FLUID TREATMENT ASSEMBLIES, FLUID TREATMENT SEGMENST,
AND METHODS OF MAKING FLUID TREATMENT SYSTEMS

Disclosure of the Invention

[0001] The present invention relates to fluid treatmeseatblies, fluid treatment
segments, and methods of making fluid treatmenésys arranged to treat any of numerous
fluids in a wide variety of ways in single- or mulse applications.

[0002] A fluid treatment assembly embodying the inventiaely comprise a stack of two
or more fluid treatment segments. Each fluid treatt segment may, in turn, comprise an
array of fluid treatment units, each including adeegion, a permeate region, and at least
one layer of a permeable fluid treatment mediurhe permeable medium may be positioned
between the feed region and the permeate regiomagcave a feed side in fluid
communication with the feed region and a permedtia fluid communication with the
permeate region. A feed passage in the arrayif fteatment units may supply fluid to be
treated, i.e., feed fluid, to the feed region o @n more fluid treatment units. Some of the
feed fluid may be directed from the feed regiomtigh the permeable medium, where the
fluid is treated in accordance with the fluid treant characteristics of the permeate medium,
to the permeate region. A permeate passage irthg of fluid treatment units may direct
the treated fluid, i.e., permeate, away from thengate region of one or more fluid treatment
units. The remainder of the feed fluid which doespass through the permeable medium,
i.e., the retentate, may be directed away fronfdbd region via a retentate passage in the

array of fluid treatment units.
Summary of the Invention

[0003] In accordance with one aspect of the inventiond flreatment assemblies may
comprise a stack of fluid treatment segments. HBaahtreatment segment may include an
array of fluid treatment units, first and second etates, and a retainer. Each fluid treatment
unit has a feed region, a permeate region, andmagable fluid treatment medium positioned
between the feed region and the permeate regibe.pé&rmeable medium has a feed side
fluidly communicating with the feed region and arpeate side fluidly communicating with
the permeate region. The array of fluid treatmanitts has one or more of a feed passage, a
permeate passage, and a retentate passage. @hmssage fluidly communicates with the

feed region of one or more fluid treatment unitg, permeate passage fluidly communicates



with the permeate region of one or more fluid ezt units, and the retentate passage
fluidly communicates with the feed region of onenaore fluid treatment units. The array of
fluid treatment units has first and second oppamiigs, and at least one of the first and
second opposite ends has one or more fluid openiBgsh fluid opening fluidly
communicates with the feed passage, the permessage, or the retentate passage in the
array of fluid treatment units. Each of the fiasid second end plates has first and second
opposite surfaces. The first surface of the @rgl plate faces the first end of the array of
fluid treatment units, and the first surface of $eeond end plate faces the second end of the
array of fluid treatment units. The retainer exi®along the array of fluid treatment units
between the first and second end plates and isgdato compress the first end plate, the
array of fluid treatment units, and the second @atk together. In the stack of fluid
treatment segments, the end plates of adjacentesegmmay be sealed to one another. Each
adjacent end plate has one or more through hotes@ixg between the first and second
surfaces of the plate. The through holes of thacaat end plates fluidly communicate with
one another between a fluid opening in an end efarmay of fluid treatment units and a fluid
opening in an end of the adjacent array of flushtment units. The retainers of adjacent
fluid treatment segments are separate from onénanot

[0004] In accordance with another aspect of the inventimethods for making fluid
treatment systems may comprise stacking fluid tmeat segments to form a fluid treatment
assembly between the end pieces of a holder, imgudigning the through holes of adjacent
fluid treatment segments. The methods further cmapressing the end pieces against the
fluid treatment assembly to seal the fluid treath@ssembly, including sealing adjacent fluid
treatment segments.

[0005] In accordance with another aspect of the invengsome fluid treatment segments
may comprise an array of fluid treatment unitstfand second end plates, and a retainer.
Each fluid treatment unit has a feed region, a patmregion, and a permeable fluid
treatment medium positioned between the feed regmohthe permeate region. The
permeable medium has a feed side fluidly commuimgatith the feed region and a
permeate side fluidly communicating with the pertaeagion. The array of fluid treatment
units has one or more of a feed passage, a perp&sdage, and a retentate passage. The
feed passage fluidly communicates with the feetregf one or more fluid treatment units,
the permeate passage fluidly communicates witlpénmeate region of one or more fluid
treatment units, and the retentate passage fla@mhymunicates with the feed region of one or

more fluid treatment units. The array of fluidan@ment units has first and second opposite



ends, and at least one of the first and secondsiggpends has one or more fluid passages.
Each fluid opening fluidly communicates with thedepassage, the permeate passage, or the
retentate passage in the array of fluid treatmaits.u Each of the first and second end plates
has first and second opposite surfaces. Thesfinace of the first end plate faces the first
end of the array of fluid treatment units, andfile surface of the second end plate faces the
second end of the array of fluid treatment unfsleast one of the first and second end
plates has a through hole extending between thiediitd second surfaces. The through hole
fluidly communicates with a fluid opening in an eofithe array of fluid treatment units. The
through hole is defined by a wall of the end pkate further includes a lining that isolates the
wall from fluid that flows through the through hol@he retainer extends along the array of
fluid treatment units between the first and secemd plates and is arranged to compress the
first end plate, the array of fluid treatment unésad the second end plate together.

[0006] In accordance with another aspect of the invengsome fluid treatment segments
may comprise an array of fluid treatment unitstfand second end plates, and a retainer.
Each fluid treatment unit has a feed region, a patmregion, and a permeable fluid
treatment medium positioned between the feed regnoithe permeate region. The
permeable medium has a feed side fluidly commuimigatith the feed region and a
permeate side fluidly communicating with the pertaeagion. The array of fluid treatment
units has one or more of a feed passage, a perp&sdage, and a retentate passage. The
feed passage fluidly communicates with the feetregf one or more fluid treatment units,
the permeate passage fluidly communicates witlpénmeate region of one or more fluid
treatment units, and the retentate passage fla@mhymunicates with the feed region of one or
more fluid treatment units. The array of fluidam@ment units has first and second opposite
ends, and at least one of the first and secondsiigpends has one or more fluid passages.
Each fluid opening fluidly communicates with thedepassage, the permeate passage, or the
retentate passage in the array of fluid treatmaits.u Each of the first and second end plates
has first and second opposite surfaces. Thesfinace of the first end plate faces the first
end of the array of fluid treatment units, andfile surface of the second end plate faces the
second end of the array of fluid treatment unfsleast one of the first and second end
plates has a handle which allows the fluid treatrsegment to be grasped and carried. The
retainer extends along the array of fluid treatmanits between the first and second end
plates and is arranged to compress the first eate,the array of fluid treatment units, and

the second end plate together.



[0007] Fluid treatment assemblies, fluid treatment segmant methods of making fluid
treatment systems which embody the invention haaeynadvantages. For example, the
reliability of the fluid treatment assemblies igrsficantly enhanced. All of the fluid
treatment segments can be preassembled and poebgalee manufacturer, allowing each
segment to be thoroughly evaluated and testeddéfery are shipped to a customer. The
fluid treatment segments may even be filled wifireservative fluid to maintain the
cleanliness and purity of the segments during geeand shipping. Further, shipping and
handling the smaller, lighter, precompressed fteedtment segments results in little or no
damage to the segments compared to the significdndf damage associated with shipping
and handling a large, heavy, fully assembled fitedtment assembly.

[0008] Equally as important, fluid treatment assembliksdftreatment segments, and
methods of making fluid treatment systems which eayithe invention provide a far more
flexible, versatile, and effective solution to fhi@blems associated with treating a wide
variety of fluids. The most effective fluid treagnt assembly for treating any particular fluid
may be easily achieved by selecting and assemthlanghost appropriate combination of
different fluid treatment segments, thereby prawda customized solution for each unique
application. Should conditions change, a diffe@rhbination of fluid treatment segments
may be quickly and easily assembled by simply @ptpone or more of the fluid treatment
segments of the fluid treatment assembly. Furihehe unlikely event that a fluid treatment
segment is damaged, e.g., in shipping, only thedlie® fluid treatment segment and not the
entire fluid treatment assembly may be replaceshtty reducing downtime and waste.
[0009] Many additional advantageous and features of vargabodiments of the

invention are further disclosed in the followingsdgption and accompanying drawings.

Brief Description of the Drawings

[0010] Fig. 1 is a representative view of a fluid treattressembly having a plurality of
fluid treatment segments.

[0011] Fig. 2 is an oblique view of a fluid treatment asbéy having a plurality of fluid
treatment segments, each segment comprising diplwkcassettes.

[0012] Fig. 3 is an oblique view of a fluid treatment segcomprising a plurality of
cassettes.

[0013] Fig. 4 is a partial sectional view of an end pladeing a lining in a through hole.



[0014] Fig. 5 is an oblique view of a fluid treatment gystincluding a fluid treatment
assembly in a holder.
[0015] Fig. 6 is an oblique end view of a stack of fluidatment segments having a

keying mechanism.

Description of Embodiments of the Invention

[0016] Fluid treatment assemblies embodying one or mgreas of the invention may

be configured in a wide variety of ways. Generalyluid treatment assembly may comprise
a stack of fluid treatment segments. The stadluaf treatment segments may be oriented
vertically, horizontally, or at any angle betweha vertical and the horizontal, and the fluid
treatment segments of any one fluid treatment asisemay all be identical to, similar to, or
very different from one another.

[0017] One of many different examples of a fluid treatmasgembly 10 is shown in Fig.
1. The stack of fluid treatment segments may c@a@ny number of segments. For
example, the stack may comprise one or more, teugnty-five or fewer, or fifteen or fewer,

or ten or fewer, or eight or fewer, or six or fewftuid treatment segments. In Fig. 1, the
fluid treatment assembly may comprise a stack of fluid treatment segments 11a-11d. For
many embodiments, a fluid treatment assembly msy iaklude one or more manifolds 12.

A manifold functions to supply fluid, e.g., processeed fluid, from an external system to
the fluid treatment segments and/or to dischangd,fe.g., permeate or retentate, from the
fluid treatment segments to the external systenmafifold may be a structure separate from
the fluid treatment segments. For example, omaare manifolds may be positioned at one
or both ends of the stack of fluid treatment segsiand/or between adjacent fluid treatment
segments in the stack. Alternatively or additibnaine or more manifolds 12 may be
integrated in one or more of the fluid treatmemsents 11, as shown in Fig. 1.

[0018] A fluid treatment segment may be configured in ahgumerous ways.

Generally, each fluid treatment segment 11 mawaelan array of fluid treatment units 13
compressed and/or sealed between first and sequbite end plates 14, 15 by a retainer
16. For embodiments in which the manifold 12 tegnated in the fluid treatment segment
11, the segment 11 may include the manifold 12tjposid at the end of, or within, the array
of fluid treatment units 13 and compressed andalesl between the end plates 14, 15 by the
retainer 16. Each fluid treatment unit 13 may cosgpa feed region 20, a permeate region

21, and a permeable fluid treatment medium 22 jpositl between the feed region 20 and



the permeate region 21. The permeable medium 32hanze a feed side 23 which fluidly
communicates with, and may contact, the feed regiband a permeable side 24 which
fluidly communicates with, and may contact, thenpesite region 21. The permeable
medium 22 treats any fluid flowing from the feedio: 20 through the permeable medium
22 to the permeate region 21 in accordance witliltiek treatment characteristics of the
permeable medium 21.

[0019] Each fluid treatment segment may further includeoues fluid passages for
directing fluid to or from the permeable media tigh the segment and/or the manifold.
Each fluid passage may extend through all or aqodf the array of fluid treatment units,
through one or both end plates, and/or througmtaeifold. The fluid passages may include
one or more of a feed passage 25, a permeate pa&Sagnd a retentate passage 27. For
example, a fluid treatment segment may have omeooe feed passages and one or more
permeate passages but no retentate passages\ay litave one or more feed passages, one
or more permeate passages, and one or more retpatsages. A feed passage 25 may
fluidly communicate with the feed region 20 of amranore fluid treatment units 13, a
permeate passage 26 may fluidly communicate welpdrmeate region 21 of one or more
fluid treatment units 13, and a retentate pass@ged fluidly communicate with the feed
region 20 of one or more fluid treatment units 1&ach segment 11.

[0020] The fluid passages in each fluid treatment segmnaiyt be arranged in a variety of
ways to direct fluid in a serial, parallel, or ardained serial/parallel manner through the
segment. Further, the fluid passages in each sggmeey be arranged for direct or dead-end
flow through the permeable fluid treatment medi&oortangential or cross flow along and
through the permeable media. For example, thedird fourth fluid treatment segments 11a,
11d shown in Fig. 1 may be arranged for cross floparallel along the feed sides 23 and
flow in parallel along the permeate sides 24 obathe permeable media 22. Process or feed
fluid may be supplied from an external system teeal inlet 30 of a manifold 12 and then
directed by the feed passage 25 through the mdrifland the array of fluid treatment units
13 to the feed regions 20, where the feed fluidesa parallel along the feed regions 20 and
the feed sides 23 of the permeable media 22. Agooof the feed fluid may then pass as
permeate or filtrate through the permeable mediafZach segment 11a, 11d to the
permeate side 24. The permeate may then flowrallphalong the permeate regions 21 and
the permeate sides 24 of the permeable media 122 foermeate passage(s) 26. The
permeate may then be directed by a permeate pa26ageough the array of fluid treatment

units 13 and the manifold 12 to a permeate ouflatf3a manifold 12, where the permeate is



discharged from the fluid treatment assembly lihéoexternal system. The portion of the
feed fluid which does not pass through the perneeat@dium 22 may pass as concentrate or
retentate into a retentate passage 27 that flaimymunicates with the feed passage 25 via
one or more of the feed regions 20. The retep@ssage 27 may further direct the retentate
through the array of fluid treatment units 13 amel tnanifold 12 to a retentate outlet 32 of a
manifold 12, where the retentate is discharged fitwarfluid treatment assembly 10 to the
external system.

[0021] Although all of the fluid treatment segments ofuad treatment assembly may be
similarly arranged, e.qg., for parallel cross flofntte feed fluid and/or parallel flow of the
permeate, one or more of the segments may beettigrarranged. For example, the feed
passages of the second fluid treatment segmentfithle fluid treatment assembly 10 shown
in Fig. 1 may be arranged for series/parallel cflosg of feed fluid through the feed regions
20 and along the feed sides 23 of the permeabléan2@d while the permeate passages 26
may be arranged for parallel flow of the permehteugh the permeate regions 21 and along
the permeate sides 24 of the permeable media 82anéther example, the feed passages 25
in the third fluid treatment segment 11c may baraged for a series cross flow of feed fluid
through the feed regions 20 and along the feed 8ef the permeable media 22, and the
permeate passages 26 may also be arranged fa Bevweof permeate through the permeate
regions 21 and along the permeate sides 24 ofdiragable media 22.

[0022] The fluid passages may extend from one fluid treatrsegment to an adjacent
fluid treatment segment, or between a fluid treainsegment and an adjacent manifold via
one or more through holes in the end plates. kamele, the feed passages 25 and the
permeate passages 26 of the adjacent first andddicad treatment segments 11a, 11b each
fluidly communicate via through holes 33 in theaadint end plates 14, 15. Although fluid
passages of the same type, i.e., feed, permeatteotate passages, may fluidly
communicate with one another between adjacent fitemtment segments via the through
holes, the fluid treatment segments may also l@nged with fluid treatment passages of
different types fluidly communicating via the thghuholes. For example, the feed passage
25 of the third fluid treatment segment 11c maydfijucommunicate with the retentate
passage 11d of the fourth fluid treatment segm&dtvia through holes 33 in the adjacent
end plates 14, 15. A fluid passage may also biated or terminated within the fluid
treatment assembly by the absence of a throughimtthe end plate. For example, the
retentate passage 27 in the first fluid treatmegtreent 11a may be terminated by the

absence of a through hole at a corresponding tmtatithe adjacent first end plate 14 of the



second fluid treatment segment 11b. Alternativilg, retentate passage in the first fluid
treatment segment may be terminated by the abs#ribeough hole at a corresponding
location in the second end plate of the first sagm&imilarly, the permeate passages 26 of
the second fluid treatment segment 11b may be tettendl by the absence of through holes in
corresponding locations of either the first endeplb4 of the third fluid treatment segment
11c or the second end plate of the second fluatrtrent segment. Alternatively, a fluid
passage may be initiated or terminated by sedtagassage within the array of fluid
treatment units. For example, the permeate pasagéthe third fluid treatment segment
11c may be initiated by sealing the end of the ages26 within the array itself. The fluid
passages of different fluid treatment assemblieg thmas be arranged in a great variety of
ways depending, for example, on the overall flowtgra and the course of fluid treatment
desired for each assembly.

[0023] The components of a fluid treatment segment magobéigured in a wide variety
of ways. For example, many of the componentsfhfid treatment segment may be
configured in ways similar to the components disetbin United States Patent Application
No. 12/954,118 filed on November 24, 2010 and ledtiManifold Plates and Fluid Treatment
Arrangements Including Manifold Plates; United 8¢alPatent Application No. 61/476,874
filed on April 19, 2011 and entitled Fluid Treatniéwrangements and Methods of Making
Fluid Treatment Arrangements; United States Patpptication No. 61/522,706 filed on
August 12, 2011 and entitled Fluid Treatment AsdespManifolds for Fluid Treatment
Assemblies, and Methods for Treating Fluids; andddinStates Patent Application No.
13/293,568 filed on November 10, 2011 and entiflkedd Treatment Assemblies.

[0024] The fluid treatment units may have any of numesiusctures, sizes, and shapes.
Each feed region and/or permeate region may betstad, for example, as a spacer to space
the permeable medium layers from one another aiad/ardistributor/collector to distribute or
collect fluid along the feed side or permeate sideach permeable medium. In some
embodiments, a feed region and/or a permeate regiynbe configured as a frame or as a
channeled plate. In many embodiments, the feadmeand/or the permeate region may be
configured as a porous sheet, e.g., as a wovearnvaven fibrous filamentous sheet or a
woven, expanded, or extruded mesh sheet, andrfiaidflow generally edgewise along the
porous sheet, i.e., through the porous sheet ggnpaaallel to the major surfaces of the sheet.
[0025] The fluid treatment medium may be permeable, p@&ous, permeable, semi
permeable, or perm selective, and may be formed &oy of numerous materials, including,

for example, a natural or synthetic polymer. Thalftreatment medium may be fashioned



as any of a wide variety of structures, includifog,example, a fibrous or filamentous
structure, such as a woven or non-woven sheetp@rmbrane, such as a supported or
unsupported membrane. Further, the fluid treatmedium may have, or may be modified
to have, any of a myriad of fluid treatment chagastics. For example, the fluid treatment
medium may have a positive, negative or neutraitetal charge or polarity; it may be
liquiphobic or liquiphilic, including hydrophobicrdwydrophilic or oleophobic or oleophilic;
and/or it may have attached functional groups, siscligands or any other reactive moiety,
that can chemically bind to substances in the flditie fluid treatment medium may be
formed from, impregnated with, or otherwise contawariety of materials that function to
further treat the fluid in any of numerous wayse3e functional materials may include, for
example, sorbents, ion exchange resins, chromatlgmraedia, enzymes, reactants, or
catalysts of all types that may chemically andfoysically bind, react with, catalyze, deliver,
or otherwise affect substances in the fluid orfthiel itself. Further, the fluid treatment
medium may have any of a wide range of molecultoftsior removal ratings, for example,
from ultraporous or nanoporous or finer to micopsror coarser. The fluid treatment
medium may thus function as a treatment mediunmgftgpe, including a capture medium or
a separation medium such as a filtration medium.

[0026] The array of fluid treatment units has first andos®l opposite ends and may
include any number of fluid treatment units posiéd near, e.g., stacked side-by-side along,
one another, with or without one or more intervgrstructures. For many embodiments
some or all of the fluid treatment units may bearfgcadjacent to, in contact with, and/or
sealed to one another. Each fluid treatment uait have a separate feed region and/or a
separate permeate region, or adjacent fluid tregiton@ts may share a common feed region
20 or a common permeate region 21 between adjpeemeable media 22, as shown in Fig.
1. In many embodiments, the array of fluid treaitmenits may be arranged as two or more
cassettes 34. Each cassette 34 comprises a glufdiuid treatment units, which may be
encased, for example, in a thermoplastic or theettiog material, as shown in Figs. 2 and 3.
The cassettes 34 of a fluid treatment segment dlbmagositioned near, e.g., stacked side-
by-side along, one another, with or without intering structures. For example, the cassettes
may be stacked against and sealed to one anothmemidold, or an end plate.

[0027] The fluid passages, e.g., the feed passages 2pethneate passages 26, and the
retentate passages 27, may be configured in ayafievays. For example, each fluid
passage may be formed by aligned openings in #ekriegions 20, the permeate regions 21,

and the permeable media 22 that extend througharthag of fluid treatment units 11, e.g.,



through the stack of cassettes 34. At one or éotls of the array, each fluid passage 25, 26,
27 may open onto the end of the array, for exarapéefeed opening 35, a permeate opening
36, or a retentate opening 37. For some embodsneath of the fluid passages may extend
completely through the array of fluid treatmenttsne.g., through the stack of cassettes, and
open at both ends of the array. For other embauisnene or more of the fluid passages
may terminate within the array, e.g., within a edigs and open at only one end of the array.
[0028] The manifold 12 may be configured in many differesatys and may have a
variety of shapes and sizes. Examples of manifaldslisclosed, for example, in United
States Patent Application Publication No. US 20082200 Al entitled Filtration

Assemblies, Filtration Manifolds, Filtration Uniand Methods for Channeling Permeate, as
well as in previously referenced United States mai@plication No. 12/954,118 and United
States Patent Application No. 61/522,706. The fekd 30 and the permeate and retentate
outlets 31, 32 of the manifold 12 may be positiooadne or more edges of the manifold
and may be configured as fittings that may be cadipd fluid conduits of the external

system. The manifold 12 may also include a mogrginface on one or both major opposite
sides. Each fluid passage, e.g., the feed pa2&adle permeate passage 26, or the retentate
passage 27, may extend within the manifold 12 frieenfeed inlet 30, the permeate outlet 31,
or the retentate outlet 27 to a feed opening 4@&reeate opening 41, or a retentate opening
42, respectively, in the mounting surface of thenifimdd 12. The end of an array of fluid
treatment units, e.g., the end of the stack ofattess may be positioned against and sealed to
the mounting surface of the manifold with one orenof the fluid openings in the mounting
surface of the manifold fluidly communicating withe or more fluid openings in the end of
the array. For example, in the embodiment of Ejghe end of the array of fluid treatment
units 13 of the first fluid treatment segment 1layrbe positioned against and sealed to the
mounting surface of the manifold 12 with the fegelmeate, and retentate openings 40, 41,
42 in the mounting surface of the manifold 12 flyidommunicating respectively with the
feed, permeate, and retentate openings 35, 34,tB€ and of the array of the fluid treatment
units 13 of the first fluid treatment segment 11a.

[0029] The end plates 14, 15 may be configured in marfgréifit ways and may have a
variety of shapes and sizes. Further, the ené plabne end of a fluid treatment segment
may be identical to or different from the end plateéhe opposite end of the segment. For
many embodiments, the retainer 16 may bear diregiynst the end plates 14, 15 to
compress and seal the components of the fluidniexat segment 11 together. Consequently,

the end plates may be dimensioned and formed framtallic material or a nonmetallic
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material with sufficient structural integrity to thstand the forces applied by the retainer
without undue flexing. Stainless steel is an eXampa metallic material with sufficient
structural integrity. Examples of end plates hgvuienmetallic materials with sufficient
structural integrity are disclosed, for examplepiaviously referenced United States Patent
Application No. 13/293,568. Generally, each eratgpll4, 15 of a fluid treatment segment
11 has first and second opposite major surface8®88;The first surface 38 of each end plate
14, 15 may face an end of the array of fluid treattrunits 13 of the segment 11, with or
without intervening structures. The second sur2&ef each end plate 14, 15 may face
away from the array of fluid treatment units 13lué segment.

[0030] Some end plates may be blind end plates havinurtbgassages. For example,
the end-most end plates of the fluid treatmentrabge10 shown in Figs. 1 and 2 may be
blind end plates. In the illustrated embodimeatheblind end plate 14, 15 may be mounted
against the major side of the manifold 12 oppdsi¢eend of the array of fluid treatment units
13. In other embodiments, a blind end plate magnbanted more directly against an end of
the array of fluid treatment units and may ternmerany fluid passages in the array that may
open against the blind end plate.

[0031] Other end plates may be open end plates havingromere fluid passages within
the end plate. For example, adjacent end plate$5Ldf the adjacent fluid treatment
segments 11a, 11b, 11c, 11d shown in Fig. 1 mdydeacone or more fluid passages, e.g., a
feed passage 25, a permeate passage 26, andientate passage 27, each in the form of a
through hole 33. Each through hole may extendgs$traat an angle, curvedly, or
circuitously through the end plate between the sjgpanajor surfaces of the end plate. The
through holes 33 open onto each major surfaceeoétid plate 14, 15 of a fluid opening, e.qg.,
a feed opening 43, a permeate opening 44, andéeatate opening 45. The through holes
enable the fluid passages in the adjacent fluamtitnent segments to extend through the end
plates and fluidly communicate with one anothdhatfluid openings. In some
embodiments, the through holes in the end platbleribe fluid passages to extend beyond a
fluid treatment segment, for example, into a mddifo

[0032] The end plates may be sealed to one another, théabaa or the ends of the array
of fluid treatment units in a variety of ways. FRmme embodiments, gaskets, for example, in
annular form or in the form of a sheet having appgaiely located openings, may be
positioned around the fluid openings between tliepdate and the end of the array, e.g., the
end of the stack of cassettes, or between adjacehplates or between an end plate and an

manifold, sealing the components to one another.ofher embodiments, a curable liquid
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sealant may be applied around the fluid openinfsréehe components of the fluid
treatment segment are compressed against one an&ibremany embodiments, the seal may
comprise a raised surface portion of a lining thdénds through the through hole. For
example, as shown in Fig. 4, a wall 46, for exampleylindrical wall, of the end plate 14, 15
may define each through hole 33. A lining 47, vahicay be a coating or a separate insert,
may cover the entire wall 46. A raised end pord8rof the lining 47 may extend beyond the
through hole 33 onto each major surface of thepaie 14, 15 surrounding the fluid

opening, e.g., the feed opening 43, the permeatriog 44, or the retentate opening 45 of
the through hole 33. The lining 47, including thésed surface portion 48, may be fashioned
from a material, e.g., an elastomeric materiablgrperic material, a silicone material, or a
combination thereof, that functions as a seal. dxample, the lining may be formed of
silicone, TPE, or EPDM rubber. The lining may bgreformed insert insertable within the
through hole or it may be formed in place, e.gerawlded, within the through hole. The
raised surface portion 48 of the lining 47 sereesdal the fluid openings 43, 44, 45 of one
end plate 14, 15 to an adjacent end plate 14014 £nd of the array of fluid treatment units
13, or to a manifold 12. The lining 47 of the wafl isolates the wall 46 from fluid that flows
through the through hole 33, enabling many diffetgpes of fluids to flow through the end
plate 14, 15 without interacting with the end plafe 15. For example, the lining may
prevent anything from leaching into the fluid frahe end plate and/or ensure the end plate is
not chemically attacked by the fluid. For some ediments, the material forming the end
plate may be sufficiently inert that the lining magt be included.

[0033] For many or all of the fluid treatment segments, riitainer of one fluid treatment
segment is separate from the retainer of anotbhe fieatment segment, each retainer
independently compressing and/or sealing the coemusrof the segment. Each retainer may
be configured in a wide variety of ways. For exé&np retainer may comprise one or more
elongate structures that extend along the arrdlyiof treatment units, e.g., the stack of
cassettes, between the end plates of each flathient segment. The elongate structure
may extend along the exterior of the array of flwehtment units or in cutouts in the array of
fluid treatment units and may bear against the sip@nd plates of each segment to
compress and seal the components of the segmeathérg For some embodiments, the
elongate structure may comprise one or more banstsaps that encircle and compress
and/or seal the fluid treatment segment. The ehdach band may be connected, for
example, via a buckle. For other embodimentsetbregate structure may comprise one or

more compression rod arrangements. The compressicarrangements may be variously
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configured as a threaded or an unthreaded arramgefoeexample, as disclosed in United
States Patent Application Publication No. US 2008B8%199 Al published on June 12, 2008
and entitled Filtration Assemblies and Methods @liaining Compression of Filtration
Units in Filtration Assemblies. In the embodiméltstrated in Figs. 1, 2, 3, 5 and 6 each
compression rod arrangement 50 may comprise adbdeeompression rod 51 and a fastener
52, e.g., a nut or a bolt head, at each end ofdhgression rod 51. The compression rod 51
may extend through the opposite end plates 14nd%kong the array of fluid treatment units
13, e.g., along the stack of cassettes 34. Eathrfar 52 may bear against an end plate 14,
15 to establish and maintain compression and/dingeaf the components of the fluid
treatment segment.

[0034] Each fluid treatment segment may include one orenmadditional components.

For example, the fluid treatment segment may ireloide or more alignment rods for
maintaining the fluid treatment units, including tbassettes, the manifold, and the end plates
appropriately aligned with their fluid passages apénings fluidly communicating with one
another. Examples of alignment rods are discldeedkxample, in United States Patent
Application Publication No. US 2008/0135468 Al #at Filtration Assemblies and
Methods of Installing Filtration Units in FiltratioAssemblies.

[0035] A plurality of fluid treatment segments 11 may becked along one another to
form the fluid treatment assembly 10 in many défgrways. For example, the fluid
treatment segments 11 may be stacked along onkearinta holder. The holder may be
arranged to support the fluid treatment assembtyoadly, horizontally, or at any angle
between vertical and horizontal. For example flid treatment segments may be stacked
along the holder to form the fluid treatment assgmihile the holder is in a horizontal
position. The holder may then be raised to as@rposition to treat the fluid.

[0036] The holder may be variously configured, for exampka mechanical. a
pneumatic or a hydraulic holder. In the embodinmikumstrated in Fig. 5, the holder 53 may
comprise opposite end pieces 54, 55 and a franiet&@onnecting the end pieces 54, 55.
The individual fluid treatment segments 11 may taelsed between the end pieces 54, 55 of
the holder 53. Stacking the segments 11 may iechligning the appropriate fluid openings
43, 44, 45 of adjacent end plates, and some of #lle segments 11 may be positioned
against the frame 56 to facilitate alignment ofsekgments 11. One or more manifolds 12
may be integrated with the fluid treatment segméatsas shown in Figs. 1 and 2.
Alternatively or additionally, one or more manifeldeparate from the fluid treatment

segments may be inserted in the stack of segmedtstacked along the holder, e.g.,
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between adjacent segments and/or at the ends sfatle of segments, with the appropriate
fluid openings aligned.

[0037] To even better ensure alignment of the fluid opgsiin the end plates of adjacent
fluid treatment segments, the segments may in@dukiEying mechanism for appropriately
orienting and/or positioning the adjacent segmastthey are stacked along the holder.
Stacking the fluid treatment segments in the hahday then include engaging the
components of the keying mechanism. The fluid ommmay be located in the end plates
such that when the components of the keying meshaare engaged, the fluid openings of
the adjacent end plates are appropriately alignédame another.

[0038] The keying mechanism may be configured in any ofenous ways. For
example, the keying mechanism may include protnssand/or recesses on adjacent end
plates that cooperate to appropriately positiorattjacent segments. For some
embodiments, the keying mechanism may include tgooof the retainer of one fluid
treatment segment and one or more features onjacead fluid treatment segment that
cooperates with the retainer portion to approplggtesition the adjacent segments. The
retainer portion may, for example, include the ehd compression rod 51 or a fastener 52 of
a compression rod arrangement 50, as shown ir6Fighe cooperating feature of the
adjacent fluid treatment segment may be varioushfigured. For example, a first fluid
treatment segment 11 may include as the coopertaigre a recess, e.g., an aperture 60,
that closely receives the retainer portion, e.fastéener 52, of an adjacent second fluid
treatment segment 11. The aperture may be coefigurany of numerous ways. For
example, the aperture 60 may be defined by a h&idtkat is formed on an end plate 14, 15
and enables the segment to be grasped. Handlebenayriously configured and are
particularly advantageous because they allow thd freatment segments to be easily carried
and/or conveniently stacked on the holder. Eatdirrer portion, e.g., each fastener 52, of
the second fluid treatment segment 11 may closeiy the aperture 60, e.g., in a crook of
the aperture 60 defined by the handle 61, of tist¢ fiuid treatment segment 11, limiting the
available positions of the adjacent segments heg@ppropriate position for aligning the
fluid openings in the adjacent end plates 14, 15.

[0039] For many embodiments, the fluid treatment assermblgnay have first and
second opposite sides 62, 63 and third and foynlosite side 64, 65. The retainer 16 of a
first fluid treatment segment 11 may extend aldrfirst and second opposite sides 62, 63
and not along the third and fourth opposite side$6, while the retainer of an adjacent

second fluid treatment segment 11 may extend aleaghird and fourth opposite sides 64,
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65 and not along the first and second opposites$i@e63. Handles 61 and cooperating
apertures 60 may be formed on opposite sides ehdrplate 14, 15 of each fluid treatment
segment 11, e.g., the sides along which the ratadef the segment 11 does not extend.
The fluid treatment segments 11 may then be staaked) the holder 53 with the
appropriate fluid openings 43, 44, 45 in adjacewt plates fluidly communicating with one
another by fitting the retaining portion, e.g., thsteners 52, of one fluid treatment segment
11 into the aperture, e.g., the apertures 60 detayethe handles 61, of an adjacent fluid
treatment segment 11, as shown, for example, ingrig

[0040] Alternatively, for some embodiments the keying natbm and the handle may
be independent of one another. For example, tesseof the keying mechanism may
comprise one or more indentations in, or holesutjing an end of one fluid treatment
segment that closely receives a protrusion, egorton of the retainer, of an adjacent
segment. The recess may be spaced from and mé&yrmoany part of any handle on the
fluid treatment segment. The handle may be cordidwith or without an aperture. For
example, the handle may comprise a separate irtd@nta, or a knob on, the fluid treatment
segment that enables the segment to be graspezharetl. In other embodiments, a fluid
treatment segment may include a keying mechanigshmarhandle, a handle and no keying
mechanism, or no handle and no keying mechanism.

[0041] Stacking the fluid treatment segments along thddrainay also include stacking
segments containing air in the fluid passages lamgérmeable fluid treatment media.
Alternatively, stacking the fluid treatment segnsealong the holder may include stacking
one or more segments filled with a preservativielfla.g., a preservative gas or liquid. For
some embodiments, the preservative fluid may casenly a single component, e.g., water
or alcohol. The single component may serve to pteand maintain the wetness of, the fluid
passages; the feed, permeate, and/or retentatssegind the permeable fluid treatment
media. For other embodiments, the preservativd fhay comprise a mixture of components
including, for example, a carrier gas or liquid @my of a wide variety of biocides to
maintain the sterility of the fluid treatment segnseduring storage, shipping, and/or
assembly. When the fluid treatment segments aoratpreservative fluid, the inlets, outlets,
and fluid openings, including the through holeshia end plates, may be plugged or blocked
in any of numerous ways to prevent escape of teegovative fluid. During or prior to
assembly in the holder the inlets, outlets andifapenings may be unplugged or unblocked.

The fluid treatment segments may then be emptiedeopreservative fluid prior to assembly
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in the holder, or they may be stacked in the hold@le containing the preservative fluid,
after which the preservative fluid may be flusheshf the segments.

[0042] Once the fluid treatment segments 11, or the setynaard manifold(s) 12, have
been stacked between the end pieces 54, 55 obttertb3 to form the fluid treatment
assembly 10, the end pieces 54, 55 may be pregag@tsathe ends of the fluid treatment
assembly 10. Pressing the end pieces may includtahlically, pneumatically, or
mechanically moving one or both of the end pieocgstd one another and against the ends
of the fluid treatment assembly. For example hasvd in Fig. 5, tie rods 66 may be
tightened against one or both of the end piece§%40 force the end pieces 54, 55 against
the ends of the fluid treatment assembly 10. Rrgske end pieces against the fluid
treatment assembly may include compressing andaing the components of the fluid
treatment assembly against one another and eneydiae seals between the components.
For example, the raised portions 48 at the fluienipgs 43, 44, 45 of adjacent end plates 14,
15 of adjacent fluid treatment segments 11 mayressed against one another to seal the
adjacent segments 11 to one another.

[0043] With the fluid treatment assembly appropriately poessed and sealed between
the end pieces of the holder, the appropriate ftoiaduits of the external system may be
coupled to the feed inlet, the permeate outlet/@ritie retentate outlet of one or more
manifolds. Feed fluid may then be introduced mflbid treatment assembly, driving air or
the preservative fluid out of the assembly aheati®@permeate and/or retentate and then
treating the feed fluid in accordance with thedltieatment characteristics of the permeable
fluid treatment media. Either the permeate outpabe external system or the retentate
output to the external system, or both, may bel#éstred product. Further, the fluid
treatment assembly may be a single-use assembligiah feed fluid may be passed or
recirculated only once through the assembly. Abgvely, the fluid treatment assembly may
be a multi-use assembly in which feed fluid mayhbssed or recirculated multiple times
through the assembly. For example, after eachtiisdluid treatment assembly may be
easily disassembled by moving the end pieces didider away from one another. Each
fluid treatment segment may then be removed frarhtiider and cleaned. The cleaned fluid
treatment segments may then be again stacked betheend pieces of the holder and
pressed against, and sealed to, one another asysigvdescribed, enabling the fluid
treatment assembly to be used again.

[0044] While various aspects of the invention have beestrileed and/or illustrated with

respect to several embodiments, the inventiontidimited to these embodiments. For
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instance, one or more aspects of an embodimenbmajiminated or modified or one or
more aspects of one embodiment may be combinedon#tor more aspects of another
embodiment without departing from the scope ofitivention. Even embodiments with very
different features may be within the scope of thention. For example, an end plate and a
manifold may be combined into a single structurel the end plate may additionally
function as a manifold. The end plate may thetunhe one or more fluid inlets and/or
outlets, for example, on the edge(s) of the enté@ad one or more fluid passages that
enable the fluid inlets and/or outlets to fluidiynemunicate with the array of fluid treatment
units. In addition to the fitting(s) and fluid page(s), the end plate may have one or more
through holes that enable the end plate to fluedi;nmunicate with an end plate of an
adjacent fluid treatment segment.

[0045] Further modifications and variations may becomeaagnt to those of ordinary
skill in the art upon reviewing the foregoing degtton and the attached drawings.
Accordingly, the invention includes all variatiomspdifications, and equivalents of the
subject matter recited in the following claims.

[0046] All references, including publications, patent apgtions, and patents, cited
herein are hereby incorporated by reference tednge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0047] The use of the terms “a” and “an” and “the” andiknreferents in the context of
describing the invention (especially in the contaixthe following claims) are to be

construed to cover both the singular and the plurdess otherwise indicated herein or

clearly contradicted by context. The terms “comipg,” “having,” “including,” and
“containing” are to be construed as open-endeds€re, meaning “including, but not
limited to,”) unless otherwise noted. Recitatidmanges of values herein are merely
intended to serve as a shorthand method of refemitividually to each separate value
falling within the range, unless otherwise indichterein, and each separate value is
incorporated into the specification as if it wemdividually recited herein. All methods
described herein can be performed in any suitailerainless otherwise indicated herein or
otherwise clearly contradicted by context. The afseny and all examples, or exemplary
language (e.g., “such as”) provided herein, isrdézl merely to better illuminate the
invention and does not pose a limitation on thgeauf the invention unless otherwise
claimed. No language in the specification sho@dbnstrued as indicating any non-claimed

element as essential to the practice of the inganti
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CLAIMS

1. A fluid treatment assembly comprising:

a stack of fluid treatment segments, wherein ehith freatment segment includes:

an array of fluid treatment units having first asetond opposite ends, wherein each
fluid treatment unit has a feed region, a permesg®n and a layer of permeable fluid
treatment medium positioned between the feed regnoithe permeate region, the permeable
medium including a feed side fluidly communicatinigh the feed region and an opposite
permeate side fluidly communicating with the pertagagion, wherein the array of fluid
treatment units has one or more of a feed passhgd Wuidly communicates with the feed
region of one or more fluid treatment units, a peaite passage which fluidly communicates
with the permeate region of one or more fluid tmeat units, and a retentate passage which
fluidly communicates with the feed region of onenwre fluid treatment units and wherein
at least one of the first and second ends of tteg/ dras one or more fluid openings, each
fluid opening fluidly communicating with the feedgsage, the permeate passage, or the
retentate passage,

first and second end plates, wherein each end Ipéetdirst and second opposite
surfaces, the first surface of the first end pfaténg the first end of the array of fluid
treatment units and the first surface of the se@miplate facing the second end of the array
of fluid treatment units, and

a retainer extending along the array of fluid tmeeit units between the first and
second end plates, wherein the retainer is arrattgeompress the first end plate, the array of
fluid treatment units, and the second end platettosy; and

wherein adjacent end plates of one or more paiaglicent fluid treatment segments
are sealed to one another, each of the adjacerngletes having one or more through holes
extending between the first and second surfaceghtiough holes of the adjacent end plates
fluidly communicating with one another betweenwdlopening in an end of one array of
fluid treatment units and a fluid opening in an enthe adjacent array of fluid treatment
units, and

wherein the retainers of adjacent fluid treatmegisents are separate from one

another.
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2. The fluid treatment assembly of claim 1 wheeach retainer comprises one or more
elongate structures extending along the arrayuad treatment units and bearing against the
first and second end plates, the one or more etergjaictures of one fluid treatment
segment being separate from the one or more elesgraictures of an adjacent fluid

treatment segment.

3. The fluid treatment assembly of any precediagntiwherein the stack of fluid
treatment segments has a first side, a seconapuiesite the first side, a third side, and a
fourth side opposite the third side and whereinrétainer of a first fluid treatment segment
extends along the first and second sides and angahe third and fourth side of the first
fluid treatment segment and the retainer of ancadjafluid treatment segment extends along
the third and fourth sides and not along the &rsl second sides of the adjacent fluid

treatment segment.

4, The fluid treatment assembly of any precediagntifurther comprising a keying
arrangement mechanically orienting adjacent fltedtiment segments to align a through hole

of one fluid treatment segment with a through haflan adjacent fluid treatment segment.

5. The fluid treatment assembly of any precedimagntiwherein the array of fluid
treatment units of each fluid treatment segmentpras one or more cassettes sealed to one
another between the first and second end plateb,@essette including a plurality of fluid

treatment units.

6. The fluid treatment assembly of any precediagntifurther comprising a manifold
including at least one fluid fitting and a firstrface having a fluid opening fluidly coupled to
the fluid fitting, the fluid opening in the firsugface of the manifold fluidly communicating

with a feed passage, a permeate passage, or tatetpassage of a fluid treatment segment.

7. A fluid treatment system comprising a holderingwpposite end pieces and a fluid

treatment assembly of any of claims 1-6 pressedd®t the end pieces of the holder.

8. A method of making a fluid treatment systemundahg a fluid treatment assembly of
any one of claims 1-6 comprising:

stacking the fluid treatment segments to formflilie treatment assembly between
end pieces of a holder, including aligning throigtes of one or more pairs of adjacent fluid

treatment segments, and
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pressing the end pieces against the fluid treatamsembly to seal the fluid treatment

assembly between the end pieces, including seatifagent fluid treatment segments.

9. A fluid treatment segment comprising:

an array of fluid treatment units having first asetond opposite ends, wherein each
fluid treatment unit has a feed region, a permesg®n and a layer of permeable medium
positioned between the feed region and the pernmegten, the permeable medium including
a feed side fluidly communicating with the feedioagand an opposite permeate side fluidly
communicating with the permeate region, whereiratinay of fluid treatment units has one
or more of a feed passage which fluidly commungatgh the feed region of one or more
fluid treatment units in the array, a permeate @gessvhich fluidly communicates with the
permeate region of one or more fluid treatmentsuinithe array, and a retentate passage
which fluidly communicates with the feed regionomie or more fluid treatment units in the
array, and wherein at least one of the first arndse ends of the array has one or more fluid
openings, each fluid opening fluidly communicatimigh the feed passage, the permeate
passage, or the retentate passage;

first and second end plates, wherein each end Iptetdirst and second opposite
surfaces, the first surface of the first end pfaténg the first end of the array of fluid
treatment units and the first surface of the se@miplate facing the second end of the array
of fluid treatment units and wherein at least ohthe first and second end plates has a
through hole extending between the first and sesoinf&ces and fluidly communicating with
a fluid opening in an end of the array of fluidat®ent units, the through hole being defined
by a wall of the end plate and further includiniinang that isolates the wall from fluid that
flows through the through hole; and

a retainer extending along the array of fluid tmeeit units between the first and
second end plates, wherein the retainer is arrattgedmpress the first end plate, the array of

fluid treatment units, and the second end plate.

10. The fluid treatment segment of claim 9 furtbemprising a seal on the end plate

surrounding the through hole.

11. The fluid treatment segment of claim 9 or IHer comprising a manifold including
at least one fluid fitting and a first surface haya fluid opening fluidly coupled to the fluid

fitting, the fluid opening in the first surface thfe manifold fluidly communicating with a
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feed passage, a permeate passage, or a retergsag@af the array of fluid treatment units,

the retainer compressing the end plates, the mdpdad the array of fluid treatment units.

12. The fluid treatment segment of claim 9 or 1@ each through hole is closed and

the fluid treatment segment is filled with a presgive fluid.

13.  Afluid treatment segment comprising:

an array of fluid treatment units having first as&tond opposite ends, wherein each
fluid treatment unit has a feed region, a permesg®n and a layer of permeable medium
positioned between the feed region and the permegien, the permeable medium including
a feed side fluidly communicating with the feedioagand an opposite permeate side fluidly
communicating with the permeate region, whereinatinay of fluid treatment units has one
or more of a feed passage which fluidly commungatgh the feed region of one or more
fluid treatment units in the array, a permeate agessvhich fluidly communicates with the
permeate region of one or more fluid treatmentsuinithe array, and a retentate passage
which fluidly communicates with the feed regionoofe or more fluid treatment units in the
array, and wherein at least one of the first arndse ends of the array has one or more fluid
openings, each fluid opening fluidly communicatimigh the feed passage, the permeate
passage, or the retentate passage;

first and second end plates, wherein each end Iptetdirst and second opposite
surfaces, the first surface of the first end pfaténg the first end of the array of fluid
treatment units and the first surface of the se@tiplate facing the second end of the array
of fluid treatment units and wherein at least ohthe first and second end plates has a
handle which allows the fluid treatment segmeriiggrasped and carried; and

a retainer extending along the array of fluid tmeant units between the first and
second end plates, wherein the retainer is arrattgedmpress the first end plate, the array of

fluid treatment units, and the second end plate.

14. The fluid treatment segment of claim 13 furtb@mprising a manifold including at
least one fluid fitting and a first surface havaguid opening fluidly coupled to the fluid
fitting, the fluid opening in the first surface thfe manifold fluidly communicating with a
feed passage, a permeate passage, or a retergsag@af the array of fluid treatment units,

the retainer compressing the end plates, the mdndad the array of fluid treatment units.
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15. The fluid treatment segment of claim 13 or hewin the handle comprises a first
handle and the fluid treatment segment further ctgep a second handle, the first and

second handles being formed on opposite sidesdfaae of the first and second end plates.
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