wo 20097122310 A2 I T A0FVO OO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization . /gy |1 I NN Y0000 OO O R
nternational Bureau W - U
(43) International Publication Date \'é’;___,/ (10) International Publication Number
8 October 2009 (08.10.2009) PCT WO 2009/122310 A2
(51) International Patent Classification: Not classified CHAUSSIN, Sebastien [FR/FR]; 120 Campagne Leotier,
(21) International Application Number: Chemin de Ceinture, F-13400 Aubagne (FR).
PCT/IB2009/006077 (74) Agent: ROTHKOPF, Ferdinand; Rothkopf Theobald
(22) International Filing Date: Elbel, Isartorplatz 5, 80331 Miinchen (DE).
18 March 2009 (18.03.2009) (81) Designated States (unless otherwise indicated, for every
re . kind of national protection available). AE, AG, AL, AM,
(25) Filing Language: Fnglish AO, ,{T, AU, AZ. BA. BB, BG, BH), BR, BW, BY, BZ,
(26) Publication Language: English CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(30) Priority Data: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
61/069,977 19 March 2008 (19.03.2008) us KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(71) Applicant (for all designated States except US): SAR- MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
TORIUS STEDIM BIOTECH GMBH [DE/DE]; Au- NZ, OM, PG, P, PL, PT, RO, RS, RU, SC, SD, SE, SG,
gust-Spindler-Strasse 11, 37079 Goettingen (DE). SK, SL, SM, ST, SV, 8Y, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors; and . L
(75) Inventors/Applicants (for US only): LUDWIG, Jens 84) D.e51gnated. States (unle.ss othemzse indicated, for every
[DE/DE]; Am Sudacker 4, 37127 Juhnde (DE). REIF, kind of regional protection available): ARIPO (BW, GH,
Oscar-Werner [DE/DE]; Lindemann Allee 40, 30173 GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
Hannover (DE). GRELLER, Gerhard [DE/DE]; ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Leipziger-Str. 2, 37085 Goettingen (DE). KAHLERT, TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
Wolfgang [DE/DE]; Akazienweg 1, 34327 Korle (DE). ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
PRADEL, Gunther [DE/DE]; Minkowskiweg 30, 37077 MC, MK, MT, NL, NO, PL, PT, RO, SE, SL 8K, TR),
. . OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
Goettingen (DE). BATES, Michael [GB/GB]; 123, Ab- MR, NE, SN, TD, TG)
botswood Road, Brockworth, Gloucester, Gloucestershire O :
GL3 4PD (GB). BARBAROUX, Magali [FR/FR]; Published:

Quartier des Tisserands, F-13112 La Destrousse (FR).
BAUD, Stephane [FR/FR]; Chemin des Marcellines,
F-13720 La Bouilladise (FR). GAY, Isabelle [FR/FR]; 4
Lotissement Palitta, Le Regage, F-13124 Peypin (FR).

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: DISPOSABLE MIXING VESSEL

(57) Abstract: A disposable mixing vessel comprising a tlexible container, a centrally disposed shaft having first and second ends
with one or more impellers thereon and a magnetic element associated with a first shatt end, a first flange adapted to rotatably en-
gage the first shaft end and a second flange adapted to rotatably engage the second shatt end.



WO 2009/122310 PCT/IB2009/006077

10

15

20

25

30

DISPOSABLE MIXING VESSEL

REFERENCE TO RELATED APPLICATION

The present application claims priority to United States Provisional Patent
Application No. 61/069,977, filed on March 19, 2008.

FIELD OF THE INVENTION

The present invention relates to the field of disposable mixing vessels and,
more particularly, to a disposable mixing vessel having self-contained, magnetically

coupled mixing apparatus included within the mixing vessel as a unit.

BACKGROUND OF THE INVENTION

Agitator or mixing tanks with rotating agitator apparatus are typically used to
mix chemical compounds. Frequently, the ingredients being mixed in the agitator
tanks require a sterile environment, such as when ingredients are being mixed to
prepare a pharmaceutical product. Although some applications do not require a sterile
environment, the United States Food and Drug Administration has set out strict sterile
requirements for some solutions. To provide such a sterile environment, mixing tanks
must be constructed to prevent contaminants from entering the tank during the entire
batch process, including filling the tank, mixing and draining the tank.

The use of magnetic drives for driving the agitator apparatus has been known
for a long time, since such drives do not require a physical connection or seals
between moving parts of the drive means and the agitator apparatus in the sterile
environment. In agitator tanks adapted for magnetically driven agitator apparatus, the
agitator apparatus within the tank includes a magnetic element near the bottom of the
agitator tank, which is engaged by a corresponding magnetic element on a drive motor

positioned outside the tank. Activation of the drive motor having the corresponding
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magnetic element positioned adjacent the magnetic element of the agitator apparatus
causes the agitator apparatus to rotate within the agitator tank.

Even more recently, sterile agitator tanks have been developed that utilize a
flexible vessel as the mixing container. The flexible vessels can be constructed in a
sterile environment and sealed prior to use. Such systems, which use a tank support
to maintain the integrity of the flexible container when filled, generally are disposed
of after use, to obviate the need for cleaning so as to recreate a sterile environment in
the vessel between uses. Thus, the ability to control the sterile environment is greatly
improved.

Additionally, agitator tanks for use in sterile applications are known to include
the agitator apparatus within the sealed vessel when shipped. In these agitator tanks,
the sterile agitator apparatus is placed within the sterile vessel prior to sealing,
minimizing the potential for breaching the sterile environment.

Examples of agitator tanks with magnetically driven internal fluid agitating
apparatus include U.S. Patent Nos. 4,209,259; 4,993,841; and 5,470,152, Japanese
Patent No. JP 56-045752 and Published PCT Application No. PCT/US02/31478.
Each of these references describes agitator tanks with agitating apparatus having
driven magnetic elements that are engaged by adjacent cooperating drive magnetic
elements associated with a drive means.

Of the references cited, U.S. 5,470,152 describes an agitator tank with a drive
housing into which the drive magnet is inserted. An impeller having a magnetic
element is attached to the drive housing with the magnetic element having magnets
oriented vertically, so that the magnets are parallel with the longitudinal axis of the
drive housing containing the cooperating magnetic element of the drive motor. As
shown and described in the reference, the impeller is removably attached to the
bottom portion of the drive housing with a clip.

U.S. Patent Nos. 4,209,259 and 4,993,841 describe mixing vessels with
magnetically driven agitator apparatus, in the form of impellers mounted on posts in
the vessels. Each of these references describe the agitator apparatus as located within

the vessel in an area related to a flange or recess that positions the impeller with
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respect to the drive means. However, the impellers of these references merely reside
in the vessel at a single location on a post, and can be removed by pulling on a ring on
the terminal end of the agitator apparatus.

Similarly, the device of PCT Application No. PCT/US02/31478 utilizes an
impeller that is received by a post located on a rigid portion of the mixing vessel. The
remaining portion of the mixing vessel is called out as being a flexible portion,
described in the reference as a bag. The impeller has a magnetic element that is
driven by an external drive motor having a magnetic drive element.

Japanese Patent No. JP 56-045752 is directed to a magnetically driven stirring
device having a rotating circular plate on ball bearings fixed to the bottom of the
vessel, where the magnetic element of the agitator apparatus is associated with the
bottom of the vessel. The agitator apparatus of this reference is formed of a metal
alloy for wear purposes.

None of the prior art references, however, describes a sterile sealed single use
mixing vessel including a centrally disposed shaft, attached to the top and bottom
portions of the vessel and utilizing radial or thrust bearings, such as slide bearings,
ball bearings, journal bearings, or roller bearings, to facilitate rotation of the shaft, on
which one or more impellers are mounted. Moreover, none of the references
describes a single use mixing vessel having a drain port incorporated into the bottom
shaft attachment member for draining the vessel once the mixing process has been
completed.

Furthermore, none of the prior art references describes a sterile sealed single
use mixing vessel comprising a flexible bag including a centrally disposed shatft,
which is attached to the top and bottom portions of the vessel, has one or more
impellers, is foldable or may be assembled from sections, whereby the impeller(s) are
positioned at a predetermined level. Assembling the centrally disposed shaft may be
accomplished from the outside of the mixing vessel by a manual manipulation of the

user.

SUMMARY OF THE INVENTION
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The present invention is generally directed to a single use mixing vessel
comprising a flexible container having a centrally disposed shaft with a magnetic
element at one end and one or more impellers mounted thereon, the shaft being

5 associated with top and bottom flanges with radial or thrust bearings, such as slide
bearings, ball bearings, journal bearings, or roller bearings, therebetween for
facilitating rotation of the shaft, the bottom flange including a drain port with access
to the interior of the vessel for draining the vessel. In a preferred embodiment the
drain port has a barbed tip, where the tip flares down to a lesser diameter at the

10 terminal end for receiving a harvest line tube.

The mixing vessel preferably also includes one or more inlets for filling the
vessel with the materials to be mixed and, optionally, one or more sensors and/or
sampling lines for measuring properties of the material in the vessel and/or removing
a portion of the material in the vessel for analysis.

15 In a preferred embodiment, the mixing vessel also includes a sparger for
introducing gases into the mixture. When such a sparger is included, the present
mixing vessel includes a gas inlet and gas exhaust as well as an internal sparging line
to direct the gas to the sparger, which is preferably located at the bottom of the mixing
vessel about at least a portion of the bottom flange with which the bottom of the shaft

20  isassociated. The sparger line preferably enters the vessel at the top portion and is
attached to a side wall, bringing the gas to the sparger at the bottom of the vessel,
either through the use of bands or straps that are preferably formed of the material of
the interior of the vessel, or as a sleeve of the material attached along the side wall of
the vessel.

25 It is intended that the mixing vessel is constructed so as to create a sterile
environment within the vessel, including all of the component parts therein. The
mixing vessel can be evacuated of unnecessary gases, hermetically sealed and packed
to improve shipping and storage at a facility where the vessel is to be used. Although
the preferred embodiment described relates to a sterile environment for mixing

30 materials, there may be circumstances where a sterile environment is not necessary
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for the mixture and a non-sterile environment is acceptable. Therefore, the present
invention is not limited to the maintenance of a sterile environment in the mixing
vessel.

In a preferred embodiment, packing for shipping and storage may be improved
through the use of a sectioned, foldable or telescopic shaft, thus reducing the size of
the mixing vessel prior to use. Such an embodiment is especially preferred when the
mixing vessel is intended for large volume applications.

The vessel may be formed in any suitable geometry, size or shape, however, it
is preferably constructed to have a cylindrical shape with substantially hemispherical
top and bottom. In this regard, it is intended that the vessel will be placed into a rigid
or semi-rigid tank generally conforming to the geometry, size and/or shape of the
vessel for structural integrity prior to, during and after filling with the materials to be
mixed. Of course, manufacturing methods for the vessel may vary, depending on the
shape desired and the tolerances sustainable.

It was a surprise to find that the flexible container can be operated up to
volumes of more than 100 liters without separate outer stabilizing apparatuses. The
reason for this is the double mounting of both ends of the central shaft on both a first
and a second flange. Moreover, this construction makes it possible to mix media with
higher density and viscosity. This is particularly advantageous when using the mixing
container as a bioreactor. It was found that intensive stirring could be maintained
even toward the end of a cultivation procedure, where the cell density has very much
increased. In a preferred refinement, this construction makes it possible to operate the
central shaft using a plurality of mixing elements, which can be used for more
intensive mixing of the container contents and hence for shorter operating times. The
use according to the invention of one or more spargers further promotes the stirring by
a type of gas/air lifting effect and, when operated as a bioreactor, the simultaneous
supply of a culture solution with the required gasses is ensured.

To ensure a high quality of mixing, provision is made for online monitoring of
the mixing process or the cultivation by means of sensors or by taking samples. Due

to the fact that it is essential to maintain sterile conditions, in particular when using
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are equipped with aseptic connectors and a drain port, which is preferably integrated
in the flange, installed at the bottom of the container. As a result of this, the mixing
container can be used not only once, but also for a number of successive or even
continuous mixing and culture processes without needing to reequip said container,
which could endanger the sterile conditions.

Designing the central shaft using shaft elements that can be assembled before
operation is particularly advantageous. This is a precondition for folding together the
ready-for-use and possibly sterilized mixing container with all preinstalled inner
components. This makes it possible to send the complete mixing container to the user
with little dead volume. This advantage becomes important in particular when large-

volume apparatuses are sent.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood when considered in view of
the attached drawings, in which like reference characters indicate like parts. The
drawings, however, are presented merely to illustrate the preferred embodiment of the
invention without limiting the invention in any manner whatsoever.

FIGURE 1 is a perspective view of the preferred embodiment of the mixing
vessel of the present invention.

FIGURE 2A is a perspective view of a first embodiment of a bottom flange for
use as part of the mixing vessel of the present invention.

FIGURE 2B is a perspective view of a second embodiment of a bottom flange
for use as part of the mixing vessel of the present invention.

FIGURE 2C is a perspective view of a third embodiment of a bottom flange
for use as part of the mixing vessel of the present invention.

FIGURE 3A is a perspective view of a portion of a sectioned shaft for use in

the mixing vessel of the present invention.
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FIGURE 3B is a perspective view of a portion of a telescopic shaft for use in
the mixing vessel of the present invention.

FIGURE 3C is a perspective view of a portion of a first embodiment of a
jointed shaft for use in the mixing vessel of the present invention.

FIGURE 3D is a perspective view of a portion of a second embodiment of a
jointed shaft for use in the mixing vessel of the present invention.

FIGURE 3E is a perspective view of a portion of a third embodiment of a
jointed shaft for use in the mixing vessel of the present invention.

FIGURE 4 is a perspective view of a portion of a jointed shaft for use in the
mixing vessel of the present invention with an impeller mounted thereon.

FIGURE 5 is a perspective view of a preferred sparger with a tubular feed line
for use in the mixing vessel of the present invention.

FIGURE 6 is a perspective view of a sparger with a sleeve feed line for use in
the mixing vessel of the present invention.

FIGURE 7A is a perspective view of a first embodiment of the flexible portion
of the mixing container of the present invention.

FIGURE 7B is a plan view of a first embodiment of the flexible portion of the
mixing container of the present invention in the folded and open configurations.

FIGURE 8A is a perspective view of a second embodiment of the flexible
portion of the mixing container of the present invention.

FIGURE 8B is an elevational view of a second embodiment of the flexible
portion of the mixing container of the present invention in its open configuration.

FIGURE 8C is an elevational view of a second embodiment of the flexible
portion of the mixing container of the present invention in its folded configuration.

FIGURE 9A is a schematic cross section of the top flange and magnetic
element of the shaft of the present invention.

FIGURE 9B is a cross section of a portion of a preferred connection between
the top flange and the magnetic element of the shaft of the present invention.

FIGURE 10 is a partial cross section of a preferred embodiment of the present

invention.
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FIGURE 11A is a partial cross section of the area of the top flange plate of the
preferred embodiment of the present invention shown in Figure 10.

FIGURE 11B is a partial cross section of the area of the bottom flange plate of
the preferred embodiment of the present invention shown in Figure 10.

FIGURE 12 is an alternative embodiment of the flexible vessel of the present
invention with two spargers.

FIGURE 13 is a partial cross section of the flexible vessel shown in a rigid or
semi-rigid tank of generally the same geometry, size and shape to maintain the
integrity of the flexible container.

FIGURE 14 is a perspective view of another preferred embodiment of the
mixing vessel of the present invention in a partially collapsed configuration, prior to

full assembly of the shaft and filling with the material to be mixed.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

In one preferred embodiment, as shown in Figure 1, the disposable mixing
vessel 2 of the present invention comprises a flexible container 4 having a centrally
disposed shaft 6 with a magnetic element 8 at one end and one or more impellers 10
mounted thereon. The shaft 6 is associated with top and bottom flanges 12 and 14 on
the vessel 2, and includes thrust bearings 74 (shown in Figures 11A and 11B) between
the shaft 6 and one or both of the flanges 12 and 14 for facilitating rotation of the
shaft 6. The top flange 12 preferably includes a drive coupling 15 for receiving the
magnetic drive element of a drive motor 80 (shown in Figure 11A). The bottom
flange 14 includes a drain port 18 with access to the interior of the vessel 2 for
draining the vessel 2, preferably using a harvest line 20 attached to the drain port 18,
after the mixing process has been completed.

The mixing vessel 2 includes one or more inlets 22 for filling the vessel 2 with
the materials to be mixed. It is preferred that the vessel 2 incorporates one or more
sensors 24 across the flexible container 4, for measuring various properties of fhe

materials being mixed in the vessel 2, and/or sampling lines 26, for removing a



WO 2009/122310 PCT/IB2009/006077

10

15

20

25

30

sample of the material in the vessel 2 for analysis. Preferably, the sensors 24 and
sampling lines 26 are located in the bottom third of the mixing vessel 2.

The mixing vessel 2 shown in Figure 1 includes a sparger 28 for introducing
gases into the mixture. To introduce a gas into the vessel 2 one or more gas inlets 30
are preferably located on the top portion 32 of the flexible container 4. The gas inlet
30 can be any fitting through which gas can pass to a sparger line 36 on the interior of
the vessel 2, which feeds the sparger 28 preferably located at the bottom of the vessel
2. In the preferred embodiment shown, the sparger 28 is attached to the bottom
portion 34 of the container 4 about the bottom flange 14 to improve mixture of the gas
with the materials being mixed in the vessel 2. One or more gas exhausts 38 permits
the gas that has not been mixed into the materials in the vessel 2 to be removed from
the vessel 2, preferably for recycle into the gas inlet 30 as necessary.

The sparger line 36 is preferably a tube or a sleeve that is attached to a side
wall 40 of the container 4 to keep the sparger line 36 from interfering with the rotating
shaft 6 and the one or more impellers 10 mounted on the rotating shaft 6. The sparger
line 36 or sleeve 36’ and sparger 28 can be attached to the flexible container 4 by any
means, preferably including welding, adhesives or bands or straps 42 that keep the
sparger line 36 and sparger 28 properly located within the container 4.

The bottom flange 14 associated with the bottom of the shaft 6 and forming
part of the vessel 2 is more particularly shown in Figures 2A-2C, where several
embodiments are illustrated. Each of the bottom flange 14 embodiments are formed
of a substantially rigid material, preferably a rigid plastic, and include a flange plate
44 that is connected to the flexible container 4 in the center of the bottom portion 34.
The flange plate 44 can be connected to the flexible container 4 in any known way
that creates a hermetic seal between the rigid and flexible materials.

The upper portion of the bottom flange 14, which is maintained in the interior
of the vessel 2, includes a mating member 46 which engages the bottom of the
centrally disposed shaft 6. The mating member 46 can be either a male member 46 as
shown in Figures 2A and 2B, which is inserted into an opening at the bottom of the

shaft 6 (not shown), or a female member 46 into which the bottom terminal end of
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the shaft 6 is inserted. It is preferred that the shaft 6 fit on the mating member 46 with
a minimal friction, so that the shaft 6 can freely rotate on the mating member 46,
including the possible inclusion of a thrust bearing (not shown) between the shaft 6
and the mating member 46. If desired, a catch (not shown) that does not significantly
impair rotation of the shaft 6 on the mating member 46 can be used to secure the shaft
6 to the mating member 46.

As described above, the bottom flange 14 also includes a drain port 18. The
drain port 18 is associated with apertures 48 on the interior portion of the bottom
flange 14 for access to the interior of the vessel 2 and removal of the mixture from the
vessel 2 after the batch has been fully mixed. The drain port 18 preferably has a
barbed tip 50 for receiving the harvest line 20. The barbed tip 50 flares down to a
lesser external diameter at the terminal end to facilitate connection of the harvest line
20 and preferably includes a shelf 52 which assists in keeping the harvest line 20 from
slipping off of the drain port 18.

To improve packing and storage of the mixing vessel 2 prior to use, the
present invention contemplates a shaft 6 that is included in sections within the shipped
and/or stored vessel that must be assembled during preparation for receiving the
materials to be mixed. This will especially aid in large volume applications of the
present technology.

In this embodiment the shaft is formed of sections that can be assembled from
a shipped configuration to a mixing configuration.

Various structures and methods for assembling a shaft 6 from sections are
contemplated. For example, Figure 3A shows sections 54 of a shaft 6 that have
corresponding threaded ends 56 and 58 where the sections 54 can be screwed together
to create the shaft 6. In the embodiment of Figure 3A, the sections 54 further include
a treaded terminal end 56 for receiving the magnetic element 8 that makes up the top
of the shaft 6, as more fully described below.

In this embodiment, the sections 54 with threaded terminal ends 56 can be
incorporated as separate parts in a space-saving fashion in the flexible container 4

which may be folded flat during shipping. After shipping, the sections 54 can be
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manually assembled from outside of the flexible container 4 before starting operation
of the flexible container 4 in order to create the ready-to-use shaft 6 without
disfupting the sterility of the optionally presterilized flexible container 4. Hence, a
user may assemble these sections 54 with the preferably flexible walls 40 of the
container 4 serving as a sterile barrier between the sections 54 to be manually
assembled in the container 4 and the environment, so that the sterility of the interior of
the flexible container 4 is maintained.

An alternative to the use of threaded ends 56 and 58 to secure sections 54 of a
shaft 6 is the use of telescoping sections 54, where a first section 54 is slidably stored
inside of a second section 54°. In this embodiment, the first and second sections 54
and 54’ lock with relation to one another when the sections 54 are fully extended.
Although any structure for locking the sections 54 and 54’ in an open configuration
can be used, a spring catch 60 is most preferred. For example, the spring catch 60 can
use a living hinge with a detent end or a spring pushing a ball outward on the interior
section 54, with the detent or ball engaging a receiving hole on the exterior section
54’, as suitable constructions.

In this embodiment, the first section 54 can be slidably stored inside the
second section 54’ in a space saving fashion in the flexible container 4 which may be
folded flat during shipping. After shipping, the sections 54 can be extended from
outside the flexible container 4, like a telescope, before starting operation of the
flexible container 4 in order to create the ready-to-use telescopic shaft 6 without
disrupting the sterility of the optionally presterilized flexible container 4. Hence a
user may manually extend these telescopic sections 54, 54 with the preferably
flexible walls 40 of the container 4 serving as a sterile barrier between the sections 54,
54’ to be manually assembled in the container 4 and the environment, so that the
sterility of the interior of the flexible container 4 is maintained.

It is also possible to use more than two sections 54, 54°, respectively, to
enlarge the shaft 6 to predetermined, variable lengths.

As a result of the telescopic design of the shaft 6 comprising a plurality of

segments 54, 54' which can be latched into one another via the device 60, it is possible
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to increase the length of the shaft 6 during the mixing process in a number of steps
without interrupting the sterility limit, so that the shaft length is also automatically
adapted to the increased mixing container volume in a manner analogous to an
upscale process in the case where the volume in the flexible container 4 is increased
sequentially and in a number of steps.

To increase the mixing power, each segment 54 can have an impeller 10 with
respectively one collar 64 which can be displaced along the segment 54 and which, by
means of the adjacent segment 54', can be locked with the larger diameter adjacent to
the device 60 in the telescopically extended state of the shaft 6.

Other alternatives for sectioned shafts 6 include the use of hinges 62 that can
be manipulated from a folded position to an open position, examples of which are
shown in Figures 3C-3E. These examples include a hinge 62, shown in Figure 3C,
that pivots in a single plane, as well as flexible elastic hinges 62°, shown in Figures
3D and 3E, that pivot in a variety of planes. In these, the sections 54 can be
maintained in an open configuration through the use of locking hinges, which are
lockable in a wide variety of known ways, or by the use of a sleeve 64 that covers the
hinge 62 to prevent pivoting. For example, in the embodiment shown in Figure 4 the
impeller 10 is formed with a sleeve 64 for sliding on the shaft 6 to the area covering
the hinge 62 to prevent the hinge 62 from pivoting. Preferably, a locking mechanism
(not shown) locks the sleeve 64 of the impeller 10 in place over the hinge 62 to ensure
that the hinge 62 is maintained in the open configuration.

In this embodiment the sectioned shaft 6 can be folded flat in a space-saving
fashion in the flexible container 4 which may be also folded flat during shipping.
After shipping, the sectioned shaft 6 can be manually manipulated from outside the
flexible container 4 from the folded position to the open position by use of the hinges
62 before starting operation of the flexible container 4 in order to create the ready-to-
use unfolded, sectioned shaft 6. Hence, a user may unfold the sectioned shaft 6via the
preferably flexible walls 40 of the flexible container 4 which serve as a sterile barrier

ensuring the maintenance of the sterility of the interior of the flexible container 4.
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In any embodiment where the shaft 6 is shipped and stored in sections, it is
preferred that the sectioned shaft 6 be constructed sterile and hermetically sealed in
the mixing vessel 2 for shipping and storage, and that the sections 54 of the shaft 6 be
assembled into the open configuration in the mixing vessel 2 without breaching the
seal of the vessel 2.

Figure 14 shows one embodiment of the present invention, where the flexible
container 4 has been folded flat in a space saving fashion for purposes of shipping and
storage. The flexible container 4 has a foldable shaft 6 which is transformed into its
operation configuration by unfolding the flexible container 4 and manually
manipulating the sections 54 of the foldable shaft 6 about the hinge 62 from a closed
position to an open position from outside the bag without disrupting the integrity and
sterility of the flexible container 4. In this embodiment, the impeller 10 has one or
more blades that are also foldable during shipping. The impeller 10 may be
positioned at a predetermined level on the shaft 6 and the blades of the impeller 10
may be unfolded in an analogous manner as during the assembly of the shaft 6.

The top of the shaft 6 incorporates a magnetic element 8, preferably including
a plurality of magnets 66, which is made part of the shaft 6 by any means of
attachment or construction. The magnetic element 8 of the shaft 6 is then positioned
adjacent the top flange 12 of the vessel 2. A preferred magnetic element 8 and top
flange 12 arrangement is shown in Figures 9A and 9B, where the magnetic element 8
is connected to the top flange 12 so as to enable the magnetic drive means (not
shown) to act upon the magnets 66 of the magnetic element across the top flange 12.

In the embodiment of Figure 9A the magnetic element 8 is fixed on the shaft 6
by screwing a threaded end 56 of the shaft 6, as shown in Figure 3A, into a threaded
opening 68 within the magnetic element 8. Of course, other means such as keyed
members, adhesives, clips, snaps, pins, screws, latches, welding, and the like, as well
as forming the magnetic element 8 on the shaft 6 during construction of the shaft 6,
can be used to attach the magnetic element 8 to the shaft 6, without limitation.

To keep the magnetic element 8 in proper relation to the top flange 12, the

preferred embodiment of the present invention includes a hook or catch 70 on the
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magnetic element 8 that engages a lip 72 on the top flange 12. Of course, the
particular means for attaching the magnetic element 8 and the top flange 8 is not
essential, including not only the use of the catch 70 associated with the top flange 12
and the lip 72 associated with the magnetic element 8, but alternatives such as snaps,
channels and the like are contemplated, as long as the magnetic element 8 can rotate
relatively freely in relation to the top flange 12. To assist in the free rotation of the
magnetic element 8 in relation to the top flange 12, the use of thrust bearings 74
between the magnetic element 8 and the top flange 12 is contemplated.

Additionally, to ensure that the magnetic drive means (not shown) maintains
proper alignment with the magnets 66 of the magnetic element 8, the top flange 12
preferably includes a drive coupling 15 that extends upwardly from the exterior
surface of the top flange 12. As with the bottom flange 14, the top flange 12 is
formed of a rigid material, including a rigid plate 76 for connection to the flexible
container 4 with a hermetic seal.

The sparger 28, having holes 78 for releasing gas into the mixture, is more
particularly shown in Figures 5. The sparger 28 is preferably attached to the flexible
container 4 with flexible straps 42 welded to the interior of the bottom portion 34 of
the flexible container 4. Of course, other means for attaching the sparger 28 may be
used, including adhesives, clips, and the like, however, welding straps 42 formed of
the same material as the interior of the flexible container 4 to the interior of the
flexible container 4 is most preferred.

An alternative construction for the sparger line 36 is shown in Figure 6, which
uses a sleeve 36’ as the sparger line. In this embodiment, the sleeve 36 is constructed
of a length of material, preferably the same as the interior of the flexible container 4,
welded or otherwise affixed at the longitudinal sides to the interior of the flexible
container 4. The area between the sleeve 36’ and the flexible container 4 carries the
gas from the gas inlet 30 to the sparger 28.

In the event that the process calls for sparging more than one gas into the
mixture, the mixing vessel 2 may have more than one sparger 28. For example, if

both O and CO; are to be introduced to the mixture it is contemplated that the mixing
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vessel 2 may have two spargers 28a and 28b, as shown in Figure 12. When using two
spargers 28a and 28b for different gasses, different sparger lines 36a and 36b, fed by
different gas inlets 30a and 30b could be used.

Moreover, the different spargers 28a and 28b can have different characteristics
related to the type or volume of gas that is being introduced into the mixture. These
different characteristics can include, but are not limited to the size and number of the
holes (not shown). Additionally, the two spargers 28a and 28b can be incorporated
into the mixing vessel 2 in any manner, with each being incorporated the same or
different ways, as a manner of design choice.

When using at least two spargers 28, it was a surprise to find that the sparger
lines 36, which lie on the wall 40 as protrusions which extend into the inside of the
flexible container 4, simultaneously act as flow breakers/baffles, which further
increase the stirring of the mixing container contents in the flexible container 4. The
parallel arrangement of at least three and preferably four spargers 28 with equidistant
spacing on the wall 40 is particularly preferred in order to optimally use this flow
breaking effect of the sparger lines 36.

As stated above, the flexible container 4 of the mixing vessel 2 can have any
suitable shape, however, the shape must be determined with considerations to
eliminating areas where flow of the materials may be reduced, folding the mixing
vessel 2 for shipping and storage, and unfolding of the vessel 2 for use. Figures 7A,
7B and 8A-8C show various configurations of the flexible container 4 that are
considered to be suitable for use with the present invention, without limitation.

In one embodiment of the present invention, the shape of the flexible container
4 is preferably hemispherical, allowing for more efficient mixing and sparging of its
contents.

Due to the flexible nature of the container 4, the mixing vessel 2 is preferably
supported by a rigid or semi rigid container or tank 88 during filling, mixing and
draining. The preferred tank 88 is of generally the same geometry, shape and/or size

as the flexible container 4, and is preferably hemispherical, to minimize stress at
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seams or changes of direction in the material of the flexible container 4 (see Figure
13).

Notwithstanding, the tank 88 would have one or more openings 90, 90a for
inserting the empty mixing vessel 2 prior to use and accessing the various elements
that need to be accessed during use of the mixing vessel 2, including the drive means
15, inlets 22, exhaust 38, sampling lines 26, etc. Similarly, the tank 88 should have
legs or a stand 92 to maintain the tank in an upright position while allowing access to
the drain port 18 for draining the mixture through harvest line 20.

In a preferred embodiment of the invention, the top and/or bottom of the shaft
is rotational by means of radial bearings, such as friction (sliding), journal, ball or
roller bearings, and more preferably sliding bearings, similar to that shown in Figure
9B. In this regard, it is important for efficient mixing that the friction of the shaft
being rotated is minimized.

A preferred commercial embodiment of the present invention is shown in
Figures 10, 11A and 11B. This embodiment includes the elements described above,
including the center shaft 6 having impellers 10 thereon, mounted on a top flange 12
and a bottom flange 14 that is hermetically sealed to a flexible container 4. Although
not shown, a sectioned shaft 6, sparger 28, material inlets 22, gas inlet 30 and exhaust
38, sensors 24, sampling line 26, harvest line 20 and the like are envisioned for use
with this embodiment, as desired and without limitation.

The top flange 12, shown in Figures 10 and 11A having a drive motor 80
positioned within the drive coupling 15 so as to orient the drive magnets 82 with the
driven magnets 66, includes a mating member 46 as described above with respect to
the bottom flange 14. In this embodiment, the thrust bearings 74 are preferably
oriented vertically between the mating member 46 of the top flange 12 and the top of
the shaft 6. Moreover, the magnet element 8 of this embodiment is preferably formed
on the terminal end of the shaft 6, so as to create an integral shaft 6 if desired.

The bottom flange 14, shown in Figures 10 and 11B, can include any
acceptable mating member 46 with thrust bearings 74 located between the mating

member 46 and a portion of the bottom of the shaft 6. Preferably, this includes a
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lower portion of the shaft 6 being formed as a receiver for the mating member 46 with
the trust bearings 74 therebetween. Alternatively, the bottom flange 14 can be formed
with a female mating member 46’ which receives the shaft 6, with the thrust bearings
74 positioned therebetween. In this embodiment, the trust bearings 74 associated with
the bottom of the shaft 6 are also preferably, but not necessarily, oriented vertically.
Variations, modifications and alterations to the preferred embodiment of the
present invention described above will make themselves apparent to those skilled in
the art. All such changes are intended to fall within the spirit and scope of the present
invention, limited solely by the appended claims. All cited prior art is incorporated by

reference.
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CLAIMS:

1. A disposable mixing vessel comprising:
a. a flexible container;
b. a centrally disposed shaft having first and second ends, at least one
impeller and a magnetic element associated with a first shaft end;
c. a first flange adapted to rotatably engage the first shaft end; and
d. a second flange adapted to rotatably engage the second shaft end.

2. The disposable mixing vessel as defined in Claim 1 further comprising
bearings located between at least one of the first shaft end and first flange and the

second shaft end and second flange.

3. The disposable mixing vessel as defined in Claim 1 wherein the second

flange comprises a drain port.

4. The disposable mixing vessel as defined in Claim 1 further comprising a

sparger at the bottom of the container.

5. The disposable mixing vessel as defined in Claim 4 wherein the sparger

surrounds at least a portion of the second flange.

6. The disposable mixing vessel as defined in Claim 4 comprising a second

sparger at the bottom of the container.

7. The disposable mixing vessel as defined in Claim 6 wherein the second

sparger surrounds at least a portion of the second flange.

8. The disposable mixing vessel as defined in Claim 4 wherein the sparger is

fed by a sparger feed line attached to an inside side wall of the flexible container.
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9. The disposable mixing vessel as defined in Claim 1 wherein the shaft is
formed of sections that can be assembled from a shipped configuration to a mixing

configuration.

10. The disposable mixing vessel as defined in Claim 9 wherein the shaft is
formed of sections that can be assembled from a shipped configuration to a mixing

configuration by telescopically extending the sections.

11. The disposable mixing vessel as defined in Claim 9 wherein the shaft is
formed of sections that can be assembled from a shipped configuration to a mixing

configuration by manipulating the shaft from a folded position to an open position.

12. The disposable mixing vessel as defined in Claim 9 wherein the shaft is

formed of sections that can be screwed together.

13. The disposable mixing vessel as defined in Claim 1 further comprising a

drive coupling for rotating the shaft.

14. The disposable mixing vessel as defined in Claim 13 wherein the drive

coupling is adapted to be associated with the first flange.

15. The disposable mixing vessel as defined in Claim 1 wherein the flexible

container is adapted to be fitted within a rigid or semi-rigid tank.

16. The disposable mixing vessel as defined in Claim 1 which can be adapted

to a substantially flat folded configuration.

17. The disposable mixing vessel as defined in Claim 1 further comprising

one or more additional inlets for adding ingredients to the mixture.
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18. The disposable mixing vessel as defined in Claim 1 further comprising

one or more sampling lines for sampling the mixture during mixing.

5 19. The disposable mixing vessel as defined in Claim 18 wherein at least one

of the one or more sampling lines is located in the bottom third of the mixing vessel.

20. The disposable mixing vessel as defined in Claim 1 further comprising
one or more sensors for monitoring variables in the mixing vessel.
10
21. The disposable mixing vessel as defined in Claim 20 wherein at least one

of the one or more sensors is located in the bottom third of the mixing vessel.

22. The disposable mixing vessel as defined in Claim 3 further comprising a

15  harvest line adapted to be attached to the drain port.

23. The disposable mixing vessel as defined in Claim 1 wherein the flexible

mixing vessel is formed in a cylindrical shape with a hemispherical top and bottom.

20 24. A disposable mixing vessel comprising:
a. a flexible container;
b. a centrally disposed shaft having first and second ends, at least one
impeller and a magnetic element associated with a first shaft end;
c. a first flange adapted to rotatably engage the first shaft end;
25 d. a second flange adapted to rotatably engage the second shaft end,;
e. adrain port; and

f. at least one sparger.

25. The disposable mixing vessel as defined in Claim 24 wherein the second

30 flange comprises the drain port.
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26. The disposable mixing vessel as defined in Claim 24 comprising two

spargers.

27. The disposable mixing vessel as defined in Claim 26, wherein oxygen is
introduced to the mixing vessel via the first of the two spargers and carbon dioxide is

introduced to the mixing vessel via the second of the two spargers.

28. The disposable mixing vessel as defined in Claim 26 wherein the two

spargers each have holes of different size and/or a different number of holes.

29. A disposable mixing vessel comprising:
a. a flexible container;
b. a centrally disposed shaft having first and second ends, at least one
impeller and a magnetic element associated with a first shaft end;
c. a first flange adapted to rotatably engage the first shaft end;
d. a second flange adapted to rotatably engage the second shaft end;
and

e. at least one sparger.

30. The disposable mixing vessel as defined in Claim 29, comprising two

spargers.

31. The disposable mixing vessel as defined in Claim 30, wherein oxygen is
introduced to the mixing vessel via the first of the two spargers and carbon dioxide is

introduced to the mixing vessel via the second of the two spargers.

32. The disposable mixing vessel as defined in Claim 30 wherein the two

spargers each have holes of different size and/or a different number of holes.



WO 2009/122310 PCT/IB2009/006077

22

33. The disposable mixing vessel as defined in Claim 29 further comprising a

drain port.

34. The disposable mixing vessel as defined in Claim 33 wherein the second

5  flange comprises the drain port.
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