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Abstract

The corrosion process of the alloy AA5083 in an aerated solution of NaCl at 3.5% has been
studied. The results obtained indicate that the main process that this alloy undergoes, under
the conditions of exposure studied, is related to localized corrosion that takes place as a
consequence of the process of alkalinization around the cathodic precipitates existing in the
alloy. The pitting formed presents a hemispherical morphology that is clearly different from
crystallographic pitting. The formation of crystallographic pitting has not been observed, even
in samples submitted to tests of very long duration. In order to obtain the formation of
crystallographic pitting, it is necessary to polarize the alloy at the nucleation potential of
pitting and, in addition, the density of the current must be above a critical value. Only when
the layer of oxide is eliminated does the formation of crystallographic pitting take place by
simple exposure in an aerated solution of NaCl at 3.5%. © 2001 Elsevier Science Ltd. All
rights reserved.
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1. Introduction

Corrosion by pitting in aluminum alloys is a complex process that can be affected
by diverse experimental factors such as the pH, the temperature, the type of anion
present in the solution or the physico-chemical characteristics of the passive layer [1].
The adsorption of aggressive ions such as Cl~ into the faults in the protective film,
and their penetration and accumulation in these imperfections is considered one of
the triggering factors of the process of nucleation of pitting [2-4]. Other authors have
suggested that pits may develop as a result of a process of hydrolysis which gives rise
to a local reduction of the pH which, in turn, impedes the subsequent process of
repassivation [5].

Equally, another factor which is associated with the susceptibility of aluminum to
pitting corrosion and other forms of localized corrosion is the electrochemical nature
of the intermetallic phases [6—8]. Thus, often its corrosion behavior is correlated with
the difference in potential between the matrix and the intermetallic compounds
present in the alloy [9-13]. In Ref. [8], it is proposed that the presence of metallic
inclusions more noble than the matrix reduces the resistance of the alloy to corro-
sion. By acting as cathodes, these inclusions provoke a process of anodic dissolution
in the surrounding matrix [14,15]. The first research work on this proposition in-
volved the study of the effect of the presence of Al;Fe inclusions on the corrosion
behavior of the alloys in which these inclusions are present [16,17]. According to the
findings of these studies, the presence of Al;Fe precipitates increases the suscepti-
bility of the alloy to pitting corrosion. The local increase in pH which is produced as
a consequence of the reduction reaction of O, is indicated as a possible cause of the
formation of pits around the intermetallic compounds. In Ref. [18] the researchers
managed to determine a local increase in pH in the metal surrounding the Al;Fe
inclusions.

The pits produced by the presence of intermetallic cathodes have been designated
as alkaline pits in Ref. [15]. This type of pitting is formed below the potentials of
nucleation and repassivation. From the information available in the literature, it is
not clear whether any relationship exists between this type of attack and the pitting
known as crystallographic which is formed when alloys reach the pitting nucleation
potential. On this point, in the review of aluminum corrosion by pitting published in
this same journal [15], reference is made to the need for more in-depth studies of this
type of phenomenon.

In the present paper, the processes of corrosion of the alloy AA5083 (AI-Mg) in
aerated solutions of NaCl at 3.5% are studied. The research has been directed to-
wards studying the characteristics, conditions of formation and morphology of at-
tack which takes place at open circuit potential.

2. Experimental

The materials studied are samples of the aluminum-magnesium alloy AA5083,
the composition of which, as determined by ICP, is given in Table 1.
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Table 1

Composition of the alloy AAS083 (% by mass)
Mg Mn Si Fe Ti Cu Cr Al
4.9 0.5 0.13 0.3 0.03 0.08 0.13 Rest

The samples used to conduct the various tests were pieces of the alloy AAS083
20 x 20 x 5 mm?, wet-sanded mechanically with SiC papers of 220 and 500 grits.
Before use, samples were de-greased with ethanol of 99% purity and then rinsed with
plenty of distilled water.

In the cases where it was necessary, the corrosion products were eliminated by
immersion of the samples in HNO; at 70% for 2 min and then washed with plenty of
distilled water.

As the aggressive medium, an aerated solution of NaCl at 3.5% and at pH 5.5 was
used. This solution was prepared dissolving 3.5+ 0.1 parts by weight of NaCl in
96.5 + 0.1 parts of distilled water.

The immersion tests were conducted at 303 K in a cell constructed in accordance
with ASTM Standard G-31 [19]. Two cells were used in each test with a total of 12
samples, which remained in the solution for periods ranging from 1 to 30 days.

The SEM studies were conducted with a JEOL 820-SM scanning microscope
equipped with a LINK AN-10000 dispersive energy analyzer. The optical micro-
scope studies were conducted with a Nikon Optiphot metallographic microscope
equipped with a CCD camera (Sony model Iris) connected to a PC.

The electrochemical measurements were made in a Parc EG&G K235 flat cell,
coupled to a Solartron model 1287 potentiostat. A Crison model 52-40 Ag/AgCl
electrode was used as the reference electrode; the potential of this electrode with
respect to NHE is —0.207 V.

3. Results and discussion
3.1. Microstructural characterization of the alloy AA5083

In order to identify the various types of intermetallic compounds present in the
alloy AA5083, samples polished to mirror quality were studied using the optical
microscope, the SEM and EDS spectroscopy.

Using the scanning microscope, three different types of intermetallic compounds
were identified; the composition of these was then determined by EDS spectroscopy
(Fig. 1). The results obtained indicate that particles such as those shown in Fig. 1(a)
mostly consist of Al, Mn, Fe, and Cr; those shown in Fig. 1(b) basically contain Al,
Si and Mg; while those shown in Fig. 1(c) mainly contain Al and Mg. The com-
position of these intermetallics matches that observed by various other authors for
the same alloy [20,21].

It is significant that, in addition to the differences in composition, there exist
notable differences in the particle size of each of the intermetallic compounds
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Fig. 1. SEM images of the different intermetallics identified in samples of alloy AA5083, polished to
mirror quality. EDS spectra recorded on (a) Al(Mn,Fe,Cr); (b) Al(Si,Mg); (c) Al-Mg.

identified. With regard to the Al(Mn,Fe,Cr) precipitates, it was confirmed that there
exist two maxima in the distribution of particle sizes: one type of particle was found
with a mean size of about 100 pm? while the surface area of the other type is ap-
proximately 1 um?. The particles of Al(Si,Mg) presented an area of approximately 30
um? and those of Al-Mg approximately 6 pm?.

Similarly, there existed differences in respect of the number of particles of each
type present on the surface; the most abundant are those of Al(Mn,Fe,Cr) whereas
those of Al-Mg are the least numerous [6].

Fig. 2(a) shows the image obtained with the metallographic microscope corre-
sponding to a sample of alloy AA5083 polished to mirror quality. In this type of
image, the precipitates of Al(Mn,Fe,Cr) are those that appear in the dark tone (point
1) while those of Al(Si,Mg) appear in a lighter tone (point 2). With the optical
microscope it is difficult to identify precipitates of AI-Mg due to their small size and
their color being similar to that of the matrix. To make them visible it is necessary to
provoke metallographic attacks; thus in Fig. 2(b) these precipitates can be seen in a
sample subjected to an attack with HNO; for 10 s.
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Fig. 2. Optical microscope images, 200x, (a) sample polished to mirror quality; (b) treated for 10 s in
HNO; at 10%; intermetallics identified (1) Al(Mn,Fe,Cr); (2) Al(Si,Mg); (3) Al-Mg.

3.2. SEMIEDS study of the behavior of samples of alloy AA5083 in solutions of NaCl
at 3.5%

In this section are presented the results obtained from the SEM/EDS study of the
behavior of samples of the alloy AAS5083 subjected to total immersion tests in aer-
ated solutions of NaCl at 3.5%. The duration of the tests varied from 1 to 30 days.
The samples subjected to these tests were studied first before removing the products
of the corrosion process and then after their removal in a solution of HNO; at 70%.

Fig. 3(a) shows the SEM image of a sample after a test of 1 day’s duration.
Although the period of exposure is relatively short, the existence of a localized attack
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Fig. 3. (a) SEM image obtained from a sample of alloy AA5083 after 24 h of exposure in an aerated
solution of NaCl at 3.5%; (b) SEM image of one of the Al(Mn,Fe,Cr) precipitates; (c) EDS spectrum
acquired on the precipitate (b).
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Fig. 4. (a) SEM image of an Al(Si,Mg) intermetallic in a sample of alloy AA5083 after 24 h of immersion
in an aerated solution of NaCl at 3.5%; (b) EDS spectrum obtained on this intermetallic.

on various points of the surface of the sample can be observed. Fig. 3(b) shows an
image at greater magnification in which it can be seen that, for this time of exposure,
the attack is localized to the zones adjacent to particular precipitates in the matrix.

The dispersive energy spectra recorded for these particles (Fig. 3(c)) confirm that
the attack is localized to zones where there are precipitates of Al(Mn,Fe,Cr). A
second characteristic of these samples is the formation of cavities (Fig. 3(b)), the
origin of which is discussed later in this paper. It is significant that for this length of
exposure no attack is observed on the body of the matrix nor in those zones where
other types of precipitate are present (Fig. 4).

This latter finding can be more clearly appreciated in the images obtained using
the metallographic microscope. In Fig. 5(a), it is shown an image corresponding to a
sample newly polished to mirror-quality; Fig. 5(b) is an image of the same sample
after an immersion test of 72 h. Both images are of exactly the same zone so that a
comparison between them allows the evolution of each type of precipitate to be
monitored. Comparing the precipitates of Al(Mn,Fe,Cr), marked as 1, in both fig-
ures, it can be observed that the process of corrosion provokes a notable change in
these zones; in contrast, the precipitates of Al(Si,Mg), marked 2, remain practically
unchanged.

Fig. 5. Image taken with a metallographic microscope for a sample of alloy AA5083 before and after
72 h of immersion in an aerated solution of NaCl at 3.5%. Point 1: Al(Mn,Fe,Cr) precipitate; point 2:
Al(Si,Mg) precipitate.



A. Aballe et al. | Corrosion Science 43 (2001) 1657-1674 1663

&

2 Yst g 1ovn ozt : Z1gin oz P ooes 20U xSeR 18w WOZY

"~ 9606 “ 20KU

9003 20KU%% RAI880  1vm Wi28 )

Fig. 6. SEM images of samples treated by immersion in an aerated solution of NaCl at 3.5% for the
periods of time indicated: (a) 3 days; (b) 6 days; (c) 10 days; (d-f) detail and EDS spectrum of Al(Mn,
Fe,Cr) precipitates.

The pattern of behavior presented by the samples after the first day of exposure
does not undergo much modification during the rest of the first 10 days. Fig. 6(a)—(e)
show the SEM micrographs recorded for exposure times of 3, 6 and 10 days. In these
it can be observed that the same type of attack is present. As the time of immersion
increases, slight changes can be seen in the topography of the samples, with an in-
crease in the number of cavities (Fig. 6(c)).

After 12 days of exposure, certain zones of the surface of the sample acquire a
distinct contrast to the rest of the surface (Fig. 7(a)). These differences disappear on
treating the samples with a solution of HNO; at 70%. This suggests that these
contrasts are due to the development of a surface layer of corrosion products. The
EDS spectra recorded for these zones (Fig. 7(b)) show practically no difference from

88180

Fig. 7. (a) SEM image of the surface contrasts seen on a sample of alloy AAS5083 after 12 days of im-
mersion in an aerated solution of NaCl at 3.5%; (b and ¢) EDS spectra obtained on each of the zones.
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Fig. 8. (a) SEM image of a sample of alloy AAS5083 after 15 days of immersion in an aerated solution of
NacCl at 3.5%; (b) descaled sample: detail of the micropits observed after 15 days of immersion.

those recorded for the matrix. The proportion of the surface occupied by this layer
increases with the exposure time.

From 15 days of immersion, notable changes in the samples begin to be produced.
Firstly, as it can be observed in a sample that has not been descaled, Fig. 8(a), the
surface film has grown in thickness and extends to cover most of the surface area.
The fracturing of this layer may be the consequence of its drying. Secondly, once the
sample has been descaled, it is observed that there are a large number of small
hemispherical pits of approximately 1 um diameter, that had not been detected on
samples exposed for shorter periods of time (Fig. 8(b)).

In the samples subjected to tests for periods of duration from 15 to 30 days, the
only significant modification observed is the increase in the thickness of the layer,
there being no change in the morphology of the attack (Fig. 9).

It can be concluded from the results obtained using SEM/EDS that, under the
conditions of exposure studied, the alloy AAS5083 in a 3.5% solution of NaCl suffers
a process of localized corrosion. This process affects the zones of the matrix in
contact with the Al(Mn,Fe,Cr) intermetallics. This phenomenon appears from the
first day of exposure.

From the tenth day of exposure, a film of oxide is observed to develop over the
surface of the sample; this increases in area and in thickness with the passage of time.

Fig. 9. SEM images of a sample of alloy AA5083 after (a) 25 days and (b) 30 days of immersion in an
aerated solution of NaCl at 3.5%.
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Fig. 10. (a) SEM image of an Al(Mn,Fe,Cr) precipitate after a galvanostatic treatment at —50 pA/cm? for
15 min; (b) EDS spectrum obtained on this precipitate.

The development of this film does not prevent the formation of cavities and large
numbers of hemispherical micropits during prolonged exposures; these extend over a
high proportion of the total area.

In order to study this phenomenon in greater depth for purposes of interpretation
of the SEM data obtained, galvanostatic experiments were conducted subjecting the
system to both anodic and cathodic polarization. Firstly, galvanostatic treatment
was applied polarizing the samples cathodically at a current density of —50 pA/ cm’
for 15 min. Similarly, anodic polarizations were conducted galvanostatically,
working at current densities of 50 pA/cm2 for 15 min.

Fig. 10(a) shows the SEM image corresponding to a sample subjected to cathodic
polarization treatment. Here it can be observed how the action of this treatment
translates into a localized attack around the precipitates of Al(Mn,Fe,Cr) (Fig.
10(b)).

Attacks with a similar morphology have been described by various authors when
subjecting aluminum alloys to cathodic polarization treatment [22] or in basic media
[14]. In the case we are dealing with, even though neutral solutions are being used,
these precipitates present a cathodic behavior with respect to the matrix [21]. For this
reason, there will be a preferential reaction of oxygen reduction on this type of
precipitate.

In Ref. [23], Davenport et al. detected local increases of pH in the cathodic places
in alloy AA2024 which are associated with processes of oxygen reduction. Similarly,
Park et al. [18] made measurements of the variations in pH in the area surrounding
the AlFe intermetallics of alloy AA6061, using a selective microelectrode. These
authors found a strong increase in pH in the pits formed around the inclusions.

In summary, in agreement with the information reported in the bibliography, the
cathodic character of the Al(Mn,Fe,Cr) precipitates causes the reaction of oxygen
reduction to be produced on them [23]. This reaction would produce a local increase
of the pH, causing the layer of oxide around the precipitate to dissolve. Once the
layer of oxide has been dissolved, the local alkalinization produces an intense attack
in the matrix—precipitate interface which finally gives rise to the formation of
hemispherical pits (Fig. 8).

The relationship between the formation of the hemispherical pits and the pro-
cesses of local alkalinization in the surroundings of the cathodic precipitates is
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Fig. 11. (a) SEM image of an Al(Mn,Fe,Cr) precipitate of 1 um diameter after a galvanostatic treatment
at —50 pA/cm? for 15 min; (b) EDS spectrum obtained on this precipitate.

supported by the fact that this type of attack is similar in appearance to that ob-
served by other authors in basic media [14]. Secondly, the intensity of the process is
accentuates when the samples are cathodically polarized (Fig. 10(a)). In these con-
ditions, the cathodic process occurs more intensely and, therefore, the effect of the
local increase in pH is sharper, thus intensifying the corrosion of the matrix in the
zone surrounding the Al(Mn,Fe,Cr) precipitates (Fig. 10(a)). After these treatments,
the existence of small precipitates of Al(Mn,Fe,Cr) of approximately 1 um diameter
is observed (Fig. 11); in the area around these, the same type of attack as that de-
scribed for precipitates of the same kind but of larger size can be appreciated.

In Fig. 10(a) it can also be observed that, after these tests of cathodic polarization,
the zones of the samples in the proximity of which there are no Al(Mn,Fe,Cr)
precipitates present are not evidently affected. Further, in those zones where other
kinds of precipitates are present, such as Al(Si,Mg) for example, no type of alteration
can be seen (Fig. 12).

The morphology of the attack produced in the samples when they are polarized
anodically is considerably different from that produced by cathodic polarization. As
can be observed in Fig. 13, the treatment of the samples at 50 pA/cm? for 15 min

goa7 20KV ud. 000 fowa-uD2S -

Fig. 12. SEM image of a set of Al(Mn,Fe,Cr) and Al(Si,Mg) precipitates after a galvanostatic treatment at
—50 pA/cm? for 15 min.
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Fig. 13. SEM image of a crystallographic pit after a galvanostatic treatment at 50 uA/cm? for 15 min.
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Fig. 14. SEM image of a set of Al(Mn,Fe,Cr) and Al(Si,Mg) precipitates after a galvanostatic treatment at
50 pA/em? for 15 min.

leads to the formation of crystallographic pitting, similar to that described in Ref.
[22] for alloy AAS086 or in Ref. [24] for pure aluminum. It should be noted that the
two types of precipitate that are mainly present in the alloy, Al(Mn,Fe,Cr) and
Al(Si,Mg), are not found to be affected by this type of treatment. It can be deduced,
therefore, that there does not appear to exist any relationship between the formation
of crystallographic pitting and the existence of intermetallic particles (Fig. 14).
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If the results obtained from the galvanostatic tests are compared with those from
the study at open circuit potential, two basic conclusions may be drawn. First, those
crystallographic pits are not formed on the exposure of the samples of alloy AA5083
in aerated solutions of NaCl at 3.5%. Second, the morphology of the attack observed
in samples subjected to immersion tests coincides to a large extent with that observed in
the cathodically polarized samples (Figs. 3 and 10(a)). It can thus be assumed that
in these samples the local increase in pH produced on the cathodic precipitates has
the effect of causing the layer of oxide in surrounding areas to dissolve and the ex-
posed matrix then to be attacked.

The appearance of the alkaline pitting could be produced by the complete solu-
tion of the cathodic precipitates as a consequence of the alkalinization of the medium
[14] or by a simple detachment by action of gravity when the area of contact between
the matrix and the intermetallic particle is reduced (Fig. 15). Data included in Ref.
[25] would support this second hypothesis, since a strong dependence has been ob-
served between the disposition of the sample during exposure (horizontal or vertical)
and the appearance of the hemispherical pits. But whatever their mechanism of
formation, the cavities observed in the micrographs corresponding to the samples
treated at open circuit potential (Fig. 6) are associated with the disappearance of the
cathodic precipitates. The small pits observed after longer periods of treatment could
have their origin in a similar mechanism acting on precipitates of the same kind but
of smaller size (Fig. 8).

The findings discussed here so far demonstrate that the exposure of alloy AA5083
at open circuit potential leads to its localized corrosion but not to the appearance of
crystallographic pitting. In principle, these data should cause surprise, bearing in
mind that the potential of corrosion of the sample, —0.760 V, is close to that of the
pitting nucleation, —0.720 V [26].

With the object of discovering the explanation for this kind of behavior, samples
were polarized anodically at various current densities ranging from 0.1 to 50 pA/cm?
for 15 min. In Fig. 16 are presented the SEM images corresponding to samples
treated at current densities above 0.5 pA/cm?. It may be noticed, firstly, that the type
of pitting produced is that known as crystallographic. Secondly, it is observed that,
as the density of the current applied increases, the number and size of these pits also
increase. The crystallographic nature of the pits produced can be observed in greater
detail in Fig. 17. Furthermore, the intermetallic compounds and the areas sur-
rounding them are not affected in the treatments that lead to the formation of
crystallographic pits (Fig. 18).

In contrast, when the current applied is less than 0.1 pA/cm?, the formation of
this type of pitting is not observed, for treatment times of 15 min (Fig. 16). It was
necessary to increase the current to 0.5 pA/cm? in order to detect the existence of
small crystallographic pitting.

At the lowest of the current densities applied in these tests, 0.1 pA/cm?, the
duration of the test was extended to 24 h, but even so, no crystallographic pitting
was observed. Under these conditions, the type of attack observed in the cathodic
polarization treatments is reproduced (Fig. 19). This phenomenon may be due to the
fact that, when polarizing at relatively low anodic currents, the residual cathodic
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Fig. 15. Model of the process of formation of cavities by localized alkaline corrosion.

current is still high enough to provoke local increases in pH, which may explain the
appearance of this type of attack.

To develop crystallographic pitting without having to activate anodically the
sample, it was necessary to carry out a prior potentiostatic treatment at -840 mV in
the 3.5% NaCl solution for 1 h. At the end of this period, the sample was left to reach
the open circuit potential, which in this case was —720 mV. Once this potential was
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Fig. 16. SEM images of samples of alloy AAS5083 after galvanostatic tests at 0.1-50 pA/cm? for 15 min in
solutions of NaCl at 3.5%.

stable, the system was maintained under these conditions for 1 h. Fig. 20 shows the
SEM image of the sample obtained after this treatment, in which it can be confirmed
that, effectively, there co-exist zones presenting localized alkaline corrosion formed
during the polarization at —840 mV, and other zones presenting crystallographic
pitting generated at —720 mV. In this sample, the cathodic polarization, as well as
producing the localized corrosion around the Al(Mn,Fe,Cr) precipitates, must have
caused the dissolution of the oxide film formed during its manipulation. When this
film is removed, the value of the open circuit potential changes to the nucleation po-
tential of pitting of the matrix, with the resulting formation of crystallographic pitting.

If this treatment is carried out on a sample previously treated in a solution of
NaCl, only alkaline corrosion is observed. In this case, the open circuit potential that
is reached after the cathodic polarization is —760 mV. The interpretation of these
findings is that the polarization treatment is not sufficient to dissolve the layer
formed by immersion. The existence of this layer prevents the formation of crys-
tallographic pitting.

Finally, the existence of chlorides in the medium does not appear to be a sufficient
condition for alkaline pitting to take place. The results reported in Ref. [27] show
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Fig. 17. SEM images of samples of alloy AAS5083 after galvanostatic tests at 0.1-50 pA/cm? for 15 min in
solutions of NaCl at 3.5%: details of crystallographic pitting.
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Fig. 18. SEM image of a sample of alloy AAS5083 after a galvanostatic test at 1 pA/cm? for 15 min in a
solution of NaCl at 3.5%: details of crystallographic pitting and of the Al(Mn,Fe,Cr) and Al(Si,Mg) in-
termetallics.

that when working with inhibiting solutions, such as CeCl; for example, and with a
concentration of NaCl in the medium of 3.5%, the formation of alkaline pits is not
observed with exposure periods of up to 30 days. In accordance with these results,
the addition of CeCl; has a blocking effect on the cathodic zones that prevents an
increase in pH from occurring; such an increase would occur in solutions without
the inhibitor [27]. These results demonstrate that when the cathodic activity in the
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Fig. 19. (a) SEM image of a sample of alloy AAS5083 after a galvanostatic test at 0.1 pA/cm? for 24 hin a
solution of NaCl at 3.5%; (b) detail of alkaline corrosion surrounding an intermetallic of Al(Mn,Fe,Cr).

Fig. 20. SEM image of a sample of subjected to a potentiostatic test at —840 mV for 1 h and then at open
circuit for 1 h. Coexistence of localized alkaline corrosion (1) and crystallographic pitting (2).
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Fig. 21. (a) SEM image of a sample of alloy AA5083 after two days of immersion in distilled water; (b)
detail of alkaline corrosion surrounding an intermetallic of Al(Mn,Fe,Cr).
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system is low, alkaline pitting is not produced even with a high level of chlorides
present in the medium.

In addition, if immersion tests are conducted in distilled water, alkaline pits are
observed from the first hours of exposure (Fig. 21). These results would indicate that,
while the presence of chlorides may accelerate the process, it is not an essential
prerequisite for processes of localized alkaline corrosion to take place. It would be
necessary to take additional measurements to obtain more conclusive results re-
garding the role of chlorides in this type of phenomenon.

4. Conclusions

From this study of the corrosion behavior of alloy AAS5083 in a 3.5% NaCl
solution, it can be concluded that, in function of the conditions of treatment, this
alloy undergoes two types of localized corrosion process, leading to the formation of
hemispherical and crystallographic pits.

In agreement with the results obtained when alloy AAS5083 corrodes freely in a
solution of NaCl at 3.5%, the samples undergo a process of corrosion localized to the
area surrounding the precipitates of Al(Mn,Fe,Cr), which results in hemispherical
pits. Under these conditions of exposure, no evidence has been found of the for-
mation of crystallographic pitting, even for exposure times up to 30 days.

The data obtained demonstrate that this type of corrosion is related to the
cathodic activity of these precipitates. The local increase in pH that is produced as a
consequence of the reduction reaction would give rise to the local dissolution of the
layer of oxide and to the subsequent dissolution of matrix in contact with the pre-
cipitate. The cavities observed in the samples are the result of the disappearance of
the precipitates of Al(Mn,Fe,Cr), possibly by simple detachment.

For the formation of crystallographic pitting to be produced, it is necessary to
polarize the alloy at the nucleation potential of pitting or to apply a constant anodic
current at a density above a critical level. Only in the case when the layer of oxide has
been destroyed does the formation of this type of pitting take place by the simple
exposure of the alloy in an aerated solution of NaCl at 3.5%.
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