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SPECI FI CATI ON Titl e PNEUVATI C Bl OREACTOR Fi el d of

I nventi on The field of the invention pertains
to apparatus for mxing solutions. Mire particularly,
the invention relates to pneumatically operated

wOPBIat®7T or use in closed, sterile environmMGiES2006/660183

Background of the Invention Bioreactors have been
used for cultivation of mcrobial organisns for )
production of various_biol ogical or chem cal products
in the phar maceuti cal SPe¥ErElgeNand bi ot echnol ogi cal

i ndustry. A production bioreactor contains culture
nmediumin a sterile environnent that provides various
nutrients required to support growth of the

bi ol ogi cal agents of interest Conventi onal

bi oreactors use neghanigat RogrAyeiri npellors to mx
the liquid nmediumduring cultivation. The bioreactors
can be reused for the next batch of biological agents
after cleaning and stgexld gataton of the vessel. The
pr OC?‘%’IESG 9} th%l 13\96!?1%9??;) :gﬂssi%%E“-b!iijagu%tfbfofplixl‘ﬁ%qs%‘U%ggs_ a?}éo:e
significant anount o I'me and resources, “especi al 'y,
fegicrgny .t O ‘avahtipo relalesdat negmehcaly enniag steps i o in
dQekeuse. Lok production of bi opharmaceuti cal

products. Due to the high cost of construction,

mai nt enance and oFeckreung cbfretitenPr convent i onal

bi or 8AGLEES, nSldGlen UsEsDhOLEREIBN Y RIATR TBHS Ok ro
di sposabl e plastic material have becone an attractive
PEPIUEFITAT Walicus  DiciogRi Pk cBepERlaPTOfIKE g et Heesagshitical,
del &b ohd v -SRI 80L B 101 O L AL LIS IR SRS RHORRSEH: e
i n_recent ){e_ar s, hone of them provides efficient
PREFRGE D FoVEraIes! (o cRPEFeY HATPUEODET ¢S dpgyjred fo
b ROsbwEXP BNSHYBRRaNakE REINARERI NEbYerlifa bibleSctors use
reason, a nunber of non-invasive and/or disposable
TRXCPATE v EmET R Hat Q07 Kdbe refliMesvahdakeerifypton.  The
peelant ¢ak bepessdd BN tHiawe: been ot evelsrpetherMBYer Heaning
Lhese systems work wel| wthin certain size ranges,
B R LID POBP SRES ol T HEL 5 SE=4E0 Py yariaAtol geires
ssyigtanst anarablt emptaed resources, espeditiiyl ® @onikbjaes td vaidat
Lhe present_.inv i.on t ravi.d neumatic. .
B o Baor Tt 18 “esab BoBr R Rl aiper prodvess
Beotmuighl yighm cosh pf sodrstriating, widiiiewnce omtdapaativom? e
IS, B:fukt.h obj.ectiyve 1o.such. or_.that, can
coliPiatf JEL AR TSI OIS HEREL TP 835
piasthmeleoghhave betanaas aitbtive glieheliveobj ect i ve of the
invention to a bioreactor that can be produced in a
di spoSébreverapiring pethedyellicgdfydieprepbighieeadare hate tRe
prdheeat i-0RcE:Q \RBREAY ind8e 8f DO RBGELS bl HAR IS targe scate
aaccurately controlled by internal pneumaticC force, as
(gr5aispedt andP Meks ng Tt CEPESPEI Y 3ot RaCwINt i dipy this
Ao 04 huBb 82 G-l dsABNANAG: RIsgB LM midrRadvk¥ms thal & &R
objective to provide a bioreactor that is sinple and
"‘??ﬁ%’? r?é’n%‘ﬁ‘-‘?fﬁaft"g%ﬁaa%’c‘é“eﬁﬁ”t Vo PEFhERYSliREf ¢ Many of these
shatbhb kbotingelpkithio tertdheside spbd edwpes: f HEHBRAE Copbih@ dle

nmary. of the | nventi '
a§lflarg8f rX;ngg s;gsteems areeatttem%ged
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Enbodi ments of the present invention are directed to
a pneumati c bi oreactor which has m xi ng apparatus in
a contai nnent vessel. The m xing apparatus enpl oys a
gas supply and a buoyancy-driven m xi ng device
actuated by the gas supply. The m xi ng appar at us
substantially spans the cross-section of the
cont ai nnent vessel . - One aspect of the present
invention provides a pneumati c2bi oreactor conprising
a contai nnment vessel; mxing apparatus in the
cont ai nnent vessel including a gas supply having at

| east one Gy bf b€l oitth@ eSS fvedidd t@& roli@&s bnélfﬁ?atlc bioreactor
buoyancy-driven m xi ng. devi ce above the at [e

ne
ori f L, Sy s8PRAG i YelsfiCiente 3R iHRIPUWHY AR SO thons”" Cwithou
subsbanhz'habiluqn aparmfmgert dtgectived &5 s cd reantoothat ken be scaled to
::nogt ﬁél&ﬂglgtlar%ee 3 %% us (ﬁgﬂﬁé gérﬂele elagl}op%gyl?ﬁcaysﬁg '?dn\‘ugpobject:ve of the
r ot ambmtgwnrt@mwble@a@ten thei ¢an lveo ptoﬁece@dmaatﬂ'mé&hle {psgsli|is vet a

aboutyrhes HhsdiRO or ald Mvé’]‘ﬁlﬁr‘l 0 plodide %Xbl&eétﬂ& thé!Védﬂgaeaﬁccurately
i nner surface, an outer surface at £a one

ol at E°BRl B 5T PTG Iorg7. Folobese fI RO force apied o the
hor i zelatical witheirtscradting iarfodriieg problem. Sinalfyait &, arestjbctive to provide a

pl ur

Surt E’@Eﬁ‘éﬁ"fhﬁ%gis@'*@%gﬁﬁs RRE DAL P iRy pelg s
to enl pldpe dessr rfeRnanedefitee gas suppl y.

further aspect of the present invention provides a

nmet hod of m xing the bi the| S of a

bi or eact o the t conpri.sing,the st f .
providingEPQ digeq nagl nB%geWe@s fioy arehoI eﬁgtotﬁep”eumatIC
bi ol bigrezelor ahithe s M @bparaiub U yean@yainmet | yeesel. The mixing
m Xi EgpaﬁiﬁMé Qrﬁplb%céab&dsu iP Eh@ a%t]@yaﬁ%rﬁlbﬁ]mfh V@}é@l\%@ Q(I:tuated by

and havi ng a substant |a hori zont'al axis,

t he B@SIRSSEPRY PG ER*Rg ﬁpwgatasew%nv% PR dheycross- section of the
cyl i pshsicrabntebaseher rotatably nounted relative to the
cont ai nnent vessel about the substantially horizontal

axi s and Pawiasgeanofi thaewessot ﬁrare&tjonaprovzid&sea enialioe pioreactor

at t?rﬁﬁ s%e%e@oﬁﬂgﬂg'uem %sl@ele)ﬁljlﬁﬁﬁj P[%:r@tﬁé & ke Wntdhment vessel

respect to't rizont axl s he I nner

sur f Belding gduag yPely APYing abeagadersiieh Rgheueaselranda deast one
the pubyehcysdfivbReaxing dbie abdvvertdé ia€ MastC@Oce Siegfadiively, the
and shaped to entr

f th | y:
and PBUE PR e HSTIGYRANGES i & SESE i T yFontinment
vert vesabl, phemip théd bunyaseyidiivex mixingodefrics inchidesca nyliogricsl efamber
the cRALA HBRMed (?eﬁétﬁlle QV N hRAHAERIvERS LBE® 4 NGbstantially

cont al nneEnt vessel at a |ocation below the m xi %
devi b¥izeptahadngnd havinggadpney SH'&“PI ghowder St”fféc‘i‘g gtlepd one mixing
capt pué%dadtandhb eaxmly(wmg redpatit @cﬁthathoazcgtav exis pihimthei iﬁher surface,

;:’]mee tcgalpﬁg?wy %fgﬁs%ﬂ]nnﬁé;)elst 9 é:rg Y ouﬁ rlljecgutérm Z?face & the cyllndncal
devi d@mh@cblmdmhep@ﬁo rolrap QHS@abbimfrqm &te ges prlln a
gas- holdln% hanmber and a plurality of m xing

el ements 4 r esRect efBgrpesent TREMENAr ?f@deélaefﬁ%th?%Ofam%mg the
shapgigiohigaleamssts bhe blmeéﬁbr tHé rﬂ@hdoadompaﬁng fhe stehxEfproviding (a)

rises in the onta \ _gas-V nt| al ve
ber v congiaent VBl B TR Phcbioad ZPAERE bl ol 3 fivancy-
t he chanber reaching the fluid surface. In an
enbodi nent of the present invention, the buoyancy
driven m xi ng device includes at |east one floating
pl unger having a central, gas-hol ding chanber and at

| east one  disk disposed about the central chanber.
Again, a gas venting valve pernmts escape of the gas
as the central chanber reaches a fluid surface. A

m xing partition is also disposed in the containnent
vessel adjacent the floating plunger with at | east
one aperture to augnment m Xing. In an

enbodi nent of the present invention, the



Figure 1 is a perspective view of a first enbodi nent

of the invention illustrating .floating inpellers and
their control mechani sms: Figure 2 is a top
view of the Figure 1 enbodinment illustrating the

floating 10 chanber affixed to the constraining
menber with the inpeller blades rotating open the
chanber; Figure 2Ais a top view of the Figure
1 enbodiment illustrating the2kl oati ng chanber
rotating within the constraining nmenber with the

i mpel l er bl ades fixed to the chamber; "Figure 3 is a

Si dedﬁJeﬁVﬁﬁ%n%n@levu\,’é QWeRld ttin FihG UEhthnrBEHOplisE@Nfin having a
Figure 4 is de el evatilarial view of the Fj

2A eﬁ%ﬁﬁ”ﬂ%’?ﬂﬂ“oﬁo”{% &% MBS HYe PHpErfetiven mixing @9‘5% fngludes a

4A i Syhadmjad:&xaeibematatmgahountem/w'etafwettbehchtaymtalrEnéﬁ vessel about the

errboglij Iafl9 oﬁggﬁteﬁ Ia)gégrl\cplgav'id'l%ﬁlull %F sur?a(gg '%Lt{ul‘t:er%u}facbeaat least

per spective Vi
i nveAns oyxing platet exianding axjalbawith gespeeing dres hafrgntehaxis within the

cont {akr JTﬁSJéaE:hcﬁgfﬁlurahty of gas"_l‘iogiﬂgﬂmﬁn!be‘is ébdupﬂﬂe %U@V\‘slﬁiface of the
t he Flgg ?}errbodlrrent il lustrati na l@ ? E‘?

pl ungépdical chambersigad, and shaped:to safran, des bupbles gy B opmeHppl:
gas auppigtingitee mixdngetevice &rs s enbstatialtyr @hticaepla@natsnt said axis to

f: g gfn%( tﬁe h?ﬁ]-'a(ﬁ]o&éfqﬁé Fo%?eﬁr}iﬁé&?n@ 2\1355%5' bggnt%dﬁc\f ﬁ&a%é%ﬂmiﬁmet &)ﬂtamment

cl osé@:ﬁsp'@é Atigcglion below themiypg eevice; sych that aideast a ppitighaf the gas
Si dejsedapiiral rswhefm&.h@ abliqabt HgivehgeTRah tlhnle|té|? dvitfel Bi@yancy to

the vent ¢ n an open position; 30Figure 10 is a
per spEEEP -Wﬂa&w of a third enbodi nent of the
i nveptjon

n an embodiment of the present invention, the mixing device includes one or more
floating mixers with a gas-holding chamber and a plurality of mixing elements about
that chamber. The mixing elements are shaped to cause the mixer to agitate as the
mixer rises in the containment vessel. A gas-venting valve permits gas to estape
from the central chamber upon the chamber reaching the fluid surface.

in an embodiment of the present invention, the buoyancy driven mixing
device includes at least one floating plunger having a central, gas-holding chamber
and at least one disk disposed about the central chamber. Again, a gas venting
valve permits escape of the gas as the central chamber reaches a fluid surface. A
mixing partition is also disposed in the containment vessel adjacent the floating
plunger with at least one aperture to augment mixing.

In an embodiment of the present invention, the buoyancy-driven mixing

device includes a rotatably mounted cylindrical chamber which has an
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illustrating -a rotating drum m xer with gas supply;

. WD 2007/ 111677PCT/ US2006/ 060183 4 Figure 11 is
an end view of the Figure 10 enbodinment illustrating
a single gas supply; Figure 12 is an end view
of the Figure 10 enbodi ment illustrating a pair of
gas suppli es; "Figure 13 is a side el evafiona
view of the Figure 10 enbodinment illustrating a
cont ai nment vessel ; Figure 14 is a perspective

view of the Figure 5 enbodinent fliustratrng a

c [ [ters:

FriEA el 28 0T $BEe el 1o Mk it tedmasr surtece
eﬁﬁf’oﬁjpfﬁ@w Ofgaswls’tdmtmem@ees abottdhpertertsurfacecont r ol
j acket surrounding the vessel. Detail ed Description

of t he/SPEINGlr EEPEHMEHF RErke present inyenfiens gemkt focprovide an
birrprevad basumbllc bidfeattbf. ust rat ed in t he enmbodi ment of
Figures 1-3, providing all of the desired. features
can be construct edpLLoputhg £Oh)QML00 conponents_ A
cont ai nment vessel 1S _provided Tne vessel 15 has a
top 208ug Hos@dreeprchie 25w af §uilosmBrdigeWad! H:80menton
al%eQIItz@uEgﬂn‘é'tﬁné 1e8d £ th8: &ARbAhEanityi d 35 to be

m xed_and m xi ng apparatus 40 The m Xxi ng appar at us
40 | rfcwae%f»aﬁiope\a%t ciolhe Fenee 3 papiclimest diTHetisg i fpatis:
LREMBHABS B tha eU@J dafrhenaRbR WiR GRNpERL tRALL QB2 «pln
the vessel 15. At |east one buoyancy-driven M Xing
d&4EB85 is provided. The nixing device 55 noves in

the fhigird 9355 8309 FSweP = gark NesrssbaRhant AQstiing $he ficating
i nt roduced into and vented fromthe m xi ng devi ce 55

WRRPE A6 P& HErSHIAS RETOEHYIHE ReRipl Yades vpd™
gaschadnet | | enter the n1X|ng devi ce 55 and cause the
devige to, m x buoyancy-driven

mi Xi ngg‘iﬁ%\%%aes’%% "fe ?*{Oﬁ@r“ ?“h‘%ﬁ"{‘]‘ﬁ@“&t* TR Se

f | oatfiifige 4 is a side elevational view of the Figure 2A embodiment of the

floating impelisr; _

Figure 4A is a side elevational view of the Figure 2 embodiment of the
foaling impetier; |

Figure 5 is a perspective view of a second embodimeni of the invention
iHustraling feating plungers and {heir control mechanisms;

. Figure & is a2 top view ef the Figure 5 embodiment illustrating the floating

plungers:

tigure 7 is a perspective view of the gas supply and magnelic assent
cortrol mechanism, ,

Figure 8 is a cross-sectional side elevaion of the floating chamber
flustrating the vent cap in a closed position;

Figwwe 9 is a cross-sectional side elevation of the floating chamber
#Hustrating the vent cap in an open posifion; '

Figure 10 is a perspective view of a third embodiment of the invention

Flustrating a rotating drum mixer with gas supply;
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m xer 65. The m xer 65 has a central. Gas-hol ding
chanber 70 and a plurality of 25 m xing elenents 75
| ocat ed about the central chanber 70. The m xing

el enents 75 are shaped to cause the mi xer 65 to

WO87(14t%87 the fluid 35 as the mixer 65 risesPGTAUS2PE/060183

fluid 35 in the containment! vessel 15. The central
chanber 70, as illustrated in Figures 8 and 9, has a
gas-venti n val ve 80. The val ve 80 permts escape of
gas 66BUS T et Vel G REneie 78 sisenest Susipingcesiste
gds duperyf luid 35. A 30 constraining menber 90 is
provi ded. The constr ai p menber 90 limts
hor i 26Kl 2 FoetREnY e B PT PRd 'R aY ﬁﬁ‘&eﬁ?}i@r”%’aﬁgﬁ fi pair of
gasSepois; Si nks in the fluid 35_ Wen gas 60 is

nto. t he gas s

i ntroduce pl
o o PEE 0l O R SR o e 6 s8R0 e
& bgasinngniviexssl, 65 to rise by buoyancy in the fluid 35

val vEB 7' Rlehlel kit e MR bR a0 g o

é@ﬁaﬁ)@deuaﬂi @finieheeffsm;}dd 35, the gas 60 will be

rel eg ¢ 5 | n

t he b tom %5£ %% fs%%g@%gﬁrﬁ& a{;@n%(rgr?t' uvees nlb@?g' ‘%tg @@&% a

engcEane ceirot o spiTRMdRg|the wagadin be filled wit h gas
60: causi ng.t L _ 4l

Veans 95, 984! Hegé’m&gém‘ﬁ ORI i gure
7, aﬁ@'ﬁpf@@’iﬂﬁ@@’eﬁ@ﬁ’ Homsilgbiratedyinghe ambodmenlsd érguref1-3,
hesikh oat kn 6 S 2R qugl; nol e

;%r he tr%?% of %gggé§{8do%ai% fC ogdtgl ﬁ%aﬁﬁt‘%? |tﬁéle %%gmc
W@F?ﬁﬁa@ﬁéfﬁ@“@ﬁb‘ﬁbﬁﬁc‘é i3 poviged. atheiased 1Bdasativre?0. 2

Qsctin@ufh 08! b RG MIrkel BB B addhg oﬁmén@ls@é wc&eﬁp%& fuic

90 and a controllablé elect rormgnet 105 | ocat ed
AAPLEREET B BAHTBAPRE S fhe TROAPEINPRAF 2 Vel Briugss at

least one gas supply 45. The suppiy 45 terminales at an orifice 50 adjacent the

bottom 25 of the vessel 15. Al least one buoyancy-driven mixing device 55 s
provided. The mixing device 56 moves in the fluid 35 as gas 60 from the supply
45 is introduced intc and vented from the mixing device 55. When gas 80 is

introduced inte the gas sugply 45 the gas 80 will enter the mixing device 55 and

- gause the device to mix the fiuid 35.

The bucyancy-driven mbang device 55 {urther includes at least one floating
mixer 65, The mixer 85 has a ceniral, gas-holding chamber 70 and a plurality of
mixing elements 75 located about the central chamber 70. The mixing elements
75 are shiaped 1o cause the mixer 65 to agitate the Buid 35 as the mixer 65 rises In
the fluld 25 n the confainment vessel 15, The cenfral chamber 78, as Hustrated
in Figures § and 9, has a gas-venting valve 88. The valve 80 penmits escape of
gas B0 ss ihe cenfral chamber 70 reaches a surface 85 of the Suid 35. A
constraining member 90 is provided. The constraining member S0 lfimits
horizomal movement of the floating mixer 65 as it tises or sinks in the fuid 35.

When gas 60 is introduced inio the gas supply 45, the gas 50 will enter the gas

SUBSTITUTE SHEET (RULE 26)
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As illustrated in the enbodi nent of Figures 8 and 9,
the central, gas-fielding chanber 70 includes an
openi ng 110. The opening 110 is located at an 5 upper
end 115 of the chanber 70. A vent cap 117 is
WOHVELHEY. The vent cap 117 (is sized and sh¥pédszpes/ 060183
seal the opening 110 when roved upwardly against it
by buoyancy fromgas 60 fromthe supply 45. A support
Qracket 120 is provided. The su port bracket 120 is
PIREE SBE PR e ttherueh b Bge® ‘7%)“1”6? SEPpoTE WHECVHY Bl
ﬂditS wﬁeﬁ% agﬁa@ Sg tmvmraa@ta afhet tHeejseaseirgfvagasotd tpﬁé @éﬂtra
C er n r 70 rlses to
il 0 B m B CSERIHE Delie SERg0 TR set and

theSoetne; hixonsd &8 sk tghihrdaine bthren Q@emﬁg@o&i@mm lasse 15
) .gas 60 10 esca h £
RS e B T B

W%SEUMMH%BO buoyancy froma smal | anDunt of gas 60
pef ”@&%P% 9% S@ 9' &?a?&i !f”*ré NEbERL nPé‘P éflr% 7 thereby e Jor
0. Erated N
m@ﬁnm mie @f aﬁegmféSf’ Fog@ing an m@én Ef ﬁfz et @G i sosiroting
12923 s@‘ﬂ cgf%de ﬁd%nﬁ% eTpIeRY Q‘F@BL@‘ Fgrr%%a gt?:ecrubltgqbé
provi de ['imit rizontal novenent he "secon
%ﬁ’c}%éﬁ?d Epgthas of meﬂog@r@ npyet A of thei Wngsanipgldieniten & agas
| o dgli "
BB ks ol R bl 00, SO0 B
GBSERE- vessel 15. At |east one pulley 140 is
provisdesiiRg RUhé %&ﬁ@réns O@t g@&ed atn% & hgge b@l'“%rngnggé

of the contalnnent vessel lexib menber

PG BRATERSY ¢ Tﬁéidﬁﬁéxl%le%‘f‘ﬂen%efr ha&se"a@& aéh@soctw at an
Gharbes 1 H ke rhaamfek eat kREntdaxen? @%rb@d@i chankef cakols 7

of the secon t|n m.xer 125. The
5559¢ P67 73 d’@%f’@%’mé dovngn 1BQyes) f@“‘f?é#%éva’ﬁst by
*L&y@ﬁcﬁ& Jrengé Bo pﬁ;&mﬂct su@laytdse g@ambm@ma@@ ﬁﬁﬂﬁ@&
he cha . at i ng . .m xer_ to reach the
e ERSTBEL Rl bhG B RO SE /0D Lo LeRehLle,
tﬁe«;&emo Rdoltedtdtagrefiaseni &250{1} &:s;pa@ eﬁarﬁ‘ﬁ@m’t héhen the

%% g?ﬁ%ftgt heg B&%@E %‘”\20 dc? 32 \%br gﬁsn’( C3 gr?’ dﬁgcve &
fftmm whﬁahfqasi iﬁ@c:ﬁmﬁm *t%eva%g@p‘ktyheﬁf@ast Hrﬂetcsaemdthe ci”afnber
4 Qat 8rndZp l& YeiP Yokl Gise due 1
19 81 PR Mofore e Bbry TRoCRERIER % M tplldss o
Uy ditbee sT@icimauheof qma%ﬁ n@"ﬂmw@m BEloasd int the yast cap
Vaniing.. alye . gg the surface 85 of the fluid
égf&$ﬁ%§§%g%§ér Gﬁaﬁhléthen sink in the fluid 35 as
t he Seddnbatet oatingrbedipentldTigureed-Soy dsgoyaesing rrore:
635 <50, el 0IC 86k ohls OfBrb Bkl ﬂgﬂb%' 08alis SHRRLY 13Ring
As can be seen in these Figures e m xi ig appar at us
%Bgﬁ%emo@mey Fpamaecene n‘éﬁeéésfS 8 f9esrin 8fe fupk3s. Additional

g?é%f},ﬁ, 4~1{3 AN pY@J%%%' The aadmonElﬂ%&Wﬁ'i&%es%ﬁ%ﬁ%’qf@ 43
formed of resilient material 155, the materi al

?%3%99*?? bPBosh PR Obe yashth ! ¥ r MHBRAOND AR I AB iisprovided. The
gﬁ\ﬁinﬁ higistyated Hnnd Beuerbedi MR oneindk g VESS: P aRtGelinie

he buoyancy-driven m xing device 10 i ncl udes at
’f‘%”és@t{ or7e® ?ﬁ%ﬁ’?ffng’ 61 g MeBheT TRAUSPRRGER cheDhH Y &
hembiialg, mgasehel dicgmebariess 0 bshadodif@alixonesdisk
165 | ocat ed about the central chanber 70. The di sk
165 i s shaped to cause the plunger 160 to agitate the
fluid 35 as the plunger 160 rises in the fluid 35 in
the contai nnent vessel 15. The central Chanber 70 has
a gas-venting valve 80. The valve 80 pernmts escape
20 of gas 60 as the central chanber 70 reaches a

surface 85 of tdgpEYTTRSHAET (RUIE Pgjtition 170 is
provi ded. The partition 170 1s located 1n the
cont ai nnent vessel 15 adjacent the floating plunger
160 and has at | east one aperture 175 to augnent a
m xi ng action of the floating plunger 160_ A



A second floating plunger 185 is provided. A second
constrai ning nenber 190 is provided, |limting
hori zontal novenent of the second plunge: 185 as it
rises in the fluid 35. Additional gas supply 135 is
WOABHEIHEH. The additional supply 135 ter m nBEEES2H6/04p183
orifice 143 adjacent the bottom 25 of the vessel 15.
At least one 5 puiley 140 is provided. The pulley 140
%ttached to the bottom 25 of the containnent ‘i
Jeua oo A4 g, 1 BB msEA 5T HAFr G YAV RE Of the
Ehaxhd 7@ orembiyatidd hi m—@ae@ esachhee ehraaber of Grofuid Be while

fl oat h d .
PSarrie Bt Engeredis o2 Fre. e S is %mfb&:
Iﬁ@r@hta:tp@mWéiaeh@ﬁ t %egaése fketitg; ngxev 8E5ve p&@ei@‘(} dpld@rdiy

nbe t he .f.l oat |
R
phedssoldrdy o)aﬁertg»qblwmgreberl% fergit ﬁpacﬁeoﬁ{f s ogegdee from
bot Lam.ep7 g%%@%ﬁ%ﬂi %ixg @%,Yté;i?%? ﬁw TS é?"RéF&%s the
nger

partirtion cat e Foatin
s@treanid eitiee §edidd Treodrimbgr 5*1? uﬁg@ﬁn 586 .in Wi:eﬁwct Rg as the

Eé’%ﬁ&' sy MG &?é@@eg %b%h Rite %mugﬁ@&@lzﬁ‘gg%%ec from the

~ buoyancy fromth {ne's
16 gdduRg SUeht 13y 15\5 @ﬂg@ﬁ SE8B iff é‘%e@alﬁig;memi\?mm'w gppEsatus

Qymw@gfy Sxhdle cr&@s&ngg%ﬁme%hﬂa inbld8: QRSEi60 1S

rel ease romt e ch floating pIug}%Qg
160 a$ei siagEReny ¥AtSehdo vean e Sﬁmﬁézﬁi tesdhienh gaguek the
&2k i BRrfdabli=d:, J%%mﬁ”m%aésh@ﬁt hagos unger 160 wil |

then si nk in the Tluid 35 as the second floating
pl ungerilusgsted;ig de %@}b%iia%rféf ‘FYrEhr Gas Se0 %%&u@éﬂ@‘

frii;@f@ ddiReaddhdibRRak SURIWoARR) pidSics 88N T HIDARS 16¢ has
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emmfé e 7E8Bg atiarhe tfd feling pongeTdiS8e ésomséamsg pESber 180
IESBRELL VY- cohbfrSlind ALnRRd BBCONE SHRoRLY Bbvement of the

plunger 160 as i rises of sinks i the fluid 35. When gas 60 is infroduced info the

Loty

L

o]
4

gas supply 45 the gas 60 will enter the gas helding chamber 70 and cause the
floating plunger 160 o rise by buovancy in the fluid 35 while agilating the fluid 38,
When the gas veniing valve 80 of the central chamber 70 reaches the surface 85
of the Huid 35, the gas 60 wiill be released and the fidating plunger 162 will sink
30 loward the botiom 25 of the containment vessel 15 where the central chamber 70

wilt again be filed with gas 60, causing the floating plunger 160 to rise.
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poi nts are provided. The pivot points 240, 245 are
attached to the first 230 and second 235 fl anges,
respectively and to the contai nnent vessel 15,
thereby 30 permtting the cylindrical chanber 195 to

WOrsa ¥7about the central axis 220_ A pl ur aPGVySi8eegHgs

L

i

hol di ng nmenbers 250 are prOV|ded “The menbers 250
extend fnrn the flrst flange 230 to the second fl ange

235 ace

007 PSR B 08 505 B 795t A eyt Tidisaiping member
chamtperyi cﬂeﬁ5m¢m:g mre{:uﬁaizre@i caredt thm)m:eh@ cengdraps gae rises

s 259 fiomthe gas s RpLY. 4
PaPRIES BN P s S Rl g lenoTe Rty 2
ferrebiesiatlen Z%eoﬁdamhﬁu@hmmwﬂ;gﬁ Pehovedshierlgas least one
| S 2 gl Atgoduced L i

st DR, TRt Ve G0 9% Hhirte' BLESHIGER, Bt
giniFnmeierepyet ﬁﬁeﬁfﬂumbus f‘a@nemdf 4ga*s piouid . e§h@5@mﬁw Mefri:»er

e Lapped . J%Vcﬁn H3% HAGINGIPRRRIS 2800 o Bhdndl | e

cause the ¢ 0 rotate on
piopot | ‘ﬁﬁii“ﬁ@ iNge0t 852 4B figitze fricrber i isel @ ongeRmaltg the

szkev@ﬁz'é @9§£ gOREe 1H aﬂa%em@bem%%ﬁa% ﬁg*ge@tz@uwﬁaam the

seen in these Fi gures e mXxin

Epppar &b @sthgélyéﬁt?amh aﬁfﬁ%ﬁ@ﬁéﬁé ¢Rele ﬁ@%@ﬁé*éétﬂﬂcdﬁl@ﬁ 185
£N@ SN BB oMESS 8l the LOEREMEAL RO 150tf@ste'q%n@§;a&;

cyl |ndr| cal chanber 195 nmay be control g varying
&+ atecate beiveyHiieticaindod! d‘%‘é 89 a s %Ehén‘@ 13380 é’é}f“y@”f

4. when ‘*‘ep%ah*é y@B%@t*ed id pmﬁ-h @ér@v% ahn nu@em ! fr@ﬂ Rhe
gas_suppl rovj d dy diti onal pl

3550 %?‘?ni%%ﬁ*éso Yat ?@eﬁ%e’f%@acw Piﬁ’a?%é“l"‘ %ﬁ%ﬁé}‘"@%r ¥
BNira ‘&@@Werr@@rpﬁﬁﬂ $rel SedRis 205 ObicidRe rahamRerad®er 70 of

Slﬂec\/\*{ ntuhp Uit ’i .!a“d I*Qn g§as aer;[Png vaive 80 reaches the surface 85 of the
uig 30, The fioating plunger 180 will then sink in the fluid 35 as the second
fioating plungar 185 dses by buoyancy from gas 60 introduced from the additional
supply 135, As seen in these Figures, the mixing apparatus substaniially spans
fne cfoss sechon of the containment vessal
As llusirated in the embodiment of Figures 10-13, the pneumalic bioreactor
10 includes a cylindiical chamber 195, The chamber 185 has an inner surface
200, an cuter surface 208, a first end 210, a secend end 215 and a ceniral axis
220. Allzast one mixing plate 225 is provided.  The mixing piate 225 is aftached
¢ the inper surface 20D of the chamber 195, First 230 and second 235 flanges
are provided. The flanges 230, 235 are mounted 1o the cylindrical chamber 195 at
e first 210 and second ends 215, respectively. First 240 and sscond 245 pivot
points ara provided. The pivoel points 240, 245 are altached to the first 230 and
second 23T flanges, respectively and o the centainment vessei 15, thereby
permiting the cvlindrical chamber 195 1o rotate about the cenkral axis 220, A
plurality of gas hoiding members 250 are provided. The members 250 extend

from the firsi flange 230 to the second flange 235 ajong the outer surface 205 of
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IS 250. Gas 60 fromthe additional supply 135 causes

the cylindrical chanber 195 to rotate on the pivot

poi nts 240,245 in a second, opposite direction 210.

As illustrated in Figures 10 and 13, the at |east one
WOAKHIRE TPl at e 225 has at | east one apert ur ePOI7BS2¢5/060183

augnment m xing of the fl ui & 35 in the contai nment

vessel 15, 20As illustrated in Fi gure 14, the

qonﬂtﬁa}l vessel 15 furth rh' es a_cl osabl e to

R Lo TEa e Foe bast b rEs fg ERE e e P
gas 60 ¢ht empgihesg aSesgmmuyp 45315t mongss ad;st:@n itthee cylindrical
filt 9 n ..I 15, a 3
PS80 aoet 57 i ohd ShS Rt iR PR P9i? nowing
jraciets 2Z95 u’ﬁwnr@srﬁﬁsa inheduced trén mmntawe&seiesia isAsrough
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t‘?@pgazomiang: resedihadd. o ﬁhis Byill aawgr the Lybichigaiveiiamb80 18 ¢b
¥asat9ff=r~5tLi£ b%n?&ktssé‘i%)e 2k® ;"CQ%LSZ’ gﬂefogléébdan%gﬁh& A B8t one

anda Xin ar at us he 'm xI' ng appar at us
mlrian@m#o&@ i@tagif@@s@e (ﬁﬁi@ Yas Agusph yo 48:sc Thaursu dipg yodss
23 tatbia@ s o] t he
VPR R Bl el Bhe%e00 B A A AR Ly 1
1 provild#esa®he Plwpet pbhe3obndigs féiaé'@ﬁ*t it magat?,— controfled by
§e§}§§¥>ab%t@%f§9b§éﬁb‘%n 50824 o PlaWa8lsl; 5%@5 i mpel | er

bl 'ades 305 arcuratel?/ l'ocat ed about e central o
chantiériupiiaietive Fighfsel 4. ép AgFHered cgpsunhe  Ehape e pepvided.

¢RUSQAING! supply 125 terminates adiacent the cylindrical chamber 195 on a

second. opposite side 265 of the chamber 185 below the gas holding members

m
A

250. Gas 80 from ths additional supply 135 causes the cylindrical chamber 195 fo
rofaie on the pivot points 240 245 in a second, opposis direction 270,

As dlustrated in Fgures 10 and 13, the at least one mixing plate 225 has af

ieast ona aperture 275 to augment mixing of the fluid 35 in the containment vessel
i5.
20 As dlushrated in Figure 14, the containment vessel 15 further includes 2
closabie top 280, The top has a vent 285, permitting the escape of gas 50 fiom
the gas supply 45 through a sterile filler 290

As fllustrated in Figwre 15, a temperature control jacket 285 is provided.

The jacket 295 surrounds the containment vessel 15.

{2
4

As fiusirated in Figures 1-3, a pneumalic bioreactor 10 inciudes a
cordainmernt vessel 15, The vesset 15 has a top 20, 2 closed bottom 25, a
swrounding wall 3G and is of sufficient size io contain a fuid 35 fo be mixed and a
mixing apparaius 40, The mixing apparaius 40 includes at ieast one gas supply
45 The supply 45 terminates al an orifice 50 at the bottom 25 of the vessel 15.
3y Atipast one fipaling impeller 300 is provided. The impeller 300 has a central, gas-
cortaining chamber 70 and a plurality of impelier blades 305 arcurately iocated

about the cerfral chamber 70, The impeller blades 305 are shaped to cause the
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WO 20071111677PCT/ 1JS2006/ 060183 9 inpeller 300 to
revol ve about a vertical axis 310 as the inpeller 300
rises in fluid 35 in the contai nnment vessel 15.
The central chanber 70 has a gas-venting val ve 80.
WOPHEIVHKITe 80 permts escape of gas 60 as tHE/¢@pcHe(183
chanber 70 reaches a surfade 85 of the fluid 35. 5 An
out si de housing 315 is provided. The housing 315 is
ri ng- shaped and surrounds the floatlng i mpel | er 300
%’o?%’tré?‘fr?%’ i 30Ul avefical aWpvdienthe moellka¥l repe n fuid

s&pﬂﬁﬁbmﬁgmﬁghge§gﬁqgs provi ded. The pol e 320 extends
fromthe bottom 25 upwardly toward the top 20. The

out si'@8 ‘AR FAHYPIT Vies A §33al Py G Edive d eorab B permits
suppoObi 3P ©cI2Bral Thenbdroatibngel BREHLES sB00hE Suid 25.

. tata a d to the outside 10 hou5|n 315.
r i ‘g éauﬁgg %Egr’écﬁf@éﬁeq nﬁt & Fasig s E:Urbspl‘"gﬁ ABoReKeand

gasuﬁﬁ}; uvralﬂbafm@t ;eroemeasgaasd @onﬁta:nslaﬁgateﬁanﬁeﬁm&& ameieast

us 300 ri.se, i.n t
SRS b, pRage sdREy The BRI S RaPr e Prtie 2
gasrrdie ivang theaby é@B@ﬂefamm imzehg a5 chettbely stBched to the

\%ﬁ%ﬁﬁg J;Q%zﬁ um:ggg &%g E;«?i%ep?‘(f £ % g‘ag’élaf‘ccm 8aes'te6ciq1ts:de

released
it Edusimt:dﬁal’t’tdh&m@aﬂo@@ tsonir@iced lfltchéw@scsupp aiddrentas 50 will

X v T be
49030 o R T bl R IBTRE el MiddhePRE 8.
g g s, *«w o fa?i“)&arrdl s rtiaet%@ki B, Wihgutresg enthadvaive 80

Ihge &msi Aﬁs@gg aﬁ%%c&gﬁnﬁ&%farc%%fé%s{suﬂ%nh a§ ge&\aﬁoe

central e central chanbét
Eioree prathadpaipot oreher iRt s¢iid@'ﬂhwgarﬁgh%isim*202€s of the

sdrkigtidAtedcl 15 Ghgures P%&@Eﬁaﬁ%ert’b% ;t gpel %%%a i B

305 are flxedly mounted to the central chanber 7
YOrREss Yo Aerling durdisT $¥EoEesi de housi ng 315.

The QUpsideRUSyRas I and LAl REMpERG I HKIRS 5 are rotatably
hori zontal interior groove 322 ideated on an inner

BRYHHCR W erniE PREIR00L ARG e B R PR P e Pragvrdlgshed
ﬁ@ﬁa&ﬂﬁ&@ﬂﬁmagpﬁejectlon 330, sized and shaped to fit
sl i dabl he ove | Lustrat ed
Tn ot eSel B H R Ao e ot Dasin i by
mabreedfs 1Bs sanital ofartiae mla@atmta@ba; pinteirio 3@sutside housing
315

Ly

The puiside housing 315 further includes 3 horizontal interior groove 322
lacated on an inner surface 325 of the housing 315. The impeiler blades 305
inciude a projeciion 330, sized and shaped fo fit slidably within the groove 322.

As Hllustrated in Figure 7, means 95 are provided for conlroiing a rafe of
assent of the floating impeller 300,

The means 85 for controiling a rale of assent of the ficating impefier 300

inciudes a ferromagnetic substance 100 altached to either the fioating impeller

e

3CC or the cutside housing 315 and a controlizble eleciromagnet 105 located

adiacent the botiom 25 of the containment vessel 15.
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The neans 95 for controlling a rate of assent of the
floating inpeller 300 includes a ferromagnetic
substance 100 attached to either the floating

i mpel l er 30 300 or the outside housing 315 and a

WORBHIMBI'T abl e el ectromagnet 105 | ocat ed adj HEEyR2OGHREIES3

LAl

{~d
g

bottom 25 of the contai nmel vessel 15. WD

2007/ 111677PCT/ US2006/ 060183 10 As illustrated
in Figures 8 and 9, the central, gas-containing
chanB&riuEgafed it FERTNE ROd &s T8ncHEenBagca e ing chteleratd
ARnSPEHsRNE dbkhingl116hecSRaRruppd: end™ MEMtmE aRarlle 70
IS Frgw ed. The ve cap 115 |4§:S|_ze_d and shaped to
S5 9 DpE RN e10t RGP Aev &8 GWERHATY Higarh& 5§ the
Byerprgessuseent horagasy @y kramitihg, supRky ©dh. A SURPOe
b_[g_\_kqe,t AlﬁZO L%k{)r o\gilggd. The support bracket 120 is_
PEERTd W HPRPH SEES R DRI t O SUBREE PR TeeimioElss
4i5n Weehambed T theupredhaktacap el tasen 0fs |gas<BafidrreBrse

Lhe ci er 70, \Wen t chanper 7Q rises to the .
R L R SRR
frd At it vanticghtl 1and! tiseeop ninng ddGhtviind| thp epamito e wi
15,:60 1 cape, T I i 00 .wi Ll th
GO SR BRE BRG o THfic KO ik RR) ’l"gghﬁ%rg it
aghihe veilswpdué Wit apre gstidee fo pasyasT@0 JantBEoducieced nto

LA IR ol OGPy i £, e

e openin urther
i ncl daeyenfrrapridb bythgr gabidehh eBited e ceBIC.3T0e call 310

CRNSES.IAE G8R, 4R o RefiuQPds bk §:080] lﬁéjiege%ghaa@;geng@ 116

thereby to reseal the opening 116 after t gas
#ees Nisens S0d1es aged reipnrsad tien divatireber(C reaaktteide shidace 85
syrd age~85 150f the fluid 35. As illustrated in
Figures 1 and 3, the pneumatic bioreactor 10 further
i ncl agedusireEcBnBaFEdat iPAY I npe|aneymBIET bicipasies oifidfurther
pulsdsde BOWSH N8R4 HENQUBM Ngat haosecandsd Ratihfdso4
i npel | er 317 is praovided. At |east one additional
S{ipHBT s A 56 st RRIBLT Tl ProNiigr i st s additional
il@p@téﬁg b3k 1w ﬁ.;’t-;ﬁwé-;deg?;ﬁifm;l %@5 adﬁtia-% i?@igaé :ss;wgléy "%'];he
terminates. at_an orific _at _the bottom 25 of |
oS thn? 185 Shutlhectiip Gles e b SoHg BT Ee vessei
sl dadel yeaht ackedt houdilye 2adds tdtiosial agupRar ol g palitenal
325, .The second, floating inpeller,317 is rotatably .
SPPUEARECE G20 n e stoRd RUNE i REA L et RpSPla e
smendulitbiey hdulihg I 4priaveadedne filley péd lseyoddEd. 1T8e pulley 140
.ached to.the ttol he, ai nnent vessel
R -?”gaﬁgﬁf,'g}%;{%%eé %P%"@?é'ed. The flexibl e
menbériskdle mthaohds i hbevohdanbee i@Mioimaiter fikDattadrgs the

éw@ﬂ%{% ¢k 0?91% ’Izc%tzﬁg Frpg?e@@reéeo@ 2 fc*:érﬁb%r S8R q}ge fséc%%lﬁggnng
inpelier 317, The flexible member 145 is of a length o permit the gas venting
valve 80 of the chamber 70 of the floating impeiler 300 {0 reach the surface 85 of
the fluid 35 while the chamber 70 of the second floating impeller 317 is spaced
from the bottom 25 of the containment vessel 15, When fhe floating impelier 360
is propeiied upwardly by pressure from ihe gas 60 from the supply 45 the second

fioating impeller 315 will be pulled downwardly by the flexible member 145 until
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i mpel l er 317. The flexible nmenber 145 is of a length

to permt the gas venting valve 80 of the chanber 70

of the floating inpeller 300 to reach the Surface 85

of the fluid 35 while the chanber 70 of the second
WORPEEIING i npel ler 317 is s;iaced 30 from t hBCHBYPeracoIss

of the contai nnent vessel 15 Wen the floating

i mpel I er 300 is propelled upwardly by pressure from

he g 60 fromthe su 42 the second f| oafi
P D a0 IS TR D ShaeePal g B sk Hano 29 s gas
frda:emg bhre marbehe14% ikmiak:da sstolﬂ ewegfas:i 69 the ﬁceﬁlngasze@t er 300

fro the .chapber 7Q_of the flo

H Rk SR PR Lo ooli®rasseR oo e TRpleich aokst inder
bzkaesdrb ok 38 SCtimmditabitimpeiapdibha su@00136 [ | then
sink 4 e 1. Ui S C Loatln ellet.
315 rlngeéJ? Cﬁ%gr Ogllrngesstﬁrre‘Ii %soa?'n% O%r%dg\éé %t ro ﬁe(?e H%}mcn
ek aaddEeistanding smi Ppingy b8Sachiev ed by pgfedipprie dhar@mpGhying
L L Qe H nt
|%\%§erp‘t %@ﬁ ifgcjn %ﬁagﬁ%ﬁ?ggaﬁé%n‘g@r &Q-q &g;%érgte achi eved
by referring to the acconpanyi ng dravvl ngs and the
detail ed description of a preferred enbodi nent 12
CLAI M5: 1. A pneumati c bioreactor conprising
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a contai nnment vessel; mxing apparatus in the
contai nnent vessel including a gas supply having at
| east one orifice in the vessel and at | east one
buoyancy-driven m xi ng devi ce above the at |east one
orifice, respectively, the m xing apparatus
substantially spanning the jgross section of the
cont ai nnent vessel, wherein t he buoyancy-driven
m xi ng device includes a cylindrical chanber
CLApI®t ably nmounted rel ative to the contai nment vesse
about a substantially horizontal axis and having an
i nner surface, an outer surface, at |east one n xing
pl at.e exA@mihla@p ieaeatdr yorprisingr espect to the
hori zont axis wthin the inner surface, and a
pl ut &l" IwigﬁeﬁgS hol di ng menmbers about the outer
surmangap@mmhenﬂyhmmdmn@mﬁ%smmmbéngsgﬁedmbﬁdwsgaped
at ]?st m?.\g E)rr;ﬁcoe é'gr%rg F?%gek? %m(gaﬁ leeg% glg@r ﬁdgfang)‘fl-grllx?:hﬁ 1X%deVl%§ above the at least
onesuriiiot, yresmamvcig e sEEion dpporanfsisgkstantiflly sphming thmrom@tm of the
to either side of the horizontal axis
um%hkkﬁﬁggfg%gggnholdln menbers, gas fromthe two
or i th deeyanetisivery miies deyice iprlidenR crlinspi chateber sriaiehly meunted

relaﬁp@%sﬂlt: %o%%ﬁ@ﬂt' V263t about a subs%ntléﬁs‘%oﬁﬂﬁfmkis Gnd having an inner
bi oreactor of claiml, the at |east one plate has at

surfagea it O SUTES Pt lgpseoneaniing Riais ExiRde g aby withgesaerp gheppyizontal

axiSWitfin GRMRH AR aﬁ'c?@ §1@fal1ty of gas holding thétebeR LR uter surface of
bi oreactor of cla wherein the Cq%$@9h nt vesse

thej cgllléqr§ﬁlogl%?§]b§r s1zed and shaped, AR 3% off, gle gas supply.

bi ol ogi cal contents of a bioreactor, the nethod



conprising the steps of providing (a) a
contai nnent vessel for holding the biologica
contents and (b) a buoyancy-driven m xi ng device

| ocated within the contai nment vessel and having a
substantially horizontal axis, wherein the
buoyancy-driven m xi ng devijge includes a cylindrica
chanmber rotatably nounted relative to the contai nnent
vessel about the substantially horizontal axis and
havi ng an-inner surface, an outer surface at | east

one, m Xi | at xt endi respect to .

t he* hor @%ﬁg g&ﬁgfeeﬁt?f ?gla % Ihife F up§ u r1 acel secHla(P%rlﬁce, the
firstp hridlr alcdyrﬁyordfcesgmlg‘lml dthmgsmenbﬁreshoab@ml atﬂhé)ekwt gud gas holding

sur face of h | i-ndri

meerersé S apmggls etBru bcbllﬁces a%%lﬁ% { lEee E%gléncéiu é pa?nb@ln 9) gﬂ:ﬁl@ %‘fj opposite
direciddnat i ng the m xi ng device in a substantially

vertical plane about said axis to m x the contents of

t he contai nment vessel by introducing gas into the

cont-ai nridwtpnguwsasie |bicgacter (o el dn theett gWStt e mhalg hprgat least one
apefGHY| ‘toca%%rgé{ﬁ thifiade nRtaut £iAShid Sork@ikdnPRs@f. the gas is

capt ur y the mxing device at a given point in

time to provide buoyancy to cause such rotation.

4. The pneumatic bioreactor of claim 1, wherein the containment vessel is
disposable.
5. A method of mixing the biological contents of a bioreactor, the method

comprising the steps of
providing (a) a containment vessel for holding the biological contents and (b) a
buoyancy-driven mixing device located within the containment vessel and having a substantially
horizontal axis, wherein the buoyancy-driven mixing device includes a cylindrical chamber
rotatably mounted relative to the containment vessel about the substantially horizontal axis and
having an inner surface, an outer surface, at least one mixing plate extending axially with respect
to the horizontal axis within the inner surface, and a plurality of gas holding members about the
outer surface of the cylindrical chamber sized and shaped to entrap gas bubbles from the gas
supply; and
rotating the mixing device in a substantially vertical plane about said axis to mix the
contents of the containment vessel by introducing gas into the containment vessel at a location
below the mixing device such that at least a portion of the gas is captured by the mixing device at

a given point in time to provide buoyancy to cause such rotation.



