FILTER ARRANGEMENT INCLUDING PREFILTRATION FILTER ELEMENT AND
FILTER DEVICE

BACKGROUND OF THE INVENTION

[0001] Porous filters can be rated by their dirt holding capacity, and can be discarded as
they approach, or reach, that capacity. In some situations, the filter device containing the
porous filter is also discarded. While the dirt holding capacity may be increased by
increasing the amount of filter material and/or changing the filter configuration, this may
result in increased cost and/or may result in an undesirably large footprint for the filter

device.

[0002] The present invention provides for ameliorating at least some of the disadvantages
of the prior art. These and other advantages of the present invention will be apparent from

the description as set forth below.
BRIEF SUMMARY OF THE INVENTION

[0003] An embodiment of the invention provides a filter arrangement comprising a host
filter comprising (a) a hollow cylindrical porous host filter element having a first end and a
second end; (b) a first end cap arranged at the first end or the second end of the hollow
cylindrical porous host filter element, the first end cap having an outer diameter; and, (c) an
outer surface; the filter arrangement further comprising (d) a porous fibrous hollow
cylindrical prefiltration element compression fit on the outer diameter of the first end cap,

and covering the exposed outer surface of the host filter.

[0004] A filter device according to another embodiment of the invention comprises an
embodiment of the filter arrangement located in a housing having an inlet and an outlet and
defining a fluid flow path between the inlet and the outlet, wherein the filter arrangement is
arranged in the housing across the fluid flow path, such that undesirable material is removed
from fluid as the fluid passes through the filter device. Preferably, the filter device comprises
a point of use shower head device or a point of use faucet head device, and the host filter

comprises a sterilizing grade water filter.



[0005] In another embodiment, a method of producing a filter arrangement is provided,
the method comprising compression fitting a porous fibrous hollow cylindrical prefiltration
element over a host filter comprising (a) a hollow cylindrical porous host filter element
having a first end and a second end; (b) a first end cap arranged at the first end or the second
end of the hollow cylindrical porous host filter element, the first end cap having an outer
diameter; and, (c) an outer surface; such that the prefiltration element is compression fit on

the outer diameter of the first end cap, and covers the exposed outer surface of the host filter.

[0006] An embodiment of processing fluid according to an embodiment of the invention
comprising passing fluid through a filter arrangement comprising a porous fibrous hollow
cylindrical prefiltration element and a host filter, wherein the porous fibrous hollow
cylindrical prefiltration element is compression fitted on the host filter, and removing
undesirable material from fluid as the fluid passes through the fluid arrangement. Preferred
embodiments of the method comprise passing water through a point of use shower head
device or a point of use faucet head device, wherein the host filter comprises a sterilizing

grade water filter, and dispensing sterile water from the device.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0007] Figure 1A shows a top isometric view of a prefiltration filter element according to
an embodiment of the invention; Figure 1B shows a top isometric view of an assembled host
filter, including a top end cap and an outer cage surrounding the host filter; Figure 1C shows
a side view of the assembled host filter shown in Figure 1B; Figure 1D shows a top isometric
view of filter arrangement comprising prefiltration filter element shown in Figure 1A
compress fitted over the top end cap of the host filter as shown in Figure 1B; and Figure 1E

shows a side view of the filter arrangement shown in Figure 1D.

[0008] Figure 2A is an exploded top isometric view of a showerhead filter device
comprising a filter arrangement comprising a prefiltration filter element that can be compress
fit over a host filter (comprising a host filter element between an inner core and an outer cage,
and a top end cap sealed to the outer cage and the filter element and the inner core) arranged
in a filter housing according to an embodiment of the invention, Figure 2B is a side cross
section view of the assembled filter arrangement; and Figure 2C is a bottom view of the filter

device shown in Figure 2A.



[0009] Figure 3A is an exploded top isometric view of a faucet head filter device
comprising a filter arrangement comprising a prefiltration filter element that can be compress
fit over a host filter (comprising a host filter element between an inner core and an outer cage,
and a top end cap sealed to the outer cage and the filter element and inner core) arranged in a
filter housing according to an embodiment of the invention, Figure 3B is a side cross section
view of the assembled filter arrangement, and Figure 3C is a bottom view of the filter device

shown in Figure 3A.

[0010] Figure 4A is an exploded top isometric view of a showerhead filter device
comprising a filter arrangement comprising a prefiltration filter element that can be compress
fit over a host filter (comprising a host filter element between having an inner core, and a top
end cap sealed to the filter element and the inner core) arranged in a filter housing according
to another embodiment of the invention, and Figure 4B is a side cross section view of the

assembled filter arrangement.

[0011] Figure 5A is an exploded top isometric view of a faucet head filter device
comprising a filter arrangement comprising a prefiltration filter element that can be compress
fit over a host filter (comprising a host filter element between having an inner core, and a top
end cap sealed to the filter element and the inner core) arranged in a filter housing according
to another embodiment of the invention, and Figure 5B is a side cross section view of the

assembled filter arrangement.
DETAILED DESCRIPTION OF THE INVENTION

[0012] In accordance with an embodiment of the invention, a filter arrangement is
provided comprising a host filter comprising (a) a hollow cylindrical porous host filter
element having a first end and a second end; (b) a first end cap arranged at the first end or the
second end of the hollow cylindrical porous host filter element, the first end cap having an
outer diameter; and, (c) an outer surface; the filter arrangement further comprising (d) a
porous fibrous hollow cylindrical prefiltration element compression fit on the outer diameter

of the first end cap, and covering the exposed outer surface of the host filter.

[0013] In some embodiments, the prefiltration filter element covers the outer surface of
an outer cage of the host filter. In other embodiments, the prefiltration filter element covers

the upstream surface of the hollow cylindrical porous host filter element.



[0014] In an embodiment of the filter arrangement, the host filter includes an outer cage
surrounding the hollow cylindrical porous host filter element, the outer cage having an
external surface providing the outer surface of the host filter. In another embodiment of the
filter device, the hollow cylindrical porous host filter element has an upstream surface

providing the outer surface of the host filter.

[0015] A filter device according to an embodiment of the invention comprises an
embodiment of the filter arrangement located in a housing having an inlet and an outlet and
defining a fluid flow path between the inlet and the outlet, wherein the filter arrangement is
arranged in the housing across the fluid flow path, such that undesirable material is removed
from fluid as the fluid passes through the filter device. Preferably, the filter device comprises
a point of use shower head device or a point of use faucet head device, and the host filter

comprises a sterilizing grade water filter.

[0016] In another embodiment, a method of producing a filter arrangement is provided,
the method comprising compression fitting a porous fibrous hollow cylindrical prefiltration
element over a host filter comprising (a) a hollow cylindrical porous host filter element
having a first end and a second end; (b) a first end cap arranged at the first end or the second
end of the hollow cylindrical porous host filter element, the first end cap having an outer
diameter; and, (c) an outer surface; such that the prefiltration element is compression fit on

the outer diameter of the first end cap, and covers the exposed outer surface of the host filter.

[0017] An embodiment of processing fluid according to an embodiment of the invention
comprising passing fluid through a filter arrangement comprising a porous fibrous hollow
cylindrical prefiltration element and a host filter, wherein the porous fibrous hollow
cylindrical prefiltration element is compression fitted on the host filter, and removing
undesirable material from fluid as the fluid passes through the fluid arrangement. Preferred
embodiments of the method comprise passing water through a point of use shower head
device or a point of use faucet head device, wherein the host filter comprises a sterilizing

grade water filter, and dispensing sterile water from the device.

[0018] Advantageously, the use of a prefiltration filter element can increase the life
and/or dirt holding capacity of the host filter. Moreover, the prefiltration filter element can

be produced and used at a fraction of the cost of the host filter, and may increase the filter life



to blockage by several fold with little effect on the pressure drop across the prefiltration filter

element and host filter.

[0019] Prefiltration filter elements, which comprise porous fibrous hollow cylindrical
elements, can be produced by a variety of processes, including meltblowing. They can

comprise woven or nonwoven material.

[0020] If desired, the prefiltration filter element can include multiple layers of different
fiber diameters and/or densities and/or pore structures that provide different filtration

efficiencies.

[0021] Prefiltration filter elements can be used with filters with and without outer cages,
fully covering the exposed upstream area or surface area of the host filter or host filter outer

cage such that there is no bypassing of the host filter.

[0022] In accordance with embodiments of the invention, the prefiltration filter element
can be used with a variety of porous hollow cylindrical host filters and porous hollow
cylindrical host filter elements (especially porous fibrous hollow cylindrical host filters and
host filter elements) and filter devices including such filters and filter elements. One example

of a suitable filter and filter device is disclosed in U.S. Patent 9,745,206.

[0023] Each of the components of the invention will now be described in more detail

below, wherein like components have like reference numbers.

[0024] Figure 1A shows an embodiment of a prefiltration filter element 10 comprising a
porous fibrous hollow cylindrical element for use with a host filter, the prefiltration filter

element having a first end 10, a second end 11, and a thickness T.

[0025] Figures 1B, 1C, 2A, 2B, 3A and 3B show an illustrative host filter 500. Using
Figures 2A and 3A for reference, an illustrative host filter 500 comprises a first end cap 510
(having an outer diameter OD), an outer cage 520 having an outer surface, an inner core 530,
and a porous fibrous hollow cylindrical host filter 550 comprising a porous fibrous hollow
cylindrical host filter element 551. While the host filter illustrated in Figures 1B, 1C, 2A, 2B,
3A and 3B includes an outer cage and an inner core, the cage and core are optional, and the
host filter can include either an outer cage or an inner core, or can lack both an outer cage and

an inner core.



[0026] Figure 1B shows an isometric view, and Figure 1C shows a side view, of the host
filter 500 without the prefiltration element 10, and Figure 1D shows an isometric view , and
Figure 1E shows a side view, of an embodiment of the filter arrangement 575, wherein the
prefiltration filter element 10 is compression fit over the filter (i.e., compression fit over the
OD of first end cap 510), and covering the exposed outer surface of the outer cage 520, such

that there is no bypassing of the host filter during use.

[0027] Thus, with respect to the filter device housing, Figures 2A-2C show an illustrative
showerhead filter device 1000 comprising a filter device housing 600 receiving the filter
arrangement 575, the housing having a hollow handle 603 including a device housing inlet
wherein fluid enters the device, a first portion 601, and a second portion 602 including the
device outlet, wherein the housing defines a fluid flow path between the inlet and the outlet

with the filter arrangement across the fluid flow path.

[0028] Figures 3A-3C show an illustrative faucet head filter device 1000’ comprising a
filter device housing 600’ receiving the filter arrangement 575, the housing having a first
portion 601’ including the device housing fluid inlet and a second portion 602’ including the
device housing outlet, wherein the housing defines a fluid flow path between the inlet and the

outlet with the filter arrangement across the fluid flow path.

[0029] As noted above, the host filter can include either an outer cage or an inner core, or
can lack both an outer cage and an inner core. For example, Figures 4A, 4B, 5A, and 5B
show another host filter 500’ similar to the host filter 500, but without an outer cage. Thus,
illustrated host filter 500’ comprises a first end cap 510 (having an outer diameter OD), and
an inner core 530, and a porous fibrous hollow cylindrical host filter 550 comprising a porous
fibrous hollow cylindrical host filter element 551, and the filter arrangement 575’ comprises

the host filter 500 and the prefiltration element 10.

[0030] Figures 4A-4B show another illustrative showerhead filter device 1001
comprising a filter device housing 600 receiving the filter arrangement 575°, the housing
having a hollow handle 603 including a device housing inlet wherein fluid enters the device,
a first portion 601, and a second portion 602 including the device outlet, wherein the housing
defines a fluid flow path between the inlet and the outlet with the filter arrangement across

the fluid flow path.



[0031] Figures SA-5B show another illustrative faucet head filter device 1001’
comprising a filter device housing 600’ receiving the filter arrangement 575°, the housing
having a first portion 601’ including a fluid inlet wherein fluid enters the device, and a
second portion 602’ including the device outlet, wherein the housing defines a fluid flow path

between the inlet and the outlet with the filter arrangement across the fluid flow path.

[0032] A prefiltration filter element can have any suitable pore structure as long as it does
not significantly affect the liquid flow (e.g., water flow) characteristics of the host filter
(which can also have any suitable pore structure). Typically, the pore structure of the
prefiltration element, e.g., a pore size (for example, as evidenced by bubble point, or by K|, as
described in, for example, U.S. Patent 4,340,479, or evidenced by capillary condensation
flow porometry), a pore rating, a pore diameter (e.g., when characterized using the modified
OSU F2 test as described in, for example, U.S. Patent 4,925,572), or removal rating that
reduces or allows the passage therethrough of one or more materials of interest as the fluid is

passed through the element, is larger than that of the host filter.

[0033] The host filter can include additional elements, layers, or components, that can
have different structures and/or functions, e.g., at least one of any one or more of the
following: support, drainage, spacing and cushioning. Illustratively, the host filter can also

include at least one additional element such as a mesh and/or a screen.

[0034] Typically, prefiltration elements are slightly flexible and slightly stretchable to
provide a desired interference fit, with compression, such that the ends of the prefiltration
elements do not need to be sealed or bonded to the host filter. If desired, temporary tooling
(such as, but not limited to, a guide dolly) can be used as a lead-in to assist the slide over the

widest part of the host filter.

[0035] The host filter and prefiltration filter element are typically disposed in a housing
comprising at least one inlet and at least one outlet and defining at least one fluid flow path
between the inlet and the outlet, wherein the filter and prefiltration filter element is across the
fluid flow path, to provide a filter device. Preferably, the filter device and filter arrangement
are sterilizable. Any housing of suitable shape and providing at least one inlet and at least

one outlet may be employed.



[0036] The housing can be fabricated from any suitable rigid impervious material,
including any impervious thermoplastic material, which is compatible with the fluid being
processed. For example, the housing can be fabricated from a metal, such as stainless steel,
or from a polymer. In a preferred embodiment, the housing is a polymer, such as an acrylic,

polypropylene, polystyrene, or a polycarbonated resin.

[0037] The following example(s) further illustrate the invention but, of course, should not

be construed as in any way limiting its scope.
EXAMPLE

[0038] This example demonstrates the improved result using a prefiltration filter element

with a host filter compared to the host filter without the prefiltration filter element.

[0039] Host filters comprising porous fibrous hollow cylindrical filter elements with end
caps, outer cases and inner cores; and filter housings, are produced as generally described in
U.S. Patent 9,745,206. The host filters are arranged on filter device housing portions

including the filter device outlets.

[0040] Prefiltration filter elements are produced by melt-blowing, cut to length, and
compress fit over the widest diameter (the upper endcap) of the host filter by sliding the
prefiltration element over a guide dolly on top of the host filter, and subsequently removing
the guide dolly. The prefiltration filter elements fully cover the exposed upstream area or
surface area of the host filter (i.e., covering the exposed upstream area of the outer cages)

such that there is no bypassing of the host filter.

[0041] The thickness of the prefiltration filter element (about 5 mm) does not exceed any
constraints of the housing into which the host filter fits or is encapsulated into. No additional
sealing, bonding, or retaining (e.g., adhesive, melting, or clips) is utilized. The housing does

not contact the outer surface of the prefiltration element.
[0042] The porosity of the prefiltration filter element is greater than that of the host filter.

[0043] After dust loading, about a 5-10% flow loss is observed in filter devices including

prefiltration filter elements, in contrast with about a 50% loss in the controls.



[0044] Additionally, filter devices including prefiltration filter elements exhibit over
twice the throughput over controls to the same degree of blockage (clean vs. end of life

flowrate at a fixed inlet pressure).

[0045] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in

its entirety herein.

[0046] The use of the terms “a” and “an” and “the” and “at least one” and similar
referents in the context of describing the invention (especially in the context of the following
claims) are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The use of the term “at least one”
followed by a list of one or more items (for example, “at least one of A and B”) is to be
construed to mean one item selected from the listed items (A or B) or any combination of two
or more of the listed items (A and B), unless otherwise indicated herein or clearly
contradicted by context. The terms “comprising,” “having,” “including,” and “containing”
are to be construed as open-ended terms (i.e., meaning “including, but not limited to,”) unless
otherwise noted. Recitation of ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is incorporated into the
specification as if it were individually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language (e.g., “such
as”) provided herein, is intended merely to better illuminate the invention and does not pose a
limitation on the scope of the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the

practice of the invention.

[0047] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as

appropriate, and the inventors intend for the invention to be practiced otherwise than as
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specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIM(S):

1. A filter device comprising a point of use shower head device or a point of use
faucet head device comprising a housing having an inlet and an outlet and defining a
fluid flow path between the inlet and the outlet, and a filter arrangement comprising a
host filter comprising a sterilizing grade water filter comprising (a) a hollow cylindrical
porous host filter element having a first end and a second end; (b) a first end cap arranged
at the first end or the second end of the hollow cylindrical porous host filter element, the
first end cap having an outer diameter; and, (c) an outer surface; and, (d) a porous fibrous
hollow cylindrical prefiltration element compression fit on the outer diameter of the first
end cap, and covering exposed outer surface of the host filter, wherein the filter

arrangement is arranged across the fluid flow path.

2. A method of processing fluid, the method comprising passing fluid through the

filter device of claim 1, and dispensing sterile water from the filter device.



