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Tap-mounted water purification unit

Technical Field

The invention relates to a water purification unit having a tap inter-

face and a membrane filter.

Related applications

This application claims priority of international patent application
PCT/EP2021/052021 filed 28 January 2021.

Background Art

Membrane filter devices use a partially permeable membrane to
separate ions, unwanted molecules, and larger particles from drinking water. Water
pressure is used to overcome osmotic pressure. Membrane filters can remove many
types of dissolved and suspended chemical species as well as biological ones from
walter.

Purification units having a tap interface can be connected to a water
tap and e.g. to be mounted thereto. In contrast to large-scale industrial devices, such

units can e.g. be used to purify smaller amounts of water in a household.

Disclosure of the Invention

The problem to be solved by the present invention is to provide a
compact water purification unit of this type with good purification performance that is
easy to use.

This problem is solved by the unit of claim 1.

Accordingly, the invention relates to a water purification unit hav-
ing at least the following elements:

- A tap interface: This is an interface adapted to be connected to a
water tap and to receive water therefrom, Advantageously, it is adapted to provide a
rigid mechanical connection to the tap that is suited to bear the weight of the filter
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unit (and the water therein) in operation. Alternatively, though, it may also be a flexi-
ble interface comprising e.g. a tube connector as well as a tap adapter.

- A membrane filter: This filter is arranged around a central duct,
and this duct extends along the filter axis. The central duct is advantageously a duct
feeding water from the reverse-osmosis filter to the post-filter (mentioned below), but
it may also be a duct feeding water from the pre-filter (mentioned below) to the mem-
brane filter. The membrane filter is advantageously a reverse-osmosis filter, but it
may also be any other type of membrane filter, such as a nanofilter.

- A pre-filter arranged before the membrane filter: In this context,
the term “before™ indicates that the purification unit is adapted to guide water from
the tap interface through the pre-filter and only then then through the membrane filter,
i.e. “before” is the same as “upstream”. The unit may comprise several such pre-fil-
ters.

- A post-filter arranged after the membrane filter: In this context,
the term “after” indicates that the purification unit as adapted to first guide water
through the membrane filter and then through the post-filter, i.e. “after” is the same as
“downstream”. The unit may comprise several such post-filters.

- An outlet port: This is the exit port for purified water. It is advan-
tageously connected via an outlet duct to the exit side of the post-filter.

Advantageously, at least two of the filters are arranged at different
locations along the filter axis. Being “arranged at different locations along the filter
axis” is to be understood such that, along the filter axis, the two filters overlap not at
all or only partially, and that they both surround the filter axis.

Advantageously, all three of these filters are arranged at different
locations along the filter axis, thereby providing a compact design. In other words,
along the filter axis, the three filters overlap not at all or only partially, and they all
surround the filter axis.

The unit may have at least one housing, wherein the membrane fil-
ter, the pre-filter, and the post-filter are arranged in the housing to form a unit.

Advantageously, the housing extends along the filter axis and has
first and second opposing ends. A first lid closes the first end and/or a second lid
closes the second end, with the lid(s) being removably mounted to the housing. This
allows to open the housing from one or, advantageously, both ends for better mainte-
nance.

In particular, upon removing one (or, advantageously, both) of the
lids, all the filters may be removed from the housing in axial direction, e.g. for clean-

ing or replacement.
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Advantageously, the housing is cylindrical and concentric to the fil-
ter axis.

The unit may further have a pre-filter module comprising the pre-
filter and a post-filter module comprising the post-filter. With the lid(s) closed, a first
one of these modules abuts against the first lid or against an end of the housing for
being held in place.

In that case, the second one of the modules may be located between
the first module and the membrane filter for being held in place, too.

Advantageously, the unit comprises a valve selectively blocking the
water passage through the unit.

This valve may e.g. be controlled by a timer and/or by remote con-
trol.

In other embodiments, a non-coaxial design is used. This design has
several variants, such as:

A) The membrane filter and the post-filter are arranged in a first as-
sembly at different locations along the filter axis and the pre-filter is arranged in a
second assembly laterally offset from the filter axis; or

B) The membrane filter and the pre-filter are arranged in the first
assembly at different locations along the filter axis and the post-filter is arranged in
the second assembly laterally offset from the filter axis.

C) The three filters are arranged in separate assemblies, with none
of them being coaxial to another one.

This design allows to use larger filters for higher-throughput water
purification without making the unit too long.

The invention also refers to the use of the water purification unit
comprising the steps of

connecting the tap interface to a tap and

sequentially feeding water from the tap first through the pre-filter,
then through the membrane filter, and then through the post-filter.

Brief Description of the Drawings
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The invention will be better understood and objects other than those
set forth above will become apparent when consideration is given to the following de-

tailed description thereof. Such description makes reference to the annexed drawings,

wherein:

Fig. 1 is a sectional view of a first embodiment of a water purifica-
tion unit,

Fig. 2 is the unit of claim 1 with arrows representing the liquid
flow,

Fig. 3 is a sectional view of a second embodiment,

Fig. 4 show is a functional block diagram of the valve module of the
embodiment of Fig. 3,

Fig. 5 is a sectional view of a third embodiment,

Fig. 6 is a sectional view of a fourth embodiment,

Fig. 7 is a top view of a fifth embodiment,

Fig. 8 is a side view of'the fifth embodiment,

Fig. 9 is a top view of a sixth embodiment,

Fig. 10 is a side view of the sixth embodiment,

Fig. 11 is a view of a seventh embodiment with its two lids being
unscrewed and at a distance from each other,

Fig. 12 is a sectional view of the seventh embodiment, and

Fig. 13 shows an eighth embodiment.

Modes for Carrying Out the Invention

Definitions

The end of the purification unit carrying the tap interface is defined
to be the “top” end of the unit. Hence, terms such as “above™ and “below™ are to be
interpreted in this reference frame irrespective of how the unit is actually mounted in
respect to the direction of gravity.

The “horizontal” or “lateral” direction is the direction perpendicular
to the filter axis.

A “membrane filter” is advantageously a filter using a partially per-
meable membrane. The membrane is permeable to water but withholds at least some
of the contaminants that may be solved in water. Advantageously, it is one of the fol-

lowing variants:
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- A nanofilter: A nanofilter uses a membrane having a pore size be-
tween 1 and 10 nanometers, see e.g. https://en.wikipedia.org/wiki/Nanofiltration.

- A reverse osmosis filter: Reverse osmosis involves solvent diffu-
sion across a membrane that is either nonporous or uses nanofiltration with pores of
approximately 1 nm or less in size, see ¢.g. https://en. wikipedia.org/wiki/Reverse os-
mosis.

- A “pre-filter” is advantageously understood to be a pre-treatment
unit for the water.

- A “post-filter” is advantageously understood to be a post-treat-
ment unit for the water.

- A “sediment filter” is advantageously understood as a mechanical
filter having filter pores of a diameter of less than 100 pum, in particular of less than

10 pm.

General elements and first embodiment

Figs. 1 and 2 shows a first embodiment of the purification unit. This
embodiment also shows general features of the device that can be used in other em-
bodiments.

The purification unit of Figs. 1 and 2 comprises a cylindrical hous-
ing 2 having a first end 4 and a second end 6. Housing 2 is concentric to a filter axis
8.

In the present embodiment, it comprises a first lid 10 inserted into
first end 4 and a second lid 12 inserted into second end 6. Both lids 10, 12 are releasa-
bly connected to housing 2, in particular by means of first engaging structures ar-
ranged at the outer side of the lids 10, 12 and second engaging structures arranged at
the inner side of housing 2. Such engaging structures may e.g. form threads or, as
shown, elastic snap-in connections 13a, 13b.

A tap interface 14 is mounted at first end 4. It e.g. comprises a seat
16 to receive a water tap, ¢.g. using an clastic fitting, thread, or clamping mechanism
(not shown) to create a firm connection with the tap.

An outlet port 20 is mounted at first end 4. It acts as an exit for the
purified water. It may e.g. form a spout or a connector for a tube.

A concentrate drain 24 is arranged on second end 6 of the unit. It is
used to drain concentrated waste water from the unit as described below.

The purification unit generally comprises at least three filters: a pre-
filter 30, a membrane filter 32, and a post-filter 34. The membrane filter is advanta-

geously a reverse-osmosis filter. Hence, in the following description, it will be called
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a reverse-osmosis filter even though it may also be any other type of membrane filter,
in particular a nanofilter.

Pre-filter 30 is located in the flow path before reverse-osmosis filter
32, i.e. it is arranged in the flow path between tap interface 14 and reverse-osmosis
filter 32.

Post-filter 34 is located in the flow path after reverse-osmosis filter
32, i.e. it is arranged in the flow path between reverse-osmosis filter 32 and outlet
port 20.

Pre-filter 30 is advantageously an activated carbon filter, e.g. to trap
organic chemicals and chlorine that may damage the membrane of reverse-osmosis
filter 32. It may, however, also be or include a zeolite filter, a UV filter, a sediment
filter, a micro-filter (https://en.wikipedia.org/wiki/Microfiltration), and/or an ultra-fil-
tration filters (https://en.wikipedia.org/wiki/Ultrafiltration).

Post-filter 34 is advantageously also an activated carbon filter, e.g.
to trap substances not removed by the reverse osmosis membrane. It may, however,
also be or include a zeolite filter, a UV filter, a ceramic filter, a deionization filter (i.e.
a filter for removing ions from water), and/or a remineralization unit.

In this context, a remineralization unit, which is advantageously lo-
cated after the reverse-osmosis filter, is a unit adapted to add ions to the water that are
desirable in the water, such as potassium, manganese, and/or calcium ions and/or sili-
cates. It may also add trace minerals, such as iron, zinc, and phosphorus. It may e.g.
comprise ground sea shells and/or ground natural minerals. Such a remineralization
unit is considered to be a “filter” in the present context.

Post-filter 34 may also regulate pH, TDS, taste, and/or molecular
composition (e.g. by converting part of the water to H3O2", commonly known as wa-
ter structuring). It may also be adapted to increase the oxygen saturation of the fil-
tered water, e.g. by using a vortex and/or water whirling device as described in
WO2012168093A1.

Reverse-osmosis filter 32 comprises a semi-permeable membrane
as known to the skilled person. It e.g. is wound around a central duct 36.

In the shown embodiment, central duct 36 forms the exit from re-
verse-osmosis filter 32.

It extends along filter axis 8 and is advantageously concentric
thereto. In the region of reverse-osmosis filter 32, it comprises perforations (now
shown in the figures) that allow the water to pass.
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In the shown embodiment, central duct 36 extends upwards from re-
verse-osmosis filter 32 to post-filter 34. Advantageously, top end 38 of central duct
36 ends at post-filter 34.

Central duct 36 extends through pre-filter 30, i.e. pre-filter 30 has
annular shape and is arranged around central duct 36.

Bottom end 40 of central duct 36 abuts against second lid 12.

In the shown embodiment, pre-filter 30 is geometrically arranged
between reverse-osmosis filter 32 and post-filter 34. Post-filter 34 is geometrically ar-
ranged between pre-filter 30 and first lid 10. Osmosis filter 32 is geometrically ar-
ranged between pre-filter 30 and second lid 12.

Hence, as can be seen, post-filter 34 is arranged below first lid 10.
Pre-filter 30 is arranged below post-filter 34. Reverse-osmosis filter 34 is arranged
below pre-filter 30. And second lid 12 is arranged below reverse-osmosis filter 34.

The filters are designed as modules:

- A pre-filter module 40 comprises pre-filter 30 as well as a pre-fil-
ter frame 42a, 42b. Pre-filter frame 42a, 42b may e.g. be of a rigid polymer or metal.
It provides a mechanical interface to position pre-filter 30 within the unit.

- A reverse-osmosis filter module 44 comprises reverse-osmosis fil-
ter 32 as well as central duct 36. Central duct 36 may e.g. be of a rigid polymer or
metal. Again, it provides a mechanical interface to position reverse-osmosis filter 32
within the unit.

- A post-filter module 46 comprises post-filter 34 as well as a post-
filter frame 48a, 48b. Post-filter frame 48a, 48b may e.g. be of a rigid polymer or
metal. It provides a mechanical interface to position post-filter 34 within the unit.

When the unit is assembled and the two lids 10, 12 are closed, the
modules 40, 44, 46 axially abut against each other and are kept together by the com-
pressive forces exerted by the lids 10, 12.

When the lids 10, 12 are opened, the modules 40, 44, 46 can be axi-
ally and, advantageously individually, be removed from the unit.

Advantageously, Post-filter frame 48a, 48b encloses post-filter 34
and forms an axial inlet port 50 for receiving central duct 36 and/or an axial outlet
port 52 for being connected to first lid 10.

Fig. 2 illustrates the water flow in the unit.

As can be seen, water flows from tap interface 14 through an inlet

port 54 that forms the recess 18 receiving the tap interface.
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It then flows around post-filter 34, e.g. through an e.g. cylindrical
gap 56 between post-filter module 46 and housing 2, through suitable channels or
gaps in the periphery of pre-filter frame 42b (not shown), and arrives at pre-filter 30.

It radially flows through pre-filter 30 towards filter axis 8 and
reaches an annular space 58 between pre-filter 30 and central duct 36.

From there, it flows down into reverse-osmosis filter 32.

Part of the water is drained off as concentrated waste liquid through
the bottom end of osmosis filter 32 and leaves the unit through concentrate drain 24
in second lid 12.

Drain 24 comprises a drain inset 24a, which may ¢.g. provide space
and a mount for drain tubing. Drain inset 24a may be connected to housing 2, in par-
ticular to bottom lid 12, as shown in Fig. 1, or it may be connected to central duct 36
as shown in the seventh embodiment below.

Purified water leaves reverse-osmosis filter 32 through the openings
(not shown) in central duct 36. It rises through central duct 36 to arrive at post-filter
34.

The water then passes through post-filter 34 and leaves the unit
through an exit duct 22 of first lid 10.

Second embodiment

Fig. 3 shows a second embodiment of the unit.

It differs from the first embodiment by having a valve module 62
with a valve 64. Valve 64 is structured to close the water flow through the unit. It
may e.g. be a flow-control valve with an on-state and an off-state. Such valves are
known to the skilled person.

Valve 64 is advantageously arranged in the flow path between tap
interface 14 and pre-filter 30.

In the shown embodiment, valve 64 is geometrically arranged above
the filters. In particular, pre-filter 30 and the post-filter 34 are axially located between
reverse-osmosis filter 32 and valve 64.

For example, valve 64 may be incorporated into first lid 10 (as
shown), or valve module 62 may be a module separate from first lid 10 and located
within housing 2 below first lid 10. Valve module 62 may also form part of tap inter-
face 14.

Valve module 62 comprises a valve control 66 for controlling valve
64.
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In one embodiment, valve control 66 may be an electronic control
as e.g. shown in Fig. 4.

Such an electronic control may e.g. comprise a control processor
68, such as a microprocessor, and a power supply 70, such as a battery.

Valve control 66 may also comprise a wire-bound or (advanta-
geously) wireless interface 72, such as a Bluetooth interface.

Valve control 66 may also comprise a flow meter 73 adapted to
measure the volumetric water flow through the unit.

Valve control 66 may e.g. be equipped to operate valve 64 in at
least one of the following modes:

- It may control valve 64 in a timer mode to open and close it at cer-
tain times, e.g. at certain times of a day.

- It may control valve 64 on request, e.g. in response to a request re-
ceived through interface 72.

- It may control valve 64 in response to payment conditions. For ex-
ample, it may comprise a credit counter deducted against the flow of water through
the unit as measured by flow meter 72.

Valve control 66 may also comprise networking capability, e.g.
through interface 72, for connecting to an loT-network, e.g. for exchanging usage
data with a central server, such as for automatic replacement part shipping or user no-
tification when the filters are exhausted.

In another embodiment, valve control 66 may also be a mechanical
control, e.g. operated by a user interface element, such as a lever or knob, and/or op-

erated by a spring-powered mechanical timer.

Third embodiment

In the first and second embodiment, pre-filter 30 is geometrically
arranged between post-filter 34 and reverse-osmosis filter 32.

Fig. 5 schematically shows an alternative embodiment, where the
positions of the pre-filter and the post-filter are reversed. Here, post-filter 34 is ar-
ranged between pre-filter 30 and reverse-osmosis filter 32. The water from pre-filter
30 e.g. flows around post-filter 34 to arrive at reverse-osmosis filter 32. From there,
purified water rises through central duct 36, with central duct 36 ending at post-filter
34. From post-filter 34, the water rises through a duct section 74 located in a central
opening in pre-filter 30 and from there to first lid 10.

The third embodiment may also be provided with a valve module

such as e.g. shown from the second embodiment.
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Fourth embodiment

In the embodiments shown so far, pre-filter 30, reverse-osmosis fil-
ter 32, and post-filter 34 are arranged coaxially at different axial locations along filter
axis 8.

In another embodiment, only one of pre-filter 30 and post-filter 34
may be arranged coaxially with reverse-osmosis filter 32, while the other one of pre-
filter 30 and post-filter 34 is arranged laterally offset from filter axis 8.

Such an embodiment is shown in Fig. 6.

Here, reverse-osmosis filter 32 and post-filter 34 are arranged coax-
ially in a first assembly 76, advantageously with post-filter 34 being located above re-
verse-osmosis filter 32.

Pre-filter 30 is arranged horizontally in a second assembly 78 later-
ally beside reverse-osmosis filter 32 and/or post-filter 34.

A valve module 62 with valve 64 may e.g. be located above pre-fil-
ter 30.

An interconnect duct 80 connects the assemblies 76, 78 and is pro-
vided for guiding the water from pre-filter 30 to reverse-osmosis filter 32.

The tap interface (not shown in Fig. 6) is advantageously arranged
on first assembly 78 while the outlet port is arranged on second assembly 76.

The design of Fig. 6 allows to use larger filter volumes without
making the unit exceedingly long.

Alternatively to the design shown in Fig. 6, the locations of pre-fil-
ter 30 and post-filter 34 may be swapped. In other words, pre-filter 30 and reverse-
osmosis filter 32 may be arranged coaxially in the first assembly 76 and post-filter 34
may be arranged in the second assembly 78, which provides a larger volume for post-
filter 34.

In that case, the tap interface is advantageously arranged on second
assembly 76 while the outlet port is arranged on first assembly 78.

In yet another embodiment, the tap interface may be arranged be-
tween the first and second assemblies 76, 78, such as shown in US 47313175.

Fifth embodiment

Figs. 7 and 8 show a fifth embodiment of the unit. In this embodi-
ment, the unit comprises three assemblies 76, 78, 82, with one containing pre-filter
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30, another one containing membrane filter 32, and a third one containing post-filter
34.

For example, pre-filter 30 may be arranged in first assembly 76,
membrane filter 32 in second assembly 78 (with brine outlet 24 also being arranged
on second assembly 78), and post filter 34 in third assembly 82.

In the shown embodiment, tap interface 14 is mounted to first as-
sembly 76 and outlet port 20 to third assembly 82.

Any of the assemblies, in particular first assembly 76, may also
comprise a valve unit and/or control unit and/or sediment filter as described above.

However, tap interface 14 may also be arranged elsewhere, ¢.g. be
in the center of the unit.

Advantageously, and as can be seen, all assemblies 76, 78, 82 are
elongate, with their longest axes 76a, 78a, 82a being parallel to each other in order to
provide a compact design.

Advantageously, the assemblies 76, 78, 82 are, when seen from
above (i.e. from the side of the tap interface), arranged on a polygon and not on a line,
which again renders the design more compact. For example, as shown in Fig. 7, they

are arranged on a triangle, in particular an equilateral triangle, 83.

Sixth embodiment

Figs. 9 and 10 show a sixth embodiment of the unit. In this embodi-
ment, the unit comprises four assemblies 76, 78, 82, 84, with one containing pre-filter
30, another one containing membrane filter 32, and a third one containing post-filter
34. The fourth assembly may e.g. contain the valve unit and/or a sediment filter
and/or a control unit.

For example, the valve unit and its control unit may be arranged in
first assembly 76, pre-filter 30 may be arranged in second assembly 78, membrane
filter 32 in third assembly 82 (with brine outlet 24 also being arranged on third as-
sembly 82), and post filter 34 in fourth assembly 84.

In the shown embodiment, tap interface 14 is mounted to first as-
sembly 76 and outlet port 20 to fourth assembly 84.

Again, however, tap interface 14 may also be arranged elsewhere,
¢.g. in the center of the unit.

Advantageously, and as can be seen, all assemblies are again elon-
gate, with their longest axes 76a, 78a, 82a being parallel to each other in order to pro-
vide a compact design.
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Advantageously, the assemblies 76, 78, 82 are, when seen from
above, arranged on a polygon and not on a line, which again renders the design more
compact. For example, as shown in Fig. 9, they are arranged on a rectangle, in partic-
ular on a square, 85.

Advantageously, the expression “arranged on a polygon™ is to be
understood such that, when seen from above (i.e. from the side of the tap interface),
the centers of the assemblies are arranged on a polygon.

In more general terms, and as shown in the fifth and sixth embodi-
ment, the unit may have at least three assemblies, in particular at least four assem-
blies, 76, 78, 82, 84, with the pre-filter, the membrane filter, and the post filter being
arranged in different assemblies. The assemblies may be arranged on a polygon, in
particular a regular polygon such as triangle 83 or rectangle 85, e.g. when seen from
the side of tap interface 14.

Advantageously, the assemblies have elongate directions 76a, 78a,
82a, 84a (defined by their central axes) describing their longest extension, with the
elongate directions being parallel to each other.

In particular, each assembly has a housing that is rotationally sym-
metric about its elongate direction, e.g. by having a cross section - perpendicular to
the elongate direction - that has the shape of an oval, circle, or regular polygon cen-
tered on the elongate direction. This results in a particularly compact design.

To simplify the manufacturing of the unit, all housings of the as-

semblies may have the same shape.

Seventh embodiment

The seventh embodiment shown in Figs. 11 and 12 has the same ar-
rangement of pre-filter 30, membrane filter 32, and post-filter 34 in a housing 2 as the
first embodiment.

The unit has a first lid 10 at its first end 4 as well as a second lid 12
and its second end 6.

In this embodiment, however, first lid 10 and second lid 12 form the
housing 2 of the unit, and they are directly connected to each other. This makes it
easy to assemble and disassemble the housing.

Advantageously, first lid 10 and second lid 12 form a threading 13
between them.

As shown, the two lids are advantageously cup-shaped for receiving
the innards of the filter unit between them.
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The two lids meet at a location 90 between the first end 4 and the
second end 6.

Advantageously, location 90 is approximately half way between the
first and the second ends 4, 6 in the sense that the ratio D1:D2 is between 0.25 and
4.0, with D1 being the distance between first end 4 and location 90 and D2 being the
distance between second end 6 and location 90 (see Fig. 12). This design results in
the first and second lids being shallower than a design where location 90 is close to
first or second end 4, 6, which makes it easier to remove and insert the filter compo-
nents.

Fig. 12 shows another advantageous element of the filter unit that
can also be employed for any of the other embodiments shown herein.

As shown, each lid 10, 12, and therefore housing 2, comprises an
inner wall 92a and an outer wall 92b located at a distance from each other. A cavity
94 is formed between inner wall 92a and outer wall 92b.

This design reduces the weight of the housing.

Advantageously, inner wall 92a and outer wall 92b are formed by
stainless steel sheets. In this case, the two-wall design allows manufacturing the hous-
ing by deforming the metal sheets. In contrast to this, single-walled housing of the
same stability would be much heavier and require milling to form the metal parts.

This design allows for increased external attachment of components
due to more material available

In addition, the double-walled design reduces the thermal conduc-
tivity of the housing as compared to a single-walled housing. This is particularly ad-
vantageous when filtering very cold water because it reduces condensation on the
outer surfaces of the filter unit.

The connection at location 90 can e.g. be formed by any type of
suitable threading or by a bayonet mount, advantageously with an additional sealing
member 91 to provide a watertight seal.

Note that, in the shown embodiments, both lids 10, 12 of the hous-
ing are made of double-walls of stainless steel. However, one or both of the lids 10,
12 may also be of another material, such as plastics, e€.g. when circuitry within the fil-
ter unit needs RF connection to an outside device.

Figs. 11 and 12 show yet another aspect that can be used in combi-
nation with any of the other embodiments shown here.

As shown, tap interface 14 includes a first part 14a and a second
part 14b, with first part 14a being connected to housing 2. First part 14a and second
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part 14b each comprise recesses 96a and/or projections 96b that, together, form a bay-
onet mount. Further, second part 14b comprises a threading 98, for connecting it to a
tap. Depending on the tap to be mounted to, threading 98 may be an interior threading
or an exterior threading.

Instead of a bayonet mount, any other quick connect mechanism
could be used as well as e.g. regular threading.

Hence, second part 14b can be screwed permanently onto the tap,
and then first part 14a and therefore housing 2 can be easily mounted thereto and re-
moved therefrom by means of bayonet mount 96.

In other words, tap interface 14 advantageously comprises a first
part 14a mounted to housing 2 and a second part 14b having a threading 98, which
first and second parts 14a, 14b form a water tight bayonet mount 96.

A set of different second parts 14b may be provided, which differ in
the diameter of threading 98 and/or its exposition (interior threading or exterior
threading). These second parts 14b form adapters suitable for different tap types.

The embodiment of Fig. 12 further shows that drain inset 24a is
connected to central duct 25 and not to housing 2 such that it can easily be removed
from the housing together with the filter assembly. It advantageously rests in a recess
24D at the bottom of housing 2.

Eighth embodiment

The eighth embodiment shown in Fig. 13 corresponds to the sev-
enth embodiment with the exception that central duct 36 axially (i.e. along central
axis 8) extends into post-filter 34 and is closed at its axial end 36a. It further com-
prises radial water outlet ports 36b for providing a passage of water into post-filter
34. This allows to more evenly distribute the water flow through post-filter 34 than
using an axial outlet port as shown in other embodiments.

Hence, advantageously, a first end 36¢ of central duct 36 extends
axially into post-filter 34. At the first end 36¢, central duct 36 is axially closed and
comprises radial outlet openings 36b.

The radial outlet openings 36b connect the interior of central duct
36 to post-filter 34.

Notes

In the embodiments above, housing 2 is cylindrical. It may, how-
ever, also have another cross section, e.g. a square cross section, oval cross section, or



10

15

20

25

30

35

WO 2022/162070 PCT/EP2022/051914

15

polygonal cross section. Its cross section may also vary along the filter axis. A cylin-
drical cross section is advantageous, though, because it is easier to manufacture and
withstands higher pressure.

As mentioned, the unit may also comprise a single lid only, in par-
ticular the 1id at the bottom end. In that case, the other end of the housing would be
closed permanently.

It must be noted that tap interface 14 is only shown in Figs. 1 and 3,
but advantageously all the embodiments may be equipped with such a tap interface.

In the embodiment above, tap interface 14 creates a firm, rigid con-
nection with the tap. Alternatively, tap interface may ¢.g. comprise a flexible tube and
a tap adapter, with the tap adapter being designed to form a mechanical interface with
the tap. In this case, the unit can e.g. be placed on a support beside the tap while it is
connected to the adapter by means of the tube.

Advantageously, tap interface 14 is arranged in or on first lid 10. In
the embodiment of Fig. 1, it is e.g. mounted to a recess 18 in lid 10. It may also form
an integral part of first lid 10.

Similarly, outlet port 20 is only shown in Figs. 1 and 3, but advanta-
geously all the embodiments may be equipped with such an outlet port.

Advantageously, outlet port 20 is arranged in or on first lid 10. In
the embodiment of Fig. 1, it is e.g. mounted to a recess 22 in lid 10. It may also form
an integral part of lid 10 or of housing 2 if lid 10 is an integral part of the housing.

Advantageously, outlet port 20 is formed by a duct section project-
ing from the unit as shown in Fig. 1. The angle o between filter axis 8 and outlet port
20 is advantageously larger than 0° and smaller or equal to 90°. This allows outlet
port 20 to be mounted to the end surface of first lid 10 and to be e.g. connected to a
tube without colliding with the tap or tap interface 14.

Advantageously, but not necessarily, angle o is smaller than 90°, in
particular between 15° and 75°.

As mentioned, the pre-filter and/or post-filter may combine several
functions. For example, pre-filter 30 may comprise a sediment filter and an activated
carbon filter. The several functions may be combined in one structural unit (such as
an activated carbon filter having a layer acting as a sediment filter e.g. at its input sur-
face(s)), or the filter may comprise several structurally separate units (such as one
unit acting as a sediment filter and another unit acting as an activated carbon filter).

The same applies to post-filter 34.
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While there are shown and described presently preferred embodi-
ments of the invention, it is to be distinctly understood that the invention is not lim-
ited thereto but may be otherwise variously embodied and practiced within the scope

of the following claims.



10

15

20

25

30

35

WO 2022/162070 PCT/EP2022/051914
17

Claims

1. A water purification unit comprising

a tap interface (14),

a membrane filter (32) arranged around a central duct (36) extend-
ing along a filter axis (8),

a pre-filter (30) arranged before the membrane filter (32), and

a post-filter (34) arranged after the membrane filter (32), and

an outlet port (20).

2. The unit of claim 1 wherein at least two of the filters (30, 32 34)
are arranged at different locations along the filter axis (8) such that, along the filter
axis (8), the two filters (30, 32 34) overlap not at all or only partially, and that they
both surround the filter axis (8).

3. The unit of claim 2 wherein the pre-filter (30), the post-filter
(34), and the membrane filter (32) are arranged at different locations along the filter
axis (8) such that, along the filter axis (8), the pre-filter (30), the post-filter (34), and
the membrane filter (32) overlap not at all or only partially, and they all surround the
filter axis (8).

4. The unit of claim 3 wherein the pre-filter (30) is geometrically ar-
ranged between the membrane filter (32) and the post-filter (34).

5. The unit of any of the preceding claims wherein said central duct
(36) extends from the membrane filter (32) to the post-filter (34),

and in particular wherein the central duct (36) extends into the post-
filter (34).

6. The unit of claim 5 wherein the pre-filter (30) is arranged around
the central duct (36).

7. The unit of any of the claims 5 or 6 wherein the post-filter (34) is
geometrically arranged between the tap interface (14) and the membrane filter (32),
and in particular between the tap interface (14) and the pre-filter (30).
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8. The unit of any of the preceding claims further comprising a
housing (2), wherein the membrane filter (32), the pre-filter (30), and the post-filter
(34) are arranged in the housing.

9. The unit of claim 8 wherein the housing is cylindrical and con-

centric to the filter axis (8).

10. The unit of any of the claims 8 or 9 wherein the housing (2) ex-
tends along the filter axis (8) and has first and second opposing ends,

wherein the unit further comprises a first lid (10) closing the first
end and/or a second lid (12) closing the second end,

wherein the first and/or the second lids (10, 12) is/are removably

mounted to the housing (2).

11. The unit of any of claim 10, wherein the lid(s) (10, 12) is/are in-
serted into the ends of the housing (2).

12. The unit of any of the claims 8 or 9 wherein the housing (2) ex-
tends along the filter axis (8) and has first and second opposing ends, and wherein the
housing (2) comprises

a first lid (10) at the first end and a second lid (12) at the second
end,

wherein the first lid (10) at the second lid (12) are directly con-
nected to each other,

and in particular wherein the first lid (10) and the second lid (12)

are cup-shaped.

13. The unit of claim 12 wherein the first lid (10) and the second lid
(12) meet at a location (90) and wherein a ratio D1:D2 is between 0.25 and 4.0, with
D1 being a distance between the first end (4) and the location (90) and D2 being a

distance between the second end (6) and the location (90).

14. The unit of any of the claims 10 to 13 wherein, upon removing
one or both of the lids (10, 12), all the filters can be axially removed from the housing

).
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15. The unit of any of the claims 10 to 14 wherein the tap interface
(14) and the outlet port (20) are arranged in or on the first lid (10).

16. The unit of any of the claims 10 to 15 further comprising a pre-
filter module (40) comprising the pre-filter (30) and a post-filter (34) module (46)
comprising the post-filter (34), wherein, with the lid(s) (10, 12) closed, a first one of
said modules abuts against the first lid (10) and/or an end of the housing (2).

17. The unit of claim 16 wherein a second one of the modules is lo-

cated between the first module and the membrane filter (32).

18. The unit of any of the claims 10 to 17 wherein, with the lids (10,
12) closed, the central duct (36) abuts and against the second lid (12).

19. The unit of any of the preceding claims wherein said housing
(2) comprises

an inner wall (92a) and an outer wall (92b) located at a distance
from each other and

a cavity (94) arranged between the inner wall (92a) and the outer
wall (92b),

and in particular wherein the inner wall (92a) and the outer wall

(92b) are stainless steel sheets.

20. The unit of any of the preceding claims further comprising a

valve (64) selectively blocking a water passage through the unit.

21. The unit of claim 20 wherein the valve (64) is arranged in a

flow path between the tap interface (14) and the pre-filter (30).

22. The unit of any of the claims 20 or 21 wherein the pre-filter (30)
and the post-filter (34) are axially located between the membrane filter (32) and the
valve (64).

23. The unit of any of the preceding claims wherein

- the membrane filter (32) and the post-filter (34) are arranged in a
first assembly (76) at different locations along the filter axis (8) and the pre-filter (30)
is arranged in a second assembly (78) laterally offset from the filter axis (8) or
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- the membrane filter (32) and the pre-filter (30) are arranged in a
first assembly (76) at different locations along the filter axis (8) and the post-filter
(34) is arranged in a second assembly (78) laterally offset from the filter axis (8).

24. The unit of claim 23 and of any of the claims 20 to 22 wherein
the valve (64) is arranged in the second assembly (78).

25. The unit of any of'the claims 1 to 22 having at least three assem-
blies (76, 78, 82, 84), wherein the pre-filter (30), the membrane filter (32), and the
post filter (34) are arranged in different ones of the assemblies (76, 78, 82, 84), and
wherein the assemblies (76, 78, 82, 84) are arranged on a polygon (83, 85), in particu-
lar a regular polygon.

26. The unit of claim 25 wherein the assemblies have elongate di-
rections (76a, 78a, 82a, 84a), with the elongate directions (76a, 78a, 82a, 84a) being
parallel to each other.

27. The unit of claim 26 wherein each assembly (76, 78, 82, 84) has
a housing that is rotationally symmetric about its elongate direction (76a, 78a, 82a,
84a).

28. The unit of any of the claims 25 to 27 wherein each assembly
(76, 78, 82, 84) has a housing, and wherein all housings have the same shape.

29. The unit of any of the preceding claims

wherein said pre-filter (30) comprises a filter of the group of acti-
vated carbon filters, zeolite filters, UV filters, sediment filters, micro-filters, and ul-
tra-filtration filters, and in particular wherein the pre-filter (30) comprises a filter of
the group of activated carbon filters, micro-filters, and ultra-filtration filters, and/or

wherein said post-filter (34) comprises a filter of the group of acti-
vated carbon filters, zeolite filters, UV filters, a ceramic filter, a deionization filter,
and a remineralization unit, and in particular wherein the post-filter (34) comprises a
filter of the group of activated carbon filters, zeolite filters, and ceramic filters.

30. The unit of any of the preceding claims
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wherein the membrane filter (32) has a partially permeable mem-
brane, with the membrane permeable to water but withholding at least some of the
contaminants that may be solved in water, and/or

wherein the membrane filter (32) comprises a reverse-osmosis filter

and/or a nanofilter.

31. The unit of any of the preceding claims further comprising a
housing (2),

wherein the tap interface (14) comprises

a first part (14a) mounted to the housing (2) and

a second part (14b) having a threading (98),

wherein said first and said second part (14a, 14b) form a water tight

bayonet mount (96).

32. The unit of any of the preceding claims wherein a first end (36¢)
of the central duct (36) extends axially into post-filter 34, wherein, at the first end
(36¢), the central duct (36) is axially closed and comprises radial outlet openings
(36b)

33. Use of the water purification unit of any of the preceding claims
comprising the steps of

connecting the tap interface (14) to a tap and

sequentially feeding water from the tap first through the pre-filter
(30), then through the membrane filter (32), and then through the post-filter (34).



