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[57] ABSTRACT

Apparatus and methods for monitoring localized or pitting
corrosion of metal or other material are described. A probe
having a working electrode made of the same material as the
material being monitored is located in the same corroding
environment as the material being monitored. The electro-
chemical noise detected between the working electrode and
other electrodes is processed to provide an indication of the
state of localized corrosion of the material being monitored.
An anodic bias voltage is applied to the working electrode.
This bias voltage accentuates localized corrosion at the
working electrode, improving sensitivity and permitting
more accurate evaluation of the electrochemical noise sig-
nals.

17 Claims, 6 Drawing Sheets
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1
DETECTION OF PITTING CORROSION

FIELD OF THE INVENTION

This invention concerns improved means for detecting
localized corrosion, especially pitting, that takes place on the
surface of a metal exposed to a corrosive environment. It
provides means for detecting, and for determining the rate
and location of, such localized corrosion. The invention
provides working electrodes one of which is anodically
biased and whereon corrosion occurs thereby generating
electrical signals. These signals are detected and analyzed to
provide information about the corrosion taking place.

BACKGROUND

When metal components are used for vessels and piping
in chemical processing and for structural purposes, it is
important to be aware of locations that may be corroding and
losing the capabilities for which they were designed. Local-
ized corrosion is most critical in this regard.

Localized corrosion is distinct from general corrosion. As
general corrosion takes place, relatively large areas of the
surface corrode together, at about a uniform rate. An impor-
tant kind of localized corrosion is pitting corrosion, which
occurs initially in a microscopically tiny area on a material
surface and then gets larger and deeper, forming pits in the
surface. Electrochemically the area affected becomes con-
sistently anodic in the corrosive medium. Pitting phenomena
can be erratic: often a localized anodic reaction starts up and
shuts down because of concentration fluctuations in the
corrosive medium (or other reasons) and formation of a
passive layer on the metal (known as repassivation of the
metal surface); such action is known as metastable corrosion
and is a precursor of the more damaging fully developed
pitting corrosion.

Localized corrosion, particularly pitting, is insidious
because material is removed in a concentrated small area
that is not easily recognized. One of the most dangerous
consequences of pitting corrosion is a leak in a containment
vessel such as a tank or pipeline. The leak typically occurs
at a pinhole in a wall of the containment vessel. The majority
of the wall still has adequate thickness to contain the vessels
contents. The resulting leak can be especially dangerous
where the contained material is under pressure, at high
temperature, or both. The present invention provides a
warning system in real time, making the user aware of the
extent of localized corrosion before the structure develops
pinholes. In extreme cases, pitting can lower the structural
integrity of a structure, resulting in a mechanical failure.

Several methods for monitoring localized corrosion are
based on electrochemical noise analysis. See U.S. Pat. Nos.
4,575,678 to Hladkey and 5,139,627 to Eden, et al., the
disclosures of which are incorporated herein by reference. In
the Hladkey patent, fluctuations in the potential between two
electrodes are related to corrosion processes. In the Eden, et.
al. Patent, a Zero Resistance Ammeter (ZRA) is used to
measure current fluctuations between two similar metal
electrodes. The ZRA works to match the voltages of the two
electrodes while it measures current flow between them.
Any current fluctuations are due to “noise™ or small statis-
tical variations on the specimen surface. In addition, an
electrometer is used to measure potential fluctuations
between one of the probes and a reference electrode. The
measured values are then filtered and ratioed to produce
several reported numbers including a “Noise Resistance”
and a “Pitting Index.” Any variations are due to localized
corrosion since the metal electrodes, being in the same
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environment at the same electrochemical potential, should
have the same general corrosion rate.

A problem with the aforesaid conventional method is that
not all of the localized corrosion currents are measured by
the ZRA. Usually much of the anodic current originating at
the pitting site will be sunk cathodically on the same
electrode, never appearing in the ZRA measurement circuit.
The present invention provides a means for localizing the
reactions on the electrodes, with most of the cathodic
reactions occurring on one electrode and the anodic reac-
tions on another. The current measured by the circuit is
therefore both larger and a much better measure of the
localized corrosion current.

Because the pitting effect itself is localized, the total
signal generated by it is small and difficult to detect. To add
to the difficulties of measurement, various kinds of electrical
noise in or near the structure effectively mask and distort the
comparatively weak electric signals that are characteristic of
pitting noise. Motors, circuit breakers, switches and radio
frequency generators all add to the cacophony tending to
obscure the corrosion noise signal. The present invention,
with its larger currents, is less susceptible to interference

from these external noise sources.

A further problem is that the signal indicative of pitting is
defined in the Eden et al. patent as I, /1,.... In this
definition I, can vary with the general corrosion rate.
Indeed, if the ZRA is working as designed and the chemical
environments of both electrodes are the same, the expected
value of I, is 0, which leads to a measurement singularity.

In addition the aforesaid involves extensive interpretation of
values, in order to identify the type and rate of corrosion.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
improved monitor for localized corrosion which is straight-
forward and inexpensive to implement.

Another object of the invention is to provide an improved
monitor for localized corrosion that is based on accepted
concepts of corrosion science, thereby being acceptable to
the corrosion engineering community.

An advantage of the present invention is its capability to
predict the onset of pitting corrosion prior to its actual
occurrence on the structure being monitored, thereby allow-
ing time for corrective action.

A feature of the present invention is that a multiplicity of
sensor arrays may be installed at various locations through-
out the structure to allow monitoring in real time and the
early detection of localized corrosion.

One embodiment of the present invention comprises a
two- or three-electrode probe exposed to a corrosive envi-
ronment. At least one of the electrodes, the working
electrode, has a surface of substantially the same composi-
tion and state as a material surface, the corrosion of which
is of concern, also exposed to the same environment. A
second electrode of the probe, the reference electrode, is
used in measuring the voltage of the working electrode.

A novel feature of the present invention is the employ-
ment of a biasing circuit. This circuit includes a battery or
other power source that anodically biases the working
electrode with respect to a cathode. The cathode against
which the working electrode is biased may be a discrete
electrode (in a three-electrode probe) having a surface of
substantially the same composition and state as the material
surface, or it may be the material surface itself.

The reference electrode may be an inert metal such as
Inconel or platinum, may be a field version of a laboratory
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reference electrode such as the Ag/AgCl reference electrode,
may be any other electrode that has a stable potential in the
environment, or may be an electrode having a surface of
substantially the same composition and state as the material
surface.

The current flowing between the anodically biased elec-
trode and the cathode is measured, and the potential between
the anodically biased working electrode and the reference
electrode is measured. These two signals either separately or
in combination are processed to produce an output indicative
of the tendency for the material surface to undergo localized
corrosion.

The present invention also contemplates a method accord-
ing to the preceding paragraphs wherein statistical post
processing is used to interpret the potential and current
measurements and thus provide an output indicative of the
tendency for the metal surface to undergo localized corro-
sion.

The present invention also contemplates a method accord-
ing to the aforesaid paragraphs wherein domain transform
analysis post processing is used to interpret the potential and
current measurements and thus provide an output indicative
of the tendency for the metal surface to undergo localized
corrosion. The techniques of domain transform include, but
are not limited to, FFT, Laplace transforms, Z transforms,
and wavelet analysis.

The present invention also contemplates a method accord-
ing to the aforesaid paragraphs wherein pattern recognition
is used to provide a means for detecting metastable pitting
events, and subsequent processing is used to provide an
output indicative of the tendency for the metal surface to
undergo localized corrosion.

The present invention further includes an apparatus for
detecting the tendency of a material surface to undergo
localized corrosion, comprising a working electrode and a
second electrode made from substantially the same material
(and at the same surface state) as the material surface, a
reference electrode, a means for biasing the working elec-
trode anodically with respect to the second electrode, a
means for measuring the current between the working and
second electrodes, a means for measuring the potential
between the working electrode and the reference electrode,
and means for analyzing the signals produced to yield a
signal indicative of the tendency for the metal surface to
undergo localized corrosion.

In addition, the present invention alternatively provides
an apparatus for detecting the tendency of a material surface
to undergo localized corrosion, comprising a working elec-
trode made from substantially the same material (and at the
same surface state) as the material surface, a reference
electrode, a means for biasing the working electrode anodi-
cally with respect to the material surface, a means for
measuring the current between the working electrode and
material surface, a means for measuring the potential
between the working electrode and the reference electrode,
and a means for analyzing the signals produced to yield a
signal indicative of the tendency for the metal surface to
undergo localized corrosion.

The invention further contemplates apparatus as
described by either of the two paragraphs above, further
comprising means for providing statistical post-processing
to extract the mean, standard deviation, rms, and other
statistical values from the current and potential measure-
ments and further analyzing and/or comparing these values
to provide an output which is indicative of the tendency of
the metal surface to undergo pitting corrosion.
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The invention further contemplates apparatus as
described by either of the two aforementioned paragraphs,
further comprising means for domain transform analysis
post processing which is used to interpret the potential and
current measurements and thus provide an output indicative
of the tendency for the metal surface to undergo localized
corrosion. The techniques of domain transform include, but
are not limited to, FFT, Laplace transforms, Z transforms,
and wavelet analysis.

The invention further contemplates apparatus as
described by either of the two aforementioned paragraphs,
further comprising means for providing alternating current
(AC) post-processing to decompose the current and potential
signals into spectra where average values from various
frequency bands are compared to provide an output which is
indicative of the tendency of the metal surface to undergo
pitting corrosion.

In addition, the invention contemplates apparatus as
described by either of the two aforementioned paragraphs,
further comprising means for utilizing pattern recognition to
identify metastable pitting events in the current and potential
signals, and using these events to provide an output propor-
tional to the number of events per unit time, which is
indicative of the tendency of the metal surface to undergo
pitting corrosion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic illustration showing two work-
ing electrodes and a reference electrode in the wall of a
vessel being monitored in accordance with the present
invention.

FIG. 2 is a diagram of a circuit providing current and
voltage output from the three electrodes as in FIG. 1.

FIG. 3 is a diagrammatic illustration showing two elec-
trodes in the wall of vessel being monitored in an alternate
embodiment of the present invention.

FIG. 4 is a diagram of a circuit providing current and
voltage output from the two electrodes as in FIG. 3.

FIGS. 5a and 5b shows potential and current versus time
curves in accordance with the present invention, of a system
undergoing metastable pitting.

FIG. 6 is a diagram of one possible algorithm for pattern
recognition of pitting transients.

DETAILED DESCRIPTION

In accordance with the present invention, one or two
working electrodes are provided, as well as a reference
electrode. The biasing of a working electrode provides the
unique advantages of the present invention. The introduction
of the bias causes anodic processes to be encouraged on one
electrode while cathodic processes are encouraged on the
other, while the ensemble is free to evolve with time. As an
immediate benefit, more of the current due to pit formation
is measured, which improves sensitivity. Annihilation of
pitting events, wherein pitting events take place simulta-
neously on both electrodes, is discouraged.

Still another benefit is that the anode, though physically
identical to the cathode, is sensitized to pitting corrosion.
The invention therefore has the ability to detect the onset of
pitting corrosion at very low levels. In accordance herewith,
this is accomplished by polarizing the working electrodes.
By adjusting the level of anodic polarization at one of the
electrodes, the pitting corrosion can be seen earlier than with
other known methods, before it does critical damage to the
metal surface being monitored.
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