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[57] ABSTRACT

A method for producing electrochemical impedance
spectra. Spontaneously occuring coupling current noise
between an array of electrodes which may be of sub-
stantially the same material is detected. A time domain
record of the detected current noise is stored and the
time domain record of the detected current noise is
transformed to the frequency domain. Spontaneously
occurring potential noise between the array of elec-
trodes and a further electrode is detected. A time do-
main record of the detected potential noise is stored and
the time domain record of the detected potential noise is
transformed to the frequency domain. The frequency
domain current noise and potential noise transforma-
tions are then transformed to the impedance domain to
produce the required electrochemical impedance spec-
tra.

4 Claims, 10 Drawing Sheets
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1

METHOD AND APPARATUS FOR PRODUCING
ELECTROCHEMICAL IMPEDANCE SPECTRA

The present invention relates to a method and appara-
tus for producing electrochemical impedance spectra.

It is well known that useful information concerning
electrochemical processes can be obtained from impe-
dance data. Typically an electrochemical impedance
spectra is obtained from a system under investigation
using perturbative techniques. For example a sine wave,
pulse or random noise signal is applied to an electro-
chemical cell under investigation and the cell response
is correlated with the applied signal. The resuitant data
is typically presented as either a Bode plot, a frequency
spectra of impedance and phase angle against fre-
quency, or a Nyquist diagram of real impedance (resis-
tive) and complex impedance (capacitive) with fre-
quency as a parameter. The article “A Review of Impe-
dance Plot Methods used for Corrosion Performance
Analysis of Painted Metals” by G. W. Walter, Corrosion
Science, Vol 26, No. 9 PP681-703, 1986 describes Bode
and Nyquist plots in some detail. There are however a
number of earlier publications presenting similar infor-
mation, see for example “Electrochemical Impedance
of Pure Iron at various Potentials in Sulphuric Acid”,
(M. Xeddam, O. R. Mattos and H. Takenouti, J. Electro-
chem. Soc. 128, 257 (1981)).

The interpretation of electrochemical impedance
spectra is a subject of continuing scientific debate. Nev-
ertheless, it is generally agreed that information on
electron transfer processes, diffusion, absorbed species
and electro-crystallization can be obtained from analy-
sis of the loops that appear on the Nyquist-type impe-
dance diagrams. These loops, sometimes referred to as
relaxations, may be either of capacitive or of inductive
type (negative capacitance) and, depending on the elec-
trochemical process or reactions involved, each loop
can be ascribed to the presence of an adsorbed species
or a reaction rate constant. The reaction rate constant
may also involve consideration of the surface coverage
and/or surface concentration of an electroactive spe-
cies.

The use of the known perturbative techniques to
generate electrochemical impedance spectra can pro-
vide useful information and as a consequence such tech-
niques have become widely accepted. It is the case
however that the application of the perturbation signal
may itself produce impedance spectra which are a func-
tion of the perturbation signal itself, for example due to
the electrode shape and cell configuration. Further-
more, at iow frequencies the time taken for the measure-
ment from which the spectra is derived can lead to
errors in the data due to spontaneous changes which
occur naturally within the system being studied.

It is known to monitor the corrosion of metal compo-
nents by reference to spontaneously generated fluctua-
tions in the potential of an electrode. In one known
system, as described in European Patent Specification
EP 0084404, the electrochemical potential of an elec-
trode is monitored and the monitored signal is filtered to
remove DC and higher frequency AC components.
This provides a measure of the rate of corrosion of the
electrode.

It is also known from European Patent Specification
EP 0302073 to measure electrochemical current noise
originating in an electrode array and to compare the
electrochemical current noise with a coupling current
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between two electrodes of the array to generate an
output which is indicative of the degree to which corro-
sion is localised. In addition, electrochemical current
noise and electrochemical potential noise are compared
to provide an output which is indicative of the overall
rate of corrosion. This output does not however present
the detailed information available from electrochemical
impedance spectra.

It is an object of the present invention to obtain elec-
trochemical impedance spectra from an electrochemi-
cal system without it being necessary to apply a per-
turbing signal to the system. It has surprisingly been
found that such spectra can be generated from sponta-
neously occurring noise.

According to the present invention, there is provided
a method for producing electrochemical impedance
spectra, wherein spontaneously occurring coupling
current noise between at least two electrodes is de-
tected, a time domain record of the detected current
noise is stored, the time domain record of the detected
current noise is transformed to the frequency domain,
spontaneously occurring potential noise between at
least one of said electrodes and a further electrode is
detected, a time domain record of the detected potential
noise is stored, the time domain record of the detected
potential noise is transformed to the frequency domain,
and the frequency domain current noise and potential
noise transformations are combined to produce an impe-
dance domain transform.

Preferably, the coupling current noise is detected
between two electrodes of substantially the same mate-
rial.

The time domain to frequency domain transforma-
tions may be effected using conventional techniques,
e.g. the maximum entropy method or specific versions
of the Fast Fourier Transform. The frequency domain
to impedance domain transformation may be effected
for example by deriving the magnitude of the impe-
dance at a predetermined frequency from the quotient
of the amplitude of the potential at that frequency and
the amplitude of the coupling current at that frequency.
Alternatively, the frequency to impedance domain
transformation may be effected by deriving phase infor-

- mation from the difference of the phase of the potential
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and the phase of the current.

The present invention also provides an apparatus for
producing electrochemical impedance spectra, com-
prising an array of at least two electrodes, means for
detecting spontaneously occurring coupling current
noise between the or at least two of the array of elec-
trodes, means for storing a time domain record of the
detected current noise, means for transforming the time
domain record of the detected current noise to the fre-
quency domain, a further electrode, means for detecting
spontaneously occurring potential noise between said
further electrode and at least one of said at least two
electrodes, means for storing a time domain record of
the detected potential noise, means for transforming the-
time domain record of the detected potential noise to
the frequency domain, and means for combining the
frequency domain current noise and potential noise
transformations to produce an impedance domain trans-
form.

Preferably, the electrodes of said array are of substan-
tially the same material.

Preferably, a zero resistance ammeter is connected
between electrodes of said array to provide a measure
of the coupling current, a filter is connected to the
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