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Abstract

Al 1070 alloy pins were subjected to four passes of micro/meso-scale equal channel angular pressing at room temperature in the current work.
The channel diameter of 1.5 mm is the smallest channel diameter ever obtained in meso-scale processing. The effect of Al 1070 alloy processes
on corrosion behavior in 3.5%NaCl and different concentrations of HCI solutions was investigated. The investigated alloy was processed by
ECAP by four passes and different speeds of extrusion. Corrosion assessments were carried out by chemical technique (weight-loss method) in
3.5%NaCl, 0.2M HCI, and 1M HCI for two different times of 1h and 4h. The highest corrosion resistance is for one pass ECAP in HCI solutions.
Among the different extrusion speeds, the samples with an extrusion speed of 1 mm/min demonstrated the lowest corrosion rate across all tested
environments. The average grain sizes of 28.77 and 22.67 um correspond to the extrusion speeds of 1 and 15 mm/min, respectively. As the
extrusion speed increases, the grain size decreases. The surface morphology of the corroded Al 1070 alloy was further examined using scanning
electron microscopy (SEM). Pitting corrosion was observed in all surface morphologies, highlighting the susceptibility of the alloy to this form

of corrosion under the investigated conditions.
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1. Introduction

Researchers and engineers have recently focused
their attention on the possibility of products in several
contemporary  industrial  domains,  including
communications, electronics, biomedical, optics, and
more, to achieve high functionality, high reliability,
and the production of micro-parts. The micro/meso-
scale forming method is one of the most attractive
micro-manufacturing techniques due to its rapid
production rate, low cost, superior mechanical
properties, and ability to produce small, complex
metallic components with near-net forms, among other
benefits [1-3]. However, since the theory of

micro/meso-forming processes differs from those in
the macro-scale, the primary obstacle in the micro-
forming of metallic parts is the occurrence of diverse
mechanical size effects. Stated differently, certain
intrinsic characteristics of the micro-component, such
as the surface roughness and grain size, cannot be
reduced in conjunction with the geometric ones when
the part is miniaturized in terms of its geometric
dimensions [3, 4]. A unique material response and a
higher likelihood of failure during fabrication, for
example, can arise from the micro/meso-forming of
metal parts made of a few grains as opposed to a
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polycrystalline material. Vollertsen et al. [5, 6] and
Geiger et al. [4] provided a thorough analysis of the
metal micro-forming methods, their uses, and their
drawbacks.

Materials with ultrafine grains (UFGs) show
excellent formability and distinctive mechanical
qualities [7]. Additionally, it has an impact on the
processed micro-components surface quality [8, 9].
The severe plastic deformation (SPD) method that is
thought to be most suitable for creating ultra-fine-
grained (UFG) materials is equal channel angular
pressing (ECAP). As a result, in this work, fine-
grained material of microscopic pins was produced
using micro/meso-scale ECAP (MMS-ECAP) with a
die channel diameter of 1.5 mm which is the smallest
diameter ever achieved. Previous papers [10-13]
covered the MMSECAP die's design and guiding
concepts in detail.

In the automotive sector, new materials and
manufacturing techniques are created to address the
growing environmental and financial issues associated
with lightweight. High mechanical strength, high
conductivity, and great corrosion resistance are all
necessary for automobile wires [14]. Al and its alloys
are widely used in a variety of rail, automotive,
aerospace, and marine applications owing to their
lightweight nature. For the last twenty years, materials
scientists have been interested in aluminum and its
alloy samples with fine-grain microstructures, which
can result in a noticeable improvement in the physical
and mechanical characteristics. These specifications
are met by Al-Mg-Si alloys, which are already in use
for automotive wire applications [14]. The traditional
method of producing aluminum wires involves
alternating stages of heat treatments and deformation
(drawing). Unfortunately, Al wires need larger
sections to carry the same amperage as copper wires
because Al alloys are less conductive than copper.
ECAP is currently a widely used method among them
to produce UFG microstructures with significantly
improved mechanical characteristics [15-20]. In
ECAP, a bar is pressed through a die at a specific
angle. Without altering the material's cross-section, it
imparts significant strain by shear deformation [21]. In
AA 6060 T6, Khelfa et al. found that a single ECAP
pass resulted in a 97% reduction in grain size [22].
Tissue changes during ECAP processing in Al-Mg-Si
alloy were demonstrated by Sitdikov et al. [23]. It is
now evident that SPD significantly alters fundamental
microstructural  characteristics such as  texture,
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boundary nature, and grain size and shape. Moreover,
SPD methods that have been demonstrated to be
successful in  fragmenting intermetallic coarse
particles (IMCs) can also have an impact on IMCs
[24]. The ability to combine heat treatments and high
strain to improve precipitation kinetics and optimize
the mechanical and electrical characteristics of Al-
Mg-Si alloys is yet another intriguing aspect of ECAP.
For instance, Murashkin et al. succeeded in obtaining
R' hardening precipitates in AA 6101 during ECAP at
130 °C [16]. In comparison to standard thermo-
mechanical treatments of Al-Mg-Si alloys, they
observed an increase in the samples’ mechanical
strength and electrical conductivity. These
microstructural alterations may significantly impact
how Al alloys treated by ECAP behave in terms of
corrosion. It is a well-known fact that the precipitates
included in aluminum alloys have a significant
influence on their corrosion behavior. The literature
[25-27] has examined the function of intergranular [3-
Mg.Si precipitates that may have evolved during the
aging of AI-Mg-Si alloys. The exploration of
corrosion characteristics at the meso-scale has
received limited attention in the existing literature. In
this current study, our primary emphasis is placed on
a comprehensive examination of the influence of
various processing techniques on the corrosion
characteristics of Al 1070 alloy in 3.5% NaCl, 0.2M
HCI, and 1.0M HCI solutions, with a particular focus
on different immersion periods, 1 h and 4 h. Our
investigation extends beyond the mere quantification
of corrosion rates, delving into a nuanced
understanding of the intricate relationship between
processing methods and the resulting corrosion
behavior. Additionally, a thorough analysis of surface
morphologies post-corrosion has been undertaken,
aiming to elucidate any distinctive features or patterns
that may offer insights into the underlying
mechanisms of corrosion in meso-scale conditions.
This comprehensive approach seeks to contribute
valuable insights to the existing body of knowledge on
meso-scale corrosion characteristics, filling a crucial
gap in the current literature.

2. Experimental work

In the current work, ambient temperature
micro/meso-scale ECAP was used to process Al 1070
alloy specimens measuring 1.5 mm in diameter.
Because the Al 1070 alloy is widely used in electrical
and electronic applications, it was chosen for this
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study. The Al 1070 alloy, as received, was a 1.5 mm x
300 mm wrought rod with a weight percentage of 0.25
Fe, 0.2 Si, 0.04 Zn, 0.04 Cu, and Al. The specimens
were heat-treated at 350 °C at a heating rate of 1.5 °C/s
to remove any prior work-hardening effects of the as-
received Al rods. They were then cooled at 0.3 °C/s to
room temperature (RT). ECAP procedures were
carried out using route B for up to four ECAP passes
at RT and a displacement rate of 1 mm/min.

The weight-loss (WL) method was used to examine
the corrosion behavior of the Al 1070 alloy. Industrial
tests are conducted using chloride-containing
solutions, such as de-icing salts, which are the most
realistic of the automobile environment [14]. Although
there are other contaminants, the purpose of this paper
was not to examine their effects. To compare the
results with immersion in 3.5% NaCl (pH=6.8), the
corrosion experiments were conducted in an extremely
aggressive electrolyte, namely 0.2 M HCI (pH=1.7)
and 1.0 M HCI (pH=0.8) solutions.

After being ground using emery paper grades up to
2000, the various samples under various conditions
were polished using alumina paste. After being
cleaned with tap water and then twice-distilled water,
they were air-dried and further cleaned with acetone.
To ensure accuracy, each specimen was dried using
hot air and weighed using an analytical balance. After
the specimen weights were measured, they were
placed at RT into solutions containing 3.5% NaCl, 0.2
M HCI, and 1.0 M HCI. The weights were noted at one
and 4 h. The corrosion rate (CR) values were
computed by measuring the variations in weights at
each interval. Egs. 1 and 2 were used to compute the
CR of Al 1070 alloys under various circumstances in
cm2.hr! based on the WL data [28, 29].

AW = Wl - Wz (1)
CR (mm/y) = 2= @

Where W, and W, are the coupon’s weight
before/after immersion in the corroding medium
respectively. K denotes constant, A is the submerged
area, T is the immersed time, and D is the density of
Al 1070 alloy.

The morphology after corrosion of the Al 1070 alloy
was analyzed using a scanning electron microscope
(SEM) to evaluate its corrosion performance.

3. Results and Discussion
3.1. Al 1070 Alloy Microstructure
The Al 1070 alloy microstructure maps of both
before/after MMS-ECAP passes are displayed in Fig.
1. The undeformed material microstructure exhibits
equiaxed grain morphology, with an average grain size
of around 20.4 um and a very uniform distribution, as
seen in Fig. 1(a). Following the first ECAP pass, grain
refining begins, and the microstructure shows a
heterogeneous structure made up of a mixture of fine
and coarse grains. The microstructure was found to
have significantly improved after the fourth ECAP
run, going from roughly 20 pm (the original
undisturbed sample) to almost 2 um. This is explained
by the progressive process of grain subdivision, which
turns low-angle grain borders into high-angle grain
boundaries. Therefore, the grain subdivision

mechanism is responsible for the higher degree of
grain refinement of the treated Al 1070 alloy as
determined by the MMS-ECAP. Our earlier works
provide additional details regarding the mechanism of
aluminum grain subdivision
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VAR RAY { 20 um

Fig. 1. Microstructure of Al 1070 alloy in the Iongiiudinal direction: (a) annealed; (b) 1 ECAP pass; (c) 2 ECAP passes (d) 3 ECAP passes
and (e) 4 ECAP passes.

The grain boundary maps of samples extruded at
two different rates, 15 mm/min and 1 mm/min, are
displayed in Fig. 2 (a). It is discovered that the
extrusion speed has an impact on the grain size of Al
1070 alloy. The extrusion speeds of 1 and 15 mm/min,
respectively, correspond to the average grain sizes of
28.77 and 22.67 pm. Consequently, the grain size

RD

reduces as the extrusion speed rises. Our prior work
[30] provides data on the mechanisms of grain
refinement at various RAM speeds.

Fig. 2. (a) Grain boundary of Al 1070 alloy extruded at two different speeds, Imm/min, and 15 mm/min. ED is the extrusion direction and
RD radial direction.

3.2. Corrosion Behavior
3.2.1.  Influence of ECAP on the corrosion
behavior of Al 1070 alloy

Fig. 3 illustrates the CR values obtained through
the WL technique for Al 1070 alloy in the transverse
direction under various conditions, including
annealed, 1 pass, 2 passes, 3 passes, and 4 passes of
ECAP, tested in 0.2M HCI and 1.0M HCI at RT. The
findings highlight the importance of considering two
scenarios to comprehend the influence of grain size on
corrosion resistance. The first scenario pertains to
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materials exhibiting active corrosion, while the second
pertains to materials with low to passive dissolving
rates. The observed variations in CR due to ECAP,
which can either increase or decrease corrosion rates,
contribute to resolving debates surrounding its impact
on the corrosion behavior of Al alloys [31-36].
Moreover, the diversity in interfaces, particularly their
degree of disorientation, may elucidate the challenge
of establishing a direct correlation between corrosion
behavior and grain size. For example, studies have
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shown a strong correlation between the distribution of
grain boundary disorientation and the susceptibility of
Al to intergranular corrosion in HCI [37]. It can be
inferred that ECAP enhances pit propagation in both
forming and in-depth directions by increasing surface
area rather than depth. Additionally, considering the
simultaneous increase in both pit width and pit density
helps elucidate the observed rise in corroded surface
area for ECAP-treated samples [16].

The samples subjected to the ECAP process exhibit
a higher pit density compared to the initially received
sample. The CR values for the annealed condition and
1, 2, 3, and 4 passes of ECAP, following a 1 h
immersion time in 0.2 M HCI, are 1239.9, 82.6, 206.6,
413.3, and 496 mml/y, respectively. For a 4 h
immersion time in the 0.2 M HCI concentration, the
corresponding CR values are 454.6, 41.3, 113.6,
165.3, and 310.0 mm/y, respectively. Ina 1.0 M HCI
solution, the CR values for the annealed condition and

6000

1, 2, 3, and 4 passes of ECAP after a 1 h immersion
time are 6199.6, 1239.9, 4133.1, 8679.4, and 12399.2
mm/y, respectively. For a 4 h immersion time in the
1.0 M concentration, the CR values are 5579.6, 516.6,
1239.9, 2583.2, and 3926.39 mm/y, respectively.
Observations indicate a correlation between the
increasing acidity of the HCI solution and rising CR
values. Furthermore, the CR values tend to decrease as
immersion time extends from 1 h to 4 h in both
concentrations of HCI solutions. This trend suggests
the potential formation of a protective layer,
contributing to a reduction in CR values. It is noted
that the sample from the 1-pass ECAP condition
performs the best across all tested conditions. The
increase in the number of ECAP passes is known to
reduce grain size and enhance mechanical properties
like tensile stress and hardness [10-13]. However, this
also increases grain boundary area, potentially
contributing to the observed rise in CR with an
increase in the number of ECAP passes [10, 11].
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CR (mmly)

2000 H

1000 -

HEN 0.2 M HCI
[ 1.0 M HCI

0 1 _ [
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1 ECAP pass 2 ECAP pass 3 ECAP pass 4 ECAP pass

Fig. 3. The CR values for Al 1070 alloy immersed in 0.2M and 1.0M HCI for 4h at RT for annealed condition and different passes of ECAP.

Fig. 4 illustrates the CR values obtained through
the WL method for Al 1070 alloy in 3.5% NaCl
solution at RT under different processing conditions,
including annealed, 1 pass, 2 passes, 3 passes, and 4
passes of ECAP. In the annealed condition in 3.5%
NaCl, the CR values are the lowest at both 1 h (454.6
mm/y) and 4 h (206.7 mm/y) immersion times
compared to the samples processed using ECAP with
different passes. As the number of passes of ECAP
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increases from one pass to four, the CR values exhibit
a rising trend. Specifically, for a 1 h immersion time,
the CR values are 909.3, 1033.3, 1239.9, and 1529.2
mm/y for 1 pass, 2 passes, 3 passes, and 4 passes of
ECAP, respectively. Extending the immersion time to
4 h results in the formation of an Al,Os protective
layer, leading to a decrease in CR values to 299.7,
423.6, 464.9, and 754.3 mm/y for 1 pass, 2 passes, 3
passes, and 4 passes of ECAP, respectively.
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Fig. 4. The CR values for Al 1070 alloy immersed in 3.5%NaCl for 4h at RT for annealed condition and different passes of ECAP.

The surface morphologies of the annealed alloy
and the alloy processed with four passes of ECAP,
immersed in 1.0M HCI for 4 h at RT, are depicted in
Fig. 5. Pitting corrosion is evident in the corroded
alloys, with the annealed alloys exhibiting more
pronounced pitting compared to the alloy subjected to
four passes of ECAP. As shown in Fig. 1, the reduction
in Al grain size following ECAP results in more
compact crystals within the pitting area. The observed
pit morphologies, characterized by a typical faceted-
type crystallographic appearance in Fig. 5, seem to
intensify with ECAP and are tangentially connected by
filaments likely induced by hydrogen development
[38-40]. The corrosion resistance is enhanced through
ECAP by elevating the oxidation rate of Al to form
Al,O; [41, 42]. The rate of Al oxide film formation
increases due to the reduction in Al grain size resulting
from the ECAP process.[41]
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It is observed that one pass of ECAP results in a
tenfold reduction in CR compared to annealing in both
0.2M HCl and 1.0M HCI. However, an increase in the
number of ECAP passes from one to four leads to a
sixfold increase in CR for 0.2M HCI and a sevenfold
increase for 1.0M HCI during a 4 h immersion time, as
indicated by the WL method. The severe plastic
deformation involved in ECAP can induce residual
stresses within the material. Residual stresses can
affect the initiation and propagation of corrosion
cracks. These stresses may lead to localized corrosion
and contribute to stress corrosion cracking under
certain conditions. The increasing number of ECAP
passes may induce internal stresses inside the alloy
that are responsible for increasing the corrosion rate
[43].
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Fig. 5. Surface morphology of the corroded Al 1070 alloy immersed in 1.0M HCI for 4h at RT for (a) annealed alloy and (b) Four passes

3.2.2.  Influence of extrusion at different
speeds on the corrosion performance of
Al 1070 alloy

The impact of extrusion at various speeds on the
corrosion behavior of Al 1070 alloy, commonly used
in automotive conductors, was investigated. The CR
values obtained through the WL method for Al 1070
alloy extruded at different speeds in 0.2M HCI and
1.0M HCI at RT are depicted in Fig. 6. After 1h
immersion in 0.2M HCI, the CR values for extrusion
speeds of 1, 5, 10, and 15 mm/min are 454.6, 496.0,

ECAP.

Correspondingly, after 4h immersion in 0.2M HCI, the
CR values for the same speeds are 227.3, 310.0, 330.6,
and 620.0 mm/y. For 1.0M HCI, the CR values after
1h immersion at different speeds are 826.6, 1405.2,
1735.9, and 3843.7 mm/y, while after 4h immersion,
the CR values are 444.3, 516.6, 547.6, and 4443.0
mm/y, respectively. The CR values show an increase
in the solution's acidity, transitioning from 0.2M HCI
to 1.0M HCI. Moreover, an increase in immersion
times results in decreased CR values, indicating the
formation of a protective layer on the Al 1070 alloy.
Optimal conditions are observed when extruded at a

702.6, and 785.3 mmly, respectively. ] ]
speed of 1 mm/min for both HCI concentrations.
5000
EEER 0.2 M HCI —
4000 - =3 1.0 M HCI
= 3000 -
e
E
O 2000
o
1000 -
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5 mm/min

10 mm/min 15 mm/min

Fig. 6. The CR values of Al 1070 alloy at different speeds of extrusion immersed in 0.2M HCI and 1.0M HCI for 4h at RT.

The CR values obtained through the immersion of Al
1070 alloy, extruded at various speeds, in 3.5% NaCl
for 1h and 4h at RT are illustrated in Fig. 7. After 1h
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immersion in 3.5% NaCl, the CR values for extrusion
speeds of 1, 5, 10, and 15 mm/min are 372.0, 413.3,
620.0, and 702.6 mmly, respectively.
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Correspondingly, after 4h immersion in 1.0M HCI, the
CR values for the same speeds are 196.3, 217.0, 258.3,
and 310.0 mm/y. The prolongation of immersion times
results in an escalation of CR values, indicating the
absence of a protective Al,Os layer. The optimum
corrosion resistance for both immersion periods is

400

observed at an extrusion speed of 1 mm/min. Although
higher extrusion speeds enhance productivity, they
adversely impact corrosion resistance [44]. It is
noteworthy that the CR values in 3.5% NaCl are lower
than those in 0.2M and 1.0M HCI, attributed to the
higher pH of 3.5% NaCl.

300 -

200 A

CR (mmly)

100 -+

1 mm/min 5 mm/min

10 mm/min 15 mm/min

Fig. 7. The CR values of Al 1070 alloy at different speeds of extrusion immersed in 3.5% NaCl for 4h at RT.

The SEM morphologies of the corroded Al 1070
alloy in 1.0M HCI for 4 h at RT, specifically for
extrusion speeds of 1 mm/min and 15 mm/min, are
illustrated in Fig. 8. The corroded alloy extruded at a
speed of 15 mm/min exhibits the most pronounced
pitting corrosion. An observed trend is that as the

Egypt. J. Chem. 67, N0.9 (2024)

extrusion speed increases from 1 to 15 mm/min, there
is a corresponding increase in the WL to three times in
0.2M HCI and ten times in 1.0M HCI for a 4 h
immersion time. This indicates that higher extrusion
speeds are associated with more extensive pitting
corrosion, particularly evident in the SEM images of
the alloy extruded at 15 mm/min.

(b)
Fig. 8 The surface morphologies of corroded Al 1070 alloy in 1.0M HCI for 4h at RT after extrusion with speed (a) 1 mm/min, and (b) 15
mm/min
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3.2.3. Influence of extruded at different speeds

on the corrosion characteristics of Al

1070 alloy of 4-pass ECAP samples.
The study investigated the impact of different
extrusion speeds on the corrosion performance of Al
1070 alloy, specifically 4-pass ECAP samples
intended for automotive conductors. The CR values,
obtained through the WL method, for Al 1070 alloy
extruded at various speeds are depicted in Fig. 9. For
4-pass ECAP samples after 1 h immersion in 0.2M
HCI, the CR values at extrusion speeds of 1, 5, 10, and
15 mm/min are 805.94, 785.3, 454.6, and 826.6 mm/y,
respectively. After 4 h of immersion in the same HCI
concentration, the corresponding CR values are
444,30, 423.6, 310.0, and 475.3 mm/y. In 1.0M HCI,
the CR values after 1 h immersion at the same

extrusion speeds are 1529.23, 1363.9, 1074.6, and
1322.6 mm/y, while after 4 h, they are 526.96, 495.7,
434.0, and 464.7 mm/y, respectively. The CR values
exhibit a decreasing trend with increasing solution
acidity from 0.2M HCI to 1.0M HCI. Moreover,
extended immersion times contribute to reduced CR,
indicative of the formation of a protective layer on the
Al 1070 alloy. Intriguingly, at an extrusion speed of 10
mm/min, the 4-pass ECAP sample demonstrated the
lowest CR in both HCI media. However, the CR values
do not follow a clear trend with changes in extrusion
speed for the 4-pass ECAP samples. This suggests that
various factors, including internal stress from the 4-
pass ECAP manufacturing process, grain refinement,
and heightened mechanical properties (tensile strength
and hardness), may contribute to the complex
corrosion behavior observed [10-13].

800
EEEE 0.2 M HCI
= 1.0 M HClI
600 -
—_~~ )
= ] -
e _
& 400 A
N—
[ae
(@)
200 -

1 mm/min

5 mm/min

10 mm/min 15 mm/min

Fig. 9. The CR values of Al 1070 alloy at different speeds of extrusion immersed in 0.2M HCI and 1.0M HCI of 4-pass ECAP samples for 4h

The CR values, obtained through the WL method,
for Al 1070 alloy extruded at different speeds and
immersed in 3.5% NaCl for 1 h and 4 h at RT, are
presented in Fig. 10. For 4-pass ECAP samples, the
CR values after 1 h immersion in 3.5% NaCl at
extrusion speeds of 1, 5, 10, and 15 mm/min are
1363.9, 826.6, 578.6, and 578.6 mm/y, respectively.
After 4 h of immersion in 1.0M HCI, the
corresponding CR values for the same extrusion
speeds are 464.97, 413.3, 227.3, and 227.3 mmly,
respectively. The trend reveals that increasing
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immersion times results in higher CR values,
indicating a lack of protective Al.O3 layer formation,
as observed previously. The extrusion speed of 1
mm/min exhibits the lowest corrosion resistance
among the various speeds for both immersion times in
4-pass ECAP samples. Extrusion speeds of 10 and 15
mm/min show identical CR values for the two
immersion times. Additionally, the CR values in 3.5%
NaCl are smaller than those in 0.2M and 1.0M HCI,
attributed to the higher pH of 3.5% NaCl compared to
the acidic HCI solutions.
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Fig. 10. The CR values of Al 1070 alloy at different speeds of extrusion immersed in 3.5% NaCl of 4-pass ECAP samples for 4h at RT.

4. Conclusions

The investigation delved into a comprehensive
analysis of how various processes affect the corrosion
characteristics of the Al 1070 alloy across different
environments, namely 3.5% NaCl (pH=6.8), 0.2M
HCI (pH=1.7), and 1.0M HCI (pH=0.8). In both 0.2M
and 1.0M HCI solutions, the CR exhibited a
remarkable tenfold decrease with just a single pass of
ECAP in comparison to conventional annealing
techniques. This phenomenon underscores the
beneficial impact of the ECAP process, attributed to
its role in facilitating the formation of a protective
Al,O3 film, thereby bolstering the alloy's corrosion
resistance. Interestingly, the lowest CR value was
documented in the annealed alloy when exposed to
3.5% NaCl, suggesting nuanced variations in
corrosion behavior across different environments.
Moreover, as the number of ECAP passes increased
from one to four, a substantial escalation in WL was
noted, indicating a sixfold increase in 0.2M HCl and a
sevenfold increase in 1.0M HCI during a 4 h
immersion period. In 3.5% NacCl, this increase was
comparatively modest at only 3.5 times. This disparity
underscores the complex interplay between processing
techniques and environmental factors in dictating
corrosion behavior. Furthermore, elevating the
extrusion speed from 1 mm/min to 15 mm/min
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10 mm/min

15 mm/min

resulted in a notable threefold increase in WL in 0.2M
HCI and a remarkable tenfold increase in 1.0M HCI
over a 4 h immersion period. The highest CR was
recorded at 15 mm/min, contrasting with the lowest
CR observed at 1 mm/min. Despite the enhanced
productivity associated with higher extrusion speeds,
this escalation led to a discernible decrease in
corrosion resistance. Additionally, the morphological
examination revealed the presence of pitting
corrosion, with more pronounced manifestations
observed in the annealed alloy compared to ECAP-
treated specimens. At an extrusion speed of 15
mm/min, pitting corrosion exhibited a heightened
severity compared to lower speeds, underscoring the
nuanced influence of processing parameters on
corrosion morphology. The corrosion behavior of
specimens subjected to different extrusion speeds in
the 4-pass ECAP samples exhibited no clear trend,
owing to several factors such as internal stresses
induced during manufacturing and grain refinement
that influence corrosion resistance in different chloride
media.
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