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a b s t r a c t

The corrosion behavior of Cu–Al–Be shape memory alloys with different microstructures and Be content
in a 3.5% NaCl solution was studied by weight loss, cyclic anodic polarization and chronoamperometric
measurements. The beryllium has a beneficial effect in b alloys. A pitting potential of �100 mV/SCE
was found by anodic polarization tests for all the studied alloys, corresponding to the formation of pits
produced by severe dealuminization. Samples with precipitates were more susceptible to pit formation.
The corrosion behavior is strongly affected by the alloy microstructural conditions, and the b samples
present higher pitting resistance and repassivation ability.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Previous investigations on Cu–(11.4–11.8 wt.%)Al shape mem-
ory alloys with the addition of small quantities of beryllium have
shown that they exhibit the pseudoelastic effect at room tempera-
ture, due to the martensitic transformation from the b phase to 18R
martensite [1–5]. An important lowering of the martensitic trans-
formation critical temperature is obtained with the addition of
small amounts of beryllium, �89.3 �C each 0.1 wt.%Be [2]. This de-
crease of the critical temperature enlarges the temperature range
at which the shape memory effect is operative. There is an interest
in the possible effect of small changes in the Be content on the cor-
rosion behavior of the Cu–Al–Be shape memory alloys. The
pseudoelastic effect is produced by the application of mechanical
stress and when the load is removed, a hysteretic loop is formed
and an almost complete recuperation of the strain could be ob-
tained. The thermomechanical properties of Cu–Al–Be alloys have
been studied [1,3–6], and their use is highly promising for applica-
tions as passive dampers of seismic energy in buildings and in
bridges [4,7]. When these alloys are submitted to heat treatments
like a slow cooling from high temperature or an isothermal heat-
ing, the formation of precipitates can be produced [8,9], and their
presence can affect their shape memory properties [10].

Regarding the corrosion behavior of Cu–Al–Be alloys in chloride
media, only studies at open circuit potential have been reported. In
previous works we have studied the corrosion products formed on
Cu–Al–Be alloys when they are immersed in a 3.5% NaCl solution
up to 40 days, their evolution with the time and the influence of
the microstructure on those products [11,12]. Chloride environ-
ment produces a dealuminization attack, resulting in a loss of alu-
minum from the alloy. This type of attack has been also reported by
other authors for Cu–Al and Cu–Al–X alloys in chloride media
[13,14]. However, the microstructure of the alloy is determinant
on its corrosion resistance, and the formation of the corrosion
products is affected by the aluminum content of each phase. For
samples with c2 precipitates, the aluminum rich phase, the prefer-
ential dissolution of them occurs, which seems to protect the ma-
trix from dealloying [11].

The aim of this work was to study the corrosion behavior of Cu–
Al–Be shape memory alloys with different microstructures and Be
content in a 3.5% NaCl solution in view of its application as seismic
damper in bridges. The corrosion behavior was characterized by
weight loss, cyclic anodic potentiodynamic polarization and chro-
noamperometric measurements. The effect of the beryllium was
analyzed comparing samples with single b phase of two alloys:
Cu–11.41Al–0.50Be (wt.%) (A1) and Cu–11.40Al–0.55Be (wt.%)
(A2). The influence of the microstructure was studied in samples
of alloy A2.

http://dx.doi.org/10.1016/j.corsci.2013.05.012
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2. Experimental procedure

Two commercial polycrystalline alloys were used in the present
work: Cu–11.41Al–0.50Be (wt.%) (A1) and Cu–11.40Al–0.55Be
(wt.%) (A2). They were provided by Trefimetaux S.A. Their chemical
composition was determined by atomic absorption spectropho-
tometry. Samples with three different microstructures were stud-
ied, and they were obtained through the following heat
treatments:

(a) Single b phase microstructure (Fig. 1a): The samples were
kept during 5 min at 800 �C, in the b field, and water
quenched at room temperature.
Fig. 1. Micrographs of samples with different microstructures obtained by optical
microscopy: Single b phase (a); (b + c2) microstructure (b); and b + (a0 + c2)
microstructure (c).
(b) (b + c2) microstructure (Fig. 1b): Precipitation of dendritic
pro-eutectoid c2 phase was generated by slow cooling at
around 1.3 �C/min from 800 �C to 535 �C, followed by water
quenching at room temperature. A detailed description of
the c2 phase formation is given in [8].

(c) b+(a0 + c2) microstructure (Fig. 1c): Precipitation of the
eutectoid (a0 + c2) was generated by an isothermal aging
treatment at 504 �C, followed by water quenching at room
temperature. A detailed description of the eutectoid forma-
tion is given in [9].

The micrographs presented in Fig. 1 were obtained by optical
microscopy. The samples were previously electropolished in a sat-
urated solution of chromium trioxide in phosphoric acid at around
4 V, and immersed for a few seconds in a solution of ferric chloride
in order to reveal the microstructural details.

For all the heat treatments, the temperature was monitored
using a chromel–alumel thermocouple. The volume fraction (fv)
of precipitates in the specimens was estimated from optical micro-
graphs as the relative area occupied by them with respect to the
total area using the software Image Tool 3.0. In the (b + c2) micro-
structure, a fv of 15 ± 2% of c2 phase was estimated, and they were
almost homogeneously distributed on the samples. In the
b + (a0 + c2) microstructure, a fv around 1–2% of each precipitated
phase was estimated, and they were located mainly in the area
of grain boundaries and at the edges of the samples. The samples
were smoothed with 240, 600 and 1000 grit emery paper, and then
rinsed with distilled water, sprayed with ethanol and dried with
hot air.

For corrosion tests, specimens were immersed in a 3.5% NaCl
solution adjusted to pH 8.0 with borate–boric acid buffer at room
temperature (20 ± 2 �C) and bubbled with air.

The weight loss tests were carried out using disk coupons from
the alloy A2, with b and (b + c2) microstructures, and having
dimensions of 15 mm diameter and �1.8 mm thick. Prior to the
tests, each coupon was measured and weighted. For each micro-
structure, one sample was immersed during 18 days, and two of
them were immersed during 45 and 60 days. Once the test was fin-
ished for each immersion time, the samples were extracted, and
the corrosion products were removed using a soft brush and a
10% HCl solution. After that, they were neutralized with a saturated
Na2CO3 solution, and then rinsed with distilled water, sprayed with
ethanol and dried with hot air. This procedure to remove the cor-
rosion products and surface neutralization has been previously
used [15]. The cleaned and dried samples were weighted using a
balance with a resolution within 0.1 mg.

The electrochemical measurements were performed in a con-
ventional three electrode cell, using a potentiostat (Voltalab PGZ
402) and a cell of 150 mL volume. A platinum wire with an exposed
area of around 2.5 cm2 and a Saturated Calomel Electrode (SCE)
were used as counter and reference electrodes, respectively. The
working electrodes were prepared with cylindrical samples of
5.4 mm diameter which were embedding in Teflon holders to ex-
pose a circular area of around 0.23 cm2 to the electrolyte. After
24 h of immersion at open circuit potential, cyclic anodic polariza-
tion curves were carried out, starting at the open circuit potential
(EOCP) for each sample at a sweep rate of 1 mV s�1. Potential was
reversed at an arbitrary chosen current density of 400 lA/cm2.
Potentiostatic current–time tests were conducted after 30 min of
immersion at EOCP, maintaining the potential for 1 h from
�300 mV/SCE with 0.025 V increments in the anodic direction. Be-
tween each experiment, samples were kept 1 h at �800 mV/SCE.

The surface morphology of the samples after corrosion tests was
examined using an Olympus PMG3 optical microscope (OM) and a
JEOL JSM-6460LV scanning electron microscope (SEM). Energy dis-
persive X-ray spectroscopy (EDX) analysis under SEM was



Fig. 2. Variation of weight loss rate of b-A2 and (b + c2)-A2 samples with exposure
time.
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employed to obtain an estimation of the surface composition of dif-
ferent regions of the samples. Their variability was obtained as the
standard deviation of at least three experimental measurements.
3. Results

3.1. Weight loss measurements

The weight loss values of A2 samples with b and (b + c2) micro-
structures are shown in Fig. 2. An almost constant value of weight
loss rate of around 0.07 mg/cm2 day was measured for the (b + c2)
samples, while values decreased with the exposure time in the case
Fig. 3. b Sample after 45 days of immersion in 3.5% NaCl: (a) Surface of the specimen,

Fig. 4. (b + c2) Sample after 45 days of immersion in 3.5% NaCl: (a) Surface
of b samples. This behavior has been described for other Cu–Al–X
alloys in a chloride environment, reporting rates in the range of
0.04–0.07 mg/cm2 day after around 20 days of immersion [16–
18]. For 60 days exposure time, the differences of rates between
both microstructures of the studied alloy turned small. Also, higher
dispersion was obtained between different specimens of b sam-
ples. Figs. 3 and 4 show the corroded surfaces after 45 days of
immersion in 3.5% NaCl. In both microstructures, grains were re-
vealed by the corrosion process. b samples presented corrosion
localized in some regions (zone A in Fig. 3), whereas the (b + c2)
microstructure exhibited the darkening of the precipitates, and
the matrix seems to be only slightly corroded (Fig. 4). These results
are in agreement with those reported in [11] for a similar alloy im-
mersed in 3.5% NaCl for 40 days, where the corrosion in the single b
phase microstructure after long exposure times is produced by the
dealuminization of the matrix, with severe localized corrosion at-
tack zones, while in the two-phases microstructure the dissolution
of the precipitates occurs. The observations of the sample surfaces
indicated that the corrosion process is more homogeneously dis-
tributed in the (b + c2) microstructure, which is consistent to an al-
most constant value of weight loss rate. On the other hand, the
corrosion process in the samples with single b phase is more local-
ized and the affected area is less reproducible with higher disper-
sion in the weight loss rates.
3.2. Electrochemical tests

To study the influence of the microstructure on the electro-
chemical behavior of Cu–Al–Be alloys, cyclic anodic potentiody-
namic polarization and chronoamperometric measurements were
performed on at least two samples of each microstructure of A2.
and (b) optical micrograph of a zone with severe localized corrosion (zone A in a).

of the specimen and (b) optical micrograph of a representative zone.



Fig. 6. b-A2 Sample after the anodic polarization test in 3.5% NaCl. (b) is a magnified
micrograph of (a) (OM).

Fig. 5. Anodic polarization curves for: (a) b-A1 and b-A2, and (b) A2 with different
microstructures in 3.5% NaCl solution.
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The influence of slight differences of beryllium was analyzed com-
paring samples with single b phase of both alloys.
3.2.1. Anodic potentiodynamic polarization
Representative curves of each type of sample are shown in

Fig. 5. The first almost linear part corresponds to the apparent Tafel
region and a critical current density (ic) is reached, then the
electrode presents a tendency to passivate with a decrease in the
current until a pseudo-passive current density (ipp). The term
pseudo-passive is used for the studied alloy, due to the decrease
in current is not as significant as in other passive materials. After
that, the current rises again with the increase of the potential until
the scanning is reversed. This is the typical anodic behavior for dis-
solution of copper and copper alloys in chloride solutions [19]. The
potential at which the repassivation occurs is in the range
�110 mV/SCE to �120 mV/SCE for both alloys and microstructures.
The curves of the single b phase microstructure for both alloys are
very similar (Fig. 5a) and no significant effect of beryllium was ob-
served on the anodic curves. However, the corrosion behavior is
strongly affected by the alloy microstructural conditions (Fig. 5b),
as has been reported previously [11]. The average values of ic, ipp,
Table 1
Parameters obtained from anodic polarization curves. The scatter bands were
obtained as the standard deviation of at least three experimental measurements.

Alloy Microstructure ic (lA/
cm2)

ipp (lA/
cm2)

ba (mV/
decade)

EOCP (mV/
SCE)

A1 b 191 ± 30 46 ± 10 85 ± 7 �280 ± 8

A2 b 208 ± 42 54 ± 8 80 ± 1 �286 ± 1
(b + c2) 335 ± 28 218 ± 1 88 ± 1 �269 ± 6
b + (a0 + c2) 244 ± 33 113 ± 17 85 ± 6 �250 ± 18 Fig. 7. (b + c2) Sample after the anodic polarization test in 3.5% NaCl. (b) is a

magnified micrograph of zone 3 (SEM).



Table 3
EDX analysis of b + (a0 + c2) sample before and after the anodic polarization test in
3.5% NaCl.

Element Mass concentration (wt.%)

Before [12] After

Matrix c2 phase a0 phase Zone 1 Zone 2 Zone 3

Cu 85.2 ± 0.3 81.7 ± 0.3 88.4 ± 0.7 88.5 23.0 90.3
Al 14.8 ± 0.3 18.3 ± 0.3 11.6 ± 0.7 10.4 34.7 8.7
O 0.9 41.1 0.8
Cl 0.2 1.2 0.2
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the Tafel anodic slope (ba), and EOCP obtained from at least three
curves of each microstructure of A2 and of b-A1 samples are pre-
sented in Table 1. The slight differences between b-A1 and b-A2
samples are within the error range of the experimental data.

The anodic Tafel slopes were found to be around 0.08 V/decade
for the b microstructure, which is close to the theoretical and
experimental value of 0.06 V/decade for copper in chloride media
at room temperature [13,20]. It has been established that Cu dis-
solves to CuCl�2 species and this process is determined by the rate
of diffusion of soluble species from the electrode surface into bulk
solution. The initial corrosion product of copper is cuprous chlo-
ride, CuCl [20]. It was proposed that the cuprous chloride, which
is only slightly soluble in dilute sodium chloride, reacts to produce
cuprous oxide (cuprite) which was the main constituent of thick
scales. In Cu–Al alloys, it can be expected that aluminum dissolu-
tion occurs in addition to the dissolution of copper [13]. According
to Chun et al. [21], the CuCl salt layer formed on Cu–Al alloys may
be incorporated with the Al salt films such as AlCl and Al(OH)2Cl.
Apparent Tafel slopes in the range of 0.058–0.076 V/decade have
Table 2
EDX analysis of (b + c2) sample before and after the anodic polarization test in 3.5%
NaCl. The scatter bands were obtained as the standard deviation of at least three
experimental measurements.

Element Mass concentration (wt.%)

Before After

Matrix c2 phase Zone 1 Zone 2 Zone 3

Cu 87.9 ± 0.1 83.7 ± 0.2 87.6 45.3 96.0
Al 12.0 ± 0.1 16.3 ± 0.2 11.3 24.7 1.1
O 0.9 28.8 2.6
Cl 0.2 1.2 0.3

Fig. 8. b + (a0 + c2) Sample after the anodic polarization test in 3.5% NaCl: OM (a)
and SEM (b).
been obtained by other authors for Cu–Al alloys in chloride media
[13,19,22,23], suggesting that the same rate-determining step as in
pure copper is operating in Cu–Al alloys. The samples with single b
Fig. 9. Chronoamperometric curves at �100 mV/SCE (a) and �75 mV/SCE (b) for b-
A1and b-A2 samples. (c) Variation of the integrated current density reached after
1 h of polarization at different potential steps.
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phase tend to passivate at lower potentials and they also present
lower EOCP. Those samples also show lower current densities re-
spect to the specimens with precipitates. The highest current den-
sity was obtained for the (b + c2) microstructure. These results
suggest that the presence of precipitates worsens the passivation
behavior of Cu–Al–Be alloys.

To understand the different corrosion processes occurring dur-
ing the anodic polarization tests in the three microstructures, sur-
face morphologies of specimens were analyzed with OM and SEM
with EDX after the tests. Fig. 6 shows the surface of a b-A2 sample.
Numerous pits were observed on the surface of the samples. These
regions correspond to small zones where the corrosion attack was
more severe due to aluminum preferential dissolution. This attack
morphology is found to be different to that observed in the same
alloy after long times of immersion at open circuit potential [11],
where the dealuminized areas were concentrated in one or two
spots on the sample surface.

Fig. 7 shows the surface of a (b + c2) sample after the anodic
polarization test. The EDX analysis results from different zones be-
fore and after the tests are given in Table 2. After the tests, the ma-
trix was slightly impoverished in Al and contains some corrosion
products (zone 1). The precipitates present a surface film rich in
O and Al, which would correspond to Al2O3 [11], and small quanti-
ties of Cl (zone 2). Some pits produced by a severe dealuminization
were observed on the matrix (zone 3), containing a porous product
with copper content as high as 96 wt.%. In other zones of the sam-
ple, the Al2O3 film could not be observed on some precipitates, and
also a porous product rich in copper was observed.

Fig. 8 shows the surface of a b + (a0 + c2) sample after the anodic
polarization test. The c2 precipitates are darker, while a0 phase is
brighter respect to the matrix (Fig. 8a). Some pits produced by
dealuminization were also observed in the samples (Fig. 8a). The
Fig. 10. Chronoamperometric curves at �125 mV/SCE (a), �100 mV/SCE (b), and �75
integrated current density reached after 1 h of polarization at different potential steps.
EDX analysis results from different zones before and after the tests
are given in Table 3. The compositions of the three phases in the
freshly polished samples were obtained from reference [12], and
the compositions of different zones of the samples correspond to
the areas indicated in Fig. 8b. c2 precipitates are the aluminum rich
phase and a0 is the copper rich phase (Table 3). After the tests, the
matrix and the c2 precipitates present a similar behavior to the
(b + c2) sample: the matrix was slightly impoverished in Al (zone
1) and an Al2O3 film was formed on the precipitates (zone 2). a0

phase was also impoverished in Al (zone 3).

3.2.2. Chronoamperometric measurements
For potentials lower than �125 mV/SCE, the current density re-

mains almost constant with values smaller than 200 lA/cm2 after
1 h in the b phase microstructure in both alloys. Representative
current–time curves for the single b phase microstructure corre-
sponding to both alloys at �100 mV/SCE and �75 mV/SCE are pre-
sented in Fig. 9. At �100 mV/SCE the current increases rapidly in
A1, while it remains low in A2 (Fig. 9a). At �75 mV/SCE both alloys
present a similar behavior, with higher current densities in A1
(Fig. 9b). The shape of the measured curves would be associated
to the passivation of the dealloyed pits due to the copper accumu-
lation [24]. The current density presents a large initial increase,
reaching a maximum value of 6600 lA/cm2 within 500 s in alloy
A1, and 5300 lA/cm2 within 800 s in A2. Then, it slowly decreases
and a current density of around 3000 lA/cm2 is finally reached
after 1 h of polarization. The values of the integrated current den-
sity reached after 1 h of polarization at different potential steps for
both alloys are presented in Fig. 9c. The errors were estimated as
the standard deviation of the measurements. The lower currents
of the alloy A2 respect to A1 for the same potential, suggest that
the beryllium has beneficial effects: less amount of dissolved
mV/SCE (c) for A2 samples with different microstructures. (d) Variation of the
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material is needed in order to repassivate the pits and also the
pseudo-passive film seems to be more protective.

Significant differences can be observed in samples with the
same beryllium content and different microstructures as shown
in Fig. 10. At �125 mV/SCE, the current density remains almost
constant in the b phase microstructure, while in b + (a0 + c2) sam-
ples it increases slightly, and in (b + c2) samples it increases up to
1366 lA/cm2 (Fig. 10a). At �100 mV/SCE, (b + c2) samples reach a
maximum current density of 4000 lA/cm2 and then slightly de-
creases until 3600 lA/cm2, while the current increases in the other
microstructures reaching values of 2900 lA/cm2 and 500 lA/cm2

after 1 h immersion, for b + (a0 + c2) and b specimens, respectively
(Fig. 10b). The passivation of the dealloyed pits occurs at �75 mV/
SCE in all the samples, the current density reaches a maximum and
then slightly decreases up to around 3000 lA/cm2 (Fig. 10c). High-
er currents are reached for the samples with precipitates respect to
the specimens with single b phase, and this effect is more pro-
nounced for (b + c2) samples, in agreement with the higher volume
fraction of precipitates. A significant increase of the current density
can be observed at �125 mV/SCE for (b + c2) samples, while it oc-
curs at �75 mV/SCE for the specimens with single b phase. The
integrated current density reached after 1 h of polarization at dif-
ferent potential steps for the three microstructures are presented
in Fig. 10d. The errors were estimated as the standard deviation
of the measurements. It can be seen that samples with single b
phase keep pseudo-passivity at more anodic potentials. These re-
sults indicate that samples with precipitates were more suscepti-
ble to pit formation than the samples with single b phase.

Fig. 11 shows the surface of a b sample after 30 min immersion
and 1 h of polarization at �100 mV/SCE, �800 mV/SCE and 10 min
at �75 mV/SCE up to a current density of 3200 lA/cm2. Extensive
areas with a severe dealuminization were observed in the surface
Fig. 11. b Sample after 30 min immersion and 1 h of polarization at �100 mV/SCE,
�800 mV/SCE and 10 min at �75 mV/SCE up to a current density of 3200 lA/cm2

(SEM). (b) is a magnified micrograph of (a).

Fig. 12. (b + c2) Sample after 24 h immersion and 30 min of polarization at
�100 mV/SCE up to a current of 3200 lA/cm2 (SEM).
sample, showing in some of them a porous product with copper
content as high as 95 wt.% (right side in Fig. 11b).

Fig. 12 shows the corroded surface of a (b + c2) sample after
24 h immersion and 30 min of polarization at �100 mV/SCE up
to a current density of 3200 lA/cm2. The EDX analysis results from
the different zones indicated in Fig. 12c are given in Table 4. The
matrix was impoverished in Al and contains some corrosion prod-
ucts based on O (zone 1). In some zones an Al2O3 film can be ob-
served on the precipitates (zone 2), while this film is absent in
other regions and particles of redeposited Cu could be observed in-
side them (zone 3).
4. Discussion

According to the apparent Tafel slopes obtained for the studied
alloy, the same rate-determining step as in pure copper could be
considered, where the major electrode process is anodic dissolu-
tion of copper to form the cuprous dichloride anion [20]. For the



Table 4
EDX analysis of (b + c2) sample before and after 24 h immersion and a potentiostatic
step of 30 min at �100 mV/SCE in 3.5% NaCl. The scatter bands were obtained as the
standard deviation of at least three experimental measurements.

Element Mass concentration (wt.%)

Before After

Matrix c2 phase Zone 1 Zone 2 Zone 3

Cu 87.9 ± 0.1 83.7 ± 0.2 85.1 22.9 99.2
Al 12.0 ± 0.1 16.3 ± 0.2 9.9 29.1 0.2
O 4.9 47.3 0.5
Cl 0.1 0.7 0.1
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employed conditions, aerated solution and chloride media, this
anodic reaction can be considered under mixed charge transfer
and mass transport controlling kinetics at potentials close to EOCP

[20]. On the other hand, the primary cathodic process is the oxygen
evolution, which would be under charge transfer control.

No significant effect of the beryllium content on the corrosion
behavior was observed in the anodic polarization curves. However,
lower current densities were reached in the alloy with higher
beryllium content when it was maintained at �100 mV/SCE and
�75 mV/SCE in the chronoamperometric measurements. It would
suggest that the addition of small amounts of beryllium has a ben-
eficial effect in the corrosion resistance of b phase alloys in a 3.5%
NaCl solution. Kuo et al. [25] have found that small additions of
beryllium, between 0.55 and 1.00 wt.%, in Cu–Al–Be alloys are
effective to prevent the intergranular corrosion in 0.5 M H2SO4

solutions.
The influence of the microstructure on the corrosion behavior of

A2 samples was studied. In samples with single b phase, the corro-
sion processes would occur mainly by the dissolution of both cop-
per and aluminum [11,13]. After long times of immersion at EOCP,
the stable corrosion product formed on all the phases were CuCl2

and a Cu2O/CuO double layer [11], and the samples present some
zones with severe localized dealuminization. This was confirmed
by the chronoamperometric curves on the surface of samples
maintained at potentials up to �75 mV/SCE, but the dealuminiza-
tion is more significant, with some zones showing porous copper.
After anodic polarization tests, some pits produced by dealumini-
zation were observed on the surface of the samples. In (b + c2)
samples, preferential dissolution of c2 phase occurs, a surface film
of Al2O3 would form on the precipitates after short immersion
times, but it is not detected after long exposure [11]. Instead of this
film, copper rich layers and porous copper products are observed
[11]. An analogous behavior was observed after the samples were
maintained at potentials up to �100 mV/SCE (reaching a current
density of 3200 lA/cm2), the Al2O3 film was detected on some pre-
cipitates, while in others it was absent and Cu particles were ob-
served in place of them. After anodic polarization tests, the Al2O3

surface film was detected on almost all the precipitates. It can be
noted that when the dissolution is forced by an anodic overpoten-
tial, pits are produced in the matrix, unlike in open circuit potential
tests [11], where only the precipitates are corroded. In b + (a0 + c2)
samples after anodic polarization tests: a0 phase was impoverished
in Al, the matrix and the c2 phase exhibited a similar behavior to
the (b + c2) samples, and pits were also observed on the matrix.

In the samples with precipitates, pits produced by dealuminiza-
tion were formed mainly near the c2 phase, although, a few pits
were also observed far from the precipitates. This result suggests
that the regions surrounding those precipitates would act as pref-
erential sites of nucleation for the pits. It could be associated to the
deficiency in aluminum expectable near the c2 precipitates, which
are rich in aluminum, and to the formation of the Al2O3 surface
film on them. However, when the samples are immersed in chlo-
ride solutions at open circuit potential [11], pits do not form in
the matrix.

During chronoamperometric tests, the formation of pits begins
at around �125 mV/SCE in the samples with precipitates and at
�100 mV/SCE in the samples with single b phase, and the passiv-
ation of the dealloyed pits occurs at �75 mV/SCE in all the speci-
mens. In the samples with precipitates, the passivation would
occur on the pits formed on the matrix and on those produced
on the c2 precipitates, due to the accumulation of a product rich
in copper. In a previous work [11] we found that the presence of
c2 precipitates seems to protect the matrix from dealloying when
the samples are immersed in a 3.5% NaCl solution at open circuit
potential. However, at anodic potentials it is seen that the presence
of those precipitates produces an increase of the current density
and the matrix is also corroded.

The influence of beryllium and microstructure has been studied.
More work has to be done in order to characterize the influence of
corrosion on the mechanical response of these materials under
cyclic loads aiming to assess the impact of the attack in the
pseudoelastic capability. The obtained results also highlight the
need to carry out in situ measurements of the corrosion processes
occurring in different phases of Cu–Al–Be alloys, for example by
atomic force microscopy observations.
5. Conclusions

The electrochemical behavior of Cu–Al–Be shape memory alloys
with different microstructures was studied in a 3.5% NaCl solution.
The effect of the beryllium was analyzed comparing samples with
single b phase of two alloys: Cu–11.41Al–0.50Be (wt.%) (A1) and
Cu–11.40Al–0.55Be (wt.%) (A2). The influence of the microstruc-
ture was studied by weight loss, cyclic anodic potentiodynamic
polarization and chronoamperometric measurements in samples
of A2 with different microstructures: Single b phase, (b + c2) and
b + (a0 + c2) samples. The following conclusions can be drawn:

(a) The addition of small amounts of beryllium has a beneficial
effect in b phase alloys since lower current densities are
needed in the alloy with higher beryllium content for the
pseudo-passive film to be formed.

(b) By anodic polarization tests, a pitting potential of �100 mV/
SCE was found for all the Cu–Al–Be alloys studied, corre-
sponding to the formation of pits produced by severe
dealuminization.

(c) From chronoamperometric tests, it was determined that
samples with precipitates were more susceptible to pit for-
mation than the samples with single b phase. The samples
with single b phase present some zones with severe local-
ized dealuminization, some of them showing porous copper.
However, in (b + c2) samples, preferential corrosion of c2

phase occurs: a surface film of Al2O3 was detected on some
precipitates, while in other it was absent and Cu particles
were observed inside them.

(d) The corrosion behavior is strongly affected by the alloy
microstructural conditions, and the samples with single b
phase present a better behavior: higher pitting resistance
and repassivation ability.
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