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ABSTRACT

Disclosed is a modular pure water system having a tank and cover assembly
configured to receive a purification media bag, which bag is configured and sized to the
tank to maintain flow through the media bag. The tank has a plurality of pins extending
radially outward from an upper rim and the cover has a like plurality of bayonet slots
configured to receive the pins to secure the cover assembly. The system also proves for

expansion tubes with media bags to expand the system.
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PURE WATER SYSTEMS

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present disclosure is related to pure water systems. More particularly,
the present disclosure is related to pure water systems that are modular, as well as

cover assemblies and purification assemblies for such systems.

2. Description of Related Art

[0002] The use of pure water in various cleaning applications is well known. As used
herein, the term “pure water” shall mean water that is filtered or otherwise
processed to remove soluble and/or insoluble impurities such as, but not limited to

minerals, salts, suspended particles, bacteria, and others.

[0003] Pure water shall include water processed by methods such as, but not limited
to, distilling (i.e., distilled water), deionizing (DI water), reverse osmosis,
desalination, carbon filtration, microfiltration, ultrafiltration, ultraviolet oxidation,

electrodialysis, others, and any combinations thereof.

[0004] One common cleaning application for pure water is the cleaning of windows,
cars, buildings, solar panels, and other surfaces. For example, the use of pure water
in the form of deionized (DI) water, also known as demineralized (DM) water, has
been found to be particularly effective when cleaning smooth or reflective surfaces

such as metal, glass, ceramics, tile, marble, plastics, and others.
[0005] The pure water can reduce the formation water marks and spots, which can

be formed by impurities in untreated water that remain on the surface when the

water dries. Thus, cleaning with DI water can eliminate the need to dry or wipe the
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water from the surface (e.g. using a squeegee blade) without leaving water spots

and can eliminate the need for any rinsing, cleaning chemicals, wiping, or drying.

[0006] Further and without wishing to be bound by any particular theory, the
removal of ions from the DI water allows the water to attract and bind to the ions of
dirt and other particles on the surface being cleaned, which can also eliminate the

need for any cleaning chemicals.

[0007] Thus, the use of pure water in various forms can be used to improve cleaning
performance, reduce cleaning effort (e.g., remove drying or wiping steps), reduce
cost and/or time (e.g., eliminate expensive rinsing or cleaning chemicals), and other

benefits.

[0008] Unfortunately, many prior art pure water systems are not scalable to
different volumes. For example, many such pure water systems have purification
media (i.e., filters, membranes, resin, and others) that allow for the purification of
only a certain volume of water. In such instances, frequent replacement of the
purification media is necessary when using a small volume system in a large volume
cleaning application (e.g., large commercial building). Alternately, movement of a
large volume system is necessary when using the system for a small volume cleaning

application {e.g. a residential house).

[0009] Moreover, many prior art pure water systems make it difficult and time
consuming to replace depleted or spent purification media — which also limits the

productivity gains from such systems.
[0010] Accordingly, there is a need for water purification systems that overcome,

alleviate, and/or mitigate one or more of the aforementioned and other deleterious

effects of prior art.
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SUMMARY

[0011] Modular pure water systems are provided that have a tank and a cover
assembly, wherein the tank and cover assembly are configured to removably receive
therebetween one or more expansion tubes in a fluid tight manner to allow for
selective volume expansion of the pure water system. In some embodiments, the
tank and the expansion tubes have a substantially common volume. For example, it
is contemplated by the present disclosure for the tank and the expansion tubes to

have a volume of about 6 liters.

[0012] Cover assembiies for pure water systems are provided that have a cap and a
locking handle. The cap has a lower rim that engages a portion of the pure water
system to form a water tight connection, while the locking handle has a plurality of

bayonet-type slots that engage radial pins of the pure water system.

[0013] In some embodiments, the cover assemblies include release assemblies
having pressure release plunger connected to a locking member by a pivoting lever
so that a single movement of the lever simultaneously vents pressure and unlocks

the cover assembly.

[0014] Filtration assemblies for pure water systems are provided that have at least
one diffuser plate and a purification media disposed in a filter bag. The diffuser plate
having an inner area with a plurality of fluid passage openings and an outer area that
lacks such openings. In some embodiments, the outer area has an upstanding rim
thereon, which is configured to engage the bag of the purification media. Of course,
the rim can be integrated into the filter bag. In either embodiment, the rim assists in
causing a tortious path for the water to flow radially outward along the interface of
the filter bag and the diffuser plate — which can ensure flow of the water into the
filter bag. In some embodiments, the filtration includes two diffuser plates, one
disposed on opposite sides of the purification media. In some embodiments, the
purification assembly includes a plurality of bags of the purification media, stacked

one on ancther.
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[0015] Purification media bags for pure water systems are provided that include
materials and/or a shape that forms a sealing engagement to mitigate (i.e.,
minimize) the flow of water between the outer wall of the bag and an inner wall of

the pure water systems.

[0016] As used herein, the terms “sealing engagement” and “sealingly engaged”
shall mean the reduction or elimination of the flow of untreated water past various
contacting surfaces such as, but not limited to, between the purification media and
the inner surface of the tank, between the diffuser and the inner surface of the tank,
between the media bag and the diffuser, and others. Stated another way the terms
“sealing engagement” and “sealingly engaged” shall mean an engagement that
provides a path of increased resistance between the contacting surfaces to optimize

flow through the purification media.

[0017] In some embodiments, at least portions of the bags are made of elastomeric
material. In some embodiments, the bags have a bottom panel that is seamless at
least in areas where the bag is configured to interface with the diffuser plate. In
other embodiments, the bags have an outer wall panel that lacks any seam that runs
along the entire vertical length when instalied — namely from the bottom panel to
the closure at the open end. In some embodiments, the outer wall panet is a
seamless cylindrical tube, which is secured to the bottom panel by an internal seam
and has a closure on the open end of the cylindrical wall panel. The closure can
include a seam, a crimp, a wire tie, and others. In some embodiments, the wall and

bottom panels are made of the same material or different materials.

[0018] A pure water system is provided that includes a tank having an inner surface,
a cover assembly forming a fluid tight connection with the tank, and purification
media disposed in a porous elastomeric filter bag. The filter bag is positioned in and

sealingly engages the inner surface of the tank.
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[0019] In some embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the purification media is deionizing

resin.

[0020] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the filter bag has sufficient
resiliency to maintain the purification media in a compressed state within the filter

bag.

[0021] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the filter bag has sufficient
resiliency to maintain the purification media in a compressed state within the filter

bag after the purification media has been at least partially depleted.

[0022] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embaodiments, the purification media is sufficient
to treat or condition water passing therethrough by removing one or more

components, adding one or more components, and any combinations thereof.

[0023] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the cover assembly includes a
release assembly movable between a first position and a second position so that a
single movement of the release assembly from the first position to the second

position vents pressure from the tank and unlocks the cover assembly from the tank.

[0024] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the pure water system includes a
radial pins on either the tank or the cover assembly, and bayonet slots that
correspond in number, size, and position to the radial pins. The bayonet slots are on
either the tank or the cover assembly so that the radial pins and bayonet slots secure

the cover assembly and the tank to one another to form the fluid tight connection.
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[0025] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the cover assembly includes
release assembly that has a pressure control plunger and a locking arm operatively

coupled to a pivot lever movable between a first position and a second position.

[0026] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the pressure control plunger, when
in the first position, forms a fluid tight connection with the cover assembly and the
locking arm prevents removal of one of the radial pins from a respective one of the
bayonet slots, and, when in the second position, the pressure control plunger vents
the cover assembly and the locking arm allows removal of the one of the radial pins

from the respective one of the bayonet slots.

[0027] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the locking arm is configured so
that a single movement of the pivoting lever from the first position to the second
position vents pressure from the tank and unlocks one of the radial pins from a

respective one of the bayonet slots.

[0028] in other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the pure water system includes an
expansion tube having a first end including the radial pins and a second end
including the bayonet slots so that the first end is configured to form the fluid tight
connection with one of the cover assembly and the tank and the second end is
configured to form the fluid tight connection with the other of the cover assembly

and the tank.

[0029] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the pure water system includes a
first diffuser plate in the tank. The first diffuser plate has an inner area with fluid

passage openings.
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[0030] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the fluid passage openings include

mesh covering the openings.

[0031] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the first diffuser plate includes an

outer area that is at least sealingly engaged with the inner surface of the tank.

[0032] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the first diffuser plate is secured in

the tank or is movable within the tank.

[0033] A pure water system is provided that includes a tank having a first dimension
and an upper rim, a cover assembly having a second dimension and a lower rim, a
radial pins on one of the first or second dimension, and bayonet slots that
correspond in number, size, and position to the radial pins. The bayonet slots being
on the other of the first or second dimension so that the radial pins and bayonet
slots secure the cover assembly and the tank to one another with the upper and

lower rims forming a fluid tight connection in a first configuration.

[0034] In some embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the first dimensionis an inner

diameter or an outer diameter.

[0035] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the pure water system includes an
expansion tube having a first end including the radial pins and a second end
including the bayonet slots so that the first end is configured to form the fluid tight
connection with one of the cover assembly and the tank and the second end is
configured to form the fluid tight connection with the other of the cover assembly

and the tank.
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[0036] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the cover assembly includes a
release assembly having a pressure control plunger and a locking arm operatively
coupled to a pivot lever movable between a first position and a second position so
that a single movement of the pivoting lever from the first position to the second

position vents pressure from the tank and unlocks the cover assembly from the tank.

[0037] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the cover assembly includes a
handle positioned with sufficient proximity an end of the pivot lever so that normal
positioning of a hand of a user on the handle allows a thumb of the user to be

positioned at the end of the pivot lever.

[0038] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the pure water system includes

loose deionizing resin beads in the tank.

[0039] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the pure water system includes
purification media disposed in an elastomeric and porous filter bag. The filter bag is

in the tank in sealing engagement with an inner surface of the tank.

[0040] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the purification media is deionizing

resin.
[0041] A purification assembly for a pure water system is provided that includes

purification media disposed in filter bag having at least a porous portion and at least

an elastomeric portion.
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[0042] In some embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the purification media is deionizing

resin.

[0043] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the purification assembly includes

a diffuser plate having an inner area with a fluid passage openings.

[0044] in other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the diffuser plate has an outer area
that lacks openings. The outer area sealingly engages the elastomeric portion of the
filter bag with the fluid passage openings in fluid communication with the porous

portion of the filter bag.

[0045] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the filter bag includes a bottom
panel that is seamless at least in areas where the filter bag sealingly engages the

outer area of the diffuser plate.

[0046] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the filter bag includes an outer wall

panel with an open end and an end closed by a bottom panel via an internal seam.

[0047] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the purification assembly includes
a closure closing the open end of the outer wall panel. The closure is one or more of

a seam, a crimp, and a wire tie.
[0048] In other embodiments alone or in combination with one or more of the

aforementioned or aft mentioned embodiments, the outer wall panel lacks any seam

that runs batween the open and closed ends.
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[0049] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the filter bag has an outer wall panel with
upper and lower ends. The filter bag lacks any seams that run between the upper end and

lower ends.

[0050] In another embodiment alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the outer wall panel is a seamless

cylindrical tube and/or is elastomeric.

[0051] In other embodiments alone or in combination with one or more of the
aforementioned or aft mentioned embodiments, the filter bag has sufficient resiliency to
maintain the purification media in a compressed state within the filter bag even after the

purification media has been at least partially depleted.

[0051A] In a broad aspect the present invention pertains to a pure water system
comprising a tank having an inner surface, and an upper rim having a plurality of pins
extending radially outward from the upper rim. A cover assembly has a lower rim with a
plurality of bayonet slots configured to receive the plurality of pins of the tank to secure
the cover assembly to the tank and form a fluid tight connection with the tank. A
purification media is disposed in a porous filter bag, the filter bag being positioned in and
sealingly engaging the inner surface of the tank. A release assembly has a pivot lever
located on the cover assembly, the pivot lever having a first end with a pressure control
plunger, and a second end with a locking arm that extends downwardly through the cover
assembly into one of the bayonet slots, the first and second ends pivoting about a pivot

axis. The pivot lever is moveable between a first position and a second position so that a

10
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single movement of the pivot lever from the first position to the second position vents
pressure from the tank and unlocks the cover assembly from the tank, such that the cover
assembly may be rotated relative to the tank. In the first position, the locking arm is
configured to prevent removal of one of the radial pins from a respective one of the
bayonet slots. The release assembly further comprises a biasing member normally

biasing the pivot lever to the first position.

[0051B] In a further aspect, the present invention provides a pure water system
comprising a tank having a first surface and an upper rim, and a cover assembly having a
second surface and a lower rim, the cover assembly having a handle and a release
assembly, a plurality of radial pins on one of the first or second surface, and a plurality of
bayonet slots that correspond in number, size, and position to the plurality of radial pins.
The plurality of bayonet slots is on the other of the first or second surface so that the
plurality of radial pins and bayonet slots secure the cover assembly and the tank to one
another, with the upper and lower rims forming a fluid tight connection in a first
configuration. The release assembly includes a pivot lever having a first end with a
pressure control plunger, and a second end with a locking arm that extends downwardly
through the cover assembly into one of the bayonet slots. The pivot lever is moveable
between a first position and a second position so that a single movement of the pivot
lever, from the first position to the second position, vents pressure from the tank and
releases the plurality of radial pins from the plurality of bayonet slots, and the first and
second ends pivot about a pivot axis. In the first position, the locking arm is configured
to prevent removal of one of the radial pins from a respective one of the bayonet slots
and, in the second position, the cover assembly may be rotated relative to the tank. The
release assembly further comprises a biasing member normally biasing the pivot lever to

the first position.

[0052] The above-described and other features and advantages of the present
disclosure will be appreciated and understood by those skilled in the art from the

following detailed description, drawings, and appended claims.

10a
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0053] FIG. 1 s a top perspective view of an exemplary embodiment of a pure water

system according to the present disclosure;

[0054] FIG. 2 is an exploded view of the pure water system of FIG. 1;

[0055] FIG. 3 is a sectional view of the pure water system of FIG. 1;

[0056] FIG. 3ais an expanded sectional view of the pure water system of FIG. 3;

[0057] FIG. 4 is a top perspective view of the pure water system of FIG. 1 having one

expansion tube installed;

10b
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[0058] FIG. 5 is a top perspective views of the pure water system of FIG. 1 having

three expansion tubes installed;

[0059] FIG. 6 is a partial exploded view of the pure water system of FIG. 4;

[0060] FIG. 7a is a sectional view of the pure water system of FIG. 4;

[0061] FIG. 7b is an expanded view of a portion of the pure water system taken at

circle 7b of FIG. 7a;

[0062] FIG. 7c is an expanded view of a portion of the pure water system taken at

circle 7c of FIG. 73;

[0063] FIG. 7d is a bottom view of the expansion tube of FIG. 4;

[0064] FIG. 7e is an expanded view of a portion of the expansion tube taken at circle

7e of FIG. 7d;

[0065] FIG. 7f is a side view of the portion of the pure water system of FIG. 7e;

[0066] FIG. 8 is a top perspective view of an exemplary embodiment of a cover

assembly according to the present disclosure for use with the pure water system of

FIG. 1;

[0067] FIG. 9 is a bottom perspective view of the cover assembly of FIG. 8;

[0068] FIG. 10 is a perspective view of the release assembly that forms part of the

cover assembly of FIGS. 8 and 9;

[0069] FIG. 11 is a perspective view of an exemplary embodiment of a diffuser

according to the present disclosure;

11
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[0070] FIG. 12 is a perspective view of an exemplary embodiment of a resin bag

according to the present disclosure;

[0071] FIG. 13 is a sectional view of the resin bag of FIG. 12 before filling with resin

and before closing;
[0072] FIG. 14 is an enlarged view of a bottom seam of the resin bag of FIG. 13;

[0073] FIGS. 15-17 are perspective views of alternate exemplary embodiments of

resin bags according to the present disclosure;
- [0074] FIGS. 18a-18g are images of a first resin usage test using the system of FIG. 1;

[0075] FIG. 19 is an expanded sectional view of illustrating an alternate embodiment
of the pure water system of FIG. 3 having a dynamic or movable or floating diffuser

plate;

[0076] FIG. 20 is a side view of an alternate embodiment of a dynamic or movable or
floating diffuser plate according to an exemplary embodiment of the present

disclosure;

[0077] FIGS. 21a-21f are images of a second resin usage test using the system of FIG.

1 with a static filter plate;

[0078] FIGS. 22a-22f are images of a third resin usage test using the system of FIG. 1

with a dynamic filter plate of FIG. 19; and

[0079] FIG. 23 is a top perspective view of another alternate embodiment of a
dynamic or movabile or floating diffuser plate according to an exemplary

embodiment of the present disclosure;

12
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[0080]-FIG. 24 is a bottom perspective view of the dynamic or movable or floating

diffuser plate of FIG. 23;

{0081] FIGS. 25a-25f are images of a forth resin usage test using the system of FIG. 1
with a dynamic filter plate of FIGS. 23-24; and

[0082] FIG. 26 is a top perspective view of yet another alternate embodiment of a
dynamic or movable or floating diffuser plate according to an exemplary

embodiment of the present disclosure.

DETAILED DESCRIPTION

[0083] Referring to the drawings and in particular to FIGS. 1-5, an exemplary
embodiment of a pure water system according to the present disclosure is shown
and is generally referred to by reference numeral 10. System 10 includes a base 12,
a tank 14, a first diffuser plate 16, purification media 18, a second diffuser plate 20,

and a cover assembly 22.

[0084] System 10 is a modular system that allows for expansion of the purification
volume by simply adding in one or more expansion tubes 24 (FIGS. 4-5) between
bottom tank 14 and the cover assembly 22, with a corresponding increase in the
amount of purification media 18. In this manner, the treatment volume of system 10

can be tailored to the particular use.

[0085] In some applications, the water purification process can also be used to treat
or condition the water. For example, the purification media (i.e., filters, membranes,
resin, and others) can be used to treat or condition the water by removing one or
more components and/or by adding one or more components such as, but not
limited to, elements, compounds, ions, and others. Therefore, the term
“purification” and “pure” and “purified” as used herein shall include the removal of
one or more components, the addition of one or more components, and any

combinations thereof.

13
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{0086] As seen in FIG. 3, tank 14 has a first port 26 and cover assembly 22 has a
second port 28. Tank 14 is configured to define a first reservoir 30 between first port
26 and first diffuser plate 16. Similarly, cover assembly 22 is configured to define a

second reservoir 32 between second diffuser plate 20 and second port 28.

[0087] Ports 26, 28 are inset within system 10 to prevent damage during use and
transport. For example, port 26 is inset within tank 14 so that the base protects the
port from impact or damage. Similarly, port 28 is inset within cover assembly 22 so

that the cover assembly protects the port from impact or damage.

[0088] During use, a pressurized water source (not shown) is fluidly connected to
first port 26 and a cleaning implement (not shown) is fluidly connected to second

port 28.

[0089] In a preferred embodiment, the pressurized water source is a normal
residential or commercial water source having a pressure of approximately 40 to 60
pounds per square inch (psi). Of course, system 10 is contemplated for use with any
pressurized water source such as, but not limited to, pumped systems and at any

desired pressure.

[0090] In a preferred embodiment, the cleaning implement is water fed pole such
as, but not limited to, that described in Applicants’ own U.S. Patent No. 7,748,755,
the contents of which are incorporated herein by reference thereto. Of course,

system 10 is contemplated for use with any cleaning implement.

[0091] For ease of discussion, system 10 is described above by way of example only
having an upward flow direction — namely with the pressurized source of water
connected to first port 26. Of course, it should be recognized that system 10 finds
equal use with the pressurized source of water connected to second port 28 —

namely with a reversed flow to that illustrated.

14
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[0092] In use, untreated water flows into system 10 through first port 26 and into
first reservoir 30. Without wishing to be bound by any particular theory, first
reservoir 30 and first diffuser plate 16 are believed to guide the untreated water so
as to flow into purification media 18 in a diffused or spread manner so as to not
concentrate the flow of the untreated water onto any one location of the
purification media. Additionally in some embodiments and to assist in guiding water
into and out of purification media 18 in a desired manner, diffuser plates 16, 20 can
be removably sealingly engaged or, preferably, secured in a water tight manner, to
tank 14 and/or cover assembly 22, respectively, to mitigate the leakage or flow of
water around an external dimension of plates 16, 20. However and as described
with respect to FIGS. 20-24, plate 16 and/or plate 20 can also be configured to slide

within tank 14.

[0093] The untreated water flows through purification media 18, where it is finished
or polished to a desired water quality, before exiting through second diffuser plate
20 into second reservoir 32 and out of system 10 through second port 28.
Purification media 18 will become saturated, depleted, or otherwise ineffective
(“depleted”) after a certain period of use, at which point the purification media can
be replaced with new or fresh media as will be described in more detail herein

below.

[0094] As will be described in more detail below, system 10 is configured to ensure
water passing through the system has sufficient residence time in contact with the
purification media 18 so as to be treated to a desired level. Many prior art systems
resolve the issue of residence time in contact with the filter media by providing the
media in a long, narrow configuration. However and without wishing to be bound by
any particular theory, such long, narrow designs eliminate the capability to provide
the modularity, mobility, and/or ease of media removal and replacement that is

possible with the configuration of system 10.

[0095] Thus, system 10 is configured so that tank 14 has a ratio of its internal

dimension (e.g., diameter) to its longitudinal length of about 1:1. For example,

15
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system 10 can, in some embodiments have an inner diameter of about 200 mm and
a distance between diffuser plates 16, 20 of about 220 mm. Of course, it is
contémplated by the present disclosure for tank 14 to have any desired ratio larger
or smaller than 1:1 such as, but not limited to from about 1:4 to about 4:1, more
preferably from about 1:3 to about 3:1, with between about 1:2 to about 2:1 being

most preferred.

[0096] The residence time in contact with media 18 is provided by system 10 by the
flow rate of water through the system. The flow rate is determined by, among other
variables, the water pressure at first port 26, the restriction at the first port, the
geometry of tank 14, the restriction generated by first and second diffuser plates 16,
20, the restriction generated by media 18, and the restriction generated by second

port 28 as well as any tubing or products attached to the second port.

[0097] For ease of manufacture and assembly, first and second diffuser plates 16, 20
can be identically formed. Of course, itis contemplated by the present disclosure for
first and second diffuser plates 16, 20 to have configurations that differ from one

another.

[0098] In the illustrated embodiments, first and/or second diffuser plates 16, 20

preferably further include a filter membrane or mesh 34 as also shown in FIG. 11.

[0099] In the case of first diffuser plate 16, membrane 34, when present, can be any
member sufficient to act as a particulate filter to remove suspended particles before
exposing of the water to purification media 18, entrap any loose purification media,
create back pressure within the system, ensure uniform flow, and any combinations
thereof. Preferably, membrane 34 at first diffuser plate 16 removes suspended
particles having a size between about 50 micron and about 400 micron, with about

200 micron to 300 micron being preferred.

[00100] In the case of second diffuser plate 20, membrane 34, when present,

can be any member sufficient to act as a particulate filter to remove suspended
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particles remaining in the water after expose to purification media 18, entrap any
loose purification media entrained in the treated water, create back pressure within
the system, ensure uniform flow, and any combinations thereof. Preferably,
membrane 34 at second diffuser plate 20 removes suspended particles having a size
about 50 micron and about 400 micron, with about 200 micron to 300 micron being

preferred.

[00101] For example and as described in more detail below, purification media
18 can include resin beads and, in this embodiment, first and second diffuser plates

16, 20 can maintain the resin within system 10.

{o0102] Purification media 18 can be any media sufficient to provide pure
water of a desired composition. In a preferred embodiment, purification media 18 is
a plurality of deionizing resin beads (i.e., loose resin) such as, but not limited to
mixed bed resin, non-mixed bed resin, and others. In one embodiment, media 18
can be a mixed bed resin known as MB400 that is commercially available from

Purolite®,

[00103] In some embodiments, the purification media 18 is disposed within
one or more porous filter bags 38. When using a mixed bed resin, the porous filter
bag 38 caninclude both the anion and cation resin media. To optimize the resin
utilization with different incoming water qualities, one or more of the porous filter
bags 38 can include any combination of filter bags with different resin including but
not limited to mixed bed, weak base anion, weak acid cation, strong base anion,
strong acid cation, bags. It is also contemplated for the different types of media 18
to be included in separate porous bags, which are then associated or grouped

together and placed within bag 38 to provide the desired purification.

{00104] Simply stated it is contemplated by the present disclosure for
purification media 18 to be provided in any desired or customizable format to allow
the desired purification and, when desired, to also provide system the scalability to

add one or more expansion tubes 24.
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[00105] In this manner, system 10 can be configured to provide pure water of
any desired quality or condition such as, but not limited to, Type | water, Type Ii
water, Type lll water, other desired water conditions, or any combinations thereof

by simply exchanging purification media 18 as desired.

[00106] In embodiments in which first and/or second diffuser plates 16, 20
lack membrane 34, it is contemplated for bag 38 of the purification media 18 to have
a pore size sufficient to retain the resin and remove suspended particles having a
size between about 50 micron and about 400 micron, with about 200 micron to 300

micron being preferred.

[00107] Although base 12 is illustrated as separate from tank 14, it is
contemplated by the present disclosure for the base to be integrally formed with
tank 14 or secured or fastened to tank 14. Moreover although base 12 is illustrated
as being sufficient to support system 10in a stationary position on a flat surface, it is
also contemplated by the present disclosure for the base to include one or more
wheels to allow system 10 to be easily moved during use. Further, itis contemplated
by the present disclosure for system 10 to include a wheeled cart or dolly (not

shown), which supports base 12 and allows movement of the system as desired.

[00108] The modularity of system 10 is described in more detail with
reference to FIGS. 4-7f where the system is shown, by way of example, having a
bayonet-type connection between tank 14, cover assembly 22, and, when present,

expansion tube 24.
[00109] Tank 14 and each expansion tube 24 is configured with an upper rim
40 and a plurality of radial pins 42 (four shown). Additionally, cover assembly 22 and

each expansion tube 24 is configured with a lower rim 44 and a plurality of bayonet

slots 46, which correspond in number, size, and position to pins 42.
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[00110] It should be recognized that system 10 is described herein by way of
example only as having pins 42 on tank 14 and the upper rim 40 of tube 24 and
having slots 46 on the lower rim 44 of the tube. Of course, it is contemplated by the
present disclosure for this arrangement to be reversed, namely for system 10 to be
configured so that pins 42 are present on lower rim 44 and slots 46 are present on

tank 14 and upper rim 40 of the tube.

[00111] Additionally, it should be recognized that system 10 is described
herein by way of example only as having pins 42 on the outer dimension (e.g.
diameter) of tank 14 and tube 24. Of course, it is contemplated by the present

disclosure for this arrangement to be reversed.

[00112] During assembly in the most basic or unexpanded form with system
10 lacking any expansion tube 24, cover assembly 22 is secure directly to tank 14.
Here, radial pins 42 of tank 14 are received in slots 46 of cover assembly 22. Once
pins 42 are received in slots 46, with tank 14 and cover assembly 22 are rotated with
respect to one another about the longitudinal axis of system 10 so as to form a fluid

tight engagement of upper and lower rims 40, 44 to one another.

[00113] In some embodiments, cover assembly 22 can include a seal 48 for
ensuring fluid tight engagement of upper and lower rims 40, 44 to one another. In

the embodiment iliustrated in FIG. 7b, seal 48 is positioned against an inner surface

of upper rim 40. In this position, seal 48 is placed in shear by the contact with the
inner surface of upper rim 40. Seal 48 can include any sealing device such as, but not
limited to, an O-ring, an X-ring, a molded in thermoplastic elastomer (TPE) or silicon

member.
{00114] In some embodiments, seal 48 is configured to assist in maintaining
upper and lower rims 40, 44 engaged to one another in a fluid tight manner by, for

example, provide a spring force to the bayonet connection and/or a frictional force

sufficient to assist in maintaining radial pins 42 received in slots.

19

CA 2964732 2017-04-18




WO 2015/157680 PCT/US2015/025386

[00115] Of course, it is contemplated for seal 48 to have any desired position
such as, but not limited to, positioned so as to seal against an outer surface of upper
rim 40 so as to be in shear as discussed above. Additionally, it is contemplated for
seal 48 to be positioned against an upper surface of upper rim 40 soasto be in

compression as discussed above.

[00116] When additional volume of purification media 18 is desired so as to
provide additional volume of pure water before replacement of the media, system
10 can be expanded by adding one or more expansion tubes 24 between tank 14 and
cover assembly 22. Here, radial pins 42 of tank 14 are received in slots 46 of a first
expansion tube 24 and the tank. Once pins 42 are received in slots 46, tank 14 and
expansion tube 24 are rotated with respect to one another about the longitudinal
axis of system 10 so as to form a fluid tight engagement of upper and lower rims 40,

44 to one another.

[00117] In some embodiments, expansion tube 24 can include a seal 49 for
ensuring fluid tight engagement of upper and lower rims 40, 44 to one another. In
the embodiment illustrated in FIG. 7¢, seal 49 is positioned against an upper surface
of upper rim 40. In this position, seal 49 is placed in compression by the contact with
the inner surface of upper rim 40. Seal 49, much like seal 48 discussed above, can
include any sealing device such as, but not limited to, an O-ring, an X-ring, a molded

in thermoplastic elastomer (TPE) or silicon member.

[00118] In some embodiments, seal 49 is configured to assist in maintaining
upper and lower rims 40, 44 in fluid tight engagement to one another by, for
example, provide a spring force to the bayonet connection and/or a frictional force

sufficient to assist in maintaining radial pins 42 received in slots.
{00119] Of course, it is contemplated for seal 49 to have any desired position

such as, but not limited to, positioned against an inner or outer surface of upper rim

40 and placed in shear as discussed above.
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[00120] Additional expansion tubes 24 are added, as needed, by inserting
radial pins 42 of one expansion tube 24 into slots 46 of another expansion tube 24.
Once pins 42 are received in slots 46, the expansion tubes 24 are rotated with
respect to one another about the longitudinal axis of system 10 so as to form a fluid

tight engagement of upper and lower rims 40, 44 to one another.

[00121] In the embodiments shown in FIGS. 7d-7f, expansion tubes 24 can
include a locking member 45. After assembly of expansion tube 24 to tank 14, or to
another expansion tube 24, locking member 45 can be inserted through an opening
47 proximate lower rim 44 and into slot46. When locking member 45 extends into
slot 46, a side of the locking member 45 abuts locking pin 42 to prevent the pin from
being withdrawn from the slot. In some embodiments, locking member 45 can be a

screw.

[00122] After sufficient expansion tubes 24 have been added to provide
system 10 with the desired volume, cover assembly 22 is installed on the upper
expansion tube 24. Here, radial pins 42 of the uppermost expansion tube 24 are
received in slots 46 of cover assembly 22. Once pins 42 are received in slots 46,
cover assembly 22 and expansion tube 24 are rotated with respect to one another
about the longitudinal axis of system 10 so as to form a fluid tight engagement of

upper and lower rims 40, 44 to one another.

[00123]) While system 10 is discussed above by way of example having a
bayonet type connection, it is of course contemplated by the present disclosure for
radial pins 42 and/or slots 46 to have a predefined thread angle so as to ensure fluid
tight engagement of upper and lower rims 40, 44 to one another within the
rotational displacement of the pins within the slots. Additionally, it is contemplated
by the present disclosure for slots 46 to include a serif (not shown) or short upward
segment at the end of the horizontal arm into which the radial pins are pushed

upwards into by the action of the seals, when present.
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[00124] Although not described in detail above, before closing system 10 by
connecting cover assembly 22 to tank 14 or the uppermost expansion tube 24, the
inner volume is filed with purification media 18. In this manner, system 10 can easily
be scaled to increase or decrease the volume of purification media 18 within the
system, which allows system 10 to provide different volumes of pure water before

needing replacement of the purification media.

[00125] In the illustrated embodiment, tank 14 and expansion tube 24 have a
similar internal volume so that the addition of one expansion tube doubles the
volume of the system. As will be described in more detail below, system 10 is
further configured with purification media 18 — in the form of a mix bed resin -
disposed in porous bag 38. Thus, the ease of scalability of system 10 is further
improved by allowing the user to simply add one bag 38 of purification media 18 for
the filter volume provided by tank 14 and to add a corresponding bag 38 of

purification media 18 for each expansion tube 24 added to the system.

[00126] It should be recognized that the exemplary embodiment is disclosed
as being linearly scalable when using mix bed resin as filter media 18 by adding an
additional bag 38 for each expansion tube 24. Of course, it is cohtemplated by the
present disclosure for system 10 to be non-linearly scalable by adding the same or
different bags 38 of filter media 18 as expansion tubes 24 are added. Further, it is
contemplated by the present disclosure for purification media 18 to be any
combination of mixed bed resin and/or non-mixed bed resin that can be disposed in
any desired number or combination of separate porous bags 38 and that should also

be understood to be easily scalable.
[00127] To assist in the installation and removal of purification media 18,
system 10 has a large internal dimension. For example, it is contemplated by the

present disclosure for tank 14 and expansion tubes 24, when present, have an

internal diameter of about 200 millimeters (mm).
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[00128] Cover assembly 22 is described in greater detail with respect to FIGS.
8-10. Cover assembly 22 includes a top cap 50, a handle 52, a release assembly 54,
and, in some embodiments, a meter 56 for measuring one or more water
parameters such as, but not limited to, total dissolved solids, conductivity, flow rate,

pressure, volume, and other parameters,

{00129] Top cap 50 includes lower rim 44 discussed above, while handle 52
includes slots 46 discussed above. Top cap 50 and handle 52 can be formed as one,
unitary member or, as shown, as separate members. Moreover, it is contemplated
by the present disclosure for top cap 50 and handle 52 to be formed as separate

members that are connected or secured to one another in any desired manner.

[00130] Release assembly 54 caninclude a pressure releasing function for air
and/or water in system 10 and an anti-rotation lock. Namely, it has been
determined that disassembly of system 10 having the bayonet-type interconnections
can be aided by releasing any internal pressure before attempting to remove cover
assembly 22 from tank 14 and/or expansion tubes 24, when present. It has also
been determined that handling of system 10 via handle 52 during normal use can
inadvertently lead to a loosening of cover assembly 22 from tank 14 or expansion
tube 24, when present. Advantageously, release assembly 54 integrates the
pressure releasing‘and anti-rotation functions into one simple and easy to use

mechanism.

[00131] Release assembly 54 includes a lever 60, a pivot axis 62, a pressure
releasing plunger 64, a biasing member 66, and a locking arm 68. Lever 60 is secured
to top cap 50 for pivoting movement by pivot axis 62. Biasing member 66 normally
biases lever 60 to a first position (shown) with plunger 64 seated against an
underside 70 of cap 50 and locking arm 68 extending through the cap into slot 46 to
form a fluid tight connection. In some embodiments, plunger 64 can include a seal
to assist in seating the plunger against underside 70 of cap 50 in the fluid tight

manner.
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[00132] In the first position, plunger 64 prevents or mitigates pressure within
system 10 from escaping through release assembly 54 and locking arm 68 prevents
or mitigates radial pins 42 from inadvertently being withdrawn from slots 46.
Specifically, when locking arm 68 extends into slot 46 in the first position, a side of
the locking arm abuts locking pin 42 to prevent the pin from being withdrawn from

the slot.

[00133] Application of downward pressure on lever 60 at an end 72 in an
amount sufficient to overcome biasing member 66 causes the lever to pivot about
pivot axis 62 to a second position (not shown). In the second position, plunger 64
has moved downward away from underside 70 of cap 50 a distance sufficient to
allow pressure to vent from within system 10 and locking arm 68 has moved upward
away from slots 46 a distance sufficient to allow radial pins 42 to be withdrawn from

slots 46.

[00134] Advantageously, lever 60 is positioned in cap 50 with sufficient
proximity to handle 52 so that the normal positioning of the user’s hands on the
handle allows the user’s thumb to be positioned over end 72. In this manner, the
user can depress end 72 downward with their thumb while grasping and rotating

handle 52.

[00135] Additionally, plunger 64 is positioned under lever 60 and shielded by

handle 52 in such a manner so that any fluid spray that may exit cap 50 during the
venting of pressure within system 10 is prevented or mitigated from spraying

upward and/or radially outward, to reduce the water directed towards the user.

[00136] . A purification assembly 80 of system 10 is described with reference to
FIGS. 3 and 11-17. The purification assembly 80 includes purification media 18 and

bag 38 and, in some embodiments, first and/or second diffuser plate 16, 20.

[00137] It has been determined by the present disclosure that the large

internal dimension of system 10 that allows easy replacement of purification media

24

CA 2964732 2017-04-18



WO 2015/157680 PCT/US2015/025386

unfortunately also provides a large surface area at the outer dimension of the
purification media, particularly when present in bags 38, that can result in leakage of
an undesired amount of untreated water around the outside of the purification

media.

[00138] Stated another way, the large inner diameter of system 10 can result
in untreated water flowing between the outer dimension of purification media 18,
when present in bag 38, and the inner surface of tank 14 and, when present, one or

more expansion tubes 24.

[00139] Advantageously, filter assembly 80 has features that alone and/or in
combination are configured to mitigate such leakage. The features inciude the
shape and configuration of the plates 16, 20, the shape and construction of the
purification media bags 38, the material of the purification media bags 38, and any

combinations thereof.

[00140] Plates 16, 20 each have a media facing surface 82 and a reservoir
facing surface 84. In embodiments where plates 16, 20 have membrane 34
discussed above, the membrane 34 is preferably removably secured between
surfaces 82, 84. Plates 16, 20 each have an outer area 86 and an inner area 88.
Inner area 88 includes a plurality of openings 90, while outer area 86 is impervious to
fluids, namely lacks any such openings. Stated another way, openings 90 extend to

an outer dimension 94 that is less than an outer dimension 92 of plates 16, 20.

[00141] It has been determined by the present disclosure that providing plates
16 and/or 20 with outer area 86 impervious to fluids assists in guiding water into
and/or out of purification media 18 in a manner that reduces or eliminates the flow
of untreated water between the outer dimension of purification media 18 and the
inner surface of tank 14 and/or extension tubes 24, when present. As shown in FIG.
3a, system 10 can include, in some embodiments a seal between first diffuser plate

16 and tank 14.
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[00142] In one exemplary embodiment, plates 16, 20 have an outer dimension
92 of about 180 mm, while openings 90 have an outer dimension 94 of about 90
mm. It is contemplated by the present disclosure for plates 16, 20 to have ratio of
outer dimension 92 to outer dimension 94 of between 1-to-4 and 3-to-4, more

preferably 1-to-2.

[00143] In some embodiments, outer area 86 of media facing surface 82 can
include an upstanding sealing rim 96. It has been determined by the present
disclosure that upstanding sealing rim 96 can embed into and form an area of
increased flow resistance with filter bag 38 that mitigates flow of untreated water
between a bottom of the filter bag and media facing surface 82 of plates 16, 20.
Additionally and without wishing to be bound by any particular theory, it has been
determined by the present disclosure that upstanding sealing rim 96 can aid in
ensuring a directional flow of liquid axially upward, through bag 38 of media 18, and

through system 10 — particularly when media 18 is un-depleted.

[00144] In other embodiments, outer area 86 of media facing surface 82 can
include a smooth surface. It has been determined by the present disclosure that the
smooth surface can, when used in combination with filter bag 38 with bottom panel
104 made of elastomeric material, form an area of increased flow resistance with the
filter bag 38 that mitigates flow of untreated water between a bottom of the filter

bag and media facing surface 82 of plates 16, 20.

[00145] As discussed briefly above, the shape, construction, and/or material
of purification media bags 38 can mitigate leakage or flow of untreated water
between the outer dimension of purification media 18 and the inner surface of tank
14, and, when present, one or more expansion tubes 24. Additionally, purification
media bags 38 has a shape, construction, and/or material that can mitigate leakage
or flow of untreated water between the bottom of purification media 18 and the

surface of first diffuser plate 16.

26

CAR 2964732 2017-04-18




WO 2015/157680 . ' PCT/US2015/025386

[00146] The features of media bag 38 alone, but particularly when combined
with those present in first diffuser plate 16, provide a path of least resistance for the
water to flow through the material of the purification media bags 38 instead of

around the outside of the media bags.

[00147] Without w‘ishing to be bound by any particular theory, the most basic
elements of media bags 38 necessary' to mitigate leakage or flow include the
following. First, media .bag 38 has a bottom region and top region that are porous at
least at the regions of the porous inner area 88 of first and/or second diffuser plates
16, 20. Furthei', media bag 38 has a bottom region that is preferably seamless and
formed from a resilient or elastomeric material at least in the areas of outer area 86
of ﬁrst diffuser blat'e 16. Still further, media bag 38 has an outer region that lacks
any seams that run along the entire vertical length when installed in system 10 —
namely from the bottom to thé‘top of the bag. The outer region of media bag 38
that is in contact with the inner wall of system 10 is formed from a resilient or
elastomeric material. It has been determined that media bag 38 having one or more
of the above referenced attributes mitigate leakage or flow of untreated water

around the media bag.

[00148] Various embodiments of media bags 38 are described with reference
to FIGS. 12-17.
[00149] Media bag 38 shown in FIGS. 12-14 is made of a material that

preferably conforms to the shape of the inner surface of the inner surface of tank 14
and, when present, one or more expansion tubes 24. Moreover, media bag 38 is
sized and constructed so as to mitigate creases, gaps, or stiches lines verticélly end-
to-end along its outer perimeter to minimize the flow of water between the media
bag 38 and ;he inner surface of tank 14. Additionally, media bag 38 is sized and |
consfructed so as to mitigate creases, gaps, or stiches lines in the area of outer area
86 of first diffuser plate 16 to minimize the flow of water between the media bag

and the diffuser plate. In some embodiments, media bag 38 is made of a resilient or
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elastomeric material that conforms to the first and second diffuser plates 16, 20

including upstanding rim 96.

[00150] In applications where purification media 18 includes resin, it has been
determined by the present disclosure that the resin beads decreése in size or volume
~ as they are used to purify the water. Advantageously, the resilient or elastomeric -
properties of bag 38 can maintain, at least in part, the media 18 in a compressed
state before, during, and after use — the importance of which is described in more

detail herein below.

[00151]) In the illustrated embodiment, bag 38 has a circular bottom panel 102
and cylindrical wall panel 104. Panels 102, 104 are illustrated as completely
seamless panels that are secured to one another along an internal seam 106. Panels
102, 104 are preferably formed of a porous material that is réfsilient or elastomeric
and are preferably made of the same material. While panel 102 is described as
circular and panel 104 is described as cylindrical, the resilient or elastomeric nature
of the material of bag 38 makes such shapes preferred, but unhecessary provided
that the material is sufficiently resilient or elastomeric so as to conform to the shape
of first diffuser plate 16 and the inner surface of tank 14 and, when present,

expansion tube 24.

[00152] In some embodiments, internal seam 106 is formed by polyester yarn
(not shown). Of course, it is contemplated by the present disclosure for internal
seam 106 to be any desired joining method such as, but not limited to, welds,
adhesives, and others. Regardless of how formed, seam 106 is preferably provided

in a manner that allows the seam to be remain elastic.

[00153] In one embodiment, bottom panel 102 and, thus, bag 38 has a normal
or un-stretched outer dimension of about 180 mm, while system 10 has an inner

dimension of about 200 mm. Accordingly in this embodiment, bag 38 is sized so that
is stretched radially outward to sealingly engage against the inner dimension of tank

14 and expansion tubes 24, when present. Of course, it is contemplated by the
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present disclosure for bag 38 to have any normal or un-stretched outer dimension
that is larger, the same size, or smaller than inner dimension of system 10 provided
that the compression or stretch of the bag is sufficient to sealingly engage against

the inner dimension of tank 14 and expansion tubes 24, when present.

[00154] Bottom panel 102 can be formed by any known knitting or woven
techniques sufficient to provide the bottom panel without any seams — particularly
in the region of contact between the bottom panel and outer area 86 of media

facing surface 82 and upstanding rim 96.

[00155] Additionally, cylindrical wall panel 104 can be formed using known
circular knitting and/or circular woven techniques so that no seams are formed at its

. outer periphery.

[00156] Bag 38 is preferably formed by a material at bottom panel 102 that

has 15% elastane and 85% Nylon, a material at wall panel 104 that has 10% elastane
and 90% Nylon, and a material at seam 106 that has 5% elastane and 95% Nylon. Of
course it is contemplated by the present disclosure for bag 38 to have any desired
amount of elastomeric material as is sufficient to sealingly engage or otherwise

create a path of high resistance around the outer dimension of purification media 18 -
and the inner surface of the inner surface of tank 14 and, when present, one or more

expansion tubes 24.

[00157] The resultant bag, after formation of seam 106, as has an open top
end 108 through whiéh the bag can be filled with a desired volume of resin beads
(not shown) or other purification media 18. After filing with purification media 18,
open top end 108 is secured by one or more closures 110. Closure 110 can be any
desired closing device. In the illustrated embodiment, closure 110 is formed by one
or more of zip-ties. Of course, it is contemplated by the present disclosure for
closure 110 to be formed by one or more zip-ties (FIG. 12), knots (FIG. 15), metal
clips (FIG. 16), welded seams (FIG. 17), sewn seams, zippers, additional panels sewn

thereto, hook-and-loop type fasteners (e.g., Velcro), and any combinations thereof.
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[00158] Preferably, open top end 108 is trimmed after filling and closing so

that excess material above closure 110 is minimized. In some embodiments, bag 38
~can include a loop or other handle to assist the user when removing the bag froh

system 10 such as a portion of the wire tie in FIG. 12 or a portion of the bag above

‘the knot in FIG. 15.

[00159] As discussed above media bag 38 and system 10 are particularly
configured to mitigate leakage or flow of untreated water around the media bag énd
system 10 is configured to ensure water passing through the system has sufficient
residence time in contact with the purification media 18 so as to be treated to a
desired level. As a result, it has been determined by the present disclosure that
normal or regular fluid flow paths are established within system 10 through media
18 within bag 38. System 10 is advantageously further configured to ensure that
these regular fluid flbw paths through media 18 are sﬁfﬁciently diffuse to maximize
the contact of water with the media. Stated another way, system 10 is
advantageously further configured to maximize the media 18 that is spent as a result
of purifying the water, which reduces the frequency with which the operator must

replace the media to attain water of the desired quality.

[00160] Without wishing to be bound by any particular theory, it is believed
that compressive forces on media 18 prevents the individual beads from moving
within bag 38 and/or system 10 before, during, in between uses, and after use. It is

" believed that maintaining of media 18 in a static or constant position within system
10, at least in part,.maximizes the use or consumption of media. However, this can
be made particutarly difficult as it has been determined by the present disclosure
that media 18, when depleted has a reduced volume. In some embodiments, media
18 can experience a reduction in volume of up to 20% - but of course more or less
volume reduction is contemplated by the present disclosure. Advantageously, bag
38 is preferably formed of material sufficient to maintain media 18 under

compression even after being used or spent.
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[00161] Referring to FIGS. 18a-g, a resin usage test was performed with

system 10 to determine the water flow through the system and, thus, to determine
what portion or portions of media 18 is consumed. During the test, media 18 was a
mixed bed resin of a color changing resin commercially available from Purolite® and
was used in all tests. Here, fresh or un-used resin has a dark color that lightens to a

light color when depleted or used.

[00162] Water of a known particulate level, namely 110 parts per miHionv
(ppm), was fed to systern 10 at a known flow rate of about 6 liters per minute. |
Water exiting system 10 was tested for its particulate load with the test being
stopped when media 18 within the system was no longer able to provide water of a
desired' particulate level ~in this case 20 ppm. The water flow was then stopped and
system 10 was placed in a freezer to freeze the resin of media 18 in position. After
frozen, system 10 was cut away to provide media 18 in a solid mass. This solid mass

was then sectioned at regular intervals, namely into six intervals in FIGS. 18b-18g.

[00163] FIGS. 18a-18g are images of the resin usage test using the system of
FIG. 1 with the elastomeric media bag 38 having a configuration as shown in FIG. 12

and with the diffuser plate 16 as shown in FIG. 11 that includes rim 96.

[00164] FIG. 18a illustrates media 18 as a solid mass of frozen media 18 after
completion of the test and before being sectioned. FIGS. 18b-18g ;how

the solid mass of media 18 after completion of the test and in sectioned form. Here,
FIG. 18b représents sections at the top of the solid mass, namely where the test
water exited the bag. Conversely, FIG. 18g represents the section of the frozen
media 18 at the bottom of the solid mass, namely where the test water entered the
bag. Thus, the flow direction (F) of water through media 18 during the test was from
the bottom (FIG. 18g) to the top (FIG. 18b).

[00165] It can be seen that the flow pattern of water through media 18 when

using diffuser plate 16 with rim 96 provides a consistent-flow pattern in FIG. 18b-18g
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at the outer periphery of thejmass as seen by the circular dark circle of unspent

media throughout the center section and the light outer rim of spent media.

[00166] Again, it has been determined by the present disclosure that the
shrinkage of media 18 within system 10 can result in leakage around diffuser plate -
16. Specifically, the reduced volume can also result in media 18 in bags 38 being
driven or compressed — as a result of the force of the incoming water pressure —in a
piston-fike manner in system 10 in the direction of the water flow. When the water
pressure pushes or forces bag 38 upwards in a piston like matter, the bag is forced
upwards off of sealing engagement with plate 16 and rim 96, allowing water to flow

between the bag and the plate towards the inner surface of tank 14.

[00167] Advantageously, system 10 can also be used with a dynamic diffuser
blate to further improve the percent of media 18 that is utilized. FIG. 19 isan
expanded sectional view of illustrating an alternate embodiment of the pure water
system of FIG. 3 having a dynamic or movable or floating diffuser 116. Here, diFfuser
116 is dynamic or movable. or floating-in that it is unsecured to tank 14. In this
manner, water pressure acting on diffuser 116 forceé the diffuser against the media
(not shown) whether free or in a bag (not shown) to keep the diffuser pressed

against the media.

[00168] In the illustrated embodiment, diffuser 116 includes diffuser plate 16-
1, which is similar to diffuser 16 discussed above, and a piston portion 16-2. In some
embodiments, diffuser 116 can include a seal 16-3 between diffuser plate 16-1,.

piston portion 16-2, and tank 14.

[00169] ~ Piston portion 16-2 has a height tall enough to prevent diffuser 116
from tilting within in tank, but small enough to not increase friction to a point where
diffuéer 116 no longer moves axially within tank 14 under the force of water
pressure. Similarly, seal 16—3, When present, provides sufficient sealin_g engagement
to mitigate, and in some embodiments provides a water tight engagement to

prevent, water frem passing between diffuser 116 and tank 14, but does not
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increase friction to a point where diffuser 116 no longer moves axially within tank 14

under the force of water pressure.

[00170] Diffuser 116 is shown having piston portion 16-2 covering upstanding
rim 96. Of course, it is contemplated by the present disclosure for piston portion 16-

2 to allow upstanding rim 96 to protrude as discussed above.

[00171] ‘Diffuser 116 can be tuned or adjusted to provide varying levels of
pressure on the media. Specifically, diffuser 116 can be tuned by adjusting the size,
shape, and position of openings 92 on plate 16-1 and/or adjusting the size, shape,
and type of membrane 34.. Preferably, membrane 34 at first diffl;ser plate 16-1
removes suspended particles having a size between about 1 micron and about 200
micron preferably 50 micron for floating diffuser 116. It has been found that
membrane 34 having a size of 50 miéron, the water flowing through diffuser 116
creates a force of approximately 20 pbunds on the diffuser pushing against the resin

bag 38.

[00172] - Advantageously, diffuser 116 can be formed to retrofit prior systems
10 by merely connecting piston portion 16-2 to plate 16-1 and, when desired, adding
seal 16-3. ‘

[00173] FIG. 20 is a side view of an alternate embodiment of a dynamic or
movable or floating diffuser plate 216 according to an exemhlary embodiment of the
present disclosure. Again, diffuser 216 — much like diffuser 116 - is dynamic of
movable or floating in that it is unsecured to tank 14. Thus, diffuser 216 can be
forced, under the pressure of incoming water, against the media (not shown) to

keep the diffuser pressed against the media.

[00174] Diffuser 216 is preferably of one-piece construction and includes first
diffuser plate 216-1, which is similar to diffuser 116 discussed above and, thus,
includes upstanding rim 296 and a piston portion 216-2. In some embodiments,

diffuser 216 can include a seal {hot shown).
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[00175] Referring to FIGS. 21a-21f and 22a-22f, additional resin usage tests
were also used to compare the performance of system 10 with diffuser plate 16 (FIG.
11) that is secured in place (FIGS. 21a-21f) to that with dynamic diffuser plate 116
(FIG. 19) that moves or floats due to water pressure (FIGS. 22a-22f).

(00176] As in the media usage test of FIGS. 18a-18g, media 18 was a mixed
bed resin of the color changing resin and was used in both tests with fresh or un-

used resin having a dark color that lightens to a light color when depleted or used.

[00177] Here, water of a higher known particulate level, namely 400 ppm, was
fed to system 10 at a known flow rate of about 6 liters per minute. Water exiting
system 10 was tested for its particulate load with the test being stopped when media
18 within the system was no longer able to provide water of a desired particulate
level — in this case 20 ppm. The water flow was then stopped and system 10 was
placed in a freezer to freeze the resin of miedia 18 in position. After frozen, system
10 was cut away to provide media 18 in a solid mass. This solid mass of frozen media

18 was then sectioned at regular intervals — in this instance in five intervals.

[00178] FIGS. 21a-21f iltustrate the resin usage test using the system of FIG. 1
with the elastomeric media bag 38 of FIG. 12 and the static diffuser plate 16 of FIG.
11, where the diffuser plate is secured in tank 14 — namely is static. FIGS. 22a3-22f
illustrate the resin usage test using the system of FIG. 1 with the elastomeric media

bag 38 of FIG. 12 and the diffuser 116 of FIG. 19 — namely a dynamic diffuser plate.

[00179] It should be noted that the test of FIGS. 21a-21f is substantially similar
to that of FIGS. 18a-18g — with the exception being that the incoming water has a
higher contaminate level of 400 ppm in the test of FIGS. 21a-21f and a lower

contaminate level of 110 ppm in the test of FIGS. 18a-18g.

[00180] FIG. 21a and 22a illustrate media 18 as a solid mass of media 18 after
completion of the test and before being sectioned. FIGS. 21b-21f and 22b-22f show
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the solid mass of media 18 after completion of the test and in seétioned form. Here,
FIGS. 21b and 22b represent sections at the top of the solid mass, hamely where the
test water exited the bag. Conversely, FIGS. 21f and 22f represent sections at the
bottom of the solid mass, hamely where the test water entered the bag. Thus, the
flow direction (F) of water through media 18 during the test was from thé bottom

(FIGS. 21f and 22f) to the top (FIGS. 21b and 22b).

[00181] This comparison of media 18 in system 10 shows a noticeable
performance difference between media usage and flow patterns when the diffuser is
static as in FIGS. 21a-21f, as compared to when the diffuser is dynamic as in FIGS.

22a-22f.

[00182] Here, it can be seen that the flow pattern of water through media 18
having static diffuser 16 again provides a consistent flow pattern in FIGS. 21b-21f as
seen by the circular dark circle of unspent media throughout the central sections and
spent (light) rim of speht media at the outer rim. In corﬁparison, it can be seen that
the flow pattern of water through media 18 having dynamic diffuser 116 provides a
flow pattern in FIGS. 22b-22f with significantly more spent media as seen by the light
central regions. Moreover, it can be seen that the dynamic diffuser 116 provides a
flow path that is concentrated through the center mass of media 18 and at the A
bottom end of the mass, whereas the static diffuser plate provides a flow path that is

concentrated at the periphery of the media.

[00183) Simply stated, it is believed by the present disclosure that the
dynamic diffuser 116 pistons or moves due to the force of the water pressure into
constant contact with bag 38 of media 18 ~ compensating for any compression of

the media and for any volume reduction of the media as a result of its depletion.

[00184] As a result, the dynamic diffuser of the present application is believed

to allow more media 18 to be utilized as compared to the static diffuser 16.
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[00185] Without wishing to be bound by any particular theory, the static
diffuser — allows water to flow between the rim 6fthe diffuser'and the bottom of the
fitter bag as a result of media compression/depletion — provides a flow path that is
concentrated toWards the outer portion of the media. In contrast, the dynamic
diffuser — mitigates water from flow between. the diffuser and_the bottom of the
-filter bag by remaining in contact with the bag and compensating for media
compression/depletion — provides a flow path that is concenfrated towards the

central portion of the media.

[00186] Advantage‘ously and referring to FIGS. 23-24, system 10 can further be
used with a dynamic diffuser plate 316. Diffuser 316 is dynamic or movable or-
floating in that it is unsecured to tank 14. In this manher, water pressure acting on
diffuser 316 forces the diffuser against the media (not shown) whether free or in a

bag (not shown) to keep the diffuser pressed against the media.

[00187] - Diffuser 316 includes diffuser plate 316-1, which is similar to diffuser
16 discussed above and piston portion 316-2. [n some embodiments, diffuser 316
can include a seal 316-3 between diffuser plate 36-1, piston portion 316-2, and tank
14. Seal 316-3 can be an O-ring as shown but is also conterhplated to have any

desired shape or configuration.

[00188] Here, diffuser 316 includes a having an upstanding rim 396 with a
plurality of balancing features 316-4a and 316-4b that are believed to further
improve the percent of media 18< that is utilized. Features 316-4a, 316-4b are
configured to allow at least some portion of the water to flow past upstanding rim
396 by preventing the bag from sealing off on the rim and on media facing surface

- 382 of first diffuser plate 316-1. Thus althoﬁgh features 316-4a are shown as
openings and features 316-4b are shown as ridges, it is contemplated by the present
disclosure for any feature sufficient to allow the water flow to bypass rim 396 and
prevent the bag 38 from sealing on surface 382 to be wnithin the scope of the present |

application.
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[00189] Piston portion 316-2 has a height tall enough to minimize diffuser 316
from tilting within in tank, but small enough to not increase friction to a point where
diffuser 316 no longer moves axially within tank 14 under the force of water
pressure. Similarly, seal 316-3, when present, provides sufficient sealing
engagement to minimize or prevent water from passing between diffuser 316 and
tank 14, th does not increase friction to a point where diffuser 316 no longer moves

axially within tank 14 under the force of water pressure.

{00190} Diffuser 316 can be tuned or adjusted to provide varying levels of
pressure on the media. Specifically, diffuser 316 can be tuned by adjusting the size,
shape, and position of openings 92 on plate 16-1 and/or adjusting the size, shape,
and type of membrane 34. Preferably, membrane 34 at diffuser plate 316-1
removes suspended particles having a size between about 1 micron and about 200

micron preferably 50 microns.

[00191] Diffuser 316 is shown having upstanding rim 396 with balancing
features 316-4a and balancing features 316-4b on surface 382. It has been
determined by the present disclosure that the number, size, type, and position of
features 316-4a and/or 316-4b can be varied to balance the flow of water that is
concentrated towards the outer portion of the media and the flow that is
concentrated towards the central portion of the media as will be described in more

detail below with respect to FIGS 25a-26f.

[00192] FIGS. 25a-25f illustrate the resin usage test using the system of FIG. 1
with the elastomeric media bag 38 of FIG. 12 and the diffuser 316 of FIGS. 23-24 —
namely a dynamic diffuser plate with balancing features 316-4a, 316-4b. This
additional resin usage test allows comparison of the performance of system 10 with
the static diffuser plate 16 (FIGS. 21a-21f) to that with dynamic diffuser plate 116
(FIGS. 22a-22f) to that with the dynamic diffuser plate 316 with balancing features
316-4a, 316-4b (FIGS. 25a-25f).
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[00193] Here, it can be seen that the flow pattern of water through media 18
having dynamic diffuser 316 provides a balanced flow pattern in FIGS. 25b-25f as
seen by the reduced area of dark of unspent media and the increased area (light) of
spent media. Simply stated, it is believed by the present disclosure that balancing
features 316-4a, 316-4b balances the flow concentration between the central and
outer regions to allow more media 18 to be utilized as compared to the static

diffuser 16.

[00194] Thus, system 10 can be tuned to balance the flow of water that is
concentrated towards the outer portion of media 18 and the flow that is
concentrated towards the central portion of the media based, at least in part, on the

number, size, type, and position of features 316-4a, 316-4b.

[00195] TABLE 1 provides another comparison of the performance of system
10 having static diffuser 16 of FIG. 11 to dynamic diffuser 316 having balancing
features 316-4a, 316-4b of FIGS. 23-24.

[00196] Here, four tests were run using incoming water having total dissolved
solid level of 400 ppm. Each of the four tests were run to five different total

dissolved solid levels of outgoing water, namely 1ppm, 5 ppm, 10 ppm, 15 ppm, and
20 ppm. All four tests were run using bag 38 having media 18 therein. The resultsin

TABLE 1 for each of the four tests represent an average of three runs.
[00197] Test 1 and Test 2 were run using system 10 shown in FIG. 1 that has
only tank 14 — where Test 1 used the static diffuser of FIG. 11 and Test 2 used the

dynamic diffuser 316 of FIG. 23.

[o0198] Test 3 and Test 4 were run using system 10 shown in FIG. 4 that has
both tank 14 and one expansion tube 24 — where Test 3 used the static diffuser of

FIG. 11 and Test 4 used the dynamic diffuser 316 of FIG. 23.
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TABLE 1
Test 1 Test 2 Test 3 Test 4
Water | Water Static diffuser in | Dynamic diffuserin | Static diffuser in | Dynamic diffuserin
in out FIG. 11 and FIG. 23 and system | FIG.11 and FIG. 23 and system
(ppm) | {ppm) systemin FIG. 1 [ in FIG. 1 (liters) system inFIG. 4 | in FIG. 4 (liters)
(liters) (liters)
400 1 117 294 487 631
400 5 225 330 626 687
400 10 260 344 668 720
400 15 286 355 684 736
400 20 300 365 696 746
[00199] From Test 1 it can be seen that system 10 when using static diffuser

16 of FIG. 11 provides 117 liters of outgoing water at 1 ppm from incoming water at

400 ppm, whereas system 10 provides 294 liters in Test 2 when using the dynamic

diffuser 316 of FIG. 23. Thus, the dynamic diffuser of the present application, when

used with media 18 in bags 38, provides better utilization of the media to result in

higher amounts of water being provided at the desired outgoing total dissolved sclid

levels. Similar results can be seen from a comparison of Test 3 and Test 4.

[00200]

Turning now to FIG. 26 another exemplary embodiment of a dynamic

diffuser 416 having an upstanding rim 496 with balancing features 416-4a, 416-4b is

shown. Diffuser 416 is an integral one-piece unit in which diffuser plate 416-1,

piston portion 416-2, features 416-4a, 416-4b, and membrane 34 are unitarily

molded into anintegral unit.

[00201)

It should be recognized that the various embodiments of first diffuser

plate 16 from FIG. 3 have been disclosed as being the dynamic diffusers 116, 216,

316, 416 positioned at the bottom of bag 38 when the flow direction is from the

bottom to the top. Of course, it is contemplated by the present disclosure for the

second diffuser plate 20 of FIG. 3 to also be a dynamic plate as disclosed herein

CA 2964732 2017-04-18
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either together with a dynamic or static first diffuser plate and/or with a flow

direction from the top to the bottom.

[00202] It should also be noted that the terms “first”, “second”, “third”,
“upper”, “lower”, and the like may be used herein to modify various elements.
These modifiers do not imply a spatial, sequential, or hierarchical order to the

modified elements unless specifically stated.

[00203] While the present disclosure has been described with reference to
one or more exemplary embodiments, it will be understood by those skilled in the
art that various changes may be made and equivalents may be substituted for

- elements thereof without departing from the scope of the present disclosure. In
addition, many modifications may be made to adapt a particular situation or
material to the teachings of the disclosure without departing from the scope thereof.
Therefore, it is intended that the present disclosure not be limited to the particular
embodiment(s) disclosed as the best mode contemplated, but that the disclosure

will include all embodiments falling within the scope of the appended claims.
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WHAT IS CLAIMED IS:
1. A pure water system comprising:

a tank having an inner surface, and an upper rim having a plurality of pins

extending radially outward from the upper rim;

a cover assembly having a lower rim with a plurality of bayonet slots configured
to receive the plurality of pins of the tank to secure the cover assembly to the tank and

form a fluid tight connection with the tank;

a purification media disposed in a porous filter bag, the filter bag being positioned

in and sealingly engaging the inner surface of the tank; and

a release assembly having a pivot lever located on the cover assembly, the pivot
lever having a first end with a pressure control plunger and a second end with a locking

arm that extends downwardly through the cover assembly into one of the bayonet slots,
wherein the first and second ends pivot about a pivot axis,

wherein the pivot lever is moveable between a first position and a second position
so that a single movement of the pivot lever from the first position to the second position
(i) vents pressure from the tank and (ii) unlocks the cover assembly from the tank such

that the cover assembly may be rotated relative to the tank,

wherein, in the first position, the locking arm is configured to prevent removal of

one of the radial pins from a respective one of the bayonet slots, and

wherein the release assembly further comprises a biasing member normally

biasing the pivot lever to the first position.

2. The pure water system of claim 1, wherein the purification media comprises

deionizing resin.
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3. The pure water system of claim 1, wherein the filter bag has sufficient resiliency

to maintain the purification media in a compressed state within the filter bag.

4. The pure water system of claim 1, wherein the filter bag has sufficient resiliency
to maintain the purification media in a compressed state within the filter bag after the

purification media has been at least partially depleted.

5. The pure water system of claim 1, wherein the purification media is sufficient to
treat or condition water passing therethrough by removing one or more components,

adding one or more components, and any combinations thereof.

6. The pure water system of claim 1, further comprising:
a plurality of radial pins on the tank; and

a plurality of bayonet slots that correspond in number, size, and position to the
plurality of radial pins, and the plurality of bayonet slots on the cover assembly so that
the plurality of radial pins and bayonet slots secure the cover assembly and the tank to

one another to form the fluid tight connection.

7. The pure water system of claim 1, wherein, when in the first position, the pressure
control plunger forms a fluid tight connection with the cover assembly and the locking
arm prevents removal of one of the plurality of radial pins from a respective one of the
plurality of bayonet slots, and, when in the second position, the pressure control plunger
vents the cover assembly and the locking arm allows removal of the one of the plurality

of radial pins from the respective one of the plurality of bayonet slots.

42

CA 2964732 2020-04-14



8. The pure water system of claim 1, wherein the locking arm is configured so that a
single movement of the pivoting lever from the first position to the second position vents
pressure from the tank and unlocks one of the plurality of radial pins from a respective

one of the plurality of bayonet slots.

9. The pure water system of claim 1, further comprising an expansion tube having a
first end including a plurality of expansion tube radial pins and a second end including a
plurality of expansion tube bayonet slots so that the expansion tube first end is configured
to connect to the plurality of bayonet slots of the cover assembly to form a fluid tight
connection therewith and the expansion tube second end is configured to connect to the

plurality of radial pins of the tank and form a fluid tight connection therewith.

10.  The pure water system of claim 1, further comprising a first diffuser plate in the
tank, the first diffuser plate having an inner area with a plurality of fluid passage

openings.

11.  The pure water system of claim 10, further comprising mesh covering the

plurality of fluid passage openings.

12. The pure water system of claim 10, wherein the first diffuser plate further
comprises an outer area that is at least sealingly engaged with the inner surface of the

tank.

13. The pure water system of claim 10, wherein the first diffuser plate is secured in

the tank or is movable within the tank.
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14. A pure water system comprising:
a tank having a first surface and an upper rim;

a cover assembly having a second surface and a lower rim, the cover assembly

having a handle and a release assembly;
a plurality of radial pins on one of the first or second surface;

a plurality of bayonet slots that correspond in number, size, and position to the
plurality of radial pins, the plurality of bayonet slots being on the other of the first or
second surface so that the plurality of radial pins and bayonet slots secure the cover
assembly and the tank to one another with the upper and lower rims forming a fluid tight

connection in a first configuration; and

wherein the release assembly includes a pivot lever having a first end with a
pressure control plunger and a second end with a locking arm that extends downwardly
through the cover assembly into one of the bayonet slots, the pivot lever being movable
between a first position and a second position so that a single movement of the pivot
lever from the first position to the second position vents pressure from the tank and
releases the plurality of radial pins from the plurality of bayonet slots, wherein the first

and second ends pivot about a pivot axis,

wherein, in the first position, the locking arm is configured to prevent removal of
one of the radial pins from a respective one of the bayonet slots, and in the second

position, the cover assembly may be rotated relative to the tank, and

wherein the release assembly further comprises a biasing member normally

biasing the pivot lever to the first position.

15. The pure water system of claim 14, further comprising an expansion tube having a
first end including a plurality of expansion tube radial pins and a second end including a
plurality of expansion tube bayonet slots so that the expansion tube first end is configured

to connect to the plurality of bayonet slots of the cover assembly to form a fluid tight
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connection therewith and the expansion tube second end is configured to connect to the

plurality of radial pins of the tank and form a fluid tight connection therewith.

16.  The pure water system of claim 14, wherein the handle is positioned in proximity
to the first end of the pivot lever so that normal positioning of a hand of a user on the

handle allows a thumb of the user to operate the first end of the pivot lever.

17.  The pure water system of claim 14, further comprising loose deionizing resin

beads in the tank.

18.  The pure water system of claim 14, further comprising purification media
disposed in a porous filter bag, the filter bag being in the tank in sealing engagement with

an inner surface of the tank.

19.  The pure water system of claim 18, wherein the purification media comprises

deionizing resin.

20. A purification assembly for a pure water system as defined in claim 1, comprising

purification media disposed in the filter bag.

21.  The purification assembly of claim 20, wherein the purification media comprises

deionizing resin.

22.  The purification assembly of claim 20, further comprising a diffuser plate having

an inner area with a plurality of fluid passage openings.
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23. The purification assembly of claim 22, wherein the diffuser plate comprises an
outer area that lacks openings, the outer area sealingly engaging a portion of the filter bag
with the plurality of fluid passage openings in fluid communication with another portion

of the filter bag.

24.  The purification assembly of claim 23, wherein the filter bag comprises a bottom
panel that is seamless at least in areas where the filter bag sealingly engages the outer

area of the diffuser plate.

25.  The purification assembly of claim 20, wherein the filter bag comprises an outer

wall panel having an open end and an end closed by a bottom panel via an internal seam.

26.  The purification assembly of claim 25, further comprising a closure closing the
open end of the outer wall panel, the closure comprising one or more of a seam, a crimp,

and a wire tie.

27.  The purification assembly of claim 26, wherein the outer wall panel lacks any

seam that runs between the open and closed ends.

28.  The purification assembly of claim 20, wherein the filter bag has an outer wall
panel with upper and lower ends, the filter bag lacking any seams that run beween the

upper and lower ends.

29.  The purification assembly of claim 28, wherein the outer wall panel is a seamless

cylindrical tube.
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30. The purification assembly of claim 28, wherein the outer wall panel elastomeric.

31.  The purification assembly of claim 20, wherein the filter bag has sufficient
resiliency to maintain the purification media in a compressed state within the filter bag

even after the purification media has been at least partially depleted.
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