- PF 0000058685/ M As originally filed Reactor for carrying out a reaction
between two fluid starting materials over a catalyst bed with prem xi ng of
the fl ui tarti materials in a mxing-in device 5 The invention rel ates

~to a rea’%togqogﬁe(?{ﬁ%grarryi ng out a reacti&n between two fluid starting
materials over a catalyst bed with prenixing of the fluid starting materials
In a mxing-in device, a mxing-in device for the reactor and al so a use.

-10 I n clenosiginaiyijiledeeri ng, there are a nunber of processes in which two
fluid starting materials are prem xed and subsequently reacted over a
catal yst bed. For the reaction to proceed uniformy here, it is necessary
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mxture 1S ontacte e cat al'yst an atter ta s over control of
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reactors through WhICh flowis axial, i.e. inthe direction of their
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according to V|rtuaIIy 100% m xing of two fluid starting materials is
achieved in a premxing step before these are fed to a catalyst bed, with a
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main fluid an us 'w
quality in a very short time, i.e. mixing-in devices havmg a very low construction height L/D,

where L is the length of the mixing-in device in the flow direction of the main fluid and D is
20 the inflow area of the catalyst bed perpendicular to the flow direction of the main fluid, are
required.

Known mixing-in devices for reactors through which flow is axial, i.e. in the direction of their
longitudinal axis, achieve at best a construction height L/D of four. Such a device is known,
25 for example, from DE-A 10 2004 024 957, according to which a reaction gas is injected
axially, i.e. in the longitudinal direction of the reactor, via a bundle of gas feed tubes which
are fixed to the tube plates at both ends and are provided with inlet openings for oxygen
which is introduced into the intermediate space around the gas feed tubes into an axial flow
reactor in which a catalyst bed is located.
30
In comparison, it was an object of the invention to provide a reactor and a mixing-in device
according to which virtually 100% mixing of two fluid starting materials is achieved in a
premixing step before these are fed to a catalyst bed, with a greatly reduced length of the
mixing-in device in the flow direction of the main fluid and thus with achievement of very
35  short residence times.

The object is achieved by a reactor for carrying out a reaction between two fluid starting
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.35 short residence tinmes. The object is achieved by a reactor for carrying

out a reaction between two fluid starting PF 0000058685/ M -2- materials
over a catala/st bed with prem xing of the fluid starting materials before
Yt he catal yst bed within a delay tinme of less than 150 ns
in a mxing-in device, wherein the m%ing-in device is made up of the
follow ng el enents Wnich are arranged essentially transverse to the inflow
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i nj ect edrrangedopssentially transverse touthesinflow dinehtiorf ot $he fitstifldids startingnyatesieker i al
stream cand.a perforated plate upstreamof the tubes and 15 - a perforated

pl ate downstream of the tubes. In a preferred enbodinent, it has been found
that the use of commercial finned tubes known as heat exchangers which have

been nmodi fi egys lok #reb oy aWaﬁﬁé&“b@Hm@% BSSthérofl fiBes W RAVe RPbYIBRR T he
fins make it possible to utilize the internmedi ate spaces of the 20 channels

bet ween t he PFRRratss ¢ thggytside d’é‘al capstrich e Hawirsess apationHegthe firsh iishce by
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first fluid meanube@mm@e.rgtmlj.dsgtamﬂgnnaﬁmﬁtmdmramiufI uid refers, in a known
manner, to all liquids, vapors and gases whi ch obey the hydrodynamc | aws
of nonsolld cont i nua. The fluid starting materials in the present case are,
I n parti-cul am peyiosediplate upstrgamdf thetubesgnaat eri al s, preferably gaseous
starting materials. The fluid starting materials can each conprise one or
nore substances. 30 The volune flows of the two fluid starting materials are
fred@ient| y varperidrdtécplate dowdsiream afttkestobédie ni xi ng task correspondi ngly
difficult: the mass flow of the second fluid starting material can, in
particular, be from1 to 30%of the mass flow of the first fluid starting
mat er i alln &t prefgrregr embegiment, ¢ bapdesn faung. that the use of commercial finned tubes

known as heat exchangers which have been modified slightly by providing openings in the
channels between the fins make it possible to utilize the intermediate spaces of the

20 channels between the fins as virtuaily ideal mixing chambers with high turbulence by
injecting a first fluid starting material stream essentially perpendicular to the finned tubes
and a second fluid starting material stream through the interiors of the finned tubes by the
openings in the channels into the first fluid starting material stream.

25 The term fluid refers, in a known manner, to all liquids, vapors and gases which obey the
hydrodynamic laws of nonsolid continua. The fluid starting materials in the present case
are, in particular, gaseous or liquid starting materials, preferably gaseous starting materials.
The fluid starting materials can each comprise one or more substances.

30 The volume flows of the two fluid starting materials are frequently very different, which
makes the mixing task correspondingly difficult: the mass flow of the second fluid starting
material can, in particular, be from 1 to 30% of the mass flow of the first fluid starting
material steam, or from § to 20% of this.

35 The catalyst bed is made up of solid catalyst particles, i.e. the catalyst is a catalyst which is
heterogeneous in respect of the fluid starting materials. The solid catalyst particles can
preferably form a fixed catalyst bed or, in a further preferred embodiment, a moving catalyst
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. 35 The catalyst bed is nade up of solid catalyst particles, i.e. the

catalyst is a catalyst which is heterogeneous in respect of the fluid
starting naterla s. The solid catalyst particles can preferably forma

F49 %?&ﬁéﬁ or, in a further §ferred enbodi ment, a noving catal yst
PF 0000058685/Nr - 3- bed The catalyst bed can in the case of upright
cylindrical reactors be introduced in a horizontal or vertical |ayer. There
can als ge a plurality of catalyst beds. The catal yst, generally in the 5
forn1of ffee- fl ow ng shaped bodi es, can be introduced into hol di ng devices,
for exanple catal yst baskets. The holdlng devi ces can nore preferably be
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gener at QoSe? hebhés, @dfS shiQcridflsetd perforated plate upstream of the tubes and
20 - a perforated plate downstream of the tubes, is provided upstream of the

inflow face of the catalyst bed. The fluid starting naterials are prem xed
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in rigr to ntra to the st bed. 25 The turbul ence
genéé’(at 3?5353 feavgR hediig Y@bsaf’t@l%O %’éz‘tubes can be structures of
various geomnetries, but |t is essential that they increase the turbulence in
the fluids flao the tu er abl n are
nown 1 Bpeering o Wk lpdieR; a:uking e RBviee B AnE e e et e o6 Bms Cor
for exanmbich, coorpisesthedoliawisg elemeatsal sheet. 30 The tubes having turbul ence
generators on the outside are preferably finned tubes. Finned tubes are

known i n chem cal engineering and are used, in particular, as heat
exchanger t ultes or Fhreredws Ldaresgad dbehingi ongaoatber pbtubes evhighs bavé durbuleoce

exanpl e, in ganerators on the outside and
- a perforated plate upstream of the tubes and

20 - a perforated plate downstream of the tubes,
is provided upstream of the inflow face of the catalyst bed.

The fluid starting materials are premixed in the mixing-in device. Premixing is understood in
the present case to be a mixing prior to entrance into the catalyst bed.

25
The turbulence generators arranged on the outside of the tubes can be structures of
various geometries, but it is essential that they increase the turbulence in the fluids flowing
around the tubes. They are preferably elements as are known for static mixers or as
packing elements for distillation columns or, for example, crossed strips of metal sheet.

30

The tubes having turbulence generators on the outside are preferably finned tubes.
Finned tubes are known in chemical engineering and are used, in particular, as heat
exchanger tubes. Finned tubes and their production are described, for example, in

35 DE-A 1950246 or DE-A 2 131 085.

A finned tube is a tube, generally a metal tube, which have a cylindrical exterior to which



. 35 DE-A 1 950 246 or DE-A 2 131 085. A finned tube is a tube, generally a
netal tube, which have a cylindrical exterior to which PF 0000058685/ M -4-
eIongated Stri viz, the fins, are attached along a |ongitudinal edge,
-.gener al P§oH° Wﬁﬁ%ﬂf The fins are frequently attached in a spiral or

hel i cal fashlon to the exterior of the tube, but can also be attached in
the longitudinal direction of this. They nornmally have a snooth continuous
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advant ageous articular, from_100 to 300 turns of the fins can be
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advant agequs in hei ased, on the external neter. o e
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can advanidegeousd scdoedihglp imbrode the rhiximgractioh.n the case of cut fins, it is
advant ageous to form segnents having a width of from3 to 25 12 nmm

preferably from4 to 8 mm The tubes can have any cross section, for exanple
ci r cul ai demselarranggroéntgbd find overde lexngif ehe tube dsadiaatage8s; Tinpartticulag drotrubes
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bei ng ab ocated i mh g ne o arran alorrfg 'a radius of a circle.
Thelarrangenment of the finned tubes depends, in particular, on the intended

Flow i n1{,Bgs h&RAf LiPbxternal diameter in the range from 25 to 150 mm, in particular from 20 to
50 mm, are advantageously used.

The fin height based on the external diameter of the tubes is advantageously in the range
20 from 1/10to 1/2.

The fin thickness can advantageously be from 0.3 to 1.5 mm.

In the case of cut fins, it is advantageous to form segments having a width of from 3 to
25 12 mm, preferably from 4 to 8 mm.

The tubes can have any cross section, for example circular, oval or polygonal, for example
triangular.

30 The finned tubes are arranged parallel to one another in rows, with one row of finned tubes
being able to be located in a plane or arranged along a radius of a circle.

The arrangement of the finned tubes depends, in particular, on the intended flow in the
reactor:

35
In the case of axial flow apparatuses in which the reaction mixture is conveyed in the
direction of the longitudinal axis of the frequently cylindrical reactor, the catalyst bed or the



.35 In the case of axial flow apparatuses in which the reaction mxture is
conveyed in the direction of the longitudinal axis of the frequently

cylindrj r, the catal yst bed or the PF 0000058685/ M -5- catal yst
.beds ar E@W‘%’ﬁ%@@ghon zontal ly al ong g reactor cross sect i on.

Correspondingly, the rows of finned tUbes which formpart of the m xi ng-in
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ﬁ]l al streamwith a conposition different therefrom 20 Here, it is

advant ageous to arrange the second row of finned tubes next to the gaps

bet weenltthes haansfouad that itwo tanéhreagews fof finnexk tubessare fsuitabia éat thelmizing aaskange

t he thir tubes next to the gaps in the second row of finned

t ubes. Jrgwggégﬁsf#\'ery}hﬁgr%dl um can advantageously flow through the second

r ow and I f appropriate, the third row of fi nned tubes. It is also possible
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composition different therefrom.

20 Here, it is advantageous to arrange the second row of finned tubes next to the gaps
between the first and, in the case of three rows of finned tubes, arrange the third row of
finned tubes next to the gaps in the second row of finned tubes. A heat transfer medium
can advantageously flow through the second row and, if appropriate, the third row of finned
tubes. It is also possible for the second and, if appropriate, third rows of finned tubes to be

25  formed by solid material of any cross section.

Finned tubes of the same geometry should be used within a row of finned tubes, but the
geometry can also vary within the rows of finned tubes.

30 The finned tubes have in each case at least two diametrically opposite openings per
channel of fins on the exterior of the tubes forming them in the channels between the fins;
these openings are located at the positions which are closest to the respective adjacent
finned tube in the row of finned tubes. The second fluid starting material is injected through
these openings in the channels between the fins into the first fluid starting material. In this

35 way, a large number of small-scale mixing chambers having a high turbulence are thus
made available in the channels, in particular in the case of fins cut to form segments, with
this effect being able to be increased further by slanted setting of the fin segments. An



. these openings are |l ocated at the positions which are closest to the
respective adjacent finned tube in the row of finned tubes. The second

fluid s ti erial is injected through these openings in the channels
:betmeenLgﬁ@hggﬁ%Rﬁnto the first fluid iﬁarting material. In this 35 way, a
| arge nunber of small-scale nixing chahbers having a high turbul ence are

t hus nade available in the channels, in particular in the case of fins cut
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The gmowga@{ n d tubes are preceded by a perforated plate which is

i k&R PX 6'8 ‘perpendi cular to the inflow direction of the first fluid
starting material stream and thus essenti ally parallel to the plane forned
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area of t l'ow o first fluid starting nmaterial steamis |ess than
or &jual to 0.5, in particular less than or equal to 0.3. 25 The upstream
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face of the first row of finned corresponds to from seven to
twenty PpfRegdicylar to the inflow direction of the first fluid starting material stream and thus
essentially parallel to the plane formed by the rows of finned tubes, in particular in the case
of the axial flow reactor, or on a circle concentric with the rows of finned tubes, particularly

20 in the case of the radial flow reactor.

The upstream perforated plate has openings whose total area based on the cross-sectional
area of the inflow of the first fluid starting material steam is less than or equal to 0.5, in
particular less than or equal to 0.3.

25
The upstream perforated plate is advantageously located at a distance from the inflow face
of the first row of finned tubes which corresponds to from seven to twenty times the
diameter of the openings in the upstream perforated piate.

30 The diameter of the openings in the upstream perforated plate is advantageously smaller
than half of the clear spacing of the fins between two successive turns.

Particularly in the case of axial flow reactors, the upstream perforated plate can be omitted

if it is ensured that the gas stream is distributed largely uniformly over the reactor cross
35  section.

The mixing-in device has a second perforated plate which is located downstream in the



- diameter of the openings in the upstream perforated plate. 30 The di aneter
of the openings in the upstream perforated plate is advantageously snaller
t han haFEO@BOS%&%/nﬁl ear spacing of the fins between two successive turns.
“Particularly Tn the case of axial flow reactors, the upstream perforated
plate can be omtted if it is ensured that the gas streamis distributed
| argely uniformy over the reactor cross 35 section. The m xing-in device
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or 100_or even  30. , . .
The material for the finned tubes and the perforated plates is preferably stainless steel

materials which are resistant to oxidation and, if appropriate, carbonization at elevated
temperature are particularly preferred.
20
The mixing-in device is arranged essentially transverse to the flow direction of the first fluid
starting material stream. This means that the first fluid starting material stream is introduced
in the direction of the normals to the main extension of the mixing-in device which can be
flat, as in the case of axial flow reactors, or curved, as in the case of radial flow reactors.
25 However, the term essentially transverse also encompasses deviations from the normals of
+ 5° or + 10° or even £ 30°.

The mixing-in device can at construction depths, i.e. a distance between the upstream
perforated plate and the downstream perforated plate, in the range from 100 to 200 mm
30 achieve excellent, virtually 100% mixing with a pressure drop in the first fluid starting
material stream, frequently the reaction gas, in the order of 20 mbar and a pressure drop in
the second fluid starting material stream, frequently an oxygen-comprising stream which for
safety reasons alone has to be under at least slightly superatmospheric pressure, in the
range from about 50 to 100 mbar.
35
An extremely large number of points of injection of the second fluid starting material stream
into the first fluid starting material stream in the order of 10 000 points of injection per m” is



- The m xing-in device can at construction depths, i.e. a distance between the
upstream perforated plate and the downstream perforated plate, in the range
fron1109F m% s 30 achieve excellent, virtually 100% m xing with a

. pressure opinthe first fluid starting material stream frequently the
reaction gas, in the order of 20 nbar and a pressure drop in the second
fluid starting material stream frequently an oxygen-conprising stream which
“for safgliwdgeasons alone has to be under at |east slightly superatnospheric
pressure, In the range from about 50 to 100 nbar. 35 An extrenely large

nunber of points of injection of the second fluid starting material stream
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m Xi ng-in devlce are arran ent transverse to the inflow
directi 6ANFsieMe first fluid starting material stream A reactor for
carrying out a reaction between two fluid starting naterials over a catalyst
bed 20 _with prem xing of the fluid starting materijals, before |ntroduct|on
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of the irapgfer?q ﬁe ?{flrg%ltﬁrﬁgtlcfpz%za? ﬁrst ng material stream:

A reactor for carrying out a reaction between two fluid starting materials over a catalyst bed

20  with premixing of the fluid starting materials before introduction into the catalyst bed within
a delay time of less than 150 ms in a mixing-in device, wherein the mixing-in device is
made up of the following elements which are arranged essentially transverse to the inflow
direction of the first fluid starting material stream:

25 - two or three rows arranged behind one another of tubes which have turbulence
generators on the outside and constrict the flow cross section for the first fluid
starting material stream to from 1/2 to 1/10, with the second fluid starting
material stream being passed through the interiors of the tubes and injected via
openings in the tubes into the first fluid starting material stream, and

30

- a perforated plate upstream of the tubes and

- a perforated plate downstream of the tubes.
35 The mixer is not limited to the type of the fluids to be mixed. The fluids can be especially

gases or liquids, preferably gases. The fluids to be mixed can each comprise one or more
substances. These need not react chemical with each other.



-25 - two or three rows arranged behi nd one anot her of tubes which have
turbul ence generators on the outside and constrict the flow cross section
for the_f] | yjd starting material streamto from1l/2 to 1/10, with the
".second ?%éﬁO@&Sg%BgMi ng material strea_rB_bei ng passed through the interiors of
the tubes and injected via openings im the tubes into the first fluid
starting material stream and 30 a perforated plate upstream of the tubes
-and a f t f o ; : ] j imted
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figure withsiashod reisipgdinte, ef50ans,dettivorornredigkilsa radi al fl ow react or
according to the invention having a flow direction of the first fluid
starting material streamfrom the inside outward, 20 figure 1B shows a view
anal ogo%beﬂweﬂﬁi(yljﬁ gesgibiedtin wioredethikbelpwwithi the @id &fre drawingeandj ansexafplg.d
starting material streamfromthe outside inward, figure 2A shows a detail

of a finned tube, with depiction of an individual fin and the
15  Inthe drawing:

figure 1A shows a segment of a section through a radial flow reactor according to the
invention having a flow direction of the first fluid starting material stream from
the inside outward,

20
figure 1B shows a view analogous to figure 1A but with the flow direction of the first fluid
starting material stream from the outside inward,
figure 2A shows a detail of a finned tube, with depiction of an individual fin and the
25 procedures for producing it in figure 2B and a cross section through a finned

tube in figure 2C,

figure 3  shows a perspective view of a finned tube,

30 figure4  shows a longitudinal section through a preferred embodiment of a finned tube,
with depiction of a cross section in figure 4B,

figure 5A shows a preferred embodiment of a radial flow reactor according to the
invention, with flow from the inside outward and a depiction of the cross section

35 in figure 5B,

figure 5C shows a further embodiment of a radial flow reactor according to the invention



. 25 procedures for producing it in figure 2B and a cross section through a
finned tube in figure 2C, figure 3 shows a perspective view of a finned
tube, 3Q_f|qur shows a | ongitudinal section through a preferred

- enbodi ngﬁpéog¢]58§85#4rnned tube, wth de_qi ction of a cross section in figure
4B, figure 5A shows a preferred enbodiﬁent of a radial flow reactor
according to the invention, with flow fromthe inside outward and a

-depi ction of the.cr i : . figure 513, figure 5C shows a further
enbodi nent of a%#tgélggﬁrﬁ%%é%%gwaghdcor ding to the invention PF

0000058685/ M -10- with flow fromthe outside inward, figure 6 shows a
further fiﬁt,ﬁr%faer r %Ho‘gggqgr‘tﬁ@&gef@iﬁreé‘ ep@gp@#denfé hﬁ&’ré@éi%% reAtlo? %@b&lﬂinp% e

inventionh, 5 figure 7A shows a pre odi ment of an axial Tl ow reactor
according to th&vepiention, with depiction of a detail of the nixing-in
devige in figure 7B, and figure 8 shows a |ongitudinal section through an

experinental_nodul e for determ nin 10 the quality of mxing. In the
figuresfi9v@eift i BPWs & driREed rﬁiﬂ‘%‘-‘rdgl'gntd%éﬂea’ﬂﬂeﬂ?w cBAClr acePHingnihdheg

features. Fi guifvehtfors WithdepicE6® BEA Hetal oﬁth@rnﬁxﬁiﬁg_s:eaé\h@mintﬂgum, ahdf i 1 st
enbodi nent of a radial flow 15 reactor 1 according to the invention with

i ntroduction of a first fluid stream2 via the interior of the reactor and
out f | owfiglretehi s shdvws laclongitueinanakbdtion thidughraraekpatimentst niodutd fot Idetatmirtigg t i ng
mat eri al stream,2 [ npinges. perpendicularly onto a m xing-in device 5

con’g I sing two }%%L%'g?&frﬁ'ﬁ'ﬂgd tubes 12 which are arranged so that the tubes
are | ocated next to the gaps in the other row and are preceded in the flow

directi - ' . second
perfor a? @t d’gg'{geé’ @Bt'(%ﬁEJ@%E?@L\A@L%?S%%”%%%@Q?%E% :goﬁeghéﬁcﬁﬁtifegﬁ%s ream
perforated plate 10 and the downstream perforated plate 11 are each arranged
N SONCHTE 4 AHoHE 2P soaffight 0F AbdEhis) i Gudlh i AR 8 ThiBr ! { N
m Xi ng-ﬁlﬁm(éje\ﬁ ce geaZﬁ%gsqueon?% ﬁ%ém%ééhr.rgu ét?'ﬁ‘e @.T;btog ys nghﬁlﬁp% Fi gure
1B 3howdeartereypeerdiag ta e iavenyen vébinteductioroelghfirgt Huid stieam2da the intesiar
react or of the reactor and outflow of this at the outer wall of the reactor. The first fluid starting

material stream 2 impinges perpendicularly onto a mixing-in device 5 comprising two rows

of finned tubes 12 which are arranged so that the tubes are located next to the gaps in the

other row and are preceded in the flow direction by a first perforated plate 10 and are

20 followed by a second perforated plate 11. The two rows of finned tubes 12 and the
upstream perforated plate 10 and the downstream perforated plate 11 are each arranged
on concentric circles. The reaction mixture which has been premixed in the mixing-in

device 5 subsequently flows through the catalyst bed 4.

25 Figure 1B shows a segment of the cross section through a further radial flow reactor
according to the invention, but with the difference from that in figure 1A that the flow of the
first fluid starting material stream 2 is from the outside inward. Accordingly, the mixing-in
device 5 comprising two rows of finned tubes 12 and an upstream perforated plate 10 and
a downstream perforated plate 11 is, because it is upstream of the catalyst bed 4, arranged

30 along circles having a greater radius than the catalyst bed 4.

Figures 2A to 2C show details of finned tubes 12 having openings 7 which are arranged
diametrically opposite to one ancther in the channels 8 between the fins 9 of the finned
tubes 12. Here, figure 2B shows a fin 9 which is divided by cuts down to a rib base 14 into

35 segments 13 and figure 2C shows a cross section through a finned tube 12 with tube 6,
channels 8 and segments 13.



.according to the invention, but with the difference fromthat in figure 1A
that the flow of the first fluid starting material stream?2 is fromthe

out si de_|j cordingly, the mxing-in device 5 conprising two rows of
. finned Ft@é@@&sﬂ%s@ﬁd an upstream perforEt ed plate 10 and a downstream

perforated plate 11 is, because it is upstream of the catal yst bed 4,
arranged 30 along ci rcI es having a greater radius than the catal yst bed 4.
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strc,?qélm 3 is distributed in the longitudinal direction of the finned tubes
n figure 4A, one end of the finned tube 12 is provided with a ring
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cent r al disashange @it thepader vedll of ithe reaglor r and  di scharge at the outer wall of
the reactor 1. 15 Figure 5B clearly shows, in addition to the annul ar
arrangenent of catalyst bed 4 and mxing-in device 5 in the cross section,
t he 12 entFigire SBosleadeshows inRAdiioUghtharanimlar esrangeent of gatalyst bgd dngnd
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figure 5C 1S anal ogous to the reactor of figure
i nt r odudibidsiarting rig| $tEQa"h°—dP\‘Jsst arting materi al st ream 2 fromthe outside
inward and correspondingly with the m xing-in device 5 being arranged

outside_the catal yst bed 4. o X .
Tthe reactor de%lscte(}) inqongitudinal section in figure 5C is analogous to the reactor of figure

20  5A, but with introduction of the first fluid starting material stream 2 from the outside inward
and correspondingly with the mixing-in device 5 being arranged outside the catalyst bed 4.

Figure 6 depicts a further preferred embodiment of a reactor 1 according to the invention
with flow of the second fluid starting material stream 3 from the outside inward and with

25 displacement bodies 21 in the central interior space and at the reactor wall, which
displacement bodies can preferably be, as shown in the figure, parabolic.

Figure 7A shows a longitudinal section through an axial flow reactor having catalyst beds 4

and mixing-in devices 5 arranged in planes, with depiction of a longitudinal section in figure
30 7A and a detail of a longitudinal section in a plane perpendicular to the plane depicted in

figure 7A in figure 7B. The detail in figure 7B shows two rows of finned tubes 12 with

openings 7 for exit of the second fluid starting material stream 3 from the interior of the

finned tubes 12, with additional predistribution of the further fluid starting material stream 3

via central plug-in tubes 17 having openings 18, and also an upstream perforated plate 10
35 and a downstream perforated plate 11.

Figure 8 shows a longitudinal section through an experimental module for determining the



. Figure 6 depicts a further preferred enbodi nent of a reactor 1 according to
the invention wth flow of the second fluid starting material stream 3 from
t he out and with 25 displacenment bodies 21 in the central

interi orﬁkgtgog%%&ghg at the reactor wall, which displacenment bodies can
preferably be, as shown in the figure, “parabolic. Figure 7A shows a

| ongi tudi nal section through an axial flow reactor having catalyst beds 4
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outflow plane of the second row of finned tubes.
20
The concentration of carbon dioxide in the stream of nitrogen was determined by infrared
absorption using a UNOR 6N instrument from Maihak, Hamburg. To rule out calibration
uncertainties, a 20 m long piece of tubing was attached to the end of the measuring rod
and gas for reference measurement was introduced into the instrument just before the end
25 of the tubing. The reference measurement indicated precisely 1% by volume of carbon
dioxide.

To determine the quality of mixing produced by the mixing-in device of the invention

comprising finned tubes, an upstream perforated plate and a downstream perforated plate,
30 the measuring rod 22 was continuously pushed through the apparatus and samples were

taken at intervals of 2 mm and the carbon dioxide concentration of these was determined

by infrared absorption using the abovementioned instrument. Measured values ranging

from 0.99% by volume of carbon dioxide and 1.01% by volume of carbon dioxide, i.e.

deviations of not more than + 1% from the value of the reference measurement, and thus
35  excellent mixing over the entire cross section of the apparatus were measured.



..an opening ratio of |ikew se 5% was arranged at a distance of |ikew se 15 nm
fromthe outflow plane of the second row of finned tubes. 20 The

concent E@ti on of carbon dioxide in the streamof nitrogen was determ ned by
-infrare 00;93%58‘?85%% using a UNOR 6N igstrurrent from Mai hak, Hanburg. To
rule out calibration wuncertainties, A 20 mlong piece of tubing was
attached to the end of the neasuring rod and gas for reference neasurenent
-was int ngp&crggrér{&%uk E(; IE nstrument just before the end 25 of the tubing. The
referen i cated precisely 1% by vol une of carbon dioxide.

To determine the quality of m xing produced by the m xing-in device of the
inventien ¢ fdrsing finned tubes, an upstream perforated plate and a

downstream perforated plate, 30 the neasuring rod 22 was continuously
pushed 2hr oufitst tuid stasingraatesaland sanpl es were taken at intervals of 2 mm and

the gargon diggdndIuRPNSeRE rtltdmp Of these was determined by infrared
absor ption usitgg( t he abovenentioned instrunment. Measured val ues rangi ng
P

from 0. 89% b§atyPLRRY of carbon di oxi de and 1.01% by vol une of carbon

di oxi deg i . emixiGiH ddvicens of not nore than 1% fromthe value of the

r ef eren%e measurenent, and thus 35 excellent m xing over the entire cross
secti on®of tH®®8pparatus were neasured. PF 0000058685/ M -13- List of

ref erenge nugpémhgs ih theadess 2 first fluid starting material 5 3 second
flumj S artinﬁ material 4 catalyst bed 5 mxing-in device 6 tubes 7
opehing8 in EH¥M&bes 6 10 8 channels 9 fins 10 upstream perforated plate
11 down$treafinperforated plate

10 upstream perforated plate
11 downstream perforated plate
12 finned tube
15 13 segments
14 fin base
15 openings in 10
16 openings in 11
17 central plug-in tube
20 18 openings in the central plug-in tube 17
19 ring distributor
20 cross section through which the first fluid starting material stream flows
21 displacement body
22 measuring rod
25



- 12 finned tube 15 13 segnents 14 fin base 15 openings in 10 16 openings in
11 17 central plug-in tube 20 18 openings in the central plug-in tube 17 19
ring diéﬁ&#&ﬁ&%& r0 cross section through which the first fluid starting
~material streamilows 21 displacenegg body 22 measuring rod 25 PF
0000058685/ M -14- Clains 1 A reactor ?1) for carrying out a reaction
between two fluid starting materials (2, 3) over a catalyst bed (4) with
~prenm xi QIS the fluid starting materials (2, 3) before introduction into
the catalyst bed within a delay tinme of less than 150 ns in a mxing-in
devi ce iS), wherein the m xing-in device (5) is made up of the follow ng
el enent & whi 8Heagtar 6 famepstyingsadra reaction petueey dwedividostaring matedals d@rdct i on

of the firstovdddicatafbBbbd 14 W BFdnaking tdt @REIGIA) starting \WRatBhialé 12 €8 BAVE
arranged behj nd ,one anot B"e whi ch h_aveOff Eﬁgrb I encs enerators

r of tubes (
on the outsi HAOHHORIAG theccatplygt P%vog* asdelay {imsn SttH%" o % Bui d
starting mat ﬁﬁ)&iﬁq-insdiém 2Whéreinf thermiking-ih @elicd Q5) i tbidd 0P o ake Rsllotvingi d
starting material stream (3) bein $rﬁs e& throuqh the interiors, of fthe t ubes
(6 and iy BemBveS Bl attasger prod AR GatspBe e Fiied dFasngt B 1t o
starting nat #nidatartirg memnaleama@t - a perforated plate (10) upstream of the
tubes (6) and - a perforated plate (11) downstream of the tubes (6). 2. The

reactor (1) according to claim1l, wherein the tubes (6) which have
t ur bul ence genbvatonrthreenrawse apabhgediéehind dnenaadthbu lwé gulfdL)6) which hdne

turbul ence genegabAbice generators on the outside and constrict the flow cross section for the
first fluid starting material stream (2) to from 1/2 to 1/10, with the second fluid
starting material stream (3) being passed through the interiors of the tubes (6)
and injected via openings (7) in the tubes (6) into the first fluid starting material
stream (2), and

- aperforated plate (10) upstream of the tubes (6) and
- aperforated plate (11) downstream of the tubes (6).

2. The reactor (1) according to claim 1, wherein the tubes (6) which have turbulence
generators on the outside are finned tubes (12), with the turbulence generators
being configured as fins (9) and the openings (7) opening into the tubes (6} in the
channels (8) between the fins (9).

3. The reactor (1} according to claim 1 or 2, wherein the finned tubes {12) constrict the
free flow cross section for the first fluid starting material stream (2) to from 1/3 to 1/6
of its original size.

4, The reactor (1) according to any of claims 1 to 3, wherein the finned tubes (12} are
formed by tubes (6) which have a cylindrical exterior and have fins {9) which consist
of elongated strips and are welded along a longitudinal edge of the strip in a spiral
fashion onto the exterior of the tube and are cut with the exception of a fin base (14)
to form segments (13).

5. The reactor (1) according to claim 4, wherein the segments (13) are rotated at an
angle to the fin base (14).
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claims 1 to 6, wherein the tubes (12) have an external diameter in the
range from25 to 150 mm preferably in the range from20 to 50 mm 8. The
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first row of finned tubes (6).

11, The reactor (1) according to claim 10 which has three rows of finned tubes (6), with
the third row of finned tubes (6) being arranged so that the tubes are located next to
the gaps in the second row of finned tubes (6).

12.  The reactor (1) according to any of claims 1 to 11, wherein a heat transfer medium
flows through the second row and, if appropriate, the third row of finned tubes (8) or
the second and, if appropriate, third rows are formed by solid material of any cross
section.

13.  The reactor (1) according to any of claims 1 to 12 which has in each case two
openings (7) per channel (8) between the fins (9) of the finned tubes (6) in
diametrically opposite positions on the channels (8), with the minimum distance to
the adjacent finned tube (6) in the row of finned tubes.

14. The reactor (1) according to any of claims 1 to 13, wherein the upstream perforated
plate (10) is arranged at a distance corresponding to from 7 to 20 times the
diameter of the openings (15) in the upstream perforated plate (10) from the inflow
plane of the first row of finned tubes (6) for the first fluid starting material (2).
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device (5) |(sngegj§é Oéw %P@ d§0 3. 17. The reactor (1) according to

any of clains 1 to 16, V\/nereln the ratio of the thickness of the perforated
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11) is in the range fromO e reactor (1) according to any
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the finned tubes (6) of the last row of finned tubes (6) from the outflow plane of the
finned tubes (6).

19.  The reactor (1) according to any of claims 1 to 18, wherein the diameter of the
openings (16) in the downstream perforated plate (11) is greater than or equal to
the diameter of the openings (15) in the upstream perforated plate (10).

20.  The reactor (1) according to any of claims 1 to 19, wherein the distance from the
downstream perforated plate (11) to the entry of the reaction mixture into the
catalyst bed (4) corresponds to from 5 to 20 times the diameter of the openings (16)
in the downstream perforated plate (11).

21. The reactor (1) according to any of claims 1 to 20, wherein materials which are
resistant to oxidation and, if appropriate, carbonization at elevated temperature are
used as material for the tubes (6) and the perforated plates (10, 11).

22. A mixing-in device (5) for a reactor (1) according to any of claims 1 to 21.
23. A process for carrying out chemical reactions between two fluid starting materials

(2, 3) over a catalyst bed (4) in a reactor (1) according to any of claims 1 to 21,
wherein the first fluid starting material stream (2) is a reaction gas mixture and the
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starting materials over a catalyst bed wth prem xing of the fluid starting
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- a perforated plate (10) upstream of the tubes (6) and

- aperforated plate (11) downstream of the tubes (6).

Reactor for carrying out a reaction between two fluid starting materials over a catalyst bed
with premixing of the fluid starting materials in a mixing-in device



