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(&) ABSTRACT

This invention describes a novel means of determining the
nature (type) of corrosion in real-time. By identifying local-
ized corrosion at the moment of pit initiation, real-time
selection, and effective concentration(s) of appropriate
inhibitor(s) can be delivered to an electrolytic solution
before propagation of the localized corrosion. Integrating
this information with a corrosion inhibitor feed system can
effectively inhibit the corrosion before propagation occurs,
thereby maintaining system integrity. The process embodies
a method of operation wherein the electrochemical noise
(ECN) and linear polarization (LPR) values are processed to
compare how the corrosion signals correlate. Divergence of
the corrosion rates indicates the formation of localized
corrosion while continuity in signal pattern indicates gen-
eralized corrosion.

4 Claims, 10 Drawing Sheets
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PROCESS FOR REAL-TIME DETECTION
AND INHIBITION OF LOCALIZED
CORROSION

FIELD OF THE INVENTION

This invention relates to a means for determining corro-
sive conditions and a process for its use. The invention
particularly relates to real-time detection of the initiation of
localized corrosion, thereby enabling commencement of
appropriate anti-corrosion counter measures to prevent or
minimize equipment damage.

BACKGROUND OF THE INVENTION

Heat transfer equipment (heat exchangers) in contact with
an eclectrolyte is subject to corrosion. Corrosion is the
primary cause of system failures resulting in high mainte-
nance labor and lost production. To inhibit corrosion, vari-
ous types of chemical inhibitors are applied along with other
supporting chemical treatments in an effort to control the
nature and rate of corrosion. It has long been desired to be
able to optimize inhibitor concentrations based on real-time
program performance. However, such attempts have met
with only minimal success.

The two categories of inhibitors common to cooling water
treatment applications are cathodic and anodic inhibitors.
Water treatment programs may incorporate one or more
corrosion inhibitors based on the method(s) of corrosion
inhibition. Also, specialty polymers are commonly applied
with the selected corrosion inhibitor to inhibit uncontrolled
precipitation of the corrosion inhibitor. Therefore, in order to
select the appropriate inhibitor(s) and optimize their con-
centration in the electrolytic solution, e.g. cooling water, the
nature of corrosion needs to be accurately determined.

It is desirable to inhibit localized corrosion upon
detection, e.g. to minimize the severity of the pitting of
carbon steel and/or to minimize stress corrosion cracking on
stainless steel induced, for example, by the presence of
chlorides, as well as to reduce the insulating effects caused
by the accumulation of corrosion byproducts. This is par-
ticularly critical in high temperature heat exchangers, where
extending the period the metal is exposed to localized
corrosion can induce premature failure of the heat transfer
equipment.

Many systems experience periodic upsets that can dra-
matically increase the onset and rate of corrosion. These
upsets can result from numerous process deviations, e.g.
increased concentrations of corrosion inducing ions in the
incoming water (such as chlorides and sulfates) or process
leaks that contaminate the water. During upset conditions,
localized corrosion is usually the dominant method of cor-
rosion. If the concentration of inhibitor(s) in the cooling
water is not adjusted to compensate for the upset, severe
damage to the heat transfer surfaces, as well as supporting
equipment results.

Prior art processes teach of storing data, e.g. electro-
chemical noise data (ECN), and using said data to calculate
a slope of the amplitude to determine the nature of the
corrosion. This methodology necessitates extensive collec-
tion of data over time. During the period of collecting these
values and determining the slope generated from the data
obtained from a Fourier Transform, propagation of pitting,
metal dissolution, and accumulation of corrosion byproducts
continues unabated, thereby compromising the equipment
integrity. Since the prior art methodology requires as much
as hours of inputs and interpretation thereof, localized
corrosion on heat transfer equipment will continue to occur.
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2

Corrosion inhibitors are currently controlled by various
devices in an attempt to maintain a predetermined concen-
tration. The desired inhibitor concentration is determined
based on guidelines established via test data, field
experience, and historical data obtained by site specific
monitoring. This methodology fails to appreciate the criti-
cality of real-time detection to minimize the deleterious
effects of corrosive conditions.

Thus, in order to quickly suppress corrosion, the nature of
corrosion must be identified so that appropriate selection and
levels of inhibitor(s) are administered. For example, because
of the severity of localized corrosion, identification of pit-
ting corrosion at the moment of pit initiation is highly
desirable. If the pitting can be quickly detected and identi-
fied during the initial stage and inhibited before propagation
of the pitting, minimal loss of metal and accumulation of
corrosion byproducts occurs. System integrity is managed,
resulting in improved operational performance, increased
reliability and equipment life.

DESCRIPTION OF THE PRIOR ART

U.S. Pat. No. 4,575,678 describes an apparatus having
two metal parts corroding in an electrolyte and separated by
an insulator. The low frequency voltage and current between
the electrodes is observed. This low voltage and current is a
low frequency noise signal. Amplitude values of the signals
are measured and computed yielding data indicating the
corrosion rate and the nature of corrosion. This method of
corrosion measuring is commonly referred to as electro-
chemical noise (ECN).

U.S. Pat. No. 5,888,374 (US Government has rights
pursuant to contract with Argonne National Laboratory)
describes a means of monitoring localized pitting corrosion.
The patent describes storing values from Electro-Chemical
Noise sensors and processing the stored values utilizing
Fourier Transform. A slope of the power spectral density
data relative to frequency is calculated. The data is trended
over time (hours) to determine the subtle deviations in the
slope.

The prior art fails to recognize the need for real-time
detection and evaluation of corrosion conditions and the
need to integrate such data with corrosion inhibiting mea-
sures.

SUMMARY OF THE INVENTION

This invention describes a novel means of determining the
nature (type) of corrosion in real-time. The real-time analy-
sis of upset conditions has now been recognized as a
valuable tool in both the detection and forecasting of local-
ized corrosion. This is especially useful when replicating the
operational and environmental conditions between metals
and electrolyte in heat exchangers. By identifying localized
corrosion at the moment of pit initiation, real-time selection,
and effective concentration(s) of appropriate inhibitor(s) can
be delivered to an electrolytic solution before propagation of
the localized corrosion.

Prior art processes have historically relied on a method-
ology requiring the storing of electrochemical noise data,
and using said data to calculate a slope to determine the
nature of the corrosion. The delay in identifying the onset
and type of corrosion inherent in this methodology often
results in severe, and sometimes catastrophic, damage to
associated equipment. Furthermore, heat transfer properties
are often compromised due to the insulating effects caused
by the accumulation of corrosion byproducts.

The instant method provides real-time identification of
localized corrosion during the initial stage of formation.
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Integrating this invention with corrosion inhibitor feed can
effectively inhibit the corrosion before propagation occurs,
thereby maintaining system integrity. The process embodies
a method of operation wherein the electrochemical noise
(ECN) and linear polarization (LPR) values are processed to
compare how the corrosion signals correlate. Divergence of
the corrosion signals indicates the formation of localized
corrosion while continuity in signal pattern indicates gen-
eralized corrosion.

Accordingly, it is an objective of the instant invention to
teach a device and a process for its use which can identify
corrosion, particularly localized corrosion, in real-time dur-
ing the initial stage of pit formation.

It is an additional objective of the instant invention to
integrate the corrosion identifying process with a process for
corrosion inhibition which can quickly suppress the corro-
sion cell(s) by making real-time adjustments to the inhibitor
program.

It is yet an additional objective of the instant invention to
teach a process for monitoring corrosion values for both
electrochemical noise (ECN) and linear polarization (LP)
under heat transfer.

It is still an additional objective of the instant invention to
teach a method of operation wherein the ECN and LP values
are processed to compare how the corrosion signals corre-
late.

Other objects and advantages of this invention will
become apparent from the following description taken in
conjunction with the accompanying drawings wherein are
set forth, by way of illustration and example, certain
embodiments of this invention. The drawings constitute a
part of this specification and include exemplary embodi-
ments of the present invention and illustrate various objects
and features thereof.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is illustrative of a circulating system useful for
conducting tests replicating a typical cooling water treat-
ment application;

FIG. 2 illustrates a cross-sectional view of a MENTOR
CHx device;

FIG. 3 is a graphical representation of Activity Factor for
a Depolarized-Passivated Sample;

FIG. 4 is a graphical representation of Linear Polarization
Rate for a Depolarized-Passivated Sample;

FIG. 5 is a graphical representation of Electrochemical
Noise for a Depolarized-Passivated Sample;

FIG. 6 is a graphical representation of Activity Factor for
a Sample with Chloride Addition;

FIG. 7 is a graphical representation of Linear Polarization
Rate for a Sample with Chloride Addition;

FIG. 8 is a graphical representation of Electrochemical
Noise for a Sample with Chloride Addition;

FIG. 9 is a graphical representation of Activity Factor for
a sample with passivator addition;

FIG. 10 is a graphical representation of Electrochemical
Noise for a sample with passivator addition.

DETAILED DESCRIPTION OF THE
INVENTION

This invention describes a novel means of determining the
nature (type) of corrosion in real-time. By identifying local-
ized corrosion at the moment of pit initiation, real-time
selection, and effective concentration(s) of appropriate
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inhibitor(s) can be delivered to an electrolytic solution
before propagation of the localized corrosion.

The instant process can identify the localized corrosion
during the initial stage of pit formation and quickly suppress
the corrosion cell(s) by making real-time adjustments to the
inhibitor program.

In order to produce a real-time determination of corrosive
conditions, the present invention monitors corrosion values
for both electrochemical noise and linear polarization under
heat transfer conditions. The values are processed to com-
pare how the corrosion signals correlate. Divergence of the
processed corrosion signals indicates the formation of local-
ized corrosion while continuity in signal pattern indicates
generalized corrosion. The ability to provide real-time iden-
tification of localized corrosion during the initial stage of pit
formation enables integration of this invention with corro-
sion inhibitor feed equipment to effectively inhibit the
corrosion before propagation occurs, thereby maintaining
system integrity.

FIG. 1 is illustrative of a circulating system useful for
conducting tests replicating a typical cooling water treat-
ment application. Referring to FIG. 1, the instant device is
comprised of a system that incorporates: a MENTOR CHx
heat transfer device (see FIG. 2) 110 that is made of the
metallurgy to be tested. The metallurgy under heat transfer
is in contact with an electrolyte which is pumped via pump
116 through a heat exchanger 112 through which electrolyte
from electrolyte reservoir 114 is passed. The electrolyte flow
rate is adjusted to desired levels by adjusting flow regulator
118. A flowmeter 120 is in fluid communication for ease of
adjustments. If added, the concentration of a passivator is
measured using a standardized amperometric analyzer. A
sample line 124 is optionally provided for convenience in
withdrawing samples for testing.

With reference to FIG. 2, a MENTOR CHx device is
illustrated. For our testing we utilized the MENTOR-CHx
system, available from Integriti Solutions Corp., to simulate
the conditions associated with heat transfer equipment.

The metallurgies corrosion rates are measured using elec-
trochemical noise (ECN) and Linear Polarization (LPR)
probes (not shown); the measured ECN and LPR data are
input to a remote computer which is constructed and
arranged for mathematically correlating the ECN and LPR
data; the resulting correlation is used to identify the nature
of the corrosion.

The MENTOR system determines the nature of corrosion,
e.g. the change in steady state conditions, by calculating a
Localization Index (LI) which is equal to 0,/ 1,,,_, Where O,
and 1,,,; are the standard deviation and root mean square of
the noise current respectively. Increases over time are
assumed to be indicative of a localized corrosion process
taking place.

In applications where passivators are applied to the elec-
trolyte this method is susceptible to error. Passivators
increase the current until the critical current density is
achieved. The corresponding increase in current increases
the LI indicating localized corrosion, when in fact, the metal
is merely being passivated. Without additional data, a simple
incident such as a grain of sand etching a metallic surface
might well give the system operators a false positive,
causing them to believe that localized corrosion has been
occurring. This might instigate them to add inhibitors of an
inappropriate type or at an inappropriate concentration,
when merely waiting for a period of time would allow the
ambient passivator concentration to self-correct the irregu-
larity. Furthermore, an extensive data gathering period,
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