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A B S T R A C T

The corrosion behaviour of AA2198-T851 alloy has been investigated using a combination of immersion tests
and different microscopy techniques. Results showed that severe localized corrosion initiated within 1 h of
corrosion immersion test in 0.01 mol L−1 NaCl solution. The corrosion mechanism in this alloy is intragranular
and it propagates crystallographically. The propagation occurs through grain orientation dependent bands and it
can be likened to the movement of dislocation through slip planes. Corrosion rings around stable pits result from
pH variations. Secondary pits form around primary pits within corrosion rings and are preceded by hydrogen
evolution.

1. Introduction

The growing need for materials with high strength and low density
for aerospace application has led to a great interest in the Al-Li alloys
[1,2]. The modern third generation Al-Cu-Li alloys contain lower Li
levels(from 0.9 wt% to 1.1 wt%) in comparison with the Al-Li alloys of
the first and second generations which have Cu concentrations in the
range from 2.9 wt% and 3.3 wt%. The Al-Cu-Li alloys of third genera-
tion are designated as 2XXX series alloys due to their higher Cu content
compared with that of Li. They have been developed in an attempt to
overcome the shortcomings of the first and second generation Al-Li
alloys; for instance, the low short-transverse fracture toughness that
might result in unpredictable failures during manufacturing [3,4]. In
addition to the distinct advantages of the third generation Al-Li alloys
over the first and second generation alloys, Al-Li alloys generally show
great benefits for use as structural components in aircrafts, such as
density reduction, stiffness increase and fatigue crack growth resistance
[5] which has prompted persevering research on the Al-Li alloys in
recent times. The weight reduction by Li addition is of major im-
portance for aerostructures. For each 1 wt% Li added to Al, density is
reduced by 3% and modulus of elasticity is increased by almost 6%
[4–6]. Consequently, the third generation Al-Li alloys have been con-
sidered as potential replacements for the AA2024-T3 alloy due to their
highly desirable combination of mechanical properties [3,7]. However,

reports in the literature has indicated that the Al-Cu-Li alloys are highly
susceptible to localized corrosion, mainly characterized by selective
attack of certain grains and grain boundaries [8–16].

The investigation on the time dependent evolution of the localized
corrosion in the highly important new generation alloys is crucial. In
addition to this, identifying and ranking the predominant factors re-
sponsible for the corrosion susceptibility of these alloys are also very
important. Debates exist in literature on the predominating factors re-
sponsible for the types of corrosion attack, intergranular and inter/
subgranular, often observed in these alloys. Whilst some authors have
strongly associated the corrosion susceptibility of these alloys to grain
stored energy (dislocation density per grain), degree of plastic de-
formation/large Schmid factor values of susceptible grains [8,9,17],
others have associated it to the precipitation of T1 (Al2CuLi) phase at
grain/subgrain boundaries and within the grains [6,12–15]. The
common ground, however, is that the degree of prior deformation af-
fects the volume of T1 phase preferentially precipitated at grain
boundaries, subgrain boundaries and dislocation sites within the grains.
It is important to mention that the T1 phase is the major strengthening
phase in Al-Cu-Li alloys with Li composition in the range of 0.9 wt% to
1.1 wt% as mentioned earlier. Depending on the composition of the Al-
Li alloy and thermomechanical treatment conditions, other precipita-
tion hardening phases such as the δ′ (Al3Li) phase, the Ɵ’/Ɵ” (Al2Cu)
phase, and the S (Al2CuMg) phase can be found [18–20]. It is believed
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that the final precipitation state in this alloy is reached via a complex
sequence that involves solute clusters, GP zones, δ′ and T1 phases [21].

The T1 (Al2CuLi) metastable strengthening phase formation [21,22]
is seemingly promoted by Cu and Mg addition at the expense of δ′
(Al3Li) phase. The δ′ (Al3Li) phase forms along the grain boundaries and
can be detrimental to intergranular corrosion resistance [23]. On the
other hand, it leads to increased strength. This phase is dispersed
homogeneously throughout the matrix phase but is not usually found
for Li contents below 1.3 wt% [24]. The elimination of the δ′ (Al3Li)
phase from an Al-Li alloy is expected to increase the resistance of the
alloy to intergranular corrosion. However, amongst all these age-
hardening phases, the T1 one has been considered the one of highest
metallurgical interest in terms of strengthening and corrosion resistance
of the new generation Al-Li alloys.

It is noteworthy to mention that whilst there are numerous reports
on the corrosion behaviour of the new generation Al-Li-Cu alloys, re-
ports on the corrosion behavior of AA2198-T851 are scarce. Moreto
et al. [7,25] included the AA2198-T851 in their studies where they
compared the corrosion resistance of AA2198-T851 with AA2524-T3,
however the main focus of their work was not based on showing the
corrosion morphology or evolution of corrosion on the surface of the
AA2198-T851 alloy over time. Besides, according to those authors, this
alloy may present a higher long-time resistance to pitting corrosion
when compared with AA2524-T3 base line alloy [25]. From previous
studies carried out in our laboratory, the highest susceptibility to lo-
calized corrosion was associated to the AA2198-T851 compared with
the AA2024-T3 and AA2524-T3 alloys [26]. The conflicting results in-
formed the need for further investigation on this alloy since it is clear
that the corrosion behavior of this alloy is far from being fully under-
stood.

In this paper, the localized corrosion resistance of the AA2198-T851
has been investigated by immersion test in 0.01 mol L−1 NaCl solution.
The evolution of corrosion on the alloy surface was monitored by sur-
face observation as a function of time of immersion using field emission
gun – scanning electron microscopy (FEG-SEM). A combination of op-
tical microscopy (OM), scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) was used to examine the mi-
crostructure in order to correlate it with the corrosion attack mor-
phology.

2. Materials and methods

The chemical composition of the AA2198-T851 used in this study
was analysed by optical emission spectroscopy and the result is shown
in Table 1. T851 treatment corresponds to solution heat treatment,
quenching, stretch relief and artificial aging. The AA2198-T851 was
produced by Constellium, France. A commercial grade AA2024-T3 alloy
was also used for comparative study.

The samples surface for exposure to the corrosive environment was
prepared by successive grinding with silicon carbide papers #800,
#1200 and #4000 and then polished with diamond pastes up to 1 μm
finish. Following mechanical polishing, samples were degreased in
acetone (analytical grade), rinsed in deionized water and dried under a
cool air stream. Prior to corrosion immersion tests, microstructural
examination was carried out on dried samples using a Leica DMLM
coupled microscope, a field emission gun – scanning electron micro-
scopy (FEG-SEM) FEI Quanta 650 equipped with energy dispersive x-
ray (EDS) facility and a JEM-2100F transmission electron microscope
operating at 200 kV. Scanning transmission electron microscopy

(STEM) images were acquired using bright field (BF), annular dark field
(ADF) and high angle annular dark field (HAADF) detectors. Samples
examined under the microscope for the revelation of grain features
were etched in a solution comprising 2% hydrofluoric and 25% nitric
acid. Transmission electron microscopy samples were prepared by twin-
jet electropolishing using 35% HNO3 acid in methanol. The solution
was maintained at temperatures below −35 °C. The electropolished
samples were obtained by preparing a 3 mm disc from samples me-
chanically ground to less than 100 μm.

Immersion test was conducted for 48 h and samples were removed
from the solution for analyses under the FEG-SEM after 3 h, 5 h, 7 h,
9 h, 13 h, 24 h and 48 h. Agar gel corrosion visualization test was
conducted by using a viscous liquid prepared by adding 1.5 g of agar
powder and 3.75 mL of phenolphthalein in a boiling 3.5 wt.% NaCl
solution. Also, immersion tests were conducted in EXCO solution
comprising 4 M NaCl, 0.5 KNO3 and 0.1 M HNO3 in 1 L deionized
water.

3. Results and discussion

3.1. Microstructural characterization

In this section, the observed microstructural features in the AA2198-
T851 prior to corrosion tests are presented and discussed.

3.1.1. Grain features and constituent particles
Displayed in Fig. 1(a) and (b) are optical micrographs showing ty-

pical grain morphologies and features on the surface and cross section
of the alloy. The grains are equiaxed at the surface but when viewed
from the cross-section, elongated grains in deformation direction were
revealed. Depending on grains orientation, patches of organized par-
allel striations (and intersecting parallel striations) were observed, as
can be seen from darker grains. Features like these have been reported
by Donatus and co-workers [27,28] in AA5083-O and AA6082-T6 al-
loys. In their work, it was shown that these features are in every grain
but inclined differently according to grains orientation. It was claimed
that these features affect the alloys corrosion mechanisms, and it ap-
pears to have an influence on the corrosion propagation mechanism of
the alloy investigated in this work, as will be seen later.

Fig. 1(c) shows another feature discernible at low magnification –
the constituent particles (coarse intermetallic particles). These particles
are aligned as stringers in the mechanical working direction. They are
insoluble Fe rich compounds that also contain Cu and Si [29]. Coar-
sening of these phases during homogenization has been attributed to
Mn and Si atoms in the alloys matrix being attracted to these particles
[30]. The coarse particles presented in this work do not contain Mn
once this element is not present in the alloys. They are majorly Fe and
Cu rich intermetallics. It must be mentioned that Mn rich constituent
particles stimulate recrystallization [30]. The benefit is that stress free
grains (with low dislocation density) tend to promote the formation of
coarse T1 phase at the grain boundaries which is detrimental to inter-
granular corrosion resistance. EDS analyses were conducted on more
than 10 particles and the results showed that these particles contain
varying Fe:Cu ratios. Some particles showed varying ratios Fe:Cu inside
them, with the outer part and inner parts containing different Fe:Cu
ratios, in agreement with the reports of Ma and co-workers for AA2099
[31] With regard to corrosion, constituent particles or coarse inter-
metallic particles cause trenching of the surrounding aluminium matrix
leading to observable cavities on the surface of the alloy. In this work,

Table 1
Chemical composition (wt%) of the AA2198-T851 alloy studied.

Elements Cu Mg Si Mn Fe Zn Li Ti Zr Ag Al

Weight% 3.68 0.31 0.03 – 0.08 0.01 1.01 0.027 0.12 – Balance
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similar features were observed overtime. This is discussed in Section
3.2. There was no evidence to suggest that they cause severe localized
corrosion over time.

3.1.2. Dispersoids and strengthening phases
Dispersoids are nano to micron range sized second phase particles

that significantly have effect on recrystallization, grain growth and
grain size control. There are basically three types of dispersoids present
in aluminium alloys: the Al6Mn, the Al20Cu2Mn3 and the Al3Zr phases
[4]. In the investigated alloy, only the spherical Al3Zr dispersoids are
present. A typical Al3Zr dispersoid is shown in Fig. 2(a) with diameter
in the range of approximately 20 nm. The Al3Zr (and other dispersoids)
forms during homogenization by forming a metastable L12 Al3Zr which
later transforms to the stable DO23 Al3Zr phase after prolong heating
[22,30,32]. Apart from works like the work of Ma [11] where the dif-
ferential oxidizing effects of the Al20Cu2Mn3 and the Al3Zr dispersoids
have been related to the anodizing response of the AA2099 aluminium
alloy, and the works of Birbilis and Buchheit [33] where the corrosion

potentials of the dispersoid compositions was investigated, there are no
clear evidences relating dispersoids to localized corrosion of Al alloys.
However, the Al3Zr dispersoid in particular, does affect recrystallization
and this in turn can influence dislocation density and the precipitation
of T1 phase which significantly influences the localized corrosion re-
sponse of the alloy. Thus, controlling the homogeneous distribution of
the Al3Zr dispersoid is important, but this has been a major challenge
[30,32] and this is reflected in this alloy; the presence of the sig-
nificantly varied grain sizes and or uneven formation of subgrains can
be attributed to this.

As stated earlier, the T1 phase is the phase of highest metallurgical
interest in new generation Al-Cu-Li alloys as it majorly dictates the
strength level of the alloy and, debatably, the localized corrosion re-
sistance of the alloy. The TEM micrographs displayed in Fig. 2(b) show
the predominance of the T1 phase in the structure of the alloy. The
analysis of the selected FFT along [101] zone axis and the simulation of
the HRTEM images in Fig. 3(a) and (c) confirm the presence of T1
phase. The T1 phase has a hexagonal platelet structure and lies on the

Fig. 1. (a) Plan view and (b) cross sectional optical
micrographs displaying grain dependent striations in
certain grains. (c) Scanning electron micrographs
displaying stringers of constituent particles in the
direction of deformation.

Fig. 2. TEM images of AA2198-T851 aluminium alloy. (a)
ADF image showing the Al3Zr dispersoid and other nano-
sized precipitates. (b) HAADF image showing the T1 phase.
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{111} habit planes, with [0001]T1//[111]α, [1010]T1//[110]α or-
ientation relationship with the matrix, space group of P6/mmm with
lattice constants a = 0.4964 and c = 0.9345 [19,22,31]. The analysis
also confirmed the presence of highly coherent δ’ (Al3Li) phase
(Fig. 3(d)); however, the δ’ (Al3Li) were not in any way dominant and
were rarely found in this alloy. The T1 phase is the predominant
strengthening phase as it is very efficient at blocking slips [34,35]. In
spite of the beneficial effect of the T1 phase on the mechanical prop-
erties of the Al-Cu-Li alloys, its effect on the corrosion resistance re-
mains controversial. The literature reports that it might either undergo
selective dissolution along with the dissolution of the adjacent Al ma-
trix forming large pits or dissolve near to the precipitate free zone
forming small pits [6,16,36]. In this case, localized corrosion in the
form of intragranular corrosion might also be associated with this phase
(this is further discussed in Section 3.2.)

3.2. Corrosion morphology and mechanism

This section presents the observed microstructural evolution in the
AA2198-T851 alloy during different corrosion tests. Figs. 4–7 show the
secondary electron micrographs of the AA2198-T851 surface after
varying periods of exposure to naturally aerated 0.01 mol L−1 NaCl
solution at 22 ± 1 °C exhibiting the evolution of corrosion on the alloy
surface. On immersion, severe localized corrosion (SLC) initiated within
the 1st hour. The areas associated with the initiated pits increased
continuously after initiation until about 36 h, and no further increase in
the widths of the pits was observed afterwards since the SLC sites were
covered with voluminous corrosion products (Figs. 6 and 7). On the
average, the widths of the pits were in the range of: 30–70 μm after 7 h;
around 40–85 μm after 9 h; 100–200 μm after 13 h; and 200–400 μm
after 24 h. The increasingly active areas exposed to the electrolyte were
due to the action of a combination of low pH and the presence of higher

concentration of chloride ions at the active corrosion front compared
with the rest of the matrix. This lead to local depassivation at the active
corrosion front with subsequent exposure of new surface area to the
anolyte solution.

In addition to increasing severe localized corrosion areas, other
notable microstructural features observed on the surface of the alloy
after immersion tests were: (i) cavities and trenches around cathodic
intermetallic particles (Fig. 4); (ii) stable pitting sites with protected
circular regions (Fig. 5 (a) and (b)); (iii) grain orientation dependent
crystallographic corrosion (Fig. 5(c) and (d) and Fig. 6); (iv) inter-
granular corrosion (Fig. 7(a)); and (v) voluminous corrosion products
(Fig. 7(b)–(d)).

The trenches observed around cathodic intermetallic particles (in-
dicated with black arrows in Fig. 4) resulted from the dissolution of the
surrounding anodic aluminium matrix which has a lower potential
compared with the Fe and Cu rich coarse intermetallic particles. The
localized cavities mostly resulted from detachment of constituent par-
ticles with dimensions up to 8 μm in diameter, after the dissolution of
the aluminium matrix surrounding these particles. Distribution of
cavities and trenches (indicated with white arrows) were dependent on
constituent particles distribution in the alloy, which are mostly aligned
in the deformation direction. These cavities and trenches around
cathodic coarse particles are common in aluminium alloys and has also
been reported for the AA2099-T83 Al-Cu-Li alloy recently [8].

The form of severe localized corrosion (SLC) observed in this alloy is
majorly intragranular. It occurs in the form of a central pit with a circle-
like region corresponding to a protected area within which corrosion
products or activities are hardly found (see the white arrow in Fig. 5(a)
and (b)). This type of localized corrosion has been reported in literature
for the AA2099-T83 alloy [37] and was associated with the surface
regions where gas evolution was observed during immersion. The
evaluation of the corroded surface through microscopy reveal that once

Fig. 3. (a) HRTEM image of the T1; (b) FFT along
[101] zone axis; (c) Higher HRTEM image of (a); and
(d) Enlarged HRTEM image of the δ’ phase.
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corrosion is initiated, the active site acts like a sacrificial anode, cath-
odically protecting a circular area within its vicinity. Selected images of
agar gel corrosion visualization studies presented in Fig. 8 reveal more
about this circular area within the vicinity of the SLC region. The
images in Fig. 8(a)–(c) were obtained after 24, 48 and 78 h respectively,
and the image in Fig. 8(d) was obtained after the removal of the agar
gel. In Fig. 8(a)–(c), pink coloration indicates the predominance of

hydroxyl ions, while colourless coloration indicates the predominance
of hydrogen ions. The hydroxyl ions result from the cathodic reduction
of O2 (O2 + 2H2O+ 4 e − → 4 OH −). For the production of hydrogen
ions, first there is the anodic dissolution of Al to produce Al 3+ (Al→ Al
3+ + 3 e −), then there is the hydrolyses reaction to produce the H+

ions (Al 3+ + 3H2O → Al(OH)3 + 3H +). The images in Fig. 8 actually
reveal that the pH in the supposed protected area is low, and this aids

Fig. 4. AA2198-T851 alloy surface after up 3–5 h
exposure to 0.01 mol L−1NaCl solution showing
cavities and trenches around cathodic intermetallics.

Fig. 5. AA2198-T851 alloy surface after (a) 7 and
(b)–(d) 9 h exposure to 0.01 mol L−1NaCl solution
showing stable pitting sites.
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Fig. 6. AA2198-T851 alloy surface after 13 h ex-
posure to 0.01 mol L−1NaCl solution showing pits
with increased widths and crystallographic corrosion
morphology.

Fig. 7. AA2198-T851 alloy surface ((a) and (b)) after
24 h and ((c) and (d)) after 48 h of exposure to
0.01 mol L−1 NaCl solution.
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the growth of the SLC pit. As earlier mentioned, the local pH reduction,
in combination with the presence of higher chloride concentration
causes local depassivation at the corrosion front which leads to the
exposure of new surface area to the anolyte solution. Additionally, it is
also clear that the bulk cathodic reduction of oxygen that results in the
production of hydroxyl ions occurs at multiples of mirometers away
from the actual stable pitting site (depending on the intensity of the
attack); about 10 mm radially in this case. The apparent radial pH de-
marcation, thus, reveal that the often observed corrosion rings [38] on
the corroded surfaces of Al alloys are often due to the difference in pH
between the vicinity of the stable pitting sites and the surrounding re-
gions where the cathodic reduction of O2 occurs. In many cases, in-
creased volume of lumps of corrosion products are often observed at the
corrosion ring boundary. These additional corrosion products are pre-
dominantly salts that most likely resulted from the interaction between
the low pH solution (within the ring) and the higher pH solution
(outside the ring).

Further, it was interesting to note that hydrogen bubbles, different
from the one occurring at the corrosion front of the primary SLC pit,
started to evolve at the near edges of the rings after about 24 h. These
bubbles preceded the occurrence of secondary SLC pits (as indicated in
Fig. 8(d)) that formed around the primary SLC pit. The manner of ap-
pearance of the secondary SLC pits suggests that they are from the sub-
surface propagation/spread of the primary SLC pit. The same phe-
nomena was also observed in other tested samples. It is also important
to mention that over six SLC sites were initiated at the early hours of the
corrosion test, and these sites were clearly observable after about 4 h.
However, only one of the SLC pit (the primary SLC pit) thrived. The
others were short-lived, and their depassivated corrosion ring regions
became repassivated over time with the eventual occurrence of
cathodic reduction reactions in such regions. This is evident from the
pink coloration that later covered these regions.

With respect to the corrosion propagation mechanism, a closer ob-
servation of the AA2198-T51 sample exposed to the 0.01 mol L−1 NaCl
solution at higher magnifications (Fig. 5(c)–(d)) revealed a crystal-
lographic corrosion morphology. After pit initiation, propagation oc-
curred mostly along the boundaries of series of parallel and intersecting
striations. These striations are grain orientation dependent and their
inclinations and angles of intersection differ from grain to grain. This is

clearer when corrosion pathways [39] in the grains shown in Figs. (d),
(c) and (d) are compared. As an example, the striations observed in
Fig. 5(d) intersects at an obtuse angle whilst those in Fig. 6(d) intersects
at about 90°, and those in Fig. 6(c) are parallel. Similar features were
revealed in the grains of AA5083-O and AA6082-T6 alloys [27,28] and
these striations were suggested to be related to {100} planes that are
also the habit planes of the strengthening Mg2Si phase in the AA6082-
T6 alloy. In this work, the susceptibility and inclinations of the stria-
tions suggest that these are aligned parallel to {111} planes which are
the habit planes of T1 phase. Proton and co-workers [14] also observed
similar features; they appeared as parallel bands in welded AA2050.
They attributed the corrosion attack to T1 phase distribution. It must be
mentioned that the T1 phase is the major cause of the high corrosion
susceptibility of the new Al-Cu-Li alloys generation.

For further understanding of the corrosion morphology and me-
chanism of the alloy, and to find out whether a decrease in pH of the
electrolyte could revert the corrosion behavior, corrosion immersion
test was conducted in EXCO solution. The results from the AA2198-851
alloy were compared with that from the conventional AA2024-T3 alu-
minium alloy. Presented in Fig. 9 are the optical micrographs of the
surfaces of the AA2198-T851 and AA2024-T3 alloys after 2 h of ex-
posure to the EXCO solution. Again, the AA2198-T851 alloy only shows
intragranular corrosion with pathways associated with the grain or-
ientation dependent bands. No form of intergranular corrosion was
observed; in fact, the grain boundaries were intact (as indicated by the
blue arrows). This is interesting as the EXCO specifically attacks more
of grain boundaries in other Al alloys. Another important observation
was that corrosion products and hydrogen bubbles (as indicated by the
red arrows) were observed to be coming out of the attack front despite
the fact that the sample had been thoroughly rinsed and air dried for
hours prior to the examination. In contrast, on the AA2024-T3 alloy,
which was clearly far less susceptible to corrosion, it was difficult to
find corrosion products and hydrogen bubbles coming out of the attack
front. And for the AA2024-T3 alloy, the attack was mainly intergranular
and was far less severe compared with that of the AA2198-T851 alloy.

The cross-sectional micrographs of the AA2198-T851 alloy exposed
to 24 h of test, presented in Fig. 10, also clearly shows that the grain
boundaries in this alloy are more noble compared with the grain in-
terior. What this implies is that, the T1 phase is not in abundance at the

Fig. 8. Optical images of agar gel corrosion visuali-
zation test of the AA2198-T851 after (a) 24, (b) 48 h,
(c) 72 h and (d) the removal of the agar gel.
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grain boundaries of this alloy, if present at all. In addition, the grain
orientation dependent propagation pathways beneath the near surface
of the alloy is also evident as indicated by X and Y in Fig. 10(a).

The corrosion propagation mechanism in this alloy can be compared
to that of slip mechanism during deformation. A schematic diagram is
presented in Fig. 11 to illustrate this. The AA2198-T851 alloy contains
parallel bands or alternate layers that are grain orientation dependent,
as represented in grains A, C, D, and E. The micrograph in Fig. 6(b) also
clearly shows this. Similar features observed in the AA5083-O and
AA6082-T6 alloys, in a reported work [27], were referred to as grain
distinct nanolayers and their dimensions were argued to be dependent
on the thermo-mechanical history of the alloys. The layers in grains B
and F are assumed to be exposed at inclinations normal to the exposed
surface. These parallel bands consist of active and more noble regions
alternately, and this is in agreement with published works [27,28,39].
In this case, the active regions most likely contain higher volume
fraction of T1 phase compared with the other regions, and it is the
interspace between the more noble layers in the grains. After the in-
itiation of corrosion, the attack propagates through the active inter-
space at a faster rate, and in a direction that is dependent on the cor-
rosion pathway of the grain similar to how dislocation moves through
specific slip planes and directions. Subsequently, the attack spreads into
the more noble layer but with a slower propagation rate. It should be
recalled that a moving dislocation encounters a barrier at the grain
boundary (GB) between the previous grain and the new grain (with a
different orientation) because the slip system of the new grain does not
align with the slip system of the previous grain. The same can be said of
the propagating crystallographic attack through the grains of the
AA2198-T851 alloy because the propagation pathway is different from
grain to grain. A barrier to propagation is encountered at the grain
boundary. Eventually, intergranular corrosion may occur, as ex-
emplified in Fig. 7(a), as the corrosion finds its way through the new
grain. But generally, the grain boundaries in this alloy are rarely

Fig. 9. Optical images of the surfaces ((a)-(b))
AA2198-T851 alloy and ((c)-(d)) AA2024-T3 alloy
after 2 h immersion test in EXCO solution.

Fig. 10. Optical images of the cross-section of the AA2198-T851 alloy after 24 h im-
mersion test in EXCO solution.
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susceptible and the propagation of corrosion is mostly through the
grains.

4. Conclusions

1. AA2198-T851 undergoes severe localized corrosion in naturally
aerated 0.01 mol L−1 NaCl solution within the early hours of im-
mersion in the electrolyte. Pitting mostly occurred within the grain,
and when it is initiated it cathodically protects the surrounding re-
gions radially in a ring-like manner.

2. The corrosion rings form due to pH difference between the low pH
region of the severe localized corrosion and the high pH regions
were cathodic reduction of oxygen occur. Increased lumps of cor-
rosion products form at the corrosion ring boundary due to the in-
teraction between the low pH and high pH solutions.

3. After prolonged hours of severe localized corrosion, secondary pits
resulting from the sub-surface spread of the primary pit form around
the primary pit, and their occurrence is preceded by the evolution of
hydrogen bubbles.

4. The propagation of the corrosion was crystallographic along parallel
and intersecting striations aligned parallel to the {111} planes
which is the habit planes of the active T1 (Al2CuLi) phase. T1 phase
is associated with localized corrosion susceptibility of this alloy.
Increment in immersion times resulted in increased widths of the
initiated pits up to about 36 h when no increase in pitting widths
were easy to observe due to the formation of voluminous corrosion
products afterwards.

5. The corrosion propagation mechanism through specific grain dis-
tinct bands in the AA2198-T851 alloy can be likened to the case of
slip mechanism through specific slip systems.
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