- 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 quiern the sense of the invention. In th_e scope c_)f the _
present invention, a supplied liquid is intended to mean a substance or substance mixture which exists
in the liquid aggeegaie state o dS{he appafatus ypder-eeaction 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 optionally an inert gas. An example of a gas which comprises two reactants is synthesi;
gas 20 consistingFét hyiictjeniant carbart divxide, whiches used forexaimple dnhydroformylation. A jet
loop reactor in thesensef te nventern is a;devicefon the.gontindods reaction.afa liquid with at 25
least one other fluid, in which the liquid enters under pressure through a nozzle into a reaction space,
flows along this in a primary flow direction, is deflected at the opposite end of the reacltion space from
the nozzle, flow§ bacKAgainse i pritfi &1 okt HirEctich ampese hbddlefatad th tredprimary flow

direction, so thatagas is a compressible fluid medium. A fluid is either

a liguid or a gas. An optionally powdered soclid,
fluidized in particular by means of a gas, is likewise

10 a fluild in the sense of the invention.

In the scope of the present invention, a supplied
liguid is intended tc mean a substance or substance
mixture which exists in the ligquid 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 optionally an inert gas. An example of a
gas which comprises two reactants is synthesis gas
20  consisting of hydrogen and carbon dioxide, which is

used for example in hydroformylation.

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

pump 1s provided which provides the liguid stream with



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 loop. 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 recirculation in
which a part of the liquid-is fed in a circuit outside the-reaction space. Inside the outer fluid
recirculation, a pump is provided which provides the liquid stream with - 2 - the kinetic energy required
to establish the flow.inside t or.. The.nozzle is correspondingly.supplied fram the outer
circuit. Known je‘??(?qp@rxgé%?okrga%g égg%r%sgn?§§ Jl"rjlfo l%%utr:gs I%Sa%%%;%.liggo%%ﬁnt@ggfc'g%;ﬂ?g the
technology of jetfoopTBactofEmayd5efotid inTBeZeRTErZNE Kradse: CBHBBRFCHIGHHEL YUllmann's
Encyclopedia ofindustriad€herhistry, Elettronio10Release; 7t ed., Chapter 4, YWitey-VGH, Weinheim
[2005] In order tocasy-out muliphase reactions efficiently,ingas{liquid gr gas/liquid/liquid systems,

intensive

A good introduction to the technology of Jjet loop

reactors may be found in:

P. PZehner, M. Krause: "Bubble Columns®, Ullmann's
Encyclopedia of Industrial Chemistry, Electronic

10 Release, 7th ed., Chapter 4, Wiley-VCH, Weinheim
[20057.

In ordexr to carry out multiphase reactions efficiently
in gas/liguid or gas/liguid/liguid systems, intensive
15 mixing of the relevant phases is of the utmost
importance so  as to avoeid the mass transport
limitations. In engineering terms, thig iz achieved by
a number cof very different reactor concepts ranging
from stirred tanks through bubble columns and packed
20  columns to tube reactors with static mixers [X.
Schiigerl: "Neue Bioreaktoren flir aerche Prozesse" (new
bioreactors for aerobic processes); Chem.-Ing.-Tech.
52, (12}, 1980, 951-%65]1. The disadvantage of these
systems resides in their sometimes comparatively low

25 volumetric mass transfer coefficients (klLa).

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 for 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-compeonent nozzles have
already been investigated at length [N. Ribiger:
"Hydrodynamik und Stoffaustausch in strahlangetriebenen
Schlaufenreaktoren" (hydrodynamics and mass exchange in

jet~driven loop reactors) ; Praxiswigsgen



15-mixing 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 different reactor concepts

" ranging from stirred tanks through bubble columns and packed 20 columns to tube reactors with static
mixers [K. Schgerl: "Neue Bioreaktoren fr aerobe Prozesse" (new bioreactors for aerobic processes);
Chem.-Ing.-Tech. 52, (12), 1980, 951-965]. The disadvantage of these systems resides in their
sometimes co ratively low, 25 yolumetric mass transfer coefficients (kLa). Various reactor concepts
have been deve 56? ﬁ%r er ?oclkﬁl%%){/e%r%ée Irﬁ%lsg%rjéensié%?éﬁegfﬁ)ercﬁglfybi%cr%)ﬁ&i}ﬁhaseeE Alsis, all of

which are charattefized yFHigh ircUftHio rate$ 2 PRSIt "AlRtR8tive muitibhase #edctors for fine
chemicals - A werlddeyend stiyregrtaak st GhempEng.d:90f 20021 4 -66) Thesedgenerate the
required mass exchange syrfaces by gﬁaan%@fgappr?)@riat% fnixing devices such tag,rnozzlesls or orifices.

1
35 Special reactors based on multi-companent nozzles have already been investigated atlength [N.

Rbiger: "Hydrodyhamik 8hd Bt6Haudtiuschiid RrafBRGEriebsfien StRkifenrétoreness
(hydrodynamics-aad: afass exehiarmgehe tvw@ e erfalrenstechaild ThermischedVeréahrenstechnik,

Verlag TV Rheinlagnd,Gmbkl: Cologng,1.988l.and usggéucce%wg/dg]@ protq%&%pégg@ggrmylation

[ [ 7. The reactor is
Syaem’asdesggﬁﬁkgézgégﬁﬁ?Eggquyreg %or the gas recycling, since

unreacted gas 1is redispersed inte the ligquid again
10 through the noczzle 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
reguired. The large circulation flow rates occurring
15 inside the reactor furthermore permit ocperation

virtually without gradients.

In a single jet loop reactor, the height/diameter ratio
can in this case be wvaried 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 squat design, which c¢an
be compensated for only to a limited extent by the
25 provision of a plurality of nozzles and guide tubes in
a reactor [Y. CGan et al.: "Studies on configuration of
jet loop reactors with low height-diameter ratio®;
Chem. Reac. Eng. Tech. 15 {3), 1999, 268-2747.
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
& higher design outlay besides compromising the

35 internal cireculation flow.

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

comparatively sizeable gas contents, but are unsuitable



5 distinguished by high space-time yields and mass transfer rates between the gas and liquid phases.
It furthermore obviates the circuit compressor conventionally required for the gas recycling, since

- unreacted gas is redispersed into the liquid again 10 through 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 insj erthe reactor t_u&the(r)r‘pg%e pe}zrlgnitﬁgerationlvjrtuall without gradients. In a single jet
loop reactor, the height/diameter Tatio can in this case be varied OAfy HE narr6w tairge 6F20 from 3 to
10, in order to erRBretStficié At e adio T ielimes it tolaabRueittor iHstalltion heights: The mixing
behaviour and the Teassitranstercaredhen detrimentally affected by the-squatdesigngwhich can be

compensated far.anly 1o 3 limited Ig%(geég\?]y@the 25 pi%\éigigg of a pl%rggty of no;%jleslf a g rgeuide tubes in
a reactor [Y. Gan et al.: "Studies On configuration of jet loop reactors with low h‘”elgeht- iameter ratio";

Chem. Reat. EAYPFEEH AB@Y 11959 B68-27uy Furthefhiie, tHelhedinssipation béebfies
increasingly 30 worse swikg ta thessmalt suiface dreayohiae tatio. This mayanecessitaterthe use of

field tubes insidsdhe seaglr.n orday i ncregse theheghexchange.aree,as degerhedLlor instance in
DE 198 54 637, wEigh entails %hi her design outlay besides compromising the 35 interndl circulation

flow. Reactors With a'Slefderness rati (FAG3 BRthe TEARITF Hefght (A R thetBadoR #iAeter (D)) H/D
> 10 permit conygarativelysizeable: gas tontents, bt arewmsuitalnieonér for.a scale-up owing to the
small volumes. Because of the resulting reactor height, enlarging the reactor to relevant reaction

volumes leads [g increasingly great internal pressure losses and therefore 5 superproportionally high
energy dissipat%g“r’ll,l\}\%ic Og%%%ges%bggﬁsi gr%%fel jgg%éri(g?‘a %%()afrfﬁg?ggct%péﬁ%&ngﬁh%‘@?Owing to
the small diaméte HeRREr BuffRdéitticat exEhangePerfohnante ednrivtde dehfsvetdiere without

installing additiaral sompofients. 1@ wing te theaaboverdesesibed:disadvantages-af the,known
engineering reactors; it is,an ObJ%CMIHJ%kQ%&EHO” 1Q PLRVige A reagtor,or an arrangement of reactors
A L

for continupus fluid/liquid reaction with a via
15  performance profile.

The object is achieved by the subject-matter of claim
1.

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

25
The present invention therefore provides a device for
the continuous reaction of a ligquid with ancother fluid,
which comprises at least two Jet loop reactors
interconnected in parallel and common outer liguid

30 recirculation.

The invention also provides a method for the reaction
of a liguid with another fluid, at least one gaseous
reactant being reacted with at least one liguid
35 reactant, which is carried out in the device according

to the invention.



15 performance profile. The object is achieved by the subject-matter of claim 1. 20 The invention 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 The present invention therefore provides a device for the continuous reaction of a liquid
with another fluid, which comprises at least two jet loop reactors interconnected in parallel and

0 : i : . : . i
common outer I%wéd gvrfemrculatlcogr.g{]g |n\§%nt %leali%géowdes alpeth%;% for t%e reaction of a liquid

with another fluid, at feast one gaseous feactant being reacted with at feast on&figafd- 25 $he device

according to the-fiventioR hasthie aeivaftagefthat thé denefiecst a Jad6sp reactel®uchass intensive
mass transport,ihigk:heat dissipation orheatsupply,ieperation vistualy withouhgradients,can be 5

utilized for large;pradustion canacities:. Sinee the fevice hap only one pump for sustaining the outer

recirculation, the capital investment and the operating costs are Ie.gs than for a’systg% which 10
consists ofat |6A5t twd &t IoohF rebRIsTE SXeRAMTH REBWFFRRER Eift€Uiit. For this reason, an

embodiment in which precisely one pump is arranged in the outer liquid recirculation is preferred. 15 A

particularly prefgfred.embodiment;ofthe, inventignis distinguished:in that an QHH%{Q the liquid is
assigned to each nozzle, in that the nozzle and.the outlet are arranged diametrally in the reactor with

respect to the iNMtarmal liqufer &itéUit ahdGR thatthe capital investment ahd the
operating costs are less than for a system which

10 consists of at least two jet loop reactors each with
its own outer circuit. For this reason, an embodiment
in which precisely one pump is arranged in the outer

liguid recirculation isg preferred.

15 A particularly preferred embodiment of the invention is
distinguished in that an outlet for the ligquid is
assigned to each nozzle, in that the nozzle and the
outlet are arranged diamestrally in the reactor with
respect to the internal liguid circuit, and in that the

20  outer liguid recirculation connects the nozzle to the
cutlet. This refinement forme an outstanding flow

profile.

By wvirtue of the common outer ligquid recirculation, it
25 ig advantageously possible to provide a heat exchanger
in the outer licuid recirculation in order to exchange
heat between the liguid 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 dissipation of heat of

reaction then takes place particularly effectively.

The device according to the invention is suitable for
the reaction of a ligquid (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:



20-outer liquid recirculation connects the nozzle to the outlet. This refinement forms an outstanding
flow profile. By virtue of the common outer liquid recirculation, it 25 is advantageously possible to
" provide a heat exchanger in the outer liquid recirculation in order to exchange heat between the liquid
conveyed in the outer liquid circuit and a heat carrier¢gInternal heat exchangers may then be obviated,
which improves the flow inside 30 the reactor. The input or dissipation of heat of reaction then takes
place particularly effectively. The Q@y@g}aﬁ {(ggpg to the invention is suitable for the reaction of a
liquid (as a driving medium) with at 35 least one other fluid. Besides the driving medium, however, two
or more fluids may also be rea%:fe%ll?ﬁé%ﬁowing two-phase reactions may therefore be carried out:
-6 liquid/ liquid; liquid/gas. Three-phase reactions may be carried out as follows: liquid/liquid/liquid;
liquid/liquid/gasiriguid/gasigas. 10 Jhe;device accerding.to,the invention, apd the method according to
the inventiobn 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) liguid/liquid/liquid;

ligquid/iiguid/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:

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

the bottom {prior art)

Fig. 2: shows the inventive connection of dJet loop
reactors
20 Fig. 3a: shows a parallellized embodiment of jet loop
reactors as a bundle, with the nozzle at the
top
Fig. 3b: shows a parallellized embodiment of Het loop
reactors as a bundle, with the nozzle at the
25 bottom
Fig. 4a: shows the experimental system for Example 1
Fig. 4b: shows the experimental system for Example 2

The device according to the invention for carrying out
30  reactions, in which a liguid is reacted continuously
and in cocurrent flow with another liquid, essentially
congists of two or more jet loop reactors which are
interconnected in parallel and have common outer fluid
reclrculation.
35
Figure la represents a conventional jet loop reactor,
in which the ijet 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. 2:shows the inventive connection of jet loop reactors 20 Fig. 3a:shows a parallellized embodiment
of jet loop reactors as a bundle, with the nozzle at the top Fig. 3b:shows a parallellized embodiment of
" jet loop reactors as a bundle, with the nozzle at the 25bottom Fig. 4a:shows the experimental system
for Example 1 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 35 and in cocurrent

flow with anothey;copsists of fwo,or mere jet lqapiigterconnected inapl%ragelbaa%kﬂ%v%&eagggulqtion.
liquid, essentiall)(éfactors which are common outer fluid Figure la represents a conventional jet loop

reactor, in which'the jBf foZ21€ 1iés & the Op ofthé Téattorarid fhe Edicts Ar@ ntfoRfaéédsn the upper
part of the reactorSHtetreactdr consists ofalpressurastube memd@viwlich andzzlel), aguide tube (2)

and a baffle plate (3} ae-installege The seactorhas g heating,greqolingjacket (4). Awvalve for
removing of-gas may furthermore be instalied In the Upper gas space of e chown in

Figure la).

The guide tube is preferably arranged concentrically
with the jet nozzle and the pressure vessel. The jet
10 nozzle may be a single- or multi-component nozzle, and
in another design it may furthermore be provided
separately with an impulse exchange tube and/or
diffuser. During operation, the nozzle iz 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, ané the
upper end lies below the liquid surface during
operation. The reactor 1is characterized in that only a
small part of the Iliguid is fed back through the
external recirculation to the nozzle, owing to the high

25 internal circulaticon flow.

The jet loop reactors used in the device according to
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 &zrange 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 c¢ylindrical wall surface and through the heat

exchanger of the cuter cilrcuit.



5 reactor to extract inert gas components (not shown in Figure la). The guide tube is preferably
arranged concentrically with the jet nozzle and the pressure vessel. The jet 10 nozzle may be a single-
 or multi-component nozzle, and in another design it may furthermore be provided separately with an
impulse exchange tube and/or diffuser. During operagion, 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
8 Putgﬂe = 1 |

entire length of the reactor; itis delimited yntlﬁé1 affié plg eoamftqhe:'“l'glottFl eing provided with
an appropriate sgaeind: antiithe diper &Pl liesBalowatie libid Sérfacediningopefationhhe reactor
is characterizediirdhatconly arsmallqpartef thedispid i9fed back threagh dhe exterpakregirgulation to
the nozzle, owing,fo thehigh 2p;interpal gircylation flow. The jet loop reactors used in the device
according to the invention have a high slenderness ratio (ratio of the reactor hei Rt (R 16 the reactor
diameter (D)). 365f1i slendBrhesiFais fieS frtheGalige df fofis ¥6-45paterabiimdhe tange of

from 8 to 12, particutanly preferablyrirthie range bé 10 th2. @wingite theihighisieéndenrss ratio, the

installation 35 of internal beat exchangers, ean-be pbviated-sinee sufficient ha%tsca@;?séﬁ%m or
extracted both throu\g{h the C}élindrical%\\%ryfll surface and through the heat exchanger of the outer circuit.
-8 - In a furthef 8Mbodinfent d&%h0

inFigure b %he hoszIE IHThEY b&BrEANGEEt thé bottom of
the reactor. Thetggidanise ) iSprefarablyarranged tohcentrcadly dithrthe det nozzI&amd the

pressure bvessehaangtheretnpzzlegnay berarmbodied asa single-armultiscomponent nazzle. The
gas is supplied under pressure. In.a preferred embodiment, the gas intake occurs automatically
through the ejeé“tgr ogpé;\fgﬁonggfnt }ésnofz’[lse.%?r’l% guide tupe ( 1haqla%@at Glametarof fronT 20 one tenth to

eight tenths, préfefaBl Hdmt TouP TrthS i sevehitBathbBTahe redctdrtharmers tand extenads
essentially oventheentireeteiigthigfithe reactordhe ypper encdying below the liquid.surfage during

operation. The E%?&%ft'l%@ copaparafively,sizeable 15 internal circulation flow, only a.small part of the
liquid beirjl%fed back through the external recirculation to_the nozgzlgé. ?gi%gd{e}\rlicesoééggrs% to the

invention consista BT At 20 |€ast fid Peactors. TFHE nuniserbt feadtBis prefefdbly IS inthg range of
from 2 to 20, particlady préferably in thedangebefdom 2ttordeagh  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 didentical.

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

30 the common cuter ligquid recirculation, where educts are
ted 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.

35 Each heat exchanger, however, may also be operated

separately.

The individual reactors may be combined to form a

bundle, as shown in Figure 3.



The reactors may be different or,preferably, 25identical. 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 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. 35 Each heat exchanger, however, may also be

operated separqsgel%uygielg\dividuaér%actors m%/tbse %Oénbined to form glbund,l%,das SEPW in Figure 3.

: 8gc CNnS1gE 1 t
- 9 - A bundle reactor con5|st§: of af least two individual regc%ors.eﬂ%un \'ér%rejferawyl asfrom 3to 14

individual reactdr§2mt& biindleteadtor-dHe indiidid Corponeht feactdrspreférablPhavieéthe same 5
dimensions. The dévicedcedrdingde dhe inventionmay:compriseioae orraeredaundle reaetor(s) or at

least two individuglieactors, orcaamibination of ons,f mare fupndle 40 eaclor(g)vith.gpe or more

individual reactors. In the device according to the invention, as already mentioned above, the nozzles
may be arranged dif&&hty T the reactors: 15 a) in all the reactors, the nozzle is located in the upper
part of the reactor (Figure 3a)

The device according to the invention may comprise one

or more hundle reactor(s) or alt least two individual
reactors, or a combination of one or more bundle

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

In the device according to the invention, as already
mentioned above, the nezzles 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)
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 nczzle outlet for the
25 driving jet liesgs 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 a
catalyst homogeneously dissolved or in suspended form,
with the proviso that its average particle size is less
than 200 um, particularly preferably less than 100 um.
35

The reaction products are extracted with the gas or

ligquid phase, and preferably with the ligquid phase.



b) in all the reactors, the nozzle is located in the lower part of the reactor (Figure 3b) 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. 'th device according to the invention may be
used inter alia for the reaction of a liquid with a gas, both the gas and the liquid comprising at least one
reactant. OptiO@rllly, Ea}quuid maa)ya%?l used \évgi:cg,contains a.catalyst homogeneously dijssolved or in

suspended form, with the Proviso that its cé}verag]én;%]arttrcgﬂe 578 i¢ 1858 than 200 Gt Parficiiarly
preferably less Fa¥ 109 Rz <R |4 e apparafuscaccording to the mvehtidn,aeabtichstmay be

carried out in the pressuresignge of-fiemQ2ie 49:MPa ang-igdhe temperaturerange of from O to
350C. The reactign pr@fgg@!x lake ace on aj]cataglsjg_ g hom(i eneousrlﬁ dissolve iri th% liquid
o% d\3 form ioﬁ%,

phase. For example oxidations,epoxidation of olefins, hydro nyfﬁion%, yd‘zrloar(ﬁ‘lanaatl
hydroamindmethyARERS BRIy afizai6RSSId HdrbB&robkyaksaiba s&minations, ammoxidation,

oximations and hydrogenations may be carried out in the device. In the device according to the

invention, reactigns arels preferably cagied outin which the gatalyst is fed in with the |i%:,lid feedstock

and is homogene%lnllsl dissolyed jn the liquid product/educt phase, such as for .exampllélt ie production
of aldehydes ant/or AESABIE 1y HydtSformylation of compounds with!SEHHEAsTBIE 20 ands in the
presence of colfattgoiadivrmenrborsyts, avith or without the additituy 0f igandsi centaining, phosphorus.

The following exgmples-arednipndedtgexplainthe sninations, 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 fed in
with  the liquid feedstock and 41is homogeneously
dissolved in the ligquid product/educt phase, such as
for example the production of aldehydes and/or alcohols
by hydroformylation of compounds with olefinic double
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 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 vratic of height to diameter
(slenderness ratio) HKH/D=6 and the nozzle at the top,
35 methyl 2= (hydroxymethyl) ~acrylate in THF with a
concentration of 0.1 mol/1 and the catalyst
precursor [Rh(COD) |BFy in a molar ratio of substrate (8)
to catalyst (C}) $/C=250¢ and the ligand (-)-2,3-
bis[(2R,5R)-2,5~-dimethylphosphclanc] -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 methyl 2-(hydroxymethyl)-acrylate in TI-IF with a
concentration of 0.1 mol/l and the catalyst precursorf[Rh(COD)]3F4 in a molar ratio of substrate (S) to
catalyst (C) S/IC=2 d_the ligand % 3- bis[(2R,5R)-2,5-dimethylphospholanol-N-
methylmaleimid@agg:\gg%%% aIg |§nee§r odﬂiﬁ"r\r"fflgL Se¥adrene] thotibun (1]

tetrafluoroboraté EP5HIIBFANOZR 2R, (CHASIuRTINMN S Evonik Dédussar@mipF) Svere mixed
and reacted at 25&with aihwyeregen partial pressute of,b-MBa ardha 5 sesidencedime-0f 99 min. The

prodqct(methyl %1%gro>§/m§lgbgl‘§£§%gni£}e€) &%sagbtaénﬁ%vgﬁr} anen ntlgmﬁp%xcegg 8f 95% at full
reaction. The reaction was found t0 be sensitive to the hydrogen partial pressure, lower pfaessures

leading to increaS§ed $6B§BrodGéfBrmation by BligdhierizatiGRief thesaBstedte anddehydroxylation of
the product. Examplei2 ofagcerding to-thelioxention) 15w#ksthe device aeeprding teihe inygntion as

depicted in Figusg Abchaying two jet lon reagtars arrapged in parallel with 4 slenderpess ratio of 10,

each having a reaction volume of 5 1, the reaction,was carried out 20 according to?he reaction
conditions specifidl inEXEiple P, FOF re &G0 COuE already Batackisve® afBr 78RR the device
according to the@irnveatio,.an ehamtiomer pxeessoafedb% beirgiohtained.clhe hydrogen partial

pressure could pegeducad: tost-hak 25-withoutsignifisantbygrodyctfgrmationbeing obseryable.

and dehydroxylation of the product.

Example 2
{according to the invention)
15
In the device according to the invention as depicted in
Figure 4b having two Jet loop reactors arranged in
parallel with & slenderness ratio of 10, each having a
reaction volume of 5 1, the reaction was carried out
20  according to the reaction conditions specified in
Bxample 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 partial pressure could be reduced to 40 bar,
25  without significant byproduct formation being

observable.

The examples show that when the reaction is carried our
according to the invention in a device having two jet
30  loop reactors interconnected in parallel, each with a
slenderness ratic of 10, a substantial increase in the
rate of reaction is 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 gulde tube



The examples show that when the reaction is carried out according to the invention in a device having
two jet 30 loop reactors interconnected in parallel, each with a slenderness ratio of 10, a substantial

" increase in the rate of reaction is possible with a simultaneously reduced hydrogen partial pressure in
comparison with a single reactor having a slenderness ratio of 6. 35 List of References 1ljet nozzle
2guide tube 3baffle plate 4double jacket 8liquid distributor for driving jet medium 9gas space for fresh

gas supply 5 10wall s r_branchings for heat carrier 11liquid manifold for driving jet medium
k3 PISS% QI OMSNERI
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Adriving jet medium inlet driving jet medium outlet heat carrier process connection 10 Dheat carrier
process connecfion deuble Jjacket

3 liguid distributor for driving jet medium

9 gas space for fresh gas supply

5 10 wall space for branchings for heat carrier
11 ligquid manifold for driving jet medium
driving jet medium inlet
driving jet medium outlet
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fresh gas supply - 13 - Patent Claims 1. A device for the continuous reaction of a liquid 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 liquid recirculation. 2. A device according to claim 1,
characterized in 10 that it comprises one or more jet]gop 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 accordjng 19 one.of ¢laims 1 to 3, characteri_zed in that in aII_the reactors nozzles_ are _mstalle_d
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 lower part of the reactor. 6.A device according to one of
claims 1 to 3, 25 charastetized irethabin the ceactors aileast onenezaleds nstalled inghedower part of
a reactor and at jeast ope nazzle is installed;in the lf%%rdoart Of areactor. 30 7.A device according to

one of claims 1 tQ 6, characterized in that an outlet for the liquid is assigned to eac nozz e, in t_hat_the
nozzle andthe otitfet & arrangEd ORIMERAlly fH-the F8adtor With resfecttedRe iterfiaticfid circuit,

and in that the interconnected in parallel and common outer liquid

recirculation.

2. A device according 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 loop

bundle reactor.

15
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 lower 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 reactor and
at least one nozzle is installed in the upper part of a

reactor.

30 7. A device according to one of claims 1 to 6,
characterized in that an outlet for the ligquid is
assigned 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

35 outer liquid recirculation connects the nozzle to the

outlet.



35.outer liquid recirculation 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 liquid recirculation. 5
- 9.A device according to one of claims 1 to 7, characterized in that without a heat exchanger being
installed inside the reactors a heat exchanger is proyviged in the outer liquid recirculation in order to
exchange heat between the liquid conveyed in the outer 10 liquid circuit and a heat carrier. 10. A

method for the rgactio%ofg iquid witgcat least one %eocond quid%%haracterized i{1 that the7reaction is

lig ( (
carried out in a device accoer?(:mg?o one of 15¢iafms Tto 8- 11. me(fﬁ"g&'raﬂ%cordiné:?o claim 10,

characterized infthatGGddtiohnesehoxit aibAbTORRISE RydbfGRTYIEIBHR, iydreaimirdiofs, .20

hydroaminomethylations,bydriooyanizatiens, fyydrecarbaxyalkylation, 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 h¥drqformylation with
synthesis g%s tG form Aldeti§des andfsreficstdly. to one of claims to 7,

characterized in that without a heat exchanger being
installed inside the reactors & heat exchanger is
provided in the outer liquid recirculation in order to
exchange heat between the liguid conveyed in the outer

10 liguid circuit and a heat carrier.

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

15 claimg 1 to 8.

11. A method according to c¢laim 10, characterized in

that oxidations, epoxidation of olefins,
hvdroformylations, hydrocaminations,
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 and/or alcohols.



