-1 - Parallelized jet loop reactors The invention relates to a device for the continuous reaction of a
liquid with at least one other fluid. 5 A liquid is an essentially incompressible fluid medium. A gas is a
compressible fluid medium. A fluid is either a liquid or a gas. An optionally powdered solid, fluidized in
particular by means of a gas, is likewise 10 a flaidiin the sense of the invention. In the scope of the
present invention, a suplled I|qU|d is intended to mean a substance or substance mixture which exists
in the liquid aggrBgée i i a5 = eaction conditions and comprises at least one
reactant. A gas is mtended to mean a pure gas or a gas mixture, which comprises at least one

reactant and opfigaally.apnettas, A0 Lample.of 3 0as Wch ComPrises o eastanis, s synthesis

gas 20 consisting of hydrogen and carbon dioxide, which is used for example in hydroformylation. A jet
loop reactor in theXens&bf te Tnverohds ¥ devicator B CormitRicns F8actioridfa liquid with at 25

least one dther fluid, in which the liquid enters under pressure through a nozzle into a reaction space,
flows 2 liquid is an essentially incompressible fluid medium.

A gas is a compressible fluid medium. A fluid is either
a liguid or a gas. An optionally powdered solid,
fluidized in particular by means of a gas, is likewisge

10 a fluid in the sense of the invention.

In the scope of the present invention, a supplied
liguid is intended to mean a substance or substance
mixture which exists in the liquid aggregate state in
15 the apparatus under reaction conditions and comprises
at least one reactant. A gas is intended to mean a pure
gas or a gas mixture, which comprises at least one
reactant and opticnally an inert gas. An example of a
gas which comprises two reactants is synthesis gas
20 consisting of hydrogen and carbon dioxide, which is

iised for example in hydroformylation.

2 jet loop reactor in the sense of the invention is a
device for the continuous reaction of a liguid with at
25 least one other fluid, in which the liguid enters under
pressure through a nozzle into a reaction space, flows
along thisg in a primary flow direction, is deflected at
the opposite end of the reactlion space from the nozzle,
flows back against the primary flow direction and is
30 accelerated in the primary flow direction, so that a
liquid circuit (loop) 1s set up inside the reactor
space. The second fluid is entrained by the liquid flow
and reacts on the way along the loop. The liquid is
therefore used as a driving Jjet medium. In order to
35 impart kinetic energy to the liguid, the reaction space
is provided with outer liquid recirculation in which a
part of the liguid is fed in a circuit outside the
reaction space. Inside the outer fluid recirculation, a

pump 1is provided which provides the liguid stream with



along this in a primary flow direction, is deflected at the opposite end of the reaction space from the
nozzle, flows back against the primary flow direction and is 30 accelerated in the primary flow
direction, so that a liquid circuit (loop) is set up inside the reactor space. The second fluid is entrained
by the liquid flow and reacts on the way along the"’loap.‘The liquid is therefore used as a driving jet
medium. In order to 35 impart kinetic energy to the liquid, the reaction space is provided with outer
liquid recirculatioffin WHicH aparroTiee liAGiENS Faflin wcireait oblside theweattom spsbey Inside the
outer fluid recircwlatiar, a ptuap ispeavided whichaproviges the ligwd Sgggﬁb\gﬂﬁnﬁ%f}g@ykinetlc‘
energy required fo gstablish the oo g nside the reactoL, The nozgle fs cortespondngly supplied

from the outer circuit. Known jet loop reactors are representeé in Figures la artfib.
regctors are represented in Figures la and 1b.

5
A good introduction to the technology of Jet loop
reactors may be found in:
P. Zehner, M. Krause: "Bubble Colurms", Ullmann's
Encyciopedia of Industrial Chemistry, Electronic
10 Release, th ed., Chapter 4, Wiley-VCH, Weinheim
[20057.

In order to carry out multiphase reactions efficiently
in gas/ligquid cor gas/ligquid/liguid systems, intensive
15 mixing of the relevant phases is of the utmost
importance S0 as to avoid the mags Eransport
limitations. In engineering terms, this is achieved by
a number of wvery different reactor concepts ranging

trom stirred tanks through bubble columns and packed

20 columns to tube reactors with static mixers [XK.
Schigerl: "Neue Bioreaktoren fiir aercbe Prozesse" (new
bioreactors for aercbic processes); Chem.-Ing.-Tech.

52, (1Z), 1980, ©951-%65]. The disadvantage of these
systems resides in their sometimes comparatively low

25 volumetric mass transfer coefficients (kLa).

Various reactor concepts have been developed in order
to improve the mass transfer, especially in multiphase
catalysis, all of which are characterized by high
30 circuit flow rates [E.H. Stitt: "Alternative multiphase
reactors forxr fine chemicals - A world beyond stirred
tanks?" Chem. Eng. J. 90, 2002, 47-60]. These generate
the reguired mass exchange surfaces by means of
appropriate mixing devices such as nozzles or orifices.
35 Special reactors based on multi-component nozzles have
already been investigated at length [N. Réibiger:
"Hydrodynamik und Stoffaustausch in strahlangetriebenen
Schlaufenreaktoren” (hydrodynamics and mass exchange in

Jet-driven loop reactors) ; Praxiswissgen



5 A good introduction to the technology of jet loop reactors may be found in: P. Zehner, M. Krause:
"Bubble Columns"”, Ullmann's Encyclopedia of IndustrialChemistry,Electronic 10 Release, 7th ed.,
Chapter 4, Wiley-VCH, Weinheim [2005]. In order to carry out multiphase reactions efficiently in
gas/liquid or gas/liquid/liquid systems, intensive 15 rﬁixTng of the relevant phases is of the utmost
importance so as to avoid the mass transport limitations. In engineering terms, this is achieved by a

number of very/Giffiérert Fagct6rEoriceptsiRRIHG oM Shifred asnlesihregdin bisbblé<ohaans and
packed 20 colurins to trbhe reaetars withugkatic mixees, tgrSehtiaer:d'iNeue Bigreaktorgndar aerobe

Prozesse" (new bj r raerobegc tocesses); hem.-| .-TecJ?. 52, (12), 1980, 951-965]. The
disadvantage \égf%%sgeg %%%r? régides%t i—éﬁu rr(?ect:ltlrfx{gs}:cC:D(r)%651 i%llyqléws)é? volummetic mass

transfer coeffici#RS LT Varidlis reRétor coneepts’Rave HBEn devBisped FiFBRIE o impFove the
mass transfer, éspeciaiypinagnaliphase catalysis, albatwhichase charatterized iy higha3@ circuit flow

rates [E.H. Stitt; /Alternative, multiphgse, reactors for fi%eag.heggc&alﬁ i&y&g{ldp%eé/g d stirged tanks?"

Chem. Eng. J. 90, 2002, 47-60]. These generate the réequired mass exchange surfaces Sy means of

appropriate mixing d&SicE8Stich asHOZZRSS orificéS335 SpétialTeattors bASERBR FRAT-component
nozzles have afreadyiveensimicstigatedrat lengthi Ny Rathiger: dblydrogyyanmikugnd Staffaustausch in

strahlangetriebgnea Schlayfegeaktaren” (hydrodynamics and-massgxchange:in jetdriven loop

reactors)'1Igraxiésﬁvrisc,;c{legri1

the nozzle in the reactor. The gas content in
the reactor can be selected freely through the filling
level and the relative position of the gas intake of
the nozzle, and filling level control is therefore not
required. The large circulation flow rates occurring
15 inside the reactor furthermore permit operation

virtually without gradients.

In a single jet loop reactor, the height/diameter ratio
can in this case be varied only in a narrow range of
20 from 3 to 10, in order to ensure sufficient reaction
volumes with tolerable reactor installation heights.
The mixing behaviour and the mass transfer are then
detrimentally affected by the sgguat design, which can
be compensated for only to a limited extent by the
25 provision of a plurality of nozzles and guide tubes in
a reactor [Y. Gan et al.: "Studies on configuratiocn of
jet loop reactors with low height-diameter ratio";
Chem. Reac. Eng. Tech. 15 {3}, 1559, Z68-2741 .
Furthermore, the heat dissipation becomes increasingly
30 worse owing to the small surface area-volume ratio.
This may necessitate the use of field tubes inside the
reactor in order to increase the heat exchange area, as
described for instance in DE 198 54 637, which entails
a higher design outlay besides compromising the

35 internal circulation flow.

Reactors with a slenderness ratio (ratic of the reactor
height (H) to the reactor diameter (D)) H/D > 10 permit

comparatively sizeable gas contents, but are unsuitable



- 3 - Verfahrenstechnik: Thermische Verfahrenstechnik, Verlag TUV Rheinland GmbH, Cologne,
19881 and used successfully in a prototype hydroformylation system, as described in DE 198 36 807.
The reactor is 5 distinguished by high space-time-yiglds and mass transfer rates between the gas and
liquid phases. It furthermore obviates the circuit compressor conventionally required for the gas

recycling, sincesuareacted gas isgedispeiseddintothe ligeid again-1Q.theeugheibe-nozzleda the reactor.
The gas conten___tkiln thgerggfgqr nccgn%beﬁgejegte gleetl,y throurgf th i]‘iIL!ing ngveel and the relattive position
of the gas intaké of the nozzle, and ﬁﬁﬁnﬁ?é“ve coﬁtroﬁ is theretore not réhuire‘f%éﬁgrgeocirculation
flow rates occufifheEY5risidecthe reabtorRitdffiore prladtEpefatiohsarfudliy witheuegradients. In a
single jet loop reacterrthe heightigiameter #atio canlia ghisscase be aared only dima-areaw range of 20

from 3 to 150 in soég%%r%%s#gg f’é’rffcécﬁr# re%gi&q_ volgérlne S with tolerable reactor instaklllgg n heights.
e

e

The mixing behaviour‘and the mass transfer are then _trl%n‘taﬂ*y%?fle%tedjby the s\auat esign, which
can be compenSatRFor dhly PR Finterektént RRB S Brovision oPA plirafty SfafsZERS and guide
tubes in a reactoef¥.cGanetal.: "Studies on confifsatiemat et Iddureactars witholewaeight-diameter

ratio’, Chem. Reag-5ag-eLech (3, 1975, 85441 Juithierdiore the bepldigaipalln hecomes

increasingly 30 worse owing to the small surface area-volume ratio. This may necessitate the use of

h

field tubes insidethE r¥actor i ofdist 18 creds & el da ke h GRGE AFER: 5% ‘described for instance in

DE 198 540637, which entails a higher design outlay besides compromising the 35 internal circulation

flow. Reactors with a:slendesnesaiatia (ratie of the reastarhaight(kH 4a therreactondiameter (D)) H/D

> 10 permit comggativelg/,sizeable as _contents, but are unsuitable “for a scale-ug; owi{rjl%to the small
volumes. Beca(E¥ of e rediting Fesctsiieight, ‘nlardifig thBPeactst 15 Felevant reakfion volumes
leads to increasinglydjraatinterdaberessard Ibssessiand thareforé dapeictaportionalyrhigh energy

dissipation, whigh-angenangonsigerable detergratien-of thenieastonperformange 1 Oing to the small

diameter l_g)owever, giyfficient.h%at excha%%e PerfoEmance cannot .ﬁchieved here without installing
. regcrion wil a via e periormance proriie.

addltlona?componen S.

The object 1is achieved by the subject-matter as
follows.

20 The discleosure is based on the discovery that, in the
continuous reaction of a liquid with another fluid, the
benefits of a jet loop reactor can be exploited even
for high production capacities by parallel connection
of jet loop reactors.

25
In a first aspect, there is provided a device for the
continuous reaction of a liguid with at least one other
fluid, characterized in that the device comprises at
least two jet loop reactors interconnected in

30 parallel and common outer liguid recirculation.

In a second aspect, there is provided a method for the
reaction of a liquid with at least one second f£luid,
characterized in that the reaction is carried out in a

35 device as defined above.



10 Owing to the above-described disadvantages of the known engineering reactors, it is an object of
the embodiments disclosed herein to provide a reagctor-or an arrangement of reactors for continuous
fluid/liquid 15 reaction with a viable performance profile. The object is achieved by the subject-matter
as follows. 20 %g%dgf#@égé&gasaepsgn é@a&,@ \ery, tta;[aé,tiﬂgge gantinuous fgc?@p{bglf a liquid with
another fluid, the benefits of a jet loop reacCtor can be exploited even for high production capacities by
parallel conne@fonf jet BbiFreldors. 2B e stiaepeet, tidre ASHBVIdETS d8FRETEFthe
continuous reactian odatdiquiskwith at leastare othet flnid, abharatterized imthat the dedice comprises
at least two jet Jaap reggtors jtereonniected. in 30parallel and.gommag puler Iguidrecigulation. Ina
second aspect, there is provided a method for the reaction of a liquid with at least one sécond fluid,
characterized iithafheTe3Et61F 18 arried out in a 35 device as defined above. - 4a The disclosure
also provides a method for the reaction of a liquid with another fluid, at least one gaseous reactant
being reacted with at least one liquid reactant, which is carried out in the device according to the
disclosure. -5 - The device according to the disclosure has the advantage that the benefits of a jet
loop reactor, such as intensive mass transport, high heat dissipation or heat supply, operation virtually
without gradients, can be



5 utilized for large production capacities. Since the device has only one pump for sustaining the outer
recirculation, the capital investment and the operating costs are less than for a system which 10
consists of at least two jet loop reactors each with-itssown outer circuit. For this reason, an
embodiment in which precisely one pump is arranged in the outer liquid recirculation is preferred. 15 A

particularly prefesieecierrbadiment of the;disslosuse is; distipguished:in thatap @uilgt fordhe liquid is

assigned to each nqzzle, in that the_ npzzle and the outlet are arranged diametrally in the reactor with
9 é% the enetfi A (f

respect to the in&ernal liGUid circuit, and in that the ZO?gﬁterJIiaﬂFd rédifchition cohiedts fife nozzle to
the outlet. This tefrERTENTFoNBSEN BUBTHRING-flowpesiiléByrviftle i tiae tomnton dutet liquid

recirculation, it 2% {spagvantageeusiypossible-to-provide, adreat exchanges it the ogter liguid
recirculatiogl in %@9{ ;%géc@agg%hga%betyegﬂ thelliqluidacoggexgd in the outer liquid circuit and a
heat carrier. Internal heat ex&ang%rg may then be obviated, wﬁlchelrsnproves the flow inside 30 the
reactor. The input or dissipation of heat of reaction then takes place particularly effectively. The device
according to thezdiselosutesis suitable fordbe meactioneata liquid (-2 ddving mediym) with at 35 least

one other fluid. Besides the driving mediym, hgwgverc%/gtoa[lmog% fluid mmgi}éalso be reacted. The
following two-phase reactions may therefore be carried out: -6 Iiauid?llqum?; muic%as. o
cperating costs are less than for a system which

10 congists of at least two dHet lcop reactors each with
its own outer circuit. TFor this reason, an embodiment
in which precisely one pump is arranged in the outer

liguid recirculation is preferred.

15 A particularly preferred embodiment of the disclosure is
distinguished in that an outlet for the liguid is
assioned to each nozzle, in that the nozzle and the
outlet are arranged diametrally in the reactor with
respect to the internal liguid circuit, and in that the

zZ0 outer ligquid recirculation comnects the nozzle to the
cutlet. This refinement forms an outstanding flow

profile.

By virtue of the common outer liguid recirculation, it
25 is advantageously possible to provide a heat exchanger
in the outer liguid recirculation in order to exchange
heat between the liquid conveyed in the outer liquid
circuit and a heat carrier. Internal heat exchangers
may then be obviated, which improves the flow inside
30 the reactor. The input or digsipation of heat of

reaction then takes place particularly effectively.

The device according to the disclosure is suitable fbr

the reaction of a liguid (as a driving medium) with at
35 least one other fluid. Besides the driving medium,

however, two or more fluids may also be reacted. The

following two~phase reactiong may therefore be carried

out:



Three-phase reactions may be carried out as follows: 5 liquid/liquid/liquid; liquid/liquid/gas;
liquid/gas/gas. 10 The device according to the invention, and the method according to the invention
carried out with it, will be described by way of example below. To this end: Fig. la:shows a jet loop
reactor with the nozzle at 15the top (prior art) Fig. Ib-shows a jet loop reactor with the nozzle at the
bottom (prior art) Fig. 2:shows the inventive connection of jet loop reactors 20 Fig. 3a:shows a
parallellized embodiment of jet 168 Feactéré €S a bundle, with the nozzle at the top Fig. 3b:shows a
parallellized embodiment of jetlepp. reawters as a bundle, with the nozzle at the 25bottom Fig.
4a:shows the experimental system for Example 1

Three-phase reactlons may be carried out as follows:

ligquid/liquid/liguid;
liguid/liquid/gas;
Liquid/gas/gas.

10 The device according to the invention, and the method
according to the invention carried out with it, will be

described by way of example below. To this end:

Fig. la: shows a jet loop reactor with the nozzle at
15 the top (prior art)
Fig. 1b: shows a jet loop reactor with the nozzle at

the bottom (prior art)

Fig. 2: shows the inventive connection of jet loop
reactors
20 Fig. 3a: shows & parallellized embodiment of Jet loop
reactors as a bundle, with the nozzle at the
top
Fig. 3b: shows a parallellized embodiment of jet loop

reactoers as a bundle, with the nozzle at the

25 bottom
Fig. 4a: shows the experimental system for Example 1
Fig. é4b: shows the experimental system for Example 2

The device according to the invention for carrying out
30 reactions, in which a liguid is reacted continucusly
and in cocurrent flow with another liguid, essentially
consists of two or more jet loop reactors which are
interconnected in parallel and have commeon outer fluid
recirculation.
35
Figure la represents a conventional jet loop reactor,
in which the Jjet nozzle lies at the top of the reactor
and the educts are introduced in the upper part of the

reactor. The reactor consists of a pressure tube in



Fig. 4b:shows the experimental system for Example 2 The device according to the invention for
carrying out 30 reactions, in which a liquid is reacted continuously and in cocurrent flow with another
liquid, essentially consists of two or more jet loop re%ctors which are interconnected in parallel and
have common outer fluid recirculation. 35 Figure la represents a conventional jet loop reactor, in which
the jet nozzle lies at the top of the reactor and the educts are introduced in the uppeéggrtz of the
2)and a

reactor. The re¥CtoF BofsiStE o BSpressurétuBeine #HiRichd n65ste 1 alduide
baffle plate (3) are instatled nEhe téactor fas artwating:oricesling jacketi@). Avalvedariremoving

off-gas may furthermere be(ipstalled.in the.upper ga3 space of te p geactor 10 exract inert gas
components (ngg& %vglin Fi ugzﬁlf . The g#ide tube isﬁpreferably arranged concentrically with the jet

nozzle and the préssura vassel."Fhe &t 10 MGz May B8 aBikgie- §Fmufiecsimpsthientizzle, and in
another designftenay darthePmeret e providet Se padately withcareimpulsderexchangetuberand/or
diffuser. Duringraperation.:he nozzle is fully or partially immersed in the reaction medium, and the 15
immersion depth may be 111D to several guide tube diameters. The guide tube has a diameter of from
one tenth to half of the reactor diameter and extends essentially over the entire length of the reactor; it
is delimited by theFbafflésigte Btitfe boftoRFHIRTZbEInFFrev R WIthCaT apropriatelspacing, and
the upper end liesthelavithe JiguidrsviEfate durifg eperation: Ihereactorischaracterized in that only a

small part gf the liduidds fed bagk through the external recitculation to the nozzle, gwing to the high 25
internal circulation flow. The jet loop reactors used in the device accor mgbto '
in another design it may furthermore e provided
separately with an impulse exchange tube and/or
diffuser. During operation, the nozzle is fully or
partially immersed in the reaction medium, and <the
15 immersion depth may be up to several guide tube
diameters. The guide tube has a diameter of from one
tenth to half of the reactor diameter and extends
essentially over the entire length of the reactor: it
is delimited by the baffle plate at the bottom while
20  being provided with an appropriate spacing, and the
upper end lies Dbelow the 1liguid surface during
operation. The reactor is characterized in that only a
small part of the 1liguid 18 fed back through the
external recirculation to the nozzle, owing to the high

25 internal circulation flow.

The jet loop reactors used in the device according to
the invention have a high slenderness ratio (ratio of
the reactor height (¥} to the reactor diameter (D}).
30 The slenderness ratio lies in the range of from 5 to
15, preferably in the range of from 8 to 12,

particularly preferably in the range of 10 to 12.

Cwing to the high slendernesgss ratio, the installation
35 of internal heat exchangers can be obviated since
sufficient heat can be input or extracted both through
the c¢ylindrical wall surface and through the heat

exchanger of the outer circuilt.



the invention have a high slenderness ratio (ratio of the reactor height (H) to the reactor diameter (D)).
30 The slenderness ratio lies in the range of from 5 to 15, preferably in the range of from 8 to 12,
particularly preferably in the range of 10 to 12. Owing to the high slenderness ratio, the installation 35
of internal heat exchangers can be obviated since suffiCient heat can be input or extracted both
through the cylindrical wall surface and through the heat exchanger of the outer circuit. -8 -1Ina

further embodirm@ntas SHEWRHT FiGHreIB L Moz A€ (15 Avayrbe Hiradgeiaethe hottorhef the reactor.
The guide tuber(2} tslpreferably amgnged: concentrieally widh-the-jet nogzlemand thespresswre 5 vessel,

and the jet nozzlg [pay, be empadied as:a singleor npgl}i-cgrgpog;gtfréo e]'h The gag is supplied under

pressure. In a preferred embodiment, the gas intake occurs automatically t ¥ougah‘ ﬁ1aengj%ctor operation

of the nozzle. THEGHHE & (2)had’ i diantetér of fibm 10 ohetertfito Sigit (eriRs FiaTerably from
four tenthsito severs tenthsofithelreagtor diameter, and/extendsiessentially over therentise length of

the reactor, thedupper,erd lying.Belowthe liguichsurface, during operatian, ] '@&‘Ct%&%jfs ’
acC

comparatively %%eeable 15 int?rnal circulat%on flow, only a small part of the liauid being fe
through the extérnal récirculation 0 thé nozZzle: She Fabics LREording 6 the Fiventidh éditsists of at 20
least two react&@SEFRE naimberat iezkciors préferablylieshin therange of from-2:toi 20, particularly

preferably in thewangeatfrem 2tecl 4z Thedeactes may be different opeaferablys 25 identical. Figure
28h0WS§BeX%HQbé&@é@%&?%%%%@ngg%ygﬁf preferably from four tenths
to seven tenths of the reactor diameter, and extends
essentially over the entire length of the reactor, the
upper end lying below the liguid surface during
operation. The reactor has a comparatively sizeable
1= internal circulation flow, only a small part of the
ligquid being fed bhack through the external

recirculation to the nozzle.

The device according to the invention consists of at

20 least two reactors. The number of reactors preferably
lies in the range of from 2 to 20, particularly
preferably in the range of from 2 to 14.

The reactors may be different or, preferably,
25 identical.

Figure 2 shows an example of a device according to the
invention, consisting of three reactors interconnected
in parallel, a circulation pump and a heat exchanger in

30 the common ocuter ligquid recirculation, where educts are
fed into the upper reaction space. Lines for removing
off-gas from the upper parts of the reactors are not
shown. In this representation, there is a heating or
coolling circuit.

35 Each heat exchanger, however, may also be operated
gseparately.

The individual reactors may be combined to form a

bundle, as shown 1in Figure 3.



invention, consisting of three reactors interconnected in parallel, a circulation_pump and a heat _
exchanger in 30 the common outer liquid recirculation, where educts are fed into the upper reaction
space. Lines for removing off-gas from the upper parts of the reactors are not shown. In this
representation, there is a heating or cooling circuit: 3% Each heat exchanger, however, may als_o be
operated separately. The individual reactors may be combined to form a bundle, as shown in Figure 3.
-9 - Abundle rez‘ac%%%@ist‘é%ﬁ%*f‘Ié’asﬁWbSihaMdu@ﬁrea@toré.%@t:ndi@@ref@l@bm&aﬁﬂrom 3to 14
individual reactarsa bit-atwindlerreaetordhe individgakcomponent keactars preferably, havg,the same 5

dimensions. The devicesacoprding to the invention may comprise,one or more bundle reactor(s) or at
least two individual reactors, or a gombing%dn of Ghe of moré bungl% 10 “reeac%ﬁg)f with oHe or more

individual react&&@hvﬁ%u&éviééom&% td BRETAVERtiG; 86 eieldy mertiensd abeventhe nozzles
may be arrangedidiffersntlysn the reactors: 15 a) in all the reactors, the nozzle is located in the upper
part of the reactor (Figure 3a) b) in all the reactors, the nozzle is located in the lower part of the reactor

(Figure 3b) The device according to the invention may comprise one

or more bundle reactor(s) or at least two individual
reacters, or a combination of one or more bundle

i0 reactor(s) with one or more individual reactors.

In the device according to the invention, as already
mentioned above, the nozzlesg may be arranged
differently in the reactors:
15 a) in all the reactors, the nozzle is located in the
upper part of the reactor (Figure 3a)
b) in all the reactors, the nozzle is located in the
lower part of the reactor (Figure 3b)
¢) in the reactors, at least one nozzle is installed in
20 the lower part of a reactor and at least one nozzle 1s
installed in the upper part of a reactor {not

represented as a figure).

In all the embodiments shown, the nozzle ocutlet for the
25 driving jet lies below the liguid level.

The device according to the invention may be used inter
alia for the reaction of a liquid with a gas, both the

gas and the liguid comprising at least one reactant.

30
Optionally, a liquid may be used which contains &
catalyst homogenecusly dissclved or in suspended form,
with the proviso that its average particle size is less
than 200 um, particularly preferably lesgs than 100 Lm.
35

The reaction products are extracted with the gas or

liguid phase, and preferably with the ligquid phase.



C) in the reactors, at least one nozzle is installed in 20 the lower part of a reactor and at least one
nozzle is installed in the upper part of a reactor (not represented as a figure).  In all the
embodiments shown, the nozzle outlet for the 25 driving jet lies below the liquid level. The device
according to the invention may be used inter aliafof-thereaction of a liquid with a gas, both the gas
and the liquid comprising at least one reactant. Optionally, a liquid may be used which contains a
catalyst homogEnedtisly diRsoied Wt irpsuspehed form, With theprovisothat itsaveragesparticle size
is less than 20@4, iparticitariy-preferablyress tham100:gme -10l0 the apparatys aceqrding to the
invention, reactj ay _he-carried.out in the pressure range of from 0.2 to 40 MP in the
temperature ra%%g%é?ﬁoar%(% ltc:; I§5 é%.eTﬁeG3 IP af%%%nuﬁ%ferrggﬁ?algeé p ace orq atgat§§§fg <
homogeneously dfssoffétinthB ligaitEhtRase: For exalvipte oxidatiens,epoxidation ot olefins,
hydroformglaticnsyhyrknamindtions | Bydroasmindmethytationg:hydrqoyanizations, 10
hydrocarboxyalkylation, aminations, ammoxidation, oximations and hydrogenations may be carried out
in the device. In the device according to the invention, reactions are 15 preferably carried out in which
the catalyst is f6d%in witfHEIquid fEed<HEK 8RE is hofRsyehestdiydissoNed i U5 Fidquid
product/educt phabe; Suchiasdorexample the production of aldehydes dnd/amatcoholsiy,
hydroformylatian,ef-cempoudnds-with olefinic.double 20 bonds in t%ggg %szgc&q;ac!h%r,rhodium

carbonyl With}}Ot’ ithout.the addition of ligands containing phosphorus. The following examples are
. "0 ) |
intended 16 exp gf#tﬁgarboxyagky?atlgn’ amindtions, ammoxidation,

oximations and hydrogenations may be carried out in the

device.

In the device according to the invention, reactions are
15 preferably carried out in which the catalyset is fed in
with  the liguid feedstock and is homogeneousgly
dissclved in the liquid product/educt phase, such as
for example the production of aldehvdes and/or alcchols
by hydroformylation of compounds with olefinic doubl
20  bonds in the presence of cobalt or rhodium carbonyls,
with or without the addition of ligands containing

phosphorus.

The following examples are intended to explain the
25 method accerding to the invention using the apparatus
according to the invention, but without restricting the

inventicn to this.

Example 1

30 {comparative example: jet loop reactor H/D=6)

In a jet loop reactor according to Figure 4a with a
volume of 10 1, & ratic of height to diameter
(slenderness ratio) HE/D=6 and the nozzle at the top,
35 methyl 2- {hydroxymethyl)-acrylate in TEF  with a
concentration of 0.1 mol/1 and the catalyst
precursor [Rh(COD) ]BF; in a molar ratic of substrate (8)
to catalyst {1y 5/C=250 and the ligand {(-}-2,3-
bis{(2ZR,5R)-2,5~dimethylphospholano] -N-



25 method according to the invention using the apparatus according to the invention, but without
restricting the invention to this. Example 1 30(comparative example: jet loop reactor H/D=6) In a jet
loop reactor according to Figure 4a with a volume of 10 1, a ratio of height to diameter (slenderness
ratio) H/D=6 and the nozzle at the top, 35 methyFZ-%Ierd"roxymethyI)-acrylate in THF with a
concentration of 0.1 mo1/1 and the catalyst precursor[Rh(COD)]3F4 in a molar ratio of substrate (S) to
catalyst (C) S/CE25Y afg Hfe-Tigattd &)-2, 3 95is{2R BRY-Z5-dimesiipibspholano]-N-
mechylmaleimidefz5-tyclonctasitens)rhodiamth), . BF , NG, P, Rh, (CatASium@-MN (S),

tetrafuoroborale c25H 394 3E4MQ2R 2R CaASIMA:MNGS), Evonik Degussa gmbk)iere mixed

and reacted at 25C with a hydrogen partial pressure of 5 MPa and a 5 residence time of 90 min.The
product (methyl’2-Hydréxy ety RFEpionBEE) Weas obaedfuifts an Shantiom&rexcedslof 95% at full
reaction. The regctivhanasfoundtebe sensitivé to therhydroGer partiabpressure,(lowehpiessures

leading to increasgd dOypraductiigemation, by eligomedzation gf the substratg and dehydroxylation of
the product. Exgrqg)rll%lzo aeCIQOéqgg%é% thoefingggatioan‘g 1?1111 reaction. The reaction
was found to be sensitive to the hydrogen partial
Dressure, lower pressures leading to increased
160 byproduct formation by cligomerization of the substrate

and dehydroxvlation of the product.

Example 2

{according to the invention)

In the device according to the invention as depicted in
Figure 4b having two Jjet loop reactors arranged in
parallel with a slenderness ratio of 10, each having a
reaction velume of 5 1, the reaction was carried out
20 according to the reaction conditions specified in
Example 1. Full reaction could already be achieved
after 75 min in the device according to the invention,
an enantiomer excess of 95%  being cbtained. The
hydrogen partial pressure could be reduced to 40 bar,
25  without significant byproduct formation being

observable.

The examples show that when the reaction is carried out
according to the invention in a device having two Jjet

30 lcop reactors interconnected in parallel, each with a
slenderness ratio of 10, a substantial increase in the
rate of reaction 1s possible with a simultaneously
reduced hydrogen partial pressure in comparison with a
single reactor having a slenderness ratio of 6.

35

List of References

1 Jet nozzle

2 guide tube



In the device according to the invention as depicted in Figure 4b having two jet loop reactors arranged
in parallel with a slenderness ratio of 10, each having a reaction volume of 5 1, the reaction was

carried out 20 according to the reaction conditions Sffci_fied in Example 1. Full reaction could already
be achieved after 75 min in the device according to the invention, an enantiomer excess of 95% being

obtained. The hydrogen Qgtial pressure could be reduced to 40 bar, 25
withoutsignifica tbypr&ﬁ%ct’ forntatiohbeing observable. The examples show that when the reaction is
carried out accérding tecthielimvertivrein a device having two jet 30 loop reactors interconnected in

parallel, each with a slenderness; rafipaf 10, a substantial ingreaserin;the yatg of reaction is possible
with a simultaneously reduced h dr%)ggn partial pressure in comparison with a single reactor having a

slenderness rafio of 6235 Li&t 0f References 1jet dZz182GUide tube - 12 - 3baffle plate 4double
jacket 8ligiid disttibuteicter opbirtEef atedigmnchings for heat carxvier
11 iiguid manifold for driving jet medium

A driving Jjet medium inlet
driving jet medium outle:
heat carrier process connection

10 heat carrier process connection

Mo O w

fresh gas supply



9gas space for fresh gas supply 5 10wall space for branchings for heat carrier 11liquid manifold for
driving jet medium Adriving jet medium inlet driving jet medium outlet heat carrier process connection
10 Dheat carrier process connection fresh gas supply - 13 - Patent Claims 1. A device for the
continuous reaction of a liquid with at least one ofher luid, characterized in that 5 the device
comprises at least two jet loop reactors interconnected in parallel and common outer liquid
recirculation. P%%&eﬁ&@%ﬁording to claim 1, characterized in 10 that it comprises one or more jet
loop bundle reactors. 3. A device according to claim 1 or 2, characterized by at least one loop reactor

and at least one jet logp bundie reactar. 19 continuous reaction of a ligquid
with at least one other fluid, characterized in that

5 the device comprises at least two jet loop reactors
interconnected in parallel and common outer ligquid

recirculation.

Z. 2 device according to claim 1, characterized in

i0 that it comprises one or more hiet loop bundle reactors.

3. A device according to claim 1 or 2, characterized
by at least one loop reactor and at least one jet loop

bundle reactor.

15
4. A device according to one of c¢laims 1 to 3,
characterized in that in all the reactors nozzles are
installed in the upper part of the rsactor.

20 5. A device according to one of claims 1 to 3,

characterized in that in all the reactors nozzles are

installed in the lower part of the reactor.

6. 2 device according to one of claims 1 to 3,
25 characterized in that 1in the reactors at least one
nozzle 1s installed in the lower part of a reactor and
at least one nozzle iz installed in the upper part of a

reactor.

30 7. A device according tc one of claims 1 to 6,
characterized in that an outlet for the licuid is
assigned to 'each nozzle, in that the nozzle and the
cutlet are arranged diametrally in the reactor with
respect to the internal liguid circuit, and in that the

35 outer liguid recirculation connects the nozzle to the
cutlet,



4. A device according to one of claims 1 to 3, characterized in that in all the reactors nozzles are
installed in the upper part of the reactor. 20 5.A device according to one of claims 1 to 3, characterized
in that in all the reactors nozzles are installed in the, lpwer part of the reactor. 6.A device according to
one of claims 1 to 3, 25 characterized in that in the reactors at least one nozzle is installed in the lower
part of a react%r and at Iegst one nozzle is installed in the upper part of a reactor. 30 7.A device

according to one of cfaim$ 1106, cHaracteriz&d in tHat ar Sutlet for e i assigned to each
nozzle, in that tHeai6£/A€ ahd ¢He obtldttae arrmgediametrallyinnthe reactor withedspect to the

internal liquid citesitcand in thatthe:35 edterdiguid-regirculation connects the nozzle to the outlet. - 14
- 8.A device according to one of claims 1 to 7, characterized in that precisely one pump is arranged in
the outer liauid recirculation. 5 9.A device according to one of claims 1 to 7, characterized in that
without a Reat @xchafigerSalig hstalfeePRdidictheteactsis a Ivdat exchanger s provided in the outer
liquid recirculatibm irzorder 1@ eichange-heat betweenthe quigeeanveyedinrihe-outes 18diquid circuit
and a hea}t carrigr, té@-}%@"etﬁ_‘ﬁ% ﬁfethefgﬁgctl%gtﬁ gggld vxczilth §Elgést Qne. }?g%%%q: qu@é
characterized in that the reaction Is carried out In a device according to one 0

provided in the outer liguid recirculation in order to

exchange heat between the ligquid conveyed in the outer

10 liguid circuit and a heat carrier.

10. A method for the reaction of a liguid with at
least one second fluid, characterized in that the
reaction is carried out in a device according to one of

15 claims 1 to 8.

11. 2 method according to claim 10, characterized in

that oxidationsg, epoxidation of olefinsg,
hydroformylations, hydrocaminations,
20  Thydrocaminomethylations, hydrocyanizations,
hydrocarboxyelkvlation, aminations, ammoxidation,

oximations and hydrogenations are carried out in the

device,

25  12. A method according to claim 10, characterized in
that compounds having olefinic double bonds are reacted
by  hydroformylation with synthesis gas to form

aldehydes and/or alcohols.



15 claims 1 to 8. 11. A method according to claim 10, characterized in
thatoxidations,epoxidationofolefins, hydrofo_mylatgns,hydroaminations, 20
hydroaminomethylations,hydrocyanizations, hydrocarboxyalkylation, aminations, ammoxidation,
oximations and hydrogenations are carried out in the device. 25 12. A method according to claim 10,
characterized in that compounds having olefinic double bonds are reacted by hydroformylation with
synthesis gas to form aldehydes patlieslnieri|siel Lnsalfdized JekLoop Reactors Abstract S The
invention relates to a device and a method for the continuous conversion of a liquid and a second fluid,
wherein the device has at least two jet loop reactors connected parallel to each other and a common
outer liquid circulation. 10 Fig. 2 Abstract

5 The invention relates to a device and & method for the

continuous conversion of a liguid and a

n

econd fluid,
wherein the device has at least two Jjet loop reactors
connected parailel fto each other and a common outer
liguid circulation.

10



