢ partial fiber [21]. The {2 fiber includes

the Co-Bg-Ag orientations along <1 1 0> and the Ao-A |, orientations along {1 1 1}e, which meet at the

Ay position [21]. The f3 fiber consists of the Ce-Be-Ae-Aze orientations [21].

Table 1. Ideal orientations (given in the ¢, = 0° and 45° sections only) and fibers of interest for

FCC materials in a single pass of ECAP using a @ = 90° die [21].

Eul les (°
Component Notation (pu gl ((D) o Fibers that the component belongs to
| 2
* 80.26/260.26 45 0
Ay 170.26/350.26 90 45 1T
* 9.74/189.74 45 0
A 99.74/279.74 90 45 RN
Ay 45 35.26 45 {11 1}e,<110>
Ao 225 35.26 45 {11 1}e,<110>
Bo 45/165/285  54.74 45 <1 10>
Bs 105/225/345  54.74 45 <1 10>
135/315 45 0
< >
C 45/225 90 45 10>

To facilitate comparisons of textures developed after different passes, we plotted the @, = 0°, 15°,
30°,45°,60°, 75°, 90° ODF sections, with @ = 0-90° and ¢; = 0-180°. In Fig. 4(b)-(d), the dotted lines
represent the ideal orientations constituting the f1-f3 fibers as mentioned above. After 1 pass (Fig.
4(b)), the dotted lines can be observed to trace most of the highly populated orientations although
there are some slight deviations. The near-monoclinic symmetry of the 1 pass ECAP texture can be

observed, since the orientation distributions are approximately symmetric in the ¢; = 0-180° and ¢, =

180-360° intervals. Specifically, as can be seen from the ¢» = 0° and the @, = 45" sections, the ATe
component is strong and the Be/By components are moderate, while the A;e component is weak. This

is similar to the results in the work [26], even though the initial texture in the work [26] exhibits
strong (1 0 0) and (1 1 1) fibers. It further indicates that the initial texture plays a very limited role on
the ECAP texture.

After 3 passes, the maximum intensity has increased from ~18.1 to ~36.9 mr. It is clear that the

near-monoclinic symmetry is not maintained, such as the large difference in orientation densities



between Ay and Ag, and By and By. The loss of near-monoclinic symmetry is also reflected in the

different orientation distributions along fibers in the ¢; = 0-180° and ¢ = 180-360° intervals.
Nevertheless, main texture components can still be depicted along f1-f3 fibers, but the fibers appear to

be much less complete compared to those of the 1P sample, such as the lack of orientations near C.
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Fig. 4. (a) The ¢> =0° and 45° ODF sections [23], showing the main ideal orientations of FCC
materials deformed by a 90° ECAP die, and ODF sections (¢, = constant) of textures measured after
(b) 1P, (c) 3P and (d) 5P. The dotted lines represent the ideal orientations constituting the f1, {2 and 3
fibers.

With increasing the number of ECAP passes to 5, the maximum intensity decreases compared to
those of the 1P and 3P samples. It can be observed that the main texture orientations of the fland 3
fibers become less concentrated to some extent. Moreover, the A;e component is still almost absent.
As indicated in the @, = 45° section, compared with the 1P sample, the <1 1 0>¢-fiber becomes less
completed, which is consistent with the PF results in Fig. 2(d2). Considering the 4-pass cyclic
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deformation in route Bc, it is interesting to compare textures of the 1P and 5P samples. The fading of
the f1, £2 and {3 fibers can be clearly seen, especially the f2 fiber in the ¢; = 0-180° interval, which

further indicates that the CDRX process can weak the ECAP texture.

3.2. Microstructural evolution during annealing

Fig. 5 shows EBSD IPF and boundary maps of the 5P sample annealed at 200 °C for different
times. Comparted to the 5P sample (Fig. 2(d;)), after annealing for 2 h, limited grain growth can be
observed. It indicates that recovery is the main process that takes place in the structure, i.e., thermally
activated annihilation and rearrangement of dislocations. As demonstrated in our previous work [42],
in the 5P sample, dynamic recovery and recrystallization during ECAP deformation have fulfilled to
such an extent that most dislocations are already in the form of well-developed (sub)grain structures.
Therefore, although the number of dislocations in the grain interiors decreases, few new (sub)grains
can form.

With further increasing the annealing time to 8 h (Fig. 5(b)), typical discontinuous
recrystallization still cannot be observed, i.e., ‘‘recrystallized’’ and *‘unrecrystallized’’ regions cannot
be well distinguished. The as-deformed (5P) alloys have transform into a reasonably homogeneous
microstructure, which means that “extended recovery” has occurred. It can be seen that the number
density of ultrafine grains (with grain sizes less than 1 um) shows a decreasing trend and the average
grain size becomes larger (~1.3 um), which indicates coarsening of the grain structure. After
annealing for 96 h (Fig. 5(c)), the average grain size has further increased to ~2.2 pm. Some
dislocation-free grains with dimensions larger than 10 um appear, which has consumed the smaller
ones as a result of their faster growing rate.

Fig. 5(d) presents the large-scale microstructure of the 5P sample after annealing for 240 h. It can
be seen that on a large scale, a significantly heterogeneous microstructure has formed. Some
coarsened grains separated by high angle boundaries appear to be with an elongated shape along the
ED axis. Some grains are much finer, showing a large fraction of low angle boundaries. This kind of
heterogenous microstructure is a result of inheriting the microstructure of the 5P sample. As shown in

Fig. 2(d;), in the 5P sample, some coarse grains bounded by high angle boundaries exist. Compared to
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the well dynamically recrystallized ultrafine grains, these coarse grains are with a higher dislocation
density. Therefore, coarse grains recover faster during annealing at 200 °C, followed by growing and

consuming the less recovered region.
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Fig. 5. EBSD IPF maps and boundary maps of the Al-8Zn alloy annealed at 200 °C for different
times. (a) 5P + 2 h, (b) 5P+ 8 h, (¢) SP + 96 h and (d) 5P + 240 h. In IPF maps, grey lines and black
lines depict boundaries with misorientation angles of 5° <0 <15° and 15° < 6 <180°, respectively. In
boundary maps, green, red and blue lines depict boundaries with misorientation angles of 2° < 6 < 5°,

5°<0 <15 and 15° <6 < 180°, respectively.

In order to study the microstructural evolution during static recrystallization, annealing was
carried out at a higher temperature of 350 °C. Quasi-in-suit EBSD was conducted on the 5P sample
annealed at 350 °C, which means that the measurements were performed on the same area as close as
possible. Fig. 6 shows the IPF and kernel average misorientation (KAM) maps of the 5P sample
annealed at 350 °C for different times. After annealing at 350 °C for 2 min (Fig. 6(a)), two types of

regions with clearly different microstructures can be classified. Most of the material has recrystallized,
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leaving few areas with fine grains surrounded by low angle boundaries and contain a relatively higher
dislocation density, such as the areas heighted by the white circles. The recrystallized areas are with
much coarsened equiaxed grains, which appear to be mainly delineated by high angle boundaries. As
highlighted in the IPF map in Fig. 6(a), the grains G1 and G5 are just recrystallized, while the grains

G2-G4 and G6 have grown to a larger extent.

(a) 5P +350°C-2min ||(b) 5P + 350°C-15min || (¢) 5P + 350°C-30min
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Fig. 6. EBSD IPF maps and Kernel average misorientation maps of the Al-8Zn alloy annealed at
350 °C. (a) 5P + 2 min, (b) 5P + 15 min and (c¢) 5P + 30 min. Grey lines and black lines depict

boundaries with misorientation angles of 5° <0 <15° and 15° <0 <180°, respectively.

With increasing the annealing time to 15 min, the microstructure is fully recrystallized. It can be
seen that the grain G1 has grown greatly, while the grains G3-G6 are with a slower growing rate. The
grains between grains G1, G2 and G5 have completely consumed by the grains G1 and G2. With
further increasing the annealing time to 30 min, the grain growth rate becomes slower compared to
that within 15 min. The grain shape is close to equiaxed, with an average grain size of ~ 12.4 um. By
comparing the IPF maps in Fig. 6(b) and (c), it can be seen that the grain G5 has been consumed
completely by the grains G1 and G2, which indicates that compared to the grains G3-GS5, the grains

G1 and G2 are with a priority to grow.
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3.3. Influence of annealing on ECAP texture

(a)
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Fig. 7. (1 1 0) and (1 1 1) pole figures of 5P Al-8Zn alloy annealed at 200 °C. (a) 8 h, (b) 96 h
and (c) 240 h. The dotted lines in pole figures indicate the ideal shear plane and SPN is the shear

plane normal.

The effect of annealing at 200 °C on ECAP texture is illustrated by pole figures in Fig. 7. After
annealing at 200 °C for 8 h, the texture remains quite similar to that of the SP sample (Fig. 2(d>)). It
means that this annealing condition does not change the texture very much, demonstrating that
extended recovery is not radical enough to climinate original ECAP fibers. This is because no
nucleation of new crystals with orientations totally different from their parent grains. With increasing

the annealing time to 96 h at 200 °C, despite grain growth happens, the textures are still close to those
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of the 5P and 5P+8h samples. After annealing at 200 °C for a very long time of 240 h, orientations of
the main ECAP texture components are still almost identical to that of the 5P sample, with limited
increase of the maximum intensity. It indicates that grains contribute to the main ECAP texture

components grow at a similar rate.
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Fig. 8. (1 1 0) and (1 1 1) pole figures of SP Al-8Zn alloy annealed at 350 °C. (a) 2 min, (b) 15
min and (c) 30 min. The dotted lines in pole figures indicate the ideal shear plane and SPN is the shear

plane normal.

As can be observed from Fig. 8, after annealing at a higher temperature of 350 °C, orientations of
the main ECAP texture components are quite similar to that of the 5P and 5P samples annealed at 200
°C, but with higher maximum intensities. Therefore, fully recrystallization and subsequent grain
growth cannot modify the as-deformed (5P) ECAP texture. It reveals that the formation of new grains
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during static recrystallization cannot give rise to new orientations developed against those of the as-
deformed grains. Also, there seems to be limited preferential grain growth of the recrystallized grains
with special grain orientations. This has been further clarified by pole figures of partitioned grains
with different grain sizes in 5P + 2 min sample. As can be seen from Fig. 9, the pole figures of grains
with the grain size <2 pm, 2-10 pm, and > 10 pm show similar characteristics to that of the 5P + 2

min sample (Fig. 8(a)).

()

Grain size
<2 um

(b)

Grain size
2-10 pm

(c)

Grain size
= 10 pm

Fig. 9. (1 1 0) and (1 1 1) pole figures of grains with different sizes in the 5P + 2 min sample
annealed at 350 °C. (a) Grain size < 2 pum, (b) 2 um < grain size < 10 pum and (c) grain size > 10 pm.

The dotted lines in pole figures indicate the ideal shear plane and SPN is the shear plane normal.
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The similarity between texture of the 5P sample and the annealed 5P sample can be also
confirmed by the selected @, = constant ODF sections in Fig. 10. In comparison to the 5P sample,
positions of the main texture components in ODF plots becomes more spread, which is more obvious
when annealing at 350 °C. In addition, little increase in the maximum intensities of the 5P samples
annealed at 200 °C can be observed, while annealing at 350 °C results in larger maximum intensities.

Furthermore, recrystallization (annealing at 350 °C) leads to decreases in the maximum intensity of
A’fe and Cy orientations.

(a) 5P+200°C-8h

T

(c) 5P +200°C-240h
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(d) sp +350°C-2min g, (e) 5P+ 350°C-15min g, (f) 5P +350°C-30min
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Fig. 10. ODF sections (¢, = constant) of the 5P sample measured after annealing at 200 °C and
350 °C. (a) 200 °C-8 h, (b) 200 °C-96 h, (c) 200 “C-240 h, (d) 350 °C-2 min, (e) 350 "C-15 min and
350 °C-30 min. The dotted lines represent the ideal orientations constituting the f1, f2 and 3 fibers.

17



In order to ascertain the evolution of the fl1-f3 fibers, their intensities are represented by the
number fraction of selected orientations (with a 5° spread) defined as highly populated orientations
constituting the f1, f2 and 3 fibers. It can be observed from Fig. 10 that the further deformation after
3 passes of ECAP does not change the intensity of all the three fibers very much, while after 5 passes
of ECAP, the intensity decreases sharply. Overall, static recovery and recrystallization during
isothermal annealing lead to limited changes (1-3%) in the fraction of f1-f3 fibers, which is consistent
with the results as revealed by pole figures (Fig. 7 and 8). Also, grain growth exerts little influence on
the ECAP texture, such as annealing at 200 °C for 240 h and at 350 °C for 30 min. Among all the
three fibers, fiber 3 shows an increasing trend after annealing at 200 °C for 240 h and at 350 °C for 30
min. The evolution of the total fraction of f1-f3 fibers implies the weakening of texture during ECAP,
while static recovery and recrystallization during post-ECAP isothermal annealing have a limited

influence on the ECAP texture.

@) 5] =—— —a—f1 fiber | (D) 16] =—— —a—f1 fiber
124 12
8 s 8
|
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Fig. 11. Fraction evolution of the three main texture fibers (f1-f3) as well as the total of f1-f3
fibers with a spread angle of 5°. (a) Annealing at 200 °C, and (b) annealing at 350 °C. For comparision,
the fractions of the three main texture fibers (f1-f3) of the as-ECAPed samples have also been given

in (a) and (b).

4. Conclusions
The Al-8Zn alloy was subjected to ECAP via route Bc and post-ECAP isothermal annealing at

200 °C and 350 °C. A complete study on the microstructural and texture evolution as well as their
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interaction was carried out by EBSD. This study provides an insight into the influence of post-ECAP
annealing on texture, in terms of recovery and fully static recrystallization. The following main
conclusions can be drawn.

(1) After 1 pass of ECAP, the ECAP texture is similar to the ideal shear texture. During deformation,
even though the coarse grains are less deformed, they have rotated towards the ideal ECAP texture
orientations.

(2) With increasing the number of ECAP passes to 5, the main texture components can still be
depicted by fibers f1-f3. However, fading of the f1, f2 and {3 fibers occurs, resulting in less completed
f1-f3 fibers.

(3) The quantified study of texture evolution by calculating the fraction of the main texture fibers with
a spread angle of 5°, ascertained the weakening of ECAP texture after 5 passes via route Be due to
CDRX.

(4) Only recovery occurs upon annealing at 200 °C for 2 h, while the coarsening of UFG grains are
depressed. The grain structure is thermally stable up to 8 h at 200 °C with slight grain coarsening.

(5) The ECAP texture of the 5P sample shows a stability when annealing at 200 °C up to 240 h,
keeping the main orientations and intensity almost unchanged. The reason is that grains contribute to
the main ECAP texture components grow at a similar rate.

(6) After annealing at a higher temperature of 350 °C, recrystallization occurs. However, orientations
of the main ECAP texture components are quite similar to that of the 5P and 5P samples annealed at
200 °C, but with higher maximum intensities. Also, there seems to be limited preferential grain
growth of the recrystallized grains. It indicates that fully recrystallization and subsequent grain growth

can hardly modify the as-deformed (5P) ECAP texture.
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