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Abstract 

An Al-Zn-Mg-Cu alloy without Sc or Zr additions was subjected to overaging and 
processing by equal channel angular pressing, obtaining a grain size of ∼160 nm and a 
fraction of high-angle boundaries of 56%. The high elongations attained at high strain 
rate (10-2-10-3 s-1) and low test temperature (250-300 ºC) are attributed to the formation 
of new recrystallized grains, ∼500 nm in size, during heating at test temperature. The 
presence of equiaxed grains and texture randomization in the gauge length confirms that 
grain boundary sliding is the operative deformation mechanism in the mentioned range 
of testing conditions. 
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1. Introduction 

Superplastic forming (SPF) at high strain rates or low temperatures is highly 
desirable in industrial fabrication [1,2]. 

Although ECAP may be readily utilized to achieve ultrafine grains in 
polycrystalline metals [3-5], the retention of these small grains at elevated temperatures 
requires the presence of an uniform distribution of stable precipitates to inhibit grain 
growth [6,7]. Accordingly, the poor stability of the microcrystalline structure of Al 
alloys at high temperatures may be overcome by addition of suitable alloying elements 
(e.g. Zr or Sc [8-10]). However, these elements increase the price of alloys. 

In this work, a thermomechanical processing (TMP) based in overaging and ECAP 
processing is proposed to develop the microstructure required to achieve superplasticity 
in the Al 7075 alloy without Sc or Zr additions. The initial overaging treatment 
optimizes the distribution of pinning particles, hindering the migration of high-angle 
grain boundaries during subsequent superplastic forming. 
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Therefore, the main aim of our investigation was to study the deformation 
behaviour of the overaged and ECAPed Al 7075 alloy, to confirm the possibility of 
superplastic behaviour, and to analyze the microstructure evolution from the as-
processed condition to that after mechanical testing to determine the operative 
deformation mechanisms. 

 
2. Experimental procedure 

Commercial Al 7075-T651 rolled plates 12 mm thick with a composition of 
5.68Zn–2.51Mg–1.59Cu–0.19Cr (in wt.%) were used. Prior to ECAP processing, as-
received Al 7075-T651 samples were subjected to overaging at 280ºC during 5h to 
obtain an stable microstructure, free of elements in solid solution, and to minimize 
dynamic processes, such as nucleation and precipitate coarsening during ECAP 
processing. The overaged Al 7075 alloy was named as start Al 7075-O. 

ECAP billets with dimensions 70mm×10mm×10mm were processed using a sharp-
cornered 90º ECAP die by route BC, at a pressing speed of 5 mm/min. Each sample was 
initially pressed once at room temperature (Np=1), and then pressed repetitively up to 8 
passes at 130ºC, equivalent to an imposed strain of ε=8. 

The microstructure of processed samples was analyzed by transmission electron 
microscopy (TEM) using a JEOL JEM 2000 FX II equipment operating at 200 kV. 
ECAPed samples were always examined at the middle of the ECAP flow plane in order 
to avoid die wall effects. Samples were ground mechanically and then polished to 
perforation using a twin-jet electropolishing facility with a solution of 30% nitric acid in 
methanol at -28 ºC and 15 V. 

The grain size was measured from TEM images using the linear intercept method 
without discriminating between high- and low-angle boundaries using the Sigma Scan 
Pro software. More than 300 grains were analyzed. Grain size data fell into log-normal 
distributions, so the geometric mean value was chosen as a measure of the size. 

The microtexture was examined with an automated crystallographic orientation 
mapping (ACOM) tool attached to a JEOL 3010 TEM operating at 300 kV and 
equipped with a LaB6 filament. This technique consists of analyzing spot diffraction 
patterns [11] rather than Kikuchi lines, which are considered in the EBSD (electron 
backscattered diffraction) technique. For studies involving large strains, the spot 
patterns are preferred, because they are known to be less sensitive to the internal 
stresses resulting from severe plastic deformation [12]. 

A beam size of 15 nm was used. The diffraction patterns are collected at a rate of 
30 frames per second through the frame grabber and the area of interest was typically of 
300 x 300 pixels. The step size was 15 nm. The use of ACOM allows imaging of the 
microstructure based on orientation measurements, as well as the presentation of 
microtexture and grain-boundary data [13]. Color-coded grain-orientation maps were 
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produced by assigning data points to the same grain if neighboring lattice orientations 
differed by less than 1º. Thus, a low-angle grain boundary (LAB) was defined by a 
misorientation between adjacent grains of 1º<θ<15º, and a high-angle grain boundary 
(HAB) was defined by θ>15º. HABs and LABs are shown as black and white lines, 
respectively, on the maps. However, the fraction of high-angle boundaries (fHAB) was 
calculated from misorientation data higher than 2º. Discrete pole figures were employed 
to examine the microtexture corresponding to the region investigated. 

Planar dog-bone tensile samples of 10 mm×3 mm×1.5 mm gauge dimensions with 
a radius of 3mm were machined out of the ECAP samples parallel to the flow plane and 
with the tensile axis parallel to the extrusion direction. These samples were tested in 
tension using an universal Instron 1362 testing machine at various strain rates and 
temperatures, ranging between 10-5-10-1 s-1 and 200-400 ºC, respectively. Some samples 
were pulled to failure at constant strain rate, while others were subjected to strain-rate-
change tests (SRC) to determine more precisely the apparent stress exponent, nap [14]. 
An example of the stress–strain rate data determination by means of SRC tests is given 
in Fig. 1. The initial strain rate used in these tests was 10-1 s-1. A first strain rate jump 
down to 3.10-2 s-1 is performed after a plastic deformation of ∼15-20%. Then, the strain 
rate is consecutive reduced in steps, each having ε∼2-4%, down to ∼10-5 s-1. 
Subsequently, the strain rate is increased in three additional steps up to 10-2 s-1, as a 
check on the repeatability of flow stress measurements. 

Finally, TEM and electron backscatter diffraction (EBSD) data were taken in the 
grip and gauge regions of deformed samples. EBSD maps were performed in a scanning 
electron microscope (SEM) JEOL JSM 6500F, with a fully automatic EBSD 
attachment, HKL Technology, operating at an accelerating voltage and working 
distance of 20 kV and 15 mm, respectively. The corresponding data processing was 
carried out using HKL Channel 5 software. A low angle grain boundary (LAB) was 
defined by a misorientation between adjacent grains of 2º<θ<15º, and a high angle grain 
boundary (HAB) was defined by θ>15º. HABs and LABs are shown as black and white 
lines respectively on the maps. 

 
3. Results and Discussion 

The as start Al 7075-O alloy microstructure consisted of large grains, 350 ± 10 μm 
length and 15 ± 2 μm thickness [15]. Fig. 2a shows a TEM micrograph corresponding to 
the ECAPed-8p-130ºC Al 7075-O sample. An average (sub)grain size of ∼163 ± 5 nm 
was achieved after ECAP processing. The (sub)grain shape was slightly elongated in the 
shear direction of the last ECAP pass. In addition, it can be observed high density of 
precipitates (100–200 nm in diameter), randomly distributed both within the grain 
interiors and at the grain boundaries, which are indicated by black arrows. These 
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spherical precipitates (Mg(Zn2,AlCu) and Al18Mg3Cr2), coarsened during overaging but 
remained unaffected by ECAP processing [15]. 

The microtexture data are presented as a crystallographic orientation map and the 
relating {111} pole figure in Fig. 2b. Fig. 2c shows the corresponding misorientation 
distribution in the form of a histogram. 

The orientation map (Fig. 2b) shows that the lamellar boundaries aligned with the 
shear direction were predominantly high-angle in character, HABs, while transverse 
boundaries were mainly low angle boundaries, LABs. The fraction of HABs (fHAB) was 
56% as shown in Fig.2c. 

The ECAPed Al 7075-O sample shows a typical FCC shear texture [16,17], with 
multiple orientations through the A ({111}<uvw>) and B ({hkl}<110>) fibres (Fig.2b). 
Thus, the as-processed microstructure with strong texture and intermediate-low fHAB 
does not seem to be a priori very prone to superplastic behaviour. 

The results of the mechanical testing are summarized in Fig. 3. The strain rate ( ) 
was plotted logarithmically against the flow stress (σ) at temperatures in the range 200 
to 400ºC (Fig. 3a). For simplicity, only two curves for the as start Al 7075-O alloy 
tested at 200 and 400ºC have been included. The black filled symbols correspond to the 
ECAPed sample, while the white open symbols correspond to the as start alloy. The 
results corresponding to the ECAPed material tested at 400ºC have been represented by 
a red filled symbol. The slope of each line delineates the apparent stress exponent, nap 
(=∂ log /∂ log σ). This apparent stress exponent is influenced by microstructural 
changes produced during deformation. nap is plotted for each curve in Fig. 3b and values 
between 3.2 and 8 are obtained. 

The ECAPed Al 7075-O alloy exhibits a sigmoidal relationship between  and σ 
(Fig. 3a). This sigmoidal relationship has been reported for superplastic alloys [18]. 
Furthermore, the -σ curves for the ECAPed sample strongly shift toward lower stress 
values with an increase of temperature up to 350ºC. In general, the ECAPed samples 
exhibit lower σ than the as start Al 7075-O alloy except at 400ºC, where the -σ curves 
for both materials are very similar. This is indicative that different deformation 
mechanisms are operative for both materials at low test temperatures. 

While the minimum value of nap for the as start material is observed for the lowest 
 at the given temperatures, the minimum nap is registered at  between 10-3 and 10-2 s-1 

at 300 and 350 ºC (Fig. 3b) for the processed material. For the as start alloy, nap is 
ranged between 5 and 8, while for the ECAPed samples, nap varies in the range 3.2-8. 
The minimum nap∼3.2 for the ECAPed sample occurs at 300ºC and 10-2 s-1, while for 
the ECAPed samples tested at 400 ºC nap is higher, being ∼6 at 10-2 s-1. This increase of 
nap at high temperature for the ECAPed material suggests a change in deformation 



 5

mechanism from GBS to slip creep, and is consistent with the advent of grain growth 
[19]. 

It is worth noting that the only difference between the as-received material and the 
ECAPed Al 7075 alloy is the fine grain size of the ECAPed material. The most 
important change observed with increasing the number of ECAP passes during the 
ECAP processing was the decrease of grain size [15]. Therefore, taking into account 
that GBS is a grain size dependent mechanism, as it is reflected in the GBS equations 
[20-23], it is reasonable to assume that the grain refining produced during processing 
results in an increase in strain rate and a decrease in the temperature at which optimum 
superplasticity appears in the ECAP processed sample [24,25]. 

Fig. 3c shows the variation in elongation to failure, eF, with the initial  for the as-
start and ECAPed Al 7075 alloy. A horizontal line has been traced at eF=200% to 
delimit the elongation above which superplasticity is usually accepted [26,27]. The as 
start material exhibits elongations lower than 200% over the entire  range considered. 
On the other hand, at test temperatures between 250 and 300ºC, the ECAPed Al 7075-O 
sample was considerably more ductile than the as start material.  It should be noted that 
elongations higher than 200% are obtained at 250ºC, a temperature that can be 
considered intermediate-low for aluminium alloys. In a previous work [28] an 
elongation value of 190% at 200ºC and 10-3 s-1 was reported for the Al 7075 alloy 
processed at other ECAP conditions. However, in the current work, the ECAPed Al 
7075 alloy exhibited a maximum elongation of 322% at 300ºC and =10-3 s-1, being 
more than three times that of the as start material. This corresponds to the smallest nap 
value, close to 3 (Fig. 3b). It is also worth noting the value of eF=210% at 300ºC and 
=10-2 s-1, strain rate that can be associated with high strain rate superplasticity (HSR 

SP), which is defined formally as ≥ 10-2 s-1 [29-32]. Although at 300ºC lower nap value 
is obtained at 10-2 s-1 than that at 10-3 s-1 (Fig.3b), the lower ductility at 10-2 s-1 is 
attributed, on one hand, to the difficulty of accommodating deformation at high strain 
rate, and on the other hand, the slight grain coarsening produced during a long tensile 
test at 10-3 s-1, which stabilizes deformation and justifies the increase in the observed nap 
(Fig.3b). 

On the contrary, the ECAPed samples tensile tested at 350ºC showed much lower 
ductility, with values very similar to those for the as start Al 7075-O alloy. 

Therefore, the high nap values observed together with the presence of the 
precipitates in the initial overaged state allow us to conclude that the rate-controlling 
process for the as start Al 7075-O alloy is a constant substructure slip creep mechanism 
according to Sherby’s model [33], characterized by a stress exponent n=8. Furthermore, 
this mechanism is operative in the as start alloy in all the range of testing conditions (10-

2-10-3 s-1 and 250-300ºC) where the ECAPed alloy showed much lower nap values, 
associated in this work with GBS mechanism. 
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For the ECAPed sample, the observation of lower stresses, ductility values higher 
than 200% and nap decreasing towards 2 suggest a transition to a GBS mechanism [34], 
that should be rate controlling already at 250ºC (Fig. 3c).  The ductility enhancement of 
the ECAPed alloy between 350 and 400ºC is lost and the flow stress at 400ºC is similar 
to that of the as-start material (Fig. 3a). In addition, the nap values were consistently 
higher than 5 for the various , indicating again a change into a slip creep mechanism.  

Several specimens were examined by TEM after tensile testing. Fig. 4 shows an 
example for the ECAPed sample pulled to failure at 300ºC and 10-2 s-1, specimen that 
exhibited HSR SP and elongation of 210%. The average grain size in the grip section 
(Fig. 4a) was 0.9 ± 0.1 μm, showing a recrystallized structure, evolved during heating at 
the test temperature. By contrast, the average grain size in the gauge region (Fig. 4b and 
c at two magnifications) was measured as 500 ± 20 nm, which is significantly larger 
than the as-ECAPed grain size of ~160 nm (Fig. 2a). It is therefore assumed that 
continuous static recrystallization occurs during heating to the test temperature giving 
result to a grain size that is defined by the distance between precipitates. It is apparent 
that the precipitates that coarsened during overaging pinned the grain boundaries and 
prevented abnormal grain growth. However, dynamic recrystallization does not occur 
during superplastic deformation because neither a peak at low strains, nor stress 
oscillations, nor dynamic strain softening, which is typical of continuous 
recrystallization, are observed in the stress-strain curves [35,36]. Furthermore, as it will 
be seen below, a significant shift in the misorientation distribution toward random 
texture is obtained after deformation in the gauge length. This texture evolution is in 
contrast to microstructures that evolve during superplastic straining via a continuous 
recrystallization, where retention of prior deformation textures and gradual evolution of 
high-angle boundaries are observed during superplastic straining [37]. 

On the other hand, the grain size in the gauge region is slightly finer than in the grip 
region. It is our contention that during the tensile test the grain size in the grip grows 
more quickly than that in the gauge length where GBS is taking place. This behaviour 
will be discussed below. 

Fig. 5 shows EBSD orientation maps and <111> pole figures for the grip (a,e,g) and 
gauge (b,f,h) sections of the ECAPed Al 7075-O alloy subjected to SRC tests at 300ºC 
(Fig. 5a,b), 350ºC (Fig. 5e,f) and 400ºC (Fig. 5g,h). It is worth noting that deformation 
during the SRC tests was performed mostly at 10-2 s-1 (Fig. 1), and the total time at test 
temperature was about 65 min, which is considerably longer than that corresponding to 
the samples shown in Fig. 4 (∼20 min), tested at constant strain rate.  Misorientation 
histograms corresponding to EBSD maps in Fig. 5a and b are shown in Fig. 5c and d, 
respectively. Fig. 5a and b corresponding to the sample tested at 300ºC shows an 
equiaxed (sub)grain structure both in the grip and gauge section. Due to the longer time 
characterizing the SRC test, the grain size observed both in the grip and gauge regions 
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is coarser (2 ± 0.5 μm) than that observed in the sample of Fig. 4. This grain growth 
observed as a function of the testing time justifies the higher nap∼3 value than the 
theoretical n=2 during superplastic deformation, as predicted by GBS equations [20-23].  

The undeformed grip region (Fig. 5a) shows a slight increase in shear texture 
intensity respect to the as-processed sample (Fig. 2b) and no new texture components 
are apparent. The texture retention and the development of a bimodal grain boundary 
misorientation distribution at 300ºC, as shown in Fig. 5c, are consistent with the 
occurrence of static recovery and continuous recrystallization [38]. On the other hand, 
there is a significant shift in the misorientation distribution toward random after 
deformation at 300ºC (Fig. 5d), being very close to the random grain assembly 
predicted by Mackenzie [39], with fHAB∼83%.  The reduction in texture intensity and the 
evidence of fairly equiaxed grains after tensile testing, without visible elongation along 
the tensile axis (Fig. 5b), is indicative of a GBS mechanism which implies multiple 
grain rotation [40] and absence of dislocation movement that would involve a 
reinforcement of certain texture components [41,42]. In addition, as demonstrated 
previously and is usual in superplasticity, grain growth occurs during deformation 
within the gauge length [43], and justifies the observed nap values higher than 2. 

Although nap values close to 3 have been obtained, solute drag (SD) dislocation 
glide mechanism [19,44] cannot be operative because of the following reasons. i) The 
as-received sample was subjected to an overaging treatment, being free of elements in 
solid solution prior to the ECAP processing; furthermore, at 300ºC, where the maximum 
elongation has been obtained, the presence of solid solution in this alloy by a possible 
dissolution of precipitates is negligible. ii) Solute drag mechanism controlled by 
dislocation glide is grain-size independent. Therefore, the stresses corresponding to the 
ECAP processed (with fine grain size) and the un-processed material (with coarse grain 
size) should be similar. However, at the test temperatures, the ECAP processed material 
is less creep resistant and presents much higher elongation than the as start material, 
until a mechanism change to dislocation creep due to grain coarsening is produced at 
400ºC, presenting the two materials similar mechanical behaviour, as shown in Fig.3. 
iii) Strain rate change tests (SRC) have been performed, as shown in Fig.1, and no 
inverse transient creep has been observed. Under SD mechanism, upon an increase or 
decrease in strain rate, the flow stress undergoes a large, abrupt increase or decrease, 
and then gradually decays or increases toward a steady-state value until a new step in 
strain rate. Such inverse transients are exhibited only by SD creep in alloys with solid 
solution and, as such, can be used to positively identify the presence of this deformation 
mechanism [45,46]. Thus, the absence of transients in steps is consistent with 
deformation controlled by GBS creep. iv) High elongations are obtained under different 
tensile test conditions maintaining an equiaxed grain (Fig.4b and 5b). Under solute drag 
mechanism, highly elongated grains in the strain direction appear in the deformed 
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sample because this mechanism involves dislocation movement [26]. In addition, the 
consideration of the apparent stress exponent (nap) value as only evidence to determine 
the deformation mechanism may lead to an erroneous assessment of the operative 
mechanism. Thus, different experimental evidences, aside from nap and elongation 
values, must be verified to assign properly the operative deformation mechanism.  

Thus, it is our contention that the different experimental evidences in the current 
work, such as dependence with grain size, equiaxed grains before and after deformation 
and random texture after deformation, apart from low stresses, high elongations and low 
stress exponent values, proof that grain boundary sliding is the operating mechanism, 
and thus the ECAPed alloy presents superplastic behavior in a window of testing 
conditions. 

On the other hand, similar grain sizes are observed in the grip and gauge regions of 
the ECAPed sample at 300ºC (Fig. 5a and 5b) in contrast to the finer grain sizes 
observed in the gauge region in Fig. 4. This is attributed to the shorter time 
characterizing the test of Fig. 4.  At the beginning of this test, the grain sizes are similar 
in the gauge and in the grip regions but the grains in the gauge region grew at a lower 
rate during the remaining time required for straining (about 2 min). This is attributed to 
the GBS mechanism, which is characterized by the elimination of dislocations through 
the grain boundaries, reducing the driving force for grain growth.  However, the longer 
time during the SRC tests leads to similar grain growth in both regions. 

In contrast to 300ºC, 350ºC is a critical temperature because non-homogeneous 
grain growth occurs, as observed clearly in the grip section (Fig. 5e). While the gauge 
section (Fig. 5f) shows fairly equiaxed grains with an average size of 3.8 ± 0.5 μm, a 
duplex microstructure is observed in the grip (Fig. 5e), with a small number of large 
grains being surrounded by fine grains, similar in size to those in the gauge section. The 
occurrence of a GBS mechanism under this test condition is corroborated by a nap value 
of ∼3 (Fig. 3b) and the fairly equiaxed grain shape. Thus, while fine recrystallized 
grains are still retained in the gauge length during GBS straining (Fig. 5f), strong grain 
growth is taking place in the grip section during the whole time at test temperature (Fig. 
5e), probably assisted by the beginning of precipitate dissolution at 350ºC. This 
precipitates dissolution should be also present in the gauge region.  However, the 
decrease of driving force for grain growth associated with GBS should contribute to 
retain the equiaxed grain size observed in Fig. 5f.  

Finally, large coarsening is observed after testing at 400ºC (Fig. 5g and h) in the 
gauge section and especially at the grip. The extensive precipitate dissolution that takes 
place above 350ºC explains this coarsening. The grains in the gauge length are 
elongated in the tensile direction due to a change between GBS at lower temperatures 
(250-300 ºC) and dislocation-dominated flow at 400ºC. This justifies the increase in 
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flow stress and in nap for the ECAPed sample at 400ºC observed in Fig. 3a and b 
respectively.  

In summary, static recovery and continuous recrystallization taking place under 
some test conditions leads to microstructures prone to superplastic behaviour. 

 
4. Conclusions 

The Al 7075-T651 alloy has been subjected to overaging at 280ºC during 5h prior 
to ECAP processing and its mechanical properties at intermediate-high temperatures 
and the microstructure evolution have been analyzed. The main conclusions of this 
study are as follows: 

1. The thermomechanical process performed allowed to obtain superplasticity at 
higher  and lower temperature than those reported up to date for this alloy. 

2. Although the as-processed sample showed a microstructure a priori little prone 
to superplastic behaviour, the occurrence of continuous recrystallization during 
heating at 300ºC previous to deformation, led to excellent ductility. 

3. Despite this continuous recrystallization, the large grain refinement obtained 
during ECAP processing (∼160 nm, fHAB=56%) together with overaged pinning 
precipitates allowed the attainment of fine recrystallized grain size, 0.5-2 μm 
depending on the test conditions. 

4. GBS is the dominant rate-controlling flow mechanism under test conditions of 
maximum ductility at 300ºC. This conclusion is supported by the presence of 
equiaxed grains, a grain size dependence and texture randomization in the 
gauge length of the tested samples. The solute drag dislocation glide mechanism 
has been dismissed, therefore, by experimental evidences. 

5. At 350ºC, fine recrystallized grains were retained in the gauge length, while 
strong grain growth was observed in the grip section. This is attributed to the 
fact that GBS mechanism during straining reduces the driving force for grain 
growth. 

6. The beginning of precipitate dissolution above 350ºC justifies the large grain 
coarsening observed after testing and the change of deformation mechanism to 
dislocation creep at high temperature. 
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Figure Captions 
Fig.1 Stress-strain curve obtained from a strain-rate-change test. 
Fig.2 a) TEM micrograph, and b) orientation map and {111} pole figure obtained by 
ACOM-TEM of the ECAPed Al 7075-O alloy; c) boundary misorientation angle 
distribution (2-60º) of adjacent grains. Solid line in c) represents Mackenzie 
distribution.  
Fig.3 Mechanical properties of the as-start and ECAPed Al 7075-O samples; a) strain 
rate-stress ( -σ) curves at various temperatures (200-400ºC), and b) variation of the 
apparent stress exponent (nap) versus strain rate ( ) obtained from SRC tests; c) 
elongation to failure (eF) against  from tensile tests carried out at constant strain rate. 
Fig.4 TEM micrographs of the a) grip region and b) and c) gauge deformed region of 
ECAPed Al 7075-O samples tensile tested at 300ºC and =10-2 s-1.  
Fig.5 EBSD maps and {111} pole figures of the a), e) and g) grip regions and b), f) and 
h) gauge deformed regions of ECAPed Al 7075-O samples tensile tested by SRC tests 
at 300, 350 and 400ºC; c) and d) show boundary misorientation angle distribution (2-
60ºC) corresponding to EBSD maps in a) and b) respectively. The tensile direction is 
indicated by a horizontal arrow in b). 
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Fig.1 Stress-strain curve obtained from a strain-rate-change test. 
 

 
 

Fig.2 a) TEM micrograph, and b) orientation map and {111} pole figure obtained by ACOM-
TEM of the ECAPed Al 7075-O alloy; c) boundary misorientation angle distribution (2-60º) of 
adjacent grains. Solid line in c) represents Mackenzie distribution. 
  



 14

 
 

Fig.3 Mechanical properties of the as-start and ECAPed Al 7075-O samples; a) strain rate-stress 
( -σ) curves at various temperatures (200-400ºC), and b) variation of the apparent stress 
exponent (nap) versus strain rate ( ) obtained from SRC tests; c) elongation to failure (eF) 
against  from tensile tests carried out at constant strain rate.  
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Fig.4 TEM micrographs of the a) grip region and b) and c) gauge deformed region of ECAPed 
Al 7075-O samples tensile tested at 300ºC and =10-2 s-1. 
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Fig.5 EBSD maps and {111} pole figures of the a), e) and g) grip regions and b), f) and h) 
gauge deformed regions of ECAPed Al 7075-O samples tensile tested by SRC tests at 300, 350 
and 400ºC; c) and d) show boundary misorientation angle distribution (2-60ºC) corresponding 
to EBSD maps in a) and b) respectively. The tensile direction is indicated by a horizontal arrow 
in b). 

 


