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Effect of crystal orientations and precipitates on
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Abstract: The effect of the crystal orientations and precipitates on the corrosion behavior of Al-Cu—Li single crystals
was studied by scanning electron microscopy, transmission electron microscopy, optical microscopy, immersion testing
in exfoliation corrosion solution, and electrochemical testing. The results show that the corrosion rates of different
orientations of the aged Al-Cu—Li alloy increase in the order of (001) < (101) < (111), which are different from those of
the as-quenched alloy in the increasing order of (111) < (001) < (101). The precipitation of the T phase deteriorated the
corrosion resistance of the Al-Cu-Li alloy, and the degree of deterioration differed in different crystal plane
orientations. The severe localized corrosion of the aged alloy propagates along the crystallography and extends along

the {111} plane in the form of corrosion bands.
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1 Introduction

Al-Cu-Li alloys are increasingly being
used in the aerospace industry to achieve weight
reduction. However, relevant literature [1-9] shows
that Al-Cu—Li alloys are prone to local corrosion,
especially the selective corrosion of some grains
and grain boundaries. This corrosion also leads to
the deterioration of the mechanical properties and
shortening of the service life of the alloy. Therefore,
it is essential to study the evolution of local
corrosion over time in the new generation of highly
important alloys.

The corrosion properties of Al-Cu—Li alloys

depend on their compositional and microstructural
characteristics [10,11]. The addition of Cu and Li to
aluminum alloys leads to the precipitation of 7
(Al>CuLi) and 0’ (AlsLi) phases [12]. The T phase
is the main strengthening phase of these alloys and
is closely related to the severe local corrosion of
Al-Li alloys [13—20]. LI et al [21] studied the
corrosion behavior of the bulk 7) phase and
believed that the 71 phase was the anode for the
alloy matrix at the early stage of corrosion and then
became the cathode due to the preferential
dissolution of Al and Li from the 77 phase. MA
et al [1] also showed that the origin of severe local
corrosion in AA2099 alloy is related to the selective
dissolution of the 7 phase. In addition, JIANG
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et al [22] systematically studied the corrosion
behavior of Al-Cu—Li alloys aged at 160 °C for
different time. It was found that the aging time
directly affected the corrosion mode, from
intergranular corrosion to less harmful intragrain
corrosion, which was related to the precipitation of
the 71 phase at the grain boundaries and in the
intragranular grains.

In addition to the significant effect of 7 on the
corrosion behavior of Al-Cu—Li alloys, the crystal
orientation also plays an important role in the
surface reaction, which also has a significant effect
on the corrosion behavior of materials [23—27].
GUERIN et al [27] investigated the relationship
between the orientation of grains in AA2050-T8
samples and the plane in which they were exposed
to the electrolyte. Analysis of the samples after the
corrosion tests showed that most of the corroded
particles were oriented in the (111) plane relative to
the exposed plane. DONATUS et al [28] observed
samples of AA2198-T851 exposed to a 0.01 mol/L
NaCl solution and found that after the initiation
of pitting, expansion mainly occurred on the
boundaries of a series of parallel cross-fringes.
These fringes are related to grain orientations, and
their dip angles and intersection angles vary from
grain to grain.

The above reports show that the crystal
orientation and precipitation of alloys have a large
influence on the corrosion resistance of the alloys.
However, it is difficult to accurately evaluate the
influence of specific crystal orientation on the
corrosion behavior of alloys when polycrystals
were used as the experimental materials in previous
work due to the interference of other orientations,
grain boundaries and misorientations. The corrosion
rate of the alloy with typical orientations (i.e., (001),
(101) and (111)) cannot be accurately obtained. To
solve the above problems, Al-Cu—Li single crystals
with different typical orientations were prepared
to study the relationship between the crystal
orientation and their corrosion behavior in this
study. The corrosion rates of different orientations
were compared under the same corrosion conditions.
In addition, the use of a single crystal can prevent
precipitation at grain boundaries, and the effect of
the 71 phase on the intragranular corrosion of
Al-Cu—Li alloys can be studied more specifically.
Therefore, aging treatment of single crystals with
different orientations was carried out to study the

influence of the corrosion behavior of single
crystals with different orientations precipitated at
the peak-aged state.

2 Experimental

2.1 Material pretreatment

The material used in the present work is an
Al-Cu-Li alloy, and its chemical composition is
Al-1.9%Cu—0.65%Li—0.15%Mg—-0.15%Ag—0.01%
Si—0.03%Fe (in mass fraction) determined by
inductively coupled plasma atomic emission
spectrometry. Al—Cu—Li single crystals were
prepared by cyclic pre-strain and high-temperature
annealing, which was mentioned in our previous
works [29—34]. The preparation procedure is briefly
described as follows: the as-quenched plates were
subjected to a tensile deformation of around 1%,
followed by annealing at 520 °C for 48 h. The
macro-grains were produced by repeating the cycle
of deformation and annealing process. The single
crystals were machined from the plates.

The orientations of the single crystals were
determined by electron back-scattered diffraction
(EBSD), which were mounted in a ZEISS ZIGMA
scanning electron microscope (SEM). Three types
of single crystals close to typical orientations (i.e.,
(001), (101) and (111)) were selected to study
the effect of the orientations. The EBSD grain
orientation maps of the selected single crystals are
shown in Fig. 1. The plane orientations of the single
crystals are close to (001), (101) and (111). Two
groups of single crystals with three orientations
were prepared to study the effect of the precipitates.
Thus, one group of single crystals was kept in the
as-quenched condition, and the other group was
subjected to the aging treatment after water
quenching.

2.2 Immersion test

The immersion test was carried out in an
exfoliation corrosion (EXCO) solution (234 g
NaCl + 50 g KNO; + 6 mL HNOs, dilution with
deionized water to 1000 mL), and the temperature
was kept at (2542) °C in a water bath. The surface
morphologies of the samples were observed by
optical microscopy (OM). Field-emission scanning
electron microscopy (SEM, MLA650F) was used
to observe the surface corrosion morphology of
the single crystals with different orientations after
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Fig. 1 EBSD orientation maps of selected single crystals with different plane orientations: (a) (108)ai, close to (001);
(b) (6,1,10)a1, close to (101); (c) (212)a1, close to (111); (d) Triangle-correlated each color in EBSD map with specific
grain orientation

removing the corrosion products. The corrosion
area of each sample was estimated by Imagel
software.

2.3 Electrochemical tests

A Princeton electrochemical workstation
(PARSTAT4000A, the minimum current resolution
of the electrochemical equipment used was 1.2 fA,
and the minimum voltage resolution was 1.5 uV)
used to measure the potentiodynamic
polarization and AC impedance. The sample was
used as the working electrode (WE), platinum was
used as the counter electrode (CE), and a saturated
calomel electrode (SCE) was used as the reference
electrode (RE). The samples were sequentially
ground with serial sandpapers and then cleaned
and dried. The area of the test surface was
controlled to be 10 mm % 10 mm. The potentio-
metric polarization was measured by scanning the
potential from —0.25 to 0.25 V at a rate of 1 mV/s.
Electrochemical impedance spectroscopy (EIS)
tests carried out with an alternating
disturbance amplitude of 10 mV and a frequency
range from 100 kHz to 0.01 Hz. The EIS data were
analyzed by the “ZsimpWin” software. A solution

was
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of 3.5 wt.% NaCl was used for the electrochemical
tests, and all the results were repeated three times to
ensure reproducibility in the present work.

2.4 Microstructural characterization

The precipitates were characterized by an FEI
TECNAI G2 F20 S-TWIN scanning transmission
electron microscope (STEM). TEM samples were
mechanically thinned to 80-100 um and then
stamped into disks with a diameter of 3 mm. The
specimens were prepared by twin-jet polishing in a
HNOs + CH30H solution at a volume ratio of 3:7.
The polishing voltage and temperature range were
20 V and from —20 to —25 °C, respectively.

3 Results

3.1 Corrosion behavior of as-quenched Al-Cu-—

Li alloy

Figure 2 shows SEM images of morphologies
of the as-quenched single crystals after immersion
in the EXCO solution for 24 h. Signs of corrosion
were observed on the surfaces of all single crystals,
but the degree of corrosion was different in each
case. After immersion for 24 h, a large amount of
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Fig. 2 SEM images of as-quenched single crystals with
different orientations after immersion in EXCO solution
for 24 h: (a) (001); (b) (101); (c) (111)

pitting appeared on the surface of all single crystals;
however, the amount was different. The pitting
amount of the single crystal with the (101)
orientation was greater than that of the single
crystal with the (001) and (111) orientations, and
the pitting amount of the single crystal with the
(111) orientation was the lowest (The corrosion
area of (001)-oriented grain is approximately
1.31%, corrosion area of (101)-oriented grain
is approximately 1.59%, and corrosion area of
(111)-oriented grain is approximately 0.71%).
These observations indicate that the corrosion rates
of the as-quenched alloy with different typical
orientations decrease in the order of (101) > (001) >
(111) in the same corrosion environment.

In addition, pitting was observed by SEM, and
the right figures display the framed area in the left

figures at increased magnification. Pitting corrosion
on the surface of the alloy occurred in the form of
clusters, and the pitting morphologies exhibited
different geometric patterns, as shown in Fig. 3,
which shows that the pitting morphology of the
alloy surface is affected by the crystal orientation.

Figure 4(a) shows the wvariation in the
open-circuit potential (pocp) of the solution-treated
alloy with different orientations in a 3.5 wt.% NaCl
solution with increasing immersion time. No
significant difference was found in the evolution of
the pocr among the samples with three different
orientations. At the early stage, the open-circuit
potential changed greatly over time but reached a
stable state after 400 s of immersion. Therefore, the
potentiodynamic polarization measurements in
this study were conducted on the samples after
sufficient soaking time (i.e., 30 min) to ensure that
the pocp reached a stable state.

To study the electrochemical corrosion
behavior of the as-quenched AIl-Cu—Li alloy,
potentiodynamic polarization tests were conducted
on the three as-quenched samples. Figure 4(b)
shows the potentiodynamic polarization curves
measured after immersion for 30 min at pocp. The
corrosion potential and corrosion current density of
the as-quenched samples obtained by
extrapolating the Tafel curves, and the results are
summarized in Table 1.

Table 1 shows that the corrosion current
density decreases in the order of (101) > (001) >
(111) for the as-quenched samples. A lower
corrosion current density means better corrosion
resistance. This suggests that the sample with the
(111) orientation has the best corrosion resistance,
while the sample with the (101) orientation has the
worst corrosion resistance in the 3.5 wt.% NaCl
solution. This result is consistent with the
experimental results of Fig. 2.

WwWere

3.2 Corrosion behavior of peak-aged Al-Cu—Li

alloy

Figure 5(a) shows the aging hardening curve
of the AlI-Cu—Li alloy aged at 180 °C. The hardness
reached the peak value after aging for 31 h. The
precipitated phase in the peak-aged sample was
characterized by TEM. Figure 5(b) shows a TEM
image of the Al-Cu-Li alloy. The analysis of
the selected electron diffraction (SAED) pattern
shown in Fig. 5(c) confirms that the main precipitate
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Fig. 3 Pitting morphologies of as-quenched single crystals with different orientations after immersion in EXCO solution
for 24 h: (a, b) (001); (c, d) (101); (e, ) (111)
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Fig. 4 Variation in open-circuit potential of as-quenched alloy in 3.5 wt.% NaCl solution (a) and potentiometric
polarization curves after immersion in 3.5 wt.% NaCl solution for 30 min (b)

Table 1 Corrosion potentials and corrosion current

densities of as-quenched samples with different
orientations
Sample @con(vs SCEYmV  Jeon/(nA-cm?)
(001)-oriented —644.8+5.8 132.849.4
(101)-oriented —652.6%1.1 162.3+11.2
(111)-oriented —656.0+3.9 102.4+10.6

in the Al-Cu—Li alloy is the 7 phase. The 7; phase
has a hexagonal crystal structure and a fine needle
shape (as shown in Fig. 5(d)).

An immersion test in EXCO solution was
carried out with the peak-aged alloy. Figure 6
shows the morphologies of the single crystals
before immersion and after immersion for 1 and
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Fig. 5 Aging hardening curve of Al-Cu—Li alloy (a), TEM image of alloy under peak aging (b), selected area electron
diffraction pattern of alloy (c), and high-resolution HAADF-STEM image of 7' phase (d)
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Fig. 6 OM images of aged single crystals before and after immersion in EXCO solution for 1 and 2 h
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2 h. The corrosion resistances of different crystal
plane orientations are slightly different. After
immersion for 1h, a large amount of pitting
corrosion was observed on the surface of the single
crystal with the (001) orientation, and it was evenly
distributed. In addition to pitting, corrosion rings
were also observed in local areas on the surface
of the single crystals with the (101) and (111)
orientations, and the number of corrosion rings on
the surface of the single crystal with the (111)
orientation was greater than that of corrosion rings
on the single crystal with the (101) orientation.
With increasing immersion time, corrosion rings
were also found on the surface of the single crystal
with the (001) orientation after 2 h of immersion,
but they were still in the initial stage. For the single
crystals with (101) and (111) orientations, in
addition to the increase in the number of corrosion
rings, severe local corrosion (SLC) pits in the
center of the rings began to expand, showing
crystallographic corrosion and parallel propagation
in a certain direction in the form of corrosion bands.

Figure 7 shows SEM images of single crystals
with the corrosion products removed after
immersion for 2h. The corrosion rings on the
surface of the sample disappear. In terms of the
degree of corrosion, the corrosion of the single
crystal with the (111) orientation is the most serious
with the largest corroded area, while the corrosion
of the single crystal with the (001) orientation
is the least serious with the smallest corroded
area (The corrosion area of (001)-oriented grain
1.00%, corrosion area of
(101)-oriented grain is approximately 2.67%,
corrosion area of (lll)-oriented grain is
approximately 3.71%). This phenomenon can be
observed not only at the microlevel but also at the
macrolevel. During the immersion process, the
surface of the single crystal with the (001)
orientation has the fewest bubbles. In other words,
the corrosion rates of the aged samples with
different orientations in EXCO solution decreases
in the order of (111) > (101) > (001) in the same
corrosive environment.

Electrochemical tests were performed on
the aged Al—Cu—Li alloy. Figure 8(a) shows
the variation in the gocp of the aged alloy with
the different orientations in a 3.5 wt.% NaCl
solution with increasing immersion time. The gocp
reached a stable state after a soaking time of 400 s.

is approximately

Fig. 7 SEM images of aged single crystals with corrosion
products removed after immersion in EXCO solution for
2 h: (a) (001); (b) (101); (c) (111)

Figure 8(b) shows the potentiodynamic polarization
curves measured after immersion for 30 min at
poce. The results of the corrosion potential and
corrosion current density of the samples with
different orientations are obtained and are
summarized in Table 2.

Table 2 shows that the corrosion current
density decreases in the order of (111) > (101) >
(001) for the aged samples, which is significantly
different from the corresponding result of the
as-quenched samples shown in Table 1. This
indicates that the aged sample with the (001)
orientation has the best corrosion resistance, while
the aged sample with the (111) orientation has the
worst corrosion resistance in the 3.5 wt.% NaCl
solution. This result is consistent with the results of
the above immersion test shown in Fig. 7.
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Fig. 8 Variation in open-circuit potentials of aged samples
in 3.5wt.% NaCl solution (a) and potentiometric
polarization curves after immersion in 3.5 wt.% NaCl
solution for 30 min (b)

Table 2 Corrosion potentials and corrosion current
densities of aged samples with different orientations

Sample ¢cor(vs SCE)YmV  Jeon/(nA-cm™?)
(001)-oriented —701.0+£9.0 349.14£25.3
(101)-oriented —723.2422.8 572.9£30.0
(111)-oriented —710.4+6.7 650.7+34.4

To further investigate the effect of crystal
orientation on the passivation film formed on the
Al—Cu-Li single crystal, EIS test was performed.
Figures 9(a) and (b) show the impedance spectra
in the form of a Nyquist diagram, which is a
capacitive reactance arc with a large radius. The arc
radius of the aged samples decreases in the order of
(001) > (101) > (111). Figure 9(c) shows the Bode
diagram of the Al-Cu—Li alloy samples with
different orientations. The diagram shows that the
lg |Z] of the (001)-oriented low-frequency region is
the largest and that the maximum phase angle peak
of the intermediate-frequency region is wider. This
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Fig. 9 EIS results of aged alloy after immersion in
3.5wt.% NaCl solution for 30 min: (a, b) Nyquist
diagrams; (c¢) Bode diagram; (d) Equivalent circuit

result indicated that the corrosion resistance and
stability of the passivation film on the single crystal
with the (001) orientation were the best.

Based on the AC impedance spectrum, the
equivalent circuit shown in Fig. 9(d) was used to fit
it. The fitting accuracy was on the order of 107, It
is generally considered that the equivalent circuit
consists of five parts: the solution resistance (Rs);
the charge transfer resistance (R.); the double-
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layer capacitance (Q.); the resistance (Ry); the
capacitance of the passivation film (Qr). Qccand QOr
are the constant phase angle elements and describe
the non-ideal capacitive behavior. Its impedance
value can be expressed as Zcpg:

Zere=[Yo(joo)'T"! (1)
where Yy is the capacitance value, w is the angular
frequency, j is the imaginary part, and »n is a
physical parameter representing the interphase
characteristics of the WE. When n=1, Q is
equivalent to an ideal capacitor. When 0.8 <n <1,
O has a capacitive property and needs to convert O
into a true effective capacitive value C. The C
value is calculated from the following effective
capacitance equation [26,35]:

C:Ql/nR(l—n)/n (2)
where R is the resistance, C; corresponds to the
double-layer resistance Rf, and C, corresponds to
the charge transfer R.:.

The fitting parameters of the equivalent circuit
components are listed in Table 3. From the fitting
results, the Ry value is larger than the R value,
indicating that corrosion resistance is provided by
the passivation film. For the (001)-oriented single
crystal, the maximum Ry and R values show that
the passivation film has the best protection against
chloride ion penetration. However, the Rr value of
the (111)-oriented single crystal is the smallest, and
the Ry value is also the smallest, indicating that
chloride ions react with metal ions more easily in

the passivation film, forming destructive chlorides,
accelerating the dissolution of the passivation film
and reducing the corrosion resistance of the alloy.
In other words, the corrosion resistance of different
orientations of the Al-Cu—Li alloy decreases in
the order of (001) > (101) > (111) in 3.5 wt.% NaCl
solution.

4 Discussion

The results show that the corrosion behavior of
the Al—Cu-Li alloy is significantly affected by
the crystal orientations and precipitates. For the
as-quenched samples without precipitates, the
corrosion behavior also demonstrates a significant
different

corrosion

difference in typical orientations.
behavior of the

as-quenched Al alloy is mainly determined by the

Generally, the

density of the atomic arrangement on the crystal
plane. A closer atomic arrangement means better
corrosion resistance. The atomic arrangement of
each crystal plane is shown Fig. 10, and the order of
corrosion resistance of a single-crystal orientation
of Al-Cu-Li alloy is the same as the order of
atomic density of the crystal plane.

In addition, the pitting shape (Fig.3)
corresponds to the atomic interstitial shape of each
crystal plane. It means that the local corrosion
caused by pitting of the AlI-Cu—Li alloy is affected
by the surface crystallography. The corrosion rates

Table 3 EIS fitting results of different orientations of AI-Cu—Li alloy in 3.5 wt.% NaCl solution

Sample Ry | O | " Ry | C/ . Oc/ | 1 R/ . G/ |
(Q-cm™) (uF-cm™) (kQ-cm™~) (uF-cm™@) (uF-cm™) (kQ-cm™~) (uF-cm™)

(001)-oriented  7.283 10.84  0.9082  7.542 8.42 54.74  0.8488  69.13 69.38
(101)-oriented ~ 7.375 13.99  0.8733 6.910 9.97 94.15 0.8132  56.16 138.02
(111)-oriented  7.197 16.14  0.8905 6.607 12.26 153.1  0.8411 37.15 212.61

m and n2 are the interphase characteristics of the WE in the double-layer reaction stage and the charge transfer reaction stage, respectively;
C1 and C; are the double-layer true effective capacity and the charge transfer true effective capacity, respectively.

(a) (©)
"""""" °
E @ @ o @
] "\
. e o
" — T S— @ . '™

Fig. 10 Atomic arrangement of each crystal plane of Al-Cu—Li alloy: (a) (001); (b) (101); (c) (111)
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of the as-quenched Al-Cu—Li single crystals with
different orientations in the present work are the
same as those of the as-quenched binary Al-Cu
single crystals reported by our recent work [36].
The detailed explanation for the corrosion
differences of the as-quenched single crystals with
different typical orientations could refer to our
recent work [36].

For the aged samples, an important
characteristic observed from the aged samples
immersed for 1 h is the evolution of corrosion. The
corrosion spots surrounded by circular areas
(corrosion rings) have little or no corrosion traces.
The optical micrograph shown in Fig. 11(a) clearly
shows the attacked and protected areas within the
corrosion ring. SLC was associated with the area
where hydrogen bubbles emerged during the
immersion test. From Fig. 11(a), hydrogen bubbles
emerge from the pit at the center of the ring, leave
the alloy surface, and finally burst. This involves
the following reactions [28,37]:

Al=AP +3e 3)
AP*+3H,0 =Al(OH);+3H" 4)

where H' is produced by the hydrolysis of AI** to
AI(OH)s according to Reaction (4). Reaction (3)
gives the electrons needed for Reaction (5) to form
Ho,.

2H"+2e=H,1 (5)

The circular characteristics around the bubbles
are attributed to the push formed by the bubbles
when they burst, which pushes away the corrosion
products on the alloy surface. This also explains the
disappearance of the circular features when the
corrosion products are removed. During the
immersion test, the process of bubble generation to
burst continued in the area, leading to the
continuous consumption of materials in the pit and
eventually leading to the formation of SLC. This
characteristic can be described in Fig. 11(b). The
corrosion area is regarded as a local microcell, in
which the SLC pit is used as the anode to provide
cathodic protection to the adjacent area to a certain
extent, thus reducing the nucleation and growth rate
of the surrounding pits [37].

In addition, after aging, the surface corrosion
of the single crystal with the (111) orientation is
the most serious. It is worth noting that the (111)
plane is the surface with the highest density and the

7

Bubblmg posmon fiisty A Corrosmn products
P '.:‘3 s wft . 200 um
b ‘

Large pits

Protected \::::3::::_-::::::—'5:::/ Corrosion
area product
@ @

Fig. 11 OM image of alloy after immersion in EXCO
solution for 2 h (a) and schematic diagram of corrosion
rings (b)

habit plane of the 71 phase. Due to the high Li
content, the potential of the 71 phase is more
negative than that of the alloy matrix [10,26].
During the immersion experiment, the 7 phase is
dissolved preferentially. In the dissolution process,
lithium is selectively dissolved, which increases the
concentration of inactive copper. Subsequently, the
copper-rich residue becomes a cathode relative to
its surroundings, leading to anodic dissolution of
the surrounding alloy matrix [26,38]. Regarding the
(111) plane as a habit plane, the contact area of the
T\ phase on the surface is the largest, so the
corrosion rate is the fastest. The (001) and (101)
planes intersect only one diagonal edge with the
(111) plane, but the corrosion rate of the single
crystal with the (101) orientation is faster than that
of the single crystal with the (001) orientation
because it has the lowest atomic density. Therefore,
under the same corrosion conditions, (111)-oriented
grains have the worst corrosion resistance, and
(001)-oriented grains have the best corrosion
resistance.
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Fig. 12 SEM images of typical crystallographic corrosion (a, ¢, ¢) and Kikuchi patterns corresponding to crystal (b, d, f):

(a, b) (001); (¢, d) (101); (e, £) (111)

During alloy immersion, severe local corrosion
propagates along crystallography, extends in the
form of corrosion bands and has a certain
orientation, as shown in Figs. 12(a), (c¢), and (e). To
obtain orientation information, the corrosion bands
of the three groups of samples were compared with
the Kikuchi patterns of the corresponding grains
(Figs. 12(b), (d), and (f)). It was found that the
propagation direction of the corrosion bands was
approximately parallel to the {111}a; plane, which
meant that the direction of crystal corrosion in
this alloy was consistent with the previous
literature [25,28,39]. According to the related
literature, this phenomenon is related to the
precipitate phase in the alloy. However, the habit
plane of the 7) phase is just the (111) plane. This
phenomenon is not found in the immersion process

of the as-quenched alloy, which also indicates that
the 71 phase is related to the local corrosion
sensitivity of the Al-Cu—Li alloy.

Furthermore, compared with the as-quenched
alloy immersed for 24 h, the aged alloy underwent
more serious corrosion after immersion for only 2 h.
Meanwhile, it can be seen that the corrosion rate of
the aged alloy was higher than that of the
as-quenched alloy based on the corrosion current
density results (as shown in Table 1 and Table 2).
This also indicated that the 7' phase accelerated the
corrosion rate of the alloy.

5 Conclusions

(1) The corrosion rates of the aged Al-Cu—Li
single crystals increase in the order of (001) <
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(101) < (111), which is different from that of the
as-quenched samples in the increasing order of
(111) <(001) < (101).

(2) The precipitation of the 77 phase
deteriorated the corrosion resistance of the
Al—Cu-Li alloy. The effect of the 7; phase on the
corrosion behavior of the aged single crystals with
different orientations is associated with the contact
area between the 7; phase and the crystal plane.

(3) The corrosion of the aged alloy mainly
extends in the form of corrosion bands that are
parallel to the {111} a1 plane. This is associated with
the preferential dissolution of the 7 phase during
the immersion test due to the high electrochemical
activity of the 7 phase.

(4) Electrochemical analysis results indicate
that the passivation film is the most stable for the
aged single crystal with the (001) orientation. In
contrast, the passivation film is the most unstable
for the aged single crystal with (111) orientation,
and it has the worst corrosion resistance.
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