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1. Introduction

Shape memory alloys (SMAs) are materials characterized by a
thermoelastic phase transformation allowing them to return to
their original shape after deformation. Up to now, Ni–Ti is
the most common SMA. Ni–Ti was discovered by William
Buehler und Frederik Wang in the early 1960s[1] and has already
been used in many applications, e.g., in the aerospace and

medical sectors.[2] Due to their excellent
damping properties,[3,4] the use of SMAs
is also promising for structural engineering
applications, e.g., as damping elements for
bridges and high-rise buildings in earth-
quake-prone areas. For application in civil
engineering, a deep understanding of
the mechanical properties is paramount.
Furthermore, it is of highest importance
to have a deep understanding of the corro-
sive behavior of these materials. While
Ni–Ti shows excellent corrosion resistance
because of the formation of a stable tita-
nium oxide layer on the surface,[5] the high
cost of the alloy and its difficult workability
are the main drawbacks toward applica-
tion in the cost-conscious construction
industry. Advantages of iron-based SMAs,

e.g., Fe–Mn–Si–X (X¼Cr, Al, Cu, Ni), Fe–Ni–Co–Al–X
(X¼ Ti, Nb, Ta), and Fe–Mn–Al–Ni–X (X¼ Ti, Cr), in compari-
son to Ni–Ti, are applicability of processing routes originating
from the steel industry and relatively low material costs. There-
fore, iron-based SMAs are promising candidate materials for
mass applications in civil engineering structures. Since the dis-
covery of the first iron-based SMA in 1970 by Wayman,[6] a lot of
research has been conducted to discover and improve novel
Fe-based SMAs. Several studies on the corrosion properties of
the Fe–Mn–Si alloy have been conducted.[7–18] Although the cor-
rosion resistance of the alloy could be improved through addi-
tions of alloying elements such as Cr, Al, Cu, Ni, and N, its
commercial application is still limited due to its poor superelastic
behavior at room temperature.[19] The Fe–28Ni–17Co–11.5Al–
2.5Ta alloy, which was the first iron-based SMA showing a recov-
ery strain up to 13% in a polycrystalline state,[19] shows a corro-
sion behavior similar to carbon steel in a 3.5 wt% NaCl
solution.[20] Despite the good superelastic properties, the high
cobalt content is a roadblock with respect to applications in civil
engineering, as it considerably increases alloying costs. In 2011
Omori et al.[21] introduced another new type of iron-based
SMA that is characterized by very good superelastic properties
and a low Clausius–Clapeyron relationship of 0.53MPa �C�1

over a wide temperature range (�196 to 240 �C). The Fe–34Mn–
15Al–7.5Ni alloy shows a thermoelastic martensitic transforma-
tion between α (bcc) austenite and γ 0 (fcc) martensite.
The mechanical properties are strongly influenced by multiple
factors such as grain size, crystallographic orientation and
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Herein the corrosion behavior of Fe–Mn–Al–Ni shape memory alloys charac-
terized by different microstructures in a 5.0 wt% NaCl solution is investigated.
Open circuit potential and potentiodynamic polarisation tests are conducted.
Generally, Fe–Mn–Al–Ni shows corrosion properties being similar to pure iron.
However, the polarization curves of single crystals indicate the presence of an
unstable passive system. The corrosion damage is analyzed by means of optical
microscopy and electron microscopy. It is revealed that polycrystalline samples
consisting of two different phases induced by heat treatment, i.e., α-phase and γ-
phase or β-Mn phase and γ-phase, are suffering a selective corrosion attack of the
α-phase and β-Mn–phase, respectively. On the contrary, the single crystal seems
to form a protective layer on the surface. Upon presence of stress-induced
martensite, a selective corrosion attack of γ 0–martensite is observed.
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precipitates.[22–35] It was shown that the superelastic
behavior of polycrystalline samples is detrimentally affected
by pronounced constraints related to neighbouring grains.[23,31]

In contrast, a superior superelastic performance was shown for
oligocrystalline samples, i.e., bamboo structures[21,23,26] and sin-
gle-crystalline samples.[24,31] As an example, for Fe–Mn–Al–Ni
samples with a suitable microstructure superelastic recoverabilities
up to 7% and critical stresses for martensitic transformation up
to 600MPa were observed.[29–33,35] Tailoring of such microstruc-
tures can be achieved by a cyclic heat treatment conducted
between the single- and the two-phase region (α-phase and
γ-phase) of the alloy to promote abnormal grain growth
(AGG) in the sample.[21,26,27,31] AGG is a process in which a sin-
gle grain or a few grains grow significantly faster, eventually con-
suming surrounding smaller grains, finally leading to oligo- or
single-crystalline structures in Fe–Mn–Al–Ni. Besides the influ-
ence of the grain size, it was shown that a small fraction of ductile
γ-phase along the grain boundaries is crucially needed to supress
intergranular crack formation in oligocrystalline samples,
although the γ-phase is generally detrimental in terms of the
functional response as it does not show a reversible phase
transformation.[26]

Up to now, to the best of the authors’ knowledge no studies are
available in open literature reporting on the corrosion behavior of
the Fe–Mn–Al–Ni alloy system in general or the impact of
unusual microstructures in particular, which are crucially needed
to obtain superior superelastic properties. To close this prevailing
gap, the present study investigates the influence of different
microstructures on the corrosion behavior of Fe–Mn–Al–Ni.
To be able to distinguish between the corrosion behavior of
different phases of the Fe–Mn–Al–Ni alloy system, i.e., α-phase,
γ-phase, γ 0-phase and β-Mn-phase, three conditions with tailored
microstructures were studied. Electrochemical corrosion tests
have been conducted to identify open circuit potentials (OCPs)
and the polarization behavior. A NaCl solution was chosen as elec-
trolyte as it is commonly used for electrochemical corrosion tests,
making the results directly comparable to data available for
Fe-based materials in literature.[20,36] Civil engineering structures
were introduced as the envisaged application area for the Fe-based
SMAs. Steels embedded in concrete often suffer from corrosive
attack in the presence of Na and Cl ions,[37] which may be intro-
duced to the system due to salt water or in the form of salt used to
deice roads in winter. Following the polarization measurements,

the corrosion damage in the cross-section of the samples was
analyzed by means of optical microscopy and scanning electron
microscopy (SEM) including energy-dispersive spectroscopy
(EDS).

2. Results and Discussion

Optical micrographs of the polished and partially etched
microstructure of the three different conditions investigated in
this study are displayed in Figure 1. Figure 1a shows the micro-
structure of a solution heat-treated (1225 �C, 0.5 h) and subse-
quently furnace-cooled sample. The sample is hereafter
referred to as “furnace-cooled condition (βþ γ)”. The slow fur-
nace cooling promotes pronounced diffusion and, thus, a
polycrystalline structure consisting of two phases is seen. The
phase–fraction diagram calculated based on the database pub-
lished by Walnsch et al.[38] shown in Figure 2 reveals that the
equilibrium condition at low temperatures mainly consist of
γ-phase and β-Mn-phase. Based on the thermodynamic calcula-
tions, it is expected that the condition shown in Figure 1a

Figure 1. Microstructure of the different Fe–Mn–Al–Ni conditions: a) optical micrograph of a furnace-cooled condition (βþ γ) with a high content
of γ-phase (light gray areas); b) optical micrograph of a polished and etched water-quenched condition (αþ γþ γ 0), with γ-phase mainly visibly on the
grain boundaries and some minor γ 0-martensite fractions within the grains; c) optical micrograph of a polished and etched single-crystalline
condition (αþ γ 0); dark gray areas are γ 0-martensite plates.

Figure 2. Temperature dependent phase fractions for the Fe–34.0%
Mn–15.0% Al–7.5%Ni (at%) alloy calculated based on the database
published by Walnsch et al.[38].
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consists of minor β-Mn- and a high amount of γ-phase (light gray
areas). Analysis of the chemical composition of these phases is
given in Table 1. Obviously, the two phases are characterized by
different chemical compositions. Compared to the γ-phase, the
β-Mn-phase is characterized by a lower content of Fe and Mn and
an increased content of Al and Ni.

Accelerated cooling (water quenching at 80 �C) after solution
annealing at 1225 �C was applied to the condition shown in
Figure 1b, which is hereafter referred to as “water-quenched
condition (αþ γþ γ 0)”. Upon quenching, a microstructure
primarily consisting of α-phase, γ-phase, and a minor fraction
of γ 0-martensite is seen. The γ-phase is mainly visible at the grain
boundaries (Figure 1b). Vollmer et al.[29] reported that the
α-phase and γ-phase are characterized by different chemical
compositions. Similar to the β-Mn-phase, the α-phase shows
an increase in the content of Al and a decrease in the content
of Mn.

Figure 1c shows an optical micrograph of the single-crystalline
condition (αþ γ 0). The cyclic heat treatment ensured that only
one grain is formed over the entire sample volume. Due to
quenching, residual stresses are introduced. Locally, primarily
at the surfaces, these exceed the critical value for the martensitic
phase transformation and large plates of stress-induced
γ 0-martensite (dark gray areas) are formed (cf. ref. [39]). In
consequence, the final microstructure consists of α–phase and
γ 0–phase, both having the same chemical composition.

A direct comparison of the OCP of the different Fe–Mn–Al–Ni
conditions and two commercial reference alloys (austenitic steel
and pure iron) is shown in Figure 3. The OCP is the potential that

evolves with respect to the reference electrode (saturated calomel
electrode (SCE)) at the interface between the metal and the aque-
ous solution as soon as the metal is immersed in the electrolyte
solution.[40] In general, a higher value of OCP indicates a metal
less susceptible to corrosion as compared to a metal featuring a
lower value of the OCP.[41] The OCP of the furnace-cooled con-
dition (βþ γ) initially reveals a negative potential of ��700mV
versus SCE. Within 24 h the potential increases to �630mV ver-
sus SCE, revealing a less active alloy as compared to pure iron in
5.0 wt% NaCl solution. For comparison, the OCP of pure iron is
characterized by a value of �750mV versus SCE after 24 h.
However, the X5CrNi18–10 austenitic steel, which is known
to build a protective chromium-enriched passive oxide on the
surface, is far less active than all Fe–Mn–Al–Ni samples. The
experimentally determined OCP, indicating in general a slight
positive trend, reached a final value after 24 h of�166mV versus
SCE. The comparatively high number of fluctuations within the
curve is attributed to the chloride ions, resulting in local desta-
bilizing effects and metastable pitting.[42] The potential for all
three Fe–Mn–Al–Ni samples stabilizes after 6 h. As the mea-
sured values for all samples fluctuate within a range of
��10mV, the significantly different microstructures of the
three investigated conditions seem to have only a very limited
influence on the OCP after 24 h. In summary, the OCP for
Fe–Mn–Al–Ni is higher as compared to pure iron, however,
much lower as compared to an austenitic steel (X5CrNi18–10).
The OCP curve trends and values for pure iron and austenitic
stainless steel shown here are in good agreement with data
shown by Ejaz et al.[43] and Farhat et al.,[20] respectively.

Figure 4 shows potentiodynamic polarzation curves for all
material conditions tested. The electrochemical parameters such
as the corrosion potential (Ecorr), the corrosion current density
(icorr), and values for βa and βc were determined using Gamry
Echem Analyst software and are summarized in Table 2. It is
obvious that Ecorr for the furnace-cooled condition (βþ γ), which
contains no α-phase, is�50mV lower as compared to Ecorr of the
water-quenched condition (αþ γþ γ 0) and the single-crystalline
condition (αþ γ 0), both showing a high amount of α-phase. The
values of icorr for the water-quenched condition (αþ γþ γ 0) and
the single crystal (αþ γ 0) are also different from the current

Table 1. Chemical composition of the β-Mn-phase and γ-phase in the
furnace-cooled samples obtained by EDS.

Element [at%]

Fe Mn Al Ni

Nominal composition 43.5 34.0 15.0 7.5

β-Mn-phase 44.9 (�0.4) 27.5 (�0.5) 19.9 (�0.8) 7.7 (�1.2)

γ-phase 47.1 (�0.2) 33.2 (�0.3) 13.0 (�0.6) 6.7 (�0.8)
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Figure 3. OCP (vs SCE) of the different Fe–Mn–Al–Ni conditions
as compared to commercial alloys in 5.0 wt% NaCl solution at 25 �C
and pH 7.
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Figure 4. Polarization curves obtained for the different Fe–Mn–Al–Ni
conditions and the commercial alloys in 5.0 wt% NaCl solution
at 25 �C and pH 7.
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density of the furnace-cooled condition (βþ γ). As is well known,
the current density relates directly to the corrosion rate as mass
loss per unit time. A higher value for icorr, thus, indicates an

increased loss of mass induced by the corrosion processes.[44]

From direct comparison of the different polarization curves, it
is obvious that the current density level of X5CrNi18–10 stainless

Table 2. Electrochemical parameters obtained from the 24 h OCP measurement and subsequent potentiodynamic polarization. Data were extracted
using Gamry Echem Analyst software.

Sample Beta A [V dec�1] Beta C [V dec�1] icorr [μA cm�2] Ecorr versus SCE [mV] EOCP versus SCE [mV]

X5CrNi18–10 0.4320 0.0810 0.039 �200.0 �165.6

Pure iron 0.1229 0.1791 4.260 �875.0 �750.6

Furnace-cooled condition (βþ γ) 0.1064 2.614 �842.0 �630.3

Water-quenched condition (αþ γþ γ 0) 0.06584 1.409 �788.0 �648.3

Single-crystalline condition (αþ γ 0) 0.07456 1.442 �797.9 �652.1

Figure 5. Microstructure of a furnace-cooled condition (βþ γ) after polarization tests: a) optical micrograph at the edge of a polished sample,
b) SEM micrograph highlighting the corrosion damage shown in (a), c–g) EDS element mappings.
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steel is much lower and that Ecorr is much higher as compared to
the other alloys. The curve seen clearly reveals a passive region
in the anodic regime over a range of �100mV, i.e., from
�165mV (vs SCE) to �65mV (vs SCE). According to ref. [41]
a passive material usually possesses an active, a passive, and a
transpassive part in the anodic regime of polarization.
Passivating alloys, however, do not show an active region in
the polarization curve in the presence of oxidizing species (such
as dissolved oxygen) as they spontaneously passivate.
Furthermore, the dissolved oxygen in the electrolyte solution
leads to an additional cathodic reaction and eventually causes
the intersection of the total anodic and total cathodic line in
the passive region.[41] As a result, the polarization curve of the
X5CrNi18–10 stainless steel shows none of the characteristics
of an active–passive transition. The calculated values for Ecorr
and icorr for Fe–Mn–Al–Ni are almost in the range of pure iron.
Although the overall electrochemical characteristics of the
Fe–Mn–Al–Ni samples are different from X5CrNi18–10 stainless
steel, a similar passive behavior can be seen in the anodic regime.
Moreover, the curve of the single crystal shows a secondary min-
imum in the passive region. Similar corrosion behavior has been
reported for various alloy systems in different electrolyte solu-
tions, e.g., a high-nitrogen-bearing stainless steel in acidified
0.5 M NaCl solution.[45] The presence of multiple minima is
explained in ref. [41] and referred to as a “cathodic loop”. The
origin of a cathodic loop is related to a distinct rate of the cathodic
reaction at these potentials, being higher than the passive
current density. Thus, the net current is cathodic at these

points. This behavior is known to be an indicator for an unstable
passive system.

Figure 5 shows the microstructure of the cross-section of a
furnace-cooled condition (βþ γ). The optical micrograph in
Figure 5a could lead to the assumption that intergranular corro-
sion is present. However, as there is no particular attack at the
grain boundaries, but rather a preferential dissolution of the
β-Mn-phase, the corrosive attack is more likely a selective corro-
sion. Selective corrosion in a two-phase or multiphase system
usually results from a potential difference between the phases
in the electrolyte used.[46] Local elements are formed at the phase
boundaries and the less noble phase is dissolved preferentially.
The potential difference between two or more phases can result
from locally differing chemical compositions as well as from lat-
tice defects such as grain boundaries, dislocations, and internal
stress fields.[46] Thus, it had to be expected that the selective
corrosion attack in case of the furnace-cooled condition (βþ γ)
is induced by the different chemical compositions of
β-Mn- and γ-phase, as shown in Table 2. The EDSmeasurements
(element mappings shown in Figure 5c–g) revealed an increasing
amount of Fe and Mn in the γ-phase, while the
β-Mn-phase is enriched in Al and Ni. The different chemical
compositions eventually lead to a potential difference between
both phases and, thus, to selective corrosion. It is obvious from
the EDS mappings that the corrosive attack dissolves the Fe and
Mn atoms from the β-Mn-phase. Al and Ni remain and oxygen
accumulates in the corrosion layer at the same time, indicating
that a nonstable Al- or Ni-rich oxide layer is formed. Similar

Figure 6. Microstructure of a water-quenched condition (αþ γþ γ 0) after polarization tests: a) optical micrograph at the edge of a polished
sample; b) SEM micrograph of the grain boundary highlighted in (a); c) SEM micrograph showing typical surface corrosion within the grain being
characterized by pits along the γ 0-martensite plates. The grain considered is highlighted in (a).
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corrosion phenomena also have been revealed for high-manga-
nese steels. Opiela et al.[36] reported a high dissolution rate of Mn
and Fe atoms for a Fe–24.5%Mn–3.5%Si–1.5%Al (wt%) alloy in a
0.5 wt% NaCl solution.

Figure 6a shows an optical micrograph of the water-quenched
condition (αþ γþ γ 0). The sample contains γ-phase on the grain
boundaries as well as stress-induced γ 0-martensite plates within
the grains, which directly result from quenching as already dis-
cussed before. Figure 6b,c highlights details of the corrosive
attack shown in Figure 6a. Similar to the results shown for
the furnace-cooled condition (βþ γ), the γ-phase, which is
enriched in Fe and Mn,[26] is characterized by a more noble
behavior as compared to the less noble α-phase. Thus, the
α-phase is preferentially attacked. However, due to the strict
localization of the γ-phase to the grain boundaries, the corrosive
attack is much more homogeneous at the surface. Surface

corrosion with micropits along the γ 0-martensite plates is seen
within the α-phase grains (Figure 6c).

The optical micrograph of the single crystalline condition
(αþ γ 0) (Figure 7a) shows a very similar selective attack of the
γ 0-martensite plates. As in case of the furnace-cooled condition
(βþ γ), the EDS measurements shown in Figure 7c–i reveal a
slight dissolution of Fe and Mn atoms in the corrosion pit area.
However, in the current case the fcc γ 0-phase dissolves instead of
the bcc α-phase. Here, both phases, i.e., the α-phase and the
γ 0-phase, are characterized by identical chemical compositions,
as clearly indicated by the EDS maps. Therefore, the selective
attack of the γ 0-martensitic phase cannot be attributed to differ-
ent chemical compositions, as was discussed earlier. Bühler
et al.[47] investigated a Cr–Ni–steel to identify the corrosion
behavior of a two-phase material with identical chemical compo-
sitions but different lattice structures. It was shown that the bcc

Figure 7. Microstructure of the single-crystalline condition (αþ γ 0) after polarization tests: a) optical micrograph at the edge of a polished sample;
b) SEM micrograph highlighting the corrosion damage due to micropitting already indicated in (a); c–i) EDS element mappings.
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martensitic phase was subjected to selective corrosion in the
active zone, whereas the fcc austenitic phase was virtually not
affected. As the austenite and martensite in Cr–Ni–steel have
inverted lattice structures in comparison to Fe–Mn–Al–Ni, the
selective corrosion cannot be explained exclusively based on
the lattice structure. In the study mentioned, it was shown that
the preferred corrosive attack of the bcc martensite in a Cr–Ni–
steel is caused by a high defect density being characteristic for
the martensitic phase.[47] Thus, it can be deduced that the fcc
γ 0-martensite plates in the present study are strongly affected
by a high defect density. This seems to be reasonable, as no
aging treatment was conducted to induce strengthening
nano-scale precipitates before the martensite transformation
was initiated. Therefore, it is likely that the formation of dislo-
cations is triggered by the martensitic transformation, eventu-
ally leading to a selective corrosion attack within these areas.
Furthermore, the single-crystalline sample seems to form a
protective layer on the surface. The EDS results show that
the layer consists of O and minor amounts of Al, Ni, Cl, and
Na. Figure 8 shows a line scan of the single-crystalline condition
(αþ γ 0). In agreement with the EDS mappings (Figure 7), the
formation of a mixed-oxide layer consisting primarily of O, Al,
and Ni can be observed on the surface of the single crystal. It is
well known that oxide formation as well as salt film precipita-
tion can lead to a thick film on a metal surface, eventually
improving the passivity of a material.[41] Salt film precipitation
can be an indicator for a preliminary stage of a thin
passive film or can provide adequate protection by itself.[41]

However, defects in the protective layer, for example, caused
by γ 0-martensite plates, can lead to a selective dissolution of
Fe and Mn atoms in the corresponding phase. During anodic
polarization of the single-crystalline condition (αþ γ 0) selective
corrosion spots were observed at the surface. It is likely
that those spots correspond to the martensite plates being pres-
ent at the surface of the sample. It is assumed that the protective
layer at these specific points has been ruptured such that cor-
rosion pits were formed. Further in situ investigations are
planned to allow for in-depth analysis. Figure 7 and 8 also

indicate that the protective layer is not directly bonded to the
metallic surface. The reason for the poor adhesion of the oxide
layer has not been clarified so far. Analysis will be the subject of
further investigations.

3. Conclusion

In the present study the corrosion behavior of an Fe–Mn–Al–Ni
alloy in 5.0 wt% NaCl solution at 25 �C was investigated using
electrochemical corrosion measurements as well as optical
microscopy, SEM and EDS measurements. As is well-known,
the mechanical properties of the Fe–Mn–Al–Ni alloy are strongly
influenced by several factors such as grain size, crystallographic
orientation and precipitates. Therefore, three different
conditions with characteristic, tailored microstructures were
investigated. The results of the electrochemical corrosion meas-
urements are compared to those of commercial alloys such as
stainless steel X5CrNi18–10 and pure iron. The following conclu-
sions can be drawn from the results presented: 1) The OCP
measurements show that after 24 h immersion time the
Fe–Mn–Al–Ni samples are slightly less active than pure iron
in a sodium chloride solution. 2) Polarization curves obtained
from all Fe–Mn–Al–Ni samples generally reveal similar electro-
chemical behavior as in case of pure iron. However, indications
of passivation are seen. 3) The furnace-cooled condition (βþ γ)
and the water-quenched condition (αþ γþ γ 0) suffer a selective
corrosion attack at the β-Mn-phase and the α-phase, respectively.
EDSmeasurements reveal a higher Al and Ni content and a lower
Fe and Mn content in both phases as compared to the γ-phase,
eventually leading to a potential difference between the phases.
4) The optical micrographs and the EDS measurements of the
single crystal (αþ γ 0) reveal a stable film on the lateral surface
with only some micropitting areas. The latter coincide with
the fcc γ 0-martensitic plates being present locally. It is thought
that the formation of dislocations is the most probable rationale
for the selective corrosion attack.

In summary, the Fe–Mn–Al–Ni alloy shows a corrosion behav-
ior more similar to that of pure iron than to that of a passivating
alloy such as X5CrNi18–10. To improve the resistance against cor-
rosive attack, follow-up studies will focus on the influence of the
chemical composition of the alloy as well as the influence of sur-
face treatments and coatings, respectively, on the corrosion behav-
ior of Fe–Mn–Al–Ni. The effect of Ti and Cr on the mechanical
properties of the Fe–Mn–Al–Ni alloy has been investigated by
Vollmer et al.[31] Very recently, a pseudoleasltic response for
single-crystalline samples with Cr content up to 7.5% was observed
over a wide temperature range of�260 �C to 200 �C.[48] In general,
the corrosion resistance of steels can be significantly improved by
the addition of Cr. High-Mn steels with small amounts of Cr
(3–6%) already show an improved corrosion behavior.[49]

Therefore, the addition of Cr is expected to lead to an improvement
of the overall corrosion behavior of the Fe–Mn–Al–Ni alloy, while
the mechanical properties can be preserved.

4. Experimental Section

Sample Preparation: The vacuum induction melting technique was
used to prepare ingots of the Fe–34.0%Mn–15.0%Al–7.5%Ni (at%) alloy

Figure 8. EDS line scan for the single-crystalline condition (αþ γ 0) after
polarization tests.
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(nominal composition). Cylindrical samples with a height and diameter of
10mm were cut from cast samples using electrodischarge machining
(EDM). For the heat treatments, the samples were sealed in quartz tubes
under an argon atmosphere. To investigate the influence of different
microstructures on the corrosion behavior, the encapsulated samples
were differently heat treated. Details are listed in Table 3. To obtain the
single-crystalline sample, a cyclic heat treatment between the α single-
phase region at 1225 �C and the αþ γ two-phase region at 900 �C was
applied. To ensure that the sample actually consisted of only one grain,
the AGG heat treatment was conducted on a sample with a diameter of
10mm and a length of �120mm. After heat treatment, grain boundaries
and grain dimensions, respectively, were mapped using X-ray diffraction
(see ref. [31] for details). Samples mostly consisted of three to five grains.
Samples with a height of �10mm were then cut by EDM accordingly.
For further information regarding the cyclic heat treatment of the
single-crystalline condition (αþ γ 0) the reader is referred to ref. [31].
Since no mechanical tests were conducted, no aging treatment was applied
in any condition. The end faces of the cylindrical corrosion samples were
coated with a thin lacquer layer to expose only the cylinder surfaces as a
well-defined corrosion area of �3.14 cm2. The surface area of the samples
was ground down to 5 μm grit size. Afterward, samples were cleaned with
ethanol and immediately placed in the test solution. Samples of stainless
steel X5CrNi18–10 and pure iron were prepared for comparison and as a
well-known reference, respectively.

Corrosion Tests: Electrochemical measurements were conducted using a
conventional three-electrode cell with a working volume of 200mL, where
graphite was used as counterelectrode and the sample as the working
electrode. A SCE, which was connected to the cell through a Luggin capillary,
was used as the reference. In the present study all potentials are reported
versus SCE. The experiments were conducted in an aerated 5.0 wt% sodium
chloride solution at room temperature using a Gamry Potentiostat 3000.
The OCP was measured for 24 h. Following those measurements polariza-
tion tests were conducted. The polarization curves were obtained at a scan
rate of 0.5mV s�1 in a range of �300 to 500mV versus OCP. The resultant
polarization curves were afterward analyzed by the Tafel extrapolation
method.[50] For application of the Tafel extrapolation, the curves have to
exhibit a linear progression over a decade of the current density for both
the anodic and cathodic region.[41] In case the anodic reaction did not show
a linear trend, analysis was performed only based on the cathodic curve.
All corrosion tests were repeated twice to ensure reproducibility.

Microstructural Analysis: Surface analysis was conducted to study the
type of corrosive attack in depth. To analyze the corrosion damage in
the cross-sectional area, the tested samples were embedded in epoxy
resin, ground to 5 μm grit size, and finally vibration polished using a
colloidal SiO2 suspension with 0.02 μm particle size. Care was taken to
ensure that the removed surface was at least 0.5mm thick to exclude
influences of the lacquer layer. The morphology of the corrosive attack
and the formed oxide layers in the cross-section were analyzed by means
of optical microscopy, SEM, and EDS. The scanning electron microscope
used was operated at 20 kV.
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