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case of short use periods and frequent change of product, of the order of magnitude of reactor

25 availability. The affected steps in the USP of biotechnological production are the process steps of
media production and fermentation, and in the DSP, solubilization, freezing, thawing, pH adjustment,

precipitation, crystallization, buffer exchange and virus inactivation.

For carrying out the reactions in the USP and DSP, frequently a plurality of reaction conditions must
be met simultaneously. For instance, fermentation, for example, in addition to oxygen supply and
30  CO, removal, requires gentle suspension of the cells, rapid mixing of the media and neutralizing
agents for avoidance of overconcentration and also heating of the reaction liquid. Particle retention

can also be required, e.g. for the use of perfusion strategies.

[n the case of precipitation and crystallization, rapid addition of the precipitant, efficient
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20 All process engineering steps of mass transport and heat transport, particle separation, UV
irradiation and the addition or distribution of solids or additives or gases requires sufficient
agitation of the reaction medium. This agitation is ensured, in the pharmaceutical industry, in the

stainless steel reactors customarily used there, by means of appropriately dimensioned agitators or

by sparging.

25  Membrane gas introduction is used for gentle oxygen supply of cell cultures. As membranes, gas-
permeable silicone tubes are wound onto a cylindrical membrane stator which receive flow from a
radially-transporting anchor agitator [WO 2005/111192 Al). A more than doubling of the
exchange area and thereby a significant increase in mass transport can be achieved by paralleling

the membrane stators.

30  Other membrane gas-introduction systems [WO 85/02195 and DE 10 2004 029 709 B4 and
DE3428758], in the gas introduction, set up agitators or baskets which are covered with membrane

tubes and are moved in a pendulum-like manner in the fermentation solution, or membrane stacks
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20  available at [ATMI, Inc (http://www.atmi-lifesciences.com)). In this system the material to be

mixed is charged into a single-use bag and mixed under rotation. For larger volumes up to 200 L
[ATMI, Inc.] offers a single-use bag stirring system which is distinguished in that the stirring
element is invaginated into the bag. Mixing in this case is not achicved by a rotary motion around a

fixed axis but by a stirring-tilting motion.

25 In {EP 1 462 155 Al], use is made of a single-use vessel for mixing and dispersing materials by
means of a magnetic stirrer which is situated within a protective cage in order to prevent damage to
the plastic bag. The product-contact region of the magnetic stirrer unit in this case likewise consists

of single-use components.

[EP 1 512 458 Al] demonstrates a solution in which inflatable plastic pillows are integrated in the
30  external or internal region of a single-use bag system. These pillows are alternately pressurized
and depressurized again. This induces liquid movements which lead to intensification of mixing

and suspension in the vessel.
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the volume which can be processed increases into the range of the permanently installed plants, the

25  risk of contamination can only be managed with comparable technical expenditure, for example by
the use of damped sliding-ring seals. The great technical complexity and expenditure on personnel

of such installations, however, largely emphasizes the advantages of the single-use concept.

Other single-use systems provide the necessary gas-introduction rate of the culture by means of
membrane or surface gas introduction. In this case the necessary exchange area for gas transport is
30  provided either via a membrane permeable to the gases to be transferred, or via an open boundary
area to a gas space. Since no direct gas introduction to the cell culture media proceeds, the particle

stress in these reactors may be categorized as low.

[US 5,057,429] describes a system in which an inner semipermeable flat bag which is filled with

cell suspension is surrounded by a further bag which is filled with nutrient solution and enriched
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possibility of agitating the product during the freezing process, which considerably lengthens the

25  cooling and freezing processes. The metal vessels are expensive and require large storage areas in
the temporary storage. Thawing is lengthy, since the liquid motion between ice block and
container wall proceeds only via free convection, comparably to that in freezing. For thawing the
plastic bags, these are cut open in the frozen state and subsequently charged into a stirred reactor.
The procedure of cutting them open is labor-consuming and contributes to fouling of the working

30 environment. The thawing process is time-intensive, because the ice blocks which float on the
surface are hardly reached by the hydrodynamics prevailing in the reactor. Product losses in the

course of the long thawing phases are therefore unavoidable.

In the employment of all of the reactors listed here, considerable losses must be accepted in

performance and upscalability. In many cases, without sufficient scalability, apart from the lack of



-6- performance, an econom c benefit cannot be guaranteed. Scal eup here can
only be achweyesh atl-Fdréon COStridf 1 Ncreasi ng conpl exity and decreasing the
econom ¢ benefit, such as, for exanple, by paralleling a plurality of
reactors or by the additional use of technl cally conplex solutions (for
exanple sliding-ring seals built into the®plastic bags). 5 A reactor which
can be scaled up to the industrial scale of I nB - 10 nB, guarantees a very
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transport, FvelOF sEfisn camprritls locpuinclayirg by aveidie shedt sealnand e padiems of sipanige,
preferably sinm SmhfnBARA! ihidghe JHP8dntle 1R I?Hogl?n RO 'B@'ﬂ:ﬁﬁil@d thh Ioklﬁexpendﬁure
pharmaceutical industry 15 with respect to cleaning and steril nd

cont ri but eson unlmmwdn@rwwe:@sthemﬁmtanebsr a in ghe |cnrc¢lélas@\ﬁgattl¢1eange of
space-tine gég .aNe object was achieved by a reactor conprising a reactor
vessel and & drive unit, characterized in that the reactor contents, which
can be taken up by the reactor vessel, are set in oscillatory-rotary notion
about the flit»easan pb,eﬁteasfahé yregart tinveation @Xreducé atréeetor.eiaqiaiculay fdrhfhaﬂheicmwnit

wherein the 2 mechani i npu the regctor. contents is enable

by = Ui t AGHPRHSEIERS SPSErive o R Rt ses QLD PR G P LLOR TS SR RGP by
i nternal s igslbgitdesloghkmichiCaliloy chemidad Rabt@RAS Wath r@lﬂéﬂt & mixfhgt Metrib@RG!E Qspenviessel .
The reactor is preferably constructed as a single-use reactor. By means of

the i nt er nalo&bilptians MBwHIABTOP B¢ beek Banspait Abatinn andigadiatine: PigegIbEatonsdhesesfr i ed
out 1n a SRl BreRBCHmBR0n Whldhnk 1R nieR LENRLR ST he pRrRRYGAT Inf
stirred tanlgl ﬁre Qﬁlmgl glr11 n% fte 25 Sasés:qage cztan gl spensed ¥ E@Jy
conpl et 8l y. wrrrheeSpfm éqf n&hxynagad ﬁtenhw dod wopibhtes b WCtehsmameqcml rosltsrn@arm]dono
energy stre cing away fromthe product, which streans are
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are identical, In the case of reactions with nr anes east
spatially c‘?e@@é.TthattulrltsIn@rferabhsctallsilna;tqd@ns Sl@EloJrusewsamﬂ e agl tators or punps)

By means of the internals, distribution processes and/or mixing reactions can be carried out in a
simple manner and with the same intensity as in a conventional stirred tank. In this design, a shaft
25  passage can be dispensed with completely. The internals again may be supplied with material
streams or energy streams via the side facing away from the product, which streams are introduced
into the medium or discharged therefrom by diffusion, convection, heat conduction and/or
radiation. In this manner, for the first time, in addition to mixing, numerous process engineering
unit operations such as gas distribution, oxygen input by means of membrane gas introduction,
30  heat transport, irradiation and/or particle retention can be carried out in a single-use reactor in a
gentle manner and with an efficiency comparable to a stirred tank. The reactions and transport
processes proceed in this case directly at the internals. Therefore, the sites of the greatest
hydrodynamic energy density and greatest reactivity are identical, or in the case of reactions within

the membranes, at least spatially close. No further installations (for example agitators or pumps)
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adsorption, for analysis and ar cool i ng and/ or heating. 25 The

i nvent i bn fweeetequirempritvehichtagn ge gelgﬂ\fp%thetqb m ayerlon @ lasge scalpllp condiastdoig a
reactor, i g i ’F%E& r in
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nodul e whi c% &rggfera(?%fg desi gned as a tube nodul e has, in particular,
essenti al | y* Phaped LFlilityed permeabl e, in particul ar tubul ar,

menbr anes, through whi ch gases, such as oxygen and 30 carbon di oxi de, but no

liquid, canpp@esly, iimersal€ installe@inNete felatbr G yYaFRe p:rad{ded “cmdne;srogaéaﬁlcﬁ@ﬁhm
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the inert fluid, so that not only gas introduction, gas distribution but

partncular for gas introduction via semipermeable membranes, for gas distribution, for liquid

distribution, for irradiation, for fittration, for absorption, for adsorption, for analysis and also for

cooling and/or heating,

25  The invention further relates to a gas-introduction module suitable for such a reactor, in particular
a gas distributor or a membrane module which are, in particular, a part of the reactor according to
the invention and are described hereinafter by way of example in the installed state. The membrane
module which is preferably designed as a tube module has, in particular, essentially vertically
arranged permeable, in particular tubular, membranes, through which gases, such as oxygen and

30  carbon dioxide, but no liquid, can pass, in such a manner that oxygen and/or other gases can be
introduced into the reactor in a low-shear manner. The membranes can be arranged to be fixed or
movable in the reactor and are particularly preferably constructed in such a manner that they can
be moved relative to the inert fluid, so that not only gas introduction, gas distribution but

additionally also a mixed flow can be induced. In particular, a plurality of groups of membranes or



additionally also a m xed flow can be induced. In particular, a plurality of
groups of rENIENeNS -kireifTSotirics 011 - Forei gn Countries -8- menbrane tubes
arranged adj acent to one another are provided which provide an exchange
surface area required for nmenbrane gas-introduction. For exanple, the
menbrane nodul e which is constructed as & tube nodul e and the fl at
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the react ormemignedhoy arrpiiged adieqetto oge anofhprsre pipvided Which weovidsian exghangs setiacy
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mermbrane. ThgepRati@ne filmis preferably connected in a two-dinensional
manner to an open-pore material, such as, for exanple, foam In particular,
the open-pore material is at |east for the nost part encased by the at | east
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can be opermbagedibi 10 iHtrodidtioh kEME raameiconientd] gh pr essures, so that with

conparatively low material usage, a high volunmetric 30 flow rate can be

provi ded for 1J%as introduction tqo the reactor contents. 2- In a preferred
Ie

embodi ntht , Prefseblyadbs membmnet olofhensrinteodpgtions mpdige tha ﬁa%mbrﬂére pll wheht fe
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react or vessel can ‘have at ast two,
preferably connected in a two- dimensional manner to an open-pore material, such as, for example,

foam. In particular, the open-pore material is at least for the most part encased by the at least one
membrane film. The open-pore material makes possible uniform convective gas transport through
25  the membrane, in such a manner that essentially the entire membrane film can be charged with gas.
Since the membrane film is connected to the open-pore material, the membrane film is
simultaneously prevented from being able to inflate at elevated pressures. As a result, a gas-
introduction module membrane which is further developed in this manner can be operated without
problems even at high pressures, so that with comparatively low material usage, a high volumetric

30  flow rate can be provided for gas introduction to the reactor contents.

23-In a preferred embodiment, the gas-introduction module is at least in part a part of the reactor
vessel of the reactor according to the invention. For this the reactor vessel can have at least two, in
particular exactly two, subpieces, while the gas-introduction module has a frame, using which the

membranes can be fastened. The subpieces can be connected to the frame, for example by



particul ar exactly two, subpieces, while the gas-introduction nodule has a
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the a particularly intense shearing action on the particles. The reactors, on the product-contact side, are
fabricated from materials which are known to those skilled in the art and are stable to solvents and

25  dissolved substances.

Stability to dissolved substances is likewise an important requirement in protein solubilization.
The chemicals used therefor in part have the disadvantage of attacking the stainless steel surfaces
of standard reactors. The novel reactor concept according to the invention offers the alternative of

a broad range of inert materials which is known to those skilled in the art.

30 A further reaction which can be carried out in the novel mixing reactors is irradiation of the reactor
contents for the purpose of sterilization and virus inactivation. Irradiation proceeds within the
single-use reactor, e.g. by means of UV irradiators which are positioned in the vessel wall and/or
in the built-in elements. Support walls and bags are fabricated from transparent, UV-radiation-

transmitting materials which are known to those skitled in the art, the support walls preferably of



singl e-use reactor, e.g. by neans of UV irradiators which are positioned in
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30 supporting the intended pr 0Cess engineering unit operations. Preferably,
t he react orplyeltself bags and also manual removal of the bags by cutting them open and the fouling of the

working environment caused thereby no longer occur.

By means of the process-intensifying internals, the application limits of existing single-use
25  technologies are considerably expanded, in such a manner that the novel reactors can also be

employed in scales which are considerably greater than those available hitherto.

The reactor is constructed, in particular, as a single-use reactor which can be discarded after it has
been used. For this, the reactor vessel can be produced from a stable, preferably multilayer,
polymer material or a polymer material which has been applied to stabilizing grid structures and
30  supporting the intended process engineering unit operations. Preferably, the reactor vessel is
connected to a housing which is at least in part adapted to the shell form of the reactor. For this,
the reactor vessel which is preferably flexible and/or constructed so as to yield can be inserted
and/or suspended into the vessel as a positive fit and/or friction fit. Preferably, the reactor vessel is

additionally or alternatively detachably attached to the housing, in particular by reduced pressure.
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cause, e.g., faults of sensors, can be

Preferably, the reactor is positively coupled to the drive unit in such a manner that the acceleration
and braking of the reactor rotation proceeds with an essentially constant angular acceleration or
25  deceleration. As a result, the speed of rotation of the reactor changes linearly with time in each
movement phase of the rotary oscillation. Control modules connected intermediately are not
required in this simple reactor movement so that, for example, according to a preferred
embodiment for implementation of the oscillatory reactor motion, a pendulum drive can be used.
As a result, e.g. the release of electromagnetic rays which can cause, e.g., faults of sensors, can be
30  drastically reduced. In particular, as a result of the constant angular acceleration in each phase of
the oscillatory-rotary reactor motion, instantaneous peak values of the hydrodynamic shear forces
on suspended particles (e.g. animal cells) are kept comparatively smaller than in other forms of

motion of the reactor.

It has been discovered, surprisingly, that a comparatively small angular amplitude is sufficient for
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suppressed and simultaneously particularly gentle and effective surface gas-introduction can be

25  achieved. The use of the oscillating foam destroyer, however, is in no way restricted to reactors
with surface gas-introduction, but, according to a particularly preferred embodiment, may
advantageously be used generally in sparged reactors. Therefore, preferably, in the reactor
according to the invention, in particular the intensity of the oscillatory-rotary motion can be set in
such a manner that, at the surface of the reactor contents, a wave flow can be generated which

30  transports a part of the reactor contents which are situated at the surface into the interior of the

reactor contents,

In a preferred embodiment, the reactor vessel has an elongate fluorescence sensor running
essentially in the peripheral direction to the axis of the reactor, using which, in particular a pH
and/or an oxygen concentration of the reactor contents can be detected. For contact-free detection,

35  an optical detection apparatus at a distance from the reactor vessel is provided, which gives off, for
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reactor to be at a comparatively small angular amplitude |a| of <3600°, clockwise and
anticiockwise. The reactor or the sparged reactor is used, in particular, for the preferably low-shear
25  destruction of foam which can form on mixing and/or gas introduction. The destruction of the
foam proceeds, in particular, by solubilizing the foam, which can be drawn into the interior of the
reactor contents by the flow induced in the reactor vessel. That is to say the foam which is drawn

in can collapse in a low-shear manner in the interior of the reactor contents.

The invention will be described in more detail hereinafter with reference to the accompanying

30 drawings referring to preferred examples, to which the invention is not restricted.
The drawings show the following;

Fig. la: a schematic simplified side view of an installed reactor,



reactor contents by the flow induced in the reactor vessel. That is to say
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detail hereinafter with reference to the acconpanying 30 drawi ngs referring
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sectional d VI f the reactor of Fig. 3a, Fig. 4a: a schematic
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4b: a schenmatic perspective view of the reactor of Fig. 4a, 10 Fig. 5a: a
schemat ilc peg.Spect i ve schaavatiokide hiewrof tetraactor of Bg.flay t her enbodi nent, Fig. 5b:
a schematic perspective view of the reactor in a further enbodinent, Fig.
5c: a schemati.c perspectiv an. vi of the.reactor of Fig. 5a or Fig. 5b,
Fig. 5d: ar@%ﬁ@n&ti c &6 Waﬁﬁﬁlandﬁvﬁ%ﬂe\ﬁa@%r8#151?@’ reactor of Fig. 5a at high
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Fig. 5a in a further enbodinent, Fig. 5g: a schematic plan view of the
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schematic sectional view of a silicone tube suitable for the reactor, Fig.
7c: a schematic sectional view of a nodul e having the silicone tube of Fig.
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Fig. 5¢: a schematic perspective plan view of the reactor of Fig. Sa or Fig, 5b,
Fig. 5d: a schematic sectional detail view of the reactor of Fig. 5a at high velocities,
Fig. 5e: a schematic plan view of the reactor of Fig. 5a at high velocities,
15  Fig. 5t a schematic sectional view of the reactor of Fig. 5a in a further embodiment,
Fig. 5g: a schematic plan view of the reactor of Fig. 5f,
Fig. 6a: a schematic sectional view of the reactor in the installed state in a further
embodiment,
Fig. 6b: a schematic plan view of the reactor of Fig. 6a,
20 Fig. 7a: a schematic sectional view of the reactor in the installed state in a further
embodiment,
Fig. 7b: a schematic sectional view of a silicone tube suitable for the reactor,
Fig. 7c: a schematic sectional view of a module having the silicone tube of Fig. 7b,

Fig. 7d: a schematic sectional view of the reactor of Fig. 7a in a further embodiment,



enbodi ment, Fig. 8b: a schematic sectional view of the reactor of Fig. 8a,
Fig. 8c: a prhwmbiicFapdiancming¥sof the reactor of Fig. 8b, 5 Fig. 9a: a
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enbodi ment, Fig. 9b: a schematic sectional view of the reactor of Fig. 9a,
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state, Fig. 12c: a schematic sectional detail view of the reactor of Fig.
12a in a sé’@tﬁ’ﬁ@l‘@f"ate Fig. 13a: a schematic sectional view and a schematic
pl an view of the reactor in the installed state in a further enbodi nent,
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embodiment in a first state,

Fig. 11b: a schematic sectional view of the reactor of Fig. 11a in a second state,
Fig. 11c: a schematic sectional view of the reactor of Fig. 11a in a third state,
15  Fig. 11d: a schematic sectional view of the reactor of Fig. 11a in a fourth state,
Fig. 11e: a schematic sectional view of the reactor of Fig. 11a in a fifth state,
Fig. 11f: a schematic sectional view of the reactor of Fig. 11a in a sixth state,
Fig. 12a: a schematic sectional view of the reactor in the installed state in a further
embodiment,
20  Fig. i2b: a schematic sectional detail view of the reactor of Fig. 12a in a first state,
Fig. 12¢c: a schematic sectional detail view of the reactor of Fig. 12a in a second state,
Fig. 13a: a schematic sectional view and a schematic plan view of the reactor in the installed

state in a further embodiment,

Fig. 13b: a schematic sectional view and a schematic plan view of the reactor in the installed

25  state in a further embodiment.
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sectional pligrdwi ew cfschdmmtinperbpeatines eaplodiddgiewl &the feagior i 7 furthar gutvdiment, c
sectional view of the reactor in a further enbodinment, Fig. 17b: a
schematic pl. i ew qf I r ha-. k7 20 Fig. 17c: a schematic
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of Fig. 17a, Fig. 18: a schematic sectional view of the reactor in a further
enbodi nent ,Fig.Rkdg. 19:a sehamwihie plah vewplf dr redcenobfigt He, reactor in a further
enbodi mrent and Fig. 20 a schematically represented qualitative experinental

result on foa eneration 25 follow n s .bubbl e i ntroducti thro t he
| Caut d sur f9EA5 th & rpaforscder B aetil ugy o Pt o8 Fis 1ot affier
Countri es -enbédinfedd, | owi ng suction of the foaminto the liquid. INDEX 1
Potential 2 02 transport in the case of tubular stators + anchor agitators
5 3 02 transport in the case of nenbrane nodul es 4 Reactor contents 5
React or 6 NU%ilAB houdishlpmatic pgstipnal yiew oBBIS 526G OiFigridAe 10 Drive table 11
Oscillating liquid nmotion 12 Drive shaft of noving housing 15 14 Drive 15

Rotary oscipifati:on 16 stiGhasic flan VRS Afeirkdck bMGgMBLI ON

Fig. 15d: a schematic perspective view of the reactor of Fig. 15a before installation,
Fig. 15e: a schematic perspective view of the reactor of Fig. 15a after installation,
10 Fig. 16a: a schematic sectional view of a membrane suitable for the gas-introduction
module,
Fig. 16b: a schematic sectional view of a membrane suitable for the gas-introduction

module, in a further embodiment,
Fig. 16¢c: a schematic sectional detail view of the membrane of Fig. 16a,

15  Fig. 16d: a schematic sectional view of a membrane suitable for the gas-introduction

module, in a further embodiment,

Fig. 16e: a schematic sectional plan view of the membrane of Fig. 16d,
Fig. 17a: a schematic sectional view of the reactor in a further embodiment,
Fig. 17b: a schematic plan view of the reactor of Fig. 17a,
20 Fig. 17¢: a schematic perspective view of a part of the gas-introduction module for the

reactor of Fig. 17a,

Fig. 18: a schematic sectional view of the reactor in a further embodiment,
Fig. 19: a schematic plan view of the reactor in a further embodiment and
Fig. 20 a schematically represented qualitative experimental result on foam generation

25  following gas bubble introduction through the liquid surface with simultaneous foam destruction
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destruction 10 175 Foam devel opnent follow ng surface gas introduction with
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invention having a drive unit w thout process-intensifying internals. The
medi um 4, BEUSE 0idt®réasn CRiMtdgr solution, a fermentation solution or a
product solution, is contained in the reactor 5 which, in the case of the
particularly preferred use as single-use reactor for inproving stability, is
produced fromstable, preferably nmultilayér, plastic films which are known
to those skilled in the 10 art. The mass of the filled reactor 5 which, for
strengt h rel2énrsor lexai2only be burdened with linited tensile and shearing
forces, is i tical direction fromthe base 20 of a
surroundi ngiza\%ghggﬁ)ra{%gtcpﬁdu%{ﬁé side direction via the shell 6 thereof. For
si npl e i nst4ll ILight omdadtorttheseneatiyar! 5, the shell 6 can be opened via a door
7. During t rocess .t base, 20 which is rotatably nounted on the bearing
8 is set inﬂgé‘%hﬁfo PHY POFRIF B¥'25 via the drive table 10. The position of
the drive axle is 15 preferably fixed in order to avoid transverse forces
caused by etigentrangilbyshow 4 heacforaedsell dbsignafed trbtor SY SIfaie B StdoRingdfo Mbel |
6, base 20 and drjve table 10. Transverse forces pose consi derable problens
on upscal i ABYentpehayigairye upih &vitgeyt\peocsssrigensifiying dnterpgls dihe mediugy 4.3 pitigte ois
desired betyyeensolRioRNfelRertRioh ROUMAY draQhbdike soRRBhES AN IR ERtdrCuhich,

hori zontal are anobng the particularly ‘preferred enbodinents, because as a
result a cohpbe geseva] Wie Fariishler!h aseferrey waoLAst Singde-ofe neprtorr feadmproving stabdlity.hie
drive unit j i bl I | f [ ] region t
reactor 5 ALPALELEkEe Melibf, hiREYE R RRGuhe fre 1508 LERL AU 1P
react or 10 ntagtr Ty miwsg of twridied raactot § whish dodstresgh sasahs, dBy ontp i durdéned vaihrtjpited

achi eved si ze..adaptation of shell 6 .and reactor 5, smaller reactors an

2190 be. opdrSUBHLTerHE Taae Saea BoS NAFERSIErBadat fewe B ol TepIge

product i on,vessal ar@af tHeGileadirettiontyethe Sisedt Diherbsfe HothpIP iR EUSHonCITAIBStor 3DthET J.

2a shows suitable rotary oscillations 15, e.g. hawzr}g ? rectangul ar 158,
vy

li near 157 $¢ll §r#uotngatd via sgoerouPyengthe aragers de haeg HEibigh i rotatablyrraounteron
period 160 @ngk.aRPs istsedf o%@atﬂ%r&tgﬁmrlgkﬂlrtye ARG A TR Jsﬁioﬂ%?ﬁu@%i@@m&@i@
geonetry and size of the reactor 5 and internals t ereo? and the desired
mechani Bal mpefereblyifixpdiin eiérah avaid trenpuérsetdrdes cavaed iy eaenttidiy qortbeesdorst, epthe A

| ow shear [on_can be | ced en,l oss d o flow.around the. internal
el enent s ansgR % ecr% %%§1ngﬁ?§b %g gﬁe\\yglaggidﬁlye E%tlev\e@njtr?rff’éerlgengoé?eﬁﬁoseefg%nrsfgﬁrtaé]eand
the fluid qgasbloes depkcaiag.Clhnahgabf ke diassididae be Liosar, depridciple, acHdsatebetndes

the fluid is e diently first accel era into.the one directiion with a
Si nusol dal 0 o8l S to e el ABEIET aBHE e by R MoBpaRLrre ARG Heepericular
decel er at ethréfBrrQf dodinRitsPRSHIsO8s 4 REMUODdHERGvePfimpR®edrifzai oM@ STehd Hactor
ultimately to be accel erated and decelerated in the opposite direction, If

the to¥quendfthe draveqpitie passétde- dethis e 1of Geariaagilie deadarceion of dhe waworot rengins

reactor, r j - j : ion.
Howover | naRE At in bR AR AyWoectf) APLATEF ol Bn8RR) TR o
Countri es -se@sorsy By owiabsyofth sinplytnahiewd sizm atdptatioeat shoi Gond redver Sbymaller teactors
Cusended saF e BCcPerid S B, R A sl ARy B hGRCH eROLRE R
cul ture of mRtahr Behstdd yRfraoénplododkhsgesl n t he suspensi on of sedi nented
particles or on m xing

t he

25  Fig. 2a shows suitable rotary oscillations 15, ¢.g. having a rectangular 158, linear 157 or sinusoidal
156 course of angular velocity with time. The period 160 and amplitude 162 of the rotary
oscillation 15 depend on the geometry and size of the reactor 5 and internals thereof and the
desired mechanical power input which is required to carry out the process step. A low-shear
motion can be induced when losses due to flow around the internal elements and thereby relative

30 velocity between the internal elements and the fluid can be kept as constant as possible. In order to
achieve this, the fluid is expediently first accelerated into the one direction with a sinusoidal
velocity impulse 156 of the internal element and later decelerated in order, on passing through zero
of the rotary velocity, ultimately to be accelerated and decelerated in the opposite direction. If the
torque of the drive used permits high angular accelerations of the reactor, rectangular impulses 158

35  may be implemented to an approximation. However, these lead to a considerably greater range of



in additives, these additional mxing effects, in contrast, are absolutely
desired. 5 g% deheoaaseigd comidsane gas i ntroduction, high specific exchange
areas of significantly nore than 30 n2/n} can be ensured in a single-use
reactor without rotating sealing elenents and, what is nore, in very |large
reactor scales. Fig. 2b shows the gentleZdse of t he nenbrane gas
introduction 3 according to the invention using tube nodules 72 in

conpar i son Weoety disisibriénn iarthe faaeipr ansdthemiriyitireomperable meshanicahpowdr depubyto an
agitator el port
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Chenmi e- IsngenltlewaseT@feﬁumemﬁ?g@s;L&%alﬂcﬁé@ highspecifidexchgge irencs sfghﬂ'féknt@l dretiah i s
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10 n2/ n8 cafeaireshig ykedartipsing iy Rifurealdersn JPirgssingr ot PyHclst it odirsd Pcﬁac"f"ishe
gas bubbl eschalfe- BN ANCSMiIER | KRN 5BE @B‘iﬁe ?errertc@rﬂocﬁ)ﬁmlte?ns bR Q8C bt tat i ng
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t hr oughZtwhi i Hheadesizataf ARgxeensivF egs-EHUSHOT M6 raa%ﬁnA&@n alferaafingde dghsgnodplgs 72
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readily heat BT 1-Foreign unt rie conductin trans
medi um e. gllowpdseing @Irerr@nﬂs maph eof Hed tmegtbeAnan 324 o1 Barsllqd)pkire@d\mla memenmsaﬁo

line 30 which.is via tub or . cabl to.the ener |y, |.€e. to
a heati ng/ Clg&ngnélgl%tp ¥, redu g specific R& ange s ot the "der' magmtga/e 38! Q;Ppr(ymmately

10 m*m? can also be used.

25  In the case of generation of coarse or fine gas bubbles via membranes, use can be made of, for
example, the oscillating motion of microporous invaginations 150, in order to distribute gas

bubbles in the liquid 11 uniformly over the reactor cross section.

Fig. 3a shows by way of example, but not restricting the invention, in what manner the base 20
rotatably mounted on the bearing 8 can be driven via a gear wheel 12 using an clectric drive 14
30  which is installed in the drive table 10. Alternative drive possibilities to electric drives 14 could be
provided via magnetic forces, induction forces, pneumatics or hydraulics. For heating/cooling the
medium 4, the base 20 can be equipped with a cavity 32 in which an electric (for example a
heating mat) or a heat exchanger 18 through which a heating/cooling medium flows can be

accommodated. To improve the heat transfer it is advisable to fill the cavity 32 with a readily heat-



or to electricity. Addition or wwthdrawal to or fromthe reactor 5 can be
perfornmed W @GENNAHoraddm Osuntrtkf center 24, 28, passages through the head of
the reactor 5. Using the lance 28, addition also into 5 the depth in the
reactor 5 can proceed. In the case of offcenter addition, the |ance 28 acts
as a flow resistance to the surroundi ngZdedi um 4, so that at the
introduction site, corresponding to the chosen intensity of the rotary
osci | | at i orfondicting heap trpnsfer mesdivemn\ecr MaT A1 Qil-Nigredwnt dxehaneede serpliedriia a central
pass agenay 3ing 40 wERNADInEA a LbEHLARe Y e ARkEy LBENDTL B0 ABUGOIIRREL ALY
avail abl e sanpling systens and sensors for neasu r¥g tenperature, gyas
content, i omtecdeatmaityr Additen oroythidmaal toroo fremttheersactd (G qeabt pafoemedyie esntrrlad7icon

d cell vitality, i tact with the. medium4 or t space for .th
pur pose of REE 2 Rerare: PiiwlibeheoaBLOF ' Rinelf 850 RSl g0°

presterid i akeldeptitin tigakidurdtanl piysddeRBhCage Provener aallitibhehskhadet280kts b€ fow
process under, a safety cabipet. The sensors are. customarily fastened to the
port usi ng ESIEHERP dniEerIdre BRdiuBieh| sadhitt thie Intradgstion Sis KEMePoRdiRg to the
passagevay Shbsén iRaRfy ef oty dsbtillatidnr Bf £1i§0& HolStafdink Makin@ ¥ Hr8dRENSE S
based on fluorescent 15 reactive dyes which are sinply applied to the
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hydr odynam t i | S i d for ., process
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dependi ng JAPHHES SR LA HorL o EreE S PG (YA STER By HadY Grerehel S 16
decrease W %h!il:d' reRfR@HeRE 256@&t Ao BibZ®)1If iPekpsdiatt QY Restrd tRRGR BNseceFROTH) ment
of the single-use reactor which does not restrict the invention is shown 30
i n Fi gs20 4zbehrrgn the twp aeverssl pegiteoliberatasy escdlagom by, dn thisgpanagr. Bieses tapioas gtrain
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t he doned base. 21. A particul arl inple, an eyerthel ess effective t hod
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provided for process intensification. Conversion of scale can, depending on the task, proceed by
keeping constant the mechanical power input P/V or the particle stresses or the path lengths taken
by the flow internals. It follows therefrom that, depending on the criterion used, the angular

velocity and/or the angle 16 decrease with increasing reactor size 17 on scaleup.

An expedient embodiment of the single-use reactor which does not restrict the invention is shown
30 in Figs. 4a and b. These single-use reactors have a domed base 40 and a central outlet 38. This
means that, after a valve 44 is opened, complete withdrawal of the medium is possible via a tube
line 42. The tube line 42 is laid toward the outside from the conical recess 34 via a base gap 36 of

the domed base 21.

A particularly simple, and nevertheless effective, method for transmitting the rotary oscillation 15

35  from the reactor walls to the medium 4 can proceed without flow internals, just by the choice of a



suitabl e reactor geonetry. If, as is shown in Figs. 5a-c, instead of a
react or havBTR063 CMLFdMelsn Calntriggr 0SS section 5, a rectangul ar reactor 43
having a flat (see Fig. 5a) or pyram dal 41 (see Fig. 5b) base is used,
this gives the secondary flows 50 shown in Fig. 5c. These are a reaction to
the relative rmtl on 48 whi ch counteract<4he accel erated rot ary notion 46
of the rectanqular reactor 43 5 and is caused by the mass inertia of the
medi um 4. wlt%@e teReigeeesBendara; it Bhows iBFiesniaxd. iptead o8 paedctm favipgm a lgglindrical
initiated. I 0L\ S
'S0 sl ABre AT g pRl bl BRYOR Blink 3Pl LA, Sl BiEnid LA (188628
react or heilght isvwoed, dhhmsube b@ondaapﬂows)ﬁ@tsIaJWn rmnFlgcm dugse arhingeaction to the
gas-introductj.on on the des u i S _on

20Tt abi o1 F R b A it B IE R e RGP0 5 6 B Bk Rator 4
requi r ensentantiGs carsacby Qfe mA ihertia raﬁrtma/enaan.ﬁl @fusmgygleﬂ: $e6@1di&1ryi BovaC b, ewigbhg
provided this i.s tolgfated Ry t he c Ils %%%lng ch in the case of
this react GPPHNSSEALIBHDE A3 f APH é)cfé}éeegloB Fdﬁl“lflie treiftc ACterHig also
reactor  scaligldior SkAeh ebud 8§ stiRb legSinkedueMort Renck kr@%&tt&u{efgaf:@ou@w@nélb@g on
selection of the fernmentation mnedium the introduction of the gas bubbl es
can cause depre@asiey oppscaleapghis spoiaipdctn method, fepeadingensibt desited collcoprisiapylyi n
this case t S 415

[ mes 1o attAHEReShal REaboARrdIRAS) dond ARAUGLAL St QUERrp Y Blec R0 AR
cont ani Hat i iowpravesént @if caygebol mplkageclmvedhl pemldeBythrmam@lemfed abysthe tahl yy api;rgmg ed
wave notion,,.the i the s ace drawn into

e oo oumil  hOAL AN bRt S e St Tgie St R e o ieri

that, in thicse e@a@wulgtgagbmgscaélotvh& igasd fattbdd. BEpeAding Sn SdIEsibABE tha fdnferdrtPhded
(Fig. 5d). The foam 49 can thereby be drawn in to an extent in a |ow shear

manner, i n BYEHEherdHivdrction o ﬂe%éaszlb'bwssdﬁqw fRuEek i @esater &r Jesyey faapmproblsm. dvisn at
least in paarbgomtbg n%égsga\?;\ﬁ% % cfag)eamgré»%ﬁt &Elﬁg.m B&h bemglcgndu%ted HIOWR WadBYasOf
exanple in Fi foam height h which’is tfornmed in the reactor
vessel B i rilrxeeltmtta@hpdt @ertlhéiltméaand dvettingtthgse Bnd hepsbpteresihgl s cantaminaigh oisk of at he
surface of £ Lh the n,di-ane froma
Found conpat e IEEEh BEBRRER ¥ rplABh Sk b AR g UL R o
section of théieurfaeacimobe Wi@ssahtoTGhd mterioe of thginadivaf 4 vireflounbaoes 6f, When Adh a

reactor contents 4. The foa el hre ive to the n dia r S
ket ched’ adngn gt imiotaso HBTREE L5 PSR 5 SUar I Bapated BHE 4 e

vol une V offotuh @91 elefiby GO kA § td an kktehtSin SNOWRheat! hABEATBLEIC 2 bdadneh @A tHee

f oam hel(ﬁ relative to the reactor dianeter h/D in the reactor accor di ng

to the $hvehemdhichresy yeenrayaller ¢ven gt lasidh gag e yriaer isyforpifice g Hdigias
bubbl e i nt rs‘HQHE'tb}/ %y"&fteiihnﬁﬂe ird ﬂ%@ﬁﬁ'»ﬂﬂch‘ fhWath ﬁ@éﬂtﬂ%tﬁ@#%%rn% ik AR kg ease

of the mechanical power 1 nput in order, 30 however, wth a further
i ncrease i nvepsherin rerhqmsm te ¢hefradan @gmtem D (Smkpt&dem thei regiom OEthefsaltf@eg)é@e reactor

| T oduct | oMl ARG QRO N RAALACSLALAS, RLAPELALES ( SULYE ARy oh ch
a continued’l Ncreas oam tsTW th i'ncreasi power | npu cahn

assuned, a @mlswdiersabé yct@t ra&mdeanbts afjthe reqoREtvesgen ¥ esnub trégidheft ed yurfaed of the
reactor_according to t 1gjt‘?iﬁ_nventl on, {aHow novenent s having, a fgam destraqyi ng

ef f ect %Sakerci‘ﬂt%[c%"te‘?tﬁ"' oam heigldy retatiug lothfemeag Aamesss &f t55keshed 19 funglignegt
passing 35 honRugical ﬁwerrrﬁm wgla@w angedoRfieR et tRe fdabdt cHRéN 4.0f is shown
n

inflection 180 and a seco oi nt of
diagrammatically how the foam height relative to the reactor diameter h/D in the reactor according
to the invention (curve 175) at first increases greatly following the gas bubble introduction with an
increasing liquid motion caused by the increase of the mechanical power input P/V, in order,
30  however, with a further increase in power input to fall again. Compared with a surface gas
introduction reactor without foam-destroying properties (curve 170) in which a continved increase
of foam heights with increasing power input can be assumed, a considerably expanded usage
spectrum results thereby. In the reactor according to the invention, flow movements having a foam-
destroying effect take place, in such a manner that the foam development 175, after passing

35  through a maximum 190 arranged between a first point of inflection 180 and a second point of

inflection 185, decreases again. The reactor 5 with at least surface gas introduction can therefore



inflection 185, decreases again. The reactor 5 with at | east surface gas

i nt roduct i oBTrTEsB (ohqr&é@{@mﬁ]}&s% 3 011-Foreign Countries -25- preferably be
operated with a specific nechani cal power input PN which, based on the
second point of inflection 185, is selected to be greater, so that good
m xi ng performance is possible at a surpfisingly |ow foam devel opnment. In
the illustrative exanple shown in Fig. 5f of the reactor, the housing 6 is
suspended swefersbly dempera®d atithea ER@Ciﬁotlmcean\halaplaNdnémUit IRQV vhiehi b‘dsed en theiSﬁ@md by
drive 14. T I | acto

o ge 11 200 REEERRH 35, A B ofehBE P ope ot ol PO

out | et 42 |&erp|nnsmglydl®dfoainrdeaﬂ®manon to the outflow 42, fluorescence sensors
401, 402 which run in the peripheral direction are provided whi ch can

measure th H and/ or the onc t For ch. sensor 401, 402,

ont conade s el 0%k B E0 Rk Tk B sk ront RESinERE Sbefidht Bt a0z
10 with 3 i gitte bastar masetarrmgesnwmcﬁsrmﬁen By e 14, ITUS rdcinpMer ExgddNeaetpUB,
the sensors 401, 402 are ata‘rranged at the base in the vicinity of the outlet

42, there ¥ PH’dtf’GPt“ﬁ'#h gree §S ot btsrarsrantifidl baerlopisthe hestommegbpaint of which

hal f-ri ng- shaped 4§e@§.favldé@yremldoﬁltome%gmowazcﬁméea{c@l@élem@ @tmfz;@i oﬁﬁﬁ Rin iAf
the mxing notion is possible using internals. Fig. 6a and Fig. show by

way of exari eeriwhergl diregtioncat progided, orhich qaamensgxreathe iphHisandfor thd Chlcant@nmayonalfq;r
Th.e bl ade e}%'igh {%9&09 %Pﬁo?,aa”l glﬂ?anﬁécr{&qu'?yM%% ].t)l‘%l d 19' %ggtcj hasEnth g&%{lt4%1,54%2
e tine pdl n O reactor anpe etween t e twWo

whi ch, at t use
cl anpi n el-eirteligts f&da apdufetentB8inae énthé ilhnaatbo exmpi'é ehiabl, yhelseBsors fHr BT atear | y

preferably 1-4, agjtator bl ade .fil 52 which are distribyt

Ot or iy g 20k g s HeGidor ey a2 o 504 copan G s patstric e Setsars
anchor ed i not hd2ceRiIf-Bhg- guap@!rga.adomagi&sg:n 56R. The base bearing 60 is firnly
attached by wel di ng or adhesion to the base of the reactor 5 via the 20

support 3‘? 58, Using the drive spindle 59 let into the rotatable base 20,
whi ch spin éO"StE‘é‘iﬂélr‘id?‘ﬂ@’meﬁlﬁ"ttorféhedpi’qi’é WAbiRR it Posdble pang isreple die 62 gd Figébg

gear wheel @bw Sty PhLoKEUmBRM chifRridi ! ré’a%tof' %r}%ﬁ]gasfn mstBl'ie%”tﬁﬁHet %%@tgtof; Orhferbﬁ’adléase

bear|ng wi t hout transmtt|ng torsion forces to the wal e reactor
whi ch i B seaggatoi sae blerfomhré bmseat@fblgie ri'gl;rheleosets @ adtiahy st tha” hme @batrpﬁ nqg:tqrfusct,he

2g1 130 or bl a8 Ll ELATRILS, BpBhoSEsRish 205! Boiss, | SRELOTSAMNG

state of the reatt hetie
anchor 64 whrtechlatlg pcemmﬁycﬂedaglmtot hbdehﬁl&delé]ﬁﬁits ﬂgwlﬁiah amtddmﬁﬂmeed dncﬂ)rﬁhlylgn thevi ce

70, e.qg. usin a |l ock nut screw connection 66 68 so as to i.gh o]
(v sti g, ey, RIS b AaNEE oar TP HaRy peanaTed A wroremgrmals gD el 6 o

the shell w@fbaEJ&aﬁﬁgoaprstﬂrm at@eHRl dl, ARIding! it atildsfon GR&R bagk Jmﬁ@eadtérammlﬁm on
to the walls of the reactor is avolded. Filli nq% the reactor 5, when it is

used as?lh sUPRINEINESYS: Peagthedrive spindle,slelnaiths istablsrbase Hhpihich SP‘H@eéjQP?“ét“ér
bl ade 30 fidy %@h&%ﬁﬂ&ﬁ%}%ﬂ Behed] nefdoer tﬂ% r%@rj%eglfoﬁln??i léef&'nbg:w #RAAVE fopdaehre

fasteni ng between the base bear I the driv é 59 is to be
onm tted. Fitgmsmiftad tothe tmhohednipg waghourrtr@mamgetosfontﬂqe:es:yd thadrallcef] the eqactoob 5,

which i's no hlcr:he%t geln%%l{'en %h% ctagleeof single-use reactors. The clamping of the agitator blade film

elements 52 proceeds in single-use reactors in the state of the reactor 5 which is filled with

25 medium 4 by clamping the tie anchor 64 which is connected to the head bearing 62 into the

holding device 70, e.g. using a lock nut screw connection 66 and 68 so as to be tight to twisting.

The turning moments are transmitted via the holding device 70 to the shell 6 of the supporting

container. In this case, a force transmission to the walls of the reactor 5 is avoided. Filling the

reactor 5, when it is used as a single-use reactor, is a precondition for clamping the agitator blade

30 film elements 52, when, for the sake of simplicity, additional fastening between the base bearing

60 and the drive spindle 59 is to be omitted.

Figs. 7a to ¢ show by way of example of the cylindrical reactor 5, which is not restricting to the
invention, that, for improving the oxygen introduction, tube modules 72 can relatively simply be

accommodated in a reactor § as in the mixing appliance shown in Figs. 6a to c¢. The module 72



invention, that, for inproving the oxygen introduction, tube nodules 72 can
rel ativel y BISwH yoheFordgpcOsmmeiat ed in a reactor 5 as in the mxing appliance
shown in Figs. 6a to c. The nodule 72 BTS 06 3 011-Foreign Countries -26-
consists, as shown in Fig. 7b, of silicone tubes 74 which are glued in a
base body 79 using an FDA-permtted si Ii%€one casting conposition 78. The
base body 79 can be connected gas-tightly to the nodul e holder 80, e.g.

Usi Ng Scr eVioRB¥hee s InoFig. s of pilisie taied g4 orhichorrn@licl ie basthadzi7A using an
silicone casii. gq&gg Ik S t wo
channel s of thg g‘ QFB h%g% r&%%ggﬂggﬂ§k¥%%ﬁé?T??gﬁgﬁkigggag&;%ﬁﬁgwﬂng
laid in twshpapdil¢ kdldes 8,z usipg sfoy amm;ctlomnrlaSIShgher eahp-anicoimections, wherein the
oxygen- cont S e of the JLgmova £ hau te as
stream 96. ic%héﬂ'gzﬁgn?% mpouch 7%%%1?}%1% efousl% f;ta 95 s m%rs%rf%cgnﬁéc U0 R anne S OP the
connect ison ebddeienider 38 sapgly tiddsili@nt hebed 76 twhidhudré Gid & evepdralleh smdps qiﬂeferﬁblb’/ t he
supply of a ral jty of nodul es, provjdes di strjbutor s 2 for t he
gas feed anB a‘a&?f%ﬂe o @u%sewa@é‘"@egm“ phiske gt h egffngq*ﬁg thesgrhgpsted gas

di stri but orsuR08SBAIR ciNHe1S 8 AE SroAVIBMOIIEEED LY cSMMcteP % icBhneblidhcel @ nisd2 Mas
feed and 92 for gas _discharge. The anchoring of the silicone tubes 74,

whi ch are 8@ the distnbytipn elepentninpbich, Hn thehwpply et plurabifisef pedidesedwvidss ag a

cl anpi ng e 5 a r S
ot o6l anped aker et dend R, KPR QqstinukifSph20R rf AR SIS TR
medi um 4.  distebunprsspaces B2 sindt§8care ouppedtd b theatomaanlinsadefdpeay Faeg aﬁdD 9arfdr ghsi ve
Z,ﬂ gngdS?ld:unﬁérggth%ua lolmeld of -lile Sllllel‘::lnl’lTeB. u%% f]‘{ w%dlfllyar% 1d 1n ig:ljoeog l[}(g nne& on the
pressure, \eat@ Haﬁs;ﬁo&umpwiﬁg 581ampmg BRmams3s 1212, inabke ﬁaterrﬁs ol the dbopWiThe Elhcone
sufficient stabilit . b achieved to ensure relatiye notion of th
silicone t S aretanipel B indheimiiinEreasiosin Fig §in e dyed ifppfiumsh Oghghviss e
adj acent t 0y gafkUEdnh@Miok WRtvREn bHREEcRHiRY §0End HGld Hindilipo %s@@@sml&ﬁ%g%@

a recess of the housing 6, which recess can be connected to a source of

r educed! %pr egtmuetlonzeoweg@ cag e rgached Bmw imnartitularmmenrnatisalive by porpplied regveedhi ch
i's partlcu e h r i 6a
to b by whoroaol dHRa0aRHE. 36Tl b be d BEATLYLION REREERr sl lGioeC,
t he inventumhwwmlbhmsn¢e&nwemxnmhefwwabeewnmésﬁhenmenmﬂymoscﬂkHM$nbﬂbéﬁ to

L emoet s e dndicCREanls a SRRE eAE e sfgon Binls gn S delible ge.

wel ded-in Okcegd @t&ﬁt—ﬂdﬂs.h@ﬂ,aghﬂaﬁe't@m&nlﬁeoweum adBurshleMvaducedpreli@reused 25
preferably in the base but also in the head (not shown in the figure) or in

the sides (see Fiqg. of. the reactor 5. The Statlﬁ (g port elenments 102
whi ch at®e n%%ﬁntg%l’ ﬁh?‘hé“ Missnatrypreacter dssien whick Hpagiguiasy adyantageopsspagrtsd it ns
100. M xi n&h@hﬁ?zﬂ?kﬁct@ﬁi‘ﬂ HMEL6E A i) WdY oF RBRRHIEHE é‘h’)ﬂﬂadh&l ‘?éﬁ@tfo)’fsrvﬁﬁ&tdb@mﬁ by
sinmple raisin eact or and reactof frame consisting o 6 and base 20
can ther ebyreﬁect teomserdien abthys whetpt The Bepsfen 0&6ns‘vtﬂwcqspxb‘ﬁtmnslSn@éhwnpﬁum 4 in
sufficient r to
the renot or' T ctaupiel PREAE s Byl HUETE Aol 19 HHALITIS bEHpllbdariblny
omtted. A thmbyimng\sdémbod;et-lm \StldeHaIOr gloedringnvagiaaticss d9( whinke @e seamycanthe nsed

I nvagi n?’jt I Or}gfer]égl?/ in Ble base, but also in the head (not shown in the figure) or in the sides (see Fig. 13) of

the reactor 5. The static support elements 102 which are mounted on the base 20 can be introduced
into the invaginations 100. Mixing elements can proceed in this manner even in empty reactors 5
by simple raising. Reactor and reactor frame consisting of shell 6 and base 20 can thereby be
considerably simplified in construction, since with a sufficient number of invaginations, force can
30  be transmitted directly to the reactor 5 without strength problems. Anchoring of the base bearing is
omitted. A holding device 70 similar to Fig. 6a is only necessary when invaginations 100 and
support element 102 are intended to be used in the head of the bag. For improving the axial
mixing, the angle 104 of the support elements may be altered. Better axial mixing is achieved with
angles of attack 104 <90°, preferably 30° to 70°, particularly preferably 45° to 60° to the
35  horizontal. If in the case of angles of attack <90° the distance from the reactor wall is to be kept

constant, a curved profile for the support element 102 is selected.



support elenment 102 are intended to be used in the head of the bag. For

i nprovi ng tHES @3 @li-Fomdixi Oglntridle angl e 104 of the support el enents may be
altered. Better axial mxing is achieved with angles of attack 104 <90,
preferably 30 to 70, particularly preferably 45 to 60 to the 35 horizontal.
If in the case of angles of attack <90 tRé-distance fromthe reactor wall is
to be kept constant, a curved profile for the support elenent 102 is

sel ect ed. BTEign8. the panicafeyplqdifrentelivie pynpart elpments whrcﬁg'e. pagticulagly t¢ bnpreferred for
embodi Ment hild :SURBOTL sHBLAITRNS 08 kelhdg of Be'shetkh didnentsRaPBe %rrgaiaglrﬁe for
simplified assenbly 1s”showmn. In this case the shape of the support elenents
can be pyr amicdaical 108. Swmce tlenéanidal 3port Slaneatst 198 awdnnvginaduppdstarelsempimtts 108

and i nvagi ions 106 are.sinpler o . fahricate, this is consider a

et errod SQMSTRONTS IngpBidtidhe s, BianG Mpfrer g v Peshe ot 8 144 o

| ogi cal Ssoltedhhigalsy, loghear eilitidnBiewhaeig ahd einpge dBmdern2dani519°Sis tto hecoasisédiey @d as
a particul ar| qref rrgd enpodi nent. Using the arrangenent in Fig. 10, by
way of the pé‘?‘éﬁb'féprﬁ erigd epPdREtcal reactor 5, but not being restricted to
this reactor, the invention shows how by neans of UVC irradiation,
sterilizatihghe aidnpbifiedt MRETl MRLY My Of the cRBEHISIBT A ARBriEE rdadtbf 5,98t Mitbeind 2
reactor 5. In_this case not only the reactor 5 10 and the invagi nations 106,
but al so t Hestdggshigrthis apastpsrhe inygntionrsliownieow by mgpnstaf dhV G freadiatipn.sstegiligation or
fabricated f j i r 1:SS| rl

whi ch_come 1 B T g P M o APl 5 e
t o UVC Haysindtthec nvagimtivmrolio, bot alkothe suppart ¢lemenitn] thandatht irrdliationtshélh]14 are

b ti .th | asti.c. materj al be. t ed Wit t bl
oy ohetvor bR P b s SBRRR e TRV B G bl I o e
The 15 tr anspadeedtion SeHIRObAgE 8@ fiheWRiRh arkhndnickitehe UV@AsPahen bredaool &-thiak |

irradi ati on s@gl,l 114 which.is radiation-isolated fromthe outside, which

are fabricatt®dd it Bth &t abFEaihelsaiian Py Pas masial ean brafArReafaeduiT etihette
known to thpggenskbl (R vbly fahR Rabiiatit bRk BINcOEardBATaERie i am SthisMakESH Ofhe OF
PMMA, can be equipped fromthe interior with UVC radi ati on sources 116 which
are suppl i densparenhsuppersing plempntdhd pegd the trepspargatrdonlewal irrgrbatipashelbbl4 vpioch i
Figs. | |1 0e b - ; e . 4. 4t not
oot ri ot ng AR AR i b SuEHR P, B Bl SRL TR B0l PO Aot il
processes ohaterialowkich srenkgloemnus ghdse ekitlechén thechrt, peaferaldy of anartzpglasar Makwlsent ed.

The drive ner suppl art of the .no reactor Is .in Fig.,.l la.
The neat | nd AYEr i bs Ethme 158 s SpatptorVRE dhafingiontsde lloubich AressBbtist ose
to the centwifh élé&ﬁbapeneﬁg'?/,sﬂof&)Qﬂltp(érvi@tlﬂaﬂﬁeho_124 of the nmoving base 20 and
subsequently into the flow passing support 25 elenents 127 and the vessel
shel | 128. The cylindrical reversing device 129 which is installed,in  the
vessel <hellp Mgsgllafabryay ofithesxanrlsoha et deactog 4o pat 19t SairisHng ‘ﬁ@ Inyetiolc e

of the he%&m%&%},iplaaeﬁéaeén!;bo&%%nwnﬁffsrdcéqs@svéizJ@d%ﬁsi&g?é-usi&e@éeziﬁ%gktﬂﬂh%ingThe

heati ng/ cooling nedium flow ng downwards in counterflow fromthe
heat i ng/ codlonesgt arh@resenterig Thesdniverand erpreynsupple pary pEihg @ovsfl reactor is shown in Fig. 11a.

The heating/cooling medium 120 is fed via the flexible connection 122 close to the center into a

distributor channel 124 of the moving base 20 and subsequently into the flow-passing support
25 elements 127 and the vessel shell 128. The cylindrical reversing device 129 which is installed in
the vessel shell 128 ensures targeted upwards-directed overflow of the surface of the
heating/cooling shell 128 which is available for heat exchange. The heating/cooling medium
flowing downwards in counterflow from the heating/cooling shell 128 is removed on the outside of
the heating/cooling shell 128. This is connected to the collection channel 130 via which the
30  heating/cooling medium streams taken off from the support elements 127 via the takeoff tubes 126
are also removed. The collection channet 130 is connected close to the center to the flexible outlet
line 132 via the heating/cooling medium 134 which is being changed calorically and recirculated,

e.g., into a heat circuit.

In Fig. 10b, the rectangular reactor 43 is shown having invaginations 106 for receiving the support



t he heating/cooling shell 128. This is connected to the collection channel
130 vi a whiRTs 0de0 B dadat Comtrigol | ng medi um streans taken off fromthe
support elenments 127 via the takeoff tubes 126 are also renoved. The

col l ection channel 130 is connected cl 0S€ to the center to the flexible

outlet line 132 via the heati ng/ cool i ng fedi um 134 which is bei ng changed
calorlcally and recircul at ed into a heat circuit. In @gee b, the
rect angul arclemeatst i3y e reacter{ignin th%b‘faﬁg‘*&l%%ﬁ halpedpsorpededam sablesaisn ging he

support BTS3@60 3vHithla Eﬁ?l'f'aq’hg Br GRYMLS ﬁe@eﬁvngé pulfhEABALeS 148 {see THE 116P%E %ac‘ﬂa:l in

t he head region, has a gl ued-on or wel ded-on Stable carrier ring
whi ch a pl J/sng t{nf;fcmleretyas%@nd ﬁf@a@lilmgragplpmel I%gthdmt@eslam@:tqrsdééom@r Wllthc)

are att aChe[ge froz"é? &?&X%thc?m %@ fhﬁ[awﬁ'fﬂgi eeﬁgs: e st&rhge 8”] !8‘{39 gaql? Ed f%n e?iﬁtéd'%r the

rectangul ar rea ogether w't rozen pro u

for inteérnmabthivabhge st @*dag& pnevemetdama@dtoatj;nal mtetn@l ﬂhﬂ(srcd’ambonvefgmauﬁlst Hawduimg | n
order to pretv%{‘} acﬂ;agf ot elntern% {3 of lth |nv i nations 106
during i nt'PEAHEHIn B frpsa plr?dd’ﬁtér‘um&r iyl Jangnress %It & PP %qaﬁfeééoﬂfg‘écé‘é’l’s
the use of saowRIMAILN 16 ANEVKANE, AR cofsMQWT aithinWaled ihtenfledifte BAY | $25b&iced b
consists of a thin-walled internediate base 142 produced fraom readil

heat - conductadily heslrcapdusting 5‘?\@”@6ﬁPQ:8?““Eahﬂ'ﬁ"rrﬁﬁ‘éi?tﬁteéf’"@§nléﬁt‘§h"1“48'8\Kﬁﬁdéh){'ﬁfﬂe

readily he t I d
et ueen 1 ha T ans i B ARAS p e WHShRE PR PSR e inblhRoR! RoBhPReT ),

In the Benthented/fooldiesubpasieciphente 1 Thér teicentérod aheebhsaplatsl thergat bdatedupgorgated

el enent 146 h sin h,the reactaor can.be reno ed by
nmeans of a %&ﬁ @gne%ag%}g%ln 3 C§1¥y % ?ye “W“?“e@% fer?ﬁtoﬁ?agcbéasrgm 'S Celtéy I‘Peans o e).
For use of ;iuhmgmlame erg. afodnsha ﬁue:efzing Process (sek FighetgsBanye tfahe (‘)&’ﬂﬁérrouﬁsttrutﬂitﬁ :t

reactor 43 in the center having a passage 144 instead of an ion
106. The  r R MHITIAT0 SRigact e ek F ol dbres $riohbr e dp Rt saald o Gb ohds  and
15 t her ef origvdgmafonPa04.1 Thel fdctagudirediapd @ tRIMRQG RNt favdD &p&RLshtifd storage and
construction, furthermore, nmakes possible damage-free transport (see Fig. |

Id) of bhe thesafereolss? Bastigarky E"”F%FT%SWPO%@%"& The7 cagrigy, congirygtionyt fythggmorgpmekes  and
sinpl e and haz@t a@%g dc%ttéﬁéﬂoHQsleFlé Wedy fafd x%ﬁc?orél%}% astﬁh%kﬁb?rsbasé Yyl 89S0 2122
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shown havi
f' Itrate can be withdrawn via the base 20. The device, in a similar embodiment, is alse suitable for

25  liquid distribution, sparging and carrying out reactive process steps at and/or in permeable,

semipermeable or non-permeable membranes 150.

In Figs. 13a and b, preferred reactors 5 which are not restricting the invention are shown having
side pockets 103 integrated into the reactor wall. In this form, the reactor, preferably supported by
the side support elements 99 in the outer wall 6, can transmit the rotary motion to the reactor
30  contents in a similar manner to the conventional agitator systems. Support elements 99 and pockets
103 can be used as in the preceding examples, likewise for process intensification. The number,
breadth 97 and depth 98, and also the desired material properties (radiation-transmissive, filtering,
gas- or heat-permeable) and thereby the material of the side pockets 103 and the side support
elements 99 are established by the required boundary conditions, e.g. at the required exchange

35  area. In pure mixing tasks, in a similar manner to agitator systems which are close to the wall, 1 to



si de pockets 103 integrated into the reactor wall. In this form the

react or, prEfeIEhM-BugpoChmttiddy the side support elenments 99 in the outer
wall 6, can transnit the rotary notion to the reactor 30 contents in a
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wi thout a significant friction-burdene l'ative notion Ing ab
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of the reactor dianeter. In the illustrative exanple of the reactor shown

in Fig. 15&digegtfared with the illustrative exanple shown in Fig. 14a,
instead of the blade agitator 52, a gas-introduction nodule constructed as

tube 25 W%eﬁugﬁra{l&a &Eﬂ}(fe%?ﬂ'le rM%eﬁd%vntih%igfﬁ?a%n%%d%éﬂtmneétfaﬂvé)&aﬁbﬁ

tube nodule 72, for exa
shown in Fig. 14a, mstead of the blade agitator 52, a gas-introduction module constructed as tube

25  module 72 is provided, wherein the frame 201 can be part of the tube module 72, for example in
order to clamp the membrane constructed as permeable silicone tubes 74. The gas stream feed 94
and/or the gas stream outlet 96 can be sealed in a sterile manner before installation of the reactor
vessel 5 (Fig. 15d) and, after installation (Fig. 15e) a gas supply can readily be attached. The
supply lines of the gas stream feed 94 and/or of the gas stream outlet 96 can each be arranged

30  completely within a bag half 200 assigned to them, in order not to impair the connection of the bag
halves 200 to the frame 201 (Fig. 15¢). As a result, it is possible to restrict the number of
connections passing out of the single-use reactor to the outside and to position them in the vicinity

of the vertical axis for gentle handling of the connection lines.

In the alternative embodiment of the membrane 74 shown in Fig. 16a, a membrane case 300 is



order to clanp the nenbrane constructed as perneable silicone tubes 74. The
gas streamgessh P 1-ndédCodni@sgas streamoutl et 96 can be sealed in a
sterile manner before installation of the reactor vessel 5 (Fig. 15d) and,
after installation (Fig. lye) a gas supply can readily be attached. The
supply lines of the gas stream feed 94 anlfor of the gas streamoutlet 96
can each be arranged 30 conpletely within a bag half 200 assigned to them
in order ndtovided wpel s ¢omBectadninetctwaotimedsianhlempyaigr tchalperoys dayer 3¢, mherefty e
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t he porous yer can conpl et el ncase Fig. 16¢c). As a resul a fl at
ronbr ane. 72 04 R g0 CoRy it et FREERRE 0! prdiratlprerefvsBR e s
flat menbrafg. ele@nEid fld2thembRne Remear 8200tanl Be dpdtediiFoan @ns taactker3dR , distdneingi N,
preferably, all flat nmenbrane el ements 320 _of the ngnbr ane stack 340 are
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one anot her via di stancin el enents 343 and, as part of the nenbrane stack
340, bel%paran upperthpldergRd apdipr plgwet hodder B%dul e 72 (Fig. 17a). By limting

el ements 342, the nenbrane stack 340 can be fixed in a variable manner on

15 an upper I : I . i he
react or shoII/ImIa%ien Eﬁlg‘.%%l%?ﬁ{%%cﬁlsgw\ﬁ@rﬁ; 'ég’gﬁsgaﬁe%bgﬁsep? dc@%mggggéa% b%e
parti cul ar | particolagy &mg asdemhdudtattotand findh 4 meander-like mpanet detveek the hawm doldire2heen

the | ower hol,der 321 n he upper hol der 322 .so_ that .a nmenbra el enent
550 of anped i iieuRE el TP HBRR DSBS SiefeR 3 o e Rnestdfin R
19 has a reaaqler vessel 5 constructed as a single-use bag which conforns to
an inner wall of a noving housing 6. A nenbrane element 360 is integrated
into the bag wall of the reactor vessel 5 in such a manner th%, ghe i nsi de
of the tlactreasios shawngnFig. |3 hasd regotor yesss! SicAngyarted asg 1t PRenBich ATIMS rent

360 in ordep s hnbewaPbe h&ildHduAAYE A BRRbiald Qerhdi® 36T iMEBrated MR BR wAWrSi de
radially al so. The gas stream feed 94 and/or the gas streamoutlet 96 for
t he menbr arbe reactor vessel 5 in such a manner that the inside of the reactor vessel S is lined at least in part

with the membrane element 360 in order to be able to introduce gas into the medium 4 from the
outside radially also. The gas stream feed 94 and/or the gas stream outlet 96 for the membrane
25  elements 360 can be conducted via the frame 201, in such a manner that further membranes 72 for

gas introduction into the medium 4 can be connected without problems to the frame 201.

By means of the process-intensifying internals and thereby the physical, biological, biochemical
and chemical reactions which can be carried out in and on membranes, e.g. for gas introduction,
gas distribution, liquid distribution, particle retention, irradiation and/or heat feed and removal, the
30  application limits of existing single-use technologies are considerably extended, so that the novel

reactors can also be employed on considerably greater scales than those previously available.



25 el enments 360 can be conducted via the frame 201, in such a manner that
further merdrseeEsoilddésn Caasridsnt roducti on into the nedium 4 can be
connected without problems to the frame 201. By neans of the
process-intensifying internals and ther eb){ t he physical, biological,

bi ocheni cal and chenical reactions whi cHlcan be carried out in and on

menbranes, e.g. for gas introduction, gas distribution, |iquid
di stributi detensglaimg| e retention, irradiation and/or heat feed and renoval,

the 30 application limts of existing single-use technol ogies are
consi derably extended cefprishla B8RV (5) RRASHRALS ur‘f’x?‘f’lﬁlcﬁﬁ’rag@nﬁm %?ﬁlueon

consi derably greater scales than those previously avallable. BTS 06
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internals instalkgd statically in the reactor and/ or in the reactor vessel
(5). 2. The reactor as clainmed in claiml, conprising a reactor vessel and a
drive unit, characterized in that the reactor contents are set in
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contents is enabled by a suitable shell formof the reactor "and/
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preferably rectangular, redctor
base generates vﬂfﬁclﬁ&eﬂﬁtﬁahymfsﬂam«ﬂnﬂﬁ(}éac&y a rot ary not i on (46) 4. The
reactor as clai ned in one of claine | to 3, characterized in that, in a

reactor ve havi ng. an angul ar, .preferabl ular, to octa onal ,
bar 1 cul ar 1 pr CHEPsST o CPiRG A g or b GG ard it thi e Uet ) B RORAdn

having a flat (4®ferablyradtardalar, (réaia)orqm)tmlrnghe@b&qhs)Qﬂqgramlhdlqml)%afsé Baieratda0)
can be %lenerated by a rota@;é?m)tlon (46). 20 5. The reactor as clainmed in

one of Blains | se@ndary SRus 60D By # &Y MALYHAP) t he reactor vessel (5) has a
ratio of height to nean dianeter of 0.2 - 2.0, preferably 0.6 - 1.2 and

particul arly prekesRRl¥s Qaléed mjong of 8aim{ 1% 5 &RGh AL RS 1rpthﬁ' ﬂ%qedcﬂ)r QBGel943)
claims | to 5, characterized in that internals installed in the reactor

vessel (5) are prens d@dnwlﬁrcmeﬁsrabm Wienghlantst qcaigamal,zr@qwgl@rl? aodgaldy slangdwitag
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bi ochem cal and/ em’ca eactions a
i ntroduction vi digreflamani£e) caf by gegersted by a rotary motion (46).

20 5 The reactor as claimed in one of claims | to 4, characterized in that the reactor vessel (5)
has a ratio of height to mean diameter of 0.2 — 2.0, preferably 0.6 — 1.2 and particularly
preferably 0.8 — 1.0.

6. The reactor as claimed in one of claims 1 to 5, characterized in that internals installed in

the reactor vessel (5) are provided which provide functionalized surfaces oscillating

25 relative to the drive unit for carrying out physical, biological, biochemical and/or chemical
reactions at and/or in membranes, e.g. for gas introduction via membranes, for gas

distribution, for liquid distribution, for irradiation, for filtration, for absorption, for

adsorption, for analysis and also for cooling and/or heating.

7. The reactor as claimed in one of claims 1 to 6 containing a vessel having clamping
30 elements, a lower frame, a blade agitator formed by agitator blade elements (52) which, at
the time point of reactor use, are clamped between the two clamping etements (54) and

(56), at least one base bearing (60) which is fixed to the base of the reactor (5) by welding



distribution, for liquid distribution, for irradiation, for filtration, for
absor pti on,BT906 3 edsr¢ipd Osuntrde@r anal ysis and al so for cooling and/or
heating. 7. The reactor as clained in one of clains 1 to 6 containing a
vessel having clanping 30 elenments, a |lower frame, a blade agitator forned
by agitator blade elenents (52) which, at?-the time poi nt of reactor use,
are cl anped between the two clanping el enents (54) and 5_6?, ~at | east one
base bearing (60¥ 2SR visthe jsypoartrigt(h®, pdtee gindige9) shichdy lef Hyo g rofetablieng
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si npl e key bow, %' ﬁOESOd (64) connected to the head bearing (62) and a

hol di ng device C%‘f % 8. The reactor as clainmed in one of clainms 1 to 7,
contai ning a vessel having clanmping elenents, a |ower frame, a bl ade

agi tators f d.nmed Ty ragitdradsoclaibledde ohe lofmcimnkemnt §, ¢(@2Jiningvai ehsel dhvihd elainping

poi nt of reactor use, are cl ed hetween the t cl anpi el.ement s )
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reactor (5) by wediange @imeashne Sif edacior asel he cwge@lb&twe'em@ue(@&klam@ingreiemms
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drive monent, cdfMFed §5dialras ong bage geaing (e ahichis fixgd o the bresyf gsweacter () dyr od
(64) connected t : ; i ; - dl t . . he
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characterized i n7®hat the reactor is a single- use reactor. 11. The reactor
as clainmed in claim 10, characterized in that the reactor vessel (5) is
produced fyomstable, preferghly multilayer pql yner. terial o ol r
material appli oo Eek 2 PR oA LTS 4 i Scyhareirisepn et dhe dhpdnges g be
claimed in one ahixéd ateBimhladefushl U\chabael ety Al htdrhal, nd/or SpaPlrodec &Gthf rom
stable, preferably multilayer plastic filnms. 13. The reactor as clained in
one of ai ns 10”‘@”%?“&‘21,51/06ﬁﬁ?rﬁﬁtaéﬁﬂprz]@ﬁtlﬁﬁls’f}}@&ed-t he reactor vessel (5) is
connected to a housing (6) which is adapted at least in part to the shell
formof theyg 25 ¥RIGIRE 2V QSRR irl e of WARKET 1 of DR LRSI K dheGBIP R Sihgld-N
oscillatory-rotary notion about the fixed, preferably vertical, axis of the
reactor (5) by tuseredetpvye unit (14). 14. The reactor as clained in claim 13,
characterized in that the reactor vessel (5) is

11. The reactor as claimed in claim 10, characterized in that the reactor vessel (5) is produced
from stable, preferably multilayer polymer material or polymer material applied to

20 stabilizing grid structures.

12. The reactor as claimed in one of claims 10 to 11, characterized in that it is produced from

stable, preferably multilayer plastic films.

13. The reactor as claimed in one of ¢laims 10 to 12, characterized in that the reactor vessel (5)
is connected to a housing (6) which is adapted at least in part to the shell form of the
25 reactor vessel (5), wherein the housing (6) can be set in oscillatory-rotary motion about the

fixed, preferably vertical, axis of the reactor (5) by the drive unit (14).

14. The reactor as claimed in claim 13, characterized in that the reactor vessel (5) is

detachably attached to the housing (6), in particular by reduced pressure.

15. The reactor as claimed in claim 13 or 14, characterized in that the housing (6) is rotatably

30 mounted so as to be movable in an essentially vertical direction, in particular suspended.

16. The reactor as claimed in one of claims 1 to 15, characterized in that the reactor (5) is



detachably attached to the housing (6), in particular by reduced pressure.
15. The r eaBT®06 261 lck@¢igedountrigl ai m 13 or 14, characterized in that the
housing (6) is rotatably 30 nounted so as to be novable in an essentially
vertical direction, in particular suspended. 16. The reactor as clainmed in
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particul ar by adMsicoh’2) devingnessntialbt gertigallycpraangedy prineable: iR partigylar ibular,
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of clains 18 to 20, characterized in that th_e@g_as-i nt roducti on nodule (72)
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the reactor (5) PEFieHIHNe FAS {0 L) ppgickfar Pradbesion,™ a2t with a per meabl e
menbrane (360) for gas introduction to the reactor (5). 23. The reactor as
cl ai med i n 20ne OfheGbaiorms tlatmedAa cladhi a8 af § & rdhz@éterided tifh eHat tHaandntagieqriMas S €l
(5) 25 has an el or])gat g_efl uor esgence sensor (401, 402) rf%nni ng essentially

in the peripher dremgedinicgrnesisd (o oaw-eorpmaeHa) n@agictlar AR parti cul ar for

detection of a pH and/or an oxygen concentration, and an optical detection

apparatus (All, htZactk adcltinizl aNGR of CRIMs! 880 DG RGARG eri2é@ ¥SBht thdaslifirdai@vhded,
wherein, in particular, the detection rates and the oscillatory-rotar

motion are sel echesle(E)daem izt hlding profild821) red 4 segeiddoidingrotile 93‘(‘5@@}1@,&5‘402)

is optically one elongated membrane (74) is provided which is arranged so as to be led to and fro

between the first holding profile (321) and the second holding profile (322), in particular

20 in a zigzag shape or meander shape.

22, The reactor as claimed in one of claims 1 to 21, characterized in that the reactor (5) is lined
on an inside at least in part with a permeable membrane (360) for gas introduction to the

reactor (5).

23. The reactor as claimed in one of claims 1 to 22, characterized in that the reactor vessel (5)

25 has an elongate fluorescence sensor (401, 402) running essentially in the peripheral
direction to the axis of the reactor, in particular for detection of a pH and/or an oxygen
concentration, and an optical detection apparatus (411, 412) at a distance from the reactor

vessel (5) is provided, wherein, in particular, the detection rates and the oscillatory-rotary

motion are selected in such a manner that the fluorescence sensor (401, 402) is optically

30 detected at various part-surfaces.

24, The reactor as claimed in one of claims 1 to 23, characterized in that the oscillatory-rotary



30 detected at various part-surfaces. 24. The reactor as clained in one of
clainms 1 t @156 chdrkedigr Camdiesn that the oscillatory-rotary BTS 06 3
0l11-Foreign Countries -34- notion, in particular t he accel eration val ue of
the oscillatory-rotary notion, can be set such a manner that, at the
surface of the reactor contents (4), a mé@e fl ow can be generated whi ch
transports a part of the reactor contents 2 situated at the surface into
the interior of MatiRe ip@Pagicelar heaecsleratiop x3lue of the oscllaioriyrefaly Metivps @p bejsgf in
particular as c |s@dhr5919adn@r ARt HiALSTE tHe rEéEto?émntQﬁé’ (409 Favk @l@?ftcgﬁ ‘)é/ %ﬁéﬁted (5)
whi ch has a pol ygonal cross section at least in the fegion o

surface of reactvdiich traospoetne parg 4f) the eeetor apptebty (4)sduateskat tﬂ@rsuxfmsGb theShteriqutoif ch
react or content [ ith gas bubbles via the surface or porous
menbr anes and, §mﬁ‘%ﬂgqgﬁ%§§§§ﬂof foam destruction, are set into an
oscillatory-rotary notion such that foam (49) on the surface of the reactor
10 content 25(4) A qaatgearﬁapxor tnephmcmﬂam at tleimed fredre@f clafmstlhe 2ddaeing rexotot este

(4). 26. A proc m X /or dispersin tan es eact or

b ol amed [ o Wk b g aobReml rostseci el e AE TR W el B

preferably | ow %Bﬁ@ﬁts tmdrbld@,&t))r 46 tdaBiOr vedsh! (ST NEhidH RERG S ohthits AleXhdtBedSWiSdaances

using a reactor as clainmed in one of clains 1 to 26. 28. The use of a

reactor as cl ai Pebblesvinthe syface ppporgusImemebrames ard, fos s RyErese of fepm destrugtipn, are

par t 't gg' A éf '(sevrnﬁ)ha%scm kit BN sBdh hPamA3Y) YhkiRNskficd Of (B dedofrt he
10 contents (4) is transported into the interior of the reactor contents (4).

26. A process for mixing and/or dispersing substances using a reactor as claimed in one of

claims 1 to 25, in particular for the purpose of preferably low-shear foam destruction.
27. The process for mixing substances using a reactor as claimed in one of claims 1 to 26.

28. The use of a reactor as claimed in one of claims 1 to 27 as foam destroyer for in particular

15 low-shear solubilization of foam (49) which is formed in the reactor vesse! (5).



