-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 along thiszn @jﬂfﬂﬂ@rﬁf@v&gir%@&hﬁg@ﬂ%ct%%ébmpressibl@ 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



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 loop.
The liquid is therefore used as a driving jet mediufn.4n order to 35 impart kinetic energy to the liquid,
the reaction space is provided with outer liquid recirculation in which a part of the liauid is fed in a
circuit outside the Fedctiohspaceinsie theButerdiiid-recReliation, Hipump is-pravidéd avhich
provides the liquitkstéeam wirith - 2edhe kineticrenergwreguired ta gsta@&g&%&g&ﬂ@g\g@side the
reactor, The nogleds coresRANAiNa SUPPIIRELLOM the puler eiroul Known jetloop (eactors are
represented in Figures la and Ib. 5 A good introduction to the techno ogywéjf jetjloop reactors may be
regctors are represented in Figures la and 1b.

found in:

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



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 mixing of the relevant phases is of the
utmost importance so as to avoid the mass transp‘or% 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 coluffis faipeseactors With Bratcmbers K/ Schtdert I Nere Bibteakisrehdar aerobe

Prozesse" (newioreactaes: tor agmbic prasesses):Ehegndng.-Tecm 52, (12,4980,,8515965]. The
disadvantage g &Ia% e systems rg%id%s in their.sometimes ¢ aratively low 25 volumetric mass
transfer coefficgentssflsLﬁl Vg]%us react%kr %%négg% h%%%slbcéeﬁ cfne})}aéﬁ)péelo in‘order t%’im%?ove the
mass transfer, 8856&ialRFHh mulfiphadtEcatalyss, alP6f whith are ci&racterZrtPKigh 36 circuit flow
rates [E.H5Stit L Alkermnative haddtiphage rédctars feptne:chemicalsy A Wpsld beyand strsed tanks?"

Chem. Eng. J. ggagg(%_%,r47-lﬁ(ﬂ.e'gheggggggﬁatecﬂf@ r%gll,_;jreg’gggials,d$i leé&tﬂangﬁgh%tgg%cgs b¥ means of

appropriate mixing devices such as nozzles or orifices. 35 Special reactors based on mlfltl-component

£

nozzles have alréaly BEBR TvestigQidd 4t i6fgth [N EREbiger: ®Hydtodynamik 6HR<§f&aFstausch in
strahlangetriebensrn Schiaufenreaktareat: {mydfodimamits andomassrexchahgedn jetsdriven loop

reactors); Praxignissen: 3 - Vadahrenstechniki tharmische,Yerfahrenstechnik sVegag TUV

Rheinlang OGm H, Col n§;1198§l1 zazrlgeused sus:cessfullg in a protgt pe h%droformylatiop system, as

described in DE198$6"807 - The 7&4ctsr i5'5 distihgliRzd BY high SpatdtinteYiefdsantmass

transfer rates bebfeditfielgas anhligefd pasest ffurtiarmbore bbviatas theteircdit tdimpressor

conventionally reguired derthe as resyelings singe snraasted-gas is edigperseddntathe kquid again
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



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 occufrirg 15 inside the reactor furthermore pelLadt
operation virtually without gradients. In a single jet loop reactor, the height/diameter ratio can in this

case be varied pply in afesnan rangeoi20 fraom 31e 1Qqinorderd0.ensure suficientaeastion volumes

with tolerable reactor installation heights. The,mixing thh&‘ﬂ"[f’g% ggg thqmgsgﬂgaggeé are then
detrimentally affécted Ey ‘the sqdat ea5|gn,“wh|cﬁ1 an be co‘mpehsal%d for only o a imited extent by

the 25 provisiof Bf & dvality Of Aozsles HAd GURR tuRadh areactoryeTaatial.: wStadies on
configuration ofijetloepaeactors withdewheight-diameieekatio”; Chess Reac. ERgrZeei15 (3), 1999,

268-274]. @rthg,@g@é@g @P@E grilséﬁ?ion Qgg%mes [ grreasinglcyiéo worsceigvr{/ing to, 5tlhe }slma-ll surface
hi [

area-volume ratio. may necessitate the use of fie _tu%gs |‘nS|deStﬁ88r'eactor’ in ofdér o increase
the heat exchaf§é afsh, o& dESEHbEATERMstan&sh TE 208 Bios37 Abhick kftailea Righer design
outlay besides eampraomising=the 8%internat circitlation fawl Reaticrsaithrg slendeeness,ratio (ratio of

the reactor heiglt () (o the reactar diameter (D)) H/D=» 10-permit comparaively, sizeable gas

contents, but are unsuitable fg_r a scale-up owing_to the small volumes. Bgcause of the resulting
reactor height, BfaRgiHg the Peactbr idrelevant fekclion ImESRRRIRRB ficreasingly great internal
pressureldsses and therefore supeicroportionally high energy dissipation, which causes a

considerable dejgrigeation afiibe seastar pedermance. Hwingfathe saall diamgterihowgver, sufficient
heat exchange Performance cannot be achieved here without installing, additional. components. 10

Owing to the S HESEH Y dishRPEMBEES of the known erfiheeftiy FstictorS it is &fBbject of the
embodiments disghestidiearien LpoVitesa rducierior &P apanyémentotieacts forcatinuous

fluid/liquid 15 reaetighguiteatviable perfymanes prodile. Theebiaclds achiemed Dy thesubject-matter

asfommNiS reaction with a viable performance profile.

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.



20 The disclosure 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 explaited-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 iquid Wi aiggstane.aiber fuid sharacleriged ithatiie dayee coiprisgs al least two
jet loop reactors interconnected in 30 parallel and common outer liquid recirculation. In a second
aspect, there i€ provided B tnd48r tABTEEE o o EiituidAkithi &8sst OReé sBEGFPHEId,
characterized indhatthetreactidmis carkdectoatin andbdeviae asdefined abave. i4gdhe disclosure
aiso provides amelhad [of (h reaction o2 lapiduwih anefhet fluldqal Jpast aNe-gasags reactant
being reacted with at least one liquid reactant, which is carried out in the device according to the
disclosure. - 55°TH&BeficEatesiliTy 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 its own outer circuit. For
this reason, an embodiment in which precisely one pump is arranged in the outer liquid recirculation is
preferred.



15 A particularly preferred embodiment of the disclosure is distinguished in that an outlet for the liquid
is assigned to each nozzle, in that the nozzle and the outlet are arranged diametrally in the reactor
with respect to the internal liquid circuit, and in that tife 20 outer liquid recirculation connects the nozzle
to the outlet. This refinement foins an outstanding flow profile. By virtue of the common outer liquid

recirculation, it 2hds agvantagaousiy pegsible to,prayide: adieatexehangse intheseuterdiquid
recirculation in %g% to %{(gh ge heat between the Ii%qu conveyed in the outer Iigu'd circuit and a
heat carrier. Internal heat exchangers may then be obviated IWRicH iiProves thettGw in&idle 30 the
reactor. The inptit BEEREIFatorEsf ezt of Retction thierhtakes platespdrtictany effectivedy. The device
according to thesdisglogureds stitablenforthe reagtion of.adigyid-(aga=griving mediyg) with at 35 least

one other fluid. §g§i9§zsetgerdg@/ir1%medium %%vg:%vig& two or more fluids may also be reacted. The

. Z [») tiaes . 7
following two-phase reactions may fherefore be carrie ci):uatltaafgjnau%?llqwd; liquid/gas. Three-phase
reactions may be carried out as follows: 5 liquid/liquid/liquid; liquid/liquid/gas; liquid/gas/gas. 10 The
device accordingitadlke irtventier,iand the sethad-aceaeding .te-the davestien garied-outwdth it, will be
described by way,gexapple below. To s ead Fio-[gshans ajet logprgaetoryh ths gozzle at
PP opérating costs are less than for & svstem 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:



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 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 liquitfis fedct&df £8ntinuously and in cocurrent flow with another liquid,
essentially consists of two or mome jet lgey reactors 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 a}ﬁ@e top 19]1‘ the reactor and the educts are introduced in thezup{)er part of the reactor.

The reactor consiSE o Fresstrefupein s 72y be carried out as follows:
5

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



which a nozzle (1), a guide tube (2) and a baffle plate (3) are installed. The reactor has a heating or
cooling jacket (4). A valve for removing off-gas may furthermore be installed in the upper gas space of
the 5 reactor to extract inert gas components (not shFown 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 exchanf&ftBe andfcidifiuder’ DWFINg-Operatidh thel MozAE s fullyoF bafialy-fhfersed in the
reaction mediur3 andttse 15 dmalarsidn déphmayrcbe11bB40 sekerat guidectube diameters. The

guide tube has adiameter gfyfrom ope tepth to.half af the reactar digmetes pﬁdgeagend%gjsentially
over the entire Itengtl”}l_kof the reactor; it is delimited by the baffle plate at the bottom while 20 being
S BEing 5 thetipgat

5 &ing"5hd thé tippér endlie S Befow Flliciid Sarfate duriig operation.

provided with an approprfflacfg%p
The reacto¥ is ciRiadtetizeddin #3zeriy a snralltpastest theotideid #s:feel back threbgivtheiexternal
recirculation to the;nezzle zgwing 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 (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 818512 SvarfiGuldriy5refefablytif #5€ fange of 1038 22COWrigaerthe highislgnderness
ratio, the installatiaf 35 beintesnal heat@xchangersican be obyiated singe sufficientheatean be input

or extracteg! both, thraughythe cylindrical wall surfage ﬂmlwe%%&%ﬁgg sebander oline ourer

circuit. - 8 - In a further embodiment as shown in Figure Ib, the n6zz may be arranged at the
bottom of the réattoPTREYtide e @Y is plreferadl arfaigedrddtientricaily wihHé f&hozzle and

the pressure 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.



5 vessel, and the jet nozzle may be embodied as a single-or multi-component nozzle. The gas is
supplied under pressure. In a preferred embodiment, the gas intake occurs automatically through the
ejector operation of the nozzle. The guide tube (2) has a diameter of from 10 one tenth to eight tenths,
preferably from four tenths to seven tenths of the Tedctor diameter, and extends essentially over the
entire length of the reactor, the upper end lying below the liquid surface during operation. The reactor

has a comparatively?size3blents intefrea Siféatioreffows bR shiall Bag4if ¢he luid bbing fed back
through the exterrrat Tecircilationnto/therozzie: rEhesdevice accarding tedthedpvention gansists of at 20

least two reactors, he numberof reactors preferably ies in ghegggg% Q‘I"g?%r: Bltr% rZECl)ggagicularly

preferably in the range of from 2 to 14, The reactors may be different or,pre dentical. Figure

2 shows an exampeTora dévice Acdbidifg (oitfie inFention, ZohRistiitof Mitee FeaefTEifterconnected
in parallel,za circaksgion pumpianta heat exchaigeria30ike eompddr:dutes liguidiregiretdation, where

educts are fed into the upperseartionspace,Lines fortemoying off:gas frgm thesunpepparts of the

reactors are noé %gvs\)/gfflen-thiirepresentat%or;, 1ﬁthgre is_ hea.tlng or cooling circuit. §5 Eac hgat
exchanger, howéver: may also be dpetated deparatehy: M8t dual e ctéR may Bedmbined to
form a bundle, 85 3kBHN ¥ Figure B-a19 v A bindledeactbeconsists ofrat deast awo dndividual reactors.
A bundle prefergabdy has-from 3 tonkd i@ﬁﬁ/@ai;m%m@.)ln Blundleseagtor the individual component
reactors El@fer%lﬂlg h@g%%@e %%mee:?g Ig]ell‘:]g!r?{]gs, 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.



The device according to the invention may comprise one or more bundle reactor(s) or at 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 nozzles may be
arranged differently in the reactors: 15 a) in all thereactors, 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) inf'the Brsr&PIBASIroneTibZZIENS installed: in Pe:the lower partdi-airgéasior and at

least one nozzle-isinstatied in the uppef part of a-reactos (ot representeg,as a figure). - 4In all the
embodiments show zzle o for the 25.driving jet lies below the liquid level. The device
according to the%%%?eﬁ%%ﬁay bé%és!ge%(?r%tééi aliafor the% reac%)llé‘ﬁ of a quu'"i8 Wit & gas, both the gas
and the liquid cOMPHETY-Ete £UBRe 18R aRE TPtoRaIND Baikfi by besusedtisicls somtains a
catalyst homogénewusty dissolved or in suspended form, with the proviso that its average patrticle size
is less than 200 4m, particularly preferably less than 100 gm. - 10 - In the apparatus according to the
invention, reactjons T{}ra be carried out in the pressure range of from 0.2 to 40 MPa and in the

Fof from Uto S50 THEre GRtig refet iRty takss Plave SRTBRGERsCne

temperature range o
homogeneouslydisstshved inwhelliguid phaseFor lexample oxidatons, epexidation of alefins,

hydroformylatiops Aweeeaminaiionsa  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.



hydroaminomethylations,hydrocyanizations, 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 fed in with the liquid feedstock
and is homogeneously dissolved in the liquid produéfeduct 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 cob&lt 6FMmodRIrA EafbonyRCAithdrvathoat theadditioarof ligands-eentaining phosphorus.
The following examples a&fmi&mﬂe@idg emlz;mlaﬁ%%@mg%]d gg@@ginggoﬁﬁg&n\@_r@io?ysing the
apparatus accoyding.1o the invention, byt without restricting the invention to this. E el
f:’»O(comparativeé{gxnalqr%apIe}a?%le&{| Iééqp ?e%%tgcr%e:%%%ﬁl raejlef %%8 ereé}cltorgé:&%r inﬁ%%?u%% ‘4a with a
volume of 10 1T8%ati® Bf Rt to BaffeiERRienderréss ratio} #rBD=6%nd the eZzie usthe top, 35
methyl 2-(BydréxymetbyBaceylatedn SR with a aoneentnatien of Ockmed /1 and the catalyst
precursor[Rh(COD)]3F4 in a molar ratio of substrate (S) to catalyst (C) S/C=250 and the ligand (-)-2,3-
bis[(2R,5R)-2,5-dimethylphospholano]-[\l; mechylmaleimide(1,5-cyclooctadiene)rhodium(l)
tetrafluoroborafe’ € 25 HIABEARO2P3PEA(CAABIUM SRS AVGHk Déussaaibiswere mixed
and reacted at 25&witl arhyidragempartial pressure of 5 MPa and a Brésidence dimieaf90 min.The

product (methyhydroaminomethylations, hydrocyanizations,
10 hvdrocarboxyalkvlation, 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 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-



2-hydroxymethylpropionate) was obtained with an enantiomer excess of 95% at full reaction. The
reaction was found to be sensitive to the hydrogen partial pressure, lower pressures leading to
increased 10 byproduct formation by oligomerization of the substrate and dehydroxylation of the
product. Example 2 (according to the invention) 15414 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 feAEHEHTBRME OGS L the FekctoR Was'earied Gut 20 Ekcrding to the reaction
conditions specified-mfExamplect afeull reactionicasidredreadihbe achievedafter@Smingn the device

according to the.inyention, an enantiomer, excgss-of 9p% Qgingnggtai gd.Th hyaq{oggg Hartial
ro

pressure could be reduced to 40 bar, 25 withoutsignificantbyproductformationbeing observable. The
examples show'that wien theTEge6on iPéarhied out BEESTAMEFto thE inventiBifin £#8&vicé having two
jet 30 loopreactersiidtercennectaddn parallel 2éachwith.a sléfiderngssadtio of 10;mestihstantial

increase in the tate.ofFgaction is, possihle with-a simultgneously reduced-hydrogen, partigl pressure in

i [ i [ erness ratjo of 6. 35 List of References ljet nozzle
;ngZQEEZmmgég%gggﬁg?cgigggggg%S@Q% at %uﬂq reaction. The reactién

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



- 12 - 3baffle plate 4double jacket 8liquid distributor for driving jet medium 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 c_grri{%r 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 on$ other flujd, characterized in that 5 the device comprises at least two jet loop reactors

. 1 . . . .

interconnected in paraflé-and cBmién outer liquid recirculation.
4 double jacket
3 liguid distributor for driving jet medium
S gas space for fresh gas supply

5 10 wall space for branchings for heat carrier

11 iiguid manifold for driving jet medium
A driving Jjet medium inlet
B driving Jjet medium outlet
C heat carrier process connection
10 D heat carrier process connection
E fresh gas supply



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 according3to one of claims 1 to 3, characterized in that in
all the reactors nozzles are installed in the upper‘pa%t 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 deﬁ@é‘éﬁ@orﬁﬁ‘?gl%gone 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 o a reactor, 30 7.4 deog.accering in.one.of claims 0.6, gharaglerized In thalgn putle for the
I

liquid is assigned tq each nozzle, in that the nozzle and the outlet are arranged diame aﬁy in the
reactor with respatt’to tHe infétfidl iGHA cPEHEand thdt thE 3B GREFTGHE Yecitul&titirconnects

the nozzle Yo theluutletevilde- ScAmpvicestcarding rene dfetaimst tolhaharaeterized dn that
precisely one pympds asrangeddn the outerdiayid iecircylation 5.9, deviceaccording ta gne of
claims 1to 7, CQ%@C}%% dtigct}hat without a heat exchanger being installed inside the reactors a heat
exchanger is prowdled in the outer liquid recirculation in order to exchange heat between the liquid
conveyed in the outer

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,



10 liquid circuit and a heat carrier. 10. A method for the reaction of a liquid 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. A method according to claim 10, characterized in,thatoxidations,epoxidationofolefins,
hydrofo_mylations,hydroaminations, 20 hydroaminomethylations,hydrocyanizations,

hydrocarboxy kylatiozgl, aéninations, ammo i.dation{:oximations nd hydrogenations are garried outin
the device. 25 12. A method according 18 craiff 10, ¢hardttériz8d in tharcbmpound§ having olefinic

double bonds &fesreastedrByERydroformyfation with Syrithesis gastorforasaldehydesdnd/or alcohols.

-15- Parallelizethdetd.ooprReactarsiAbstract 5 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
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
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.





