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The corrosion behaviour of the AA7475-T761 alloy in non-anodized and tartaric-sulfuric acid (TSA) anodized
conditions in a chloride environment is investigated. In the non-anodized alloy, localized corrosion initiated at
constituent intermetallic particles (IMPs) and grain boundary precipitates, leading to trenching and intergranular
attack. In contrast, in the anodized alloy, corrosion initiated at defects located at the film/alloy interface,
originating from the dissolution of IMPs during anodizing. These defective regions acted as preferential pathways

for electrolyte ingress, promoting underfilm corrosion and pit growth beneath the oxide. While the anodic film
delayed the onset of corrosion, the highly localized nature of the attack in the anodized sample increased the
severity of the damage once initiated.

1. Introduction

The 7XXX series aluminium alloys (Al-Zn-Mg-Cu) are widely used in
aerospace applications due to their excellent strength-to-weight ratio,
fatigue resistance, and overall mechanical performance [1]. Major
producers such as ALCOA France and Aleris have developed several
high-strength variants, including 7075, 7475, 7050, 7150, 7055, and
7085 [2]. Despite these advantageous properties, the application of
7XXX series alloys in aerospace structures requires surface treatments to
ensure adequate corrosion resistance. Among the various procedures
available, anodizing stands out [3]. Therefore, understanding how this
process influences the corrosion resistance of aluminium alloys is
essential for an accurate assessment of material performance.

Considering anodized alloys, most of the available findings are based
on substrates such as AA7075 and AA7175 anodized in sulfuric or
tartaric-sulfuric acid electrolytes [4-15]. These investigations revealed
that intermetallic particles such as Al-CuzFe and MgZn: exhibit distinct
behaviours during anodizing, including selective dissolution, occlusion,
and O: evolution, which in turn influence the uniformity, porosity, and

mechanical properties of the anodic film [3]. A commonly adopted
experimental approach involves preparing samples in the so-called 'bare’'
condition (non-anodized), corresponding to a polished surface without
any alkaline or acidic desmutting treatment. This condition is frequently
employed to isolate the influence of microstructure on anodizing
behaviour and to better elucidate the role of intermetallic particles in
anodic film formation.

Although the growth and morphology of anodic films are well
documented, the relationship between microstructural features and
corrosion behaviour after anodizing remains insufficiently understood
[16]. Most investigations focus predominantly on the formation of the
anodic film, while the influence of microstructure on corrosion initiation
and propagation is still not comprehensively characterized in the current
literature [3].

Araujo et al. [17] conducted corrosion tests on anodized AA7475
alloy and reported variation in the assessed depth of corrosive attack
depending on the characterization technique employed. Their findings
highlighted the importance of accounting for microstructural features to
adequately investigate the corrosion behaviour of anodized alloys. The
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study proposed a comparison between non-anodized and anodized
surfaces under identical exposure conditions to more accurately assess
the impact of anodizing on corrosion mechanisms.

Other researchers have raised similar concerns. For instance, Jude
Mary Runge [18-20] emphasized the need for a deeper understanding of
the corrosion mechanisms in both anodized and non-anodized states to
assess the impact of anodizing. While many studies employ electro-
chemical impedance spectroscopy (EIS) to quantify improvements in
corrosion resistance after anodizing and sealing, such analyses often rely
on generalized electrochemical parameters. Furthermore, they
frequently lack complementary microstructural evaluation, thereby
limiting the ability to elucidate how anodizing alters corrosion pathways
[21-36].

Although anodizing is a standard requirement for aerospace-grade
7XXX series alloys exposed to aggressive environments, studying non-
anodized surfaces remains essential for scientific and comparative pur-
poses [16]. This is because, regardless of the surface condition, after its
onset, corrosion progresses by deteriorating the base metal. However, as
anodizing changes the surface condition, the onset and spread of
corrosion can likely follow entirely different mechanisms compared to
the non-anodized surface [17,25,32,34,37-40]. Therefore, comparing
both conditions under identical exposure circumstances must enable
researchers to isolate the effects of the anodic film on corrosion
behaviour and to better understand how final surface finishes influence
degradation processes.

Recently, Araujo et al. [38] investigated the role of constituent
intermetallic particles in the development of defects in the anodic films
and their influence on localized corrosion. The authors advised that
evaluating corrosion performance exclusively under anodized condi-
tions may lead to incomplete or even misleading interpretations,
particularly regarding underfilm corrosion. Similar concerns were pre-
viously raised by Queiroz et al. [24] and Ma et al. [41], who highlighted
the importance of directly comparing the non-anodized and anodized
conditions of the same alloy to obtain a more comprehensive under-
standing of corrosion initiation and propagation beneath anodic films.
Nevertheless, comprehensive studies correlating microstructural fea-
tures with electrochemical behaviour remain scarce, especially for
TSA-anodized surfaces. This lack of systematic comparison underscores
the need to clarify how microstructure affects corrosion under different
surface conditions. To address this gap, the present study examines the
impact of surface condition and microstructure on the corrosion of
AA7475-T761, aiming to answer the central question: What role does
microstructure play in determining the differences in corrosion mech-
anisms between non-anodized and TSA-anodized AA7475-T761
aluminium alloy?

2. Experimental
2.1. Material

The AA7475-T761 aluminium alloy used in this study was in plate
form, 1.6 mm thick. Its chemical composition, determined by induc-
tively coupled plasma optical emission spectrometry (ICP-OES), is (wt
%): 2.34% Cu, 2.64% Zn, 0.85% Mg, 0.009% Cr, 0.006% Fe, and 0.002%
Si, with aluminium as the balance. The T761 temper condition com-
prises solution heat treatment, cold working, stress relief, and artificial
aging [42].

2.2. Methods

2.2.1. Microstructural characterization and analysis

The surface of the alloy sample was ground with silicon carbide
paper up to #P4000 and then polished with diamond suspensions of 3
pm and 1 pm. Prior to microstructural observation, the samples were
chemically etched in a solution containing 2 (v/v)% hydrofluoric acid
and 25 (v/v)% nitric acid in order to reveal the grain structure [43].
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Microstructural characterization and analysis were conducted by means
of scanning electron microscopy (SEM) using a JSM-6701F microscope
equipped with energy-dispersive X-ray spectroscopy (EDX) detectors.
Statistical analyses regarding microstructural parameters and phases
were performed using ImageJ® software. To identify all phases, the
nanometric phases in the alloy were analyzed by transmission electron
microscopy (TEM) using a JEM-2100 microscope operating at 200 kV.
The samples were 2 mm diameter disks, prepared by grinding with SiC
#1200 until an average thickness of 100 pm. Electrolytic etching was
then performed using TenuPol equipment with a stainless-steel plate as
the cathode. The etching electrolyte consisted of 20% nitric acid in
methanol, with a voltage of 25 V and at —30 °C.

2.2.2. Anodizing procedure

Anodizing was carried out in an aqueous solution containing
0.46 mol L sulfuric acid and 0.53 mol L! tartaric acid (TSA) at (37 +
1) °C, using an SP-300 Biologic® potentiostat. The samples, with an
exposed area of 1 cm?, were used as working electrodes, while a plat-
inum mesh served as the cathode. The anodizing process was performed
using potentiostatic polarization at 14 V for 20 min. Surface images,
before and after anodizing, were acquired using a JSM-6701F SEM
equipped with a backscattered electron (BSE) detector and an EDX
system.

2.2.3. Corrosion tests

The corrosion resistance of non-anodized and anodized AA7475-
T761 samples was evaluated starting with immersion tests in a
0.1 mol L' NaCl solution. The non-anodized samples, representing the
alloy without surface treatment, were previously ground and polished
with diamond suspension down to 1 pm. Electrochemical measurements
were also performed using a Biologic® SP-200 potentiostat in a con-
ventional three-electrode setup, with the alloy samples (exposed area of
1 cm?) as working electrodes, an Ag|AgCl|KCl 3 mol L™ electrode as
reference, and a platinum wire (5 cm? exposed area) as the counter
electrode. Open-circuit potential (OCP) measurements were recorded
continuously for 70 h to monitor the electrochemical stability of the
surfaces. Anodic potentiodynamic polarization tests were acquired after
5 min immersion at a scan rate of 0.5 mV-s™, starting from -10 mV vs.
OCP and progressing to 1 V vs. the reference electrode. Polarization
experiments were performed on at least six specimens per condition
(non-anodized and anodized) to ensure reproducibility.

After the electrochemical tests, surface analysis of both non-anodized
and anodized samples was conducted by SEM on a JEOL JSM-6010 LA
microscope equipped with an EDX detector, with image acquisition in
BSE mode. High-resolution imaging was additionally performed using a
Zeiss Ultra 55 microscope operating at 1.5 kV to minimize charging
effects and improve the observation of fine surface features. Addition-
ally, the morphology and depth of the corrosion pits were quantified by
optical profilometry (Zygo ZeGage). Furthermore, to assess pit
morphology independently of the oxide, corrosion products and the
anodic film were removed by film stripping using a chromic acid-
—phosphoric acid desmutting solution (20 g CrOs + 30 mL HsPO4in 1 L
deionized water; 60 °C, 3 min), followed by immersion in distilled water
in an ultrasonic bath for 20 min and air drying.

Cross-sectional preparation was performed using two different ap-
proaches. In the first method, the procedure followed is that described in
previous works [44], in which the specimens were sectioned using a
precision diamond saw, successively ground with silicon-carbide papers
up to P4000 grit, and finally polished using a 0.05 pm colloidal silica
suspension. In the second approach, cross-sections were prepared by
ultramicrotomy using a Leica Ultracut instrument equipped with a
diamond knife, allowing high-precision sectioning for detailed micro-
structural analysis. Corrosion sites were first identified by surface in-
spection and marked prior to sectioning. The selected regions were
initially trimmed using a glass knife at a cutting speed of 3 mm s™ with a
slice thickness of 3 pm. Subsequently, the region containing the
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corrosion pit was sectioned using a diamond knife at a cutting speed of
1 mm s, producing slices with thicknesses between 500 nm and 1 pum.

3. Results
3.1. Microstructure characterization

The surface of the AA7475-T761 alloy, after mechanical polishing,
was examined by SEM, as shown in Fig. 1.

In the lower-magnification image (Fig. 1(a)), small, bright spots
scattered across the surface correspond to micrometric constituent
intermetallic particles (IMPs). These features appear with higher
contrast due to their chemical composition, which differs from the
surrounding aluminium matrix and reflects the presence of elements
with higher atomic numbers [45,46]. EDX analysis of 50 particles
revealed an average composition of 57.3 + 9.3 wt% Al, 27.5 + 2.6 wt%
Cu, and 15.2 + 4.4 wt% Fe. The average particle size was 3.7 + 2.1 pm,
likely influenced by thermomechanical processing such as rolling, which
can fracture or fragment larger IMPs formed during solidification. The
corresponding particle size distribution is presented in Fig. 1 (al), which
indicates that the IMP population spans a range of sizes. Most particles
are distributed within the micrometric range, although smaller particles
close to ~1-2 pm and larger ones reaching ~8-10 um are also observed.
This distribution indicates that the alloy contains particles both signif-
icantly smaller and of the same order of magnitude as the typical
thickness of anodic oxide films reported for aluminium alloys, which
may influence the density and nature of defects generated during
anodizing [47]. In agreement with the literature [45,46,48], these are
typical IMPs, which form during casting due to the limited solid solu-
bility of certain alloying elements and the incorporation of impurities
such as Fe and Si originating from bauxite extraction and/or alloy
recycling [49]. Since the removal of IMPs is economically or technically
impractical, these particles are considered inherent to aluminium alloys
and are commonly observed across most alloy families, particularly
those developed for structural applications that require significant
alloying additions [18].

At higher magnification (Fig. 1(b)), the particles appear either iso-
lated or clustered, as indicated by the red arrows, and exhibit irregular
morphologies. A closer view of one cluster is shown in Fig. 1(c), high-
lighting a local tendency toward coalescence. In addition to the micro-
metric particles, nanometric precipitates can be identified along the
grain boundaries (Fig. 1(d)), as indicated by the white arrow. At even
higher magnification (Fig. 1(e)), the alignment of these nanometric
precipitates along grain interfaces becomes more evident. The grain
morphology of the alloy is illustrated in the SEM micrographs of etched
samples, shown in Fig. 2.

The surface view (Fig. 2(a)) reveals a polycrystalline microstructure
with well-defined grain boundaries, indicated by the red arrows. Voids
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distributed along some grain boundaries, marked by white arrows,
correspond to the dissolution of IMPs during metallographic etching.
The grain size distribution obtained from image analysis is shown in
Fig. 2(al), with an average grain size of approximately 23.1 + 6.6 pm.
The relatively equiaxed grain morphology observed at the surface sug-
gests that the alloy underwent partial recrystallization during thermo-
mechanical processing [43,50]. The transverse cross-section (Fig. 2(b))
reveals elongated grains aligned along the deformation direction,
highlighted by the yellow arrow, indicating the influence of the rolling
process used to produce the alloy sheet. This morphology indicates that
although some recrystallization may have occurred, the microstructure
still retains features aligned with the rolling direction. Such micro-
structure is consistent with the T761 temper condition of AA7475
sheets, in which solution heat treatment, stress relief by stretching, and
artificial overaging can lead to a partially recrystallized microstructure
while preserving deformation-induced grain elongation [42]. In addi-
tion, the preferential dissolution of nanometric precipitates during
metallographic etching reveals grain-boundary regions containing
second-phase particles. The presence and distribution of these nano-
metric precipitates along grain boundaries are further confirmed by
TEM, as shown in Fig. 3.

In Fig. 3(a), several nanoscale features are clearly aligned along the
grain boundary, as indicated by the white arrow. A higher magnification
image of the selected region in Fig. 3(a), shown in Fig. 3(b), reveals that
they are elongated (100-200 nm) and densely packed. These features
are not merely associated with segregation but correspond to actual
precipitates, as widely reported in the literature for 7XXX series
aluminium alloys [51,52]. In 7XXX alloys, the dominant hardening
mechanism arises from fine, coherent or semi-coherent intragranular
clusters and precipitates (GP zones and 1) that hinder dislocation mo-
tion. In contrast, MgZny precipitates are commonly found at grain
boundaries [53-55]. Their direct contribution to overall strengthening is
limited, but they strongly influence electrochemical behaviour by acting
as preferential sites for localized corrosion [56,57]. Although EDX
mapping of the region shown in Fig. 2(b) was not feasible due to the
spatial resolution limitations of the equipment used in this study, point
analysis was performed in the area, as shown in Fig. 3(c). The intense Mg
and Zn peaks confirm that the nanoscale precipitates are mainly
composed of magnesium and zinc, consistent with the composition of
MgZny precipitates. The spectrum also displays peaks ascribed to
aluminium and copper, both of which are present in the alloy matrix. A
previous investigation by Cassell et al. [58] showed that copper segre-
gates at the broad faces of n and n precipitates in 7XXX-series aluminium
alloys; therefore, the combined microstructural and compositional evi-
dence indicates the presence of grain boundary Cu-containing MgZn,
precipitates in the AA7475-T761 alloy, as suggested in the literature.

Fig. 1. Scanning electron micrographs of the AA7475-T761 alloy surface after polishing, showing constituent intermetallic particles (IMPs): (a) lower magnification;
(b) higher magnification of the dashed region 1 shown in (a); (c) higher magnification of the dashed region 2 shown in (b); (d) higher magnification of the dashed
region 3 shown in (b); and (e) higher magnification of the dashed region 4 shown in (d). Red and white arrows in images (b) and (e) indicate IMPs and nanometric
precipitates at grain boundaries (GB), respectively. All images were acquired using backscattered electrons (BSE) at an accelerating voltage of 20 kV.
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Fig. 2. Scanning electron micrographs of the AA7475-T761 alloy microstructure: (a) surface; (al) grain size distribution obtained from image analysis; and (b)
transverse cross-section. Red arrows in images (a) and (b) indicate grain boundaries (GB). White arrows indicate voids formed by the dissolution of intermetallic
particles during metallographic etching. The yellow arrow in image (b) indicates the rolling direction. All images were acquired using backscattered electrons (BSE)
at an accelerating voltage of 20 kV.

3.2. Anodizing behaviour

14000

12000 (© Al Morphological features of the AA7475-T761 alloy after anodizing

2 10000 were investigated, as shown in Fig. 4.
§ 8000 The formation of the anodic film and its porous morphology, typical
© 60007 of anodizing in acidic electrolytes such as TSA [59], are evident in the
:ggg: Zn : Zn micrographs in Fig. 4(a) and 4 (al), respectively. The cross-sectional
o] . . . . . . g“ A _C image, Fig. 4(a), reveals a uniform film with an average thickness of
0 1 2 3 4 5 6 7 8 9 10 4.1 £0.1 um. In contrast, the top-view image, Fig. 4 (al), shows

keV nanoscale pores regularly distributed, as indicated by the red arrows.

As reported in Section 3.1, the microstructure of the AA7475-T761
alloy contains IMPs that are exposed on the surface and therefore
interact directly with the anodizing electrolyte. Fig. 4(b) shows a surface
region containing an IMP prior to anodizing, while Fig. 4 (b1) presents
the same region after the process. The formation of a cavity in the area
where the IMP was located is evident and is attributed to its preferential

Fig. 3. (a) Bright-field TEM image of the AA7475-T761 alloy showing nano-
metric precipitates along grain boundaries; (b) higher magnification of the
dashed region shown in (a); and (c) EDX spectrum of the precipitates high-
lighted in (b). Red arrows in (b) indicate nanometric precipitates located at
grain boundaries.

4.1 pm= 0.1

Fig. 4. Scanning electron micrographs: (a) cross-sectional view of the anodic film; (al) surface of the anodic film evidencing its porous structure (red arrows); (b)
region containing a micrometric constituent intermetallic particle (IMP) before anodizing; (b1) the same region as (b) after anodizing; (c) interface between anodized
and non-anodized regions of the alloy surface; (d) cross-section along the dashed line C1 in (b1), showing the anodic film, including a region with cavities. White and
orange arrows in (c) indicate cavities formed in the film due to dissolution of IMPs during anodizing, and an IMP that was not in contact with the anodizing
electrolyte, respectively. The yellow arrow in (d) shows the anodic film growing at the bottom of a cavity. In (e), blue and green arrows indicate anodic film cavities
and an IMP beneath the film, respectively, while the pink arrow highlights an IMP that was not in contact with the anodizing electrolyte. All images were acquired
using backscattered electrons (BSE); images (a, b—e) were obtained at an accelerating voltage of 20 kV, while image (al) was acquired at 5 kV.
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dissolution during anodizing. This phenomenon has been extensively
documented in the literature for Cu- and Fe-rich IMPs, which exhibit
high reactivity in acidic electrolytes and low stability of their respective
oxides, resulting in rapid dissolution during the early stages of anodic
film growth [38,59,60].

The reactivity of IMPs toward the electrolyte is further illustrated in
Fig. 4(c), where two distinct surface conditions are displayed: one
exposed to the anodizing process and another that remained unexposed
to the anodizing bath. In the anodized region (top side), cavities are
observed at sites where IMPs existed, as indicated by white arrows. In
contrast, an IMP that was not exposed to the electrolyte remains unal-
tered, as marked by the orange arrow (lower side). This confirms the
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understanding that IMP dissolution and cavity formation are localized at
the interface where anodic oxidation occurs.

The extent of such cavities can be examined in detail in Fig. 4(d),
which presents a cross-sectional view along the C1 line indicated in
Fig. 4 (b1). The image confirms the cavity resulting from the faster IMP
dissolution, inside which the anodic film is formed, as indicated by the
yellow arrow. Prada-Ramirez et al. [61] reported similar features for an
AA2024-T3 alloy anodized in TSA; they evidenced the presence of cracks
within the oxide film and claimed that these defects, associated with the
occluded geometry, may constitute preferential sites for the onset of
localized corrosion. It is also worth mentioning that, because the anodic
film growth consumes part of the aluminium substrate, IMPs located just

Fig. 5. Scanning electron micrographs of the non-anodized AA7475-T761 alloy surface after immersion in 0.1 mol L-! NaCl solution for 24 h: (al) low-magnification
image of the region before immersion; (a2) the same region as (al) after immersion; (b1) higher magnification of dashed region 1 in (al); (b2) higher magnification
of dashed region 2 shown in (a2); (c1) another area of the alloy surface after immersion; (c2) higher magnification of dashed region 3 shown in (c1); (d1) higher
magnification of dashed region 4 shown in (a2); (d2) higher magnification of dashed region 5 shown in (d1); (e1) higher magnification of dashed region 6 shown in
(a2), along with corresponding EDX maps. The yellow arrow in (b2), the red arrow in (c2), and the white arrow in (d1) indicate, respectively, a crack in the corrosion
products adjacent to the IMP, intergranular corrosion (IGC), and the deposition of zinc aluminium hydroxide (AlZn(OH),4). All images were acquired using back-

scattered electrons (BSE) at an accelerating voltage of 20 kV.
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beneath the original exposed surface may also be exposed to the elec-
trolyte; therefore, film defects are not restricted to the surface but can
extend into the film interior or along the film/alloy interface [37]. Fig. 4
(e) illustrates a representative micrograph of such features: a cavity
within the film thickness (blue arrow), another located at the film/alloy
interface (green arrow), and an intact IMP beneath the film (pink
arrow), which remained undissolved due to the lack of contact with the
anodizing bath. It is noteworthy that the defect indicated by the green
arrow evidences dissolution of an IMP in the absence of visible surface
perforations. It indicates the passage of current through a confined
electrolyte pathway, likely enclosed within the anodic film or at the
nanoscale, enabling localized dissolution even in the absence of visible
surface perforations.

3.3. Corrosion behaviour: non-anodized alloy vs. anodized alloy

The corrosion behaviour of the non-anodized AA7475-T761 alloy
was evaluated by immersion tests in a 0.1 mol L-* NaCl solution for
24 h. Representative micrographs are shown in Fig. 5.

Fig. 5 (al) shows the polished surface of the alloy before the im-
mersion test, while Fig. 5 (a2) presents the same region after 24 h
exposure to the chloride-containing medium. The micrographs in Fig. 5
(b1, b2) are magnified views of the marked areas in Fig. 5 (al, a2),
respectively, revealing the presence of an IMP before and after the
corrosion attack. As discussed in Section 3.1, these particles are pri-
marily composed of Al, Cu, and Fe, and have a more noble electro-
chemical potential than the Al matrix, thus exhibiting cathodic
behaviour [62,63]. As a result, they act as preferential sites for the
cathodic reaction, promoting localized trenching corrosion in the sur-
rounding Al matrix — a type of attack widely reported for 7XXX series Al
alloys [4,5]. The extensive electrochemical activity between the particle
and the matrix leads to the precipitation of corrosion products, as evi-
denced in Fig. 5 (b2), where cracks in the corrosion products on the
adjacent matrix (indicated by the yellow arrow) result from drying of the
precipitated products.

In addition to corrosion around micrometric particles, intergranular
corrosion (IGC) was also identified, as shown in Fig. 5 (c1). At higher
magnification, Fig. 5 (c2) highlights the attack along the grain bound-
aries, as indicated by the red arrows. This behaviour is typical of 7XXX
series alloys. It is associated with the precipitation of the MgZn: phase
along grain boundaries, as shown earlier in Fig. 3. However, in the
present case, IGC was observed only in regions adjacent to the sites
where IMP-induced trenching occurred. This suggests that the local
galvanic coupling induced by IMP dissolution increases the anodic
driving force in the surrounding regions, promoting intergranular attack
along precipitate-decorated grain boundaries. Previous studies have
reported similar behaviour, indicating that the electrochemical influ-
ence of IMPs can extend beyond their immediate vicinity, promoting
localized IGC propagation [52,56,57,64].

Another relevant feature observed after the immersion test was the
presence of a deposit on some particles, as evidenced in Fig. 5 (d1). Fig. 5
(d2) shows this structure at higher magnification, revealing a lamellar-
like morphology, as indicated by the white arrow. The chemical
composition of the particle and the corrosion products was analysed by
EDX, as shown in the image sequence in Fig. 5 (el). The elemental maps
of Al, Cu, and Fe confirm the composition of the IMP, while the oxygen
(O K) map indicates the presence of a corrosion product formed around
the particle, on the Al matrix. Notably, the zinc (Zn K) map reveals Zn
enrichment at the deposited region, suggesting the precipitation of zinc
hydroxide (Zn(OH),). This hydroxide forms due to the dissolution of Zn
from the matrix during corrosion, followed by its redeposition under
locally alkaline conditions around the particle, typical of cathodic zones
[65,66]. Interestingly, the geometry of the IMP combined with the radial
deposition of Zn(OH); results in a morphology that visually resembles a
“heart,” as illustrated in Fig. 5 (el).

To better understand the influence of anodizing on corrosion
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behaviour, surface modifications before and after the immersion test in
0.1 mol L! NaCl were examined, as shown in Fig. 6.

Fig. 6(a) displays the alloy surface prior to anodizing, where several
IMPs are observed (red arrows in dashed region 1). Fig. 6(b) shows the
same area after anodizing, revealing the formation of cavities due to the
dissolution/oxidation of IMPs (green arrows in dashed region 2). Fig. 6
(c) presents the same area after exposure to a chloride-containing me-
dium for 24 h (0.1 mol L™ Y). In this latter image, white arrows indicate
cracks in the anodic film, suggesting localized corrosion. However, as
indicated by the white arrows in Fig. 6(b), these areas were defect-free in
the pristine anodic film. Conversely, after immersion, no significant
morphological changes or increased surface damage were observed at
the defective sites associated with the IMPs, as evidenced by comparing
the dashed regions in Fig. 6(b) and Fig. 6(c). Therefore, the presence of
surface defects is not the sole reason for localized corrosion suscepti-
bility of the anodized alloy; rather, it also depends on defect
morphology, depth, and connectivity to the electrolyte. This interpre-
tation is consistent with our previous observations [38].

A quantitative survey of the defects was performed based on four
SEM images covering an analysed area of approximately 490 x 366 pm.
In the anodized condition, the anodic film exhibited on average 181
+ 61 surface defects. After immersion in the chloride-containing elec-
trolyte, 35 £ 8 circular cracks were observed on the surface of the
anodic film. It is important to emphasize that these circular cracks are
not directly related to the population of surface defects observed after
anodizing.

Higher-magnification views of the corroded regions A and B in Fig. 6
(c) are presented in Fig. 6(d-e). Cracks are visible on the surface of the
anodic film (yellow arrows), as a consequence of film degradation. Ac-
cording to the literature [38,67], regions of the anodic film adjacent to
such cracks often appear darker due to the absorption of corrosion
products. These areas, referred to as modified anodic film, are indicated
by blue arrows. In the center of such areas, brighter features were
detected within the cracked regions (pink arrows), indicating increased
interaction between the incident electron beam and heavier chemical
elements [68-70]. As shown previously, defective films form at sites
where IMPs exist. Moreover, as previously shown, these particles
become rich in heavier elements either due to interaction with the
anodizing bath or with the aggressive electrolyte (selective dis-
solution/oxidation of more active elements). In the literature [38] for
anodized copper-containing alloys, copper enrichment can occur at the
film/alloy interface during anodizing, followed by coalescence into
nanoparticles that, under corrosive conditions, protrude into the
corrosion products. Similar enrichment of Cu within cracks of anodized
aluminium alloys exposed to chloride-containing media has been
confirmed by EDX mapping in the literature [37], supporting this
interpretation.

Fig. 6 (d1, el), acquired in BSE mode, show micrographs, after film
stripping, of the two corroded regions represented in Fig. 6(d) and 6 (e).
They reveal cavities (dashed circles) with diameters of approximately 15
pm (Fig. 6 (d2)), and 7 pm and 2 pm (Fig. 6 (e2)), indicating the pro-
gression of corrosion beneath the anodic film. Similar features have been
found in the anodized alloy, where cavities originated from defects
developed at the film/alloy interface, as indicated by the green arrow in
Fig. 4(e). The presence of such features may facilitate electrolyte
penetration, promoting corrosion propagation through the alloy matrix
underneath the oxide layer [38,67]. To further support the proposed
mechanism for the cracked defects, detailed microstructural and
compositional analyses of a representative circular crack site are pre-
sented in Fig. 7.

The detailed characterization of a representative circular crack site is
presented in Fig. 7. The surface morphology of the defect is shown in
Fig. 7(a), where circular cracks surrounding the corrosion site are clearly
observed, exhibiting morphological characteristics similar to those
previously shown in Fig. 6(d) and (e). The yellow arrow highlights
cracks formed in the anodic film, while the blue arrow indicates the
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Fig. 6. Scanning electron micrographs of aluminium alloy: (a) surface before anodizing; the same region as in (a) after anodizing: (b) before and (c) after immersion
in 0.1 mol L™! NaCl solution for 24 h; (d—e) higher magnification of regions A and B in (c); and (d1-e2) corresponding surfaces from (d-e) after film stripping. Red,
green, and white arrows in (a), (b), and (c), respectively, indicate constituent intermetallic particles (IMPs) on the alloy surface prior to anodizing, cavities caused by
IMP dissolution during anodizing, and corrosion sites that developed at defect-free regions after the immersion test. Yellow arrows in (d-e) indicate cracks formed in
the anodic oxide, while blue arrows highlight modified regions of the anodic film, and pink arrows point to brighter features that may be associated with copper-
enriched particles beneath the oxide layer. Dashed white circles in (d1-el) indicate cavities formed beneath the anodic film revealed after film stripping. Images (a),
(b), (c), (d), (e), (d1), and (el) were acquired using backscattered electrons (BSE), while images (d2) and (e2) were obtained using secondary electrons (SE), all at an

accelerating voltage of 15 kV.

surrounding region of modified anodic film, which appears darker due
to the absorption of corrosion products, as previously discussed. Such
circular features are typically associated with localized corrosion sites
that develop beneath the anodic film.

A tilted view of the same region is presented in Fig. 7 (al), acquired
in secondary electron mode at a tilt angle of 35°. In this image, the
cracks can be clearly seen propagating into the anodic film. In contrast
to the BSE image in Fig. 7(a), the modified anodic film surrounding the
crack is less evident in this image due to the lower interaction volume
and reduced compositional contrast associated with SE imaging at low
accelerating voltage.

The corresponding EDX elemental maps of the circular crack region
are presented in Fig. 7 (a2). As expected, strong signals of Al and O are
observed, corresponding to the anodic oxide. However, particular
attention should be given to the presence of Cl within the crack region,
which provides clear evidence of localized corrosion processes occurring
at this site. Additionally, a localized enrichment of Cu is observed, which
may be associated with copper-rich nanoparticles formed at the film/
alloy interface, as previously discussed in relation to the cracked regions
shown in Fig. 6(d) and (e).

To further investigate the internal morphology of the defect, precise
cross-sectional cuts were performed across the circular crack site, as
indicated by the dashed lines C1-C4 in Fig. 7(a). The corresponding
cross-sectional micrographs are presented in Fig. 7(b-b4). The cross-

section corresponding to cut C1 (Fig. 7(b)) shows the anodic film and
substrate in a region far from the corrosion site, where no evidence of
corrosion attack is observed.

As the cross-sections approach the circular defect, morphological
changes become evident. In the cross-section corresponding to C2 (Fig. 7
(b1)), a contrast variation within the anodic film can be observed,
indicating the presence of a modified anodic film. A higher magnifica-
tion of the dashed region B is presented in Fig. 7 (b2), where a crack
within the anodic film becomes clearly visible, together with the darker
contrast region associated with the modified anodic film, indicated by
the blue arrow. This observation agrees with the mechanism previously
discussed in Fig. 6, where corrosion processes occurring beneath the film
lead to modification of the anodic oxide.

Closer to the centre of the corrosion site, the cross-section corre-
sponding to C3 (Fig. 7 (b3)) reveals a circular cavity beneath the anodic
film with a depth of approximately 5.8 pm. This morphology is consis-
tent with the cavities observed after film stripping in Fig. 6 (d1-d2) and
(el-e2), confirming that corrosion progresses beneath the anodic film.
The absence of oxide above the cavity is attributed to detachment of the
weakened anodic film during ultramicrotomy cutting, which commonly
occurs due to the accumulation of corrosion products weakening the
oxide layer.

At the centre of the corrosion site, cut C4 (Fig. 7 (b4)), the attack
becomes more pronounced, with a cavity depth of approximately 6.3
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Fig. 7. Scanning electron micrographs of anodized AA7475-T761 alloy after immersion in 0.1 mol L™! NaCl solution for 24 h: (a) surface showing a region associated
with localized corrosion; (al) same region shown in (a) tilted at 35°; (a2) EDX maps corresponding to the region presented in (a) and (al). (b-b4) cross-sectional
images corresponding to the dashed red lines C1-C4 indicated in (a), respectively. (b2) higher magnification of region B highlighted in (b1); (b5) higher magni-
fication of region C shown in (b4); (b6) EDX maps corresponding to region E highlighted in (b4); (b7) higher magnification of region G; and (b8) higher magnification
of the same region showing nanometric particles along the film/alloy interface. Yellow arrows in (a) indicate cracks formed in the anodic film, while blue arrows in
(a) and (b2) highlight modified regions of the anodic film. Pink arrows in (b6) and (b8) indicate copper-enriched particles. Images (a), (b), (c), (d), (e), (d1), and (el)
were acquired using backscattered electron imaging (BSE), while images (d2) and (e2) were obtained using secondary electron imaging (SE), all at an accelerating

voltage of 1.5 kV.

pm. A higher magnification of region C, indicated in Fig. 7 (b4), is shown
in Fig. 7 (b5). In this region, numerous bright nanoscale features can be
observed within the corrosion products. These particles appear as bright
spots in BSE images due to their higher atomic number contrast, sug-
gesting the presence of copper-rich nanoparticles.

To further confirm this hypothesis, EDX analyses were performed at
points P1, P2, and P3, as indicated in Fig. 7 (b5). Points P1 and P2 show
Cu contents of approximately 7.5 wt% and 6.1 wt%, respectively,
whereas the surrounding matrix (P3) shows only about 1.1 wt% Cu.
Although point analysis provides some indication of Cu enrichment, the
small size of these features limits the accuracy of such measurements.
Therefore, elemental mapping was performed in the region indicated by
E in Fig. 7 (b4), and the result is shown in Fig. 7 (b6). The map clearly
shows a strong Cu signal concentrated within the cavity, as indicated by
the arrow. This observation confirms that copper-rich nanoparticles
accumulate within the corrosion products formed beneath the anodic
film. Such enrichment is consistent with the mechanism proposed in the
literature, in which copper enrichment occurs at the film/alloy interface
during anodizing, followed by the formation and coalescence of copper
nanoparticles during corrosion.

Further evidence of this mechanism is provided by the higher
magnification image of region F (Fig. 7 (b7)), where numerous bright
particles are distributed within the cavity. In the even higher magnifi-
cation image of region G (Fig. 7 (b8)), these nanoparticles can be seen
coalescing along the film/alloy interface. This finding is consistent with
the mechanism previously discussed for the cracked defects in Fig. 6 and
reported in the literature [38], where copper-rich nanoparticles form
and accumulate beneath the anodic film, promoting localized corrosion
propagation.

The cross-sectional morphology of defects formed at the alloy surface
during anodizing due to the dissolution of IMPS was further investigated

after immersion testing. These defects, previously observed in Fig. 6
(a—c), are shown in detail in Fig. 8.

In Fig. 8(a), a circular crack associated with localized corrosion is
observed and indicated by region A. The morphology and propagation of
this feature were previously described in Figs. 6 and 7. Adjacent to this
corrosion site, another defect is observed (region B), which originates
from the dissolution of an IMP during anodizing. In contrast to region A,
this defect does not present a surrounding circular crack. Instead, it
appears as a bright region, indicated by the orange arrow, which is
attributed to charging effects during SEM observation [71]. Such
contrast arises because electrons accumulate at the cavity edges, where
local electrical conductivity is reduced.

To gather a better insight into the internal morphology of this defect,
cross-sectional cuts were performed along line C1 indicated in Fig. 8(a).
The corresponding images acquired in secondary (SE) and backscattered
(BSE) electron modes are presented in Fig. 8 (al) and (a2), respectively.
Both images show that no corrosion attack occurs at the film/alloy
interface, as indicated by the green arrow. Instead, discontinuity is
observed at the surface of the anodic film, which is attributed to the
preferential dissolution of the intermetallic particle during anodizing.

As reported in the literature [47], the rapid dissolution of Cu-rich
IMP during anodizing may generate cavities while the anodic film
continues to grow around the defect. In such cases, oxide growth pro-
ceeds beneath the dissolved particle, thereby locally preserving portions
of the barrier layer at the film/alloy interface. This process often leads to
the formation of hemispherical or spherical morphological features
beneath the cavity, associated with the continued oxide growth below
the dissolved particle site. Such features are indicated by the green
arrow at the film/alloy interface (Fig. 8 (al, and a2)).

It is also important to highlight the presence of fragmented oxide
material accumulated above the cavity. These features are most likely
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Fig. 8. Scanning electron micrographs of anodized AA7475-T761 alloy after immersion in 0.1 mol L' NaCl solution for 24 h: (a) surface after immersion; (al) and
(a2) cross-sectional images corresponding to the cut along line C1 indicated in (a). Regions A and B in (a) correspond to defects originating from the dissolution of
intermetallic particles (IMPs) during anodizing. Region A shows a characteristic circular crack surrounding the defect, while region B corresponds to a corrosion site
associated with a previously formed circular crack. The orange arrow in (a) indicates charging effects during SEM observation. White, green, yellow, and blue arrows
in (al) and (a2) indicate the film surface, film/alloy interface, detached anodic oxide, and an artefact produced during diamond cutting, respectively. Image (a) was
acquired using backscattered electrons (BSE) at 20 kV, while images (al) and (a2) were obtained at 1.5 kV using secondary electrons (SE) and backscattered electrons
(BSE), respectively.
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associated with the upper portion of the anodic film that becomes de-
tached during ultramicrotomy cutting. This behaviour is commonly re-
ported when hydrated anodic oxides are sectioned [38,41,72-74], since
the oxide film becomes mechanically fragile and may partially delami-
nate during sample preparation. In this case, small fragments of the
anodic oxide remain at the surface of the cavity, as indicated by the
yellow arrow, and may also be displaced into the cavity during
sectioning. Additionally, mechanical artefacts associated with
diamond-knife cutting can be observed, as indicated by the blue arrow.
Such artefacts appear as linear scratches produced during ultramicrot-
omy and should not be interpreted as corrosion features. The observa-
tion of the same structural features in both SE and BSE imaging modes
further supports this interpretation, indicating that these features are
related to sample preparation rather than to actual corrosion processes.
This interpretation also explains why, in the cross-sectional images of
circular crack sites shown in Fig. 7 (b3) and (b4), the anodic oxide is
absent above the cavity region. In those cases, the oxide film becomes
significantly weakened due to corrosion beneath the film, making it
prone to detachment during sectioning.

The morphological features observed in Figs. 5 and 6 highlight the
distinct corrosion behaviours of the alloy in non-anodized and anodized
conditions. In the non-anodized alloy (Fig. 5), trenching corrosion,
intergranular attack, and localized deposition of corrosion products
were predominant, particularly around cathodic IMPs. In contrast, the
anodized surface (Fig. 6) exhibited cracks and modified regions in the
anodic film, while subsurface cavities became evident after film
removal. This shows that, although the anodic film acts as a protective
barrier, its effectiveness can be compromised by interfacial defects and
localized degradation. These observations demonstrate that the pres-
ence of the anodic film not only alters the corrosion morphology but also
affects the intensity of the local corrosion process. The following section,
therefore, compares the electrochemical behaviour and overall corro-
sion resistance of the non-anodized and TSA-anodized surfaces after
polarization experiments, corresponding to a harsher anodic stress
imposed on the samples.

3.4. Electrochemical behaviour and corrosion resistance: non-anodized
vs. anodized alloy

Fig. 9 shows the open circuit potential (OCP) curves of the non-
anodized and anodized AA7475-T761 alloy during 70 h of immersion
in a 0.1 mol L' NaCl solution. The non-anodized alloy (blue curve)
exhibited a continuous decrease in potential from approximately
-0.66 V (Ag/AgCl) to -0.82 V (Ag/AgCl) during the immersion period.

Non-anodized alloy
Anodized alloy

T

E (V, Ag/AgCl)

30

40
Time (h)
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Fig. 9. Open circuit potential (OCP) curves of non-anodized and anodized
AA7475-T761 alloy during 70 h of immersion in 0.1 mol L' NaCl solution.
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This trend indicates active dissolution and progressive corrosion without
the formation of a stable passive film. The absence of a plateau region
and the increasingly negative OCP values suggest the initiation and
propagation of localized corrosion, likely associated with galvanic in-
teractions between the aluminium matrix and cathodic IMPs, as dis-
cussed previously in Fig. 5.

In contrast, the anodized alloy (red curve) maintained a nobler and
more stable potential, fluctuating mildly between -0.61 V (Ag/AgCl)
and -0.66 V (Ag/AgCl). The limited amplitude of these fluctuations re-
flects a delayed corrosion process, suggesting that the anodic film acts as
a physical barrier, restricting direct electrolyte access to the metallic
substrate. The lack of sharp potential drops further confirms that no
aggressive localized corrosion occurred during the test period.

The minor but repeated fluctuations observed in the OCP of the
anodized sample can be attributed to localized interactions at film de-
fects or thinner regions. However, the anodic film prevents stabilization
of anodic sites, commonly associated with severe pitting or trenching
corrosion. The more noble potential exhibited by the anodized sample
(~150-200 mV more positive than the non-anodized alloy) is in
accordance with previous results and the morphological observations
presented in Figs. 5 and 6, confirming that anodizing enhances both the
stability and durability of the alloy in corrosive environments.

Fig. 10 displays the potentiodynamic polarization curves and post-
test surface morphologies for the AA7475-T761 alloy in non-anodized
and anodized conditions.

In Fig. 10 (a), a representative anodic polarization curve of the non-
anodized AA7475-T761 sample after 5 min immersion in the NaCl
0.1 molL™! is shown. The results were highly reproducible, as
confirmed by the consistent behaviour observed across all replicates.
The alloy reaches high current densities at low anodic overpotentials,
indicating that the corrosion potential (Ecoy) is very close to the pitting
potential (Epir), even considering a short immersion period, with no
clear evidence of a stable passive region. Consequently, the metallic
surface is highly susceptible to rapid passivity breakdown and early
initiation of localized corrosion.

In contrast, the anodized samples, shown in Fig. 10 (b), exhibit
distinctly more variable electrochemical behaviour. The polarization
curves display significant scatter in both the potential at which the
anodic film breaks down and the current densities of the passive regime.
In some samples, film breakdown occurs at potentials below + 0.1 V
(Ag/AgCl), whereas in others, the anodic film remains passivated at
higher potentials. Similarly, the passive current density plateau ranges
from approximately 10~° mA c¢cm™ to nearly ten times higher in some
instances. Although this dispersion primarily reflects the non-uniformity
of the anodic film, the limited electrode area also contributes to the
apparent variability observed [17,44]. Nonetheless, despite the disper-
sion, a well-defined passive region is observed for the anodized alloy,
attributed to the formation of a protective oxide film that promotes and
stabilizes passivity. Conversely, the non-anodized alloy exhibits passive
behaviour only in deaerated media (Fig. 10 (c)), where a significant
negative shift of the corrosion potential, from approximately —0.63 V
(Ag/AgCl) (aerated) to —1.13 V (Ag/AgCl), occurs, accompanied by the
onset of a distinct passive region.

The potentiodynamic polarization curves in Fig. 10 further evidence
the differences in electrochemical activity between the two conditions.
For the non-anodized alloy (Fig. 10 (a)), the current density rapidly
reaches very high values, on the order of mA cm™, at potentials only
slightly above E.,, suggesting that corrosion initiates and propagates
readily. By contrast, in the anodized condition (Fig. 10 (b)), the current
density increases at potentials significantly above Ecorr, clearly con-
firming that anodizing enhances the alloy's corrosion resistance. These
differences are more clearly highlighted in Fig. 10 (d), further proving
that under aerated conditions, the non-anodized alloy remains near or at
its pitting potential, confirming its high susceptibility to localized
attack.

The potentiodynamic curves displayed in Fig. 10 show that the
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Fig. 10. Anodic potentiodynamic polarization curves of the AA7475-T761 aluminium alloy after 5 min of immersion in 0.1 mol L™ NaCl solution: (a) non-anodized;
(b) anodized; (c) Anodic potentiodynamic polarization curves for the non-anodized surface in aerated and deaerated 0.1 mol L-! NaCl solution; (d) comparative
polarization curves of the alloy in non-anodized and anodized conditions. Surface macrographs of the AA7475-T761 alloy after the polarization test in the non-

anodized (e) and anodized (f) conditions.

corrosion potential (Ecor) of the anodized surface was approximately
190 mV nobler than that of the non-anodized alloy. This is in accordance
with findings of several studies reporting the ennoblement of E.q of
anodized aluminium alloys in different media [32,34,40,44], and is also
consistent with the results reported by Zuo et al. [75], who showed that
anodizing, followed by appropriate sealing, yields more noble Ecq:
values and improved passivation stability in chloride solutions. In
addition, the anodized samples exhibited a well-defined pitting potential
(Epiv), at which a sharp transition from passive to active behaviour was
observed, even though the passive ranges varied across the different
tested regions. With that in mind, a mean value of + 0.101 V (Ag/AgCl),
and a passive range (AE = Ep;; — Ecorr) of about 0.555 V was calculated
for the set of anodized samples presented in Fig. 10(b), indicating good
resistance to pit initiation; however, it is important to emphasize that
these values may change if another set of samples is considered. In
contrast, the non-anodized samples displayed a stable Ecorr and a sharp
increase in the anodic current density, indicating the growth of stable
pits, thereby confirming their high susceptibility to localized corrosion.

The differences in the corrosion resistance of the two samples are
further illustrated in Fig. 10 (d), at which the current densities at an
overpotential of + 100 mV relative to Ecorr are indicated: the non-
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anodized sample exhibits a current density approximately five orders
of magnitude higher than that of the anodized surface, highlighting the
significant decrease in electrochemical activity promoted by the anodic
film. Consistent with these observations, the total charge (C), estimated
from the integrated area under the polarization curves, was significantly
lower for the anodized surface (17.1 + 8.8 A-s) compared to the non-
anodized samples (49.3 + 6 A-s). This reduction in electrochemical
charge supports the enhanced protectiveness of the anodic film and is
indicative of lower overall surface electrochemical activity, which is an
expected outcome, since corrosion of the anodized alloy is highly
localized, restricted to a few sites; however, it can be more severe at each
individual location [47], as will be shown later. These features are
relevant to comparative corrosion behaviour, as the polarization curves
were halted at the same potential and collectively demonstrate
improved overall and localized corrosion resistance for the anodized
sample.

The polarization experiments were complemented by the macro-
scopic examination of the tested surfaces, and representative macro-
graphs are shown in Fig. 10 (e, f). The non-anodized specimen (Fig. 10
(e)) exhibits extensive surface damage and corrosion product precipi-
tation, consistent with the higher current densities and poor corrosion
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resistance. In contrast, the anodized sample (Fig. 10 (f)) displays a
mostly intact surface and isolated pitting sites, consistent with improved
passive behaviour.

A more detailed assessment of the resistance of both samples to
localized attack was performed by SEM analysis, as shown in Fig. 11.

Fig. 11 (a) shows the surface of the non-anodized sample after the
full anodic polarization test, highlighting areas with distinct contrast.
The brighter regions exhibit a smoother morphology, with no apparent
precipitation of corrosion products, whereas the darker zones appear
rougher and are covered with corrosion products; Fig. 11 (al), an
enlarged view of the dashed square 1 in Fig. 11 (a), provides clearer
evidence of this feature. In Fig. 11 (a2), an enlargement of the square 2
in Fig. 11 (al), severe localized corrosion becomes evident in the
brighter areas. The high magnification micrograph in Fig. 11 (a3) re-
veals pronounced intergranular corrosion (IGC), as indicated by the red
arrow. The morphology and dimensions of the attacked region closely
follow the grain structure of the alloy, with a characteristic size of
approximately 21.1 um, which is in good agreement with the grain size
observed in the microstructural analysis presented in Fig. 2. The
corrosion path clearly propagates along grain boundaries, rather than
through the grain interior. Such behaviour is commonly reported for
7XXX series aluminium alloys and is associated with galvanic coupling
involving MgZn. precipitates distributed along grain boundaries, as
previously discussed in Fig. 4. The absence of corrosion products sur-
rounding this severely attacked region suggests local cathodic protection
promoted by the intense anodic activity within the IGC crevice. This
observation is consistent with the findings of Boag et al. [76,77] who
reported similar corrosion product distribution in 2024 Al alloys
exposed to chloride solution, at which precipitation occurred far from
pit openings, whereas areas adjacent to the openings remained relatively
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free of corrosion products.

A cross-sectional analysis of the interface zone was carried out along
line C1, indicated in Fig. 11 (a2). The tilted image (Fig. 11 (a4)) shows
the attack depth, ~22 pm, indicated by the white arrow, as well as the
direction of corrosion propagation. These micrographs show that the
darker attacked regions did not evolve from intergranular corrosion
fronts. Instead, under intense anodic polarization, the progression of
corrosion may be more reasonably attributed to the heterogeneous
dissolution of the alloy surface due to passive film instability, or to
subsurface attacks initiated at localized corrosion sites, such as those
associated with IMPs. Similar interpretations have been reported in
literature, where surface heterogeneities and passive film breakdown
were shown to drive localized attack in AA2024 alloys [76-80].
Although in some cases, crystallographic pits have been shown to
develop from intergranular corrosion fronts [81], such an evolution is
not directly evident in the micrographs displayed in Fig. 11 (a).

In the anodized condition, spherical cavities developed on the sur-
face during polarization tests (Fig. 11 (b)). Fig. 11 (b1) presents a higher-
magnification image of the dashed square 1, indicated in Fig. 11 (b),
showing a representative pit. The actual extent of the attack was
revealed only after the anodic film was stripped, as shown in Fig. 11
(b2). The pit diameter, 68 um before stripping (Fig. 11 (b1)), reached
504 pm after the oxide removal (Fig. 11 (b2)), indicating that the anodic
film concealed the full extent of the localized attack. A higher magni-
fication micrograph of the area marked by the letter A in Fig. 11 (b2) is
presented in Fig. 11 (b3), where a rougher surface is observed, indicative
of aggressive corrosion in this region. At even higher magnification,
crystallographic corrosion features become evident at the pit bottom
(indicated by the yellow arrow), as shown in detail in Fig. 11 (b4). In
Fig. 11 (bl), the presence of swollen regions farther away from the

Fig. 11. Analyses of the AA7475-T761 alloy surface after the anodic polarization tests. (a) Macroscopic optical image of the non-anodized surface after polarization;
(al) micrograph at higher magnification of region 1 in (a); (a2) micrograph at higher magnification of region 2 in (al); (a3) higher magnification of region 3 in (a2);
(a4) cross-sectional view corresponding to dashed line C1 in (a2). (b) Macroscopic optical image of the anodized surface after the polarization test; (b1) before and
(b2) after film stripping; (b3) higher magnification of region A indicated in (b2); (b4) higher magnification of the dashed area in (b3); (b5) cross-sectional view
corresponding to dashed line C2 in (b2); (b6) low-magnification image of a pitted region; (b7) cross-sectional view corresponding to dashed line C3 in (b5); (b8)
cross-sectional view corresponding to dashed line C4 in (b5); and (b9) higher magnification of region 6 in (b8). The red, white, yellow, and blue arrows in (a3), (a4),
(b4), and (b7) indicate intergranular corrosion, the direction of corrosion propagation, crystallographic corrosion, and the accumulation of corrosion products
beneath the anodic film, respectively. Images (a) and (b) were obtained by optical microscopy, whereas all remaining micrographs were acquired by scanning
electron microscopy using backscattered electrons (BSE) at an accelerating voltage of 20 kV.
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opening of the pit is evident. They appear to correspond to the limit of
the pit cavity after the oxide layer has been removed (Fig. 11 (b1)). This
finding indicates that swollen regions on the surface of the anodized
samples correspond to the eruption of corrosion points from beneath the
oxide layer, a process assisted by the aggressive electrolyte confined
within the pit, which is partially covered by the anodic film.

Fig. 11 (b5) presents a cross-sectional view of the pitin Fig. 11 (b2) at
a 30 ° tilt angle, corresponding to the C2 line cut, highlighting the depth
and propagation characteristics of the localized attack. The depth
reached ~ 175 um, consistent with the average depth of 170 + 35 pm
obtained from analysis of 30 pits. In addition, to evaluate the progres-
sion of the attack underneath the anodic film, pits formed after polari-
zation were also sectioned without stripping the anodic layer, as shown
in Fig. 11 (b6), which presents a higher-magnification image of the
dashed square 2 indicated in Fig. 11 (b), together with the indication of
the cross-sectional cuts, which were performed along C3 and C4 lines.

The cross-section along the C3 line, shown in Fig. 11 (b7), reveals a
region where the anodic film is in contact with corrosion products
accumulating beneath the film (indicated by the blue arrow). However,
distinguishing modified anodic film from unmodified regions using
SEM-EDX is challenging, as the porous anodic film undergoes hydration
after immersion, changing its composition from Al-0s (Al:O ratio of 2:3)
to AI(OH)s or AIO(OH) (Al:O ratio of approximately 1:2-3), which re-
sembles the composition of corrosion products [82]. Consequently, the
aluminium ratio cannot be used to differentiate between these two re-
gions. In addition, corrosion products may incorporate elements such as
Cl, which EDX cannot detect at concentrations below 0.1%. The limited
spatial resolution of EDX in SEM (1-3 um?) limits compositional anal-
ysis, as the signal represents an average over the entire sampled volume
[69,83,84]. In this context, contrast differences in BSE images resulting
from interactions of the electron beam with corrosion products con-
taining higher atomic-number elements make the modified anodic film
more distinguishable (as shown in Fig. 6(d, e)). Therefore, SEM in BSE
mode remains the most reliable approach for identifying regions of the
anodic film affected by corrosion.

The cross-section along the C4 line, passing through the centre of the
pit shown in Fig. 11 (b6), is presented in Fig. 11 (b8). In this region, the
anodic film above the cavity collapsed during sample preparation, as
shown in Fig. 11 (b8) and (b9), due to compromised adhesion to the
substrate. As a result, only the portion of the pit adjacent to the anodic
film remained visible, as shown at higher magnification in Fig. 11 (b9).

4. Discussion

Corrosion is fundamentally a surface-mediated phenomenon; how-
ever, the factors defining the surface condition of an alloy play a key role
in determining its overall corrosion resistance and propagation. In the
non-anodized AA7475-T761 alloy, localized corrosion initiates at con-
stituent intermetallic particles (IMPs) and nanoscale precipitates (Figs. 1
and 3). These phases establish micro- and nano-galvanic cells with the
aluminium matrix, where cathodic IMPs promote trench formation
(Fig. 5 (b2)) and anodic grain-boundary precipitates drive intergranular
attack (Fig. 5 (cl, c2)). In regions adjacent to cathodic IMPs, inter-
granular corrosion may also intensify due to increased electrolyte
aggressiveness within the trenches. Thus, the widespread occurrence of
microstructural heterogeneities results in corrosion propagation across
the surface.

In contrast, in the anodized alloy, corrosion initiation is confined to
defects formed at the film/alloy interface during anodizing. These de-
fects arise mostly from the selective dissolution of IMPs and are observed
as discontinuities in the anodic film (Fig. 4(e)). Electrolyte penetration
through these defective regions enables the onset of underfilm corrosion
(Fig. 11). As corrosion progresses, accumulation of corrosion products
and Cu enrichment beneath the film (Fig. 6(d, e) and Fig. 7) modify the
oxide morphology, promoting local cathodic sites and further enhancing
underfilm propagation. This mechanism explains the severe, yet highly
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localized, attack observed after the polarization tests.

It should be noted that establishing a direct one-to-one correlation
between a specific dissolved IMP and the subsequent corrosion cavity is
experimentally challenging. Once corrosion initiates beneath the porous
anodic film, the process evolves rapidly, and the original dissolution site
may no longer be preserved in the final morphology. For this reason, the
present interpretation relies on consistent observation of corrosion
cavities and cracked defects associated with interfacial discontinuities
rather than on a single micrograph capturing the earliest stage of the
process. Similar challenges have been discussed in literature, where
defects induced by intermetallic particles located beneath anodic oxide
layers were shown to influence post-anodizing corrosion behaviour. For
example, Raffin et al. [85] reported that IMPs buried under the oxide
may promote localized degradation through subsurface electrochemical
interactions. In contrast, the mechanism discussed in the present study
involves defects generated during anodizing by IMP dissolution at the
film/alloy interface. These differences highlight that the influence of
microstructure on post-anodizing corrosion cannot be generalized and
strongly depends on the characteristics of the alloy, including its IMP
population and composition. Consequently, each alloy system and sur-
face condition must be investigated individually to properly understand
the mechanisms governing corrosion initiation and propagation.

It is also important to emphasize that defects observed at the anodic
film surface do not necessarily represent the full geometry of the defect
within the oxide layer. In many cases, the visible surface feature cor-
responds only to the upper portion of a bigger subsurface cavity formed
due to the dissolution of IMPs [47,86]. Consequently, the presence of a
surface defect does not necessarily imply that the cavity extends down to
the film/alloy interface. In the alloy investigated in the present study,
corrosion sites were not directly associated with the surface defects
(Fig. 4(d) and 6 (a-c)), suggesting that the cavities generated during
anodizing did not extend through the entire thickness of the anodic film
(Fig. 8). However, this behaviour may vary depending on the alloy
composition, the size and protrusion of the IMPs, as well as the anod-
izing parameters. If the particle size or its projection above the matrix
exceeds the thickness of the growing oxide film, the resulting defect may
extend to the substrate and act as a preferential site for corrosion initi-
ation. Therefore, a three-dimensional characterization would be
required to fully resolve the true geometry of these defects and their
relationship with corrosion initiation. These considerations also high-
light that the influence of microstructure on defect formation and
corrosion behaviour cannot be generalized, and that each alloy system
requires a dedicated and carefully designed investigation to properly
understand the role of intermetallic particles and anodizing parameters
in controlling corrosion initiation.

Although the mechanisms differ, corrosion initiation in both condi-
tions stems from loss of passivity. In the non-anodized alloy, the natural
passive film is thin and locally disrupted by microstructural heteroge-
neities. In contrast, the anodized alloy is protected by a thicker oxide
formed under non-equilibrium conditions, which fails locally at defect
sites where barrier layer is absent (Fig. 11). Therefore, corrosion in both
systems is governed by passivity loss, regardless of whether the oxide is
natural or anodically formed. Still, the extent, localization, and propa-
gation of the damage differ markedly.

Electrochemical analyses support this interpretation. The anodized
surface displays a nobler Ecorr and a well-defined passive range, while
the non-anodized alloy shows immediate breakdown with no distinct
Epi¢ (Fig. 10 (a—c)). Despite its lower total anodic charge (17.1 & 8.8 A-s
vs. 49.3 &+ 6 A-s), the anodized alloy exhibits deeper pits (170 + 35 um)
confined to a few defective sites (Fig. 11 (b5, b8)). In contrast, the non-
anodized condition displays shallower pits (25 4+ 8 um) but more
widespread corrosion (Fig. 11 (a4)). This difference arises because
current flow in the anodized alloy is concentrated at a limited number of
defects, producing intense local attack even though the overall elec-
trochemical activity is lower.

Therefore, anodizing plays a dual role. It enhances general and
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localized corrosion resistance by increasing Ecorr and delaying the
attack, yet once the film is breached, the confined electrolyte beneath
the oxide accelerates localized propagation underneath the oxide layer
[75,87-91]. Consequently, corrosion becomes highly localized and may
progress aggressively beneath the anodic film even though the overall
electrochemical activity of the surface is reduced. These findings high-
light that the corrosion resistance of anodized aluminium alloys cannot
be evaluated solely through electrochemical parameters such as Ecorr or
passive current density. Microstructural features and anodizing-induced
defects must also be considered to fully understand corrosion initiation
and propagation mechanisms.

It is worth emphasizing that the influence of the initial surface
condition is often underestimated in corrosion studies of aluminium
alloys. Many investigations evaluate corrosion behaviour primarily
through electrochemical parameters [32,34,40,92-94], frequently
without a detailed assessment of the microstructural features present at
the surface prior to exposure. However, features such as intermetallic
particles, grain-boundary precipitates, and defects generated during
surface treatments can fundamentally alter corrosion initiation path-
ways. As a result, electrochemical responses alone may not fully reflect
the mechanisms governing localized corrosion. The present results
highlight that understanding corrosion behaviour requires careful
consideration of surface condition, since the distribution and nature of
microstructural heterogeneities can significantly modify both the initi-
ation and propagation of corrosion.

5. Conclusion

The results of the study conducted allow to draw the following
conclusions:

e In the non-anodized alloy, localized corrosion initiates through
micro and nano galvanic cells between constituent intermetallic
particles (IMPs), grain-boundary precipitates, and the aluminium
matrix, leading to trenching, intergranular, and crystallographic
attack.

In the anodized alloy, corrosion initiation is confined to defects at the

film/alloy interface, originating from the dissolution of Cu-rich IMPs

during anodizing, and these sites promote underfilm propagation.

Corrosion initiation mechanisms differ fundamentally between the

two conditions, with microstructural heterogeneities dominating in

the non-anodized alloy and film/interface defects governing the
anodized one.

e In the anodized alloy, localized corrosion is confined to a few
defective sites. Once initiated, corrosion progresses beneath the
anodic film, forming broader and deeper pits compared to the non-
anodized condition, underscoring the need to couple microstruc-
tural control with optimized anodizing for long-term protection.
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