MECHANICAL AGITATOR WITH SEAL HOUSING ASSEMBLY

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 ingredientshe product. Some mixing operations
involve “single-use” mixers or biocontainers, andmy such devices or systems include
magnetically driven agitators. Magnetic mixinghteology is commonly promoted over
mechanically driven mixing technology for singlesunixers or biocontainers in view of a
perception that the seals on the rotating shaft@thanically driven mixers fail,
compromising the integrity of the mixer or the matainer and the fluid processed therein.
[0002] There is a need for improved sealing of mechanjiahiven agitators in mixers
and biocontainers, particularly single-use mixerd single-use biocontainers.

[0003] The present invention provides for amelioratingeast some of the disadvantages
of the prior art. These and other advantageseoptlRsent invention will be apparent from

the description as set forth below.
BRIEF SUMMARY OF THE INVENTION

[0004] An embodiment of the invention provides a mechdlyichiven agitator for use

in bioprocessing comprising (a) a rotatable sharfbjgrising a cylindrical element having a
first end and a second end, the shaft having &aérbtational axis; an impeller comprising

a hub mounted on the first end of the rotatablétstiee hub having a horizontal axis
perpendicular to the vertical rotational axis ¢ #haft, and at least two arms extending from
the hub; (c) a seal housing assembly comprisingpaer housing portion, and a lower
housing portion; wherein the upper housing pordomprises an upper seal assembly, the
upper seal assembly comprising an upper shafeseban upper shaft bearing, the shaft seal
and the shaft bearing each including an annulamiagdor receiving the rotatable shaft,
wherein the shaft bearing is fit onto the shaftj,amherein the lower housing portion
comprises a lower seal assembly, the seal assamivlgrising lower shaft seal and a lower
shaft bearing, the shaft seal and the shaft beaach including an annular opening for

receiving the rotatable shaft, wherein the shadtribg is fit onto the shaft, and the second



end of the shaft passes through the lower housiniipp; the lower housing portion
comprising an external surface including threadsa(locking ring, wherein the locking ring
comprises an upper face and a lower face and amrgppassing through the upper face and
the lower face, the opening having a surface inothreads, wherein the locking ring is
threadably engageable with the lower housing pomicthe seal housing assembly, and the
upper face of the locking ring is suitable for @mting an outer surface of a wall of a
bioprocessing container; (e) a support flange dataoupled to the upper housing portion of
the seal housing assembly, the support flangednajuan annular opening for receiving the
rotatable shaft, the flange having a lower facéable for sealing against an inner surface of
the wall of a bioprocessing container; whereinltveer face of the flange seals against the
inner surface of the wall of the bioprocessing aorér and the upper face of the locking ring
contacts the outer surface of the wall of the mopssing container when the internal surface
of the locking ring is threadably engaged with ¢éixéernal surface of the lower housing
portion of the seal housing assembly.

[0005] In a preferred embodiment, the upper and lowerass#mbly each further
comprise an anti-rotation device, the seal ass@slach further comprising a carrier
housing comprising a carrier housing protrusios,dhti-rotation device comprising a notch
in the seal, and the carrier housing protrusiorereim the protrusion engages with the seal
and prevents rotation of the seal.

[0006] In an embodiment, the agitator further compriseea integrity testing assembly,
the assembly comprising an inner channel in thelsmesing assembly along the rotatable
shaft communicating with the upper and lower seaémblies, wherein the lower housing
portion further comprises a port communicating vtité inner channel.

[0007] In other embodiments, a mixing assembly comprigimggitator, a tote for
supporting the mixing assembly, a system compriiegote, and a method for determining
seal integrity of an embodiment of the mechanicdilyen agitator, are provided by the

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

[0008] Figure 1 is a cross-sectional view of an embodinoéain agitator of the present
invention, including an impeller, a rotatable shafseal housing assembly comprising an
upper housing portion including an upper seal abberand a lower housing portion
including a lower seal assembly; a support flaiage, a locking ring, wherein the agitator is



attached to a bottom wall of a biocontainer of aing assembly. The Figure includes oval
lines to highlight the upper and lower seal assesbl

[0009] Figure 2 shows several views of a seal assemblyrsinothe seal housing
assembly of the agitator of Figure 1, the sealrabbecomprising a carrier housing
comprising a seal including a notch, and a cahwersing protrusion engaging with the notch,
forming an anti-rotation feature, preventing raiatof the seal in accordance with an
embodiment of the present invention. The illugiladeal assembly also comprises a bearing,
and resilient rings, the rings being compressildhenva carrier housing is inserted into the
upper and lower housing portions of the seal h@uassembly. Figure 2A shows a top view
of a seal assembly, showing the carrier housiral, setch, seal assembly protrusion
engaging with the notch, and resilient rings. FégRB shows a bottom view of the seal
assembly, showing the carrier housing, bearing,rasitient rings. Figure 2C shows a
bottom view of the seal, showing a sealing lipeaergizing spring, and the notch. Figure
2D shows a cross-sectional view of the seal assefitiigld into a housing portion of the seal
housing assembly.

[0010] Figure 3 shows the locking ring in the embodimdrthe agitator shown in Figure
1. Figure 3A shows a top view, and Figure 3B shawsttom view, wherein the locking
ring has an opening passing through the ring, whéehe opening has a threaded surface.
[0011] Figure 4 is a perspective view of the agitator shawrFigure 1 (without the
impeller), wherein the view also shows an alignmEtice (for engagement with a mounting
assembly), attached to the lower housing porticimn@fseal housing assembly, as well as a
first coupling fitting attached to the lower endtbé shaft (engageable with a second
coupling fitting shown in Figure 7), and whereie tbwer housing portion further comprises
a port for communicating with the channel(s) of ithtegrity testing assembly.

[0012] Figure 5 is a bottom view of the agitator showrrigure 4.

[0013] Figure 6 is an embodiment of a mixing assembly @ting to an embodiment of
the invention, comprising the embodiment of theaaigr shown in Figure 1, attached to the
bottom wall of the biocontainer of the mixing as&éyn

[0014] Figure 7 shows a mechanical drive assembly, comgra motor, a driveshatft,
and a coupler device for coupling the driveshathtorotatable shaft of the agitator. The
Figure also shows the first coupling fitting showurfigure 4 (illustrated as a shaft coupling)
engageable with a second coupling fitting (showa ascket coupling) provided by the

coupler device.
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[0015] Figure 8 shows the agitator coupled to the meclaadiive assembly, and a
mounting assembly receiving the lower housing partf the housing assembly, the
mounting assembly comprising an actuator for logkand unlocking a moveable seat
receiving the lower housing portion of the housiisgembly.

[0016] Figure 9 shows perspective views of an embodimetiteomounting assembly in
the unlocked (Figure 9A) and locked (Figure 9B)ipass, wherein the mounting assembly
comprises a moveable seat, an engagement assemntybyising notches and protrusions for
engaging with the lower housing portion of the dealsing assembly, and, an actuator for
moving the moveable seat to provide a lock betvieerower housing portion of the seal
housing assembly and a tote after the engagemssrnasy engages with the lower housing
portion of the seal housing assembly (Figure 9BJ, far unlocking the lower housing
portion of the seal housing assembly from the {Bigure 9A). Figure 9A also shows a first
sensor for detecting the correct positioning ofltveer housing portion of the seal housing
assembly in the mounting assembly.

[0017] Figure 10 shows perspective views of the mountssgmbly shown in Figure 9,
when the alignment device attached to the lowesimguportion of the seal housing
assembly shown in Figure 4 is engaged with the gglgant assembly (lower housing
portion of the seal housing assembly not showmjuré 10A shows the alignment device in
the correct position in the engagement assemblywhee engagement assembly is in the
unlocked position, and Figure 10B shows the aligmndevice engaged with the engagement
assembly when the engagement assembly is in tkedqmosition.

[0018] Figure 11 shows a tote for supporting the mixingeasbly, wherein the tote has a
bottom wall further comprising the mounting assgmhbunted thereto, wherein the
mounting assembly receives the lower housing poxithe seal housing assembly and the
alignment device and can lock the seal housingnaslyeinto correct position. Figure 11A
shows the bottom wall of the tote, as well as a@robeabinet with light indicators arranged
to show an operator that the seal housing asseibiythe correct position in the moveable
seat, and locked into position. Figures 11B and 4how the actuator of the mounting
assembly in the unlocked and locked positions,eetsgely. Figure 11B also shows a second
sensor for detecting when the actuator has mowedthveable seat to provide the locked

position.



DETAILED DESCRIPTION OF THE INVENTION

[0019] Advantageously, the integrity of a mechanical sealind a rotating shaft of a
mechanical agitator used in mixers and bioreactemgecially single-use mixers and
single-use bioreactors, can be ensured. Mixerdamdactors can be easily and efficiently
coupled to, and decoupled from, fixed hardware sgch tote. Without being bound to any
particular theory, it is believed that the sealsing assembly can be efficiently supported
and aligned in a mixing assembly including the sead well as in a tote receiving and
supporting the mixing assembly. Alternativelyaolditionally, the correct location of the
seal housing assembly in the support assembly e@m&ured, and the correctly located seal
housing assembly can be locked in place in the totereover, the seal integrity of the seals
in the agitator can be tested pre-, post- and/onga process run to assure the user of the
seal integrity, thus reducing losses of valuahlalftiue to leaks or premature shutdown for
fear of compromised biocontainer integrity.

[0020] Additionally, without being bound to any particutheory, it is believed that (1)
the use of an anti-rotation device to prevent rotabf a seal in the seal housing assembly
reduces wear in the sealing lip of the seal an@)the use of a carrier housing comprising a
seal and bearing provides good alignment betweesdhl and bearing and in turn between
the seal and the rotating shaft, and thus reduees ww the sealing lip of the seal.

[0021] In accordance with an embodiment of the preser@ntign, a mechanically driven
agitator for use in bioprocessing is provided casipg (a) a rotatable shaft comprising a
cylindrical element having a first end and a secend, the shaft having a vertical rotational
axis; an impeller comprising a hub mounted on s €énd of the rotatable shaft, the hub
having a horizontal axis perpendicular to the eaitrotational axis of the shaft, and at least
two arms extending from the hub; (c) a seal houassembly comprising an upper housing
portion, and a lower housing portion; wherein tpger housing portion comprises an upper
seal assembly, the upper seal assembly comprising@er shaft seal and an upper shaft
bearing, the shaft seal and the shaft bearing ieattiding an annular opening for receiving
the rotatable shaft, wherein the shaft bearing mto the shaft; and, wherein the lower
housing portion comprises a lower seal assembéysétal assembly comprising lower shaft
seal and a lower shaft bearing, the shaft seatt@dhaft bearing each including an annular
opening for receiving the rotatable shaft, whetbashaft bearing is fit onto the shaft, and
the second end of the shaft passes through the lwousing portion; the lower housing



portion comprising an external surface includingg#ius; (d) a locking ring, wherein the
locking ring comprises an upper face and a lowee nd an opening passing through the
upper face and the lower face, the opening havisface including threads, wherein the
locking ring is threadably engageable with the Iothv@using portion of the seal housing
assembly, and the upper face of the locking rirgyitable for contacting an outer surface of
a wall of a bioprocessing container; (e) a supflange sealably coupled to the upper
housing portion of the seal housing assembly, tippart flange including an annular
opening for receiving the rotatable shaft, thedkhaving a lower face suitable for sealing
against an inner surface of the wall of a biopreggscontainer; wherein the lower face of
the flange seals against the inner surface of @deafithe bioprocessing container and the
upper face of the locking ring contacts the outefaxe of the wall of the bioprocessing
container when the internal surface of the locking is threadably engaged with the
external surface of the lower housing portion & $keal housing assembly.

[0022] In a preferred embodiment, the upper and lowerassmbly each further
comprise an anti-rotation device, the seal ass@sblach further comprising a carrier
housing comprising a carrier housing protrusios,dhti-rotation device comprising a notch
in the seal, and the carrier housing protrusiorereim the protrusion engages with the seal
and prevents rotation of the seal.

[0023] In an embodiment, the agitator further comprisseea integrity testing assembly,
the assembly comprising an inner channel alongdtag¢able shaft communicating with the
upper and lower seal assemblies, wherein the lbaesing portion further comprises a port
communicating with the inner channel.

[0024] In some embodiments of the agitator, the upper@ndr seal assembly each
further comprise at least one resilient ring trahpresses when the seal assembly is fitted
into the respective housing portion.

[0025] In some embodiments, the upper shaft bearing ssgieto the shaft, and/or the
lower shaft bearing is interference fit to the shaf

[0026] In another embodiment, the agitator further congsris first coupling fitting
attached to the second end of the shaft. Preferaldoupler device comprising a second
coupling fitting is engageable with the first cangl fitting.

[0027] A mixing assembly is also provided by another ennipedt of the invention, the
mixing assembly comprising (a) a bioprocessing @ioetr comprising a closed container

having an interior volume suitable for containihgd, the container comprising a bottom



wall, a top wall, and at least one side wall, tigke svall(s) being joined to the top wall and
the bottom wall; and at least an inlet port, amitaan port, wherein the bioprocessing
container further comprises (b) an embodiment eftiechanically driven agitator, attached
to the bottom wall or the top wall.

[0028] A tote for supporting a mixing assembly accordiogh embodiment of the
invention typically comprises a body with side fa@ad a floor for receiving the mixing
assembly. The floor of the tote according to ab@siment of the invention includes an
opening for receiving the lower housing portiortled seal housing assembly of an
embodiment of the mixing assembly, the tote furttemprising a support assembly
comprising: (i) a moveable seat arranged in thenoy in the floor; (i) an engagement
assembly comprising at least one protrusion foagimg with the lower housing portion of
the seal housing assembly; and, (iii) an actuatonmfoving the moveable seat to provide a
lock between the lower housing portion of the $maising assembly and the tote after the
engagement assembly engages with the lower hopsitign of the seal housing assembly,
and for unlocking the lower housing portion of #&al housing from the tote.

[0029] In an embodiment of the tote, an alignment descattached to the lower housing
portion of the seal housing assembly, and the estTgagt assembly engages with the
alignment device.

[0030] In another embodiment of the tote, the supportrabBefurther comprises a first
sensor for detecting when the engagement assemgages with the lower housing portion
of the seal housing assembly. In a preferred e, the tote further comprises a second
sensor for detecting when the actuator has mowedthveable seat to provide the lock.
[0031] An embodiment of a system is also provided accgrtbrthe invention, the
system comprising an embodiment of the tote, artidu comprising at least first and second
indicators receiving signals from the first ands®t sensors, respectively, wherein the
indicators are illuminated when the signals areixesd.

[0032] In yet another embodiment of the invention, a metfoo determining seal

integrity of an embodiment of the mechanically drvagitator comprising a seal housing
assembly is provided, the method comprising applpiressure to the agitator through a port
communicating with an inner channel of the sealsiigiassembly, and determining whether
the pressure is maintained for a desired peridah.

[0033] Each of the components of the invention will nowdescribed in more detalil

below, wherein like components have like referemoabers.



[0034] Figure 1 illustrates, in cross-sectional view, arbediment of a mechanically
driven agitator 500 according to an embodimenhefibvention, the agitator 500 comprising
an impeller 10 comprising a hub 11 and at leastamas 12 extending from the hub and
preferably having blades at the non-hub ends oéthes (preferably, the impeller, hub, and
arms are plastic), a rotatable shaft 20 (havingréical rotational axis VA) comprising a
cylindrical element having a first end 21 and aoselcend 22, a seal housing assembly 510, a
support flange 300 (which can comprises a spargegiate comprising one or more sparger
ports), and a locking ring 400. The illustratedagr has the hub mounted on the first end of
the shaft, the hub having a horizontal axis HA patpcular to the vertical rotational axis of
the shaft. Figure 1 also illustrates an impekgaining clip engaged with the shaft and a
portion of the hub.

[0035] The illustrated seal housing assembly 510 comparasgpper housing portion 100
comprising an upper portion seal assembly 110 adoger housing portion 200 comprising

a lower portion seal assembly 210, a central chattiepassing through the seal housing
assembly and the upper and lower housing porti6fs 200, and an integrity testing
assembly 525 comprising an internal channel 526ncomcating with the upper portion seal
assembly and the lower portion seal assembly, gaitéb27 communicating with the

internal channel.

[0036] As shown in more detail in Figure 2, the illustchteoper portion seal assembly
110 and lower portion seal assembly 210 each haeataal channel 111, 211 respectively
(for receiving the rotatable shaft) and each cosgorespective seals 120, 220 with annular
openings and comprising an energizing spring 121, and a sealing lip 120A, 220A (e.g., a
commercially available seal comprising an energiapring and a sealing lip, such as, for
example, VARISEAL (Trelleborg Sealing Solutionsyherein the seals are preferably
further modified to comprise a notch 122, 222; eaatiion seal assembly further comprising
a resilient ring 124, 224, a circlip 125, 225, anblearing 126, 226. Preferably, and as shown
in Figure 2 (A-D), each portion seal assembly casgsra carrier housing 105, 205
comprising the respective seal, notch, circlip, badring (fit onto the shaft), the respective
carrier housings further comprising a carrier hnggrotrusion 123, 223, as well as two
resilient carrier rings 130A, 130B; 230A, 230B, wdia the carrier housing protrusions 123,
223 engage with the notches 122, 222 to providenéirrotation device 150, 250 (preventing
rotation of the seal), and the resilient carriags compress when fitting the carriers into the

respective upper and lower housing portions otda housing assembly. In some



embodiments, the upper and lower carrier housangsdentical, for ease of production and
cost effectiveness in providing the agitator.

[0037] Typically, as shown in Figure 1, caps 161, 261liaserted to retain the seal
assemblies in the respective portions of the seading assemblies, and Figure 1 illustrates
the caps as threaded into the respective housingp®. The central channel 511 for
receiving the rotatable shaft can have a sliglattger diameter between the upper and lower
seal assemblies than along the length of the fekedength of the central channel, to
provide the internal channel 526 of the integrégting assembly.

[0038] In some embodiments, the bearing 126 in the upgartion assembly is
press-fit to the shaft. Alternatively, or additédly, in some embodiments, the bearing 226 in
the lower seal portion assembly is interferencésfthe shatft.

[0039] The agitator is mounted to a top or bottom walh diocontainer 1100 of mixing
assembly 1000 (a bottom wall 1101 is shown in Fdyra mixing assembly 1000
comprising a biocontainer 1100 is shown in Figureéeferably using a support flange 300
having an upper face 310 and a lower face 320 arapaning 311 (the flange being arranged
inside the mixing assembly and mounted to the uppasing portion 100 of the seal housing
assembly 510) and a locking ring 400 (shown in na@tail in Figure 3) comprising an upper
face 410 and a lower face 420 and an opening 44dimathrough the faces, the opening
including a threaded surface 412 (the locking begqg arranged outside the mixing
assembly and mounted to the lower housing portdihd the seal assembly 510). For
example, as shown in Figure 1, the illustrated uppesing portion 100 of the seal housing
assembly 510 includes a shoulder 175 and grooves, 1I775B, and resilient rings 176A,
176B that compress and provide a seal betweendHe8®1 A of the opening 311 of the
support flange 300 and the lower part of the exesarface of the upper housing portion 100
of the seal housing assembly 510, wherein the ujajger310 presses against a surface of the
shoulder 175, and the lower face 320 of the flaagealed to (preferably, welded to) an
inner surface 1101A of the bottom wall 1101 of acbintainer of a mixing assembly. In the
embodiment illustrated in Figure 1, the lower haggportion 200 of the seal housing
assembly 510 has an external surface 280 comptisiagds 281, and the locking ring 400
(shown in more detail in Figure 3) is threadablgaed with the lower housing portion such
that the upper face 410 of the locking ring corgtdlce outer surface 1101B of the bottom
wall 1101 of the biocontainer of the mixing asseyr(bpposing the surface 1101A of the
wall 1101 welded to the flange 300).
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[0040] An illustrative mixing assembly 1000 comprisinglased biocontainer or closed
bioprocessing container 1100 comprising a bottorh ®1, a top wall 1102, and opposing
side walls 1103, 1104, and 1105, 1106, and inclydiplurality of ports including at least
one inlet port and a drain port, and having arriotezolume suitable for containing fluid,

and having the agitator 500 mounted to the bott@ih 101 of the biocontainer 1100, is
shown in Figure 6. The biocontainer (or bioprosgssontainer) can have any suitable form
(e.g., cylindrical (having, for example, a singntinuous side wall), square, or rectangular),
and in Figure 6 is illustrated as having a gengrattangular cuboid form with a plurality of
side walls.

[0041] As will be described in more detail below, an atigant device 600 is preferably
mountable (more preferably, removably mountabléh&lower housing portion 200 of the
seal housing assembly 510 for engagement with axtimguassembly, the mounting
assembly being attached to the bottom wall of & téligures 4 and 5 show perspective and
bottom views of an agitator 500 including alignmeavice 600, wherein the illustrated
alignment device comprises two clips 601, 602 (sha& bayonet clips), the clips comprising
recesses 601A, 602A and shoulders 601B, 602B.iguré& 5, the support flange is illustrated
as a sparger baseplate including sparger ports.eifitbodiment of the agitator 500 shown in
Figures 4 and 5 further comprises a first coupfitting 751 (shown as a shaft coupling),
mounted to the lower end 22 of the rotating sh@ftf@r coupling to a mechanical drive
assembly, such that the mechanical drive assenalblyldve the agitator. Figure 4 also
shows the lower housing portion 200 of the housisgembly 510 comprising the port 527
for communicating with the internal channel 511ha integrity testing assembly 525.

[0042] The agitator is driven by a mechanical drive ass$gmimprising a motor.
Preferably, as shown in Figure 7, the mechanigaedrssembly 700 comprises a motor 725,
an output shaft 730, and a coupler device 750. illustrated coupler device 750, shown
mounted to the output shaft 730 extending fromaxtyex connected to the motor 725 (e.g.,
via a keyway mating with a key on a drive shaftt (stwown)), comprises a second coupling
fitting 752 (shown as a socket coupler) that casipdethe first coupling fitting 751. The
illustrated first and second coupling fittings eacmprise extensions or fingers and recesses
therebetween (e.g., teeth and grooves) for engageand coupling, so that operation of the
motor will cause the impeller to rotate. In som&ediments, the first coupling fitting is
made from a plastic elastomeric material and tlkeersd coupling fitting is made from metal,

e.g., the elastomeric material can absorb misalemduring shaft rotation, for example, to
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enable good alignment between the rotating shaiih #0e seal housing assembly, and the
output shaft 730.

[0043] Advantageously, embodiments of the invention cosgpa mounting assembly
associated with a tote (e.g., mounted to the bowt@thof the tote) to enable good alignment
of the rotatable shaft in the seal housing assemhBn coupled to the output shaft of the
drive assembly, and prevent movement of the saaihg assembly during shaft rotation.
Preferably, the mounting assembly comprises a nid@eseat and an engagement assembly
and at least one sensor to indicate when the lpaion of the seal housing assembly is
located in the seat (as shown in Figure 9A), moeéepably, the tote (e.g., the mounting
assembly) further comprises a second sensor toatedivhen the seal housing assembly is
locked in place (as shown in Figure 11B and C).

[0044] Figure 8 shows the agitator 500 coupled to the mu@ichl drive assembly 700,
and a mounting assembly 2100 receiving the lowesimg portion 200 of the housing
assembly, the mounting assembly comprising an &ot@401 for locking and unlocking a
moveable seat 2110 (not shown, see Figure 9) riageile lower housing portion of the
housing assembly.

[0045] Figure 9 shows perspective views of an embodimgtiteomounting assembly
2100 in the unlocked (Figure 9A) and locked (Fig@iB3 positions, wherein the mounting
assembly comprises the moveable seat 2110, an @mgag assembly 2150 for engaging
with the lower housing portion of the seal housaisgembly (the engagement assembly
comprising at least one protrusion and/or at leaststop), and, the actuator 2101 for moving
the moveable seat 2110 to provide a lock betweetotler housing portion of the seal
housing assembly and a tote (the tote is showmgur& 11A) after the engagement assembly
engages with the lower housing portion of the kealking assembly (Figure 9B), and for
unlocking the lower housing portion of the seal $ing assembly from the tote (Figure 9A).
Figure 9A also shows a first sensor 2701 for detgangagement of the lower housing
portion of the seal housing assembly with the mioagrassembly. In this illustrated
embodiment, the engagement assembly 2150 comfiieescurved protrusions 2151A,
2151B, 2151C for receiving the recesses 601A, 6f@2ied in the clips 601, 602 of the
alignment device 600 (shown in Figure 4), and mbleeatops 2152A, 2152B for locking
against the shoulders 601B, 602B of the clips efalignment device.

[0046] Figure 10 shows perspective views of the mountssgmbly 2100 shown in
Figure 9, when the alignment device 600 attacheédddower housing portion 200 of the
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seal housing assembly shown in Figure 4 is engaffedhe engagement assembly 2150
(lower housing portion of seal housing assemblyshatvn). Figure 10A shows the clips
601, 602 of the alignment device 600 engaged whehgagement assembly 2150 when the
engagement assembly is in the unlocked positicth Fagiure 10B shows the alignment
device 600 engaged with the engagement assemb0/2iién the engagement assembly is
in the locked position.

[0047] Embodiments of the invention can be used with g&etaof totes that can have
any suitable form, e.g., generally box-shaped oegaly cylindrical bodies.

[0048] Figure 11 shows a tote 2000 for supporting the mgxdssembly, wherein the tote
comprises a body with side faces and has a flobotiom wall 2001 with an opening 2011,
the bottom wall further comprising the mountingeambly 2100 mounted thereto, wherein
the mounting assembly receives the lower housimtygooof the seal housing assembly and
the alignment device and can lock the seal housssgmbly into correct position. Figure
11A shows the bottom wall 2001 of the tote, anduFég 11B and 11C show the actuator
2101 of the mounting assembly in the unlocked aolldd positions, respectively. Figure
11B also shows a second sensor 2702 for detectieg Whe actuator has moved the
moveable seat to provide the locked position. fEdUA also shows an embodiment of a
system comprising the tote and a control cabin#t {ght indicators 2801 (receiving the
signal from sensor 2701), and 2802 (receiving itpead from sensor 2702) arranged to show
an operator that the seal housing assembly is tbitke the correct position.

[0049] A variety of fluids can be processed and/or prepérecluding 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/antyiopharmaceutical industries, including
drugs, vaccines, and intravenous fluids, antib@ahg/or protein-containing fluids, and/or
fluids for the food and beverage industry. Fluiged according to embodiments of the
invention can also used, for example, as mediaoamtitomatography buffers.

[0050] An embodiment of a method for testing seal intggsfta mechanically driven
agitator according to an embodiment of the inventomprises applying pressure to the port
527 communicating with the internal channel 52@&yghin Figures 1 and 4), and the
pressure is analyzed over a period of time tofsée ipressure is maintained, thus showing
the integrity of the seals is maintained. If tmegsure has decayed, the integrity of one of the
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seals has been breached. lllustratively, an irapetin be pressurized at about 0.6 barg for 6

minutes, and the pressure decay analyzed.

[0051] All references, including publications, patent agggions, 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.

[0052] 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 samgund 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 othee indicated herein or clearly
contradicted by context. The terms “comprisindgiaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,inggamcluding, 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 recitedriee. 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 unlesseotise claimed. No language in the
specification should be construed as indicatingrasmy-claimed element as essential to the
practice of the invention.

[0053] 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 sHietisans to employ such variations as
appropriate, and the inventors intend for the itoento be practiced otherwise than as
specifically described herein. Accordingly, thmsention includes all modifications and

equivalents of the subject matter recited in tlaénts appended hereto as permitted by
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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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A mechanically driven agitator for use in biopgssing comprising

(@)

(b)

()

(d)

(e)

a rotatable shaft comprising a cylindrical edathaving a first end
and a second end, the shaft having a verticalioot@taxis;
an impeller comprising a hub mounted on th& fnd of the rotatable
shaft, the hub having a horizontal axis perpendicid the vertical
rotational axis of the shaft, and at least two aextending from the
hub;
a seal housing assembly comprising an uppesihgyoortion, and a
housing lower portion;

wherein the upper housing portion comprises an upgs
assembly, the upper seal assembly comprising aer ghaft seal and
an upper shaft bearing, the shaft seal and the¢ lsbafing each
including an annular opening for receiving the taltde shaft, wherein
the shaft bearing is fit onto the shaft; and,

wherein the lower housing portion comprises a losesal
assembly, the seal assembly comprising lower sleaftand a lower
shaft bearing, the shaft seal and the shaft beaanch including an
annular opening for receiving the rotatable shalfierein the shaft
bearing is fit onto the shaft, and the second drideoshaft passes
through the lower housing portion; the lower hogsportion
comprising an external surface including threads;
a locking ring, wherein the locking ring congas an upper face and a
lower face and an opening passing through the upperand the
lower face, the opening having a surface includimgads, wherein the
locking ring is threadably engageable with the Ioha@using portion
of the seal housing assembly, and the upper famdteble for
contacting an outer surface of a wall of a biopssa®y container;
a support flange sealably coupled to the uppasing portion of the
seal housing assembly, the support flange includmgnnular opening

for receiving the rotatable shaft, the flange hgwarlower face suitable
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for sealing against an inner surface of the wal bioprocessing
container;

wherein the lower face of the flange seals agahestnner surface of
the wall of the bioprocessing container and theeujigce of the
locking ring contacts the outer surface of the wélthe bioprocessing
container when the internal surface of the locking is threadably
engaged with the external surface of the lower imgusortion of the
seal housing assembly.

The mechanically driven agitator of claim 1, wdie the upper and lower seal
assembly each further comprise an anti-rotationcegethe seal assemblies
each further comprising a carrier housing compgsircarrier housing
protrusion, the anti-rotation device comprisingoéch in the seal, and the
carrier housing protrusion, wherein the protrusogages with the seal and

prevents rotation of the seal.

The mechanically driven agitator of claim 1 pfl#ther comprising seal
integrity testing assembly, the assembly compriaimgnner channel in the
seal housing assembly along the rotatable shaftragritating with the upper
and lower seal assemblies, wherein the lower hgysimtion further

comprises a port communicating with the inner clehnn

The mechanically driven agitator of any onelafras 1-3, wherein the upper
and lower seal assembly each further compriseaat e resilient ring that
compresses when the seal assembly is fitted ietoetspective housing

portion.

The mechanically driven agitator of any onelafmas 1-4, further comprising

a coupling fitting attached to the second end efghaft.

The mechanically driven agitator of claim 5 tifr comprising a coupler

device engageable with the coupling fitting.

A mixing assembly, comprising
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@) a bioprocessing container comprising a closedainer having an
interior volume suitable for containing fluid, thentainer comprising
at least one side wall, a top wall, and a bottori, \wree side wall(s)
being joined to the top wall and the bottom watiglat least an inlet
port, and a drain port, wherein the bioprocessogainer further
comprises:

(b) the mechanically driven agitator of any onelafims 1-6, attached to

the bottom wall or the top wall.

A tote for supporting a mixing assembly, thetodmprising a floor for
receiving the mixing assembly, the floor includexy opening for receiving
the lower portion of the seal housing assembljhefrhixing assembly of
claim 7, the tote further comprising a support agdg comprising:
() a moveable seat arranged in the openingarfltor;
(i) an engagement assembly comprising at leastpoatrusion for
engaging with the lower housing portion of the dealsing assembly;
and,
(iif) an actuator for moving the moveable segpravide a lock
between the lower housing portion of the seal hguassembly and
the tote after the engagement assembly engagesheitbwer housing
portion of the seal housing assembly, and for datarthe lower

housing portion of the seal housing from the tote.

The tote of claim 8, wherein an alignment devscattached to the lower
housing portion of the seal housing assembly, hacchgagement assembly

engages with the alignment device.

The tote of claim 8 or 9, wherein the suppseseanbly further comprises a
first sensor for detecting when the engagementasyeengages with the

lower housing portion of the seal housing assembly.

The tote of claim 10, wherein the tote furtbemprises a second sensor for

detecting when the actuator has moved the moveaableto provide the lock.



12.

13.

18

A system comprising the tote of claim 11, farthomprising at least first and
second indicators receiving signals from the farsti second sensors,
respectively, wherein the indicators are illumimktéhen the signals are
received.

A method for determining seal integrity of aam@nically driven agitator, the
method comprising applying pressure to the agitatataim 3 through the
port communicating with the inner channel, and eteing whether the

pressure is maintained for a desired period of.time



