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Abstract

The present invention relates to a device for detecting deposits in a
reflection area inside a liquid-bearing system comprising an ultrasonic transducer
for emitting an ultrasonic emission signal towards the reflection area and a first
detection means for detecting an ultrasonic reflection signal obtained by
reflection of the ultrasonic emission signal in the reflection area, wherein a

second detection means is disposed in the reflection area, the second detection

means being configured to detect a specific kind of deposit.
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DESCRIPTION

Device and method for detecting and analyzing deposits

BACKGROUND

[0001] The present invention relates to a device and a method for detecting and analyz-

ing deposits.

[0002] Industrial plants, like power plants, steel mills, pulp or paper making plants, usu-

ally comprise means for conducting or storing fluids, e.g. pipe lines or fiuid containers. ltis a

known issue that organic and inorganic matter deposits on the inner walls of these means for

conducting or storing fiuids, whereby an accumulation of fouling or scaling deposits at least
partially blocks the flow through the conducting means. In this way, conducted or stored fiu-
ids may become contaminated. This is an unwanted occurrence that causes a number of
operational problems such as plugging of equipment, inefficient usage of chemicals, in-

creased utility costs, lost production due to downtime, corrosion, and downgraded products

from increased dirt counts.

[0003] In principle, one can distinguish between fouling deposits on the one hand and
scaling deposits on the other hand. Fouling deposits are organic deposits which often occur
in the form of biofilms in agueous systems. Such biofilms substantially consist of micro-
organisms, e.g. bacteria, algae, fungi and protozoa. Contrary thereto, scale depositions oc-
cur from inorganic matter that have been identified include e.g. complexes of calcium (car-
bonate, oxalate, sulfate, silicates), aluminum (silicates, hydroxides, phosphates), barium sul-

fate, radioactive radium sulfate, and silicates of magnesium.

[0004] Industrial plants usually comprise multiple functional units, like boiler, heat ex-
changer, condenser, mixer, for instance. These multiple functional units are connected to

each other, in particular in series and/or in parallel, via connection pipes and the like.

(00035} A problem of known devices for measuring fouling or scaling deposits in an in-
dustrial plant is that it is difficult to install suchlike measuring devices inside of the functional
units because of e.g. limited installation space or excessively elevated temperatures inside
the functional units. Consequently, the devices are provided usually at or in the connecting
pipes between the functional units, even though the temperatures inside of the functional

units are regularly higher than in the connecting pipes, in particular when the functional unit
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comprises e.g. a boiler. This is disadvantageous for the quality of the measurements be-
cause higher temperatures increase the growth of fouling, so that there is frequently a higher
accumulation of deposits inside the functional units than inside of the connection pipes. Con-
sequently, the results measured in the connecting tubes are falsified and the thickness of

deposits in the relevant areas cannot be accurately determined.

[0006] In order to avoid the accumulation of fouling deposits and in particular the growth
of biofilms, biocides are added into the fluid concerned as countermeasures. Scaling depos-
Its can be removed by adding chemical deposit confrol agents based on homopolymers, co-

polymers and terpolymers of acrylic acid, methacrylic acid, maleic acid and aspartic acid.

Furthermore the chemical deposit control agents can be based on organic phosphonates and

their derivatives, as well as on polyphosphates. The dosage of these biocides and chemical
deposit control agents has to be accomplished very carefully and conservative because they

are very expensive and pose a health hazard.

SUMMARY

[0007] it is therefore an object of the present invention to provide a device and a method
for detecting depaosits in order to allow for an economically and ecologically improved treat-
ment of the liquid bearing system. For ecological and economic reasons, it is theraby desira-
ble to reduce the dosage of the biocides and/or chemical deposit control agents to a mini-

MmLm.

[0008] The object of the present invention is achieved by a device for detecting deposits,

In parficular fouling and/or scaling deposits, in a reflection area inside a liquid-bearing system

comprising an ultrasonic transducer for emitting an ultrasonic emission signal towards the
reflection area and a first detection means for detecting an ultrasonic reflection signal ob-
tained by reflection of the ultrasonic emission signal in the reflection area, wherein a second
detection means is disposed in the reflection area, the second detection means being con-

figured to detect a specific kind of deposit.

[0009] According to the present invention, it is thereby advantageously possible to dis-
tinguish a specific kind of deposit from another kind and to quantify the specific kind of de-
posit which has been detected by the second detection means. In particular, the specific kind
of deposit may be one of scaling or fouling deposit, organic ar inorganic deposit, biotic or
abiotic deposit, living or dead deposit. A deposit is considered “alive” or “living” when the
deposit contains organisms with signaling and self-sustaining processes. Otherwise, the de-
posit is considered “dead” or “inanimate”, if such signaling and self-sustaining processes are
not detectable, if such functions have ceased and/or if the constituents of the deposit lack
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such functions. The first detection means allows for the analysis of the deposit in the reflec-
tion area in order to characterize the physical properties such as softness of the deposit, spa-
tial extension of the deposit in the reflection area parallel and perpendicular to the traveling
direction of the reflection signal. Hereby, it is in particular advantageously possible to quantify
the deposit. Additionally, the second detection means allows for the detection of a specific
kind of deposit, which means that a specific kind of deposit is distinguishable from another
specific kind of deposit. In particular, it is herewith possible to detect if the deposit is living -
which means that the deposit may be for example a biofilm consisting of living organisms - or
dead or inanimate, where the latter refers to at least one of dead organisms, inanimate bio-
material or other non-living organic or inorganic substances. Combining the analysis of the
physical properties obtained from the first detection means with the analysis of the second
detection means, in particular regarding the distinction of the specific kind of deposit from
other kinds of deposits and/or their liveliness, allows for the characterization of the specific
kind of deposit. Such a characterization includes, for example, the identification and quantifi-
cation of the specific kind of deposit. Herewith, the fouling and/or scaling deposits can be
detected in a timely and reliable fashion. The combined effect of detecting, both, the specific
kind of deposit and the physical properties of the deposit is that it is possible to perform a
targeted treatment of the liquid bearing system such that certain requirements on purity
standards on the liquid bearing system are fulfilled. In particular, the treatment of the liquid
bearing system can be targeted to the specific deposit such that the accumulation of fouling
deposits, in particular the growth of biofilms, is efficiently avoided. Additionally, the ad-
vantage of providing the device with, both, the first detection means and the second detec-
tion means as described above over a device with only a second detection means is that it is
possible to detect a deposit also in the case when the deposit is dead. With the treatment
being targeted to the deposit it is therefore possible to perform the treatment in an economi-
cally as well as ecologically effective fashion. Thereby the protection of the environment can
be improved, whereas the costs of treatment of the liquid bearing system can be considera-

bly reduced at the same time. Also, for ecological reasons, it is possible according to the
present invention to reduce the dosage of the biocides and/or chemical deposit control

agents to a minimum.

[0010] In particular, the wording “deposits” in the sense of the present inventions stands
for any kind of organic or inorganic contaminants and deposits that occurs in liquid-bearing
systems, like e.g. circuits, pipes or containers. Suchlike deposits occur e.g. in the form of
films (also called "fouling"). These are formed primarily in agueous systems at the interface
with a solid phase. In case of micro-organisms caused films, they consist of a slimy layer in
which micro-organisms (e.g. bacteria, algae, fungi, and protozoa) are embedded. As a rule,
these films contain, other than the micro-organisms, primarily water and extra-cellular poly-
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meric substances exuded by the micro-organisms which, in conjunction with the water, form
hydro-gels and contain other nutrients or substances. Often, particles are included in the
resulting slimy matrix that is found in the aqueous medium adjacent the interface. The films
which occurs e.g. in papermaking plant are characterized by the fact that it contains a high
proportion of fibers, fine substances, and inorganic pigments that are bound by the organic
matrix. Such films typically are accompanied by protective exopolysaccharides ("slime”, EPS)
of microbiological sources and occur at the interface of these equipment surfaces and pro-
cess water streams. Additionally, inorganic contaminants, such as caicium carbonate
(“scale”) and organic contaminants often deposit on such surfaces. These organic contami-

nants are typically known as "pitch” (e.g., resins from wood) and "stickies" (e.g., glues, adhe-

sives, tape, and wax particles).

According to a preferred embodiment of the present invention, the second detection means
is at least one of electrochemical biosensor, optical biosensor, electronic biosensor, piezos-
lectric biosensor or gravimetric biosensor or other biosensor. A biosensor typically consists of
a biological transducer or bio-transducer, for example having a bio-recognition component
such as a receptor. The biological transducer interacts with a biological component such as 2
living cell of the deposits. Thereby, it is advantageously possible to recognize, for example,
the kind of deposit via the detection of the electrochemical activity of the deposits. In this way
it is possible to determine whether the deposit comprises living organisms. The biological
transducer then generates a detection signal, for example a liveness detection signal com-
prising information about whether the deposits contain living organisms. In particular the
liveness detection signal is generated depending on an interaction between the deposits and
a receptor of the biological transducer. The detection signal is then further processed by an

electronic system of the biosensor. Thus, it is advantageously possible to determine a cover-

ing level of the deposits in the reflection area and/or to determine the liveness of the deposits

in the reflection area.

[0011] According to a preferred embodiment of the present invention, the second detec-
tion means is configured to generate a liveness detection signal comprising liveness-
information about the depaosits. It is herewith advantageously possible {o determine a cover-
ing level of the deposits in the reflection area and/or to determine the liveness of the deposits

in the reflection area, whereby at the same time the physical properties of the deposit may be
analyzed using the first detection means. It is thus advantageously possible to distinguish a
specific kind of deposit from other kinds of deposits. For example, it is possible to determine
if the deposit is a living deposit, for example a biofilm in the liguid bearing system. The
liveness information comprises information about whether the specific kind of deposit, in par-
ticular the biofilm, comprises living organisms. The combined information - the physical prop-
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erties of the biofilm and whether the biofilm comprises living organisms - allows for a targeted

treatment of the liquid bearing system.

[0012] According to a preferred embodiment of the present invention, the device com-
prises an analyzing unit configured fo determine, depending on the liveness detection signal,
a covering level of the deposits in the reflection area and/or the liveness of the deposits in
the reflection area. It is herewith advantageously possible to operate the device In different
operation modes. For example, the analyzing unit may indicate the reaching of a given bio-
film covering level in a threshold mode, whereas the whole development of bacterial covering
in the reflection area may be monitored in a measuring mode. Thereby it is advantageously
possible to monitor a biofilm in the liquid bearing system in real-time in order to allow for a

timely cleaning treatment of the liquid bearing system depending on the liveness detection

signal.

[0013] According fo a preferred embodiment of the present invention, the biosensor is
an electrochemical biosensor configured to generate the liveness detection signal depending
on a measured electrochemical activity of the deposits. It is herewith advantageously possi-
ble to provide a reliable detection of a specific kind of deposit, such as a biofilm. In particular,
it is herewith advantageously possible to determine whether the biofilm is living, i.e. compris-
es living organisms. In this way, it is possible to detect the specific kind of deposits, in partic-

ular the liveness of the deposits, with high sensitivity.

[0014] According to a preferred embodiment of the present invention, the analyzing unit
is configured to analyze the reflection signal in order to determine whether deposits are |o-
cated in the reflection area and/or to determine the type and/or the thickness of a layer of
deposits in the reflection area. It is herewith advantageously possible to measure physical
properties of the deposits, for example whether the deposit consists of comparatively soft or
hard matter, wherein the softness is typically quantified by the elastic modulus. The physical
properties of the deposits in the reflection area are determined by means of evaluating the
time-domain reflective signal of the reflection area. Moreover, it is possible to measure the
deposit covering in the reflection area. The measured distance is compared to a reference
distance which has been measured in an initial calibration measurement step without any
deposits onto the reflection area. Alternatively, a reference measuring unit may be employed
for this purpose. The difference between the measured distance and the reference distance
is a measure for the thickness of the deposition. The further advantage of providing the de-
vice with the first detection means in addition to the second detection means as described
above over a device with only a second detection means is that it is possible to detect a de-

posit also in the case when the deposit is dead.
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[0015] According to a preferred embodiment of the present invention, the device has a
first measuring unit comprising the ultrasonic transducer and the first detection means,
wherein the device has a second measuring unit comprising the second detection means
disposed in the reflection area, wherein the first measuring unit and the second measuring
unit are detachably connected to the liquid-bearing system in such a manner that the first
measuring unit and the second measuring units are located on opposite sides of the liquid-
bearing system. It is herewith advantageously possible to provide a device for the detection
of scaling and/or fouling deposits that can be flexibly employed in a wide variety of compo-
nents of liquid bearing systems, for example pipelines, wherein the costs of operation may be
considerably reduced. Furthermore, the detachable connection allows for easy exchange, for

example during maintenances of the liquid bearing system or the detection components.

[0016] According to a preferred embodiment of the present invention, the device has a
first reference measuring unit comprising a further ultrasonic transducer and a further first
detection means, wherein the device has a second reference measuring unit comprising a
further reflection area and a further second detection means disposed in the further reflection
area, wherein the analyzing unit is configured to determine properties of the deposits in the
reflection area depending on reference information provided by the first and/or second refer-
ence measurement unit. It is herewith advantageously possible to measure the distance by
comparing it to a reference distance which is measured in a calibration measurement step
using the first and/or second reference measuring unit without any deposits onto the reflec-
tion area. The real distance between the ultrasonic transducer and the reflective area chang-
es e.qg. with the temperature or the pressure inside the fluid vessel. Therefore, the current
distance between the ultrasonic transducer and the reflective area at the time of measure-
ment can be accurately defined by a simultaneous measured reference distance. Conse-
quently, the measurement of the thickness of the deposits does not comprise an unknown
offset depending on operational conditions, like pressure and temperature. In this way the

physical properties of the deposits may be determined with comparatively high sensitivity.

[0017] Another subject of the present invention is a method for detecting fouling and/or
scaling deposits in a reflection area inside a liquid-bearing system, comprising a first step of
emitting an ultrasonic emission signal towards the reflection area by an ultrasonic transducer,
a second step of detecting an ultrasonic reflection signal obtained by reflection of the ultra-
sonic emission signal in the reflection area by first detection means and a third step of de-

tecting a specific kind of deposit by a second detection means disposed in the reflection ar-

ea.

[0018] According to the present invention, it is thereby advantageously possible to com-

bine the analysis of the physical properties obtained from the first detection means with the

e s e v S ey SN A A e AN A



10

15

20

25

30

35

CA 02907584 2015-09-17

WO 2014/170395 7 PCT/EP2014/057796

analysis of the second deteclion means. In particular a distinction of the specific kind of de-
posit from other kinds of deposits can be made, which may include liveliness of the deposits.
The wording liveliness of the deposits includes the information whether the deposits consist
of living organisms such as bacteria. Thus, it is possible to characterize the specific kind of
deposit, which includes for example the identification and quantification of the specific kind of
deposit. Further, the fouling and/or scaling deposits can be detected in a timely and reliable
fashion. The combined effect of detecting, both, the specific kind of deposit and the physical
properties of the deposit is that it is possible to perform a targeted treatment of the liquid
bearing system such that certain requirements on purity standards on the liquid bearing sys-
tem are fulfilled. Additionally, the advantage performing the steps of, both, the determination
of physical properties of the deposits and the detection or identification of a specific kind of
deposit as described above over a method wherein only the specific kind of deposit is de-
tected is that it is possibie to detect a deposit also in the case when the deposit is dead. The
method according to the present invention allows for the combination of at least two different
measuring methods for the detection of scaling and/or fouling deposits, in particular of such
deposits contained in a fluid pipe of the liquid bearing system. This allows for an optimization
of the cleaning treatment of the fluid pipes. According to the second step, physical properties
such as the guantity determined from the thickness of the layer of deposits may be meas-
ured, wherein in the third step the specific kind of deposit probed in the second step may be
distinguished from other kinds of deposits in the third step. In particular, the second and third
step may be performed simultaneously. It is thereby particulary preferred to determine

whether the deposit is living, i.e. comprises living organisms.

10019] According to a preferred embodiment of the present invention, in the third step
the liveness of the deposits is detected by at least one of an clectrochemical biosensor, opti-
cal biosensor, electronic biosensor, piezoelectric biosensor, gravimetric biosensor or other
biosensor. It is herewith advantageously possible to detect biological features of the depos-
its, in particular such as whether the deposit is living or dead. In particular, it is possible to
determine whether the deposits contain living organisms and/or which type of living organ-
isms are included in the deposits. Such information may be employed to perform a target
specific cleaning treatment of the liquid bearing system, thereby reducing the dosage of bio-

cides and/or chemicals used during the cleaning treatment.

[0020] According to a preferred embodiment of the present invention, the liveliness de-
tection in the third step comprises a first detection step, wherein the deposits are recognized
by a biological transducer of the biosensor, a second detection step, wherein a liveness de-
tection signal is generated depending on an interaction between the deposits and a receptor

of the biological transducer, a third detection step, wherein the liveness detection signal is
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processed by an analyzing unit in order to determine a covering level of the deposits in the
reflection area and/or to determine the liveness of the deposits in the reflection area. it is
herewith advantageously possible to determine whether the deposits contain living organ-
isms and/or which type of living organisms are included in the deposits. Such information
may be employed to perform a target specific cleaning treatment of the liquid bearing sys-
tem, thereby reducing the dosage of biocides and/or chemicals used during the cleaning

treatment.

10021] According to a preferred embodiment of the present invention, in the second de-
tection means is an electrochemical biosensor, wherein in the third step an electrochemical
activity of the deposits is measured by the biosensor and the liveness detection signal is
generated depending on the measured electrochemical activfty of the deposits. It is herewith
advantageously possible to determine a covering level of the deposits in the reflection area
and/or to determine the liveness of the deposits in the reflection area, whereby the physical
properties of the deposit is analyzed at the same time. [t is thus advantageously possible to
distinguish a specific kind of deposit from other kinds of deposits. For example, it is possible
to determine if the deposit is a living deposit, for example a biofilm in the liquid bearing sys-
tem. The liveness information comprises information about whether the specific kind of de-
posit, in particular the biofilm, comprises living organisms. The combined information - the
physical properties of the biofilm and whether the biofilm comprises living organisms - allows
for a target specific cleaning treatment of the liquid bearing system. Thereby the dosage of
biocides and/or chemicals used during the cleaning treatment can be effectively reduced.

[0022] According to a preferred embodiment of the present invention, in the second
step, the reflection signal is analyzed by the analyzing unit in order to determine whether
deposits are located in the reflection area and/or to determine the type and/or the thickness
of a layer of deposits in the reflection area. It is herewith advantageously possible 10 meas-
ure physical properties of the deposits. For example it is possible to determine with such a
measurement whether the deposit consists of comparatively soft or hard matter. The soft-
ness or hardness may typically be quantified by the elastic modulus. The physical properties
of the deposits in the reflection area are determined by means of evaluating the time-domain
reflective signal of the reflection area. The physical properties of the deposits are determined

depending the running time of the ultrasound signal, the intensity of the reflection signal
and/or the frequency of the reflection signal compared to the frequency of the emission sig-
nal. The further advantage of providing the device with the first detection means in addition to
the second detection means as described above over a device with only a second detection

means is that it is possible to detect a deposit also in the case when the deposit is dead.
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[0023] According to a preferred embodiment of the present invention, in a fourth step,
the liquid of the liquid-bearing system is treated depending on the detected liveness of the
deposits, depending on the type and/or the thickness of a layer of deposits in the reflection
area and/or depending on whether deposits are located in the reflection area. It is herewith
advantageously possible to perform a treatment of the liquid bearing system being targeted to
the deposit in an economically as well as ecologically effective way. Thereby the protection of
the environment can be improved, whereas the costs of treatment of the liquid bearing system

can be considerably reduced at the same time.

[023a] In a broad aspect, moreover, the present invention relates to a device 1 for
detecting deposits 31 in a reflection area 20 inside a liquid-bearing system comprising an
ultrasonic transducer 10 for emitting an ultrasonic emission signal 12 towards the reflection
area 20 and a first detection means 10 for detecting an ultrasonic reflection signal 13 obtained
by reflection of the ultrasonic emission signal 12 in the refiection area 20, characterized in that
a second detection means 21 is disposed in the reflection area 20, the second detection
means 21 being configured to detect a specific kind of deposit 31, wherein the second
detection means 21 is configured to generate a liveness detection signal comprising liveness-
information about the deposits 31 and/or extracellular acidification information of the deposits
31 and/or information on a position dependent distribution of the deposits 31 along a plane of

main extension of a sensing surface 203 of the second detection means 21.

[023D] In another broad aspect, the present invention relates to a method for detecting
fouling and/or scaling deposits 31 in a reflection area 20 inside a liquid-bearing system,
comprising a first step of emitting an ultrasonic emission signal 12 towards the reflection area
20 by an ultrasonic transducer 10, a second step of detecting an ultrasonic reflection signali
13 obtained by reflection of the ultrasonic emission signal 12 in the reflection area 20 by first
detection means 10 and a third step of detecting a specific kind of deposit 31 by a second
detection means 21 disposed in the reflection area 20, wherein in the third step a liveness of
the deposits 31 is detected by at least one of an electrochemical biosensor, optical biosensor,

electronic biosensor, piezoelectric biosensor, gravimetric biosensor or other biosensor.

[0024] These and other characteristics, features and advantages of the present invention
will become apparent from the following detailed description, taken in conjunction with the
accompanying drawings, which illustrate, by way of example, the principles of the invention.
The description is given for the sake of example only, without limiting the scope of the

invention. The reference figures quoted below refer to the attached drawings.

CA 2907584 2018-03-22
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Figure 1 illustrates schematically a device for detecting scaling and/or fouling

deposits according to the present invention.

[0026] Figures 2 to 4 show schematically several embodiments of a second detection

means of a device according to the present invention.

DETAILED DESCRIPTION

[0027] The present invention will be described with respect to particular embodiments
and with reference to certain drawings but the invention is not limited thereto but oniy by the
claims. The drawings described are only schematic and are non-limiting. In the drawings, the

size of some of the elements may be exaggerated and not drawn on scale for illustrative pur-

poses.

[0028] Where an indefinite or definite article is used when referring to a singular noun,

e.g. “a’, “an’, “the”, this includes a plural of that noun unless something else is specifically

stated.

[0029] Furthermore, the terms first, second, third and the like in the description and in
the claims are used for distinguishing between similar elements and not necessarily for de-
scribing a sequential or chronological order. It is to be understood that the terms so used are

Interchangeable under appropriate circumstances and that the embodiments of the invention
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described herein are capable of operation in other sequences than described of illustrated

herein.

(0030] In Figure 1, a device 1 for detecting scaling and/or fouling deposits 31 according
to the present invention is illustrated schematically. The device 1 advantageously allows the
detection of deposits 31, in particular in fluid pipes 30, in liquid bearings systems, in particu-
lar in cooling circuits of industrial plants, like power plants, steel mills, pulp or paper making
plants. The liquid may flow along a flow direction 100 within a flowing pipe 30 of the liquid
bearing system. The detection of deposits 31 may include the measurement of physical
properties of the deposits 31 such as density, softness - in the sense of elastic modulus - of
the deposits 31 as well as the detection of specific kind of depaosits 31 such as organic, inor-
ganic, biglogical, non-biological, living or dead deposits 31. Thus, the device 1 allows a dis-
tinction of a specific kind of deposit 31 - such as a biofilm comprising living bacteria or other
organisms - from other deposits 31 - such as inorganic deposits 31 and furthermore allows
the determination of physical properties of the specific kind of deposit 31 at the same time.

[0031] The device 1 may be detachably connected to a fluid pipe 30 of the liquid bearing
system in order to detect scaling and/or fouling deposits 31 in a reflection area 20 inside a
inside the fluid pipe 30. The device 1 comprises an ultrasonic transducer 10 for emitting an
ultrasonic emission signal 12 towards the reflection area 20 and a first detection means 10
for detecting an ulirasonic reflection signal 13 obtained by reflection of the ultrasonic emis-
sion signal 12 in the reflection area 20. The ultrasonic transducer 10 and the first detection
means 10 may be either incorporated into one unit 10 or alternatively consist of separate
units, wherein one unit is configured to emit the ultrasonic emission signal 12 and the other
unit is configured to detect the ultrasonic reflection signal 13. Furthermore, the device 1
comprises a second detection means 21 for detecting a specific kind of deposit 31, wherein

the second detection means 21 is disposed in the reflection area 20. By disposing the sec-
ond detection means 21 in the reflection area 20 it is advantageously possible to detect the

same deposit 31, which is, in particular simultaneously, probed by the first detection means
10 by detecting the second reflection signal 13 in order to determine the physical properties
of the deposits 31. The second detection means 21 is in particular configured to generate a
detection signal comprising information which enable the distinction of the specific kind of
deposit 31 from other kinds of deposits 31. For example, the second detection means 21
may comprise a biosensor 21, in particular an electrochemical biosensor, optical biosensor,
electronic biosensor, piezoelectric biosensor, gravimetric biosensor andfor other biosensor.
In particular, the second detection means 21 or biosensor 21 is configured to generate a
liveness detection signal comprising liveness-information about the deposits. Additionally, the
device may comprise an analyzing unit 11 configured to determine, depending on the
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liveness detection signal, a covering level of the deposits in the reflection area and/or the
iveness of the deposits in the reflection area. It is particularly preferred according to the pre-

sent invention that the second detection means 21 comprises an electrochemical biosensor

21 configured to generate the liveness detection signal depending on a measured electro-

chemical activity of the deposits 31.

[0032] According to a preferred embodiment of the present invention the second detec-
tion means 21, and in particular the further second detection means 21', are configured to
detect whether the deposit 31, in particular the biofilm 31, is living or dead. For example, the
second detection means 21 comprises a biosensor having a biological transducer which
generates a second detection signal depending on an inferaction between a receptor of the
biological transducer and the deposits 31, in particular the biofilm or fouling deposits. The
ultrasound emission signal 12 and reflection signal 13 may alternatively be analyzed to de-
termine the velocity of the liquid in the liquid bearing system. The detection of the physical
properties, such as the density, of the deposit is based on an analysis of the reflection signal
13, which is being reflected from the reflection area 20. In particular, the deposits 31 in the
reflection area 20 may change the reflection signal 13, in particular the run-time, the intensity
and/or frequency of the reflection signal 13, as compared to the emission signal 12. It is
thereby advantagecusly possible to recognize the kind of deposits 31, i.e. whether the de-
posits 31 comprise organic or inorganic, biological or non-biological as well as living or dead
deposits 31. This enables the distinction of a specific kind of deposit 31 from other kinds of

deposits 31 and the determination of the amount of the specific kind of deposit 31 at the

same fime.

[0033] It is preferred according to the present invention, that the device 1 has a first ref-
erence measuring unit comprising a further ultrasonic transducer 10’ and a further first detec-

tion means 10’, and in particular a further analyzing unit 11’, wherein the device 1 has a sec-
ond reference measuring unit comprising a further reflection area 20" and a further second

detection means 21’ disposed in the further reflection area 20, wherein the analyzing unit 11
is configured to determine properties of the deposits 31 in the reflection area 20 depending
on reference information provided by the first and/or second reference measurement unit.
The further ultrasonic transducer 10’ is configured to emit a further ultrasonic emission signal
12’ towards the further reflection area 20°. The further first detection means 10" is canfigured
to detect a further ultrasonic reflection signal 13’ obtained by reflection of the further ultrason-
ic emission signal 12" in the further reflection area 20°. In this way, it is advantageously pos-
sible to measure the distance between the reflection area 20 and the ultrascnic transducer
10 by comparing it to a reference distance between the further ultrasonic transducer 10’ and
the further reflection area 20°. The further reflection area 20’ may thereby be kept clean from
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any deposits 31, for example by cleaning the further reflection area 20’ with the further emis-
sion signal 12' emitted by the further ultrasound transducer 10°. The real distance between
the ultrasonic transducer 10 and the reflection area 20 changes e.g. with the temperature or
the pressure inside the fluid pipe 30. Therefore, the distance between the ultrasonic trans-
ducer 10 and the reflection area 20 at the time of measurement can be accurately deter-
mined by the simultaneous measured reference distance described above. Consequently,
the measurement of the thickness of the deposits 31 does not comprise an unknown offset
depending on operational conditions, like pressure and temperature such that the physical
properties of the deposits 31 may be determined with comparatively high sensitivity.

[0034] In Figures 2 to 4 several embodiments of a second detection means of a device 1
according to the present invention are shown schematically. Preferably, the descriptions of
the embodiments described with reference to Figures 2 to 4 also apply to the further second
detection means 21'. Here, the second detection means 21 is a chemical imaging sensor 21,
which is herein also called microphysiometer 21 or light-addressable potentiometric sensor
(LAPS). Preferably, a semiconductor-based chemical imaging system 11, 21, which com-
prises an analyzing unit 11 and/or the second detection means 21, is configured to produce a
detection signal for visualization of a two-dimensional distribution of chemical species 31 or
deposits 31 in contact with a sensing surface 203 of the second detection means 21. Prefer-
ably, the chemical imaging system 11, 21 is integrated on a chip-card, preferably a wafer.

[0035] In Figure 2, the second detection means 21 has an electroiyte-insulator-
semiconductor (EIS) structure comprising a semiconductor substrate 201 and an insulating
means 202 disposed on the semiconductor substrate 201, in particular silicon. Preferably, a
direct current (dc) voltage is applied to the semiconductor substrate 201 by a voltage gener-
ating means 214 via a contact electrode 204', so that a depletion layer (not shown) is in-
duced in the substrate 201. In particular, it has been found that the depletion layer is de-
pendent on a surface potential at the sensing surface 203, which varies with a pH value of a
solution 200, preferably an electrolyte solution 200. The pH value is a measure for hydrogen
concentration or ionic concentration of the electrolyte solution. In particular, the solution in-
cludes the chemical species, here also called analytes 31 or deposits 31, in contact with the
sensing surface 203. Preferably, the second detection means 21 comprises a reference elec-
trode 204, which is in contact with the solution 200 and the contact electrode 204’, which is in
contact with the semiconductor substrate 201. Here, a capacitance of the depletion layer is
read out in the form of a photocurrent 204" (see Fig. 3), in particular an alternating current
(ac). Here, the photocurrent 204" is induced in the substrate 201 by illuminating the semi-
condugctor substrate 201 with a modulated light beam 210 of a light pointer 209, preferably a
laser 209. Here the modulated light beam 210 is a laser beam 210. In this way, the surface
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potential, and thus, the pH value or the ionic concentration of the solution is determined by
measuring a difference between a first potential measured by the reference electrode 204
and a second potential measured by the contact electrode 204’. Preferably, the measured

photocurrent 204" is amplified by an amplification means 205 and directed via an analog-to-

digital converting means 206 to a computing means 207.

[0036] Preferably, a focused laser beam 210 is generated by optical means 211, where-
in the optical means 211 are configured to scan the sensing surface 203 or sensing area
203. Preferably, the laser light source 209 is installed together with the optical means 211, in
particular a focusing optics beneath the sensor stage. Here the optical means 211 is config-
ured for positioning the laser beam 210 at each light point 208" in the sensing surface 203.
Herein, the light point 209", which is illuminated by the light pointer 209, is also called meas-
urement spot 209" (see Fig. 4). Preferably, the position of the Jaser beam 210 on the sensing
surface 203 is controlled by a controlling means 208, which operates the optical means 211
depending on a signal received from the computing means 208 and/or a feedback signal

from the optical means 211.

[0037] Preferably, the computing means 207 generates a voltage control signal 213,
which is in particular converted via a digital-to-analog converting means 212, for controlling
the dc voltage generated by the voltage generating means 214. Preferably, the applied dc
voltage and the position of the laser heam 210 are both controlied by the computing means
207, wherein the computing means 207 is configured for carrying out the measurement of
the photocurrent 204" in a synchronized manner. In particular, the photocurrent 204" is
measured at each measurement spot 209" separately, wherein preferably a map of the two
dimensional distribution of the chemical species 31 on the sensing surface 203 is generated
depending on the separate measurements at each measurement spot 209", It has been
found that the spatial resolution of the sensing system 21, 11 depends on several parame-
ters such as the thickness of the sensing plate 202, 202’ and the diffusion length of minority
carriers in the semiconductor 203. Preferably, the second detection means 21 is configured
to resolve a line pattern with a width of 1 to 10 micrometres, preferred, 3 o 7/ micrometres,

even more preferred 5 micrometres. Preferably, the measuring rate is 100 pixels per second.

[0038] Preferably, the sensing surface 203 comprises a polymer and/or is provided with
a micro-structured material. Preferably, the micro-structured material comprises porous sili-
con, wherein macro-pores with an average diameter of less than 10 micrometres, preferred
less than 5 micrometres, even more preferred approximately 1 micrometre, are formed.
Hereby it is advantageously possible to improve the adhesion of biological cells 31 on the
sensing surface 203 and/or enable continuous measurement of the surface potential, pH

value and/or ionic concentration of the solution 200 and/or a change of pH value in a culture
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medium 200. It is thereby furthermore advantageously possibie to visualize and/or quantify

biochemical activities of biological systems 31 disposed on the sensing surface 203.

[0039] Figure 3 shows an embodiment of the second detection means 21 of a device 1
according to an embodiment of the present invention. Here, the second detection means 21
is a LAPS 21, preferably a field-effect based sensor 21, in particular an ion-selective field-
effect transistor (ISFET) or an electrolyte-insulator semiconductor sensor. Here, the second
detection means 21 has a layered structure comprising a substrate layer 201, preferably
comprising a silicon substrate 201 of a silicon wafer, in particular p-doped silicon, an insulat-
ing layer 202 comprising insulating means 202, preferably silicon oxide, and a transducer
layer 202’ comprising transducing means 202’, preferably Ta;Os. Here, a contact electrode
204', preferably an Ohmic contact 204’, preferably Al, is disposed at the rear side opposite to
the sensing surface 203 along a direction perpendicular to a plane of main extension of the
sensing surface 203. Preferably, the contact electrode 204’ is ring shaped. Here, the contact
electrode 204’ provides an electrical connection to the layered structure of the second detec-
tion means 21. Preferably, the contact electrode 204’ is electrically connected to a reference
electrode 204, preferably an Ag/AgCl liquid junction electrode. Preferably, the reference elec-
trode 204 and the second electrode 204" are connected to an interface electronic system 11
or analyzing unit 11 of the semiconductor-based chemical imaging system, wherein the inter-
face electronic system 11 is configured to provide a signal to operate the second detection
means 21 and/or to read out a sensor signal 204", preferably a photocurrent 204", from the

second detection means 21.

[0040] Preferably, the transducing means 202’ of the second detection means 21 is con-
figured for electrochemical interaction with a deposit 31 or analyte 31 at the sensing surface
203, in a solution in contact with the sensing surface 203 and/or immobilized by immobiliza-
tion means 202" (see Fig. 4) disposed at the sensing surface 203. In particular, a surface
potential is created due to the electrochemical interaction between the transducing means
202’ and the analyte 31. It has been found that the surface potential depends on a concen-
tration of the analyte 31 on the sensing surface 203 and/or in the solution 200. Preferably,
the photocurrent 204" is measured depending on a position of a light point 208™ or meas-
urement spot 209" on the sensing surface 203. It is thereby advantageously possible to ob-
tain a spatial resolution of the deposit on the sensing surface 203. Here, the second detec-
tion means 21 comprises a light pointer array 209’, preferably an infrared radiation (IR) light
emission diode (LED) array 209', as the light pointer 209. In particular, the IR-LED array 209
is configured to address different sensor regions or measurement spots 209™ on the sensing
surface 203. Preferably, a 4 times 4 IR-LED array 209’ is used thereby creating sixteen

measurement spots 209" on the sensing surface 203.
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[0041] According to a first operating maode, the IR-LEDs are illuminated one by one in a
batch mode manner that allows the measurement of all 16 measurement spots in a fixed
timing sequence. It is thereby advantageously possible to provide a simpler implementation
with regard to software and hardware requirements. According to a second operating mode,
several measurement spots are read out in parallel. Preferably, each IR-LED of the IR-LED
array 209" is associated with one measurement spot 209", wherein each IR-LED emits
modulated light, wherein each IR-LED is associated with a unique modulation frequency of
the modulated light. Preferably, the photocurrent 204” is generated depending on individual
photocurrents having different frequencies, which are associated with each IR-LED. Due to
the recording of the photocurrent 204", the information of all measurement spots 209" is ad-
vantageously available at the same time. Preferably, a fast Fourier Transform algorithm Is
used for the separation of the photocurrent 204" into each individual photocurrent. It is there-
by advantageously possible to provide a simple implementation of the second detection

means 21 info the device 1.

[0042] Preferably, the second detection means 21 is a light-addressable potentiometric
sensor (LAPS) or microphysiometer 21 disposed on a chip-card, wherein the light-pointer
array 209’ is preferably integrated with the chip-card. Herewith it is advantageously possibie
to allow an easy handling of different sensor chips and an easy exchange of the second de-
tection means 21 of the device 1 depending on the deposit 31 to be measured. It is thereby
advantageously possible to provide a device with a second detection means, wherein the
integration of the electronic and mechanical set-up of the second detection means 21 into a
single chip-card unit results in a compact design with the benefit of portability and low re-

quired space.

[004 3] In Figure 4, four measurement spots 209" are shown, which are generated by a
light pointer array 209", preferably the IR-LED array 209", on the sensing surface 203. Here,
a photoresist layer 202" is connected with the transducing means 202’ on the sensing sur-
face 203. Preferably, the photoresist layer 202" comprises an epoxy-based negative photo-
resist comprising polymer, preferably SU-8. Preferably, wells 203’ are created in the photore-
sist fayer 202", wherein the wells 203’ preferably have a sizc of approximately 6 times 13
mm?. Preferably, the wells 203’ are filled with an immobilization means 202™, preferably a gel
202", in particular polyacrylamide gel. Here, a first well of the wells 203" comprises only the
immobilization means 202" and a second well of the wells 203’ comprises the immobilization
means 202" and an analyte 31 or deposit 31. It is thereby advantageously possible to pro-
vide an on-chip differential set-up of the second detection means 21. Preferably, the first well
of the wells 203’ serves as the further detection means 21’ for reference measurements. |t (s

thereby advantageously possible to reduce external influences to the measurement, for ex-
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ample sensor drift, temperature and/or external pH changes. It has been found that the ex-
ternal influences affect both areas of the sensing surface 203 within the wells 203" and can
be compensated by differential measurement. Preferably, the immobilization means 202"
comprises enzymes, cells, bacteria and/or bio-functionalized polymers. For example, immo-
bilization means comprise a matrix entrapment in gel for creating a uniform cell distribution
with a high amount of cells. Altenatively, cells are immobilized by adherent growth or cova-
lent immoabilization. Here, for example alginate, agarose or polyacrylamide gel is used as a
gel matrix in the wells 203’. It is hereby advantageously possible to provide a biosensor as a
second detection means 21, which is based on living cells immaobilized on sensing surface
203 of a light-addressable potentiometric sensor (LAPS) 21. Preferably, the second detection
means 21 is sensitive to the concentrations of nutrients metabolised by bacteria, in particular
due to an extracellular acidification. Preferably, the second detection means 21 or LAPS 21
is provided on a chip, wherein the LAPS is configured for differential measurement of a nutri-
ent concentration. It is thereby advantageously possible to reduce external influences by

differential measurement.
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PATENT CLAIMS

Device (1) for detecting deposits (31) in a reflection area (20) inside a liquid-bearing
system comprising an ultrasonic transducer (10) for emitting an ultrasonic emission
signal (12) towards the reflection area (20) and a first detection means (10) for
detecting an ultrasonic reflection signal (13) obtained by reflection of the ultrasonic
emission signal (12) in the reflection area (20), characterized in that a second
detection means (21) is disposed in the reflection area (20), the second detection
means (21) being configured to detect a specific kind of deposit (31), wherein the

second detection means (21) is configured to generate a liveness detection signal

comprising liveness-information about the deposits (31) and/or extracellular
acidification information of the deposits (31) and/or information on a position
dependent distribution of the deposits (31) along a plane of main extension of a

sensing surface (203) of the second detection means (21).

Device (1) according to claim 1, wherein the second detection means (21) is at least
one of electrochemical biosensor, optical biosensor, electronic biosensor,
piezoelectric biosensor or gravimetric biosensor, other biosensor and/or light-
addressable potentiometric sensor (LAPS), wherein preferably the LAPS is

iIntegrated into a chip card.

Device (1) according to claim 1 or 2, wherein the device (1) comprises an analyzing
unit (11) configured to determine, depending on the liveness detection signal, a
covering level of the deposits (31) in the reflection area (20) and/or the liveness of
the deposits (31) in the reflection area (20), wherein the covering level is a position
dependent distribution of the deposits on a sensing surface (203) of the second

detection means (21).

Device (1) according to claim 1, wherein the second detection means (21) is an
electrochemical biosensor configured to generate the liveness detection signal
depending on a measured electrochemical activity of the deposits (31).

Device (1) according to claim 3, wherein the analyzing unit (11) is configured to
analyze the reflection signal (13) in order to determine whether deposits (31) are
located in the reflection area (20) and/or to determine the type and/or the thickness

of a layer of deposits (31) in the reflection area (20).

CA 2907584 2019-03-19
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Device (1) according to any one of claims 1 to 5, wherein the device (1) has a first
measuring unit comprising the ultrasonic transducer (10) and the first detection
means (10), wherein the device has a second measuring unit comprising the second
detection means (21) disposed in the reflection area (20), wherein the first
measuring unit and the second measuring unit are detachably connected to the
liquid-bearing system in such a manner that the first measuring unit and the second

measuring units are located on opposite sides of the liquid-bearing system.

Device (1) according to any one of claims 1 to 6, wherein the device (1) has a first
reference measuring unit comprising a further ultrasonic transducer (10’) and a
further first detection means (10’), wherein the device (1) has a second reference
measuring unit comprising a further second detection means (21’) disposed in a
further reflection area (20°), and wherein the device comprises an analyzing unit
(11) that is configured to determine properties of the deposits (31) in the reflection
area (20) depending on reference information provided by the first and/or second

reference measurement unit.

Method for detecting fouling and/or scaling deposits (31) in a reflection area (20)
inside a liquid-bearing system, comprising a first step of emitting an ultrasonic
emission signal (12) towards the reflection area (20) by an ultrasonic transducer
(10), a second step of detecting an ultrasonic reflection signal (13) obtained by
reflection of the ultrasonic emission signal (12) in the reflection area (20) by first
detection means (10) and a third step of detecting a specific kind of deposit (31) by
a second detection means (21) disposed in the reflection area (20), wherein in the
third step a liveness of the deposits (31) is detected by at least one of an
electrochemical biosensor, optical biosensor, electronic biosensor, piezoelectric

biosensor, gravimetric biosensor or other biosensor.

Method according to claim 8, wherein a liveliness detection in the third step
comprises a first detection step, wherein the deposits (31) in the refiection area (20)
are recognized by a biological transducer of the biosensor, a second detection step,
wherein a liveness detection signal is generated depending on an interaction
between the deposits (31) and a receptor of the biological transducer, a third
detection step, wherein the liveness detection signal is processed by an analyzing
unit (11) in order to determine a covering level of the deposits in the reflection area

(20) and/or to determine the liveness of the deposits (31) in the reflection area (20).

CA 2907584 2019-03-19
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Method according to claim 8 or 9, wherein the second detection means (21) is an
electrochemical biosensor, wherein in the third step an electrochemical activity of
the deposits (31) is measured by the electrochemical biosensor and the liveness

detection signal is generated depending on the measured electrochemical activity
of the deposits (31).

Method according to claim 9, wherein in the second step, the reflection signal (13)
IS analyzed by the analyzing unit (11) in order to determine whether deposits (31)
are located In the reflection area (20) and/or to determine the type and/or the

thickness of a layer of deposits (31) in the reflection area (20).

Method according to any one of claims 8 to 11, wherein in a fourth step of the
method for detecting fouling and/or scaling in a reflection area inside a liquid-bearing
system, the liquid of the liquid-bearing system is treated depending on a detected
liveness of the deposits (31), depending on the kind and/or the thickness of a layer
of deposits (21) in the reflection area (20) and/or depending on whether deposits
(31) are located in the reflection area (20).

CA 2907584 2019-03-19
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