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ABSTRACT

After several years of research in laboratory, the ability to detect active corrosion by acoustic emission
technique has been successfully proven. More recently, the industrial feasibility has been established in
the field, according to the requirements of two international chemical companies, on many cases of
different pressure components and storage tanks. The goal was to make a diagnostic on the propagation
of the localised corrosion, like pitting or stress corrosion cracking, on components during the process,
on a restricted area in service components. This diagnostic has to be done immediately after the
measurement, by a simple system and procedure, applied by a non-expert in acoustic emission. This need
arises from unpredicted failures of industrial installations due to rapid propagation of corrosion damage,
after a long period of initiation. The development of units, with multiple process, leads to complex
problem upon the sensitivity of corrosion for an existing vessel exposed at various environments.
This paper presents several situations where CORPAC® technology can be applied, not only to detect and
locate damage from corrosion, but also to: characterise the corrosion (evaluation), help to finalise the
best choice of material, understand the part of the process cycle which produces, activates the corrosion,
validate repairs, evaluate the efficiency of corrosion protection. Examples from different materials
(stainless steel, carbon steel,…) on reactors, columns, piping, tanks are given.

INTRODUCTION

Localised corrosion cracking is an important damaging phenomenon in the chemical, petrochemical, and
nuclear industries. Unpredicted failures occur in service, which have economic, safety, health and
environmental consequences. Stress corrosion cracking, pitting and crevice corrosion are not easily
detected with traditional non-destructive techniques. Furthermore, these damages are mostly detected
during shut-down inspection and the periodicity of the inspection are not adapted to such a phenomenon
which can take years to initiate and exhibit a significant speed of propagation. Material of the industrial
devices are chosen to resist to corrosion, nevertheless localised corrosion take place due to unpredicted
localised condition or transient state of process. Most of the time, the cause of localised corrosion is not
clearly identified and at the opposite of general corrosion the kinetics are not easily predicted. When a
subcritical corrosion damage is found, the inspection staff has to decided if they stop the production or if
they can operate under survey because the propagation rate is low or more fortunately if the corrosion is
stopped.

The detection of the propagation steps of localised corrosion has been first a beautiful dream of scientist
before being demonstrated in laboratory scale. The AE signature of the "voice" of corrosion has been
drawn from scientific studies including a European BRITE EURAM contract before to be transposed in
industrial uses. The most difficult steps had been to extract automatically known signal from
environmental noise of process.
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This technology called CORPAC® has been achieved by building a database of SCC, pitting and crevice
signal in a vessels configuration at several chemical plants.

ACOUSTIC EMISSION APPLIED TO THE SURVEY OF CORROSION PROCESS

Acoustic emission (AE) is the result of sudden energy release within a material, which appears as elastic
wave. This technique is widely used as a non-destructive testing technique for fitness for service
evaluation in industrial field. AE is also a powerful tool to characterise and understand damage initiation
and propagation. Most of all microscopic mechanisms has been studied and correlated with AE signals.
Many authors have characterised the AE signature of many damage phenomena as localised plastic
strain, twinning, ductile and brittle fracture for metallic alloys. Localised corrosion monitoring is more
recently under the interest of researcher. It has been proved that many type of localised corrosion
process can be detected by AE not only on laboratory scale [1] but also on industrial field conditions
[2,5]. If AE sources from mechanical damage propagation are well accepted and understood, the
mechanisms that generate elastic wave from corrosion process are sometimes not so clear. To better
understand the effect of each corrosion process it has been necessary to identify recognised all parasitic
signals coming from environmental effect like boiling, crystallisation, particle impacts…

Stress corrosion cracking (SCC)

This phenomenon produces discontinuous “brittle” fracture surfaces in ductile material. SCC
mechanisms have been deeply investigated and it has been found that AE signals are producing from both
brittle crack propagation and plastic blunting of crack tip. In the case of transgranular crack propagation,
the AE signal production is mainly a mechanical effect resulting from discontinuous crack propagation
steps [3,4]. AE signals have been also detected and clearly identified from intergranular SCC crack
propagation for instance in alloy 600 [6]. In this last case, it is not proved that this mechanism is purely
discontinuous, but it gives raise to EA hits even in aluminium alloys.

Pitting corrosion and crevice corrosion

A lot of mechanisms can be put forward to explain AE generation during pitting process, but many of
them are not really realistic like metallic ion dissolution [5,7]. There is mainly 4 hypothesis which were
maintained to explain elastic wave production: salt crystallisation inside pits, hydrogen evolution due to
cathodic reaction, localised plastic strain at pit tip, spalling of corrosion products.

In the case of material type stainless steel the most probable mechanism is the formation and hydrogen
evolution in the pit tip. For low carbon steel, the expansion of corrosion products can be the main
phenomenon responsible of AE detection.

ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY

Acoustic emission is the only non-invasive technique that can detect the initiation and propagation of
SCC, pitting and crevice corrosion in-service and on-line. According to lab scale, small scale and full size
studies one hour of monitoring is statistically enough to detect real case of corrosion encountered in
industrial installation.  A database is available for a wide range of stainless steels and carbon steels regard
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to the SCC, pitting and crevice damage detection. The AE sensors are mounted on the external surface of
the vessel wall and can withstand up to 170°C in standard conditions that cover most of the chemical
process. A solution for higher temperature (maximum operation around 600°C) is under development
and has given very good results for a SCC process at 250°C. Depending on the in service process noise
installation corrosion damage can be detected from half a meter up 10 meters away from the sensor.  A
small access to the surface is needed and only local removal insulation has to be made before checking.
The know-how, database and self-diagnostic algorithms are incorporated into a portable system requiring
no expertise on the part of the user. This is crucial point because the tools have to be used with a
periodicity related to corrosion risk and the industrial consequences defined by the risk based inspection
policy of the plant.

The CORPAC® technology is able to detect only propagation corrosion process, which allows
monitoring corroding plant as function of process conditions. The main limitation of this technology is a
localised corrosion not detected if the corrosion process is stopped. For example, it is well known that
propagation of SCC on austenitic stainless steel is not significant below 40°C in chloride environment.  It
has been verified with CORPAC® on a full size tank, with a continuous decreasing temperature rate, that
AE activity from SCC is not more detectable below 50°C in a hot chloride environment. That is the
major reason why AE has to be applied in service conditions. Also, this technique cannot determine if
the corrosion is initiated from the inside or the outside.

CASE HISTORY

Several case history are proposed to illustrate some uses of CORPAC®.

Case 1 : Risk-based decision and characterisation of corrosion evolution (Fig. 1)

After several months of operation [8], internal visual inspection reveals significant pitting corrosion in a
19-25 HMo vessel and pitting and SCC in a 316 Ti vessel. These two brawn new different stainless steel
vessels contain an organic product at 100°C. This product is supposed to be a non corrosive media
stored under nitrogen flow. The corrosion study concludes that the corrosion could be due to the
presence of few PPM of water. The production has to reduce as much as possible the content of water
and the inspection staff has to find a way to confirm that corrosion has stopped. Periodic visual
inspection of grinding area is practically difficult to achieve.  Internal wall has to be first cleaned with
steam introducing water not easily eliminated. Then, CORPAC® is used to assess the corrosion study
conclusion. In summer 1996, the first CORPAC® evaluation showed that very few AE is detected
confirming that corrosion has stopped when water content is drastically reduced. Furthermore a
complete opposite diagnostic has been established six months later showing a strong corrosion activity at
the liquid/gas interface.

This last conclusion has been explained later by an incident of production. One month before the
examination, a dryer column has failed letting pass in the product a small amount of water. In 1998, the
corrosion diagnostic was showing a strongly reduced rate of corrosion due to complete consumption of
water. The CORPAC® analysis as confirm the corrosion expertise and has given tools to maintain a
corroded structure in service. The non-conclusive internal inspection has been cancelled and replaced by
low cost (no shut down) periodic survey with CORPAC®.
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Fig. 1 Fig. 2

Case 2 : Damage area characterisation (Fig. 2)

A dye-penetrant inspection has detected that an 18-m high column presents some trough wall cracks.
The micrographic examination shows clearly transgranular stress corrosion cracks in the austenitic
stainless steel material. The first solution should be to replace the complete column. CORPAC®

examinations have been performed on the complete wall of the column under service condition. SCC
activity has been found only on a 2-m high section of the column corresponding probably to the level
where the temperature is the most susceptible to promote SCC. This diagnostic has been partially
confirmed on few 2-m squares with a pulsed eddy current technique. In this case, eddy current was able
to detect only trough wall cracks or cracks near the surface. Because CORPAC® analysis demonstrates
that defects are only propagated in a restricted area, the major part of this column has been conserved
and the defective part cut and replaced by duplex stainless steel to better resist to SCC in these specific
conditions.

Case 3 : internal coating and repair validation (Fig. 2)

CORPAC® has been performed on carbon steel railroad tank car and reactor with several types of
vitreous or organic coatings (glass, ebonite...). At the occasion of a regular hydraulic proof test, a residual
activity of corrosion was found before increasing the pressure. This unexpected phenomenon was due to
some external repairs, which produce micro-cracks in the vitreous coating. The AE activity was due to
general corrosion localised in the coating breakage area produced by industrial water.
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In order to better understand and confirm this type of results, some experiments were performed on an
old railroad tank car filled with water, which have been taken out of service. CORPAC® technology was
able to detect corrosion activity not only where the coating was broken but also where electrical
measurement did detect nothing.

The visual inspection reveals in this specific area the colour of the resins has changed. The permeation of
industrial water trough this non-effectively broken coating was sufficient to produce significant AE
activity.  60 litres of hydrochloric acid were poured into the tank and within few min., AE activity of
detected corrosion increases drastically showing that the corrosion rate is clearly correlated to AE
measurements.

Case 4 : Help in material choice.

Introducing coupons on real industrial installation is common practice to finalise a material choice for
corrosion resistance purpose. One of the major problems is to open the vessel periodically to withdrawn
coupons for observation. A CORPAC® unit was used to determine the corrosion initiation of several
coupons on a by pass pipe. The only two things to take in consideration are that the coupons have to be
in a same small area where the signature of each coupons can be mixed or also that the initial vessel is no
subject to corrosion. The recorded activity is closely correlated to the damage propagation rate.

The development of units, with multiple process, leads to complex problem upon the sensitivity of
corrosion for an existing vessel exposed at various environments.

CONCLUSIONS

The propagation of localised corrosion such as pitting crevice and stress corrosion cracking is detectable
industrially by Acoustic Emission without any variation of internal or external loading. The CORPAC®

technology is rapid and easy to use and consists in “listening the process conditions. A pattern
recognition algorithm is used to separate damage signature from process noise. The diagnostic of
CORPAC  technology reveals the existence of active or non-active localised corrosion. Useable by a non-
expert in acoustic emission, it gives a rapid diagnostic on area, which a risk of localised corrosion is
significant. The areas to check are mainly defined by the inspection staff or sometime by internal
corrosion expert, according to several criteria. Most of the time the examination is decided by a risk
based inspection plan but also according the site experience. As corrosion indications are found,
CORPAC® allows to monitor and characterise their evolution and gives tools to understand the transient
phase of process which gives rise to damage. As localised corrosion can be monitored, corroded structure
can be kept in service with reasonable evidence of fitness for service and at least semi-quantitative
information on corrosion rate.
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