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ANNULAR PLEATED FILTER

FIELD OF THE INVENTION

The present invention relates to a filter, in particular a filter assembly for an air purifier, and a

method of manufacturing a filter assembly.

BACKGROUND OF THE INVENTION

Air pollution is an increasing problem and a variety of air pollutants have known or suspected

harmful effects on human health. The adverse effects that can be caused by air pollution
depend upon the pollutant type and concentration, and the length exposure to the polluted air.
For example, high air pollution levels can cause immediate health problems such as aggravated
cardiovascular and respiratory illness, whereas long-term exposure to polluted air can have
permanent health effects such as loss of lung capacity and decreased lung function, and the

development of diseases such as asthma, bronchitis, emphysema, and possibly cancer.

As a consequence, the use of air purifiers is growing in an attempt to reduce exposure to
airborne pollutants and thereby minimise the adverse effects. In particular, the increased
recognition of the problem of air pollution has led to a rise in the use of domestic air purifiers
within homes etc. with the aim of combatting the effects of indoor air pollution. In addition, there
is also an increasing interest in portable, and particularly wearable, air purifiers that can protect
users from the effects of outdoor pollution and that can be easily travel with the user. However,
to provide sufficient air filtration in a portable format it is essential to have filters that are

compact and lightweight but that also maximise the available surface area for filtration.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a method of manufacturing an

improved filter assembly, and an improved filter assembly, that is compact, lightweight,
maximises the available surface area for filtration and that also has robust/resilient edge seals
that can be used to prevent air from passing around the edges of the filter. The improved filter

assembly is therefore particularly suitable for use in portable air purifiers.

According to a first aspect there is provided a method of manufacturing a filter assembly. The
method comprises obtaining a pleated filter media that is arranged into a closed shape that has
an annular cross-section such that a first corrugated edge of the pleated filter media defines an
outer edge of the closed shape and a second corrugated edge of the pleated filter media

defines an inner edge of the closed shape, spin moulding a first seamless seal of resilient



10

15

20

25

30

35

WO 2020/152433 PCT/GB2019/053588

2

material that is substantially parallel to a central axis of the closed shape and that
encompasses/encloses the first corrugated edge of the pleated filter media. The method then
further comprises everting the closed shape of pleated filter media, and spin moulding a second
seamless seal of resilient material that is substantially parallel to the central axis of the closed
shape and that encompasses/encloses the second corrugated edge of the pleated filter media.
The inner edge of the closed shape has a greater diameter then the outer edge of the closed

shape.

Folds of the pleated filter media may extend in an at least partially radial direction relative to a
central axis of the closed shape. The first and second corrugated edges of the pleated filter
media may be substantially parallel to a central axis of the pleated filter media. The pleated filter
media may be arranged to be any of annular and frustoconical in shape. The pleated filter
media may be arranged to be annular in shape such that folds of the pleated filter media extend
in a radial direction relative to a central axis of the annular pleated filter media. Alternatively, the
pleated filter media is arranged to be frustoconical in shape such that folds of the pleated filter

media are slanted/sloped relative to a central axis of the frustoconical pleated filter media.

The step of spin moulding a first seamless seal of resilient material may comprise spinning the
pleated filter media whilst a liquefied resilient material solidifies over the first corrugated edge of
the pleated filter media. The step of spin moulding a first seamless seal of resilient material may
further comprise spinning the pleated filter media whilst injecting the liquefied resilient material
and continuing to spin the pleated filter media until the resilient material solidifies. The step of
spin moulding a first seamless seal of resilient material may further comprise, prior to spinning,

placing the pleated filter media within a mould that defines a space for the first seamless seal.

The step of spin moulding a second seamless seal of resilient material may comprise spinning
the pleated filter media whilst a liquefied resilient material solidifies over the second corrugated
edge of the pleated filter media. The step of spin moulding a second seamless seal of resilient
material may further comprise spinning the pleated filter media whilst injecting the liquefied
resilient material and continuing to spin the pleated filter media until the resilient material
solidifies. The step of spin moulding a second seamless seal of resilient material may further
comprise, prior to spinning, placing the pleated filter media within a mould that defines a space
for the second seamless seal.

The step of obtaining a pleated filter media that is arranged into a closed shape that has an
annular cross-section may comprise forming a sheet of the pleated filter media into a closed

shape that has an annular cross-section. The step of forming a sheet of the pleated filter media
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into a closed shape that has an annular cross-section may comprise forming a loop from the
sheet of pleated filter media and bonding a first non-corrugated edge of the sheet of pleated

filter media to a second non-corrugated edge of the sheet of pleated filter media

When the pleated filter media is arranged to be frustoconical in shape, the step of obtaining a
pleated filter media that is arranged into a closed shape that has an annular cross-section may
comprise forming a sheet of the pleated filter media into a frustocone. The step of forming a
sheet of the pleated filter media into a frustocone may further comprises, prior to forming a loop
from the sheet of pleated filter media, cutting/trimming a first corrugated edge of a sheet of
pleated filter media so that the first corrugated edge is slanted//sloped relative to the folds of the
pleated filter media, and cutting/trimming a second corrugated edge of the sheet of pleated filter
media so that the second corrugated edge is slanted/sloped relative to the folds of the pleated
filter media. The second corrugated edge may be trimmed/cut so that it is substantially parallel

to the first corrugated edge.

The method may further comprise, prior to spin moulding a first seamless seal of resilient
material, everting the pleated filter media. The method may further comprise, prior to spin
moulding the second seamless seal of resilient material, obtaining a non-pleated filter media
that is arranged into a shape that substantially corresponds to that of the pleated filter media
and disposing the non-pleated filter media adjacent to the underside of the pleated filter media.
The non-pleated filter media may be disposed with a first edge of the non-pleated filter media
adjacent to the second corrugated edge of the pleated filter media and a second edge of the
non-pleated filter media adjacent to the first seamless seal. The non-pleated filter media may be

arranged into a closed shape that has an annular cross-section.

The second seamless seal may encompass/enclose both the second corrugated edge of the
pleated filter media and the first edge of the non-pleated filter media. The method may further
comprises, after spin moulding the second seamless seal of resilient material, bonding the
second edge of the non-pleated filter media to the first seamless seal using an adhesive. The
step of bonding the second edge of the non-pleated filter media to the first seamless seal may
comprise depositing a bead of adhesive that extends over the joint/junction between the second

edge of the non-pleated filter media and the first seamless seal.

The step of obtaining a non-pleated filter media that is arranged into a closed shape that has an
annular cross-section may comprise forming a sheet of the non-pleated filter media into a shape
that substantially corresponds to that of the pleated filter media. The step of forming a sheet of

the non-pleated filter media into a shape that substantially corresponds to that of the pleated
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filter media may comprise forming a sheet of the non-pleated filter media into a closed shape
that has an annular cross-section. The step of forming a sheet of the non-pleated filter media
into a shape that substantially corresponds to that of the pleated filter media may comprise
forming (e.g. cutting) an annulus from the sheet of pleated filter media. Alternatively, the step of
forming a sheet of the non-pleated filter media into a closed shape that has an annular cross-
section comprises forming (e.g. cutting) an arc from the sheet of pleated filter media and
bonding a first end of the arc of the non-pleated filter media to a second end of the arc of the

non-pleated filter media

There is also provided a filter assembly comprising a pleated filter media that is arranged to be
frustoconical in shape, wherein folds of the pleated filter media are slanted/sloped relative to a
central axis of the frustoconical pleated filter media and wherein both the first and second
corrugated ends of the frustoconical pleated filter media are substantially parallel to a central
axis of the frustoconical pleated filter media. A first seamless seal of resilient material then
encompasses/encloses the first corrugated end of the frustoconical pleated filter media, and a
second seamless seal of resilient material encompasses/encloses the second corrugated end of
the frustoconical pleated filter media. The pleated filter media may be a particulate filter media,

and is preferably a high efficiency particulate air (HEPA) particulate filter media.

There is also provided a method of manufacturing a filter assembly. The method comprises
obtaining a frustocone of a pleated filter media, wherein folds of the pleated filter media are
slanted/sloped relative to a central axis of the frustoconical pleated filter media and both the first
and second corrugated ends of the frustoconical pleated filter media are substantially parallel to
a central axis of the filter. The method then comprises spin moulding a first seamless seal of
resilient material that encompasses/encloses the first corrugated end of the frustoconical
pleated filter media, everting the frustoconical pleated filter media, and spin moulding a second
seamless seal of resilient material that encompasses/encloses the second corrugated end of

the frustoconical pleated filter media.

According to a second aspect there is provided a filter assembly comprising a pleated filter
media that is arranged into a closed shape that has an annular cross-section such that a first
corrugated edge of the pleated filter media defines an outer edge of the closed shape and a
second corrugated edge of the pleated filter media defines an inner edge of the closed shape. A
first seamless seal of resilient material then encompasses/encloses the first corrugated edge of
the pleated filter media, wherein the first seamless seal is substantially parallel to a central axis
of the closed shape, and a second seamless seal of resilient material that

encompasses/encloses the second corrugated edge of the pleated filter media, wherein the
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second seamless seal is substantially parallel to the central axis of the closed shape. The outer

edge of the closed shape has a greater diameter then the inner edge of the closed shape.

The pleated filter media may be a particulate filter media, and is preferably a high efficiency

particulate air (HEPA) particulate filter media.

Folds of the pleated filter media may extend in an at least partially radial direction relative to a
central axis of the closed shape. The first and second corrugated edges of the pleated filter
media may be substantially parallel to a central axis of the pleated filter media. The pleated filter
media may be arranged to be any of annular and frustoconical in shape. The pleated filter
media may be arranged to be annular in shape such that folds of the pleated filter media extend
in a radial direction relative to a central axis of the annular pleated filter media. Alternatively, the
pleated filter media may be arranged to be frustoconical in shape such that folds of the pleated

filter media are slanted/sloped relative to a central axis of the frustoconical pleated filter media.

The entirety of the first corrugated end of the pleated filter media may be disposed within the
first seamless seal. The entirety of the second corrugated end of the frustoconical pleated filter

media may be disposed within the second seamless seal.

Both the first seamless seal and the second seamless seal may comprise a
continuous/uninterrupted loop/ring of resilient material. The first seamless seal may have first
and second axially facing surfaces that are exposed/accessible and that face in opposite axial
directions. These axially facing surfaces can then be contacted and pressed upon in order
compress the first seamless seal in a direction that is substantially parallel to the central axis of
the pleated filter media. These axially facing surfaces may therefore extend radially relative to
the central axis. The first seamless seal may also have a radially outward facing surface that is
exposed/accessible and that extends axially. The second seamless seal may have first and
second axially facing surfaces that are exposed/accessible and that face in opposite axial
directions. These axially facing surfaces can then be contacted and pressed upon in order
compress the second seamless seal in a direction that is substantially parallel to the central axis
of the pleated filter media. These axially facing surfaces may therefore extend radially relative to
the central axis. The second seamless seal may also have a radially outward facing surface that
is exposed/accessible and that extends axially.

The filter assembly may further comprise a non-pleated filter media that is arranged into a
closed shape that has an annular cross-section such that a first edge of the non-pleated filter

media defines an outer edge of the closed shape and a second edge of the non-pleated filter
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media defines an inner edge of the closed shape. The non-pleated filter media may be disposed
on/adjacent to an under/back side of the pleated filter media. The non-pleated filter media may

be a chemical filter media, such as an activated carbon paper.

The first edge of the non-pleated filter media may be disposed within the second seamless seal.
The second edge of the non-pleated filter media may be attached/bonded to the first seamless
seal by an adhesive. The second edge of the non-pleated filter media may be attached/bonded
to the first seamless seal by a bead of adhesive extends over the entirety joint/junction between
the second edge of the non-pleated filter media and the first seamless seal. The bead of
adhesive may comprise a loop/ring of adhesive. The second edge of the non-pleated filter
media may be covered by the first seamless seal. The first seamless seal may therefore extend

over/beyond the second edge of the non-pleated filter media.

The non-pleated filter media may be arranged to be any of annular and frustoconical in shape.
The non-pleated filter media may be arranged to be annular in shape such that surfaces of the
non-pleated filter media extend in a radial direction relative to a central axis of the annular non-
pleated filter media. The non-pleated filter media may be arranged to be frustoconical in shape
such that surfaces of the non-pleated filter media are slanted/sloped relative to a central axis of

the frustoconical non-pleated filter media.

The first seamless seal and the second seamless seal may comprise a resilient material
selected from any of an elastomeric and a rubber material. The first seamless seal and the
second seamless seal may comprise an elastomer, such as natural rubber synthetic rubber,

polyurethane, silicone rubber, ethylene-vinyl acetate (EVA), polyolefins (PO) etc.
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BRIEF DESCRIPTION OF THE INVENTION

An embodiment of the present invention will now be described, by way of example only, with
reference to the accompanying drawings, in which:

Figure 1 is a top view of an embodiment of a filter assembly as described herein;

Figure 2 is a perspective view of the filter assembly of Figure 1;

Figure 3 is a sectional view through the filter assembly of Figure 1;

Figure 4 is a perspective view of a sheet of a pleated filter media;

Figure 5 is a flow diagram illustrating a method of manufacturing a filter assembly;

Figure 6 is a sectional view through an exemplary embodiment of a mould;

Figure 7 is a sectional view through an exemplary embodiment of a further mould;

Figure 8 is a flow diagram illustrating a method of forming a frustocone of a pleated filter media;
Figure 9 is a side view of a further embodiment of a filter assembly,

Figure 10 is sectional view through the filter assembly of Figure 9,

Figure 11 is a flow diagram illustrating another method of manufacturing a filter assembly, and
Figure 12 is a flow diagram illustrating a method of forming a frustocone of a non-pleated filter

media.

DETAILED DESCRIPTION OF THE INVENTION

There will now be described a filter assembly that is suitable for use in domestic air purifiers,

and particularly portable and wearable air purifiers. The term “air purifier” as used herein refers
to a device or system capable of removing contaminants from air and emitting a supply of
purified or filtered air. The term “portable” is used herein to define an item as being able to be
carried or moved during use. Such portable items are therefore powered by a portable power
source such as a battery, photovoltaic cell etc. In particular, there is provided an improved filter
assembly that is compact, maximises the available surface area for filtration and that also has
robust/resilient edge seals that can be used to prevent air from passing around the edges of the

filter.

The filter assembly comprises a pleated filter media that is arranged into a closed shape that
has an annular cross-section such that a first corrugated edge of the pleated filter media defines
an outer edge of the closed shape and a second corrugated edge of the pleated filter media
defines an inner edge of the closed shape. The outer edge of the closed shape therefore has a
greater diameter then the inner edge of the closed shape, and the folds of the pleated filter
media extend in an at least partially radial direction relative to a central axis of the closed shape.
A first seamless seal of resilient material encompasses/encloses the first corrugated edge of the

pleated filter media, wherein the first seamless seal is substantially parallel to a central axis of
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the closed shape, and a second seamless seal of resilient material encompasses/encloses the
second corrugated edge of the pleated filter media, wherein the second seamless seal is also
substantially parallel to the central axis of the closed shape. Both the first seamless seal and the

second seamless seal comprise a continuous/uninterrupted loop or ring of resilient material.

For example, the pleated filter media may be arranged to be any of annular and frustoconical in
shape. In an embodiment in which the pleated filter media is arranged to be annular in shape,
the folds of the pleated filter media will extend in a radial direction relative to a central axis of the
annular pleated filter media. In an embodiment in which the pleated filter media is arranged to
be frustoconical in shape, the folds of the pleated filter media will be slanted/sloped relative to a

central axis of the frustoconical pleated filter media.

Figure 1 is a top view of an embodiment of a filter assembly 100 as described herein. Figure 2
then shows a perspective view of the filter assembly 100 of Figure 1, whilst Figure 3 shows a
cross-section through the filter assembly 100 of Figure 1. In the illustrated embodiment, the filter
assembly 100 comprises a pleated filter media 110 that is arranged to be generally frustoconical
in shape, wherein folds 111, 112 of the pleated filter media 110 are slanted/sloped relative to a
central axis (X) of the frustacone and both first and second corrugated edges 113, 114 of the
pleated filter media are substantially parallel to a central axis of the frustacone. A first seamless
seal 120 of resilient material then encompasses/encloses the first corrugated edge 113 of the
frustoconical pleated filter media and a second seamless seal of resilient material 130
encompasses/encloses the second corrugated edge 114 of the frustoconical pleated filter media
110. In the illustrated embodiment, the folds 111, 112 of the pleated filter media 110 are

slanted/sloped at an acute angle (8) relative to the central axis of the frustacone.

The term “frustoconical’ as used herein refers to an object having the shape of a frustocone.
The term “frustocone” as used herein refers to the portion of a cone that remains when a region
including its apex is cut off by a truncation plane that is parallel to the base of the cone. The
term “frustocone” is synonymous with the terms “conical frustum” and is typically used to refer to
a right circular conical frustum that has a circular base end and a circular top end, the diameter
of the circular base end being greater than that of the circular top end, and a truncated conical
surface extending between the base end and the top end. A frustocone can therefore be

considered to have an open large diameter base end and an open small diameter top end.

Figure 4 shows a perspective view of a pleated filter media 110. As shown in Figure 4, a pleated
filter media 110 typically comprises a sheet of filter media that has multiple folds 111, 112 that

form a series of parallel ridges and valleys such that the filter media becomes corrugated, with
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folds in a first direction 111 forming the ridges and folds in a second, opposite direction 112
forming grooves. A typical sheet of pleated filter media 110 is therefore generally rectangular in
shape, with two corrugated edges (i.e. formed by the ends of pleats/folds) 113, 114 and two
non-corrugated (i.e. straight) edges 115, 116. In the filter assembly described herein, and as
illustrated in Figures 1 to 3, the pleated filter media 110 is arranged such that the first direction
folds 111 of the pleated filter media 110 define a frustaconical outer surface and the second
direction folds 112 (i.e. that are folded in an opposite direction to the first direction folds 111)
define a frustaconical inner surface, with these first and second direction folds 111, 112
extending in a generally radial direction relative to the central axis (X) of the frustacone. Both a
first corrugated edge 113 and a second corrugated edge 114 of the pleated filter media 110 can
therefore be considered to extend between the frustaconical outer surface and the frustaconical
inner surface, with the first corrugated edge 113 of the pleated filter media 110 defining the top
end of the frustacone and the second corrugated edge 114 of the pleated filter media 110

defining the base end of the frustacone.

In the embodiment illustrated in Figures 1 to 3, the first corrugated edge 113 and the second
corrugated edge 114 of the pleated filter media 110 are substantially parallel to the central axis
(X) of the frustacone. The first corrugated edge 113 that defines the top end of the frustacone
therefore generally faces radially inward relative to the central axis (X) of the frustacone, whilst
the second corrugated edge 114 that defines the base end of the frustacone generally faces

radially outward relative to the central axis (X) of the frustacone.

In Figures 1 to 3, the entirety of the first corrugated edge 113 is disposed within the first
seamless seal 120, such that the first corrugated edge 113 is surrounded by/embedded within
the first seamless seal 120, and the entirety of the second corrugated edge 114 is disposed
within the second seamless seal 130, such that the second corrugated edge 114 is surrounded
by/embedded within the second seamless seal 130. The term “seamless” is used herein to
define an item as being without seams or joins. Consequently, both the first seamless seal 120
and the second seamless seal 130 comprise a continuous/uninterrupted loop/ring of resilient

material.

The first seamless seal 120 therefore has first and second end surfaces 121, 122 that face in
opposite, generally axial directions, and that extend in a generally radial direction relative to the
central axis (X), and a radially inward facing side surface 123 that extends axially. The second
seamless seal then also has first and second end surfaces 131, 132 that face in opposite,
generally axial directions, and that extend radially relative to the central axis (X), and a radially

inward facing side surface 133 that extends axially. The end surfaces of the first seamless seal
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and the second seamless seal 120, 130 therefore provide surfaces that can be contacted and
pressed upon in use in order to compress these edge seals 120,130 in the axial direction in
order to prevent air from bypassing the filter assembly 100. In the embodiment illustrated in
Figures 1 to 3, the first and second seamless seals 120, 130 are generally circular in shape
extending around the circumference of the open top and base ends of the frustoconical pleated
fiter media 110 respectively. Consequently, the end and side surfaces of both the first and

second seamless seals 120, 130 are also generally circular in shape.

In the filter assembly described herein the first seamless seal 120 and the second seamless
seal 130 each comprise a resilient material so that the filter assembly 100 can be sealed without
the need for a filter frame or for any end caps. For example, the first seamless seal 120 and the
second seamless seal 130 can each comprise a resilient material such as an elastomeric or
rubber material. In particular, the first seamless seal 120 and the second seamless seal 130 can
each comprise an elastomer, such as natural rubber synthetic rubber, polyurethane, silicone

rubber, ethylene-vinyl acetate (EVA), polyolefins (PO) etc.

Figure 5 is flow diagram illustrating a method of manufacturing a filter assembly such as that
illustrated in Figures 1 to 3. This method involves obtaining a frustocone of a pleated filter media
(81.1), wherein folds of the pleated filter media are slanted/sloped relative to a central axis (X)
of the frustoconical pleated filter media and both the first and second corrugated edges of the
pleated filter media are substantially parallel to the central axis of the frustoconical pleated filter
media, spin moulding a first seamless seal of resilient material that encompasses/encloses the
first corrugated edge of the frustoconical pleated filter media (S1.2), everting (i.e. turning inside
out) the frustoconical pleated filter media (S1.3), and spin moulding a second seamless seal of
resilient material that encompasses/encloses the second corrugated edge of the frustoconical
pleated filter media (S1.4).

The step of everting the frustoconical pleated filter media (S1.3) involves transposing the first
corrugated edge and the second corrugated edge. In particular, the step of spin moulding the
first seamless seal (S1.2) is performed with the frustoconical pleated filter media arranged such
that the first corrugated edge defines the base end of the frustoconical pleated filter media and
the second corrugated edge defines the top end of the frustoconical pleated filter media. The
step of everting the frustoconical pleated filter media (S1.3) therefore involves rearranging the
frustoconical pleated filter media so that the first corrugated edge defines the top end of the
frustoconical pleated filter media and the second corrugated edge defines the base end of the

frustoconical pleated filter media.
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The step of spin moulding the first seamless seal of resilient material ($1.2) involves spinning
the frustoconical pleated filter media around the central axis whilst a liquefied resilient material
solidifies over the first corrugated end of the frustoconical pleated filter media. The spin
moulding uses centrifugal force to push the liquefied resilient material to the outer edge of the
frustoconical pleated filter media in order to form a seal that encompasses/encloses the outer
edge that is substantially parallel to the central axis of the frustoconical pleated filter media. In a
preferred embodiment, the step of spin moulding the first seamless seal (S1.2) comprises
spinning the frustoconical pleated filter media whilst injecting the liquefied resilient material and
continuing to spin the frustoconical pleated filter media until the resilient material solidifies.

This spin moulding of the first seamless seal makes use of a mould that defines a space for the
first seamless seal. Specifically, the mould defines a space around the first corrugated edge of
the frustoconical pleated filter media so that the spinning of the frustoconical pleated filter media
causes the liquefied resilient material to move into and occupy this space. The resilient material
then solidifies within this space so that the first corrugated edge is embedded within the first

seamless seal. The filter assembly can then be removed from the mould before being everted.

Figure 6 illustrates a side section through an exemplary embodiment of a mould 200 suitable for
use when spin moulding the first seamless seal 120. In the illustrated embodiment, the mould
200 comprises one or more outer sections 201, 202, 203 that surround at least the base end of
the frustoconical pleated filter media 110 and that define a space 204 for the first seamless seal
120, and an inner section 205 that supports the frustoconical pleated filter media 110 and
assists in maintaining the frustoconical shape during the spin moulding. In particular, it is
preferable that the inner section 205 provides a generally frustoconical seat upon which the
underside of the frustoconical pleated filter media 110 (i.e. the frustaconical inner surface) is
supported. It is then also preferable that the mould 200, and in particular the inner section 205
of the mould 200, is provided with a central aperture 206 through which the liquefied resilient
material can be injected during spinning. In addition, it is also preferable that the inner section
205 of the mould 200 defines a slot 207 through which the liquefied resilient material can pass

during spinning in order to reach the space 204 defined for the first seamless seal 120.

The step of spin moulding the second seamless seal of resilient material (S1.4) then involves
spinning the frustoconical pleated filter media around the central axis whilst a liquefied resilient
material solidifies over the second corrugated end of the frustoconical pleated filter media. In a
preferred embodiment, the step of spin moulding the second seamless seal (S1.4) comprises
spinning the frustoconical pleated filter media whilst injecting the liquefied resilient material and

continuing to spin the frustoconical pleated filter media until the resilient material solidifies.
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This spin moulding of the second seamless seal makes use of a mould that defines a space for
the second seamless seal. Specifically, the mould defines a space around the second
corrugated edge of the frustoconical pleated filter media so that the spinning of the frustoconical
pleated filter media causes the liquefied resilient material to move into and occupy this space.
The resilient material then solidifies within this space so that the second corrugated edge is
embedded within the second seamless seal. The filter assembly can then be removed from the

mould.

The mould used when spin moulding the second seamless seal 130 can be the same as the
mould used when spin moulding the first seamless seal 120. However, it is preferable that the
mould used when spin moulding the second seamless seal 130 is different to the mould used
when spin moulding the first seamless seal 120. In particular, the shape of the frustoconical
pleated filter media 110 after the step of everting the frustoconical pleated filter media 110
(81.3) does differ from the shape of the frustoconical pleated filter media 110 prior to the step of
everting the frustoconical pleated filter media 110 (S1.3), and it preferable that the mould used
during spinning substantially conforms to the current shape of the frustoconical pleated filter
media 110.

Figure 7 therefore illustrates a side section through an exemplary embodiment of a mould 300
suitable for use when spin moulding the second seamless seal 130. In the illustrated
embodiment, the mould 300 comprises one or more outer sections 301, 302 that surround at
least the base end of the frustoconical pleated filter media 110 and that define a space 303 for
the second seamless seal 130, and an inner section 304 that supports the frustoconical pleated
filter media 110 and assists in maintaining the frustoconical shape during the spin moulding. In
particular, it is preferable that the inner section 304 provides a generally frustoconical seat upon
which the underside of the frustoconical pleated filter media 110 (i.e. the frustaconical inner
surface) is supported. It is then also preferable that the mould 300, and in particular the inner
section 304 of the mould 300, is provided with a central aperture 305 through which the liquefied
resilient material can be injected during spinning. In addition, it is also preferable that the inner
section 305 of the mould 300 defines a slot 306 through which the liquefied resilient material
can pass during spinning in order to reach the space 303 defined for the second seamless seal
130.

Optionally, the step of obtaining a frustocone of a pleated filter media may comprise forming a
frustocone of a pleated filter media. Figure 8 therefore shows a flow diagram illustrating a

method of forming a frustocone of a pleated filter media. This method involves cutting/trimming
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a first corrugated edge of a sheet of pleated filter media so that the first corrugated edge is
slanted/sloped relative to the folds of the pleated filter media (S2.1), cutting/trimming a second
corrugated edge of the sheet of pleated filter media so that the second corrugated edge is
slanted/sloped relative to the folds of the pleated filter media (S2.2), forming a loop from the
trimmed sheet of pleated filter media (S2.3) and bonding a first non-corrugated edge of the
sheet pleated filter media to a second non-corrugated edge of the sheet pleated filter media to
form a frustacone (S2.4). When forming the frustocone of pleated filter media it is preferable
that, after being trimmed, the first corrugated edge and the second corrugated edge are
substantially parallel to one another.

When forming the frustocone of pleated filter media it is typically most straightforward to form
the frustacone so that it has the desired final geometry required for the filter assembly.
Specifically, it is preferable that the steps of forming a loop from the trimmed sheet of pleated
filter media and bonding the first non-corrugated edge to the second non-corrugated edge result
in a frustocone of pleated filter media in which first corrugated edge defines the top end of the
frustocone and the second corrugated edge defines the base end of the frustocone. Doing so
helps to ensure that these steps result in a frustocone of pleated filter media in which the first
and second corrugated edges of the pleated filter media are substantially parallel to a central
axis of the frustacone. It will then be necessary to evert the frustoconical pleated filter media as
formed, prior to spin moulding the first seamless seal, so that the first corrugated edge then

defines the base end of the frustoconical pleated filter media.

In the embodiment illustrated in Figures 1, 2 and 3, the filter assembly 100 comprises a single
fiter media in the form of a pleated filter media 110. In a preferred embodiment, this pleated
fiter media 110 is a particulate filter media, and preferably comprises a high-efficiency
particulate air (HEPA) filter media. Figures 9 and 10 then illustrate a further embodiment in
which the filter assembly 100 comprises two separate filter media. Figure 9 is a side view of this
further embodiment of a filter assembly, and Figure 10 then shows a cross-section through the
filter assembly of Figure 9. In this further embodiment, the filter assembly 100 again comprises
a pleated filter media 110 that is arranged to be generally frustoconical in shape, with a first
seamless seal of resilient material 120 that encompasses/encloses the first corrugated edge
113 of the frustoconical pleated filter media 110 and a second seamless seal of resilient
material 130 encompasses/encloses the second corrugated edge 114 of the frustoconical
pleated filter media 110. In the embodiment illustrated in Figures 9 and 10 the filter assembly
100 then further comprises a non-pleated filter media 140 that is arranged to be frustoconical in
shape and that is disposed adjacent to the underside of the frustoconical pleated filter media

110 (i.e. the frustaconical inner surface defined by the second direction folds 112). In particular,
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the frustoconical non-pleated filter media 140 is disposed concentrically beneath the underside
of the frustoconical pleated filter media 110. One of the edges 141, 142 of the frustoconical non-
pleated filter media 140 is then at least partially disposed within one of the first seamless seal

120 and the second seamless seal 130.

In the embodiment illustrated in Figures 9 and 10, a first edge 141 (i.e. the outer, base end) of
the frustoconical non-pleated filter media 140 is disposed within the second seamless seal 130
(i.e. that encompasses/encloses the second corrugated edge 113 of the frustoconical pleated
fiter media 110. A second edge 142 (i.e. the inner, top end) of the frustoconical non-pleated
fiter media 140 is then attached/bonded to the first seamless seal 120 by an adhesive (not
shown). In a preferred embodiment, the second edge 142 of the frustoconical non-pleated filter
media 140 is attached/bonded to the first seamless seal 120 by a bead of adhesive extends
over the entirety joint/junction between the second edge 142 of the frustoconical non-pleated
filter media 140 and the first seamless seal 120. In the embodiment illustrated in Figures 7 and
8, the first and second seamless seals 120, 130 are generally circular in shape extending
around the circumference of the open top and base ends of the frustoconical pleated filter media
110 respectively. The bead of adhesive that attaches the second edge 142 of the frustoconical
non-pleated filter media 140 to the first seamless seal 120 therefore preferably comprises a
loop/circle/ring of adhesive.

In the embodiment illustrated in Figures 9 and 10, the pleated filter media 110 preferably
comprise a particulate filter media, whilst the non-pleated filter media preferably comprises a

chemical filter media, such as an activated carbon paper.

Figure 11 is flow diagram illustrating a method of manufacturing a filter assembly such as that
illustrated in Figures 9 and 10. This method involves obtaining a frustocone of a pleated filter
media (S3.1), wherein folds of the pleated filter media are slanted/sloped relative to a central
axis (X) of the frustoconical pleated filter media and both the first and second corrugated edges
of the pleated filter media are substantially parallel to the central axis of the frustoconical
pleated filter media, and spin moulding a first seamless seal of resilient material that
encompasses/encloses the first corrugated edge of the frustoconical pleated filter media (S3.2),
everting (i.e. turning inside out) the frustoconical pleated filter media (S3.3). Prior to spin
moulding the second seamless seal of resilient material, this method then also involves
obtaining a frustocone of a non-pleated filter media (S3.4), and disposing the frustoconical non-
pleated filter media adjacent to the underside of the frustoconical pleated filter media (S3.5).
The method then involves spin moulding a second seamless seal of resilient material that
encompasses/encloses both the second corrugated edge of the frustoconical pleated filter

media and a first edge of the non-pleated filter media (S3.6)
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It is preferable that the frustoconical non-pleated filter media is disposed adjacent to the
underside of the frustoconical pleated filter media such that the first edge 141 (i.e. the outer,
base end) of the frustoconical non-pleated filter media 140 is disposed adjacent to the second
corrugated edge 113 of the frustoconical pleated filter media 110. This ensures that the first
edge 141 of the frustoconical non-pleated filter media 140 is encompassed within the second

seamless seal 130 during the subsequent spin moulding step.

It is also preferable that a second edge 142 of the frustoconical non-pleated filter media 140 is
disposed adjacent to the first seamless seal 120. The method may then further involve a step of
bonding the second edge 142 of the frustoconical non-pleated filter media 140 to the first
seamless 120 seal using an adhesive (i.e. a loop/circle/ring of adhesive). The step of bonding
the second edge 142 of the frustoconical non-pleated filter media 140 to the first seamless 120
preferably comprises depositing a bead of adhesive that extends over the over the entirety
joint/junction between the second edge 142 of the frustoconical non-pleated filter media 140 and

the first seamless seal 120.

Optionally, the step of obtaining a frustocone of non-pleated filter media may comprise forming
a frustocone of a non-pleated filter media. Figure 12 therefore shows a flow diagram illustrating
a method of forming a frustocone of a non-pleated filter media. This method involves forming an
arc of the non-pleated filter media (S4.1) and bonding a first end of the arc of the non-pleated
filter media to a second end of the arc of the non-pleated filter media (S4.2). By way of example,
if the non-pleated filter media were to comprise a flat sheet of filter media, then the step of
forming an arc of the non-pleated filter media would typically comprise cutting the sheet so as to
form an arc shaped piece of the flat sheet of filter media. Depending on the desired opening
angle of the frustocone, the arc of the non-pleated filter media could be either a major arc or a
minor arc; however, the frustocone of a non-pleated filter media would typically be formed from

a major arc of the non-pleated filter media.

Whilst in the filter assemblies of the above described embodiments are generally frustoconical
in shape they could equally be annular in shape. In this regard, whilst an annular filter assembly
would have a smaller area available for filtration, it may be advantage to make use of filter
assembly that has minimal depth. In such an embodiment, the filter assembly comprises a
pleated filter media that is arranged to be generally annular in shape, wherein folds of the
pleated filter media are substantially perpendicular relative to a central axis (X) of the annulus
and both first and second corrugated edges 113, 114 of the pleated filter media are substantially

parallel to the central axis of the annulus. A first seamless seal 120 of resilient material then
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encompasses/encloses the first corrugated edge 113 of the frustoconical pleated filter media
and a second seamless seal of resilient material 130 encompasses/encloses the second

corrugated edge 114 of the frustoconical pleated filter media 110.

The method of manufacturing an annular filter assembly with inner and outer seamless seals
would be essentially the same as that described above in relation to Figures 5 and 8, with the
only exceptions being that an annulus of the pleated filter media could be formed without the
need to trim the first and second corrugated edges of the pleated filter media, as these would
remain as being substantially perpendicular to the folds/pleats. In addition, the moulds used
when spin moulding the first and second seamless seals would differ from those used when

forming a frustoconical filter assembly.

Furthermore, such an annular filter assembly could also comprise a both a pleated filter media
and a non-pleated filter media, in an arrangement that is essentially the same as that described
above for the embodiment illustrated in Figures 9 and 10. In such an embodiment, the annular
filter assembly would further comprise a non-pleated filter media 140 that is arranged to be
annular in shape. The method of manufacturing an annular filter assembly with inner and outer
seamless seals would be essentially the same as that described above in relation to Figures 11
and 12, with the additional exceptions being that an annulus of the non-pleated filter media

could be formed by merely cutting this from a sheet of non-pleated filter media.

It will be appreciated that individual items described above may be used on their own or in
combination with other items shown in the drawings or described in the description and that
items mentioned in the same passage as each other or the same drawing as each other need
not be used in combination with each other. In addition, the expression "means" may be
replaced by actuator or system or device as may be desirable. In addition, any reference to
"comprising" or "consisting" is not intended to be limiting in any way whatsoever and the reader

should interpret the description and claims accordingly.

Furthermore, although the invention has been described in terms of preferred embodiments as
set forth above, it should be understood that these embodiments are illustrative only. Those
skilled in the art will be able to make modifications and alternatives in view of the disclosure

which are contemplated as falling within the scope of the appended claims.
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CLAIMS

1. A method of manufacturing a filter assembly, the method comprising:

obtaining a pleated filter media that is arranged into a closed shape that has an annular
cross-section such that a first corrugated edge of the pleated filter media defines an outer edge
of the closed shape and a second corrugated edge of the pleated filter media defines an inner
edge of the closed shape;

spin moulding a first seamless seal of resilient material that is substantially parallel to a
central axis of the closed shape and that encompasses the first corrugated edge of the pleated
filter media;

everting the closed shape of pleated filter media; and

spin moulding a second seamless seal of resilient material that is substantially parallel
to the central axis of the closed shape and that encompasses the second corrugated edge of

the pleated filter media.

2. The method of claim 1, wherein folds of the pleated filter media extend in an at least

partially radial direction relative to a central axis of the closed shape.

3. The method of any one of claims 1 or 2, wherein the first and second corrugated edges

of the pleated filter media are substantially parallel to a central axis of the pleated filter media.

4, The method of any one of claims 1 to 3, wherein the pleated filter media is arranged to

be any of annular and frustoconical in shape.

5. The method of any one of claims 1 to 4, wherein the step of spin moulding a first
seamless seal of resilient material comprises spinning the pleated filter media whilst a liquefied

resilient material solidifies over the first corrugated edge of the pleated filter media.

6. The method of claim 5, wherein the step of spin moulding a first seamless seal of
resilient material further comprises spinning the pleated filter media whilst injecting the liquefied
resilient material and continuing to spin the pleated filter media until the resilient material
solidifies.

7. The method of any one of claims 5 or 6, wherein step of spin moulding a first seamless
seal of resilient material further comprises, prior to spinning, placing the pleated filter media

within a mould that defines a space for the first seamless seal.
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8. The method of any one of claims 1 to 7, wherein the step of spin moulding a second
seamless seal of resilient material comprises spinning the pleated filter media whilst a liquefied

resilient material solidifies over the second corrugated edge of the pleated filter media.

9. The method of claim 8, wherein the step of spin moulding a second seamless seal of
resilient material further comprises spinning the pleated filter media whilst injecting the liquefied
resilient material and continuing to spin the pleated filter media until the resilient material
solidifies.

10. The method of any one of claims 8 or 9, wherein step of spin moulding a second
seamless seal of resilient material further comprises, prior to spinning, placing the pleated filter

media within a mould that defines a space for the second seamless seal.

11. The method of any one of claims 1 to 10, and further comprising, prior to spin moulding

a first seamless seal of resilient material, everting the closed shape of pleated filter media.

12. The method of any one of claims 1 to 11, and further comprising, prior to spin moulding
the second seamless seal of resilient material:

obtaining a non-pleated filter media that is arranged into a shape that substantially
corresponds to that of the pleated filter media; and

disposing the non-pleated filter media adjacent to an under side of the pleated filter
media.

13. The method of claim 12, wherein the non-pleated filter media is disposed with a first
edge of the non-pleated filter media adjacent to the second corrugated edge of the pleated filter

media and a second edge of the non-pleated filter media adjacent to the first seamless seal.

14. The method of claim 13, wherein the second seamless seal then encompasses both the
second corrugated edge of the pleated filter media and the first edge of the non-pleated filter
media.

15. The method of any one of claims 13 or 14, and further comprising, after spin moulding
the second seamless seal of resilient material:

bonding the second edge of the non-pleated filter media to the first seamless seal using
an adhesive.
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16. A filter assembly comprising:

a pleated filter media that is arranged into a closed shape that has an annular cross-
section such that a first corrugated edge of the pleated filter media defines an outer edge of the
closed shape and a second corrugated edge of the pleated filter media defines an inner edge of
the closed shape;

a first seamless seal of resilient material that encompasses the first corrugated edge of
the pleated filter media, wherein the first seamless seal is substantially parallel to a central axis
of the closed shape; and

a second seamless seal of resilient material that encompasses the second corrugated
edge of the pleated filter media, wherein the second seamless seal is substantially parallel to

the central axis of the closed shape.

17. The filter assembly of claim 16, wherein folds of the pleated filter media extend in an at

least partially radial direction relative to a central axis of the closed shape

18. The filter assembly of any one of claims 16 or 17, wherein the first and second
corrugated edges of the pleated filter media are substantially parallel to a central axis of the

pleated filter media.

19. The filter assembly of any one of claims 16 to 18, wherein the pleated filter media is

arranged to be any of annular and frustoconical in shape.

20. The filter assembly of claim 19, wherein the pleated filter media is arranged to be
annular in shape such that folds of the pleated filter media extend in a radial direction relative to

a central axis of the annular pleated filter media

21. The filter assembly of claim 19, wherein the pleated filter media is arranged to be
frustoconical in shape such that folds of the pleated filter media are slanted relative to a central

axis of the frustoconical pleated filter media.

22. The filter assembly of any one of claims 16 to 21, wherein both the first seamless seal

and the second seamless seal comprise a continuous loop of resilient material.

23. The filter assembly of any one of claims 16 to 22, and further comprising a non-pleated

fiter media that is arranged into a shape that substantially corresponds to that of the pleated



10

15

WO 2020/152433 PCT/GB2019/053588

20

fiter media and wherein the non-pleated filter media is disposed adjacent to an under side of

the pleated filter media.

24, The filter assembly of claim 23, wherein the first edge of the non-pleated filter media is

disposed within the second seamless seal.

25. The filter assembly of claim 24, wherein the second edge of the non-pleated filter media

is attached to the first seamless seal by an adhesive.

26. The filter assembly of claim 25, wherein the second edge of the non-pleated filter
media is attached to the first seamless seal by a bead of adhesive that extends over the entirety

junction between the second edge of the non-pleated filter media and the first seamless seal.
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