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Description
BACKGROUND

[0001] Capacitive deionization (CapDl) systems are
known in the art. In general, a fluid is passed between
two capacitive plates or electrodes held at an electrical
potential. The electrical potential causes ions in the fluid
to migrate toward the electrode of opposite charge,
where they can be trapped in a porous material and
removed from the fluid. In some cases, the electrodes
themselves comprise a porous material and trap ions that
are attracted thereto. CapDI systems can include a plur-
ality of CapDl cells (sets of electrodes and/or porous
layers) to form a CapDI module which receives incident
fluid and can expel deionized fluid.

[0002] Exemplary cells require approximately 1.5 volts
and 15 amps of electrical power applied thereacross for
capacitive deionization functionality. In many CapDI sys-
tems, a CapDI module includes a plurality of CapDlI cells
electrically arranged in a parallel configuration. Providing
electrical power to such a module comprises applying the
same voltage across each cell, while separately directing
currentthrough each cell. In an exemplary six cell parallel
configuration, the module would require only 1.5 volts,
but up to 90 amps of current to operate. Additionally, over
time, the CapDI module continues to trap ions from the
fluid flowing therethrough. Thus, many systems require
an ability to expel the trapped ions from the CapDlI
module as the module becomes saturated with ions.
[0003] The high current demand and regeneration
processes necessary of such systems often require large
control and power supply systems in addition to the
CapDI module to effectively operate a CapDI system.
As such, it can be difficult and problematic to incorporate
a CapDlI system into a space-limited application, such as
into a standalone piece of equipment in order to provide
deionized fluid thereto.

[0004] US2013118918A1 is directed to an operating
method of an apparatus for purifying a fluid by means of
an apparatus provided with an even number of cells, each
of which comprises at least one lead through condenser
and is electrically connected to a direct current power
supply. The method includes cyclically repeating, for
each cell, a charging step, in which the power supply
charges the electrodes of the cell at different polarity; a
service step, in which a flow of fluid to be treated is forced
to pass through the electrodes of the lead through con-
denser of the cell with progressive build-up of the ionized
particles of the fluid on the electrodes; and aregeneration
step, in which the electrodes are discharged and a flow of
washing fluid is forced to pass in the condenser of the cell
with consequent removal of the ionized particles built up
on the electrodes. Starting from the charging step of at
least one first cell of the two cells, the second cell, once its
service step is complete and at the start of its regenera-
tion step, is connected in series with reverse polarity to
the first cell to at least partially discharge its electrodes on
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thefirst cellin an energy recovery step. During the energy
recovery step the first cell is also jointly powered by the
power supply, which detects the voltage on the first cell
and by means of a control card controls the supply
voltage to make a preset operating voltage across the
first cell.

SUMMARY

[0005] The object of the presentinvention is to provide
systems and methods for deionization of a fluid according
to the claims. A capacitive deionization (CapDI) system
comprises a CapDI module having a fluid inlet and a fluid
outlet; a fluid reservoir including a conductivity sensor for
determining the conductivity of the fluid configured to
provide information regarding the remaining ionization
in the fluid after passing through the CapDI module; and a
control board comprising a controller, a conductivity sen-
sor interface coupled to the controller and providing
communication between the controller and the conduc-
tivity sensor, a switching regulator coupled to the con-
troller, a power MOSFET polarity circuit coupled to the
switching regulator, and a module connector connect-
able to the CapDIl module and coupled to the power
MOSFET polarity circuit. The power MOSFET polarity
circuit is configured to provide bidirectional electrical
power to the CapDI module via the module connector.
The switching regulator provides electrical power to the
power MOSFET polarity circuit. The controller is config-
ured to control the providing of electrical power from the
switching regulator to the power MOSFET polarity circuit
based on the communication between the controller and
the conductivity sensor, wherein the controller is config-
uredtoincrease the current applied to the CapDI module,
if a measured conductivity is above a threshold by in-
creasing an applied voltage from the controller to the
switching regulator and the controller is configured to
decrease the current applied to the CapDI module, if
the measured conductivity is below the threshold. The
controller is configured to collect conductivity information
over a length of time and to calculate an average of the
measured conductivity before comparing the conductiv-
ity to the threshold. The control board is not larger than
10.16 cm (4 inches) by 10.16 cm (4 inches) in dimension.
The CapDI System is configured to deionize fluid via the
CapDI module and direct deionized fluid to a fluid reser-
voir for future use . The CapDlI system further comprises a
first valve coupled between the fluid outlet and a use
device; and a second valve coupled between the fluid
outlet and a drain. Further a method for treating a fluid
using this CapDI system is provided according to the
claims.

[0006] Exemplary systems include a capacitive deio-
nization (CapDI) module positioned in a fluid flow system
and configured to deionize the fluid flowing therethrough.
The CapDI module can include a plurality of CapDlI cells
arranged in series with one another. Thus, the plurality of
cells can be powered using comparatively low current
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when compared to cells arranged in parallel as discussed
above.

[0007] Systems caninclude a power MOSFET polarity
circuit, such as a solid state H-bridge circuit, configured to
provide bidirectional electrical power to the CapDI mod-
ule. In various embodiments, the power MOSFET polar-
ity circuit can be adjusted in order to change the polarity of
electoral power provided to the CapDI module. A switch-
ing regulator can be configured to provide power to the
power MOSFET polarity circuit. In some examples, a
controller is configured to control the providing of the
electrical power from the switching regulator to the power
MOSFET polarity circuit. The controller can be in com-
munication with a sensor, such as a conductivity sensor,
and can control the providing of electrical power to the
MOSFET polarity circuit based on communication be-
tween the controller and the sensor.

[0008] In some embodiments, the controller can com-
pare a conductivity measured using a conductivity sensor
to a conductivity threshold. In some such embodiments,
in the condition that the detected conductivity exceeds
the threshold, the controller can act to increase the
electrical power applied from the switching regulator to
the power MOSFET polarity circuit. In still further exam-
ples, if the detected conductivity is lower than the thresh-
old, the controller can act to decrease the electrical power
applied to the power MOSFET polarity circuit In some
such examples, the controller acts to adjust the power
applied to the power MOSFET polarity circuit by adjusting
an electrical potential applied to the switching regulator.
[0009] In some examples, systems can include a first
valve coupled between the CapDI module and a use
device and a second valve coupled between the CapDI
module and a drain. In some such examples, during use,
electrical power can be applied to the CapDI module from
the power MOSFET polarity circuit at a first polarity while
the first valve permits the flow of fluid to the use device.
Applying power at the first polarity can cause the CapDI
module to electrically capture ions from the fluid, thereby
creating a deionized fluid to flow toward the use device.
During an exemplary process, the first valve can be
closed to prevent fluid from flowing from the CapDI
module to the use device and the second valve can be
opened to allow fluid to flow from the CapDI module to the
drain. The power MOSFET polarity circuit can be ad-
justed to apply electrical power in a second polarity
opposite the first to the CapDI module. Such an exemp-
lary process can be performed in response to a detected
regeneration condition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]
FIG. 1 is a schematic diagram of an exemplary
CapDI system according to some embodiments.

FIGS. 2A and 2B are exemplary diagrams of a basic
CapDl configuration such as may be used in a CapDI
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module.

FIG. 3 is a schematic diagram of an exemplary
control board for use with some embodiments of
the invention.

FIG. 4 is a process flow diagram illustrating exemp-
lary operation of a CapDI system.

FIG. 5 is a process flow diagram illustrating exemp-
lary operation of a CapDI system including a fluid
reservoir.

FIG. 6 is a process flow diagram illustrating exemp-
lary regeneration of a CapDI system.

DETAILED DESCRIPTION

[0011] The following description provides some prac-
tical illustrations for implementing various embodiments
of the present invention. Unless otherwise noted, illus-
trations of various aspects of the disclosure are not
necessarily drawn to scale. Examples of constructions,
materials, dimensions, and manufacturing processes are
provided for selected elements, and all other elements
employ that which is known to those of ordinary skill in the
field of the invention.

[0012] FIG. 1is a schematic diagram of an exemplary
CapDI system according to some embodiments. FIG. 1
shows a representation of an exemplary CapDI system
100 including CapDI module 102 having a fluid inlet 104
and a fluid outlet 106. In the illustrated embodiment, the
CapDI module 102 receives fluid from a cold water line
108 via the fluid inlet 104. In general, the fluid inlet 104
can receive fluid from any source appropriate for the
desired use of the fluid. In the illustrated embodiments,
the CapDIl module 102 is incorporated into a system
comprising various components such as a filter 110, a
parallel arrangement of flow restrictors 112, and valves
114a, 114b located in parallel lines 113a, 113b, respec-
tively. In some systems, a plurality of lines such as 113a
and 113b can be selectively placed in fluid communica-
tion with the fluid inlet 104 of the CapDI module 102 for
various operations and/or procedures using the module
102. Valves 114a, 114b, such as solenoid valves, for
example, can be incorporated into one or more such
lines in order to selectively couple the lines to the module
102 and control fluid flow rate, for example. In general,
any number of various components can be placed in line
prior to the fluid inlet 104 of the CapDI module 102 in order
to prepare the fluid for its intended use. The CapDI
module 102 receives and performs a deionization pro-
cess on the fluid.

[0013] The fluid outlet 106 of the CapDI module 102 is
shown comprising two outlet ports 116, 130. In some
systems, fluid from the CapDI module can be directedtoa
use device for using the deionized fluid or to a drain. Use
devices can include, for example, a dishmachine, a cool-
ing tower, water softening applications, or others. The
CapDI system 100 is configured to deionize fluid via the
CapDI module 102 and direct deionized fluid to a fluid
reservoir 120 for future use. The CapDIl module can
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comprise a plurality of outlet ports, such as in the embo-
diment shown in FIG. 1, for directing fluid to one of a
plurality of possible destinations. In some such embodi-
ments, the CapDIl module 102 can include a system of
one or more valves or other fluid diverters therein for
directing fluid as desired. In some configurations, a Cap-
DI system includes a series of one or more external
valves coupled to one or more outlet ports of the CapDlI
module 102 to control the destination of fluid coming from
the outlet ports. These valves can include any appropri-
ate type of valve for controlling fluid flow, such as sole-
noids, 3-way valves, and other flow limiting devices.
[0014] In the illustrated embodiment, the first outlet
port 116 of the CapDI module 102 is in fluid communica-
tion with a first solenoid valve 118 and a fluid reservoir 120
for a use device. The fluid reservoir 120 can comprise a
fluid level detector 122, represented in the illustrated
embodiment a high float 124 and a low float 126, for
determining information regarding the amount of deio-
nized fluid in the fluid reservoir 120. Any appropriate
detector for detecting information about the amount of
fluid in the fluid reservoir 120 or use device can be used.
In some embodiments, the fluid reservoir 120 includes a
conductivity sensor 128 for determining the conductivity
of the fluid. Conductivity sensor is used to provide in-
formation regarding the remaining ionization in the fluid
after passing through the CapDI module 102. In various
embodiments, other appropriate sensors can also be
used, such as an optical sensor, a temperature sensor,
a flow meter, pH sensor, a total dissolved solid (TDS)
sensor, and the like. The second outlet port 130 is shown
in fluid communication with a second solenoid valve 132
and a drain 134.

[0015] Fromasystemlevel,the CapDImodule 102 can
deionize a fluid for use with the use device. Fluid from a
source such as a cold water line 108 can be directed
through various components such as a filter 110 to the
CapDI module 102, which can act to deionize the incident
fluid. The deionized fluid can be directed toward a use
device which can include a fluid reservoir 120 and a fluid
level detector 122. Alternatively, the fluid from the CapDlI
module 102 can be directed toward a drain 134. The
direction of the fluid from the CapDIl module 102 can be
dictated by valves 118 and 132.

[0016] The CapDIl module 102 acts to deionize a fluid
by way of electrically removing ions therefrom. Ingeneral,
an electric charge is applied between capacitive surfaces
between which fluid flows. The applied charge creates an
electric field that causes ions to migrate toward one
charged surface or the other, where they can be trapped
in the capacitive surface or a separate surface designed
for trapping ions. In some embodiments, the separate
surface is designed for trapping only one polarity of ions,
while being impermeable to the other.

[0017] FIGS. 2A and 2B are exemplary diagrams of a
basic CapDI configuration such as may be used in a
CapDI module. In the illustrated embodiment, a charge
is provided to opposing capacitive surfaces 140 and 144
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from a source 152. Source 152 is shown as being a DC
source, however, in various embodiments, more compli-
cated power source arrangements can be used. In the
illustrated example, a first capacitive surface 140 is held
at a positive charge with respect to a second capacitive
surface 144. When the charge is applied across the
surfaces, a negatively charged ion 150 in a fluid there-
between will migrate toward the first capacitive surface
140 (the more positive surface), while a positively
chargedion 148 in the fluid will migrate toward the second
capacitive surface 144 (the more negative surface), as
illustrated by the arrows in FIG. 2A.

[0018] In some embodiments, first 140 and/or second
144 capacitive surfaces comprise a porous material for
trapping ions 148, 150 therein. In alternative embodi-
ments, first 140 and second 144 capacitive surfaces
comprise a first 142 and second 146 porous layer, re-
spectively, for trapping ions attracted to the respective
capacitive surfaces. In some embodiments, the surface
for trapping ions comprises a membrane that selectively
allows ions with charge of a certain polarity to pass
therethrough. As charge (i.e., ions) migrates through
the fluid to respective capacitive surfaces, current flows
through the fluid. Accordingly, current flowing to/through
the capacitive surfaces and the CapDIl module 102 is
indicative of the number of ions being removed from the
fluid.

[0019] Over time and with use, the components of the
CapDI module that trap ions therein (e.g., porous capa-
citive surfaces 140, 144 or other porous layers 142, 146)
can become saturated with ions. Accordingly, it can be
desirable to be able to rid such components of ions in
order to regenerate the CapDI module 102. For example,
with reference to FIG. 2B, if the polarity of the power
source 152 were reversed, a negative ion 150 trapped in,
for example, the first porous layer 142 will be repelled
away from the first capacitive surface 140 (the more
negative surface) and into the fluid, while a positive ion
148 trapped in, for example, the second porous layer 146
will be repelled away from the second capacitive surface
144 (the more positive surface) and into the fluid. If the
first 142 and second 146 porous layers comprise selec-
tive membranes as mentioned, ions repelled into the fluid
cannot simply be trapped in the opposite porous layer, but
rather stay in the fluid. Thus, if fluid is flushed through the
CapDIl module 102, previously trapped ions will be
flushed from the module 102, creating room for the further
deionization of fluid. Thus, the CapDI module 102 com-
prises at least two modes of operation - a purification
mode in which ions are removed from the fluid and
trapped in either capacitive surfaces or other porous
layer, and a regeneration mode, in which trapped ions
are flushed from the CapDI module 102.

[0020] As shown in FIGS. 2A and 2B, the exemplary
CapDlI system 100 includes a source of electric power to
the CapDI module 102 to effectively capture ions from a
fluid flowing therethrough. As such, with reference back
to FIG. 1, the CapDI system 100 includes a power supply
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line 136 for providing electrical power to the CapDI mod-
ule 102. Power supply line 136 can provide a specified
amount of voltage and/or current to the CapDI module
102. In some embodiments, the CapDI module 102 op-
erates at approximately 10VDC and between approxi-
mately zero and 15 amps of current.

[0021] In some embodiments, the CapDI module 102
comprises a plurality of CapDI cells, each comprising
electrodes and possibly porous surfaces such as shown
in FIGS 2A and 2B. CapDl cells can be arranged elec-
trically in series or in parallel to form a CapDI module. In
an exemplary embodiment, a CapDIl module comprises
six CapDI cells, each with an operating voltage of ap-
proximately 1.5VDC and an operating current of up to
15A. When arranged in parallel, the CapDI module as a
whole can operate at 1.5VDC (applied across each Cap-
DI cell in parallel), but can requires up to 6 x 15 = 90A to
operate at full capacity. However, a CapDI module com-
prising the same cells arranged in series can operate at 6
x 1.5 = 9VDC but with a maximum operating current of
only 15A. Accordingly, in some embodiments, CapDI
cells are arranged in series to construct a CapDI module
to reduce the amount of current required to operate the
CapDlI system.

[0022] In some embodiments, the CapDI system in-
cludes a control board for controlling various aspects of
the CapDI system and providing electrical power to the
CapDIl module. FIG. 3 is a schematic diagram of an
exemplary control board for use with some embodiments
ofthe invention. In the illustrated embodiment, the control
board 160 comprises module connector 162 for electri-
cally coupling the CapDI module 102 to the control board
160. The board 160 further includes a switching regulator
164 and a power MOSFET polarity circuit 166 connected
to the module connector 162. During operation of the
CapDI system, the switching regulator 164 provides
electrical power to the CapDI module 102 via the power
MOSFET polarity circuit 166 and the module connector
162.

[0023] The switching regulator 164 can act to regulate
the voltage applied to the CapDI module 102. In some
embodiments, a certain voltage (e.g., 24 VDC) is applied
at a single power input 168 to the control board 160.
However, such a voltage may be inappropriate for all
uses on the board or system. For example, in some
configurations, the CapDI module 102 is configured to
operate at 10 VDC. In such an embodiment, the switching
regulator 164 can be configured to receive power from
the single power input 168 and provide a regulated output
of approximately 10 VDC to the CapDI module 102 via the
power MOSFET polarity circuit 166 and the module
connector 162. The switching regulator 164 can addi-
tionally source current to the CapDI module 102 as ions
are trapped in the porous layers 142, 146 or capacitive
surfaces 140, 144. In some embodiments, the switching
regulator 164 is adjustable, in that the switching regulator
can receive an input corresponding to in output current
limit. That is, the switching regulator 164 can limit the
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current output to the power MOSFET polarity circuit 166
based on a received input signal. Exemplary switching
regulators can comprise 150W adjustable switching reg-
ulators.

[0024] The power MOSFET polarity circuit 166 can
include one or more MOSFETS, and be configured to
receive electrical power from the switching regulator 164
and direct it to the CapDI module 102 via the module
connector 162. The power MOSFET polarity circuit 166
can further output the power to the module connector 162
in either of a first or a second polarity. Thus, the power
MOSFET polarity circuit 166 is configured to enable
purification mode or regeneration mode of the CapDlI
system 100 while receiving electrical power from the
switching regulator 164 in only a single polarity. Accord-
ingly, the switching regulator 164 need only supply elec-
trical power in a single direction. In some examples,
power MOSFET polarity circuit 166 comprises a plurality
of power MOSFET devices arranged in an H-bridge
configuration for bidirectional operation of the CapDI
module 102.

[0025] The control board 160 of FIG. 3 further includes
a valve control mechanism 170 for controlling valves in
the CapDlI system 100. For example, valve control me-
chanism 170 can be configured to interface with any or all
of valves 114a, 114b, 118 and 132 of the CapDI system
100 shown in FIG. 1 to direct fluid in a desired manner. In
some examples, any or all of valves 114a, 114b, 118 and
132 comprise solenoid valves, or other electrically actu-
ated valves. In such embodiments, valve control me-
chanism 170 can selectively provide electrical power to
the valves. Valve control mechanism 170 can be elec-
trically coupled to power input 168 for receiving power to
direct toward appropriate valves in the CapDI system
100.

[0026] Insome embodiments, components on the con-
trol board 160, and resultantly other components of the
CapDI system 100, are controlled by a controller 172,
which can be included on the control board 160. Con-
troller can include, for example, a microcontroller or other
device capable of receiving signals and outputting sig-
nals based on the received signals. In some configura-
tions, controller 172 is sized such that it can be positioned
on a control board 160. In some embodiments, controller
172 can be in communication with several components of
the control board 160. For example, the controller can be
in communication with valve control mechanism 170 in
order to control the opening and closing of valves at
various times during operation of the CapDl system
100. In some configurations, the controller can be in
communication with the fluid level detector 122 in a fluid
reservoir 120 in a use device. Accordingly, the controller
172 can receive information regarding the level of fluid in
the fluid reservoir 120 and control valves to direct fluid
through the CapDI system 100 to the reservoir 120 if
necessary.

[0027] In some examples, controller 172 can be in
communication with the power MOSFET polarity circuit
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166 to define the polarity of power applied to the CapDI
module 102 from the switching regulator 164. For exam-
ple, in the case of an H-bridge power MOSFET config-
uration, controller 172 can act to "turn on" or "turn off"
various MOSFETs in the power MOSFET polarity circuit
166 to define the polarity of the electrical power delivered
to the CapDIl module 102. In some embodiments, con-
troller 172 can output a voltage in order to affect the power
transmission through the MOSFETs in the power MOS-
FET polarity circuit 166. Controller 172 can provide ap-
propriate voltages to control various MOSFETSs in re-
sponse to a received signal. Such a signal can be in-
itiated, for example, by a sensor, timer, user interface, or
any other component appropriate for providing a signal to
the controller 172.

[0028] For example, in some configurations, controller
172 canreceive signals from a sensor, timer, controller or
other system component indicative of the desired mode
of operation for the CapDI module. If the module 102 is to
be operated in purification mode (to deionize a fluid), the
controller 172 can apply appropriate voltage to the power
MOSFET polarity circuit 166 to direct electrical powerin a
first polarity from the switching regulator 164 to the mod-
ule 102. If the module is to be operated in regeneration
mode, the controller 172 can apply an appropriate vol-
tage to the power MOSFET polarity circuit 166 to direct
electrical power in a second polarity, opposite the first,
from the switching regulator 164 to the CapDI module
102. In some examples, applying appropriate voltage to
the power MOSFET polarity circuit 166 for purification
comprises "turning on" a first pair of MOSFETs while
"turning off" a second pair to allow the flow of electricity
in one direction through the CapDI module 102. In such
examples, applying appropriate voltage to the power
MOSFET polarity circuit 166 for regeneration comprises
"turning off’ the first pair of MOSFETSs while "turning on"
the second pair, allowing electricity to flow in the opposite
direction through the module 102.

[0029] The controller 172 is in communication with the
conductivity sensor 128 and can be in communication
with other appropriate sensor within the system and
receive signals indicative of the number of ions in the
fluid after deionization in the CapDI module 102. For
instance, in some examples, the control board 160 in-
cludes an integrated conductivity sensor interface 176.
The conductivity sensor interface 176 is in communica-
tion with the controller 172, and provides communication
between the controller 172 and the conductivity sensor
128. The conductivity sensor 128 can provide information
to the controller 172 regarding the conductivity of the
fluid, which can be indicative of the remaining ion content
in the fluid. Accordingly, in some embodiments, the con-
ductivity sensor in combination with the conductivity
sensor interface can provide a closed loop feedback to
the controller regarding the operation of the CapDI mod-
ule.

[0030] The controller 172 can signal the switching
regulator 164 to adjust the current flow or current limit
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through the CapDI module in order to adjust the number
of ions being removed in the deionization process. In
some examples, the current limit provided from the
switching regulator 164 is determined by an input voltage
thereto. The controller 172 can apply a voltage to the
switching regulator 164 in order to allow current to flow
therefrom, and can adjust the voltage applied thereto to
adjust the current allowed to flow from the switching
regulator 164 to the CapDI module 102. In some exam-
ples, the controller 172 adjusts the current allowed to flow
from the switching regulator 164 to the CapDI module in
response to signals from the closed loop feedback pro-
vided by the conductivity sensor and the integrated con-
ductivity sensor interface.

[0031] As hasbeen sofardescribed, the controller 172
can communicate with various sensors and other com-
ponents in the CapDIl system 100 and on the control
board 160. In some embodiments, the controller 172 is
configured to perform methods in response to various
parameters sensed by sensors in the system. Such
methods can be, for example, embodied on a non-tran-
sitory computer-readable medium embedded in or in
communication with the controller 172, which can pro-
cess and carry out instructions according to such meth-
ods.

[0032] The control board 160 of the CapDI system can
further include a communication interface 174 for com-
municating with an external device, such as a computer
or external controller. The communication interface 174
can include, for example, a serial communication port, a
USB communication port, a wireless communication link,
or any other appropriate method of control communica-
tion. Communication interface 174 can provide a link to
an external device to, for example, initiate operation of
the system via the controller 172 or log system informa-
tion. For example, in some configurations, controller 172
receives a command from an external device via com-
munication interface 174 to cause the controller 172 to
perform an operation and to communicate data back to
the external device. The external device can include a
user interface to allow a user to initiate system operation
via communication interface 174 and the controller 172.
[0033] FIG. 4 is a process flow diagram illustrating
exemplary operation of a CapDI system. In the process
of FIG. 4, electrical power is applied 180 to the CapDlI
module in a first polarity. Applying 180 electrical power is
done by the controller outputting a voltage to the switch-
ing regulator to provide electrical power to the power
MOSFET polarity circuit and thus the CapDI module.
The voltage to the switching regulator from the controller
can set a current limit for the output of the switching
regulator. The controller can subsequently communicate
with the valve control mechanism to open 182 an inlet
valve to allow fluid to enter the CapDI and/or open 184 an
outlet valve to direct fluid from the CapDI module to a use
device, or otherwise allow fluid to flow to such a device. In
some embodiments, the CapDI system need not include
an inlet valve, but rather the CapDI module can receive
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fluid directly from a source with the prevention of flow to
the use device performed by only an outlet valve. In such
embodiments, opening 182 an inlet valve is not per-
formed. In embodiments comprising an inlet valve, it
should be noted that in various methods of operation,
steps 182 and 184 of opening the inlet and outlet valves
can be permuted.

[0034] The controller can determine if the use of the
use device is complete 186. In some examples, the use
device can signal the controller that the use is complete.
In other embodiments, the controller can be alerted that
use of the device is complete via a user interface. If the
use is complete, the controller can close 188 the outlet
valve between the CapDI module and the use device, and
operation can be stopped. If the use is not complete, then
the controller can measure or detect 190 the conductivity
of the fluid from the CapDI module with the conductivity
sensor and compare 192 the measured conductivity with
a threshold value.

[0035] Ingeneral,amore conductive fluid (i.e., a higher
measured conductivity) has a higher concentration of
ions in the fluid when compared to a less conductive
fluid. Thus, when a measured conductivity is above the
threshold, it can be interpreted that there is a higher
concentration of ions remaining in the fluid than desired,
and the controllerincreases 194 the current applied to the
CapDI module. As discussed, increasing the current to
the CapDI module can result in the removal of more ions
from the fluid. Increasing the current includes increasing
an applied voltage from the controller to the switching
regulator If the measured conductivity is below threshold,
the controllei decreases 196 the current applied to the
CapDI module, thereby reducing the electrical load on
the system.

[0036] Afterincreasing 194 or decreasing 196 the cur-
rent applied to the CapDIl module, the controller can
determined if the use of the use device is complete
186 and the same analysis is repeated until the use is
complete. Thus, the controller can perform an iterative
process during which the current to the CapDI module is
varied in response to the measured conductivity of the
sample as compared to a threshold. The threshold can be
preprogrammed into the controller during factory setup,
or can be set by a user via a user interface. In some
examples, the threshold is adapted for a particular use or
use device.

[0037] In some embodiments, additional parameters
to the conductivity of the fluid, such as parameters de-
tected by any other included sensors, can be measured
and utilized in the feedback determination of increasing
or decreasing the current to the CapDIl module. In addi-
tion, adjusting the current to the CapDI module is per-
formed after a certain amount of time. The controller
collects conductivity over a length of time and calculate
an average of the measured parameter before compar-
ing the parameter to a threshold.

[0038] Fluid from the CapDI module is directed to a
fluid reservoir for holding fluid for a use device. As de-
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scribed previously with respect to FIG. 1, a fluid reservoir
120 can include a fluid level detector 122 such as a high
124 and low float 126. In some embodiments, the system
can include an upper and lower fluid threshold. For ex-
ample, the lower threshold can represent a fluid level
such that the use device can be used one more time
before requiring the addition of fluid, while the upper fluid
threshold can represent a fluid level such that the fluid
reservoir 120 is full or nearly full. Thus, when the fluid is
detected as being below the lower threshold, the system
can initiate a fill mode in which fluid is added to the fluid
reservoir 120 until the fluid level surpasses the upper
threshold. The fluid reservoir comprises a conductivity
sensor and optionally another type of sensor for measur-
ing a parameter of the sample indicative of the ion con-
centration therein. Such a measurement is used to adjust
operation of the CapDI module during the fluid reservoir
filling process.

[0039] FIG. 5 is a process flow diagram illustrating
exemplary operation of a CapDI system including a fluid
reservoir. The process outlined in FIG. 5 can be per-
formed, for example, by the controller. In the illustrated
embodiment, the controller applies 200 electrical power
in a first polarity to the CapDI module. Applying electrical
power is done via the switching regulator, power MOS-
FET polarity circuit and module connector as described
above. The controller can detect 202 the fluid level in the
fluid reservoir via, for example, the fluid level detector,
and compare 204 the detected level to the lower thresh-
old. If the level is detected as being below the lower
threshold, the controller can initiate 206 a fill mode in
which deionized fluid is added to the fluid reservoir. In
some embodiments, initiating 206 fill mode can include,
for example, opening an inlet valve to allow fluid to enter
the CapDI module. In other embodiments, the controller
canopen 208 an outlet valve to direct fluid from the CapDI
module into the fluid reservoir to initiate 206 fill mode or
after initiating 206 fill mode.

[0040] Using the conductivity sensor, the controller
measures 210 the conductivity of the fluid in the fluid
reservoir and compares 212 to a conductivity threshold
similarly to as described with respect to FIG. 4. If the
measured conductivity is above the threshold, the con-
troller increases 214 the current applied to the CapDI
module, while if the measured conductivity is below the
threshold, the controller decreases 216 the current. After
adjusting the current, the controller can once again detect
202 the fluid level in the reservoir and compare 204 the
level to the lower threshold.

[0041] If the detected fluid level is above the lower
threshold, the controller can determine 218 if the system
is in fill mode. If the system is in fill mode, the controller
can compare 222 the fluid level to the upper threshold. If
the fluid level is below the upper threshold, the fill process
is not complete and the conductivity feedback sequence
can be performed, including measuring 210 the conduc-
tivity, comparing 210 the conductivity to a threshold, and
increasing 214 or decreasing 216 the current applied to
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the CapDI module. However, if the measured fluid level is
above the upper threshold, the controller can close 224
the valve between the CapDI module and the fluid re-
servoir, as the fill process is complete.

[0042] Ifitis determined at218 thatthe systemis notin
fillmode, then fill mode has notbeen initiated and the fluid
level was not determined to be below the lower threshold.
Accordingly, filling of the reservoir is not required and the
fluid level determination and adjustment process is com-
plete 220. In such a situation, electrical power can be
removed from the CapDI module. In general, if the de-
tected fluid level is between the lower and upper thresh-
olds, the outlet valve remains in its present state. That s,
if the system is in fill mode, the valve between the CapDI
module and the fluid reservoir is already open and re-
mains open, since the fluid level has not yet surpassed
the upper threshold. However, if the system is not in fill
mode, then there is no immediate need to open the valve
to fill the fluid reservoir. It should be noted that in some
embodiments, power need not be applied to the CapDI
module until after fill mode is initiated.

[0043] Asdiscussed, overtime, the CapDI module can
become saturated with ions and become less effective at
removing additional ions from a fluid flowing there-
through. Accordingly, the system can operate in regen-
eration mode to remove the trapped ions from the CapDlI
module. FIG. 6 is a process flow diagram illustrating
exemplary regeneration of a CapDI system. The process
steps of FIG. 6 can be performed, for example, by the
controller during a regeneration of the system. After
performing 230 one or more deionization procedures
with a CapDIl module in a first polarity, the controller
can determine 232 if the module needs to be regener-
ated. In some embodiments, the controller is configured
to regenerate the module in response to any number of
detected regeneration conditions, such as: a certain
amount of time has passed since a most recent regen-
eration, a certain number of deionization procedures
have been performed, a certain volume of fluid has been
run through the CapDI module since the most recent
regeneration, the current limit applied to the switching
capacitors has reached a predetermined level (e.g., it
requires a sufficiently high predetermined amount of
current to effect the desired deionization operation), or
the conductivity sensor (or other sensor indicative of ionic
content of the fluid) responds insufficiently to applied
and/or increased electrical power applied to the CapDI
module. In some instances, a regeneration procedure
can be initiated at any time via a user interface.

[0044] Ifitis determined at 232 that regeneration is not
needed, the system can continue to perform deionization
procedures as usual. If regeneration is required, the
controller can close 234 the outlet valve between the
CapDI module and the use device if itis open, preventing
the trapped ions from being directed to the use device
during the regeneration procedure. The electrical power
can be removed 236 from the CapDI module, and the
power MOSFET polarity circuit can be adjusted 238.
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Adjusting 238 the power MOSFET polarity circuit can
include applying power to different MOSFETs within the
power MOSFET polarity circuit, for example, In some
embodiments, the power MOSFET polarity circuit com-
prises an H-bridge circuit, and adjusting 238 the power
MOSFET polarity circuit comprises "turning off" pre-
viously conducting MOSFETs and "turning on" alternate
MOSFETs such that currentis allowed to flow through the
adjusted power MOSFET polarity circuit and through the
CapDI module in an opposite direction when compared to
the deionization procedure of step 230.

[0045] After adjusting 238 the power MOSFET polarity
circuit, the controller can act to apply 240 electrical power
to the CapDI module in a second polarity. Power can be
supplied from the switching regulator, through the (ad-
justed) power MOSFET polarity circuit, and to the CapDI
module via the module connector. For regeneration, in
some embodiments, the second polarity is opposite the
first. When electrical power of the second polarity is
applied, ions trapped in the CapDI module are expelled
into the fluid in the module. After applying 240 electrical
power to the CapDIl module in the second polarity, the
controller can act to open 242 a second outlet valve to
directfluid from the CapDI module to adrain, such that the
ions expelled into the fluid are removed from the system
via the drain.

[0046] The controller can determine 244 if the regen-
eration is complete. Determining the completion of re-
generation can be done in any number of ways. For
example, the controller can determine regeneration is
complete after flowing fluid through the CapDI module to
the drain for a predetermined amount of time, or after a
predetermined volume of fluid has been directed to the
drain. If the controller determines that regeneration is not
complete, regeneration continues. If regeneration is
complete, the controller can act to close 246 the second
outlet valve, remove 248 electrical power from the CapDI
module, and adjust 250 the power MOSFET polarity
circuit. Similar to step 238, adjusting the power MOSFET
polarity circuit at step 250 can include applying power to
different MOSFETs within the power MOSFET polarity
circuit, for example. After adjusting the power MOSFET
polarity circuit, the controller can apply electrical power
252 tothe CapDI module in the first polarity, open 254 the
outlet valve between the CapDIl module and the use
device, and flow 256 fluid through the CapDIl module
toward the use device in order to perform 230 the deio-
nization procedure.

[0047] The procedure of FIG. 6 begins with a system
operating with an inline CapDI module, directing deio-
nized fluid towards a use device. When regeneration is
needed, a variety of valves are opened and closed,
polarity of power applied to the CapDI module is re-
versed, and the regeneration fluid is directed toward
the drain. Once regeneration is complete, essentially
the process happens in reverse, in which valves are
closed and opened, the polarity of power applied to the
CapDI module is reversed again to the first polarity, and
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fluid is directed through the regenerated CapDI module
and toward the use device. In some embodiments, the
controller can determine when regeneration is needed,
and when regeneration is complete, as well as control the
states of a variety of valves and adjust the power applied
to the CapDI module via the switching regulator. Accord-
ingly, the process of FIG. 6 can be performed entirely
autonomously under control of the controller. In some
such examples, the fluid source, CapDI system, and use
device can form a closed-loop, automated system in
which the CapDI system provides deionized fluid to a
use device under the control of the controller, regenera-
tion is initiated and controlled by the controller until com-
plete, and system use is resumed under the control of the
controller.

[0048] Withreference to FIG. 1, some systems include
a plurality of inlet lines (113a, 113b) coupled to the CapDlI
module 102. In some embodiments, one or more of such
lines comprises a valve (e.g., 114a, 114b). During a
regeneration process, one or more such valves can be
opened to, for example, provide a greater volume of fluid
flow through the CapDI module 102 for effective regen-
eration. Valves 114a, 114b can be automatically opened,
for example by the controller 172 controlling valve control
170 during an automated regeneration process, and
automatically closed when the process is complete.
[0049] Embodiments of the CapDI system 100 can be
included in various fluid processing systems or standa-
lone machines. For example, a CapDI system 100 can be
included as part of a dishmachine, receiving water from
the water inlet for the machine and eitherfilling a reservoir
120 within the dishmachine. Moreover, as previously
described, arranging a plurality of CapDI cells in series
allows for system operation using lower currents, allow-
ing for the use of relatively smaller components and
conductors for handling current. In addition, switching
regulator 164 as herein described can provide sufficient
electrical power for system operation coupled with a
variable current limit for feedback adjustment as pre-
viously described while remaining sufficiently compact
for placement on a control board. The compact power
MOSFET polarity circuit 166, such as a power MOSFET
H-bridge circuit, operates with the switching regulator
164 to enable bidirectional power application to the Cap-
DI module 102, allowing for purification and regeneration
modes of operation. Resultantly, the control board 160
provides robust control of the CapDI system while re-
maining sufficiently compact to be placed onboard in a
use device. The control board 160 is no larger than 10.16
cm (four inches) by 10.16 cm (four inches) in dimension,
and can include fully integrated components for operat-
ing a CapDI system.

[0050] In some embodiments, the CapDIl system 100
can interface with an external controller via communica-
tion 174 on control board 160. External controller can act
to operate the CapDI system100 for a particular dedi-
cated operation. Accordingly, external controller can in-
clude a memory comprising operating instructions for the
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controller 172 of the CapDI system 100. For example, in
some configurations, the external controller is used in a
system requiring water deionized below a threshold par-
ticular to the system. Thus, the external controller can
define, for example, a conductivity threshold used to
dictate operation of the CapDI system. In general, the
external system can control any number of operations of
the CapDlI system 100. In some embodiments, the com-
bination of an external controller and the CapDI controller
172 can combine to provide entirely autonomous opera-
tion of a CapDI system 100.

[0051] The CapDI system 100 can be further config-
ured to communicate with external memory, for example
via communication 174. External memory can be in-
cluded in, for example, an external system having an
external controller. In such configurations, the controller
172 can be configured to read from or write to the external
memory. Forexample, the controller 172 can write data to
an external memory regarding measured conductivity,
electrical power applied to CapDI module 102, the dura-
tion of CapDI module 102 operation, the amount of fluid
deionized by CapDI module 102, or any other system
data that can be logged in an external memory.

[0052] In some embodiments, external memory re-
ceives CapDI system operation data from the controller
172 of the CapDI system. External memory can catalog
and store CapDlI system data for recall. Thus, a user can
access past CapDI system data from the external mem-
ory for review. In some embodiments, a user can use the
stored CapDlI system data to analyze system operation
over time, or to compare data from one system use to a
past use. In other operations, CapDI system data can be
recalled by a controller to determine if the system is
operating correctly, needs regeneration, or for any other
purpose that can be determined by a controller. It will be
appreciated that the functionality of external memory as
described herein can be embodied in on-board memory
on the control board 160 of the CapDI system 100. Such
integrated memory can be in communication with con-
troller 172 and/or an external controller via communica-
tion 174.

[0053] An external controller can interface with exter-
nal or on-board memory and operate CapDI system 100
accordingly. For example, in some configurations, the
controller 172 logs the amount of deionization that has
been performed with the CapDIl module 102 since the
most recent regeneration. This data can include, for
example, an amount of fluid that has been deionized,
time during which deionization has occurred, or the
amount of deionization power that has been applied. In
response, regeneration of the CapDI module can be
initiated once the amount of deionization has reached
a predetermined threshold. The regeneration can be
initiated, for example by an external controller or by
controller 172 in communication with external or on-
board memory.
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Claims

A capacitive deionization (CapDI) system (100) com-
prising:

a CapDI module (102) having a fluid inlet (104)
and a fluid outlet (106);

a fluid reservoir (120) including a conductivity
sensor (128) for determining the conductivity of
the fluid configured to provide information re-
garding the remaining ionization in the fluid after
passing through the CapDI module (102); and

a control board (160) comprising:

a controller (172);

a conductivity sensor interface (176)
coupled to the controller (172) and provid-
ing communication between the controller
(172) and the conductivity sensor (128);

a switching regulator (164) coupled to the
controller (172);

a power MOSFET polarity circuit (166)
coupled to the switching regulator (164);
and

a module connector (162) connectable to
the CapDI module (102) and coupled to the
power MOSFET polarity circuit (166);
wherein

the power MOSFET polarity circuit (166) is
configured to provide bidirectional electrical
power to the CapDI module (102) via the
module connector (162);

the switching regulator (164) provides elec-
trical power to the power MOSFET polarity
circuit (166); and

the controller (172) is configured to control
the providing of electrical power from the
switching regulator (164) to the power
MOSFET polarity circuit (166) based on
the communication between the controller
(172) and the conductivity sensor (128),
wherein

the controller (172)is configured toincrease
the current applied to the CapDI module
(102), if a measured conductivity is above
athreshold by increasing an applied voltage
from the controller to the switching regulator
and the controller (172) is configured to
decrease the current applied to the CapDI
module, if the measured conductivity is be-
low the threshold, wherein

the controller (172) is configured to collect
conductivity information over a length of
time and to calculate an average of the
measured conductivity before comparing
the conductivity to the threshold; wherein

the control board (160) is not larger than 10.16
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10

cm (4 inches) by 10.16 cm (4 inches) in dimen-
sion; wherein

the CapDI System (100) is configured to deio-
nize fluid via the CapDI module (102) and direct
deionized fluid tc the fluid reservoir (120) for
future use , and

further comprising: afirst valve coupled between
the fluid outlet (106) and a use device; and a
second valve coupled between the fluid outlet
(106) and a drain (134).

The CapDI system (100) of claim 1, wherein the
power MOSFET polarity circuit (166) comprises a
solid state H-bridge circuit.

The CapDI system (100) of claim 1 or claim 2, where-
in the control board (160) further comprises a power
input (168), and wherein the switching regulator
(164) is configured to receive power from the power
input (168) and is configured to output regulated
power appropriate for the CapDIl module (102).

The CapDl system (100) of any of claims 1 to 3,
wherein the CapDI module (102) comprises a plur-
ality of CapDl cells arranged in series.

The CapDl system (100) of claim 1, wherein first and
second valves are solenoid valves.

A method for treating a fluid comprising:

providing a capacitive deionization (CapDI) sys-
tem according to any of claims 1 to 5;

flowing the fluid through the CapDIl module
(102);

applying a first electrical potential to the switch-
ing regulator (164);

providing regulated electrical power from the
switching regulator (164) to the power MOSFET
polarity circuit (166) in response to the applied
first electrical potential;

applying electrical power in a first polarity to the
CapDI module (102) from the power MOSFET
polarity circuit (166) via the module connector
(162); and

electrically capturing ions from the fluid in the
CapDI module (102), creating a deionized fluid;
comparing the detected conductivity to a thresh-
old conductivity; and

in the condition that the detected conductivity
exceeds the threshold conductivity, adjusting
the applied first electrical potential to increase
the regulated electrical power applied from the
switching regulator (164) to the MOSFET polar-
ity circuit (166); in the condition that the detected
conductivity is lower than the threshold conduc-
tivity, adjusting the applied first electrical poten-
tial to decrease the regulated electrical power



19 EP 3 271 296 B9 20

applied from the switching regulator (164) to the
MOSFET polarity circuit (166);

comparing the detected conductivity value com-
prises measuring an average of the detected

ist; und

einen Modulverbinder (162), der mit dem Cap-
DI-Modul (102) verbindbar und mit der Leis-
tungs-MOSFET-Polaritatsschaltung (166) ge-

11

koppelt ist; wobei

die  Leistungs-MOSFET-Polaritatsschaltung
(166) konfiguriert ist, um dem CapDI-Modul
(102) tber den Modulverbinder (162) bidirektio-

conductivity over time, and comparing the aver- 5 nale elektrische Leistung bereitzustellen;
age conductivity to the threshold conductivity der Schaltregler (164) elektrische Leistung an
value. die Leistungs-MOSFET-Polaritatsschaltung
(166) bereitstellt; und
7. The method of claim 6, wherein the system further die Steuervorrichtung (172) konfiguriert ist, um
comprises: 10 das Bereitstellen von elektrischer Leistung von
dem Schaltregler (164) an die Leistungs-MOS-
actuating the first valve such that deionized fluid FET-Polaritatsschaltung (166) basierend auf
from the CapDI module (102) flows to the use der Kommunikation zwischen der Steuervor-
device via the fluid outlet (106) and the first richtung (172) und dem Leitfahigkeitssensor
valve; 15 (128) zu steuern, wobei
closing the first valve; die Steuervorrichtung (172) konfiguriert ist, um
actuating the second valve such that fluid from den Strom, der an das CapDI-Modul (102) an-
the CapDI module (102) flows to the drain (134) gelegt wird, zu erhdhen, falls eine gemessene
via the fluid outlet (106) and the second valve; Leitfahigkeit Uber einem Schwellenwert liegt,
adjusting the power MOSFET polarity circuit 20 durch Erhéhen einer angelegten Spannung
(166), thereby applying electrical power in a von der Steuervorrichtung an den Schaltregler,
second polarity to the CapDI module (102) from und die Steuervorrichtung (172) konfiguriert ist,
the power MOSFET polarity circuit (166), the um den Strom, der an das CapDI-Modul ange-
second polarity being opposite the first, and legt wird, zu verringern, falls die gemessene
flowing fluid from the CapDI module (102) to the 25 Leitfahigkeit unter dem Schwellenwert liegt, wo-
drain (134) via the fluid outlet (106) and the bei die Steuervorrichtung (172) konfiguriert ist,
second valve. um Leitfahigkeitsinformationen Uber eine Zeit-
dauer zu sammeln und um einen Durchschnitt
der gemessenen Leitfahigkeit zu berechnen,
Patentanspriiche 30 bevor die Leitfahigkeit mit dem Schwellenwert
verglichen wird; wobei die Steuertafel (160)
1. Kapazitives Entionisierungssystem (CapDI-Sys- nicht groRer als 10,16 cm (4 Zoll) mal 10,16
tem) (100), umfassend: cm (4 Zoll) ist; wobei das CapDI-System (100)
konfiguriert ist, um Fluid Gber das CapDI-Modul
ein CapDI-Modul (102), das einen Fluideinlass 35 (102) zu entionisieren und entionisiertes Fluid in
(104) und einen Fluidauslass (106) aufweist; den Fluidvorratsbehalter (120) zur spateren
einen Fluidvorratsbehalter (120), der einen Leit- Verwendung zu leiten, und ferner umfassend:
fahigkeitssensor (128) zum Bestimmen der Leit- ein erstes Ventil, das zwischen dem Fluidaus-
fahigkeit des Fluids einschlieRt, der konfiguriert lass (106) und einer Verbrauchsvorrichtung ge-
ist, um Informationen bezliglich der verbleiben- 40 koppeltist; und ein zweites Ventil, das zwischen
den lonisierung in dem Fluid bereitzustellen, dem Fluidauslass (106) und einem Abfluss
nachdem es durch das CapDI-Modul (102) hin- (134) gekoppelt ist.
durch gelaufen ist; und eine Steuertafel (160),
umfassend: 2. CapDI-System (100) nach Anspruch 1, wobei die
eine Steuervorrichtung (172); 45 Leistungs-MOSFET-Polaritatsschaltung (166) eine
eine Leitfahigkeitssensorschnittstelle (176), die Festkérper-H-Briickenschaltung umfasst.
mit der Steuervorrichtung (172) gekoppelt ist
und eine Kommunikation zwischen der Steuer- 3. CapDI-System (100) nach Anspruch 1 oder 2, wobei
vorrichtung (172) und dem Leitfahigkeitssensor die Steuertafel (160) ferner einen Leistungseingang
(128) bereitstellt; 50 (168) umfasst, und wobei der Schaltregler (164)
einen Schaltregler (164), der mit der Steuervor- konfiguriert ist, um Leistung von dem Leistungsein-
richtung (172) gekoppelt ist; gang (168) zu empfangen, und konfiguriert ist, um
eine Leistungs-MOSFET-Polaritatsschaltung geregelte Leistung auszugeben, die fir das CapDI-
(166), die mit dem Schaltregler (164) gekoppelt Modul (102) geeignet ist.
55

4. CapDI-System (100) nach einem der Anspriiche 1
bis 3, wobei das CapDI-Modul (102) eine Vielzahl
von CapDI-Zellen umfasst, die in Reihe angeordnet
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sind. te Ventil stromt;
Anpassen des Leistungs-MOSFET-Polaritas-
schaltkreises (166), wobei dadurch elektrische
Leistung in einer zweiten Polaritat an das Cap-
5 DI-Modul (102) von der Leistungs-MOSFET-Po-
laritatsschaltung (166) angelegt wird, wobei die
zweite Polaritat der ersten entgegengesetzt ist;

5. CapDI-System (100) nach Anspruch 1, wobei das
erste und das zweite Ventil Magnetventile sind.

6. Verfahren zum Behandeln eines Fluids, umfassend:

Bereitstellen eines kapazitiven Entionisierungs-
systems (CapDI-System) nach einem der An-
spriiche 1 bis 5;

Stromen des Fluids durch das CapDI-Modul

10

und

Stromen von Fluid von dem CapDI-Modul (102)
zu dem Abfluss (134) uber den Fluidauslass
(106) und das zweite Ventil.

(102) hindurch;

Anlegen eines ersten elektrischen Potentials an

den Schaltregler (164);

Bereitstellen einer geregelten elektrischen Leis- 15
tung von dem Schaltregler (164) an die Leis- 1.
tungs-MOSFET-Polaritatsschaltung (166) als

Revendications

Systéme de désionisation capacitive (CapDI) (100)
comprenant :

Reaktion auf das angelegte erste elektrische
Potenzial;

un module CapOl (102) ayant une entrée de

Anlegen elektrischer Leistung in einer ersten 20 fluide (104) et une sortie de fluide (106) ;
Polaritadt an das CapDI-Modul (102) von der un réservoir de fluide (120) comportant un cap-
Leistungs-MOSFET-Polaritatsschaltung (166) teur de conductivité (128) permettant de déter-
Uber den Modulverbinder (162); und elektri- miner la conductivité du fluide configuré pour
sches Einfangen von lonen aus dem Fluid in fournir des informations concernant I'ionisation
dem CapDI-Modul (102), wodurch ein entioni- 25 restante dans le fluide apres passage a travers
siertes Fluid erzeugt wird; le module CapOl (102) ; et une carte de
Vergleichen der erfassten Leitfahigkeit mit ei- commande (160) comprenant :
nem Schwellenleitfahigkeitswert; und unter der
Bedingung, dass die erfasste Leitfahigkeit die un dispositif de commande (172) ;
Schwellenleitfahigkeit Gberschreitet, 30 une interface de capteur de conductivité
Anpassen des angelegten ersten elektrischen (176) couplée au dispositif de commande
Potenzials, um die geregelte elektrische Leis- (172) et fournissant une communication
tung zu erh6hen, die von dem Schaltregler (164) entre le dispositif de commande (172) et
an die MOSFET-Polaritatsschaltung (166) an- le capteur de conductivité (128) ;
gelegt wird; unter der Bedingung, dass die er- 35 un régulateur de commutation (164) couplé
fasste Leitfahigkeit niedriger als die Schwellen- au dispositif de commande (172) ;
leitfahigkeit ist, Anpassen des angelegten ers- un circuit de polarité de MOSFET de puis-
ten elektrischen Potenzials, um die geregelte sance (166) couplé au régulateur de
elektrische Leistung zu verringern, die von commutation (164) ; et
dem Schaltregler (164) an die MOSFET-Polari- 40 un connecteur de module (162) pouvant
tatsschaltung (166) angelegt wird; étre connecté au module CapOl (102) et
Vergleichen des erfassten Leitfahigkeitswerts couplé au circuit de polarité de MOSFET de
das Messen eines Durchschnittswerts der er- puissance (166) ; dans lequel
fassten Leitfahigkeit im Laufe der Zeit und das le circuit de polarité de MOSFET de puis-
Vergleichen der Durchschnittsleitfahigkeit mit 45 sance (166) est configuré pour fournir de la
dem Schwellenleitfahigkeitswert umfasst. puissance électrique bidirectionnelle au
module CapOl (102) par I'intermédiaire du
7. Verfahren nach Anspruch 6, wobei das System fer- connecteur de module (162) ;
ner umfasst: le régulateur de commutation (164) fournit
50 de la puissance électrique au circuit de
Betatigen des ersten Ventils derart, dass ent- polarité de MOSFET de puissance (166) ; et
ionisiertes Fluid aus dem CapDI-Modul (102) zu le dispositif de commande (172) est confi-
der Verwendungsvorrichtung Uber den Flui- guré pour commander la fourniture de puis-
dauslass (106) und das erste Ventil stromt; sance électrique allant du régulateur de
55

SchlielRen des ersten Ventils;

Betatigen des zweiten Ventils derart, dass Fluid
aus dem CapDI-Modul (102) zu dem Abfluss
(134) Uber den Fluidauslass (106) und das zwei-

12

commutation (164) au circuit de polarité
de MOSFET de puissance (166) en fonction
de la communication entre le dispositif de
commande (172) et le capteur de conducti-
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vité (128), dans lequel

le dispositif de commande (172) est confi-
guré pour augmenter le courant appliqué au
module CapOl (102), si une conductivité
mesurée est supérieure a un seuil en aug-
mentant une tension appliquée allant du
dispositif de commande au régulateur de
commutation et le dispositif de commande
(172) est configuré pour diminuer le courant
appliqué au module CapOl, si la conducti-
vité mesurée est inférieure au seuil, dans
lequel le dispositif de commande (172) est
configuré pour collecter des informations de
conductivité au cours d’une durée et pour
calculer une moyenne de la conductivité
mesurée avant comparaison de la conduc-
tivité au seuil ; dans lequel la carte de
commande (160) n’est pas plus grande
que 10,16 cm (4 pouces) sur 10,16 cm (4
pouces) en dimension ; dans lequel le sys-
teme CapOl (100) est configuré pour dési-
oniser un fluide par I'intermédiaire du mo-
dule CapOl (102) et diriger le fluide dési-
onisé vers le réservoir de fluide (120) pour
une utilisation future, et comprenant en ou-
tre : une premiére vanne couplée entre la
sortie de fluide (106) et un dispositif d’utili-
sation ; etune seconde vanne couplée entre
la sortie de fluide (106) et une évacuation
(134).

Systéeme CapOl (100) selon la revendication 1, dans
lequel le circuit de polarité de MOSFET de puissance
(166) comprend un circuit de pont en H & semicon-
ducteurs.

Systeéme CapOl (100) selon la revendication 1 ou la
revendication 2, dans lequel la carte de commande
(160) comprend en outre une entrée de puissance
(168), et dans lequel le régulateur de commutation
(164) est configuré pour recevoir de la puissance en
provenance de I'entrée de puissance (168) et est
configuré pour délivrer en sortie de la puissance
régulée appropriée pour le module CapOl (102).

Systéme CapOl (100) selon I'une quelconque des
revendications 1 a 3, dans lequel le module CapOl
(102) comprend une pluralité de cellules CapOl
agenceées en série.

Systéeme CapOl (100) selon la revendication 1, dans
lequel les premiere et seconde vannes sont des
électrovannes.

Procédé permettant de traiter un fluide comprenant :

la fourniture d’un systeme de désionisation ca-
pacitive (CapDl) selon I'une quelconque des
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revendications 1a5;

I'écoulement du fluide a travers le module Ca-
pOI (102) ;

I'application d’'un premier potentiel électrique au
régulateur de commutation (164) ;

la fourniture de puissance électrique régulée du
régulateur de commutation (164) au circuit de
polarit¢ de MOSFET de puissance (166) en
réponse au premier potentiel électrique appli-
qué ;

I'application de puissance électrique dans une
premiére polarité au module CapOl (102) a par-
tir du circuit de polarit¢ de MOSFET de puis-
sance (166) par l'intermédiaire du connecteur
de module (162) ; et la capture par voie élec-
triqgue d’ions provenant du fluide dans le module
CapOl (102), en créant un fluide désionisé ; la
comparaison de la conductivité détectée a une
conductivité seuil ; et a la condition que la
conductivité détectée dépasse la conductivité
seuil, I'ajustement du premier potentiel élec-
trique appliqué pour augmenter la puissance
électrique régulée appliquée a partir du régula-
teur de commutation (164) au circuit de polarité
de MOSFET (166) ; ala condition que la conduc-
tivité détectée soit inférieure a la conductivité
seuil, I'ajustement du premier potentiel élec-
trique appliqué pour diminuer la puissance élec-
trique régulée appliquée a partir du régulateur
de commutation (164) au circuit de polarité de
MOSFET (166) ;

la comparaison de la valeur de conductivité
détectée comprend la mesure d’'une moyenne
de la conductivité détectée au fil du temps, et la
comparaison de la conductivité moyenne a la
valeur de conductivité seuil.

7. Procédé selon la revendication 6, dans lequel le

systéme comprend en outre :

I'actionnement de la premiére vanne de telle
sorte que du fluide désionisé provenant du mo-
dule CapOl (102) s’écoule vers le dispositif d’'u-
tilisation par l'intermédiaire de la sortie de fluide
(106) et de la premiére vanne ;

la fermeture de la premiére vanne ;
I'actionnement de la seconde vanne de telle
sorte que du fluide provenant du module CapOl
(102) s’écoule vers I'évacuation (134) par I'in-
termédiaire de la sortie de fluide (106) et de la
seconde vanne ;

I'ajustement du circuit de polarité de MOSFET
de puissance (166), en appliquantde cefaitdela
puissance électrique dans une seconde polarité
au module CapOl (102) a partir du circuit de
polarit¢ de MOSFET de puissance (166), la
seconde polarité étant opposée a la premiére ;
et I'écoulement de fluide provenant du module
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CapOl (102) vers I'évacuation (134) par l'inter-
médiaire de la sortie de fluide (106) et de la
seconde vanne.
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