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ABSTRACT

In order to test the feasibility of using acoustic emission for the detection of stress corrosion cracking
under pressurized water reactor conditions, experiments were carried out on sensitised and solution
annealed AISI 304 cylindrical samples, loaded by an SSRT unit in an autoclave. To enhance inter-
granular cracking, the measurements were carried out in an oxygen containing solution of 0.01 M
Na2SO4. Using the SSRT pull rods as waveguides, it has been demonstrated that acoustic emission
events can be detected outside the autoclave, revealing increased activity during the elastic-plastic
transition and in the plastic region before the actual failure of the sample. Whereas this increased
activity could be caused both by dislocation movements and real cracking events, simultaneous
electrochemical impedance spectroscopy measurements seem to favor the interpretation that real crack
initiation events are being detected.

INTRODUCTION

Due to the increasing age of nuclear power plants, stainless steel core components suffer from increasing
radiation damage. These irradiated stainless steels are susceptible to stress corrosion cracking, in this
case called irradiation assisted stress corrosion cracking (IASCC)[1]. To study this complex
phenomenon, it is important to monitor not only the crack propagation rate but also the exact time of
crack initiation. Acoustic emission (AE) is a powerful and sensitive technique [3,4], but it’s application
to pressurized water reactor (PWR) conditions poses a real challenge. A feasibility test has been
performed in an autoclave, equipped with a slow strain rate tensile testing (SSRT) unit at high
temperature (300°C) and pressure (105 bar).

EXPERIMENTAL SET-UP AND CONDITIONS

Autoclave system and material

The experiments were carried out in a Hastelloy autoclave equipped with a double SSRT loading unit
system (see Fig. 1). The experiments were carried out on AISI 304 cylindrical samples (length 10 mm,
diameter 2.5 mm) in an oxygen containing solution of 0.01-M Na2SO4 at 300°C, which should result in
inter-granular stress corrosion cracking (IGSCC) [2]. Before heating the autoclave, the autoclave was
pressurized with 10 bar of air to ensure that the test solution contains a large amount of oxygen. The
experiments were conducted under static conditions, i.e. no recirculation of the test solution was
performed. In each test, one sample was subjected to a constant elongation rate of 1x10-6 s-1 while the
other sample was free of stress. One experiment was performed on solution-annealed AISI 304, while a
second one was carried out at 300 °C on sensitized (621°C) AISI 304.
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Acoustic emission detection system

The AE sensors (DECI SE25-P; broadband, single-ended) were mounted on the SSRT pull rods which
served as waveguides (see Fig. 1). The sensor signals were amplified by preamplifiers (type AEP4; 34
dB) and fed to a Vallen AMSY4-PC system, equipped with a 300-kHz low-pass filter. The low
frequency-limit was chosen deliberately to avoid high-frequency electrical noise generated by the
autoclave heating system. Reducing the electrical noise to an acceptable level was found to be very
difficult. An extra grounding pin was installed just outside the laboratory to provide a more effective
grounding of the whole SSRT and autoclave structure. Even then, there was some correlation between
the electrical-heating phases of the autoclave and the electrical noise. To reduce this effect on the
measurement, a signal was derived from the heating system, which was fed into a data acquisition
control input of the AMSY4 system, such that data were only recorded during relatively ‘quiet’ heating
phases. In a next step, differential AE sensors will be used to reduce the noise even further.

Electrochemical impedance spectroscopy system

Every hour, electrochemical impedance spectroscopy (EIS) measurements were performed quasi-
simultaneously at both samples. The EIS measurements were performed with one potentiostat and one
frequency response analyzer connected to a multiplexer. Pt wires were used as pseudo-reference
electrodes while the autoclave was used as counter electrode.  The impedance measurements were
performed from 1000 to 1 Hz with amplitude of 10 mV RMS. One measurement (containing all
frequencies) took about 3 min. The difference in phase shift between the stressed and the non-stressed
sample, at low frequency (1 Hz) was found to be a sensitive indicator of cracking [5].
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Fig. 1: Experimental set-up.
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MEASUREMENTS

For the case of the solution-annealed AISI 304, the rate of the cascaded hits and the amplitude (both
with a time step of 0.2 h) are plotted in Figs. 2 and 3. Strong AE can be observed at t = ~20 h, which
corresponds to the transition between the elastic and plastic deformation regions. Between 30 and 40 h
(already in the plastic region), again strong AE activity is observed and finally also before (around 87 h)
the sample breaks (at t = 95 h). Simultaneous EIS measurements on the solution-annealed AISI 304 are
shown in Fig. 4, revealing also crack initiation at t = ~20 h (deviation from zero phase difference).
Often, AE at the elastic-plastic transition region is attributed to the motion of dislocations [3, 4], but the
simultaneous observation of a phase shift by EIS seems to support the view that the AE events are
mainly caused by cracking. SEM pictures of the fracture surface of the solution-annealed AISI 304
sample are shown in Fig. 5, revealing trans-granular stress corrosion cracking.

For the sensitized AISI 304, the rate of the cascaded hits and the amplitude (both with a time step of 0.2
h) are plotted in Figs. 6 and 7. An increased hit rate is already observed several hours before the final
cracking of the sample. The amplitude of the hits in this period is, however, lower as compared to the
elastic loading phase (from 0 to 13 hours).

Fig. 2: Rate of cascaded hits (time step 0.2 h) during the SSRT test on solution annealed AISI 304
revealing several signatures of crack initiation (at 20 h,30-40 h,87-90 h).
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Fig. 3: Amplitude of hits (time step for averaging: 0.2 h) during the SSRT test on solution-annealed AISI
304 revealing signatures of crack initiation.

0

50

100

150

200

250

300

350

400

450

0 20 40 60 80 100 120

Time (hours)

S
tr

e
ss

 (
N

/m
m

2 )

-2

0

2

4

6

8

10

12

D
e

lta
 p

h
a

se
 s

h
ift

 (
°)

Load

Delta 1

Fig. 4: Phase difference between a stressed and a non-stressed AISI 304 solution annealed sample, as
obtained by EIS measurements, starts to deviate from zero at ~20 hours, providing a

possible indication of crack initiation.



297

Fig. 5:  SEM pictures of fracture surface of the solution-annealed AISI 304 sample, showing trans-
granular fraction (stress corrosion cracking).

Fig. 6: Rate of cascaded hits (time step: 0.2 h) vs. time in h during the SSRT test on sensitized AISI 304
revealing several signatures of crack initiation (at 5-10 h, and at 20-25  h)
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Fig. 7: Amplitude of hits (time step for averaging: 0.2 h) vs. time in h during the SSRT test on sensitized
AISI 304 revealing signatures of crack initiation.

CONCLUSION

Acoustic emission detection can be successfully applied to detect stress corrosion cracking on samples
located in an autoclave at high temperature and pressure.
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