PF 0000058685/M - 1 - As originally filed Reactor for carrying out a
reaction between two fluid starting materials over a catal yst bed
with prem xing of the fluid starting materials in a mxing-in device
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very required.

Known mixing-in devices for reactors through which flow is axial, i.e. in the direction of their
tongitudinal 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



35short residenee tines. PF 00000586851 M - 2 - materials over a
catal yst bed with prem xing of the fluid starting materials before

I ntroduction into the catalyst bed within a delay tinme of |ess than
150 ms i MFAOORYSRERYr i n device, wherein the nmixing-in device is made up
of the follow ng el ements which are ary anged essentially transver se
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a perbor atreginpl at e upstream of the tubes and 15 -a perforated plate
downstream of the tubes. In a preferred enbodinent, it has been found
that the use of comercial finned tubes known as heat exchangers
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tubes and a s n t mat e stream t hrough the
interiors of frﬁzot Eefsr{ &h?ﬁﬁt«i@doﬁr}gqﬂ%mgk lﬁﬂsﬁr&gmm he channels into
the first fluid startlng material stream 25 The termfluid refers,

in a known rra Ffora¥e% +ét§‘al|'nd€f’thevtﬁ9&! 4£nd gases which obey the
hydr odynam ¢ WS 0 onso continua. The fluid starting materials

in the present case are, in particular, gaseous or liquid starting
mat erigal s, pr afperonted As aowsstebardithitgubad eri als. The fluid starting
mat eri al s can each conprise one or nore substances. 30The vol une
flows of the two fluid starting nmaterials are frequently very
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20 channels between the fins as virtually 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 cbey 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 fiow of the first fluid starting
material stearmn, 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



35The catal yst bed-is nmade 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 EhPHPYP8WSMed or, in a further preferred enbodi nent, a moving
catal yst PF 0000058685/M - 3 - bed.”~“The catal yst bed can in the
case of upright cylindrical reactors be introduced in a horizontal or
verti cal E yer. There can also be a plurality of catalyst beds. The
catal yst, "generally in the 5 formof free-fl ow ng shaped bodies, can
be introduced into hol ding devices, for exanple catal yst baskets. The
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tubes and 20 -a perforated plate downstream of the tubes, is fprovi ded
a

upst r eam'He reagdion grs ayrtyrg daws inte fe calalyst ped fipeythe ‘FH’@ of |piinflowt face phife

mat enpal peakhd Races i€ datalysttied vid an d8fidwiagevi ce. Premi xing is
understood in the present case to be a mxing prior to entrance into
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around th They are rably elenments as are known for
static m xers or as packing elenments for distillation colums or, for

exanmpke, -Cr os$asl of tHréd sovdf am@igali whitdtone another of tubes which have turbulence
generators 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 enginesring 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



The tubes having turbul ence generators on the outside are preferably
finned tubes. Fi nned tubes are known in chem cal engineering and
are used, in particular, as heat exchanger tubes. Finned tubes and
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The fin thickness can advantagecusly be from 0.3 10 1.5 mm.

In the case of cut fing, 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



PF 0000058685/ M - 5 - catal yst beds are arranged horizontally al ong
a reactor cross section. Correspondingly, the rows of finned tubes
which formpart of the m xing-in device have to be arranged
essent i aPF §O%PeEMel to the catal yst bheds, in a cross-sectional plane
of the reactor. 5In the case of radial®flow reactors havi ng a radi al
flow direction of the reaction gas m xture, one or nore catal yst beds
are arra | f I | j r v a ' S
appr opr | SPEE Stk 4 aArde hoflony A0 K ek ol Sebibnd cBBkenchU Gl IFe
for exanmpve o fignast tabesamhiehiorm part elihg imidéngin devise bavealioystarizaged gasectally
can be ORafahié td ihSicHRIyat bddatinAlbrsdsdRctidnafpihnd viank fedbBp are arranged
along a circle concentric with the catalyst bed. 10 It has been found
that two or three rows of finned tubes are suitable for the m xing
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is al so ﬁ)ossi |l e for, the cond an,
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finned tubes next to the gaps in the second row of finned tubes. A heat transier medium

can advantageously flow through the second row and, if appropriate, the third row of finned

tubes. 1t is also possible for the second and, if appropriate, third rows of finned tubes to be
25 formed by solid matetial 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



35 way, a large nunber of small-scale mxing chanbers having a high
turbul ence are thus made available in the channels, in particular in
the case of fins cut to formsegnents, with this effect being able to
be incr eBS&WHENer by sl anted setting of the fin segments. An  PE
0000058685/ M - 6 - excellent quality ®©f mxing in the mcro range is
achieved in this way. A concentric plug-in tube having outflow
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preferabl’y inturn p casSe a further additiona
ring line, preferably having a | arger dianmeter and arranged outside

the aboveneRbéMRGHId 4t88nd haFial dfeahB prété@bR fintFddRBRAURIBRRT iR &he finned
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mat edDal eath edhtharedf.t hus essentially parallel to the plane fornmed 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,
parti cul dhpyabowg Fing fieesceasiemere pristeratiidinalurt be) Aupnigd visy in cpgh cape arfudliar

per f or at @ddibitl &g ind PERINEy WRHE hOkfjer ifActBASRE SRarldd@ outside the
cross-sectional .area of. the inflow of the first fluid starting

mat eri al 20PYEMANTIANQAIG IgSy or equal to 0.5, in particular |ess than
or edfal to 0.3. 25 The upstream perforated plate is advantageously
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t he openiPgpSnfigulamte thesintewy sirpetiop ! athe dirg| fice 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  inthe 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 tc 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 plate.

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



30 The di aneter of the openings in the upstream perforated plate is
advant ageously snaller than half of the clear spacing of the fins

bet ween two successi ve turns. Particularly in the case of axial

£1 ow r eaEF BP9/ upst r eam per f or at e% plate can be omitted if it is
ensured that the gas streamis distributed largely uniformy over the
reactor cross 35section. PF 0000058685/ M - 7 - outflow direction
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oxi datio appropriate, carbonization at el evated tenperature
are particularly preferred. 20 The m xing-in device is arranged

essent i alThyg dowAstrsaaT ﬁ@fomed iatefib deﬂllafgéﬁlﬁdlplﬂcéléd ar@d‘stahsé cdrl’débﬁhdlng to

Tt er | ol ORS00 SR R Merele” ohPRRbeinp i 6 douhtienin Hforpd blald o
mai n 16xt dmséndry inth thehaatatystbed;- i n devi ce 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 essentlally transverse al so
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pressur e’ﬂa{, %stip%err?a@g%f Eﬁiglrﬂo@np%ﬁ&o?s(? oF 8ur&909 agter?{h'e c?éée 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



PE 0000058685/ M -8- achieved. The invention al so provides a

m xi ng-in device for a reactor of the type described above, which
conpri ses the above-described elenents: two or three rows of tubes
provi ded PWPIORHEEH M e t ur bul ence generagors, in particular finned

t ubes, an upstream perforated plate antd a downstream perforated

pl ate. The above-described reactor and the m xing-in device are
particul ggliy,eyui table for carrying out reactions of a first gaseous
reaction mxture with an oxygen-conprising gas stream for 10 exanple
air, in particular for carrying out oxydehydrogenations of

hyd (r]I ocar lypg savehiion aﬁi?@ﬁiﬂvﬂg@ éQﬁi&ﬁ\Q—i@?em& %ﬁf@, reécgdir csflhfae %étde_@bribedfabove,
oxldation,o nat ur a a nmean alr, or esu u atLon, or.

catal yt | WP SRRPHTES NS FRAVETIRSF{PoA slerpeli: ivo REMIERIGHS S5 uBRe RiCkigpd Which
convedsi bave WhLldnge igengatorn m pariaulgfionédibbes et upstreamipreorafedplatevenda

mor e 1 Uigd@nstiahfibdomat&PpResed of the el ements of the above described
m Xi ng-in lgs\'/i ce,&\ﬂ?ﬁﬁ&are' arranged essentially transverse to the

inflow direction of the first fluid starting material stream A

r eact _orI frae aﬁaw-aésaaoawbal @tgﬁﬁﬁgﬁgbmxi QUGN pﬁhi?ﬂlldrrllﬁét?tlhblbg@f carrying

material s over.a c st be . Wil rem xi ng of the .fl ui

ctarti ngoHbiearice 6 it eseBi regaintisthef B of pibeRieamy B Bor sreem: fora
del ay0t i mwarople| &g sint patticulB0fonscaiging  outxoxydehwirapenatoes ofhbydedaarkidme, for

m Xi ng- i bGRor iQ i I i r& .

arr anged%%ﬁglntcp? %i? e@?@%@é?&éﬁ‘?ga{“hie&ﬁ!fnlegv?/?&%ﬁg%Eg?g\rworﬁ%rﬁe&ﬁ"r' _é?r

fluid st dpeylivgzaiianeforapataivic sracking: G asPerak der FeAREONS Kagwjt #spemsmigal

one anot kenvepdion.ubes whi ch have turbul ence generators on the outside

and constrict the flow cross section for the first fluid starting

material streamto from1/2 to 1110, with the second fluid starting
mat eflpal Téeimgnidredlsgprovidesd static sixgh ferHwo ionmerd duids, ahichhigcorapesed ghihe

i nj ect ed eYnfen@P R G SatdVet BEschbRE MikiRgh daGicd, Whlchf Ardl er?ﬁg{féﬁt bBbntially
mat eri al stream 31nd, é%fg - a perforated plate upstreamo he tubes
and - a pePPErsaiedsr “éd'&%ﬂﬂg?frtﬁ%\ﬂﬁsbfl’“‘cﬂ "'P&B!?ge."a' 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.



35The m xer is not limted to the type of the fluids to be m xed. The
fluids can be especially gases or liquids, preferably gases. The
fluids to be m xed can each conprise one or nore substances. These
need not PF &@40¥88HMH cal with each other. PF 0000058685/ M - 9 - The
m xer can show al | the enbodi ments whisch are described in the
proceeding for the m Xxing-in-device. The mxer is especially build-up
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rows arrange one ano can be ex accor
reqwrerrémfﬂmﬁie&'@?lcally WlthOUt limts, so that it is possi ble to
make avail abl e inflow areas froma few square centineters to
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time Invention IS escr|
in nore 8e4ase Perﬁlme&ﬁxﬁmarhltr@w@waewqmﬁ for enampilenef seMerabiPOawanpl e. 151 n
the drawi ng: figure 1A shows a segnent of a secti on through a radi al
flow rea ccordin 0 the inventjion havi w di rection of
Lhe 11 1 o5 PiaPG Toieh e SO EnHL e Er oA cNar RGeS PIORTT MORSEoTS CoRmarcasl
figuie 1Bvalableslt shovseasraalbheight trs at fogHly bemegebdubmixing (trixinghagualityov®9,9%),

dir ect i OWtRLItr%Qﬂ?ﬁ'nﬂﬁﬁég grhé“ﬂﬁosﬁ@rf&j ta?ﬁ’toﬁ%ﬂ"%sf streamfromthe

out si de i nwar ows a de inned tube, with
depi ction of an |nd|V|duaI fin and the 25procedures for producing it

i n figurenhgRvamtinds 862A5edSA fidre BetbNbEI With tHd 4180 &rdlhg dmdan@sta®pidC,
figure 3shows a perspective view of a finned tube, 30figure 4shows a

| ongi tudi nal section through a preferred enbodi nent of a finned tube,
wi t h18epircthearavafig:a cross section in figure 4B,

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



figure 5A shows a preferred enbodi rent of a radial flow reactor
according to the invention, with flow fromthe inside outward and a
depiction of the cross section 35in figure 5B, PE 0000058685/ M

= 10 - wPERCOPISERESMF om t he out si de |nvvard figure 6shows a further
preferred enbodi ment of a radial flow Peactor accor di ng to the
invention, 5 figure 7A shows a preferred enbodi nrent of an axial flow
r-eact or accordi n%.ttﬁ) Be |rr]1ve t| on.. fth depiction of a detail of the
m Xi ng-in device |r?1 ¥ geméne 3'3?1@ Fvggure 8shows a | ongit udi nal
section through an experi nent aI nodul e for determ ning 10the quality
of m Xi ngq urlerés thaﬁws% éﬁﬁer prefRRtbd %ﬁboanﬁ\feﬁ{ @f@i%dféﬁﬂaﬁ flagtol 88&QrGing joth the
i denti cal corres Ing features. Figure OWs a segnent ©
Cross sectl on t hiny ’F?"a first enmbodi ment of a radial flow 15 reactor
1 accerding to the invention vvith introduction of a first fluid
stream 2 yi a erior or and o of this at t
out er vvalﬂpurgf#\ h%ho Salt %rPfe rﬁ?‘]rde |CEII G Saf(grglowgreﬁgtp%ﬁcgqralgg rtga

i npi nges per pendmaent@m\yltmdmhannia(ﬁetgl ofihelmiingein Sevemiprfiggiert, antd
rows of finned tubes 12 which are arranged so that the tubes are

| ocated next to the gaps in the other row and are preceded in the

f1 ow di r d8vedh b?hoﬁ"sfﬁ"r'%‘ﬂ't%w §eelicadhiough an ppeieeial dnodyler for KetRERIning
a seaond per f or atheduplitfobmiking. 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 m xture which
has been Iptherfigress, identicalaefersnice guineratbedenote iderdicd) o& gereaspbrding feakires.

t hrough the catal yst bed 4. 25Figure 1B shows a segnent of the cross
section thr ouqh a further radial flow react or ccor di n i]

i nvent i o 19WRITARNPHS B1R9RPTHA Actiess Fertinn thrrvahi 'f$‘|5‘g“LF?°é afadig| dow
fl ow1tef tréactdri Ir sdcofding 10 tisg invéntiog with irefodadtios tof ediret ﬂLnUStréarﬁm vidthe interior

out si de | i r

Cows of 1R pap(oh 884 DMlelor 1 oy e b Way PEVIE Rl ST 431 fifl tifing
downst r eanateiéal Soeam admpm'@sepqrmendspulaﬁle@a@s@mwng ] d&plse beeampising ko rows
catal yst o@ﬁﬁhe‘a tusdsr ﬁar\ﬂﬁéh 3adrRiged id Habhe ML RcBb8 AERto Iiﬁ%,dgég)% i the
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anot l2er |fdlowee mharseebsd petiertisdeplatehtl. fThestwd adwst biefifnednitles 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 another 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.



tubes 12. Here, figure 2B shows a fin 9 which is divided by cuts down
to arib base 14 into 35 segnents 13 and figure 20 shows a cross
section through a finned tube 12 wth tube 6, channels 6 and segnents
13. PF BOP9BBEBEYY M Fi gure 3 shows 3 perspective view of a finned
tube 12 with tube 6 and helical fin 9'Which is divided, with the
exception of a continuous fin base 14, into segnents 13. Figure 4A
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Fine o G & U 0SS5l il opH Andh LR i N dnaelilh B8
finned t tiyisled.with the exgeptiometer qaptinusius finbase 14, Fdo segmands 1% a concentric

central plguer 40 stdas bdgitbinaledeash BRRBL BIBndBiub¥N b Gith @k PENSHER, Wih
the cross section jin

t he pl B-Bipfi 4B, d b f
whi ch t nGPEUEsTaN g s1anels Arehpendhe sy Odby BaRdres & kyihe arggof e
t hg I ?)ntgtubed_thm} st cerwientnin cehtral ptud-in rolesd 17 uhiﬂb_hha.op!eni?@ 48, whidcarobe
o ] 12, i r ¢
the secop PGErobs Hfudt m ho AL 5th Huhe's8. 4, bl d Hlchind Socofd
| ongi t udflWdistasing metarialsiream B ia diskittuien in theviengiipdinadirgetion of therfomed tubsa

of the fiipsi figltei 4A, Dhalehd BEthEBIRED fibe SRNEBIBViIded Wit ddihgtdieriti@t103br the
i nterior ri\e reactor and di scharge at the outer wall of the

of 't
react or f.g %%EP@@@W%?@%JFF@&@ ows, in addition to the annul ar

arramgenment of catal yst bed 4 and mi xing-in device 5 in the cross

2Fart g R SREhS Ao GRARGIBP SIS Pl M ANl By b Rlerbh U o
| ongi t udifirsfluidestarting materipl sltram Bdhiosgh thel eptrakintesior pracecd dbe reagtor and

figure 2QRGharBe kit b bhitet WAl SABE tdapidr #f the first fluid starting
material stream 2 fromthe outside inward and correspondingly with

the m xing-in device 5 being arranged outside the catal yst bed 4.
Fi gund 6 Fijpips 6Bscleariy shbiver inpadsiitenrie dhe mbodlamamengemeat bk eattipst ded 4 and

di o . . . . i tar:td .
rat or | ol TukflcteylcB SR thcrott bekid, M ClrialroSe RN o thEuchl i B8 firt
bodi es 2fluidistarting reeiatial sreamedlowsr space and at the reactor wall,

whi ch displ acement bodi es can preferably be, as shown in the figure,
]E) ?(r)\?vbfle;?f% Ftla% ) %ﬁéié@ﬁ?@%@ﬁjdb%ﬂ%cﬁgndik qllatljre%%cig Irﬂga oéohurs g % rgerllctc?rxolf %ure
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 fiuid 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



and m xing-in devices 5 arranged in planes, wth depiction of a

| ongi tudi nal section in figure 30 7A and a detail of a | ongi t udi nal
section in a plane perpendicular to the plane depicted in figure 7A
in figur & 9B00HEMietail in figure 7B shows two rows of finned tubes
12 with openings 7 for exit of the seédénd fluid starting materi al
stream 3 fromthe interior of the finned tubes 12, W|th addltlonal
predistrib 0, e f therflu starti / tei SLTI
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row ab f iimtaadgieitehalifg andidéh dioansi headm eght of sldatdmp IAat@sheam pgrfemted
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15 T G 18 oo i bringe 5o e 838l taRleslint SRS o7 bt st e
The conc diflowaplansoidhe cf;laat o otifinneddebasn12 and & dowratieam pearioraied platgakaving
det er m negl ckﬁénln@frbﬁd 80 @RERY % VRS é&?dﬂ@@d 3t WG ek 610%%83'8%%&% the
Mai hak, Hagg qﬁé)(jru'e()t cllﬁ%ﬁhon uncertainties, a m | ong
pi ece of U rpga the seqeptew QY ipRRd WReP- of t he neasuri ng rod and gas
for r28f erence nmeasurenent was introduced into the instrunent ]USt
before t r

preci sel t;l% f%ﬂcéﬁmﬁ t 8%#@#' o%e H* §§|s§£ﬁ$Pﬁ§eg§?ﬁ]H%§5$ﬂé|n%€g y of
m xi ng preéaeréw using RUINOR Gl inshugent fsam Maihake Hambure: ﬂ@ﬂu@o@rﬁm&rwn

fi nped EQ@@&alrﬂ%suﬂﬁbrn?ﬁiﬁgﬁﬂécfeoéf%lﬁﬁg Wadlaadied 18 tROVAS bf fh@rmeasunn rod
perrorate

nmeasurin ont i nuous|
Phr ougn. (0388 S etroo messa pppetNasinodized o e Maimpt kit foie in e
t he &ar baf thb twbinge The meferdnca tmeasumdindnh ésicatsaisprdeisaly s ey vblumendfr carish
absor pti qa 4l ng the abovenentioned instrument. Measured val ues
rangi ng fT9m 0. 99% by vol une of carbon dioxide and 1.01% by vol une of
carbon dioxide, i.e. deviations of not nore than 1% fromthe val ue

of the refctsBEENEBRS GUATE R miRANG grédiRed 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.



35 excellent m xing over the entire cross section of the apparatus
were neasured. PF 0000058685/ M -13- List of reference nunerals 1
reactor 2first fluid starting material 53second fluid starting

mat er i al PReMPAPEIFM bed 5Sni xi ng-i n devi ce 6tubes 7openings in the
tubes 6 10 8channels 9fins 10upstream1i3érforat ed plate lldownstream
perforated plate 12finned tube 15 13segnents 14fin base

List of reference numerals

1 reactor
2 first fluid starting material
5 3 second fluid starting materiat

4 catalyst bed
5 mixing-in device
6 tubes
7 openings in the tubes 6

10 8 channels
9 fins
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



150penings in 10 16openings in 11 17central plug-in tube 2018openi ngs
in the central plug-in tube 17 19ring distributor 20cross section

t hrough which the first fluid starting material streamfl ows
21di spl acenment body 22neasuring rod 25 -14- Cains 1. A reactor for
carrying out a reaction between at least a first and a second fluid
starting material over a catalyst bed+th prem xing of the fluid
starting materials into a reaction m xture before introduction into
the catal ys, bed within a delay tinme of less than 150 ns in a

m xing-in d %2, wherein the m Xi ng-in device conprises, arranged
essentially transverse to an inflow direction of a first fluid
starting nat.eri & resitof RAdHTYINg out a reactidnWem@én & RERSirEtQHEa REdnd AGEadghi nd

one anot her ?&Enat P'%sﬁq%&%%h gB@lxiﬁgoftﬂlrérﬂB H %tgljﬂl?gﬁila%ggg It"l%ta(R*.a':a%tlo(r?[’ll'ux%re

out si de sur H‘l

the first fﬁﬁ%‘“‘éﬁdaﬁ* P 'Hg R oA e VYT 2.0ele e ¢ e 190 PRin &g ¢ h a
second f ui epvies #hereimbie mixinginidayicesempsiagp Bwnged epadigly dransharssugén iflawer i or s
of the tubedretiotlofiatijselidathitvy Matorprsteargs i n the tubes into the first

fluid starti ng rm'}d? k| rowdlaheS358 behind one andiitr H%E%ﬁﬁﬂh&@nie%r%e%ge plate

upstream of _th

por f or at ed. BPAPESFostr iR Ao PR SRR ios oot o o PR e 1
The react or SHEYHRENNGEO 1CTom YR 12 /1l 2teronp fldd starive giateday eiream beingt er nal
di amet er i npaased sngreh hHiedume & e tubeskEhdinpeted viadopenifae intirAbERto @6 GRIWidNg t 0
claim1, wheifighaRhe SRERAI N rati o i n the upstream perforated plate,

defined as a su ree .are n in the upstream
per for at ed %Matg'}' ggag‘ge(g1 perfor?te‘faﬁt Ft(r)esag' ogife%%@il’eg%gﬁ“prﬁp %%PBB%‘?Epaé'ﬂ& cular to

t he i nfl ow tH¥PRERT Boded plpfa devnpteopm of g ybescaiprishgonseidesr i al stream I nto
the mxing-in device, is g.5. 4. The reactor according to claiml1,

wherein a rati o Ted redtdr BicEhiRER SlaiMl1, Wideeit RSB A&V AR exEMANHdneRA A range
perforated Qs 150 n.ﬁ,he di aneter of the openings in the upstream or
downst ream perforate plate is In the range fromO0.75 to 2.0. 5. The
reactor according to claim1l1, wherein the dianmeter of the openings in
t he downst ream pesPestosewerdipd tapl@mﬂsw@reewepentnnmo o the@ppiradm pedoratad:

di anet er of pidid) ecfio@ianiasgs ofifilae irke oENPS bHeRAIRIMRY dpeFeain @ efoptadtpRts based on

total cross-sectional area perpendicular to the inflow direction of the first fluid starting material
stream Into the mixing-in device, is =0.5.

4, The reactor according to claim 1, wherein a ratio of a thickness of the upstream or
downstream perforated plate fo the diameter of the apenings in the upstream or downstream
perforated plate is In the range from 0.75 fo 2.0.

5, The reactor according to claim 1, wherein the diameter of the openings in the
downstream perforated plate Is greater than or equal to the diameter of the openings in the
upstream periorated plate.

8. The reactor according to claim 1, wherein a distance from the downstream perforated
plate to an entry point of the reaction mixture into the catalyst bed corresponds to from 5 to 20
times a diameter of the openings in the downstream perforated plate.

7. The reactor according to claim 1, wherein materials from which the tubes and the
perforated plates are fabricated are resistant to oxidation and, optionally, carbonized at elevated



6. The reactor according to claimZ2, wherein a distance fromthe
downstream perforated plate to an entry point of the reaction m xture
into the catal yst bed corresponds to from5 to 20 tines a dianeter of
t he openings in the downstream perforated plate. 7. The reactor
according to claiml1l, wherein materials fromwhich the tubes and the
perforated plates are fabricated are-rliésistant to oxidation and,
optionally, carbonized at elevated - |Is - tenperature. 8. A process
for carryi ngmgifwghem cal reactions between a first and a second
fluid starting material over a catalyst bed in the reactor according
to claim1, wherein the first fluid starting material streamis a
reaction ga& m XYRIBSSAHGaving o ehepivd rearisneibeiyesn @ fireigndyvpaeean Bid sfarfngam i s
an oxygen- coatpial &/eragpalpiys bed in barsactor@ccolingioclamgt, wherdletié o fAfiOstaringr eact or
accordi ng tﬁat@r*a?étr_@érﬂ-isaré’a@tioa SusHibddrd é}adme)d&;gcroné f?rfd sE}Qiﬁg Béte@rﬁ%@an{ ib b4 351
conpri si ng: : ing-in _device according to claim9, arrange
essenti al | yoé@agr? v%'?'ggg s(s)treaa?l"' inflow direction of the first fluid
starting material stream two or three rows arranged behind one

anot her of #ubes mikingghdeypeafora s&id srctrdih@incleimgener at ors on an out si de
surface of the tubes and constrict a flow cross section for a first
fluid starting i Jr to.1/10, with econd
Flutd start (5o Mool e e30R Ridy SbbbG, fepdigtniontd fclu el G5
tubes and i jag%‘ﬁ%doles?ﬁ“‘aa"¥)&56@ﬁ‘ieﬁ@£°af‘ frfiqvy firegtipf éhe first iyid siaging matariel sireany o
starting naivepiteke s eeenged Gehind eficanathe df tptiea whichuposprise turbuledice béreratosbes |
and a per f osnch@dtsipe itftee GO EESE ERtotrictd 1w tiafQSstion fdda firsT M stARGt OF
accor di ng t QatglafkrBambio i 8% & ol ) a%ﬁ%ﬁffﬁ}ré%ﬁﬁingnﬁé?&ﬂfs‘t@a% ﬂeH& E&Eegince

generators are finned bes, w t ; | ence generato i ng
cont 1 qur ed GoCgeBS athe RGeS soahirecy i Spenites g ot e ol BULiaRe
channel s beT#igialtreaqs 2 perieeated plpte upsiipain of ghadibes. artensriatstertplaariophsirpam €1,
wher ei n t hethg upesed t ubes constrict a free flow cross section for the
first fluid starting material streamto from1l/3 to 116 of origi nal
size. 13. .The ing .t laima11l.  wherein the finned
tubes are tﬁbestrgﬁ%cﬁo'} ﬂ%&gﬁ%}gglﬁiﬁi1h‘%’re?e(':"abemgg<ef glﬂ'%cro m "r?cejmf:b(lﬂ'ﬁ%cF ise fins
of el ongat e¥"THPF BS Nnerkioes: Wi Giettubplease qepreateia baing confipuirsies Arsangtra

| ongi t udi nadrerithy epeaning intodhsitubas in thepidsdrtweerttos finke cyl i ndrical exterior,
and wherein the fins are cut, with the exception of a fin base, to

form segneniss. Tﬂélreacmccsﬁﬁ&mf;mqg%taﬁig ﬂ%iﬁh&gg%%i cm%geafegfggaf&a;st he

segments are rotated at an.angle to 15, eact or
e g retR ey Rl AR B e i Va5 28 SHedgE ¥ eom 100 (o 500
tur ns

t he

13. The reactor according to claim 11, wherein the finned tubes are tubes which have a
cylindrical exterior and comprise fins of elongated sirips, the elongated strips being welded along
a longitudinal edge in a spiral fashion onto the cylindrical exterior, and wherein the fins are cut,
with the exception of z fin base, to form segments.

14. The reactor according to claim 13, wherein the segments are rotated at an angle to the
fin base.

15, The reactor according to claim 11, wherein the finned tubes have from 100 to 300 turns
of the fins per meter length of tube.,

16. The reaclor according to claim 11, wherein a ratio of height of the fins to external



of the fins per neter length of tube. *16. The reactor according to
claim1l, wherein a ratio of height of the fins to external - 16 -
di aneter of the tubes is in a range from1/10 to 1/2. 17. The
reactor according to claim 13, wherein the fins have a thickness in a
range from0.3 to 1.5 mmand the segnents have a width in a range
from3 to 12 nm 18. The reactor accdPdi ng to claim11, wherein the
second row of finned tubes is arranged so that the tubes of the
second row aitRetdrofind 106ks R4 rahdR 1@BAB0 oN/2t he first row of finned tubes.
19. The reactor according to claim 18, conprising three rows of
finned tubei7 with the thi rd&;?aw of finned tubes being arranged so
that the tubles dMRPEYALREALLEM 1§ Yl thefing haxe & BicHiRes B 2RPBION Pdned
t ubes.  20. oTHenm enddheseoresnis davdiamistitioa wheeifom Bl 120mer ei n a heat
transfer mediumflows through the second row and, optionally, the

third row ofg fi AREMabdtaESRE tolddf HEGHRMG ﬂ?e%geont‘g’Woﬂﬂﬁ'Jg'i%eSﬁﬁg'j’aﬁngeg% o

are forned sql i d terl of any cross secti on. :

accor di ng t@gtérfeg'i’bﬁ'? T%ﬁﬁ?"&%%é@ [‘:ic?{gdéﬁf:tﬁ" Q?B%'E&F\’;\Bt "BHAPEEY55er channel
between the fins of the finned tubes in dianetrically opposite

posi ti ons ofe. t h@hehadtunetsmingiotchinatsndombasiag thebie S6wa BERNddubas) wittthawipnt

finned tuberiyBsinh 15h8¥\bei afrdid R tattheSbes gl%?ucatgm?ex{t@@aﬁé ] Ehe@%ﬁg{ rgjéng to

claim11, V\Q%n%'d[?:bt he upstream perforated plate 1s arrange

di st ance correspone&i ng to from7 to 20 tinmes a dianeter of the
openings in the upstream perforated plate, froman inflow plane of
the first r#w offhd leantedccbribe® chiori1iwierehiarmsat trérsfer dediinciobs thigughiaieer | al .

23. The T eagbshs a8, olioRdly, iR tilaAdwBr Anhed W8 bahd sebdA@ ol SIBLRY thif ol e
openi ngs '”ar&Qﬁ?eUBﬁéoﬁifﬁﬁ&%ﬁ&%%ﬁb@%mﬁate is smaller than half of a
of the T1ns betveen )

cl ear spacing WO successive turns. 24. The
reactor according to claim1ll, wherein the downstream perforated

pl ate is | odlat edhaeadgier dtcaigmioclaipnh11fahignhad insatharagk tvg spesings peficoamedl er  of
the finned Heeestofinsar thehedass R iiahtiiaBhppdiRaBsiidnosn Hdchamkb, lvida pl ane
of the finnggmbiHBSSEce 10 2n adjacent finned tube in the row of finned tubes.

22, The reactor according to claim 11, wherein the upsiream perforated plate is arranged ata
distance corresponding to from 7 to 20 times a diameter of the openings in the upstream
perforated plate, from an inflow plane of the first row of flnned tubes for the first fluid starting
material.

23. The reactor according to claim 11, wherein the diameter of the openings in the upstream
perforated plate is smaller than half of a ¢clear spacing of the fins between two successive turns.

24, The reaclor according to claim 11, wherein the downstream perforated plate is located at
a distance of from 0.5 to 2 times a diameter of the finned fubes of a [ast row of finned tubes from
an outflow plane of the finned fubes.



