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A B S T R A C T

Effect of equal channel angular pressing ECAP process on creep properties of solid solutioned and annealed Al-
7075 alloy was investigated at different temperatures and applied stresses. The microstructures of treated alloys
before ECAP process were analyzed via transmission electron microscopy (TEM) and electron back scatter dif-
fraction (EBSD). Mechanical properties of ECAPed alloy were also characterized. The fracture surface of samples
was also observed by scanning electron microscopy (SEM). Subsequently, the creep mechanisms at different
temperatures and stresses were discussed. The results showed that applying the initial pass of ECAP can effec-
tively improve the mechanical properties and creep resistance of Al-7075 alloys due to impeding the dislocations
movement as a result of dislocation density growth. However, applying multi passes of ECAP on annealed Al-
7075 alloy did not have a positive effect on creep strength. Increasing the fraction of HAGBs and grain re-
finement of multi-pass annealed Al-7075 ECAPed alloy deteriorate the creep characteristic. The maximum creep
rate was achieved for annealed sample after 1 pass of ECAP at 503 K under 70MPa. Furthermore, according to
different values of stress exponent, n, creep mechanism of treated samples altered. Dislocation creep as a
dominant creep mechanism of annealed Al-7075 ECAPed alloy at both temperatures (503,543 K) was not altered
after initial pass of ECAP; however it was replaced by grain boundary sliding after multi passes of process. Core
creep mechanism of solid solutioned sample was also changed from Coble diffusion creep to viscos glide dis-
location after one pass of ECAP.

1. Introduction

The study of severe plastic deformation (SPD) methods over the last
decades has been much more extensive [1–4]. Numerous experimental
studies have shown that SPD techniques enhance the mechanical
properties of alloys due to ultra-fine grained (UFG) or nano-grained
(NG) formation at room or high temperatures [54][5]. As UFG and NG
is not stable, grain growth and recrystallization can happen when
working temperature exceeds about 0.3 Tm. It may deteriorate the creep
behavior of alloys [5–8]. On the other hand, it is also rational that the
nano-sized grains and second phases or precipitates in some alloys can
prevent dislocations motion due to their pinning roles. Consequently, it
keeps grain boundary from sliding and rotation and may improve the
creep resistance of alloys [9]. Altogether, the effect of SPD methods
such as equal channel angular pressing (ECAP) on the creep behavior of
alloys is still remained a challenge.

Al and its alloys have been widely used in some industries due to
their lightweight, excellent strength to weight ratio, good corrosion

resistance and high thermal and electrical conductivity [10]. Among
aluminum alloys, Al-7075 which is based on the Al–Zn–Mg–Cu alloy
system (the 7xxx series aluminum alloys) have been applied in the
aerospace, marine, automobile and aviation industries [11]. Until now,
many researches have been conducted to investigate the effect of SPD
methods on the mechanical, tribological, corrosion, fatigue and super-
plastic behavior of Al and its alloys [12–20]. However, the researches
about creep behavior of SPD processed Al alloys are very limited. It was
found in previous researches that the creep resistance of pure Al con-
siderably increases after one pass of ECAP, however at subsequent
passes, it starts to decrease due to increasing the amount of high-angle
grain boundaries (HAGBs) [21–26]. Studies about creep behavior of
ECAPed binary Al–Sc alloy and ternary Al–Mg-Sc alloy also indicated
the detrimental effect of ECAP on the creep resistance after multi-passes
of ECAP [27]. It was reported that the creep rate of these alloys in-
creased up to 100–200% after initial ECAP passes. However, sub-
sequent ECAP passes significantly reduced the creep life of the alloys
[28,29]. Since the creep properties of Al-7075 is of great importance in
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many applications and the effect of ECAP process on the creep behavior
of Al-7075 has not been investigated previously; evaluating the effect of
ECAP process on the creep behavior of this alloy seems to be worthy.
Hence, in this study, firstly two different heat treatments: annealing and
solid solution treatment were implemented on Al-7075 alloy to obtain
different microstructures. Then, the effect of ECAP process on creep
strength as well as creep mechanism of pre-treated alloy was in-
vestigated.

2. Material and method

2.1. Samples fabrication

The material used in this study was extruded rods of Al-7075 alloy
with diameter of 20mm. The chemical composition of the alloy is
presented in Table 1.

At first, the extruded rods were machined into the cylinders with
11mm diameter and 120mm length. Prior to ECAP, annealing and
solid solution treatment were carried out as pre-treatments. In order to
prove the microstructure of Al-7075 annealed alloy (Al 7075-O), the X-
ray diffraction analysis (XRD) was performed using an X'pert PRO MPD
Panalytical (Cu-Kα radiation) diffractometer. Then, ECAP was con-
ducted at the ambient temperature using a solid die with channel angle
of Φ=90° and outer curvature angle of Ψ=20°. The schematic of the
ECAP die is presented in Fig. 1. Table 2 summarizes the samples con-
dition and the code of each one. The deformation route of ECAP was BC

in which the sample is rotated 90° between the ECAP passes in one
direction and the pressing speed of ECAP was 0.5mm/min. It should be
noted that SS samples were processed just for one pass due to the in-
ducement of catastrophic microcracks after multi passes of ECAP,
while, the annealed samples were ECAPed up to 4 passes without
cracking.

2.2. Sample characterizations

Microstructural aspects of ECAPed specimens were characterized by
transmission electron microscopy (TEM) (JEOL JEM 3010 operating at
300 keV), and field emission scanning electron microscopy (FESEM)
equipped with an electron back-scattered diffraction (EBSD) camera
(Quanta 3D FEI operating at 15 kV and 10 nA). TD cross section of
samples was chosen for evaluation of microstructure. TEM samples
were prepared by twin-jet electro-polishing using an electrolyte of 30%

nitric acid and 70% methanol. Furthermore, the electropolishing with
30% nitric acid and 70% methanol solution was employed for EBSD
sample preparation. The detailed information of the examination pro-
cedure and sample preparation for microstructure characterization has
been reported in our previous papers [30–32].

Tensile specimens were prepared according to ASTM-E8 and tensile
testing was done using a Zwick-Roell machine at a rate of 1mm min−1

with the load direction parallel to the specimen axis. The yield strength,
ductility (elongation to failure) and ultimate tensile strength of the
samples were then evaluated. Each test was repeated at least 3 times to
ensure the repeatability of the results. The Vickers microhardness test
was performed on the cross section of the specimens by a VMHTAUTO
Leica Wechsler microhardness tester. Each test was repeated at least 5
times near the center of samples.

In order to evaluate the creep properties of Al-7075 alloy before and
after ECAP process, the tension-creep test was used. The creep samples
were machined with a gage diameter and length of 4.5 and 25mm,
respectively. The creep tests were performed with the applied stress of
70, 75, 80, 85 and 90MPa at 503 and 543 K for O samples and 140,
145, 150, 155 and 160MPa at 543 and 583 K for SS samples using a
SANTAM SCT-30 creep tester. It should be mentioned that due to the
higher strength of the Al-7075 in solid solution condition compared
with that of annealed one, higher temperatures and stress were con-
sidered for creep test of solution treated samples. The surface micro-
structure of samples after creep test was also observed via AIS2300C
scanning electron microscopy (SEM).

3. Results

3.1. Microstructure analysis

Precipitates characteristics of both annealed and solid solutioned Al-
7075 alloy before and after ECAP process have been studied by TEM.
Fig. 2 presents the high magnification TEM images of the pre-treated
samples before and after ECAP process. As it can be seen, the annealed
sample (Al 7075-O) consists of mainly coarse and minor quantities of
fine MgZn2 precipitates in Al matrix. Fig. 3 shows the XRD pattern of
the initial Al 7075 alloy SEM microstructure and chemical analysis of
precipitates in EDS analysis are shown in Fig. 4. The presence of MgZn2
peaks in XRD pattern and the results of EDS microanalysis prove that
the microstructure consists of mainly α-Al as matrix and MgZn2 as
major precipitates [18,19]. By increasing the passes of ECAP process, Al
7075-O4 sample merely presents the finer MgZn2 phase and the coarse
MgZn2 precipitates disappear.

TEM micrographs of solid-solutioned alloys before and after 1 pass
of ECAP process are also depicted in Fig. 2 (d) and (e). As it expected,
the microstructure of solid solutioned sample before and after ECAP
process does not show any second phases. The absence of second phase
in the microstructure of 1-pass ECAPed solid solutioned sample re-
vealed that no precipitate was formed during 1 pass of ECAP at RT.

Fig. 5 shows the inverse pole figures (IPF) maps as well as grain
boundary analysis of unECAPed and ECAPed annealed samples. Ob-
viously, initial microstructure of annealed sample includes large grains
with sizes larger than 90 μm. While annealed sample exhibits the bi-
modal microstructure after 1 pass of ECAP composing both large and

Table 1
Chemical composition of Al-7075 alloy used in current research.

Ti Zn Cr Mg Mn Cu Fe Si Al

0.02 5.70 0.21 2.65 0.04 1.50 0.09 0.07 base

Fig. 1. Schematic of ECAP die used in this work.

Table 2
The Al-7075 samples codes and conditions.

Sample code Sample condition

O Annealing at 415 °C for 2 h followed by cooling in furnace for 24 h
O1 O + 1 pass ECAP at Tamb

O4 O + 4 passes ECAP at Tamb

SS Solution treatment at 470 °C for 2 h followed by water quenching
SS1 SS+ 1 pass ECAP at Tamb

Tamb: room temperature.
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small equiaxed grains, applying 4 pass of ECAP process demonstrates
only small equiaxed grains.

Quantitative analysis of grain boundary maps performed by TSL
software is summarized in Fig. 5g. As indicated, 46% of grain bound-
aries at Al 7075-O sample depict low angle boundaries with the mis-
orientation angles from 2° to 5°. Following applying 1 pass of ECAP
process, although the fraction of grain boundaries with the average
misorientation between 2° and 5° exhibits a slight reduction; the frac-
tion of grain boundaries with 5°–10° misorientation considerably de-
creases and finally great amounts of high-angle grain boundaries
(> 15°) are detected. By increasing the passes number of ECAP process
to 4 passes most of the low angle boundaries are replaced with high-
angle grain boundaries. It is worth-mentioning that EBSD micro-
structural evaluation of solid solutioned sample after 1 pass of ECAP
does not show any remarkable differences with Al 7075-O1 sample.

3.2. Mechanical analysis

The experimental results of the microhardness as well as tension
tests are presented at Table 3. It is seen that the annealed sample has
the lowest mechanical properties. Irrespective of pre-treatment, ap-
plying ECAP enhanced the hardness, yield strength and tensile strength.
After 4 passes of ECAP, hardness and tensile strength of the annealed
sample increases over 100%. Whereas, this growth can be seen only
after 1 pass of ECAP for SS sample. It should be mentioned that ECAP
processing decreases the total elongation. Strength and hardness im-
provement of ECAPed samples may be attributed to grain refinement
and considerable growth of dislocation density after ECAP process
[33–35]. The more significant efficacy of ECAP process in mechanical
properties improvement of solid solutioned samples in comparison with
those of annealed samples could be originated from dynamic strain
aging as a result of formation of GP zones during ECAP process
[31,36,37].

3.3. Creep

Creep behaviors of annealed Al-7075 (Al 7075-O) alloy before ECAP
process at 503 K and 543 K are shown in Fig. 6. The experimental re-
sults are recorded in the plots of strain-time (ε-t) and strain rate-time
(ε°-t). It should be noted that strain-time and strain rate-time curves of
all samples are represented in only three applied stress to facilitate the
analysis of the graphs. The results indicates that the creep rupture life of
Al 7075-O alloy at 503 K is about 335min at applied stress of 70MPa;
however, it is reduced to 228 and 142min by increasing applied stress
to 80 and 90MPa, respectively (Fig. 6b).

As can be seen in Fig. 6d, the creep rupture times of Al 7075-O
sample at 543 K are 26, 112 and 134min at applied loads of 70, 80 and
90MPa, respectively.

Fig. 7 shows the creep behavior of Al 7075-O alloy after 1pass
ECAPed process at different stress and temperatures of creep test. As
seen, applying single pass of ECAP at 503 K notably increases the creep
rupture life of Al 7075-O alloy to 434, 376 and 147min during in-
creasing applied stresses from 70 to 80 and 90MPa, respectively

Fig. 2. TEM micrographs of pretreated Al- 7075 alloys; annealed alloy, a) before ECAP, b) 1 pass ECAPed and c) 4 passes ECAPed as well as solid-solutioned alloys, d)
before ECAP and e) 1 pass ECAPed.

Fig. 3. XRD pattern of Al-7075 annealed sample.
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(Fig. 7b). On the other hand, increasing the passes of ECAP to 4 passes
considerably declines the creep rupture life to 51, 63 and 81min in
applied stresses of 70, 80 and 90MPa, respectively (Fig. 8b).

Creep behaviors of Al 7075-SS alloy before and after ECAP process
at 543 and 583 K are illustrated in Fig. 7, when tested under the 140,
150 and 160MP. As can be seen the failure of Al 7075-SS sample at
543 K occurs after 126, 104 and 79min when tested at applied loads of
140, 150 and 160MPa, respectively (Fig. 9b). As can be observed, the
creep rupture life of Al 7075-SS sample at 583 K significantly declines
to 72, 57, 44min under applied stresses of 140, 150 and 160MPa
(Fig. 9d). Fig. 10 shows the creep behavior of ECAPed solid solution
sample at both temperatures of 543 K and 583 K under the applied
stress of 140, 150 and 160MPa. It is clear that after 1 pass of ECAP, the
creep rupture life of SS samples at 543 K considerably grew up to 146,
115 and 93min by increasing the applied stresses from 140 up to
160MPa.

In order to evaluate the effects of temperature and stress on the
creep rate and identifying the creep mechanisms, the logarithmic plots

of the steady-state creep rates versus the applied stresses for all samples
are illustrated in Fig. 11. Meanwhile, the stress exponents of samples,
obtained from the slop of ε°- σ plots, are summarized in Table 4. The
stress dependence of the steady-state creep rate can be ascribed by
power-law equation:

=ε Aσo n (1)

Where A is independent of σ, and stress exponent of creep rate (n) can

Fig. 4. a) SEM microstructure of Al 7075-O alloy and b) EDS micro-analysis of the selected area.

Fig. 5. EBSD inverse pole figure and grain boundary maps of annealed Al-7075, (a, d) unECAPed sample, (b, e) 1 pass ECAPed sample and (c, f) 4 passes ECAPed
sample. (g) Quantitative analysis regarding the faction of LAGBs and HAGBs in annealed samples at different conditions. (The unit triangle depicted the orientation of
each grain).

Table 3
Average mechanical properties of Al-7075 alloy before and after ECAP process
(YS: yield stress, UTS: ultimate tensile stress, Δ: ductility, H: hardness).

Sample YS (MPa) UTS (MPa) Δ (%) H (Hv)

O 169± 3 230±5 15.5± 2 60± 3
O1 288±3 300± 2 5.29± 1 111±4
O4 384± 4 450± 6 9±3 140± 3
SS 235± 7 368± 6 17.2± 7 95± 5
SS1 598± 9 624± 8 8.67± 5 189± 4
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be described by following equation:

=
∂

∂
n ( lnε

lnσ
)

o
T (2)

As can be seen in Table 4, the value of n is about 4.67 for Al 7075-O
sample at 503 K, which indicates the dominance of dislocation creep as
the main creep mechanism. Increasing creep temperature to 543 K leads
to decreasing the n value to 4.01.

Applying single pass of ECAP for annealed sample presents the
higher values of n at both temperatures (about 5.24 and 4.56 at 503 and
543 K, respectively). The stress exponent of Al 7075-O4 sample at both
temperatures are significantly lower than both Al 7075-O and –O1

samples (n= 3.15 and 2.18 for 503 and 543 K, respectively). It is also
clear that stress exponent decreases with increasing the creep tem-
perature from 503 to 543 K.

When it comes to solid solution samples, while the stress exponent
of Al 7075-SS sample is remarkably low (n= 1.56), it then notably
grows to about 3.36 after one pass of ECAP. Increasing temperature
from 543 to 583 K presents lower stress exponent of 1.18 and 2.87 for
both Al 7075-SS and Al 7075-SS1 samples, respectively.

Fig. 10 depicts the SEM images of fracture surfaces of annealed and
solid solutioned samples after creep at temperature of 543 K and ap-
plied stresses of 80 and 150MPa in different processing condition, re-
spectively. It seems that the large precipitates of annealed sample are
incoherent with the matrix and can easily detach from matrix; therefore
they encourage the microvoids nucleation as well as large dimple for-
mation, which are easily detected in Al 7075-O sample (Fig. 12a). It can
be seen that the surface of Al 7075-O1 sample presents two kinds of
dimples including large and small size (Fig. 12b). In the case of Al 7075-
O4 sample, the number of submicron-dimples becomes greater and
consequently the dimples density enhances (Fig. 12c).

Comparison of fracture surfaces of solid solutioned samples before
and after ECAP process in Fig. 12 (d) and (e) reveal that, similar to
annealed samples, the dimples size reduced considerably after 1 pass of
ECAP. Meanwhile the surface of Al 7075-SS1 sample contains both large
and small size dimples due to the bimodal microstructure.

4. Discussions

4.1. Microstructure

According to microstructural observations, although annealed Al-
7075 alloy contained coarse MgZn2 phases in Al matrix (Figs. 3–4),
applying one pass of ECAP results in fragmentation of coarse MgZn2
precipitates in which coarse phases could hardly been observed in Al
7075-O1 sample (Fig. 2b). It is also obvious that after ECAP process, the
microstructure became wavy and ill-defined indicating the presence of
high dislocation density as well as non-equilibrium state of the alloy.
Increasing the passes of ECAP process demonstrated the finer MgZn2
phase at Al 7075-O4 sample (Fig. 2c). The microstructure of Al-7075
solid solution sample with and without ECAP process, however, was
free from any clear second phases (Fig. 2c and d).

Based on the inverse pole figures (IPF) maps of samples, initial
microstructure of annealed sample included large grains with sizes
larger than 90 μm (Fig. 5a and d). The microstructure of annealed
sample after 1 pass of ECAP comprised some large elongated grains
stemmed from the shear strain during ECAP (with a mean size of 3 μm)
as well as some small equiaxed ultra-fined grains (with size of about
700 nm) (Fig. 5b and e) as a result of dislocation tangles formation in
deformation bands [38,39]. The homogenous equiaxed grains along the
transverse direction (TD) were utterly obvious with the size of about
600 nm after 4 passes of ECAP (Fig. 5c and f). Quantitative analysis of
IPF and grain boundary analysis manifested that applying ECAP process
could have a profound effect on the misorientation of grains. As it is
shown in Fig. 5g, the microstructural analysis effectively confirmed the
greater fraction of high angle boundaries (HAGBs) by applying ECAP
and also increasing the number of passes [32]. As expected ECAP
process did not the microstructure of solid solution samples.

4.2. Creep rupture life

Based on the experimental results of strain-time and strain rate-time
plots, the creep behavior of Al-7075 alloy was studied before and after
ECAP process. As expected, a creep curve of Al 7075-O generally in-
cluded three stages: the short primary, well-defined secondary (steady
state) and tertiary stages. With increasing the applied stress, the creep
strain rate increased and correspondingly the primary and secondary

Fig. 6. Creep behavior of Al 7075-O sample, (a, c) strain–time and (b, d) strain rate–time curves at creep temperatures of 503 and 543 K, respectively.

Fig. 7. Creep behavior of Al 7075-O1 sample, (a, c) strain–time and (b, d) strain rate–time curves at creep temperatures of 503 and 543 K, respectively.
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stages were shortened while the tertiary stage was prolonged (Fig. 6).
The earlier beginning of tertiary stage and the higher creep rate sug-
gested much shorter creep rupture life of the alloy exposed to the higher
stress [40].

The effect of temperature on the creep behavior of the Al 7075-O
can be realized by comparison of curves in Fig. 6. It is clear that in-
creasing temperature rapidly increased the creep strain rate and de-
creased the creep rupture life [40]. It is interesting to note that the
secondary creep stage of Al 7075-O alloy at 543 K under 90MPa, was
considerably shortened in such a way that the strain rate curve almost
included primary and tertiary stages.

Effect of ECAP process on the creep behavior of annealed Al-7075
alloy at 503 and 543 K are depicted in Figs. 7 and 8. Single pass of ECAP
notably increased the creep strength of Al 7075-O alloy, whereas ap-
plying more passes (4 passes ECAP) led to a significant decrease. Re-
garding to microstructural analysis (Fig. 5b and e), low-angle grain
boundaries (LAGBs) combined with elongated grains in Al7075–O1

sample retarded the dislocation motion; therefore, creep strength sig-
nificantly increased up to 40% after 1 pass of ECAP [41,42]. Significant
transformation of LAGBs to HAGBs and grain refinement of Al 7075-O4

sample (Fig. 3c and d) could facilitate the grain boundary sliding and
ultimately deteriorated the creep strength by approximately 50%
compared with that of Al 7075-O1. This result is in agreement with
Blum et al. [8,43]. They suggested that when grains become smaller
than sub-grains, significant softening causes the creep behavior dete-
rioration. It is worth to note that these results are significantly con-
sistent with mechanical properties of samples.

Evaluating the effect of temperature on the creep behavior of
ECAPed Al 7075-O reveals that by increasing the temperature of creep
test from 503 K to 543 K, the creep rupture life of single passes ECAPed
sample (Al 7075-O1) as well as multi-passes ECAPed sample (Al 7075-
O4) significantly drop. Decreasing the creep rupture life of ECAPed
samples by increasing the creep temperature could be explained by the
higher diffusion and greater activation of new sliding systems [40].

Applying ECAP process enhanced the creep resistance of solid so-
lutioned sample (Fig. 9). As indicated in Fig. 10, the strain rate of steady
state region of Al 7075-SS1 was greatly developed after one pass of
ECAP process. Similar to annealed samples, increasing the temperature
of creep test resulted in remarkable reduction in creep strength of solid
solutioned samples. Creep rupture life of SS1 decreased up to 50% by
increasing testing temperature from 543 to 583 K. Alongside the

formation of LAGBs in first pass of ECAP, occurrence of creep aging
during ECAP process of solid solutioned has also contributed in im-
provement of creep life within the first pass of ECAP. During the SPD
process, the remained tiny precipitates can be dissolved, and accord-
ingly the amount of solute elements responsible for subsequent static or
dynamic strain aging is increased. Hence, the creep aging of the sample
imposed during creep deformation can influence the creep rate of the
sample [44].

4.3. Creep mechanisms

Creep mechanisms were assessed based on the stress exponent's
valve of samples (Fig. 11 and Table 4). The n value of Al 7075-O sample
was calculated 4.67 which is almost similar to the n value reported for
coarse grained pure Al subjected to creep testing (n= 4.5) [23,45,46].
Increasing the n value of this sample via increasing the creep test
temperature indicated that dislocation creep could be a dominate creep
mechanism [23]. The reduction of n value by increasing the creep test
temperature may originate from the increment of intergranular dis-
location glide and climb as dominant rate-controlling flow processes
[47,48]. The n value of annealed sample increased to 5.24 and 4.56
after applying 1pass ECAP at 503 K and 543 K; respectively. This may
verify that the improvement of creep properties can be explained by
increment of the dislocation density and LAGBs amounts after single
pass of ECAP (Fig. 5g).

The lower value of stress exponent for Al 7075-O4 at 503 K
(n= 3.15) compared to Al7075–O (n= 4.67) and –O1 samples
(n= 5.24) represented the influence of more intensive grain boundary
sliding on the creep deformation of UFG material [21,23]. It seems that
the creep of 4-passes ECAPed sample at lower temperature deteriorated
due to the generation and movement of dislocations inside the grains as
well as grain boundary sliding [49]. Regarding to microstructural
analysis, replacing LAGBs with HAGBs and formation of UFG micro-
structure at 7075-O4 sample could verify this idea very well [50]. Si-
milar to Al 7075-O1 sample, the stress exponent of the Al 7075-O4 alloy
also decreased with increasing the creep temperature. This behavior
can be interpreted in terms of easier dislocation movement and also
grain boundary sliding in creep deformation at higher temperatures
[51].

When it comes to solid solutioned samples, while the n value was
greatly low (n=1.56) before ECAPed, it increased up to 3.36 after

Fig. 8. Creep behavior of Al 7075-O4 sample, (a, c) strain–time and (b, d) strain rate–time curves at creep temperatures of 503 and 543 K, respectively.

Fig. 9. Creep behavior of Al 7075-SS sample, (a, c) strain–time and (b, d) strain rate–time curves at creep temperatures of 503 and 543 K, respectively.
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single pass of ECAP. As it was previously mentioned, higher creep
temperature was applied for solid solutioned samples. This higher
temperature creep test could activate coble mechanism in Al 7075-SS
sample [40]. However after applying 1 pass of ECAP, the dominant
creep mechanism altered from coble creep to viscos glide dislocation
creep. Reducing the n value of solid solutioned samples by increasing
the temperature demonstrated that the coble diffusion creep and vis-
cose glide process of dislocation could be a dominant mechanism for Al
7075-SS1 samples, respectively [52]. The change of dislocation me-
chanism form coble creep to dislocation glide creep by applying one
pass of ECAP is in consistent with higher creep properties of 1-pass
ECAPed Al 7075-SS in comparison with that of unECAPed Al 7075-SS.

4.4. Creep fracture surface

According to the SEM observations of the fracture surfaces of creep-
ruptured samples, the fracture surface of one pass ECAPed annealed
samples was greatly covered with the finer submicron-dimples in
comparison with that of initial annealed specimen, however, some large
dimples could be found (Fig. 12a and b). It is worth noting that the
difference in dimples sizes deflected bimodal microstructure of Al 7075-
O1 sample [17]. The formation of UFG microstructure after 4 passes of
ECAP produced small-sized dimples in fracture surface of Al 7075-O4

sample (Fig. 12c). These small-sized dimples could easily coalescence
together and ultimately evolve into large ones. The coalescence of
microvoids and microcracks proves the creep properties deterioration
of Al 7075-O4 sample [15].

Applying 1pass of ECAP process on Al 7075-SS alloy also

Fig. 10. Creep behavior of Al 7075-SS1 sample, (a, c) strain–time and (b, d) strain rate–time curves at creep temperatures of 503 and 543 K, respectively.

Fig. 11. Logarithmic plot of minimum creep rate versus applied stress for Al-7075 samples before and after ECAP process at both creep temperatures of 503 and
543 K, (a) O sample, (b) O1 sample, (c) O4 sample, (d) SS sample and (e) SS1 sample.

Table 4
Stress exponent of Al-7075 samples at both creep temperatures of 503 and 543 K in different conditions.

Sample O O1 O4 SS SS1

Temperature (K) 503 543 503 543 503 543 543 583 543 583
N 4.67 4.01 5.24 4.56 3.15 2.18 1.50 1.18 3.36 2.87
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demonstrated the finder dimples than that of Al 7075-SS. It should be
noted that the fracture mechanism of all samples was predominantly
ductile fracture.

5. Conclusion

In this research, the creep behaviors and creep mechanisms of an-
nealed and solid-solutioned Al-7075 alloy were investigated before and
after ECAP process. The following conclusions can be derived from the
results:

The creep response of Al-7075 alloy was related to temperature and
primary microstructure. The main creep mechanism of annealed Al-
7075 alloy was dislocation creep at 503 K. With an increase in creep
temperature to 543 K, a greater creep deformation was observed due to
creep mechanism alteration to rate-controlling flow processes such as
dislocation glide and climb. Increasing the n value of ECAPed annealed
Al-7075 alloy after first pass indicated the creep strength enhancement.
This can be attributed to higher amounts of LAGBs and dislocation
jungles after single pass of ECAP. After applying multi passes of ECAP,
the creep resistance was markedly deteriorated with respect to repla-
cing LAGBs with HAGBs as well as activation of grain boundary sliding
at 503 K. Increasing the creep temperature to 543 K presented the lower
n for both ECAPed Al 7075-O alloys as a result of higher dislocation
movements and grain boundary sliding. Regarding to solid solutioned
Al 7075-SS alloy, coble mechanism which was the dominant creep
mechanism changed to viscos glide dislocation creep after applying 1
pass of ECAP at 543 and 583 K.
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