21 DEC 2006 -1 Reactor for gas/liquid or gas/liquid/solid reactions 5 The
present invention relates to a reactor for gas/liquid or gaS/liq“idléfhE§ZMB
reactions and to a use. In chem cal process engineering, reactions are
frequently carried out in gaseous/liquid or gaseous/liquid/solid phases.
Here, the gaseous phase can be, for exahple, a starting 10 material, a
reaction auxiliary or a conbination of the two. A liquid phase or a
solid/liquid phase is frequently passed through a reactor in countercurrent
to a gaseous phase. Such a reactor with countercurrent flow of a liquid or

| i quid/solid feedstredeand for gasiepiia or ghs/Hquid/selidreadtidnsom DE- A 101 20
801.4. Here, a close approach to the thernodynamc 15 gas/liquid
equilibriumis achieved even at |long residence tinmes of the liquid or
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substantial separation of gaseous and |iquid phases being ensured after
mxing is conplete as a result of the particular construction of the
reactor according to the air-lift |loop principle. 20 The parti cul ar
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phase by excellent mixing of the phases being achieved and substantial separation of
gaseous and liquid phases being ensured after mixing is complete as a result of the particular

construction of the reactor according to the air-lift loop principle.

20  The particular construction of the reactor of DE-A 101 20 801.4 comprises

at least two chambers arranged above one another in the longitudinal direction,

where

- the chambers are separated from one another by liquid-tight bottom plates,

25 - each chamber is connected via a liquid overflow to the chamber located immediately
underneath and a liquid product stream is taken off via the liquid overflow of the
bottommost chamber,

- the gas space above the liquid surface in each chamber is connected to the chamber
located immediately above it by one or more gas inlet tubes which opens (each

30 open) into a gas distributor provided with openings for exit of gas below the liquid
surface,

- and each chamber is provided with at least one guide plate which is arranged
vertically around each gas distributor and whose upper end is below the liquid
surface and whose lower end is above the liquid-tight bottom plate of the chamber

35 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.



surface and whose | ower end is above the liquid-tight bottomplate of the
chanber 35 and whi ch divides each chanber into one or nore spaces into which
gas flows and one or nore spaces into which gas does not flow 21 ?ﬁ %O}B@B
-2 As aresult, excellent mxing in the case of nultiphase reactionS an
virtually constant conposition of the .reaction m xture over the total
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outside the guide plate (plates) from the top downward, and above the 11qu1d tight bottom
plate of the chamber and below the bottommost end of the guide plate (plates) is once again
deflected into an upward directed flow, thus closing the loop.

20
It is an object of the invention to provide a reactor for gas/liquid or gas/liquid/solid reactions
which has intensive mixing of the phases according to the air-lift loop principle and is more
economical than reactors of the prior art, in particular by means of simpler construction of
the gas distributor, and also displays little susceptibility to malfunction caused by pulsation.
25  Furthermore, the reactor should have a modular construction of the gas distributor and thus
be able to be matched flexibly to the specific operating conditions.

We have found that this object is achieved by a reactor for gas/liquid or gas/liquid/solid
reactions having a vertical longitudinal axis and an inlet for a liquid or liquid/solid feed
30 stream in the upper region of the reactor and an inlet for a gaseous stream in the lower

region of the reactor, comprising

- one or more chambers arranged above one another in the longitudinal direction,
where
35 - each chamber is bounded at the bottom by a liquid-tight bottom plate,



25 Furthernore, the reactor should have a nodul ar construction of the gas
distributor and thus be able to be matched flexibly to the speC|f|cz1 DEC 7006
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pi eces are present in the gas distributor nodule. It has been found that it

is possible to construct the gas distributor for a reactor from straight
t ube sectin thagedctoraf shepreenhirvaeion, Thei gas dstrithkordoodulel si madecumofestraight tubabes

Whi ¢y Nay@ions. This means that no bent or curved tube pieces are present in the gas distributor

module.

It has been found that it is possible to construct the gas distributor for a reactor from straight
tube sections in a simple manner. This can be done using commercial tubes which have

20  been cut to the required dimensions.

It is not necessary for the individual pipe sections forming the gas distributor module to be
connected to one another in a completely gastight manner; a connection which is
mechanically stable is sufficient.

25
The geometry of the tubes which can be used is in principle not subject to any restrictions.
For example, it is possible to use tube sections which are hollow cylinders having a circular
cross section or tube sections which are hollow cylinders having a four-sided, in particular
rectangular, cross section.

30

The gas distributor module is preferably constructed in such a way that the pipe sections are

arranged at right angles to one another.

In this case, the gas distributor module is preferably provided with a vertical tube section
35  which encloses the upper end of the gas inlet tube and to which two or more horizontal tube

sections are connected, preferably in a symmetrical fashion around the vertical tube section.



20 been cut to the required dinensions. It is not necessary for the
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mechani cal ly stable is sufficient. 25 The geonetry of the tubes which can be
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15  One, two or more horizontal tube sections having openings for exit of gas are connected to
the vertical tube section. Preference is given to two or more horizontal tube sections, in
particular horizontal tube sections arranged symmetrically around the vertical tube section,
being provided. As a result of the symmetrical arrangement of the horizontal tube sections
around the vertical tube section, uniform introduction of gas in the cross-sectional plane is

20  achieved.

The vertical tube section is preferably formed by a hollow cylinder having a circular cross
section and the horizontal tube sections are preferably formed by hollow cylinders having a
four-sided, in particular rectangular, cross section. '

25
In a preferred embodiment, each gas distributor module has two horizontal tube sections
which are arranged in a straight line. The overall gas distributor module is thus effectively

planar.

30 Itis possible to arrange all horizontal tube sections of the gas distributor module at the same
height. However, it is also possible to attach horizontal tube sections to the vertical tube

section at two or more different heights.

The gas distributor is preferably configured so that, after installation of the gas distributor in
35  the reactor, the horizontal tube sections are located at a distance from the bottom plate of the
chamber, preferably a distance of from 40 to 90% of the height of liquid in the chamber,
measured from the bottom plate of the chamber to the liquid overflow. This particular
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liquid-tight bottom plate of the chamber.

The distances from the guide plate or plates to the liquid surface and to the bottom plate of
the chamber are preferably set in such a way that the flow velocity of the liquid does not

20  change or changes only slightly on being deflected by the guide plate, so that the guide plate
causes essentially no reduction in the liquid flow.

In a particularly advantageous embodiment, the gas distributor modules are arranged in
rows on the liquid-tight bottom plate of the chamber, or on each liquid-tight bottom plate if
25  the reactor has a plurality of chambers, and the horizontal tube sections of the gas distributor
modules of each row are each arranged in a straight line and the horizontal tube sections of

different rows are arranged parallel to one another.

It is possible for the ends of the horizontal tube sections of the gas distributor modules of
30  one or all rows to touch one another or be connected to one another or for them to leave a
gap between them. Other arrangements of the gas distributor modules on the liquid-tight

bottom plate of the chamber(s), for example a radial arrangement, are also possible.

In a particularly advantageous variant of the above-described arrangement of the gas
35  distributor modules in parallel rows, a weir is arranged in each row of gas distributor
modules in the plane defined by the horizontal tube sections and the vertical tube sections
and the weir in each case extends in the vertical direction from the liquid-tight bottom plate
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20  The invention is illustrated below with the aid of a drawing. In the drawing:

Figure 1A shows a section through a chamber in the plane of a gas distributor module, with
a section in a vertical plane being depicted in Fig. 1B;

25  Figure 2A shows a horizontal section through a preferred embodiment of a gas distributor
module, with a vertical section being depicted in Fig. 2B and a three-
dimensional view being shown in Fig. 2C.

The section depicted in Fig. 1A in the plane of a gas distributor module 9 in a chamber 4
30  shows the introduction of a gaseous stream 3 via a gas inlet tube § through the liquid-tight
bottom plate 5 of a chamber 4. At the upper end of the gas inlet tube 8, the gaseous stream
enters the space enclosed by the vertical tube section 14 (which is closed at the top) of the
gas distributor module 9 and flows into the horizontal tube sections 15 of the gas distributo
module 9 which are provided with openings 10 through which the gas flows out into the
35  liquid held up on the liquid-tight bottom plate 5 of the chamber 4. On either side of the gas
distributor module 9 there is a guide plate 11 which in the preferred embodiment depicted in
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horizontal tube sections 15 of the gas distributor modules 9 of each row being arranged so
as to form continuations of one another. The liquid overflows are denoted by the reference
numeral 6. Flat guide plates 11 are located on either side of the gas distributors and weirs 16

20  are provided in each row of the gas distributor modules 9, in the plane of the latter, and
alternately leave passages free on the interior wall of the reactor 1. This forces a meandering
flow of the liquid reaction mixture in the chamber 4, as indicated schematically by the
curved arrows in Fig. 2A.

25  The vertical section in the plane A-A in Fig. 2B likewise shows the liquid overflows 6 for
the liquid or liquid/solid reaction mixture and a gas inlet tube 8§ for the gaseous stream 3 as
is provided for each gas distributor module 9, although the section depicted in Fig. 2B
shows only that for the central gas distributor module 9. The reference numeral 11 denotes
the flat guide plates which are arranged either side of the gas distributor modules 9 and

30 produce an internal, vertically directed loop motion of the reaction mixture, as indicated
schematically by the curved arrows in Fig. 2B. The weirs 16 are each arranged in the plane

of the gas distributors 9.

The three-dimensional view in Fig. 2C shows the arrangement of the gas distributors 9 with
35  vertical tube sections 14 and horizontal tube sections 15 in the chamber 4 of the reactor 1

having a liquid-tight bottom plate 5 and liquid overflows 6. The reference numeral 7 denotes

the gas space above the liquid surface in the chamber 4. The three-dimensional view in Fig.



35 liquid held up on the liquid-tight bottomplate 5 of the chanber 4. On
either side of the gas distributor nodule 9 there is a guide plalez%% P@@gh
in the preferred enbodi nent depicted in 21 DEC 2006 -7 the figure Ts F a
and which is |ocated at a distance fromthe surface of the liquid in the
chamber 4 and fromthe liquid-tight bottomplate 5 of the chanber 4. In the
section depicted in Fig. 1B, in a plane perpendicular to the plane shown in

Fig. 1A 2C3héRethelimifferdédt OfFhd Pkl iaRE Qibeh® fHF RitYohctBASofaHE ghdediR §th@nUppPer
end of the gas inlet

ube 8. intp  the space hetween the, i nl et be and
Che ver s vapwatubs pestion d4ovhichds GaSHal fedrp it gre et CidfBiagshand 5% he
depi ct i otheiafrafgegnent 4f thE dlat beideplaes 1t had thedatdvedoilol i ng arrow i n the space
bet ween the vertical tube section 14 of the gas distributor and the guide
plate 11, i.e. in the space 12 through which gas flows, and the
downwar d- pointing arrow i n the space 13 10 through which gas does not fl ow
outside the guide plate 11 indicate the air-lift circulation of the liquid
generated by the gas stream Fig. 2A shows a horizontal section through a
chanber 4 of a reactor 1 with, by way of exanple, seven gas distributor
nodul es 9 which each have a vertical tube section 14 and 15 two hori zontal
tube sections 15 having openings 10 for exit of gas and are arranged
symmetrically. The seven gas distributor nodules 9 are arranged in three
rows, with the horizontal tube sections 15 of the gas distributor nodules 9
of each row being arranged so as to formcontinuations of one another. The
liquid overflows are denoted by the reference nuneral 6. Flat guide plates
11 are located on either side of the gas distributors and weirs 16 20 are
provi ded in each row of the gas distributor nodules 9, in the plane of the
latter, and alternately |eave passages free on the interior wall of the
reactor 1. This forces a neandering flow of the liquid reaction m xture in
t he chanber 4, as indicated schematically by the curved arrows in Fig. 2A
25 The vertical section in the plane AA-Ain Fig. 2B |likew se shows the
liquid overflows 6 for the liquid or liquid/solid reaction mxture and a
gas inlet tube 8 for the gaseous stream3 as is provided for each gas
di stributor nodule 9, although the section depicted in Fig. 2B



shows only that for the central gas distributor nodule 9. The reference
nuneral 11 denotes the flat guide plates which are arranged either 251' El?ﬁ ﬂ]fﬂﬁ
the gas distributor nodules 9 and 30 Produce an internal, vertically
directed | oop notion of the reaction mxture, as indicated schematically by
the curved arrows in Fig. 2B. The weirs 16 are each arranged in the plane

of the Jéscldinstri butors 9. The three-dinensional viewin Fig. 2C shows the
arrangenent of the gas distributors 9 with 35 vertical tube sections 14 and
hori zontal tube sections 15 in the chanber 4 of the reactor 1 having a

|i qui d- t1i ght AbRhdtentop kad/Bqiid 8 Sasdlidiid/sblRMeAdHoAEaing 4 Rerticaf IBh@RfaIUNer al 7
denotes the gas space above the liquid surface in %he chanber 4. The

t hr ee- dianis 84 am dletpraliquid pr fquidsolitfedgueam & the uphewsgichef therraserradt  of

t he gas Ii1nI eit 0tubesse 8 flpami.nttr ol%uwc%i on of tghre %aseous is.tream 3 into the
vert i caf PO EEFTRE T iitRHOPET Bt B PHES COBPTEPE he gas

di stri but or s ofle ofMbrealhaMbedsierangd@ateeaBRS adkhdr hethellahgigMifiediécoas 11 and
the flat weirs 16. 9 21 DEC 200 W claim 1. Areactor for gas/liquid or

gas/ | i qui d/ sdihiers qaela elkanphes inbarinded at thebettasmby kdiqyid-tught baftomaplate, and an i nl et

for aliquid_or Liguid/solid feed streamin the, upper region.of the reactor
and an inl ef a(?hoclllag'%ara{g ggﬂ%ecgetdsg %ﬁflﬁlﬁtoﬁgr ogvv@ﬁh? {e%‘gﬁf 9 5B et. éherrggc Por,
conpri si ng one or bewivehe lgidaight Bstian gﬁ% RhRAVRIgAREcRMtich @Rd A lghide

| ongi tudi nal direction, where each chanber is bounded at the bottom by a

li qui d-tight bot t sradgriatieamds taler REmirthe liquidavsetave af thedotiommesi d over f | ow
to the interior rsngc eof the reactor below the |iquid-tight bottomplate
boundi ng t he cha hd a | iquid product streamis taken off via the

l'iquid overf kiewaekpidadelont tmmiegtd-tigh dohen pldd R @aseckip©ehbei@beeach
liquid-tight bottomplate is connected to the chanber [|ocated imediately

above it by one otocisddmgediately abovelibbs ongheranorsgan inl¢tinles vehigfhepeass &rtei but or
nodul e provi ded w

atggs 81@&@&&%1&&1& Sx)él/itde(? %vﬂ%%%e&%!gé) f%rteQﬁ: of gas below the

liguid surface in the chamber,
and each chamber is provided with at least one guide plate which is arranged
vertically around each gas distributor module and whose upper end is below
the liquid surface and whose lower end is above the liquid-tight bottom plate
of the chamber and which divides cach chamber into one or more spaces into
which gas flows and one or more spaces into which gas does not flow,
wherein the gas distributor module is made up of straight tube sections, wherein each
gas distributor module is formed by a vertical tube section which in each case encloses the
upper end of the gas inlet tube and to which one, two or more horizontal tube sections which

have openings for exit of gas are connected.

2. A reactor as claimed in claim 1, wherein the horizontal tube sections are hollow

cylinders having a circular cross section.

3. A reactor as claimed in claim 1 or 2, wherein the tube horizontal sections are

arranged at right angles to the vertical tube section.

4, A reactor as claimed in claim 1, wherein each gas distributor module has two or

more horizontal tube sections.



liquid surface in the chanber, and each chanber is provided wth at |east
one guide plate which is arranged vertically around each gas distri ﬁg@ ;
nodul e and whose upper end is below .tihe liquid surface and whose | H@
is above the liquid-tight bottomplate of the chanber and which divides
each chanber into one or nore spaces into which gas flows and one or nore
spaces into which gas does not flow, wherein the gas distributor nodule is

made up_of strai ection wherejn ea gas distributor nodule is
formed By a @erle"{“g‘&"aﬁs 3%&1?1% ‘O(Nr‘élﬁt V%@H tebessectigeis gdwdomtalindgsper end

of the HagngH kﬁéulﬁft@@ss%@&ﬁnoanmh@gheo Bfo of I‘HBreq{orfEBléﬁl QIBE i\@c?%h?tzaxle%uts ections

whi ch have openings for exit of ga$ are connecte reac as cl ai nred
i n cl ai sided, cvdseseitiont he hori zontal tube sections are hollow cylinders
having a circular cross section. 3. Areactor as clained in claim1l or 2,
wherein the tube horizontal sections are arranged at right angles to the

ver ti cak, t Ub reR& QR lnithed fh EAF| Wnd@inchl BRGilyGbARho HADRES n_each gas

di stributor nodule has two or nore horizon e sections 21 DEC
2006 Shorivontsh titberseetions wdiicheaie prramdediinma Straightdirei n t he vertical tube section
is a hollow cylinder having a circular cross section and the one, two or
nore horizontal tube sections have a four- sided, cross section.

react or7as Chabsmsk ds16mad i é'laani‘ Sy Bin @A HrigéRtaltuBE §écﬁh‘ﬁso%re QHQI'IQ?Q agas two

hori zontal tube sections which are arranged in a straight react or
as cl ai the¢amp heighi.m 1, wherein all horizontal tube sections are arranged at
the sanme height. 8. Areactor as clained in claiml, wherein the one, tw or
nore horizontal tube sections are |ocated at a di stance fromthe bottom

pl ate of, theaGhaihes cladmedid 8%t 0 wRdein il SR tddohblieRokizoWEfBE N the

openings for the exit of gas in the one, twd or nore horizontal tube
sect i onsectipes ae taatpddt a distamee fommtbe bothem iploaoEthe chasber.

0. A reactor as claimed in claim 1, wherein the openings for the exit of gas in the one,

two or more horizontal tube sections are arranged in one or more horizontal rows.
10.  Areactor as claimed in claim 1, wherein the guide plates are flat.

11. A reactor as claimed in claim 1, wherein the gas distributor modules are arranged in
rows on each liquid-tight bottom plate and the horizontal tube sections of the gas distributor
modules of each row are arranged in a straight line and the horizontal tube sections of

different rows are arranged parallel to one another.

12. A reactor as claimed in claim 11, wherein a weir is arranged in each row of gas
distributor modules in the plane defined by the horizontal tube sections and the vertical tube
sections and the weir in each case extends in the vertical direction from the liquid-tight
bottom plate of the chamber to above the liquid surface in the chamber and in the horizontal
direction extends at one end to the interior wall of the reactor while a passage for the liquid
is left free at the other end, in such a way that the weirs of adjacent rows of gas distributor
modules leave passages for the liquid free alternately on opposite sides of the interior wall of

the reactor.



10. A reactor as clained in claim1, wherein the guide plates are flat. 11.
A reactor as clainmed in claim1, wherein the gas distributor nodul e AQEC 200
arranged in rows on each Ili quid-tightiibottom plate and the horizontal tube
sections of the gas distributor nodules of each row are arranged in a
straight line and the horizontal tube sections of different rows are

arr anged3par & feadtort a3 chaimed motlasn 4, WRercifl thetwd armeas wriaomebtuba seckiansard 1,
wherein a weir is arragnged i.n each row of gas distributor nodules in the

pl ane dafieEd SWmteFfécaﬂB%F%ﬂtt verfigal WS SEFtEs and the vertical tube
sections and the weir in each case extends in the vertical direction from
the liquid-tight bottomplate of the chanber to above the |liquid surface in
t he chatber andadtor asrdaimed jiz clatma b, whiéreimahé ome, 6o enulsreaiortmostabiudbet o t he
interior wall. of the r.eactor ile a passage for the liquid is left free at
the ot h&CUgRYMAvER @H‘Eﬁgﬁ‘f’iﬁﬁgﬁngﬂﬁﬁcq’ﬁe@%qs of adjacent rows of gas

di stributor nodules |eave passages for the liquid free alternately on
opposite sides of the interior wall of the reactor. 21 DEC 2006 -11 13. A
react or 1as clAaicagdr asrclamad i dlaimBewbéminttheonapwo or morehdrmontabhitbal t ube

sections are arranged symetr.i cal,l round t vertjcal,. tub ection. 14. A
et or Ser0BS arF KRR arLATHHCS ok SoRoRIADAtS Rbhe R B HESHER RO SoEai ¢ ube
sectiongs ﬁﬁ‘hl%ia@t 5 oMk \‘ll\iﬁhﬂ% tﬁee&faﬁﬂ)gf;' s b @RS mSBE bbdn fial%e of thE ERGHBYY &S
clained 1n clai mS8, erein the one, two or nore horizontal tube sections
are | ocdteddiuat owrflowt ance fromthe bottom plate of the chanber of from 40%

to 90% of the height of the liquid in the chanber, neasured fromthe bottom
pl ate of the chanber to the liquid overflow.



