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ION-EXCHANGE SYSTEM FOR TREATING A FLUID AND AN ION CHROMATOGRAPHY
METHOD THEREOF

CROSS REFERENCE TO RELATED APPLICATION

This application claims the benefit of US 62/716,503 filed on August 9, 2018, the content of

which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0001] The application relates generally to ion chromatography and, more particularly, to an

ion-exchange system and method thereof.

BACKGROUND OF THE ART

[0002] lon exchanger systems, such as those employed in ion chromatography, can be
used to remove or separate molecules from a fluid. The fluid may pass upwardly through a
bed of ion-exchange resin contained in a container of the ion exchanger system to remove
the molecules from the fluid. The ion exchanger system typically has an inlet at the bottom to
receive the fluid into the container and an outlet at the top to remove the fluid from the

container. In operation, the fluid can be pressurized and injected into the container.

[0003] The amount of molecules removed from the fluid may depend on the time that the
fluid is in contact with the bed of ion-exchange resin. However, a portion of the fluid may pass
through the resin at a rate different from rates of other portions of the fluid passing through

the resin.

SUMMARY

[0004] In one aspect, there is provided a container for treating a fluid with an ion-exchange
system, the container comprising a housing extending in an upright position along a
longitudinal axis between a bottom port and an opposed top port, the housing having an
internal chamber defined therein; a bottom plate disposed in the internal chamber
perpendicular to the longitudinal axis at a predetermined height above the bottom port and

having a plurality of openings defined therethrough, the bottom plate dividing the internal
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chamber between a main chamber and a bottom chamber, the bottom chamber defined
between the bottom plate and the bottom port; and a plurality of diffusers in fluid flow
communication with the bottom chamber extending from the bottom plate into the main
chamber, each one of the plurality of diffusers being received in a respective one of the
plurality of openings of the bottom plate and having a diffuser tube section projecting
upwardly from the bottom plate and being in fluid flow communication with the bottom
chamber, the diffuser tube section having radial openings circumferentially distributed along a

length thereof to radially discharge the fluid in the main chamber.

[0005] In another aspect, there is provided an ion-exchange system for treating a fluid to
remove particles, the ion-exchange system comprising a container extending in an upright
position along a longitudinal axis between a bottom port and an opposed top port, the
container having an internal chamber between the bottom port and the top port; top and
bottom plates disposed in the internal chamber of the container, a bottom chamber defined
between the bottom port and the bottom plate, a top chamber defined between the top plate
and the top port, and a main chamber defined between the top and bottom plates; treatment
particles disposed in the internal chamber to treat the fluid, the treatment particles including a
bed of silex particles disposed on the bottom plate and a bed of ion-exchange particles
disposed on top of the bed of silex particles; and a plurality of bottom diffusers extending
through the bottom plate, each one of the plurality of bottom diffusers having a diffuser tube
section projecting into the bed of silex particles, the diffuser tube section having a root
opening at a first end thereof in fluid flow communication with the bottom chamber and a
closed second end opposite the first end, and radial diffuser openings circumferentially
distributed along a length of the diffuser tube section to radially discharge the fluid in the main
chamber and to uniformly distribute the fluid in the bed of silex particles, wherein the top
chamber is free of the treatment particles above the top plate and the bottom chamber is free

of the treatment particles below the bottom plate relative to the longitudinal axis.

[0006] In a further aspect, there is provided an ion-exchange system for treating a fluid to
remove particles, the ion-exchange system comprising a container section having a
cylindrical shape and extending along a longitudinal axis between a bottom plate and a top
plate, each one of the bottom and top plates having a plurality of openings defined

therethrough the container section having a main chamber defined therein between the
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bottom plate and the top plate, the container section having a height along the longitudinal
axis and a diameter extending in a plane perpendicular to the longitudinal axis, and a ratio of
the height over the diameter is between 0.75 and 1.25; and a plurality of bottom diffusers
extending through the bottom plate, each one of the plurality of bottom diffusers having a
diffuser tube section projecting into the main chamber parallel to the longitudinal axis through
a respective one of the plurality of openings of the bottom plate, each one of the plurality of
bottom diffusers having a root tube section adapted to be in fluid flow communication with a
source of the fluid, and radial diffuser openings circumferentially distributed along a length of
the diffuser tube section to radially discharge the fluid in the container section, a density of
the plurality of bottom diffusers being between 50 and 70, the density of the plurality of
bottom diffusers being defined as a number of the plurality of bottom diffusers per meter

square of the bottom plate.

[0007] In a further aspect, there is provided an ion chromatography method for treating a
fluid with ion-exchange treatment particles disposed in a container, the method comprising
uniformly distributing the fluid in a bed of silex particles of the treatment particles through a
plurality of bottom diffusers; raising the fluid from the bed of silex particles into, and through, a
bed of ion-exchange particles of the treatment particles; and evacuating the fluid from the

container.

[0008]

DESCRIPTION OF THE DRAWINGS

[0009] Reference is now made to the accompanying figures in which:

[0010] Fig. 1is a perspective view of an ion-exchange system including four containers;
[0011] Fig. 2A is a perspective view of one of the containers shown in Fig. 1;

[0012] Fig. 2B is a front view of the container of Fig. 2A,

[0013] Fig. 2C is perspective cross-sectional view of the container, showing diffusers

disposed inside the container;

[0014] Fig. 3A is a perspective view of a top cover of the container;

3
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[0015] Fig. 3B is a cross-sectional view of the top cover,;
[0016] Fig. 4A is a perspective view of the bottom plate;
[0017] Fig. 4B is a top view of the bottom plate;

[0018] Fig. 5A is one of the diffusers of Fig. 2C;

[0019] Fig. 5B is an enlarged view of a portion of the diffuser;
[0020] Fig. 6 is a housing of the container; and

[0021] Fig. 7 is a cross-sectional view of the container.
DETAILED DESCRIPTION

[0022] Fig. 1 llustrates an ion-exchange system 10 that may be used in ion
chromatography. The ion-exchange system 10 may be used for treating a fluid to remove
ions, particles, and/or molecules from the fluid. The ion-exchange system may be used in the
food and beverage industry as part of a purification and separation system. For example, the
ion-exchange system 10 may be used in juice debittering, juice clarification, and the like. It is
understood that other suitable applications outside the beverage industry for removing ions,
particles and/or molecules from the fluid using the ion-exchange system 10 are also

contemplated.

[0023] In the embodiment shown in Fig. 1, the ion-exchange system 10 includes four
containers 12. The container 12 is intended to refer to a vessel, receptacle, tank, and the like.
The container 12 may receive and treat the fluid with treatment particles that may be

disposed therein.

[0024] The treatment particles may contain a bed of ion-exchange particles or resin to treat
the fluid. The ion-exchange particles are intended to refer to resins, beads, or the like, that
can separate ions and/or molecules from the fluid. The ion-exchange resin may be selected

to provide the desired separation and removal of the ions and/or molecules from the fluid.

[0025] The ion-exchange particles or resin to treat the fluid is preferably a weak anion

exchange resin such as a resin of the acrylic or styrene type. Preferably, weak anion
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exchange resin is comprising ternary amines that are neutral at a pH greater than 10 and
ionized at a pH lower than 10 and may therefore be useful for capturing chemical species
(such as weak acids, in particular organic acids). Preferably, the resin is an acrylic-type anion

exchange resin having a capacity between 1.6-3.2.

[0026] The container 12 may include any suitable material for containing the fluid and the
treatment particles. The ion-exchange system may include a pump 14 to pressurize the fluid

and a piping network 16 to carry the fluid into and out of the containers 12.

[0027] Figs. 2A-2C, illustrates the container 12. The container 12 has a housing 20 to
receive the treatment particles, a bottom cover 22, an opposed top cover 24, and diffusers 26
positioned inside the container 12 to distribute the fluid in the housing 20. The fluid may be
uniformly distributed across the housing 20 through the diffusers 26. It will be appreciated that
relative terms such as, “top”, “bottom”, “side”, “horizontal”’, “vertical’, “upright’, “above”, and
the like are used herein to describe one element’s relationship to another element as
illustrated in the figures. It is understood that these relative terms are intended to encompass

different orientations of the elements in addition to the orientation depicted in the figures.

[0028] The housing 20 may extend in an upright position along a longitudinal axis 28 (Fig.
2B) between a bottom port 30 defined in the bottom cover 22 and an opposed top port 32
defined in the top cover 24. The bottom port 30 and the top port 32 may be openings. For
example, the fluid may be introduced in the container 12 from the bottom port 30 and/or the
top port 32 and evacuated from the bottom port 30 and/or the top port 32, and vice versa. A
fluid source (not shown) may provide the fluid to the container 12. The fluid may be
pressurized and injected into the container 12. The pump 14 may pressurize the fluid. A
vacuum pump may be connected to the top port 32 to evacuate the fluid from the container
12.

[0029] The housing 20 may have a sidewall 34 extending around the longitudinal axis 28
from the bottom cover 22 to the top cover 24. The housing 20 may have a cylindrical shape.

In some embodiments, the housing 20 may have an oval shape.

[0030] The container 12 has an internal chamber defined therein. The internal chamber may

be divided into sub-chambers. For example, the container 12 may have a main chamber 36,



WO 2020/030988 PCT/IB2019/054234

a bottom chamber 38, and a top chamber 40. The main chamber 36 is disposed between the
bottom chamber 38 and the top chamber 40. The main chamber 36 is defined in the housing
20 such that the sidewall 34 at least partially delimits the main chamber 36. The main
chamber 36 is adapted to contain therein the treatment particles. The bottom chamber 38 is
defined between the main chamber 36 and the bottom cover 22, and the top chamber 40 is
defined between the main chamber 36 and the top cover 24. In some embodiments, the
bottom chamber 38 is free from the treatment particles. Similarly, the top chamber 40 may be

free from the treatment particles.

[0031] The container 12 includes a bottom plate 42 disposed therein at a predetermined
height above the bottom port 30 such that the bottom chamber 38 may be defined between
the bottom plate 42 and the bottom port 30. The bottom plate 42 may be disposed
perpendicular to the longitudinal axis 28. The bottom plate 42 delimits a bottom portion of the
main chamber 36. The bottom plate 42 may extend across the sidewall 34 of the housing 20.
In other words, a periphery of the bottom plate 42 may be in contact with the sidewall 34. The
bottom plate 42 may form a common divider between the main chamber 36 and the bottom

chamber 38.

[0032] The container 12 may include a top plate 44 disposed therein at a predetermined
depth below the top port 32 such that the top chamber 40 may be defined between the top
plate 44 and the top port 32. The top plate 44 may be disposed perpendicular to the
longitudinal axis 28. The top plate 44 delimits a top portion of the main chamber 36. The top
plate 44 may extend across the sidewall 34 of the housing 20. In other words, a periphery of
the top plate 44 may be in contact with the sidewall 34. The top plate 44 may form a common

divider between the main chamber 36 and the top chamber 40.

[0033] The diffusers 26 may include bottom diffusers 26A that extend from the bottom plate
42 into the main chamber 36. In some embodiments, each diffuser 26 has a diffuser tube
section 46 that projects upwardly from the bottom plate 42 into the main chamber 36. A
predetermined height of the diffuser tube section 46 may be determined relative to the size
and shape of the container 12. The predetermined height of the diffuser tube section 46 may
depend on the selection of the treatment particles. For example, the treatment particles may
include the bed of ion-exchange particles disposed above a bed of silex particles. The silex

particles are intended to refer to any suitable forms of quartz, flint, stones, or any of the other

6



WO 2020/030988 PCT/IB2019/054234

forms of silica and/or silicate, and the like. The height of the diffuser tube section 46 may
extend only within the bed of silex particles. In some embodiments, the diffuser tube section
46 may not extend in the bed of ion-exchange particles. The bottom diffusers 26A may be

uniformly distributed over the bottom plate 42.

[0034] The bottom diffusers 26A are in fluid flow communication with the bottom chamber
38. In operation, the fluid may be injected into the bottom chamber 38 through the bottom port
30. The fluid may flow into the diffusers 26 to be radially discharged in the main chamber 36.

[0035] The container 12 may include top diffusers 26B that extend from the top plate 44 into
the main chamber 36. In some embodiments, each diffuser has a diffuser tube section 46 that
projects downwardly from the top plate 44 into the main chamber 36. A predetermined depth
of the diffuser tube section 46 may be determined relative to the size and shape of the
container 12. The predetermined depth of the diffuser tube section 46 may depend on the
selection of the treatment particles. For example, the treatment particles may include the bed
of silex particles disposed above the bed of ion-exchange particles. The depth of the diffuser
tube section 46 may extend only in the bed of silex particles. In some embodiments, the
diffuser tube section 46 of the top diffusers 26B may not extend in the bed of ion-exchange

particles. The top diffusers 26B may be uniformly distributed over the top plate 44.

[0036] Referring to Figs. 3A-3B, the top cover 24 is shown. The top port 32 is positioned in
a center of the top cover 24. It is understood that other configurations of the top port 32 may

be employed. The bottom cover 22 may be similar to the top cover 24.

[0037] Referring to Figs. 4A-4B, the bottom plate 42 is shown. In some embodiments, the
bottom plate 42 is perforated and includes openings 48 defined therethrough. Each opening
48 may receive a corresponding diffuser 26. In other words, the corresponding diffuser 26

may extend through the bottom plate 42 through a respective opening 48.

[0038] In some embodiments, each one of the openings 48 of the bottom plate 42 is in fluid
flow communication with a corresponding diffuser tube section 46. That is, two or more
openings 48 may be in fluid flow communication with the same diffuser tube section 46. For
example, in the embodiment shown in Fig. 4A, the diffuser 26AA expands over four openings

48. The diffuser 26A expands over one opening 48.
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[0039] The bottom plate 42 may have a circular shape. In other embodiments, the bottom

plate 42 may have a different shape, such as oval, and the like.

[0040] A density of the diffusers 26 may be defined by a number of the diffusers 26 per unit
area of the bottom plate 42. In some embodiments, the density of the diffusers 26 is between
a minimum value and a maximum value of diffusers 26 per meter square (number of
diffusers/m?). In some embodiments, the density is between 50 and 70 diffusers/m?. In some
embodiments, the density is between 60 and 65 diffusers/m?. In some embodiments, the
density is, or about, 62.5 diffusers/m®. The density of the diffusers may be 0.016 m?*/diffuser
tube.

[0041] For example, for a diameter of 900 millimetres (mm) of the bottom plate 42, the area
of the bottom plate 42 is 0.64 m®. Thus, to maintain a density of 62.5 diffusers/m?, 40 diffusers

26 may be used and uniformly distributed over the bottom plate 42.

[0042] Referring to Fig. 5A, a diffuser 26 is shown in accordance to some embodiments.
The diffuser tube section 46 has a root opening 50 at one end and a closed opposite end 52.
The diffuser tube section 46 may be in fluid flow communication with the bottom chamber 38
through the root opening 50. The diffuser tube section 46 may have radial openings 54
circumferentially distributed along a length thereof between the bottom plate 42 and the
closed end 52. A flow path of the fluid may be defined from the root opening 50 to the radial
openings 54.

[0043] The diffuser 26 may include the diffuser tube section 46 and a root tube section 56.
The root tube section 56 is intended to refer to any suitable tube to reach the fluid within the
bottom chamber 38. The root tube section 56 may project from the bottom plate 42 into the
bottom chamber 38. The root tube section 56 may be in fluid flow communication with the

bottom chamber 38 through another root opening 50A.

[0044] The diffuser 26 may be sized to provide a pressure drop therethrough. The pressure
drop may be between 1 and 3 bars for a flow of the fluid at a volumetric flow rate between 60
and 70 meter cube per hour (m*/h). The diffusers 26 may be sized and shaped to uniformly

distribute the fluid in the bed of silex particles.
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[0045] The diffuser tube section 46 may have a diameter that is between 14 mm and 17
mm. The height of the diffuser tube section 46 may be about 50 mm. It is understood that

other sizes of the diameter and the height may be used.

[0046] A flowrate of the fluid per diffuser 26 may vary between 25 litres per hour (L/h) and
1 500 L/h. The pump 14 may vary the flowrate of the fluid flowing to the diffusers 26.

[0047] The diffuser 26 may be made from a stainless steel, titanium alloy, or a combination
of stainless steel and titanium alloy. For example, the diffuser 26 may be made from a
titanium loaded stainless steel. The material of the diffuser 26 may be known as “Alloy 316
T

[0048] Referring to Fig. 5B, an enlarged view of a portion of the diffuser tube section 46 is
shown in accordance to some embodiments. The radial openings 54 may have V-shaped
openings. In some embodiments, the V-shaped openings 54 may block the silex particles 58
from entering into the diffusers 26. The size of the silex particle 58 may be greater than the

size of the radial opening 54.

[0049] Referring to Fig. 6, the main chamber 36 defined within the housing 20 is shown.
The housing 20 may have a height along the longitudinal axis 28 and a diameter extending in
a plane perpendicular to the longitudinal axis 28. The shape of the housing 20 may be
referred to as “super square”. The term super square is intended to refer to a shape of the
housing 20 where the values of the height and the diameter are equal, or are near each
other. For example, a ratio of the height over the diameter may be between 0.75 and 1.25. In
some embodiments, the ratio of the height over the diameter is between 0.8 and 1.2. In some
embodiments, the ratio of the height over the diameter is between 0.9 and 1.1. In some

embodiments, the ratio of the height over the diameter is, or about, 1.

[0050] In use, the treatment particles may be provided inside the main chamber 36 to a
filling height that extends from the bottom plate 42 toward the top plate. The filling height may
be between 50% and 100% of the total height of the housing 20. The treatment particles may
expand in volume during the treatment of the fluid. The container 12 may be sold separately
from the treatment particles. The container 12 may sold with the bed of silex particles 58 and

the bed of ion-exchange particles.
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[0051] The ion-exchange system 10 may include the container 12 with an identical bottom
half and top half. That is, for example, the top plate 44 and top diffusers 26B mirror the
bottom plate 42 and bottom diffusers 26A. In some embodiments, a regenerating or washing
fluid may be used to regenerate or wash the ion-exchange particles. For example, after
treating the fluid, the ion-exchange particles may be washed to remove the molecules that

were separated from the fluid, the molecules retained by the ion-exchange particles, or both.

[0052] In some operations of the ion chromatography, a method may be provided for
treating the fluid. The method may include uniformly distributing the fluid in the bed of silex
particles 58 in the container 12, raising the fluid from the bed of silex particles into, and
through, the bed of ion-exchange particles, and evacuating or retrieving the fluid from the
container 12. The method may include a reverse washing flow from the top port 32 to the

bottom port 30 to wash and regenerate the ion-exchange particles.

[0053] Referring to Fig. 7, a cross-section of the container 12 is shown. In the embodiment
shown in Fig. 7, the bottom chamber 38 and the top chamber 40 are free from the ion-
exchange particles 60. In operation, during a treatment cycle, the fluid may flow through the
container 12 from the bottom port 30, to the bottom chamber 38, to the main chamber 36, to
the top chamber 40, and flow out of the container 12 through the top port 32. For example,
the fluid may enter the housing 20 through the bottom port 30. The fluid may flow into the
bottom diffusers 26A. The bottom diffusers 26A may uniformly discharge the fluid in the bed
of silex particles 58. The fluid may rise from the bed of silex particles 58 into the bed of ion-
exchange particles 60. The fluid may flow into the top diffusers 26B. The fluid may exit the
container through the top port 32.

[0054] In operation, during a washing cycle, the fluid may flow through the container 12
from the top port 32, to the top chamber 40, to the main chamber 36, to the bottom chamber
38, and flow out of the container 12 through the bottom port 30. For example, the fluid may
enter the housing 20 through the top port 32. The fluid may flow into the top diffusers 26B.
The top diffusers 26B may uniformly discharge the fluid in the bed of silex particles 58. The
fluid may flow from the bed of silex particles 58 into the bed of ion-exchange particles 60. The
fluid may flow into the bottom diffusers 26A. The fluid may exit the container through the
bottom port 30.

10
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[0055] Embodiments disclosed herein include:

[0056] Embodiment A: a container for treating a fluid with an ion-exchange system, the

container comprising

a housing extending in an upright position along a longitudinal axis between a bottom port

and an opposed top port, the housing having an internal chamber defined therein;

a bottom plate disposed in the internal chamber perpendicular to the longitudinal axis at a
predetermined height above the bottom port and having a plurality of openings defined
therethrough, the bottom plate dividing the internal chamber between a main chamber and a
bottom chamber, the bottom chamber defined between the bottom plate and the bottom port;

and

a plurality of diffusers in fluid flow communication with the bottom chamber extending from
the bottom plate into the main chamber, each one of the plurality of diffusers being received
in a respective one of the plurality of openings of the bottom plate and having a diffuser tube
section projecting upwardly from the bottom plate and being in fluid flow communication with
the bottom chamber, the diffuser tube section having radial openings circumferentially

distributed along a length thereof to radially discharge the fluid in the main chamber.

[0057] Embodiment B: an ion-exchange system for treating a fluid to remove particles, the

ion-exchange system comprising

a container extending in an upright position along a longitudinal axis between a bottom port
and an opposed top port, the container having an internal chamber between the bottom port

and the top port;

top and bottom plates disposed in the internal chamber of the container, a bottom chamber
defined between the bottom port and the bottom plate, a top chamber defined between the

top plate and the top port, and a main chamber defined between the top and bottom plates;

treatment particles disposed in the internal chamber to treat the fluid, the treatment particles
including a bed of silex particles disposed on the bottom plate and a bed of ion-exchange

particles disposed on top of the bed of silex particles; and

11
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a plurality of bottom diffusers extending through the bottom plate, each one of the plurality of
bottom diffusers having a diffuser tube section projecting into the bed of silex particles, the
diffuser tube section having a root opening at a first end thereof in fluid flow communication
with the bottom chamber and a closed second end opposite the first end, and radial diffuser
openings circumferentially distributed along a length of the diffuser tube section to radially
discharge the fluid in the main chamber and to uniformly distribute the fluid in the bed of silex

particles,

wherein the top chamber is free of the treatment particles above the top plate and the bottom
chamber is free of the treatment particles below the bottom plate relative to the longitudinal

axis.

[0058] Embodiment C: an ion-exchange system for treating a fluid to remove particles, the

ion-exchange system comprising

a container section having a cylindrical shape and extending along a longitudinal axis
between a bottom plate and a top plate, each one of the bottom and top plates having a
plurality of openings defined therethrough the container section having a main chamber
defined therein between the bottom plate and the top plate, the container section having a
height along the longitudinal axis and a diameter extending in a plane perpendicular to the

longitudinal axis, and a ratio of the height over the diameter is between 0.75 and 1.25; and

a plurality of bottom diffusers extending through the bottom plate, each one of the plurality of
bottom diffusers having a diffuser tube section projecting into the main chamber parallel to
the longitudinal axis through a respective one of the plurality of openings of the bottom plate,
each one of the plurality of bottom diffusers having a root tube section adapted to be in fluid
flow communication with a source of the fluid, and radial diffuser openings circumferentially
distributed along a length of the diffuser tube section to radially discharge the fluid in the
container section, a density of the plurality of bottom diffusers being between 50 and 70, the
density of the plurality of bottom diffusers being defined as a number of the plurality of bottom

diffusers per meter square of the bottom plate.

[0059] Embodiment D: an ion chromatography method for treating a fluid with ion-exchange

treatment particles disposed in a container, the method comprising

12
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uniformly distributing the fluid in a bed of silex particles of the treatment particles through a

plurality of bottom diffusers;

raising the fluid from the bed of silex particles into, and through, a bed of ion-exchange

particles of the treatment particles; and

evacuating the fluid from the container.

[0060] Embodiments A, B, C and/or D may include any of the following elements in any

combination.
[0061] In addition, the following combinations are contemplated:

[0062] Element 1: Embodiments A wherein the container includes a top plate disposed
inside the housing perpendicular to the longitudinal axis at a predetermined depth below the
top port, the top plate delimiting a top portion of the main chamber such that a top chamber

being defined between the top plate and the top port.

[0063] Element 2: Element 1 wherein a second set of the plurality of diffusers extend from
the top perforated plate into the main chamber, each one of the plurality of diffusers of the
second set having the diffuser tube section projecting downwardly from the top plate and

being in fluid flow communication with the top chamber.

[0064] Element 3: Embodiments A, or any one of elements 1 and 2, wherein at least one of
the plurality of diffusers has a root tube section projecting from the bottom plate into the
bottom chamber, the root tube section being in fluid flow communication with the diffuser tube

section and the bottom chamber.

[0065] Element 4. Embodiments A, or any one of elements 1 to 3, wherein the main
chamber has a height along the longitudinal axis and a diameter extending in a plane
perpendicular to the longitudinal axis, and a ratio of the height over the diameter is between
0.75 and 1.25.
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[0066] Element 5: Element 4 wherein the ratio of the height over the diameter is between
0.8 and 1.2.

[0067] Element 6: Element 4 wherein the ratio of the height over the diameter is between
0.9and 1.1.

[0068] Element 7: Element 4 wherein the ratio of the height over the diameter is 1.

[0069] Element 8: Embodiments A, or any one of elements 1 to 7, wherein a density of the
plurality of diffusers is between 50 and 70, the density of the plurality of diffusers being

defined as a number of the plurality of diffusers per meter square of the bottom plate.

[0070] Element 9: Element 8 wherein the density of the plurality of diffusers per meter

square is between 60 and 65.

[0071] Element 10: Element 8 wherein the density of the plurality of diffusers per meter

square is 62.5.

[0072] Element 11: Embodiments A, or any one of elements 1 to 10, wherein each one of
the plurality of diffusers is adapted to provide a pressure drop therethrough, the pressure
drop being between 1 and 3 bars for a flow of the fluid at a volumetric flow rate between 60

and 70 meter cube per hour.

[0073] Element 12: Embodiments A, or any one of elements 1 to 11, wherein a length of the

diffuser tube section is adapted to extend only in a bed of silex particles.

[0074] Element 13: Embodiments A, or any one of elements 1 to 11, wherein the radial
openings of the diffuser tube section are V-shaped such that a smallest cross-section of one

of the radial openings delimits the diffuser tube section within the main chamber.

[0075] Element 14. Embodiments B, wherein a plurality of top diffusers extending from the
top plate into the main chamber, each one of the plurality of top diffusers having the diffuser
tube section projecting downwardly from the top plate and being in fluid flow communication

with the top chamber.
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[0076] Element 15: Embodiments B, or element 14 at least one of the plurality of bottom
diffusers has a root tube section projecting from the bottom plate into the bottom chamber,
the root tube section being in fluid flow communication with the diffuser tube section and the

bottom chamber.

[0077] Element 16: Embodiments B, or any one of elements 14 to 15 wherein a density of
the plurality of bottom diffusers is between 50 and 70, the density of the plurality of bottom
diffusers being defined as a number of the plurality of bottom diffusers per meter square of

the bottom plate.

[0078] Element 17: Embodiments B, or any one of elements 14 to 16 wherein the main
chamber has a height along the longitudinal axis and a diameter extending in a plane
perpendicular to the longitudinal axis, and a ratio of the height over the diameter is between
0.75 and 1.25.

[0079] Element 18: Embodiments B, or any one of elements 14 to 16 wherein the ratio of

the height over the diameter is between 0.8 and 1.2.

[0080] Element 19: Embodiments B, or any one of elements 14 to 16 wherein the ratio of

the height over the diameter is between 0.9 and 1.1.

[0081] Element 20: Embodiments B, or any one of elements 14 to 16 wherein the ratio of

the height over the diameter is about 1.

[0082] Element 21: Embodiments B, or any one of elements 14 to 20 wherein a density of
the plurality of bottom diffusers is between 50 and 70, the density of the plurality of bottom
diffusers being defined as a number of the plurality of bottom diffusers per meter square of

the bottom plate.

[0083] Element 23: Embodiments B, or any one of elements 14 to 20 wherein the density of

the plurality of diffusers per meter square is between 60 and 65.

[0084] Element 24: Embodiments B, or any one of elements 14 to 20, wherein the density of

the plurality of diffusers per meter square is 62.5.
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[0085] Element 25: Embodiments B, or any one of elements 14 to 24, wherein each one of
the plurality of bottom diffusers is adapted to provide a pressure drop therethrough, the
pressure drop being between 1 and 3 bars for a flow of the fluid at a volumetric flow rate

between 60 and 70 meter cube per hour.

[0086] Element 26: Embodiments B, or any one of elements 14 to 25, wherein a length of

the diffuser tube section extend only in the bed of silex particles.

[0087] Element 27: Embodiments B, or any one of elements 14 to 26, wherein the radial
openings of the diffuser tube section are V-shaped such that a smallest crosssection of one

of the radial openings delimits the diffuser tube section within the main chamber.

[0088] Element 28: Embodiments C, comprising a plurality of top diffusers extending
through the top plate, each one of the plurality of top diffusers having the diffuser tube section
projecting into the main chamber parallel to the longitudinal axis through a respective one of

the plurality of openings of the top plate.

[0089] Element 29: Element 28 wherein a density of the plurality of top diffusers being
between 50 and 70, the density of the plurality of top diffusers being defined as a number of

the plurality of top diffusers per meter square of the top plate.

[0090] Element 30: Embodiments C, or any one of elements 28 to 29, wherein each one of
the plurality of bottom diffusers is adapted to provide a pressure drop therethrough, the
pressure drop being between 1 and 3 bars for a flow of the fluid at a volumetric flow rate

between 60 and 70 meter cube per hour.

[0091] Element 31: Embodiments C, or any one of elements 28 to 30, wherein each one of
the plurality of top diffusers is adapted to provide a pressure drop therethrough, the pressure
drop being between 1 and 3 bars for a flow of the fluid at a volumetric flow rate between 60

and 70 meter cube per hour.

[0092] Element 32: Embodiments D, further comprising, subsequently after evacuating the
fluid from the container, distributing a washing fluid in the bed of ion-exchange particles

through a plurality of top diffusers.
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[0093] The above description is meant to be exemplary only, and one skilled in the art will
recognize that changes may be made to the embodiments described without departing from
the scope of the invention disclosed. For example, the bottom diffusers may be identical to

the top diffusers. The bottom plate 42 may be identical to the top plate.

[0094] Still other modifications which fall within the scope of the present invention will be
apparent to those skilled in the art, in light of a review of this disclosure, and such

modifications are intended to fall within the appended claims.
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CLAIMS

1. A container for treating a fluid with an ion-exchange system, the container comprising:

a housing extending in an upright position along a longitudinal axis between a bottom port

and an opposed top port, the housing having an internal chamber defined therein;

a bottom plate disposed in the internal chamber perpendicular to the longitudinal axis at a
predetermined height above the bottom port and having a plurality of openings defined
therethrough, the bottom plate dividing the internal chamber between a main chamber and a
bottom chamber, the bottom chamber defined between the bottom plate and the bottom port;

and

a plurality of diffusers in fluid flow communication with the bottom chamber extending from
the bottom plate into the main chamber, each one of the plurality of diffusers being received
in a respective one of the plurality of openings of the bottom plate and having a diffuser tube
section projecting upwardly from the bottom plate and being in fluid flow communication with
the bottom chamber, the diffuser tube section having radial openings circumferentially

distributed along a length thereof to radially discharge the fluid in the main chamber.

2. The container as defined in claim 1, wherein the main chamber has a height along the
longitudinal axis and a diameter extending in a plane perpendicular to the longitudinal axis,

and a ratio of the height over the diameter is between 0.75 and 1.25.

3. The container as defined in claim 1 or 2, wherein a density of the plurality of diffusers is
between 50 and 70, the density of the plurality of diffusers being defined as a number of the

plurality of diffusers per meter square of the bottom plate.

4, The container as defined in any one of claims 1 to 3, wherein each one of the plurality
of diffusers is adapted to provide a pressure drop therethrough, the pressure drop being
between 1 and 3 bars for a flow of the fluid at a volumetric flow rate between 60 and 70 meter

cube per hour.

5. The container as defined in any one of claims 1 to 4, wherein a length of the diffuser

tube section is adapted to extend only in a bed of silex particles.
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6. An ion-exchange system for treating a fluid to remove particles, the ion-exchange

system comprising:

a container extending in an upright position along a longitudinal axis between a bottom port
and an opposed top port, the container having an internal chamber between the bottom port

and the top port;

top and bottom plates disposed in the internal chamber of the container, a bottom chamber
defined between the bottom port and the bottom plate, a top chamber defined between the

top plate and the top port, and a main chamber defined between the top and bottom plates;

treatment particles disposed in the internal chamber to treat the fluid, the treatment particles
including a bed of silex particles disposed on the bottom plate and a bed of ion-exchange

particles disposed on top of the bed of silex particles; and

a plurality of bottom diffusers extending through the bottom plate, each one of the plurality of
bottom diffusers having a diffuser tube section projecting into the bed of silex particles, the
diffuser tube section having a root opening at a first end thereof in fluid flow communication
with the bottom chamber and a closed second end opposite the first end, and radial diffuser
openings circumferentially distributed along a length of the diffuser tube section to radially
discharge the fluid in the main chamber and to uniformly distribute the fluid in the bed of silex

particles, wherein

the top chamber is free of the treatment particles above the top plate and the bottom
chamber is free of the treatment particles below the bottom plate relative to the longitudinal

axis.

7. The ion-exchange system as defined in claim 6, wherein the main chamber has a
height along the longitudinal axis and a diameter extending in a plane perpendicular to the

longitudinal axis, and a ratio of the height over the diameter is between 0.75 and 1.25.

8. The ion-exchange system as defined in claim 6 or 7, wherein a density of the plurality of
bottom diffusers is between 50 and 70, the density of the plurality of bottom diffusers being

defined as a number of the plurality of bottom diffusers per meter square of the bottom plate.

9. The ion-exchange system as defined in any one of claims 6 to 8, wherein each one of

the plurality of bottom diffusers is adapted to provide a pressure drop therethrough, the

19



WO 2020/030988 PCT/IB2019/054234

pressure drop being between 1 and 3 bars for a flow of the fluid at a volumetric flow rate

between 60 and 70 meter cube per hour.

10. The ion-exchange system as defined in any one of claims 6 to 9, wherein a length of

the diffuser tube section extend only in the bed of silex particles.

11. An ion-exchange system for treating a fluid to remove particles, the ion-exchange

system comprising:

a container section having a cylindrical shape and extending along a longitudinal axis
between a bottom plate and a top plate, each one of the bottom and top plates having a
plurality of openings defined therethrough the container section having a main chamber
defined therein between the bottom plate and the top plate, the container section having a
height along the longitudinal axis and a diameter extending in a plane perpendicular to the

longitudinal axis, and a ratio of the height over the diameter is between 0.75 and 1.25; and

a plurality of bottom diffusers extending through the bottom plate, each one of the plurality of
bottom diffusers having a diffuser tube section projecting into the main chamber parallel to
the longitudinal axis through a respective one of the plurality of openings of the bottom plate,
each one of the plurality of bottom diffusers having a root tube section adapted to be in fluid
flow communication with a source of the fluid, and radial diffuser openings circumferentially
distributed along a length of the diffuser tube section to radially discharge the fluid in the
container section, a density of the plurality of bottom diffusers being between 50 and 70, the
density of the plurality of bottom diffusers being defined as a number of the plurality of bottom

diffusers per meter square of the bottom plate.

12. The ion-exchange system as defined in claim 11, comprising a plurality of top diffusers
extending through the top plate, each one of the plurality of top diffusers having the diffuser
tube section projecting into the main chamber parallel to the longitudinal axis through a

respective one of the plurality of openings of the top plate.

13. The ion-exchange system as defined in claim 12, wherein , a density of the plurality of
top diffusers being between 50 and 70, the density of the plurality of top diffusers being

defined as a number of the plurality of top diffusers per meter square of the top plate.
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14. The ion-exchange system as defined in claims 11 to 13, wherein each one of the
plurality of bottom diffusers is adapted to provide a pressure drop therethrough, the pressure
drop being between 1 and 3 bars for a flow of the fluid at a volumetric flow rate between 60

and 70 meter cube per hour.

15. The ion-exchange system as defined in claims 12 or 13, wherein each one of the
plurality of top diffusers is adapted to provide a pressure drop therethrough, the pressure
drop being between 1 and 3 bars for a flow of the fluid at a volumetric flow rate between 60

and 70 meter cube per hour.
16. An ion chromatography method for treating a fluid with ion-exchange treatment particles
disposed in a container, the method comprising:

uniformly distributing the fluid in a bed of silex particles of the treatment particles through a

plurality of bottom diffusers;

raising the fluid from the bed of silex particles into, and through, a bed of ion-exchange

particles of the treatment particles; and

evacuating the fluid from the container.

21



WO 2020/030988 PCT/IB2019/054234

176




WO 2020/030988 PCT/IB2019/054234




PCT/IB2019/054234

WO 2020/030988

3/8




WO 2020/030988

24

24

=

PCT/IB2019/054234



WO 2020/030988 PCT/IB2019/054234

578

= 5p

O’
ERA

3
RN

- .z(:..., - Jo---

Nevmni

56




WO 2020/030988 PCT/IB2019/054234

&

~




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2019/054234

A. CLASSIFICATION OF SUBJECT MATTER

INV. B01J47/022 BO1J47/10
GO1IN30/96
ADD.

BO1D15/22

GOIN30/60 B01J20/10

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GOIN BO1D BO1lJ

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPl Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 3 802 568 A (PLURA G)
9 April 1974 (1974-04-09)
Y abstract

column 1, lines 14-37

column 3, lines 49-61
figures 1-2

20 April 1971 (1971-04-20)
abstract

column 3, lines 36-55
column 8; example 3

figure 3

A column 2, 1ine 50 - column 4, Tine 3

Y US 3 575 294 A (HIROWATARI MAMORU ET AL)

1,5,12
2-4,11,

13-15
6-10,16

3,11,13

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such dosuments, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

25 November 2019

Date of mailing of the international search report

02/12/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bravin, Michel

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2019/054234

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

WO 2016/046834 Al (SUDHIR P WADKAR [IN])
31 March 2016 (2016-03-31)

abstract

figure 05A

US 3 642 205 A (MARTY ORLANDO)

15 February 1972 (1972-02-15)

abstract

column 1, 1ine 62 - column 2, Tine 24
paragraph [0102]

figure 1

EP 0 551 002 Al (ROHM & HAAS [US])

14 July 1993 (1993-07-14)

abstract

page 3, line 28 - page 4, line 18

page 5, lines 21-23

page 6; table 1

US 2017/239600 Al (CHEN YONGJUN [US] ET
AL) 24 August 2017 (2017-08-24)
abstract

paragraph [0027]

2

4,14,15

6,16

6,16

Form PCT/ISA/210 (co

ntinuation of second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PCT/1B2019/054234
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ 1B2019/ 054234

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-5, 11-15

Container for ion exchange system

2. claims: 6-10, 16

Treatment particles for ion exchange system and use thereof




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2019/054234
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 3802568 A 09-04-1974 DD 96847 A5 12-04-1973
DE 2156426 Al 17-065-1973
GB 1410358 A 15-160-1975
JP 54855877 A 06-08-1973
JP 55323778 B2 17-07-1978
us 3802568 A 09-04-1974

US 3575294 A 20-04-1971 DE 1803202 Al 19-06-1969
FR 1590779 A 20-04-1970
GB 1237936 A 07-07-1971
NL 6816664 A 29-05-1969
us 3575294 A 20-04-1971

WO 2016046834 Al 31-03-2016  NONE

US 3642205 A 15-02-1972 AT 296175 B 10-02-1972
CH 508144 A 31-05-1971
DE 2016803 Al 12-11-1970
FR 2045359 A5 26-02-1971
GB 1324262 A 25-07-1973
us 3642205 A 15-02-1972

EP 0551002 Al 14-07-1993 AU 654224 B2 27-10-1994
BR 9300049 A 24-08-1993
CA 2086636 Al 11-07-1993
CN 1074148 A 14-07-1993
EP 0551002 Al 14-07-1993
FI 930074 A 11-07-1993
JP H05253497 A 05-10-1993
NZ 245639 A 28-03-1995
PL 297340 Al 20-09-1993
SG 45313 Al 16-01-1998
SI 9300012 A 30-09-1993

US 2017239600 Al 24-08-2017 BR 112017003077 A2 21-11-2017
CA 2958196 Al 18-02-2016
CN 106687189 A 17-065-2017
EP 3180103 Al 21-06-2017
JP 2017529230 A 05-10-2017
KR 20170044672 A 25-04-2017
US 2017239600 Al 24-08-2017
WO 2016025873 Al 18-02-2016

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report
	Page 34 - wo-search-report

