2 1 OCT 2005 Reactor for gas/liquid or gas/liquid/solid reactions 5 The
invention relates to a reactor for gas/liquid or gas/liquid/solid rﬁgggt??®5
+and also to its use. In nultiphase reactions, good m xing of the p i"
a prerequisite for a high 10 degree of conversion. Stirred vessels are
frequently used for this purpose. However, stirred vessels have the

di sadvantage that they require noving parts and that the stirred vessel has
to havé a very large volunme for carrying out slow equilibriumreactions
which are to be brought to a high final conversion and in which a coproduct
is. stripped out continuously as vapor. Cascades of stirred 15 vessels are
known for carryi-ng out such reactions, but these have the disadvantage tHhat
a correspondi ngly | arge nunber of individual apparatuses is necessary.
Carrying out multiphase reactions in reactive distillation colums is also

known. However, the pifu oggag,lﬂg%i@gr ?@gﬁﬁ@ﬁliﬂ%&&ﬂﬂﬁ@d here.

Particularly in the case of 2 equ lumreactions, the liquid
hol d-up5vvoul d have to be so large that the gas-side pressure drops across

the trays lpeqRPent®hYrelatdsd®- a Méactor’ % Wabliqaid & §&/1iGBIRSEE réhcBosPaRRd
beconmes establishes over a plurality of trays in the colum, acconpanied by

very diffePSRMOMER8%i on rates. In the case of sensitive products, this can
| ead to deconposition of or damage to the product in the | ower section of
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that a correspondingly large number of individual apparatuses is necessary.

Carrying out multiphase reactions in reactive distillation columns is also known.
However, the liguid hold-up on the trays is limited here. Particularly in the case of

20  slow equilibrium reactions, the liquid hold-up would have to be so large that the
gas-side pressure drops across the trays become very large. As a result, a large
temperature spread becomes establishes over a plurality of trays in the column,
accompanied by very different reaction rates. In the case of sensitive products, this
can lead to decomposition of or damage to the product in the lower section of the

25  column, while the reaction ceases in the upper section because the temperature is
too low.

It is an object of the invention to provide a reactor for gas/liquid or gas/liquid/solid
reactions which even at high residence times of the liquid or liquid/solid phase

30 ensures a substantial approscination to the thermodynamic gas/liquid equilibrium
as a result of very good phase mixing and, after mixing and reaction have occurred,
substantial separation of gaseous and liquid phases.

Furthermore, the reactor should be able to be operated with a very small pressure
35  drop for the ascending gas phase.



The achi evenent of this object starts out froma reactor for gas/liquid or
gas/liquid/solid reactions having a vertical |ongitudinal axis and |21Ii§§iz 0
-for aliquid or liquid/solid feed streamin the upper region of the r tg)ﬁ
and- for a gaseous streamin the |ower region of the reactor. 5 According
to the present invention, the reactor -i2s provided with at |east two chambers
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l'iquid ovekftawipiheibReRbIRABIMAL rab@pber, - the gas space above the |iquitd
surface_in each chanber IS connected to the 15 chanber |ocated i mredi ately

above i# by one or nore gui de tubes which opens (each open) into a gas

di stri but oradqeorNhERAh¥bicletRfntas, f Oor exit of gas below the Iiquid
surface, - and each chanber is provided with at |east one guide plate which

is arranged vertically around each gas distributor and whose upper end is
20 bel ow the |i qué desstorfiagrotiddd Waidls et 164 twe nchainthedd) angddeaoveusn@- t i ght
bottom plate of th ch%Fbgélgingi \gﬂ@%h di vides each chanber into one or nore
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at the same ti mﬁl,quﬁjm @gpﬂ{cq;dtﬁw(éséich%ﬁ%%g and gaseous phases after the

reaction is conplete wthout use_ o parts by neans of air-lift

circul ation of thfeg3si pasciabomedhe kigpidofurtape inysachs ghambenés gpnpectad @ fiebut or
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- and each chamber is provided with at least one guide plate which is
arranged vertically around each gas distributor and whose upper end is
20 below the liquid surface and whose lower end is above the liquid-tight
bottom plate of the chamber and which divides each chamber into one or
more spaces into which gas flows and one or more spaces into which gas

does not flow.

25 We have thus found an apparatus which ensures excellent mixing of phases in
multiphase reactions and a virtually constant composition of the reaction mixture
over the total volume in each chamber, i.e. both over its cross section and also, in
particular, over the height of the liquid, with, at the same time, simple separation of
liquid and gaseous phases after the reaction is complete without use of moving

30 parts by means of air-lift circulation of the liquid. The exit of the gas from the gas
distributor into the liquid space between gas distributor and the guide plate or
plates arranged vertically around the gas distributor reduces the hydrostatic
pressure in this liquid space relative to the liquid space through which gas does not
flow, resulting in a pressure gradient which is converted into kinetic energy. This

35 pressure gradient drives the air-lift circulation in the form of a flow which is
directed upward in the space through which gas flows, i.e. in the space between the
gas distributor and the guide plate (plates) arranged around the gas distributor(s), is
deflected by the guide plate (plates) in the region between the uppermost end of the



flow, resulting in a pressure gradient which is converted into kinetic
energy. This 35 pressure gradient drives the air-lift circulation in the
formof a flowwhich is directed upward in the space through which 98§07 7005
flows, i.e. in the space between the. gas distributor and the gui de pl ate
(pl ates) arranged around the gas distributor(s), is deflected by the guide
plate (plates) in the region between t-He- upper most end of the L ? O C 12005
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react ofgi s tﬁﬁé&@@ﬁﬁéﬁéaﬁ%é;ﬁé’ééxﬁ%&ed Puouldp&lrepgonetries, in particular a
cuboi dal geonetry, are also possible. The chanbers are separated from one

another by liquid-tight bottomplates, with 20 each chamber being connected
via a |iquiTheonaétbt @vniage t ofcbepm@w @ﬂ@hﬁﬁbérﬂ“ﬁxdpﬁ@ﬁm lffuﬁerznﬁanmo The

l'iquid overfl ow can bec or _ex in the form ube or a
shaft and &&ﬁm 51 By &.Hr%gﬁl%gﬁfrﬁ?h%tﬂ MWS G?artﬁ?fls‘?n&eqmtvﬁ % eactor.

I'n particulcgter. the liquid overflows of two superposed chanbers can be

| ocat egson opposite sides of the reactor. A liquid product streamis taken

of f fr 25 the bottommost chanmber via its liquid overflow The gas space
above t he IThgugabreamryf at ¢hd reastorhis cliequisetly icyliodnendc betd other tgeemetries, in

particular a cuboidal geometry, are also possible.

The chambers are separated from one another by liquid-tight bottom plates, with
20 each chamber being connected via a liquud overflow to the chamber located

immediately underneath. The liquid overflow can be configured, for example, in

the form of a tube or a shaft and can be located either within the reactor or outside

the reactor. In particular, the liquid overflows of two superposed chambers can be

located on cpposite sides of the reactor. A liquid product stream is taken oit from
25  the bottomumost chamber via its liquid overflow.

The gas space above the liquid surface in each chamber is connected to the
chamber located directly above it by one or more guide tubes which opens (each
open) into a gas distributor with openings for exit of gas below the liquid surface.
30  There are in principle no restrictions with regard to the number and arrangement of
the guide tubes: it is equally possible to provide a single central goide tube or a
plurality of guide tubes distributed over the cross section of the reactor. It is
likewise possible to provide a plurality of separate gas distributors each supplied
with gas via one or more guide tubes for each chamber instead of a single gas
35  distributor. A gaseous stream is introduced from outside the reactor into the gas

distributor of the bottommeost chamber of the reactor via one or more guide tubes.



chanber |ocated directly above it by one or nore guide tubes which opens
(each open) into a gas distributor with openings for exit of gas bggpp/fﬂﬁ
|l iquid surface. 30 There are in principle no restrictions with regar B %
nunber and arrangenent of the guide tubes: it is equally possible to
provide a single central guide tube ord4a plurality of guide tubes
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static barrier, away of liquid via the gas supply
tube (tubes) into the chanber situated below. 10 There are in principle no
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liquid surface in the chamber, preferably at a distance from the liquid surface of

about 10% of the total height of liquid in the chamber, preferably of about 30%,

particularly preferably of about 50%. It has been found that a particularly favorable

immersion depth of the openings for the exit of gas below the liquid surface in the
25  chamber is at least 50 mm. The openings for exit of gas are passed only by the gas
that is only by one phase.

The lower end of the gas distributor is preferably placed apart from the bottom of
the chamber, which means that the gas distributor is not completely dived into the

30  liquid. Despite this fact, due to the airlift-effect, an excellent mixing of the liquid is
assured.

The openings for exit of gas in the gas distributor are preferably placed apart from
the bottom of the chamber, preferably by 40% to 90% of the liquid height in the

35  chamber, measured from the bottom of the chamber to the liquid overflow.

The openings for exit of gas are placed in a preferred embodiment below the upper



particularly preferably of about 50% It has been found that a particularly
favorabl e imrersion depth of the openings for the exit of gas bel ov§ t\ﬂﬁ ?
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gas are passed only by the gas that is only by one phase. The | ower end of
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end of thet%?s Su e. this special constructive enbodi nent a siphon

u
like barritss e%te Slﬁg‘él%‘g?r &le f1 ow down of liquid via the gas supply tube
is provided In a preferred variant, the gas distributor (distributors) has

(have) aS| l,i ke co rat n in the form.of h i s closed
bt Lhe ¢ op TGRCeB s ameief cidpeeSuePt feffing GbehiRes fu e ukdEEPe oF rhe hood
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t ubes f18r supply of gas and the openings for exit of gas in its [ower part.

10 It iS |likew se possible for the hood to be open in its |lower part. The
upper cl osdtdisdikéwade nossibledfod thedwoldéo bebpen inhits lowgupatt.sur f ace, but it can

al so extend above the liquid surface into the gas space. 15 The hood of the
si phon like_gas distributor can in principle have any geonetric shape; it

i s possi bl &herunperglongd end phhej hoodcagdiephdlew the bﬂmdaﬁ age,dfut gaeatsaléthi ch ar e
connéct ed tegté;lagba@ﬂ,lgq ua €8 idtB 1t OR/Sp a&ction prefer abI y arranged in the
form og a cross and/ or par allel or concentrl cally or radially. 20

The hood of the siphon like gas distributor can in principle have any geometric

shape; it is possible, for example, for it to comprise a plurality of parts which are

connected to one another and are in cross section preferably arranged in the form

of a cross and/or parallel or concentrically or radially.

20
The number, cross section and distance from the liquid surface in the chamber of
the openings for the exit of gas are preferably such that the pressure drop
experienced by the gaseous stream in the gas distributor is in the range from 0.1 to
50 mbar.

25

The openings of the gas distributor are preferably located at the same height
relative to one another.

They can in principle have any geometric shape, for example circular, triangular or
30  in the form of slots.

The central line of the openings is preferably at a distance of from about 1 cm to
15 cm from the lower end of the hood. Alternatively, it is also possible for the
lower end of the hood to be provided with a zigzag edge instead of openings. In a

35 further alternative, it is possible for the lower end of the hood to be in the form of a
ring distributor.



The nunber, cross section and distance fromthe liquid surface in the
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pressure drop experienced by the gaseous streamin the gas distributor ig
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mass transf&t 2qt%ea is available for the specific gas/liquid or

gas/liquid/solid reaction, and, secondly, sufficient inpetus for the
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The guide plate can, in a preferred embodiment, be formed as a push-in tube

having the shape of a hollow cylinder. However, it is also possible, for example,

for it to have the shape of a simple flat plate.

20  The guide plate or plates is at a distance from the liquid surface and from the
bottom plate of the chamber, preferably so that substantially no throttling of the
liquid flow by the guide plate occurs. The distances of the guide plate or plates
from the liquid surface and from the bottom plate of the chamber are thus
preferably selected so that the flow velocity of the liquid is not altered or altered

25  only slightly by the deflection caused by the guide plate.

The total height of the guide plate is in principle subject to no restrictions. It can be
dimensioned appropriately, in particular as a function of the desired residence time
per chamber while at the same time ensuring sufficient mixing.

30
In a preferred embodiment, a solid catalyst can be installed in one or more,
preferably in all, chambers of the reactor, in particular as a bed of solid particles or
in the form of catalyst-coated ordered packing, for example monoliths.

35  Furthermore, installation of an ion exchange resin in one or more, preferably in all,
chambers is preferred.



for it to have the shape of a sinple flat plate. 20 The guide plate or
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advant ageous for carrying out slow equilibriumreactions which are to be

brough to a high conversion, frequently from90 to 99.9% Furthernore, the
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nunber of Hhoumsgg step. It is also snitable for continuous reactions which are. first order or
higher and are to be brought to a high degree of conversion, for example the
20 reaction of propylene oxide with carbon dioxide to form propylene carbonate and
for hydrogenations, for example for color number hydrogenations.

The reactor of the present invention is especially useful for carrying out
equilibrium reactions which are to be brought to a high conversion and in which a
25  coproduct is continuously removed as vapor from the reaction mixture by means of
inert gas or by means of one of the reactants so as to shift the reaction equilibrium
in the desired direction. Examples of such reactions are esterifications, for example
the esterification of phthalic acid or phthalic anhydride with alcohols to form
phthalic esters which are preferably employed as plasticisers or the esterification of
30  adipic acid or acrylic acid with alcohols to form their esters. A characteristic of all
these reactions is that the water formed is removed continuously from the reaction
mixture by means of a countercurrent of inert gas or preferably a countercurrent of
alcohol vapor for the purpose of shifting the reaction equilibrium. Further
examples are transesterification reactions, in particular the transesterification of
35  polytetrahydrofuran having terminal acyl groups in the presence of lower alcohols,
preferably methanol, to produce polytetrahydrofuran having terminal hydroxyl

groupS.



15 The reactor is particularly useful for carrying out gas/liquid or
gas/liquid/solid reactions in which it is not only the nmass transfer area
whi ch represents the rate- limting step. It is also suitable for comtmmw b
reactions which are. first order or higher and are to be brought to‘a 3
degree of conversion, for exanple the 20 reaction of propylene oxide wth-
carbon di oxide to form propyl ene carborate and for hydrogenations, for
exanpl e for col or nunber hydrogenations The reactor of the present

e to be HPsuBReed R Lo ofBh 0 of LipeedR dad 58 SRR S

conti nuousldyawmgnved as vapor fromthe reaction nmixture by neans of inert
gas or by neans of one of the reactants so as to shift the reaction B
equilibrium in the desired direction. Exanples of such reactions are
esteriffcaffignrs ! f ohowsanphgtudined segiicey thfdughts Brst embpimkeait o aabhapber

pht hal i ¢ anhydri de of

preferably enpl oyeddﬂwaijfh[z)i !gg%l%gérg;enfggt ofr%t rgﬁggg}g}ﬁ ﬁ?]g:l%?%%r%g? Sggmg{j?lpl c acid
or acrylic acid w tfig-dr@8%ol s to formtheir esters. A characteristic of all
t hese reactions is that the water fornmed is renoved continuously fromthe
reaction mxture by neans_of ~.a _countercurrent of iner as_or preferably a
count er cur F&Re gPﬁ’BhBI longitydinaly - sectien irosisde drcham 5’?? g & iechct i on
equi | i b@i um Furt hesmboditaem! s REQof AQDEESE &) ihbiprédeh O vERBE, vatiScrobaN
particul ar the transesterl |caE| on of 35 pol ytetrahydrofuran having term nal
acyl groups in the ﬁ?é@elﬁ‘ ¢ “fower al cohol s, preferably nmethanol, to
produce pol yt etrahydrofuran haV| ng term nal hydroxyl gr oups. 210CT2U5 8 The

i nvention h le: In
he dr ani g 5 OAEReS, By b Bt bbb, o Gt i oPincfe bbbty AR08 SEE
enbodi ment coé aaotbhraﬁb@lﬁ lonﬁlt@lnaéai@p@uoram@mpm It with h@lepiiéglenthqum/@hu on,
Wi th cyess haﬁﬁf/go% f‘e&i strd o nitﬂ?e @?ﬂ Féc?%H EnPar® Hﬁ&sa for! aog&'eﬁﬁbdét%}n gection

t hrough a chanber of a second nt of a reactor accqording to the
present | nin 9% regjophok: fhsskeactor 1, with each chamber 4 being provided witha

bottom plate 3, liquid overflows 6 which are shown, by way of example, in the

interior of the reactor 1, and a gas space 7 above the liguid surface in each chamber

4 which is connected, by way of example, via a guide tube 8 to the chamber 4
20  located above 1t and opens into a siphon-like gas distributor 9 in the form of a hood

10 closed at the top and having openings 11 for the exit of gas in its lower part.

Around the siphon-like gas distributor 9, there are arranged guide plates 12 which

are at a distance from the liquid surface and from the bottom plate of the chamber

4 and divide the chamber 4 into a plurality of spaces 13 into wkich gas flows and a
25  plurality of spaces 14 into which gas does not flow.

The cross-sectional depiction in fig. 1a shows the shape of the hood 10 of the gas
distrabutor 9, in the present case, by way of example, made up of parts arranged in
the shape of a cross and parts arranged in parallel.

30
In the longitudinal section of a further illustrative embodiment in fig. 2, the same
reference numerals refer to the same features as in fig. 1.

The cross-sectional depiction in fig. 2a shows the radial (as an example)
35 arrangement of the parts of the hood 10 of the siphon like gas distributor 9.

Example



section in figure 2a. Fig. 1 shows, by way of exanple, one of two or nore
chanbers 4 | ocated above one another in the longitudinal directionin a
reactor 1 with inlet 2 for a liquid or 15 liquid/solid feed strean1|ﬂ4 Pg q
upper region and an inlet 3 for a gaseous streamin the |ower regiadn’ d g%
reactor 1, with each chanber 4 being provided with a bottomplate 5, liquid
overflows 6 which are shown, by way of “éxanple, in the interior of the
reactor 1, and a gas space 7 above the liquid surface in each chanber 4

whi ch is copnnected, by . f ex I via i de t.ube 8 to t hanber 4
20 1 ocat edt ABp et Pyate By eheo BT ERuSoAkE iRl Bt e el e
formof a hrergﬂt 01(1 880 vede anixetenttbp fand diay inmgt ophnk ngsts 1Hy f\w:ngltthff exit of
aS|n|tsI o] S here afe
grranged gw e p_a esmi)iﬁgh%gﬁmg;hr%g ggﬂg&‘& {?ncm&m t}hp%c? e rsaurface
and frdm t ethhooliomdiim mecthdxide solohamivere adiledrad cdialyistiand the mixanbe'ram into a
plurality &hoﬁ&%%ggtﬁhé rl.{pgwﬂﬂéisﬁrbtﬂﬁﬁ)e; | gwe réél‘i!oraa dik Yo {Hel }S %mSpaceS 14

into which gas. e cross-sectional depiction In | a shows
t he shape Bivertien Hgyngl 0 Oofchambergagnd diegeted.o A obtrapm | of ARt MSé'mOTcase, by

way of exagmlr ﬁe? P 28 xp EFE% apf IR rhilydrbfifas "ARGRE As&d Osgeand parts

arranged in pa aII 30 In |tud|nal section of a further

illustrati woéwédﬂwnﬁeﬁcw@t 12‘0 he Rofiommestt ghapphes Fﬂjﬁgﬂhl@tr@mﬂer to the

same f@at UE@Fodst lmibtﬁjdgacaﬂate TRk OsTonSEIC kb 3696 efisCAdhaevel fubt B théa shows
t he radi al ?gs an xa | e) 35 arrangenent of the parts of the hood 10 of

t he si phon" r| butor 9. Exanple 2_ " O Cl 2005 9 Three parts by
wei ght of pol yt etrahydrofuran di acetate having a nean nol ecul ar weight of 1

880 wer e r I hanol in
S it ng. oD flslte MaGoLObERRIR Bt thish IErBEOR <Ot ) Hltnc? i BEDAD
sodi um et fsssgisled sforthen tanseeierifigatied r@a@neatcmlcymd amdhe ehambrisutasatsds
'ntrOdISCGdﬁirﬁHEPdB\bﬁ 1HRH@E€R§£ ANREDSEseR irRehGRE e 9&9 ABniMidlle present

i nvention havin nbers and reacted, A streamo anol vapor
from each chamber was passed via liquid overflows into the next chamber

underneath, with mean residence times of 14 min in each chamber.

In the bottommost chamber, the methyl acetate was removed from the reaction
20  solution down to a residual content of < 0.1% by weight. '
The methanol vapor ascending in countercurrent to the reaction liquid became
increasingly enriched in methyl acetate from chamber to chamber, while the
methyl acetate contents of the liquid phase in the chambers decreased
correspondingly from the top to tae bottom. As a result of the reduction of the
25  methyl acetate contents at a residence time of 15 min per chamber, a conversion of
; the polytetrahydrofuran diacetate used of 99.9% was achieved in the last,
| bottommost chamber.

The height of liquid in each chamber was 25 cm. Each chamber was provided with
30  a gas distributor having openings for the exit of gas at a distance of 10 cm below
the liquid surface. Owing to this small hydrostatic pressure difference, there was
only a small temperature spread, from abut 65 to about 68°C, over the height of the
boiling liquid reaction mixture in each chamber. As a result, no coloring
components and thus an excellent product quality were obtained.
35
The gas distributors were each located within a push-in tube which was located at a
distance from the liquid surface and from the bottom plate of the chamber and



corresponding to 0.3 kg per kg of polytetrahydrofuran di acetate used were
introduced in countercurrent into the bottonmmost chanber to strip oj.;bhfa Ubg
- coproduct nethyl acetate. A conversion of about 96% was achi eved just ' 12
upper nost chanber. The further renoval of nethyl acetate fromthe reaction
solution together with the associatedl@urther transesterification reaction

occurred i gnhidi@ (6B 2ARRPS thRCA§RMe o W BAs HOWEN Al 4 §fack BRE MficiOEast he

present inventiagn. The liquid reaction m ;(6t ure from_each chanber was passed
via |iqui disiRatiiasnn 3 progs-pertionalares ke 00:40h dsraweatlh of thetgpofmaiRingesi dence
times of 14 terhimbescihe@hatiaent dffihé hRtHabl wipop shthGhabledcetddiadiRidhy |
acetate was rergg\/?es% f-‘g\g{mthe/ﬁa tion, 20 solution dow to a residual .
content of 329 390X OhERPO A SAPRHEM- vapor ascending i n count ercurr ent
to the Feaction liquid becanme increasingly enriched in nethyl acetate from
chanber toﬁg)harr‘oeéi whi | lthe met hyl acetate contents of the |iquid phase
in the chamfSIRAY (Y?g’é%‘g ecorrespondi ngly fromthe top to the bottom As a
result of the reduction of the 25 nmethyl acetate contents at a residence

ti f 150 . i f . | f

di acet at e Eg}eﬁoﬂsﬁﬁi%%g ﬁﬁgﬁ@& .c%%;%mac%?ﬁ,‘%bi %ﬁn;:i.ggﬁ fgf,f’ me The
hei ght of bliagaicasdade ecfc . pRjuted Eaedanctesidonge of @bpated wi t h
30 a 9@y diS%l{lfsgtl%lgﬁarE@Y& Rk aﬂﬁn}eeﬂéné&ﬁmmﬁr @.F :hbﬁf%‘;fogetﬁe gj}o&syinshﬁnce of 10

cm below the |1 surface. OMng to thi s sma rostatic pressure

di f f er encereactos of thgpresesh iRveptia PRIBEE the ‘EﬂPéO‘B}S%/@&&}ﬂ pEGACIBAIreds to
about 68C, f1e%f0.8tt6®.9RE 8hinefanbhapo Pkt kN 6f poiStetdh@Ofirh® BiabkesteUised,! N each
chanmber. As a.resylt, no colorin conIFonEn S and.tlaés ﬂnn excel l.ent product
qual ity welr& 20904} %"d?lmﬁ%ﬁ‘ﬁ?énﬂﬁg ofimethangl, VeRL IR e RIRSESE 4P (it hi n a
push-in t ubscwhiof thevassenoiraesdorat a di stance fromthe liquid surface and
from t{? bottom pl ate of the chanber and 2i OCT2005 10- divided the chanber

into aspace into which gas flowed and a space into which gas did not. flow
in a cross-sectional area ratio of 60:40. As a result of the good m xing



in the chanbers, the enrichnent of the nethanol vapor with nmethyl acetate
reached about 85 95% of the vapor/liquid equilibrium 5 Cbnparat|VQ1eg@mRMp
For conparison, the same transesterification reaction was carried out In
four- stage cascade of stirred tanks. This required a nean residence tine of
about” 10 8 hours conpared to the total residence time of 2.5 hours for the
process in the reactor of the present invention. Stripping of the coproduct
met hyl acetate required fromO0.8 to 0.9 kg of methanol vapor per kg of

pol yt et rahydrof uran di acetate used, -ille. about three times the anmount of

met hanol vapor required for the process in the reactor of the present -
invention. 15 2 1 OCT 2005 - Il W claim 5 Areactor (1) for gas/liquid or.
gas/liquid/solid reactions having a vertical |ongitudinal axis and an inl et
(2) for a |'Weaslaiogr |iquid/solid feed streamin the upper region of the
reactor sand an inlet (3) for a gaseous streamin the |ower region of the
react or (1) characterized by 10 - at |east two chanmbers (4) arranged above
one anot herl.i n tAceagtenglh i@mg%/lhqaldr o gasfliuidiselick reactipes bavinpereeria@l are

separated from opgoaR@hiieixiPind hiluiler @) %&taﬁq&fﬂcﬁlﬂh | @LQR feall stréa@m-ineach
chanber (4) is c nnect ed vi afa l'i quid overfJ w éh%ﬁr o the chanmber (4)
h

| ocat ed i medi at BF PPRAGEEHEIHhS fercton and Angt 2583580 Steeamy WBR of f vi a

the liquid overflooxsr tpiombf thb eedetdrt(®)ehsdactetiastdiey (4), - the gas space (7)
above the liquid surface in each chanber (4) is connected to the chanber

(4) Ioé ted i medi ately above it by one or 20 nore guide tubes (8) which
opens (each opemn) iatt deast gaw dhsimbelsut{dr af@hged above one another in the

longitudinal direction, where
- - the chambers (4) are separated from one another by liquid-tight bottom
plates (5),
15 - each chamber (4) is connected via a liquid overflow (6) to the chamber
(4) located immediately underneath and a liquid product stream is
taken off via the liquid overflow (6) of the bottommost chamber (4),

- the gas space (7) above the liquid surface in each chamber (4) is

connected to the chamber (4) located immediately above it by one or
20 more guide tubes (8) which opens (each open) into a gas distributor (9)

provided with openings (11) for exit of gas below the liquid surface,

wherein the openings (11) of the gas distributor (9) for exit of gas are

spaced apart from the bottom plate (5) of the chamber (4), for 40% to

90% of the liquid height in the chamber (4), measured from the bottom
25 plate (5) of the chamber (4) to the liquid overflow,

- and each chamber is provided with at least one guide plate (12) which
is arranged vertically around each gas distributor (9) and whose upper
end is below the liquid surface and whose lower end is above the
liquid-tight bottom plate (5) of the chamber (4} and which divides each

30 chamber (4) into one or more spaces into which gas flows (13) and one
or more spaces into which gas does not flow (14).

2. A reactor (1) as claimed in claim 1, wherein the openings (11} of the gas
distributor (9) for exit of gas are situated below the upper end of the gas

35 supply tube (8).

3. A reactor (1) as claimed in claim 1 or 2, wherein the gas distributor (9) has



provi ded with openings (11) for exit of gas below the liquid surface,
wherein the openings (11) of the gas distributor (9) for exit of gas are
spaced apart fromthe bottomplate (5) of the chanber (4), for 40% t%of; B?p?ﬁ{]lj
of the liquid height in the chanber (4), neasured fromthe bottom 2Z5 plate
(5) of the chanber (4) to the liquid_qgyerflow, - and each chanber is
provided with at |east one guide pI ate (12) which is arranged vertically

around each gas distri bLf(é 9) and.whose upper is belowthe liquid
surface and whosa SIPdRRAkE 58 lgméﬁ%‘\‘/él Eh%eform‘éﬁﬁléilqdl(éﬂldﬁﬁﬁdttérﬂl%t%’te (5) of
t he chanber (4) and which divides each 30 chanber (4) into one or nore

spaces into mhic as f 13) ,an nor e .spac nt ni ch gas does
ngt flow (1%). 2 a‘FBﬁbS&F C} )e‘gléngl ﬁEWgFW 'ihﬁl}ﬁ‘?feg"?%?e? aégenl ngs

(11) of the gas dﬂtrﬂiutmhubpén(r&)slbmarpmt of gas are situat ed bel ow t he
upper ergd of the gas 35 supply tube (8). 3. Areactor (1) as clained in
claiml “or 2, wherein the gas distributor (9) has 2 1 OCT 2005 -12- a si phon
i ke confi gilr at i anrepciot iit) dnclarodd m Hemal 3(&04, whasidthe obliés) t(dY). ofithe A
reactor (1) as c I (o) i ke gas
distributor is o%)gh&?gﬂdet 2 cﬁlstg‘bﬁtor&??é)gls (atr% mQ&Q%B éf%})e(f ‘ﬂal rre in
claim3 or 4, mefhmhnamtf@nh%m ) opqel)lotbtr itk In ﬁqsh@ncthnk@reg@xsanged m

di stributor(s) (&)efbﬁn(ﬁa%}osgaﬂé/oygmaﬁeltmoﬁéen@éa@ Ratidiany\hi ch are
connected to one another and, Iin cross section g arranged in the form of

a crosdland/ or parallel or concentrically or radially. 10 6. A reactor (1)

as claimed ¢.n any @hctét &) dlafiredSin adfedfedlfinishietd 8 RBEreathe rﬁjni&r%dt he
openi ngs (11) for.

th Xlt af d their distance fromthe
s e hiah Bt e apesing® P00 0% 4t 'S4t g e “prik el from e (e
gaseous stream i hquiiesugfase il dierdhautber (4)re isslected tshehatathg eréssae dop ofo 50 15

mbar, preferabl ythfe rg%gt]:o%s%trtegmjig tﬂpﬁgs distributor (9) is in the range from 0.1 to 50
15 mbar, preferably from 0.5 to 10 mbar.

7. A reactor (1) as claimed in any of claims ! to 6, wherein the openings (11)
for the exit of gas are each located at the same hcight relative to one
another.

20

8. A reactor (1) as claimed in any of claims 3 to 7, wherein the openings (11)
for the exit of gas are located in the lower part of the hood(s) (10) at a
distance of from 1 to 15 cm from the lower end of the hood(s) (10).

25 9. A reactor (1) as claimed in any of claims 1 to 8, wherein the guide plate(s)
! is (are each) at such distance from the liquid surface and from the bottom
plate of the chamber (4) that substantially no throttling of the liquid flow by

the guide plate(s) (12) occurs.

30 10. A reactor (1) as claimed in any of claims 1 to 9, wherein at least one guide
plate (12) arranged vertically around each gas distributor (9) is in the form
of a push-in tube.

11.  Areactor (1) as claimed in any of claims 1 to 10, wherein the guide plate(s)

35 and the gas distributor(s) (9) is (are) arranged in such a way that the cross-
sectional area through which gas does not flow is in the range of from 10 to

80%, preferably from 40 to 60%, particularly preferably 50%, of the sum of



7. Areactor (1) as clainmed in any of clains 1 to 6, wherein the openings
(11) for the exit of gas are each |located at the sane hei ght rel ativ1e[]ﬁ]om5
one another. 20 8. A reactor (1) as clainmed in any of clainms 3 to ';
wherein the openings (11) for the exit of gas are located in the |ower part
of the hood(s) (10) at a distance of froml to 15 cmfromthe | ower end of
the hood(s) (10). 25 9. A reactor é}) as clainmed in any of clains | to 8,
wherein the gui déheptrasegesjionalsar¢asr reughhwhich gascilows sndttweugh hicthgas i qui d
surface and fromdl;_,ggen&qun,@m plate of the chanber (4) that substantially no
throttling of the liquid flow by the guide plate(s) (12) occurs. 30 10. A
reactor (1) as clainmed in any of clains 1 to 9, wherein at |east one guide

plate (12) aprangegav@F (i Xa ¢MinfdomNehyesthaigast ¢ $1 1 wheter iheDqui®tibft t he
form of_a push-in_ tube. 1&5( Ad/re%g:tor .1).. as cdgsu n&d i.n an (;qf clfums lto
10, wher=in the bﬂ%@ tes &Y apd/ogsnegas RFHELYRE @) 2p Pbﬁtec%"(‘gﬁpl(a?f( 9 (are)
arranged i n suchag cwafigtdedtasthes: exchaspes pRitdsonal area through which gas does
not flowis in the range of from10 to 80% preferably from40 to 60%

particularly preferably 50% of the sumof 21 OC T 2005 - 13 the cross
sectional ai®as threaugh (Whas blagaed fin ang ofirnthitlarioteg b2 wWvhereirgase ofl @@se,not

flow. 12_ A reac s ¢l aj I n I - 1.0 in the
liquid-tight 5 %%%Pl(g)#;g a gﬁ%ﬁ?g%klg}%r%agées g‘g@%‘r‘é’bﬁ%ﬁ%?f’syﬁg ﬂ3‘r’¥d/ or the
gui de plGtes (12§14)arith weerts Gibo dor assomeamndabnrg hatakyst boglies, ®dth A, ormexsact or

(1) as clainmed i : j : whsh&lan r e ers (4)
are provided in ?ﬁgﬁésﬂb é%%h %ﬁghﬁﬁ%:%lﬁ as %‘égegpﬁlg%ggf fﬁ{slgﬁei‘%@% th
inserts (15) f or Sidet aersameabl§ tegwl%l@d wherhedre apep ot dhtetopr andoslesed/dr t i cal |

preferably synmretdel Kool aad WADRGi ! RIAedPe S$RBE (57)(iAGe WaASEOS 1BE GaRlear e
perneable to Ilqu%%?zg whi ch are open at the top and closed at the bottom
and with |iquid-B e walls (17) in the region of the guide

15

14. A reactor (1) as claimed in claim 13, wherein vertical perforated tubes (18)
which are open at the top and closed at the bottom are provided in place of
the drainage shafts (16).-

20 15. A process for carrying out gas/liquid/solid reactions in a reactor (1) as
claimed in any of claims 1 to 14, wherein a solid catalyst is installed in one
ore more, preferably in all, chambers (4) of the reactor (1) in the spaces
through which gas does not flow (14), in particular as a bed of solid
particles and/or of in the form of catalyst-coated ordered packing or as a

25 catalyst coated monolith.

16. A process for carrying out gas/liquid/solid reactions in a reactor (1) as
claimed in any of claims 1 to 12, wherein a suspended solid catalyst is
installed in one or more, preferably in all, chambers (4) through which gas

30 does not flow in the reactor (1).

17. A process for carrying out gas/liquid/solid reactions in a reactor (1) as
claimed in any of claims 1 to 18, wherein an 1on exchange resin is instalied
in one or more, preferably in all, chambers (4) through which gas does not

35 flow.

18.  The use of a reactor (1) as claimed in any of claims 1 1o 14 or a process as



plates (12). 15 14. A reactor (1) as clained in claim13, wherein verti cal
perforated tubes (18) which are open at the top and cl osed at the 9?132?]
are provided in place of the drainage shafts (16). 20 15. A processtf il
carrying out gas/liquid/solid reactiqqﬁ_in a reactor (1) as clainmed in any
of clains | to 14, wherein a solid catalyst is installed in one ore nore,
preferably in all, chambers §4),of the reactor (1) in the spaces through
whi ch gas does né&laimedip gt claimsphy o Wuien canying eriequribsim wackienss It es

and/or of in theph@icll®ftrasdtdrficitosd of polvetrdieyRefuPAL Kosinfly ASIdky &Rl
catal yst coated nonolith. 6. A process. for a%$¥|qg out %? AR u&gésolld
reactions in a r 8§85y eitiﬁﬁ%ﬁgonsell%ipﬁ’éﬂ’um qn@“ PG gt hjghen slCofplsr e n a
suspended sol i d edieafigusions,s reariaigalivlefd, | hydiobsey am) ehenpaedtalr abimtation al |,
chanber s, (4) throgﬁg whi ch gas 30 does not flowin the reactor (1). 17. A

process ?or carr§? oBut gas/liquid/solid reactions in a reactor (1) as
claimed in any of clains 1 to 18, wherein an ion exchange resin is installed

in one or e, < | ], : | C es not
35 flow. 1g?§Theﬁﬁgé§%%P§¥¥%§%ﬁﬁﬁé?§F§§?%% g%ﬁ%ﬁ&?ﬂﬂ%ﬁ@c%@kyggﬁﬁés to 14 or
a process as 2 1presemt af axpage phasegs distedlgd upstsemyn.of clains 15 to 17 for
carrying out equilibriumreactions, in particular transesterficatons of

pol yt et rahydr of uran contai ni ng acyl oxy end groups, esterfications, in
particul%r of phthalic acid with higher alcohols, etherfications,
rearrangenents, hydrolyses and hem acetal formation 5 reactions. 19. The

use as clained in claim 18, wherein a reactor in which the reactants are
present as a single phase is installed upstream 10





