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METHOD FOR DETECTING AND MEASURING A LAYER DEPOSITED ON
A SURFACE IN CONTACT WITH A LIQUID MEDIUM AND DETECTION
AND MEASURING SENSOR IMPLEMENTING THE SAME

Fekekskeok

TECHNICAL FIELD

The present invention generally relates to a method for detecting and measuring
a layer deposited on a surface in contact with a liquid medium, for example the
surface of a pipe and/or of a tank, and a detecting and measuring sensor
implementing the method. Specifically, the present invention is directed at
applications in which deposit layers of different natures can be formed, for
example inorganic and/or biological, being able to discern between the
particular type of deposit.

By way of example the present invention finds preferred application in the field
of water pipeline for detecting deposits that stratify internally to the pipes that
comprise the collection, treatment and distribution network, from the intake
point, to the point of release in the network and then to the final user.

Altogether equivalently, the invention finds preferred application in the
industrial field, in particular in facilities that make use of heat exchangers,
boilers, tanks, and so on to treat liquid.

But additionally, the invention finds preferred invention in the field of electrical
appliances, for households or otherwise, that make use of water, such as clothes
washers, dishwashers, coffee machines and so on, for measuring the thickness of
layers of scale and/or biofilm that are deposited in the water inflow and/or
outflow pipes and/or in the treatment and/or accumulation tanks.

Within the scope of the present description and in the following claims, the
expression “biofilm” means a layer of eukaryotic and/or prokaryotic cells
anchored to a solid surface and nested in an organic matrix of biological origin.

BACKGROUND ART

To date, several methodologies are known for identifying the presence and
measuring the thickness of deposit layers on a surface exposed to contact with
liquids, each generally specific for a particular type of deposit.
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For example, the document EP 1376112 discloses the use, for identifying the
presence and for measuring a layer of scale, of an electric sensor consisting of

interdigitated electrodes that monitors the state of cleanliness of pipes in the field
of food.

In the present description and in the following claims, the expression
“interdigitated electrodes” means a pair of comb-shaped electrodes mutually
arranged so that teeth of a first electrode of the pair are interspersed to the teeth
of a second electrode of the pair in the absence of mutual contact.

The measurement operation is carried out measuring the capacitance between
the electrodes, in other words detecting the variation of the dielectric constant
between the deposit and the surrounding liquid, induced by the growth of a layer
that removes the liquid from the electrodes. However, this method is not suitable
to discern between a layer of scale and another type of layer, the measurement of
capacitance not being distinctly influenced according to the nature of the layer.
In both cases, capacitance decreases as the thickness of the layer increases.

The document US 6,891,606 describes an optical instrument for real time
measurement of a layer of scale in petroleum pipelines. The detection and
measurement of the thickness are carried out by measuring the refractive index
of the surface subject to change as a function of the formation of scale. This
method, in addition to being implementable solely through costly
instrumentation, is also unsuitable to discern between a layer of scale or a layer
of another type, the measurement of the refractive index not being specifically
and distinctly influenced according to the organic or inorganic nature of the
layer.

The document US 2011/0286492 describes a sensor based on the change of the
thermal conductivity properties of a sensitive element coated by scale. The
method for detecting and measuring the thickness based on measuring a change
in thermal conductivity is also unsuitable to discern between a layer of scale and
another type of layer.

The document WO 2016/097316 describes a sensor for measuring the growth rate
of biofilm in culture medium fluids, where the reactive part of the impedance
between the electrodes is measured, specifically operating at low frequencies to
detect the change of the capacitive part. This sensor is not suitable for the growth
of a layer directly in contact with the electrode, thus being difficult to use in
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dynamic environments in which the liquid medium flows on the surface. In
addition, as indicated with reference to the instrument described in EP 1376112,
the capacitive measurement does not allow to discern between a layer of scale or
a layer of another type, the capacitive measurement not being repeatable and
influenced in a significantly different manner according to the nature of the layer.

OBJECTS AND SUMMARY OF THE INVENTION

In light of the above, the problem underpinning the present invention is to
overcome the drawbacks of the prior art and in particular to devise a method for
detecting and measuring a layer deposited on a surface in contact with a liquid
medium that is able to discern among different types of deposit layer.

Within this problem, a purpose of the present invention is to provide a method
for detecting and measuring a layer deposited on a surface in contact with a
liquid medium that makes it possible to intervene in a targeted manner to
contrast or, as the case may be, to promote the deposit of a layer of each type.

According to a first aspect, the invention thus relates to a method for detecting
and measuring a layer deposited on a surface in contact with a liquid medium
comprising the steps that consist of:

- positioning at least one pair of electrodes arranged at a mutual distance D on
the surface in contact with a liquid medium;

- sending to the at least one pair of electrodes a signal having signal frequency f;
and

- sensing the impedance between the at least one pair of electrodes,

characterized in that the signal frequency is chosen so as to measure the resistive
part of the impedance, the signal frequency being greater than or equal to the
zero frequency given by the double layer capacitance and by the resistance of the
liquid medium in which the measurement takes place.

The Applicant observed that performing the measurements at a frequency that
falls within the specific range of frequencies in which the resistive component of
the measured impedance prevails, allows not only to detect and measure the
deposit of inorganic layer (for example scale) or biological layer (for example
biofilm), but at the same time makes it possible to discern the type of deposit.
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Specifically, the Applicant surprisingly discovered that the resistivity induced by
a biological layer has an inverse behaviour with respect to the behaviour of an
inorganic layer.

The Applicant observed that as the thickness of the inorganic layer grows its
resistivity increases, while as the thickness of the biological layer grows the
conductivity of the related organic matrix increases, thus determining an overall
decline in resistivity.

The Applicant thus considered carrying out the measurements an appropriately
selected measurement frequency, so as to make it possible to measure the
resistance of the liquid medium and in this way investigating the contrast
between the conductivity of the liquid and that of the deposit.

In particular, the Applicant found the link between the range of frequencies
suitable to carry out the resistive measurement and the particular measurement
configuration, determined both by the geometry of the measurement instrument,
and by the electrochemical characteristics of the interface between electrodes and
liquid medium in which the measurement takes place.

This range of frequencies allows to carry out measurements of the resistive
component of impedance and thus, through a single instrument, both to measure
the thickness of the layer, and to determine, as a function of the sign of the
measurement, whether said layer is inorganic or biological.

In this way it is advantageously possible to identify the nature of the deposit,

thus allowing to intervene in a targeted manner.

The present invention can have at least one of the preferred characteristics that
follow, the latter can in particular be combined at will to meet specific application
requirements.

According to a second aspect, the invention relates to a sensor for the detection
and measurement of a layer deposited on a surface in contact with a liquid
medium comprising at least one pair of electrodes arranged at a mutual distance
and an electronic processing unit to which the at least one pair of electrodes is
connected, the electronic processing unit comprising electronic processing means
configured to implement the detection and measurement method described
above.
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Advantageously, the detecting and measuring sensor according to the invention
achieves the technical effects described above in relation to the detection and
measurement method.

Preferably, the signal frequency f is higher by at least a factor k than the zero
frequency fo, the factor k being greater than or equal to 8.

Still more preferably, the factor k is greater than or equal to 10.

The Applicant has advantageously identified that for signal frequencies higher
than the zero frequency by factor of at least 8 or, preferably, of at least 10, an
accurate and correct measurement of the resistive part of the impedance is
reliably assured.

Preferably, the electrodes of the at least one pair of electrodes are arranged with
flat and parallel faces spaced apart by a distance D and the signal frequency f is
equal to:

k

I = Zmope,

with p equal to the electric resistivity of the liquid medium in which the
measurement takes place and Cp equal to the specific capacitance of the
electrochemical interface between the electrodes and the liquid medium.

Preferably, at least a first and a second measurements of the resistive component
of the impedance Z are performance, the first measurement of the resistive

component being a reference measurement.

In this way it is advantageously possible to recognise whether and what type of
deposit is accumulating on the electrodes. If, in the absence of other
interventions, a positive different is observed between the reference value and
the measurement value, there is an accumulation of inorganic layer. Otherwise,

a negative change is an indication of an accumulation of biological layer.
More preferably, also included are the steps that consist of:

- activating the release control of chemical agents for the treatment of inorganic
layers when the second measurement of the resistive component is greater than
the reference measurement of the resistive component;
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- activating the release control of chemical agents for the treatment of biological
layers when the second measurement of the resistive component is less than the

reference measurement of the resistive component.

Advantageously, the information about the nature of the deposit layer allows to
drive the release of a chemical agent rather than another. For example if reducing
the thickness of the deposit layer is required, the release of acid is driven for
inorganic deposits, while disinfectant is released for deposits of a biological
nature.

Still more preferably, the release control of chemical agents for the treatment of
inorganic and/or biological layers comprises:

- detecting the thickness of an inorganic deposit layer and/or of a biological
deposit layer through a resistive measurement of the liquid medium;

- controlling the release of chemical agents based on the detected thickness.

The measurement of the thickness of the deposit layer, in addition to the
information on the type of deposit, advantageously allow to implement a series
of control logics directed, according to the case, at maintaining the thickness of
the layer below or above respective threshold values.

Preferably, the at least one pair of electrodes comprises a plurality of pairs of
electrodes, the electrodes of each pair of electrodes being arranged at a mutual
distance different from the other pairs of electrodes.

This peculiar configuration of the electrodes advantageously allows to carry out
the measurement of a plurality of ranges of thicknesses of the deposit layer,
expanding the spectrum of applicability of the sensor, while maintaining a high

degree of measurement precision.

Preferably, further provided is at least one pair of reference electrodes treated so
as to prevent the growth of deposits on the same.

Advantageously, the pair of reference electrodes allows to carry out a reference
measurement on the basis of which the actual measurements are compared to
recognise the nature of the deposit.

Preferably, the at least one pair of electrodes is positioned on a substrate of
electrically insulating material, preferably of the flexible type.
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In a wholly advantageous manner, the insulating and flexible substrate allows to
apply the sensor substantially on any type of surface, be it smooth, curve,

conductive or otherwise.

Preferably, the at least one pair of electrodes is of the type with interdigitated
electrodes.

With this geometry, the Applicant advantageously observed that the link
between the change in ionic resistance and the thickness of the deposit is linear,
thus also allowing a quantitative measurement of the thickness.

With this geometry, the change in the distance between the electrodes allows to
adjust the sensor to the thickness of the deposit to be measured, always assuring
adequate measurement accuracy. In particular, the Applicant verified the ability
to detect deposit layers a few micrometres thick with a distance between the
electrodes of 10 and 5 microns.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present invention will be more evident
from the following detailed description of certain preferred embodiments thereof
made with reference to the appended drawings.

The different features in the individual configurations may be combined with
one another as desired according to the preceding description, should there be
advantages specifically resulting from a specific combination.

In such drawings,

- Figure 1 is a schematic view of a sensor configured to implement the
method for detecting and measuring a layer deposited on a surface in contact
with a liquid medium according to the present invention;

- Figure 2is a partial, schematic cross section view of the sensor of figure
1;

- Figure 3 is a chart that shows impedance as a function of signal frequency;

- Figures 4a and 4b are charts of the resistive component of impedance as a
function of the deposit layer in case of respectively inorganic and biological
deposit;
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- Figure 5 is a schematic representation of a first preferred embodiment of the
electrodes used in a sensor configured to implement the method according to the

present invention;

- Figure 6 is a schematic representation of a second preferred embodiment of the
electrodes used in a sensor configured to implement the method according to the

present invention;

- Figure 7 is a schematic representation of a third preferred embodiment of the
electrodes used in a sensor configured to implement the method according to the

present invention;

- Figure 8 is a schematic representation of a fourth preferred embodiment of the
electrodes used in a sensor configured to implement the method according to the

present invention;

- Figure 9 is a flowchart of the method for detecting and measuring a layer
deposited on a surface in contact with a liquid medium according to the present

invention.
DETAILED DESCRIPTION OF THE INVENTION

For the illustration of the drawings, use is made in the following description of
identical numerals or symbols to indicate construction elements with the same
function. Moreover, for clarity of illustration, certain references may not be
repeated in all drawings.

While the invention is susceptible to various modifications and alternative
constructions, certain preferred embodiments are shown in the drawings and are
described hereinbelow in detail. However, it is to be understood that there is no
intention to limit the invention to the specific embodiment illustrated, rather, on
the contrary, the invention intends to cover all the modifications, alternative
constructions, and equivalents that fall within the scope of the invention as
defined in the claims.

The use of “for example”, “etc.”, “or” indicates non-exclusive alternatives
without limitation, unless otherwise indicated. The use of “comprises” and
“includes” means “comprises or includes, but not limited to”, unless otherwise

indicated.
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With reference to figure 1, a first preferred embodiment is shown of a sensor
configured to implement the method for detecting and measuring a layer
deposited on a surface in contact with a liquid medium according to the present
invention, designated in its entirety with the numeral 10.

The detection and measuring sensor 10 comprises at least one pair of electrodes
11 positioned on a substrate 12 of electrically insulating material. The electrodes
11 are connected to an electronic processing unit 13 comprising processing means
14 configured to implement the detecting and measuring the method according
to the invention.

The set consisting of the substrate 12 and of the electrodes 11 is constructed so as
to allow thereon the deposit of a layer 20, be it for example biofilm or a layer of
scale.

The electronic processing unit 13 is configured conventionally for the
measurement of the impedance Z between the electrodes 11.

Specifically in the preferred embodiment, the electronic processing unit 13
comprises a lock-in vectorial demodulator (not illustrated in detail).

Also provided is a sinusoidal voltage generator (not shown) to drive a first
electrode 11, whose amplitude is appropriately selected to avoid undesired
electrochemical phenomena at the interface between electrode 11 and solution
(typically 20-100 mV).

Lastly, a circuit for reading the current is provided (not shown), connected to the
second electrode 11. In addition, a transimpedance circuit (not shown) converts
current into voltage. Said voltage is applied to the demodulation circuit that
extracts the real part of the detected admittance (Y =1/Z).

The processing means 14 are configured to generate a measurement signal
having frequency f, which is transmitted to the electrodes 11 to detect the
impedance Z generated by the liquid medium and by the layer 20 at the
determined measurement frequency f.

In general, the impedance of the deposit layer 20 can be represented through the
equivalent circuit shown in Figure 2. It comprises at least a capacitive part C and
a resistive part R, resulting in a total impedance that varies as a function of the
measurement frequency f, of the relative distance D between the electrodes, as
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well as of the electrochemical characteristics of the interface between the
electrodes and the liquid medium in which the measurement takes place.

Figure 3 shows a typical pattern of impedance Z as a function of the measurement
frequency f at equal remaining measurement conditions. As can be inferred from
said layer, the capacitive component of impedance Z is prevalent at low
frequencies, while beyond a determined so-called zero frequency fo, the resistive
component R of the impedance Z.

Therefore, to carry out a measurement of the resistive component R of impedance
Z it is necessary to operate at a frequency that is higher than or equal to the zero
frequency fo.

The zero frequency fo is given by the double-layer capacitance (CpL) and by the
resistance of the liquid medium in which the measurement is carried out (Rsot).

The double-layer capacitance (Cpr) is equal to the product of the surface area of
the electrodes 11 times the specific capacitance Co of the electrochemical interface
that depends on the type of medal whereof the electrodes 11 are made and on ion
concentration in the liquid medium.

To obtain an even more accurate measurement, it is advantageous to operate at
a frequency that is higher by at least a factor k than the zero frequency fo, with k
> 8, or preferably, with k > 10.

To carry out a measurement of the resistive part R of impedance Z, the
measurement frequency f must therefore satisfy the following algorithm:

> fo

B 21Rs01Cp1 B 21Rs01Cp1

In the case of electrodes arranged, as in Figures 1 and 2, with flat and parallel
faces spaced apart by a distance D, the signal frequency suitable to assure a
measurement of the resistive part of the impedance is equal to:

k

I = Zmope,

In the case of electrodes with different geometry, resistance RsoL is estimated by
means of the cell constant b(D), i.e. a factor that depends on geometry and
linearly ties resistance to resistivity: RsoL = p-b(D). Therefore, signal frequency is
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determined by the following algorithm:

k

R

In all cases, as D grows, resistance RsoL increases and hence the signal frequency
f suitable for detecting the resistive part R of the impedance Z decreases.

In case of coplanar electrodes, such as those of Figures 1 and 2, D is selected of
comparable length with the thickness of fouling to be measured because 95% of
the field lines extend vertically within a thickness equal to D.

The cell constant can be estimated by means of conformal maps. For example, in
case of potable water, indicatively p = 750uS/cm, from which the zero frequency
fo is approximately 10° kHz, as shown in Figure 3, and the signal frequency f is
preferably selected f > 1MHz.

Increasing D, the signal frequency f that assures the detection of the resistive part
R of impedance Z is reduced correspondingly, remaining nonetheless typically
between 10kHz and 10MHz.

The Applicant surprising discovered that carrying out measurements with signal
frequency f that satisfies the above algorithm, and thus detecting the resistive
part of the impedance Z, it is possible to detect opposite behaviours depending
on whether the deposit layer is biological (biofilm) or inorganic (scale).

This discovery was validated through the following experimentation.

Bacteria were made to grow in a reactor specifically made produced to speed up
and control biomass growth in a solution in which the electrodes 11 were also
submerged.

With regard to fouling as a result of the formation of scale on the electrodes 11, a
protocol for the controlled deposition of calcium carbonate was defined, applied
to solutions into which the electrodes 11 were submerged.

Coplanar electrodes, microfabricated by gold lithography on glass substrate,
were used, characterised by a distance D = 10 micron, a total sensitive surface
area of approximately 1cm?, with zero frequency fo equal to approximately
70kHz (Figure 3) in potable water (with resistivity of approximately 750uS/cm).



10

15

20

25

30

WO 2019/097333 PCT/IB2018/058373

-12 -

In this case, the adopted measurement frequency is f = 2 Mhz (hence with k = 28).

The thickness of the biofilm grown on the electrodes 11 or of the layer of scale
deposited was measured with an atomic force microscope (AFM). In this way it
was possible to correlate the change in the measured resistance of the solution
with the thickness of the deposit.

As shown in Figures 4a and 4b, said correlation is linear in both cases, for
thicknesses between 3 and 8 micron. For scale (Figure 4a), the derivative is
positive: as the layer of fouling increases, the resistance that hinders ion motion

increases.

Instead, surprisingly, in the case of biofilm (Figure 4b), the derivative is negative:
as thickness grows, resistance decreases. This effect was ascribed by the
Applicant to the presence of an extracellular matrix consisting of organic
polymers (known by the acronym EPS) which surrounds the bacteria allowing
the formation of a structured colony; said matrix is enriched with a high number
of ions that produce a local increase in conductivity.

The different effect of the growth of the layers of a biological or chemical nature
on the measured resistance therefore makes it possible not only to measure the
thickness of the deposit layer, but also to discern its nature.

Figure 5 shows a preferred embodiment of the electrodes 11 of the detection and
measuring sensor 10, embodied as interdigitated electrodes. The interdigitated
electrodes 11 are borne on a flexible substrate 12 so they can be applied to a
curved surface, for example the inner surface of a pipe 30, as shown in Figure 5.

Figure 6 shows an additional preferred embodiment of the electrodes 11 of the
detection and measuring sensor 10, embodied as interdigitated electrodes in this

case as well.

In particular, four pairs of electrodes 11 are advantageously provided,
respectively positioned at different mutual distances D, so as to be able to carry
out the measurement of a plurality of intervals of thicknesses of the deposit layer.

Figure 7 shows another preferred embodiment of the electrodes 11 of the
detection and measuring sensor 10, of the spiral pair type.

According to this embodiment, the two electrodes develop parallel, separated by
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a distance D, each delineating a spiral that covers the sensitivity area.

Figure 8 shows yet another preferred embodiment of the electrodes 11 of the
detection and measuring sensor 10.

In the embodiment of Figure 8, advantageously, two groups of electrodes 11 are
provided of which a first group 15 is treated so as to prevent the growth of
deposit on the same (for example through constant cleaning) and serves as a
reference, while a second group of electrodes 11 is such as to allow the growth of
deposit on the same.

The measurement carried out through the first group of electrodes 15 provides a
reference value, allowing to interpret the measurement of the second group of
electrodes directly, with no need to carry out a differential measurement taken at
two different times.

The method 100 for detecting and measuring a layer deposited on a surface in
contact with a liquid medium according to the present invention is illustrated in

Figure 9 and, in general terms, it comprises:

- a first step 110 of measuring the resistive part of the impedance of a solution, in
which a layer of deposit, be it inorganic or biological, may have formed;

- a second step 120 in which, on the basis of the measurements carried out, the
type and/or the thickness of a layer of deposit present in the solution are

determined;

- a third step 130 (optional), in which, according to the type of deposit layer and
to the measured thickness, the release of appropriate chemical agents is
controlled.

The first measuring step 110 generally comprises the steps that consist of:

- positioning at least one pair of electrodes arranged at a mutual distance D on
the surface in contact with a liquid medium;

- sending to the electrodes a signal having signal frequency f;
- sensing the impedance between the at least one pair of electrodes 11.

According to the invention, the signal frequency f is selected so as to be greater
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by at least a factor k than the zero frequency fo given by the double-layer
capacitance (Cpr) and by the resistance of the liquid medium in which the
measurement is carried out (Rsor), with k > 10.

The second step 120 of interpreting the measurements carried out in the previous
measuring step 110 is based on the fact that, if when carrying out for example a
plurality of measurements at different time intervals, a change in resistivity is
detected, it is possible to recognise which type of deposit is accumulating on the
electrodes on the basis of the sign of the variation. In the absence of other
interventions, if the sign of the variation is positive, it is an accumulation of
inorganic layer. Otherwise, a negative change is an indication of an accumulation
of biological layer.

In case of electrodes 11 embodied as in Figure 6, to each pair of electrodes is fed
a signal having signal frequency f that satisfies the indicated algorithm. In
particular, the pairs of electrodes 11 that are most distant from each other, are fed
with correspondingly lower signal frequencies so as to ensure that the resistive
part of the impedance is always detected.

In case of electrodes 11 embodied as in Figure 8, the measurement obtained from
the first group of electrodes 11 treated so as to prevent deposit from growing
thereon serves as a reference, allowing to understand with a single measurement
whether it is a layer of biological or inorganic deposit.

The third step 130 of controlling the release of chemical agents as a function of
the measurements obtained and of the specific applications can vary according
to the applications.

In case of inorganic deposit that serves as a protective layer of the surface on
which it grows, for example for asbestos cement pipes in order to prevent the
release of asbestos fibres or to inhibit the corrosion of metal surfaces, the release
of chemical substances that promote the growth of the deposit is regulated.

If the thickness of the deposit declines below a minimum value, the release of the
chemical substances that promote growth is increased. Otherwise, if the thickness
exceeds a maximum value, the release of chemical substances is reduced or
interrupted to limit the operating costs of the plant.

In case of inorganic and/or organic deposit that could for example compromise
the good operation of a water supply network or corrode a metal surface, the
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release of washing substances (for example acid) and/or disinfecting substances
is regulated according to the type of deposit.

In typical water pipeline applications, the release of chemical substances is also
regulated on the basis of the measured thickness of the deposit relative to a
maximum threshold value.

If a growth of biological layer above a determined maximum threshold value is
identified, the release of disinfectant is initiated. If, on the contrary, a growth of
inorganic layer (scale) above a determined threshold is identified, the release of
acid is initiated.

In industrial applications, the release can be continuous or discontinuous,
according to the particular application. In case of discontinuous releases for
periodic cleanings of the circuits in which the liquid flows, at the end of the
release of chemical substances, a step of rinsing the circuit follows; the dosages
of chemical substances, the duration of the steps of dosage (cleaning) and of
subsequent rinsing are a function of the attainment of a threshold value of the
deposit thickness.
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CLAIMS

1. Method (100) for detecting and measuring a layer deposited on a
surface in contact with a liquid medium, comprising the steps of:

- positioning at least one pair of electrodes (11) on the surface in contact with a
liquid medium, the electrodes (11) being arranged at a mutual distance (D);

- sending to the at least one pair of electrodes (11) a signal having signal
frequency (f); and

- sensing the impedance (Z) between the at least one pair of electrodes (11)

characterized in that the signal frequency (f) is chosen so as to measure the
resistive part of the impedance (Z), the signal frequency (f) being greater or equal
to the zero frequency (fo) given by the double layer capacitance (CpL) and by the
resistance (RsoL) of the liquid medium in which the measurement takes place.

2. Method (100) for detecting and measuring according to claim 1,
wherein the signal frequency (f) is greater at least by a factor (k) than the zero
frequency (fo), with the factor (k) being greater than or equal to 8.

3. Method (100) for detecting and measuring according to claim 2,
wherein the factor (k) is greater than or equal to 10.

4. Method (100) for detecting and measuring according to any one of
claims 1 to 3, wherein the electrodes (11) of the at least one pair of electrodes (11)
are arranged with flat and parallel faces spaced apart by a distance (D) and the
signal frequency (f) is equal to:

_k
~ 2mpDC,

f

with p equal to the electric resistivity of the liquid medium in which the
measurement takes place and Cp equal to the specific capacitance of the
electrochemical interface between the electrodes and the liquid medium.

5. Method (100) for detecting and measuring according to any one of the
preceding claims, wherein at least a first and a second measurement of the
resistive component of the impedance (Z) are performed, the first measurement

of the resistive component being a reference measurement.
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6. Method (100) for detecting and measuring according to claim 5,
further comprising the steps of:

- activating the release control of chemical agents for the treatment of inorganic
layers when the second measurement of the resistive component is greater than

the reference measurement of the resistive component;

- activating the release control of chemical agents for the treatment of biological
layers when the second measurement of the resistive component is less than the

reference measurement of the resistive component.

7. Method (100) for detecting and measuring according to claim 6,
wherein the release control of chemical agents for the treatment of inorganic
and/or organic layers comprises:

- detecting the thickness of an inorganic deposit layer and/or of a biological
deposit layer through a resistive measurement of the liquid medium;

- controlling the release of chemical agents based on the detected thickness.

8. Sensor (10) for the detection and measurement of a layer deposited on
a surface in contact with a liquid medium comprising at least one pair of
electrodes (11) arranged at a mutual distance (D) and an electronic processing
unit (13) to which the at least one pair of electrodes (11) is connected, the
electronic processing unit (13) comprising electronic processing means (14)
configured to implement the detection and measurement method according to
any one of the preceding claims.

9. Detection and measurement sensor (10) according to claim 8, wherein
the at least one pair of electrodes (11) comprises a plurality of pairs of electrodes
(11), the electrodes of each pair of electrodes (11) being arranged at a mutual
distance different from the other pairs of electrodes (11).

10. Detection and measurement sensor (10) according to claim 8 or 9,
further comprising at least one pair of reference electrodes (15) treated so as to
prevent the growth of a deposit on the same (15).

11. Detection and measurement sensor (10) according to any one of claims
8 to 10, wherein the at least one pair of electrodes (11) is arranged on a substrate
(12) made of electrically insulating material, preferably of the flexible type.
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12. Detection and measurement sensor (10) according to any one of claims
8 to 11, wherein the at least one pair of electrodes (11) is of the type with coplanar

interdigitated or spiral electrodes.
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