HIGH TURNDOWN IMPELLER

BACKGROUND OF THE INVENTION

[0001] The preparation of fluids, particularly solutionsdasuspensions in the
pharmaceutical and biopharmaceutical industriggcéjly involves thorough mixing to
provide the desired distribution of ingredientshie product. Many mixing operations are
carried out in stainless steel vessels with a mgiximpeller mounted near the base of the
vessel, and the impeller can be operated as #uildained from the bottom of the vessel.
[0002] However, there is a need for improved impellers mndng vessels including
impellers.

[0003] The present invention provides for amelioratingeast some of the disadvantages
of the prior art. These and other advantageseopthsent invention will be apparent from
the description as set forth below.

BRIEF SUMMARY OF THE INVENTION

[0004] An embodiment of the invention provides an impeltgruse in bioprocessing, the
impeller comprising (a) a rotatable hub; (b) asteéao arms extending from the hub, each
arm comprising an upper edge, a lower edge, a hdpaeterminal end, an arm outer face, an
arm inner face, and a length from the hub endedehminal end, wherein the hub end of the
arm is connected to the hub, and the terminal étidecarm further comprises: (c) a
protrusion extending from the lower edge of the,ahma protrusion comprising a first end, a
second end, a protrusion outer face, a protrusineriface, and having a distance between
the first end and the second end, the first erahged between the hub end of the arm and
the terminal end of the arm, and the second erehditig to the terminal end of the arm, the
protrusion outer face forming an angle in the raoigieom at least about 45 ° to about 90 °
with respect to the arm outer face, wherein theade between the first and the second ends
of the protrusion is in the range of from about 2&%about 60% of the length from the hub
end of the arm to the terminal end of the arm.fdPably, the impeller further comprises a
rotatable shaft comprising a cylindrical elementihg a first end and a second end, the shaft
having a vertical rotational axis, wherein the mimounted on the first end of the rotatable



shaft, and the hub has a horizontal axis perpelatitothe vertical rotational axis of the
shaft.

[0005] In another embodiment, a mixing vessel for usaoptocessing is provided,
comprising (@) a biocontainer comprising a closaatainer having an interior volume
suitable for containing fluid, the container consprg a bottom wall, a top wall, at least one
side wall, the side wall(s) being joined to the tegil and the bottom wall; and at least an
inlet port, and a drain port, the drain port beamganged in the bottom wall, wherein the
biocontainer further comprises: (b) a rotatabléadgr comprising an impeller and a housing
assembly, the impeller comprising (i) a rotatalilafscomprising a cylindrical element
having a first end and a second end, the shafhigaviertical rotational axis, the shaft
passing through the bottom wall of the biocontaswerh that the first end extends into the
interior volume of the container and the secondetdnds exterior to the bottom wall; (ii) a
hub mounted on the first end of the rotatable shiaét hub having a horizontal axis
perpendicular to the vertical rotational axis af #haft; (iii) at least two arms extending from
the hub, each arm comprising an upper edge, a ledge, a hub end, a terminal end, an arm
outer face, an arm inner face, and a length frarhtib end to the terminal end, wherein the
hub end of the arm is connected to the hub, antetn@nal end of the arm further
comprises: (iv) a protrusion extending from the éowdge of the arm, the protrusion
comprising a first end, a second end, a protrusiger face, a protrusion inner face, and
having a distance between the first end and thenskeend, the first end arranged between the
hub end of the arm and the terminal end of the amd,the second end extending to the
terminal end of the arm, the protrusion outer flaceing an angle in the range of from at
least about 45 ° to about 90 ° with respect tathe outer face, wherein the distance between
the first and the second ends of the protrusiam ike range of from about 25% to about 60%
of the length from the hub end of the arm to thiieal end of the arm; and (v) the housing
assembly mounted to the bottom wall of the biodoeta the housing assembly comprising a
bearing and a seal; the housing assembly sealsuglyorting the rotatable shaft, wherein the
second end of the shaft passes through the hoassegmbly.

[0006] A method of preparing a mixed fluid used in biogsging according to another
embodiment of the invention method comprises (a¥ipg at least one fluid and at least one
component to be mixed with the fluid through arirgort into a biocontainer comprising a
closed container having an interior volume, thetamer comprising a bottom wall, a top

wall, at least one wall, the side wall(s) beinghg to the top wall and the bottom wall; and



at least the inlet port, and a drain port, therdpairt being arranged in the bottom wall,
wherein the biocontainer further comprises a rblatanpeller, the impeller comprising: (i)

a rotatable shaft comprising a cylindrical elententing a first end and a second end, the
shaft having a vertical rotational axis, the sipai$sing through the bottom wall of the
biocontainer such that the first end extends in&imterior volume of the container and the
second end extends exterior to the bottom wa)la(hub mounted on the first end of the
rotatable shaft, the hub having a horizontal agipendicular to the vertical rotational axis of
the shatft; (iii) at least two arms extending frdre hub, each arm comprising an upper edge,
a lower edge, a hub end, a terminal end, an arer éate, an arm inner face, and a length
from the hub end to the terminal end, wherein tife énd of the arm is connected to the hub,
and the terminal end of the arm further comprig@s):. a protrusion extending from the lower
edge of the arm, the protrusion comprising a éred, a second end, a protrusion outer face, a
protrusion inner face, and having a distance betviiee first end and the second end, the first
end arranged between the hub end of the arm artdrinenal end of the arm, and the second
end extending to the terminal end of the arm, tio¢rpsion outer face forming an angle in

the range of from at least about 45 ° to aboutWwidfrespect to the arm outer face, wherein
the distance between the first and the second@rttie protrusion is in the range of from
about 25% to about 60% of the length from the hudb & the arm to the terminal end of the
arm; and, (b) rotating the impeller, and mixing #téeast one fluid and the at least one
component to be mixed with the fluid, and produdimg mixed fluid.

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

[0007] Figure 1 (A-B) shows a perspective view (Fig. 1A)la side view (Fig. 1B) of an
impeller according to an embodiment of the invemtio

[0008] Figure 2 is a side view of an assembled agitatooraing to an embodiment of
the present invention, comprising the impellerta®sa in Figure 1, and a seal housing.
[0009] Figure 3 is an exploded view of the agitator shanRigure 2.

[0010] Figure 4 is a side view of an agitator accordingricembodiment of the present
invention, comprising the agitator as shown in Fég®, wherein the agitator is mounted to a
bottom wall of a biocontainer of a mixing vessel.

[0011] Figure 5 is a perspective view of a mixing vessebading to an embodiment of
the present invention, including the agitator shawRigure 2, mounted to the bottom wall of

the biocontainer of the mixing vessel.



DETAILED DESCRIPTION OF THE INVENTION

[0012] Advantageously, a desired distribution of ingrethan a mixed fluid can be
provided, and a greater volume of the mixed fliad be obtained for further use. Mixing
operations performed by an impeller mounted orbtittom wall of a mixing vessel will

have a minimum volume that can be mixed that isrd@hed by the geometry of the vessel
and the height at which the impeller is mountetie Telationship between the maximum
mixing volume and the minimum mixing volume is meéel to as the “turn down ratio.”
Embodiments of the invention provide an improveu wown ratio compared to
conventional mixing vessels with bottom mountedeltgrs, and as a result, embodiments of
the invention have a lower minimum mixing volumengared to such conventional mixing
vessels. Advantageously, smaller starter volumdésid can be mixed successfully.
Alternatively, or additionally, fluid can continde be mixed and agitated as the fluid is
drained from the mixing vessel, which maintainshibenogeneity of the mixed fluid.

[0013] Without being limited to any particular mechanisiis believed that by having a
portion of the bottom edge of the impeller extensvdward toward the mixing vessel base
(i.e., extending into the traditionally unmixed pon of fluid), better performance is obtained
as compared to lowering the height at which is emtional mixing blade is mounted.

[0014] An embodiment of the invention provides an impeitgruse in bioprocessing, the
impeller comprising a rotatable hub having (a)east two arms extending from the hub, each
arm comprising an upper edge, a lower edge, a hdpaeterminal end, an arm outer face, an
arm inner face, and a length from the hub endedehminal end, wherein the hub end of the
arm is connected to the hub, and the terminal étidecarm further comprises: (b) a
protrusion extending from the lower edge of the,ahma protrusion comprising a first end, a
second end, a protrusion outer face, a protrusineriface, and having a distance between
the first end and the second end, the first erahged between the hub end of the arm and
the terminal end of the arm, and the second erehditig to the terminal end of the arm, the
protrusion outer face forming an angle in the raoigieom at least about 45 ° to about 90 °
with respect to the arm outer face, wherein theade between the first and the second ends
of the protrusion is in the range of from about 2&8%about 60% of the length from the hub
end of the arm to the terminal end of the arm.fdPably, the impeller further comprises a
rotatable shaft comprising a cylindrical elementihg a first end and a second end, the shaft
having a vertical rotational axis, wherein the simounted on the first end of the rotatable



shaft, and the hub has a horizontal axis perpelatitothe vertical rotational axis of the
shaft.

[0015] In accordance with another embodiment of the ptdsgantion, an impeller for
use in bioprocessing is provided comprising (ajtatable shaft comprising a cylindrical
element having a first end and a second end, thi¢ Iséiving a vertical rotational axis; (b) a
hub mounted on the first end of the rotatable shiadét hub having a horizontal axis
perpendicular to the vertical rotational axis ¢f #haft; (c) at least two arms extending from
the hub, each arm comprising an upper edge, a ledge, a hub end, a terminal end, an arm
outer face, an arm inner face, and a length frarhtib end to the terminal end, wherein the
hub end of the arm is connected to the hub, antetn@nal end of the arm further
comprises: (d) a protrusion extending from thedoedge of the arm, the protrusion
comprising a first end, a second end, a protrusider face, a protrusion inner face, and
having a distance between the first end and thenskeend, the first end arranged between the
hub end of the arm and the terminal end of the amd,the second end extending to the
terminal end of the arm, the protrusion outer flaceing an angle in the range of from at
least about 45 ° to about 90 ° with respect tatheouter face, wherein the distance between
the first and the second ends of the protrusiam ke range of from about 25% to about 60%
of the length from the hub end of the arm to thieal end of the arm.

[0016] In another embodiment, a mixing vessel for usaoptocessing is provided,
comprising (@) a biocontainer comprising a closaatainer having an interior volume
suitable for containing fluid, the container consprg a bottom wall, a top wall, at least one
side wall, the side wall(s) being joined to the tegil and the bottom wall; and at least an
inlet port, and a drain port, the drain port beamganged in the bottom wall, wherein the
biocontainer further comprises: (b) a rotatabléadgr comprising an impeller and a housing
assembly, the impeller comprising (i) a rotatalilafscomprising a cylindrical element
having a first end and a second end, the shafhigaviertical rotational axis, the shaft
passing through the bottom wall of the biocontaswerh that the first end extends into the
interior volume of the container and the secondextdnds exterior to the bottom wall; (ii) a
hub mounted on the first end of the rotatable shiadét hub having a horizontal axis
perpendicular to the vertical rotational axis af #haft; (iii) at least two arms extending from
the hub, each arm comprising an upper edge, a ledge, a hub end, a terminal end, an arm
outer face, an arm inner face, and a length frahtib end to the terminal end, wherein the

hub end of the arm is connected to the hub, antkting@inal end of the arm further



comprises: (iv) a protrusion extending from the éowdge of the arm, the protrusion
comprising a first end, a second end, a protrusiger face, a protrusion inner face, and
having a distance between the first end and thenskeend, the first end arranged between the
hub end of the arm and the terminal end of the and,the second end extending to the
terminal end of the arm, the protrusion outer flaceing an angle in the range of from at
least about 45 ° to about 90 °© with respect t@atheouter face, wherein the distance between
the first and the second ends of the protrusiam ike range of from about 25% to about 60%
of the length from the hub end of the arm to thimteal end of the arm; and (v) the housing
assembly mounted to the bottom wall of the biodoeta the housing assembly comprising a
bearing and a seal; the housing assembly sealsuglyorting the rotatable shaft, wherein the
second end of the shaft passes through the hoassegmbly.

[0017] A method of preparing a mixed fluid used in bio@esing according to another
embodiment of the invention method comprises (a¥ipg at least one fluid and at least one
component to be mixed with the fluid through arirgort into a biocontainer comprising a
closed container having an interior volume, thetamer comprising a bottom wall, a top

wall, at least one wall, the side wall(s) beinghg to the top wall and the bottom wall; and
at least the inlet port, and a drain port, therdpairt being arranged in the bottom wall,
wherein the biocontainer further comprises a rblatanpeller, the impeller comprising: (i)

a rotatable shaft comprising a cylindrical elententing a first end and a second end, the
shaft having a vertical rotational axis, the sipai$sing through the bottom wall of the
biocontainer such that the first end extends in&imterior volume of the container and the
second end extends exterior to the bottom wa)la(hub mounted on the first end of the
rotatable shaft, the hub having a horizontal agipendicular to the vertical rotational axis of
the shatft; (iii) at least two arms extending frdme hub, each arm comprising an upper edge,
a lower edge, a hub end, a terminal end, an arer éate, an arm inner face, and a length
from the hub end to the terminal end, wherein tife énd of the arm is connected to the hub,
and the terminal end of the arm further comprig@s: a protrusion extending from the lower
edge of the arm, the protrusion comprising a éred, a second end, a protrusion outer face, a
protrusion inner face, and having a distance betviiee first end and the second end, the first
end arranged between the hub end of the arm artdrinenal end of the arm, and the second
end extending to the terminal end of the arm, tio¢rpsion outer face forming an angle in

the range of from at least about 45 ° to aboutWidfrespect to the arm outer face, wherein

the distance between the first and the second@rttie protrusion is in the range of from



about 25% to about 60% of the length from the hudb & the arm to the terminal end of the
arm; and, (b) rotating the impeller, and mixing #téeast one fluid and the at least one
component to be mixed with the fluid, and produdimg mixed fluid.

[0018] Each of the components of the invention will nowdescribed in more detail
below, wherein like components have like referemoabers.

[0019] Figure 1 shows an illustrative rotatable impelteperspective view (Fig. 1A) and
side view (Fig. 1B). In this illustrated embodimhempeller 10 comprises a hub 11 and four
arms 12 extending from the hub, each arm 12 comgran upper edge 13, a lower edge 14,
a hub end 12A, a terminal end 12B, an arm outex Egan arm inner face E’, and a length L
from the hub end to the terminal end, wherein tife énd of the arm is connected to the hub,
and the terminal end of the arm further comprispsofrusion 15 extending from the lower
edge of the arm, the protrusion comprising a érsd 15A, a second end 15B, a protrusion
outer face F, a protrusion inner face F’ (the fdeesmd F’ arranged vertically in use), and
having a distance D between the first end andebersl end, the first end arranged between
the hub end of the arm and the terminal end o&thge and the second end extending to the
terminal end of the arm, the protrusion outer laderming an angle A in the range of from
at least about 45 ° to about 90 ° with respedtéaatm outer face E, wherein the distance
between the first and the second ends of the miotnus in the range of from about 25% to
about 60% of the length from the hub end of the &rthe terminal end of the arm. Using
Figures 1A, 1B, and 5 for general reference, ininsemixing vessel, the protrusion extends
downward toward the mixing vessel base, preferatblgrein the protrusion’s face is
perpendicular or nearly perpendicular to the velsasé.

[0020] The arms 12 can be arranged at an angle of abdutod&bout 90 °© with respect to
the rotational axis (RA) of the hub, and in thastrated embodiment, the arms are arranged
at an angle of about 45 ° with respect to theianat axis of the hub. In the embodiment
illustrated in Figure 1B, the protrusion outer f&ctrms an angle A of about 45 © with
respect to the arm outer face E, and the distaetveden the first and the second ends of the
protrusion is about 50% of the length from the uad of the arm to the terminal end of the
arm.

[0021] Typically, the rotatable impeller is a mechanicatwen impeller and further
comprises a rotatable shaft comprising a cylindleéament having a first end and a second
end, wherein the hub is attached to the first dntderotatable shaft, and the hub has a

horizontal axis perpendicular to the vertical riotaél axis of the shaft. Figure 2 shows the



impeller 10 attached to rotatable shaft 20 (haamgrtical rotational axis VA) comprising a
cylindrical element having a first end 21 (showrfigure 3) and a second end 22.

[0022] Another embodiment of the invention comprises atasgy, comprising an
embodiment of the impeller (attached to the rotatabaft), and a housing assembly,
comprising at least one bearing and at least aslewherein the housing assembly sealingly
supporting the rotatable shaft, and wherein thers¢end of the shaft passes through the
housing assembly.

[0023] Figures 2 (assembled view) and 3 (exploded viewjvséin embodiment of a
mechanically driven agitator 500 according to atediment of the invention, the agitator
500 comprising an impeller 10 as described abaaelzd to a rotatable shaft 20 (also as
described above), the agitator further comprisihgasing assembly 510.

[0024] Using Figure 3 for reference, the illustrated $ealsing assembly 510 comprises
a housing 100 having a cavity 511, wherein the imguassembly comprises an upper seal
assembly 110 and a lower seal assembly 210, aedteatchannel 511A passing through the
seal housing assembly and the upper and loweassamblies 110, 210, wherein the cavity
511 receives the upper and lower seal assembli®&210, and the shaft 20 passes through
the cavity 511 and central channel 511A.

[0025] As shown in more detail in Figure 3, the illustichupper seal assembly 110 and
lower seal assembly 210 each have a central chaateP11 respectively (for receiving the
rotatable shaft 20) and each comprise respectals 420, 220 with annular openings (e.g., a
commercially available seal comprising an energizpring and a sealing lip, such as, for
example, VARISEAL (Trelleborg Sealing Solution®ach seal assembly further comprising
a resilient ring 124, 224, and a bearing 126, 2&te(ein the bearings are fit onto the shaft
20). In this illustrated embodiment, a bearingcgpa26 is interposed between the bearings
126 and 226. Preferably, the resilient rings 124} @ompress when fitting the seal
assemblies into the housing 100 of the seal howsegmbly 510. Typically, as shown in
Figure 3, an end cap 161 is inserted to retairséiad assemblies in the housing 100, and
Figure 3 illustrates the cap as threaded into tusimg 100. Figure 3 also illustrates an
impeller retaining clip 10A engaged with the staftl a portion of the hub.

[0026] Figure 3 also illustrates an integrity testing asisly comprising the portion of
central channel 511A communicating with the upeal assembly 110 and the lower seal
assembly 210, and a port 527 communicating witkcémgral channel 511A.



[0027] As noted above, the impeller has a portion faciogrdvard toward the mixing
vessel base, preferably with the protrusion’s faegendicular to the vessel base. Figure 4
shows an embodiment of the impeller (illustrategha@s of an agitator) with the protrusion
facing downwardly toward a bottom wall of a bioc@ner or bioprocessing container of a
mixing vessel, wherein the housing assembly is rrexlito the bottom wall, and the housing
assembly sealingly supporting the rotatable shaferein the second end of the shaft passes
through the housing assembly.

[0028] An illustrative mixing vessel 1000 comprising asgd biocontainer or closed
bioprocessing container 1100 comprising a bottorh ®1, a top wall 1102, and opposing
side walls 1103, 1104, and 1105, 1106, and inctydiplurality of ports including at least
one inlet port 1150 and a drain port 1152, andrigagn interior volume suitable for
containing fluid, and having the agitator 500 mauahto the bottom wall 1101 of the
biocontainer 1100, is shown in Figure 5, wheremhrtical face of the protrusion 15 of the
impeller is perpendicular to the bottom wall 110Ihe biocontainer (or bioprocessing
container), which is flexible (e.qg., plastic), daave any suitable form (e.g., cylindrical
(having, for example, a single continuous side Jwatjuare, or rectangular), and in Figure 5
is illustrated as having a generally rectanguldooadi form with a plurality of side walls.
[0029] Embodiments of the mixing vessel can have anysleitaumber and locations of
ports, for example, one or more of any of the fwllgg ports: a liquid inlet port, a gas inlet
port, a gas outlet port, a powder inlet port, ad/aase inlet port, a probe port, and/or a
sample port.

[0030] Using Figure 5 for reference, a method of prepaaimgixed fluid used in
bioprocessing according to an embodiment of thentien method comprises passing at
least one fluid and at least one component to xeanwith the fluid through one or more
ports into the biocontainer, rotating the impelbard mixing the at least one fluid and the at
least one component to be mixed with the fluid, pratiucing the mixed fluid.

[0031] Typically, the method further comprises passingedifuid from the interior
volume of the biocontainer through the drain pdntle/rotating the impeller.

[0032] In some embodiments, the method includes obtaiaitugndown ratio of at least
about 20, for example, a turndown ratio of at |edsiut 25, or at least about 30.

[0033] If desired, embodiments of the method can furtleengrise, for example, one or
more of any of the following: determining and/aljuesting the pH in the container, adding

one or more liquids, adding one or more dried idgnats, taking one or more samples,
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determining and/or adjusting the @ the container, and/or determining and/or adjgsthe
CQO; in the container.

[0034] A variety of fluids can be processed and/or pregpérecluding mixing) in
accordance with embodiments of the invention. Aggpions include, for example, cell
culture (e.g., including batch and fed-batch openatof suspension and adherent cell lines),
preparing sterile fluids for the pharmaceutical/antiopharmaceutical industries, including
drugs, vaccines, and intravenous fluids, antib@ahgl/or protein-containing fluids, and/or
fluids for the food and beverage industry. Fluiiged according to embodiments of the
invention can also used, for example, as mediaoamffers such as chromatography
buffers.

[0035] An embodiment of a method for testing seal intggsfta mechanically driven
agitator according to an embodiment of the invendomprises applying pressure to the port
527 communicating with the internal channel 511Ao(@n in Figure 3), and the pressure is
analyzed over a period of time to see if the presgumaintained, thus showing the integrity
of the seals is maintained. If the pressure haayal, the integrity of one of the seals has
been breached. lllustratively, an impeller camplessurized at about 0.6 barg for 6 minutes,
and the pressure decay analyzed.

[0036] The following examples further illustrate the intien but, of course, should not

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

[0037] This example demonstrates an improvement in adifdie volume and

turndown ratio in a disposable mixing vessel cosipg a bottom mounted impeller
according to an embodiment of the invention, coragdo a conventional impeller mounted
in the same position relative to the base of treseke

[0038] A 50 mL mixer bag (low density polyethylene) is abtd, and an agitator
comprising an impeller according to an embodiménihe invention is mounted on the
bottom. The shatft is stainless steel bar havingasimsurfaces where it mates with the rotary
seals and bearings, which are housed within actinfgmolded seal housing welded by heat
and pressure to the bag film. The arms and hump&ion molded to form a unitary piece,
that is fit over the end of the shaft. The bag@unted in a tote that supports the bag,
wherein the tote also includes a motor arrangettit@ the impellers. The impeller and
agitator according to the invention are shown guFes 1-3, and the bag is as generally
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shown in Figure 5. The arms 12 extend outwardiynfthe shaft at an angle of about 45 °
from the rotational axis of the impeller, and timgla A from the outer face F of the
protrusion and the outer face E of the arm is adéu (the angle from the inner face F’ of
the protrusion and the inner face E’ of the arrmhbeut 135 ©). The impeller has a distance
between the first and the second ends of the miotmwf about 50% of the length from the
hub end of the arm to the terminal end of the afine protrusion 15 extends downward
toward the mixing vessel base such that the fapensendicular to the floor of the bag.
[0039] 50 mL of water is added and the motor is starfBae impeller is kept running as
the fluid is drained from the bag. The volume &tcl the fluid stopped being agitated is
found by stopping the draining operation once aigiteceased.

[0040] The fluid volume is measured and compared to thenve that would have been
achieved with a traditional impeller mounted in Hagne position relative to the base of the
bag.

[0041] The volume that would have been achieved withditteaal impeller mounted in
the same position relative to the base of the ba&glculated as follows:

[0042] The minimum mixing volume = (width) X (length) X€lght to edge of impeller).
The width of the bag is 34 cm, the length is 44 ttre,height to the bottom of the traditional
impeller is 2.6 cm. Thus, the minimum mixing volems 3890 cc (3.89L).

[0043] The unagitated fluid volume in a mixing vessel vattraditional impeller is about
4L, whereas the unagitated fluid volume in the mixvessel using an impeller according to
an embodiment of the invention is in the rangebmfua 1.4L to about 2L. Thus, the turn
down ratio (start volume/unagitated volume) wittnaaitional impeller is 13 (50L/3.89L),
whereas the turn down ratio using an impeller atiogrto an embodiment of the invention is
in the range of about 25 (50L/2L) to about 36 (304L).

EXAMPLE 2

[0044] This example demonstrates improvements in miximgguisnpellers according to
embodiments of the invention, compared to a trawl# impeller.

[0045] Two impellers are prepared according to embodimeintise invention. The first
impeller is configured as described in Examplent] as generally shown in Figure 1B.
[0046] The second impeller is configured similarly, bus leadistance between the first
and the second ends of the protrusion of about 85%e length from the hub end of the arm
to the terminal end of the arm (in contrast witlh@b0% for the first impeller).
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[0047] A traditional impeller is obtained, without a pnagron.

[0048] The impellers are mounted in mixer bags and the bag mounted in totes as
generally described in Example 1. Each bag cos#inL of glycerine (a high viscosity
fluid).

[0049] The impellers are set for 200 rpm, forward diractiand run for 1 minute. A
camera is activated to take pictures at 0.5 sendedrals. Two ml of red food dye is added.
[0050] As evidenced by the flow of dye over time, the ifiadal impeller provided axial
flow, moving the bulk of the fluid upward, but witittle radial component.

[0051] Both impellers according to embodiments of the mian provided axial flow
and radial flow, enabling the dye to be mixed neffeciently through the width as well as
the height of the glycerine, resulting in fasteximg times. After about 15 seconds, both
impellers provide a homogenous solution, whereadrtditional impeller provides a
homogenous solution after about 40 seconds. Tmgellers according to embodiments of
the invention decreased the mixing time by over 5@8én compared to the traditional
impeller. The impeller having the shorter protamsprovides slightly faster mixing than the

impeller with the longer protrusion.

[0052] All references, including publications, patent agations, 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.

[0053] The use of the terms “a” and “an” and “the” andl&stst 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 conteékite 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 “comprisindgyaving,” “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 valuesiheare 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
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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 unlesseotfise claimed. No language in the
specification should be construed as indicatingrasmy-claimed element as essential to the
practice of the invention.

[0054] 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 tlaénes 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.



CLAIM(S):

1.

comprising:

14

A method of preparing a mixed fluid used in bagessing, the method

(@)

passing at least one fluid and at least ongoooent to be mixed with
the fluid through an inlet port into a biocontaiwemprising a closed
container having an interior volume, the contacmnprising a bottom
wall, a top wall, at least one wall, the side wallfeing joined to the
top wall and the bottom wall; and at least thetiplert, and a drain
port, the drain port being arranged in the bottoafi, wherein the
biocontainer further comprises a rotatable agitatonprising an
impeller and a housing assembly mounted to thetotall of the
biocontainer, the impeller comprising:

0] a rotatable shaft comprising a cylindrical elrhhaving a first
end and a second end, the shaft having a verttaional axis, the
shaft passing through the bottom wall of the bidamrer such that the
first end extends into the interior volume of tlemt@iner and the
second end extends exterior to the bottom wall;

(i) a hub mounted on the first end of the rotéadhatft, the hub
having a horizontal axis perpendicular to the eattrotational axis of
the shaft;

(i)  at least two arms extending from the hub,Feaom comprising
an upper edge, a lower edge, a hub end, a tereagialan arm outer
face, an arm inner face, and a length from thednbto the terminal
end, wherein the hub end of the arm is connectéettiub, and the
terminal end of the arm further comprises:

(iv)  a protrusion extending from the lower edgdlef arm, the
protrusion comprising a first end, a second ergto&rusion outer face,
a protrusion inner face, and having a distance &atvthe first end and
the second end, the first end arranged betweenuihend of the arm
and the terminal end of the arm, and the seconcetahding to the
terminal end of the arm, the protrusion outer flaceing an angle in
the range of from at least about 45 ° to aboutWwidtrespect to the



2.

(b)
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arm outer face, wherein the distance between teednd the second
ends of the protrusion is in the range of from al&%%0 to about 60%
of the length from the hub end of the arm to tlimteal end of the
arm; and,

rotating the impeller, and mixing the at leasé fluid and the at least

one component to be mixed with the fluid, and podolgy the mixed fluid.

The method of claim 1, further comprising pagsmixed fluid from the

interior volume of the biocontainer through theidnaort while rotating the impeller.

3.
about 20.

5.

The method of claim 1 or 2, comprising obtaineniyirndown ratio of at least

An impeller for use in bioprocessing comprising

(@)
(b)

()

a hub;

at least two arms extending from the hub, eaoihcomprising an
upper edge, a lower edge, a hub end, a terminalaenarm outer face,
an arm inner face, and a length from the hub ertdederminal end,
wherein the hub end of the arm is connected tditie and the
terminal end of the arm further comprises:

a protrusion extending from the lower edgehef arm, the protrusion
comprising a first end, a second end, a protrusider face, a
protrusion inner face, and having a distance betvee first end and
the second end, the first end arranged betweenuihend of the arm
and the terminal end of the arm, and the seconcetahding to the
terminal end of the arm, the protrusion outer flaceing an angle in
the range of from at least about 45 ° to aboutWwidtrespect to the
arm outer face, wherein the distance between teednd the second
ends of the protrusion is in the range of from al&%%0 to about 60%
of the length from the hub end of the arm to thimteal end of the

arm.

The impeller of claim 4, further comprisingaatable shaft comprising a

cylindrical element having a first end and a secend, the shaft having a vertical rotational
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axis, wherein the hub is mounted on the first entth@ rotatable shaft, and the hub has a

horizontal axis perpendicular to the vertical rioiaal axis of the shaft.

6. A mixing vessel for use in bioprocessing compgs

(@)

(b)

a biocontainer comprising a closed containgiriggan interior volume
suitable for containing fluid, the container consprg a bottom wall, a
top wall, at least one side wall, the side walbging joined to the top
wall and the bottom wall; and at least an inlettpand a drain port, the
drain port being arranged in the bottom wall, wiretke biocontainer
further comprises:

a rotatable agitator comprising an impeller aritbusing assembly, the
impeller comprising

) a rotatable shaft comprising a cylindrical elrhhaving a first
end and a second end, the shaft having a verttaional axis, the
shaft passing through the bottom wall of the bidamer such that the
first end extends into the interior volume of tlemt@iner and the
second end extends exterior to the bottom wall;

(i) a hub mounted on the first end of the rotéadhatft, the hub
having a horizontal axis perpendicular to the eattrotational axis of
the shaft;

(i)  at least two arms extending from the hub,reaom comprising
an upper edge, a lower edge, a hub end, a tereagialan arm outer
face, an arm inner face, and a length from thednbto the terminal
end, wherein the hub end of the arm is connectéettiub, and the
terminal end of the arm further comprises:

(iv)  a protrusion extending from the lower edgdlef arm, the
protrusion comprising a first end, a second ermto&rusion outer face,
a protrusion inner face, and having a distance &atvthe first end and
the second end, the first end arranged betweenuihend of the arm
and the terminal end of the arm, and the seconcetahding to the
terminal end of the arm, the protrusion outer flaceing an angle in
the range of from at least about 45 ° to aboutWwidtrespect to the
arm outer face, wherein the distance between tsednd the second
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ends of the protrusion is in the range of from al&%%0 to about 60%
of the length from the hub end of the arm to tlnteal end of the
arm; and

(v) the housing assembly coupled to the bottom wfaihe
biocontainer, the housing assembly comprising ailbgand a seal;
the housing assembly sealingly supporting the abtatshaft, wherein
the second end of the shaft passes through théngoassembly.

7. The mixing vessel of claim 6, wherein the bidedmer comprises the bottom
wall, the top wall, first and second opposing sigals, and third and fourth opposing side

walls, the side walls being joined to the top veadd the bottom wall.

8. The mixing vessel of claim 6 or 7, further comimg at least one additional
port, the additional port comprising a liquid inpeirt, a gas inlet port, a gas outlet port, a

powder inlet port, an acid/base inlet port, a prpbe, and/or a sample port.



