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Using EIS to study the electrochemical response
of alloy AA5083 in solutions of NaCl

Einsatz der Elektrochemischen Impedanzspektroskopie (ElS) zur Untersuchung
des elektrochemischen Verhaltens der Legierung AA5083 in NaCl-LoÈ sungen
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M. Marcos and R. Osuna

The corrosion behavior of alloy AA5083 in aerated solutions of
NaCl has been studied. Special attention has been paid to the anal-
ysis of the electrochemical response of this alloy using
Electrochemical Impedance Spectroscopy (EIS). Analysis of the
obtained data has enabled an evaluation of the contributions
made by each of the corrosion processes active in the system: lo-
calized alkaline corrosion in the areas surrounding the intermetallic
precipitates and growth of the layer of oxide on the matrix. It has
been determined that the process of localized corrosion has the
greatest verifiable intensity, but this process reduces with length
of exposure time.

Das Korrosionsverhalten der Legierung AA5083 wurde in beluÈf-
teten NaCl-LoÈsungen untersucht. Besondere Aufmerksamkeit wur-
de der Analyse der elektrochemischen Reaktion dieser Legierung
mittels Elektrochemischer Impedanzspektroskopie (EIS) gewid-
met. Die Analyse der erhaltenen Daten ermoÈglichte eine Beurtei-
lung der Anteile der einzelnen aktiven Korrosionsprozesse in dem
System: lokale alkalische Korrosion in Bereichen, die die interme-
tallischen Ausscheidungen umgeben, und Wachstum der Oxid-
schicht auf der Matrix. Es wurde festgestellt, dass der Prozess
der lokalen Korrosion die groÈûte nachpruÈfbare IntensitaÈt aufweist,
wobei dieser Prozess aber mit der Auslagerungsdauer abnimmt.

1 Introduction

In recent years, the use of Electrochemical Impedance
Spectroscopy (EIS) has become extensive in the study of cor-
rosion processes [1± 9]. The fundamental reason for this in-
crease is that, in principle, this technique provides information
relating to the different processes that take place simulta-
neously in complex systems. Thus, using EIS, data can be ob-
tained on the various sub-processes that make up the total cor-
rosion process. It would be difficult to obtain such data by
using other electrochemical techniques.

The capacity to provide information that discriminates be-
tween processes makes this technique especially attractive
when analyzing processes associated with the different kinds
of heterogeneities present in a system which, in most cases,
could lead to phenomena of localized corrosion. Previously,

EIS has been applied to the study of processes of pitting corro-
sion in various metallic alloys [10 ± 14], to the analysis of the
influence due to the presence of porosities in the layers formed
in various ways on different metallic materials [15 ± 20] and to
the study of other types of process such as exfoliation and in-
tergranular corrosion in aluminum alloys [21, 22].

In the present paper, EIS has been used to study the beha-
vior of alloy AA5083 (Al-Mg) in aerated solutions of NaCl at
3.5%. Previous studies made of this alloy have revealed the
presence of three types of intermetallic compound containing
i) Al(Mn,Fe,Cr); ii) Al(Si,Mg); and iii) a û(Al-Mg) phase [23,
24]. The presence and distribution of these compounds, par-
ticularly those of Al(Mn,Fe,Cr), condition the general beha-
vior of alloy 5083 in the solution studied [23± 27]. From the
analysis using EIS, it is possible to differentiate the contribu-
tions to the total response of the system due i) to the reactions
related to the presence of these intermetallic compounds; ii) to
the existence of a layer of oxide on the matrix; and iii) to phe-
nomena of transport across the metal-oxide interface. Moni-
toring over time has enabled the analysis of the evolution of
each sub-process and its correlation with the results obtained
by other techniques.

2 Experimental

Samples of alloy AA5083 of 30 � 25 � 4 mm were used;
its nominal composition is given in Table 1. Prior to the tests,

Materials and Corrosion 52, 185±192 (2001) Electrochemical Impedance Spectroscopy to study aluminium alloys 185

Ó WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001 0947-5117/01/0303-0185$17.50�.50/0



the samples were wet-polished with SiC paper of up to 500
grits, de-greased with ethanol and rinsed carefully in distilled
water. A Parc Versastat potentiostat was used to record the
diagrams of corrosion potential against time using an Ag/
AgCl electrode as reference electrode.

The impedance spectra were obtained using a SI 1287 po-
tentiostat coupled to a Solartron 1255 frequency response ana-
lyzer, both controlled by computer using the Corrware and
Zplot programs of Scribner. In general, the amplitude of
the AC signal applied was 5 mV. The equivalent circuits si-
mulating the electrochemical response of the system were
constructed making use of the FT-ENGINE routine of the
Equivalent Circuit option of the ZView program of Scribner.

3 Results and discussion

In [28], a study of the behavior of alloy AA5083 in aerated
solutions of NaCl at 3.5% is conducted by Scanning Electron
Microscopy (SEM) and EDS. In this study, it is shown that two
types of corrosion processes take place in parallel, under the
conditions of exposure studied. The first is related to the de-
terioration suffered by the zones of the matrix surrounding one
of the types of precipitate present in the alloy, Fig. 1. Fig. 1(a)
shows the metallographic image corresponding to a sample of
the alloy newly-polished to mirror quality; the two main types
of precipitate present in the alloy are indicated. These preci-
pitates have been identified as Al(Mn,Fe,Cr) and Al(Si,Mg)
[23,24]. Fig. 1(b) is an image of the same zone of this sample
after 72 hours of immersion in the solution of NaCl at 3.5%.
On comparing the Al(Mn,Fe,Cr) precipitates, the existence of
a localized corrosion process in the areas surrounding these
precipitates can be observed, this causes a noticeable change.
In contrast, the Al(Si,Mg) precipitates remain unaltered.

According to [29], the intermetallic compounds of Al(Mn,
Fe,Cr) are more cathodic than the aluminum matrix. This con-
verts these precipitates into permanent cathodes and the re-
duction of oxygen to OHÿ ions is produced on these cathodes
[30]. This in turn produces a local increase in the pH, giving
rise to the dissolution of the oxide layer in the area surround-
ing the precipitate [31]. Once this layer has been dissolved, the
local alkalinization causes an intense attack on the matrix. The

evolution of this process over time can lead to the physical
separation of the precipitate from the matrix, provoking the
formation of hemispherical pits, which can be seen in
Fig. 2. On the other hand, according to [32], the Al(Si,Mg)
compounds present an activity similar to that of the matrix;
for this reason, no kind of attack is observed on these preci-
pitates nor on the matrix surrounding them.

In addition to the process of localized alkaline corrosion
previously described, the matrix undergoes an oxidation pro-
cess which gives rise to the formation of a layer of alumina,
the thickness of which increases with exposure time, Fig. 3.

The transformations undergone by the alloy are also seen to
be reflected in the values of the corrosion potential recorded as
a function of the time of exposure. Fig. 4 is the Ecorr-t diagram
characteristic of a sample immersed for thirty days in an aer-
ated solution of NaCl at 3.5%. In this figure, it can be observed

Table 1. Nominal composition in % mass, of the alloy AA5083

Tabelle 1. Nennzusammensetzung der Legierung AA5083 in Masse-%

Mg Mn Si Fe Ti Cu Cr Al

4.9 0.5 0.13 0.3 0.03 0.08 0.13 Rest

Fig. 1. Image taken with a metallographic
microscope of a sample of alloy AA5083 be-
fore and after 72 hours of exposure in an aer-
ated solution of NaCl at 3.5%. Point 1:
Al(Mn,Fe,Cr) precipitate. Point 2: Al(Si,Mg)
precipitate

Abb. 1. Mit einem metallographischen Mi-
kroskop aufgenommenes Bild einer Probe
der Legierung AA5083 vor und nach 72 Stun-
den Auslagerung in einer beluÈfteten 3,5%
NaCl-LoÈsung. Punkt 1: Al(Mn,Fe,Cr) Aus-
scheidung. Punkt 2: Al(Si,Mg) Ausscheidung

Fig. 2. SEM image of a sample descaled after 15 days of immer-
sion in an aerated solution of NaCl at 3.5%. The hemispherical pits
formed can be observed

Abb. 2. REM-Aufnahme einer entzunderten Probe nach 15 Tagen
Tauchen in einer beluÈfteten 3,5% NaCl-LoÈsung. Die gebildeten
rundlichen LoÈcher sind zu erkennen
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how, at the very beginning of the exposure period, the poten-
tial of the sample takes a value of around ÿ 0.850 V and then
evolves to reach a value close toÿ 0.740 Vafter 5 hours. Then
a slight decrease occurs until, after 20 hours of exposure, a
virtually stable situation is reached in which the value of
the potential is close to ÿ 0.760 V. This open circuit potential
value is maintained, with slight oscillations until the end of the
30 days period of exposure.

The Ecorr-t records like that shown in Fig. 4 are character-
istic of the behavior of aluminum and its alloys. In these, the
initial value of the corrosion potential is determined in part by
the ohmic drop caused by the natural film of oxide formed
during the handling of the sample [33]. In addition, its value
will be conditioned by the intensity of the cathodic process,
which depends on the nature of the oxidizing agent and the
cathodic areas existing in the alloy. If the film formed during
the handling of the samples does not allow to reach the passive
state, the metal will continue to oxidize until a new situation is
reached that will depend on the characteristics of the alloy and
of the corrosive medium [34]. The stage of growth of the oxide
layer is reflected in the Ecorr-t diagrams through the ennobling
observed in the corrosion potential. Once an stationary situa-
tion is reached, the potential assumes an almost stable value,
Est. According to [35], the value of Est depends on the velocity
constants of the anodic and cathodic processes, on the rela-
tionship between the areas of the anodes and cathodes, on
the thickness of the oxide film and on the concentration of
the oxidizing agent.

In the magnification included in Fig. 4, it can be seen that,
in the situation of stationary state, the potential does not really
remain constant but rather continuous fluctuations are ob-
served around a stable or horizontal trend. This would indicate
that the situation reached by the system should not be classi-
fied as passivity but instead as stationary activity. According
to [41], the displacements of the potential towards more active
values must be related to the processes of activation that are

verified in the anodic zones that encircle the cathodic preci-
pitates. In agreement with the preceding comments, the local
alkalinization of the medium causes the dissolution of the
oxide leaving the matrix exposed, which in turn causes the
jump of the potential towards more active values. The repas-
sivation of these areas would cause the ennobling of the po-
tential. At the same time, the decreases in potential could be
explained as a consequence of falling away of the cathodic
precipitates, Fig. 2. The superposition in time of all these
events causes the appearance of noise observed in the records
in Fig. 4.

One notable aspect is that, as can be observed in Fig. 4, dur-
ing the entire period of exposure studied, the corrosion poten-
tial of the system is situated below the pitting nucleation po-
tential, Epit, the value of which isÿ 720 mV, as determined by
linear polarization techniques, Fig. 5. This finding would ex-
plain the data obtained by SEM, according to which no crys-
tallographic pits were observed during the entire period of ex-
posure studied.

4 Measurements of electrochemical impedance

In accordance with the preceding comments, the surface of
a sample of the alloy AA5083, before its exposure to the NaCl
solution, may be represented by the scheme in Fig. 6. As
shown in the diagram, the surface of the sample is covered
by a fine layer of oxide generated during its handling. One
of the characteristics of this film is the discontinuities pre-
sented in the zones occupied by the particles of the various
intermetallic compounds that exist in the alloy. When the alloy
is immersed in the NaCl solution, these zones are seen to be
affected by a process of localized alkaline corrosion. In par-
allel, an increase in the thickness of the natural layer of oxide
is produced. This growth implies the existence of a process of
transport of Al3� ions across this layer [36]. The overall elec-

Fig. 3. Images of samples of alloy AA5083
showing the layers formed after (a) 15 days
and (b) 30 days of immersion in an aerated
solution of NaCl at 3.5%

Abb. 3. Bilder von Proben der Legierung
AA5083, die die sich gebildeten Schichten
zeigen: nach (a) 15 Tagen und (b) 30 Tagen
Tauchen in eine beluÈftete 3,5% NaCl-LoÈsung

Fig. 4. Evolution of the open circuit potential
of alloy AA5083 in a solution of NaCl at 3.5%
during 30 days of immersion

Abb. 4. Entwicklung des Freien Korrosions-
potentials der Legierung AA5083 in einer
3,5% NaCl-LoÈsung waÈhrend 30 Tagen Tau-
chen

Materials and Corrosion 52, 185±192 (2001) Electrochemical Impedance Spectroscopy to study aluminium alloys 187



trochemical response of the system will be the result of the
superposition of these processes just described.

To reproduce the behavior of the system in terms of an
equivalent electrical circuit, two alternatives have been con-
sidered. The first is based on one of the simplest models de-
scribed in the bibliography for the simulation of the response
of this type of system [37], Fig. 7. Using this model, the over-
all response of the system is obtained as a result of the super-
position of the responses due to the film (RC-CC) and to the
metal-oxide interface (RT-Cdl). The elements (RC-CC) encom-
pass all the information related both to the layer and to the
possible defects there may be within it. On the other hand,
all the processes of transport from the metal-oxide interface
would remain included in the (RT-Cdl) elemental loop.

The second of the models selected enables the evaluation
separately of the contribution of each of the different kinds of
processes found in the system. In particular, the attempt has
been made to include a loop to evaluate the processes taking
place in the zones occupied by the cathodic precipitates
which, as has been stated previously, play a fundamental
role in the behavior of alloy AA5083. In order to consider

the response of these zones in the equivalent circuit, the model
proposed in [37] has been modified, resulting in the circuit
shown in Fig. 8. In this model, the loop RC-CC of the circuit
in Fig. 7 has been divided into two loops Rint-Cint and Rca-Cca.
The first of these is associated with the reactions that take
place around the intermetallics. This type of modification
has been proposed by various authors [38, 39] to take account
of the processes found within the pores that exist in films and
layers, or the presence of macroscopic defects in these layers
[40]. In the model of Fig. 8, the response associated with the
surface layer is represented by the loop Rca-Cca.

Each element in the circuits has been assigned on the basis
of the time constants associated with each of the processes
involved. The range of frequencies shown by each of these
processes depends on these time constants. The results ob-
tained previously indicate that the processes related to the pre-
sence of intermetallics take place almost immediately. For this
reason, it is assumed that, when a spectrum of impedance is
recorded, the response associated with the localized attack
will be displayed in the high frequency range. The response
of the surface layer will appear at slightly lower frequencies
than that stemming from the localized alkaline corrosion pro-
cess. Lastly, the slowest processes in the system, such as the
transport of Al3� ions across the oxide layer [36], will be dis-
played in the low frequency range.

The EIS data obtained in the study of the behavior of alloy
AA5083 is given in Figs. 9, 10 and 11. In Fig. 9 are included
the Nyquist and Bode diagrams corresponding to a sample of
alloy AA5083 after two hours of immersion. As can be ob-
served, the Nyquist diagram presents an initial well-defined
arc, followed by a branch which could be assigned either
to an unfinished second arc or to a diffusion tail. Included
in the same figure are the simulated spectra after fitting the
experimental data to the equivalent circuits of Figs. 7 and
8. It can be seen that in both cases there is a good fit between
the simulated data and the experimental values. The values of
each of the elements of the two circuits have been obtained
from the simulated signals, Table 2. The mathematical equiva-
lence between the two models studied is shown by proving, to
a first approximation, the relationships:

Rint � Rca � RC �1�

Fig. 5. Polarization curve of a sample of alloy AA5083 in a solu-
tion of NaCl at 3.5%, after 20 hours of immersion

Abb. 5. Polarisationskurve einer Probe der Legierung AA5083 in
einer 3,5% NaCl-LoÈsung nach 20 Stunden Tauchen

Fig. 6. Electrical diagram of the system in-
cluding the contributions of each of the inter-
faces

Abb. 6. Elektrisches Diagramm des Systems
einschlieûlich der Anteile der einzelnen
GrenzflaÈchen
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Cint � CCa � CC �2�

In this way, it would be possible to analyze the system as a
whole, making use of the model shown in Fig. 7, or else by
analyzing the different contributions separately, by using the
circuit in Fig. 8.

The evolution of the response of the system in the first 24
hours of exposure to the medium is given in the Bode dia-
grams included in Fig. 10. In the diagram jZj-f, it can be ob-
served that these initial hours of exposure are characterized by
the existence of a fall in the value of jZj which becomes stee-
per in the zone of lowest frequencies. This effect can be inter-
preted using the model in Fig. 8. Thus in Table 2, it can be
confirmed that, in passing from 2 to 6 hours of exposure,
the values of the capacities Cint and Cca follow an inverse evo-
lution. On the one hand, the value of Cca undergoes a steep fall
from 5.18 to 1.39 lF/cm2. Accepting the expression:

C � ee0 S:dÿ1 �3�

for the capacity, this fall will be related to an increase in the
thickness of the layer covering the matrix; this evolution
would agree with that described on the basis of the record
of corrosion potential against time. On the other hand, the va-
lue of Cint increases from 6.46 to 9.50 lF/cm2. According to
the model proposed, this variation will be related to the dis-
solution of the layer around the cathodic precipitates and the
effective increase in the surface area of the matrix surrounding
the precipitate. In Table 2 it can be seen that if the overall re-
sponse of the layer is evaluated, by means of CC, a compensa-
tion for the two effects is produced.

The effect of the time of exposure on the activity of the
system should be reflected in the associated values of resis-
tance. In Table 2, it can be seen that in all cases the value
of Rca is much greater than that of Rint, such that, in agreement
with equation (2), the value of Rc is controlled by that of Rca.
Thus, when exposure time lengthens from 2 to 6 hours, a re-
duction is produced in the apparent resistance of the layer, RC,
as a consequence of the fall observed in the resistence Rca.
This fall observed in the value of Rca will be related to the

Table 2. Values of the elements of the equivalent circuits of Figs. 7 and 8, fitted to the impedance spectra obtained in NaCl

Tabelle 2. Werte der Elemente der Analogieschaltkreise aus Abb. 7 und 8, angepasst an die in NaCl erhaltenen Impedanzspektren

time
(hours)

Re
(kX �cm2)

Rc
(kX � cm2)

Cc
(lF �cmÿ2)

RT
(kX �cm2)

Cdl
(lF �cmÿ2)

Rint
(kX �cm2)

Cint
(lF �cmÿ2)

Rca
(kX �cm2)

Cca
(lF �cmÿ2)

2 17 � 10ÿ3 39 12.07 62 111 12 � 10ÿ3 6.46 38 5.18

6 18 � 10ÿ3 26 11.54 47 189 0.62 9.50 24 1.39

11 18 � 10ÿ3 36 10.92 49 226 0.59 8.92 34 1.39

19 19 � 10ÿ3 52 10.62 68 244 0.47 8.73 50 1.45

24 19 � 10ÿ3 98 238 64 10.42 0.38 8.62 62 1.47

36 18 � 10ÿ3 206 141 66 10.24 0.34 8.27 62 1.57

42 19 � 10ÿ3 81 10.04 180 158 0.59 8.34 76 1.28

49 19 � 10ÿ3 108 9.80 185 166 0.58 8.15 93 1.27

54 19 � 10ÿ3 120 9.69 267 148 0.66 8.05 112 1.24

75 19 � 10ÿ3 141 9.60 172 173 0.62 7.85 132 1.40

105 19 � 10ÿ3 221 9.41 148 206 1.04 8.25 210 0.90

135 19 � 10ÿ3 364 150 788 8.67 1.30 7.50 695 0.69

195 19 � 10ÿ3 626 8.13 990 79 0.83 7.27 598 0.74

Fig. 7. Equivalent circuit of the system based on [42]

Abb. 7. AÈ quivalent-Schaltkreis des Systems basierend auf [42]

Fig. 8. Equivalent circuit proposed to reproduce the response of the
system

Abb. 8. Vorgeschlagener AÈ quivalent-Schaltkreis, um das Verhal-
ten des Systems wiederzugeben
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increase in activity necessary to produce the increase in the
thickness of the layer. This activity generates an accumulation
of charge on the external surface of the layer. According to
[35], this accumulation of charge causes the appearance of im-
age charges on the metallic surface, generating an electrical
field which could be responsible for the reduction observed
for RT in this period of time, Table 2. Further, the increase
in the value of Rint can be interpreted in terms of the reduction
of the area of contact between the intermetallic particles and
the matrix, similar to that which occurred with the capacity
Cint.

Following from the preceding comments, the decrease in
impedance observed in Fig. 10 can be related partly to the for-
mation of the layer on the matrix, and partly to the increase in
activity in the zones surrounding the cathodic precipitates.

The spectra obtained for the periods of exposure up to eight
days are included in Fig. 11. In this, it can be observed how,
with the passage of time, an increase occurs in the impedance
of the system. Using the values included in Table 2, Figs. 12 to
14 have been constructed, in which the evolution over time of
the different elements of the system is represented.

Thus, in Fig. 12 are represented the capacities CC, Cca and
Cint. Firstly, it can be observed that the sharpest changes are
those produced in the initial hours of exposure. Secondly, a

notable difference exists between the values of CC, Cca and
Cint which is maintained for the entire time interval studied.
If these differences are interpreted in terms of thicknesses of
film, this would mean that the thickness of the layer in the
zones associated with the intermetallic compounds is main-
tained at considerably less thickness than on the rest of the
surface. At the same time, when the model of Fig. 7 is
used, a value for the apparent capacity of the layer, CC , is
obtained very close to that of Cint . In short, by using this mod-
el, information relating to the layer is lost.

Fig. 9. Nyquist (a) and Bode (b) diagrams for a sample of alloy
AA5083 after 3 hours of immersion in a solution of NaCl at 3.5%

Abb. 9. (a) Nyquist- und (b) Bode-Diagramme fuÈr eine Probe der
Legierung AA5083 nach 3 Stunden Tauchen in einer 3,5% NaCl-
LoÈsung

Fig. 10. Bode diagrams for the alloy AA5083 during the first 24
hours of exposure in a solution of NaCl at 3.5%

Abb. 10. Bode-Diagramme fuÈr die Legierung AA5083 waÈhrend
der ersten 24 Stunden der Auslagerung in einer 3,5% NaCl-LoÈsung

Fig. 11. Bode diagrams for the alloy AA5083 during the first 8
days of exposure in a solution of NaCl at 3.5%

Abb. 11. Bode-Diagramme fuÈr die Legierung AA5083 waÈhrend
der ersten 8 Tage der Auslagerung in einer 3,5% NaCl-LoÈsung
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In Fig. 13 is represented the evolution over time of the re-
sistances RC, Rint and Rca. In this figure, it can be seen that the
value of RC coincides, to a first approximation, with the value
of Rca. In addition, the values of both resistances follow a par-
allel evolution, with two clearly differentiated zones being de-
fined. Thus, the first 60 hours of exposure are characterized by
the values of both resistances increasing from 30 kX � cm2 to
130 kX � cm2. After 75 hours there is a sharp increase, with
them reaching values of the order of 700 kX � cm2. In parallel
with this change in the resistances, a fall is observed in the

value of Cca from 1.40 lF � cmÿ2 to 0.90 lF � cmÿ2,
Fig. 12. The changes observed in the values of Rca and Cca
demonstrate that, for these times of exposure, a notable
change must be produced in the properties of the layer. Evi-
dently, these changes can be seen reflected in the values of RT,
Fig. 14.

Lastly, it can be observed in Fig. 13 that the value of Rint
remains considerably lower than those corresponding to RC
and Rca. In principle, this indicates that the activity associated
with the zones corresponding to the precipitates is high in
comparison with that found in other zones of the material.
However, if the evolution of this parameter is analyzed in ab-
solute terms, Table 2, it is observed how its value increases by
two orders of magnitude with the passage of time. This would
imply a decrease in the activity in these zones that could be
related to the physical falling away of the intermetallic com-
pounds as observed by SEM, Fig. 2.

5 Conclusions

When a sample of alloy AA5083 is immersed in an aerated
solution of NaCl at 3.5%, basically two corrosion phenomena
take place. Firstly, an increase is produced in the thickness of
the natural oxide layer formed during the handling of the sam-
ple. Secondly, the zones encircling the Al(Mn,Fe,Cr) interme-
tallics are seen to be affected by a process of localized alkaline
corrosion.

A study by EIS has been conducted of the electrochemical
response of alloy AA5083 in an aerated solution of NaCl at
3.5%. This response has been simulated by using two different
equivalent circuits. The first of these represents the overall
electrochemical response of the layer and of the zones occu-
pied by the intermetallic compounds, taken together. The sec-
ond model allows the separate study of the individual contri-
butions of the intermetallic compounds and of the film cover-
ing the matrix.

Fig, 12. Evolution over time of the capacities CC, Cca and Cint

Abb. 12. Entwicklung der KapazitaÈten CC, Cca und Cint uÈber die
Zeit

Fig. 13. Evolution over time of the resistances RC, Rint and Rca.

Abb. 13. Entwicklung der WiderstaÈnde RC, Rint und Rca uÈber die
Zeit

Fig. 14. Evolution over time of the resistance RT

Abb. 14. Entwicklung des Widerstandes RT uÈber die Zeit
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When the experimental data are fitted to the two model cir-
cuits proposed, it has been confirmed that the overall resis-
tance of the layer is controlled by the resistance of the film
covering the matrix. However, it has been confirmed that
the apparent capacity of the layer is conditioned by the value
of the capacity associated with the zones occupied by the in-
termetallics. This value is measurably lower than that of the
capacity associated with the layer covering the rest of the sam-
ple. This would lead to the conclusion that, if the two-loop
model is used to determine the thickness of the oxide film,
a value much lower than that which really exists would be
obtained. Therefore, if the aim is to measure correctly the
thickness of the oxide film, the model with three loops should
be used.

Furthermore, it has also been determined that the activity
associated with the zones occupied by the cathodic precipi-
tates is high, in comparison with that found in other zones
of the material. This activity decreases in line with exposure
time, falling by as much as two orders of magnitude after 8
days. In agreement with the observations made by SEM, this
finding could be related to the physical separation of the in-
termetallic compounds from the surface of the alloy.
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