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mixture input stream is obtained in the shaft by metering an input gas Il comprising
molecular oxygen with a total volume flow rate V2 upstream of the fixed catalyst bed to
an input gas stream | which comprises molecular hydrogen and the at least one
hydrocarbon to be dehydrogenated and is flowing within the shaft toward the fixed
30  catalyst bed with a volume flow rate V1.

The present invention also relates to an apparatus for performing the process
according to the invention and to processes for partial oxidation of the at least one
dehydrogenated hydrocarbon.
35
The term “dehydrogenated hydrocarbon” used in this application is intended to
comprise hydrocarbons whose molecules comprise at least two (“two” are preferred
from a performance point of view) hydrogen atoms fewer than the molecules of a
hydrocarbon to be dehydrogenated. Otherwise, the term hydrocarbon shall comprise
40 substances whose molecules are composed only of the elements carbon and
hydrogen.



40 substances whose nol ecul es are conposed only of the el enents carbon and
hydr ogen. PF53844 2 Dehydrogenat ed hydrocarbons thus conprise in
particul ar acyclic and cyclic aliphatic hydrocarbons having one or nore C-C
doubl e bonds in the nol ecul e. Exanples of such aliphatic dehydrogenated
hydr ocar bons are propene, isobutene, 52ethylene, 1- but ene, 2-butene and
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n-butenes to butadiene).

30 Inother words, the term “hydrocarbons to be dehydrogenated” in this document
comprises, for example, hydrocarbons of the stoichiometry CnHzq+2 wheren > 1 to
n < 20, and of the stoichiometry CrHz, where n > 1 to n < 20, and of the stoichiometry
CnHzn2 where n > 2 to n < 20, and n = an integer, in particular C.- to Cys-alkanes, for
examplie ethane (to ethylene), propane (to propylene), n-butane, isobutane (to

35 isobutene), n-pentane, isopentane, n-hexane, n-heptane, n-octane, n-nonane,
n-decane, n-undecane, h-dodecane, n-tridecane, n-tetradecane, n-pentadecane and
n-hexadecane.

In particular, though, all statements made in this document apply to C»- to Ce-alkanes
40  as hydrocarbons to be dehydrogenated and very particularly to Cz- to Cs-hydrocarbons
(especially alkanes). In other words, hydrocarbons to be dehydrogenated in this



(especially al kanes). In other words, hydrocarbons to be dehydrogenated in
this PF 57RF87814 docunent are in particul ar ethane, propane, n-butane and
i sobut ane, but also 1-butene and 2-butene. In this docunent, a
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Y d understood generally to mean a reaction gas mixture constituent which behaves

essentially chemically inertly under the conditions of the appropriate reaction and,
considering each inert reaction gas mixture constituent alone, remains chemically
unchanged to an extent of more than 95 mo!%, preferably to an extent of more than

30 97 mol% or to an extent of more than 99 mol%. Examples of typical inert diluent gases
are, for example, N2, H2O, CO,, noble gases such as He, Ne and Ar, and mixtures of
these gases, etc.

Since the dehydrogenation step in a heterogeneously catalyzed partial

35 dehydrogenation of at least one hydrocarbon to be dehydrogenated (e.g. propane) to at
least one dehydrogenated hydrocarbon proceeds endothermically, the heat (energy)
required for the attainment of the required reaction temperature has to be supplied
either to the reaction gas beforehand and/or in the course of the heterogeneously
catalyzed dehydrogenation.

40
In the simplest manner, a heterogeneously catalyzed partial dehydrogenation can be
carried out in a shaft reactor. A shaft (reactor) is a reaction chamber which is enclosed



In the sinplest manner, a heterogeneously catal yzed partial dehydrogenation
can be cdffbeiidout in a shaft reactor. A shaft (reactor) is a reaction
chanber which is enclosed PF 57814 4 by a nmaterial shell which is in
contact with the reaction chanber and has at |east one first orifice for
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In the case of reduced cooling, reduced starting tenperatures are frequently

also sufficient for the desired conversion. This is advantageous in that,
in the collenending chepeyergeneodseipciedtingridistiopdhe redctioredyalinciwiapasns of at
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starting temperature, compounds including small amounts of high-boiling high
30  molecular weight organic compounds (thermal decomposition products) up to and
including elemental carbon, which are deposited on the catalyst surface and thus
deactivated. Carbon which is nevertheless deposited on the catalyst surface is
incidentally eliminated at least partly or fully and continuously by the principle of coal
gasification at the elevated temperatures of a heterogeneously catalyzed partial
35 dehydrogenation in the presence of steam as an inert diluent gas.

In an advantageous manner, a heterogeneously catalyzed hydrocarbon (e.g. propane)
dehydrogenation can be conducted in an (externally preferably configured
adiabatically) shaft reactor (both at dehydrogenation conversions based on a single

40  pass of the reaction gas mixture through the reactor of £ 30 mol% and > 30 mol%
(e.g. up to 40 mol%, or up to 50 mol%, or up to 60 mol%)) when it is configured as a
tray reactor.



(.g. upto 40 nol% or up to 50 mol % or up to 60 nol %) when it is
configuredra87&44 tray reactor. PF 57814 5 A tray reactor conprises, in
spatial succession, nore than one fixed catal yst bed which catalyzes the
dehydrogenation in the shaft (encl osedn$ eaction chanber). The nunber of
catal yst beds may, for exanple, be fronfl to 20, appropriately from2 to 8
or from3 5 to 6. In general, the fixed catalyst beds are arranged in radial
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i ndi rect Keat e ange (externally controlled 30 tenperature profile). This
is fodRd to be particul arly advantageous for the lifetine of the fixed

cat al yst Iveisks thp shaft tdeetor is ethendsatanfiguredaistabatically it isgyeeeaty sofficient fegant
froma perdfeﬂ{//&mggr?atlgg'ceﬁveq)éio% Eéfgegj%npﬁg{]@ﬁ@st&%e F&Eﬁéd”&é& tﬂFo% H‘?ﬁé' ng

outlined abo \é) rout cont r ol % a ure 35
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fixed catalyst beds) and, within the shaft, within the tray reaction chamber, to keep it at
least within this temperature range by indirect heat exchange (externally controlied

30 temperature profile). This is found to be particularly advantageous for the lifetime of the
fixed catalyst beds up to their regeneration.

“However, it is even more elegant from a performance point of view to perform the
intermediate heating outlined above by a direct route (internally controlled temperature
35 profile). To this end, a gas comprising molecular oxygen can be added in each case,
advantageously to a restricted extent, to the reaction gas mixture (to the reaction gas)
on its way through the shaft, for example after it passes through the first fixed catatyst
bed in fiow direction of the reaction gas and between the fixed catalyst beds
downstream in flow direction of the reaction gas, which generates a reaction gas
40  mixture stream comprising molecular oxygen, molecular hydrogen and at least one
hydrocarbon to be dehydrogenated.



40 m xture stream conprising nol ecul ar oxygen, nol ecul ar hydrogen and at
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catalytically active bed downstreamin flow direction of this reaction gas

m xture stream which conprises at |easj one shaped catal yst body, is
configured (for exanple by suitable setection of the active conposition)
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5, 563, 314Thg%veighting between “hydrogen combustion” and “hydrocarbon combustion” on entry

of the reaction gas mixture comprising molecular oxygen, molecular hydrogen and at
least one hydrocarbon to be dehydrogenated into the catalytically active bed can be
influenced primarily by the selection of the catalyst in the entrance region (in flow

30  direction of the reaction gas mixture) of the catalytically active bed. Useful catalysts
which catalyze the combustion of molecular hydrogen and/or of hydrocarbon
comparatively specifically (selectively) include, for example, those of the documents
US-A 4,788,371, US-A 4,886,928, US-A 5,430,209, US-A 5,530,171, US-A 5,527,979
and US-A 5,563,314.

35
Preference is typically given to dominant “hydrogen combustion” over dominant
*hydrocarbon combustion”, since it causes both increased selectivity of the formation of
the at least one dehydrogenated hydrocarbon compound and increased
dehydrogenation conversion based on a single pass of the reaction gas through the

40  fray reactor. This is generally the case when the catalytically active bed comprises, as
catalysts, only dehydrogenation catalysts (especially those recommended in
DE-A 19 937 107 (especially the exemplary catalysts of this DE-A), since they are
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and consume heat in doing so, and condense again where the temperature goes below
this level and release heat in doing so. In principle, fluid (gaseous and/or liquid) heat
30 carriers may additionally be conducted outside the material shell of the shaft reactor in
order to further improve the isothermicity. However, the level of application complexity
is considerable, which is why preference is generally given to the external adiabatic
configuration.

35 It will be appreciated that the measure of internal temperature control described can
also be employed in order to heat the reaction gas mixture fed to the first fixed catalyst
bed in flow direction of the reaction gas mixture to the required reaction temperature.
For this purpose, molecular hydrogen from another source may, if appropriate for the
purpose, be supplied beforehand to the reaction gas mixture which comprises the at

40 least one hydrocarbon to be dehydrogenated and is conducted into the shaft reactor.
However, it is also possible to dispense with such a hydrogen addition. In that case, the
internal temperature control can be effected essentially only by hydrocarbon
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metered addition of the gas stream comprising molecular oxygen is to be undertaken
30 (performed) on the industrial scale.

The manner of the feeding of the gas stream comprising molecular oxygen to the gas
stream which comprises molecular hydrogen and at least one hydrocarbon to be
dehydrogenated flowing toward the relevant fixed catalyst bed in the shaft is, according

35 toin-house experimental results, however, reievant to industrial scale process
procedures for various reasons.

Firstly, there are locally elevated oxygen concentrations where the gas comprising
molecular oxygen is metered in. In unfavorable cases, these may be such that ignitabie
40  (explosive) gas mixtures are formed locally, which is undesired from an application
point of view, which is why their existence should be brief at most and be tightly
restricted locally. Moreover, the reaction gas mixture which results after the metered
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30 comprising molecular oxygen controlied according to the total amount fed per unit time,
to no gas comprising molecular oxygen exiting from the exit orifice at some exit orifices,
but rather gas comprising molecufar hydrogen and at least one hydrocarbon to be
dehydrogenated entering the exit orifice. Moreover, the inert shaped bodies can
unfavorably influence the flow direction of the individual metering streams exiting from

35 the exit orifices and, in the extreme case, even conduct the local metering out of the
fixed catalyst bed.

When the reaction gas mixiure comprising metered molecular oxygen enters the actual
catalytically active bed disposed beyond the inert bed in flow direction, an

40 inhomogeneous distribution of the molecular oxygen in the reaction gas mixture causes
local catalyzed combustions of a different degree in the catalytically active bed. These
are accompanied by correspondingly different local evolutions of heat. Locally elevated
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strictly document requires that the gas comprising the molecular oxygen and the gas stream
comprising the at least one hydrocarbon 1o be dehydrogenated be conducted in strictly
paraliel flow control with respect to one another, which requires a comparatively
30 complex apparatus. In addition, a parallel flow combination requires a comparatively
long mixing zone.

DE-A 102 004 003 070 is likewise incapable of contributing to the solution of the
problem stated, since it is directed to a heterogeneously catalyzed oxydehydrogenation
35 in which the reaction gas mixture is conducted directly to the catalytically active bed.

A solution proposed to the problem unsolved in the prior art is therefore a process for
heterogeneously catalyzed partial dehydrogenation of at least one hydrocarbon to be
dehydrogenated to at least one dehydrogenated hydrocarbon, in which, for the purpose
40  of the heterogeneously catalyzed partial dehydrogenation of the at least one
hydrocarbon to be dehydrogenated, the entirety of a reaction gas mixiure input stream
comprising molecular oxygen, molecular hydrogen and the at least one hydrocarbon to
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upstream i st bed to an input gas stream | which conprises
nol ecul ar ugggsgsetﬁéaﬁgsﬁﬁmagt | east one hydrocarbon to be dehydrogenated

and is flowwng within the shaft toward the fixed catalyst bed with the
vol une fl ayv r datedidctiondef tae piurdlity Mngfet! inpas gbd | isbedfs exitieg Fdmithe iemutt he form
of inpgt gas Ic}nfléésrgﬁ'ﬁ“ﬂﬁeftﬂé?a%tleg ngen&% ofth |ﬁﬂu@g?§ ¥tré:’a[fm ?éhé]o@éﬁcé oA of a

i ne system ?gﬁse ﬁt I xe rectl on of
the input gad fj‘ﬁ%ﬁ 1ogof iednRitoas SIERE lof the pI uraI ity M of

all input gas |l streams exiting fromthe exit 25 orifices Ain the
theoreti ce? a@ﬁeea.geneé Dtda@hé 01ty éﬁﬁmf.be@ﬂ%@@eea&eaesiaﬁ/sabe@f 90 600

wth the f °Wb%'sé on %herhow ra‘ie onﬁe lnpgfagas stream i in the shaft, is less than or
30 equal to the induction time J of the reaction gas input mixture (this is the gas

mixture that constitutes the reaction gas mixture input stream) multiplied by 2-W;

c) a projection of the centers of the plurality M of all exit orifices A in flow direction
of the input gas stream | into the projection plane E at right angles to the fiow
35 direction of the input gas stream | within the projection plane E gives rise to a
number ZA of the exit orifice centers present in any m? of 2 10 for at least 75%
(preferably for at least 80%, better for at least 85%, or for at least 90%,
advantageously for at least 25% or even better for 100%) of the projection area
covered by the input gas stream I;
40
d) the individual input gas If streams (e.g. volume streams or mass streams) exiting
from the exit orifices A corresponding to the number ZA of exit orifice centers



b) the distance D of the plurality Mof all exit orifices Afromthe fixed
cat al yst [R5781dased on the flow rate Wof the input gas stream!| in the
shaft, is less than or 30 equal to the induction tine J of the reaction gas
input mxture (this is the gas m xture 5hat constitutes the reaction gas

m xture input stream) nultiplied by 20;1 c) a projection of the centers of
the plurality ddvizke fbrh tiedt huroéridal ean By inot ib@whdn 68%t (with theofiurhérical nput  gas
stream | into ,ﬁg% %%%fel-éﬁ&e%%@ E at right angles to the flow 35
direction of the 1 nput gas strea within the projection plane E gives rise
to a nunber ZA of the exit orlflce centers present in any n2 of _> 10 for
at | east B% gmoreftoe abinpef DA ohexil edises,3084listsate difrdmonaexilt @Hice c8B%F or f or
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the projection j\-hep——f:overe by the input gas streaml; 40 d) the individual
input gas |l styla . volune streans or mass streans) exiting fromthe
exit orifices A correspondl ng to the nunber ZA of exit orifice centers PF
57814 12 f)dewtﬁé% ﬁghggegg nunerical mean by not nore than 50% (with the
nunerical “ nean as the reference basis); e) anong the nunber ZA of exit
orifices, the distance d fromone exit orifice center 5 to the closest (in
the pridj edn pumcipe dhe iyt gad it (for éXanude ethe easd of ai)in thermeoddsancrdin@itZA, and f)
the V1: V2 yainléntich c%n%e mMéleled iRGt, #ér Xafpid, R6°d (?:Mt&degﬁz‘ﬁwdekat(ufe‘?r exanple in
the case of air) in the process according to the invention can be netered
inat, for exanple, 20C (outside tenperature). Appropriately in accordance
with the iAppeiriately iweteharseswitlethednvantien (whighoenaugessa mpehunifoyma@asr the exi't
orifices Apbnsityset BENSA I ifiER A, fﬁe&é@nbél@t%@lﬁe('édte'mmlﬁMd@ﬂltuﬂé bet ween t he

t t th | d,
e8! Uh Rl e el A0 L KRN 8018 MORHE 980 bloglcl!
250C, nor BOWBYR(F Betds grenist thgp SRPr. AR pﬁ@@B'Yd@&a‘iﬁ@ﬁjéﬁﬁiﬁg’ @oMOfR eat er
t han 15OC,pr¢ie:rablymdt grda}er tishv200° agedusitagebodly gotebster thaar SEGQ(,&artmlrarly

gg;;;f;gg 24V rﬁé r"é%er% fsd?f ct %@’?toalrzlégarl)y&ie‘(ergﬁl (5 Qfergh Ac and at
hest < 20 r\gersa ca ARBHCOIRY POLDr S aRDRA Bl DoHPENGl S Sl | 1 he

i nput 28t réﬁh@ Ian@ehmsalslzyb Gaw g WEC dridjber terrperature. 25 The af orenenti oned
is especi ally true when the input stream| has a tenmperature of >_ 350C
(e.q. 400C 500C, or
5558 or Mo g temRaRs Frng0RR AR PSR RAR BUFRTHAR Nhe < BooC,
frequentli’"ghgfmﬂerat(s@ The fixed catal yst bed disposed in the shaft in the
process according to the invention

25 The aforementioned is especially true when the input stream | has a temperature of
2 350°C (e.g. 2 375°C, or 2 400°C, or 2 425°C, or 2 450°C, or = 475°C, or = 500°C, or
2 525°C, or 2 550°C, or 2 600°C}. in general, this temperature will be = 800°C,
frequently < 700°C.

30  The fixed catalyst bed disposed in the shaft in the process according to the invention
may be the sole fixed catalyst bed disposed in a shaft reactor or be one of a plurality of
catalyst beds in a shaft reactor configured as a tray reactor. When the fixed catalyst
bed is the first in flow direction of the reaction gas in a shaft reactor, the reaction gas
mixture input stream will generally not yet comprise any dehydrogenated hydrocarbon.

35  When the fixed catalyst bed in the process according to the invention is, however, a
fixed catalyst bed which follows this first fixed catalyst bed in flow direction of the
reaction gas, the reaction gas mixture input stream (this is the gas stream conducted
into this fixed catalyst bed) will normally, however, also comprise some of the at least
one dehydrogenated hydrocarbon. The fixed catalyst bed in the process according to

40  the invention may also be the last fixed catalyst bed in a tray reactor in flow direction of
the reaction gas.



may be the sole fixed catalyst bed disposed in a shaft reactor or be one of
a pluralitpF gfg14cat al yst beds in a shaft reactor configured as a tray
reactor. \Wen the fixed catalyst bed is the first in flow direction of the
reaction gas in a shaft reactor, the reaction gas mxture input streamw ||
generally not yet conprise any dehydr od@nat ed hydrocarbon. 35 Wen the fixed
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anot h I : r . cat al yzed
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gas st r eairlind inwbntoh, cortstipedshtbe redctibn ghemixtyretinma strédm dahjorths fixeyl casblgstul ar
oxygen ingLhe process according to the invention, constitutes the reaction
gas mixture input streamfed to the fixed catalyst bed. 20 Useful input gas

Il for the process according to the invention is in principle either
mol ec@Dar Usriuyewpui gaspibifos tHeoprnocess accaidingue éheinventiosduinarinoipleggitheand i nert gas

(e.g. airlnolecoitidx ih PAASRPM 6P AnikYe off REIcQa B ygen BRd MeheNl(ag. &kt rogen,
carbon di %XI ﬁle nobl e ses fand/orrrl stbeamI 2@ rﬁfﬁ@r oeorlgrhel ¥i f@r tt}%
applicati he ﬂ’??é‘qar?SEPsﬁg@aY-l 13 %% % RYREUPE OP9h PARRY RSN Re  use
of mi xt ur 88seH aneilredeAdr oxygen and inert gas as input gas Il is

advant ageous over use of pure nol ecul ar oxygen as input gas Il in that this

o £ 251 nABE st toPRRRpfGaoh Anb Wouk 624 Wil & Rl cr of ehifiein 10 00, 1Y
addi t i onaks&gbmptures gt molgadlar exyora and et apgas|inPu §as llds agvanipgeousgverot al
vol ume fl ave bahies MEecudrioxhigérsad mpitdyasal ihehatdvigriakgs hesexplssidniteenat/iabi | 1ty
in the region of the exit orifices A on entry of the input gas Il into the input gas stream |
more favorable. Moreover, additional use of inert gas in the input gas Il enables iarger
30 total volume flow rates V2, which is found to be advantageous for the stability
{uniformity) of metering of input gas Il into the input gas stream |. When, however,
increased inert gas contents in the product gas stream of a heterogeneously catalyzed
partial dehydrogenation of at least one hydrocarbon are undesired (for example when
they are found to be ballast which has to be conveyed at high cost in the subsequent
35  use of the at least one dehydrogenated hydrocarbon), their content in the input gas I

will be minimized.

input gases Il suitable for the process according to the invention may, for example,
have the following contents:
40
from 0 to 80% by volume of steam,
from 10 to 97% by volume of N2z and



(uniformty) of netering of input gas Il into the input gas stream|. Wen,
however, PRMEBT&YAsed inert gas contents in the product gas streamof a

het er ogeneously catal yzed parti al dehydrogenation of at |east one

hydr ocar bon are undesired (for exanple1gh they are found to be ball ast
whi ch has to be conveyed at high cost the subsequent 35 use of the at

| east one dehydr ogenatfeth Bysl28% dyhohyne df@i.r content in the input gas |

will be mnimzed. Input gases Il suitable for the process according to the
i nvention na for exa have the follow ng contents: 40 fromO to 80%

by vol ume &8 @{eeuawtgalsgg nigits By ¥R vol ume of N2 and PF 57814 14 from 3

to 25% by volune of 02. Possible input gas Il contents nmay thus be: 5 from
15 to &0% by vol une offrOH,ZQ,to ggo,glgyzgmpﬁg &W@by volume of N2 and from5 to

25% by vol ume of 02; Qr Wg@%o 60% %rre of HO 10 from 20 to 80%
by vol une of N2, and 'PFb éﬁdfo'ﬁ)‘ f'%f 02. The ratio of the vol une

flowrate Vi (|n s ($’DP)5If02WBbQ/S‘DID)’nQa¢fé3£he volume in nB that the
appropri atg anount of gas woul d take up under standard conditions (0C, 1

atm) 15 to the total OH#&e%qégj\gvVE@%%%%‘@Iikew seinnmB (STP)/h) in the
e

process according to trls?g1 is preferably z 10, nore
preferl@ly ? 15 and nd®m &0 ter &% by yolmeoof Naraed vv1: V2 ratio in the process

according to the invefiohoBtd 0% beaurRid of @l.so ? 25 or >_ 30, or z 40 or z
50. In general, the V1:V2 ratio in the process accordi ng to the invention
will, however, be < 500, frequentl g < cases also s

400 or < 00,
200 20 orThe ratigef the yolyaiedion ratq WL (himyd§TEXPamS 637 PS&&G e \t%“%&“dee that
accor di ng th@apprepiiate antouahoftyes wdutd fakewp udderestandand obnditivers (@4X; t1i atm))gas
m Xt urg, %’iheot'a aY v&uﬁ\%‘ﬂ%{}v rafVgS (Ii%wis@‘?r( b2 '(@TF%VH '%H t%%ro@és%%céordf Q@lthel ayer of
i nert shaped B ?&‘F cQ ¢ g/ g f @ &N axi al
25 tray UREPR Scht I B ReIeRaeT o We e R har sy MashpsTe ady B2G
gas- per nedlbled/ g2 chtiovih §weprmesds M@@MQNQQ'&%WBMHW&Sfraqlll%]ﬂgeisoch 20551 on t han
the shaped z@toabkydtorosh, % enéNS!efhet\hﬁVﬁ FatRdn &/ oysds fesrdffigap@sed in the

ooy opr | al gl B P 90) il FYATHL Bah RAY RS RME! o

st rear®l |0rﬁ—a10§haft reactor the input gas stream!| flowing with the vol ume
flow rate V1 in the shaft norrrally corresponds to the input gas streamfed

to the Sheﬁtn beneral, the fixed catalyst bed in the process according to the invention has, in flow
direction of the reaction gas mixture, not only a cover layer of inert material but also a
final layer of inert shaped bodies. This is because, for example, in the case of an axial
25  tray reactor, the fixed catalyst bed is generally supported by a gas-permeable grid
whose mesh size frequently has a larger dimension than the shaped catalyst bodies.

When the fixed catalyst bed disposed in the shaft in the process according to the
invention is the first {(and if appropriate only) fixed catalyst bed in flow direction of the

30 input gas stream | in a shaft reactor, the input gas stream | flowing with the volume flow
rate V1 in the shaft normally corresponds to the input gas stream fed to the shaft
reactor for the purpose of the heterogeneously catalyzed dehydrogenation of the at
least one hydrocarbon to be dehydrogenated. It generally comprises 2 5% by volume
of the at least one hydrocarbon to be dehydrogenated (e.g. propane). In addition, it

35 may comprise, for example:

a) Nz
b} Nzand H20;
¢) Nz H20 and Hz;
40 d) Nz H.0, COzand Hy; or
e} Nz HzO, CO, CO; and Ha.



reactor for the purpose of the heterogeneously catal yzed dehydrogenati on of
the at | =B57814e hydrocarbon to be dehydrogenated. It generally conprises z
5% by volune of the at |east one hydrocarbon to be dehydrogenated (e.g.
propane). In addition, it 35 may conprise, for exanple: a) N2; b) N2 and
H2O ¢) N2, H20 and H2; 40 d) N2, H20 82 and H2; or e) N2, H20, CO, O
and H2. Pin ad&ifidn, }omay atsadﬁleédy%mprtse mealaﬁ@uaisr&aﬁbrecﬁmwxyge&\ limted
amount s of ol ecul ar oxygen. \Wen the fixed catal yst bed of the process
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this firstWperie fixad spialyst brotofithe P'IW%?QC@EQ‘”QJW the invealieN s MGVER gas, the
I nput  gas fixed eatalybt béd Whitie fallelvk ¥his tist fegaiarathlyst bebin fleadiredion@athe m xture
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geonetry aiput bes dxtreams, dongese Acha whivh lspsmemsma:cmenatgeg_cﬁ thetihdividawlent i on

25 is ar bl,ﬁ[{@%gs i sﬂe%?ﬂcldﬁ%&%t ds'bﬂhlté“ qyygonal (e.g. triagonal, tetragonal,

pent agonal exagonal , etc. roun (e.g. elliptical or circular) exit
orifices A are p055|ble The georretry of all exit orifices Ain the process
accor @dng Rrefetdily inraceordance wigh hedfhandion.ythe ingividuahinpitrggsutstrapmsheitingsi ze) .

Round exi trroﬁfﬂhtale&ﬁ%nﬁce@"mgﬂeeg Jar 3 ®oBEIBIESH tHRdntExt BCHRItGRPSRIDE frh t he
I nvention |nen5|on L (their dianmeter in the case of 30

circul ar 5”>ﬁr{U$WLfrF%c8%l’ja B 9% exit orifice A (this is the longest line

directly connecting two points on the outline of the particular exit
orifice Anpindife the QEEHEINAETBE @kinBrificestAia the process according to the invention

25 is arbitrary. In other words, both polygonal (e.g. triagonal, tetragonal, pentagonal,
hexagonal, etc.) and round (e.g. elliptical or circular) exit orifices A are possibie. The
geomefry of all exit orifices A in the process according to the invention is preferably
uniform (including their size). Round exit orifices A (“holes”) are preferred in
accordance with the invention. The longest dimension L (their diameter in the case of

30  circular exit orifices) of an exit orifice A (this is the longest line directly connecting two
points on the outline of the particular exit orifice A) in the process according to the
invention is advantageously from = 0.1 mm to < 5 cm. In other words, possible values
for L are from =2 0.2 mmto £ 4 cm, and from 2 0.3 mm to < 3 cm, or from 2 0.4 mm to
£2cm,orfromz0.5mmto=<1cm, in many cases from=1mmto <5 mm.

35
The (cross-sectional) areas of the exit orifices A are preferably in the regions of
(=L2)/2, where the values of the aforementioned ranges are to be inserted for L.

When the ratio R formed from the longest dimension L of an exit orifice A* and the
40  shortest dimension K of this exit orifice A* (this is the shortest line connecting two

points on the outline of the exit orifice A* and leading through the center of the exit

orifice A*), .e. R=LK,is 2 5 (normally, R is < 5 and 2 1}, this exit orifice A* (for



i'nvention is advantageously from? 0.1 nmto s 5 cm In other words,

possi bl e \RA @&4 for Lare from?0.2mmto < 4cmand from a0. 3nm t o<_3cm or
from?0.4mmto <_2 cm or from? 0.5 mmto <_ 1 cm in many cases from? 1
mmto <_ 5 nm 35 The (cross-sectional)sareas of the exit orifices A are
preferably in the regions of (n. L2)/21, where the val ues of the

af or enent icaamgierwimgrethe axit otificeb®” is msstot} sibuldy forlall purifoses bhiterpaesemt R f or ned
fromthe hignagst reslaéé@mebre%a@yea(%m@érwéf%;f&*m dindaidveudPesh@iricast

di mensi on ice Is is the shortest |1 ne connecting

K of thi It orif

two poi nt’%wﬁ'ﬁhfsh‘éa?%ﬁﬁxtfa‘% ﬁfé?%'f’wf'he exit orifice A* and | eading through the
center of the exit orifice A*), i.e. R= LK is ? 5 (normally, Ris <5
and ? 1), this exit orifice A* (for PF %#814 16 exanple when the exit
orificé A* is a slot) should, for al*#=gmposes of the present invention, be
repl aced theoretically by a nunber n of "uniformvirtual circular exit
orifices A which is calculated as follows: U2 5 n=4l1.F where Tr = the
ratio of ™&ircle circunference to the circle diameter, U = circunference
3\1;] t he exirt = end fatic ef th’é,ciralad:ir&@nférehc@tbthesntlfciaﬁdmmlate%,a of\Mtthe exi ﬁmori ]EI ce ﬁ\*.

en n ispot. il Sie n to the cl osest ol e nunber (in the
case of 1.Lgohr_g%a#efgtn?gg?]g]eoéxg,il%%ﬂﬁéﬁger is rounded up). 15 The dianeter dh
of t hdQaf &reRuheyriicedrea ‘Pfttt]g?x’é%‘ftceoﬁ' ifices Ais calculated as follows: 4F
dh Ult is referred to as the hydraulic dianeter of the exit orifice A*. 20

The cent ergngy n it @n Yitbderah isGblAdEd®h e bibsddt WhbSRurber iR thdlcd dtissgrpsed on
a straight El.tne G \M’{ﬁse Ignltgth L&%rresg)onds to the I ongest dinension L and
whi ch | ead89{R2B8I0AS+1H8 NUOBRL'E FoBieffR)-exi t orifice A* such that this center
hal ves the length of the straight line G and at |east the | engthened

strai ght Hhagidmatet & e Sefdrméiftiondd ViRBalRNdtloriftds A Recaffuldtvd € folibwand t he
straight line Gencloses aright angle wwth the flow direction of the input

stream 1. The centers of the n virtual exit orifices should be distributed
uniformy on this straight I|ine G ghhgic':énter of the exit orifice A* itself
formng the mdpoint (the center) of thi& distribution. 30 The wording "in
the theoretical absence" of the input gas stream| expresses that an

(i ndi vi duadig réfemped tco@stht hySlalRadba@sier bhghefdx@drifce Axit orifice Ain the
process accor ding to
The centers of these virtual circular exit orifices A should be disposed on a straight line
G whose length corresponds to the longest dimension L and which leads through the
center of the exit orifice A* such that this center halves the length of the straight line G
and at |east the lengthened straight line G cuts the outline of the exit orifice A* twice
25 and the straight line G encloses a right angle with the flow direction of the input stream
[. The centers of the n virtual exit orifices should be distributed uniformly on this straight
line G, the center of the exit orifice A* itself forming the midpoint (the center) of this
distribution.

30  The wording “in the theoretical absence” of the input gas stream | expresses that an
(individual) input gas Il stream exiting from an exit orifice A in the process according to
the invention changes direction when it combines with the input gas stream I. The
angle o is therefore determined by employing the direction of the (individual) input gas
Il stream exiting from the particular exit orifice A that would be present were the input

35 gas stream | to be suppressed under otherwise unchanged process conditions.

Advantageously in accordance with the invention, for the majority M of all exit orifices A
(or of the input gas Il streams exiting from them), the angle o is 90 + 50°, preferably
90 £ 40°, more preferably 90 + 30°, better 90 £+ 20°, even more preferably 90 + 10°,

40 even better 90 + 5° and at best in all cases 90°. The direction of the (individual) input



t-he invention changes direction when it conbines wth the i nput gas stream
|. The amHABr&4is therefore determ ned by enploying the direction of the
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ot herwi se unchanged process conditi ons 17" Advant ageously in accordance with
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40, nore |5ref erably 90 30, better 90 20, even nore preferably 90 100, 40
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catal yst bed, based on the flowrate W(in nis) of the input gas stream| 20
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pure nol e a mxtur thereﬁ1 fEvlth nol ecul ar nitrogen) to
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30  When an induction gas mixture which has the same content of molecular oxygen and
of hydrocarbon to be dehydrogenated (in each case in % by volume) as the reaction
gas mixture input stream and which is obtained by adding the molecular oxygen as
starting gas 2 in the form of air (or as pure molecuiar oxygen or as a mixture thereof
with molecular nitrogen) to the hydrocarbon to be dehydrogenated (or a mixture thereof

35  with molecular nitrogen) as starting gas 1 (i.e. the induction gas mixture comprises, as
gases other than molecular oxygen and hydrocarbon to be dehydrogenated, only
molecular nitrogen), and which is at the same temperature TR and the same pressure
PR as are present in the reaction gas mixture input stream is left alone, the oxygen
content {Oz) present in this induction gas mixture decreases as a function of time. The

40  induction time J of the reaction gas mixture input stream is that time within which the
oxygen content of the accompanying induction gas mixture has fallen to 70% of its
starting content (as an absolute amount).




35 with nolecular nitrogen) as starting gas 1 (i.e. the induction gas
m xture cERETHIGS, as gases ot her than nol ecul ar oxygen and hydrocarbon to
be dehydrogenated, only nolecular nitrogen), and which is at the sane
tenperature TR and the same pressure PR as are present in the reaction gas
m xture input streamis |left alone, théeoxygen content (02) present in this
i nduction gas m xture decreases as a function of tinme. The 40 induction tinme
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content o . I'on gas Strean a o
electrical current to be abstracted between platinum electrodes mounted inside and

30 outside the probe, the probe voltage. This voltage is described by the Nernst equation
and is a direct measure of the oxygen content of the induction gas mixture stream at
the exit from the carrier tube of the Y-shaped mixing nozzle.

Alternatively, a fambda resistance probe can be used. The sensor element here

35  generally consists of a semiconducting titanium dioxide ceramic. The charge carriers
are provided by oxygen defects which act as donors. With surrounding oxygen, the
defect sites are occupied and the number of free charge carriers is reduced. The
oxygen ions do not make a substantial contribution here to the conductivity, but rather
the oxygen reduces the number of free charge carriers. At high oxygen concentration,

40 the sensor material has a high resistance. The signal is generated by a voltage divider
with a fixed resistance.



the exit fromthe carrier tube of the Y-shaped m xing nozzle. Alternatively,
a | anbda rris5F81ance probe can be used. The sensor elenment here 35 generally
consists of a sem conducting titanium dioxide ceram c. The charge carriers
are provided by oxygen defects which act as donors. Wth surroundi ng oxygen,
the defect sites are occupied and thellunber of free charge carriers is
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carriers. oxygen concentration, 40 the sensor material has a high
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(in the pret@epdrt B datRedaingSiBAgEsH dMSnsitdsTdfehe exit orifices A). In principle,

ZA in the process according to the invention may be up to 100 000 and more.

However, for reasons of economically viable manufacture, ZA will generally usually be

30 =10 000, frequently = 1000,

Among the number ZA of exit orifices, the distance d from one exit orifice center to the
closest exit orifice center {in the projection plane E) shouid not be more

than2v1m* /Z4 .

35
in other words, in accordance with the invention, d cannot be more than 1.75\/1m2 /ZA4

or more than l.SVImZ/ZA , of more than 1.25\/lm2/ZA_

Of course, the number ZA of exit orifice centers may also be distributed uniformly
40 (d = v1m’ /24 ) over the projection surface area covered by the input gas stream | in
the projection plane E.



than2 1n2 /ZA . 35 In other words, in accordance with the invention, d
cannot be P®H6B8tHhan 1.75\'1nR /ZA, or nore than 1.5 1nR2 / ZA , or nore than
1.2 1n2 /ZA. O course, the nunber ZA of exit orifice centers may al so be
distributed uniformy 40 (d = 1nR /ZA )_.over the projection surface area
covered by the input gas stream| in 4 projection plane E. PF 57814 20
It is also favorable in accordance with the invention when no exit orifices
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circular cylinder. 20 O course, the process according to the invention is
al so used Advahtagseushhincizcoridanceadith thednvdntion Hiee smafeintthe pracegeaddoatinpfo a gas
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cat al yst mekidROplefd¥Bncdg BRealtd edligtieayirkdefBhdan Sdridhar t8 ¥ cicuf@! %  or
at | east H}QA% or at least 4 nol% or at least 5 nol% (preferably at
9

| east 7 moP¥9%Shor e preferably at |east 9 nol % and nost preferably at 30
| east 201 nol % of the at |east one hydrocarbon to be dehydrogenated present

in the redddufse, BRSorotest WeCortingus thtinemtioh & slehyskdgematedhica, hhe at | east
one dehy dr0aRRRYS e X HBFE T on BPYGYELombihAhBILEMERbHARR UpdRL A oPer cent age
the fixed catalyst bed, also undertake metered addition of a gas comprising molecuilar
oxygen into the inert cover bed.
25
A further inventive requirement is that, based on the single pass of the reaction gas
mixture input stream through the fixed catalyst bed, a portion, generally at least
1 mol%, or at least 2 mol%, or at least 3 mol%, or at least 4 mol%, or at least 5 mol%
(preferably at least 7 mol%, more preferably at least @ molt% and most preferably at
30 least 11 mol%) of the at least one hydrocarbon to be dehydrogenated present in the
reaction gas mixture input stream is dehydrogenated to the at least one
dehydrogenated hydrocarbon. However, the aforementioned molar percentage will
normally be < 20 mol%.

35  Generally, the reaction gas mixture input stream will generally comprise at least 5% by
volume of the at least one hydrocarbon to be dehydrogenated. Frequently, this volume
fraction will be at values on the same basis of =2 10% by volume, often =2 15% by
volume and usually 2 20% by volume or = 25% by volume, or 2 30% by volume. in
general, this volume fraction, however, will be at values on the same basis of £ 90% by

40  volume, usually = 80% by volume and often < 70% by volume. The above statements
apply (like all other statements in this document) especially in the case of propane as
the hydrocarbon to be dehydrogenated and propylene as the dehydrogenated
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i nput stream passes through the fixed catal yst bed for the consunption of
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The initi gﬁiarﬁ)gggi)ﬁfa;sgnOrﬁ%%ree%%{écgncgélsgrﬁ&ggg 'nr%hg%tge%g'hi nput streamon entry
thereof into the fixed catalyst bed in the process according to the
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combusted with molecular oxygen as the reaction gas mixture input stream passes
through the fixed catalyst bed.

30  The initial pressure of the reaction gas mixture input stream on entry thereof into the
fixed catalyst bed in the process according to the invention will generally be from 1.5 to
B bar, frequently from 2 to 5 bar and in many cases from 3 to 4 bar.

The temperature of the reaction gas mixture input stream on entry thereof info the fixed
35 catalyst bed in the process according to the invention will generally be from 300 to
700°C, frequently from 350 to 600°C and in many cases from 400 to 500°C.

In this document, the loading of a fixed catalyst bed catalyzing a reaction step with

reaction gas shall be understood quite generally to mean the amount of reaction gas in
40  standard liters (= 1 (STP); the volume in liters that the appropriate amount of reaction

gas would take up under standard conditions (0°C, 1 atm}) which is conducted through
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nornal |y S®hy @genat pdeferably 90 20, nore preferably 90 10, even nore
preferably 90 5 and at best 90. 25 Nornally, the flow surface area of the
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for heter d§éh®dusly catal yzed dehydrogenations. They can be divided roughly
into two groups, specifically into those whi ch are of oxidic 35 nature (for

exarrplz(% C;Noqma mtﬁé(floq!??\?r?hdc/ Oa[reé"la %B(%tblggt)bedarnﬂ] s?‘utaﬂ ug th%spg &QE'SCh consi st
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al um num ex3% a8, OBddurs the aforementioned flow surface area may also be 2 10 m2, or

2 20 m2, or 2 30 m2. in world scale plants, the aforementioned flow surface area may
also be = 40 m? or 2 50 m2. Corresponding flow surface areas of 2 100 m? are usually
30  exceptional.

Useful catalysts for the catalytically active bed are in principle all dehydrogenation
catalysts known in the prior art for heterogeneously catalyzed dehydrogenations. They
can be divided roughly into two groups, specifically into those which are of oxidic

35 nature (for example chromium oxide and/or aluminum oxide), and into those which
consist of at least one generally comparatively nobie metal (e.g. platinum) deposited on
a generally oxidic support (for example zirconium dioxide, aluminum oxide, silicon
dioxide, titanium dioxide, magnesium oxide, lanthanum oxide and/or cerium oxide). The
dehydrogenation catalysts which may be used thus include those recommended in

40 WO 01/96270, EP-A 731 077, DE-A 102 11 275, DE-A 101 31 297, WO 99/46038,
US-A 4,788,371, EP-A 705 136, WO 99/29420, US-A 4,220,091, US-A 5,430,220,
US-A 5,877,369, EP-A 117 146, DE-A 199 37 196, DE-A 199 37 105, US-A 3,670,044,
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conprise from10 to 99.9% by wei ght of zirconiumdioxide, fromO to 60% by
wei ght of al um num oxi de, silicon dioxide and/or 30 titanium dioxide, and
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af orenenti oned dehydrogenation catal ysts conprise at

These are dehydrogenation catalysts which comprise from 10 to 99.9% by weight of
zirconium dioxide, from 0 to 60% by weight of aluminum oxide, silicon dioxide and/or

30 titanium dioxide, and from 0.1 to 10% by weight of at ieast one element of the first or
second main group, of an element of the third transition group, of an element of the
eighth transition group of the Periodic Table of the Elements, lanthanum and/or tin, with
the proviso that the sum of the percentages by weight adds up to 100% by weight.

35 In a preferred embodiment, aforementioned dehydrogenation catalysts comprise at
least one element of transition group Vill, at ieast one element of main group | and 11, at
least one element of main group lll and/or IV and at least one element of transition
group Il including lanthanides and actinides. As element of transition group VIlI, the
active composition of the dehydrogenation catalysts comprises preferably platinum

40  and/or palladium, more preferably platinum. As elements of main group | and Ii, the
active composition of the aforementioned dehydrogenation catalysts comprises
preferably potassium and/or cesium. As elements of transition group I}l including the
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| east one el enent of transition group IIl including | anthani des and
actinides. As elenent of transition grgﬂp VIIl, the active conposition of

t he dehydrogenati on catal ysts conprises™preferably plati num 40 and/ or

pal | adi umlantpadey &fcdaibidgs thabcionisttioa v thesaforiemeationegi oup | and 11, the

L o BT e

i ncl udi ng & F@Ipgrogp g angiar IV, Mg aelike H%’Ep%@r‘a‘?ﬁth% plgeamentivredct i ve conposition

of the af clebpdnogematied cathbistsdrapywisas paierablyangsir snare elemendésiron diegabby

| ant hasum ARy &%vwﬁaméme&mn érmé?ﬁurﬁmnrhrmraeéup rhdrk p?é?gr{agfy tnYMmdshe

active co Ofsagl gl e_af orene ; onﬁ){ ei@\égragh t|on cat sts

conpri sesr%?‘ Efea %P%!H%C%'PP%?% Helprementighee 36& §tlsl ng of

bor on, galdommﬁesunleacbnasegetrlﬁmhonmrenrewaatdreltéaw afnmrreeqba@ecwlamept tin. Mst

pr ef er abl Wrodigde active conposition of the aforementioned dehydrogenation

catal ysts conprises in each case at | east one representative of the

af orenenti oned el ement groups. 10 Cenerally, the dehydr ogenatl on catal ysts

may bdOcatGangsallyetoe rd@ﬁ)%ﬂfégef(&!lpa@@taéfﬁtst Ry bacatalyst exsivdetes (diametar dypicalim

]pr ef e; abl yroht omck. 1Etot1|o nm Nvefergtshg trbmt iy P8 hriny: iéfig@tybidatly #6mnmio 2qq1nﬁf, erably
rom3 to t he

é:gwfem(gy fr&rﬁ‘% tS" t1§ n‘(rﬂlj; ?a(b?été?érggeﬁ'g}ﬁ‘y ﬁﬁ%gé%rr% c?m\'aﬁé‘.l&??%r ttﬁar t

extrudate %/ ypi cal ly
from 2 toes‘UU%‘F?%)ra”PéPrfé ahigt rings extermnat Kisaelerangrenath Sriqally fr?'Br% P to 10 mm
or to 5 m&0 rom drdo 10 Mn3 wal)thickmesgrappooippibely frdrarigo ddenmporteftmmebi tans ei t her
with ng garﬂnﬁ@ the catal yst geonetry (especially in the case of supported
catalysts) or ‘with regard to the geonetry of the inert shaped bodies.
Particularly frequent geonetries are solid cylinders, hollow 20 cylinders
(rings), dphencde, tberere npyestndttss aitderovitheregararid thed catalgsttgeotatres,
wagonwheel(gg e%taﬂyﬁuﬁ@‘éaéma@upbbﬁed J;h@lyéte ith @ga@rtéltw%éﬁméthﬁof&h@ped
catalystbl_(l\%s E%g r1g;elrlletfsaﬁ %Sr(s erléotl'ne
connecti ndpe[ %’8 PEe m%’%r [)e © @iﬁ?"é i %8) &"88 Pr o5 0.5 mMmto
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to 20 mMm wEgaalhdels tdters @Al alanslithsof the German application No. 10 2005 044
916 should also be cited as (for exarrpl e sole catalysts) particularly
suitable catalysts for the catalytically 30 active bed of the fixed

catal yst 068 '¥feshdimspyer skthesbapren srfalyst hasiesande theonert sharaddoadig ext  of
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cat al yst sur vate the ca ysts can renoved and t he
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Finally, the catalysts of the German application No. 10 2005 044 916 should alsc be
cited as (for example sole catalysts) particularly suitable catalysts for the catalytically
30  active bed of the fixed catalyst bed of the process according to the invention.

In the context of the process according to the invention, high-boiling high molecular
weight organic compounds up to and including carbon which are deposited on the
catalyst surface and deactivate the catalysts can be removed and the catalyst can be

35 regenerated by flowing the fixed catalyst bed through from time to time with a gas
comprising oxygen at elevated femperature and thus effectively burning off the
substances deposited.

After a prolonged operating time, the catalysts recommended in this document can

40  normally be regenerated in a simple manner, for example, by first, in first regeneration
stages, passing air (preferably) diluted with nitrogen and/or steam through the fixed
cataiyst bed at an entrance temperature of from 300 to 800°C (in extreme cases if
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the substRmb&e8lddeposited. After a prolonged operating tine, the catal ysts
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accordlng to the invention is, however, usually 5 10 and in many cases :5
5. 25 It Msscbaimabh@mﬁ/emtlanhérepamastbe@edtﬁﬂ@ttnlj (in Slowttbirectioresfithe reastiem, on
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gas mixture into the actual catalytically active bed of the fixed catalyst bed disposed

beyond the inert bed in flow direction, the distribution of the molecular oxygen in the
reaction gas mixture is highty homogeneous. The difference between the highest local
volume concentration of molecular oxygen and the lowest local volume concentration

30 of molecular oxygen in the reaction gas mixture should, based on the mean volume
concentration of molecular oxygen in the reaction gas mixture, on entry of the reaction
gas mixture into the actual catalytically active bed, preferably not be more than 200%,
preferably not more than 150%, more preferably not more than 100% and most
preferably not more than 50% or not more than 25%.

35
Typical induction times J in the process according to the invention may be < 2000 ms,
or £ 1000 ms, or = 500 ms, or £ 100 ms, or £ 50 ms, or < 20 ms, or £ 10 ms. Normally,
the induction times J in the process according to the invention are, however, at vaiues
of 21 ms.

40

In principle, the gas lines of the line system conducting the input gas |l in the process
according to the invention may have any desired cross section. In other words, the



35 Typical induction tines J in the process according to the invention may
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30  The conseguence of such a highly uniform configuration of the precursor fixed catalyst
bed is substantially uniform flow as the reaction gas passes through the precursor fixed
catalyst bed and, resulting from this, a very substantially uniform pressure level over
the input gas stream | of the process according to the invention.

35 Inthis way, it is possible to achieve what is generally advantageous for the process
according to the invention, specifically that the maximum pressure difference occurring
among the local pressures existing in the input gas stream | upstream of the exit
orifices A is smaller than or at most just as great as the pressure drops occurring as the
individual input gas il streams exit from the exit orifices A. When the |atter pressure

40 drops are, for example, 5 mbar, it is advantageous in accordance with the invention
when the aforementioned maximum pressure difference occurring is not more than
3 mbar.
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disposed in the shaft reactor are employed, if appropriate excluding the first fixed

30 catalyst bed in the shaft reactor in flow direction of the reaction gas. The latter
exception will generally be made when the reaction gas fed to the shaft reactor aiready
comprises the at least one hydrocarbon to be dehydrogenated, if appropriate a
sufficient amount of molecular hydrogen and, in accordance with the requirement,
molecular oxygen. The latter is normally the case when the reaction gas fed to the

35  shaft reactor configured as a fray reactor comprises residual gas which stems from a
partial oxidation, connected downstream (and generally likewise heterogeneously
catalyzed) of the heterogeneously catalyzed partial dehydrogenation of the at ieast one
hydrocarbon to be dehydrogenated (e.g. propane) to at least one dehydrogenated
hydrocarbon (e.g. propylene), of the at least one dehydrogenated hydrocarbon (e.g.

40  propylene to acrolein and/or acrylic acid as the target product) accompanied by
remaining hydrocarbon (still) to be dehydrogenated, and comprises oxygenate (e.g.
unconverted molecular oxygen) remaining afier target product removal from the
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(1.e. 257 r HRdNBd P W eg)nrrent) by the shell (1) of a straight circular
cylinder (when the en points of parallel radii of tw equally |arge

circles lying in parallel planes are joined to 30 one another by lines which
are at ri dghe axiafirasreaotor Hetaiadbypwewnbl edamyiie belparis gélamted xtersaly (i.e.

from the environment) by the sheli (1} of a straight circular cylinder (when the end
points of parallel radii of two equally large circles lying in paraliel planes are joined to

30 one another by lines which are at right angles to the two parallel circular planes (base
surface and top surface (the first of the two circle surfaces in flow direction of the
reaction gas), what is formed is a straight (undeviating) circular cylinder (alsoc known as
rotational cylinder; the line connecting the circle centers is known as axis of the circular
cylinder)) which is concluded both at the top and at the bottom by a curved hood (2, 3)

35  having a semiellipsoidal shape (to DIN 28011) (shell and hoods together form the
pressure vessel shell). Below the lower semiellipsoidal base, the pressure vessel is
enclosed by a support frame which is in turn borne, for example, by from four to eight
supports. The shell thickness is 30 mm. The outer diameter of the circular cylindrical
shell is 6070 mm. The separation of base surface and top surface of the circular

40  cylinder is 2640 mm. The height both of the upper and of the lower hood is 1350 mm
(in each case determined from the center of the circular base surface or top surface to
the particular hood maximum). The wall thickness of the upper hood (3) is a uniform
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thus o] very su stantlaliy preven undesired side reactions in a reaction gas already

30 having elevated temperature), the inner volume of the hood is reduced by means of an

inserted intermediate ceiling (11) whose shape can correspond, for example, to the

shell (with a shell thickness of 15 mm) of a straight circular frustocone or two straight

frustocones placed one on top of the other.

35  The inner wall of the upper hood and the shells of the circular frustocones are
appropriately reinforced with radially arranged ribs (cf. WO 2004/067164).

The circle covered by the circular frustocone corresponds to the base circle of the gas
inlet tube stub (4). Of course, the intermediate ceiling may also be curved outward

40 toward the top surface of the circular cylinder of the shell, as shown, for example, in
Fig. 5 and in Fig. 7 and in Fig. 9 of WO 2004/067164. The inserted intermediate ceiling
(11) should preferably reduce the inner volume of the hood available to the reaction
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for 25 exa e chan tors | eature a
| at er al m%nesqﬂue materlal as the plpehne itself. However, partncularly advantageous

30 embodiments are those with (generally: gas-permeable rigid inner tube and gas-
impermeable elastic outer shell (gas-impermeable elastic outer tube)) an inner tube
part which is in contact with the gas to be conducted, is manufactured preferably from
stainless steel of DIN materials number 1.4893, and appropriately has a gas-
permeable expansion joint and an external, gas-impermeable, elastic, corrugated part

35 which is manufactured at least partly from an especially mechanically and thermally
stressable material, for example the material 1.4876 (designation according to
VdTUV-Wb 434) or 1.4958/1.4959 (designation according to DIN 17459) or INCOLOY
800 H or 800 HT, or nickel-base material 2.4816 (alternative designation Alloy 600} or
2.4851 (alternative designation Alloy 601).

40
Otherwise, all parts of the tray reactor in guestion may be manufactured from the
stainless steel of DIN materials number 1,4893 or from another stainless steel
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rather hayg, 38R 8deibr Hiththe FRENRSRERaILbWhithey are attached, each

enclose a chamber which is open both toward the base surface of the circular cylinder

30 of the shell and toward the central axis of the lower hood (= downward extension of the
axis of symmetry of the circular cylinder of the shell}. In addition, the lamella walls may
have passage orifices through which adjacent chambers can additionally communicate
with one another. Since the twelve lamellae rest on the inner wall of the lower hood
only by virtue of gravity and are not joined to the inner wall of the iower hood by means

35 of a weld seam, the positioning and the relative arrangement of the twelve lamellae is
stabilized with the aid of struts (13) mounted (welded on) in each case between two
adjacent lamellae.

Where the base surface of the circular cylinder of the shell and the lower hood meet is

40  mounted (welded onto the inner wall of the hood) a bearing ring {14) which runs
horizontally and has a bearing width of 60 mm. The thickness (height) of the bearing
ring is 20 mm.
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the twg circular rings, the circular ring cylinder is straight or 20
undeviating. The connecting line of the circular ring centers is called axis
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top circukp, &g AMchdi ks Lok B #baRe& U T4281 described is 30 mm. Their

height H is 850 mm (exception: the height H is 710 mm for the first circular ring cylinder

30 unit in flow direction of the reaction gas). The radius of the inner circle of the
aforementicned circular cylinder units (distance from the circular ring center to the inner
shell of the circular ring cylinder units) is 600 mm; the radius of the outer circie of the
aforementioned circular ring cylinder units (distance from circular ring center to the
outer shell of the circular ring cylinder units) is 2900 mm. The distance between the

35  outer shell of the circular ring cylinder units and the inner shell of the circular ring
cylinder units is thus 2270 mm.

The space enclosed by the inner shell is referred to as the circular ring cyiinder unit
interior. The space present between the outer and the inner shell is referred to as
40  circular ring cylinder unit interstice.
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wall thnckness of 20 mm. e bearlng walls are attached to the walls Wr by welding.
The length of the bearing walls increases naturally with increasing distance thereof
30 from the inner shell of the circular ring cylinder unit or with decreasing distance from
the outer sheli of the circular ring cylinder unit.

With respect to one another, the bearing walls Q within one and the same sector space
are, appropriately from an application point of view, arranged equidistantly.

35
The bearing walls Q are inserted such that the distance of their lower edge from the
base circular ring of the segmented circular ring cylinder unit is 40 mm.

In addition, the transverse walls Q have passage orifices O whose center is

40  appropriately at half the height of the transverse wall. With increasing distance from the
inner shell of the circular ring cylinder unit, the number of passage orifices O per
transverse wall increases. Transverse walls disposed in different sector spaces, which



circular ring of the inserted segnented circular ring cylinder unit in flow
direction pf 578 reaction gas. 25 Between adjacent walls WI are inserted in
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The bed height of the shaped catalyst bodies is a uniform 300 mm (its uniformity can

be achieved in a simple manner, for example, by placing a perforated plate or a mesh
onto the completed bed (onto the top circular ring) and removing shaped catalyst
bodies which project through its orifices). Subsequently, the fixed catalyst bed is

30  concluded with a bed of rings of C 220 steatite from CeramTec (up to the top circular
ring of the segmented circular ring cylinder unit). The geometry of the steatite rings is
7 mm x 7 mm x 4 mm (external diameter x height x internal diameter) and the bed
height is a uniform 200 mm (exception: this bed height is only 60 mm in the first circular
ring cylinder unit in flow direction of the reaction gas).

35
Uniform bed heights of the inert beds can be achieved, for example, in a simple
manner by placing a pouring aid (16) according to Figure 6, which remains in the inert
bed, onto each grid sector, which has a height corresponding to the bed height, so that
it is possible to smooth off the inert bed to a uniform bed height in a simple manner

40  along it. The wall thickness of its elements is typically from 0.3 to 2 cm. Appropriate
pouring aids can also be used in the bed of active bodies.
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(18) of the particular circular ring cylinder unit and accomplishes pressure equalization.

Below the top circular ring of the lowermost (last) circular ring cylinder unit in flow

30 direction of the reaction gas, but above the base circular ring of the same circular ring
cylinder unit, a base (19) which extends over the entire circular cross section of this
interior and is correspondingly configured in a circular shape is welded in a gas-tight
manner onto the inner shell of this circular ring cylinder unit in the circular ring cylinder
unit interior. Where two circular ring cylinders rest on one another, a metal sheet (top

35  band) which runs around the circumference of the circular ring cylinder unit interior and,
below the weld seam, projects flush over the joint existing between the circular ring
cylinder units resting on one another is welded on above the base circular ring of the
upper circular ring cylinder unit from flow direction of the reaction gas in the
accompanying circular cylinder unit interior on the inner shell. The top band is about

40 8 mm thick and 60 mm wide.



absorbing thermal contractions and expansions (both in dehydrogenating

oper ati on PRB@B14 the course of catal yst regeneration, significant
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gas). The faneessanctByr afd dtére fionbeiffeleAigouredsd the reactor is via the upper
reactor hood (3) through entrance ports (23) disposed therein and wel ded to
it in a fixed manner, 20 The external tube dianeter is 168.3 nmand the wall
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The sealing of the entrances of the input gas Il feed tubes into the upper reactor hood
is shown by Figure 8 in longitudinal section. The sealing is effected by means of an
outer and an inner flange bond. The transition of a tube conducting input gas 1i into the
35  entrance port (23) is in three pieces (three-piece). These three parts are the tube
section in the entrance port (24), the tube section outside the entrance port (25) and
the tube section in the intermediate plate (26). The inner flange bond binds the lower
tube section from below in a gas-tight manner to the tube section in the intermediate
plate and the outer flange bond firstly seals the entrance port from the environment and
40  simultaneously binds the upper tube section in a gas-tight manner from above to the
tube section in the intermediate plate. The sealing materials used may be materials
based on, for example, mica or combed graphite or metallic sealants. The above-



gas 11 between two aforenentioned fixed catal yst beds. Wthin one such group
of three PRp#B14as Il feed tubes, the feeding with input gas Il is fromone
and the sane source. |n general, however, the conposition of the input gas
Il which is fed between the first 25 ang, the second fixed catal yst bed (in
flow direction) and the conposition of The input gas 11 which is fed
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i's in two grRbikes-a hBREe skWanPi eces are the tube section in the entrance
port (27) and the tube 10 section outside the entrance port (28). The
internal dianmeter of the latter is from10 to 30 nmgreater than the
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gas and atyriyhenliev@lenQf tHurRasss 2F6wWAY firfd §BSder unit until they meet a circular
input gas Il distribution duct KR (30) mounted in the particular circular ring cylinder unit,
30  to which they are welded and which has the same outer and inner tubular diameter as
the input gas i feed tubes fed to it. The circular distribution duct KR is, at the level of
the passage orifices O of the particular circular ring cylinder unit, conducted into the
particular walls Wt through viaduct-like passage orifices, but not welded onto the
viaduct bridges.
35
The width of the gap between distribution duct KR and passage orifice is from about 4
to 15 mm.
The iength of the input gas |l feed tubes, calculated from their entrance into the upper
reactor hood up to the particular circular distribution duct KR, is 2 3and <6 m. The
40  outer diameter of the circle drawn by the two circular distribution ducts is 2860 mm.
The corresponding internal diameter is 2560 mm.



O of the transverse walls Q of the second circular ring cylinder unit in
flow direcPFematd the reaction gas are disposed, in the inner shell of the
particular circular ring cylinder wunit, in each case three passage orifices
MO whose centers are on the corners of an 25 equilateral triangle. The in
each case three input gas 11 feed tubesf%ew ate through these orifices MO
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of t he25t hi é’c%oﬁ:flr{g 2 tRL longitudinal section shown in Figure 10 open (the wall thicknesses of
the metering boxes are appropriately from 1 to 3 mm, preferably from 1.5 to 2.5 and
advantageously 2 mm). Generally only one distribution tube opens into metering boxes
(distribution boxes)} with short edges a. Up to three distribution tubes open into
metering boxes (distribution boxes) with a long edge a. The length of the edges ¢ for all

30  metering boxes is a uniform 40 mm and the length of the edges b for all metering

boxes is a uniform 150 mm. In contrast, the lengths of the edges a vary for different
boxes. One of the two pairs of congruent rectangles a x b for all boxes is in each case
in the plane of the base circular ring of the circular ring cylinder unit.

35 The edges ¢ are all at right angles to the plane of the base circular ring and point in the
direction of the top circular ring belonging to the circular ring cylinder unit. The edges a
of all boxes are aligned in parallel. The separation of two adjacent metering boxes is
130 mm. In this separation sequence, the metering boxes are arranged distributed over
the entire cross section of the circular cylinder unit interior. The edges a run like

40  secants from one side of the outer shell of the circular ring cylinder unit to the other
side of this outer shell, When they meet the inner shell of the circular ring cylinder unit,
the metering box is conciuded just before the inner shell and continued on the opposite



ring cylinder unit in flow direction of the reaction gas) are di sposed
cuboi dal nPFe7gng boxes (31) having exit orifices A and having the edges a,
b and ¢ and three pairs of congruent right angles as their delimting
surfaces, into which the distribution tubes 25 according to the |ongitudinal
section shown in Figure 10 open (the watd thicknesses of the neteri ng boxes
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polygon. The number of these metering points for one and the same polygon may, for
example, be 2, or 3, or 4, or 5, or 8, or 7, or more. With increasing number of metering
points, the pressure on the individual exit orifices A of the polygon becomes uniform.

30  Figure 18 shows a schematic of such a metering polygon structure.

In an alternative embodiment, the metering boxes may be arranged over the cross
section of the circular ring cylinder unit interior, instead of in a secant-like manner, also
in a spider's web-like manner as concentric polygons or as concentric circles. The

35 individual polygons or circles may be manufactured throughout the entire angle range
of 360° (a metering polygon or circle), or divided into separate metering boxes.

The arrangement of the metering boxes is appropriately undertaken coincidently
(congruently) in both circutar ring cylinder units.
40
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30
The monitoring and control of an inventive heterogeneously catalyzed partial
dehydrogenation of at least one hydrocarbon to be dehydrogenated in the axial tray
reactor described is appropriately effected by means of the measurement of the
temperatures present in the different catalytically active beds of the particular fixed

35 catalyst bed.

The catalytically active bed of shaped catalyst bodies, within a fixed catalyst bed of the
above-described axial tray reactor, has a bed height of 300 mm (30 cm) in flow
direction of the reaction gas {of course, the tray reactor may, in a completely

40  corresponding manner, also be designed for bed heights deviating from 30 cm (e.g.
40 cm); 40 cm-high bed heights are advisable, for example, when the shaped catalyst
bodies used are corresponding catalyst strands of diameter 3 mm, which cause a lower



(distribution box). The exit orifices A of opposite rectangular surfaces a X
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be different fromone another. In other 1words this total nunber may be
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correspondi ng manner, al so be desi .for bed heights deviating from30 cm
(e.g. 40 cm; 40 cmhigh bed heights are advi sabl e, for exanple, when the
shaped 1% at al yst bodi es used are c@r%spondl ng catal yst strands of dianeter
3 mm which cause a | ower PF 57814&2H cmparessure drop; the greater bed hei ght
advant ageously entails a reductiongdythe dianmeter of the circular ring
cylinder unit interior to 5.47 mand an associ ated catal yst bed outfl ow

area of only 21.6 n2). 5 In flow direction of the reaction gas, tenperature
measur enendvbenthe tafd g df the hddeof tioshapad cgtalystibodi¢phasa hluefifigrent

S\ﬁt al ﬁ]s Cg‘i'drﬁﬁégwrﬁﬁob%m e 080 mm.-? 260Tmm 16 28D ), R temperatuend 30 f:m
en the ei a ya ue
unen the BRdaliFLgRhsale MS.OP BF rLDRShaREYcS éﬁ"d%%&“?%ﬂéggﬂ%% ™ |

t enper at urBantRE YA BiseedNegt effected at five heights distributed
equidistantly in a corresponding nanner over this bed height. For this

pur pose, trﬂ{r%s %Fha%@e th%%gﬁde(fﬁw% d @ﬁ%ﬁb‘?%ﬁ&'ﬁﬁ%&étﬂg aatR%I%'tlpérﬁothl%i gupl e

(the 20 trip at t hree
di f f erdtht ('@'éﬁ%?faloF9up'%a\5"“{i‘?§?%WMdqtﬁ@%ﬂtﬁ %Wpai%'frﬁ@t FWE?%WE%”% {Q?@Hraé!ét al yst
bed) are ompitisthetilinsattion tepthe ditalkhs fixed|dalalyst bed)earbedndiictad iglotthangl es to t he

axis of theqHLRFRANEIHRE o HEUrBles'th B axis of the corresponding circular ring

cylinder unit (i.e. radially and horizontally) through the sheil (1) of the straight circular
cylinder and through the outer shell of the circular ring cylinder unit at each of the

25 aforementioned heights Sh (cf. Figure 13). The individual guide finger projects up to the
inner shell of the circular ring cylinder unit and is sealed from the fixed catalyst bed. In
other words, the interior of the particular guide finger does not come into contact with
reaction gas. The internal diameter of a guide finger is in the range from 3 {6 5 mm and
the external diameter of a guide finger is in the range from 6 to 8 mm. The three guide

30 fingers (34) installed at one and the same bed height Sh are distributed on the
circumference of the shell (1) such that successive guide fingers along the
circumference enclose an angle of 120° when they are theoretically extended until they
intersect. In the case of guide fingers disposed in successive bed heights Sh, the next
three guide fingers in flow direction are not coincident with the preceding three guide

35 fingers, but rather are offset by 90°. The sense of the aforementioned offset (clockwise
or counterclockwise) is retained over the catalytically active bed, so that the guide
fingers coincide at Sh = 0 cm and at Sh = 30 cm, as shown in Fig. 14,

The temperatures determined at the bed heights Sh = 0 cm and Sh = 30 cm are

40 employed in order to adjust the metered addition of the input gas Il beforehand to that
fixed catalyst bed in which the temperature is measured. The change in the molar ratio
of hydrocarbon to be dehydrogenated to dehydrogenated hydrocarbon between



cylinder unit (i.e. radially and horizontally) through the shell (1) of the
straight ko8t cylinder and through the outer shell of the circular ring
cylinder unit at each of the 25 aforenentioned heights Sh (cf. Figure 13).
The individual guide finger projects up,to the inner shell of the circular
ring cylinder unit and is sealed from e fixed catal yst bed. In other

wor ds, t heeritrahes biihe oéadtibe gpairte thel gars igel tdee Blubd4y ardbest aidite eantor geso
contact wistdh teSRld BBt 88 stbS) proliBEDHo qUiRbERaikh BndbtsAf ekageh | 10
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and the sad@yﬂl@gemtlogruon@‘rslanﬁ gitainad. but ed on the circunference of the shell
(1) sugh that successive guide fingers along the circunference enclose an

angl e of 0 they are t ore | xt ended un intersect. In
the case o ‘%ﬁqﬂ%dfqoﬁg%frgt'% hroﬁ t'?ﬁc?i@@&‘@ﬁ'nggr &ﬁLis %m & the next
three gui d@gwfﬁﬁééﬁﬁdﬂ lopg@iturlina se¢tin. ar e not coi nci dent vmth the preceding
t hree gui de 35 fingers, but rather are of fset by 90. The sense of the
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conduct ed ewi Se whi ch has an
i nter®dl dihgfiet tubjers spaled Qaﬁgéhtfwltﬁ'ﬁhﬁatdoof'ﬁ ffﬁmﬂah%ﬁ)alﬁt%w*ﬂléfﬂ |94t er in

t he range fingemns sered gasrtightheroggp a dxehpeensgali4®. finger outer wall and
protective finger inner wall is as low as possible. If appropriate, a

remai ni ngecgr[af) is filled with geh t enperature thernal conduct|V|ty past e.
This prot heulsidRyelthe sheldllydte BrshyfiBe ts weltes expasrgofinThseassage P  wal I (36)
of the outtes gmﬂeﬂh@rl 34))fthrcdu|gh¢hsfsh.dii£(n)1s|nnggasyﬂlghhd!‘m inaniges (wefetdtdg no

react ixgn Qﬁ‘&e&ﬁﬁ 'fblfr% egh"d%ls r%??utro é‘ﬁ%ﬁ#ﬂp%&‘?‘%'b%@&urﬁﬂgfé ter shell
ik

of the circular el l (1),

the gui de 53785 ML St oueh Apat ¢ ek BryR 1S ushiheh Seibe. (37)
whose i nt et theld passageetfche gmda;ﬁpgmﬂ34)415raugh3m15hwd§b heg becasslto theagart er is 50. 8

mn - The | Raeddh sHell 1) BadRidr RGBT the cROASr ARG BMfudrhiRitl @Bk §ds i& &y ol ush

tube is 4%omne“8f the flush tubes indirectly via the gap (38)). Figure 13 also shows the weld lip

30 seal 17.

These inert gas streams will, in their entirety, generally be less than 1% by volume,
usually even less than 0.1 or less than 0.01% by volume, based on the fiow rate of the
reaction gas (in m3 (STP)).

35
Figures 15 and 16 show two bipods stabilized by a transverse strut in longitudinal
section. They consist of fubes having an external diameter of 6 mm and a wall
thickness of 1 mm. The tubes forming the two legs are embedded into mounting
cuboids (43) (30 mm x 10 mm x 20 mm (width x height x depth)).

40

Where the legs meet and, if appropriate, in the middle of the transverse strut, short
sleeves (42) are embedded at right angles to the plane of intersection.



20 The flush tube is sealed gas-tight with the aid of a flange (39), into
whi ch the Bti5d@14 finger is inserted gas-tight through a clanp ring seal
(40). On the outside of the shell (1), the flush tube is wel ded on
gas-tight. The passage of the guide fijger (34) through the shell (1) is
not gas-tight. An inert gas (preferably™ 25 nol ecul ar nitrogen, for exanple
industrial nitrogen with up to 1 % by volune of 02, steam or m xtures

thereof) ige e?zﬂ of HeQE 9 085 BRI ﬂaéédlamw&@ﬁb Qe e tid f43h craté%t peds at

t he passage o S access to
the bap eRGELl ThEPTOS f-‘i' o §GPs 4 o e E9R gLt FEaD AN RS | mcter
unit (the $lerves (4Adn pederwstaunzasmnéroozorttai@ufdlmhf thabelsiemngemé@tthy via the
gap (38%). thEinﬁldztfo@{)I%§aﬁh%sﬁb@%nté@tt\hﬁir@abgfﬁ’g 30 seal 17. These inert gas
streans will, heir entirety, generally be less than 1 % by vol une,

usual ly even less than 0.1 or |ess than 0.01 %by vol ume, based on the flow
rate of thEhe gaigdandguigadingers (BB =0sTm)Sh =36 crgands sugpertag e SHBWOMo

bi pods st afipdd z@t@rdayg&;m@@r@%erse strut in longitudinal section. They
consi st of tubes having an external diameter of 6 nmand a wall thickness
of 1 mm The tubes formng the two | egs are enbedded into nounting cuboids
(43) (Hb nhhe@dighbaligityofibe mipl HavdeRcter 3%ﬁcgh?d caahanagecusly PREPRIOVER | egs
nmeet and, fufthapprrapuritiat @ppiopribfedngalatihgenatéridl ot eamsple fopen gikssidr, msiaaoarlt

sl eeves (4@%01)’%5&‘ h%’gf%f‘éi‘ PthﬁEpFé e \?é%gét%utf& th@ﬁné?'lrﬁé;%neﬁ ﬂoﬂéﬂrﬁﬁ\s‘id . PF

57814 43 Severa are ace rid_sector ore the
i xed cat dPYRTMEEFSS ol FHRAOBIS SHD ™G ThY BRUCHTR AN PrEEeieq. S Paris Rin
conduct ed mhunts gihichfaoe eemmed toribe ou@lrwvéfsr QXEZI)lplelwe@ieuJem to stabilize the

hori zofg al gui ding of the guide fi ngers for the 5 thernocouples and thus to

counteract thei.r sa The fingers (,Sh cm Sh = 30
ey can ber B ISHRPBRE, 00 calbifeed Peria SR xR lor o TP e The

adi abat i ciaddressed pefosxihgl deﬁﬁwloﬂééﬁt&ﬁesdﬁ‘sfﬁ rfh&b@@a rgactad negeanR §xige

i nproved tfayrebgtor f3h s Gutap PO aXiblatsy reAGYl, Brigx8mpRy as fabws (f or exanpl e
foam gl ass or mneral wool) on the exterior of the pressure vessel wall for
thermal i nsul atlon@&for exanple in a |ayer thickness of from 300 to 500

m) . Bfe nbénieig’® ﬁ)@@f@frﬁ@@pe@aswc%ﬁw fllowipg Geptamtssargried i Wee secur ed
to the outtesy reattbr wcmgheb@g@d |letelbgetuiniihe inkf ghbatrbarhe vbyeimeothel rgactat al yzed
parti al d%ﬁra%%\é é’f”hsﬂ ”8%9%3@?}12 tr%rigfb%i/éce@ﬂaeﬂ%%ra?ﬁ g ipgiar g the

descri ption t he eact 0 n an axl aI tray
reactor can® @é /"c%i’r‘fqhéfﬂe glf’tse‘?‘ RN £ amaunte reackon 9%%@'? %P? * exanpl e, as
follows. 20 116 306 nB (STP)/h of a reaction gas which has the follow ng

contentss are fed to thgyhane 34.44% by volume,
' propylene 0.2% by volume,

N2 52.8% by volume,
02 3.04% by volume,
CO: 1.61% by volume,

30 CO 0.39% by volume,
Hz 0.09% by volume,
gthane 0.12% by volume,
H-0 7.22% by volume,
isobutene 0.01% by volume,

35 acrylic acid 0.04% by volume,
acrolein 0.02% by volume, and
acetic acid 0.02% by volume.

The reaction gas has a temperature of 394°C and an entrance pressure of 3.10 bar.

40
The input gas Il 1 metered in between the first and the second fixed catalyst bed in flow
direction of the reaction gas through the exit orifices A of the appropriate distribution



tray reactor through the gas inlet tube stub (the inert gas streans of N2
into the reasefe@ra hood and into the flushing tubes (27) are negl ected, since
their amount, in total, is < 0.01 % by vol une, based on the anount of
reaction gas (in nB (STP)): 25 propane 34.44% by vol unme, propyl ene 0.2% by
vol ume, N2 52.8%by volume, 02 3.04%4%y volume, CX® 1.61 % by vol une, 30
CO 0. 39% byoxeeligip®so m"%’l@{woabﬁixﬁﬁé BB aneétBameviichlR9é hy fmpRlinge,  H2O 7. 22%
by vol une, |S(?b,utene .01 % by volune, 35 acrylic acid 0.04% by vol une,
acrolein Oqoé‘é%%%y vol une, and acetic acid 0.02% by volunme. The reaction gas
has a tenperature of 394C and an entrance pressure of 3.10 bar. 40 The
input gas Il 1 neteredwvater bet ween 3@, biyvslumand t he second fixed catal yst
bed indlow directionof the reacli r h the exit orifices A of

t he appropriate di strmozuti on PF 5 1ﬂ;ﬂgg%lﬁly%é§H?s 2930 mB (STP)/h of a

m xture of air and stédém whi ch has'3tfeb¥¥PB\ ng contents: water 34.9% by
volume, 5 N2 51.4% by volune, and 02 13.7% by volune. The tenperature of

t he i nput i I.t r b : The input gas 11
2 netered %ﬁyﬁﬁé%étﬁﬁgﬂ%ﬁéﬁhetﬁgs?%ﬁ?H§Pfexs§%[%?§tz§|1%§'t bed in flow
direction of the reaction gas through the exit orifices A of the appropriate
di st ritut i Bre ibputegasilk2 pefHedd KeBFey theskcanddnd the éhiaf fixedrcataidt seeém whi ch

haz tgg gfﬁﬂv%/&vtidﬂgn l%%b@@é&ibn}%ﬁs%& hlﬁé-e?(i}?%;iﬁbés}ﬂ%ﬂ?@apﬂ% 3&309% %O\éol uge,
an . 589 vol ume. e ature o e in as. S an
its pr essu(%%”%’_@}/ .té)xﬁifs.zeﬂaﬁ?oﬁﬂ?% 6"35@"%?%"@@#%%{8&3”% Sttb%y react or
in an anougtovsng ¢owens4 nB8 (STP)/h through the gas outlet tube stub (5) and
has the follow ng contents: propane 24.95% by vol une,

15 water 54.33% by volume,
N2 36.09% by volume, and
0Oz 9.58% by volume.

The temperature of the input gas Il 2 is 450°C and its pressure is 2.8 bar. A product
20  gas mixture leaves the tray reactor in an amount of 120 754 m3 (STP)/h through the
gas outlet tube stub (5) and has the following contents:

propane 24.95% by volume,
propylene 5.77% by volume,
25 Nz 49.865% by volume,
0- 0% by volume,
CO: 3.03% by volume,
CO 0.35% by volume,
H2 4.13% by volume,
30 ’ methane 0.01% by volume,
ethane 0.11% by volume,
ethylene 0.01% by volume,
H20 11.98% by volume, and
acrylic acid 0.01% by volume.

35

The temperature of the product gas mixture is 501°C and the pressure of the product

gas mixture is 2.71 bar.

As the input gas stream | 1, a gas mixture flows out of the first fixed catalyst bed in flow
40  direction of the reaction gas in an amount of 120 754 m? (STP)/h (this corresponds to a
flow rate W1 of 1.1 m/s) and has the foliowing contents:



propyl ene 5.77% by volune, 25 N2 49.865% by vol une, OZ 0% by vol unme, CO2
3.03% by vl 6Agl4 CO 0. 35% by volunme, H2 4.13% by vol une, 30 nethane 0.01 %
by vol une, ethane 0.11 % by volume, ethylene 0.01 % by volunme, H20 11.98%
by volune, and acrylic acid 0.01 % by yolune. 35 The tenperature of the
product gas m xture is 501C and the préSsure of the product gas mxture is
2.71 bar. As the inputprg@est ream3D.16% by galamei xture fl ows out of the first
fixed catalyst bed in 40 di el he reaction gas in an anmount of
120 754 m8 (STP)/h (t Iré@é\%nrer espor‘?gg/twg{Bifu owrate W of 1.1 nm's) and has
the fol | owi ng content ¥ PF 57814 4551‘0351?8}55%'8’“?0. 16% by vol une, propyl ene
3.03% by volune, N2 51 03% by vol0deby volo@e0% by vol une, 5 CO2 2. 36% by
vol ume,; CO 0.372% by ¢yg) une,  H2 523¢b4 9% Ryiumdl ume, et hane 0. 001% by
vol une, ethane 0.116% (S)y vol une, ];9{ g%é%l ne 0.004% by volume, H20 9.75%
by volune, and acryl (O aci d 0.02?%6‘% VOHE'S: The tenperature of the input
stream 11 is 496C and Hzt's pressur@.14% 2ygolme, 15 As the input gas stream
12, a gas mxture fl owgetAtite Of the xRGPPEVoILKEd catal yst bed in flow
direction of the reactjon _gas in nt of 127 180 nB (STP)/h (this
corresponds to a rovt\?t AWe of 1. 211%%?2%8%%35 the follow ng contents: 20
propané 26.85% by vol §ilenepr opyl &d4% BBYRIBREvol ume, N2 50.29% by vol une,
H20 9.75% by volume, and

acrylic acid 0.022% by volume.

The temperature of the input stream | 1 is 496°C and its pressure is 2.9 bar.

15
As the input gas stream | 2, a gas mixture flows out of the second fixed catalyst bed in
flow direction of the reaction gas in an amount of 127 180 m3 (STP)/h {this corresponds
to a flow rate of 1.33 m/s) and has the following contents:

20 propane 26.85% by volume,
propylene 4.65% by volume,
Na 50.29% by volume,
Oz 0% by volume,
CO2 2.75% by volume,

25 ) CO 0.35%9% by volume,
Hs 3.34% by volume,
methane 0.002% by volume,
ethane 0.113% by volume,
ethylene 0.005% by volume,

30 H20 11.13% by volume, and
acrylic acid 0.013% by volume.

The temperature of the input gas stream | 2 is 499°C and its pressure is 2.8 bar.

35  The directions of all individual input gas Il 1 streams exiting from the exit orifices A 1
(these are the exit orifices A in the distribution boxes for the input gas II 1 of the first
circular ring cylinder unit in flow direction of the reaction gas) in the theoretical absence
of the input gas stream | 1 enclose an angle o of 20° with the fiow direction of the input
gas stream | 1.

40
The directions of all individual input gas Il 2 streams exiting from the exit orifices A 2
(these are the exit orifices A in the distribution boxes for the input gas !l 2 of the second



02 0% by volune, COX2 2.75% by volume, 25 CO 0.359% by vol unme, H2 3.34% by
vol une, nef bagmt 0. 002% by vol une, ethane 0.113% by vol une, ethyl ene
0.005% by volune, 30 H20 11.13% by volume, and acrylic acid 0.013% by
vol une. The tenperature of the input gas stream 12 is 499C and its pressure
is 2.8 bar. 35 The directions of all i vidual input gas Il 1 streans

exiting frmuﬂahﬁn@&ﬁhdﬁdﬁlti|ﬁﬁ§w/&|réctldntdi¢i$é?ﬁr§rr©abm 6 In e ithdpstcal i N the
di stribut 'éﬂ%gﬁ@é‘&%pé %H Qae‘s %tFé%P& | ?éﬁ%éée dn Qﬁ é Heoffab‘ ‘%h trféhffo%]l;]?écuéh e

cyl i nder uni rEact retical
absence dhe{Rbt papEteaak2 st ream 11 encl ose an angl e a of 90 with the flow

direction of the input gas streaml 1 40 The directions of all individual
i nput gas ﬂrﬂezmééz{tﬁﬁff’ﬁw 29 Bf e rééc%h o@ur bf1' ?‘sec%néugted ﬁt&ﬁ%%%ﬁﬁ%t he
exit orifices A di st r| utlon %\P%

second PF %"’FB'&?&”%CY"E??fclm“d? P QY reﬁ‘ﬁﬁ"t” Qa}? f91¢3j PFEEFi on of the

first reaction gas) in the theoretl cal absence of the input gas stream 12

encl ose anyaggie tam%raﬂﬂewrma rE}é'ﬁloWQ%‘é’vﬁBLﬁ Bkt BlincréfRditHBEY(JAge St ream
12. 5The|nd ct he reaction gas input mxture 1 (is

conduct ed THY o9h@eggli§§e&)1 qcf,’ﬁ‘t% ar ring cylinder unit in flow direction of

the redkction gas) is 0.735 second. Wien the tenperature of the reaction gas
i nput  m XtjHrecokrebSoridiiy Based té 8 1&hP&ratukd McrdaBE UE picgBurbiinedst diSo t 0 0. 15

second. 10 manner to a tenperature increase, a pressure
i ncrease aSIhOHe&ﬁg "E&‘%gg#ﬁrlng%nductl ontine J. The induction tinme J 2 of the

reaction gas input mxture 2 (is conducted into the third 15 circular ring
cyli nder umetinductibh ¢imiedi 2 eitthe eeactibn Ghe inpatixtwra 2gasgondectdd id theattiptd.  Waen

the tel@errﬁ’rEHl%Pm‘PgIm}h ﬂ?rrv.ﬁ'ﬁt% hg\ﬂfg@énoinflﬁgﬁ %&rcw&aﬁns@?éﬁﬁ gL&aged to 550G,

the induction t secon stance 1 of all exit
orifices Al fromthe relevant fixed catalyst bed is 5 mm The di stance D2
of all exiWhen thieitemperfuré pbimetrbactioe|gas dput friistee Zbiaﬁrajrmdbeaw“é) Bhearm I n

al ternati Ry dingBAlso 0BE ddnd2 may al so each be adjusted uniformy to
any 25 other value in the range from5 mmto 10 mm In a projection of all

exit orifices Al in flow direction of the input gas stream 11l into the
20 The distance D1 of all exit orifices A1 from the relevant fixed catalyst bed is 5 mm.

The distance D2 of all exit orifices A2 from the relevant fixed catalyst bed is 5 mm.

'In alternative embodiments, D1 and D2 may also each be adjusted uniformly to any
25  other value in the range from 5 mm to 10 mm.

in a projection of all exit orifices A1 in flow direction of the input gas stream | 1 into the
projection plane E1 at right angles to the flow direction of the input gas stream | 1, the
number ZA1 of exit orifice centers present in any m2 in the projection surface area

30  covered by the input stream | 1 is 2 50.

The distance from one exit orifice center to the closest exit orifice center in the
projection plane is not more than 100 mm.

35 In a projection of all exit orifices A2 in flow direction of the input stream | 2 into the
projection plane E2 at right angles to the flow direction of the input stream | 2, the
number ZA2 of exit orifice centers present in any m? in the projection surface area
covered by the input stream | 2 is 2 50.

40  The distance from one exit orifice center to the closest exit orifice center in the
projection plane is not more than 100 mm.



projection plane El at right angles to the flow direction of the input gas
stream 11,PA 82814nunber ZAl of exit orifice centers present in any n2 in the
projection surface area 30 covered by the input stream1 1 is ? 50. The

di stance fromone exit orifice center tQ the closest exit orifice center in
the projection plane is not nore than400 mm 35 In a projection of all
exit orifimederdadtion ghowidireaniuteire@h 1 iEsenpbughithe ared Eathipstbedhe
projectio - - : Clel - nput
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pr oj ect i orf- EUFPHe & BiedroPansREpANt ByIhe RRAIAD BRS BWHWAHIRY S[ream 158~ 40 The

di st ance fooowertatctogxopylemel fi ce center to the closest exit orifice center in
the projection plane is not nore than 100 nm PF 57814 47 As the reaction
gas m xturge input stream 1 passes, thrqugh the fixe at al yst he present in
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gas, 6. 19Presgmindhe third qrcolpandingercgetio flow diraetionez{dhe mactersgas, Jt0Srmolinput
stream 1 lo?thecng&{éﬁ@sérﬂ iPIHRR¥A&QRA gaB nidtuFRphiteAebONisdRbvéred tdr € 1 nput
stream 2 passes through the fixed catalyst bed present in the third

circul ar &?‘?yﬁ%{?r unit in flow direction of the reaction gas, 3.09 nol % of
t he pri@pane present in the reaction gas mixture input stream?2 is converted

to propyleereroditt fhempit@d wiicriagvds thé tag radtd thloegly 8 ddieutienybe east or
through the) GASAONEL SLod MaFnSING kblh p8PD: NGNS IRBA o pibdAer known per
se in order’to oxidrze e propylene "presen hérein, acconpanied by the
propane prrEeant therrin.ccaompanied BY (e prapane RIseRY thasaim pastiddgéneousl y

cat al yzed doaunkir@am digictisgenetudipcatalyeddpartiantidation ey ydroleinaatidtbr athliasicidhe

tar getygpr edure may, for exanple, be as in the docunents DE-A
10 200§ Og%qgééa,ra-&%é@,&ego 2005 057 197, DE-A 10 2005 052 923, DE-A 10 2005

052 917, DE-A 10 2005 022 798, DE-A 10 2005 009 885, DE-A 10 2005 010 111,
20 DE- A 10h2(0dce@iBee mhag, foDEafpld) bROBE5N G3t@38enWDBHN 0 83006 1DE26N 102 11

3321 ne%g@ié-ﬂ%@bos%‘rﬁgi%@ﬂg% 0b6s5 85 gﬁ?fbéhaopzdo@ros@;%?ggt _eg 'DE tAhigezom
u . | , | | -

032 129 arﬁ#-ﬁn10°@'g_%g5¥g%§0@§%1@5§§§8@$gﬂs%?ﬁﬁ%)oggﬁg 1dgz 798. 25 Tar get
produ@f i PEérived00¢ 038028l 1§ 20enB1EEBY, MIOBHY 687 ke BRsT n2%& ure of the
partial oxydatiiapz7anoE-A 1EP0ESE SIVRarY the pFiesartbitdd 18 #sesedfocli®abfs. B portion

gener at1 o BPVBRAT oAby AR e B AL 20 BIRPAERNT b or cne
axi al traPFéd@a805i04 3088 e lBE Al 20022 798.

25  Target product is normally subsequently removed from the product gas mixture of the
partial oxidation and, from the remaining residual gas, at least a portion comprising
propane and, if appropriate, unconverted propylene for generation of the reaction gas
fed through the gas inlet tube stub of the axial tray reactor is recycled inio the
heterogeneously catalyzed partial dehydrogenation.

30
in the manner corresponding to the above, the 116 309 m?3 (STP)/h of reaction gas fed
through the gas inlet tube stub of the axial tray reactor described was obtained by
combining (for example as in Figure 10 of WO 2004/067164) 8063 m? (STP)/h of crude
propane of the specification
35
propane 2 98.0% by volume,
propylene £ 0.11% by volume,
n-butane < 0.001% by volume,
isobutane < 0.05% by volume,
40 ethane < 1.5% by volume,
ethylene < 0.02% by volume, and

other C4 hydrocarbons < 0.001% by volume,



het er ogeneously catal yzed partial dehydrogenation. 30 In the manner
correspond®m§78%t t he above, the 116 309 nB (STP)/h of reaction gas fed
through the gas inlet tube stub of the axial tray reactor described was
obtained by conbining (for exanple as4jn Figure 10 of WD 2004/067164) 8063
n8 (STP)/h of crude propane of the specification 35 propane ? 98. 0% by

vol unme, propylene s 0.11 % by volune, n-butane < 0.001 % by vol une,

i sobut ane f témPaX%edry 200 SiEpredSLre U eard 1o25991Ms \TIRYREST reﬁamgsgsf < 0.02%

by vol une, a ﬂ§14 48 of
ar,

d ot her. hydrocarhons <. 0. %-by vol une. P

t enper at ur%cE@@agq%.ong@%\ygcm %gﬁ?mgﬁr&t%ﬁg%%ﬂ'l%r%]d(as&rﬁﬁq{e85 3 esidual gas
of such &hasdhe faipwingicgatentsn whi ch, at a tenperature of 104C and a pressure
of 3.3 %ar, has the followi ng contents: 5 propane 31.18% by vol une,

propyl ene 0.215% by vql N2 5 % me, 02 3.44% by volune, 10
Cx2 1.81 % by vol une, %r@k@ 444% %;/q\%é% g’?*/n\.’églarlngrz 0.098% by vol une, ethane

0. 06% by vol une, et hyreRvens. 0039941 NVoPYIHEUMEE H2O 2. 96% by vol une,

acrylic acid 0.04% by Neol une,  acr8lesrnbPv@Bepy vol une, and acetic acid
?h?gtr)f')smewl \lfjmnfh ggeT(bnzgggir nef E)P%'%:Eb Q(ZIUE%EIGZW; at ngma;grn} )r(lggal led into
a pipelfdne. It is adv 2ageoijs mé@%"ﬁ Y ¥PlYm&ment i oned combi nation and t he
time of feeding into GMe gas i nl €t4440bky stlubeare as cl ose as possible in
tinme. 25 The conbinatign first fopmwes Sasomsture with P = 3.21 bar and T =
95. 7C. Indirect

ethane 0.06% by volume,
ethylene 0.003% by volume,

15 H:0 2.96% by volume,
acrylic acid 0.04% by volume,
acrolein 0.03% by volume, and
acetic acid 0.03% by volume.

20 To combine.the two gas streams, they are mixed intensively with one another, for
example, in a static mixer installed into a pipeline.

It is advantageous when the aforementioned combination and the time of feeding into
the gas inlet tube stub are as close as possible in time.

25
The combination first forms a gas mixture with P = 3.21 bar and T = 95.7°C. Indirect
heat exchange with the product gas mixture leaving the gas outlet tube stub (3) brings
it to the temperature of 384°C and the entrance pressure of 3.10 bar.

30  The target product can be removed from the product gas mixture obtained in the
heterogeneously catalyzed gas phase partial oxidation of propylene to acrolein and/or
acrylic acid in at least one removal step in a manner known per se. The procedure is
normally to convert the at least one target product in a basic removal step from the gas
phase to the liquid phase (the product gas mixture is, if appropriate, cooled

35  beforehand). This can be done, for example, by partial or full and, if appropriate,
fractional condensation of the target product {for example acrolein and/or acrylic acid)
and/or by absorption of the at ieast one target product from the product gas mixture
into an aqueous or organic solvent (i.e. fractional condensation and/or absorption with
water or aqueous solution can also be employed superimposed on one another).

40  Preference is generally given to fractional condensation and/or absorption in water or in
aqueous solutions as the basic removal step. In the case of acrylic acid and/or acrolein
as the target product, suitable absorbents are, for example, water, aqueous solutions of



heat exchange with the product gas m xture |eaving the gas outl et tube stub
(S) bringsPFiE¥814o the tenperature of 394C and the entrance pressure of 3.10
bar. 30 The target product can be renoved fromthe product gas m xture
obtained in the heterogeneously catalyzed gas phase partial oxidation of
propyl ene to acrolein and/or acrylic d in at |east one renoval step in a
manner Kknow@wep&irb&Bdic bigs aﬁ@ﬁmiupleobusorglmf: FBlvetst suchaRveikiurdéssf dghdngiast one

target pro C., I |qU|d
phase (¢ netgr Ry B8Pl T or ey o Qﬁ“?ﬁ{fgﬁ*% By ertﬁ}ehanm
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et o oo W GBI BECR 1009 boE GERC Y sl ?f%ﬁﬁ%fﬁ?ﬁgm%é%’tﬁeous“

sol utiths U$-APE357.826, DA 1Wr5?@apﬁo&996@6§57d@5a5nt9 obi ¢ organic
sol vents, BEEMES4TRA0, DEA 107 40i 3HCEPIA 695 U36ligrhamsb 2@17hrem -A£0 g1 082,phy! (1))

or 1 " ool DY PAY D WL Byl DEO 4By MBRONN) 3090 BTGy B el ot e

(fromO0.1 t gas
m xture codP ﬁ LEED Wﬁea@% PEA 19% 84839 HneeTylis é?'@r"%iBP‘f/a’ Bén plsade onal ly 5
condensed. urfdertalesraapliescribéint ER-AG2a83Y BP ;(9&2)@89 @E[-y 108 3pH86case of acrylic

aci d) fan ppa, aff eebed Hs AdeB Ml DD tBR4H gents (cf., for

l e, 3 3o, 8 92 867, WO
SIS, DA et o iR i sty Narhash
02/ 09839, \WE (/3TEE13BESY 700 BD088 A0 ES38 28DESA AreeragelsgiveDi ikniyingd3 625,
DE-A 103 34 ifribdeln/Fid 701 188/019887 Usr o dbseAtediRDE- E?Eﬂpzobﬁ%?@?lz@?afhd iE- A 196

06 877, DE-A.1 A 102 47 240  DE-A 1 P95 736,
EP- A 982 ﬁ?‘va%ﬁti §4€3%ng'e "Eigeiogrfmﬂ"’a ﬁzz&’?cﬁ% A 43 35
172, @Ame‘dgwnzems VWS 2R04/663 188, 5\6‘322004.1)@3%1%0@@21%83 52»’&18% A 199 24 533).
An acryl i cORA TH IBVAIThe dirtHer peockssingl bieLiakenlicscidlesanebdedn bs EP- A 982

o A 55"7%%%5?58%5&9%“@s%é’%eé%?@@ﬁﬂ%dé@m%@1 Ridsp oD, 0 66
239, EP- A WO &4030469. \NO 3P E¥EE@nd W 9648581, DE- A 100 53 086 and EP- A 982
288. Pref erence is given to renoving as descr| bed in Fig. 7 of W)Y 0196271

or as Lescq |, ﬁoh?eé?ﬁ‘e’%f%l@e 2008 s@égragr@%pl%@gséetﬁs th%gb"ré/sfi‘rﬁ gaé?é’t}%ﬁ S-

Favor abl e nodes of _renoval are eSSes escr|

docunent s WRISDERIUPTES £SBentialy %%F@f?ﬁ%’?y@@s %é“%p@ézc&aﬁsmtum OF5e- A 102 35
847. The fhilingeoinhabstesdardgrassue (ddar)ds yBOC @ei theabhstitmeads waichlaee ef f ect ed,

for exanpl giic@fodeRGEARES it Jolifile] AEHRRREmAAs bt &4lnGe, HhIRPU 32,
_ particular separating colurnn comprising, for example, separating internals and in
30  whose lower section the product gas mixture comprising the at least one target product
is fed, normally after preceding direct and/or indirect cooling.

in the lower section of the separating column, the less volatile constituents of the
product gas mixture, including the particular at least one target product and secondary

35 components of similar volatility to the target product, are normally obtained in the
condensed phase.

The residual gas constituents are normailly primarily propane, if appropriate propylene

unconverted in the partiail oxidation, molecular oxygen and frequently the other inert
40  diluent gases which are also used in the partial oxidation, for example nitrogen and

carbon dioxide. Depending on the separation process employed, steam may be



WD 02/ 055469, WD 03/078378 and WD 03/041833. 25 A common feature of the
above sepaprrb7EP processes is that a residual gas stream which conprises
essentially those constituents of the product gas m xture whose boiling
poi nt at standard pressure (1 bar) is <_-30C (i.e. the constituents which
are difficult to condense or else vola@le) normally remains, for exanple,

at t het t oppreéerit mﬁhleﬁééiathal gbgbnlwpﬁé@és: d¥Gn BMLURE of OPRS 26% fbgalofufrie. eaxanpl ;a
separating_jnter e roduct gas m xture
conpri si ngre%'ﬁéga#gICéaggq%']ﬁée]g%%rré@ﬁg)pursggﬁ%h&?éé %g§?£%@9%| |y after preceding
direct and/or indirect cooling. In the |ower section of the separating
col umm, t hat thiessint,dl sitoulcebecemphiadizeeindree aljainhtieat gendidacid igbssically remeyed
i ncl udi j - : 35
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obt ai ned asesrassira wash qoieherAivaytabBowi theawaeylidultbtsddhne thermeltiot acrgas m xt ure
whi ch faas A%‘F‘oe&yg@@'r&qo@éq ﬁéfB%% @Pm%grwésﬂ%lru {FG r?érhq%ge,‘?ﬁé ﬁé&?é@gmhf
appropriate is'fractionall'y condense ,. ascendl ng (for eXanple into Itself)
in a col un®PredgapYicErNGtndeisas Jansrpr ofite Aypiel WFC?- '3 MPES B PléRoval of crude
acryli c adiydrauiodiash cdl0malkfo eRadple 2 TNGatash mohurag we ausechahietli veash as

crude acr e of SpRRISIS) (e dCSi o ch aiy 700, druf Sdeatoam o
suspensi on\}vbr@g%yﬂﬂngﬁ%d't“?]@tlg‘ﬁa“’ﬁ Scfeﬁlﬁf')rang E\S’gl?éﬁgﬁ‘%ﬁg Brlsif,%r@glys f or nmed
are praéf eragtdledipiedhe fra¢ticonl candensatiog (efoele EPHA dOd6 499). Tinesesonsfary wash

col um. Adisaidongeiibyis nbhBalasEbw tHaWidk ssRdfiise drhge BBlic &fid asb)urge 15 aci d

crystals rsgrng%ed bef orehand in the wash col um. Furthernore, the wash col um
is prefera Iey one with forced transport of the crystal bed. It is nore
preferably a hydraulic wash colum (for exanple a TNO wash columm) or a

gﬁlcf;gni g alUshastnly 66 uiystallizatiorsfiegd, fitiis tri@taksible tb bBtadﬁécﬁylicrﬁdeI(ﬁjawn‘lfg a0 ]
. of. . . . 1 owed. In other
wor ds%r e%‘F'WW&%%?&%'%%@@S%&é?%%@@@%ﬁ%%?ae@é"{@t o the fractional

condensat iSYReEEFOrbants hapg i polyNa agppte. The secondary conponent outlet is
normal Iy bel ow the side draw of the crude acrylic acid as a purge stream

Otherwise, the profile of requirements taid down in DE-A 102 45 585 and in
DE-A 102 46 119 also applies to the process according to the invention.

30
Processes according to the invention are generally also those in which the process
according to the invention for heterogeneously catalyzed partial dehydrogenation is
followed by at least one heterogeneously catalyzed partial oxidation of the at ieast one
dehydrogenated hydrocarbon.

35

Figures 1 to 17 show the following:

Figure 1.  top view on a longitudinal section of a shaft reactor configured as a tray
reactor suitable in accordance with the invention
40  Figure 2:  front view of a longitudinal section of a shaft reactor configured as a tray
reactor suitable in accordance with the invention
Figure 3:  top view on a circular ring cylinder unit with omission of the grid



Using only one crystallization stage, it is thus possible to obtain acrylic
acid havi if a78135 purity of > 99.8% by wei ght which is outstandingly
suitabl e for producing superabsorbents based on poly-Na acryl ate.

O herwi se, the profile of requirenmentsJaid down in DE-A 102 45 585 and in
DE- A 102 46 119 also applies to the prééess according to the invention. 30
Pr ocesses Fgwerdi ngah giewhen @ nivadrirmg cyhiredeg eniéwéth Igyid ahg oetvwiok ef inatahkireh t he
process accordi ngmbanikthendr8yenti on for heterogeneously catal yzed parti al
dehydrogenation is, followed by at |east. gne h rogeneausly, catalyzed
parti al ol Pon tanepie R beEetgnE ol el AR Rt BV 5c
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Figure 17: shaft reactor reproduction

Example

25
A cuboidal (shaft) reactor reproduction (44) was used. The interior of the cuboid with a
wall thickness of 3 mm (all elements of the reactor reproduction were manufactured
from 1.4541 stainless steel} had the following dimensions. The base surface was
840 mm (edge a) x 900 mm (edge b). The height (edge c} of the cuboidal reactor

30  reproduction was 1200 mm.

60 cm above the base surface of the reactor reproduction (the measure is based on the
distance from the base surface up to the upper edge a* of the metering boxes
(distribution boxes)) were mounted, in the interior of the reactor reproduction, with their

35 longest edge b* parallel to the edge b, three identical, likewise cuboidal metering boxes
(45) with the rectangular cross section a* x ¢*. The wall thickness of these metering
boxes was 2 mm. The edges a* were parallel to the edge a and had a length of 15 cm.
The edges ¢* were parallel to the edge ¢ and had a length of 4 cm. The separation
between two metering boxes was 13 cm. The middie of the three distribution boxes

40  was arranged centrally with its edge a* at the cuboid width a = 840 mm. The edge b*
had a length of 900 mm. The distribution boxes were each welded onto the delimiting
surfaces a x ¢ by their delimiting surfaces a* x c*. At the top, the cuboidal reactor



coi ncident Figure 17: shaft reactor reproduction Exanple 25 A cuboi dal
(shaft) rddchB14r eproduction (44) was used. The interior of the cuboid with
a wall thickness of 3 nm(all elenents of the reactor reproduction were
manuf actured from 1.4541 stainless St%m had the foll ow ng di mensions. The
base surface was 840 nm (edge a) x 900 (edge b). The height (edge c) of

t he cuboi daprodediondyas aenrepidrddld lish atgclaseg@t it bEPNEardBdve feUie base
surface ofsiddae reactor reproduction (the nmeasure is based on the distance
fromthe base surface up to the upper edge a* of the netering boxes
(distribution boxes)) were nounted, in the interior of the reactor
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c* were pér“HP‘F‘g'P xpAndfaragg & F@r%{'%{jtoﬁﬁ'a e49fength of 4 cm The separation

bet ween two netering boxes was 13 cm The middle of the three distribution

boxes 40 a3 fdtARRIRIN 6RO ELifbifteM Totht hext@da®fce Alnlthe wiRbrbeadudt h a = 840
nmm Tg% edge b* haa a length of 98010nm T;Lhe C%I SLri b%t;fon bﬁxes wer e each
wel ded YontES: (MEagWier fiom ?F'd’ger BCPAERS 0L TheRxiLaRlces A8 PHIUBINEPR Paces a* x
c*. At theettepgularsarfocdsod dal” of @dicent rEftagFi8ab@@s weep opiehsde ooe anathiedpen
(i.e. it Raghgad.id), and closed at the bottomand at the four sides. In
the two rectangul ar surfaces c* x b* of a netering box were disposed
circular exit 5 orifices A (46) with the diameter 3 nmarranged |ike a
string of Aspertwater wiatd &dd sithtar@atedhicknegs lohd Mg was sigsed entcohe gieteringm from t he
teﬁge h’g Whiogés (4@9@5;@ méa;][r@isstéé%ti@aﬁa_b)smef@@@e@fmehnc@émés)mmohﬁlyfov@ar ?! | el Ato
i s edge. e from X i LA . n [ rifice
on the "stTrh;‘gEgrag%é%g;@&BnS@B "(%gga r%%%%ﬁb@@%ﬁ%@'%%.r?ﬁrﬂgn_stlog@%ﬁf'gr ns?'10 cm The
exit orifildePranipy rafin ofdne pedprpisdisheet wasc3ih gt epenigrrptie s tokad ofthgx  of
adj acent rRehHaaIs b@fadeEss/10R] SulRRAFEA)ES: 00T, BOhEIE Lentélsi Werd diitbutéd
perforated JJ (A7) WM. pl a plate thickness of 3 nmwas placed onto the
BB s Ml

net eri ng 4P '(stq(" over the cross section a x b). The shape of the
hol es2fas uniformy oval. Their transverse dinension was 3 nmand their

| ongi t udi nal ingh BPEN &Y Bf B@Shdight 20/8m o NEINPRENMG: 4 Airh QexérbinBarpetet ar at ed
e
a

sheet was ,30% (%.0 aq.n ratio .= (total of the rmeabl e surface
o oas/ t ot SPREL T FLEBELRF 1 e fdkim Pt S riaE® RETE=OR PR oc
uni f or M y uniforsgmatae mesh etas 18@ onto this inert bed and was composed of longitudinal and
transverse metal wires.
25
The distance between two closest parallel metal wires was 2 mm. A grid (49} was
placed onto this metal mesh and, just like the metal mesh, extended over the entire
cross section a x b. The height of the grid (parallel to the edge c) was 10 cm.
Otherwise, the grid had a honeycomb structure. The individual honeycomb had a
30 square cross section with an inner surface of 3 cm x 3 cm. The wall thicknesses of the

grid were 1 mm.

Below the metering boxes was disposed a metering line (50) which ran paraliel to the
edge a (the distance to the nearest edge a was 10 cm) and was inserted through a

35 corresponding orifice of the wall b x ¢ and welded into it in a gas-tight manner. The
metering line had a square cross section of 10 cm x 10 cm. lis length extended up to
the end of the edge a” of the third metering box.

Below the particular distribution box, the metering line had a circular orifice of diameter

40 8 cm which coincided with a corresponding (centrally mounted) circular orifice in the
surface a* x b* facing toward the base surface a x b and was welded onto it. The length
of the metering line was 800 m.



An inert bed (48) of bed height 20 cmof 7 nmx 7 nmx 4 nm (external

di aneter xPFRéBtht x internal dianeter) steatite rings was poured onto the
perforated sheet. A uniformnetal nmesh was laid onto this inert bed and was
conposed of |ongitudinal and transver metal wires. 25 The di stance
between two cl osest parallel netal wr was 2 mm A grid (49) was placed
onto this netal nesh and, just |ike the netal nesh, extended over the entire

Cross sect4mm®a of alixilRe(shtiigl ted inbhegaart)dofipaséd biel0oot ey tllemedg€®) was 10
cm  CLneT Moo, bl Soletbr it ludte RANRICRIIALANE R & = Jbe, Il diygypl honeycomb

had a 30 square Cross section W I'nner cm X cm The wall
t hi cknesses of the grid were 1 nm Below the netering boxes was di sposed a

meteri ry | Ateedibtafde vhi Com! @petiaarl| pidte (91) Wi waldigring thekabsitsitraacter to t he

¢ _ , _ ' .
or 1 11 ce of Sproaubli, oot He ARG nd ARFLLERIAIURNGR Suretrokpbodpnarais)

met eri ng 13 %8- hgihales glihe petprsiad Rlateipigte hickaesschingn) had gdiameter pehgih

ext ended ufhd lole térdemrnvkrefdistiitaitetigdfoathlyof atshearehiitch. Thet erifica gatlooof thdel ow t he

parti cul ar,. g i Bt @ X, the metering line had a circular orifice of
di anet er %egfogét%&ri‘rpv\h% cﬁs (g:goi' ncided with a corresponding (centrally nounted)

circul®™ orifice in the surface a* x b* faci ng toward the base surface a x
b and was Badbdduk afntemnartiondhpefaratgt platefa tifalarstubr(bA(irtéemel diave®00 m PF

57814 53 4 B WochoAn gL rf1dPibALAGIORSI BRhCORSIh) pegsmazad of 10%

by vol une of 90% by voluynme of air were fed into this nmetering |line
(r L7250 #xhsp G e daante LomiteR aieestspTAs Sk Mo Por at ed pl at e (51)
was wel ded into the cuboidal reactor reproduction below the netering line
andf eX1t5tendﬂ%| SifRke bP@:t @n%dﬁh%ﬁé%égﬁﬁp\ké@iﬂ@én% Ras o?pdéit@ ;he{élﬂfa'&@'b_?_ﬁc 01;] It he
perforate ate e thickness ad a.di angt.er .o m e hole
Pont or o vanB-Bh Sl Srtetiver B ap obreodRef e ARG ke PRIt ot o o
the perf overedbeqsetinaly wdsnded intite Sunefiow disectiony thewxtansivadinpeessaniied pl at e,
a circul arcoscifed(52) (internal dianeter 300 mm) led into the cuboi dal

reactor reproduction. Its distance fromthe base surface a x b was 5 cm
Its distance fromthe closest surface a x ¢ was 10 cm 15 The surface b x ¢
t hr oug® WA29R PHeokAILT 788G, Fsei {dprweresiopeusted thrawghdhe stibdnte the ¢ t hr ough
whi ch t he duebieil regctol RPro@stiomeendiagdindeput dus seiaerihng |ine and the stub
were theoretically extended in the sane flow direction, the extension |ines
essentially coincided. 20 2500 nB/h of air (T = 25C,. P = 1.1 bar) were
conduct ed Wih Bigid han Sttigpat g26 fioReSiepgns (pRIrates H@6 HxtEpASHIRNGHES it

('si mul at edhicgh brjauétieg @ whbseeeantdnts the CO, content is determined by UV

25  spectroscopy in comparison with the behavior of the contents of a comparative
cuvette), the CO, content was determined in the individual quadratic honeycombs of
the honeycomb grid.

The theoretical mean CO; concentration was 0.16% by volume.
30  The maximum measured CO, concentration was 0.30% by volume.
The minimum measured CO, concentration was 0.02% by volume,

A longitudinal section of the cuboidal reactor reproduction is shown by Figure 17,

35 US provisional patent application No. 60/787165, filed March 30, 2006, and US
provisional patent application No. 60/791207, filed April 12, 2008, are incorporated into
the present application by literature reference. With regard to the abovementioned
teachings, numerous changes and deviations from the present invention are possible.
It can therefore be assumed that the invention, within the scope of the appended

40  claims, can be performed differently from the way described specifically herein.



Wth the aid of an Utramat 22P from Sienens (aspirates gas m xture and
conduct s iRF 5&tough a cuvette, of whose contents the 002 content is

determ ned by UV 25 spectroscopy in conparison with the behavior of the
contents of a conparative cuvette), t C02 content was determned in the

i ndi vi dual quadratic honeyconbs of the honeyconb grid. The theoretical nean
002 concendhalis claimebis0. 16% by vol unme. 30 The maxi num neasured C02
concentration was 0.30% by volume. The m ni mum nmeasured C02 concentration

was 0.02%py v itudin n. of b0|
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No. 60/5791207, infvitie] foNrié purbdse 80B8 hetireydneoasipostalyeed partiol t he present
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t eachi ngs, nuner Invention are
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of the appendedolfuiat mydmegercarid the apzabioonesd/dibdaftenetntbleydehydrogérmaedsy
descri bed Spe%cfrfdﬁéﬂehl(hra xed°Eat§| d% Y Rais 0§ed3lnaa%§f‘r’éilt\h:§1 1. A process

for het er ogeneou cata 0 t| 0 | east one
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5 in which, fostreae cpoppsssfirefa bmoheeresmw@aswndataﬁt@lztmllxoactmeal

dehydr ogenat i OtSonR/habth%M@Ivs |rt¢r@ﬁ6w@ﬂ@cﬂ?ﬂ)ﬁdﬁmeﬁ%ntglasbﬁlxmhghpél% g6 the
entirety of a react

m,C.0 ecul ar oxygen,
nol ecul ar hydr%oé'é?{'sgﬁat @ﬁ%t A ﬁthgggq C%%@Smf’cﬁ& &%?%'B%B?%E‘Egﬂdgﬁjfdrreg efated is
conduct ed t hr c3RFIMiXtUre itedt stegam insftovbaiceolipm Bereas, ileasd ety enance mqn with 10
pr edefisned cr ogfisaealidviadt a@ﬂdatuohrenélrgwbzdhé@@mboétldnfreééti@nroﬁmzﬂedmargas m xture

input stream, r|

catal ytically 3%%&%’ WQ(@ rHBl\/\,h&%rh&*@?ﬁ t@wafe?%&/o F) %o?ﬁ%{sﬁ%nn% f reactl on
gas mxture i nPEFOSRDALERM in @8r’fﬁ?‘?t@ﬁ§a§tm'1<té%?s'f‘p‘5r$éfe§'ﬁ‘aﬁ§tm€|§9’épyst body
whi ch is such dxygéen td give oarbbe omelasen@wataydmwfoxhardahympgeneslbnenathelat fl ow

act ?St {Ton' 2‘32@9&’0"@”**%%8%%2%?eﬁyr%fé R S Y

ol ec ar oxy ?C@r%ﬁ't &'t‘t heapgyise Hat @i@”&%‘rﬁ%ﬁ@% gtg%asﬁ@%%ygmcé% ﬂ?g‘? ocar bon
present in thedehgdmgemtegﬁdehyﬁtqgeeahedp@theﬁtﬂmmm déhydodgeoatedr oxygen to
gln\éehgg; gggr gxﬂn ?o"caﬂftﬁ'w %‘& ﬁ{e eréanngs rﬁ:ﬂ@r&'!@lgbﬂcﬁtr‘e&ggﬂ@-%%é&fmttrﬁlé?sr?éft . Lgazg
hydr ocar bon, \c/:? tteHgg Pﬁé EB% E§Pm8r' 87 m%*? g?f"i‘%”ﬂ'ﬂ‘l %g’gm @5%1{)5&% ocar bon
to be dehydr d’g&m‘é@ é@lstie@nu@‘Hp@Iﬁwbm&ési bed te g input pesstreasmewtishy dr ogenat ed
hydr ogar bon, afghprides rpReliap Rydd erﬁT‘aPidl er&at"e’bl%%néhfcﬁ@éﬁrb@ Pei ned in the
shaf t by et efd: ig: 38R Yha Adfowiry SRTRUASLR BRASHE AeP2NES sl he? oL

vol une fl ow
a volume flow rate V1, wherein the input gas il is metered in in the form of input

gas |l streams flowing out of a plurality of exit orifices A of a fine system disposed
upstream of the fixed catalyst bed in flow direction of the input gas stream | such
30 that

a) the directions of the plurality M of all input gas 1l streams exiting from the
exit orifices A in the theoretical absence of the input gas stream | enclose
an angle o of 90 * 60° with the flow direction of the input gas stream I;

35
b) the distance D of the plurality M of all exit orifices A from the fixed catalyst
bed, based on the flow rate W of the input gas stream | in the shaft, is less
than or equal to the induction time J of the reaction gas input mixture
multiplied by 2-W;
40

c) a projection of the centers of the plurality M of all exit orifices A in flow
direction of the input gas stream | into the projection plane E at right angles

Figures 1to 18



rate V2 upstreamof the fixed catalyst bed to an input gas stream | which 25
conpri ses APOPEI4 ar hydrogen and the at | east one hydrocarbon to be
dehydrogenated and is flowing within the shaft toward the fixed catal yst bed
with a volune flowrate V1, wherein tgs input gas 11 is netered in in the
formof input gas Il streans flow ng t of a plurality of exit orifices A
of a line system ththpdisedireciist ofdberinpfit gasestfaaxeldwitian dleysbjeblemh pland Eow

d: rec]ti ;)n (I\)/r ]Ehe| Eﬂ;@é‘?is?%sa ﬁ&rﬁféi“ZA offtHE Rxit _3?{164&?9@% pté&%nﬂhraﬁ HZQﬁfs of tge_
plurality of al [ ,.npu a reans exitin ro . ex orifices in
the theoretical a sjé):}greaté‘?as?ﬁé/"ioiéﬂﬁ pr&?ﬁ%? ?@gﬂﬁof’e@ﬁ]&ygﬁ%'nngg%\Snﬂfe@”ﬁ of 90
600 with the flowlhdirection of the input gas stream|; 35 b) the distance D
of thesplurality Mof all exit orifices Afromthe fixed catal yst bed,

based on the flow.r W gf._t ' m,l 0 aft, is less

t han or equal cbo {%Z}H?'H%@t"i]podxg?% ﬂ%ﬁga%gsef(ﬁééﬁggctb?c?gn%g@elgnmput m xt ure

nul tiplied by 2w caresppnaingfpihedtimher éA of gt ediinecentass deviatedion Heirty M of
all exit orificesndmencdl h@an bffinoeelorothanfsobhie | nput gas stream | into the
projection plane E at right angles Figures 1 to 18 PF 57814 55 to the flow
direction of the input gas stream| within the ,gr o%gchi on plapne E gives
rise t18 a nunifer 2Ropg theuinar ZARfiex|t QEficasn therdistapesst HPm Qe OFPCHE 10 for
at | east 75% of t Benterejtes Eibsubt akiearif@Rhed Dot iiere it DRS/ B4 ream S d)
the individual input gas Il streans exiting fromthe exit orifices A
corresponding to the nunber ZA of exit orifice centers deviate fromtheir
nurreri cal rnearf) bythgo{:WBradicting®. 50 10 e) anpng the nunber ZA of exit
orifices, the distance d fromone exit orifice center to the closest exit
orifi cent e ; . , : atio is > 8.
15 2. q?Ilhe%pr OJQE?%%%?%O%E??)&Q%Q}mﬂ]éé eﬂ?%!?] U% %aes I? ﬁ%sutg%ég%“lnl has t he
foll owing corfPBIS from0 to 80% by vol ume of steam from 10 to 97% by
volunme of N2 and 20 from 3 to 25% by volunme of 02. 3. The process accordi ng

]EO cl :aﬂsm 1 g(r)o/Zb whelrei n ;,.P,%d@m@% 889ollmehstddne following contents: 25
rom to oDy volune ﬁ'oml_?oq’o 97% by volume of N2 and

20 from 3 to 25% by volume of O..

3. The process according to claim 1 or 2, wherein the input gas Il has the following
contents:

25 from 15 to 80% by volume of H.O,
from 20 to 85% by volume of N2 and
from 5 to 25% by volume of Oo.

4.  The process according to any of claims 1 to 3, wherein the V1:V2 ratio is =15.

30
5. The process according to any of claims 1 to 4, wherein the V1:V2 ratio is =20.
6.  The process according to any of claims 1 o 5, wherein the longest dimension L
of one exit orifice Ais from =2 0.1 mmio <5 cm.
35

7. The process according to any of claims 1 to 6, wherein the longest dimension L
of one exit orifice Ais from =1 mmto <5 mm.

8.  The process according to any of claims 1 to 7, wherein the directions of the
40 plurality M of all input gas [l streams exiting from the exit orifices A in the
theoretical absence of the input gas stream | enclose an angle o of 90 £ 30° with
the flow direction of the input gas stream |.



from20 to 85% by volune of N2 and from5 to 25% by vol une of 02. 4. The
process ad¥ob@Mg to any of clains 1 to 3, wherein the V1:V2 ratio is >_15.
30 5. The process according to any of clains 1 to 4, wherein the VI:V2 ratio
is > 20. 6. The process according to a‘%y of claims 1 to 5, wherein the

| ongest dinmension L of one exit orifice Ais from>_0.1 mmto < 5 cm 35
7. The process according to any of clains 1 to 6, wherein the |ongest

di mensi on ¢. Whe%@c@s’é‘écc&ﬁﬁg‘t&%nﬁof&aifﬁsofﬁo%.,\z\ﬂnefﬁfﬂlir% Girechorgoar t§e The

roce accordin r ns of the 40
BI ur aislst y M ofaﬁglhqu“ P%‘”' Bgt a]as 1E§Feeaarfsexéﬂngt%ﬁn ﬁ}e it cﬁ'ﬁgéseg(ﬁ}ﬂ %r ;Sfl ces Ain
the theoreti ctaeor@b@@@@éerme qfﬁ@lnnmasgsérga@tlre@a\m 36@69@%0fa99 HA8T with of 90

30 withs the fihewodidietidross thé inphegasgiedangias stream |. PF 57814 56 9. The
process according to any of clainms 1 to 8, wherein the directions of the

plurality Mof_all input gas Il streans eng&fromthe exit orifices Ain

the theor¥ticHie Ripeess@scedingrie apnplielaigiss! ot edrrain disarlgably Mhobalhexdt a of 90
10 with 5 the édfices difoifitd therwonditiohB «hpiW-Jgas stream . 10. The process
accor di ng to any of clainms 1 to 9, wherein t he pI urality Mof all exit

or|f|c fulfills the condition S5WJ. Th S ccordi ng
to any'%f A@I al-ltrlr"@ pl"o?eﬁsf(?cor\aﬂ@ tglaﬁyphgmmsu}tgﬂiq thgq?ur%fjgyﬁ/? @"i'fl‘?’i'ces A
fulfills the caovides Adnlfils ths@oaWdon 02<0. I’N%Jprocess according to any of clains
1 to 11, wherein ZA >_30. 15 13. The process according to any of clains 1

to 12, whey.e ZA > 50. The ess accaqrding.t of claims 1 to 13,
V\/nerel n ZA{ d\@prggess-ﬁqgogpgéggg?gfg@%imiﬁt&ﬁowhﬁ%lrb?!\% 'ms 1 to 14,
wherein the distanced is not 20 nore than 1.5 1n2 /ZA . 16. The process

accor disng 13 ame mbeadksAcidrdigttd ahp of wiligtsel B t2hehdient 2Rcesod is not  nore than
1n2/ ZA. 25 17. The process according to any of clainms 1 to 16, wherein the

i ndividual input gas Il streanms exiting fromthe exit orifices A

cor r esponding & RIAEESE AFBRAINGAC ghY 85(?‘@'m501r tor i3c whew@it é~As='@vi ate from their

nunerical mean by not nore than 30% 18. The process according to any of

ctaims. 1t Limotharaknotbeirk gk} BhakirnPt10aReieln 8%aki@ATR X1t N0 from

the exit orifices A cor exit orifice centers
devi ata® fromtrineuerthanumé ie VZArean by not nore than 10% 19. The process
according to any of claims 1 to 18, wherein the pl urality Mof all exit

orifices A’]G?ndrh%fprggle%sIarr}gtlnr\éllngltlo any oPéfamw%%stol‘IIS W}‘Iél%ﬁ’l e s'tér%c%% ifsrncc))rt’n themis

more than «1m?/ Z4 .

25 17. The process according to any of claims 1 to 16, wherein the individual input gas |l
streams exiting from the exit orifices A corresponding to the number ZA of exit
orifice centers deviate from their numerical mean by not more than 30%.

18. The process according to any of claims 1 to 17, wherein the individual input gas |l
30 streams exiting from the exit orifices A corresponding to the number ZA of exit
orifice centers deviate from their numerical mean by not more than 10%.

19. The process according to any of claims 1 to 18, wherein the plurality M of all exit

orifices A and of the individual input gas [l streams exiting from them is

35 understood to mean those exit orifices A and the individual input gas Il streams
exiting from them from which a total of just more than 70% of the total volume
flow rate V2 exit, with the proviso that the individual input gas Il streams exiting
from them, among the entirety of all individual input gas Il streams, comprise
none which is smaller than the largest of the individual input gas Il streams

40 inciuded in this plurality M.



35 understood to nean those exit orifices A and the individual input gas Il
streans eXtb78# fromthem fromwhich a total of just nobre than 70% of the
total volune flowrate V2 exit, with the proviso that the individual input
gas Il streans exiting fromthem ano the entirety of all individual
input gas Il streans, conprise none ch is smaller than the | argest of

t he i ndi vi2fual Therpotesgascordingtte eayrsf daimsnicloud@edrhiereirt thieplyhiity M oft all it PF

57814 57 20. JhHRePROFASE RCAVALAINHA A8Y Heakls@ikiiBg krohPthéis Wher ei n the
plurality M of ex as |1

al | orifices.. n f t i ndi. yr dual i npyt

D reans ot gt hanrrkhoshat il X o i Makeb PR ¢l brei A ana
t he i ndi vi dual ejitmaftongtem fromtwhicing totahdf jushgnore han CRwfithe intaltyobiines t ot al of
jt ESE {nr?r et ganf_loQ@Pét@ffztehm wigt tak pvmt'wmat&hé lirvidud Evfh(t?gé@(li Streahhd émtﬁdgtehpr ovi so

a e indiv, | . 15, 6XI e
entirety of al #Irgﬁﬁ*cﬁr_r\'i%%]gqﬁélSh{!reg’aésf%?lﬁ%s"ﬁzr’(%%#%?‘t%os_rrrlgrgelréséﬁ@r?gﬁﬂgﬂg ichis
smal | er than tMhoe vigfeisismalet fhan ithedetgegtial the isiidughigryy gast!t B8RS i ncl uded i n
this pluralityndldddin2fis phhalitpMocess according to any of clainms 1 to 20,
wherein a projection of the centers Mof all exit orifices Ain flow
direction of the input gas stream|, into the projection pl anﬁ E at right
angl es'% o 4The TeRIPERSP SEEPTEINOSP 2Dl ¢iaipst T 1940, ¥Peeihd ProiggliPAChtehe
proj ection pl aceatdts ¢ ofed! axitoeifitas AimflovbdirecEdn of thetrgpubgas stoearf 1 oo hent er s

present in any,gRcin aalgr@Efa(?Fi%ﬁ’ttarJg%% P9 lirddin Bf kGt §8s 8r&am fover ed by
the 15 input .ﬂﬁnﬁ%{eam . % . él'heﬁgr.oc SS a&;or%nf;hto %%.of cltal m 1to
21, wherein a% h BletRTOIRCHAN R E Qe &S8 IQA SHMRPT “a R e PO B SRR 1 ow
direction of tpreséntpuanyyasobz e fonat isast 85% leéthemrojpetian asaa povaned By tte ri ght
angl esjst o t he iﬁb@\gagisfrggﬁqnpn of the input gas stream!|l 20 within the

proj ection plane gives rise to a nunber ZA of the exit orifice centers
present in any nR2 of z 10 for at |east 95% of the projection area covered by
t he i nput22gasihsthrecass accadingthanyplodaiss ‘alecds whagn @ Peigetion ofthgi ns 1 to 22,
}Nhergi n thle I ecelitarO M gfasl axitokifices A REfwiitdCction bERBinpt gamgtw@ar@dintmmu?h t he

i xed cat al yst : i ; east
one hydrocarb r{BJt% gt'%qe&%réiggrt Qg@ndé‘?’%ét‘%ﬁes@r‘ﬁ d]"ﬁéﬁ 8%#%%§%§%€%rﬂlat ed to
the at?U east oHEHERRIPIEEINRIEMN b oHES F'5e R NupRer 4H 8T hesxl Safice ey to
any of cl ai ns fdretemt 23anywheoiet no et reaatc®5% nf theprojeaticnraeea 86varepbiy thet ream i s
conducted thr QH;‘IBJT thentimegd catalyst bed with the proviso that at |east 5
nol % of the at |east one hydrocarbon to be dehydrogenated present therein

i s dehydrogenated to the at | east one dehydrogenated hydrocarbon. 25. The
process acSor dihegromsaagcating ltaamsoficlaims24io 2Zheheiein thheeadias peomixdas i xt ure

ﬁ5di npiat bSt r eaﬁﬂuﬁ%ffgériﬁ%orﬂiuc{e%%gﬁouéﬁ/qﬁé\’fix\é@|c'e\fmys%e& {¥n &le HrB@SS trRME:
ydrocarbon t %as?% m&l’}oygrtﬁggp Iggﬁ one hydrocarbon to be dehydrogenated present
therein is dehydrogenated to the at least one dehydrogenated hydrocarbon.

24. The process according to any of claims 1 to 23, wherein the reaction gas mixture
30 input stream is conducted through the fixed catalyst bed with the proviso that at
least 5 mol% of the at least one hydrocarbon to be dehydrogenated present
therein is dehydrogenated to the at least one dehydrogenated hydrocarbon.

25. The process according to any of claims 1 to 24, wherein the reaction gas mixture
35 input stream comprises at least 5% by volume of the at least one hydrocarbon to
be dehydrogenated.

26. The process according to any of claims 1 to 25, wherein the reaction gas mixture
input stream comprises at least 10% by volume of the at least one hydrocarbon
40 to be dehydrogenated.



26. The process according to any of clains 1 to 25, wherein the reaction gas
m xture iRfp&T8Htream conprises at |east 10% by volune of the at |east one
hydrocarbon 40 to be dehydrogenated. PF 57814 58 27. The process according
to any of clainms 1 to 26, wherein the | ar content in the reaction gas

m xture i nput stream of nol ecul ar oxyg is not nore than 50 nol % of the
nmol ar anoWit ofherbersslagcortipdrio genoiri@sent totdte wherein He28olarTdomtent otibes

according to apyctn s@hiﬂﬁnré—inh@t FreanVBreh&bELIardskybbeis rRRRH O thaBdd malbxt ur e
i nput stream pafs[ﬁ%s tgraou%h t.he fel ej_gﬁac} ael ystS P‘F@‘ &Ilr'% | east 95 nol % of the
total amount of ol'@&PCUELSJEH %‘ﬁ%f PSR FEM E58 " on gas mixture input
streamis consuned for the conbustion of the nol ecular hydrogen present in
the re&actagn mraé@st%@oramsu@ afj beddEms U029, whbei aetiRs®adisingat ng to any

of clains 1 to I re i ] Xjure

i nput stream Ong&ﬁﬁc;%ﬁ?%%nﬁ %S#gﬁga@#aﬁgﬁ?g{i_%%&s? Bsee&?%yr%géko%aﬁ P o %OC. 15

30. The pr oces'9eaReFHTPHY Ot HORAYAOPXYIPRIPHRFET geac di ng on
e setalAnapurt of Holeayt rsent indheteactipredas MiXyTe inryh

the fixed catsgttasst iskedsunhasietherconbstion of thamulstulaphydrabeh petseprie sieant

therein, wt hf%?ﬁd%t as@?ﬁﬁ%ﬂBﬁt dxdppcarbon to be dehydrogenated is from 100

to 10 Q001 (S e process according to any of clains 1 to 30,
wherei’® the induction time J is 20 < 2000 ns. 32. The process according to
any of cl &9 Thetpro&ks anbwdiago timeof chalonstli tor28t whereih ths temperafl@e nbthe25 33.

The process aceegnfhsifix@RYinBlit SHe@hTBh dnthnidne WRES SlthiyétRdGE R8s SRcti on of
the lines contg%§5fgg the input gas 11 is ‘polygonal whefe the exit orifices
ed. .
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32. The process according to any of claims 1 to 31, wherein the induction time J is
< 100 ms.

25 33. The process according to any of claims 1 to 32, wherein the cross section of the
lines conducting the input gas |l is polygonal where the exit orifices A are
disposed.

34. The process according to any of claims 1 to 33, wherein the cross section of the
30 lines conducting the input gas il is tetragonal where the exit orifices A are
disposed.

35. The process according to any of claims 1 to 34, wherein the exit orifices A are
round.
35
36. The process according to any of claims 1 to 35, wherein the temperature
difference AT)' between the temperature of the input gas stream | and the
temperature of the input gas Il is not greater than 300°C.

40 37. The process according to any of ctaims 1 to 36, wherein the at least one
hydrocarbon to be dehydrogenated is propane.



59 38. The process according to any of clains 1 to 37, wherein the at | east
one dehydFoyydidt ed hydrocarbon is propylene. 39. The process according to
any of clainms 1 to 38, which is perfornmed in a shaft 5 reactor configured
as a tray reactor. 40. The process accq ding to any of clains 1 to 39,
wherein the process for heter ogeneousl catal yzed partial dehydrogenation
of the at 3Beasftheqmecessatromglioany of deirdehipdi’o ybrceirethei s Idast bmaved by a

process for hefgy %ﬁ@ﬁ&ﬂ&h%r&@arﬁ@ﬁ %IMTﬁqer@rtl al oxidation of the at |east
one dehydrogenat ed hydrocarbon he process according to clai m40,

wher ei n the downstream process for heterogeneously catalyzed parti al
oxi dati on38f tMHe piocessascording tdahy of dgiersat o8, mpighde pethiumeiddn a spebcess for

heterogeneouslrga@taﬂ@nyg@,@d@@rat&@regegtbglat| on of 15 propylene to acrolein
and/or acrylic acid. 42. The process according to claim41l, wherein the

acrylic acid is renoved fromthe product gas m xture of the het er ogeneousl y
cat al yzed 4Bar tTirgl prosesgacreningrio oy if eaimgalyior3Pawheredn ihedvierass fls ni xture
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separating int
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according to claim42, which is followed by a process for 25 suspension
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42. The process according to claim 41, wherein the acrylic acid is removed from the
product gas mixture of the heterogeneously catalyzed partial oxidation in such a
way that the product gas mixture which may, if appropriate, have been cooled

20 beforehand by direct and/or indirect cooling is fractionally condensed in a column
comprising separating internals with side draw removal of crude acrylic acid
and/or subjected to an absorption with water or agueous solution.

43. The process according to claim 42, which is followed by a process for
25 suspension crystallization of the crude acrylic acid.

44. The process according to claim 43, which is followed by a process for washing
the acrylic acid suspension crystals formed in a wash column.

30 45. The process according to claim 44, which is followed by a process in which
washed acrylic acid suspension crystals are melted and polymerized to
polymers.



