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The present invention aiso 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.
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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.
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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, molecuiar 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. [n that case, the
internal temperature control can be effected essentially only by hydrocarbon
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catalytically active bed, and additionally with discontinuities in the feed system.
Moreover, it requires a tube bundle system which is comparatively complicated to
manufacture and has expensive tube plates.

25
WO 2004/074 222 is equally unhelpful in solving the problem stated. Thus, this
document requires that the gas comprising the molecular oxygen and the gas stream
comprising the at least cne hydrocarbon to be dehydrogenated be conducted in strictly
parallel 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 incapabte of contributing to the solution of the
problem stated, since it is directed to a heterogeneocusly 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 mixture input stream
comprising molecular oxygen, molecular hydrogen and the at least one hydrocarbon to
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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 m2 of = 10 for at least 75%
(preferably for at least 80%, better for at least 85%, or for at least 90%,
advantageously for at least 95% or even better for 100%) of the projection area
covered by the input gas stream |;

a

40

d}  the individual input gas [l streams (e.g. volume streams or mass streams) exiting
from the exit orifices A corresponding to the number ZA of exit orifice centers



15 The af BFeff@hti oned al so applies correspondingly to the input gas
stream | which, together with the input gas Il conprising nol ecul ar
oxygen in the process according to thes nvention, constitutes the
reaction gas nixture input streamfed to the fixed catal yst bed.
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25  The aforementioned is especially true when the input stream | has a temperature of
= 350°C (e.g. 2 375°C, or 2400°C, or = 425°C, or 2 450°C, or 2 475°C, or = 500°C, or
2 525°C, or z 850°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 streamn 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, howsver, 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 tast fixed catalyst bed in a tray reactor in flow direction of
the reaction gas.
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nore preferably a 15 and nost preferab# 20. The V1:V2 ratio in the
process according to the invention is frequently also 25 or 30, or
a. 40 or Bthemveydadheabrocesreacedrdi® todhé aventianheapingciesisledocanndentp slb

the i nvenficarcaiydt beBOWBY&ed srb@tr%QQeacftézequen“y 5 400 or 5. 300, in
many cases also 5 200 20or s. In general, the fixed catal yst bed

in the process according to the | nvent i on has, in flow direction of

the react HewepisthrirRadlior gan pubmixura fechiper firsidixed catilyshead dispasediime

but alzo sndflireadtol ayew dieciidiesilths hetsh badingp aIrJd’diy%oh?nb@@@Mé@ftﬁe%
S

oaaP el deSErollndiy R Blarka foRYal SRR Mons il L Rt ¥ !

f r equent | §¥avae, ét""le&‘v @@?C’r‘éii‘grf%@? @queﬁﬁrr‘? qﬁﬁ@“@(ﬁ‘db@w @é@gﬁ@g? 0[)odl es
When t he !BEa@etﬂOZ:atavs'She bmduch@p&s'edmletmhgéroﬁhtaétdehywb@@aﬁib@m&r is
accor di ngy; lBeEI h‘ﬁb gﬂy iferkiBg. cEHpﬁ%méz‘?Ql‘?d %ﬁe @Fﬁﬁé Ry béﬁi@nsqgl y)
fixed cata I rect ono as reaml in a
shaf tmrear(?f%cﬁed thee 2 %‘ Sfcleeda Mtorthe fHate wépwvﬁ@efﬁa ke 11 ow
rate V1 idehyHegehatian rnamtnaaarlcythe@theegpmndss uwdtfhr&armpannotgasmjt (fmam f ed

to the Sr@@ca?nm@ﬁﬁﬂférplfrﬁéset&% I‘F&'ér@@@r%o@fslytca%[ﬁ@& BhREESGRHRh Y cat al yzed
dehydrog be dehydr ogenat ed.

It genera 6%’5%8% "98@@@&3%9“ \P&Tnﬁpré" E% r{aﬂ(gmg R?‘@é@@ one hydrocar bon

to be dehydrogenated (e.g. propane). In addition, it 35may conprise,
for exganpries afejenid2itiondd Mgo apsliekieBirespontidiglytid heaingh Eés s#OshNZyhidiR0,
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25  Appropriately for the application, the input gas Il will be a mixture of air and steam. The
use of mixtures of molecular oxygen and inert gas as input gas |l is advantageous over
use of pure molecular oxygen as input gas Il in that this makes the explosion behavior
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 Ii enables larger

30 total volume flow rates V2, which is found to be advantageous for the stability
(uniformity) of metering of input gas |l 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 [
will be minimized.

Input gases 1i 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 Nz and



10 The pl Fad48!'¢ Mof all exit orifices A (and of the individual
input gas Il streans exiting fromthen) is understood in this
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possi bl e. The geonet ryof tgl120%kRy yolgnef @es A in the process
according to the invention is preferably uniform (including their
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theoretically by a nunmber n of unifTormvirtual circul’'ar exit orifices

A which is calculated as follows: 5 U2 n - 411F
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) Ny
by N2 and H0;
C) No, H20 and Ha:
40 d} Nz HxO, COzand Hz; or
e) Nz, H20, CC, CO2 and Ha.



where =PFHE814tio of the circle circunference to the circle
diameter, U = circunference of the exit orifice A*, and 10F = exit
surface area of the exit orifice A*. nnis not an integer, it is
rounded to the cl osest whole nunber On The case of 1.50 and its
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30, 0 .100 tte

and 40 bese AP o i i nY Tl e o seams Sxi,

PF 57814 figm the exit orifices A are, as far as possible in the context of what is possible in
manufacturing, equally large.

In principle, the geometry of the exit orifices A in 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. elfiptical or circular) exit orifices A are possible. The
geometry 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 2z 0.1 mm to < 5 cm. In other words, possible values
forLarefrom=202mmito<4cm,andfromz 0.3 mmto<3cm, or fromz 0.4 mmto
£ 2 cm, or from 2 0.5 mmto < 1 cm, in many cases from 2 1 mmto < 5 mm.

35
The (cross-sectional) areas of the exit orifices A are preferably in the regions of
{(r-L?)/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 fine connecting two

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

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



gas 11 st%é&e&i ting fromthe exit orifice should be the direction
of the exiting central jet. According to the invention, the exit
orifices A should be disposed upstreamg)f the fixed 5catal yst bed. In
ot her words, the exit orifjces t. be bl ocked i nert
shaped bodfdePle e digexitoriice Ad Fa'i‘/\ﬁoﬁg Fg%ﬂg Her dkpirepseastor t"}lﬁpf@ﬁ?ﬂ
orifice Anaentiongbe reptayleeshecetichly by ewutibeet bf wnifooh virhel cirgutar esit pefoes|
shoul d apfRr@IH lgrcgﬂcﬁga{gatasqg;msl nto contact with any inert shaped body
at least for a jet length of two (preferably at |east four, nore
preferably at |east six and nost preferably at |east ei ght) hydraul i c
di aneters di, of the 10exit orifice Ag @dh = 4. F1U) and at best for
any jet length. herwse, it is advarttragfeous in accordance with the
i nvention when the exit orifices A are disposed as cl ose as possible
to the fix gr cat al yst bed. En this docunent, the distance D of an
exi t or|f|ce °A fromthe fixed catal yst bed shal | be 15the short est

di rect I|Fne‘tﬁ%ﬁf@&f”Fﬁgc'fqlﬁac’(?é'mf%'?n‘éﬁtott%c@!‘? fiagiateh ce to any point of
cont act withcianmferende sfitagext tidy A*nariche i nert cover bed of the fixed
cat al ?lsst Ibe%xtéﬁﬁ?ééjér‘ég of Betdif ohiftkept i on, the distances D of the
plurality M o exit orifices A fromthe fixed catal yst bed, based
on the flowrate W(in nis) of the input gas stream| 20(= vol une

f 1 ow r at eWden ntig ndigpuintegas itds reeaded todihe ichedstbwhaidhrumberr(vibs case of 1.50
Cr oss- seciridatdnas@atel RmRer tshbosy By, this volunme stream (this is
the area in a plane at right angles to the input gas stream | which
is covered by the input gas stream | and through which the input gas
streah | Theb%@mew dhot he afreveatipned afrtuebenitcrriices Adxtaicated ias dgllovsar e
present in the aforenentioned plane)) in the shaft, should be |ess
than or equal to the induction 25time J.¢n s) of the reaction gas
input mixture nultiplied by 2. W |ndpE words, the plurality M of
all exit orifices A should satisfy: D 2. J. The induction tine J
shal | be understood to nean the follow ng. 30 When an induction gas
mi xture vhicheAgd ©@ ﬁ%“"@am‘éf%ﬁﬂlé‘ﬁ"te?@fdmﬁ éIEEe Akygen and of

hydr cttar bon to be dehydrogenated (in each case in %by volunme) as the
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ol ecul ar® SRYeIPTGM GuTeSPIRTHIG e PRTSSMATSER eTEEOEAIoHs SBBEP: o
t he hydr a@ataﬁ@hthemm@nﬂem&’dwlgnéhattbﬂ céoter halmectheriengtihef thefstragint lie G
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reaction |gas, MhekaHter diiRsbxitdrieamy iitsol Rithing AN RidpolHe (198 XE8BAH HigNt
(02) prea%g%bdﬁn this induction gas m xture decreases as a functl on of
€

time. Th Qlction tinme J of the reaction gas m xture input stream
is that tinme within which the oxygen content of the acconpanying

i nducdoi orTrgagorliingturthe fsrdtiahll SRehr" 60Me0fputlys Stradrhil BUpre8sdaRht 4RS
an absol uf g ABHHt 9ol sBESh Bxitiflg from an exit orifice A in the process according to
the invention changes direction when it combines with the input gas stream |. 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



The experPWﬁé‘? determ nation of the induction tinme J is possible in
a sinple manner as follows. 5 A Y-shaped m xi ng nozzl e manuf act ured
fromquartz glass (inner tube dianmeters7 0.6 cm wall thickness: 1 mm
angle of fork = 90'; the two branches of the fork are coiled and each
have a st #3i YRICIBRGEAS pm2heeXit prdficg shpyld bedbe dbectionof Vel $mKi ng
nozzl e supporting the fork has a length of 0.5 n) is introduced into
an oven (for exanple a radiative oven or a forced-air oven) in which
it is heated to the te rature 10 TR, The startin as 1 is
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t he | engt posaibid ahgbred Zatsidiesebearing the fork as the quotient of the
| ength divided by the flowrate. In general, the volune flow rate of
the induction gas 20m xture in_the carrier tube of_ the Y-shaped
m xi ng no e /Hh
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m xi ng nogid g, GRRA éagpé@r;@dmra%imgafcsﬁé%d%@ fxagkdanRt she (A probe).
This may be designed as a Nernst probe. This is a ceram c sensor
el ement of which one side is exposed to the induction gas m xture
st r eam anficaohdin®tchibe ivjedton, dheadistorsasep opherpddreiity el allRxit ogficasph fom
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of tH i noed (ing) gtbe eaction gasinpelanixate trhdtipdad by RiVenntoltesr egrdsd, ¢ire t ube
of the Y-shaped gpéqg_r%% JMRéd & shdlid 85l ipvebyy . | anbda resi stance

probe can be Used. sensor el enent ‘here 35generally consists of a
sem conducting titanium di oxi de ceram c. The charge carriers are
provi ded The iostyadjen tichefeghtad bahindbrsiot! tashagoribe Ellowhgh sur roundi ng
oxygen, the defect sites are occupied and the nunber of free charge

[ | duced. Th j t tanti al
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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).



D5 0.5 W ¥8%hall be fulfilled for the plurality Mof all exit
orifices A Mdst preferably, the condition D 0.2. W J shall be valid
for the plurality of all exit orificesyfA. It is even 10better when
the condition D5 0.05 W J is satisfied for the plurality Mof all
exit orifices A Very particularly advantageously, all exit orifices
A al ways Sakiesfetintdreal detepmiations oftle tridontior §mé S iopERitiaiver albe manner
accordancg \%H%E, gsthe invention when all exit orifices A have a uniform
val ue for f) However, all exit orifices A need not necessarily have
a uniformvalue for D. However, when the centers of the plurality M
of al |5 exAtY-ehapfedoasing nbrzlé ranwuthictuesd fram qoériz bless (iidr hgasdistheam |
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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 lambda 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.



.10 20% OFFWSMN nore than 10% even better by not nore than 5% and
at best not at all) fromtheir nunerical nean (averaged over the
nunber ZA). The nunerical nean is the ygference basis. Advantageously
in accordance with the invention, the shaft in the process according
to 15the MevuiEiuENS RRISMBAE PIIRES A aiPTRNEMIS: Kot Bogeh Fatare and genet ry
(two coi npefenind MGRQr uent ) base surfaces which lie within parallel

pl anes and whose points are connected by parallel, vertical |ines on
the two base surfaces% Wthin the cylindrical geonetries, preference
i's given ngh 'LSW@C@"PPF&) ["ieé%%ﬂteéﬁ ?%8’@?”5&98 shall %%P&‘ ereipad ta Beemeci r cul ar
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m xture, based .on tBe annunt oc:arsl;l.n
dehydr ogiPaPERARGYPY 8T BB Lcmgest BRARNSAnf 1B %eﬁypefr?@f %r SBRgiDle,
t herei n, Zbomghé sexeds acoodi@i todhe ventian B6YHb Y PO 0ErB0DEndDiceeul ar

oxygen. LOARRIEREI RESINS df BcAHFSFREARNVERDIMVHaALREIrd, RERRI g8 ReraliPBsHR B
content of 188&?9%'qﬁ‘em@ YR,

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) should not be more

than2+1m* / ZA
35

in other words, in accordance with the invention, d cannot be more than 1.75\/1n12 /Z4

or more than E.SVIniz/ZA , or more than 125 lmszA.

Of course, the humber ZA of exit orifice centers may also be distributed uniformly
40  (d = +1m’/Z4 ) over the projection surface area covered by the input gas stream { in
the projection pltane E.



in the reddt§@14gas mixture input streamis not nore than 50% of the
nol ar anount of nol ecul ar hydrogen present therein. In general, the
mol ar content of nolecular oxygen in the reaction gas m xture input
15stream based on the nolar anmount of nol ecul ar hydrogen present
therein, is from10 to 40 nmol% frequently from 15 to 35 nol % and in
many casest i§ BOTR0rdle BcopiddncAdameadgentsh When na @Ri0 biEfaRe GBorwiiith thae

i nvention; : i e i - tirety
(or at' 1 e g PR pERLEl tE P liSe TSN GBRe bRe LD o
reaction GaSNRT FEPPROSIRANE r%ém is consunmed as the reaction gas

m xtur& i nput stream passes through the fixed catalyst bed for the
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armount  of ZAuif esitibeiicetnpdieogennoiteyiate bnmotrethen$éofpraerabibymedotooe than
has been f{o¢Rdrd ﬁretélwb;j‘, lbiiﬂgt 1BBeah NS Bo%ﬁ@«é‘nl @Mt@%réﬁéFémgtﬁy @:tﬁ]:ﬁs?@mt
i's coghus ecul ar, .gxygen e reaction_.gas

st r eatd pacla el Ml PR et 1 et ilndy by PabEBR SR A% e She s L Bl
of the reHemithelr pascifakmese (ausmaedsveehmnombenZiy Theawesticalinoeen iaéhe
fi xed cat edfyrehcdpskis.n the process according to the invention wll
generally be from1l.5 to 6 bar, frequently from2 to 5 bar and in
many cases from3 to 4 bar, The tenperature of the reaction g_as
m xture i APYANRISOHEIIMHACEHENGS HE tsoinventies. hrsheit inthe prcgsapgeardipe i
i n thes pr theesention baglam gundevittiney) istraight ¢ytindrivial ewester (Gl yoibeadéntom 300
to 700C, gdoﬁg%mt) b¥sd £REc39 Anich n_@%ﬁsrﬁmm;év piRBY afi@ Ssd @ﬁ&%@& to

500C. In this I ed . .
YiiRdigel

unent., the | gading of a Il cat t
oatal yo iR PR et 45 Tpiner BALH i s U sl
qui t e genggangtyes. prefemnce Iseyiwndame efipticabeyindsr apdsn partiagst tartbecideular
liters (=cfiing&TP); the volume in liters that the appropriate anmount

of reggtion gas would take up under standard conditions (0C, 1 atm))
which i1s cgnduct ed through PF 57814 22 one liter of fixed catalyst
bed per hBlFOUsR WRE/BOCETIRECPEING tAdhaviayentionds pleo yge@ By BIFE§ Wilrhoife
const i t ueadditafn tbties ineative dnledias of higas bampasise moldeulas okfrenaipetiedm of
this consibiigtathfst be(dsg@) /uhéﬂ'téfv@'n?é}elleﬁ ARRAH Egag EgrfwBtg%@% Mofecldk er

of the fiXxed cat ah%/s,t be Er our (pure inert nateri are not
count ed i PYEEP YR ed%?'éP?/‘%e? B¢d). The | oading may al so be based only
on th& anobunt of catalyst present in a fixed catal yst bed which
conpri sesa ke rlBRtlveGah@eyfint Aiths B5seH Sithk RRkle PRESK R rebidinggdsS
then not er%lix?uxrg lir{p%l gtlréle?m through the fixed catalyst bed, a portion, generally at least
1 mal%, 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 9 mol% 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 aforementionad molar percentage will

normally be £ 20 mol%.

35  Generally, the reaction gas mixture input stream will generally comprise at lsast 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 = 15% by
volume and usually 2 20% by volume or 2 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



10l n pri ncﬁ%ﬁ@ﬁﬂ he process according to the invention can be
conducted at | oadings on the fixed catal yst bed (based on the total
anount of catalyst present therein), bpih with reaction gas and with

the at | east one hydrocarbon to be dehydrogenated which is present
herai n (DYGOCH BB aPIGr (B GO GO TS GSGOE e b (e MEAE) bR ben. 1
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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 (= | (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



zi rconi umptﬁ_"l@@ﬁe, silicon carbide or other silicates such as

magnesi um si licate, and m xtures of the aforenentioned materials. The
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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 cne generally comparatively noble 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 99/46039,
US-A 4,788,371, EP-A 705 136, WO 399/29420, 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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(in extrene cases if PF 57814 25 appropriate also up to 7500,
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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 least 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 Vi, at least ane element of main group | and II, at
least one element of main group Il andfor IV and at least one element of transition
group lil including lanthanides and actinides. As element of transition group VI, the
active composition of the dehydrogenation catalysts comprises preferably platinum

40 and/or palladium, more preferably platinum. As elements of main group | and i, the
active composition of the aforementioned dehydrogenation catalysts comprises
preferably potassium and/or cesium. As elements of transition group Il including the
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as possible to the closest corner o he tetra o to t I xed
catal yst bed). The 10cause to which the above is attributable is
t hat, whén theneonédxd ptiire procese dcpotipg dmtke 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 temperature 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
catalyst bed at an entrance temperature of from 300 to 600°C (in extreme cases if
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40
In principle, the gas lines of the line system conducting the input gas Il in the process
according to the invention may have any desired cross section. In other words, the
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For exanple, the reaction gas fed to the shaft reactor may be a
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35 Inthis way, it is possible to achieve what is generally advantageous for the process
accarding 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 latter 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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remaining hydrocarbon (still) to be dehydrogenated, and comprises oxygenate (e.g.
unconverted molecular oxygen) remaining after target product removal from the
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35 having a semelhpsmdal shape (to DIN 28011) (shell and hoods fogether 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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35 The inner wall of the upper hood and the shelis 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
FFig. 5 and in Fig. 7 and in Fig. 8 of WO 2004/067164. The inserted intermediate ceiling
(11) shouid preferably reduce the inner volume of the hood available to the reaction
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QOtherwise, 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 stest
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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 space enclosed by the inner shell is referred to as the circular ring cylinder unit
interior. The space present between the outer and the inner shell is referred to as
40 circular ring cyfinder unit interstice.
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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
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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 inher shell. The top band is about

40 8 mm thick and 60 mm wide.
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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 befow in a gas-tight manner to the tube section in the infermediate
plate and the outer flange bond firstty 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-
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put gas li feed tubes fed to if. 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 Wy 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
fo 15 mm.
The length of the input gas 1l feed tubes, calculated from their entrance into the upper
reactor hood up to the particular circular distribution duct KR, is2 3 and £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.
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{distribution boxes) with short edges a. Up to three distribution tubes open into

metering boxes (distribution boxes) with a long edge a. The langth 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.

32 The edges c 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 io the other
side of this outer shell, When they meet the inner sheli of the circular ring cylinder unit,
the metering box is concluded just before the inner shell and continued on the opposite
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15 The heterogeneously catal yzed partial dehydrogenati on of propane

to propyl pnginkey, aeseh heheE R olREEIA, RisiR8crMed! RBy 88 RddMcdlfin fHae
shaft,tea .%o; geS| %ne.d as, gn axjal tray reactor can %e carried out in
this %\ i af' ?regyc'Fcé" ¢{18F SYFEFT 8 nple, as follows. 20116 306 nB

(STP)/h of a reaction gas which has the followi ng contents are fed to
the tray Te&cChay alkbbeuwiferémiarogaond Mdher! bRh&twbrad, e tdtaRTUmE@Aay be

streans o I A r.: . i flushin es (27)
ar ¢ negl ebpas P edEadiERiR e Bl b B U8 st B R Rt
based on HayediserdigRof He reacienissh gas (in nB (STP)): 25propane34. 44% by
vol ung)
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



propyl ene&FZ%}:)agﬁ vol une, N252.8% by vol une, 023.04% by vol une,
CQ21. 61% by vol une, 30CQ0.39% by vol une, H20.09% by vol une,
et hane0. 12% by vol une, H207.22% by vol 4tre, i sobutene0.01% by vol une,

35 i I.dQ. 049 ' 9 ti
acr 0. ozo R U e il o rBRRE NG Uil d AN B 7
an ent r andEnpite < frecciplas ring cyipder umt infsriostpdh 47 AeNYRNAsspEated sataist
(STP)/ h ofbed oniflxtviaren ofordy 21.amef).st eam whi ch has the foll ow ng

contents: water34.9% by vol unme, 5N251. 4% by vol unme, and 0?13. 7% by
vol ume, The, t enperatu t he input [1lss 450C and its sure

. of t] a re

's 2. 95bain OB IFRFIPR SLNe SRS TS BT RGN TR MG ERETS 78 eeeRat Hitd
t he t hi r dfdliowing tedthelgids Shetla cataftically dictiechbécon of the reaction gas
through the exit orifices A of the appropriate

0com;

7.5 cm;

10 15 cm;
22.5 cm; and
30 cm.

When the bed height of the bed of the shaped catalyst bodies has a value different

15 from 300 mm (for example 240 mm, or 260 mm, or 280 mm), the temperature
measurements are effected at five heights distributed equidistantly in a corresponding
manner over this bed height.

For this purpose, three guide fingers (34) for accommodating a triple thermocouple (the
20  triple thermocouple simultaneously detects the temperature at three different (generally
equidistant) insertion depths into the fixed catalyst bed) are conducted into the
catalytically active bed at right angles to the axis of the corresponding circutar ring
cylinder unit (i.e. radially and horizontally) through the shell (1) of the straight circular
cyiinder and through the outer shelf 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 cataiyst 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 to 5 mm and
the external diameter of a guide finger is in the range from & fo 8 mm. The three guide
30 fingers (34) instalied 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 I 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



di stri but ans-l?gg?(es is 2600 nB (STP)/h of a m xture of air and steam
whi ch has the follow ng contents: 15water54. 33% by vol une, N236. 09%
by vol une, and 029.58% by vol une. THe tenperature of the input gas

Dy yo . ! | ' e
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the gas oliPldbe gapautiat tubestyb Enarayidesting dehydrearnaliPrcemy Bisias; based on
pr opane24sia§kopags Wobugtethe peambyrl Tne bipdi/Gadey ot infrete PO NP4BatRI6S e dined

vol unme, 039%drynetalidH EBonvBRk i iR¥g vol ume, CQ0. 35% by vol une,
H24. 13% bygégol ugrre, I30mantvhaneoi.g%gl{%/lo %y vol une, ethane0.11% by vol une,

et hyl ene0. 01% by vol unme, 1-12011.98% by vol unme, and acrylic aci d0.01%
by vol umeThgBeffiled canfiganativnpithefinttddecinmosfuciuidgafinget {@dlifsestiosn3§1C and

the presspigaraf134R 1 iplHituSas dBcdiire is 2. 71 bar. As the input
gas streamli, a gas mxture flows out of the first fixed catalyst

bed in flow 40direction of the reaction gas in an anount of 120 754
nB8 ( STP) / hhgsernakecdeardsgdhriguite fingdn (3R wisiethadixed catalyshiped is gaoduries
the fob | owitig aqikEwess SosedPbrdtdd@ilé fidGer (35) which has an internal diameter in the
range from 4 1o 7 mm and an external diameter in the range from 6 tc 8 mm. The gap
between guide finger outer wall and protective finger inner wall is as low as possible. if
appropriate, a remaining gap is filled with high-temperature thermal conductivity paste.
This protective finger is welded on gas-tight resting on the inner wall (36) of the outer
15 shell of the circular ring cylinder unit, so that no reaction gas can pass into the gap (38)
between shell (1) and outer shell of the circular ring cylinder unit at this point, Qutside
the shell (1), the guide finger is conducted on the axis of symmetry of a flush tube (37)
whose internal diameter is approx. 45 mm and whose external diameter is 50.8 mm.
The length of a guide finger is 2000 mm and the iength of the flush tube is 400 mm.
20 The flush tube is sealed gas-tight with the aid of a flange (39), into which the guide
finger is inseried gas-fight through a clamp ring seai (40).

On the outside of the shell (1), the flush tube is welded on gas-tight. The passage of
the guide finger (34) through the shell (1} is not gas-tight. An inert gas (preferably

25  molecular nitrogen, for example industrial nitrogen with up 1o 1% by volume of O,
steam or mixtures thereof) is fed through a port (41) welded on at the fiush tube, and,
at the passage of the guide finger (34) through the shell (1), has access to the gap
between shell (1) and outer shell of the circular ring cylinder unit (the inert gas is fed to
some of the flush tubes indirectly via the gap (38)). Figure 13 also shows the weld lip

30 seal17.

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 flow 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 fransverse strut, short
sleeves (42) are embedded at right angles to the plane of intersection.



pr opaneBO,PfG%/{)Blgﬁ vol une, propyl ene3. 03% by vol une, N251. 03% by

vol une, 020% by vol une, 5CO22. 36% by vol une, CQ0.372% by vol une,
H22. 14% by vol unme, net hane0. 001% by vo4dine, ethane0.116% by vol une,
10et hyl ene0. 004% by vol une, H209. 75% by vol une, and acrylic

aci d0. 022% by vol une. The tenperature of the input streamllls 496C

and its pPs¥¥alY thasebirpdsare pasedgniodae gwba%ct@fa%ef@fer%ﬁﬁqd cplalgstyad is
m xture fpowsdautThefprétbetivedingad (B5)xed tremt anysttet) edough dfoe@mentioeat i on

82 r§2§ re@réteb@mg dr&br%‘ s%%gem%eoﬁ mjz taﬂﬁj?d. oﬁtﬁgghg ffw%gr’ssfor the
contents: ﬂWBP%’Q g‘%"ﬂf%'ﬂﬁefﬁ% 689 renes. 65% by vol une,

N250. 29% by vol une, 020% by vol une, CO22.75% by vol unme, 25CQ00. 359% by
vol ume, 37B4%iBYidda g fingBE@Re0y BA28R RY30VRh LR beelupaBet s ¥ok¥hon

vol une, bipod according to Figure 18.

10 The adiabaticity of the axial tray reactor described can advantageously be improved
further by mounting appropriate insulating materials (for example foam glass or mineral
wool) on the exterior of the pressure vessel wall for thermat insulation (for example in a
layer thickness of from 300 to 500 mm). The mounting can be effected, for example, by
mounts which are secured to the outer wall (for example welded on).

15
The heterogeneously catalyzed partial dehydrogenation of propane to propylene
addressed before the description of the design of the shaft reactor designed as an axial
tray reactor can be carried out in this axial tray reactor, for example, as follows.

20 116 306 m3 (STP)/h of a reaction gas which has the following contents are fed to the
tray reactor through the gas inlet tube stub (the inert gas streams of Nz into the reactor
hood and into the flushing tubes (27) are neglected, since their amount, in total, is
< 0.01% by volume, based on the amount of reaction gas {in m3 (STP)):

25 propane 34.44% by volume,
propylene 0.2% by volume,
Nz 52.8% by volume,
02 3.04% by volume,
CO2 1.61% by volume,

30 cO 0.39% by volume,
H. 0.09% by volume,
ethane 0.12% by volume,
H-0 7.22% by volume,
iscbutene 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 384°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



et hyl eneO.P(*):O%T(ﬁﬂﬂy vol une, 30H2011. 13% by volume, and acrylic
aci d0. 013% by vol une. The tenperature of the input gas streaml| 2 is
499C and its pressure is 2.8 bar. 35Thggdirections of all individual
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t he react distiibgben bowsstis BE60 m? ETP)(W of scoixtiue vialr amt steamevhitti hab the
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is 0.761 second. When the tenperature of the reaction gas input

m xture 2 is increased to 550C, the induction time falls to 0.15
secon®#® 20The di stanc®a®l of al| #$3%syivPlugws Al from the rel evant
fixed catal yst bed isNd nm The CB&(D%@@?vEﬂarr@t agd|l exit orifices A2
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propylene 5.77% by volume,
25 Na 49.865% by volume,
0, 0% by volume,
COq 3.03% by volume,
Cco 0.35% by volume,
Ho 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 mixfure 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 m3 {(STP)/h (this corresponds to a
flow rate W1 of 1.1 m/s) and has the following contents:



PF 57814 . . . . .
35ln a pI‘OjECtSIOI’l of all exit orifices A2 in flow direction of the

input streaml| 2 into the projection plane E2 at right angles to the
flow direction of the input stream| 245the nunber ZA2 of exit
orifice centers prese i.p.any n.4 j ection surface area
covered by the input Ekorpleeag?nl 2 |%62§%m§0\$?1@e§| stance from one exit
orifice center to thePtPy$e8t exi 0871 & Benter in the projection
plane is not nmore thah:100 mm P¥F.678b4 wiinkss t he reacti on gas

m xture input stream g,passes t_hr@%qﬂ, Jonﬁ'né‘i xed catal yst bed present
in the_second circul ar, ring cyllng cunit in flow direction of the
reactidn gas, 6.19 noF%?of the pr géﬁ Yorb&B$t in the reaction gas

m xture input stream 09 convertedd.862%rypyplueme. 5 As the reaction gas
m xture input stream @,passes throygh ghefrh&ed catal yst bed present
in the third circular_cylinder unég {“belvonﬂ direction of the reaction
gas, 3.09 nol % of the”}? Q?Sgne pres Ro"i H P "% eact i on gas m xture
input stream 2 is conv@pped to propyFedy.vomerhe product gas mixture
whi chifeaves the t r ayethgas or thr@gatvfotdge,o_gaﬁe,outlet tub_e _stub (5)
can then be used in agmgnner kno"‘@.?%&ﬁ%u{rﬁe %rnger to oxidize the
propyl ene present t her @i n, acconpdnl ed by € propane present
therein, partially in2@Y¥HoaGbt r et Fer &YY§EMSous| y cat al yzed parti al
oxidation to acrolein and/or acrylic acid 15as the target product.

The proce i 10 2005
061 ggg, %Eé%@%é@ggﬁéfot%%%%mﬁ% N o%%ﬁggg%gzg%%%%@% Bt 68 052

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 m? (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,
Nz 50.29% by volume,
Oz 0% by volume,
COz 2.75% by volume,

25 ' CO 0.359% by volume,
Hz 3.34% by volume,
methane 0.002% by volume,
ethane 0.113% by volume,
ethylene 0.005% by volume,

30 H.O 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 Il 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 90° with the flow 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 1l 2 of the second



917, DE- APfOSTZB(;gS 022 798, DE-A 10 2005 009 885, DE-A 10 2005 010

111, DE-A 10 2004 032 129, DE-A 10 2005 013 039, WO 03/076370, DE-A
102 11 275, WO 01/96270, DE-A 10 2005 66 377 and the prior art cited
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t he produtite igppst gusxstraem [@f t he partial oxidation and, fromthe
remai ning residual gas, at least a portion conprising propane and, if

appropti a .unconvert r,opyl ene for, nerat reatlon S
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recycl ed cmudartring dybnder ogieindtoustirecten af the eebotiam gasgilis ﬂéﬁ;’:deugeinat i on.
30 In the manner corresponding to the above, the 116 309 nB (STP)/h

reacti ou as_inlet of t bal, tray
Ceactor diier e iRt St feel Seamneit sy HEfe T e Raprad G35 Ernh
10 of WO MGQV%UM@QBJESSD@35%C%TP)/h of crude propane of the
speci fipcati on propane98. 0% by vol une, propyl ene5 0.11% by vol une,

In a corresponding manner to a temperature increase, a pressure increase also
shoriens the induction time J.

The induction time J 2 of the reaction gas input mixture 2 (is conducted into the third
15 circular ring cylinder unit in flow direction of the reaction gas) is 0.761 second.

When the temperature of the reaction gas input mixture 2 is increased to 550°C, the
induction time falls fo 0.15 second.

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 At 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 crifice ceniers present in any m? in the projection surface area

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

40  The distance from one exit orifice center to the closest exit orifice center in the
projection plane is not mare than 100 mm.
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n- but ane<0. 001% by vol une, isobutane< 0.05% by vol une, ethane< 1.5%
by vol une, ethyl ene< 0.02% by vol une, and ot her 04 hydrocarbons<
0.001% by volune, PF 57814 48 of tenpg@rature 20C and pressure 4 bar,

and 102 9 TR) ' it | ' j on
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et hyl ene0. 003% by volunme, 15H202.96% by vol unme, acrylic aci d0.04% by
vol ume, acrol ei n0, 03% by vol unme, and acetic acid0.03% by vol une. 20
To conbi n@s thegeagliongas nYxipeanpyt strealy 2passas Keaughihe fised/edtglysiited one

anot her, fHreser@Xaimeltiird tirtulr siRideEudil Kelbw dietid] 6dhd Pdzetich PaHSlGMNB0I%

of the propane present in the reaction gas mixture input stream 2 is converted to
propylene.

10
The product gas mixture which leaves the tray reactor through the gas outlet tube stub
(5) can then be used in a manner known per se in order to oxidize the propylene
present therein, accompanied by the propane present therein, partially in a
downstream heterogeneously catalyzed partial oxidation to acrolein and/or acrylic acid

16  as the target product,

The procedure may, for example, be as in the documents DE-A 10 2005 061 6286,
DE-A 10 2005 057 197, DE-A 10 2005 052 923, DE-A 10 2005 052 917,
DE-A 106 2005 022 798, DE-A 10 2005 009 885, DE-A 10 2005 010 111,

20 DE-A 10 2004 032 129, DE-A 10 2005 013 039, WO 03/076370, DE-A 102 11 275,
WO 01/26270, DE-A 10 2005 056 377 and the prior art cited in these documents. In
particular, the procedure may be as described in DE-A 10 2004 032 128 and in
DE-A 10 2005 013 039 or in DE-A 10 2005 022 798.

25  Tearget 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 fray reactor is recycled into the
heterogeneously catalyzed partial dehydrogenation,

30
in the manner corresponding to the above, the 116 309 m3 (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) 8083 m?3 (STP)/h of crude
propane of the specification
35
propane > 98.0% by volume,
propylene s 0.11% by volume,
n-butane < (0.001% by volume,
isobhutane < 0.05% by volume,
40 ethane < 1.5% by volume,
ethylene < 0.02% by volume, and

other Cq hydrocarbons < 8.001% by volume,
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It is advantageous when the aforenenti oned conbi nation and the tine

of feeding into the gas inlet tube stub are as close as possible in
time. 25 The combination first forns a%®as mixture with P = 3.21 bar
and T = 95.7C. Indirect heat exchange with the product gas m xture
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if appropriate, fract@onal condegig%; the target product (for
exanmpl e acrol ein and/ Bt acrylic é(r’(& ® by absorption of the at

| east 1@ne target produ®t from thel.ptbdyovluges mi xture into an aqueous
ort(r)]r gatni c solvent (ige. I f{actl ONBh4 LR BYSBBAHe Ion agd/ or absor pt :jon

Wi wat er or aqueousgsol ution c o oyed superinposed on
one another). 40 Prefefence is a(p%@/s% Q’%ﬁ"\%‘%ﬁ to fractional
condensati on and/ or a#8#&t i on |@9@@@WVQ Mé aqueous sol utions as
the basic renoval steghyléme t he ca:sa):}% bm‘/bmlﬂec acid and/ or acrolein

as thegtarget producty UI t abl e ma% for exanple, water,
aqueous sol utions of 578 \ggr carboxylic acids and
hydr ophobi ¢ organi c s?ﬂW@rﬁC suc,on Wi?l“mees of di phenyl and

di phenyl ether (e.g. @rgkgl (r)) ax.03f oy wokseondi phyl (from 75 to

99. 9% by weight) and gh.nebby! Phtd@date volur@m 0.1 to 25% by wei ght).
In the case of acrylic acid, the product gas m xture conprising the

target product will r ef er abl y be fractionally 5condensed. For
exanpf®, ThechbisEEne &Mﬁﬁﬁlﬂr@é@ﬁe@ﬁﬁﬁr%/mlxﬁd irfensivebewidt oae eyother. B d)

can be eféeeime iaa sttiseiikdrasktalkdtifte o ghéipwi ng docunents (cf., for
exanpl e, EP-A 1 388 533, EP-A 1 388 532, DE-A 102 35 847, EP-A 792

867, WD 98/ 01415 EP-A 10 15 411 EP-A 10 15410, WD 99/50219, VIO
00/ 53560, 't Gdyanisgaas wist the isperasntinned copbiisfiomandine tnre of feeringipto
058, DE- Ah&QR2sABe{Ga5%: silEark A03086aSAG:sHEPNANGS4 129, 10 US-A

4, 3178926, DE-A 198 37 520, DE-A 196 06 877, DE-A 190 50 1325, DE-A

102 47 24 53 EP- A 6 5 73 E 982
063, " Lp- A ORI O TP DA 5 24 bpr 30 (e 96 46 JaseS,
DE- A 199 (zpt ssdqanngAh 1pr®ﬁu6t@samdumae#wﬂ®ﬁwe&as@3sﬂ¢t tube stuor($) bmngs

acid remv@ths@émﬁémréﬂ&ma@@éh@ﬁ%@@ne@?@skm%fbnoEPar.A 982 287,
EP- A 982 289, DE-A 103 36 386, 15 DE-A 15277, DE-A 196 06877,

DE-A 197 40 252, DE-A 196 27 847, EP-A 920 408, EP-A 10 68 174, EP-A
10 66339, TErarget 0rogoctusn, bevieMoEd BEBAhe WOU0G) BBSBLIUrOEbIANEI ! 8 086

and EP- A i%&o%i%ou%%%ﬁ@@&aé %hﬁéé/@éhlél%xfd%ﬂ&\/bﬂgo?ﬂerﬂ?@%dr&@ﬁl ahB/or

Euo va rac Ve RO B el % BERTL B n i i Suf B TP hEoes BB A L o

descr i bed'drmapotoraeaverbiigmt iest ys RO PoBRIEES 2 hasicxeuwraizsen iom e ges
102 43 62hasado De-ifuitiQphass (184 rodliblegdsutikives ispif apmostiatg, @olgy ude

fhe’ dasursteeraidtolisontte 9%%%8%%&%\@%%&@%@* G ars
and WO o3fashiana sondessaliongthitsmiarget PrRd! Cbéfort%m@ forolgBRIcATiasgyfic acid)
pr ocessesandsrtthabsarptiesoidbakbt igas erte@et 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 soiutions of



whi ch con;i)jrﬁss?esgz‘essenti ally those constituents of the product gas
m xture whose boiling point at standard pressure (1 bar) is -30C
(i.e. the constituents which are diffi4ult to condense or el se

vol ati | _e) icm)err%ﬁiblo}xl lfc%s%d hf:,/81r %&E'BP %Ihic%tolvteg% g{?@\ é)sf m& X éiﬁﬁeﬁvl ar
separating colum %orrpr|5| ng 6 exar1gp €, separating I nhternals"a d
in 30 whod8dHBRERY sier (v f@lﬁéyl%r%wétwfﬁﬁ%wf fiioe Eoint9- 336y walghtht
f eg/st one ahddgedthy pothatite (fom @d,to a6t/ Weigiat tie theptese et borglichdid ahe
or in e :

Cotum o eI FOpernfinline BBk ST Al Bblhy BRSNS o
[ ncl udP ng COTRETRAN-(% GraIpPlay P EaSE OV Fper i B cass aeioARdl §n
35conponehe sffefted paidksrribed irathe fellowincoddchmenter (gbt fopexaduds, EFafd 388 533,
nor g?: It ﬁegbgﬂhrmé 530, gy @@zﬂ_@@a&@@ma@@aﬁmﬂ @@bmﬁl EBAL1015 411,
inconvert B-A R00RA Dare] darStAtaa HnBoa8 da |Og¢0933§§$-/*aﬁﬁﬁfée bent |y
t he ot her WR&p104483h, Nireht10g a3 HS8WAE h1G 43 625 Ph1&d@3i36 IBReERHHY 854129,
oxi danu't)pnustm,m@m! BEM 190YERAME-838508 s?‘rFrandmg@smmﬁ,ng on t{lﬁ
separatio e S e
" oo dual Dok a5 o ZAOPRECtr 2 RSB cBE vag AN 0, RO g2
This resi %ﬁ’a’i 1444 46aHEHe4? BR B8 oA 35 163 Qs ¢4 %51130@\5/9%1%%24 532,
descri bedDEAK 108188 7pBientl DE-A 1984583 anesrphiasciedmongleanagibibet hat
Gty 1 ¢ AhbrRohasLEa o [ AEPYCHOI0Ra, B2 Eg@,bgﬁ;@%@ epr oduct
has b én é’gf il hﬁ?ﬁ gg%g%ﬁ rfebgl"‘gﬂgg/q“a r*?% u@%%%/@a%/?pé at the
product gEE-APXQ 0% BRAJH G8alT4bERrA $066 €a905F i 188 24(h YO 100/53860.ect
; gggln ggnbafc]g)ngfeas@, iEfEéRPED%BFdES@taﬂdiEF’_-% WQ?EQ.W&#e%ﬂ_Q@!G@ﬁ% remorvgwtg

[ LX \ | | u I,
ot or nal St B AL 0T SR Ef ol e TP R A Ul SRR R0
absor bed 9fYtRIeMPatenty: Favriablgsnastse of resnovahareqiscinepseresyeaRscaped in
exanpk@ i the\Woc2Beds V85304480881 IH-WO 2064/435525DETRe0ZRBER5 asdyl i ¢ aci d
W thdr awnpi=s, $408£84P %‘e%ur%e?fp%c%géfx% SHOLES LESid ch&oﬁééﬁ%@ %gh 28
crystalli z€t| on, and the acryl|c aclid suspension crystals torned are

pref erabl § 5P I8 SXPTBIG: PR HBEHPRY TiDE HeFumeRiadYO 199/7%@%‘?15\/ BO3PANE 3R
col um. AM2H2/85BHEFs VYD 08M883kEsind WRUO04iSRE. is the nelt of acrylic
15 acid crystals renoved beforehand in the wash col um. Furthernore,

t he h colum i.,s pref.erably one wi.th forced transpor. f the
crystad bgommonEatis el e Bhdhecparaing piPaRtacs LA TeReuATHRY Figsam
exanpl e awimNOcomstisasaisaamtaliythoge sentitusntsd! thastodool gasrmixfor whpeei fi ¢
03] 0a1533 prcHEAat B itadresth é’ﬁéb%‘mé@asg*‘% e e IR o
et of an TN BBl Sitisa A TP T mebiatr kol 2fe n di%n A
10 15410)Rartpidersepaintiag goleomsonerisingder examme. rrepatting intrhdaanfén si de
draw 31f thieoserivler seefiof ihe predudt 8ss RixBuE @8mBFHEIRaMe at ledds bAG tRGBHreMRt

crystalli. it ) Lhle t btain acrylic acid
havi ng a 'ég%duﬁﬁ”ié@%%bb%%‘%@ g\}g?s% ﬁgl\?\’h?’gﬁe?@oglﬁﬂ%t andi ngly suitable
for produci ng superabsorbents based on poly-Na acrylate. O herw se,

t he pr of i Ihehobweesgstioe wé thes epatating owomnnthBiesS \ilidilddcorhttbente df tHe DE- A
102 46 119o8lS Ga8RRhiliRSinbRdhEthPPARESS: AGERE Shdar@ drdlfict AP IRBary
35 components of similar volatility to the target product, are normally obtained in the

condensed phase.

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

unconverted in the partial 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



Processes gécgpélng to the invention are generally also those in
whi ch the process according to the invention for heterogeneously
catal yzed parti al dehydrogenation i's fg&lomed by at | east one

het er ogeneousl dation t.he a ast

ohydr sqeRReaty Ry GelPR s Syl edss b “FpuBleatiLpra ety Hotm s s
Fi gure 1: esriual aas ean ke Gaoﬂganerdllmb usastioipserest aa deberibedr eact or
configured as a tray reactor suitable in accordance with the

i nvention, f‘&@ S Snd i@l e}{w'pﬁg\ézgs%d SndeOl HE )i SRR L 8RB o R0PLd

reactor con accor dance
i nvent?on rpmg’una%t@ oxisiation @iﬁdsﬁ g@s aixielR which pﬁfgp@'gﬁ&a@a@ﬁ agidias e target

oni ssi oln pfodubieargirtisgd heBh obie8k4d e&lddébchEpréie@dtﬂmm\éueNVaMyah@tlth@pfcﬂnct
ring c | t

ther eon F 5’%’?“5‘%‘9“"{*}@“ %ﬁféﬁﬁ 59@”2@"%?*?%@ for FliBhe ol GBS 1 g
upper reaé Q{Pprt*ﬁf%df f—"ﬁ‘cga'ﬁ Y £opeRIISeAgRSHeRdBE SU?’@Y”TP %I‘t?lel' ‘”s%‘é‘?ium”
bet ween ccmmpmsamg gadaratidgrintsimelsl WI(MS)ldeadm\nonmhmvalsﬁerdeca‘cr}dic ecidcahdior

gl ?%rgl | BekRSbdtvith @tétle?(') Bea ﬁfa\é@é sabtzéﬁg%stﬁgte?@eewlv@gy cff'e?&l'n blgﬁ[g he
ent rancepmgo%{j%«g P‘a@éﬁgee#f Ege E”&ﬁ%&wgg?%%ﬁﬁ%@m‘? ansition
of at ubeswﬁamtiymefembmsugmtadl tojarruspemrsioresiystalizaiiont ansl the geriinecid
Upfer r eagi@bnﬂ@@dryaam&néd)areqp@f@rm @ncles troinetdaPing mbmér lidiioP by
meterin

posi 11 ver JRPAS el Bt Fodnn PAGVBgtacB¥cl, o R Ra P Do il or e,

of t h&d noafid C@ﬁ@ﬁfeﬂ"ﬁ)\@ﬁj B@foﬁ"@ﬂﬂl'mthelvtﬁﬁIEGWf&@ﬁ eimore, dhe WBSh CO‘Um”

i nt r oduct is@nefefably drizavitimioae|tainspdrocithé ickethl bad.af iy stordecbferably a
hydraulic wash column (for example a TNO wash column) or a mechanical wash
column, For specific details, the description of WO 01/77056, of WO 03/041832 and of
WO 03/041833 may be followed. in other words, remaining mother figuor is preferably

20 recycled into the fractional condensation (cf. also EP-A 10 15 410). The secondary
component outlet is normally below the side draw of the crude acrylic acid as a purge
stream.

Using only one crystallization stage, it is thus possible to obtain acrylic acid having a
25 purity of 2 99.8% by weight which is outstandingly suitabie for producing
superabsorbents based on poly-Na acrylate.

Otherwise, the profile of requirements laid 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 fo the invention for heterogeneously catalyzed partial dehydrogenation is
followed by at least one heterogeneously catalyzed partial oxidation of the at least 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
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Figure 14: introduction of two thernocoupl es which are conducted one

on top of the other within the fixed catal yst bed and are
coi nci dent Figure 15: bipod for suppor®ling a thernocoupl e guide

finger Figlyuee 46 prirb@sy Ak ewmapﬁaég Bﬁinﬂ&%rﬁlﬂ&ifﬂ\q?rfd AHeieiwek of Wtal wire
t her nocoupl es whi crrp ar e, Olg:onducte one on top of the other within
the fixed catal yst PLPLRG P e coi ncident Figure 17: shaft reactor

r epr oduct FigrExamipeseBon kefee arculasigyinder peldd banG Bpres ARG ol 44)
was used. Fijoee 6:nt @oumig gt t he cuboid with a wall thickness of 3 mm
(all eke f r I ro
15T 5t G SRELIT S BB e B Bl e
surface was 840 miingé&rHwlenynikatdde lsysl ¢idagPirculghentei ght (edge c¢) of
t he cuboi Baure &ac tiree-picedpnsitdoe b ® tubsasnd2Biog input §8s B ntatheventzhes

base surface of th bﬁﬁ%ﬁ’?pe?%%c‘?&%%ﬁon (the neasure is based on the
di st ance roméhe ase surtac

e up to the upper edge a* of th
Tetering BEVERY( GReePRBRIPOHIGLALS Mpeserd HBaeahess f g e i anse by
the ré&@ctor reprodhteiupper wwiatior bbed r 351 ongest edge b* parallel to
the edge bigutdhfee obaSiRg bE@btriblHidrembssinf Peicral bhRder i ng boxes (45)

these. mot GEFIRY Bosee LS5 RS ArRisti” R s he bith B30 Rvem,

a and had a | engt RO%f 15 cm The edges c* were parallel to the edge c
and had afFigergth efandisynuf theen@epsar@in asidietiseenFigne et eri ng boxes

was 18 cng i t %}h&% LSt L L 0 was arranged
centra I;}: F\%ﬁ”ﬁ?ﬂ gﬁﬂé’%@f"é‘*&gttﬁ e 85@%?:36%9%{3%@?%%@% mm The edge
b* had a [BHG W oftiggactiam of ftie G BPreURAS WHCbBR<CoNGieted ea AN iR ¢fdle
onto the deli m ti otheswthiadiesfieedcatalipst beHend adeteingitiénig surfaces a* x

open’ (i orous: Bbot F??“gﬁ%ﬁﬁgﬁﬁﬁi’f?‘:afp‘?é@*ﬂ%ﬁ?g%%ezhé’dzft L he four
oPdes. | i rFiehie ThobPee formapaine i g Masrs St sp M RRTRIA whE 51 wer o
di spod®d ci r cul ar cenductesamefdncien cAthedsherwiitin thadixed aatetyelbeg angare
arranged |i ke a sté#ihdigedf successive beads, the string having a

separati gﬁggrfe “E”hgg‘?gf['%g%b?ep?g&%fi% whi ch faces toward the base

surface b a ormng a para to this edge. The distance from
one exit orifice Ato the next exit orifice A on the "string of
beads" 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 ¢} 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 paralle! 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 800 mm. The distribution boxes were each welded onto the delimiting
surfaces a x ¢ by their delimiting surfaces a* x ¢*. At the top, the cuboidal reactor
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10 was (nmeasured fromcenter to center) 10 cm The exit orifices A of
nmut ual Iy opposite rectangul ar surfaces_c*x b* of adjacent rectangul ar
boxes were opposite one another with & %ap. A perforated plate (47)
with a pl sapsodusiiokwes epet (i3. irhedas lif), acedlosed at thadotien endmytheShoxes
(45) (ovekgjgkke cross section a x b). The shape of the hol es was
uniformy oval Their transverse dinmension was 3 mmand their
| ongi tudi nal dinension was 1.5 cm The opening ratio of the

per f or at ell 6R&ED ragaNIBBYEEYacEE &hK G of ameteriog(tostvedre gispesas! Pistive bl e
surfacg apefitestaoue) whttHeahiemateeanns aﬂraﬁged Kee fifhEolRBES /eVIRIEES, the

d b b d
e AL XA S Bl e O |
|nternal Birtareteer y agd Eamincea paralpd t (fﬁﬂ?red onto the perforat ed
sheet. A uniformnetal nesh was laid onto this inert bed and was

conposed ¢f. Bﬁf}aﬂbé H%%’Hel eﬁﬂ%nﬁé{‘ﬂ%&( ﬁ{esr?exm @érg‘% ff-\e& thg5stﬂ'? ﬁgl%éé hece

between two c

pl aced® ont¥8s {AERSURRE TP GealsT tonrentsry e cqn, I%e Fﬁteorﬁ‘éﬁ%ll”‘ 'é)@P@ﬁ‘ij@d
over the ewmtangelacsuésesetkibdof afadent Hreanyaiagbbxaafwdrh @pgu}swé drneagnatteel
to the edggh )g was 10 cm Otherwi se, the grid had a honeyconb
structure. Thé 1ndividual honeyconb had a 30 square cross section
with an inner surface of 3 cmx 3 cm The wall thicknesses of the
grid wer eAperfonateBiaplate (# Revitted platenthickinssssof \Bersmdiaspsaed @tmréteenétagnd;i ne
(50) i CﬂSb%e@@ﬁlEBQb@ér't@é clo8s Eé'lﬁoﬁ%gr\eb)a'i'ﬁé Qﬁ‘aﬂz‘ FtRSed Qal Uﬁif&

edge a

f
of Ut ho el P4 ke AR G sives B e f loSnal ﬂﬂ%wagfqn%' e
met eri ng Thﬁh@pm ratie glvededowied swet wen 36% (i/aomﬁlng rego ertiotalof theengt h

ext ended pmte@brers@rfswa@tasﬁdm FfESe arsafk 1bbE ThEhbR dé‘ﬁfeeg we& dﬂ@ﬁ‘ibuted
Bel ow the%rﬁﬁ r%{cul ar_distribution box, the netering |ine

circul ar &7 89435 Bdt er 408 cm whi ch coi nci ded with a
corredponding (centrally nounted) circular orifice in the surface a"

reg*t L ag;m:nbﬂmaqm y b@@%@;gﬁﬂi(j éfﬁ%f ﬁq mm b ﬁﬁ%ﬁ&@g@bﬂ%ammeté x The
IRl Ty e LA R e

and 90% bynifeoth gretal ofeshi wasWeidenfaethis ined bethiasd mes epmpgsdd oféor(gitudinabidd P

= 1.1 bargapnsdke dddtisti@ace of 10 cm a perforated plate (51) was
wel d into the cuboidal reactor reproduction below the netering

| i ne ‘and extended over the entire cross-sectional area a x b. The
hol es of Tthecdigiandeobeiween pratiesqsp patabeltrmdtakwicsssva 2. Hagrich{48) waet er

of 1 cm ﬁé@d@k@tmﬂb@r MedR BRd %sitlské Mrﬁgtaumbéwréﬂehdb@ oferiA 8hfire
pitch. -I_hc:(afososrs'efr:'cu(s:r(ma a rx% 'Re %e;gw gf ﬂ?e gng paraq%i % t%e edge C) Sa/s 10 em.
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 parallel 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 om. Its 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.
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10 Bel ow the aforenentioned perforated plate, a circular stub (52)
(internal dianmeter 300 nm led into the cuboi dal reactor
reproduction. Its distance fromthe ba3® surface ax b was 5 cm Its
di stance fromthe closest surface a x ¢ was 10 cm 15 The surface b x

¢ through W%h ftahr‘?uxﬁ}ré”?su‘(‘@ iéo”tﬁ@rip%g &ﬁf&ﬁ%ﬁ&%ﬂ bﬁgﬁ u%eof &, C
hr ough A
e Oron hge Ré?la‘t% ?@qc\g%rgﬁe@mméﬁyeﬁns @ Onrig %w@ TeLer g, M1he

the extension lines essentially coincided. 20 2500 rrQ h of air (T

25C, P5= Mt d df&’ér)ce‘(’ﬁ'% § cﬁ]oﬂ%ﬂbﬁx@eé ﬂét‘ét{gﬁ‘) Wé@w@lﬁé‘@urﬁé‘fh% dubgiggiuegtidal

A O BT I afihg e ot Prenadi St W alie biostrotdlmnabade
it through xa. dhesbtes of tife pehfosaied platecintade thinknese3 oomthaata dismeter ef fricmed

by W 25 3pe6blesRpywbia d?&ﬂ@@tééi SRFory iR sl @aRENRYI Phe afﬂcbh&aoc&rth@nts
of a conmpar |v5ﬁt{vett§), the CO2 content was determned in th

i ndi vi dual @ 1o A A5 c—.('f/conbs of the honeyconb grid. The

t heor & i cal mean CO2 concentration was 0.16% by vol ume. 30 The

Maxi mum nBaButRe afdr¥neeaes bedbiatid as, Hcirliarkyuvebyi®erndh@amierdrmum

measur ed %Wg@ c‘gff’ﬁd’ ﬁ% c%'os %‘egctgrzr %g)\é %(t%l uﬂ?msgrr]]lcglﬂ%' ttHg NN surfage

section o ol da rea Fepr ITon' TS i"gur e
35US pr ovR&iowas 5 pan Endistapse ﬂ‘r@atthaﬁlori@st sg0AGRY x&vast 14 ‘é’ﬁ March 30,
2006, and US provisional patent application No. 60/791207, filed

Apri | 442, T@QQ& acB bﬂqu‘ﬁﬁ%ﬁkr‘?ﬁﬁ é?ﬁt?w%@ﬁ‘ws hEPRAL o efsiiis :tla‘%ﬁé é&ﬁxc@%xc

l'iteratur enc ovemnment

NUNMer ous g‘ed@ﬁiﬁr&iq Was I9s g P%é"é@n‘f‘eYeH{?%HW e @,eestu

possi bl e. weite tbacm'eticmty ekignédedim ths same (ﬂlowna‘bctidme theramanisiconiineves$ermiaiyhe
scope of ths.igppended 40cl ai ns, can be perfornmed differently fromthe
way described specifically herein. 54 Wat is clained is: 1. A
process for heterogeneously catal yzed partial dehydrogenation of at

| east 2bne2ipanye af dib Al = 2AC. It 8dekbar watsr dosidngted Hrpagfsiregiubhinoubs a

fixed catalbpfisl Redtck Rgbredickib®timolted tﬁ@ﬁ@htg&b gaammxt ure input
stream conpri si ng nol ecul ar oxygen, nol ecul ar hydrogen and the at

| east one hédrocarbon to be dehydrogenated 10wherein the fixed
catal yst WéQ thesaidios posiitrmat 22P Sinat Bilemans @spyﬁtﬁ@ma@mg@r%@mtﬁmuaﬁdt

conpr i sesthidughhkecuveyy olivhesd tafietth tHEOL eaREhtan dgemiib bL&/ | nput
Et I €2y an?de'a%é opg% &{mﬁznlggnj\ gﬂgttlpe B%l'%(/aor B?{h'é c%H%R?sdof% 'm%%rgtqu | ovned
y a catal'ytica
cuveﬁe) 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 repreduction is shown by Figure 17,

35  US provisional patent application No. 60/787165, filed March 30, 2008, 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.



15wherein the catalytically active bed Honprises at | east one shaped
catal yst body which in the reaction gas mxture input stream causes,

at least in the entrance region of the catalytically active bed, a

| over act i Vet srel@med sy to conduct a conmbustion reaction of mol ecul ar
hydrogen wi th nol ecul ar oxygen to yield water and/or a conbustion

reaction of hygdr .

oxi des andf] V\B.tglp ??&Fpmglet@éﬁg W%ﬁélyoge Itdgh%n#r&{;%a%gﬁﬁfé{gés‘%{st ohe
hydrocarbon to hygrofaraen. t'&?\@"&%ﬁ/‘?ﬂ”ﬁﬁ@ﬁ‘&t ed hydrocar bon, with the
proviscothat a portion of the at | east one hydrocarbon to be

dehydr ogenat ed ph&lf?beﬂﬂ)’difgﬂ GanaH %Qta‘y@t EJthh@ten n‘%@y’séf aor'égct%rljé@rnq% Rahed
25hydr ocar bon ut stream hs Obt%l ned

"0 the shaft bgfa il 6P RS S moRBHEr Salerh Mo Brip e AR Es PR eDBen
with a total vbydraearpei b%@@%ﬁ%@i@tﬂsr eam of the fixed catal yst bed
to an input gas streaml whi ch conpri ses 30nol ecul ar hydrogen and the

at |eagfy one h f it t hg%le 8?t9§§tdc%|aﬁg B@?ﬁé@tlﬁ d sﬂgﬁ! métlﬂ%x@vé/ﬂ &E'#;nsetcﬁ

shaft toward t

flowrate W V\ﬁ%ﬁ’ EPTRPRYSS I Hﬁdiowgda@cwn ¢fgh W%F%Q?%mtxﬁéef@%?tbﬁa”? ﬁ’but
gas Il flow nglrﬂcttbedfofweaélpgthb@dfnn@vt gapea bbdies fdilowes bhaahtaiyticallyective

system di sposegdgyipstream of the fixed catalyst bed in flow direction
of the input gas stream| such that: a)directions of the mpjority M

of all input gas Il streanms exiting fromthe exit

ori ficEs A in whersimidercatahtionllyasyenbed eimprnses ighlsast geshepedegtplyst body
encl ose an 40awgice irmthefre8€lion @O nwikttite ibhe streaw cdiigeaC bi leastoh tHehentrangaut

gas stream|; nbaf tﬁé‘@a g %&I\B b%g éztﬁvé?%l:w&a%ﬁ e%rﬁ%t@&&qdﬁ% of

orifices Afro fixe Ta W ra

the input gas ST ‘éﬁ‘i‘PP “’FEH? iph g @ﬁ'&?‘f'ar sirpgRovithapleglaraiygen iy iglp dater
i nduct i on ti neagd/of a ctrebusiiae réastiogathydnparbon withumelemuibt dpigee tb Yigid2. W
5 C]Z achrzj ect b@ﬁo@f)x.a@@aﬁ@waﬁrﬁ:nam B¢ tHEed Pl diloyemdtioh o@lHeta%tést one
orifices in into the

proj ection pl aﬁ é’czﬁb” g %]dﬁg{’ @%a}dfcﬁ%hﬁ%@%y%o @PPon of the input
gas stream | within the projection plane E gives rise to a nunber ZA
of the exit orwithtde mevisetrsmt ppegieniof the s hgasti@éneoliydifdtbdron bat | east

75% of the prohéﬂ}d\'&ﬁ%néfe@%Gé}%&%@ngﬁédtt@ﬁom t SRS actyRRiEhbted gd) the

i ndi vg%.)ual i an 8 b streans exiting e exit’o Ices A
cor r espondi ng YIrPEREPAUABEr ZA of exit orifice centers deviate from
their nunerical mean by not nore than 50% e) anong the nunber ZA of
exit orifices, tHeheadliodtgas eaxtdrefin@ms@Bamex bbtaed il ©e shembe mekdtirlg

cl osest exit o AV A Vi
V2 ratio is 81rn'po %% |f%8lﬁ1?ﬁ?lh%n‘§%§ugp§) &#?R%Y %E}? +1U% ﬂOB; é"%é’r% d a
distance d is @9%@@@%%?%@ ctalyR bP%&a‘? Wﬁﬂt Q?S sfreamd Wrereaprises
accor dithg to chalegular hydreger and the at lepsitongasdidcarbonpo be eehydrogenated and
flows within the shaft toward the fixed catalyst bed with a volume flow rate V1

and a flow rate W,

wherein the input gas Il is metered in the form of input gas Il flowing out of a
35 plurality of exit orifices A of a line system disposed upstream of the fixed catalyst
bed in flow direction of the input gas stream ! such that:

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



fromO to 80% by volunme of steam fromgg to 97% by vol unme of N2 and
from3 to 25% by vol une of 02. 303. The process according to claim1l
or 2, wherein the input gas Il conprises: from15 to 80% by vol ume of
H20, from 20 t &) 83bs Biptapse (hef tig mrritHY of Rbaxiborifise 8%6apythe dikesreatslyst
02. 35 4. Tﬂe pr odegish@ee@nttha dol eate VioMhe, inpMi g€ bifedr Bin\e sNAR, Tk
is 15. 5. The pro ra&ﬁ% (Felop ' Its X - atio
is 20. 406. The prgﬁég%, a C(r)frac}ﬁ%gtd t9 %Mgﬁ@i@m}ﬂt%mﬁéér‘dgp%bgﬁggptoﬂgesn%

di nension L of oné”@gﬂ?'ﬁdé’ﬁ’izf\fvte Ais from0.1 mmto 5 cm 56 7. The
processsaccording to claiml1, wherein the | ongest dinension L of one

exit orifice Agjs { kB@cfor®nth®cent8iof the MABrR P SESPXFRESH Ath fidd
claim11l, wherein tgpe

e directions of the ority Mof all &input ga
1 st o ext t 1 ng TEPOIR Gae R dHs, SrPRTTHR the rpiksfion. Sape ek it e
absence of the i npathegfipy dirqciiampl theinplubges streaambvihia thefprojectiopplatiet
the flow directiogivek risbéo b Mpibe0as ostheexMotificdBcenidre pRIsBBER SNy m2 of 2

according to clai mglk, é(mgés?5§%t¥?%%@%§56@%a%gv%rgg bgw;ﬁ%%ﬁti_(;ﬁ%ﬂsﬂgarﬂll;l

10i nput gas |l streans exiting exit orifice
t heoretical absence of the input gas stream | enclose an angle a of
90 100 with tHe ftheivddiduatinpurgasfl siteemsrgxiiing das the eehimifices A 10.

The process accor Goisidhdgdb Melnurite 7z &F il @rifidd @ntdry ddifk kil thexi t
orifices A 15fulfi lu&wseri&ﬂzpco%j' tion D, .O. E&.SP\QIJ 11. The process
according to claiMT & W%Oén?%?mnt Mof all exit orifices A
fulfill% the condition D 0.2.WJ. 2012. The process according to

claim1, whereén ZMmdQ.the number 28 of eiiteorificas ersdigtaney dfro dne exlt atifigel

wherein ZA 50. 14'09?1_%?‘(00’{518% ossgstaegu %Fi |éenc95nrtc§' iscal‘loln%r%’tha\(rvlhfr m/ ; 100.

fy theV1.V2ratiois 2 8; and
20
g) aratio X:d, of the length of the bed X and a distance d is greater than 0.1
and less than 5.

2.  The process according to claim 1, wherein the input gas It comprises:
25
from 0 to 80% by volume of steam,
from 10 to 97% by volume of Nz and
from 3 to 25% by volume of O..

30 3. The process according fo claim 1 or 2, wherein the input gas | comprises:

from 15 to 80% by volume of H0,
from 20 to 85% by volume of N2 and
from 5 to 25% by volume of O..
35
4.  The process according to claim 1, wherein the V1:V2 ratio is 2 15.

5.  The process according to claim 1, wherein the V1:V2 ratio is 2 20.

40 6. The process according to claim 1, wherein the longest dimension L. of one exit
orifice Ais from 2 0.1 mm to £ 5 cm.



25 15. The process according to claimlsg wherein the distance d is
not nore than 1.511nR2 / ZA , 16. The process according to
claim1l1, wherein the distance d is not nore than 301 ZA. 17. The
process ac€or dif gjPrases agoarding fatrai®i Tn whaeein thailenggsidimengion Lgasng exit
streans exiti ngrifideoMist fhgn exi rmabisf 6@@8. A correspondi ng to the nunber
ZA of exit orifice centers deviate fromtheir nunerical nean by not
nore than 30% 35 18. The process according to claiml, wherein the
i ndi vi dual ® nplif€ §R§e%s acsp Ty W eW’bWFﬂW@“WPPfg}elm?JE% Mpof all
cor respandi ng irrput bass Ih etndzens SMirgf fraex tl’te axitidrifices & enthe tiecddicabdbsehcoof
their numericakhdigan dé¥ sﬂ@ém’?@ﬁ@oétﬂhé’ﬁ‘aﬂé}e@x 9B 2 20F RENRROAGS Blirection of
according to c#a m inthe myority Mof all exit orifices A
and of the |nd ’H%‘élgaﬁﬁﬁﬁ? as |1 streans exiting fromthemis
understood to nean those exit orifices A and the individual input gas

|| streansgexi ThéprobesnadcbRing o Eldim amwnbiciiitha direétrns of tHeusdjoi neottdian

|7(r20d/(|) ST d(:jj QF ;[ ﬁ;?guygééﬁrﬁrée{n?%\é{#@bg&oﬁth@%@ on\%f%%:A mﬁe H‘Ye%\%t?ﬁl é %{wcé g'fe

of al | indivi diemeygae s gg@m ErapseahanOla g thap —c%wtﬁé%eg%fiv%%*ﬁﬂ of
which is small é"rem;bwtrgaslstfeéraﬂgest of the individual input gas II
streanms included in this 5maj ority M 20. The process according to
claim1l, nthenaorl exit.orifi ce nd. of..t he
i vi dual Tl bgedt abichngid B S B e Bunirey
mean those exi f”'f!i'ﬁﬁfﬁ eqlitigndhd 0@ Jd- ndi vi dual input gas Il streans
exiting fromthem 10fromwhich a total of just nore than 90% of the

total vol UWF T TVLHRLE a\é%or%ﬁﬂg to cYéﬁrEq &vh@reﬂﬁﬂg'nﬁﬁ okt R oft el Rt Bﬂf"éaé%%'al

i nput gas I exl em anong the entirety o
i ndi vi dual i nph‘ﬂﬁlaﬁe ?qndg’PF‘g%mQ ﬂﬁ' ‘not conprise a streamwhich is
smal l er than the | argest of the individual input gas Il streans

includedl it hTise pRaL&YS dotoMingke cim 1T WReRirPZREB0according to claim 1,
wherein a projection of the centers Mof all exit orifices Ain the

flow direction_of the input gas stream| into_the projection plane E
at right ahyl e5"q FOPPRS FoCEMRIGi tP ST JnWhereimeA Frifut gas stream |

within the projection plane E gives rise to a nunber ZA of the exit

orifice ceqyerfhdpdesdiladeBrafiMo MR, 4Rerkin A02f1@p at | east 85% of the
pr oj eg#énon area covered by tRe input gas stream|l. 22. The process

accor gtoclaiml, wherein a Ero; ection of the centers Mof all
exit orifites T processacepidigtip siairnafl, whereimipadisrse stis eahmereitharo t he

proj ection pla I/m,:a} Jlght angles to the flow direction of the input
gas stream | I'n t e’ projection 25plane E gives rise to a nunber

ZA of the exit orlflce centers present in any n2 of 10 for at | east
95% of t helr ofrecproosssaaceardingvte cladin by whérein thp distay@s dss heafiode.tha3. The

proce accordi R9:50, claim1l1, wherein the reaction gas m xture input
strea?nﬁ}s cond c'?'edg‘flhrough the fixed catalyst bed with the proviso

that at | east 2 nol % 30of the at | east one hydrocarbon to be
dehydr ogenta.edThe mseeswts dchendinigrio iclim 1, wherein the individual input gas 1l 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%.
35
18. The process according to claim 1, 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 10%.

40 19. The process according to claim 1, wherein the majority M of all exit orifices A and
of the individual input gas Il streams exiting from them is understood to mean
those exit orifices A and the individual input gas Il streams exiting from them



dehydrogenated to the at | east one dehy8if ogenated hydrocarbon. 24.
The process according to claim1, wherei n the reaction gas m xture
input streamis conguct ed t hroug h the fixed catal yst bed with the

proviso that atToOmysichs | %“-3338?”? H’@naﬁo% giibe t%ﬁ'é’owm%ﬁzte@t be
dehydr ogenat ed withdbe ptovishdhatitie indivilieblidpdgen dtsireatns eixtieg &bml tbars] arooey

s\ﬁg?’g |r ggteﬂgt ?g gﬂé'%/Igrgﬁ?é@robernd@@ual-rhﬁut@'ag(ﬁes%%aﬁa%c@é F’&ratlrl%(raﬂs gfb%lr%% which
by vol unre of ¢ neomaty 30y e S ot B8 s T B ESAL et An s hehdel fesg

26. TheSprocesdnaied@yMling to claim 1, wherein the reaction gas
m xture i nput stream conprises at Ieast 10% by vol une of the at | east

one hydr Os\gbboﬁ’héph&gsgﬁ%%r?%@rﬁ%lﬁd} v\%efezn ti‘i-mﬁajBﬁ’(?(f\ﬁglsalfaeg@%rnﬂ&é’égA taﬂd

claim1,

reaction gas mCE {ngrRdivifpRlinr pasihsireams exifieg @‘Wﬁ'éﬁf” Wﬂﬁ?f@@@ftoﬁ‘l’ﬁ?“
nol ar anmount  ofthosel ext whibreshy dndiperindiviesa ittput bas kstnear@8 exifligefrgm tees s

accordipg to clighiviich Mﬁéﬁéfmst ?fﬁaré t}%nrg‘é%?éf' tﬁ@ tcﬂéﬁlomn%@ ﬂHm?ra'té‘QE rex[t
10stream passes

oy .
10str eam passe OO b *9§' ERedpaE oa Tisrefins exEhe PR Mgmcamons
m xture input dhe erfiiety of albindividwal inpit Qlﬂﬁéi steatgsUe bel compripe a e uthigh

hydr ogen pr esend sialldr fieanrte@ Rirge®n obiRe indivdudl Bipungal || skéfamcilded thidhe
process accordi ortnt?rvﬁl aim1, wherein the tenperature of the reaction
gas m'%ure i nput streamon entry into the fixed catalyst bed is from
300 to'700C. 30. The process according to claim1l1, wherein the

| oadi ng on2ttheThé pmessaa@oyﬁmg foadkimbla subdreima ipheedtion af themeoters bifof all exit

gIaE1 aljyst pr tesgrcbhré%@.ax ﬁh‘tl;e fod diedtid oathehﬁ@ﬁ a9Rfe &Qh)ﬁié Mrbjeaudnoplé}% E
ehydr ogenat e r

according to clalta?%tf%ntﬁﬁg ﬁlof’vhdéregﬁ%%f(tﬁ% {"haes Sjrea? I W'ﬁ‘&fg{% pﬁ‘gec@f
The process ac®bgitgvesriss aianumbsigdyaitie %@nﬂﬁu@@mtewresfef%'nﬁnygn?gof
100 ns2025 33. ZTiefopaidesst 85%cafatelprogction amey coferet diynhdlinpuhesatdahhe

cross section of the lines conducting the input gas Il is polygonal
where the it_orifices A are di , 34. Th roces
erd e 28! TR hiorSSSaellith Praier b ibersin 2 paiestion SR 4 GRRtEs M of allexit

30conduct i ng t lesficasphin figasdirectiorsofttbe npybgrs stiglaer léntolibe esdjaction plane EsatA
ar ef di Spoz ed. 3Jgntdr sﬁ% ﬁfe_?_mﬁv aifseBb6 bN@e irpue had Brdam VALK kHE griRclif t
orific are 0 n
he t onper at ur 81 rdrtse R UnERZA UK L Mk Bafref ey Mot
i nput gas stream( ok e@ﬁ’ﬁ@ Yeries ﬁﬁoiﬂcﬁo%?re?%vﬁ”ﬁﬁ@b’ tenigpyt gassirpam |-
greater than 300C. 37. The process according to claim1l, wherein the

at |east opg hyfE BRREQORLRIMEFIIEINIT QBeRA £ rEéctBE%@'ﬁ’ﬁxtuféanut stream
is conducted through the fixed catalyst bed with the proviso that at least 2 mol%
30 of the at least one hydrocarben to be dehydrogenated present therein is
dehydrogenated to the at least one dehydrogenated hydrocarbon.

24. The process according to claim 1, wherein the reaction gas mixture input stream
is conducted through the fixed catalyst bed with the proviso that at least 5 mol%
35 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 claim 1, wherein the reaction gas mixture input stream
comprises at least 5% by volume of the at least one hydrocarbon to be
40 dehydrogenated.



38. The process according to claimi1, whrein the at |east one
dehydr ogenat ed hydrocarbon is propylene. 59 The process according

toclaimil,which is perforned in.a shaft reactor. configured as

tray react 8P THEPHFEERACOIINAHg T aMereln fereasifoas A prdedean
f or het er ogenegariplisesaatdgast 4d% farvoluate ofdhy df leggvae hydroodrbohéo be | east
one hydrocar boehgirbgdr=gaed by a process for heterogeneously

catal yzed partial oxidation of the at | east one dehydrogenated

hydr ocarbon. The process according to claim40, wherein the

downst r Ban?pr o B 8OCEFS ACEHR ekl Wheminfhpraelarraniana pf Briegdler exoen
the at |east ofmethdebyadioogeaatbadrelyplitatrasddsnotsnae irapcisiol®bf the molar

het er ogeneousl y]nfb@h%fmgcmrﬁyh@gegé}é%m @8, propylene to acrolein

and/or acrylic acid. The procéss according to claima4l, wherein the
acrylic acid is renmoved fromthe product gas m xture of the

het er ogenedfis| yhe aroskeyreetopting toalaimxi, adnereim asrhe eahticn gasymixhias inphe
productiogas m xiresre pabéedithiayh tHef fixaBRERIft BEE at Ba¥DFIREIY, 60AL @slal
beforehand. by gHoﬁﬁltof%&é&ﬁar'o&ﬂ%éne&res&ﬁ% IHa9ed ioF1r %Hiﬁﬂr%lihyutstr m is
condensed in a colunm conprising. separating rnterfmals Wth 'a &8%,
draw renoval of YRR faeihgicombygian ofie Belestip] Brdregentriesant Kube readtion
wth water or ggsedigredgpuisiresrm. The process according to claim42,
which is foll owed by a process for suspension crystallization of the

crude ryLjc id. The progess according.t | ai m 43 ich is

Tl owdh bgos e et aolfiR e bty feSaBpeatie phRe foarion oas
crystal s for mefixturednpid Skieamlanmaniry e ther iedpatadist bedis fipm 0@ 10ai06°QA4,
which is followed by a process in which washed acrylic acid

suspensi ong&r y$h @b cAefadB ik toditim PO L ERSA ﬁ%qoéaﬂwdaé)r! hERLEd catalyst bed,
based on the total amount of catalyst present therein, with the at least one
20 hydrocarbon to be dehydrogenated is from 100 to 10 000 | (STP)/I-h.

31. The process according to claim 1, wherein the induction fime J is £ 2000 ms.

32. The process according to claim 1, wherein the induction time J is £ 100 ms.

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

35. The process according to claim 1, wherein the exit orifices A are round.

36. The process according to claim 1, wherein the temperature difference ATy
35 between the temperature of the input gas stream | and the temperature of the
input gas 1l is not greater than 300°C.

37. The process according to claim 1, wherein the at least one hydrocarbon to be
dehydrogenated is propane.
40
38. The process according to claim 1, wherein the at least one dehydrogenated
hydrocarbon is propylene.
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39,

40.

41.

42.

43.

44,

45.

59

The process according to claim 1, which is performed in a shaft reactor
configured as a tray reactor.

The process according to claim 1, wherein the process for heterogeneously
catalyzed partial dehydrogenation of the at least one hydrocarbon is followed by
a process for heterogeneously catalyzed partial oxidation of the at least one
dehydrogenated hydrocarbon.

The process according to claim 40, wherein the downstream process for
heterogeneously catalyzed partial oxidation of the at least one dehydrogenated
hydrocarbon is a process for heterogeneously catalyzed partial oxidation of
propylene to acrolein and/or acrylic acid.

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

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

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

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.



