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A lot of laboratory studies have shown that acoustic emission (AE) is a well suited
technique to monitor stress corrosion cracking (SCC) during different kind of tests like

slow strain rate or constant load tests. In principle, SCC could occur wherever a specific
corrodent and sufficient tensile stresses coexist. Even if the medium is low corrosive and
the stresses are not very intense, the damage can conduct to rapid and catastrophic
damages because there is a synergistic interaction between corrosion process and
mechanical effect. In the objective to monitor on-line this phenomenon on real structures, it
seems reasonable to characterize acoustic emission during static U-bend tests which are, in
term of stress intensity, very representative of what happens on plant. The present study is
concerned with static tests conducted on a 316L stainless steel in hot concentrated MgCl,
media. The high sensitivity of AE to detect active cracks during their early stages of
propagation is evidenced. © 2002 Kluwer Academic Publishers

1. Introduction

Stress Corrosion Cracking is one of the most impor-
tant damaging corrosion problem in a lot of chemical,
petrochemical or nuclear industries. Unpredicted fail-
ures occur in service which have very important, eco-
nomic, safety, health and environmental consequences.
In fact, a considerable amount of research has been de-
voted all over the world, during the past three decades
to understand the fundamental mechanisms involved in
SCC and develop new approaches for monitoring or im-
proving life prediction [1]. A lot of recent studies have
shown that AE is very powerful to study corrosion phe-
nomena [ 1-8]. In the context of SCC study, AE has been
used to monitor a large variety of materials including
stainless steels, mild steels, high-strength steels, cop-
per, aluminum, titanium, zirconium and uranium alloys
[1, 9-15].

The most part of works dealing with AE to moni-
tor SCC phenomenon concern acoustic emission study
during slow strain rate tests or static load tests [1]. A
lot of results show that in this case, SCC propagation
produces a large number of AE bursts which depends
on the material tested and on the strain level. The aim
of this introduction isn’t to give an extensive analysis
of this kind of work. Some fundamental aspects about
the emissive mechanisms during SCC can be found for
example in the paper of Mazille and Rothéa [1].

The objective of the present paper is to show that AE
is very powerful to monitor SCC during static U-bend
tests. Those kind of tests have been chosen because they
are more representative of the industrial reality that slow
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strain rate tests [16]. The first part of the paper is related
to the experimental conditions we used. The second
part gives some significant results about the sensibility
of AE for SCC detection. A third part concerns the AE
signals characterization.

2. Experimental

The experimental device settled for the SCC tests is
presented on Fig. 1. It is essentially composed of a
2 liters glass vessel which is equipped with 3 accesses.
One for the measure and the control of temperature, one
for the insertion of U-bends and one for the fastening
of a refrigerant. The contained liquid medium (1 liter)
is agitated by the mean of a magnetic stirrer.

In the presented configuration, 3 metal samples can
be inserted in the media. These samples are composed
of a U-bend on which is welded a special wave guide for
the AE monitoring. The upper part of the waves guides
is a cone allowing the fastening of an acoustic sensor.

The U-bends are prepared with reproducible condi-
tions. They come all from a same 316L austenitic stain-
less steel plate of 2 mm thickness (see alloy composi-
tion in Table 1). The U part is fastened to the straight
part by welding. For the presented work, 3 different
metallurgical preparations were used for each test :

— Reference sample: after U-bend making and weld-
ing with the wave guide, it is stress relieved by
heating at 1050°C during one hour and then, water
quenched. In order to verify that there were no
more significant residual stresses on such prepared
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TABLE I Composition of the 316L austenitic stainless steel used in
this work

Element C Si Mn Cr Mo Ni
Wit% <0.03 0.50 1.50 17.80 2.60 12.70
AE sensors
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N\ J/J’ Metal samples
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control
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Figure 1 Experimental device.

samples, some of them have been immersed during
3 months in 5% sodium chloride at 70°C. In com-
parison, not stress relieved U-bend samples were
immersed in the same medium. After 3 months, the
stress relieved samples were free of cracks while
the not stress relieved were completely cracked.
It can be concluded that the as mentioned stress
relieved sample is very low sensible to SCC.

— Stressed sample: not stress relieved.

— Hyper stressed sample: the U-bend is made from
a part of the 316L plate which had been prelimi-
nary shot peened. Then it is not stress relieved. The
work of Bouzina have clearly shown that a sample
stressed (e.g. U-bended) after shot peening is more
sensitive to SCC that a sample stressed without this
preliminary mechanic surface modification [17].

Before each test, the surface preparation was the
same whatever the metallurgical state. The U-bend was
cleaned and passivated in a HNO315%/NaF2% treat-
ment bath during 20 minutes at 50°C under agitation.

Tests have been conducted in concentrated magne-
sium chloride (MgCl,) media. Two different concen-
trations have been studied. A solution of 44% MgCl,
in distilled water and a 33% one, which is less corro-
sive. In the two cases, temperature has been maintained
just under the boiling point. The media were naturally
aerated.

The liquid volume was constant during the tests. Only
the U part of the samples were immersed in the medium.
This precaution has been taken in order to avoid SCC
of the U-bend welded parts.

The AE sensors were of PAC R15 type. They were
linked, by the way of preamplifiers of a 3 channels
VALLEN AMSY4 acquisition system. We started the
monitoring just after the insertion of the samples in the
media. The insertion was made once the temperature
was stabilized at the value we fixed. For all the tests,
the AE threshold was fixed at 40 dB.
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For each test, channel 1 corresponds to the reference
sample, channel 2 to the stressed sample and channel 3
to the hyper stresses sample.

3. Results and discussion
3.1. AE evolution compared to SCC activity
3.1.1. 44%MgCl, test
Fig. 2 shows the time evolution of the cumulative acous-
tic activity recorded during a test performed in 44%
MgCl, medium. It can be seen that the more the sam-
ple is initially stressed, the greater the total acoustic
activity is. If the activity of channel 1 (stress relieved
sample) is very low after more than 5 hours of test, the
activities of channel 2 and above all of channel 3 are
very significant.

At the scale of the Fig. 2 representation, there are two
main differences between channel 2 and 3 activities:

The first difference is that for channel or sensor 2,
the increase of activity is almost linear. One can only
observe some low magnitude variations. On the con-
trary, for channel 3, it progresses by mixed quiescent
and active AE signals.

The second difference is linked to the start of AE de-
tection after the insertion of the samples in the medium.
For channel 2 it starts after about 16 minutes although
for channel 3, it starts after only 2 minutes. Thus, the
more the sample is stressed, the earlier acoustic activity
can be detected.

Fig. 3 presents another comparison between chan-
nel 2 and 3 activity. In that case, the time scale as been
reduced to only half an hour. It confirms that channel 3
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Figure 2 Time evolution of the cumulative acoustic activity recorded

during a testin 44% MgCl, medium. Channel 1 = stress relieved sample.
Channel 2 = stressed sample. Channel 3 = hyper stressed sample.
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Figure 3 Another view of the time evolution of the cumulative acoustic
activity recorded during a test in 44% MgCl, medium. Channel 2 =
stressed sample. Channel 3 = hyper stressed sample.



Stress relieved U-bend

Stressed U-bend

Figure 4 Pictures of three samples after a test of one day in 44% MgCl, medium.

activity progresses by mixed quiescent and active AE
signals and it shows that for this enlarging, channel 2 ac-
tivity has got a similar behavior. The only difference is
that the bonds are less important for the channel linked
to the less stressed sample. In the two cases, it can be
seen that the periods without AE can have duration of
several minutes. During the active AE signals periods,
very high rate of AE can be recorded. For example,
for the second high bond noted on channel 3 (around
t =1.85 h), we recorded more than 50 hits per minute.

Fig. 4 shows pictures of the three U-bends removed
from the medium at the end of the test performed in 44%
MgCl,. We inspected carefully all the immersed part of
the three samples. It is evident that there were no cracks
on the initially stress relieved sample. On the contrary,
on the two other ones, we observed a lot of cracks. By
a quick analysis, we evaluated that the initially stressed
sample (linked to channel 2) presented between 2 and
4 cracks per cm? although the initially hyper stressed
sample (linked to channel 3) presented more than 6
cracks per cm?.

All the observed cracks were confirmed to be of trans-
granular type which is typical of austenitic stainless
steel SCC phenomenon in chloride containing media.
Fig. 5 shows a view of a cross section of the mate-

Hyper stressed U-bend

rial after metallographic attack revealing the austenitic
structure of the material and the presence of numer-
ous welding lines parallel to the sample surface. Two
cracks, perpendicular to the U-bend exterior surface,
can be observed. One of about 500 pm of length with-
out macrobranching and one of more than 1600 pm of
length with hight macrobranching.

The fact that the more the sample is initially stressed,
the more it is sensitive to SCC is not a surprise. Most
interesting results are on the one hand that AE detected
waves in the very first minutes of the test, which tends to
demonstrate its high sensitivity to SCC, and on the other
hand, that the results concerning the evolution of the
cumulative acoustic activity corroborate the corrosion
feature observations. We recorded all the more signals
that the total amount of cracks at the end of the test is.

3.1.2. 33%MgCl> test

For a test performed in a less corrosive aqueous media
containing 33% MgCl, the same kind of analysis can
be made. Fig. 6 presents the time evolution of the cumu-
lative acoustic activity recorded during this test. As in
the previous case, the increase of AE activity depends
on the initially stress state of the immersed sample. The
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Figure 5 Cross section view of a sample showing two cracks.
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Figure 6 Time evolution of the cumulative acoustic activity recorded
during a test in 33% MgCl, medium. Channel 1 = stress relieved sample.
Channel 2 = stressed sample. Channel 3 = hyper stressed sample.

more the sample is initially stressed, the greater the total
acoustic activity.

Because the media was less corrosive, the test has
been conducted for a longer period than in the 44%
MgCl, medium. During the first 4 hours of the test,
acoustic activities of the three channels are almost nil.
Then, a first significant activity bound can be noticed
for channel 3. It prefigures the start of a high activity
since after about 6 hours of test, the total amount of hits
is quite similar to those noted after the same time in the
previous test. For this channel, a series of spectacular
bounds can be observed after 16 hours of test. During a
period of 3 hours, more than 9000 hits are recorded. For
channel 2, the real start of acoustic activity is difficult
to evaluate. In fact, the activity increase is quite low
between the fifth and the tenth hours of the test. After
that period, the evolution is more evident and some
significant bounds can be observed for example at times
12 and 15.5 hours.

As atthe end of 44% MgCl, test, after the 33% MgCl,
test, we correlated the acoustic results with the obser-
vation of the three U-bends removed from the medium.
We recorded more signals the greater the total amount
of cracking at the end of the test (Fig. 7).

The results obtained from the two presented tests
have been confirmed by a series of other tests which is
not necessary to detail in this paper. Taken as a whole,
all the tests show that the AE recorded during the tests
is essentially due to the progression of SCC cracks in
the samples. It confirms the results of previous studies

2710

using different tensile tests [1]. Moreover, thanks to the
use of three metallurgical states (with different sensi-
tivity to SCC) and of two corrosive media, it has been
shown, without external mechanical prompting, that the
rate of acoustic activity is really linked to the number
of active cracks. At that point, it isn’t possible to de-
termine the relative contribution of the different cracks
on the overall activity recorded for one sample. Con-
cerning the fact that the activity progresses by mixed
quiescent and active AE signals, we do not know if it is
due to the apparition of new cracks or to the SCC emit-
ting mechanism itself. However, this work has not been
conducted to establish or to confirm the mechanism of
the acoustic emitting phenomena during SCC. Several
papers are concerned with this point of view [1, 7].

3.2. Signals characterization

Fig. 8 shows the correlation diagram between the num-
ber of counts and the amplitude of the signals. This
kind of representation is often used to determine the
number of phenomena producing AE signals. For ex-
ample, experience shows that when two phenomena are
sources of AE, and if these phenomena generate differ-
ent kind of signals, the correlation diagram between
the number of counts and the amplitude often has two
distinct representative areas of points, that is to say,
two populations. In the present case, only one popula-
tion is evidenced, which tends to demonstrate that with
the threshold fixed (40 dB), there is only one type of
acoustic signal. This analysis seems to be confirmed if
we look at the amplitude distribution (Fig. 9). It consists
of a deformed gauss curve essentially situated between
42 and 52 dB. The number of signals with amplitudes
superior to 52 dB is not very important.

The analysis of the time evolution of the amplitudes
observed during a test performed on an hyper stressed
sample in a 33% MgCl, medium shows two distinct
periods (Fig. 10). In order to clarify the data reading,
only the signals with amplitude superior to 50 dB have
been represented. During the first 17 hours, there are
very few signals but a significant part of them have am-
plitudes of up to 70 dB. After the 17 hours time, the
total amount of signals becomes very high (evaluated
around a mean of 500 hits per hour) but the great major-
ity of their amplitudes below 60 dB. It seems that before
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Figure 7 Pictures of three samples after a test of one day in 33% MgCl, medium.
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Figure 8 Correlation diagram between the number of counts and the
amplitude of signals.

the real start of crack evolution, the sample is sujected
to individual mechanical events generating rather high
energy acoustic signals. Once a sufficient amount of
cracks is active, this phenomenon becomes less evi-
dent. At this state of the study we are unable to say is
this reproducible feature is linked to distinct emitting
phenomena: for example a crack initiation phenomenon
and a propagation phenomenon.

Fig. 11 shows the frequency distributions of the
signals recorded during another test performed in
33% MgCl, medium. The mean frequency is centered
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Figure 9 Amplitude distribution of the signals. Channel 1 = stress re-
lieved sample. Channel 2 = stressed sample. Channel 3 = hyper stressed
sample.

around the resonance frequency of the sensors we used.
However, if the great majority of frequencies is com-
prised between 130 and 150 kHz, it is interesting to note
that for the channel 2 signals, there are two distinct fre-
quency populations. One centered around 150 kHz and
one centered around 125 kHz. It is the second point
which tends to demonstrate the existence of two dis-
tinct emitting phenomena.

During further investigations, the use of wide band
sensors and an extensive analysis of the resulting sig-
nals may help to state on that point.
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Figure 10 Time evolution of the amplitudes recorded during a test in
33% MgCl, medium during 17 hours (acoustic threshold = 50 dB).
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Figure 11 Frequency distribution of the signals. Channel 1 = stress re-
lieved sample. Channel 2 = stressed sample. Channel 3 = hyper stressed
sample.

4. Conclusion

The technique of acoustic emission has been chosen
to study the SCC evolution of a 316L austenitic stain-
less steel during static U-bend tests. For that purpose,
a specific experimental device has been settled.

In order to make varying the sensitivity of the used
stainless steel to SCC, three metallurgical states have
been tested: a reference sample totally stressed relieved,
a stressed sample and an hyper stressed sample which
has been obtained from a piece of metal preliminary
shot peened.

Thanks to the use of those three different states, it has
been clearly shown that the acoustic activity recorded
during the static tests is linked to the evolution of active
cracks of transgranular type.

It has been evidenced that:

— The evolution of the SCC phenomenon induces an

acoustic activity which progresses by mixed qui-
escent and active AE signals.
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— Even if it isn’t possible to say that all the active
cracks generate acoustic emission, and even if we
can’t determine the relative contribution of the dif-
ferent cracks on the overall activity, the rate of
acoustic activity is all the more important that to
the active cracks are numerous.

— The sensitivity of acoustic emission to detect SCC
active cracks is very high.

Further investigations are programmed in order to
distinguish the acoustic activity due to SCC initiation
from the activity due to the propagation of cracks.
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