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Abstract: The corrosion behavior of aluminum alloys 1060 and 2A12 in a 10 mM Na,SO,4+5 mM KI solution was investigated by
scanning electrochemical microscopy (SECM) and scanning electron microscopy (SEM). The potential topography and corrosion
morphology results show that the potential of the sample surface over the same area changes with the increase of immersion time.
The corrosion area becomes large, and the potential becomes more negative. The corrosion potential of the 2A12 alloy surface is
lower than that of 1060 aluminum, and 2A12 alloy becomes easily corrosive. This is the reason that preferential dissolution in the
boundary region of some intermetallic particles (IMPs) occurs and different dissolution behaviors are associated with different types

of IMPs because of different potentials.
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1. Introduction

In aluminum alloys, Si, Zn, Fe, Mn, Cu, and Mg are
introduced at various levels mainly to improve their
mechanical strength. Various kinds of intermetallic
precipitates (IMPs) might form in the alloys, and their
influence on corrosion processes has to be studied in
detail to understand the mechanism and, hence, to
control the corrosion of Al alloys [1]. Because of the
complexity of the microstructure of multi-component
aluminum (Al) alloys, the mechanism of localized
corrosion of Al alloys is still not completely under-
stood, especially regarding the influence of various
kinds of intermetallic precipitates on the alloys. Fur-
ther studies are needed on the formation of pits at in-
termetallic compounds and deterministic factors in pit
initiation, e.g., second phase particles and the condi-
tions of pit formation [2]. The local techniques (for
instance, scanning electrochemical microscopy
(SECM), atomic force microscopy (AFM), and scan-
ning Kelvin probe force microscopy (SKPFM)) have
also been shown capable of providing useful informa-
tion [3-5].
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SECM, able to map the variations in local elec-
trochemical activity, has been used to study pitting
corrosion around MnS inclusions in stainless steels in
NaCl solution [6-7]. It was also utilized to spatially
resolve the heterogeneous cathodic activity at AA2024
surfaces by using Pt microelectrode and redox media-
tor [8]. The SECM images showed locally high redox
reactivity that was attributed to intermetallic particles.
In some reports, the SECM mapping was quite useful
for corrosion behavior study.

The results of the SECM probing of local corro-
sion of aluminum alloys in sodium sulfate solutions
were presented in this article, including the SEM ob-
servation of localized corrosion in the boundary re-
gion, and it is explained by the corrosion theory of
IMPs.

2. Experimental

The experimental materials used are commercial
1060 aluminum and 2A12 aluminum alloy (2A12 al-
loy). The chemical composition (wt%) of the 1060
aluminum sample is Fe 0.36, Si 0.061, Mn 0.02, Mg

Also available online at www.sciencedirect.com



H.R. Zhou et al., Corrosion behavior of aluminum alloys in Na,SOy solution using... 85

0.02, Zn 0.005, and balanced Al. The chemical com-
position (wt%) of 2A12 alloy is Fe 0.35, Si 0.13, Mn
0.53, Mg 1.58, Zn 0.10, Cu 4.68, Ti 0.023, and bal-
anced Al. The samples were mounted in a low viscos-
ity epoxy leaving 1 cm” exposed surface area. The
sample surface was ground with SiC paper up to 4000

grit, and then, polished with 1.5 and 0.5 mm diamond
paste, using 99.5vol% ethanol. The sample was fixed
in an electrochemical cell made of Teflon, a saturated
Ag/AgCl was used as the reference electrode, and a Pt
foil surrounding the sample as the counter electrode

(Fig. 1).

Cantilever tip

Fig. 1. SECM instrument and electrochemical cell (a) and mode probe for SECM measurement (b).

Reagent Na,SO4, KI, and distilled water were used
to make up the solution (pH 5). The concentration of
Na,SO4 was 10 mM, and 5 mM KI was added as the
redox mediator for SECM mapping because of the lo-
cal corrosion process [4].

SECM experiments were carried out on M370 elec-
trochemical workstation. The instrument defines three
axes of translation for the probe tip. The X-y plane is
defined as the plane of the aluminum alloy substrate
electrode, and the z axis is defined as the axis normal
to this plane. The surface morphology of the samples
after corrosion was observed using SEM.

3. Results and discussion
3.1. Microstructure

Fig. 2 illustrates the SEM morphologies of alumi-
num alloys. The microstructure of 1060 aluminum
consists of primary a-Al and Fe;Al intermetallics (Fig.
2(a), dot A, etc.). Its amount of Fe;Al intermetallic
precipitates is small because of the Fe content. The
microstructure of 2A12 alloy (T4) is composed of
primary a-Al, 6 phase (AlLCu), ALCuMg, and
(Al,Cu)¢(Fe,Cu) (Fig. 2(b), dots B, C and so forth) in-
termetallics inside grains [8-9]. The number and type
of the intermetallics in 2A12 alloy are more than those
in 1060 aluminum, and alike, the bulk of the intermet-
allics in 2A12 alloy is large. The intermetallics con-
taining Cu and Fe are cathodic relative to the matrix
and promote the dissolution of the matrix, whereas the
intermetallics including Mg are anodic relative to the
matrix and dissolve preferentially [10].

3.2. Potential topography

Under free immersion, the corrosion behavior is

observed on the surface of the aluminum alloys within
a reasonable experimental time. Fig. 3 shows the
in-situ SECM observations of the localized corrosion
of 1060 aluminum in a 10 mM Na,SO4+5 mM KI so-
lution. The surface potential of 1060 aluminum is
variable over the same area during the ongoing corro-
sion process. Fig. 3(a) reveals the potential image after
2-h immersion. The area of the potential between
—0.14 and —0.15 V is about 80% of the testing area,
nearly 18% between —0.15 and —0.16 V, and about 2%
between —0.13 and —0.14 V. With the increase of im-
mersion time, the corrosion area becomes larger, and
the potential of the sample surface becomes more
negative in Figs. 3(b)-3(d). The potential in Fig. 3(b)
is between —0.15 and —0.16 V in the region of about
60% of the testing area, probably 40% of that between
—0.13 and —0.15 V after 16 h-immersion. After 48-h
corrosion, the area of the potential between —0.15 and
—0.16 V is almost 50%, and about 50% between —0.17
and —0.18 V. This proves that the corrosion of the
1060 aluminum sample becomes very severe at the
time of 48 h.

The result of continuous potential probing of 2A12
alloy in a 10 mM Na,SO4+5 mM KI solution is shown
in Fig. 4. It shows the same results as Fig. 3. The sur-
face area of the potential between —0.16 and —0.20 V
is almost 98% of the testing area after 2-h immersion
(Fig. 4(a)). With the increase of immersion time, the
potential of the sample surface quickly becomes more
negative. The area of the potential between —0.20 and
—0.24 V is nearly 95% of the testing area, and about
4% between —0.24 and —0.28 V after 8-h immersion
(Fig. 4(b)). After 48-h corrosion, the area of the po-
tential between —0.20 and —0.24 V is almost 50%,
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about 40% between —0.24 and —0.28 V, and probably
10% between —0.32 and —0.36 V (Fig. 4(d)). This re-
veals that the potential of the 2A12 alloy surface is

50.0 pm

more negative than that of 1060 aluminum, and 2A12
alloy becomes easily corrosive.

5] 50.0 um

Fig. 2. Microstructures of 1060 aluminum (a) and 2A12 aluminum alloy (b).
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Fig. 3. Potential images of 1060 aluminum in a 10 mM Na,SO4+5 mM KI solution: (a) 2 h; (b) 16 h; (c) 23 h; (d) 48 h (scan-

ning area: 400 pmx400 pm).

3.3. SEM morphology

SEM morphologies of 1060 aluminum in a 10 mM
Na,SO4+5 mM KI solution after 48-h corrosion are
shown in Fig. 5, and the corrosion morphologies of
2A12 alloy in Fig. 6. From the figures, the pitting oc-
curs on the surface of aluminum alloys firstly, i.e., lo-
calized dissolution. Because of low solution concen-
trations, corrosion is very slight for the two kinds of
aluminum alloys. The number of the pits for 2A12 al-

loy is more than that of 1060 aluminum. The corrosion
area becomes large. So the corrosion of 2A12 alloy is
severer than that of 1060 aluminum. This is consistent
with the above-mentioned potential results.

From the round-shaped corrosion morphologies
(Figs. 5(a) and 6(a)), corrosion occurs inside the ring.
Figs. 5(b) and 6(b) show the corrosion morphologies
within the ring. Fig. 5(b) shows the dissolution prod-
ucts deposited on the surface of 1060 aluminum (Fig.
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5(b), dots B and C). However, there are some pits and
trenches on the surface of 2A12 alloy, a few products
deposit on the surface. The crystal particle and
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boundary morphologies are clear. Localized dissolu-
tion occurs around a particle, pits, or the parti-
cle/matrix boundary region (Fig. 6(b), dots D, E, etc.).
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Fig. 4. Potential images of 2A12 alloy in a 10 mM Na,SO,+5 mM KI solution: (a) 2 h; (b) 8 h; (c) 28 h; (d) 48 h (scanning

area: 400 pmx400 pm).
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Fig. 5. SEM morphologies of pure aluminum 1060 in a 10 mM Na,SO,+5 mM KI solution after 48-h immersion.

3.4. Discussion

After the sample was immersed in the 10 mM Na,SO,
+ 5 mM KI solution, localized corrosion (namely, lo-
calized dissolution) occurred in a particle, matrix, or
the particle/matrix boundary region firstly, especially
intermetallics inside grains [1]. During the ongoing
corrosion process of aluminum alloys, different local
dissolution behaviors were observed under SEM and
SECM, which could be attributed to different types of
IMPs. The intermetallics containing Cu and Fe pro-

mote the dissolution of the matrix, mainly the alumi-
num dissolved preferentially. The intermetallics rich
in Mg are anodic relative to the matrix, dissolve pref-
erentially and desquamate from the surface of the
sample. The pit is formed on the surface lastly (Fig.
6(b), dot E) [11]. Perhaps, there are other corrosion
spots, e.g., defect, impurity, and so forth. So, the lo-
calized dissolution area is augmented and the trench
comes into being in the boundary region finally (Figs.
6(b), dot D).
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The potential of the sample surface appears to
change and becomes low because of the dissolution.
The potential of the local dissolution region becomes
lower and the corrosion area becomes larger with the
increase of immersion time. Local regions are anodic

with respect to the matrix and dissolve firstly because
of the low potential (as IMPs). At last, the pitting oc-
curs and the pitting area increases (Fig. 6(b), dots A, B,
C, and so on.) [3].
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Fig. 6. SEM morphologies of 2A12 alloy in a 10 mM Na,SO,+5 mM KI solution after 48-h immersion.

There are some kinds of intermetallics for 2A12 al-
loy, such as Al,Cu, Al,CuMg, and (Al, Cu)s(Fe, Cu).
Otherwise, 2A12 alloy contains more alloy elements
and defects than 1060 aluminum. So there are possibly
more anodic and cathodic sites for 2A12 alloy in the
course of dissolution. And the potential of 2A12 alloy
is more negative than that of 1060 aluminum. There-
fore, 2A12 alloy becomes easily corrosive.

4. Conclusion

SECM and SEM are useful for corrosion probing of
local dissolution for aluminum alloys. Different local
dissolution behaviors in the particle/matrix boundary
regions were observed under SEM, which can be at-
tributed to different types of IMPs. Moreover, by us-
ing the SECM system, simultaneous probing of elec-
trochemically active sites and topographic changes
over the same area was accomplished during the on-
going corrosion process. The potential of the sample
surface appears to change because of the local disso-
lution. The corrosion area becomes larger and the po-
tential becomes more negative with the increase of
immersion time. Moreover, the surface potential of
2A12 alloy is lower than that of 1060 aluminum, and
2A12 alloy becomes easily corrosive.
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