PF 57469 1 METHOD FOR THE CONTI NUOUS HETEROGENEQUSLY CATALYSED PARTI AL
DEHYDROGENATI ON OF AT LEAST ONE HYDROCARBON TO BE DEHYDROGENATED 5

Descri ptionpfhgpggesent invention relates to a process for continuous

-het er ogeneously catal yzed partial dehydrogenation of at |east one

hydr ocarbon to be dehydrogenated in the gas phase, conprising a procedure
in which a reaction chanber which is enckosed by a 10 (material) shell which
is in contact with the reaction chanber and has at |east one first orifice

for feedi ngMETHEAEORoMHE SQNTINHYUSASESERO&RNERUSIEWEATALY BEOPAREAber and

at | east ODEHW@EIQAHOMQFWTLE\ASﬁ@W\H‘mR@CAmN Tengeproduct gas stream

fromthe B%ﬁﬁr’ l? E{)’ 15 - at |l east one starting gas stream conpri sing
at | east one Eroc bon"to be dehydrogenated is fed continuously, - in the

reaction chanber the at | east one hydrocarbon to be dehydrogenated is
passed t#r opggbr@t;oﬂx east one catal yst bed di sposed in the reaction chanber
and, wth generation of a product gas conprising the at |east one
dehydrogenated 20 hydrocarbon, unconverted hydrocarbon to be dehydrogenat ed
and nol ecul &he PWB%@‘@H‘“%W'@PS ta 2 Brecesssfor epRinperfchrierogerrRauslyaatajysed an

oxi dative opartlalamymdgémamnrmaneasttoaea]ydﬂoeambn e detydisgepateatie the gas
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fromthe reacti bn to an
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hydrocar bonyg %"EQ%CE"%HP' QQ&V\Hﬂﬂﬁ%ﬂﬂ%sﬂr oc;y;n%g)%d?&g aé]ﬁ?ne%{ﬂecurres conpri se

appl|cat|on I'S.1nten conpri se
at | east twEaEiPue é pr eferred from an application point of view)
hydrogen atoms fewer than the nolecules of a hydrocarbon to be

dehydr ogenat ed gl@ﬁét‘@n%%tarﬁ géseétl’@aﬁ'v&fn%‘r%ﬁ?% Iéa%t bid ﬁﬁﬁ@éﬁar&&\ toQ@Pr i se
subst ances vvhos no ecu Ee?', omthe elenents carbon and 35

e
hydr ogen. Hence Ei?‘i?é’ég‘bons conpri se especially acyclic and
cyclic aliphatiitn thhmoacmeerh@elat@aatmmydma&cm to Qedishidirogermtelsisi n t he
nol ecul e. 40 ExpaddeashiRligs HElBagtlonp katalys t@l@ﬂw@pmn@tredebat@h%aml@enéncﬁr e
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monounsd ur at ed thﬁ@%bOmMﬁWﬁB@ hydrogcarban tebredghydrogenaiediaad melegutart i c
hydrocarbons ( ehgdropsroandiengsam, ie@ehyrirégentti’l partially in an oxidative or

nonoxidative manner to at least one dehydrogenated hydrocarbon, and
- at least one product gas stream is withdrawn continuously from the reaction
chamber.
25
The present invention also relates to an apparatus for carrying out the process
according to the invention, and to processes for partial oxidation of the at least one
dehydrogenated hydrocarbon.

30  The term "dehydrogenated hydrocarbon™ used in this application is intended to
comprise hydrocarbons whose molecules comprise at least two ("two" are preferred
from an application point of view) hydrogen atoms fewer than the molecules of a
hydrocarbon to be dehydrogenated Otherwise, the term hydrocarbon is intended to
comprise substances whose molecules are formed only from the elements carbon and
35 hydrogen.

Hence dehydrogenated hydrocarbons comprise especially acyclic and cyclic aliphatic
hydrocarbons having one or more C, C double bonds in the molecuie.

40 Examples of such aliphatic dehydrogenated hydrocarbons are propene, isobutene,

| ethylene, 1-butene, 2-butene and butadiene. In other words, the dehydrogenated
hydrocarbons include in particular the monounsaturated linear hydrocarbons
(n-alkenes) or branched aliphatic hydrocarbons (e.g. isoalkenes), and also the



PF 57469 2 cycl oal kenes. Moreover, the dehydrogenated hydrocarbons are al so
intended to i se the al kapol yenes (e.g. dienes and trienes) which

( PFE7485 .
conprise nore than one carbon-carbon double bond in the nol ecul e. However,
dehydr ogenat ed hydrocarbons are also intended to conprise hydrocarbon
conpounds whi ch are obtainable starting 2 from al kyl aromatics such as
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al so sui tab'a‘-?mél‘ﬂzls@Fé?@a” ng conpounds such as nethyl tert-butyl 15 ether
(subsequent product of isobutene, which is suitable, for exanple, as a fuel
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i nteger, espeditiad foy incrsasing the Sctahk Atvaber) fldhyd@ganstee hedraaatondPmapane He 0
propyl ene), uﬁé&%@%‘?‘ffc?ﬁ& é%ﬁor“h%n‘s% g_tene), n- pentane, isopentane,
eptane

n- hexane, n- ne, n-octane, n-nonane, n-decane, n 30 undecane,
n- dodecane, n-tridecane, n-tetradecane, n-pentadecane and n-hexadecane. In
parti cul ar, Usefemairocaabdnsst deelebydrogereated innhis osurdertane aspeaially thet acycle t o

C5-al kangs RS IELREAEOHIRaE oftfind Rlhe eIRGH R BIML e Reblyecul ary to C2

to C4 hydrocarbon I'n part)cul ar r words, hydrocarbons to
be dehydr ogm&%agh @ @Hiega@ﬁfedwﬂwﬁhﬁhoéﬂ!deb‘? 'ﬁ'aﬂ%P?t}héEﬁEﬁm%ﬁtfﬁaH%Y %‘@B’ﬁs‘ﬁe,

n- but ane angartiabdeydogendtion diindaitdndsud batadieae)d 2- but ene. The process
described at the outset for preparing dehydrogenated hydrocarbons is common

077, 0011 bthar g P G by TeRatROTY 8 CRLIDNHIO0RRIES 0 11BN WI6BIO0061,
EP- A 7995 168omapidseBEoAeidRpld ShyBiBsarbdPs of heaBoichiometry Cn Hane where n > 1ton <
20, and of the stoichiometry C, Hz, where n > 1 to n < 20, and of the stoichiometry
CrHan2 where n > 2 to n < 20, and n = an integer, especially C.- to Cig-alkanes, for
example ethane, propane (to propylene), n-butane, isobutane (to isobutene), n-
pentane, isopentane, n-hexane, n-heptane, n-octane, n-nonane, n-decane, n-
30 undecane, n-dodecane, n-tridecane, n-tetradecane, n-pentadecane and n-hexadecane.

In particular, however, all statements made in this document apply to C»- to Ce-alkanes
as hydrocarbons to be dehydrogenated and very particularly to C» to C4 hydrocarbons .
(in particular alkanes). In other words, hydrocarbons to be dehydrogenated in this

35 document are in particular ethane, propane, n-butane and isobutane, but aisc 1-butene
and 2-butene.

The process described at the outset for preparing dehydrogenated hydrocarbons is
common knowledge (cf., for example, WO 03/076370, DE-A 10 2004 032 129,

40 EP-A 731077, WO 01/96271, WO 01/96270, DE-A 103 16 039, WO 03/011804,
WO 00/10961, EP-A 799 169 and DE-A 102 45 585).



3 In principle, the processes for preparing dehydrogenated hydrocarbons by
het er ogeneopglgysgat al yzed partial dehydrogenation of at |east one
hydrocarbon to be dehydrogenated are divided into two groups: oxidative and
nonoxi dati ve heterogeneously catal yzed partial dehydrogenations. In
contrast to the oxidative 5 heterogeneou8ly catal yzed parti al

dehydr ogenal gihcild d1980K-A8 Ik FediRhBRARTGMIBII nicpSGIGEdyPar Ui @

dehydrogenation I's ecte e act| ecul ar gen.
ot her wor dshetpmge%q:%aé@ y??y Hetﬂwr%@”ﬁﬂw glPlieashPR® BYROER %Fod?f‘n to be
dehydr ogenatietydregepateldedle divided inte tvapwlups asidative snd aondxiddtiegen and i s al so

not oxi di Zﬁ@teﬁigeh@@\?s‘i d%ﬁél%ie)ﬁ Mléﬁ@&h%%%’ n%ﬁoﬂ@ir%oﬁfr‘a&horﬂ‘?é §xdatRle Oxygen in

a subseqguen e 10.Th her er,.of nonox

ehyor ogBna e BiaBaeR e SO GarTy S, (i Al hefSroggneasty

het er ogeneooaiblyzechpaitigi dedygragenasion mﬁwtaﬁgfelt’f@ut b, action efoneleadar, oxygee In

mD: chl art hmﬂ\éﬁ)ﬂeﬂ‘dstlfheth%léwlér]?ﬁdlfo@@md b@pmmrfﬂﬁaﬂ{é?wdmaﬂﬁnd@wdg oge?at ed is
u e ou I Q r 0ox can e ou

Pired a of yHavarode e hllbadi M S as WS ihbrdel 5 TR BRLrt as o

het er ogeneonge@ at laagip@dwmmw%emat@gwﬁfamcmuiar DXygendt Asbbssasenicater. i s

exot hermpc irRe ehehill chafRjer ofi\WekGXidative deRpdtogerloR R tHenendotdrimdl ihYevas

ol ecul ar YOO Gy WAS ARG ot zc SUNRIGAAARLIEK %&tr%ep then

be oxi di zed par
subsequent ﬁleé'DC"E’@é?féWGFQQQ”é%b@ Ruliegdrem thegy &P@ﬂ@tﬁﬂ@r‘?ﬁ qwmr@@@]@t%fbﬁbust i on,
the overal bultehej’uﬂahdetrlﬂae’ actioarof myechr extehhr cam be pelicat digiminediatelynadit ral ) .

20 It is co | %% i rtial
dehydr o?e I on é z(b qﬁ]lsd@a{)car oﬁgéft Ohfg &?‘%%ﬁ%?géeﬁ%@y C}Zﬁ’%z%?loceed at
conpar at? vePy9 {‘fﬁ' ipRidis they, F'?ﬁrﬁ?t@%'s% P In UEEY FR5%) t@ﬂf‘é’ﬁét'hres may
be =z 250C, cém algobatbye nitR0Yas moldcelar by @bHLD) (i ernmoﬂ:@l@ﬁi{elpordonﬁérﬁlﬁnaw

500C. 25 1|

het o7 ogeneotie “%SEWQ%E&*‘;%&W%%W“@@E%E%@°’?Y9‘é9?‘e‘3’5*$? Q)eh2ni gher
Fonot 1 ont ohsEaeIk SlePFEPEinah e Rtetl PERBSenb e SRR A per at  ng
time, in orderal therradlchaiaster haydegndotheeniat emhhermwrmutml)l n single pass

t hroughoghe reaction chamber. This is typically because the 30 catalysts
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increasingly with the operating time, in order to maintain the dehydrogenation
conversion in single pass through the reaction chamber. This is typically because the

30 catalysts used become irreversibly deactivated to an increasing extent with increasing
operating time. In other words, even when the continuous operation is interrupted
temporarily time and again (such an operating mode is intended to be comprised by the
term "continuously” in this document), in order to reactivate (to regenerate) the
catalysts used by means of suitable measures, the original activity of the catalysts with

35 the overall operating time is increasingly long attained with increasing overall operating
time of the process. Corresponding increase in the reaction temperature can
counteract this fact.

A disadvantage of such high reaction temperatures is that, relative to the desired target
40 reaction (hydrocarbon to be dehydrogenated - dehydrogenated hydrocarbon),

undesired side reactions gain increasing weight to an extent generally increasing with

the reaction temperature. One of these undesired side reactions is, for example, the



40 .reaction (hydrocarbon to be dehydrogenated dehydrogenated hydrocarbon),
undesi red sipges4g8gCcti ons gain increasing weight to an extent generally
increasing with the reaction tenperature. One of these undesired side
reactions is, for exanple, the PF 57469 4 thermal deconposition of the
hydrocarbon to be dehydrogenated and/or éf the dehydrogenated hydrocarbon,
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t hat of 2Dl Niifefithe of ﬂhewélyst@asai foné eeietdgehesudhheatsihsdd partid) oklaagaresf,theé n- house

investigati ' as a material for the
side of t heagﬁy‘:{??dl n co g:ctgﬂ}ontwtﬁ(g“%gg%l%ﬁﬁiﬁanber i s capabl e of
catal yzing the thermal decorrp05| tion of hydrocarbons to be dehydrogenat ed
and/ or of d&hydfwgeeadtiondd kisddeatagesrase natpossessed by thd teabhingiot hey becone
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containing stainless steel or steel in a quite general sense, for example that of DIN type
1.4841, as a material for the shell.

30 However, in-house investigations have found that, surprisingly, steel, as a material for
the side of the shell in contact with the reaction chamber, is capable of catalyzing the
thermal decomposition of hydrocarbons to be dehydrogenated and/or of
dehydrogenated hydrocarbons, as a result of which they become noticeable in an
undesired manner even at comparatively low reaction temperatures. This applies not

35 least to the stainless steel of DIN materials number 1.4841 which may have the
following elemental composition:

from 24 to 26% by weight of Cr,
from 19 to 22% by weight of Ni,
40 from 1.5 to 2.5% by weight of Si,

from 2 0 to £ 0.11% by weight of N,
from 2 0 to < 0.2% by weightof  C,



40 from1l.5 to 2.5% by weight of Si, fromz Oto <_ 0.11 % by weight of N,
fromz O topgs7/@g% by weight of C, PF 57469 5 fromZ 0 to 2% by wei ght of
Mr, from? 0 to 0.045% by weight of P, from? 0 to 0.015% by wei ght of S,
and apart fromthese Fe and inpurities resulting fromthe production, 5 the
per cent ages each being based on the totaP weight. Normally, the nitrogen
content of this steel type figh si0dBbb] SARLGM dress than 0. 11% by weight and

is generally not specified_/for LS 1,8as0N an tcge r't of the steel
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was t her ef osteebusedbj ect of the present invention to provide a process as
described at the outset using a steel suitable for the surface of the shell
on its side,ip contact wrh the reactjon chanber, | C even |
nonal onteaArdanAsE P hemelBoaBBEH Y i adgaon 8 bf AeniSraf ng gas
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an stain r . I rdin . Q. process
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y a 35 (matgetL| [ ' n - W [ er (i.e. in

contact wi thﬁtal hgélér?jt}g?%ﬂleoéﬁagag&ds?pééﬂy %ﬂ%"“ﬁ%@?gr oénda? %Ebémggﬂ%drogenat ed
and the deh§esaspasiioadt hydrasaseensfynyameniallysocaeds ggdethermucally @88 orifice for
feedi ng at ithdrbwemeatsitann thermptgpd $argettreadioni nt o t he reacti on chanber and at
| east one second orifice for withdrawing at |east one product gas stream

fromthe_reaction chanber
35 ﬁwas therel%re an object of the present invention to provide a process as described at

the outset using a steel suitable for the surface of the shell on its side in contact with

the reaction chamber, which, even in nonalonized form and also in the absence of

sulfides in the starting gas stream, catalyzes the thermal decomposition of hydrocarbon

to be dehydrogenated and/or dehydrogenated hydrocarbon in a less marked manner
30 than stainless steel of DIN materials number 1.4841.

Accordingly, a process has been found for continuous heterogeneously catalyzed
partial dehydrogenation of at least one hydrocarbon to be dehydrogenated in the gas
phase, comprising a procedure in which a reaction chamber which is enclosed by a
35 (material) shell which in contact with the reaction chamber (i.e. in contact with the
reaction gas, i.e. the hydrocarbon to be dehydrogenated and the dehydrogenated
hydrocarbon} and has at least one first orifice for feeding at least one starting gas
stream into the reaction chamber and at least one second orifice for withdrawing at
least one product gas stream from the reaction chamber,
40
- at least one starting gas stream comprising at ieast one hydrocarbon to be
dehydrogenated is fed continuously,



40 .at | east one starting gas stream conprising at | east one hydrocarbon to
be dehydrogemrsygd is fed continuously, PF 57469 6 - in the reaction
chanber, the at | east one hydrocarbon to be dehydrogenated is passed
through at | east one catal yst bed di sposed in the reaction chanber and,
with generation of a product gas conprisfng the at |east one dehydrogenat ed
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from9 to 36%b V\BI,'th of Ni, from1 to 3%by weight of Si, fromO0.1 to
0. 3% by wei ght €20 fromz 0, preferably fromo0.03 to 0.15% by wei ght of
C, frofdz O tothEslriaceer thetshell, ditits siderioroftabt with theoréactior ichydrhbarf isAl, from z

010 0.1 orus erudiachlredat sk BN, P o By HRRERE AN BleksOf i (1ARGLrCack OFL
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on the total weif@hta 6kl S WARhHaSEhe folldving BRI @8inpBSitisie af or enent i oned

cont ent is preferred quite generally when the 35 content of Nis ?

It
0.11, bi?ter Z 0.12, preferably a 0.13, nore preferably a 0.14 and
from 18 to 30% by weight of Cr,

from 9 to 36% by weight of Ni,
from 1 to 3% by weight of Si,
from 0.1 to 0.3% by weight of N,

20 from = 0, preferably from 0.03 to 0.15% by weight of C,
from 2 0 to 4% by weight of Mn,
from 2 0 to 4% by weight of Al
from 2 0 to 0.05% by weight of P,
from 2 0 to 0.05% by weight of S, and

25 from 2 0 to 0.1, preferably from >0 to 0.1 and

more preferably from 0.03 to 0.08% by weight of  one or more rare earth
metals, and, apart from
these, Fe and impurities
resuiting from production,
30 the percentages each being
based on the total weight (of
the steel).

In the context of the aforementioned contents, it is preferred quite generally when the

35 contentof Nis = 0.11, better 2 0.12, preferably = 0.13, more preferably = 0.14 and
even better 2 0.15% by weight. More preferably, the N content is from 0.15 to 0.18% by
weight. More preferably, the ranges specified as preferred above are employed in
combination.

40  Advantageously in accordance with the invention, the total amount of the impurities
resulting from the production are, quite generally and on the same basis, < 1% by
weight, preferably < 0.75% by weight, more preferably < 0.5% by weight and most



even better z 0.15% by weight. More preferably, the N content is fromO.15
to.0.18% by weight. Mre preferably, the ranges specified as preferred
above are emppigpaed in  conbinati on. 40 Advantageously in accordance with the
i nvention, the total anount of the inpurities resulting fromthe production
are, quite generally and on the sane basis, 51 %by weight, preferably 5
0. 75% by weight, nore preferably 5 0.5% Hy wei ght and nost PF 57469 7
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even no X S ot 20 extent of
ot T enot 57 0RSOASERNE o aldi@hck hiithe lpRlon FEEYE0 biihe bRalhepall " of

| east  90% a%@ow'rtséae reastiom claarpkas), opfits gide) s santadmithdhe reaction eharebar, isf  at
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I nventi on, renen r at
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process accor ts entirety or to an

u
ot of o Bl g Jast TTARBLSA hat IR0 { AP (8 45 TElQVaPSR ot 1 omst 000
or to an exAdwmantajecaslylirastorda@Bemath the vemtionhthe aferomentienedrlieat least st eel .

Preferably binAcsQitaaes mih dh ot st PipRr Bead® hhe Al @@éb;ﬁraaﬁteeqmact i ng

AT G SR L i A N S T s N L
manuf act ur edr #p 1@ men. Mﬂsbmerarebls.ttb@ phet englosingdhe teagtiorhchamtier in heeel  at
| east on t hﬁtdces§ét§&érduﬁb BAAE Aventidn I8 ndASfackdre CRUSERitirdhNESB anRixitt bf AES
(especially Ieasp 36 % c%atg 'w%ggh?vi@(tbr to an extent of at least 90% or to an extent of at least
95% of its weight, from the inventive steel. Preferably in accordance with the invention,
30 the (pipe)lines conducting the at least one starting gas stream to the reaction chamber
and the at least one product gas stream away from the reaction chamber are
manufactured from the inventive steel S, or coated with such a steel at least on their
side in contact with gas. Of course, these (pipe)lines (especially those leading away)
may also be manufactured from other steels, for example of DIN materials numbers
35 1.4910, or 1.4941, or 1.4541 or 1.4841. The use of the inventive steels S is of
increased relevance especially when reaction gas comes into contact with material
which has a temperature of = 450°C.

For proper and safe operation, the aforementioned (pipe)lines are preferably equipped

40  with devices for compensating longitudinal expansion effects, as can occur, for
example, owing to temperature changes, and it is advantageous to use compensators
which feature a lateral mode of action.



may al so be manufactured fromother steels, for exanple of DIN materials
nunbers 35 pF4746g or 1.4941, or 1.4541 or 1.4841. The use of the inventive
.steels Sis of increased relevance especially when reaction gas cones into
contact with material which has a tenperature of >_ 450C. For proper and
saf e operation, the aforenentioned (pipePlines are preferably equi pped 40
with devices for conpensating |ongitudinal expansion effects, as can occur,

for exanpl to tenperature a IS advanta eous use
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for exanpl em]aﬁariam @8T@(desigABLTm {atesiirgnatvdIivanborad) ng1 u%BIdIBEGV\b 434) or
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with the mﬁ@mﬁi(vlr) the steel S relevant in accordance vmth the invention
has the follow ng el emental conposition: from 18 to 26% by weight of Cr,
from 9 36% omO0.1
L0, 3uBy  RETERPY G RerSineb it tRemvE B, ethigp! B BRYaTR Bor R R i e e
contents) finyent@nd@sitee liamg Iplementyjisemepsition: fromz 0 to 3% by wei ght of
Mh, 25 from? 0 to 4% by weight of Al, fromz 0 to 0.05% by wei ght of P,
fromz O to %, B0 S, and froma Q.to 0.1, preferably from >0
to 0.1 and fgm%t%%/mﬁﬂg%?to& 0.03 to 0.08% §rh each case 30 irrespective
of all ot hefr°@(ﬁ1‘t°é3f$t/s§>YW9'9We‘i’fght of one or nordNirare earth netals
(preferabl yiréa vio X8%agdvedgie obr nore ot her rars, earth netal s),

from 0.1 to 0.3% by weight of N,

from 2 0O, preferably (irrespective of the other

contents) from 0.03 to 0.15% by weight of C,

from 2 0 to 3% by weight of Mn,
25 from 2 0 to 4% by weight of Al,

from 2 0 to 0.05% by weight of P,

from 2 0 to 0.05% by weight of S, and

from 2 0 to 0.1, preferably from >0 to 0.1 and
more preferably from 0.03 to 0.08% (in each case
30 irrespective of all other contents) by weight of one or more rare earth metals
(preferably Ce or Ce and one or
more other rare earth metals),
and, apart from these, Fe and
impurities resulting from
35 production, the percentages each
being based on the total weight (of
the steel).

More advantageously, the steel S relevant in accordance with the invention has the
40 following elemental composition:

from 20 to 25% by weight of Cr,



and, apart fromthese, Fe and inpurities resulting from 35 production, the
per cent ages pgagfaggbei ng based on the total weight (of the steel). Mire
advant ageously, the steel S relevant in accordance with the invention has
the 40 follow ng el enental conposition: from20 to 25% by wei ght of Cr, PF
57469 9 from9 to 20 or (irrespective o® the other contents) preferably to

wei gt of R 0 or (MRS of Qe Y eapectyve of ihe other contents)
from 0.03 t8°ﬁeﬁ%£/8r§be ﬁ@’/ljﬁ E’V(‘ﬁ’e"j“i‘%m 2 0 tdV3% by weight of M1, fromz
0 to 4% by Wemght to?.5K by weightmf> 0 to 0. 05% bySimei ght of P, 10 from>_0 to
0. 05% by weifght0.0to &3%eweily mq-m? 0 to 0.1, preajerably from >0 to 0.1 and
nore pre erﬁBLnyB m rtré)gR/(y ﬁch case irrespective of all other
contents i h[? §f90 % Srp‘rb‘}o or r%t arth netals (preferably Ce or Ce
and one or CQ@eﬁ*ﬁ}@Ofétokf@rtoroa?%ééﬁwmhhﬁft als), 4&nd, apart fromthese, Fe and
impurities lfremUi Dltdﬂ@%ftrqumgmromductl on, the peragemtages each being based on

t he total E b%{QNéI steel). Mre pref %abl y, the steel S relevant
in accor dance 9 G t| on has the followng elenmental conposition:
25 from 20 fremzaz%%&)oﬁléq We'a ftofy,  from 10 to P2% by weight of Ni, from

1.4 to 205% oy e igd05%fbySieightfafom 0. 12 to 0. 2%, lapdwei ght of N, fromz O,
preferably frbﬁwrfﬁl&?ﬁtﬂHr‘éfe‘?ébl@#%moid‘tﬁro ﬁgnc?ontents) fromO0.05 to 0.12% by
C

wei ght of more pre?t]erably from 0. %3 to 8(0395' each case
irrespective of all other contents) by weight of one or more rare earth metals
(preferably Ce or Ce and one or
15 more other rare earth metals),

and, apart from these, Fe and

impurities resulting from

production, the percentages each

being based on the total weight (of
20 the steel).

More preferably, the steel S relevant in accordance with the invention has the following
elemental composition:

25  from 20 to 22% by weight of Cr,
from 10 to 12% by weight of Ni,
from 1.4 to 2.5% by weight of Si,
from 0.12 to 0.2% by weight of N,
from = 0, preferably (irrespective of all other

30 contents) from 0.05 to 0.12% by weight of C,
from 2 0 to 1% by weight of Mn,
from = 0 to 2, preferably (irrespective of
all contents) 0% by weight of Al,
from 2 0 to 0.045% by weight of P,

35 from = 0 to 0.015% by weight of S, and

from = 0 to 0.1, preferably from >0 to 0.1 and
more preferably from 0.03 to 0.08% (in each case
irrespective of all other contents) by weight of one or more rare earth metals
(preferably Ce or Ce and one or
40 more other rare earth metals),
and, apart from these, Fe and
impurities resulting from



from? 0 to 2, preferably (irrespective of all contents) 0% by wei ght of Al,
fromz O topp.5r4880 by weight of P, 35 from? O to 0.015% by weight of S, and
froma 0 to 0.1, preferably from>0 to 0.1 and nore preferably from0.03 to
0.08% (in each case irrespective of all other contents) by weight of one or
more rare earth netals (preferably Ce ot0Ce and one or 40 nore other rare

earth nmetal s), and, apart fromthese, Fe and 'd?@dﬂc'ts&h 8Re b@r%b'ﬁt%@é’é? fdrom PF
57469 10 production, the percentages each bei i ght

t Ot
(of the steel). 5 Quite generally, it is favo;b%mgg’qsﬁdtoﬂehect(eﬁ??ﬂlg‘ﬁ?ﬂag%ﬁalI

conposi tions nentioned above as advant ageous dhe pteeberred when t he cont ent
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ranges féde additionally takes into account that the steel selected as the
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under S Q.. be ed for the het \

cat al yzig p § m p@g%cg'!f& tﬁ%%ﬁ%ﬁboﬁ Of%?gre & re&éﬁ'&%ﬁ%ﬂ‘?‘s}a Efc{ﬂ;?%ﬁ@] é\t%vat ed
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The af or enefit§l dﬁ@'@”P@ﬁmr?%?@ﬁa”&P@J“M frem e seledded steelS-account  that the

process2@according to the invention for heterogeneously catal yzed parti al

For example, the steel S used should also have a low embrittlement tendency under
the process conditions to be employed for the heterogeneously catalyzed partial
dehydrogenation. This is especially true at the elevated reaction temperatures to be
employed normally in the process according to the invention. This is true in particular

25 when the reaction temperatures and/or catalyst regeneration temperatures are from
2 400°C to < 900°C, or from 2 500°C to < 800°C, or from = 550°C to < 750°C, or from
> 600°C to < 700°C. The aforementioned requirement also already takes into account
that the process according to the invention for heterogeneously catalyzed partial
dehydrogenation is preferably carried out at working pressures above 1 atm. In other

30 words, the steel S to be used in accordance with the invention should also be suitable
as a pressure vessel material. Moreover, the creep strength and thermal stability
characteristics of the steel selected in accordance with the invention should be
satisfactory under the conditions of the process according to the invention. The same
applies to its scaling resistance and to its coking tendency. The advantageous

35 selection made also takes into account that the steel selected has to be processible in
an advantageous manner. This means in particular that it has to be processible with
welding technology, which is not possible in the case of steels alonized prior to the
processing without impairment of the alonization. However, alonization after processing
can be performed on the industrial scale only with a very high level of cost and

40 inconvenience, if at all. The requirement for corrosion resistance is of significance
especially from the aspect that the dehydrogenated hydrocarbon formed in the process
according to the invention can be partially oxidized under heterogeneous catalysis in a



dehydrogenation is preferably carried out at working pressures above 1 atm
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preference picsess smording tolbs evefitianedre steslssof METHLING. M8BHals Ausbemui t abl e f or
the processgagaqsd B8315%and S 35315, among which preference is given in accordance with

the invention to those with the materials number S 30815. Also suitable for the process

according to the invention are steels with the SS materials numbers 2372, 2361 and

30 2368, among which preference is given in accordance with the invention to the latter.

Aforementioned and other steels suitable in accordance with the invention are also
commercially available. For exampie, Outokumpu Stainless AB, in SE-774 22 Avesta,
Sweden sells the aforementioned steels under its own designations 153 MA™, 253

35 MA® and 353 MA®, among which 253 MA® is particularly advantageous in accordance
with the invention. ThyssenKrupp Nirosta GmbH, in D-47794 Krefeld, Germany
likewise sells a steel particularly favorable in accordance with the invention with the
alloyed stainless steel THERMAX® 4835,

40 The steels S suitable in accordance with the invention thus include in particular steels
of the compositions:



the invention are the steels of DIN materials nunbers 1.4891 and 1.4893, of
whi ch 25 preksgapge is given to those having the material s nunber 1.4893.

Al so suitable for the process according to the invention are steels of
ASTM UNS material s nunbers S 30415, S 30815 and S 35315, anong which
preference is given in accordance with t4e invention to those with the
material s nanbeng%cyggﬁq\,@,gh%fso suitable for the prggess according to the

i nvention are s1t‘9e§}ﬁ Wi t tt{1e SS material s nunbers 372 2361 and 30 2368,
among whi ch prefet@Ré&S S8 ven in accordance with Yhe invention to the
latter. Afor enérﬁ%@hé@'%\hﬁf ot her steels suitable iSh accordance with the
invention are alosis% bpwarhedfal |y avail abl e. For exagpl e, Qutokunpu Stainl ess

AB, in SE-774 2 V. the aforementioned steels under its
own demgnatl onimﬁb%ﬁt&}ﬁ Og\gegyg’g%ﬁ/&fs and 353 I\/ArB) anong whi ch 253 MA(r)
is particularly @&V%Hﬂ%@édu%v vaighk®or dance with t A nvention. ThyssenKrupp
Ni rosta GrbH, i rﬁro&ﬂ@?@é0l04«5f’/ebyiwe|®1rasfany | i kewi s&®,sells a steel
particularly fa k th the invenrfigg with the alloyed
stai nl ess steel \f%ﬁ%?/ﬁ& %Cﬁ %”j@%ﬁ‘r‘m sfeels S Strﬁtggl e in accordance with
t he invention tWQE‘THé‘P ep" "B%JYﬂ(rPE‘Lﬁ gﬁogt@é@s of the conpositions: PF
57469 120 1. 18.nw¥e pyefevablgtitorod.08tq 0.08%3%% weightedf ghtoneforMigre rdre @ty wei ght
of Si, 0.15%by weight of N, 5 from> 0 to 5 0.05%kys V{FFe%?EbIQfCeQ;rCJrom 0
t051%by wei ght of M, from? 0 to 5 0.045% by 0Oto
5 0.015% by weight of S, and from? 0 to 0,1, pref®d afg\e rm%%og‘eﬁr% 0.1
and 10 nore preferably from0.03 to 0.08% by wei ghteasth mﬁeISblandmr@rfr are
earth nmetals (preferably Ce or Ce and one or mrqr@ﬁh@gerwg@d earth

nmetal s) ,-and, apart fromthese, Fe and 15 inpuriti, %%u |t u é P m
production, the percentages each being based on t he PUYGtar-Wel 20 I1.
21 % by weight of Cr, 11 %by weight of Ni, from plod!th'@” 2“%9’@’[99”‘@6?@ht of
Si, each being based on the
total weight.
20 L 21% by weight of Cr,
11% by weight of Ni,
from 1.4 to 2.5% by weight of Si,
0.17% by weight of N,
0.09% by weight of C,
25 from > 0 to < 1% by weight of Mn,
from > 0 to < 0.045% by weight of P,
from > 0 to < 0.015% by weight of S, and
from 2 0 to 0.1, preferably from > 010 0.1 and
more preferably from 0.03 to 0.08% by weight of one or more rare earth
30 metals (preferably Ce oder

Ce and one or more other
rare earth metals), and, apart
from these, Fe and impurities
resulting from production, the
35 percentages each being
based on the total weight.

Ill.  from 24 to 26% by weight of Cr,

from 34 to 36% by weight of Ni,

40 from 1.2 to 2.0% by weight of Si,
from 0.12 to 0.2% by weight of N,

from 0.04 to 0.08% by weight of C,



0.17% by weight of N, 0.09%by weight of C, 25 fromO to 5 1 % by wei ght of
M, from Opka;74690. 045% by weight of P, from> 0 to <_ 0.015% by wei ght of
S, and fromZ 0 to 0.1, preferably from> 0 to 0.1 and nore preferably from
0.03 to 0.08% by weight of one or nore rare earth 30 netals (preferably Ce
oder Ce and one or nore other rare earth netals), and, apart fromthese,

Fe and inpuritieggm $esyktidg mHPRPduction, the per cent ages each bei ng
" Wi PI @r m24 to 26% by weight of C, from34 to

based on the total ight. LIl. 7T
36% by wei ght of °f %NSt‘gé 0/443rk 1Y ‘Q’e'ﬁgt F 0% by wei ght”of Si, from0.12 to
0.2% by wei ght dorm\; O 16 £ @16 %0y weight &8% by wei ght n€, PF 57469 13 from ?

0 to <_ 2.0% by rai 8bto 0f, Meferably 88H>0% 6@ 8O- 045% by weight of P, from
eferablhy from> 0

> 0to < 0.015%Db i ght. of and_ . from? 0 to 0.1, pr

to 0.1 ahd 5 nn%orﬁﬁe\f?%rf’glﬁlfvn}?‘ﬁ?ﬂtcb&gg/%%’ Beigdo, byo%?ﬁdﬂ‘gredﬁr@‘?ﬂ“ nore rare
earth netals (preferably Ce oder Ce and one or nbetloipraterablydieodsar t h
nmetal s), and, apart fromthese, Fe and inpuritiescd@ngensbtmbee bthem the

production, the percentages each being based on the tagtal ight. O
course, the steels S suitable in accordance with trt?ée?ﬂ@brﬁﬂa\(‘;ﬁ’%ﬁfnaaﬂo be
used for 15 the process according to the inventi offormtheseond aedimpurities zed
and/or apumini zed form (especially on their side jeBulGfgiradithablodubtis,

[ hanb o his f , th f ' ar
reacti on chanber) n this formtoo, they are Ouf'ﬂgg%&eﬁ%ﬁgg‘%é%ﬁ%‘%‘ﬁéag .

advant ageous in that, where the alonization is dana i
result of the manufacture, or becomes danmged, onl§asgdonitadiotal aeighfti c
action on the thermal deconposition cones into effect.

Of course, the steels S suitable in accordance with the invention can also be used for

15 the process according to the invention in alonized, alitized and/or aluminized form
{especially on their side in contact with the reaction chamber). In this form too, they are
found to be particularly advantageous in that, where the alonization is damaged, for
example as a result of the manufacture, or becomes damaged, only a slight catalytic
action on the thermal decomposition comes into effect. '

20
When the shell in the process according to the invention is not to be manufactured fully
from steel suitable in accordance with the invention, but rather, the surface of the shell
is to be manufactured only partly or fully from such steel on its side in contact with the
reaction chamber in the inventive minimum layer thickness (for example, it may be

25 appropriate for reasons of economic viability to manufacture the surface of the shell, on
its side in contact with the reaction chamber, in accordance with the invention, only
where particularly high temperatures occur in the reaction chamber, or indeed to
manufacture only the surface from inventive steet in the inventive minimum layer
thickness), this is possible in a simple manner, for example, by plating (for example

30 roller plating, or explosive plating, or compression weld plating), i.e. by applying the
inventive steel as a cover material to the surface of another base material (for example
another steel) at the desired points or over the entire surface, and bonding it firmly to
the base material, for example, by pressing, or roliing, or adhesive bonding or welding.

35 The process according to the invention is advantageous especially when the at least
one starting stream comprises steam (for example = 1% by volume) as an inert diluent
gas and/or molecular oxygen (for example 2 0.1 or 2 0.5% by volume} as a reactant.
However, it is also advantageous when the at least one starting stream comprises
steam and/or molecular oxygen as impurities. It is also advantageous when, in the

40 course of the inventive heterogeneously catalyzed partial dehydrogenation, steam is
formed as a reaction product. This is especially true when the cycle gas or loop method
recommended in WO 03/076370 is employed for the process according to the



20 Waen the shell in the process according to the invention is not to be
manuf act ur egpfaiigey from steel suitable in accordance with the invention,

but rather, the surface of the shell is to be manufactured only partly or
fully fromsuch steel on its side in contact with the reaction chanber in
the inventive mininmumlayer thickness (f®# exanple, it may be 25 appropriate
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catal yzed p%{ahﬁbgﬁhydrogenation, steamis formed as a reaction product.
This is especi y true when the cycle gas or | oop nethod recomended in WO

03/ 076378 is enpl oyed for the process according to the PF 57469 14
I nventi on. Hothisvaocunmeht ther losdisg oba catelysingpdt aatdlyrng avesctiorostep svithaeadtionl ar | y

et duar gagZ oy B8ahateBa e @%’ﬁf?g? AR R BbLilb SRSt BEOR Co | o°°
hyar oear bon SBRREH F hsTE)he Zabiea Marstorthe eRdestopaRg POl DL Teetion
downst r eam @fs woslddakeers snder standandgeonditionse(05C,i Thaten)) whinh isseendugiach theaudly
hydr ocaphon gpelitel 8f &ffalght el (1o Bxerh 6 fixd EERAINS Lol ér Hoaf. HiweveF, @bishdihgnoval

fromthe product gas, mxture of the parti oxidation conpr.j ses
oxygenate. adsERn iy oriene relEn SineRafin BB BR-GRERULEHS o ¢ he
reacti on champgnt ofdlys genstilu@nkint (ST P4 whichiszeandidetad hrovghnena liver Afde or a
fixed bed. GhtagRtib&Eperftout GurcieR athtandbedire ek adited infd fiked catflist Béd)noOVi ng

bed andfixq.g ?eagi I g |_.n i | | (He re i.on
chanber , - pr ane g iy 253 B BERLGTY Ph i RID o RS mrperl A Bt
cat al ys#5be@eawhigheoppeessihe astust eatalystdyuted avithrinashiatariab G isi tBers staled) usi vel y
fixed cataleygicithgds. 15 In this docunent, the |oading of a catalyst bed
catalyzing a reaction step with reaction

In this document, a full oxidation (combustion) of a dehydrogenated hydrocarbon

and/or hydrocarbon to be dehydrogenated is understood to mean that the total amount

30 of carbon present in the hydrocarbon is converted to oxides of carbon (CO, COz). All

different conversions of a dehydrogenated hydrocarbon and/or hydrocarbon to be

dehydrogenated with the reactive action of molecular oxygen are encompassed in this

document with the term partial oxidation. The additional reactive action of ammonia is a

feature of ammoxidation, which is likewise encompassed under the term partial

35 oxidation.

In this document, an inert gas should be understood generally to mean a reaction gas
constituent which behaves substantially chemically inertly under the conditions of the
appropriate reaction and, each inert reaction gas constituent taken alone, remains

40 chemically unchanged to an extent of more than 95 mol%, preferably to an extent of
more than 97 mol% or to an extent of more than 99 mol%. Examples of typically inert



gas shoul d be understood quite generally to nmean the anount of reaction gas
in. standard liters (=1 (STP); the volune in liters that the correspondi ng
amount of r@gHA468 gas woul d take up under standard conditions (0C, 1 atm)
whi ch is conducted through 20 one liter of catalyst bed (for exanple fixed
catal yst bed) per hour. However, the loading nmay also be based only on one
constituent of the reaction gas. In that®ase, it is the amount of this

constit uent dilent ghseERIré | Br skintdle,iNg:, HODATO!, @dbéifa0eEuPNR Né hed ARfantihe

catal yst bedq. ipert material beds are not counted in a fixed
cat al yst be%’ﬁﬁge‘?%gu{egégg%%' rerg:y al so be based only on the anobunt of catal yst

present in one catal yst 25 bed which conprises the actual catalyst diluted
with inert mdiearthabrocebs scdosdiidiithe irakaitbn iexpleterbgdrigbusly Batalyzed docunment, a

ryar ocar Bon P EAEEHEATE Rt A OB BV MR B o

30 of car bof'SIPEIEEHET PRy ELANTRY HiessTBomaY 88 albrRHER MAIPQURN GXYIRELT @ car bon
(CO CO2). Ahticrebdfih evolztilacoxmygensi ons of a dehydr ogenat ed hydrocar bon and/ or
hydr ocarbon to be dehydrogenated with the reactive action of nol ecul ar

oxygen are co ssed_in this docunment with the termpartial oxidation.
The addi t | orllF NPELI PEFIOHLRE BIRCEIS RIS lavenion AYPESIRCtiRon | dat i on

whi ch i 401 i kiehycdsegamatiompatslystd inutheesolid biatet ie causedrttyi thé d8Bydoogematiorofsplitting t hi s
dOCU”?”L agf C%rﬂei@aﬁné{i@@lw disfﬁﬁ‘orlé@@@%ﬁér%ﬁ‘i’o %%él%léa)(raéé’oﬂ&é&iﬁg (s%m%gon gas
consti tuent uﬁhobehatv S sybst ant I%'y chem cal | % |.nerE.I under th

condi ti ons 8 Ctle WP SHPQVF SaialVetn PGt k! o iENtYeeaRta hpger,

const i t uent by-@keshictsl shigb as metkanes ethglens end ethiang armiormedealy irominer aspunts of

nore than 9% thelckee 6F &1 iBVEHIVY hbRreRnestishéatalzed g didaBRatdh dipldfaRe. t 0 an
ext ent nore than 99 nol % Exanples of typically inert PF 57469 15

di l uent gases are, for exanple, N2, H2O CO2, nobel gases such as Ne and Ar,
and m xt ur &sthisrdacHmest, galebydrogenatiopyatelyshehayidthexeforg be sinderstpod do mean

i nvention i i parbiell@rzogepes bsdywhedetbiigat dimemsind eyhpegaivatt line cohosctiaganpl e
Lhat o Pr oBADGah® RERRY bE R surbE of Skl ] Qliont IS FFR1GSH AR, Cxygen
requi red thereror y be alr, pure nolecular oxygen or air enriched in

mol ecul ar oR{ESFROYTIOBY hieel Pan %EPBWFPW@WE‘E@ST o4O g™ by @M nvent i on
over sePkect enewhhdiehlye exmpeziment describédbglewsbasedtonesirgdd pakssif #iecreastianaused by

the dehydroggiald t%ugﬁmei febEtdD tulsd, d@m{F&me&ia&& dtiaet B%I%%fméérégﬂéd
conmpared to thermal Cl eavage or craFk ng (splitting of CQ. ng to the
sel ective cafeéPQts‘Féhearﬁag\ﬁ"t%SL}Qé’r%ye§ﬁ' i nventive reaction chanber,

by- products such as nethane, ethylene and ethane are forned only in m nor
amounts i n the xcRagid? tuBemaaY enéte¥ it REILBEP HEAREHEhYe Rith BleYiRRshtion
ey ogRnt | on o EAPEIRERE ryhfet Loh i 2SATHRbkn SFSNGE SRPDR! T on catal
interna! diameter of 35 mm and a length of 80 cm is charged as follows.
50 mi of a bed of the appropriate dehydrogenation catalyst are placed
centrally in the reaction tube. Above and below the bed of shaped catalyst
bodies, the reaction tube is filled up in each case with a bed of steatite
30 spheres (inert spheres) having a sphere diameter of from 1.5 mm to
2.5 mm. A grid bears the entire bed. From the outside, the reaction tube is
kept at a temperature of 550°C over its entire length. The reaction tube is
charged with a mixture of propane and steam in a volume ratio of 2
(propane) to 1 (steam) with a propane loading of the catalyst bed of
35 1000 | (STP)/I*h. The starting gas stream has been preheated to a
temperature of 550°C. Particular preference is given to dehydrogenation
catalysts in which the cumulative selectivity of the formation of the ethane,
ethylene and methane by-products under the aforementioned boundary
conditions is < 5 mol%, based on converted propane.
40
An inventive heterogeneously catalyzed oxydehydrogenation can in principle be carried
out in such a way as described, for example, in the documents US-A 4,788,371,



in . particular a shaped body whose | ongest dinension L (longest direct |ine
connecting prwr4ggi Nts present on the surface of the shaped body) is from
0.1 or 1to 30 mm preferably from1l to 20 mmand nore preferably from1l to
10 mMmor from1l to 5 mm 20 and which, in the experinment described bel ow,
based on single pass of the reaction mni¥ture through the reaction tube,

Slehydr ngnamﬁAaUTB@baﬁalm %6tefs 231§| QQﬂPnGBﬂOG Emez , Gack&i®y X@Fléd d on ?ﬁs
o propyl en acti o e _us rdance wi
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Huaxue Xuebmyb&st]:ﬁ@le;ulaﬁrﬁgyg@ toHhraedentSiialleastid®agofkg, 21 (1992) 592, WO
97/ 36849, DE-A 197 53 817, US-A 3,862,256, US-A 3,887,631, DE-A 195 30 454,

US- A 4, 341, 4, f t al is 167, 560- 199 t al SI s 167,
S50 550 5 | 198 6stalveBisuaE fordhs e 99@0%0@9%%' 92 Dadyllse SR aNSLS
Cat al ysi s Leubjegtdo no pa(timlem)estritmnslsgutamendxycﬁhgdrom:pn Retglysmwﬁall 86, 14-18,
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Oyama, A M a@férré&xma@do dEhyd;M tibfrdathlystsUhich :&lrﬁ;mébwo\ﬁm 808 oB. V., p.
375ff or |nDE DEA198

37 518, usi Y S ERbeP R %Wéowé%wﬁgQW&%Pg’n&ﬁxm%&éSEI%W?%?

oxydehydrogenatlon catalyst is a catalyst which comprises a mixed metal oxide | with
Mo, V, Te, O and X as essential constituents, where X is at least one element selected
from niobium, tantalum, tungsten, titanium, aluminum, zirconium, chromium,
manganese, gallium, iron, ruthenium, cobalt, rhodium, nickel, palladium, platinum,
antimony, bismuth, boron, indium, silicon, lanthanum, sodium, lithium, potassium,

30  magnesium, silver, gold and cerium (on this subject, see also EP-A 938463 and
EP-A 167109). Further particularly suitable oxydehydrogenation catalysts are the
muitimetal oxide compositions or catalysts A {referred to in this document as multimetal
oxide compositions 1) of DE-A-197 53 817 and the catalysts of DE-A 19838312, the
multimetal oxide compositions or catalysts A mentioned as preferred in the former

35 document being very particularly favorable. Thus, useful active compaositions for an
inventive heterogeneously catalyzed oxydehydrogenation include multimetal oxide
compositions of the general formula 111

M',Mo,.,M3,0, (1)
40
where



oxydehydrogenati on of propane. In this case, as already stated, the oxygen
source usegpmmgaf or exanple, be air. However, the oxygen source used, in
addition to inert 15 gas, here frequently has nol ecul ar oxygen to an extent
of at least 90 nol% and in many cases nol ecul ar oxygen to an extent of at
| east 95 nol % The catal ysts suitable fot7the heterogeneously catal yzed
oxydehydrogqnaic@nman@ Z85Wnn 86d/ot Ouno particular restrictions. Suitable

STy pOTR el PN, A S §endEleT For ol 6r%6r oo e oreg

propane to gropytlehe. In particular, all oxydehydrogenation catalysts
mentioned i M9 5f orenenti oned docurrents may be used. Suitable catal ysts
are, for exarrpl e, oxydehydrogenation catal ysts which conprise MoVNb oxi des
or vana pyrophosphate, if appropriate with pronoter. One exanple of a
favorabl e 2@”6xydehydrogenation catalyst is a catalyst which conprises a
m xed nmetal oxide I with M, V, Te, 0 and X as essential constituents,

where X is gtéﬁ%beﬂmcﬁis%%,@%'b%qagealewén&htg%a&qcpant alum tungsten,

titanium alumnum zirco anese um iron,
rut heni um EbhgiIglemens Ufh"”?ﬁré'?@ OXyg&l| adi um platinum antinony, bisnuth,
boron, MAdium silicon, |anthanum sodium Ilithium pot assi um 30 nagnesi um

si | ver, 90! &ngy gar?ﬁéPfé?afe@%lntd@hﬁfaéd‘g%8&§cnb§§ﬁygbsﬂ1gf 5888463 and EP- A

167109). Furt er par y sul tabl e oxyde rogenation catal ysts are the
mul ti metal oxide conmpositions or catalysts A (referred to in this docunent
as nul ti met &br a beteteyeneayshscatalgred d¥ylleinfdrédenatidrdal 8pdiefonmdntdie that al yst s
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avor abie. - THBAS Cy lruicube 1 e "eRar bR BPOIRDIEE . BRI PA{ARY yLhe range
het er ogeneo@rsiny3¥Hp 922 d hewatishy dresgeneas prefierabiy irutthe ramget frore Oel toobdi teke,

conposi tiong, ﬂdléJ?é‘r RN iatho bay, Wré‘pt‘e'féra %WLWQQ‘\A@%:H@ preéQur\é@er e PF
57469 17 Fe,

Sh, Ce, Sn Ehﬂyecc)f bary ror e%/gmpér}%’"lj g%ﬂogab Vg be g/ze%fogf\ﬁ‘ai d he Eé'acﬁéf%er which is
det er m ned byvanﬁ@gamsdn@ynemu thm@temeqm@wegv catdflyzet oxydabydiogenation(dfl | ) ot her
t han oxygen probdnd eaffeetidl BVer BHiRRRERSyaNddSTROREAS afBiopliatefdntrdiueEd A 102 45
585. (generally disposed on a gas-permeabie grid) into the tubes (the tube wall together with

the two tube orifices forms the shell in contact with the reaction chamber; the tube

interior is the reaction chamber; the tube wall is preferably manufactured entirely from

inventive steel) of a, for example, salt bath-cooled tube bundle reactor, as described,

25 for example, in EP-A 700 893 and in EP-A 700 714 and in the literature cited in these
documents. The starting gas stream is fed to the tube inlet. The mean residence time
of the reaction gas in the catalyst bed is appropriately from 0.5 to 20 seconds. The ratio
of propane to oxygen varies with the desired conversion and the selectivity of the
catalyst. It is appropriately in the range from 0.5:1 to 40:1, in particular from 1:1 to 6:1,

30 more preferably from 2:1 to 5:1. In general, the propylene selectivity decreases with
increasing propane conversion. Preference is therefore given to carrying out the
propane-to-propylene reaction in such a way that relatively low conversions with
propane are achieved at high selectivities for propylene. More preferably, the
conversion of propane is in the range from 5 to 40 mol%, frequently in the range from

35 10 to 30 mol%. In this context, the term "propane conversion" means the proportion of
propane fed which is converted in single pass of the reaction gas through the tube. In
general, the selectivity of propylene formation is from 50 to 98 mol%, more preferably
from 80 to 98 mol%, the term "selectivity" meaning the moles of propylene which are
obtained per mole of propane converted, expressed as the molar percentage. In the

40 reaction tube, the reaction temperature generally passes through a maximum.



For. a heterogeneously catal yzed oxydehydrogenati on of propane for exanple,
the reactippgmgperature when fresh catalysts are used is preferably in the
range from 200 15 to 600C, in particular in the range from 250 to 500C,
nore preferably in the range from 350 to 440C. The working pressure is
preferably in the range from0.5 to 10 b, in particular from1 to 10 bar,
mor e prefer&bd;e}hef-dlotma%taﬁﬁg%é&@treah‘\ﬁﬁéedﬁgaIhéféﬁ@g@h@ﬁuslyabéw@zéd Bapand or exanpl e

generai - ¢ he s EroadtiiBn B5APHs i bl B8 Rk “‘?*ﬁ'@gﬁ% thasSE SRR AR "
ef fect ed oveRrtingrgashin agdit tpr‘Ef?d‘e al“Hé’XV%Qrt&eﬁté a%ﬁﬁ%fﬂﬁ”éﬁ ely |ntroduced

(general | y Hetepmsedousiy @t@mdpmyd@@hrc&gegancm) mayiso ichmptisbsthédt, Bepddidig wal |
toget hergwi th &&Stl%\éﬁtstsﬂpﬁaé)&éﬁ)bﬁﬁ%x d@rE%bM‘ﬁmﬁ&Séé rﬁtﬂ: ngnﬁ@offé Yddsh the

reacti on cha ﬁé rior |s_ e reactiron c etUbe wal |
i s preferabP{e M@%*eftnseafegﬁ@t 5 BYRTPIS RN STysieenienane (thegphanss source ysed
exanpl e, safar theaprbeessaiceordingtie thrindérgion éscdrotally esidd psgranbed redimrhemdeelxanpl e,

0 EP-A T0095,pd hiDEER-ho108bcTd bERddaRokfioTbif Shablispfibhedrien t hese

docunent s. |

resi dence th?rtﬁrc’gSf‘e?LﬁBfg qagajjgeld @&@ fqgepﬁ%orb’ﬁ?‘étﬁ%E’elﬁ‘éﬁ‘epsouéﬁ'ﬁpﬁpr| ately
from 0. 50 t op@8eracafmiisentd Her exatripte stedmpr opane t o oxygen varies with the
desired conversion and the selectivity of the catal yst It is appropri ately
in the range from0.5:1 to 40:1, in particu nor e

br ef or abi y - ARG fifed rpacter spapaceyaiolind sk Skt G Al el B 5P FoMber eases
wi t h i ncr eastithg heterggeneoushneatalgiasimxydehyidesgenetion of proganef tor exarhplenFaero

carrying ougxdrife, tRé ﬂ@@ﬂﬁeﬁ@o@@@fél?ﬁ& 6)@8@&9&6%&&@&&@ Be\vadick Mt in a
relativ éy I ongecon er si.on pane ar§ ac h sel ecﬁtl vities

For - proby chaderprasisy uTa Patiy o MiLOPBER B dod, %we%wﬁﬁn@x SR 9L T ange
from5 to 4@Pmp%tefrequently in the range from35 10 to 30 nbl % In this
context, the term "propane conversion" nmeans the proportion of propane fed
whi ch is convert ss.of the reaction S throu In
General . & nB® Sarte O, SRSt oot B AR VNP LT ederes it ca At o rore
preferabl y Pprfopane dehwdeogegatian mxay coraprss; farexamplet theifolipwingeeansiiyentse nol es of
propyl epg \Abﬂo@taleaé fas tﬁbtaatgétqﬁom l@é@tr@fdeﬂgmgéﬁtﬁ@ﬁy\tﬁééaeﬁbn)eﬁr@b&ﬁeﬁ@d

t he nol ar PRI erature
general ly pg'gsi 588 Rdrtao@ﬁgég%ﬁ]gﬁé;%@ %Jﬂ.b enereapa'lb? e starting
gas stream U@é@IX'ﬂ@] Vﬁ“ﬁet"@ﬁ’ﬁ%rﬁ’éﬂ%’l ptheae aathensd WWn@ro@WG%W?@@enat i on
conpri ses f gpgehe brid®Dutandleqf. nsutaans i<dbated), eetldibidiabinadehydé goinig gas) .

[ additi onai egnan en@q@arﬁxy&g&ﬁ@g,ebakﬁéhgﬂpgawtﬂs e OgbsE AgENSOUS!Y

catal yzed oxy
consti t &&nt ?egl?@ﬁ aﬁp@ér%wemaﬂe&@mp%vwomw RIepag. VE’J@@W aﬁ&lﬂ”& gases,

ot her hydr ogag tittained pr arsianéntivé betetogempbesly catalgzedieropampayeeliydregeratipane

source used I crude
ST opane. cr:%rﬁ@rrrlrsr?é 506 38 ndi% A nﬁ%ﬂgn@ 9. 'ﬁ‘zéer%%@ﬂféa?ts)@{zwﬁﬁ%fl&e
1020050227 98§M 1&9&/'8?”@?&?@‘?%” fonha i iy geR BL\%’PS?" ém ﬁé&lf’%"f
oxydehydr ogeifragéngriroma . tatioSb bw!% af acrelging tromi thtot hrol% of acrylic acid, from 0.05

30 to 2 mol% of acetic acid, from 0.01 to 0.05 mol% of formaldehyde, from 1 to 5 mol% of
oxygen, from 0.1 to 10 mol% of further constituents mentioned above, and also
substantially propane as the remainder, based in each case on 100% product gas.

Heterogeneously catalyzed oxydehydrogenations or hydrocarbons other than propane
35 to be dehydrogenated may be carried out in accordance with the invention in a
corresponding manner, as described above for the oxydehydrogenation of propane.
Useful such hydrocarbons to be oxydehydrogenated are in particular butane (to butene
(in particular isobutane to isobutene) and/or butadiene) and also butenes (fo
butadiene).
40
The regeneration of catalysts used for a partial heterogeneously catalyzed
oxydehydrogenation of propane, for example, can be undertaken as described for



10 presence of diluents, for exanple steam Any desired reactor sequence
known to thege7gkylled in the art may be used to carry out the

het er ogeneously cat al yzed oxydehydrogenati on of propane, for exanple. For
exanpl e, the heterogeneously catal yzed oxydehydrogenati on nay be carried out
in a 15 single reactor or in a battery of9 two or nore reactors, between

whi ch_0xygepapsi dhel ﬁca@ RRISIR A umBRSIIEA s A DELAR04 8o sﬁ@%pﬁroduct
gas of an i )ée/gQQ%gp geneou y catalyzed propane ehydrogena on may

conpri se, 1 he foll owi ng constituents: 20 propyl ene (as the
t ar get product I.e. as t he dehydrogenat ed hydrocarbon), propane (as the

unconver t edWherrneg ﬁqﬁ;@ﬁ’tﬁetﬂété«@g%%ﬁ} Eﬁtﬁf}%é@ Bértlaicd%rh %tggﬁé%h @ﬁmot%f bon

nonoxi de ane

wat
acrylic gm gy ec’reBY 9%!??3%% %ggg%lﬂplgﬁ%s§8o@venho%gswéog§pe?%§é@0@e nacet ic
acid, fornmm d@fﬁy@wnaﬁmnﬁcﬂol&cmlw hygiregeyl ie fremest iatlieastras drutterresdigie.apd, in

butene-1). Eﬁaﬁ%@é@f éwoilbﬁuv@t &&ﬂ@nh@fah%ﬁar@%;%e%ﬁsl%éﬂé%@d parBiaiPOSSi bl e ther mal

deconpositl C S ined in an
 nventive h gj;éﬁé%%g S B B0 OB s e Shwdhia SlrendTmRebBahor s ses:
from5 to 19X3f99ﬂ give padiy| ene, from 0.1 to 2 nol % of carbon nonoxi de, from
1to3m@|%of carbon dioxide, from4 to 10 nol % of water, fromOtolm)I%

ni troge i
o o™ o0k APt 8 Rl 0 cABEAL bR o Blah 8 207! ©
f or mal dehydBydrpgashens tP(PeE’eﬁWf%l%ﬂate%Wb% Hfocﬁ%%‘mrdlng [ tm@'WYﬁ'Pt%"@Feﬂfm t her
const i t uent primaipié amﬂel@ydmnauoracuhmtsanowmmsthaptmredrt fior pdsm@arm\aas t he

r emai nder, I r
catal yz g oxé%{%%yh atl s or %'% ?/f?)égmﬂguﬁ% %tg%f? dﬁ_\lﬁﬁaeﬁirB ane {%Oto be
dehydrog na¥ Hpﬁra‘iPeEf C aﬂrw&wssm '8 OL ¥ 8&6@‘ P%GW$WJ MUDRXER a
correspondi agd/maalnmmprra@ndhésaod||rﬁemcabmm:hfmnsshm‘ aeedbbnelgegeallxt | on of

propane.  Usghwh nméiﬁ@wfepés@anme Bﬁu%{ dkQpsNaGeRerafiCoxidlc par ti cul ar
butane (to bute but adi ene)

|
and al so buf’Lé‘?Pé’E Itﬂ%d%f%féﬁ%}aéatﬂbgﬁ'ﬁ’b'cg %steid;lh“%'ln%lb‘a?a( étpgseused f or
a parti al hwh@h@g%mgmmeﬁd@@tmwpz%ugﬁﬂﬁyﬂewm‘tQjé’naEﬂ%)hOZ)TH255.0pane for

exanpl ezp capebe 101EIeny aNeoIseIeS OBLA2 T8 a1 REP-AA B85 186, Wardojal20xi dat i on

535 Ve | AR St e SR T TR A1) 0
not an 5 oREdeAIBDIBRAIF-6r3.670,044, WA 6,966 5]ée§3 4 38%.8A1 . \YRR4/29021
het er Ogeneoaﬁd DECRY19d 37 ed7. |6 phNidilas enpédtaiPst docsrdingdb ExEmple HESEPBRITY, i S

forred at | ashods AR ONGIIRY BES Ay 17 E0BCTRRE of an oxidative

(conventlona eter ogene usly catal yzed par ehydr ogenation, is at
| east p&Ptly conbusted in a subsequent step with nol ecul ar
These are dehydrogenation catalysts which comprise from 10 {o 99.9% by weight of

zirconium dioxide, from 0 to 60% by weight of aluminum oxide, silicon dioxide and/or
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

30 eighth transition group of the periodic table of the elements, ianthanum and/or tin, with
the proviso that the sum of the percentages adds up to 100% by weight.

Generally, the dehydrogenation catalysts may be catalyst extrudates (diameter typically

from 0.1 or 1 to 10 mm, preferably from1.5 to 5 mm; {ength typically from 1 to 20 mm,
35 preferably from 3 to 10 mm), tablets (preferably the same dimensions as for the

extrudates) and/or catalyst rings (external diameter and length in each case typically

from 2 to 30 mm or to 10 mm, wall thickness appropriately from 1 to 10 mm, or to

5 mm, or to 3 mm). For a heterogeneously catalyzed dehydrogenation in a fluidized

bed (or moving bed), more finely divided catalyst will accordingly be used. Preference
40 is given in accordance with the invention to the fixed catalyst bed.
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conpari son dehydrgenation step proceeds endothermically. This means that the heat (energy)
required for the attainment of the required reaction temperature has to be supplied to
the reaction gas either beforehand and/or in the course of the heterogeneously
catalyzed dehydrogenation.
30
In other words, based on single pass of the at least one starting stream through the at
least one catalyst bed in the reaction chamber with the inventive properties, the
reaction chamber can be configured isothermically (externally controlled temperature
profile) by controlied heat exchange with, for example, fluid (i.e. liquid or gaseous) heat
35 carriers conducted outside the reaction chamber enclosed by the inventive shell.
Corresponding heat exchangers may also be accommodated in the reaction chamber
itself.

However, with the same reference basis, it can also be designed adiabatically, i.e.

40 substantially without such controlled heat exchange with (externally} conducted heat
carriers (externally uncontrolled temperature profile). In the latter case, the gross
thermal character based on single pass through the inventive reaction chamber, by an
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25 eliminated partly or fully and continuously under the resulting conditions by the principle

of coal gasification.

Another means of eliminating deposited carbon compounds consists in flowing a gas
comprising oxygen through the dehydrogenation catalyst at elevated temperature from
30 time to time and thus to effectively burn off the deposited carbon. However, a certain
suppression of the formation of carbon deposits is also possible by adding molecular
hydrogen to the hydrocarbon to be dehydrogenated in a conventional manner under
heterogeneous catalysis {for example propane) before it is conducted over the
dehydrogenation catalyst at elevated temperature.
35
It will be appreciated that the possibility also exists of adding a mixture of steam and
molecular hydrogen to the hydrocarbon to be dehydrogenated under heterogeneous
catalysis (for example propane). Addition of molecular hydrogen to the
heterogeneously catalyzed dehydrogenation of propane also reduces the undesired
40 formation of allene (propadiene), propyne and acetylene as by-products.



Typically, an inventive conventional heterogeneously catal yzed parti al
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After prolonged operating time, the aforementioned catalysis can be regenerated in a
simple manner, for example, by initially passing air (preferably) diluted with nitrogen
and/or steam in first regeneration stages through the (fixed) catalyst bed at an inlet

30 temperature of from 300 to 600°C {in extreme cases, if appropriate, even to 750°C),
frequently from 400 to 550°C. The catalyst loading with regeneration gas may (based
on the total amount of catalyst regenerated) be, for example, from 50 to 10 000 h-' and
the oxygen content of the regeneration gas from 0.5 to 20% by volume.

35 In subsequent further regeneration stages, the regeneration gas used under otherwise
identical regeneration conditions may be air. Appropriately from an application point of
view, it is recommended to flush the catalyst with inert gas (i.e. N2) before it is
regenerated.

40 Subsequently, it is generally advisable to regenerate with pure molecular hydrogen or
with molecular hydrogen diluted with inert gas (preferably steam and/or nitrogen) (the
hydrogen content should be 2 1% by volume) under otherwise identical conditions.



hydr ocar bon) conversion) (quasi-)adiabatically. This means that the starting
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will cool by fromabout 30C to 200C gyge pendi ng on conversion and 10
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gener al | y a#vihesimplest sase dombraghcatalyst hegriare avisnged indhe rgmtl@g@mﬁr@ber Wi th

nol ecul ar  hygaRosHIn td aﬁr@%r\ghbébﬂ duREENtBABylinaiE ff@olrm%b@ramsaa]@u Pbssiblé r ogen)

condi 1 gns. (oS ARG beyhla el B AP clnA skl She bt SR R o

hydr ocalbonap@tgconguelihe a3s, affehly Haoprssa |rama!tyﬁhr10H@h B'ﬁ%émefﬁdﬁf@rthﬁ Agt o t he
i nventi on meygrhéentepevai edbdoklt. at low (5 30 nol % and at high (? 30 nol %

conversi on of hydrocarbon to be
Appropriately, the reaction gas {starting gas), on its way from one catalyst bed to the
next catalyst bed, is subjected to intermediate heating in the tray reaction chamber, for
30 example by passing it over heat exchanger ribs heated with hot gases or by passing it
through pipes heated with hot combustion gases or heat exchanger plates heated with
hot gases.

When the process according to the invention in the tray reaction chamber is otherwise
35 operated adiabatically, it is sufficient for dehydrogenation conversions (e.g. propane
conversion) of < 30 mol%, especially when using the catalysts described in
DE-A 199 37 107, especially those of the exemplary embodiments, to conduct the
starting gas into the reaction chamber preheated to a temperature of 400 or 450 to
550°C (preferably from 400 to 500°C) and to keep it within this temperature range
40 inside the tray reaction chamber. This means that the entire inventive dehydrogenation
can thus be implemented, at least with fresh catalysts, at comparatively moderate



5 dehydrogenated (e.g. propane) in the inventive reaction chanber at

cat.al yst | oadings (based on the total amount of catal yst used) both with
starting gappgag§gwtl1 hydr ocarbon to be dehydrogenated present therein
(e.g. propane) from100 to 10 000 h-1, frequently from 300 to 5000 h-1,
I.e. in many cases from500 to 3000 h-1. 10 In a particularly el egant
manner, a conventional inventive hetero@neously catal yzed dehydrogenation

of at | east ane yde AGaEP R te%ed&abty&raw@ nﬁﬂr‘ﬂ%} Iﬁ&grﬁ@gﬂﬁ gy be

I mpl ement ed | entive tra ction’c rogenat i on
conver si ons® %§ly§%e§6%mequwgreﬁeger T% (e.g. 40 mol % or 50 rml %). 15 Such
an inventive tray reaction chanber conprises nore than one catal yst bed
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With increasing selection of the residence time of the reaction gas mixture in the

catalyst bed, a (e.g. propane) dehydrogenation is thus possible at decreasing or

substantially constant temperature, which enables particularly long lifetimes between
30  two regenerations.

By virtue of subsequent combustion, carried out as described, of molecular hydrogen
formed in the course of the dehydrogenation, a nonoxidative conventional
heterogeneously catalyzed dehydrogenation becomes an oxidative conventional

35 heterogeneously catalyzed dehydrogenation in the sense of the present application.

in general, oxygen feeding as described above should be undertaken such that the
oxygen content of the reaction gas, based on the amount of hydrocarbon to be
dehydrogenated and dehydrogenated hydrocarbon present therein {e.g. propane and
40 propylene) is from 0.01 or 0.5 to 30% by volume. Useful oxygen sources are either
pure molecular oxygen or oxygen diluted with inert gas, for example CO, COz, N,
noble gases, but in particular also air. The resulting combustion gases generally have



a direct route (autothermal nethod). To this end, a |limted anount of

nol ecul ar oiSF%zg %an be added advantageously to the 10 reaction gas on its
.way t hrough ? ventive reaction chanber, for exanple after it has flowed
through the first catal yst bed and between the downstream catal yst beds.
Dependi ng on the dehydrogenation catal ysit5 used, |imted conbustion of the

hydr ocar bong r.eact n oke aor i ke, conmpounds
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particular also air. The resulting conbustion gases generally have PF 57469

25 an additional diluting effect and thus pronote the heterogeneously
catal yz8d (&hgaforgmeianed hrtrhgesr eageustionnan tRhinplepetied i & parjicwarhaelegant
convent i onamaRféesQEERBfRidSh WO aBAl782EFol BE-2 102 PP2TE In Sthdehydsagenat i on can
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dehydrogenation of hydrocarbon to be dehydrogenated (e.g. in propane) in the
inventive reaction chamber, in which

30
- at least one starting gas stream comprising at least one hydrocarbon to be
dehydrogenated (e.g. propane), molecular oxygen, molecular hydrogen and, if
appropriate, steam is fed continuously to the reaction chamber,
- in the reaction chamber, the at least one hydrocarbon to be dehydrogenated is
35 conducted through at least one catalyst bed disposed in the reaction chamber,
over which molecular hydrogen and, at least partially, at ieast one
dehydrogenated hydrocarbon (e.g. propylene) are formed by conventional
heterogeneously catalyzed dehydrogenation,
- further gas comprising molecular oxygen is added if appropriate to the reaction
40 gas on its way through the reaction chamber after it has entered the inventive
reaction chamber,



internals which have favorably, but not necessarily, been evacuated before
filling in Ig,lgﬁmecénaces bet ween the catal yst beds. Such internals may al so be
pl aced into the “particular catalyst bed. These internals conprise suitable
solids or liquids which evaporate or nelt above a certain tenperature and
consune heat as they do so, and, 10 wher2ét he tenperature falls below this
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conprising at | east one hydrocarbon to be dehydrogenated (e.g. propane),
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| east one hy Vgg@gaqgntgo be dehydrogenated is 35 conducted through at | east
one catal yst be Isposed in the reaction chanber, over which nol ecul ar
hydrogen and, at |east partially, at |east one dehydrogenated hydrocarbon
(e.g. propytrané} tabe%fyrvekundyf proparent i onal  het er ogeneously catal yzed

dehydr oftenagd R R 1o 254 Wy HRIim&8spresyerd, si ng ol ecul ar oxygen is added i f
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after it hasoBAte t RLVOMDE I %8N reaction chanber, PF 57469 26 - the

mol ecul ar oxygerd torB0fhey wolume of &02hydr ogen present in the reaction gas in
the reaction chanmber is oxidized at | east partly to steam and - at | east
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25 the hydrocarbon to be dehydrogenated under heterogeneous catalysis in a
conventional, nonoxidative or oxidative manner, Of course, the procedures described
can also be applied to all other compounds listed as hydrocarbons to be
dehydrogenated at the outset of this document. In particular, mention should be made
among these once again of butane (tc butene and/or butadiene; especially isobutane to

30 isobutene) and of butenes to butadiene.

Quite generally, the at least one starting gas stream of an inventive, oxidative or
nonoxidative heterogeneously catalyzed dehydrogenation generally comprises 2 5% by
volume of the hydrocarbon to be dehydrogenated (e.g. propane). In addition, it may

35 comprise, for example:

a) Nzand Hz0;
b) No, 02 and H20;
¢) Nz, Oz, H0 and Hy;
40 d) Nz, Oo, H20, H2 and CO..



dehydr ogenat ed hydrocarbon (e.g. propylene) and hydrocarbon to be 5
dehydrogenaEngég g. propane) is withdrawn continuously fromthe reaction
chanber, wh | ?he at | east one product gas streamw thdrawn fromthe

i nventive reaction chanber is divided into two portions of identical
conposition and one of the two 10 portiorps is recycled as dehydrogenati on
cycle gas i ne startiqg streamfed to the inventive
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02, H20 and(d:prdyishe)N2, 02, H2O, H2 and CX2. PF 57469 27 As already
menti oned, the process according to the invention will in many cases be
foll owed by a process for heterogeneously catal yzed partial oxidation of
dehydr ogenatredidexyeRticasy separaypn Z2prrel, ferast Peodartlies example asraiein o aenylit acié
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as such or &9 .dyopane), molecular oxygen and, if appropriate, unconverted dehydrogenated
hydrocarbon (e.g. propylene), at least a portion comprising unconverted hydrocarbon io
be dehydrogenated (e.g. propane) and, if appropriate, unconverted molecular oxygen
and, if appropriate, unconverted dehydrogenated hydrocarbon (e.g. propylene) will be
25 recycled into the process according to the invention as partial oxidation cycle gas (for

example as a constituent of the starting gas stream).

When the process according to the invention (but also otherwise) is, for example, an
oxidative conventional heterogeneously catalyzed partial dehydrogenation of propane
30 to propylene, and the partial oxidation which follows is that of propylene to acrotein or
to acrylic acid or to a mixture thereof, the at least one starting gas stream fed to the
inventive reaction chamber may comprise, for example, as significant contents:

from 2 0 to 20 or to 10, frequently from O to 6% by volume of propylene,
35 from 2 0 to 1, in many cases from 0 to 0.5, frequently from 0 to 0.25% by volume
of acrolein,
from 2 0 to 0.25, in many cases from 0 to 0.05, frequently from 0 to 0.03% by
volume of acrylic acid,
from 2 0 to 20 or to 5, in many cases from 0 to 3, frequently from 0 to 2% by
40 volume of COx,
from 5 to 50, preferably from 10 to 20% by volume of propane,
from 20 or 30 to 80, preferably from 50 to 70% by volume of nitrogen,



renoval of at |east a portion of its constituents (e.g. H2, H20 N2, etc.)
other than ppgzysighydrogenated hydrocarbon (e.g. propylene) and the
(unconverted) hydrocarbon to be dehydrogenated (e.g. propane) to charge at
| east one oxidation reactor, and the 10 dehydrogenated hydrocarbon present
in the charge gas m xture (e.g. propyler2) wll be subjected to a selective
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25 to mean those processes in which two different substance phases (for example
liquid/liquid; gaseous/liquid; solid/liquid; gaseous/solid, etc.) are obtained and
contacted with one another. Owing to the inequilibrium existing between the phases,
heat and mass transfer takes place between them and ultimately causes the desired
separation (removatl). The term "thermal separation process" reflects that it requires
30 either the withdrawal or the supply of heat to obtain the formation of the substance
phases and/or that the withdrawal or the supply of thermal energy promotes or
maintains the mass transfer.

Preferably in accordance with the invention, the at least one thermal separation

35 process comprises at least one crystallizative removat from liquid phase. Appropriately
in accordance with the invention, the at least one crystallizative removal of acrylic acid
is a suspension crystallization, and the suspension crystals are advantageously
washed with molten crystals which have been removed beforehand and washed in a
wash column (a gravimetric, or a mechanical, or a hydraulic wash column; preference

40 s given in accordance with the invention to the latter). Otherwise, useful thermal
separation processes are, for example, extractive, desorptive, cristallizative,
rectificative, azeotropically distillative, azeotropically rectificative, distillative and/or
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Detailed descriptions of absorptive and/oder condensative processes for converting

acrylic acid from a product gas mixture B into the condensed phase can likewise be

found in the prior art. This includes the documents DE-A 103 36 386, DE-A 196 31 645,
35 DE-A 195 01 325, EP-A 982 289, DE-A 198 38 845, WO 02/076917, EP-A 695 736,

EP-A 778 225, EP-A 1 041 062, EP-A 982 287, EP-A 982 288,

US-A 2004/0242826, EP-A 792 867, EP-A 784 046, EP-A 695 736 (especially

absorptive) and WO 04/035514, DE-A 199 24 532, DE-A 198 14 387,

DE-A 197 40 253, DE-A 197 40 252 and DE-A 196 27 847 (especially condensative).
40

in addition, descriptions of such absorptive and/or condensative removals of acrylic

acid from product gas mixtures B can also be found in the documents
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25  isobutane is the hydrocarbon to be dehydrogenated and isobutene is the
dehydrogenated hydrocarbon. .

Remarkably, for the performance of an inventive conventional {(oxidative or
nonoxidative) heterogeneously catalyzed dehydrogenation, especially for an adiabatic

30 operating mode, the interior of a simple shaft furnace ("shaft furnace reactor”) is
sufficient as the at least one inventive reaction chamber which comprises at least one
catalyst bed (for example the at least one fixed catalyst bed) and is flowed through
axially and/or radially by the starting gas stream.

35 Inthe simplest case, it is, for example, a substantially cylindrical vessel whose internal
diameter is from 0.1 to 10 m, possibly from 0.5 to 5 m, and in which the at least one
fixed catalyst bed is placed on a support device (for example a grid). The reaction
chamber charged with catalyst, whose inventive shell is thermally insulated in adiabatic
operation, is appropriately flowed through axially with the hot starting gas stream

40 comprising the hydrocarbon to be dehydrogenated (e.g. the propane). The catalyst
geometry may be either spherical or annular or strand-shaped. Since the reaction
chamber in the case just described can be implemented by a very inexpensive
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146, DE-A 4 § 87, DE-A 43 35 172, DE-A 44 36 243, DE-A 103 32 758 and
DE- A 199 24 533. In pri nci pl e, however, it is also possible to proceed as
described in DE-A 103 36 386, DE-A 101 345 277, DE-A 196 06 877, EP—A 920

408, EP-A 1 4 560
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geonetries wHmCIB tha0e 1By weightigtul arly | og¢, pressure drop are

from 9 to 36% by weight of Ni,
from 1 to 3% by weight of Si,
from 0.1 to 0.3% by weight of N,

30 from = 0to 0.15% by weight of 103
from 2 0 to 4% by weight of Mn,
from = 0 to 4% by weight of Al,
from = 0 to 0.05% by weight of P,
from 2 0 to 0.05% by weight of S, and

35 from 2 0to 0.1% by weight of one or more rare earth metals, and, apart from these, Fe
and impurities resulting from production, the percentages each being based on the total
weight.

Advantageously, the total amount of the impurities resulting from the production, quite

40 generally and on the same basis, is < 1% by weight, preferably < 0.75% by weight,
more preferably < 0.5% by weight and most preferably < 0.25% by weight. In general,
the total amount of the impurities resulting from the production in the steel will,
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25  Advantageously, the capacity of the interior | (calculated empty} is from & m? to 500 m3,
often from 10 m?3 to 400 m3, frequently from 20 m3 to 300 m?3, in many cases from 30 m3
to 200 m3, or from 50 m3 to 150 m3.

Of course, useful steels for the steel S of the shell E are also all other inventive

30 steels S already mentioned in this document, and in the classification of preference
already given above in this document. Advantageously, the steel S has been alonized,
alitized and/or aluminized on its side in contact with the interior |.

In particular, the present invention relates to shells E whose interior | comprises at least

35 one catalyst suitable for a heterogeneously catalyzed partial dehydrogenation of a
hydrocarbon to be dehydrogenated (dehydrogenation catalyst). Useful such catalysts
are in particular all dehydrogenation catalysts detailed in this document.

The amount of catalyst present in the intetior of the shell E may be from 100 kg to 500 t
40  (metric tons) or from 200 kg to 400 t, or from 300 kg to 300 t, or from 400 kg to 200 t, or
from 500 kg to 150 t, or from 1 t to 100 t, or from 10 t to 80 t, or from 20 t to 60 t. In this
context, any inert shaped bodies which exclusively dilute the catalysts are not counted.
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catal yst s Pa[% etdiPfro W8liesegeneousl y catal yzed partial dehydrogenation of
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30
When V2>1, the annular interior (the ring interior) of the annular segment R of the shell
E is especially suitable for the configuration of an inventive tray reaction chamber
which is flowed through radially and is particularly suitable for the process according to
the invention. To this end, the annular interior Iz appropriately comprises fixed catalyst

35 beds introduced between the annular gaps of concentric grids, the annular gap
advantageously being arranged in sections one on top of another such that a reaction
gas flowing through it, after radial passage in one section, is conducted into the next
section above it or below it. The number of aforementioned catalyst beds may be from
1 to 20, appropriately from 2 to 8 and preferably from 3 to 6. In other words, preference

40 s given in accordance with the invention to shells E with a ring interior Iz which have
annular gaps which are arranged one on top of another in sections and consist of grids
concentric in each case and whose V2>1.



PF .57469 33 The present invention further relates to shells E whose
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25 torispherical shape according to DIN 28013 or semiellipsoidal shape according to DIN
28011. The curve of the lower hood will normally point away from the interior [ (be
curved outward, convex). The curvature of the upper hood may be either concave or
convex relative {o the interior Ir. In a simple manner from an application point of view,
both hoods are curved convex relative to the interior Ir. In this case, the at least one
30 first orifice O1 is appropriately in the center of the upper hood and the at least one
second orifice O2 is appropriately in the center of the lower hood. The orifices O1 and
02 are preferably circular. Appropriately from an application point of view, their cross
sections are selected such that their ratio corresponds to the ratio of the contemplated
volume streams flowing in and out through them. At a height Hof from2 mto 4 m
35 (preferably from 3 to 4 m, or 3,50 m) and an internal diameter of the annular segment
of from 5.90 to 6.30 m, the diameter of the at least one first orifice O1 may, for
example, typically be 1200 mm and the diameter of the at least one second orifice, 02,
for example, typically 1400 mm. Advantageously from an application point of view, the
wall thickness of the lower hood is thicker than D of the annular segment R. In this
40 case, the part of the hood wall protruding beyond D may bear the grids (and catalyst
beds) arranged, for example, in axial succession (stacked on top of another) in the
annular segment R.
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'n the 30 given to using steatite C220 from CeramTec). In principle, also useful are shaped

bodies other than spheres (for example cylinders or rings) which have a longest

dimension (longest direct line connecting two points on their surface) corresponding to

the aforementioned diameters. Useful alternative inert materials to steatite include in

particular aluminum oxides, silicon dioxide, thorium dioxide, zirconium dioxide, silicon

35 carbide or silicates such as magnesium silicate and aluminum silicate. Only to this inert

layer is the catalyst bed then applied. The reaction gas flows through the reaction

chamber in a corresponding manner from the top downward. At the top, the catalyst

bed is covered once again by an appropriate inert bed.

40 A pipeline feeding the at least one starting gas stream is normally bonded to the at
least one first orifice O1 by flanging it on, as is the pipeline removing the at least one
product gas stream to the at least one second orifice O2.
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901

from3 to 1 requently from4 or 5to 8 cm is placed first onto a grid
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appropriate in this case, appropriately distributed uniformly around the circumference of
the uppermost section of the annular segment R, to mount windows with passage to
30 the annular interior Ir as such orifices. From the outside, a ring channel which is
attached to the window bar in a gas-tight manner (similarly to the ring channel for
feeding salt melt in a salt bath-cooled tube bundie reactor; cf. number 22 in
DE-A 19806810, Fig. 1) will appropriately be mounted around the window bar. The
starting gas stream will then be conducted to the ring channel which distributes this gas
35 stream uniformly over all windows and feeds it to the interior Ir through the windows. In
the interior |, impingement plates may be mounted at controlled distance from the
windows and additionally uniformize the distribution of the starting gas stream fed to

the interior lr over the cross section of the interior Ir.

40  For the purpose of adiabatic performance of a heterogeneously catalyzed
dehydrogenation of at least one hydrocarbon to be dehydrogenated in the interior |
(especially in the interior |r) of the shell E, thermal insulation material (= materials
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P analogously. The Same apphes to the stgtements on thermal insulation. Around the

shell E itself, a support ring will generally advantageously be mounted, which,
30 appropriately ptaced on four supports, holds the shell E.

When the interior | formed by the shell E comprises internals such as grids, eic., they
are preferably likewise manufactured from inventive steel S. However, they may also
be manufactured for the process according to the invention, for example, from fired

35 clays (aluminum silicates) or steatite (for exampte C 220 from CeramTec), or other
(essentially inert) high-temperature ceramic materials such as aluminum oxides, silicon
dioxide, thorium dioxide, zirconium dioxide, silicon carbide or other silicates such as
magnesium silicate.

40  Advantageously in accordance with the invention, the surface of the shell E has been
manufactured from inventive steel S in a layer thickness d of at least 1 mm (or at least
2 mm, or at least 3 mm, or at least 4 mm, or at least 5 mm, or from 2 5 mm to 30 mm,
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i nsul ati on rraterl al (= materials PF 57469 37 which reduce the heat transfer
nunber for the heat transfer fromthe shell to the environment) wll be
nounted on the side of the shell E (incl3&ing hoods and feed and renoval

lines) faci B9y % pro 2dqﬁnﬁ{ PD?L o 4d erm ﬁpc% one | ns {m itd Bg,lfwool

and/ or ceram.c WooO g ion materials
may additi oRlf3cs iheorsact yih; t@%l'"ﬁ%'ot' Heoré'ﬂ%i@t%\or {Kh(ér ohel lpagt 1% ohgt Ied%ar d t he
interior. |B0%hosatdesé30 they anteypst 40fe me et leest 30&y er at lsepdil4t,iongt eastel ope, for

e?:?glr:bm Z%e&tét\f@aﬁégﬁgoﬁaﬁé&w (&t least gda/ﬁoﬁlﬂ%rﬂg?ﬂ sld(l)‘%ﬁé')l ghbon is
referanly Suam o e aSaneg kS Yol Ros Shvaliaeb iy heot mlsarhiad "Ce

cont ent avﬁoragwnb\oeeﬂeelrfétq ant exentrof Bt Iehevi9% or ta an extentefablenst 90 vi r onnent
of th;e shel bd\%n@lag'eb?ﬂy Dart aﬁerﬁteﬂapreaarm ghd hoBI R5/5E é@Li%‘IVt@'dih%)&éhtfdﬂel
invention i I, Nt er e ca ¢, cQq i opa

oxi dat i ve hi?%@éambf Tre s sianaRy o E erdt BP0

hydr ocar bonthedas Sé@%mfd@f@ﬁéﬂéﬁpe@e g. propane to propylene), lines will be
conduct egl t hrough the shell E into the interior |, through which, for

examl e, gagy: LU S th IR LRI ALy YEIARTIn it s%ggé B Gl es Tor

exot herm c ca en an
appropri at ePreFSfag'béﬁ?‘B%'WOW@“%]’“&M%”V%PWH quﬁ@caJmaAwgﬁéi '?r%@ As an
alternati vemmmdarlima‘ddltldmaabelbang Imedtérdal Brd dentidak Ippoeisls, iBis adbgiosgiblecfot he

nventi on_agi, 8la0kd BASE Ik gi Sebiihade AUl il 2BREbSiod dpriiaRgidases, the

shell E,_ 20 low one se |ned as
a hol | ol? spH“é’V&“’iSﬁ'ﬁ’é? g‘éfé't‘ %ﬁeaF?@ "fﬂ”éﬂ&gedﬁatt%ﬂﬁ' t“ﬂé"ldﬁb ftanes,

t he hol | ow gghatrriospherg dmere [s'e@mim undarargdneandfahetidmand, above and bel ow t he
two pl anes, a holl ow spheri cal cap Whl ch can assune the function of the
hoods out wapdl y . concl udi the se ch case., The
Mterior 1 Kogtatie ERBa YRRl pBeSE T QP‘PBW%'a‘"B%“E’H@ BieFF ot A §sos

rel evant paptotestive ges waldingi(iorpartiquiss by dhepbidimeihed). THR) protecties gassesediia t he
case of2@ s Fﬁ*é@érbl@lﬁb mt&ig@hlcoﬁtairm_; prowRfiyd @asngmé Wl éleétrddae usyd m«}rtiec al

e R P

renoval ori
statenents d&HThermal insulation. Around the sheII E itself, a support ring
wi || generally advantageously be nounted, which, 30 appropri at el y placed on

four suppor ?@a!l;ﬂﬂ sﬂﬁulﬁ ra%os&éqjlclte@tham%'?n\;erﬂﬁhé QEQE 'SO %Vén \%/ﬁ’ﬁ F%g (PHX’ thg'i?. shel | E

conprises in ew se
nmanuf ac€er eﬁompﬁi’ﬁi'?%@lﬁﬁc@@ C@f@@'”@“‘%vﬁf@é? 1sfacﬁ@;y wmyeaarg(go al.f)‘é manuf act ur ed
for the proc@abualcnof kydngcdrioort todbel dehgdiogemated and/exdehydmgehatedhidnoearbdb cl ays
(al um num sj th&@Fe"s@?ﬁ P& mbisahit & é&pr exanpl e C 220 from Ceranifec), or other
(essentially inert) ?n gh-t errperaly re ceramc materials such as al um num

oxi des, silicon dioxide, thoriumdioxide, zirconiumdioxide, silicon

car bi de or &kévapiesahd Catmparaive Examples

30
i General experimental description
1.  Configuration of the reaction tubes
35 The geometry of the reaction tubes was: length 0.55 m
external diameter (A) from 21.34 io
22 mm

wall thickness (W) from 2 to 2.77 mm

40  Over its entire length, the particular reaction tube was filled with inert spheres made of
steatite C 220 from CeramTec. The
sphere diameter was from 1.5 mm to



magnesi um si li cate. 40 Advantageously in accordance with the invention, the
surface of tgieskfagl | E has been manufactured frominventive steel Sin a

| ayer thickness of at least 1 nm(or at least 2 mm or at least 3 mm or
at least 4 mm or at least 5 M or fromz 5 nmto 30 nm PF 57469 38 or up
to 25 mm or up to 20 mm or up to 15 m$9or up to 10 nm at least on its
part- surface in contact with the interior i i : (or on at

| east 10% or at least 20% or at |least 3 :ﬁﬁ%.w&ggul})ég%@{ahﬁ@%olﬁgr at | east
50% or at |east 60% or at |east 70% or GHrPEg8t 80% or at |east 90% or
at least 95%of this part-surface). The 5 segnent R or the segnment K of the
shel | E has jadvanb aasaus L¥edRehe FRAMAGHLE R8s 5 ifeRar: ffdHdye steel S to an
ext ent o% at least 80% or to an extent of at l|east 90% advantageously to
an extent of at |east 95% and nost advantageously to an extent of 100% of
its wei ght. Mdieriad i dMdjrent stainiebs stesl of BN satpmalistraimiReand8K1 §A s@2rmeinat e t hus to
the hoods and their innerywsunfages. 10 Wien a shell E is manufactured by

wel di ng i nveptiv 2l S, such |, dj is, preferably fected i

accor dance %ﬁtﬂ'aﬁﬁzhﬁﬁvenﬁ%ﬁeﬁﬁ#\%l Pﬁ@ﬁ W@Eﬁ”g g}qeéﬂé,sgi; WB!C g‘égéﬁe mat eri al
and additional wel di ng nafadpwing elgreentaleompeaition (A=ERimpi Yle2mm)is al so
possi bl ggfor this purpose to use |ower-nelting steel whose el enental

conposi tion approxi mates r .0s.e to inventive steel S. Preference is
given to effecting the weﬂgi?’x@" %/Yn‘géefgﬁtiér{)eér_rt gas at nosphere (nore preferably
under argon and/or heli unﬂQ-OQ%i kyapeighttaiNion wel di ng processes are light arc
wel ding with rod el ectrodosi1angy akight of(8iot ective gas welding (in particular

by the WG nethod). The ppe,i96tj \ﬁeigﬁoflﬂ?ed is 20 preferably a
L

ni trogen-contai ni ng protective . Wel di ng el ectrodes used may be the
wel di ng Pods Thermanit D ?\ng% Wh"cﬂf Crhermanit C (W25 20 WMn) or Sandvik
22 12 HT. Finally, it shoul7¢ & weigheofMdt,ed t hat the inventive steels S,
even with regard to theirgpBycanpagRtdryel y restricted catalyzing action,
are satisfactory with regar d@goa?ful I cg‘ousti on of hydrocarbon to be
dehydr ogenat ed and/ or dehy@r ) %We'ﬂ%‘?f arbon in the presence of

nol ecul ar oxygen. Exanpl e8.28dby0ueight eftTi aad, Bpantdiossthesd Fe. anGsmeuelies
experimegtal description rebultingfohOptbabdtien, Bk gb&%nfa@é@bh&ﬂbéih@@&e%n-rhe

geomeL 1oL e 1 et on e Vi (4 eces o e Hbed] <7 e () Trom

Material 3 (M3): stainless steel of DIN materials humber 1.4541, but surface-
alonized on its side facing the reaction chamber (A = 22 mm,
25 W =2 mm).
Material 4 (M4): fired aluminum nitride (A = 22 mm, W = 2 mm)
Material 5 (M5): inventive stainless steel of the following elemental compaosition

(A =21.34 mm, W = 2.77 mm):

30 20.87% by weight of Cr,

10.78% by weight of Ni,

1.54% by weight of Si,

0.161% by weight of N,

0.082% by weight of C,
35 0.75% by weight of Mn,

0.02% by weight of P,

0.0026% by weight of S,

0.05% by weight of Ce, and

apart from these, Fe and impurities resulting from production, the
40 percentages each being based on the total weight.



40 .Over its entire length, the particular reaction tube was filled with
inert spheregg/gde of steatite C 220 from Ceranifec. The sphere di aneter
was from1l.5 nmto PF 57469 39 2.5 nmwith substantially uniform
distribution. 2. The material used for the reaction tube was 5 different
materials. 5 Material 1 (M): stainlessdteel of DIN materials nunber

1.4841 (A =322

materi al s nunberlﬁmé .d' %ﬂa@f@] ﬁ%‘ygg %Ekaéhfa??%hthgt@fow'ﬁ&?&hgﬁps 81!}?4%1,4\' (A =
22 mm W= 2 my?s a® YE'Pa KR TN RPRROSEAD foa”dﬁwe”t'i?)h@Swsye%@u'vgqﬁta'&edw, 0.51
% by wei ght of Sehydrog€bies biproaparghio podpynel5 0. 042% by wei ght of C,  1.17%
by wei ght of M1, 0.025% by weight of P, < 0.0005% by wei ght of S, 0.29% by

wei ght of Ti by th Fe and inmpurities 20 resulting from
productlé IFF ﬂpera:gﬁﬁ{apaevgmgétecﬁs%%? AN based on the total weight (test
certificate from St &r.0%rky vplupesyf Navat erial 3 (MB): stainless steel of DIN
materi al s nunber 1.#384%, byhdlunsisf@ce- al onized on its side facing the

reacti on chanber (%th%i/%ﬁ\ét%v?% nm. Material 4 (Md): fired al um num

nitride (A = 22 5 (Mb): inventive stainless steel of
the followi ng el enehB& yoppow efitb® (A = 21.34 nm W= 2.77 nm): 30 20.87%
by weight of Cr, 10.78% by weight of Ni, 1.54% by weight of Si, 0.161 %

i 0 0
\%i \é\ﬁ![ g(l’;]'E ope%Boozggﬁgbgwoweg&t {&%ng 35 0. 75% by wei ght of M1, 0.02% by

54.5% by volume of Na,

3.3% by volume of O, and

8.4% by velume of H20.

15
Feed C: 33.8% by volume of propane,
57.8% by volume of Nz, and
8.4% by volume of H;O.

20 The selected propane loading of the fixed bed of inert steatite spheres was selected to
20 1 (STP)/=h in all cases.

4.  The reaction tube was in each case mounted in a radiative oven (electrically
heated ceramic body with hollow cylindrical guide for accommodating the
25 reaction tube with a gap width of 0.2 cm to the reaction tube outer wall).

5.  The particular reaction tube was flowed through as described by the particular
starting gas stream (this had an inlet temperature of 200°C in each case). At the
same time, the temperature T4 of the outer wall of the reaction tube was

30 increased such that the maximum temperature T in the reaction tube increased
from 400°C to 700°C with a gradient of 10°C/h in a substantially linear manner
(this simulates the compensation of a catalyst bed being deactivated in
continuous operation by increasing the reaction temperature).

35 Subsequently, the regeneration of a dehydrogenation catalyst bed was simulated. To
this end, the reaction tube was flowed through first with 420 ml (STP)/min of N of inlet
temperature 200°C while the temperature T was kept at 700°C.

While retaining the temperature T™ = 700°C, the following gas flow-through program
40  was run through:



0. 05% by wei ght of Ce, and apart fromthese, Fe and inpurities resulting
from produchrajpgghhe 40 percentages each being based on the total weight.
PF 57469 40 3. The different reaction tubes were charged with the foll ow ng
starting gas streans, as are typical in their conposition for an inventive
het er ogeneously catal yzed dehydrogenati4h of propane to propylene: 5 Feed

A. 31. 7% by _vol far i eV ) ; . 09% by vol une of
02, 6.33% by v§ ‘yr‘?? 'ﬁ'ﬂ {%ﬁagﬁ'%egg%%%f‘8@?@3&?'%&9 Yo Reed B 55 806 by
vol ume of propandt!-6 8RS oBS}’”DOI ume of N2, 3.3%by volune of 02, and 8.4%
by vol une of H2O. 15 Feed C. 33.8% by vol une of propane, 57.8% by vol une
of N2, and fn4% byoyeamRin0d1HRQSTAYmines §el ected propane | oadi ng of the
fixed beg of, inert stealtplt.e L\?\ﬁhe[ﬁﬁ' s sglected to 201 (STP)/1h in all
cases. 4° THEM eact PYH OURE SHs™ & TEXOAN 8% nounted in a radiative oven
(el ectrical ign heat exeré@mani tH&otisTM)min AbHL. ow cyl i ndri cal gui de for
accommodating the 25 reaction tube with a gap width of 0.2 cmto the

reaction tu LL) . The ticular reaction tube s fl owed

t hrough as Egggg%t’%@ay\%ac%%etg%%rf{&wgﬁI%Earpug t’%{hﬁﬁ@m@'g fese[dl_* gg?n%fﬁ@”éﬁd an

i nl et tenpefrafub'e= 6@0%@6 " AR EHN assibgtantmlly fingar reanmer withe TYdrediertrader at ur e
TA of the oypwrmwall of the reaction tube was 30 i ncreased such that the

maxi num tenperature TTMin the reaction tube increased from 400 Cto 700C
with a gradient of 10C/h in a substantially |inear manner (this sinulates

t he conpens&ePerding onythefeed yead Indrnyibe mpterah ueed Bf B reactiondvka, fitous
oper at i on byollbwitgeakien (NPt weesdéteonined aptbe ddmperaturadSTAAf 300U &00TET,, t he

regeneratio GnEdy e R0 LY ¢ et e i s end,
t he reac[[éi OEe,Sat ube was I(é)\%:edg,t hr OLIIS? ?#r@tu%@g% 423&_5' %# /%-E(r)lsé[g% 2 of
inlet tenp&RNEMESHg FoRtinppgs © SPImAagRnge: ke RialaAmerdbel b | e
ret ai ni ng t podustrifesfdbe hedrfdarsorz0gi@sr thare prfophhe(mhethanm tianewnt lethytegie).pr ogr am
40 was run bRsasdHy as the total carbon content of this total amount of hydrocarbon by-product,
based on the total amount of carbon fed to the reaction tube as propane (in %) was
determined):

20 Feed A
M1 M2 M3 M4 M5
550°C 0.031 0.029 0.023 0.013 0.026
600°C 0.117 0.037 0.036 0.026 0.066
650°C 0.939 0.683 0.539 0.197 0.243
700°C - 7.320 2.840 4.841 2.010 1.520
Feed B
M1 M2 M3 M4 M5
550°C 0.033 0.010 0.006 0.003 0.052
600°C 0.148 0177 0.023 0.009 0.076
650°C 0.865 0.732 0.257 0.089 0.235
700°C 4.735 2.650 3.201 1.273 1.345
Feed C
M1 M2 M3 M4 M5
550°C 0.026 0.022 0.011 0.023 0.007
600°C 0.176 0.344 0.116 0.052 0.062
650°C 1.540 1.240 0.981 0.427 0.555
700°C 6.190 3.190 4 681 2.650 3.147




PF 57469 41 - over 60 mn, lean air (mxture of air (85.4 m (STP)/m n) and
N2 (341.6 f_:}?_- Qﬁ'f)/mn)) then - over 60 mn, 417 mM (STP)/mn of air; 5
.then - over gmn 417 M (STP)/mn of N2; then - over 60 mn, 168 n
(STP)/ m n of H2. The particul ar reaction tube, fl owed through by the
particul ar feed, was then brought from4eM = 700C to TM = 400C in a

subst ant i al |y ﬁrbﬂﬁéﬁai%%}@A{)&ﬁéahoﬁNg'\é@??pb ieion 201286 is iREREHA0

the feed use or t reaction tube, the ¥o||ovv|ng
val ues NP (@)3j o 1§ PEeSER %%Eiﬁ?qar?é’a 99?30? ﬁé?fteé%@rrs (7€ TA of 500C, 600C, 650C
and 700C (at the start of the reaction tube, the conposition of the gas

stream 15 | @auir rM@éth@%bVérﬁ&tféﬁ@& ’té&'éﬁﬁ%gé VYo SPchafBEQIRIrRdRRIAYNs t he
total a rocar bons ot her than propane

f
(met hane® ug{rwﬁﬁ%e fﬁag’&}t%‘g?ﬂh%ite poé?('B essed as the total carbon content of

this total amount of hydrocarbon by-product, based on the total anount of
carbon fed feafh h@réf@@%égsuhee%am%meﬁ WitHin We d0BBe ofipbebpemed) - 20 Feed

AN M e RO SR e R TR

2.010 1.520 Feed B ML M2 M8 M N6 550C 0. 033 0.010 0. 006 0.003 0.052 600C
0.149 0.177 0.023 0.009 0.076 650C 0.865 0.732 0.257 0.089 0.235 700C

4.735 2.650 3.201 1.273 1.345 Feed C ML M M3 M4 Mo 550C 0.026 0.022 0.011
0. 023 0.007 600C 0.176 0.344 0.116 0.052 0.062 650C 1.540 1.240 0.981
0.
P

o

427 0.555 700C 6.190 3.190 4.681 2.650 3.147 PF 57469 42 US Provi si onal
at ent Application No. 60/751,973, filed on 21.12. 2005, is incorporated



into the present patent application by literature reference. Wth regard to
t he abovenenti oned teachi ngs, nunerous changes to and deviations 5 fromthe
present invahgtpk%lb are possible. It can therefore be assuned that the

i nvention, the scope of the appended clainms, can be perforned
differently fromthe way described specifically herein. PF 57469 43 \What is
claimed is: 1. A process for continuous t&eterogeneousl y catalyzed parti al
dehydrogenation of at |east one hydrocar bon to be dehydrogenated in the gas
phase, conpWhgt nglemedispr ocedure in which a reaction chanber which is

encl osed by a shell which is in contact wth the reaction chanber and has at
| east one fjrst orifice for . feeding at |east one staltin rea into
the reacti o chabeyess s o ERe Porienen Gl e s it tos at

| east one produstlegsionstyemmatbrnn bhdehysitegansied it herdrsrphase corramsine@st one
startings gas st peRByGeFPWhih @Qe@étloh%ﬂéhb@rnﬁh@iy%ré?fé%l?@BE b@&hB®which is in

one” hydrocar Eﬁn' oo iR [ARBA ermer oo HAE ol B8 io hoct BRI el
catal yst bed di sgeseng sterting gas ﬁéeafw@qtf@ﬁe@mﬁ@bama@r@n%tﬂeﬁs@@m@mqndn of a

product gas corrprmglfagu“trrma\ﬂhg beRast cmreroiity daogriat femhelreaensioon,
unconverted hyd on to be dehydrogenated and nol ecul ar hydrogen and/ or
steam is dehydrogenated partially in an oxidative or nonoxidative manner
to at |Hast one dehydrogenated hydrocarbon, and 20 - at |east one product
gas stream i s w t hdatleastometstartioggas/stfeaemnednygrisingestddédasd one hgdrbearbomiadseei n

t he surface of the ﬁ)}drogé?%téclé&e%%tlht{lb& tact with the reacti on chanber,

is nmanufactured at [ east rt f thickness d of at least 1 mm
froma 25 steel =S wHl 0P & W‘B?rbtg\ﬁnaﬁggaé Ncéqmaé PRBSe i on:  from 18 to

30% by wei ght of Cr dehydroger@tedds B6Ssedythreeglybt least oe catdysbheddisposwbi@y wei ght
of Si, g9 fromO0.1 r@a@t@n@haﬁ%’egﬁﬁd Q\flth"éene?aﬁ;@ﬁb?aﬁrddgct(bals%&r@ﬁsh‘\?'ttgaht of

? 0
g’ ¢ Of 69315% 8yt aef';)thIgpstﬁ%e de%ydrogénatecg R&Hrocarbon unconv%rt\’\@h?drocar[)on d be fromZ

dehydrogenated and molecular hydrogen and/or steam, is dehydrogenated
partially in an oxidative or nonoxidative manner to at least one
dehydrogenated hydrocarbon, and

20 - at least one product gas stream is withdrawn continuously from the
reaction chamber,
wherein
the surface of the shell, on its side in contact with the reaction chamber, is
manufactured at least partly, in a fayer thickness d of at least 1 mm, from a

| east

25 steel S which has the following elemental composition:
from 18 to 30% by weight of Cr,
from 9 to 36% by weight of Ni,
from 1 to 3% by weight of S,
30 from 0.1 to 0.3% by weight of N,
from 2 0 to 0.15% by weight of C,
from = 0 to 4% by weight of Mn,
from 2 0 to 4% by weight of Al
from 2z 0 to 0.05% by weight of P,
35 . from 2 0 to 0.05% by weight of S, and
from 2 0 o 0.1% by weight of one or more rare earth
metals, and,

apart from these, Fe and impurities resulting from production, the
percentages each being based on the total weight.

40
2.  The process according to claim 1, wherein the steel S has the following

elemental composition:



35.fromz O to 0.05% by weight of S, and from>_ 0 to 0.1 % by wei ght of one
or nore rarpregugdy netals, and, apart fromthese, Fe and inpurities
-resulting from production, the percentages each being based on the total

wei ght. 40 2. The process according to thim 1, wherein the steel S has the
following elenental conposition: PF 57469 44 from 20 to 25% by wei ght of
Cr, from9 to 20% by wei fe Dl 4 to 2.5%by weight of Si, from
0.1 to 0.3% by wei ght of ﬁ%)}ﬁ%zift?%lfn/oot?%gg otjo(g. 15% by V\%{?ght of C, froma O
to 3% by wei ght of M, fFI¥MIFOFREHYEEYN Sfei ght of AV, from?2 0 to 0.05%
by weight of P, from z Ofroro 104 ©226%B\bywedigititof of S, ar®l, 10 froma 0 to 0.1 %
by wei ght of one or nore fgh®. £&d 5% tRiA4R.ofand, apagt fromthese, Fe and

inmpuritigs resulting fro r ti he percentages each being based on
the total weight. 15 3. %‘gm%rd[g% 502%;{3 5#”&'92’50& clai™ 1, wherein the steel
S has the following el entena 0 tooifpdyiveaiahtof f rom 20 tMN22% by wei ght of Cr,
from10 to 12% by wei ght ®émMN 0 to 20 bf/aiightoft to 2. 5% Ay weight of Si, from

0.12 to 0.2% by wei ght of 510.0.12%Db Ight of C, fromO to
1 % by wei ght gf I\/h%J frofr(r%’}l’z1 206{086@%0"3’9’%%? R of XIVEZg from? 0 to 0.045%
by weight of P, from z Offers 200 ®1&05%pyweigiiof of S, ahdrom z 0.03 to 0.08%

by wei ght of Ce or Ce andir@ne ®fo 0.1MBINF WaGR gar t h netaHeSor maBdareZ@rtApar t
fromthese, Fe and inpurities resulting from product iﬂ@talst Qﬁd per cent ages

each being based on the total weight. i . ) _
apart from these, Fe and impurities resulting from production, the

percentages each being based on the total weight.

15 3.  The process according o claim 1, wherein the steel S has the following
elemental composition:

from 20 to 22% by weight of Cr,
from 10 to 12% by weight of Ni,
20 from 1.4 to 2.5% by weight of Si,
from 0.12 to 0.2% by weight of N,
from 0.05 to 0.12% by weight of C,
from 2 0 to 1% by weight of Mn,
from 2 0 to 2% by weight of Al,
25 from 2 O to 0.045% by weight of P,
from 2 0 to 0.015% by weight of S, and
from = 0.03 to 0.08% by weight of Ce or Ce and one or
more rare earth metals,
and, '
30 apart from these, Fe and impurities resulting from produciion, the

percentages each being based on the total weight.

4.  The process according to any of claims 1 to 3, wherein the hydrocarbon to be
dehydrogenated is a C- to Cis-alkane.
35
5.  The process according to any of claims 1 to 3, wherein the hydrocarbon to be
dehydrogenated is at least one hydrocarbon from the group comprising ethane,
propane, n-butane, isobutane, n-pentane, isopentane, n-hexane, n-heptane,
n-octane, n-nonane, n-decane, n-undecane, n-dodecane, n-tridecane,
40 n-tetradecane, n-pentadecane and n-hexadecane.



4. The process according to any of clainms 1 to 3, wherein the hydrocarbon to
be. dehydrogenated is a C2- to C 6-al kane. 35 5. The process according to
any of claipgsksgp 3, Wherein the hydrocarbon to be dehydrogenated is at

| east one hydrocarbon fromthe group coq%rising et hane, propane, n-butane,

i sobut ane, n-pentane, isopentane, n-hexate, n-heptane, n-octane, n-nonane,
n- decane, n-undecane, n-dodecane, n-tridecane, 40 n-tetradecane,

n- pent adecape a P o, > - i.ng to an
of IOcI ai s i@'to gqs OQ%%%%%@ROSE%?@@%@”@%‘S %g‘m—g e%g{gﬁﬁﬂﬁgt?%&q??ee?hane, y
propane, n- but aREVEMRECHRIEADBIIEAHPrOPANSTREUIANG @84 ré?@%t@g?-ng to any of

claims 1 to 3, wherein the hydrocarbon to be 5 dehydrogenated is propane and
the dehydr ogenatdoiayedsQiabRity th anP bPAXINAN o 3, Srheldi tHY IRRIRRBIIRMA8 A Ng tO

any of clains 1 to 7. wherein the Starti as str conprises steam 10
9. The p% ocess Qﬁwgf%ﬂeﬂateepds YN o) a%cfgﬁerﬁégigpge'@teﬁﬁ@%?%%%@ PEPRY'§®ng gas
stream conprises nol ecul ar oxygen. 10. The process according to any of

claims 1 tog9, vhepebesstdteoritigabssy obgginisSt ® 7 whetkin GRIAbNRG gBestreak® 11. The
process accordi n&gér?se%@’eaﬁ{ claims 1 to 10, wherein the surface of the
shell, onits & In~conffact with the reaction chanber, is manufactured to
an extent of at least 10%of its total surface area froma steel Sin a

| ayer t{0 ckeessTik proceds adceirly td aRrof @8inik21 to ) vhefeit BRSstAGAQEHEE Sigedne any of
clains 1 to 10, c%@rﬁs%%%él@&la?‘b%@eﬁf of the shell, on its side in contact
'S u

wi th the reaction chamnber, actured to an extent of at |east 50% of
its total surface area froma steel Sin a layer thickness d of at least 1
mm 25 13. The Preogresessamcondidigtyg ahp obelgingf 1 © Aiwkerein the chlystbed & afixkd s at

| east 3 mMm 14catg|l9§(t;érpcess according to any of clains 1 to 12, wherein d
is at lf?“ 5 mMm 0 fS. The process according to any of clains 1 to 14,
wherein'the shell is manufactured to an extent of at |east 80% of its weight
from a st eel1.S. Thel@ocddseacpomizgds any obeldimsgl tod ampersin thieaurfecelofttbe $bell, wher ei n

the shell is mBRuE 8Bk W Eshtddl withShértlalhidH chaliRMig maheRktured Banldktent ¢
process accordi 0019 36 ofis tStaPluRicd afeh i a Yl 8'ifla tdyer HRGAEEIFBFQUS! Y
feast 1 mm.
20
12. The process according to any of claims 1 to 10, wherein the surface of the shell,
on its side in contact with the reaction chamber, is manufactured to an extent of
at least 50% of its total surface area from a steel S in a layer thickness d of at
least 1 mm.
25
13. The process according to any of claims 1 to 12, wherein d is at least 3 mm.

14. The process according to any of claims 1 ta 12, wherein d is at feast 5 mm.

30 15. The process according to any of claims 1 to 14, wherein the shell is
manufactured to an exient of at ieast 80% of its weight from a steel S.

16. The process according to any of claims 1 to 15, wherein the shelt is
manufactured in its entirety from a steel S.
35
17. The process according to any of claims 1 to 16, wherein the heterogeneously
catalyzed partial dehydrogenation is a nonoxidative dehydrogenation.

18. The process according to any of claims 1 to 16, wherein the heterogeneously
40 catalyzed partial dehydrogenation is an oxidative dehydrogenation.



catal yzed partial dehydrogenation is a nonoxidative dehydrogenati on. 18. The
process accpgdjdggto any of clainms 1 to 16, wherein the heterogeneously 40
catal yzed partial dehydrogenation is an oxidative dehydrogenation. PF 57469
46 19. The process according to any of ®Wains 1 to 16, wherein the

het er ogeneously catal yzed partial dehydrogenation is a heterogeneously

catalyzed o5y dehy 0rROBNALE g B F0or TaGnES A6RE uR0aRU faabBoAlegf ol ai o

1 to 16, wherein etero ~ catalyzed par rogenation is
an adi abatic cofd@hEedPrtRHIRhyAvgeionds ¢ hetesegangoesly srtAlye@bgenat i on. 21.
The process accoxylehgdriogemaiipnof clainms 1 to 16, wherein the heterogeneously
10 catal yzed partial dehydrogenation is a conventional heterogeneously

catal yze rtial dehydrogepatjon and the reaction chanber is a tray
reacti onglc hgﬁbeﬁ-ﬁe E?.Cegllen CCgFCE%Pe@é“a@EBPH?%btq Eaﬁcd\rf@r?w gf h?ﬁﬂ@%‘i‘er?u?&e
conventi onal hetatalygetpatisl dehydragahationds paadiabatickehyeirwgaiteterogeneoualy

oxi dative convephiaRRal dbRRsgpanepusly 15 catalyzed parti al
dehydr ogenation. 23. The ‘process according to claim 22, which is perforned

adi abatically. 24. The process according to any of clains 1 to 23, wherein
t he starti ngl.gasheprosass aczordirgitotanytdfielainest td tm vdiesaih e hederpgerassislyf rom z 0

t 002?% 3”2\5/,00/ I grrea@}‘yzad gambled&w?mbé@éﬂog iQa‘%Z:gn\gen%rl%{ hg@t@g@zﬁgg}msg@eétaily%@, ]f r gg
V4 (0] . 0 DYy . | | . romz (0] 0 V une o ),
* oo o o oy phSel By BlooBRbian dndl66 fac gl AR e b v LA L the BT e
fromz O to 5% by volune of oxygen, fromz O to 20% by volunme of H20O and 30
fromO to 199 byhe plodsss afcoriingfo. claithe2 1p vbeRFSthe @BAVdNtiBGal theterdyenebugyai ms 1

24, wh i -\ i nb
S Geed s SuchCaENEROBHEL AAABLERARN bl BHLANS Coh iR e b BRUSHITIOTT
other than the G8R)dedpaHatdYAPERRRPbon and the 35 hydrocarbon to be

dehydrogenated to charge at | east one oxidation reactor, and the

dehydr ogenabgd FYlbREBLDARORIASG a2 GhiRniSooiih8aLAApLLAYI o oxi dati on

reactor to a selective heterodeneously cataly partial gas phase oxidation
wi th nolecul ar oxygen to give a product gas m xture B conprising the
partial oxBéat Toeepmceshadcordiy RN DABRIMS 1 to 23, wherein the starting gas stream

20 fed to the reaction chamber comprises:

from z 0 to 20% by volume of propylene,

from 2 0 to 1% by volume of acrolein,

from = 0 to 0.25% by volume of acrylic acid,
25 from 2 Q to 20% by volume of COx,

from 5 to 50% by volume of propane,

from 20 to 80% by volume of nitrogen,

from = 0 to 5% by volume of oxygen,

from = 0 to 20% by volume of H2O and
30 from 2 0 to 10% by volume of Ha.

25. The process according to any of claims 1 to 24, wherein the product gas stream

withdrawn from the reaction chamber is used as such or after removal of at ieast
a portion of its constituents other than the dehydrogenated hydrocarbon and the

35 hydrocarbon to be dehydrogenated to charge at least one oxidation reactor, and
the dehydrogenated hydrocarbon present therein is subjected in this oxidation
reactor {o a selective heterogeneously catalyzed partial gas phase oxidation with
molecular oxygen to give a product gas mixture B comprising the partial
oxidation product.

40



47. 26. The process according to claim25, wherein the hydrocarbon to be
dehydr ogenappdrigg propane, the dehydrogenated hydrocarbon is propyl ene and
the partial oxidation product is acrolein, acrylic acid or a m xture
thereof. 5 27. The process accordi ng to‘glai m 25, wherein, in a separation
zone B of the selective heterogeneously catalyzed partial gas phase

oxi dation, par tp?é pr%éé&%gc%ing%%ﬂéﬁﬁtzs' %héﬂémﬁ%g&kgé’rbpﬁ@ﬂgd fromthe
product gas mxture B and, fromthe Trémalni ng residual gas conprising
unconverted hydfglsFeashated ieropansdhe gemslreasnatag aincarbonys BoRYIsRs 28%y
unconvert ed dehtrer gt akidationfyotyd isoamolbibnacrgiic dcidist a mipparetthe@rofconpri si ng
unconverted hydrocarbon to be dehydrogenated is recycled as parti al

oxi dation cycle_.gas into the.process for heterogeneogusly catalyzed parti al
dehydr ogina%f‘o nﬂge? prt“ﬁ@ﬁﬁf&?@ﬁ%r%&%@35b@’her85h§ftﬁ gﬂ@ﬁ%ﬂ"@ .0"?1% ‘gép.{e The process
accordi ng to cl a¢lecti¥® heldneganenusiy catplyzed partiahkgagahaes opdatine partialroxidatipar at i on

zone B, is renDyRRIyElioButteadettly romoven bhithe BrolBYctGRE Yok ah@, fidiethe
condensed phase, cess according to, claim ein the parti al

29.. The.pr g | 2% vtvh r
oxi daton produlsaiaing sl as oo i Bpyted SO Meaon 0 Be r he condensed
phase is effect dghysyogensiedpiplesulanexygen apdmoy naearivededréehygregenatsd. The
processq@ccor di Rgdrbarbbiaedst a PHELE cOMBridigIvhvatedis/drddafodiabdef r om t he

d d ph ' | I [ :
5531 The. pr ocSubERIAIE feciobdds BhuigFBRaBlE BB o RERROALLEG PCPTES
separation proBelgEsenpRHsiseialwzed Rastial dehydieganation Abiha hydrocadey (9 ke aci d f r om
the |iquid phasdehyddéjendted. process according to claim 31, wherein the

crystallizative renoval is a 30 suspension crystallization. 33. The process
according to claim 30, wherein the removal of acrylic acid is followed by a
process ¥ or 28 eb§ BGFESs 2558TANAP i nWhereliihe Radigh gridatiog erefuckifbved i s
free- radical |l ysgurgtimerione d, isoreproepa frempobgunt gas m&urd | byltmvprsimesdhe
according to cl ghfReled Whieei N the renoval of acrylic acid is followed by a
process for preparing acrylic esters in which acrylic acid renoved is
esterified wth an al cohol. 40 35. The process according to claim 34,

wher ei n t he29r othssprotess ancersing taglaim 28cwheretn the padiel dxidation poaisigt isyace/lipr ocess
for freggradi cahci@hy Ry écharbisith tb the\Ebrlensed pHdse is Sfdctdd Byatsoftiopanadr i s

pol yneri zed. PF_57 4 shell E which encloses an interior | and has
at |east one fi quégg?tfvlgc%g%yr%m

30. The process according to claim 29, wherein a removal of acrylic acid from the
condensed phase is undertaken using at least one thermal separation process.
25
31. The process according to claim 30, wherein the at least one thermal separation
process comptrises a crystallizative removal of acrylic acid from the liquid phase.

32. The process according to claim 31, wherein the crystallizative removal is a
30 suspension crystallization.

33. The process according to claim 30, wherein the removal of acrylic acid is followed
by a process for free-radical polymerization in which acrylic acid removed is free-
radically polymerized to prepare polymers.

35

34. The process according to claim 30, wherein the removal of acrylic acid is followed
by a process for preparing acrylic esters in which acrylic acid removed is
esterified with an alcohol.

40 35. The process according to claim 34, wherein the process for preparing an acrylic
ester is foliowed by a process for free-radical polymerization in which acrylic
ester thus prepared is polymerized.



feeding at | east one gas stream S into the interior I and at |east one
second oripEegepa for withdrawing a gas streamS fed to the interior |

bef orehand via the 5 at |east one first ifice O1 fromthe interior |, the
surface of the shell E, onits side in ntact wwth the interior |, being
manuf actured at |east partly, in a layer thickness d of at least 1 nm from
a steel S which has the followi ng el enental conposition: 10 from 18 to 30%

by wei ght of . Cr fram9 to 36% by . weight Ni froml to_ 3% wei ght of
3"t Jom 0381 & shehEouYEn Siclies B NS pethad ot e RSB REDOGRT of C. 15
fromz 0 to 4% ksedingiajitrasbenavmas stfeagn® into theontevipblandedt denst ofie g¢gondf rom ? 0
B 0100/- 85% by mei @hficed?2 Ror withti@mirsy @gags&%%f@d'tci&ﬂ%ghéri&ﬁ b@ﬁor&%d]‘:\ﬁiﬂﬁb;ﬁ 0to
. 1% by weig e or . : a a r romt hese,
Fe and i fpuri 11 SbePRSTRTHE e O Bl b hafe? 1Tk Stenelihe S8R 800 ng
based on the toside imeeripst withhe interies . lbeipgdpasianturgd @bleasinamz & atryse
interior | conpriigeesad of ssistanem, #6mdediyel ogsitiahadthedalicwingélemadtal A shel |
E according to %I%ggit’i%&.or 37 whose interior | conprises at |east one grid.
39. A shell E according to any of clains 36 to 38 which has an annul ar

segnent R 30 40. A shell E according to claim39 where the ratio of V,=D:
A, forme@ fromhal f D of frorhe8do BO%rwneeightefween the @xternal diameter A and

the internal diameter of {hegi3agu Si nt R is fyyom1 : 10 to 1 : 1000.
35 41. A shell E according tq cb?) E?{W% I@Eere V, is frb?)l’m 1: 40 to 1 : 500.
o

4 )
42. A shell E according t®°Ary® WPBEt D9 to 41 whel'e the ratio V2=H: A
formed from the separatiiomid.ofo @.8% bywesighioél | el cirlul ar planes delimiting

the annular segnent R anflyhBe 0. e5ARY whightet er of the annul ar segnent is >
1, 40 PE_57469 49 43. Afshe:tzl%ﬁ{'% ordin {o any of clainms 39 to 41 where
Y

the rati® V2=H : A formetf™ YT 8t i on H of f'fre two parall el
circular planes delimtinomie torfabuweighbgirent R anddt he external dianeter

of the annul ar segment i sfrém 210 to%0.83% b widitt bf E accorpling to any of clains
36 to 38 which has a hol l@%%ﬂdﬁ@a bﬂv%‘?ght%?gnent I% and
from = G to 0.1% by weight of one or more rare earth
20 metals, and,
apart from these, Fe and impurities resulting from production, the
percentages each being based on the total weight.

37. A shell E according to claim 36 whose interior | comprises at least one
25 dehydrogenation catalyst.

38. A shell E according to claim 36 or 37 whose interior | comprises at least one grid.

39. A shell E according to any of claims 36 to 38 which has an annular segment R.
30
40. A shell E according {o claim 39 where the ratio of V4=D : A, formed from half D of
the difference between the external diameter A and the internal diameter of the
annular segment R, is from 1 : 1010 1 : 1000.

35 41. A shel E according to claim 40 where V4 is from 1 : 40 to 1 : 500.

42. A shell E according to any of claims 39 to 41 where the ratio V>=H : A, formed
from the separation H of the two parallel circular planes delimiting the annular
segment R and the external diameter of the annular segment is > 1.
40



45.. A shell E according to any of clains 36 to 44 which has thermnal

I nsul ation E%t hal on its side facing away fromthe interior |. 10 46. A
process for heterogeneously catal yzed partial dehydrogenation of a
hydrocarbon, which is performed in the i4ferior | of a shell E according to
any of clains 36 to 45. 15 47. The use of a shell E according to any of

clains 36 tg,45,f rryi t equsl y cat al,yzed rtial
dehydr ogenat8 ?‘onA()SB Eléﬁﬂa%(?rg@grtgghy &4%'1.’]%??3%??30@? © %@crg?%‘ll%%?t%ﬂgmecgf cl ai s
1 to 35, wher ei ffofHEe seearptian I géthedwa pamlishsiuiar planes delisitinmide @nneleuni ni zed
on its side in eeghasttR ahd thetdxterfidl atinmster &lhe Bawdrersegé@nt iSlker shel | E

according to any of clains 36 to 45 where the steel S has been al oni zed,

alitized_and/or alum.nized on the side in contact with the interior 1.
5 44, Ashell E according to any of claims 36 to 38 which has a holiow spherical zone

segment K.

45. A sheli E according to any of claims 36 to 44 which has thermal insulation
material on its side facing away from the interior 1.
10
46. A process for heterogeneously catalyzed partial dehydrogenation of a
hydrocarbon, which is performed in the interior | of a shell E according to any of
claims 36 to 45.

15 47. The use of a shell E according to any of claims 36 to 45 for carrying out a
heterogeneously catalyzed partial dehydrogenation of a hydrocarbon.

48. The process according to any of claims 1 to 35, wherein the steel S has been
alonized, alitized and/or aluminized on its side in contact with the reaction
20 chamber.

49. The shell E according to any of claims 36 to 45 where the steel S has been
alonized, alitized and/or aluminized on the side in contact with the interior |.



