STIRRER CELL MODULE AND METHOD OF USING
BACKGROUND OF THE INVENTION

[0001] In view of differences between, for example, typeémolecules and various
processes, membranes are evaluated to provideradibalance between selectivity and
flux. Stirrer cell modules are used in small sgabnufacturing and research, e.g., to
preliminarily evaluate membrane candidates foringkesired applications and devices.
Typically, the module is in the form of a stirrethk and a membrane is fitted in the bottom.
A feed or challenge fluid is introduced into thedute, the module is operated, and the flux
versus the selectivity is analyzed for each mendrddased on the results, membranes may
be further evaluated, e.g., they can be scaleddpested using cross-flow or
trans-membrane pressure (TMP) conditions, for exanusing a tangential flow filtration
(TFF) cassette or holder.

[0002] However, there is a need for improved stirrer sedules providing for more
accurate and/or predictive results, e.g., resltsec to those resulting from those using TFF
cassettes or holders. These and other advantagesmresent invention will be apparent
from the description as set forth below.

BRIEF SUMMARY OF THE INVENTION

[0003] In accordance with embodiments of the inventiotirees cell module is provided
that can be operated to provide efficient membtasgng.

[0004] One embodiment of the stirrer cell module compr{ggs bottom wall including

a port; (b) a body comprising an inner wall; (cptatable stirrer comprising a shaft and at
least one member projecting from the shaft; anda (olffle comprising an upper surface, a
lower surface, at least a central passage, theatg@@issage passing through both the upper
and lower surfaces, and a side comprising an cutéace, the outer surface contacting the
inner wall of the body, wherein the stirrer shadspes through the central passage of the
baffle and the stirrer member is arranged betwketottom wall and the lower surface of
the baffle. In some embodiments, the central ggssamprises a passage with a tapered side
wall. Alternatively, or additionally, in some entiments, the baffle can further comprise a
plurality of flow passages passing through bothupger and lower surfaces, and the flow

passages can comprise perforations and/or fins.



[0005] Another embodiment of the stirrer cell module coisgs (a) a bottom wall
including a port; (b) a body comprising an innelli@&) a rotatable stirrer comprising a shaft
and at least one member projecting from the shatt; (d) a baffle comprising an upper
surface, a lower surface, a central passage, alpjyuof fluid flow passages, the central
passage and the plurality of fluid flow passagessipg through both the upper and lower
surfaces, and a side comprising an outer surfaeeguter surface contacting the inner wall of
the body, wherein the stirrer shaft passes threéligltentral passage of the baffle and the
stirrer member is arranged between the bottom avallthe lower surface of the baffle. In
some embodiments, the fluid flow passages of tffikeb@mprise perforations and/or fins.
[0006] In another embodiment, a method of using a staeirmodule is provided.

[0007] Another embodiment of the invention provides aledfir use in a stirrer cell

module.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWG(S)

[0008] Figure 1 (A-B) shows front, perspective, side, arabs-sectional views of baffles
including a central passage, for use in stirrdrroeldules according to embodiments of the
present invention. Figure 1A shows a central ggessath a tapered side wall (shown
tapered from the upper surface and from the lowdase), and Figure 1B shows a central
passage with a non-tapered (e.g., straight intécaécross-sectional view) side wall.

[0009] Figure 2 shows front, perspective, and side vieWsslmaffle including a central
passage and a plurality of fluid flow passagesuf® in a stirrer cell module according to an
embodiment of the present invention.

[0010] Figure 3 shows a perspective view of another baifteiding a central passage
and a plurality of fluid flow passages for usetinrer cell modules according to other
embodiments of the present invention.

[0011] Figure 4 shows an assembled view of a stirreraetiule according to an
embodiment of the present invention, includinglib&le shown in Figure 1A (membrane not
shown), the module comprising a bottom wall inchgda port; a body comprising an inner
wall; a rotatable stirrer comprising a shaft anteast one member projecting from the shaft;
and, the baffle, wherein the baffle comprises ppen surface, a lower surface, at least a
central passage, the central passage passing thbotig the upper and lower surfaces, and a

side comprising an outer surface, the outer surdtiee baffle contacting the inner wall of



the body, wherein the stirrer shaft passes threogltentral passage of the baffle and the
stirrer member is arranged between the bottom avellthe lower surface of the baffle.
[0012] Figure 5 (A-B) shows an exploded view (Figure 5A)@an assembled view
(Figure 5B) of a stirrer cell module according tobeanbodiment of the present invention,
including the baffle shown in Figure 2 (membranéstmwn), the module comprising a
bottom wall including a port; a body comprisingianer wall; a rotatable stirrer comprising
a shaft and at least one member projecting fronsiiadt; and, the baffle, wherein the baffle
comprises an upper surface, a lower surface, st éeeentral passage, the central passage
passing through both the upper and lower surfasesa side comprising an outer surface.
Figure 4B shows the outer surface of the baffldacing the inner wall of the body, wherein
the stirrer shaft passes through the central passiate baffle and the stirrer member is
arranged between the bottom wall and the loweraserbdf the baffle.

[0013] Figure 6 shows an assembled view of a stirreretiule according to an
embodiment of the present invention, includinglib&le shown in Figure 3A (membrane not
shown), the module comprising a bottom wall inchgda port; a body comprising an inner
wall; a rotatable stirrer comprising a shaft anteast one member projecting from the shaft;
and, the baffle, wherein the baffle comprises pgpen surface, a lower surface, at least a
central passage, the central passage passing thbotig the upper and lower surfaces, and a
side comprising an outer surface, the outer surdtiee baffle contacting the inner wall of
the body, wherein the stirrer shaft passes threélgltentral passage of the baffle and the
stirrer member is arranged between the bottom avellthe lower surface of the baffle.
[0014] Figure 7 (A-C) shows cross-sectional views of agdecdhstirrer cell modules
according to embodiments of the present inventiwiyding the baffles shown in Figure 1A,
2, and 3A, respectively (membrane not shown).

DETAILED DESCRIPTION OF THE INVENTION

[0015] In accordance with an embodiment of the inventeostirrer cell module

comprises (a) a bottom wall including a port; (ljcaly comprising an inner wall; (c) a
rotatable stirrer comprising a shaft and at leastmember (typically fixed to the shaft) and
projecting from the shaft; and, (d) a baffle compry an upper surface, a lower surface, at
least a central passage, the central passage gpéasingh both the upper and lower surfaces,
and a side comprising an outer surface, the outésice contacting the inner wall of the

body, wherein the stirrer shaft passes througltéinéral passage of the baffle and the stirrer



member is arranged between the bottom wall antbther surface of the baffle. In some
embodiments, the baffle can further comprise agtityrof flow passages passing through
both the upper and lower surfaces, and the flowapess can comprise perforations and/or
fins.

[0016] Another embodiment of the stirrer cell module coisgs (a) a bottom wall
including a port; (b) a body comprising an innelli@&) a rotatable stirrer comprising a shaft
and at least one member projecting from the shatt; (d) a baffle comprising an upper
surface, a lower surface, a central passage, alpjyuof fluid flow passages, the central
passage and the plurality of fluid flow passagessipgy through both the upper and lower
surfaces, and a side comprising an outer surfaeeuter surface contacting the inner wall of
the body, wherein the stirrer shaft passes thréligltentral passage of the baffle and the
stirrer member is arranged between the bottom avallthe lower surface of the baffle. In
some embodiments, the fluid flow passages of tffikeb@mprise perforations and/or fins.
[0017] In some embodiments, the central passage of tlile loafprises a passage with a
tapered side wall.

[0018] In an embodiment, the baffle comprises a centraldnd a plurality of fins
attached to the hub. In some embodiments, theatdnib has an axis, and the fins are
inclined relative to the axis of the central hukiternatively, or additionally, in an
embodiment, the baffle comprises at least 3 fins.

[0019] Methods of using a stirrer cell module are alsovjghed according to the

invention. For example, an embodiment of the mgtmmprises introducing a fluid into an
embodiment of the stirrer cell module, whereingheer cell module includes a membrane
therein, operating the stirrer, obtaining a fikrgiassing through the membrane, and
analyzing flux versus selectivity for the membrane.

[0020] In another embodiment, a method for operatingreestcell module is provided,
wherein the stirrer cell module comprises a botweat including a port; a body comprising
an inner wall; a rotatable stirrer comprising afshad at least one member projecting from
the shaft; a baffle comprising an upper surfadewer surface, a central passage, the central
passage passing through both the upper and lowfaces, and a side comprising an outer
surface, the outer surface contacting the innerafdhe body; and, a membrane having an
upstream surface and a downstream surface, thesti@am surface contacting the bottom
wall, wherein the stirrer shaft passes throughctrgral passage of the baffle and the stirrer

member is arranged between the bottom wall antbther surface of the baffle; the method



comprising introducing fluid into the body, rotagithe stirrer, and passing fluid through the
through the membrane and through the port in thitvowall. In a preferred embodiment,
the method further comprises analyzing flux verselsctivity for the membrane.

[0021] In accordance with another embodiment of the ptasgantion, a baffle is
provided for use in a stirrer cell module, the leafiomprising a central passage, an upper
surface, a lower surface, and an outer surfaceraihthe central passage pass through both
the upper and lower surfaces. In some embodimgr@sentral passage comprises a passage
with tapered side walls. Alternatively, or additadly, in some embodiments, the baffle can
further comprise a plurality of flow passages pagshrough both the upper and lower
surfaces, and the flow passages can comprise pedios and/or fins. Advantageously,
embodiments of baffles according to the inventimnsitable for use in existing stirrer cell
modules, e.g., the modules can be “retrofit” with baffles.

[0022] In accordance with a baffle according to anotheb@iiment of the present
invention, the baffle comprising a central passélgel flow passages, an upper surface, a
lower surface, and an outer surface, wherein theaeand fluid flow passages pass through
both the upper and lower surfaces. In some embadsrof the baffle, the fluid flow
passages comprise perforations and/or fins.

[0023] Advantageously, baffles (and stirrer cell moduteduding baffles), according to
the invention can be effectively operated. Withioeing limited to any particular
mechanism, it is believed that the baffle impedesnhomentum transfer towards the upper
fluid layers, enabling stirring at higher revolutgper minute and higher flux. It is also
believed that by preventing momentum transfer afn@y the membrane surface, the baffle
traps the kinetic energy (turbulence/pressure) egaby the stirrer near the surface of the
membrane, which enhances the transport of theneetaolute away from the active filtration
site and reduces concentration polarization. bieigeved that this permits higher
transmembrane flux conditions that are more reptasige of tangential flow filtration

(TFF), without the artifacts that might otherwiseibtroduced by high flux conditions
without the enhanced mixing. Additional advantaigetude the requirement for less
challenge solution (e.g., the need for additiomalllenge solution is reduced or eliminated),
reduced testing time and cost. Alternatively, @digonally, testing is carried out more
efficiently, e.g., the results are more predictiesulting in weeding out less desirable
membrane candidates before subsequent scale ingtdéstther reducing the overall test

time and cost.



[0024] In some embodiments, the use of baffles reducdsxéwrmation.

[0025] Each of the components of the invention will nowdescribed in more detail
below, wherein like components have like referemaoabers.

[0026] In the embodiments illustrated in Figures 1-3, #l®4.00 comprises a central
passage 150, an upper surface 110, a lower surd,eand a side 130 comprising an outer
surface 131, wherein the central passage passegthboth the upper and lower surfaces.
[0027] In the embodiments illustrated in Figures 2 anth8,baffle 100 further comprises
a plurality of fluid flow passages 160, wherein thed flow passages pass through both the
upper and lower surfaces of the baffle. In sombadiments, it is believed that the flow
passages allow for drainage and reduced air engapm

[0028] In the embodiments shown in Figure 2, the illusaabaffle includes axially
arranged fins 175, fluid flow passages 160 commgision-spherical openings, a central hub
180 having an axis 185, and an outer ring 135 dhnlyithe outer surface 131, wherein the
fins are interposed between, and connected ta;ghal hub and the outer ring. The fins are
preferably inclined relative to the axis of the ttahhub, and comprise a first edge 175A and
a second edge 175B. In some embodiments (not ghdvenfins include a curve between the
first and second edges.

[0029] In the embodiments shown in Figure 3, the illusadtaffle 100 includes fluid

flow passages 160 comprising spherical holes dogrons 190.

[0030] A variety of baffle configurations are suitable fage in the invention. In those
embodiments wherein the fluid flow passages 160pc@®a spherical or generally spherical
openings (e.g., perforations 190), as shown inréi@, for example, the central passage 150
(for a stirrer shaft) has a larger inner diametantthe individual diameters of the fluid flow
passages 160. Additionally, or alternatively, flb&l flow passages can have similar or
identical inner diameters or open areas compareddh other, or they can be varied.

[0031] In the embodiment illustrated in Figures 1A-1B42and 5, the outer surface 131
of the baffles are continuous, having outer diansgbeoviding an interference fit with the
inner wall of the body of the stirrer cell module.

[0032] However, portions of the outer surface 131 canlteway, for example, as
shown in Figures 3 and 6 (e.g., providing a norticolous outer surface 131A), providing
fluid flow passages, while still providing an infierence fit with the inner wall of the body of

the stirrer cell module.



[0033] The central passage 150 can have any suitablegooafion such as shape and
size (e.g., diameter). lllustratively, the cenpatsage can have a tapered side wall (e.g., as
shown in Figure 1A), or a non-tapered (e.g., shdigide wall (e.g., as shown in Figures 1B,
2A-2C, and 3). With respect to a tapered side,wladl side wall is preferably tapered from
both the upper and lower surfaces, e.g., as showigure 1A, but can be tapered from only
the upper or the lower surface. Typically, thetcarpassage has a diameter in the range of
from about 5 mm to about 30 mm, preferably, thdreépassage has a diameter of about 25
mm or less. However, the central passage candarger or small diameter.

[0034] Additionally, or alternatively, while the illustred embodiments show central
passages 150 each comprising a spherical or ggnspakrical opening, the passage can
have a non-spherical opening, e.g., a triangu&tangular, square, or other shape opening.
Additionally, the opening can have a continuouemsurface 151 (e.g., as shown in Figures
1A-1B, 2, 4, and 5) or an inner surface that isasmaly (e.g., providing a non-continuous
inner surface 151A, as shown in Figures 3 and 6).

[0035] In the embodiment of the stirrer cell module ilhas¢d in Figures 4-6 (and with
reference to the embodiments of the baffle illusttan Figures 1-3), a stirrer cell module
1000 comprises a pressure-sealed cover 700, aiflleitdoutlet port 710, at least one vent
701 (an optional second vent 701 is illustratedjasinlet port 702 (for pressurizing the
module), a membrane holder 600 comprising a bowath601 including a permeate outlet
port 601A, a body 500 comprising a central lumeth imcluding an inner wall 501 and an
outer wall 502, a baffle 100 including a centrasgage 150, an upper surface 110 and a
lower surface 120, the central passage passingghrooth the upper and lower surfaces, the
baffle also comprising a side 130 comprising arepstirface 131 in contact with the inner
wall 501 of the body 500. In the embodiments tHated in Figures 5 and 6, the baffle 100
further comprises fluid flow passages 160, whetieinfluid flow passages pass through both
the upper and lower surfaces 110, 120.

[0036] The illustrated stirrer cell module also compriaestirrer 400, comprising a shaft
410 and an impeller 420 (in the illustrated embaahmcomprising two projecting members
or arms 421A, 421B, extending outwardly from thafghwherein the shaft passes through
the center hole of the baffle and the impellebtsated between the lower surface of the
baffle and the bottom wall (e.g., as also showhigure 7). Additionally, in the illustrated
embodiments, the module includes a moveable suppOr{shown in more detail in Figure

5A), sealably engaging the membrane holder withothay.



[0037] In typical preparation for use, the support 90@veered, a membrane will be
placed on the bottom wall 601 of the membrane @06, and the support is raised,
sealably engaging the membrane holder with the body

[0038] The module can include additional components, fangle, a means for rotating
the stirrer such as a magnet or motor 950, oneove imearings (e.g., associated with the
motor and/or stirrer), one or more o-rings andaskgts, and/or one or more tube fittings
and/or ports and/or valves (e.g., for gas presatioi, venting/pressure relief, and permeate).
[0039] Stirrer cell modules according to embodiments efittvention can have any
suitable capacity, e.g., several milliliters (mlk)more. In some embodiments, the modules
have a capacity of several hundred mL, or sevhmldand mL, or more. Typically, stirrer
cell modules according to embodiments of the ineenthave capacities of about 3 mL to
about 600 mL, or more.

[0040] A variety of body configurations (as well as configtions for the cover, bottom
wall, stirrer, and support) are suitable for uséhminvention, and such elements and
configurations can be commercially available.

[0041] In the illustrated embodiment, the lower end 43thefstirrer 400 has a generally
“T-shaped” appearance, e.g., wherein the stirraftgli0 has a vertical axis and the impeller
420 has two members or arms 421a, 421b projecéngepdicular or substantially
perpendicular to the vertical axis, and the ceot¢he impeller is mounted to the lower end
of the shaft, but the invention is not so limitdtustratively, the impeller can have three or
more arms and/or bent arms and/or the member()rogect non-parallel or parallel to the
vertical axis of the shaft. Additionally, or albatively, the impeller can be mounted to the
shaft at a distance from the lower end of the shaft

[0042] The baffle, body, membrane holder, support, coaed, stirrer can be fabricated
from any suitable rigid impervious material, indiugl any impervious thermoplastic material,
which is compatible with the fluid(s) being usdebr example, the baffle, body, membrane
holder, and cover can be fabricated from a polymea metal, such as stainless steel.
Typically, the surfaces contacting the stirredrdfuare non-metal for those embodiments
wherein solvent resistance is less of a concewhtlaa surfaces contacting the stirred fluids
are metal (e.g., stainless steel) and/or glass @@gpsilicate glass) wherein solvent
resistance is of interest. In one embodimentshiadt and impeller are coated with PTFE.

In a preferred embodiment, the body and the bafieeeach fabricated from a polymer; in

some embodiments, the body is a transparent altreent polymer, such as an acrylic,



polypropylene, polystyrene, sulfone, or a polycaidied resin. A transparent or translucent
polymer can be desirable for viewing the contefthi® module while the module is
operating.

[0043] A variety of membranes can be used in accordanitetie invention.

[0044] The membranes can have any suitable pore struetgrea pore size (for
example, as evidenced by bubble point, or byaK described in, for example, U.S. Patent
4,340,479, or evidenced by capillary condensation porometry), a mean flow pore (MFP)
size (e.g., when characterized using a poromeiegXample, a Porvair Porometer (Porvair
plc, Norfolk, UK), or a porometer available undee trademark POROLUX
(Porometer.com; Belgium)), a pore rating, a poesrditer (e.g., when characterized using the
modified OSU F2 test as described in, for exampl8, Patent 4,925,572), or a removal
rating.

[0045] The membranes can have any suitable diameter faatie¢ membrane area.
Typically, the membranes have diameters of at lalagtit 25 mm and effective membrane
areas of at least about 0.9more typically, effective membrane areas of asi@bout 3.5
cn?. Other illustrative membrane diameters and dffeanembrane areas are at least about
45 mm and at least about 11.5%w@t least about 64 mm and at least about 272 anfeast
about 76 mm and at least about 38.5;cmhleast about 90 mm and at least about 54% @m
least about 150 mm and at least about 162 ommore.

[0046] The following examples further illustrate the intien but, of course, should not

be construed as in any way limiting its scope.
EXAMPLE 1

[0047] This example demonstrates that using a stirremeetiule including a baffle
according to an embodiment of the invention progidexed dextran R90 results more
representative of TFF cassette performance thasettie results obtained using a stirrer cell
module without the baffle.

[0048] A tapered solid plastic disc baffle with an 8.9memiral hole (as generally
illustrated in Figure 1A) is installed into therstr cell module using force fit, locating the
baffle about 1 cm over the upstream surface ofriembrane, wherein the baffle can be
removed for the direct comparison of the baffldfea. The module has a capacity of about
50 mL. The membranes tested in the module (ustoex&ran challenge) are about 44.5 mm
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in diameter and have effective membrane areasmftal8.4 cri. Identical grades of
membranes are placed in each container and tested.

[0049] Five 44.5 mm discs of Delta Regenerated Cellulosdianwith a 30kDa nominal
molecular weight cut off (Pall Corporation, Port $idangton, NY) are tested twice in the
same stirrer cell module, once with a baffle andeowithout baffle. Prior to a first dextran
challenge, the discs are rinsed for 24 hours iordeed (DI) water and subsequently flushed
of any preservatives by pressurizing 250 mL oftfrB$ water through the discs at a pressure
of 55 psi. After the first dextran challenge, thecs and stirrer cell module are cleaned with
a thorough rinse using DI water followed by a 1daté cleaning cycle involving 1000 RPM
stirring with fresh DI water heated to 40 °C. Easbmbrane sample was tested twice
sequentially and the testing order was alternatiéu tiwee discs challenged first with the
baffle and two discs tested first without the keaffl

[0050] The stirrer cell module is operated while regulgi@nconstant permeate flux. The
stirrer cell is pressurized to 20 psi with nitrogerd the magnetic stirrer rotated at 1600 RPM
using a VWR digital stir plate. The permeate flievget to 70 liters per square meter per
hour (LMH) using a Rainin Precision Peristaltic Ru(Mettler Toledo; Columbus, OH)
downstream of the cell modules.

[0051] The samples tested without the baffle have higle&¥s(17 kDa higher)

compared to the same samples tested with the baffleen the discs are tested with the
baffle, an R90 of about 28 kDa is observed; howewben the same discs are tested without
the baffle, an R90 of about 45 kDa is measurece difserved difference is found to be
statistically significant regardless of the testorder using a paired T-test (p < 0.05).

[0052] A stirrer cell module including a baffle is setapd operated as generally
described in Example 1, with the exception thatstimeer is rotated at 1000 RPM, and the
constant permeate flux is 25 LMH. The R90 is 1akD

[0053] A TFF cassette test using the same membrane gnadgextran mix provides an
R90 of 16-18 kDa.

[0054] Thus, this example demonstrates that using arstelemodule including a baffle
according to an embodiment of the invention (uslififigrent stirring rates and permeate
fluxes) provides mixed dextran R90 results moreasgntative of TFF cassette performance

than those the results obtained using a stirrénoatiule without the baffle.
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EXAMPLE 2

[0055] This example demonstrates the reduction in voxexétion using a cell stirrer
module including baffles with different diametent@l passages.

[0056] Stirrer cell modules including baffles as generalipwn in Figures 1B and 4 are
set up. For comparison, stirrer cell modules withmaffles are also set up for each set of
experiments.

[0057] A 44.5 mm module is used, and the baffles haveralediameters of 8.9 mm, 10.2
mm, 11.4 mm, 12.7 mm, and 19.1 mm.

[0058] The baffles are plastic plates wedged againstriheriwall of a polysulfone
cylindrical body. The baffle is located about 1 above the surface of the membrane holder.
Challenge solution is introduced and the moduf@éssurized with nitrogen gas at 5 psi
(34.5 kPa). The stirrer RPM is confirmed by alstrscope. Pictures are taken of the vortex
heights at different stir speeds, and the vorteghte from the pictures are analyzed using
Micrometrics Image Analysis Software by calibrateech image to a reference length.

[0059] The results are as shown in the following table 1.:

Center Hole Size (mm) Stir RPM Vortex Height (mm)
8.9 240 0.02
8.9 600 0
8.9 1000 0.03
8.9 1600 0
10.2 240 0
10.2 600 0
10.2 1000 0
10.2 1600 1.02
11.4 240 0.02
114 600 0.05
11.4 1000 0.3
11.4 1600 3.18
12.7 240 0.9
12.7 600 0.95
12.7 1000 3.39
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[0060]

central diameters of 8.9 mm, 12.7 mm, and 19.1 mm.

12.7 1600 8.31
19.1 240 0.29
19.1 600 5.81
19.1 1000 23.17
19.1 1600 30.62
44.5 (no baffle) 240 2.61
44.5 (no baffle) 600 26.97
44.5 (no baffle) 1000 44.29
44.5 (no baffle) 1600 50.63
Table 1

In another set of experiments, a 63.5 mm modulisésl, and the baffles have

[0061] The results are as shown in the following table 2:
Center Hole Size (mm) Stir RPM Vortex Height (mm)

8.9 240 0
8.9 600 0
8.9 1000 0
12.7 600 0
12.7 1000 0
12.7 1600 0.21
19.1 600 0
19.1 1000 5.07
19.1 1600 19.72

63.5 (no baffle) 240 8.11

63.5 (no baffle) 600 55.96

63.5 (no baffle) 850 77.81

Table 2
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[0062] The example shows that the vortex can be redudad baffles with central

passages, and a variety of central diameters &sdbka
EXAMPLE 3

[0063] This example demonstrates the reduction in voexéation using a cell stirrer
module including baffles with different thicknesse®l different numbers of fins.

[0064] Stirrer cell modules including baffles as generatlypwn in Figures 2 and 5 are set
up. For comparison, a stirrer cell module withioatfles is also set up.

[0065] A 44.5 mm module is used, and two sets of bafftesuged, one set has a
thickness of 3.4 mm and 3, 6, and 10 blades, thersiet has a thickness of 6.4 mm and 3, 6,
and 10 blades.

[0066] The baffles are plastic plates wedged againstrtheriwall of a polysulfone
cylindrical body. The baffle is located about 1 above the surface of the membrane holder.
Challenge solution is introduced and the moduf@éssurized with nitrogen gas at 5 psi
(34.5 kPa).

[0067] The stirrer is rotated at 0, 240, 600, 800 and 1RPM.

[0068] Pictures are taken of the vortex heights at diffestir speeds, and the vortex
heights from the pictures are analyzed using Mi@wits Image Analysis Software by
calibrating each image to a reference length.

[0069] The results are as shown in the following table 3:

Thickness (mm) Number of blades Stir RPM Normali¥®rtex
Height (mm)

3.4 3 0 0

3.4 3 240 1.15
3.4 3 600 9.96
34 3 800 19.69
3.4 3 1000 24.11
3.4 6 0 0

3.4 6 240 1.12
3.4 6 600 5.76
3.4 6 800 9.34
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3.4 6 1000 12.51
3.4 10 0 0
3.4 10 240 0.72
3.4 10 600 1.26
3.4 10 800 141
3.4 10 1000 3.28
6.4 3 0 0
6.4 3 240 0.6
6.4 3 600 6.3
6.4 3 800 9.24
6.4 3 1000 12.29
6.4 6 0 0
6.4 6 240 0.44
6.4 6 600 2.93
6.4 6 800 4.64
6.4 6 1000 6.58
6.4 10 0 0
6.4 10 240 0.12
6.4 10 600 2.71
6.4 10 800 6.13
6.4 10 1000 7.85
no baffle no baffle 0 0
no baffle no baffle 240 2.86
no baffle no baffle 600 26.42
no baffle no baffle 800 33.55
no baffle no baffle 1000 42.23

Table 3

[0070] The example shows that the vortex can be redudad adaffle with fins, and a

variety of number of blades and baffle thicknessessuitable.
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[0071] All references, including publications, patent agtions, 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.

[0072] The use of the terms “a” and “an” and “the” andl&tst one” and similar
referents in the context of describing the invem{iespecially in the context of the following
claims) are to be construed to cover both the $amgund the plural, unless otherwise
indicated herein or clearly contradicted by contékite use of the term “at least one”
followed by a list of one or more items (for examplat least one of A and B”) is to be
construed to mean one item selected from the ligteas (A or B) or any combination of two
or more of the listed items (A and B), unless othgee indicated herein or clearly
contradicted by context. The terms “comprisindgiaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,ingeancluding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valugsiheare merely intended to serve as a
shorthand method of referring individually to eagparate value falling within the range,
unless otherwise indicated herein, and each sepaahie is incorporated into the
specification as if it were individually recitedreen. All methods described herein can be
performed in any suitable order unless otherwidecated herein or otherwise clearly
contradicted by context. The use of any and ahgXes, or exemplary language (e.g., “such
as”) provided herein, is intended merely to batteminate the invention and does not pose a
limitation on the scope of the invention unlesseotyise claimed. No language in the
specification should be construed as indicatingrasmy-claimed element as essential to the
practice of the invention.

[0073] Preferred embodiments of this invention are deedrirerein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred
embodiments may become apparent to those of oydgkdt in the art upon reading the
foregoing description. The inventors expect sHigtisans to employ such variations as
appropriate, and the inventors intend for the itloento be practiced otherwise than as
specifically described herein. Accordingly, tmsention includes all modifications and
equivalents of the subject matter recited in tlaents appended hereto as permitted by
applicable law. Moreover, any combination of thewe-described elements in all possible
variations thereof is encompassed by the inventidass otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIM(S):
1. A stirrer cell module comprising

€)) a bottom wall including a port;

(b) a body comprising an inner wall;

(c) a rotatable stirrer comprising a shaft anagtast one member
projecting from the shaft; and,

(d) a baffle comprising an upper surface, a lowefase, a central
passage, the central passage passing throughheotipper and lower
surfaces, and a side comprising an outer surfaesquter surface
contacting the inner wall of the body,

wherein the stirrer shaft passes through the dgpaissage of the baffle and

the stirrer member is arranged between the bottathamd the lower surface

of the baffle.
2. The stirrer cell module according to claim 1andin the baffle further

comprises a plurality of fluid flow passages, thaglity of fluid flow passages passing

through both the upper and lower surfaces.

3. The stirrer cell module of claim 2, wherein tiadfle comprises a central hub

and a plurality of fins attached to the hub.

4, The stirrer cell module of claim 2, wherein tadfle comprises a perforated

plate.

5. The stirrer cell module of any one of claims, wferein the central passage

comprises a tapered side wall.

6. The stirrer cell module of any one of claims, wherein the outer surface of

the baffle is continuous.

7. The stirrer cell module of any one of claims, WwBerein the central passage

of the baffle has a continuous inner surface.

8. The stirrer cell module of any one of claims, Ttifther comprising a

membrane, wherein the membrane contacts the boetaln



17

9. A method for operating a stirrer cell module gndin the stirrer cell module
comprises a bottom wall including a port; a bodgnpasing an inner wall; a rotatable stirrer
comprising a shaft and at least one member pragétom the shaft; a baffle comprising an
upper surface, a lower surface, a central pastiagegentral passage passing through both the
upper and lower surfaces, and a side comprisiraugar surface, the outer surface contacting
the inner wall of the body; and, a membrane haagmgpstream surface and a downstream
surface, the downstream surface contacting thetmottall, wherein the stirrer shaft passes
through the central passage of the baffle andtthrersmember is arranged between the
bottom wall and the lower surface of the baffle;

the method comprising introducing fluid into thedlgprotating the stirrer, and

passing fluid through the through the membranethraligh the port in the bottom wall.

10. A method for operating a stirrer cell modalemprising introducing fluid into
the body of the stirrer cell module of any onelafras 1-8, operating the stirrer, and passing

fluid through the membrane and through the pothéebottom wall.

11. The method of claim 9 or 10, further commgsanalyzing flux versus
selectivity for the membrane.



