1 Reactor for gas/liquid or gas/liquid/solid reactions The present

I nvention relates to a reactor for gas/liqui d or gas/liquid/solid
reactions and to a use. In chem cal process engineering, reactions are
frequently carried out in gaseous/liqguldor gaseous/liquid/solid phases.
Here, the gaseous phase can be, for exanple, a starting 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 aliquid or liquid/solid feedstream and a gaseous streamis known from
DE-A 101 20 801.4. Here, a close approach to the thernodynam c gas/liquid
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construl§-on of the reactor of DE-A 10120 801.4 conprises - at |east two
chanbers arranged above one another in the |ongitudinal direction, where

the chagpbers are separated fromone another by |iqyid-tight bottom plates,
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di stributor provided with openings for exit of gas below the liquid
surfaceﬁ gnd each cghanber is provided with at |east one guide plate which
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bel ow t ftfeaim Bukitbwn from DE-A 101 20 801.4. Here, a close approach to the thennodynamic
gas/liquid equilibrium is achieved even at long residence times of the liquid or liquid/solid
phase by excellent mixing of the phases being achieved and substantial scparation 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.

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,

- 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
bottommeost chamber,

- the gas space above the liquid surface in each chamber is connected to the chamber
located immedjately above it by one or more gas inlet tubes which opens (each
open) into a gas distributor provided with openings for exit of gas below the liquid
surface,

- and cach chamber is provided with at least onc 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



surface and whose | ower end is above the liquid-tight bottomplate of the
chanber - 2 and which divides each chanber into one or nore spaces into
whi ch gas flows and one or nore spaces into which gas does not flow. As a
result, excellent mxing in the case afgztrul ti phase reactions and a
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 liquid-tight bottom
plate of the chamber and below the bottornmost end of the guide plate (plates) is once again
deflected into an upward directed flow, thus closing the loop.

1t 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.
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 bave 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
strearn in the upper region of the reactor and an inlet for a gaseous sweam in the lower
region of the reactor, comprising

- one or more chambers arranged above one another in the longitudinal direction,
where



be able to be matched flexibly to the specific operating conditions. W
have found that this object is achieved by a reactor for gas/liquid or
gas/liquid/solid reactions having a vertical |ongitudinal axis and an
inlet for aliquid or liquid/solid feed- streamin the upper region of the
reactor and an inlet for a gaseous streamin the |ower region of the
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requi regl L PRRG e present invention, the gas distributor module is made up of straight tube
sections. 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
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 commection which is
mechanically stable is sufficient.

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.

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
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.



It is not necessary for the individual pipe sections formng the gas
distributor nodule to be connected to one another in a conpletely gastight
manner; a connection which is nechanically stable is sufficient. The
geonetry of the tubes which can be useg.is in principle not subject to any
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that th e sections are arranged at right angleS to one anot her
this case, the gas distributor nodule is preferably provided with a
vertical tube section which encloses the upper end of the gas inlet tube
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being prowdei As a result of the synumetrical arrangement of the horizontal tube sections
around the vertical tube section, uniform introduction of gas in the cross-sectional plane is
achieved.

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

In a preferred embodiment, each gas distributor module has two horizontal tube sections
which are arranged in 2 straight linc. The overall gas distributor module is thus effectively
planar.

It is 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 distxibutor in
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



being provided. As a result of the symetrical arrangenment of the
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tube section is preferably forned by asholl ow cylinder having a circular
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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
change or changes ooly 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
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 paralle] to one another.

It is possible for the ends of the horizontal tube sections of the gas distributor modules of
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 chawber(s), for example a radial arrangement, are also possible.

In 2 particularly advantageous variant of the above-described arrangement of the gas
distributor modules in parallel rows, a weir is arranged in each row of gas distibutor
modules in the plane defined by the horizontal tube sections and the vertical ube sections
and the weir in cach case extends in the vertical direction from the liquid-tight bottom plate
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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;

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 iu the plane of a gas distributor module 9 in a chamber 4
shows the introduction of a gaseous stream 3 via a gas inlet tube 8 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 $ which are provided with openings 10 through which the gas flows out into the
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



Thi s arrangenment of the weirs produces a neandezing flow of the liquid in
the chanber. As a result, an apparatus which has many ideally or virtually
i deal |y back mi xed reaction stages connected in series and thus
corresponds to a |arge nunber of stirred tanks connected in series, wth a
correspondi ng increase in capacity, is provided in this way. To stabilize
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the gas distributor nodule 9 and flows into the horizontal tube sections
15 of ribuyto nodule 9 which are provided with openings 10
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as to form continuations of one another. The liquid overflows are denoted by the reference
numeral 6. Flat guide plates 11 are located on cither side of the gas distributors and weirs 16
are provided in each row of the gas distributor modules 9, in the plane of the latter, and
alternately leave passages free on the interfor 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.

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 § 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
produce ag iotemal, 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
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,



In the section depicted in Fig. 1B, in a plane perpendicular to the plane
shown in Fig, 1A the curved arrows indicate the flow of gas out fromthe
upper end of the gas inlet tube 8 into the space between the gas inlet

tube and the vertical tube section 14 o§-the gas distributor 9, anal ogous
to the depiction in Fig. 1A FurthernDre t he upwar d- pointing arrow in the

space %ﬁﬁﬁ stributor and the
gui de pI ate 11 {bQ Féﬁ}&}?lteo ﬁl‘% %Fésﬁgogw (ﬁ%w"éﬁﬁe’cq’lg
downwar dnEbtPﬁt"FWQﬂeﬁP Wntlﬁewbp‘ad%dpsed atitheotophofithe ghs @mbﬂmg rmtl alscow
out si de mﬂﬁrﬂ%ﬁ&n@bﬁﬂ:&ﬂhﬂ-gﬁﬂébﬁéﬁﬂﬁﬂtﬁéﬂaﬂ%& s . rculation of the liquid
generated by the gas stream Fig. 2A shows a horizontal section through a
chanber 4 of a reactor | with, by way of exanple, seven gas distributor
modul es 9 whi ch each have a vertical tube section 14 and 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
tows, with the horizontal tube sections 15 of the gas distributor nodul es
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
are provided in each row of the gas distributor nmodules 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 the chanber 4, as indicated schematically by the curved arrows
in Fig. 2A. The vertical section in the plane AAAin 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
distributor 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 side of the gas

di stributor nodules 9 and produce an internal, vertically directed |oop
notion of the reaction m xture, as indicated schematically by the curved
arrows in Fig. 2B, The weirs 16 are each arranged in the plane of the gas
di stributors 9.



The three-di mensional viewin Fig. 2C shows the arrangenent of the gas
distributors 9 with vertical tube sections 14 and horizontal tube sections
15 in the chanber 4 of the reactor 1 having a liquid-tight bottomplate 5
and liquid overflows 6, The reference.guneral 7 denotes the gas space
above the liquid surface in the chanber 4. The three-di nmensional viewin
Fig. -8 2C shows the anaugenent of the gas inlet tubes-8 for introduction
of the ¥¥selaim: stream 3 into the veztica | tube section 14, which is
closed at the top, of the gas distributors 9, and also the arrangenent of
the flat guide plates i 1 and the flat weirs 16. 9 W claim 1. A reactor
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chanmber sonipisimg r anged above one another in the |ongitudinal direction,

where each chanber (4) is bounded at the bottomby a liquid-tight bot t om
plate (5), each chanber g is connected via a liquid overflow (6) to the

i nterior spaere of mEfeec @b abmhged sbvare |oineandther phthe Norgifidinal directio)
boundi ng t hegpghanber and a liquid product streamis taken off via the
liquid overflow (6) of the bottommobst chanmber (4), the gas space (7) bel ow

each |iqui d-¢4ch @ishosnded 3 thebettarn by atliguidstightiheftonrplate43), | ocat ed
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vertically a(r45)und each gas distributor nodule (9) and whose upper end is

bel ow t he
- the gas space (7) below each liquid-tight bottom piate is connected to the chamber

(4) located immediately above it by one or more gas inlet tubes (8) which opens
(each open) into a gas distributor module (9) provided with openings (10) for exit of
gas below the liquid surface in the chamber (4),

- and each chamber (4) is provided with at least one guide plate (11) which is arranged
vertically around each gas distributor module (9) and whose npper end is below the
liquid surface and whose lower end is above the liquid-tight bottom plate (S) of the
chamber (4) and which divides each chamber (4) into one or more spaces into which
gas flows (12) and one or more spaces into which gas does not flow (13),

wherein the gas distributor module (9) is made up of straight tube sections (14, 15).

2. A reactor (1) as claimed in claim 1, wherein the tube sections (14, 15) are hollow
¢ylinders having a circular cross section.

3. A reactor (1) as claimed in claim 1 or 2, wherein the tube sections (14, 15) are
arranged at right angles to one another.

4. A reactor (1) as claimed in any of claims 1 to 3, wherein each gas distributor module
(9) is formed by a vertical tube section (14) which in each case encloses the upper end of the
gas inlet tube (8) and to which one, two or more horizontal tube sections (14) which have
openings (10) for exit of gas are connected.



liquid surface. and whose | ower end is above the liquid-tight bottom plate
(5) of the chanber (4) and which divides each chanber (4) into one or nore
spaces into which gas flows (12) and one or nore spaces into which gas
does not flow (13), wherein the gas digy+i butor nodule (9) is nade up of
straight tube sections (14, 15). 2. Areactor (1) as clainmed in claima1,
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react or the Jertital fibas&®fdni(fqpny of clains 1 to 3, wherein each gas ‘
distributor nodule (9) is fornmed by a vertical tube section (14) which in

each case encl oses the upper end of the gas inlet tube (8) and to which
one, tw. or ADReactbo(l)z8ldmed Whelsad boOSSwhdrdin m{eive&icaﬁmlfse_ss&gﬁigsf-s(alO)
for emﬁ%g S rﬁgc.onnecte . -10 5. (A F‘g‘g tor (1) as _clained cfa|m4,
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sect i onbor{zbhlal witieciections (15 fséare alhollawr cylipder/lsgliowetylindats! baviigod fuhr-sideg,
vertica 1%&%]&?8&& &%E 1 A reactor (1) as clained in claim4 or 5,
wher ei ?\l!n e vertica %tbé‘)agse%f’?@ﬁ (14) is a hollow cylinder having a
circular cross section and the horizontal tube section (15) or the
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r eact ort™edonzen oBs £13ivhich e aran o sraight Hogjas di stri butor nodul e

(9) has two horizontal tube sections (15) which are arranged in a straight

fine. A rgactor s, clal med i.n,any ,of clainms 0.7, rein.all
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r eact or(1§)13re aprangesi atthl samedhejghtf clains 4 to 9, wherein the horizontal tube
section or sections (15) is (are) located at a distance fromthe bottom
plate (5) of the chanber (4), preferably at a distance of from40%to 90%
of the hei ght regetari(dpsiclpimedqa any ofictaims 4)to 8, wherein the horizontal tube section

or sections (15) is (are) located at a distance from the bottom plate (5) of the chamber (4),
preferably at a distance of from 40% to 90% of the height of liquid in the chamber (4),
measured from the bottom plate (5) of the chamber (4) to the liquid overflow.

10. A reactor (1) as claimed in any of claims 4 to 9, wherein the openings (10) for the
exit of gas in the horizontal tube section (15) or horizonial tube sections (15) are arranged in
one or more horizontal rows.

11. A reactor (1} as claimed in any of claims 1 to 10, wherein the guide plates (11) are
flat.

12. A reactor (1) as claimed in any of claims [ to 11, wherein the gas distributor
modules (9) are arranged in rows on each liquid-tight bottom plate (5) and the horizontal
tube sections (15) of the gas distributor modules (9) of each row are arranged in a straight
line and the horizontal tube sections (135) of different rows are arranged parailel to one
another.

13.  Areactor (1) as claimed in claim 12, wherein a weir (16) is arranged in each row of
gas distributor modules (9) in the plane defined by the horizontal tube sections (15) and the
vertical tube sections (14) and the weir (16) in each case extends in the vertical direction
from the liquid-tight bottom plate (5) of the chamber (4) to above the liquid surface in the



measured fromthe bottomplate (5) of the chanber (4) to the liquid
overflow. 10. A reactor (1) as clained in any of clains 4 to 9, wherein the
openings (10) for the exit of gas in the horizontal tube section (15) or
hori zontal tube sections (15) are arrahped in one or nore horizontal rows.
11. A reactor (1) as clained in any of clains 1 to 10, wherein the guide

pl at es (Hakhibe2!(8 : qﬁﬁﬁg ' ' ny,.of cl ai lto
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and the_jhori.zontal tuhe ctrons (15) o .fferent fows™are arrange

par al | e?ﬂlnﬁatéﬁém mflﬁﬁf*f‘%iﬁf&ﬁ 8'%‘5?]5 (’%heéga‘é?‘a(il}md in claim12, wherein
a weir (16) is arranged in each row of gas distributor nodules (9) in the
pl ane defined by the horizontal tube sections (15) and the vertical tube
sections (14) and the weir (16) in each case extends in the vertical
direction fromthe liquid-tight bottomplate (5) of the chanber (4) to
above the liquid surface in the - 11 chanber (4) and in the horizontal
direction extends at one end to the interior wall of the reactor (1) while
a passage for the liquid is left free at the other end, in such a way that
the weirs (16) of adjacent rows of gas distributor nodules (9) |eave
passages for the liquid free alternately on opposide sides of the interior
wal | of the reactor (1).




