Bl OREACTOR W TH M XER AND SPARCER Thi s appli cation
clainms the benefit of U S. Provisional Patent
Application Ser. No. 60/730,489, filed. QOctober 26,
2005 and U.S. Provisional Patent Application Ser. No.
60/ 841,012, filed August 30, 2006, the disclosures of
whi ch are incorporated herein by reference. Technical
Field The pr i ' rally to
vessel s for %?gﬁﬁgf%ﬁﬁ%gﬁ%ﬁnﬁk%ﬁé%%@ cularly, to
a bioreactor including a mxer and a sparger.
Background. of the ] nvention Typically, a bioreactor
c Wﬁ@ﬁ&ﬂ éO%QI@MS|ﬂ!ée bﬁ@@éﬁw YSsTighistprebPaiemvingdicelpn Seum
g bt | hacul ture.« Tg cr.eat uch
ot o3GRS, AE Oind 28, ol B PrEhaaha PHER
bidgnriasti@r Sef. e c0MAAH 1001k ARE30UIG0BY HRedikclS6OM b
Al so, gases |ike oxygen need to be delivered to cell
c hich &etpcarapiated hetgn bpeefesoneli ti ons for cel |
met abol i sm pH and di ssol ved oxygen probes are
normal |y used to control and maintain paraneters at
Techhltal P4 Ml |evels. Usually, mxing inpellers
uni formy di sperse gas, such. as in the form of
bbbl pssent tiventighautatdshgeneailiyme ofssdls doeaoldiig TR GRS more
_,bg&flg; gay be fornmed by jntroducing pressurized gas
partiquiiriyi, 10 # Piiepctol iBeiyfing adpixerard a90a885dr gi ng el enent
whi ch usually has small holes or pores that break the
gas incomng gas into fine bubbles. Since small
Backbudbhides! ithadavewtidiar ge surface to volune ratio,
diffusjion of the gas into fluid. is greatly
ad vRicalhn pdipreauterdonipsise a sitrie vesseldesigeahp pratdemsioning growth
. -of stainless.steel or .glass. However, _.the )
conaifffiP e SUERANER gRLfRate se bR SRRaE Bitey luregin the
biore£bit Senf KRy 6N mY . gaslichyeqdi :
O e e PLIRGL. DRSS el JUSRRS P e 0 e
delivegeéta dellzatiyredo spogabipeopebagslitddsthnat] endtiiotiseo pslmidagssolved
cl eapi ng and validation, resulting in reduced cross
‘Oxygc‘&dﬂpg?ﬁ gePERAYY wed tecapti)and mpipipmmasanetsars 4 thaeoninaal levels.
a : Lncludi ng a sleeve ar
R A e P P B Bt o p €Y B o,
througlent rthdedhinge @@lﬁi@{@hdtoﬁsﬁieg?@dbﬂﬂ)bleﬁ- 1;18?%%11&{@@ by introducing
6,494,613, The rigid rod introduced into the tube or
pressuizgegas fosthe dtuad Buiough wspaeser of st zing tlomang, welrielatisually has small
jnside the ba ver, .m Xin

notes B0 08 (RS PP AL B B m e U a5 DE WD v oY BRI bubDIes heve

a largk SGHAR: to volume ratio, diffusion of the gas into fluid is greatly accelerated.

Traditional bioreactors comprise vessels made of stainless steel or glass. However,
the current trend in biopharmaceutical manufacturing is to switch from such vessels 1o more
readily disposable ones and, in particular, flexible plastic bags. When sterilized, disposable
bags eliminate time consuming cleaning and validation, resulting in reduced cross
contamination risk. Storage and transportation costs are also reduced.

A mixing bag including a sleeve and rotational rigid rod introduced inside the sleeve
is described in commonly assigned U.S. Patent No. 6,494,613. The rigid rod introduced into

the tube or sleeve is rotated by an external motor to create mixing action inside the bag.
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Accordingly, a need is identified for an inproved

bi oreactor for use in bioprocessing applications. The

bi oreactor would be easy to construct in an expensive

fashion, and would be readily disposable and

otherwise sinple to use. Despite its sinplicity, the

apparatus 5 provided would result in an unprecedented
Howke 84 hifhe Tty kAL ¥ 1, Lacl udi ossi bl y under

el e M9 ARkt AL U R PRI dET

f aedordiagiyn@nes i iQpnaEWed 2 Yin RS EDGiot Btk Wiluse in bioprocessing
distribution of bubbles from any sparger prOV|8ed
applicionsg ﬁ@@ﬂ’lql'ﬁ@tzll \mg@ldtb@ eilsmj? oMﬁuu:mn acexy mm&eaagm, ehd would

. : a unmar, _the | nventjon One aspect
be rety RANF AR R b plarianise. TPRARiE Selicise tiorpparatus
provide@ROARERShING M drdbrécedEhibd fhyvel UFGy; S GogRLises a o

vesse| having aHh?ﬁtgrﬁggﬂgg%%gﬁ?ﬁgﬁgﬁcégé @%&%gpm%ﬂﬂyundm
sterilp gionilitigns.t whilé latithe sAmeritoas foili@tiablel 2RO B cA%irmOmhe fill

...fotatic itates the fluid, and a sparger dgenerates
distrifsgtigh 8 Dupiies Aramhany | sapiser oyt Bratghbeteth et So Tmprove the
concdRYibAS¢ df Lhg the sparger 15 about the axis of

r ot alti on. S%lgg@ng%]ng action in the fluid created by
the m xer conmbined with the novenent of the sparger

about the axis of rotation helps distribute the
1y ‘ sparger throughout the fluid to

ie%% glgﬁ%:& EF tf{éﬁg\gﬁﬁﬁgrgﬁg érg%m%@gslt 1%%@?1}45 gd%gzg%éﬂ!)igpzf%ggssmg witha -
fluid. a1 fpphrRERQRBITRRL o vERE hdPBld M8, 15 Edtpa B BpabTe of holding

notor for rotating the sparger abou

Sun

the flpigk ati wixer lintagatilé laboROaramdt heroRMBO dbABBS thd NEIdTAL Vi€sparger
_devh(:@%r ot af es tge, mxer. In a particularly pr eferred
genergies wyohles W’é&é‘r%% Pife Ht motipedsyaesseplse proyidesidsr mobimg the sparger
bout! el | exi bl eve proj ecti ithin the . :
aboult kBB Reh LB LSRN, PLOLEELL A ML LS i wit
the mocmpanit o etheapsiigst bk G HRIorrBRBEL haPs fiBuithif Sb 8EYBles from the
~The m xi nﬁbrod_lnd_uces rotation in the sleeve to :
sparggdimongRoytiibe finid t improraube esqresirapnt dfelivbkicdgas.od t o
the L did. .l n ﬁn% of, thesel 25 enbodi nents, the sparger
iy SRt e Bixgtcauplet @dhe srarpen dnspthes probedinregt, the
motivé Bevi8@&orhSrisdsMEnbloyind tbRihE fhek Y way. of @ porous .
o s Sy B Lo bk o RS Gt M X oy i i
anothacothodancs, thiethotareoddvive ragpgche @ixckhe i nvention, a
g[i oreac_toi intended for receiving a fluid is
st PaLEy arth pradeised aliewativo apbpeiseny the sestel aviprgean bag
; [ b Of,1 C rtnent. capabl.e .of receiving and_ hol di ng
includ @ b1 SRR T ipe FARRE B leroEF Sgprbaant | BRTFEOL, the
mixer 8oRAMEes a3RIRAOFQLEI MkeWidnl] L NYQE QL afion
) andpcoup_l ed t% t heIvesesec’ltﬁrl%;i/]h %\gé‘edg’f @E§@§{11%§%§2%#ﬁ9&otat1on
in the sleeve to agitate the fluid without exposing the mixing rod to the fluid. In any of these

embodiments, the sparger may comprise an elongated flexible tube for delivering the gas to
the fluid in the vessel by way of a porous material, and the mixer may include rigid blades.

Inaccordance with another aspect ofthe invention, a bioreactor intended for recetving
a fluid is disclosed. The bioreactor comprises a vessel having an interior compartment
capable of receiving and holding the fluid. The vessel includes an elongated flexible sleeve

projecting within the interior compartment and coupled to the vessel by way of a static seal.
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3 A mxer is provided for insertion in the sleeve
that induces rotation in the sleeve to agitate the
fluid without exposing the mxer to the fluid w thout
causing the sleeve to bodily rotate about a
| ongi tudi nal axis. A sparger is also provided for
form ng bubbles froma gas 8upplied to the fluid in
the vess As a result of this arrangenent, the
A mixers m’go‘ag%d 0 Insgrtiondn fhesleevs tbﬂe&@t@@s pyaticnenih sleeve to agitate

the ﬂﬁ r\gﬁléﬁl %{[)Jt)%gé @Ic lbtg %’er ﬁ_BIId %au(gﬁa%gfé% glﬁgqu topogily rotate

abou’di ®agiwEaalaas. A@p@fg@f 1§Blb}2$ profidel 16 &Rﬁﬁl%%hﬁbl‘é@ﬁ of PR M8 lipplied
to the vessel to formthe static seal,

to the ﬁardgiéwhmmssehd{-\a@emula of tde arrefgenteat, \A:hss:ekmg alvuen in the fluid

bl th to th fl bl
A T ST TLCOMAL T
mlpr&%'ﬂlﬁ%ﬁd&n’a%&%ﬁséoﬁzeh sfluid 10 in the vessel by ‘

way of ‘a porous material” “The vessel al so preferably

i ﬂi’md:fﬁdaéisy atwdléa&tneotseh@@;fd&% eritd (eoraItait® BdrivOiie Widiid skiieand the
ngat ed flexible tube ich "may be external to the
Spargph ?.aéhacelé Grpeet plethe vepselo ﬁ‘éO%rm@%l&bésntﬂle sharger couples to the

el LSR8 RS SR B R0 B s o e s

in the%ﬁswl bﬁﬁﬁ% afy pdi‘@@sl th@ErANTRCEREel Alsh ?%?51 aﬁlg utuflﬁdéé%% f85tone port
To 15 enhance the m xing action p OVI e sl eeve

in comylm@utm wiilyihd ebbf@d‘@ﬁ fidiivie eeymrbech ‘tohe be watsedl todlye interior

se a flexible bag to pronote disposability. In
Compﬁ]gggpjﬂance with anot her aspect of the invention, a

b h%l?@&ﬁl%ddn]@{xteﬁg% T C?]{) fg&gé Qs 4 4@8&?{1 Hegl %r agntatmv the

culturing c §Ts I oreactor conp

fluid. aPreéssigly, thavéongd atixericobpkisey arﬁﬁfmﬂéﬁdaiﬁi&hnt‘-‘aa@@ﬁ'cﬁ ﬂﬂzf vessel. To
receiving and holding the fluid, as well as a flexible

Cnhal@ﬁéh%wzl@gélﬂl@hﬁmgdq nths sleryeimaseedrorrigidibades nrthptmeare, the

l.,ades X si.tioned in the
vesse{ Ty S8t 4 BB BES e hBlefiro P Cate the 11aid
Wit D@bkdah 8w ith XRIMG A8 R tﬂcgmtv@rﬁlofn 1@1’6&0‘(%1‘ RRA B8 For' rBceiving
coupl ed to the mi xer for form ng bubbl'es froma gas

a fluig upphl edculorinpectld widisclosed h&hebdgeacocdongsisey awaysebhaving an
an exter nal t:fpa[)t conmmuni cat i with a flexible tube or

interig qREIRagE eapabledlerefHas é@%ﬁd@%}wﬂmn@we I fea Hexdbleglecve

cmengﬁxgtirl bu mtl%l hhﬁg u%%ﬁ ?1%1%1%@51&11%@%&8% @1&%1 positioned in

the slddvegiuRed ﬂ’dﬁmdﬂ'ﬂmémtt@ legiidtéllﬁé fhd WiREeVEe ltlllﬁv@l contachng the fluid.
concentration of dissolved gas. In accordance with

A spataer isrsuplisige dte roifker foe fomieg bulaies famna@aasla:tplusd nmth@riﬁzed:lm the
receiv a fluid i sed... The

bag, sggtbgsr by ey gt?ltg@&grgg it gél ucgt&g]wgg a exﬂﬁe tu%e or like conduit.

As in the other embodiments, the mixing action in the fluid created by the mixer helps
distribute the bubbles from the sparger coupled thereto throughout the fluid to improve the
concentration of dissolved gas.

In accordance with a further aspect of the invention, an apparatus intended for
receiving and agitating a {luid is disclosed. The apparatus comprises a vessel, such as a
flexible bag, having an interior compartment capable of receiving and holding the fluid. First

and second spaced, independently movable fluid-agitating elements agitate the fluid in the -
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flexi bl e bag, having an interior conpartnent capable
of receiving and holding the fluid. First 30 and
second spaced, independently novable fluid-agitating
elements agitate the fluid in the 4 vessel or bag. In
one enbodi nent, first and sgcond notors i ndependently
rotate the fluid-agitating "elenents. Preferably, at
one of the first and second fluid-agitating
Vesseieﬁlggn&@nt s conprises an inpeller positioned within an
| I 8fid @hb&AARA, TR AL 9 dnln N8RS epBRENfIPtRERIh OV uMRY itating
of a 5 magnetic coupling. Alternatively, at |east one
elemaptts. thvefeiallg tat et weob it filstand-sagirtdatuidiggiedtmgeidsents comprises
. caonprises a magnetic iynpeller levitated by a
an m@%@é POSGBET PHGTEATEHERC: CREPHIMSHAL Risrvessel pl igkted by pigy of a
dodead S ' [ lsnd. | Nt ekl qf. . ,
e e PR LS. BLAL R bFe B Dl A Blating clements
compfibes @-ragietit i ingeRbe RithtcdObp i SBrcanduchg dld@tent. Still another
positioned in the sleeve and rotated by a notor. In ;
alternghiye deerovife pslogve perieting ineathe inferiaricogpagmenseCndessel, in

: I.dr ag i 10 el enents. are .opposed...In .. .
whicll b BB Bl PiPng Sk (e SLE pRRRRTPose s ety and
rotate@ BB BRfoOT IbABPERE S8 34 PlbfardSleNHatand ki Anli Skl d r1fid-agitating
vessel is disclosed. The nethod conprises rotating a
elememisae oppotele  vessel to agitate the fluid while
si mul t apeousl .y novi_.n rotating) a sparger about

e.g., : L
t fHedce ¢ Wilg Sk ﬁﬂ%}‘f’étaﬁlg%ﬁf’@h@d%"ep PRy fgRBed Of bioprocessing
R AFITE - t c r atd i | .ved e
win ) 8 NS, LSOO SO Mg o
vesselofo dpitdfl the duidehilt xefulandosdar@eng (c.as rivalihg)assgabger about the

additional steps of providing a sleeve within an .
vessel tadeln dptriboigsas threvghoot theilid snsbiswiovenibe ¢ansentrdtivg of dissolved

s, TRl e B s EoToriS e SRR PP RE R St B soanee,
as well N8 thdRINQ6haT ABE bBEDVRIAY b A aYe FiESHEht LAY (b)@%ﬁgﬁment of the

interior conpartnent capable of receiving 2
vesseholddnsgtiag fmikthg 1dd iethernetved f | exi bl e sl eeve projects
i,gto the interiogr conpartnent and couples to the

v&ESOthy aRaet Bf thy Iaeaiop iseaethord mrspfastnimgra bigreactor. The
et R 528 I 60 Pk Py o BRSRl BmBARERE bl orscoivin

and héitiogla fwit AerelodehRd TERIHIOHe6RMR6IE8 Std el iMGribNeorshRaNMEt and
within the interior conpartnment wthout rotating the

couples tedhevesel by waeofl asstiggicr agdl. nBlle rasthed fusthdi etrnprings ettadidng to the
e YRR, KR RO S B oo RO IRETL T e, e
b8 R8T SHE Bk MR, SRR WA i 0
sleeve about the longitudinal axis to distribute the bubbles throughout the fluid.

In one embodiment, the attaching step comprises attaching the sleeve to the sparger,
such that the moving step includes moving the sparger. In another, the attaching step
comprises welding the sparger to the vessel. In still another, the attaéhing step comprises
connecting a flexible tube forming part of the sparger to a port associated with the vessel.

A further aspect of the invention is a method of agitating a fluid comprising providing

a vessel in the form of a flexible bag and providing first and second spaced, independently
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conprises welding the sparger to the vessel. In stil
anot her, the attaching step conprises connecting a
flexible tube formng part of the sparger to a port
associated with the vessel. A further aspect of the
invention is a method of agitating a fluid conprising
providing 30 a vessel in tée formof a flexible bag

or oviding fi i ndependent]y 5
AT MR I N R
inchfdeuths step 6haobrlthg TReardEBaM MBS ﬂﬁ'tiﬂc?élpe11(ifiéé‘1?1|y‘1‘9ﬁtiﬁg fhe fluid-

.. step_of providing first and second notors
agitaling cheanenint Ly theotase iwhgra sdedst vind-of dlys fiattiand sedopirefiiig-agitating

t , wh t | e of t first d d
elem{pﬁtgicgﬁlggll %’sgql} ngeﬁgaa@ﬁgﬁ@ g%ﬁ%q%.g@@gghctlmg%@ﬁﬁ%ﬁ O% teh%?rgssel, the

tHe@ SbiipBiR&ToMtindis [ | roent of the ,
e e ot SRR BNyl [ pgemaro case
wheiloy shegyegiojactyagoehd hteiypbinpgmbit ¢hBe 2kds6l Aad %eqﬁﬁg—tagitating

| where a sl eeve projects into the interior conpartmen
clemght opTesaEpid rad gositienciinihg slegie. athiaethed greeritrther includes the

| s ALl 9] positiponed.in the, sl eeve. The
e GO, TR PPl BR B o S1cee it gy Rt pampartment
rigid rod to induce rotation of the sleeve within the
. lnterior conpartnent. 10 Brief Description of the
LHL O el {ipgsa partially cutaway perspective

of, .a hi Qt[aﬁﬁf(:t?r vessel accordi n{g to one )
P i f PO U PR R s c S GEWeo T2 higreactoaessell dcpording to
one eBHoANAYNIRANBPESLAhNG,: Vi ew of a bioreactor vessel

according to anothér enbodi nent of the invention.; 15

Fifggure 248 aipsrtéallyantdvalylperspedtavasew oThan@eshior vessel according to
Cross-sectio Vview of the vessel of Figure Figure 3

|
anomlegGQEB‘%#R%PE&%HY%Q% perspective view of a

big § ording to yet another odi ment_. :
of RESH R ARRES o PSR Mtk Brog¥ SEou Rl vigw ol hatagre of Figure
2, enlarged, cross-sectional view of the vessel of Figure
20 3; and Figure 4 is a partially cutaway perspective
vFEnred iaapavidlycutay gsspbctaeadewiofig Hiereagtet vaandabediding to
ot %ﬁbe?’%h”&eﬁt of t_hﬁ: invention. Detailed Description of
yet anOgier CHDSRMH S 5h e EF @i0Rce i s now made to Figure 1,
why I ; I i.ment.. he vessel 10 of ..
e SR PRy B A R IR o8 o Bp SET b et of Fgure
3, andvessel 10 in this enbodi nent conprises a collapsible

b 11 including an inner conpartnment C for receiving
NEUFOf ¢ hgatiiatly grigway perspective view of a bioreactor vessel according to

yet another embodiment of the invention.

Detailed Description of the Invention

Reference is now made to Figure I, which discloses one embodiment of the vessel 10
of the present invention for use as a bioreactor. The vessel 10 in this embodiment comprises
a collapsible bag 11 including an inner compartment C for receiving and holding a fluid
(which term incorporates liquids, gases, solid suspensions, and the like) for being agitated
or mixed. As described in the above-referenced ‘613 patent, in the case of a collapsible bag

11, support may be provided by an outer rigid container (not shown) 5o as to provide support
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(which termincorporates |iquids, gases, solid
suspensions, and the like) for being agitated or

m xed. As described in the above-referenced 613
patent, in the case of a collapsible bag 30 11,
support may be provided by an outer rigid container
(not shown) so as to provide support 6 for the fluid

ror Rl st U e b o e R SRR e BB b vt
10 to itk &IF Eorhe MGk c%ﬁﬁqe?}‘maa@xf@ﬁ) suARbie fé?éﬁﬁ,' iBlinding rigid plastic,
d. p ss, net or tHe Fiee.

i ncluding rigid. astic, g na,

glass|meteher érlddai nent shown in Figure 1, a flexible sleeve
12 projects in the interior 5 conpartment of the o
v ﬁ% g‘@ énﬂwdél?le’&aijwym woffigei b atfiordplasipere b2 drgieds énthe interior
g i el s aclosed end ih.the
compcH 52N, Wse NELHHS2 1871 E3BEGE 2ol Mo, i e 12

includd a@fosb@end hkhaBempALARRT @NE td AhmQGa eIty WilirBhd 88110 or bag
such as a rigid mxing rod 14 having at” | east some

H andagppen oid fouropaivimgs miu.auenss digid opsmgend 14 hivdng iideast some
degre% ﬁg%@'y Ct%.g{; ! @&ﬁct:eg*t } e(g)\é:g%gg,ghg %rg lgggpouﬁef 1@) %wpxgegjse? %t()sér bag
11+ o : i : : [..

P RISPAS] TR0 PR R AT ey
staticdly fobmed beatrcliferentialanclo pemioddbedredhohe oben &tio MBS SREve 12

10 or, bag 11 so as to ]gi ve it an annul ar shape. As a
and ap gpepipg 6f helsiig the pessek [hen baghideset as torBveiteeaanulzr Feape. As a

sl REBORILS 10134 D3, BRRHIA PR s st s v

longithtingl 4x84, bEOEMAIINBBYe Houfthe 8ol @R hRLECHNE def Iotobtate the
and provide the desired m xing action (note action

fluid endripewigp thel destiied naiksigalctiem thotd adtiva amioxi By rod 14 maybe

' A into the sl 12 . t th

o S8 it BorTe B vy BemSaisgariot e s dseato engego
X . ~di j . o S 3
e R S R IR 01

patentt OTlee omjdsite ende)ithie rod U4 MaASinaumod@ibloRah dbffiect WP@Mmotive
. being actuated, this notor bodily rotates the rod 14 y
devicg puthtasiar slabapal reigi-t Upemeingadhentech Stsmatrbodilarotases thy rod 14
_ r .0f. thi ovement ., t 20 sl eeve 12 rotates
abour 15 ol BREI i 03 TRt &5, g rit St s i e
sleeveDME roWtdshididht 11RLALeHBE coBPRHhert CSioAWRale OROFL dbnakitdtk Sotati
Mor eover, by Virtue of {%ﬁe S ee\?e\gg%tegei ngMé %ilgﬁ%ﬂt%omung
about itk oWh tonghtedinahs:as. Moraoap by virerbf Ge stdeee h? kéingcloss! idhin the
.nhever contacts the fluid directly, and can thus be

intericC PR o o BUSIEEPh LATHEE FENbAlE DI R gireqiph Psbandhus be
w5y 8 BGOSR ShNEES it S v
10 withbet eveslbar@@, the bioreactor ‘vessel 10 includes a

In accordance with one aspect of the invention, the bioreactor vessel 10 includes a
movable sparger 20. In the embodiment of Figure 1, the sparger 20 comprises a porous
material 22 connected to the distal end of the sleeve 12, The connection may be by way of
aband 24, tie, fastener or like coupling means, or instead may be by way of welding or a like
type of connection (e.g., an adhesive).

An internal conduit, which may be a rigid pipe but is shown as comprising a flexible
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novabl e sparger 20. In the enbodi nent of Figure 1, the
sparger 20 conprises a porous material 22 connected
to the distal end of the sleeve 12. The connecti on may
be by way of a band 24, tie, fastener or |ike
coupl i ng means, or instead y be by way of wel ding or
a like type of connection (e.g., an adhesive). 30 An _
tubel?@t B [ a rigifd.pipe.but is
e S 220 A AR 5t 10
. 'tloin hée2s nidyel uoeissplddi@ihe 8lecd] 4 ‘ ' i
.the v sseldy?o or bag 11. Thi's tdgg&i%q{muf%%%gﬂ%ggaﬂdwt’ue’
ot 1116@0%1;) - tihemest &, adueh 12y bs hetmeazally sededigoapliet heth an external
ke ¢ The port 28, which ma

] 4. Li ) | i I .

Suppggﬁg%r%‘%’t %@Pfi%}l?@%a’ﬁl%a‘%PPiu £ R PRIt AP A Shown) to the
tube 36RMM VeddeBs : ' r,am- AR S st of f
_u ef rom ar grnmt %@ggﬂ}@gﬂl%g%ﬁﬁg%, IE% Yhe Eil] %ngdeggasgﬁgs of the
mveriemde ushenpopais foamed irathe 28sseHNQMSS, 111 4s the p¥ LRIES: receiving
the thlz) b‘Ef aggst ,aﬁpect,s of the invention to use any _

i 50 YRR PR Suchegatimty o csatpnsive aith the sypplyt line 30.

2 . . 58 i.bl e, t.upe. 26 [ may [ n

eSS, DR ARGl DO s o

fluid 8@ly; Thethpowoids, Fat@nipaks B2ukh 1 SLEEFAPIY gﬂg{i}ftg&?}ﬂﬁi& but the

.,allows for the "one way" passage of fl u?
fluid gpqh 53s saspefPasydsougirihppersut nnerghinthihe e, @ontcqhientBNin the

' fluhd, . but the 10 fluid and gas cannot pass
case ﬁ%%ﬁ%%%%‘f@&} biib! W?@W%“a{lﬁﬁf‘ﬁ% 8 VERSS ezlpust port 32 may also
be pr&afsE quekdnly, 4 fdigot . ; % pag la, o

1 is herneti }c;al Iy lge%%gi‘?n)\éﬂ}sg{ﬁtﬂ%rgs iésx gcﬁcéft‘t% ‘6’!% u’iﬁ%ﬁ 32 for
preventiyg flesotrodbetipn of iddwirePraftanahi, surthfas htifoofd@lsms or the like.

shown) or |ike neans is associated wth the port 32

for preventing the introduction of undesired

OB 451 SR T ek e
which aghie dosPr@n@eiic kPouths ShERMR tkdinal ¥4k C hfh?sgﬁ:i.?ﬂlelgé}ﬁstauses the

not rotate about its own |ongitudinal axis.
PoroufeRaserin 22 od dsespargre 20gomuys smatleniealis(@avidf thchtoes©a? g@bsut the

e pns 20 i mul | ith th | 12 ab h
ot BB, R b e e T e
h_\ 3 . o l - i - t B |' - .'t Y A
LYo T e —
and théreby mbpoives tlo opRrenRitn 6F %S@Mdt%@rﬁbm@i fRRHONBScH BRy be
e

‘Og]%g%en_tr tion of dissolved gas in t fluid (which may
contrqjied by sipply Il ting hesiunplyyp! ges tosthe mgpplicamiihl y of gas

b, BB SR GRS, WS SR e st

‘the ongidatdrived HOFi gk ORRBwWASSC I Ef?ﬁ%dnntofﬂmg Ih‘%i@ati]on ({%H@?, crdafhd by

.addition tothe agitation of the crea
the “wrapd” migeenczdditionel agitatidg tipaniay isguovided bgascapadiniiyer®sitioned in

the Vegsre?\fb.d (:I‘g ﬂ?ey er%bgcﬁfn%gg op}*‘éggrre ,Otﬂstsieggri? mii)?er preferably comprises a
rotatable stirrer and, most preferably, a bodily rotatable impeller 40, such as the one shown
having one or more rigid blades 40a. Preferably, this impeller 40 lies adjacent a floor of the
vessel 10, which again may be rigid or a flexible bag. The most preferred positioning ig
generally opposite the “wand” mixer in the illustrated embodiment, which thereby ensures

that the agitation is provided in both the upper and lower portions of the internal
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25 the vessel 10. In the enbodinment of Figure 2, this
second m xer preferably conprises a rotatable stirrer
and, nost preferably, a bodily rotatable inpeller 40,
such as the one shown having one or nore rigid bl ades
40a. Preferably, this inpeller 40 |ies adjacent a
floor of the vessel 10, which again may be rigidor a
fl exi bl e bag. The nost preferred positioning is
compagepai & | y opposite the "wand" mixer in the illustrated

ment., . i.ch r eb nsure t e :
SRAGk FERhaig W Gr PR BN o e Bl Pty o comrie
a secoﬁ?@ wah@ Reixef (d %'bhﬁld\ﬁfﬁ) ethareBrred Q5O 4 ey rGiar 0 impdnter 48 may
hin the broadest aspects the invention for the

ﬁn‘thelsecunpmﬁemmen rharecoagneis4elb, axthecajame wamdcmnnbamtm(nnwﬂh a matrix
the preferred use i | %t _
materiﬁﬂpﬁ? SENARICHEPD TR ‘i‘H’é]rec‘c Endfeurdelsd R dn & frighe! gnotive

| r. I 1% .
e L5 8 AL, B Sy oo
may thég bs aﬁedl@nm;t:ého@dho@ibﬂgiﬁhngﬁiaifhﬁd Tevicse] (Mwohe fidais aelude

D and drive magnet ’\2% of a magnetic coupling,
a post Whioe hece by ﬂlﬁgmpﬂlé@ énd b@f@@@a 2 Rearing @wld%éﬂpmi for it at

id. Th .
teast iy R el DOHEB TR teating makeomngeone: P dhe oM irg soating
sur fac@ 51?5\2%5 20ba¥t & tRE R WsREReE 'sﬁ@cr&t‘é%ﬁﬁfiéruﬁg thelgos@R, or a separate

least In a resting position. This bearing may
roller oaammgi cdamnertft suppexamgpinepelien é()pél‘rhr: pinpelddr 49ansy adgo 1o free of direct

commeci?qﬂﬁgﬁ&@?%&ﬁew 2 argBcda o ire‘?éf?iﬁééﬁalﬁgﬁsupprﬂopgrcﬁng

X e
ceme3A00 FLEFINFURDINS 3R LB s eyt o
be chﬂaaﬂ&ﬁzé@\alst@tc@ﬂapéibﬂ/eo herRéidatld fnled vhgelmab| Yaviihy elndé@derior
superconducting elenent in place of or in addition to

compagieeny ﬁwblemé @W@tvmg andrhoddiye gl onitlsiishtsgeermskindengndently

coraJE SRGEHFA AETER riBhbOIn. B TR RRl G o
dletmbﬁﬁ&?'o‘f' ﬂﬂg @%Qm@%&hnﬂmt i %ér%(ﬂthr%éﬂbuﬁ ith tilamdo szﬁg)@@\de the

I ndependently rotatable fluid-agitating el enents
concerthmionudhlisgolved gmg t he fl ur d and/ or enhancr ng t he
distribution of the bub sfromt sar

20 ... .
tHEGEgRbuTaiw gkagihyr £ I8 THER o ROALDRPIeGts s Browded

O e
embmﬁ@mhﬂisé})l 6%1&&@6}! ¥epsekr 20 intbilallk ol it adi veesd 10f such as by

Figures hand 2, gas diffusion in this enbodinent is
being pomwc&eldtobgheaﬂcs:pahgl@of 2 (T hienspagpeal A0y coroprissd EWJQI‘IETU% heaterial 22

comed g TEbe S S s BRSBTS AR bhR) g
other embodiments, the porous material 22 may comprise a gas permeable or perforated film
22a for introducing gaseous sparging bubbles into the interior compartment C of the vessel
10 (see Figure 3a). The film 222 may be connected directly to the vessel 10, such as by '
welding, or may be connected to a rigid port 22b for coupling with the conduit 30.

Figure 4 illustrates another embodiment of a vessel 10 including a rotational wand
mixer similar in basic construction to the one shown in Figure 1. However, in this

embodiment, at least one and preferably a pair of opposed rigid blades 60 attach directly to

f
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connected to the external conduit 30 for delivering
gas froman external supply. As in the other
enbodi ments, the porous material 22 nay conprise a gas
perneabl e or perforated film25 22a for introducing
gaseous spargi ng bubbles into the interior conpartnent
C of the vessel 10 (see FPgure 3a). The film 22a may
be connected directly to the vessel 10, such as by _
the flexédldistagye d2, megh dreby vpingct wald Sastenergdiolijporeamel fgmection.
coup] i ' t conduit 30. Fiqure 4 ill|ustrates.
ConsefiiRise Arbshbiaden e O goyisbe uid g1 el oy ol Bige Haoliion as me
1L, R . fh | 2 :
ieve 9Bl B0t Byl B 08810 GRARH o, which
is shovenristimgeaglindaitall feastipane o Ailldsiprtehemiy| butavifieit rotfting about its
opposed_ri.gid blades 60 attach directly to 9 the
own lgngaufippbagh faddhaeby sypifingdhgyeadsion g dyiippicealy. o Rrederaply. the

ke f, conn .Qn, . n 180
iaces 3, 8RR 580 SORIEEERA, i SEAGERLEI N, R v e
along 8@ loakit@MindSaiher 1kl gexe 12 sphatrpsfuabos niaﬁi%eilpibﬁﬂb@ by an
conpartnment of the vessel 10 (such as the bag 11, )
optionahspehgeri (Rosswwm asFigeiend), ashi¢hnoal dal coupledgarthoslgsvet? (as in
. illustration only), but w.thout rotatjng about its 5
Figures RN GF LG e sild DURPdBFRvl di ng the need
far . L C A . F
R g T e G
exampde)di mBY alye bs @asiedle @l pogde dBpbeibys hesisnalthevdssel dD to fecilitate
sl eeve 12. Spargi ng function nay be provided by an

sensing ghpigaigristgafdhe fiagt sadioemthic rpI“I;ing@f gonteRihicaworyrepeic. As

. 4.CO d to.the s] eeve. aS 4 Fi gures..1 )
bneﬂyi Ih({l’égcg?e%qvemeﬁq (H.lé] %%13,%‘[722%8“‘(1&2?9 ‘%e %‘f’eggif‘?lgf @qu%lt.h%e sleeve
12, as EOMH OMSri pRt{des B8] PRS 1B MRS HALHPASHAS BraPeasdmb&limants of the

l'i ght of "the above teachings. For exanple, it may

presenaisenbensdesichbabh presentpt fovipdepodesplidlaidiomsad desanipline. These
de&nﬁ&%ﬁ%%ha#&j&%@éﬁf&é&{q gﬁﬁ?@giyg@ﬁﬁggéﬁé%ﬁﬁ&fk%ﬁgpgiﬁeﬁnnm
. r : I : : :
dislo BTy G o ELFILADRLE RN, of M pRRIUS o
inventinegneits grdetic@s agithtlondhe thégbdemdladese 60ordiitaey skill in the art to

. foregoing descriptions of various enbodi ments of the |
utilize e jwerieon injvaviews goslimanie apdwih yragespediicgions gp poseied to

f jllustration an escription. These . cl.Lpt:
the paoglen rSt bRt o bidRBRonT BRP FyiafiF R Bl e scope
of the {HV4BAGA RNadi@nlifG IR BE hSentied BBimHvaeH BS@Pretcig accordance with
enbodi ments descri‘bed provide the best illustration of
the bréadéh frivhich phaysarefaitlhdegdlineadteiqoitatdp dniifisl. pr act i cal ’
applications to thereby enable one of ordinary skil
in the art to utilize the invention in various
enbodi nents and with various nodifications as are
suited to 20 the particular use contenplated. Al such
nodi fications and variations are within the scope
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of the invention as determ ned by the appended cl ai ns
when interpreted in accordance with the breadth to
which they are fairly, legally and equitably entitl ed.
10 Inthe Cainms 1. An apparatus intended for use in
bi oprocessing with a fluid,, conprising: a vessel
having an interior corrpart}r%nt capabl e of hol ding the
Inthef i.d: a mxer rotatable about an axis of rotation to
e the fluid; 5 a sparger for supplying a gas to

the 11k GonAds hbRiek V6 (8 YA b F Qs dTRY (g oG SR PRI

about the axis of rotation, reby the mi xi ng acti on

i n t he fdssgldavingamddtetipr ¢dneparinxet camibd ofdtoh]dihg et fhad;

novenent . of the sparger about the axis, of rotation

hel ps dPEeF FofatbleiahelisBupdee! oRivndgnagitate thedlyifyi d to

i mprove._the concentration .of, dissol ved gas. 10 2. The

appar a s&é{%%@ls&?ﬁgy}ﬁ%a aésrt%iﬂhe ]ﬁ@’ %nmier couples to the

spar germove d8cARP AAUMSTHhE kpAbai dPodit thehelseiffothiien,

notive device conprises a rm]i)or for rotating the

spar gevhaadnuthe phigingritsonoh theoflwd cwateddy tidwixappeanbined with the

N AT T S
the fliQ@ [@’frhcgcif%%e ﬁlcb%%cégﬁﬁi%ﬂﬂ!o@ HisfolydP %5§ exi bl e sleeve

projecting W e interiror conpartnment. 6. The

ahpar dthesappbratdsaofioldim Wivdteadin thdhaixe xeupleonphd sasgea.

m xing rod for insertion in the sleeve that induces

rotat i 0 anpardie off daive! twhegintthe exative derige omptiprs i motor for
o 1.ng... Lhe. m xin od..to the fluid. 7. The
rotatit X@g?fg&]ag %bfouémgi%m%frrﬁ% i n the sparger conprises an

ef ongatiRhphh@xisdiRlaig0r, bieeih A H6HvY 85iRd ot tB@mita.

the fluid'in the vessel by way of a porous material.

8. Thellepymasttus obtlawh di mhereintiler edsselt doanprisgen bag including a

ri ses A bioreactor intended for

. CO rigid. bl ades. .09.
flexiblesls veipﬁfge%m?a Yﬁ’ftﬁfn tg%%@?%icﬁﬁ@agn\%%sel havi ng an

iateri : of LVi ok di.n e
" {1t SEUERREL OE Blaiti o0 ARl e H0R01 LOGANS T PLIhFHod for
insertioh @ethe slpeog gt indgeasirbtation inhke sladvend egitat@he Coipaithomekposing

and coupled to the vessel by way of a static seal; a
the migingaiodftehd Hei€rtion in the sleeve that induces

rprat Il%% aip}r_;arta % of lclealen\{ ?, \gvfl)erggli hé st;p%rger comprises an elongated flexible
tube for delivering the gas to the fluid in the vessel by way of a porous material.
3. The apparatus of claim 1, wherein the mixer comprises rigid blades.
9. A bioreactor intended for receiving a fluid, comprising: '

a vessel having an interior compartment capable of receiving and holding the
fluid, the vessel including an elongated flexible sleeve projecting within the interior
compartment and coupled to the vessel by way of a static seal;

amixer for insertion in the sleeve that induces roiuation in the sleeve 1o agitate
the fluid without exposing the mixer to the fluid without causing the sleeve to rotate about
a longitudinal axis; and

a sparger for supplying a gas to the fluid in the vessel,

whereby the mixing action in the fluid created by the mixer helps distribute the
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the fluid wi thout exposing the mxer to the fluid

W t hout causing the sleeve to rotate about a

| ongi tudi nal axis; and a sparger for supplying a gas
to the fluid in the vessel, 30 whereby the m xing
action in the fluid created by the m xer helps
distribute the 11 spargerllthroughout the fluid to

i nprove the caoncentration of dissolved gas. 10. The
spargepiispesions thediuid taimpoyve Wiseoarentatine P§ distrinedeas. t he

c Die bRt i dn e GhE IR FRE-AAP §Rbesriane vesse

to forAMaG8 M sea). f1 0or of the 5 vessel. 12. The bioreactor
of claim9, wherein the sparger couples to the
fillexi Alhe bédreaster of tBim Phevieran diaxc srorgaflics|adjase®, a floor of the
wherein the sparger conprises an elongated flexjble

vessely yhe for delivering the gas to the fluid in the

vessehy. 14 rea-ig,lﬂ&' &id z{iﬁa@ Llerdh 1 s@hﬁ@ﬁ} g’(%g)‘l‘&% el sleeve.

vessel “I'ncludes at Teast ‘one por conmuni cati on
Wit h e bhengatofdlalh 0xivbdeintthgargkbeoniiescb bocloagdtad flexible
of claim9, wherein the sparger conprises a porous

tube foretediveang thergas totbhgithgd bubbvesekrom t he gas. 16. The

ioreactor of claim9 urt her includin n ;
her WP Do o Jen 3. Phifeh hE54S! DR FERA gng port in
comm@hictiH Witk Gre MBEERLNAENBIIEGOND i xer conprises an
I mpel l'er.  18. e bioreactor of claim16, wherein the
siéc on@Thabieeadtires chiji Acehéream the spargeptomphiseswgemais mat@ial for
. The bi oreactor of claim9, wherein the sleeve carries
forming bybgles e dhe 285, The bioreactor of claim9, wherein

- ' fd exi . - e
LS, VS80S0 SRS B0, Rty swing i

fluid. cul turing cells, conprising: a. vessel having an
interior conpartnent capable of receiving and hol di ng
tife  flhabépreadier afsdaiw 16, pékrein thg secandaRrixpr eonapiisgy an impeller.

tending.into the interi tent: a.mxer .o :
551 T MORGIPTF R CEE e "HHeae TR aGeae PBeBiT st hoor of
sheeuget 0 agitate the fluid wthout the m xer

contacting the fluid; and ‘
19.  The bioreactor of claim 9, wherein the sleeve carries rigid blades.

20.  The bioreactor of claim 9, wherein the vessel comiprises a flexible bag.
21.  Abioreactor intended forreceiving a fluid usefuul in culturing cells, comprising:
a vessel having an interior compartment capable of receiving and holding the
fluid, the vessel including a flexible sleeve extending into the interior compartment;
a mixer positioned in the sleeve that induces rotation in the sleeve to agitate
the fluid without the mixer contacting the fluid; and
a sparger coupled to the mixer for supplying a gas to the fluid in the bag,
whereby the mixing action in the fluid created by the mixer helps distribute the
bubbles from the sparger throughout the fluid to improve the concentration of dissolved gas.
22.  The bioreactor of claim 21, whetrein the vessel comprises a flexible bag.
23,  The bioreactor of claim 21, wherein the sparger includes a tube in

communication at one end with a port in the vessel and at the other end with a porous
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25 a sparger coupled to the m xer for supplying a gas
to the fluid in the bag, whereby the m xing action in
the fluid created by the m xer helps distribute the
bubbl es fromthe sparger throughout the fluid to

I nprove the concentration of dissolved gas. 22. The

bi oreactor of claim21, whErein the vessel conprises a
flexi ble bag. 23. The bioreactor of claim21l, wherein

materighfor dprarine ihe bl dora thagns When sgeplicdribvionzb diq Bexible tube.

o A e tab dlaiiba ] el R B et oS Bl e "
glc,(_) M e LGASacHResT SMBRPY ] L ekl e 1% he 151%&1%& bh Sty

The bi oreactor of claim 21, ein the vessel
126C| udie bioraindr b olaim 2 1 2orthdr hﬁclbﬂ‘img sgtibdrdestacicdbmilekleeve.
further incl udi,n% inpeller in the vessel. 26. The
Bi7er edt BABTULIEIPS ioz rpefiYiRg aNg pgifaiaead Tl gimmisite s
carri :
For reosry o Tuds i Pl PEREE SRR SRR aine the
fluid; M@psel having an interior conpartment capable of
receiving and holding the fluid; and first and second
spacedirstiandspemdeapetsd, indeabhdently miatablgiftuidaghatigestemens for
. itati the fluid in the bag. 10 28. The
agztatlg%%ziﬁgéxxg%eq%gal m 27, further including first and

?ZI%lcjon@f %Eﬁiﬂs% clngdependant! ¥k ﬁ%il_ th€ second motors for

ting e enents’to rotate. he appar at us
indepemﬁe@ﬂi;ataﬂsﬁig thevfleideaditatitng lelsdsehtsoeotafe. t he first and
second fluid- agitating elenments conprises an inpel

PSsi t :Télﬁ@apwttﬁ i0h CHAm; 47% Bihpisin @d%b@@%ﬂb istiang RSoond uid-
oSS AL B Bt o (S o GONELL MBS o e

vessellafg 1Bﬂafe§ltbyaﬂé%z @ﬁ&ﬁﬁgnétlclﬂo@fﬂu@y tating el enents
conprises a nagnetic inpeller levitated by a

s?tﬂ}per ddwappaiamg of ckamr7, whaibin aﬁﬂ@saplpaeiéiﬁla adirgfang|segomd fluid-

further including a Sle rojecting into
agitatipgelerias CHECE FEREISRe R giﬂjes ird pePeriiffe coment

f4,ui d I, |
pjolsn X I’Igl%eéﬁ{rbﬂ? R%l&l{@ﬁe}b gﬁﬂ%ﬁ%@%ﬁ@ ésl'éaeg% %&Eﬁgg n}to the interior
compa@hﬁd:ﬂﬂoz The tesedinend ivhetdid ibedlad-apitaingf dement anipripet heigid rod

gl d rod. 33. The apparatus of claim27, wherein the
1309111@10 de thprfdeeyecond fluid-agitating elenents are

oppo eﬁle apparatus of claim 27, further including a motor for rotating the rigid rod.
33.  The apparatus of claim 27, wherein the first and second fluid-agitating
elements are opposed.
34,  The apparatus of claim 27, wherein the vessel comprises a flexible bag.
35.  The apparatus of claim 27, further including a sparger.
36. A method of bioprocessing using a fluid held in a vessel, comprising:
rotating a mixer in the vessel to agitate the fluid; and
simultaneously moving a sparger about the vessel to help distribute the sparger
throughout the fluid and improve the concentration of dissolved gas.
37.  The method of claim 36, further including the step of coupling the mixer and

sparger.
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34. The apparatus of claim 27, wherein the vessel
conprises a flexible bag. 35. The apparatus of claim
27, further including a sparger. 25 36. A nethod of

bi oprocessing using a fluid held in a vessel,
conprising: rotating a mxer in the vessel to agitate
the fluid; and sinultaneousdy noving a sparger about
the vessel to help distribute the sparger throucﬁlhout

Bi%e f Thcdnethed ofsteined & Hertbonedndipgithopept ofPEaeiipag sleeve
witon 3 Spep e RGeS AR D R Bt
Boe matRogkiRbd 6f it 36, whitetdBE sicpUrusbngs tlespatRPp %?ﬁabﬁses

providing a sleeve within an interior conpartment o
rofatinghbe vesg@l and inserting a mxing rod in the sleeve.

39. The net gg% of ¢claim36,. wherein the step of noving

e spaPgE© eﬁﬂniugaéémn%% HOrsRgiopitenpager . 5 40. A

met hod . qf: + I : l.are .

pr ovi AragHBAIEE Hhue o8 idRbE Ak Ahn EETREIS: Bfcociving and
holdingap@iE a0l ihelging zﬁgemgate@ qedivdg sketd piale@ty into the interior

I'ncl udi ng an el ongated flexible sleeve projecting into
comparimeent aré edupled wohp aessakbit wandl celait s8lit o t he vessel by

way of a . .static seal; attachi pg to .t vessel a .

opar oaiSEiEdfeTae poBtelSior R aBieS BT e spplisgdothe
fluid: Ay fluid; and noving the sleeve within the interior

>conpartment without rotating the sleeve about the ~

| ongi tulimethe abese tvahihitht mitdrisr eompa ttherdhwigsout fotdingHibeisleeve

the fluid. 41. The nethod of_ claim40, wherein the
shout fedgpsiieal 65} o s dedubhinirgiaiont heiiite 1o the

ST 9% 45 Pl 8 RS AL g AT
ot g s bR ptionta (e
&t acAibagnethed of ohapnidde whermhmtstatiaghiag stepesanyéses wgding the
formn rt of the sparger to a port associated with
Spargef g%%é%é%? 44. The method of claim40, further
tqﬁgp\r/iggligg%ﬂﬁ‘(?caﬁéiﬁﬁla ah, WhO¥IOhPAtiAhiSREb keRpridd dofnecting a
flexible tube forming part of the sparger to a port associated with the vessel.
44.  The method of claim 40, further comprising the step of providing an impeller
in the vessel.
45, A method of manufacturing a vessel for use in bioprocessing with a fluid,
comprising:
providing a vessel for holding the fluid; and
providing first and second spaced, independently movable fluid-agitating
elements for agitating the fluid m the vessel.
46.  The method of claim 45, further including the step of providing first and -
second motors for independently rotating the fluid-agitating elements.
47.  The method of claim 45, wherein at least one of the first and second fluid-
agitating elements comprises an impeller positioned within an interior compartment of the

vessel, and the method comprises rotating the impeller by way of a magnetic coupling,



45. A nethod of manufacturing a vessel for use in

bi oprocessing with a fluid, conprising: providing a
vessel for holding the fluid; and providing first and
second spaced, independently novable fluid-agitating
25 elenments for agitating the fluid in the vessel. 46.
The method of claim45, fufther including the step of
providing first and second notors for independent]

A8t at iThg MaHkoFafglAmAG: FEPHEC LK B asve aroicHE GG @erior

f clai.m45 erein at least, one..of fi . o
compafinedh &t st il (bF BhionPERuBk 51 Pl ShRbridR pigid rod
positioBe8 ik kRN Sde W, ol F@ibr | 1NE18AINE the SRP AT efrififgod 30 induce

vessel, and the nethod conprises rotating the inpeller
rotatioh ! \Weeysledveavithy et interioo ophpargnert4  48. The net hod of

¢clbaim45, further .ingluding a sl.eeve projecting.into

fne iR el iRe TP c gty s DefiaL dabAgng 1 vessel.

6 fhuideaciiali i i rod, "

5051 1R A Pl £, PG GAPRRTR fkburrEnE o o

step of using the rigid rod to induce rotation of the

sleeve within the interior conpartnent. 5 49. The

met hod of claim45, further conprising the step of

col l apsing the vessel. 50. The nethod of claim 45,
further conprising the step of sparging the fluid.




