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Title

SPIRAL WOUND MEMBRANE ELEMENT

Field of the Invention

This invention relates to spiral wound membrane elements and methods for making them.

Background

Reverse osmosis (RO), nanofiltration, and ultrafiltration membranes are commonly configured
as spiral wound membrane elements or modules. The spiral wound configuration allows a large
amount of membrane area to be packed into a small volume.

A common spiral wound filtration element includes a central permeate collection tube, around
which one or more membrane envelopes and feed spacers are wound to form a spiral bundle. The
membrane envelopes include two sections of membrane sheet that sandwich a permeate channel
spacer. The membrane sheets forming a membrane envelope are sealed along three edges and open
at a proximal edge where the membrane envelope meets the central permeate collection tube. The
spiral bundle has scroll faces at opposing ends. The spiral bundle may be partially or entirely enclosed
within an outer container or wrap, commonly comprising fiberglass or tape wrap.

Figure 1 illustrates the difference in feed flow paths between conventional axial flow elements
(Fig 1a) and elements designed for radial flow (Figures 1b and 1c¢). In an element designed for axial
flow as shown in Figure la, feed is introduced into an inlet side 201 of the spiral bundle (shown
unwound for purposes of illustration) and flows through the feed spacers and between the windings of
the membrane envelope(s) in a direction generally parallel to central permeate collection tube 2, as
indicated by arrows 150, becoming concentrated and being removed as concentrate from an outlet side
210 of the scroll face. Permeate, i.e., that portion of the feed that permeates through the membrane
and into the membrane envelope, travels between the membrane sheets in a spirally inward direction
toward permeate collection tube 2. Permeate then enters permeate collection tube 2 and is removed

through permeate outlet 24.
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There are benefits to establishing a radial flow of feed through the membrane. For instance,
flows within the element may be designed to reduce fouling or scaling. In a traditional RO element
with axial feed flow, pressure drop within the permeate spacer causes flux (and polarization near the
membrane surface) to be highest in the region adjacent the permeate tube. At the same time,
permeation of water through the membrane causes the feed concentration to be highest at the tail end
of the element, where feed solution exits the elements. Scaling is typically first evident in the corner
where these two regions are partially co-located. By contrast, flow through a radial flow element can
be arranged to have the highest concentration of feed solution located at the periphery of the element,
so that it does not overlap with the region of highest flux and polarization. Also, when evaluated at
similar flux and recovery, a radial flow element may be designed to have a greater feed flow velocity
than traditional elements of the same size and feed spacer thickness, and the resultant increased mixing
can decrease both scaling and fouling.

Typical radial flow patterns are illustrated in Figures 1b and 1c. As shown in Figures 1b and
Ic the feed travels spirally outwardly between the windings of the membrane envelope, in a radial
direction that is predominantly perpendicular to the permeate tube. In the Figures 1b and lc, arrows
151 correspond to a feed flow direction being radially outward, so that concentrate is removed from
outlet side 210 or from distal end 211. Alternatively the direction of flow of the feed may also travel
in the opposite direction, i.e., spirally inwardly, in which case arrows in Fig. 1b and 1c¢ would be in
opposite direction. Radial flow can be facilitated at least in part by allowing feed to enter through only
a section of a scroll face, such as by use of a sealant to selectively seal only a section of the scroll face
and block other parts. For example, the sealant might be applied to a radially outward section of the
scroll face, but not to a radially inward section nearer the tube. In that case, feed can only enter the
spiral bundle though the unsealed radially inward section. Conversely, the radially inward section can
be sealed, but not the radially outward section, thereby allowing feed to enter only through the radially
outward section of the scroll face. The problem with this sealing method is that it is difficult to

precisely control the application of sealant only to the intended sections of the scroll face.

Summary of the Invention

This invention is a spiral wound filtration element comprising:
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a) a central permeate collection tube having multiple openings along its length and a permeate
outlet at one or both ends;

b) a spiral bundle comprising at least one membrane envelope and at least one feed spacer
means for producing feed channels in the spiral wound filtration element, the at least one membrane
envelope and at least one feed spacer means being wound about the central permeate collection tube,

wherein:

(1) each membrane envelope comprises two sections of membrane sheet and permeate channel
spacer means for providing a permeate channel between the two sections of membrane sheet, each
membrane envelope being sealed on each of a first edge, a second edge opposite the face edge and a
distal edge, and being open on a proximal edge, each membrane envelope being affixed to the central
permeate collection tube such that the open proximal edge of each membrane envelope is in fluid
communication with one or more of the multiple openings along the length of the permeate collection
tube,

(11) said spiral bundle has opposing first and second scroll faces at opposite ends of the spiral
bundle, an exterior longitudinal surface between the first and second scroll faces, and feed channels
between adjacent external surfaces of the at least one membrane envelope in the spiral bundle, and

(ii1) the first scroll face includes at least two concentric, axially displaced regions, at least one
of said concentric, axially displaced regions of the first scroll face being sealed with respect to the feed
channels, and at least one of said concentric, axially displaced regions of the first scroll face being
unsealed so as to permit a feed fluid to flow through such unsealed region of the first scroll face and
into the feed channels of the spiral bundle or a concentrate to flow out of the feed channels of the spiral
bundle through such unsealed region;

the spiral wound filtration element further comprising an opening on the second scroll face, on
the exterior longitudinal surface of the spiral bundle, or both, to permit a concentrate to flow out the
feed channels of the spiral bundle or a feed fluid to flow into the feed channels of the spiral bundle.

The invention is also a method for producing a spiral wound filtration element comprising:

a) winding at least one membrane envelope and feed spacer means for producing feed channels
around a permeate collection tube to form a spiral bundle having opposing first and second ends, an

exterior longitudinal surface between the first and second ends, feed channels located between
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adjacent external surfaces of the at least one membrane envelope, and one or more openings in the
second end, the exterior longitudinal surface, or both, to permit a concentrate to flow out of the feed
channels of the spiral bundle or a feed fluid to flow into the feed channels of the spiral bundle, wherein

(1) the permeate collection tube has multiple openings along its length and a permeate outlet on at
least one end, and

(i1) each membrane envelope comprises two sections of membrane sheet and permeate channel
spacer means for providing a permeate channel between the two sections of membrane sheet, each
membrane envelope being open on a proximal edge and sealed at or near each of a first edge, a second
edge opposite the first edge, and a distal edge, wherein the first edge is sealed with an adhesive strip,
and wherein each membrane envelope is affixed to the central permeate collection tube such that the
open proximal edge of each membrane envelope is in fluid communication with one or more of the
multiple openings along the length of the permeate collection tube;

b) in one or more removal steps, removing at least a part of first end of the spiral bundle,
whereby portions of each of membrane sheet, feed spacer means, permeate spacer means and adhesive
strip are removed to form a first scroll face while leaving a portion of the adhesive strip intact along
the entire first edge of each membrane envelope; wherein said first scroll face includes at least two
concentric axially displaced scroll face regions; and

¢) sealing at least one of but fewer than all of the concentric axially displaced scroll face regions
of the first scroll face to produce one or more sealed scroll face regions, each sealed scroll face region

having a seal that blocks flow into and out of the feed channels through said sealed scroll face region.

Brief Description of the Drawings

Figure la is a perspective view illustrating axial feed flow through a spiral wound membrane.

Figure 1b is a perspective view illustrating a mode of radial feed flow through a spiral wound
membrane.

Figure 1c is a perspective view illustrating a mode of radial feed flow through a spiral wound
membrane.

Figure 2 is a perspective view, partially in section, of a partially unwound spiral wound

filtration element of the invention.
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Figure 3 is an isometric view of an embodiment of a spiral wound filtration element of the
invention.

Figure 4 is an isometric view of a second embodiment of a spiral wound filtration element of
the invention.

Figure 5 is an isometric view of a second embodiment of a spiral wound filtration element of
the invention.

Figure 6a is a cross-sectional view, partially in section, of an embodiment of the invention.

Figure 6b is a cross-sectional view, partially in section, of an embodiment of the invention.

Figure 7 is a perspective view of a membrane material adapted for use in producing a spiral
wound filtration element of the invention.

Figure 8 schematically illustrates a first method of producing an adhesive seal on a spiral
wound filtration element of the invention.

Figure 9 schematically illustrates a second method of producing an adhesive seal on a spiral

wound filtration element of the invention.

Detailed Description of the Invention

Turning to Figures 2-5, spiral wound filtration element 1 includes central permeate collection
tube 2. Central permeate collection tube 2 has multiple openings 3 (Figure 2) along its length through
which permeate enters from membrane envelope 4 (Figure 2), and at least one permeate outlet 24 at
one or both ends for discharging permeate.

One or more membrane envelopes 4 and one or more feed spacer means 11 are wound about
central permeation collect tube 2 to form spiral bundle 23. Spiral wound filtration elements having
membrane envelopes and feed spacer means wound about a central permeate collection tube, as well
as methods for making those elements, are well known and described, for example, in US Patent Nos.
4,792,401, 5,275,726, 8,142,657, 8,661,648 and WO 91/11249, among many other references, any of
which are useful in this invention. As such, the assembly of the spiral wound filtration element will
only be cursorily described.

An embodiment of membrane envelope 4 is illustrated in Figure 2. Membrane envelope 4

comprises two membrane sheets 5 (which may be substantially rectangular, including square) and
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permeate spacer means 6. Two membrane sheets 5 may be formed from a single larger sheet that is
folded along the proximal edge 10, commonly including a feed spacer means 11 therebetween. In
some embodiments, such as peddle-leaf designs, multiple membrane sheets are formed by also folding
a single larger sheet along the distal edge 9.

The membrane sheets are or include sheets of membrane materials such as nanofiltration,
reverse osmosis or ultrafiltration membrane materials; the membrane sheets may be asymmetric or
symmetric membrane materials that have a discriminating layer and a support. Examples of
discriminating membrane materials include cellulose acetate, polysulfone, polyether sulfone,
polyamides, polyvinylidine fluoride and the like, but the discriminating layer is preferably a polyamide
thin-film formed through interfacial polymerization. A support layer in an asymmetric membrane
maybe include, for example, a non-woven fabric, fiber web, or woven fabric, such as are described in
US Patent No. 4, 214,994, 4.795559, 5,435,957, 6,156,680, 7,048,855 and 8.591,684. Most
preferably, the membrane is a composite that includes a thin-film layer on a porous ultrafiltration
support, itself supported by a non-woven web, such as described in US Patent No. 4, 277,344,

Permeate spacer means 6 creates a permeate channel between the two membrane sheets 5 of
membrane envelope 4, such that permeate passing through membrane sheets 5 enters membrane
envelope 4 and flows within the permeate channel to central permeate collection tube 2. The open
proximal end of membrane envelope 4 is in fluid communication with one or more of multiple
openings 3 along the length of central permeate collection tube 2 such that permeate within the
permeate channel of membrane envelope 4 can flow into those openings. Permeate spacer means 6
may be a sheet of material, separate from each of the two membrane sheets 5, such as a mesh, knit or
woven fabric that forms flow channels, and one common form is a tricot knit. In other embodiments,
permeate channels between membrane sheets may be formed by structures extruded, embossed, or
otherwise constructed to provide multiple continuous paths for flow between the membranes.
Examples of permeate spacer materials include polyethylene, polyesters and/or polypropylene.

Alternatively or in addition, permeate spacer means 6 may be integrated into one or both of
membrane sheets 5, for example in the form of raised areas that extend into the permeate channel.

Such raised areas may be or include, for example, raised dimples, raised ridges and the like, which
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may form any pattern and/or may be randomly arranged, in each case so as to separate the two
membrane sheets 5 to form the permeate channel.

Membrane envelope 4 is sealed on first edge 7, second edge 8, and distal edge 9. First edge 7
preferably is sealed with an adhesive, forming adhesive strip 70 (Figures 6a and 6b) that runs parallel
to first edge 7 and extends inwardly therefrom. Preferably, the width of adhesive strip 70 is great
enough to allow membrane envelope 4 to be trimmed within adhesive strip 70 to produce concentric
axially displaced regions (such as regions 30, 31 and 301 in Figures 3-5) of first scroll face 20 as
described more fully below. Second edge 8 and distal edge 9 can be sealed in the same manner, using
an adhesive to form adhesive strips (such adhesive strip 72 in Figure 6a and 6b) parallel to and
extending inwardly from the corresponding edge. Alternatively, either second edge 8 and/or distal
edge 9 can be a folded side of a larger membrane sheet that has been folded to form the two membrane
sheets 5 of membrane envelope 4, the fold producing the seal in such a case.

As shown in Figure 2, feed spacer means 11 produces feed channels between adjacent external
surfaces of the membrane envelopes 4 in spiral bundle 23. Each feed channel is a conduit through
which feed flows between and in contact with membrane envelopes 4, becomes concentrated due to
the permeation of a portion of the feed into membrane envelope 4, and is conducted (as concentrate)
to a concentrate outlet. Feed spacer means 11 may be a separate sheet such as an extruded diagonal
net as described, for example, in US Patent No. 6,881,336. Alternatively or in addition, feed spacer
means 11 may be integrated into one or both of membrane sheets 5 in the form of raised areas that
extend into the feed channel.

The proximal ends 10 of the one or more membrane envelopes 4 are affixed to central permeate
collection tube 2, typically by gluing although mechanical fastening methods can be used. Feed
spacer means 11, when separate from membrane envelopes 4, are interleaved with membrane
envelopes 4 and the membrane envelopes 4 and feed spacer means 11 are wound about central
permeate collection tube 2 to form spiral bundle 23.

Spiral bundle 23 has exterior longitudinal surface 22, first scroll face 20 and second scroll face
21 on the opposite end of the spiral bundle opposing the first scroll face 20. First scroll face 20
corresponds to first edge 7 of membrane envelope 4, and second scroll face 21 corresponds to second

edge 8 of membrane envelope 4, after winding. The labels “first” and “second” are used arbitrarily
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herein to distinguish the scroll faces and certain edges of the membrane envelope; no temporal
relationship or precedence amongst these are intended by these designations.

First scroll face 20 includes concentric, axially displaced regions (such as regions 30, 31 and
301 in Figures 2-5). By “axially displaced”, it is meant that at least two adjacent concentric regions
are axially offset, i.e., located at different positions or different heights along an axis parallel to the
permeate tube. There is at least one inner region 30 and at least one outer region 31. “Inner” refers to
radially inward, and “outer” refers to radially outward. An inner region such as inner region 30 may
extend axially outward relative to an outer region such as outer region 31, as shown in Figures 3 and
6. Conversely, an outer region such as outer region 31 of Figures 2-5) may extend axially outward
relative to an adjacent inner region such as inner region 30, as shown in Figure 4. The average axial
offset between adjacent concentric, axially displaced regions may be, for example at least 1 mm and
up to 2 cm. More preferably, the average axial offset may be greater than 2 mm or even 2.5 mm or
even 5 mm. The average axial offset may be, for example, up to 2.5 ¢cm or up to 1 cm. Each
concentric, axially displaced region may constitute, for example, more than 5% of the total scroll face
area of inlet scroll face 20.

The axial displacement between adjacent concentric, axially displaced regions of first scroll
face 20 produces a wall (reference numeral 97 in Figures 3-6) at the boundary between those adjacent,
axially displaced regions. Wall 97 is an exposed side of the region that extends more axially outward,
and delineates a surface region of the first scroll face which is extends axially outward from the
adjacent region. Wall 97 may have a height equal to the axial offset. Ridge or wall 97 preferably is
perpendicular to the adjacent concentric axially displaced regions (such as regions 30, 31) of first
scroll face 20, but may be at another angle thereto. Preferably, the wall is no more than 45 degrees,
more preferably 15 degrees, from the perpendicular.

It is preferred to provide exactly two concentric, axially displaced regions in first scroll face
20, although a greater number may be provided if desired. Figure 5 illustrates an exemplary
embodiment having three such concentric, axially displaced regions 30, 31 and 301.

Axially displaced regions of first scroll face 20 can be produced in several ways. In a preferred
process, concentric, axially displaced regions (such as regions 30, 31 and 301 in Figures 2-5) are

produced via a cutting or trimming operation, in which spiral bundle 23 is formed having a first end,
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and first scroll face 20 is produced by cutting or trimming the first end to produce the concentric
axially displaced regions.

Referring to Figure 6a, line 55 and 55’ represents the longitudinal extent of spiral bundle 23
(and of the unmodified starting scroll face) after winding and before such a cutting or trimming
operation. Lines 56 and 56’ represents the longitudinal extent of adhesive strips 70 and 72,
respectively, after winding and before such a cutting or trimming operation. (Both shaded regions
(hash-marked and dotted) initially corresponded to the region of adhesive strip, but only the hash-
marked regions remain after cutting operations.) In the embodiments shown in Figures 6a and 6b, the
cutting or trimming operation is performed on both inner region 30 and outer region 31. The cutting
or trimming operation may be done in a single step or in two or more steps. When performing the
cutting or trimming operation the removed material typically comprises portions of each membrane
sheet 5, feed spacer means 11, permeate spacer means 6, and typically a portion of adhesive strip 70,
while leaving at least a portion of adhesive strip 70 intact. Scroll face 20 is formed, with inner and
outer regions 30 and 31 and wall 97.

In one embodiment, inner region 30 and outer region 31 are formed by removing a first section
of the first end of spiral bundle 23 from a radially inward location while leaving a portion of the
adhesive strip intact in said first section and removing a second section from a radially outward portion
of the first end of the spiral bundle. This can be performed in one or multiple steps. It is often preferred
but not necessary to produce a uniformly flat surface on each of inner region 30 and outer region 31.
Such a flat surface is preferably perpendicular to the axis of the central permeate collection tube 2.
Such a method may be extended to produce three or more concentric, axially displaced regions.

In another embodiments, a first removal step is performed, and an adhesive seal is then applied
to all or a portion of the first scroll face. In a second removal step, a portion of the adhesive seal
(together with portions of each of membrane sheet, feed spacer means, permeate spacer means and
adhesive strip) is removed adjacent to the permeate tube to form a radially inward and axially inward
region of unsealed scroll face suitable to pass feed. In contrast to the illustration in Fig. 4., this inner
region 30 may preferably have a generally slanted surface (as opposed to flat and perpendicular to the
permeate tube axis), as an angled cut can enable the cut surface to be formed with less debris that

could otherwise restrict flow. Also, when a radially inward concentric region 30 is axially inward and
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adjacent the permeate tube, it can be advantageous to have a greater width of the adhesive strip 70
near the permeate tube. In preferred embodiments, the average distance of open permeate channel
between the opposing adhesive strips (70, 72) near first and second edges (7,8) is preferably at least
one centimeter less within 5 cm of the permeate tube than it is across other regions of the permeate
spacer. Fig. 6b illustrates how an angle-cut surface adjacent the permeate tube can be combined with
an increased inward extension of the adhesive strip 70 from the first edge 7 to facilitate creating an
open feed channel without breaching the adhesive strip 70.

Such a cutting or trimming step is performed without breaching the seal on first face edge 7 of
membrane envelope 4. In preferred embodiments in which first face edge 7 of membrane envelope 4
is sealed with adhesive strip 70, cutting or trimming is performed within or exterior to adhesive strip
70 such that the seal produced by adhesive strip 70 remains intact, as shown in Figure 5.

Cutting or trimming can be performed, for example, using a knife, rotary blade, milling
machine, or other useful method. In preferred embodiments, the cutting or trimming may be at least
partially performed while rotating the element relative to a cutting tool such as a chamfer).

An alternative method of producing the concentric, axially displaced regions of inlet scroll face
20 is to fabricate the membrane envelope(s) 4 and/or membrane sheets 5 in such a manner as to
produce the concentric, axially displaced regions when the membrane envelope(s) 4 are wound to form
a spiral bundle. Turning to Figure 7, membrane 80 is adapted to fold along line 81 to form two
membrane sheets 5, fold 81 forming sealed distal edge 9 of membrane envelope 4 when membrane 80
is assembled into a membrane envelope. Upon assembly into a membrane envelope, edge 8’ and edges
10’ produce outlet edge 8 and proximal edge 10 of the membrane envelope, respectively. Edges 7A
and 7B are displaced from each other and, upon folding, produce first edge 7 of the membrane
envelope. Upon winding to form a spiral bundle, edges 7A and 7B produce axially displaced,
concentric inner and outer regions (30, 31) of scroll face 20.

Alternatively, two separate membrane sheets can be fabricated separately in a manner
analogous to that shown in Figure 7 to produce displaced first edges 7A and 7B, and then formed
(together with permeate spacer means) to produce the membrane envelope. Instead of fabricating the
membrane or membrane sheets in such a manner, the membrane sheets can be first formed into a

membrane envelope and the first edge of membrane envelope cut or trimmed to produce edges

10
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analogous to first edges 7A and 7B of Figure 7. Upon winding, axially displaced concentric inner and
outer regions (30, 31) of scroll face 20 are produced.

At least one but not all of the concentric axially displaced regions of first scroll face 20 are
sealed to locally close off flow paths into or out of the feed channels through that region or regions of
first scroll face 20. It is generally preferable to seal an outer region such as outer region 31, leaving a
more radially inward region or regions such as region 30 and/or 301 unsealed. A preferred type of
sealant is an adhesive sealant that is applied as a liquid or emulsion and dried and/or cured to form
adhesive seal 60 on the corresponding region of first scroll face 20.

Adhesive seal 60 is adapted to prevent feed from entering or leaving spiral bundle 23 through
the sealed region(s) of first scroll face 20, thereby restricting fluid flow only to the unsealed region(s).
The sealant may be an elastomeric type. Examples of useful adhesive sealants include various types
of hot-melt adhesives, and polymerizable adhesives having at least one reactive monomer such as, for
example, various one-part or two-part epoxies or urethanes, free-radical polymerizable adhesives,
cyanoacrylate adhesives, and the like. In some embodiments, the seal may be adhered to a permeable
or impermeable backing layer, so that the seal layer is sandwiched between the scroll face and backing
layer.

In embodiments in which the concentric, axially displaced regions of first scroll face 20 are
produced by cutting or trimming, adhesive seal 60 may be applied after the cutting or trimming step(s),
as shown schematically in Figure 8. As shown in Figure 8, an untrimmed spiral bundle 23’ is formed
about central permeate collection tube 2 in a step (a). First end 20” of untrimmed spiral bundle 23’ is
trimmed in one or more steps (b) to produce first end 20 of spiral bundle 23 having concentric, axially
displaced regions 30 and 31. As shown, inner region 30 extends axially outwardly from region 31. In
a step (c), adhesive seal 60 is then applied only to one of the concentric, axially displaced regions of
first scroll face 20 (c). As shown, adhesive seal 60 is applied outer region 31, although it may be
applied to any one or more of the concentric, axially displaced regions, provided at least one of such
regions remains unsealed.

An advantage of this invention is that, due to the axial offset of adjacent, concentric regions of
first scroll face 20, application of the adhesive seal to only the intended region is simplified and more

easily controlled near the wall (such as wall 97) at the boundary between the adjacent, concentric

11



10

15

20

25

WO 2023/033876 PCT/US2022/026541

axially displaced regions. The invention is particularly well suited for robotic or otherwise automated
application of the adhesive seal.

In another preferred embodiment, an adhesive seal may be applied to the entire first end of
spiral bundle 23, preferably after a first cutting or trimming operation that flattens the scroll face
surface. In this embodiment, only a portion of the adhesive seal is removed during the cutting or
trimming operation, leaving adhesive seal 60 on a remaining (less axially displaced) portion of first
scroll face 20. In this embodiment, in which the cutting or trimming operation is preferably performed
by making multiple cuts, adhesive seal 60 is performed after a first cut and before a second or final
cut. Such a process is illustrated schematically in Figure 9. As shown in Figure 9, an untrimmed
spiral bundle 23’ is formed about central permeate collection tube 2 in a step (a). In a step (b), adhesive
seal 60 is applied to the entirety of first end 20” of the spiral bundle. First end 20’ of spiral bundle 23’
then is trimmed in one more steps (b) to produce first end 20 of spiral bundle 23 having concentric,
axially displaced regions 30 and 31, one of which (30) remains sealed with adhesive seal 60. The
adhesive seal 1s removed from region 31 during the trimming step, leaving only region 30 sealed. As
shown, inner region 30 extends axially outwardly from region 31 and retains the adhesive seal.

Alternatively, any concentric, axially displaced region of first scroll face 20 that is to be sealed
can be sealed mechanically, such as through the use of an appropriate gasket or other mechanical
apparatus, fitted to seal the appropriate region. Such a gasket may be held in position via an end cap
or other mechanical means.

In some embodiments, second scroll face 21 also includes at least two concentric, axially
displaced regions including a radially inward region and at least one radially outward region, as
described with respect to first scroll face 20. In such a case, at least one of such regions may be sealed
as described above, and at least one of such regions may be unsealed. In other embodiments, second
scroll face 21 has a flat surface.

A feed fluid is filtered using the spiral wound membrane element of the invention. Anunsealed
region of first scroll face 20 functions as either a feed inlet port (as shown in Figures 1a, 1b and 1C)
or a concentrate outlet port, depending on how the flows are directed through the element. Spiral
wound filtration element 1 further includes an opening on second scroll face 21 (as shown in Figure

1b), on exterior longitudinal surface 22 of spiral bundle 23 (as shown in Figure 1C), or both. Openings
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on second scroll face 21 and exterior longitudinal surface 22 function as either concentrate outlets or
feed fluid inlets, again depending on how flows are directed through the element. The direction of the
flows is determined by the orientation of the spiral wound membrane element in a filtration system
and by the location of the sealed region of inlet scroll face 20.

In some embodiments, feed fluid is brought under applied pressure into contact with the
unsealed region(s) of first scroll face 20, where the feed fluid enters spiral bundle 23 via feed channels
formed by feed spacer means 11. The feed then travels within and through spiral bundle 23, with part
of the feed permeating into membrane envelope 4 to form a permeate and the remainder (the
concentrate) flowing out of spiral bundle 23 through a concentrate outlet, which may be in second
scroll face 21, in exterior longitudinal surface 22, or both. In such embodiments, the feed fluid most
preferably enters the feed channels at an unsealed inner region (such as region 30 in Figures 2-4) of
first scroll face 20, and flows in a radially outward, spiraling direction as indicated by arrows 151 in
Figures 1b and 1c (it being understood that arrows 151 represent an idealized flow path that only
approximates actual direction of flow). The concentrate outlet may be (a) all or a portion of second
scroll face 21 (Figure 1b), (b) at exterior longitudinal surface 22 (Figure 1c) of spiral bundle 23, at the
distal ends of the membrane envelopes 4 and feed spacer means 11, or (c) both. In embodiments in
which the concentrate outlet is along exterior longitudinal surface 22 of spiral bundle 23, second scroll
face 21 preferably is entirely sealed to prevent concentrate from exiting spiral bundle 23 through
second scroll face 21. In embodiments in which the concentrate outlet is a portion of outlet scroll face
21, an inner or outer portion of outlet scroll face 21 may be sealed as described with respect to inlet
scroll face 20. In embodiments in which a portion of outlet scroll face 21 is sealed, outlet scroll face
may include concentric, axially displaced regions analogous to the concentric, axially displaced
regions (30, 31, 301, efc.) of inlet scroll face 20.

In other embodiments, the unsealed region(s) of first scroll face 20 functions as a concentrate
outlet. In such an embodiment, one or more openings on exterior longitudinal surface 22, at the distal
ends of the membrane envelopes 4 and feed spacer means 11, preferably are provided, which openings
function as feed fluid inlets. In such embodiments, an unsealed region of first scroll face 20 is
provided, in which case feed fluid flows in a radially inward, spiraling direction opposite that indicated

by arrows 151 in Figures 1b and 1c.
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Spiral wound filtration element 1 may include various additional and optional features. End
caps may be provided at either or both of the inlet and outlet ends of the element. The spiral bundle
may be contained in a longitudinal casing. Such end caps and casing, when present may, for example,
include one or more ports for introducing and removing fluids (feed, permeate and concentrate) to and
from the element; be adapted to direct flows to and from specific areas of the spiral bundle; be adapted
prevent or reduce telescoping; be adapted to provide mechanical protection to the spiral bundle, and/or

be adapted to interface with other components of a filtration system.
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Claims
WHAT IS CLAIMED IS:

1. A spiral wound filtration element comprising:

a) a central permeate collection tube having multiple openings along its length and
a permeate outlet at one or both ends;

b) a spiral bundle comprising at least one membrane envelope and at least one feed
spacer means for producing feed channels in the spiral wound filtration element, the at least
one membrane envelope and at least one feed spacer means being wound about the central
permeate collection tube,

wherein:

(1) each membrane envelope comprises two sections of membrane sheet and
permeate channel spacer means for providing a permeate channel between the two sections
of membrane sheet, each membrane envelope being sealed on each of a first edge, a second
edge opposite the first edge, and a distal edge, and being open on a proximal edge, each
membrane envelope being affixed to the central permeate collection tube such that the open
proximal edge of each membrane envelope is in fluid communication with one or more of
the multiple openings along the length of the permeate collection tube,

(11) said spiral bundle has opposing first and second scroll faces at opposite ends of
the spiral bundle, an exterior longitudinal surface between the first and second scroll faces,
and feed channels between adjacent external surfaces of the at least one membrane
envelope in the spiral bundle, and

(ii1) the first scroll face includes at least two concentric, axially displaced regions,
at least one of said concentric, axially displaced regions of the first scroll face being sealed
with respect to the feed channels, and at least one of said concentric, axially displaced
regions of the first scroll face being unsealed so as to permit a feed fluid to flow through
such unsealed region of the first scroll face and into the feed channels of the spiral bundle
or a concentrate to flow out of the feed channels of the spiral bundle through such unsealed
region;

the spiral wound filtration element further comprising an opening on the second

scroll face, on the exterior longitudinal surface of the spiral bundle, or both, to permit a
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concentrate to flow out the feed channels of the spiral bundle or a feed fluid to flow into

the feed channels of the spiral bundle.

2. The spiral wound filtration element of claim 1 wherein the at least two
concentric, axially displaced regions are axially displaced from each other by an average

distance of 1 mm to 2 cm.

3. The spiral wound filtration element of claim 1 or 2 wherein the first scroll

face has exactly two concentric, axially displaced regions.

4. The spiral wound filtration element of any preceding claim wherein the
concentric, axially displaced regions include an inner region and an outer region, and the

inner region is displaced axially outward relative to the outer region.

5. The spiral wound filtration element of any of claims 1-3 wherein the
concentric, axially displaced regions include an inner region and an outer region, and the

outer region is displaced axially outward relative to the inner region.

6. The spiral wound filtration element of any preceding claim wherein axial
displacement between adjacent concentric, axially displaced regions the first scroll face
produces a wall at the boundary between said concentric adjacent, axially displaced

regions.

7. The spiral wound filtration element of any preceding claim wherein at least
one of said concentric, axially displaced regions of the first scroll face is sealed with respect
to the feed channels with an adhesive seal selected from the group consisting of a hot-melt

adhesive, and a curable adhesive having at least one reactive monomer.
8. The spiral wound filtration element of any preceding claim 7, further

comprising a backing layer adhered to the adhesive seal, such that the adhesive seal layer

is sandwiched between the scroll face and backing layer.
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9. A method for producing a spiral wound filtration element comprising:

a) winding at least one membrane envelope and feed spacer means for producing
feed channels around a permeate collection tube to form a spiral bundle having opposing
first and second ends, an exterior longitudinal surface between the first and second ends,
feed channels located between adjacent external surfaces of the at least one membrane
envelope, and one or more openings in the second end, the exterior longitudinal surface, or
both, to permit a concentrate to flow out of the feed channels of the spiral bundle or a feed
fluid to flow into the feed channels of the spiral bundle, wherein

(1) the permeate collection tube has multiple openings along its length and a permeate
outlet on at least one end, and

(1) each membrane envelope comprises two sections of membrane sheet and permeate
channel spacer means for providing a permeate channel between the two sections of
membrane sheet, each membrane envelope being open on a proximal edge and sealed at or
near each of a first edge, a second edge opposite the first face edge, and a distal edge,
wherein the first edge is sealed with an adhesive strip, and wherein each membrane
envelope is affixed to the central permeate collection tube such that the open proximal edge
of each membrane envelope is in fluid communication with one or more of the multiple
openings along the length of the permeate collection tube;

b) in one or more removal steps, removing at least a part of first end of the spiral
bundle, whereby portions of each of membrane sheet, feed spacer means, permeate spacer
means and adhesive strip are removed to form a first scroll face while leaving a portion of
the adhesive strip intact along the entire first edge of each membrane envelope; wherein
said first scroll face includes at least two concentric axially displaced scroll face regions;
and

¢) sealing at least one of but fewer than all of the concentric axially displaced scroll
face regions of the first scroll face to produce one or more sealed scroll face regions, each
sealed scroll face region having a seal that blocks flow into and out of the feed channels

through said sealed scroll face region.
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10. The process of claim 9 wherein the at least two concentric axially displaced
scroll face regions produced in step b) are axially displaced from each other by an average

distance of 1 mm to 2 cm.

11. The process of claim 9 or 10 wherein in step b) exactly two concentric,

axially displaced regions are produced in the first scroll face.

12.  The process of any of claims 9-11 wherein the concentric, axially displaced
regions produced in step b) include an inner region and an outer region, and the inner region

is displaced axially outward relative to the outer region.

13.  The process of any of claims 9-11 wherein the concentric, axially displaced
regions include an inner region and an outer region, and the outer region is displaced axially

outward relative to the inner region.

14.  The process of any of claims 9-13 wherein in step b) creates a wall having
a height equal to axial displacement between the adjacent concentric, axially displaced

regions of the first scroll face.

15. The process of any of claims 9-14 wherein step c) is performed after step

b).

16.  The process of any of claims 9-14, wherein step c) is performed by applying
an adhesive seal to the entire scroll face prior to step b), and a portion of the adhesive seal

is removed with the portion of the inlet end of the spiral bundle removed during step b).

17.  The process of any of claims 9-14 wherein a first removal step is performed,
an adhesive seal is then applied to all or a portion of the first scroll face, and a second
removal step is performed whereby a portion of the adhesive seal is removed together with
portions of each of membrane sheet, feed spacer means, permeate spacer means and

adhesive strip.

18



o

PCT/US2022/026541
WO 2023/033876 y

FIGURE 1

Nt
RS R

Ay
AR

151 15

SN
TR DRt Y NN
3 TR SR

R
AR

S
eetor s
) SIS

e &

SN P

E :"'i AR
i 3

W

Haiian o
v‘/
SN

Tade:

) IR SNy . E
R og S R o A . ‘l
R A < NN .(\u.\%\\‘}u- ‘K-\\\\:A\X\\} “\‘\'W“\vx
) ARtet e o .
: *m\\\\,\\\w
v\ = X
F X .
& e . —
o NN SN, \Mm\“\\N\w.\m-.m\w\
.' gV ER 3

s, s
e NN

Ve
N

Dl DI




WO 2023/033876 PCT/US2022/026541

274
FIGURE 2
1
3 10 /
: /] L 21
24 ¥
e © o o ~23- Q
/?7 /
20 -5 _
6
4 . .....
) R0 pOOOBSSEaD) 5
! /, \\ \\
P TN 11
>
FIGURE 3 FIGURE 4 FIGURE 5
24 20 . 24
30 2 / 2 3
97m%§ |
N
1




WO 2023/033876 PCT/US2022/026541
3/4
FIGURE 6a
72 22 ! 20
e \ /x/ 3160
21 06\L\ \/\ 70, Y \
\/\ v - N :5/;(55
/7 . gk
7 , F-~>
57 AT
pya Z = R \
. N\ 56
W 7 v
55"
FIGURE 6b
72
56"\
21\’\ !
v
/ g7
/\/ A
/
/
27 7
55’
FIGURE 7
sy A .
) R
; \ _f‘ 2
. Y A
NI 10
i*""'é}i (;"
- /
WY — e t N ‘
:
¥
;




WO 2023/033876 PCT/US2022/026541

FIGURE 8

™ 6

LAY

——
Lk
ey




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2022/026541

INV.
ADD.

A. CLASSIFICATION OF SUBJECT MATTER
B01D63/10

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

B. FIELDS SEARCHED

BO1D

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

III ALLYN R [US] ET AL.)
30 July 2013 (2013-07-30)
column 3, line 38 - column 4, line 56

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 858 229 A (UEMURA KEIJI [JP] ET AL) 1-5,7
12 January 1999 (1999-01-12)
column 5, line 21 - column 6, line 49
X US 2011/091094 Al (JONS STEVEN D [US]) 1-4
21 April 2011 (2011-04-21)
paragraphs [0013] - [0019]
A US 7 951 295 B2 (DOW GLOBAL TECHNOLOGIES 1-17
LLC [US]) 31 May 2011 (2011-05-31)
claims 1,12; figures 1-2
A US 8 496 825 Bl (JONS STEVEN D [US]; MARSH 1-17

I:‘ Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

means

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

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

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

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

* Special categories of cited documents :

"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

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

document of particular relevance;; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search

17 June 2022

Date of mailing of the international search report

27/06/2022

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

Authorized officer

Fax: (+31-70) 340-3016 Chopinaud, Marjorie

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2022/026541
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5858229 A 12-01-1999% DE 69731430 T2 24-03-2005
EP 0819466 A2 21-01-199%8
Us 5858229 A 12-01-1999%

US 2011091094 Al 21-04-2011 CN 102596376 A 18-07-2012
EP 2490794 Al 29-08-2012
JP 5763655 B2 12-08-2015
JP 2013508142 A 07-03-2013
Us 2011091094 A1l 21-04-2011
WO 20110459790 Al 28-04-2011

US 7951295 B2 31-05-2011 AT 515319 T 15-07-2011
CN 101321577 A 10-12-2008
EP 1971421 A1l 24-09-2008
ES 2365252 T3 27-09-2011
JP 5080488 B2 21-11-2012
JP 2009518181 A 07-05-2009
KR 20080074165 A 12-08-2008
Us 2011045043 A1 03-03-2011
Us 2011174429 Al 21-07-2011
WO 2007067751 A1l 14-06-2007

US 8496825 Bl 30-07-2013 CN 103068472 A 24-04-2013
EP 2576028 Al 10-04-2013
ES 2478966 T3 23-07-2014
Us 8496825 B1 30-07-2013
WO 2012058038 Al 03-05-2012

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




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

