
INTRODUCTION

For numerous applications, two-phase ferritic-
austenitic steel has more suitable properties than steel of
purely ferritic or purely austenitic structure. The ferritic
structure makes two-phase ferritic-austenitic steel more
resistant to stress-corrosion cracking in environment
containing chlorides; the Cr-Mo-N alloying level then
determines its resistance to pitting corrosion. A good
weldability and adequate yield point are further
favourable properties of two-phase ferritic-austenitic
steel. To preserve an optimal phase composition after
processing and during application, the processing of this
steel is more demanding (among others, it requires
control of heat flux at welding) and restricts the tempe-
rature for long-term use (to 320 or 300 °C according to
the expected application time). These restrictions are a
result of possible structural alterations caused by the
temperature. They can result in distortion of the phase

ratio ferrite-austenite and by formation of secondary
phases (β, χ, η, π, τ, see tab. 1). The created structure
changes can influence both mechanical and corrosion
properties (1,2,3,4).

Precipitating phases manifest themselves by a
hete-rogeneous chemical composition with a possible
co-existence of domains lacking any alloying elements
(Cr, Mo, N) detectable by electrochemical methods
such as electrochemical noise. 

Electrochemical noise is a signal generated by a
corroding metal without any external perturbation. If a
relation between the ongoing process and the noise level
could be found, recording of noise would be one of the
simplest ways of corrosion monitoring. In principle,
both potential and current noise can be followed. 

Potential noise is measured as a fluctuation of the
potential of a working electrode related to a reference
electrode (a common electrode of the second type or
metal electrode). Current noise is represented by fluc-
tuations of the current between two identical working
electrodes and is registered by a meter with a zero input
resistance. Another possible measurement of current
noise is monitoring of current fluctuations of a
potentiostatically polarized working electrode. All
techniques require filtering off the disturbing high-
frequency signals in order to prevent distortions of the
obtained information. Data acquisition frequency,
which represents a further important factor, should be at
least the double of the frequency of the monitored
phenomenon. The frequency interval used in literature
(2) ranges from 10-4 to 102 Hz. The lower frequency
limit is limited by the measurement time and the upper
one by data acquisition frequency.
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Heat treatment significantly changes the characte-
ristics of two-phase steel. Structural phases that are
formed during this process influence, among others, the
corrosion resistance of the steel. Progress of localized
corrosion can be favourably studied using electroche-
mical noise. Appearance of this corrosion can be
detected in noise spectra more sensitively than by other
electrochemical methods. The study deals with a
possible use of electrochemical noise measurement for
the study of the influence of the structural state of two-
phase steel on its corrosion behaviour.



Electrochemical noise was reviewed in detail by
Cottis (5), who summarized the contemporary methods
of analyzing spectra in the time as well as in the
frequency domain. A part of the study described noise
polarization resistance and impedance spectra - entities
that can be analyzed at simultaneous monitoring of
potential and current noise. In the conclusion of the
study, noise characteristics connected with non-electro-
chemical and electrochemical corrosion processes were
discussed.

Electrochemical noise has not been frequently used
to study the corrosion behaviour of two-phase steels.
The behaviour of stainless steels at pitting corrosion
was described using wavelet analysis of electrochemi-
cal noise (5) for the following corrosion-proof steels:
AISI 304L containing 0.023% S (with a higher content
of inclusions based on MnS), AISI 304L (0.006% S),
AISI 316L (0.024% S), and super duplex UNS S32760
(0.001% S). Measurements were performed in 3.5%
sodium chloride at room temperature. Current and
potential noises were simultaneously recorded up to 72
hours at data acquisition frequency of 10 Hz with a low
pass filter of 5 Hz. The results of the measurements are
summed up according to the materials below. Super
duplex steel UNS S32760 showed current noise 0.2 to
0.4 nA; the dependencies showed no peaks. The
processes followed were rather caused by the capaci-
tance of a passive layer than by faradaic processes. Steel
AISI 304L having a lower sulphur content showed
peaks of amplitudes 2.5 to 20 nA at the measurement of
current noise; the peaks had slow risings and fast
declines (meta-stable point corrosion). The MnS inclu-
sions were not attacked after the exposition. AISI 304L
steel with a higher content of sulphur showed pitting
corrosion and only very small inclusions were not
attacked after the exposition. The authors stated that
wavelet analysis made it possible to distinguish various
types of the steel corrosion. 

The goal of this study is to assess the possibility to
monitor the structural changes of thermally processed
duplex steel. Commonly performed metallographic
evaluation is both work and time consuming; a
relatively simple noise measurement of sufficient
sensitivity and selectivity would mean a substantial
benefit.

EXPERIMENTAL

Samples and environment

All measurements were performed with two-phase
ferritic-austenitic steel SAF 2205 (1.4462), whose
chemical composition is shown in tab. 2.

Samples for testing and their metallographic
evaluation were obtained from UJP Prague (6); their
thermal treatment (1 320 °C/5min/water and isothermal
annealing at 800 °C/ 1 min up to 1 000 hrs) simulated a
thermally influenced region of a weld. For electro-
chemical measurements, the two samples were arranged
side by side (distance 0.9 mm) and embedded in epoxy
resin (Fig. 1). The exposed areas were determined
precisely with an image analysis system. Before the
measurement, the surface of the samples was wet
ground (P2500) and degreased.

According to the proposed standard ASTM
G 0580, the solution of 0.5 M sulphuric acid and 0.01 M
potassium thiocyanate with a reduced content of oxygen
(nitrogen bubbling through the solution for 60 min) was
used. The measurement was performed instantly after
adding thiocyanate and mixing the solution. Depen-
dencies were recorded in an unstirred solution. In the
identical environment, current noise measurement was
done under potentiostatic conditions. This method is
suitable for detection of changes that accompany
formation of areas lacking chromium and partly
molybdenum. 
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Table 1.  Chemical composition of precipitating phases

Phase
Chemical composition (% mass)

Fe Cr Ni Mo Others
χχ-phase Residues 19-26 1-9 12-22 -
σσ-phase Residues 27-41 0-5 0-11 -
Cr2N - 60-85 - - 9-12 N
M23C6 18 63 5 14 -

Table 2.  Chemical composition of precipitating phases

Element C N Cr Ni Mo Si Mn Cu P S
% (w/w) 0.020 0.179 22.3 5.4 3.1 0.49 0.75 0.18 0.023 0.081



To record the current and potential noises during
etching of the structure, an electrolyte consisting of
10 ml of hydrochloric acid (35 %), 90 ml of ethanol and
3 g of anhydrous ferric chloride was used. It is designa-
ted as the selective etching agent of phase σ (7). This
environment was expected to enable selective detection
of phase σ in the structure on the base of noise
differences. 

All measurements were done at room temperature
with a reference silver/silver chloride electrode. The data
are referred to the standard hydrogen electrode (SHE).

Electrochemical reactivation method

Measurements were performed in a hermetically
closed double-wall glass cell in 0.5 dm3 of electrolyte
using system PC4/FAS1 with CMS 105 software (both
Gamry Instruments, Inc., U.S.A.). A sample was expo-
sed to potential - 0.5 V/SHE for 1 min and then the
corrosion potential was stabilized for 10 min. Potentio-
dynamic curves started at potential 0.100 V below the
free corrosion potential, reversing point was +0.700
V/SHE; the measurement was terminated again at
potential -0.100 V below the free corrosion potential.
The polarization rate was 0.0167 V/s. Measurements
were repeated four times.

Electrochemical noise

The cell was located inside the Faraday cage,
measurement was performed by system PC4/FAS1 with
ESA 400 software (Gamry Instruments, Inc., U.S.A.).
The data acquisition frequency was 200 Hz. During
etching of the sample structure, current and potential
noises were recorded simultaneously for 10 min at the
free corrosion potential. Measurement under potentio-
static conditions proceeded in two steps. Firstly, the
sample was passivated at 0.700 V/SHE/10 min, then the
potential was changed to 0.180 or 0.080 V/SHE and
electrochemical noise was recorded for 10 min. All
measurements were done at least four times.
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Fig. 2.  Anodic parts of potentiodynamic dependencies

Fig. 1.  Samples

Fig. 3.  Typical shape of reactivation potentiodynamic depen-
dencies



RESULTS AND DISCUSSION

Potentiodynamic dependencies display several
characteristic features. The critical passivation current
density substantially rises with increasing time of the
thermal treatment; the critical passivation potential is
shifting to positive values (Fig. 2). Reactivation depen-
dencies show three typical shapes (Fig. 3).

The full line curve in Fig. 3 is typical for samples
annealed for less than 1 hour. Compared with the passi-
vation peak, the reactivation peak is shifted for about
+0.25 V into the region of a shallow secondary peak (see
Fig 3). At the shortest times of thermal treatment,
precipitation of Cr2N fine particles was detected metallo-
graphic ally. After 30 min of etching, clusters of these
fine precipitates could be only partially observed by a

light microscope (6). The dotted curve is typical for
samples annealed for 1 and 5 hours. Metallographic
analysis showed dissolving of chromium nitride and
beginning of nucleation of phase s at these thermal treat-
ment times. The dashed line represents the behaviour of
the third sample group, where the reactivation peak was
shifted towards the passivation peak. These curves were
found for the samples processed thermally for more than
5 hours, where the content of phase s was increasing.

The passivation characteristics of the material are
considerably influenced by the microstructure, as it is
obvious from a reproducible increase of charge for
passivation. Reactivation dependencies are less repro-
ducible than the passivation ones, though it is possible
to state that distinct maximums at potentials 0.08 and
0.19 V/SHE are present.
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Fig. 4.  Mean values of potential and current noise during etching of the SAF 2205 steel

Fig. 5.  Current noise at potentiostatic conditions (E = 0.18
V/SHE, 0.5 M H2SO4 + 0.01 M KSCN)

Fig. 6.  Current noise at potentiostatic conditions (E = 0.08
V/SHE, 0.5 M H2SO4 + 0.01 M KSCN)



In the case of noise measurements, we supposed
specific noise activity in solution of a suitable com-
position. Tests were realized at the free corrosion
potential, and therefore simultaneous sampling of
current and potential noise was done. Only data in the
time interval 300 to 600 s were analyzed in the final
phase; the results are shown in Fig 4. Potential noise
decreases with increasing time of the thermal treatment;
it shows a minimum at the 100 hours etching. The
results do not reveal an expected dependency between
of electrochemical noise level and structural state of the
samples. The course of current noise seems somewhat
more interesting. The data reach a maximum in the case
of samples thermally treated for 30 minutes; the signal
decreases to a minimum in the case of samples
thermally treated for 10 hours and then again increases.
To a certain extent, the dependency follows structural
changes of the samples.

A further procedure used was potentiostatic current
noise measurement. Values of current noise for samples
exposed at potential 0.180V/VSE (Fig. 5) are somehow
lower than those for samples exposed at 0.080V/SHE
(Fig. 6). Current noise is on good measurable level
(~0.1 µA); on the other hand, the maximum change of
the level of signal is only 2.5 times. 

Electrochemical noise can also be evaluated by
counting of peaks exceeding a certain empirically given
level. Figs 7 and 8 show numbers of anodic peaks
exceeding the level 1.75.10-6 A at both potentials used.
The dependencies show a similar course as current
noise, but the changes are more pronounced.

CONCLUSION

The study was aimed at the use of the electro-
chemical noise method for detecting structural changes
during thermal treatment of the SAF 2205 steel and thus
for evaluation of the tendency to localized corrosion.

The reactivation potentiodynamic dependencies showed
distinct peaks for two time regions of the thermal
treatment and it is possible to relate peaks to changes in
the structure. Simultaneous measurement of potential
and current noise of the samples exposed to a metallo-
graphic etching solution selective for phase s did not
provide any meaningfully utilizable information. Poten-
tiostatic exposures in the solution of sulphuric acid with
potassium thiocyanate led to reproducible dependencies
of current noise whose courses is possible to relate to
structural changes.

The study was supported by the grant of the Ministry of
Industry and Commerce of the Czech Republic FB-
C3/51/00a and by the grant of the Ministry of
Education, Youth and Sports of the Czech Republic
MSM 223100002.
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Fig. 7.  Current noise peaks at potentiostatic conditions
(E = 0.180 V/SHE, 0.5 M H2SO4 + 0.01 M KSCN)

Fig. 8.  Current noise peaks at potentiostatic conditions
(E = 0.080 V/SHE, 0.5 M H2SO4 + 0.01 M KSCN)
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