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(57) Abstract: A bio-reactive container and filter as-
sembly to improve flow rates and mass transfer
without increased pressure. An Inlet filter membrane
secured to the container defines a container chamber
in combination with the container. An inlet filter
membrane element may also be secured to the con-
tainer to provide structural support to the membrane.
An outlet membrane secured to the container defines
a container chamber in combination with the con-
tainer. An outlet filter membrane element may also
be secured to the container to provide structural sup-
port to the outlet membrane. Inlet and/or outlet fil-
ters and/or filter elements are constructed to signi-
ficantly increase surface area available for fluid
and/or gas ingress and/or egress. Single and double
layer membranes with mixtures of hydrophobic and
hydrophilic characteristics are used to maximize
perfusion and gasification/degasification of bio-re-
active containers.
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High Gas Fiow Rate Rio-Reactive Container Filter Apparatus

CROSS REFERENGE TO RELATED APPLICATIONS
{0013 A claim of benefit is made to U.8. Provisional Palent Application Serial
No, 62/128,547, filed March &, 2015, the contents of which are incorporated in their

entirety herein by reference.

FIELD OF THE DISCLOSURE

{003 The disclosure relates to filters suitable for use with cell culture bags or
hin-reactive containers as well as other vented bags used for mixing, storing,
transporting and cell culluring, among other uses in a variety of industries. The filteys
arg structured fo improve gas andfor other fluid flow and mass fransfer into and out of
the conlainers. More particularly, the disclosure concerns barrier fillers secured directly
o bio-rgactive containers 1o improve sfiiciency, contfrol, adaplability to lower pressure

fimits, and to simplify container design.

BACKGROUND OF THE DISCLOSURE

0033 Biobags, also known as cell culture bags or bio-reactive containers, are
used, among other purposes, to culture cellidar material in a sterle environment. To
accomplish this intended purpose, gases or other fluids necessary to promote cell
growth and division must be introduced into, and removed from, the biobag
gontainers, A common bio-reactive container configuration, such as that shown
designated generally as ¥ in FIG. 15, includes a bag-iike structure 1 made from
pliable, flexible synthetic materials such as polyethylene or polypropylens fo provide
& subsiantially air-tight fuid-impermeable environment in which to grow and expand
cell cullures in a sterile manner,

{0043 Accass 1o the conlainer inner chamber is provided commonly by at
ieast one inlet port € and one outlet port 3. Containers may also have multiple inlet
and outlst ports--some dedicated to liguids and others dedicated to gases. The poris
are often formed as cylindrical appendages extending from the containers. Each
port may be structured with connectors for connecting to fluid andfor gas sources
and may be formed as integral or modular componerts of the containers. Means to
biack fluid and/or gas flow into andfor cut of the container, &.9., check valves and the
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fike, may be provided at each port. Liquids, .g., sterlized waler, nutrient fortified
solutions and the like may be transferred info the container from the inlet side.
Gases, e.g., oxygen for asration, filtered air and nitrogenous-bearing gases and the
ke may aiso be transferrad into the container to promote celf culture development.
{005} Excess liquids and/or gasses introduced info the containers may
require removal from the containers to further promote desired cell culture
development. Gaseous and fluld-based byproducts and wastes derived from cellular
respivation and the like may also require removal from the containers, Product(s)
derived from the cellular activity within the containers and desired for harvesting will
aiso need o be removed from the containars. One or more gutief poris may be
provided 1o permit the removal of such substances.

[006] One significant problem with bio-reactive confainers is their sensitivity
o fluid andfor gas pressure. Bio-reactive containers often have low burst pressure
ratings on the order of about 1~ 5 psi and often have recommended operational
pressures on the order of about 0.2 ~ 0.5 psi. Any significant fluid or gas pressure
introduced into the containers, above the burst pressure limif, will likely lead to
rupture or faillure of the containers. To address this issue, one or more vent filters §
may be securad {0 the containers with the appropriaie flow rale versus pressure-
drop performance 1o allow exhaust gas {0 escape without over-pressurizing the
containers. The vent filter serves as a sterile barrier between the internal container
chamber and the environment outside of the container so as to prevent microbial
cortamination from transferring from the internal chamber to the cutside environment
and vice versa. The filter also functions o prevent the egress of non-sterile liguids
and/or gases depending upon the application.

{8071 itis similarly necessary to place a sterilizing device in the fluid andfor
gas inlet lines. To accomplish the desired sterilizing effect, a filtering device 4 is
often placed in the fluid and/or gas infusion lines downstream of a pump or regulator
used to drive and control fluid flow upstream of the containgr, The inle! filter also
serves as a sterile barrier between the internal container chamber and the
gnvironment ouiside of the container s0 as {o prevent microbial contamination from
transferring from the intemnal chamber o the cutside enviroament and vice versa.
{008] Due to the commaon tubular injet andfor outiet configurations that can
range from about 25 inches (o about 1 inch in diameter, the filters used for this
application are contained in filter capsules, &.q., filter capsule & for outlet filter 8, that
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include infet and outlet ports dimensionally complimentary o the tubelpiping andfor
inlet systems of the bio-reactive containers and with appropriate connection fittings,
such as barbed fittings, where necessary. The relatively small cross-sectional arsa
of the inlet tubing systems creates a further imitation on fiuld and/or gas flow rate
and bulk mass transfer inlo the containers,

{009 Asimilar flow-rate restriction is experienced on the putlet side of the
bio-reactive container. Qutlet ports, structured and dimensioned similar 1 the inlet
ports, create 3 fow restriction with respect {o liguids andfor gases removed from the
containers. Filters incorporated into the outlet tube svstem also contribute to the flow
restriction of liquids and/or gases. This may result in the development of unwanted
backpressure that further impedes inlet flow and may compromise the speed and
eficiency of cell culture formation as well as the production of desirable products
derived from celf cultures.

914 Smaller capsules may incorporate flat-sheet filter membranes that are
relatively low in cost, but limit the polential fluid-receiving surface area to less than
100 om?. Applications requiring larger filler surface areas often incorporate pieated
filter designs {o increase surface area within a similar cross-sectional area, Pleated
filters, however, increase cost and add undesirable weight to the blo-cantainer,
Further, in the case of exhaust gas exiting from the bio-container, the tubing
commgnonty used to connect fliters o {he bio-container can present a problem when
moisture contained in the humid gas condenses in the tubing. The formed liguid can
make its way into the filter assembly and block the flow of air through the
hydrophobic vent filter membrane.

{01} What is needed is a bio-reactive container filter configuration that
rraintaing low cost and significantly increases availabie filter surface arpa io
maximize fluid flow rates. What is also needed is a filter configuration that permits
the use of low fluld and/or gas pressures {o protect container infegrity withouwt
compromising fluid flow rates and/or mass transfer rates. What is further needed is
a filter configuration that prevents the frapping of fiquid within connective ibing and
within the filter assembly itself. These and other objects of the disclosure will
become apparent from a reading of the following summary and detailed description

of the dizsclosure,

SUMMARY OF THE DISCLOSURE

L %3
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{812} in one aspect of the disclosure, a flexible walled bio-container or cell
culture bag is provided with an inlet filter slement secured directly to the conlainer,
the combingtion of which defines g cell culture chamber so as fe function as a
filtration barrier to separate infernal and external enwvironments defined by the
container and the inlet member. The inlet barrier member includes a tiller structured
to sterilize gases and/or fiquids transferred into the container o support and promote
celf culture propagation in an otherwise sterile snviconment without gny significant
compromige to fluid andfor gas flow rates.

{013] in ancther aspect of the disclosure, a flexible walled bio-container is
provided with an outlet filter slement secured directly o the container, the
cornbination of which defines a cell culiure chamber. The outllet filter element
functions as a filtration barrier thal separates internal and external environments, but
permits liguids and/or gasses to exit the container without any appreciable
development of back pressure. The oullet filter slement may be struclured to vent to
the atmosphereg, or may be controlled and contained with the use of an outlet port.
{014} In a yet further aspect of the disclosure, @ bio-container is structured
with an intet filter element that functions as a filtration barrier and an cutlet filter
alement that functions as a filtration barrier o conirol and sterilize liguids andior
gasses introduced into, andfor exiting out of, the container. The inlet and outlet
fillers may be formed both on a top end of the container, both on a side or sides of
the container, both an a bottom end of the container, or structured in mulliple
orightation combinations relative to top and bottom ends and sides of the container.
Any of the described aspects of the disclosure will reduce pressure values neaded to
prevent prassure buildup beyond the container burst pressure limit without significant
compromise of the desired fluid and/ar gas flow rates and mass transfer rates.

{015} in a still further aspect of the disclosure, a bic-container is struclured
with an inlet andfor an outlet filler element with a duatl layer hydrophilic/hydrophobic
membrang securad in the inlet andfor outiet, or between the inlel and/or oullet and
the bio-containgr. The configuration prevents the bulk flow of liquid and gas scross
the membrans while permitiing the diffusive fransfer of gas into, or out of, the liquid
phase inside the bio-container, In yvet a further embodiment of the disclosure, a
single hydrophobic membrane may be used at the outlet side 1o improve the
sfficiency of degasification.

{01863 These and other aspects of the disclosure will become apparent from a



WO 2016/141371 PCT/US2016/021092

review of the appended drawings and a reading of the following detailed description
of the disclosure. it should be understead that any drawings described hersin are
included for ilustrative purposes and should not be considered as limiting the overall
scape of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

{0171 FIG. 11s a side elevational view of a bio-reactive confainer inlet member with
filter according 1o one embodiment of the disclosure.

{018] FIG. 2 iz a top perspective view of the container inlet member shown in FIG.
1

0181 FIG. 3is a side elevational view of the inlel member shown in FIG. 1.

§621] FIG. 4 is a top plan view of the inlet member shown in FIG. 1

{622] FIG. §is a bottom plan view of the inlet member shown in FIG. 1.

[G23] FIG. 8 is a side clavational view of a bio-reactive container with filter inlet
according to another embodiment of the disclosure.

[024] FIG. 7 is a side elevational view in partial phantom of a bio-reactive container
with s outlet filer member according to a further embodiment of the disclosurs.
{025] FIG. 8 is a side slevational view of a bio-reactive container with a filter outlet
according o a yet further embodiment of the disclosure.

{0261 FIG. 95 a side slevational view of a blo-reactive container with a filter inlet
and a filter outlet according to a still further embodiment of the disclosure.

{0271 FIG. 1018 a side elevational view in partial phantom of a bio-reactive
container with a filler indet and a filter outlet member according 1o yet another
embodiment of the disclosure.

[028] FIG. 11is 3 side elevational view in partial phantom of a blo-reactive container
with g filter member inlet and a filter cutlet according to ancther embodiment of the
disclosurs,

{0297 FIG. 12 is a side elevational view in partial phantom of a bio-reactive
container with an inlet member and an outlet member gocording to still another
embodiment of the disclosure.

{0307 FIG. 13 is a side clevational view of a bio-reactive container with a combined
filter member inlet and outlet according fo further embodiment of the disclosure.
[631] FIG. 14 is a side elevational view of a bio-reactive container with a segmented
sombined filter member inlet and outlet according fo a vet further embodiment of the

s
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disclosure,

[032] FIG. 151s a side elevational view of a related art bio-reactive container.

[033] FIG. 18 s a side sectional view in partial phantom of g filter support assembly
according to one embodiment of the disclosurs.

[034] FIG. 17 is a top view of a filler support structure according o one embodiment
of the disclosure.

f035} FIG. 18 is a top view of a hlter support structure according to another
embodiment of the disclosure.

[038) FIG. 19 s a top view of 3 filter support structure accarding to vet another
ambodiment of the disclosurs,

037} FIG. 20 is a top view of a filter support structure according to stifl another
embodiment of the disclosure.

f03B] FUG. 21 is atop view of a fiter support structure according to a further
embodiment of the disclosurs.

{038 FIG. 221s a top view of a filter support structure according to a yet further
gmbaodiment of the disclosure.

{0407 FIG. 23 is a top perspective view of the filter support assembly shown in FIG.
18.

{041] FIG. 24 is a top perspective view of g flange and a sealing band of the filler
support assembly shown in FIG. 18

DETAILED DESCRIPTION OF THE DISCLOSURE

§0423 Rederring to FIGS. 1-5, in one aspeat of the disciosurs, a hio-reactive
container inlet element structured for adaptation o a bio-reactive container i3 shown
designated generally as 0. As used herein, bio-reactive container shall mean any
enclosed container having pliable and/or rigid walls and at ieast one port whereby
the container is structured and adapted for use to culture, store, process, contain,
transport, andior for other purposes, cells and/or similar bivlogical materials, water,
buffers, nutrients, culture media, serum, APl's, therapeutic products and the iike. As
used herein, a bic-reactive container inlet element or filter support assembiy shall
mean an element or assembly constructed to support and/or contain a filter wherein
the element is secured to a bioreactive container in place of, or as an adiunct to, &
bio-reactive container inlet Inlet element 40 is shown as having a general
rectangular shape at the inlet element/container junction, but may be formed o
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corform to any regudar or irregular geomstric shape o accommodate any bio~
reactive container configurations andior any configurations of targer assemblies to
which the bio-reactive container may be affixed.

0431 inlet element 18 (andfor any outlet slement disclosed herein), may be
secured to a bio-reactive conlainer at any position of the container, .g., top, bottom,
sides and any combination or infersection of these container portions. it should be
understood that placement of inlefs/outiefs at certain selected positions may be more
advantageous than others depending upon factors such as the application made of
the bio-reactive container and ifs spatial orentation, padicularly with respect 1o
gravity, For exampile, an inlet element placed on the top of a bio-reactive container
may be advantageous when Houids and/or gases introduced into the containar are
intended to flow downwardly info the container via gravity without pressure
assistance.

{0441 in the embodiment shown in FIGS. 1-5, a rigid filter supporlinist funnel
structure shown designated generally as 12 provides the main support structure for
the element. Support structure 12 has portions that define an inlet 24 that may be
eylindrical in cross-section, or may be structured with different eross-sectional
shapes and features including barbs, threading, locking features and the like. inlst
24 may aiso be shaped and structured for adapliation {0 receive conventional quick
connects (not shownj, tri-clamps (not shown) or like connection devices 1o secure
infet 24 to fluid and/or gas supply sources. A frustoconical section of support
structure 12 expands from a relatively narrow end proximate, and in fuid
communication with, inlet 24 {1 a relatively road distal end structured to
acoommodate and ulimately support g filter membrane 18. The distal end of
suppar! structure 12 forms a filter membrane suppurt surface or filter seat 14.

{0451 Seat 14 may be formed integrally with support structure 12, or may be
maodular in construction {0 be secured to structure 12 via thermal bonding, solvent
bonding, adhesive bonding, mechanical fasteners and ke bonding methods. Seat
14 may be formed to be substantially planar to permit a substantiaily fat filter
membrane {o be seated against and/or secured o the filter recelving surface. An
internally recessed shoulder may aiso be formed around the perimeter of seat 14 {o
receive filter membrane 18 and any additional support structures. in this
configuration, an ouler edge of seat 14 may define a perimeter wall that prevents
fateral or radial displacement of membrane 16 and any additions! support structures

¥
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secured {o structure 12

[048] As the total surface area of filter membrane 186 is significantly greater
thar the relatively small peripheral segment of the membrane that registers against
filer seat 14, a substantial portion of membrane 16 is left without
structural/mechanical support. Although a rigid filler may not reguire supplementa
support, an optional lower membrane suppor! 18 may be used to provide additional
support and add structural integrity to the membrane regions other than the
membrane peripheral binding/attachment region. Supportive structures, particilarly
those positioned on the downstream side of a filter element (disclosed in detall
below), are advantageous when relatively high fluid andfor gas pressures are
axpected {0 be implemented, or the material being infroduced into g bio-reactive
container is g liquid having a much higher viscosity than a gas.

{347) The matlerial used to fabricate support 18 may be the same as the
material used for the filter, or from different matenals as disclosed herein. For
embodiments that employ @ membrane support structure, support 18 will defing
dimensionally at a minimum, st least a perimeter “band” that undsrlies the perimeter
portion of membrane 16 that funclions as at least part of the membrang’s
binding/attachment region. This explanation of supportive strustures is generally
applicable to any porl, whatever its designated function. Supportive structures, such
as those disclosed herein as being downstream of the membrane relative to the
direction of flow, will provide the kind of support thal may be necessary wnless
reverse pressurized for any reason. 1t then becomes more advantageous, and even
possibly necessary, o provide suppartive structures on an upstream side.

§048% The support “band” may extend laterally {as a flange to faciiitate
attachmaent to the big-reactive container) andfor radially ihwardly from the perimeter
and/or shoulder of seat 14 to provide any desired filter membrane structural support
The *hand” may be an integral part of the overall support constructed o support
some or all regions of membrane 18. Support 18 must be structured to permit the
fres passage of quids and/or gases introduced into the bic-reactive containgr. In
one embodiment, support 18 may cover the entire area of membrane 18 {o provide
maximum support. With this embodiment, support 18 shouid be constructed from a
porous material having a pore size greater than or equal {o the pore size of
membrang 18, Supports fabricated with porosities greater than the porosity of
membrang 16 and with pore sizes greater than the pore size(s) of membrane 16
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{often 0.2 um but can be frony about 0.05 micrometers o about 1.0 micrometers
based on liguid ratings or could be HEPA- or ULPA-rated) should reduce any
negative impact on flow. To maximize the support to membrane 18, the pore size of
support 18 must be kept small enough (however, at least as large as the pore size of
membrane 18), and the porosity kept low enough, to provide the desired supportto
the membrana.

10489} in a further embodiment, support 18 may be formed with defined solid
regions (having requiarly or iregularly shaped geomelric boundaries) to supply site
speciic support, particularly when the surface area involved is relatively farge
comparad to the thickness of the membrane and the support. Solid sections may be
formed, in some embodiments, on the periphery of the support where additional
thermat bonding, or other forms of bonding 1o the membrane, andfor the structural
components of container 2, inlet element 10 and/or structure 12 may be
implemented. Solid regions may aiso be formed in non-paripheral segments of the
support to coincide with specific regions of a supported membrane, particularly one
comprised of different hydrophilic and hydrophobic regions. The solid regions are
strategically placed or formed in support 18 {o provide direct support to a particular
region{s) of membrane 18. Such modifications with uniformfregular or random
patterns of solid regions and porous regions can resemble patlems such as a
checkerboard pattern 1o impart the desired support and porosity features.

§050% Support 18 may also be structured from membrane material with
hydrophilic, hydrophobic, or combined hydrophilic/hydrophobic characleristics. The
hydrophilic, hydrophobic or combined characteristics may be structured fo maich the
characteristics of membrane 18, area for area, or may be structured to differ from the
characteristics of the membrane in some or all areas {o impart specific control over
the flow of fluids andfor gases traversing the membrane and support. |t should be
noted and understeod by those of skill in the art that matching of hydrophaobic
characteristics may be more important when dealing with the control of gas fiow as
oppoused {o fluid flow.

{051} To provide even further structural integrity, particularly in reverse-flow
situations, an upper membrane support 28 may be applied above membrane 18 in
sirmilar fashion to tower support membrane 18. Upper membrane support 20 may be
construcied from the same malenal as membrane 18 and lowsr meambraneg suppost

18, or may be constructed from different materials depending upon the intended
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function. Materials including Polyethyiene (HODPE/ALDPE), Polyester {(such as
Polvethylene terephthalate (PETY), Polypropylene, Ethylene vinyl acetate (EVA),
Nylon, Fluorinated ethylene propylene (FEP), Polyvinylidene fluaride (PVDF),
Polvtetrafluorcethylene (PTFE), as well as other materialg disclosed herein and/or
kniown in the art may be used to construct the various components of inlst element
18, Upper support 28 may be structured as a perimeter band {o further secure the
edges of fiter membrane 18, and may include additiona) structural features such as
modular or integral bars or rods extending across the apening defined by the band fo
ncrease rigidity and membrane supporl. The pattern of bars andfor rods for the
various supportive structures disclosed herein may include illustratively, all the
embodiments disclosed herein including those shown flustratively in FIGS 17
through 22 (disclosed in detail below).

[0582% To further support and protect membrane 18,an oplional upper vigid or
non-porous support 22 may be secured to a top surface of membrane 16, orto a top
surface of upper membrane support 20, if used, or to another component of inlet
slement 10, Support 22 may be constructed from materials simitar to those used for
support struclure 12, or may be constructed from different materials such as rigid
plastics and non-porous films that impart the desired rigidity or flexibility to
accommodate the rigidity or flexibility characierisiics of the bio-reactive container
material, or as dependent upon the specific application and condilions of use.
Suitable matlerials include Polyethylene (HDPE/ALDPE), Polyester {such as PET),
Polyprapytene, Ethylene viny acetate (EVA), Nylon, FER, PVDF, PTFE, as well as
other materials disclosed herein and/or known in the art may be used to construct
the various components of inlet element 10,

{083} When selecting a material, it is important o take into consideration
whether or not any reaction may {ake §§ace between the rigid support material and
the big-reactive container material, with particular consideration about the liquids
and/or gases that may be introduced info the container. The selected material
should not react with, or be degradable by, any introduced liquids andfor gases. As
proviously noted, it is also imporiant to take into account the method used o bind the
various fayers together. {f thermal bonding is {0 be used, as is well known in the ari,
the materials selected for rigid support 22 should be compatible o the materials
used for ather layers so as to permit the use of thermal bonding.

(0541 As shown in FIG. 16, rigid support 22 may include a flange 22.1
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sxtending laterally from the support o provide a broader surface for connection fo a
bio-reactive container. The flange should be made from a material suitable for
attachment to the container, or at least one layer of the container. As is well known
it the arf, some bic-reactive containers are constructed from multipls layers in which
different materials may be used for the different layers. The material selected for
rigid support 22 should be compatible with the container layer to which it will be
secured. This is particularly important when the method used o secure the
assembly {0 the container is thermal bonding. As such, flange 22.1 may be secured
to an outer layer, inner layer, and/or an intermediary layer, whichaver is made from a
compatible material. The orientation of the assembly shown in FIG, 16 may also be
subject to multiple orlentations relative to the bio-reactive container in which the
membrane and supporting layers are positioned inside the big-reactive container
whern secured to the container, positioned cutside the container, or positioned
partially inside and partially outside the container’s inner chamber,

{055} At & minimum, rigid support 22 is structured as a perimeter *hand” with,
or without ong or a plurality of rods, slats or perforations. The use of rods, siats
andior perforations/bores enables the construction of support structures that balance
the need for structural support of the center portion of membrane 18 without creating
any appreciable impediment fo gas andfor fluid flow info the bio-reactive container,
When a plurality of rods or slats are used, the rods or slats may be orlented to form a
grid {e.g., FIG. 19), with each rod or siat extending substantially orthogonaily or
angularly from a side or end of the supporl. The rods and/or slats may be integral or
maodular relative to the perimeter “band.” Such configurations permit the application
of structural support to the center portion of membrane 18 without creating any
appreciable impediment to gas and/or fiuid flow into the bio-reactive container,

1086} Referring now to FIG. 17, in one embodiment of the disclosure, rigid
support 22 forms a ring or band 17 to provide structural support to the membrane 16
peripheral binding region. As with other components of the disclosure, rigid support
22 is secured to membrane 18, or upper support 20, if used, or 1o another
companant of inlet element 10 via thermal bonding, sonic bonding, adhesive,
mechanical fasteners and the fike. This embodiment is particularly useful when
additional support of the central areas of membrane 16 is not needed s¢ as to parmi
maximum unimpeded flow past rigid support 22.

{087} Referring now o FIG. 18, in another embodiment of the disclosure, a
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rigid support 22° includas band 17 to provide support to the membrane 18 peripheral
binding region as well as additional membrane support in the form of substantially
parglie! struts 48 formed integral with, or secured to, perimeter band 17, As used
hersin, features assigned the same reference character number with differently
primed oF unprimed designations are similar features in different aspects or
embodiments of the disclosure. This configuration provides uniform support along
the lfength of membrane 16 that extends over and across struts 18, The spacing of
struts 19 can be uniform, or may be altered o be non-uniform or irregular so as to
provide specific support {o specific regions of membrane 186,

f058] Referring now to FIG. 18, in a further embaodiment of the disclosure, a
rigid suppaort 227 is construcied similarly to support 227 with the addition of g plurality
of cross struts 21 arranged in a substantially paraliet orientation with sach croas strut
otierited substantially orthogonal to struts 18 to form a grid pattern. This
configuration provides additional support over that provided by support 23" when
more support is nesded. | should be understood that the orientation of struts 19 and
cross struts 21 relative {o the sides or ends of support 22" and as {o gach other may
be angular rather than orthogenal as shown. 1t should also be undersicod that the
spacing of struts 18 and cross struts 21 may be uniform, or non-uniformfirregular so
as {o bias suppod o specific regions of membrane 16.

{058] Referring now to FIG. 20, in a yet further embodiment of the disclosure,
a rigid support 227 is shown having a penmeter band 17 {o which two diagonal struts
18 are positionsd to intersect the corners of band 17 and cross at a substantial
center point of support 22, This configuration provides additional support focused
an the center of the adiacent membrane 18, The diagonal struls may be integral or
modular relative to band 17. It should be understood that the endpoints of diagonal
struts do not have 1o intersect the band corners, but may intersect the sides or ends
of band 17, it should also be understood that the diagonal struts do not have to
intersect each other at the substantial center of adjacent membrans 18, bul may be
offsst from the center, if needed for a particular application.

{0803 Referring now 1o FIG. 21, a support 22Y having a perimeter band 17
with a plurality of cross struts 21 arranged in a substantially parallel orientationis
shown. This provides support similar o that provided by support 227 except the
structural support is directed along the longer dimension {(length) rather than the
shorter dimension (width) of the support. The struts may be spaced uniformly or
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irregularly as required by any particular application.

{061} Referring now to FIG. 22, a rigid aupport 22¥ having a substantially
solid structure with a series of bores 23 formed in the support is shown. The
orientation of the bores is shown with a uniform patiern of rows of bores with
adjacent rows being offset fram the rows before and/or after. This provides
madmum support except for those embodiments that include a solid ilm support.
should be undersiood that the patlern of bores may by uniform or irregular, 2.4,
concentrated in different portions of the support fo facilitate fluid/gas flow as required
by a particular application.

{062} The layers or materials (filter membrane, support membranes, rigid
suppod) form g membrane assembly, inlef element 18, which may be secured via
thermal or sonic bonding. Adhesives and the like may also be used. To provide
added structural infegrity to the layers, a sealing band 26 shown in FIGS. 1, 16, 22
and 23 may be superposed about the layers and heat shrunk, thermally or sonically
weided andfor adhered o the various layers. Suitable malerials for sealing band 26
include Polyethylene (HDPEADPE), Polyester (such as PET), Polypropyiene,
sthylene vinyl acetate (EVA), Nvion, FEP, PVDF, PTFE, adhesive/potiing materials
such as wrethanes, other materials disclosad herein as well as other materials known
i the artmay be used to construct the various components of inlet element 10,
{063} in another aspect of the dizclosureg, a bic-reactive conlainer assambly
shown designated generally as 2 in FIG. § includes a filter support member 12" with
a laterally extended inlet port 24°. Support member 127 is structured o be rigid with
3 substantially planar surface 13 dimensionad o receive a filter membrane 18’
Membrane 18 1s secured between member 127 and blo-reactive conlainer 11, With
this configuration, the combination of support member 12" and filter 18’ define &
substantial portion of the bottom of container 41 so as fo improve and maxdmize bulk
mass transfer into container 11 The combination may form and define from sbowt

5 % 1o 100% of the bottom surface of bio-reactive container assembly 2.

{064} Support member 12" may further define a perimeter shoulder
dimensioned to further receive and secure membrane 168°. Support member 12" may
aiso have portions defining rods or siats that exiend between points on the perimeter
shouider to provide added structural support for membrane 18", The rods or slats
may be integral fo, or modular relative to, the perimeter shoulder. The pattern of
features may mimic those of rigid support 22 and the various different embodiments
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shown in FIGS. 17-22, the descriptions of which are incorporated here.

{065} i rods or slats are not incorporated info support member 12, orif rods
or slals are provided and addifional membrane support is required, similar to the
embodiment shown in FIGS. 1-5, additional filter membrane support structures may
be incorporated into the assembly to provide added structural support to membrane
18", More parlicularly, a botfom filter suppodt 18" similar in construction to support 18
may be positioned belween support member 4127 and membrang 187

{0686} The malerials, shapes, atiributes and other selection criteria used for
support 18 may be the same as those used for support 18 as previously disclosed,
in one embodiment, 18 will define minimally, a perimeter “band” superposed about
andfor underlying a perimeter of membrang 18

{867} The “band” may extend laterally to form an altachment flange, and/or
radially inwardly from the perimeler of support member 18 to provide any desired
additional filter membrane support toward the center of the membrane. The possibie
configurations for support member 18’ are the same as the Hustrative embodiments
dizsclosed for support 18. The hydrophilicity or hydrophobicity of support 18" will
often malch that of membrane 18°. For gases, & hydrophobic membrane is
advaniageous {o permil gas passage and to prohibit hydrophilic liguid passage.
fos8} Simitar to the embodiments of the rigid supports shown in FIGS. 1--22,
support 18 may be structured with a perimeter ‘band” and one or a plurality of rods
or stats extending from one side or end of the support {o the other, When a pluraiity
of rods or stats are used, the rods or slats may be orlented to form a grid with each
rod or slat srranged in a substantially orthogonal or angular orientation o the other
rods or slats intersected. The rods and/or slats may be integral or modular relative to
the perimeter “band.” Such a configuration enables support 18" to provide structural
support 1o the center portion of membrane 168 without creating any appreciable
impediment {o gas and/or fluid flow into the bio-reactive container,

{069} in another aspect of the disclosure shown in FIG. 7, a blo-reactive
container assembly is shown designated generally as 2. Container assembly 2°
comprises a bio-reactive container 11" with an cutlet assembly or element 28
secured to 2 top end of container 11°. As used herein, a bio-reactive container outist
assembly or element shall mean an assembly or element secured {0 a bio-reactive
container in place of, or as an adjunct {o, a bio-reactive container outiet. Inthe
embodiment shown, an outlet 30 extends from outlet member 28 to permit the
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release of liquids and/or gases from container assembly 2°. Oullet element 28 may
be secured o container 417 on the top, bottom, side, or any combination thereof to
accommaodate any particular application need with respect o outlet orientation.
8743 Cutlet member 28 s structured as a rigid filter supportioutiet funnel
structure that provides the main support structure for an outlet filfer membrang 25
{shown in phantom}. Outlet member 28 has portions that define an outlet 30 that
may be cylindrical in cross-section, or may be slructured with different cross-
sectional shapes and include features such as illustratively, barbs, threading, locking
features, quick connects {(nof shown), tri-clamps {(not shown) or like connection
devices o secure outlet 30 {o collection vessels 1o receive and secure liguids andfor
gases exiting container assembly 2°.

1071} Afrustoconical section 28 of outlet member 28 exiends from 3
refatively broad end structured to accommodate and support outlet filler membrane
2& proximate to, and in fuid communication with, container 11’ {0 a relatively narrow
distal end conngcted to, and in 8uid communication with, outlet 30, The proximal
and of cutlet member 28 may form a fiter membrane support surface or filter seat
31l should be understood that the frusteconical section may be structired to
conform to different geometric shapes or have portions conform to different
geomelric shapes, e.g., have a rectangular cross-section at the juncture with
cortainer 117, and remain within the scope and spirit of the disclosure.

{072} Seat 31 may be formed integrafly with outlet member 28, or may be
modutar iy construction and securad to element 28 via thermal bonding, adhasive
bonding, mechanical fasteners and like bonding methods. Seat 31 may be formed
with a container recelving surface being substantially planar to permit a substantially
flat filter membrane (o be seated against, and/or secured to, the filter receiving
surface. Aninternally recessed shoulder may also be formed around the perimeter
of seat 31 o receive outlet fiter membrane 28 and any additional support structures,
In this configuration, an outer edge of seat 31 may define a perimeter wall or
shoulder that prevents lateral and/or radial displacement of putlet membrane 25 and
any additional support structures secured to member 28,

fG73] As the fotal surface area of outlet filter membrane 28 is significantly
greater than the relatively small peripheral segment of the membrang that registers
against Hiter seat 31, a substantial portion of mambrane 25 is feft without
structural/imechanical support. Although a rigid filter may not require supplemental
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suppoart, an optional lower membrane support, such as support 48 for inlet filter
membrane 18 may be used {o provide additional support and add structural integrity
to the membrane peripheral binding region. This is particularly advantageous when
refatively high fuid and/or gas pressures are expected o be implemented, or when
materials are present in a biv-reactive container, such as liquids including waste
Houids having viscosities much higher than the viscosity of a gas. The
considerations for & supportt for oullet membrane 25 are the same as those for inlet
filter membrane support 18 with respect to structure and materials. The disclosure
regarding support 18 is therefore incorporated hers as being equally applicable o
the optional support for membrane 25

fO74] Further, the additional supportive structures explained in detail for inlet
element 10 may all be applied to cutle! element 28. it should be understood that in
some nstances, the order of the support structures relative 1o each other or in
refation to the membrans may be allered in order to allow greater support of the filler
membrane, depending on the divection of force applied t© the membrane based on
the flow through it For example, support structures could be incorporated on either
side of the filter membrane {o provide support with bi-directional flow applications, or
could be positioned on only the downstream side of the filter alement for single
direction flow applications. Any combination of supporis and suppuort positions,
regardiess of flow considerations, is within the contemplation and scope of the
disclosure.

{0751 in ancther aspect of the disclosure, as shown in FIG, 8, a bio-reactive
container assembly is shown generally as 27 includes a bio-reactive container 11
combined with an outlet filter element 32. Filler element 32 is secured to container
T via thermal or sonic bonding, adhesives, mechanical fasteners and the like. Filter
element 32 defines front about 10% 1o aboul 88% of a top end of a chamber defined
coitectively by container 11 and filter slement 32 and significantly increases the filter
surface area gvailable for bulk mass transfer relative to previous bio-reactive
container outlet filter systems. in similar fashion to other disclosed inlet and outiet
filter embodiments, support structures {similar to supports 18, 20, 22, and the like)
may be added to provide strucluratl support for filter element 32

{076} Referring now 1o FIG. §, a bio-reactive container assembly, shown
generally as 27 includes a blo-reactive container 117 with an inlet filter membrane
167 and an outlet filter membrane 32°. Assembly 277 incorporates the inlet filter
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membrane of assembly 2 as shown in FIG. 8 with the cutiet filter membrane of
assembly 27 as shown in FIG. 8. The optional features and optional support
structures for filter membrane 18" and outlel membrane 32 are the same as those
discliosed for inlet filler membrane 16 and outlet filter membrane 32, respectively, and
the disclosure pertaining theretfo is incorporated here with respect to membranes 187
and 32"

{77} Container assembly 2™ includes a filter support member 12" with a
faterally extended inlet port 24”7, Support member 127 is structured to be
substantially rigid with a substantially planar surface 13" dimensioned and structured
to receive filter member 187, Filter 187 is secured between member 127 and bio-
reactive container 117, With this configuration, the combiination of support member
127 and filter 167 define a substantial portion of the bottom of container 117 so as fo
improve and maximize bulk mass transfer into container 117, Like the embodiment
shown in FIG. 8, the combination may form and define from about 10% to about 98%
of the bottom surface of bic-reactive container assembly 277,

[G78] Support member 12’ may further define a perimeter shoulder
dimansioned and structured 1o receive and secure membrane 18”7, Support member
127 may also have portions defining rods or siats that extend across the perimeter
shoulder and the cross-sectional area of member 127 {o provide added structural
support for membrane 187, The rods or slals may be integral to, or modular relative
{o, the perimeter shoulder, and may be structured similar {o the similar featuras
shown for support 22 in FIGS. 17-22.

{073} i rods or slats are not incorporated into support member 127, or if rods
or slats are provided and additional membrane support is required, similar to the
gmbodiments shown in FIGS. 1-5, additional filter membrane support structures may
be incorporated into the assembly to provide added structural support to membrane
187, More particularly, a bottom filter support 187 similar in construction to support
18 may be positioned between support member 12”7 and membrane 187 or a upper
Hter support 267 similar in construction to support 20 may be positioned bhebween the
inner volume of bio-reactive container 11 and membrane 18", The material
used for support 187 or 207 may be the same as the materials described as
appropriate for use for supports 18 and 29 as disclosad previpusly herein,

{080] The “band” may extend laterally 1o form a flange for sealing to other
components, andfor radially inwardly from the perimeter of support member 18" or
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207 to provide any desired additional filler membrane support toward the center of
the membrane. As disclosed for other filter membrane support embodiments,
support 187 or 20" must be structured fo permit the free passage of liquids and/or
gasses introduced into the bio-reactive container. in one alfernative embodiment,
support 187 or 20” may traverse the entire dimensions of membrane 18" to provide
maximum support. With this embodiment, support 187 or 207 should be constructed
front a porous material having a porostty and pore size great tailored o reduce the
resistance to flow while providing the required supportive strength to membrane 187
in one embodiment, the hydrophilicity or hydrophobisity of support 187 or 207 should
malch that of membrane 16°. As previously disclosed, for gases, a hydrophobic
membrane is advantageous to permit gas passage and to substantially prevent
agueous liquid passage.

{081} With respect 1o an outlet end of container 2%, bio-reactive container
assembly 27 includes bio-reactive container 117 combined with an cutlet filter 327,
Filter 327 is secured to container 117 via thermatl or sonic bonding, adhesives,
mechanica! fasteners and the like, Filter 32" defines from about 10% o about 88%
of a top end of @ chamber defined by container 117 and significantly increases the
filter surface area available for bulk mass transfer relative to previous bio-reactive
container oullet filter systems. In similar fashion to other disclosed embodiments,
support structures may be added to provide structural support for filler 32,

[082] Referring now fo FIG. 10, a bio-reactive container assambly, shown
generally as 2V, includes a bio-reactive container 11°7 with an inlet filter membrane
16" and an outlet filler assembly 28, Assembly ¥ incorporates the inlet filter
glement of assembly 2 as shown in FIG. & with the cutiet filter element of assembly
2" as shown in FIG. 7. The malerials and optional filter membrane support structres
disclosed with respect to the embodiments shown in FIGS. 6 and 7 may be
incorporated into this embodiment and the disclosure relative 1o FIGS. Sand 7 is
incorporated here.

f0831 With respect to the cullet end of container assembly 2V, oullst
assembiy or element 28’ iz secured to a fop end of confainer 1177 and defines from
about 10% 1o aboul 88% of a top end of a chamber defined by the combination of
the bio-reactive container with the inlet and outiet elements. In the embediment
shown, an nutiet 30" extends from outlet member 28 1o permit the release of

liquids and/or gases from container assembly 2V,
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084} Cutlet mermnber 287 is structured as a rigid filter support/outiet funnel
structure that provides the main support structure for an cutlet filter membrane 28
{shown in phantom). Qutlet member 28" has portions that define an cutlet 3¢ that
may be cylindrical in cross-section, or may be structured with different cross-
sectional shapes and features including threading and locking features and the like.
Outlet 30™ may also be shaped and structured for adaptation to receive conventional
quick connects {(not shown], tri-clamps (not shown), barbs (not shown), or like
connection devices to secure outlet 36™ 1o collection vessels {o receive and secure
fiquids and/or gases exiting container assembly 2V,

f085] A frustoconical section 29 of outlet member 28™ extends from a
relatively broad end structured 1o accommodate and support outlat filler membrane
287 proaximate o, and in fluid communication with, container 117" to a relatively
narrow distal end connected to, and in fluid communication with, oullet 3. The
proximal end of oullst member 28 may form a filter membrane support surface o
filler seat 31" (shown in phantom). It should be understoad that the fustoconical
saction may be structured to conform o different geometric shapes or have portions
conform to different geometric shapes, e.9., have a rectangular cross-section at the
juncture with container 117, and remain within the scope and spirit of the disclosure,
{0886} Seat 317 may be formed integrally with outlet member 28™, or may be
modutar in construction and secured o glement 28 via thermal bonding, adhesive
bonding, mechanical fasteners and like bonding methods. Seat 317 may be formed
with a container receiving surface being substantially planar {o permit @ substantially
flat filter membrane to be seated against, and/or secured to, the filter receiving
surface. An internally recessed shoulder may aiso be formed around the perimeter
of seat 31" to racelve outlet filter membrane 28 and any additional support
structures. in this configuration, an ouler edge of seat 31 may define a perimeter
wall or shoulder that prevents lateral andfor radial displacement of outlet membrane
28" and any additional support structures secured to member 287,

sy As the total surface area of outlet filfler membrane 287 is significantly
greater than the relatively small peripheral segment of the membrane that registers
against filter seat 31", similar to other embodiments disclosed, a substantial portion
of membrane 25™ is left without structural/imechanical support. To the extent
structural support is required, supports, both flexible and rigid, upper and/or fower,
and similar fo those disclosed to support the other disclosed membrans
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ambodiments, may be usad with this bio-reactive container assembly embodiment
such as support 18 or 20, and rigid support 22 and the various embodiments of
those two stpports disclosed herein,

fogsy Referring now to FIG. 11, a bio-reactive container assembly, shown
generally as 2¥, includes bio-reactive container 19 with an inlet filter assembly 12#
and an outlet filter membrane 32¥. Assembly 2¥incorporates the inlet filler assembly
shown in FIGS. 1T and 2 and the outlet filter membrane of assembly 27 shown in FIG.
8.

f0Bg} Container assembly 2¥ includes a rigid filter supportiinist funngl
structure shown designated generally as 12¥ provides the main support structure for
the slement. Support structure 12" has portions that define an inlet 24N that may be
oylindrical in cross-section, or may he structured with different cross-sectional
shapes and features including threading, locking features and the like. Inlet 24Y may
alao be shaped and structured Tor adaptation to receive conventional guick connects
{not showny, ti-clamps {(not shown), barbs {not shown}, or ke connection devices to
secure inlet 28Y to fluid andfor gas supply sources. A frustoconical section of
support structure 12V expands from a relatively narrow end proximate, and in fluid
cormmunication with, inlet 24 o g relatively broad distal end structurad to
accormmodate and ulimately support & filler membrang 18, The distal end of
support structure 12V forms a filter membrane support surface or filter seat 14%
{0903 Seat 14" may be formed integrally with support structure 12%, or may
be moduiar in construction o be secured to structure 12% via thermal honding,
adhesive bonding, mechanical fasieners and like bonding methods. Seal 14Y may
be formed to be substantially planar to permit a substantially flat filter membrane to
be seated against and/or secured {o the filter recelving surface. An internaily
recessed shoulder may also be formed around the perimeter of seat 14V o receive
filter membrane 18" and any additional support sfructures. in this configuration, an
outer edge of seat 14" may define a perimeter wall that prevents lateral or radial
displacement of membrane 18" and any additional support structures secured to
structure 12V,

joe1} As the total surface area of filler membrane 16V is significantly greater
than the relatively small peripheral segment of the membrane that registers against
filter seat 14%, a substantial portion of membrane 18" is lefl withowt
structuralfmechanical support. To the extent structural support is required, supports,
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both flexible and rigid, upper andfor lower, and similar to those disclesed to support
the other disclosed membrane embodiments, may be used with this bioreactive
container assembly embodiment such as supports 18 or 20 and rigid support 22 and
the various embodiments of those supports disclosed herein.

{693} With respect o the outlet end of container assembly 29 the assembly
includes a bic-reactive container T1Y combined with an outlet filter 32Y. Filler 3318
secured {o container 11Y via thermal or sonic bonding, adhesives, mechanicat
fasteners and the fike. Fiiter 32 defines a top end of a chamber defined by
container 11¥ and significantly increases the filter swiace ares available for bulk
mass transter relative to previous bio-reactive container outlet filter systems. In
sirnifar faghion to other disclosed embodiments, support structures (membrane, rigid,
upper, and lower), may be added to provide structural support for filter 32°.

{083] Referring now to FIG. 12, a bio reactive container assembly, shown
generally as 2%, indudes bio-reactive container 11 with an inlet filter assembly 12Y
and an cutlet filter assembly 28¥. Assembly 29 incorporates the inlet filter assembly
shown in FIGS, 1 and 2 and the outlet lter assembly shown in FIG. 7.

{03843 Container assembly 2¥ includes a rigid filter supportiniet funnel
structure shown designated generally as 12Y provides the main support structure for
the element. Support structure 12Y has portions that define an inlet 24Y that may be
eylindrical in cross-section, or may be structured with different cross-segtionsl
shapes and features including threading, locking features and the ke, Inlet 24 may
also be shaped and structured for adapiation {o receive conventional quick cornecis
{not shown), tri-clamps {not shown), barbs (not shown), or like connection devices fo
secure inlet 24Y to fluid and/or gas supply sources. A frustoconical section of support
structure 12Y expands from a refatively narow end proximate, and in fluid
communication with, inlet 24¥ to a relatively broad distal end structured (o
accommodate and ultimately support a filler membrans 18%. The distal end of
support structure 12% forms a filter membrane support surface or filler seat 14,
[085] Seat 14¥ may be formed integrally with support structure 12¥, or may
be modular in construction to be secured to structure 12¢ via thermal bonding,
adhesive banding, mechanical fasteners and like bonding methods. Seal 14Y may
be formed o be substantially planar to permit a substantially fat filter membrane io
be seated against and/or secured to the filter receiving swrface. An internaily
recessed shoulder may also be formed around the perimeter of seat 14¥ {o receive
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filter membrane 18¥ and any additional support structures. In this configuration, an
outer gdge of seat 14¥ may define a perimeter wall that prevents lateral or radial
displacement of membrang 18¥ and any additional support structures secured o
structure 12Y

{6961 As the tolsl surface area of filler membrane 16" is significantly greater
than the relatively small peripheral segment of the membrane that registers against
filter seat 14Y, a substantial portion of membrane 18Y is left without
structuralimechanical suppart. 1o the extent structural support s required, supports,
both flexible and rigid, upper andfor lower, and similar to those disclosed to support
other membrane embodiments, may be used with this bio-reactive container
assembly embodiment such as support 18 or 20 and rigid support 22 and the various
embodiments of those two supports disclosed herein.

[oa7} To ensure a tight seal belween a bio-regctive contamer and inlet
member 10, an optional upper rigid support member 22¥is secured {0 a top surface
of membrane 18Y, or to a top surface of an wpper membrane support 20Y, if used.
Upper member 22 may be constructed from similar materials used for support
structure 12¥, or may be constructed from different materials that impart the desired
rigidity or flexibility to accommodate the rigidity or flexibility of the bio-reactive
container matertal. Suitable materials for upper member 23¥ include the same
matenials disclosed for upper member 22 as disclosed herein. The same crileria
used {0 select the materials for upper membrane 22, e.g., compalibifity with the
fiquids and/or gases to be introduced into, or formed in, the bic-reactive container,
apply with equal force here with respect {o the selection of materials to construct
upper membrane 22¥,

{088} The filter membrane and any optionad support structures used (flexible
and/or rigid) form a membrane assembly, infef slement 18, and may be secured
together via thermal or sonic bonding. Adhesives and the like may also be used. To
provide added structural integnity o the layers, a sealing band 26" {not shown, but
sintitar to sealing band 26 shown in FIG. 1, may be superposed about the layers and
haat shyunk, thermally or sonically welded andfor adhered o the various layers,
Suitable materials for band 28Y include the same materials disclosed for sealing
band Z8.

{0883 With respect to the cutlet end of container assembly 2¥, container
assembly 2¥ cornpises bio-reactive container 11Y with an outlet assambly or
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element 28Y secured {0 3 top end of container 11¥. As used herein, a big-reactive
cortainer outiet assembly or elemeant shall mean an assembly or element secured 1
a bio~reactive container in place of, or as an adjunct to, a bio-reactive container
guiet, In the embodiment shown, an oudiet 3O exdends from cutlel member 28Y {o
permit the release of liquids and/or gases from container assembly 29

{100} Cullel member 28Y is structured as a rigid fiter supportioutiet funnel
structure that provides the main support structure for an outlet filter membrane 25Y
{shown in phantom). Outlet member 28Y has portions that define an ouliet 30¥ that
may be cylindrical in cross-section, or may be structured with different cross-
sectional shapes and features including threading, focking features and the like.
Outlet 30Y may also be shaped and structured for adaptation to receive conventional
guick connects {hot showny, tri-clamps {not shown), barbs {not showny), or like
connection devices to secure outlet 30Y to collection vessels 1o receive and secure
Hguids andior gases exiting container assembly 2% A frustoconical section 28% of
outiet member 28¥ extends from a relatively broad end structured 1o accommeodate
and suppuort outlet filter membrane 28Y proximale {o, and in fluld communication with,
container 11Y {o a relatively narrow distal end connected to, and in fluid
communication with, outlet 38, The proximat end of outlet member 28Y may form a
filter membrane support surface or filter seat 31Y. it should be understoed that the
frustoconical section may be structured to conform o different geometric shapes or
have portions conform o different geomelric shapes, e.g., have a rectangular cross-
section at the juncture with container 11Y, and remain within the scope and spirit of
the disclosure.

ot Seal 31¥ may be formed integrally with cutlet member 28Y, or may be
modular in construction and secured to elernent 28¥ via thermal bonding, adhesive
bonding, mechanical fasteners and like bonding methods. Seat 31¥ may be formed
with a container receiving surface being substantially planar to permit a substantially
flat filter membrane to be seated against, and/or secured to, the filter receiving
surface. An internally recessed shoulder may also be formed arpund the perimeter
of seat 31Y to receive outlet filter membrane 28¥ and any additional suppart
structures. In this configuration, an outer edge of seat 31Y may define a perimeter
wall or shoulder that prevents lateral and/or radial displacement of outlet membrane
28 and any additional support structures secured 1o member 28%.

{102} As the total surface area of cutlet fiter membranse 25 is significantly
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greater than the relatively small peripheral segment of the membrane that registers
against filter seat 31, a substantial porfion of membrane 28 is left without
structuralimechanical support. To the extent structural support is required, supports,
both flexible and rgid, upper and/or lower, and similar o those disclosed to support
pther membrans embodiments, may be used with this bio-reactive container
assembly embodiment such as support 18 or 20 and rigid support 22 and the various
ambodiments of those supports disclosed herein,

{103} Referring now to FIG, 13, a bio-reactive container assembly is shown
designated generally as 2*1 comprises a bio-reactive container 119 and a hybrid
inlet/outlet element 12Y structured to deliver and fo receive liguids and/or gases fo
and from the bio-reactive comtainer. Each intel or outlet element designated
generally as 12 or 38 and disclosed herein could be structured with one or mullipls
parts {0 allow ong or more connections {o external elements including, but not imited
o pumps, air sources, of even simply open to atmosphere. A single layer or dual
faver membrane 18%s spcured in inlet/outiet slement 12¥ or between slement 2%
and biv-reactive container 119

{104} An inlet 24¥is formed on a first end of element 12¥ 1o receive liquids
and/or gases introduced into the bio-reactive container assembly. Inlet 249 may be
formed with, or have attached therefo, a check valve, quick-connect, or other
attachment feature 1o permit altachment o fluld and/or gas sources.

[105] An autiet port 30Vs formed on a second end of element 129 {o permit
the sgress of Bguids andfor gases from the bio-reactive container assembily. Cullst
3P may be formed with, or have attached thereto, & check valve, quick-comnect, or
other gttachment feature {o permit attachment to tubes or other features 1o recaive
fiuid and/or gas from assembly 2¥1

[108] if the primary purpose of element 12%%s to permit the passage of
fiquids into the bio-reactive container, a single hydrophilic membrane may be used
for this purpose. The membrane may be formed or construcied from hydrophilized
polyethersulfone, hydrophilized PVDF, nylon, hydrophitized polyethylene as well as
other malerials used to construct hydrophilic membranes, as is well known in the art,
The membrane may aleo have pore sizes from about 0.2 nanometers o about 0.5
micrometers. A pore size range from about 0.2 micrometers to about 0.5
micrometers is expected 1o provide superior resulls for many bio-bag applications
whaere liquid is drawn off or added to the bio-reactive container.
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107} The membrane is secwred fo slement 12¥ and/or blo-bag container 119
by thermal bonding, sonic bonding, adhesive, mechanical fasteners and the like.
With this configuration, the internal volume of element 12¥ can be pressurized (with
respect (o the internal pressure of the bio-reactive container) with liguid {by way of a
pump or gther means) (o preferentially allow the flow of tiquid info the bio-reactive
cordainer. Alternatively, internal volume of element 12 can be maintained at a
negative pressure {relative o the pressure within the bio-regctive container) (by way
of a pump or other means) to preferentially allow the flow of liquid out of the bio-
reactive container. By adjusting between pusitive and negative pressurg within
slement 12 the flow into and out of the bio-reactive container can be controlied.
Alfernatively, the pressure within element 12¥ can be maintained at or about the
pressiure within the bio-reactive container to allow for the diffusion-based passage of
liquid across the membrang, while restricting the passage of material too large to
flow through the pores of the membrane. Liguid can be brought in through inlet 249
and through cullet 30¥ to maintain or control the nature and conceniration of fluld
within element 12¥ which can, in furn, be used to control the diffusional flux across
the membrane based on concentration gradient.

{108} With this configuration, the internal volume of element 12¥ can
alternatively be maintained at a positive gas pressure {relative o the pressure within
the bio-reactive confainer) (by way of a pressurized source, pump, or other means)
to promote the transfer of gas into the bio-reactive container. Though the bulk flow
of gas will be restricted at pressures below the hydrophilic membrane’s bubble point,
as is well known in the art, diffusional gas flow across the membrane will exist (so
lonyg as the prassure is enough {o overcome the head pressure of the liquid within
the bio-reactive container) at a rate proportional to pressure of the gas, as s alse
well known in the art. With the liquid within the bio-reactive container in contact with
the membrane and with an increased pressure within the internal volume of slemert
12 relative to that within the big-reactive container, a concentration driving force
may exist capable of promoting the flow of gas into the liquid within the bio-reactive
container. However, if the pressure does not overcome the head pressure, bulk
iguid may flow into the internal volume of element 12¥, which may be unwanted.
108 if gasification is the primary purpose of element 12¥ a single
hydrophobic membrane may be used to prevent the introduction or removal of Hquids
from container 298, The membrane may be formed or constructed from
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polvtetrafluoresthylene, polyetiylene, polyvinyiidene, polypropylene, as well as other
materials used to construct hydrophobic membranes, as is well known in the art.

The membrane may also have pore sizes from about 0.2 nanometers to about 0.5
micrometers, A pore size range from about 0.2 micromsters to about 0.5
micromeaters s expected to provide superior resulis for most conventional bio-bag
applications.

{118 The membrane is secured o element 12¥ and/or bio-bag container 11%
by thermal bonding, sonic bonding, adhesive, mechanical fasteners and the like.
With this configuration, the internal volume of element 12¥ can be pressunized (with
respect fo the internal pressure of the bio-reactive container) with gas (by way of a
pressurized source, pump, o other means) o preferentially aliow the flow of gas inle
the bic-reactive container. if this were {o be done continuously, the use of an outlet
assembly, similar fo 28 or 32 may be used {o aliow the gas o escape from the
system.  Allemnatively, the pressure within element 12¥ can be maintained st or
about the pressure within the bio-reactive container o allow for the diffusion-based
passage of gas acress the membrane, while restricting the passage of material too
farge {or with too high a surface lension, in the case of fiquids within the container) to
flow through the pores of the memibrans,

{111} Yyith this configuration, internal volume of elament 12¥ can alternatively
be maintained at a negative gas pressure (relative to the pressurg within the bio-
reactive container) (by way of a pump or ather means) to promote the transfer of
dissolved gas ouf of the bio-reactive container. With the liguid within the bio-reactive
container in contact with the membrane and with a reduced pressure within the
internal volume of element 129 relative fo that within the bio-reactive container, @
concentration driving force may exist capable of degasifying the Hquid within the bio-
reactive container. However, If the pressure within the intermal volume of slement
12 becomes higher than that within the bio-reactive container, bulk gas flow may
peeur inte the blowreactive container, which may be unwanted,

(112 i a further embodiment, g dual tayer hydrophific/hydrophobic
membrane 18¥ can be used to prevent the bulk fow of liquid and gas across the
rrembrang barrier and permit the diffusive transfer of gas into, or cut of, 3 liquid
phase inside the bic-reactive container assembly. The combination membrans
permits the use of a single inferface to control gasification and degasification by way
of diffusional-based mass transfer while preventing the bulk flow of gas to or from the
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liquid phase under variabls processing conditions well known in the art.

{143 For dual layer embodiments used for diffusional-based gas transfer, the
hydrophilic layer should be positionsd 1o face the bio-reactive container assembly
chambaear so as o interface directly with any liquid in the chamber. The sxposure {o
the liquid will result in the wetling of the pores of the hydrophilic layer thatacis as a
barrier fo bulk gas flow batween the figuid within the container 11¥ and the gas within
alement 12¥ Flow of the liquid within container 11 through the hydrophobic layer
will be restricted or impedad due to the non-wetling properties of hydraphobic filter
membranes as is well known inthe art. The hydrophobic layer, situated Tacing awsay
from the bio-reactive chamber, will be in integral contact with any gas introduced into
the agsembly as well with any vacuum source applied to the assembly

{114} For gasification, atmospheric pressure or 3 posilive pressura gas
sourca is used to drive the transfer of gases to & liquid phase. The concentration of
gases on the gas side of the membrane {determined by mixture ratio and pressure)
provides the concentration gradient driving force into or even out of the bio-reactive
cortainer and therefore can be conirolied through control of thess parameters.
Depending upon the resident conditions (gases used, pressure, membrane fypes,
membrane pore sizes, porosities, efc.), combined with the concentrations of the
gas{es) on the gas side and in the fiquid phase on the opposite side, there may be
some natural transfer of waste gas from the liquid phase into the gas phase. Any
waste gas that collects in the head space of the container can be bled off through a
conventional vent filler positioned at the top of the container, or directly from the
fiquid phase via g degasification device of similar construction to the gasification
davice.

{1153 The use of a degasification device in addition to a gasification device
may allow for greater control and efficiency when targeting specific dissolved gas
concentrations by allowing the userto controf the driving Toree {concentration
gradient) for diffusional-based gas transfer out of the bio-reactive container as well
a3 the driving force for diffusional-based gas fransfer into the blo-reactive container,
A bio-reactive container with a gasification device as well as a degasification device
s shown in FIG 14 and disclosed in further detall below. .

{1183 For degasification, a vacuum source is used {0 drive the transfer of
gases dissoived in the liquid fo the gas phase. An alternative approach is {o use gas

at ambient pressure and at & mixturs/concentration selecied fo promote transfer of

27



WO 2016/141371 PCT/US2016/021092

dissolved waste gases from the liquid phase to the gas phase. By adjusiing the
conditions of gasification and degasification, {and perhaps the head space conditions
as well}, a significantly higher degree of confrol can be achieved with respect to the
gas concentrations within the liguid phase of 8 bio-reactive container. To this end,
the positive pressure gas source and/or the vacuum source can be swept
periodically, or continually, to maintain desired concentrations at the gas-liquid
interface. An added advantage is the controlled and efficient transfer of gas without
the bubbling of bulk-gas through the lguid phase. As is well known in the art,
bubbiing can disrupt cell culture growth within a bic-reactive container and can be
particularly problematic with respect to "fragile” cell cultures such as stem calls.
{147} In ancther aspect of the disclosure as shown in FIG. 14, a blo-reactive
container assembly designated generally as 2¥inciudes a bio-reactive container
11 and a hybrid segmented inlet/oudlet element 12¥1 structured 1o deliver and ©©
receive liquids andfor gases fo and fram the bic-reactive container. Element 43
includes a separator wall 28 secured, or formed in the element to partition the
glement into an inlet chamber 31 and an outlet chamber 33 Asingle laver or dual
layer membrane 18¥s secured in inleloutiet element 12¥8or between slement 1299
and hio-reactive container 1149,

[118] Artinlet 248¥s formed on a first end of slement 12V 1o receive ligquids
and/or gases introduced into the bio-reactive container assembly. Infet 24¥ may be
formed with, or have attached therelo, one or muitiple check valve, guick-connect, or
other attachment features fo permit attachment to fiuid and/or gas sources.

{118} An outlet port 30Vis formed on a second end of element 129 to permit
the egress of iquids and/or gases from the bio-reactive confainer assembly, Qutlet
30 may be formed with, or have attached thereto, one or multiple check valve,
guick-connect, or other attachment features to permit attachment to tubes or ather
features to receive fluid and/or gas from assembly 2,

{1201 Elerents 12¥ and 28% can be structured with the same considerations
as other elements denoted generally and respectively as 12 and 28 using single or
multiple fayers of hydrophilic and/or hydrophobic membranes fo promote either bulk
flow or diffusional-based transport belween the slements 12 and 281 and bio-
reactive container 1195, Any combination of layers or noted characteristics are within
the contemplation and scope of the disclosure.

121 In another aspect of the disclosure, a single hydrophobic membrane
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can be used on the outlet side separating outiet chamber 33 from the interior of the
hio-reactive container. Use of a hydrophilic membrane in conjunction with a
hydrophobic membrane on the outlet side creates a greater boundary layer that
reduces efficiency with which liquid with dissolved gases can flow through the
liquid/gas interface defined by the hydrophobic membrane. Use of a vacuum on the
outlet side promotes the transfer of gas out of the liguid dissolved phase as
disclosed previously. The presence of a hydrephilic membrane on the container side
would impede or stop gas flow and function as an unnecessarily restrictive boundary
tayer due to normal fluid dynamics. The hydrophilic membrane combined with the
hydrophilic membrane on the outlet side functions as a magnified boundary tayer in
which bulk transfer of liquid is restricted.
{122} The removal or absence of a hydrophilic fayer permits the gas inthe
liquid dissolved phase to move freely to the hydrophobic poundary layer interface.
This can substantially improve the transfer of gas out of the liquid dissolved phase.
The benefit of a hydrophilic hydrophobic Jayer as explained previously, is the
prevention of bulk flow between phases under variable process conditions. As
example, if the pressure within the internal volume of element 28Y4 becomes higher
than that within the bio-reactive container, bulk gas flow may ocour into the bio-
reactive container, which may be unwanted.
{123} it should be understood that multiple different combinations are
possible with respect to the filter membrane configurations used with container
assembly 2% The membrane across inlet chamber 31 and outlet chamber 33 can
be a single layer of a hydrophobic, hydrophilic, hydrophobic with portions modified i
be hydrophiic, or hydrophilic with portions modified to be hvdrophohic, The
membrane can be a dual fayer with one layer hydrophobic and the other hydrophilic
with sither layer facing the internal container chamber. Alternatively, the membrane
over inlet 31 can be a dual layer with a hydrophilic layer and a hydrophobic layer
while the membrane aver outiet 33 may be a single layer hydrophabie, or hydrophiic.
Afurther alternative is to have a single fayer membrane over inlet 31, hydrophobic of
yelrophitic, and a dual tayer over outiet 33 with a hydrophilic layer and a
hydrophobic layer. The configurations each will have advantages and disadvantages
depending upon whether the focus of the container configuration e to promote
perfusion, or to promote gasification/degasification. Any combination of any sat of
fitter membrane layers, membrane types, pore sizes, sl are within the
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contemplation, scape and spiril of this disclosure.

{124} While the present disclosure has been described in connection with
several embodiments thereof, it will be apparent 1o those skilled in the art that many
changes and modifications may be made without departing from the trug spirit and
scope of the present disclosure. Accordingly, itis intended by the appended claims 1o
cover ail such changes and modifications as come within the frue spirit and scope of
the disciosure. What !l claim as new and desire {o secure by United States Letters
Patent is
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1. A bio-reactive container assembly comprising:

a big-reactive container having a sidewall;

ar inlet filter membrane secured to the container sidewall wherein the
membrane defings a bottom end of the container and wherein the combination of the
container and the membrane define a blo-reactive chamber: and,

an outlet extending from the container.

2 The container assembly of claim 1 wherein the assembly further comprises a
filter suppaort secured to the assembly wherein the support provides structural

reinforcement to the membrans.

3. The container assembly of claim 2 whersin the filter support defines a
perimeter shoulder, wherein the filter membrans is dimensioned and structured to fit

within the perimeter shoulder,

4. The conlainer assembily of claim 3 further comprising a lowsr support membrane

positioned adjacent a lower side of the filler membrane.

8 The container assembly of claim 4 further comprising an upper support
membrane positioned adjacent to an upper side of the filter membrane.

8. The container assembly of claim 5 further comprising a rigid support secured
o the upper support membrane.

7. The container assembly of claim & further comprising a sealing band
superpused about the filter membrane, lower support, upper support and rigid

support

8. The container assembly of claim 1 further comprising a rigid support secured

fo the filler membrane.

8. The container assembly of claim 1 further comprising an outlet filter

mambrane securad {o the container sidewall.

10, The container assembly of claim 9 wherein the assembly further comprises

B
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an outlet filter support secured to the assembly wherein the support provides

structural reinforcement to the membirane.

11.  The container assembly of claim 10 wherein the filter support defines a
perimeter shoulder, wherein the filter membrane is dimensioned and structured to fit

within the perimeter shoulder.

12. The container assembly of claim 11 further comprising an outlet membrane lower
support membrane positioned adjacent a lower side of the outllet filter membrane.

13, The container assembly of claim 12 further comprising an outlet membrane
upper support membrane positioned adjacent {0 an upper side of the outllet filter
membrane,

14, The container assembily of claim 13 further comprising a rigid support securad

{¢ the cutlel membrane upper support membranea.

15, The container assembly of claim 14 further comprising a sealing band
superposed about the outlet filter membrane, outlet membrane lower support, cutlet
membrane upper support and cutlet membrane rigid support.

16, The confainer assembly of claim 9 further comprising a rigid support secured

{o the outlst filter membrans.

7. Abio-reactive container assembly comprising:

a bio-reactive container having a sidewall;

an cutlet fiiter membrane secured to the container sidewall wherein the
membrane defines a top end of the container and wherein the combination of the
container and the membrane define g bio-reactive chamber, and,

an inlet extending from the container.

18 The container assembly of claim 17 wherein the assembly further comprises a
fiter support secured to the assembly adjacent the filter membrane wherein the

support provides structural reinforcement {o the membrane.

2
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18, The conlainer assembly of claim 18 wherein the filter support defines a
perimeter shoulder, wherain the filter membrans is dimensioned o fit within the

perimeter shoulder,

20. The container assembly of claim 19 further comprising a lower support
membrane positionad adjacent a lower side of the outlet filter membrane.

21 The container assembly of claim 20 further comprising an upper support

membrane posttionsd adjacent to an upper side of the outlet filter membrane.

22, The container assembly of claim 21 further comprising 3 rigid support secured
to the upper suppart membrang.

23, The container assembly of claim 22 further comprising a sealing band
superposed about the outlet filter membrane, lower support, upper support and rigid

support,

Loz
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AMENDED CLAIMS
received by the International Bureau on 17 August 2016(17.08.2016)

1. A bio-reactive container assembly comprising:

a hio-reactive container sidewall,

an inlet filter membrane secured directly to the bio-reactive container sidewall,
wherein the combination of the sidewall and the inlet filter membrane defines a bio-
reactive container, wherein the bio-reactive container sidewall defines a side and a
top end of the bio-reactive container, wherein the inlet filter membrane defines a
bottom end of the bio-reactive container, and wherein the bio-reactive container
defines a bio-reactive chamber; and,

an outlet extending from the bioreactive container.

2. The container assembly of claim 1 wherein the assembly further comprises a
filtter support secured to the bio-reactive container wherein the support provides
structural reinforcement to the membrane.

3. The container assembly of ¢laim 2 wherein the filter support defines a
perimeter shoulder, wherein the filter membrane is dimensioned and structured to fit
within the perimeter shoulder.

4. The container assembly of claim 3 further comprising a lower support membrane
positioned adjacent a lower side of the filter membrane, wherein the filter membrane
has pores with a filter membrane pore size, and wherein the lower support
membrane has pores with a pore size greater than the filter membrane pore size.

5. The container assembly of claim 4 further comprising an upper support
membrane positioned adjacent to an upper side of the filter membrane, wherein the
upper support membrane has pores with a pore size greater than the filter

membrane pore size.

6. The container assembly of claim 5 further comprising a rigid support secured
to the upper support membrane.

~

7. The container assembly of claim 6 further comprising a sealing band
superposed about the filter membrane, the lower suppart membrane, the upper
support membrane and the rigid support.

AMENDED SHEET (ARTICLE 19)
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8. The container assembly of claim 1 further comprising a rigid support secured

to the filter membrane.

9, The container assembly of claim 1 further comprising an outlet filter
membrane secured directly to the container sidewall,

10.  The container assembly of claim 9 wherein the assembly further comprises
an outlet filter support secured to the container sidewall wherein the support provides
structural reinforcement to the outlet filter membrane.

11.  The container assembly of claim 10 wherein the outlet filter support defines a
perimeter shoulder, wherein the outlet filler membrane is dimensioned and structured
to fit within the perimeter shouider.

12. The container assembly of claim 11 further comprising an outlet membrane lower
support membrane positioned adjacent a lower side of the outlet filter membrane,
wherein the outlet filter membrane has outlet membrane pores with an outlet
membrane pore size, and wherein the outlet membrane lower support membrane
has pores with a pore size greater than the outlet membrane pore size.

13.  The container assembly of claim 12 further comprising an outlet membrane
upper support membrane positioned adjacent to an Upper side of the outlet filter
membrane, wherein the outlet membrane upper support membrane has pores with a
pore size greater than the outlet membrane pore size:

14, The container assembly of claim 13 further comprising a rigid support secured
to the outlet membrane upper support membrane.

15.  The container assembly of claim 14 further comprising a sealing band
superposed about the outlet filter membrane, outlet membrane lower support, outiet

membrane upper support and outlet membrane rigid support.

16. The container assembly of claim 9 further comprising a rigid support secured

AMENDED SHEET (ARTICLE 19)
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to the outlet filter membrane.

17.  Abio-reactive container assembly comprising:

a bio-reactive container sidewall;

an outlet filter membrane secured directly to the container sidewall, wherein
the combination of the sidewall and the outlet filter membrane defines a bio-reactive
container, wherein the bio-reactive container sidewall defines a side and a hottom
end of the bio-reactive container, wherein the outlet filter membrane defines a top
end of the container, and wherein the bio-reactive container defines a bio-reactive
chamber; and,

an inlet extending from the bio-reactive container.

18.  The container assembly of claim 17 wherein the assembly further comprises a
filter support secured to the bio-reactive container adjacent the filter membrane
wherein the support provides structural reinforcement to the membrane.

19.  The container assembly of claim 18 wherein the filter support defines a
perimeter shoulder, wherein the filter membrane is dimensioned to fit within the

perimeter shoulder.

2Q. The container assembly of claim 19 further comprising a lower support
membrane positioned adjacent a lower side of the outlet filter membrane, wherein
the outlet filter membrane has outlet membrane pores with an outlet membrane pore
size, and wherein the outlet membrane lower support membrane has pores with a
pore size greater than the outlet membrane pore size.

21.  The container assembly of claim 20 further comprising an upper support
membrane positioned adjacent to an upper side of the outlet filter membrane,
wherein the outlet membrane upper support membrane has pores with a pore size
greater than the outlet membrane pore size.

22.  The container assembly of claim 21 further comprising a rigid support secured
to the upper support membrane.

AMENDED SHEET (ARTICLE 19)
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23 The container assembly of claim 22 further comprising a sealing band

superposed about the outlet filter membrane, lower support, upper support and rigid

support.

AMENDED SHEET (ARTICLE 19)
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