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dehydrogenati on of at |east one hydrocarbon to be dehydrogenated
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The present invention also relates to an apparatus for carrying out the process
according to the invention, and o 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 a performance 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 molecule.

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
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In other words, the term "hydrocarbons to be dehydrogenated" in this patent application
comprises, for example, hydrocarbons of the stoichiometry C, Hap wheren> 1 1o n
= 20, and of the stoichiometry C,, Ha, where n > 1 to n = 20, and of the stoichiometry

30 C,Hz.»where n>2ton =20, and n = an integer, especially C,- to Cyg-alkanes, for

' example ethane (to ethylene), propane (to propylene), n-butane, isobutane (to

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

35
In particular, however, all statements made in this document apply to C,- to Cs-alkanes
as hydrocarbons to be dehydrogenated and very particularly to C, to C, hydrocarbons.
in other words, hydrocarbons to be dehydrogenated in this document are in particular
ethane, propane, n-butane and isocbutane, but also 1-butene and 2-butene.

40
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,



common knowl edge (cf., for exanple, WO 03/076370, DE-A 10 2004 032 129, PF
58104 3 ePF ,553%91 077 WO 01/96271, WD 01/96270, DE-A 103 16 039, WO
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applications 10 2005 061 626, 10 2006 (17 623 and DE 102006024901 1). 51In
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operating tine. In other words, even when the continuous operation is
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30  Inthe course of long-term operation of a continuous heterogeneously catalyzed partial
dehydrogenation, moreover, even higher reaction temperatures are normally required
increasingly with the operating time, in order to maintain the dehydrogenation
conversion in single pass through the reaction chamber. This is typically because the
catalysts used become irreversibly deactivated to an increasing extent with increasing

35 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 catalysis with
the overall operating time is increasingly no longer attained with increasing overall

40  operating time of the process. Corresponding increase in the reaction temperature can
counteract this fact. An increase in the reaction temperature is, though, normally also
used to counteract the reversible deactivation of the catalyst.
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the purpose of passivating the side of the shell in contact with the reaction chamber.

However, a disadvantage of an alonization or alitization and/or alumination is that it can
be performed on the industrial scale only at exceptional cost. A disadvantage of use of
35 sulfides in the starting gas stream is firstly the demand therefor and secondly that such
a use generally has an adverse effect on the lifetime of the catalysts used for the
heterogeneously catalyzed partial dehydrogenation and/or an adverse effect on the
lifetime of the catalysts used for a heterogeneously catalyzed partial oxidation of the
dehydrogenated hydrocarbon which follows if appropriate.
40 ‘
The aforementioned disadvantages are not possessed by the teaching of
DE A 102004032129 which recommends, as the material for the shell in its



dehydr ogenat ed hydrocarbon which follows if appropriate. 40 The

af or enent i Bﬁé@"ﬂgsadvant ages are not possessed by the teaching of DE A
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5 ~conparative exanple, uncoated steel @f DIN materials nunber 1.4841. This
is a steel which may have the follow ng el enental conposition: from24 to
26% by wei gimnparatier exanpld, Lipapated sieebFdaibymaileniginnupbend - 484t.(Thvp is a5teq) 2. 5% by
wei ght of hich mdyoava hfRIddiHE nehgHidl coimpbsitiod:r om > 0 to 0.2% by wei ght of
C, from>_0 to 2% by weight of W, 10 fprom? 0 to 0.045% by wei ght of P,
fromO to 0.015% by weight of S, and, apar t fromthese, Fe and inpurities
resulting from production, tHEPEARAERJYIVREN bei n¢based on the total
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15
In a similar manner, DE-A 10 2005 051 401 recommends Si-containing steels, for
example those of the DIN 1.4841 type, as a material for the shell. Among other
recommendations, DE 102006017623.5 also comprises the recommendation of
DIN 1.4841-type steel for the side in contact with the reaction chamber.
20
As an alternative to DIN materials number 1.4841 steel, DE 102005061626.7
recommends, for the relevant reaction chamber shell, the use of an Si-containing steel
which has the foliowing elemental composition:
25 from 18 to 30% by weight of Cr,
from 9 to 37% by weight of Ni,
from 1 to 3% by weight of Si,
from 0.1 to 0.3% by weight of N,
from = 0 to 0.15% by weight of C,
30 from = 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 > 0 to 0.05% by weightof S, and,
from = 0 to 0.1% by weight of one or more rare earth
35 metals, and

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

40 Itis assumed in DE 102005061626.7 that the aforementioned steel compositions are
selected such that they are also advantageous with regard to the remaining profile of
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tendency aof abbempdre®l byesdresmernsbioad iehpaet rebisincéritidresdm under the conditions
of the relevant process. Carburization is the attack on 25 the material of
the side in contact wth the reaction chanber el enental carbon which 1is
for ey HMRIEFERGSSS SoRdbIindves Brpagtirylathe %lg\é'ﬁe‘i' FRagtiemandersatalystn cont r ast
to the abeyendetkerehperdtoegnbenaiydabeichidemedn thevdrocdsseomentoridie entire
steel structure from the start onward, the carburization works starting

fromthe surface of the side in contact wth the reac chanber only
gradual 'y FHthermaE: thgre@rtuizalion eppency osineries! medipned Srﬂﬁ“@g‘%‘?? f&s worsen with
i ncreasi ngninandrauindert the sokditisnsent aimpletevathgrocdssi Catbenesioniis therattaeksed i n
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e unde

el enents, Sired cat a uent I Nt ens |§y
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met al | ogr aqﬂmwewlelsgnbleld ibrietecra eentoittlemssnt, which covers the entire steel structure from

the start onward, the carburization works starting from the surface of the side in contact
with the reaction chamber only gradually into the material interior.

30
The material properties worsen with increasing carburization (for example, the
brittleness is increased in regions with carburization; owing to carbide formation of
relevant elements, the undesired catalytic effects frequently intensify). In a particularly
simple manner, carburization can be investigated metallographically in the case of use

35 of tubular reaction chambers. To this end, a cross section is taken from the particular
tubular reactor transverse to its longitudinal axis after the particular operating time. This
is ground and polished and then treated first with 65% by weight {65 g of HNO3in 35 g
of H,Q) aqueous nitric acid and then aftertreated with 10% by weight ethanolic acetic
acid (10 g of acetic acid in 90 g of ethanol), so that the steel structure becomes visible

40  under the microscope. A structure which has been changed by incorporation of carbon
appears dark-grey to black. The carburization depth ¢an be determined starting from
the surface with a scale. Frequently, the appearance of carburization is accompanied



35 of tubul ar reaction chanbers. To this end, a cross section is taken from
the parti cR®F &104 ubul ar reactor transverse to its longitudinal axis after
the particular operating time. This is ground and polished and then treated
first wwth 65% by weight (65 g of HNG3 '?n 35 g of H2O aqueous nitric acid
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forned t heﬁa@ti&é&/@fméd%eaec&d%etmcftia@eur@écetdi%&@étakét,smnda%@eﬁmﬁ@tti vating it
premtureL%/rF@%&ﬁ% reover, the steel selected as the material should have

scalin & under the conditions of the relevant process (scaling =
oxi datddve attack by nol ecul ar oxygen present in the reaction atnosphere).
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desri bed REERks biifie KEVAN BRSPS RHalbee SSALRE St BF RoldbublBrRal 37203
under hetREPERIE b seacdipaPiReSPhRTR) al 5 IGa s TOreFIoBRSISaReF I8 %br ocess
g pgr ti cuIbamdnmcaade/aéﬁea@apughydeamgquﬂﬁé eéw)@myogeqﬂetadmrwdfc@gﬁairmabmbd in the ot od
Py 0cAl DO oesh e g SR APkl o Bl BELARE) 2 Y S8l bl gBE
renmai ns | deierpgaiedys calghysisdn mprossshyhisd folaws sueh @rrsgessat(partisgamy dr ocar bon
and oxygenaivastag¥blisiiadcsmpaniad bagieousydrogeasiel e diorhdohl &ViRrome esired

partial oxidation product is then separated from the product gas mixture of the partial

oxidation, what normally remains is a residual gas comprising as yet unhydrogenated

30 hydrocarbon and oxygenates, which is advantageously recycled into the process

described in the introduction to this document for the purpose of further conversion of

the as yet unhydrogenated hydrocarbon. However, corrosive action can bhe attributed to

‘the vast majority of all oxygenates (e.g. acrolein, acrylic acid, methacrolein, methacrylic

aCid, Hzo, 02, COz, etC.).

35
A further requirement on the steel material selected is that it has to be processible in an
advantageous manner. This means in particular that it has to be processible by welding
technology, which is not possible in the case of steels alonized prior to the processing
without impairing the alonization. However, an alonization after the processing on the
40  industrial scale can be performed only with very great difficulty, if at all.

In-house investigations have now found that none of the steels recommended in the



described in the introduction to this docunent for the purpose of further
conver si onPbf8184he as yet unhydrogenated hydrocarbon. However, corrosive
action can be attributed to the vast npjority of all oxygenates (e.g.
acrolein, acrylic acid, nethacrolein, thacrylic acid, H20, 02, C02,
etc.). 35 A further requirenent on the steel material selected is that it
has to be piar@ddsrenabdla of satislynavampreflecseaviaments desedbadealore.i n particul ar
that it has to be processible by welding technology, which is not possible
in the cas f S I | .Qni i to & [ | ' iring
the. al oni AFeen " il SN P BBy Bode el QFERTISIB0ath 1AM IRE )
i ndust ri alindkepior@granskcomuries e by mejahhet #. w&fﬁpeggarté&thairfwgawrﬂy, if at
al | . | & hoamsrittigrvestttetidncp e Diayaisfaewry oudt thd allevaangrooésd duaditivas! s
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conpri se =mafériblg ivvhegrior aft abt have th St egagrd of e 0t818iby wetyid-urelenthe relevant
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cont ent ofembi@i@dedtybuivexhgbit high ndburitdtien raet enataltduspimgpcess condi ti ons
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r ecommendsffoms rickebtarmprising matehiel andaiviatmg it with waf raickel:frea qaiéreal sehds lsidefimom a

o de 1 B R B e B e e kel
present irPrQPé’gq bcﬁlgcg@pazqtt(gn&ngmtgl CE‘G@?P @EQBWSE&W%VP nd metal dusting
(metal dust formation). EP-A 683 760 subscribes to the teaching of GB-A

2066696 arghbaesgd e dbsBiRYi 16l iHiteadtiity STERIA EGEGBQBEﬁ@%c%ﬁmﬁélﬂsrﬁié\ﬁéih%' for
the shell, ontrgmdeln wi.th a

ont act the reaction 20 chanber,
b ot ect 1 van® Bisel By (' 48 160 Baflay 1 Ine S SRS Rn cRAEMT B redibllon o
EP- A 683 T@enbef. wibe BOtEEiey gygowhigh.dmpadicdpaianecrding i Hhgorsnted weesiarosff . and
pagg_g | i e, g3 760)(cf. Pg@gmese;ss'a,rg?rlamebe;laaﬁghﬁd ggd © libére2GH. el pubfte?_ _
carbi de-ri ni [ , { ating is
said to béﬁ?ﬁggﬁ'i%ﬁéﬁt‘e ?e‘l&—lgﬁigﬁ%ya%%ﬁépgé H%?%st%é'S’{aa%aéagﬁdﬁg@bﬁgﬂﬁggjecti ve
| ayer nustcomiegithintgimedietelayer. Cusiomancelghingis spiddp bedrsyfficient dpealy it én.
Agai nst t Hisc fragratuneg protdctive ByaNmast redaindhtathéveprie SR dourdtveirocdst 0
provi % adB%Peﬁfoinal for the shell of reaction chanbers for performng a
process as 'descri bed at the outset of this docunent, which satisfies the
profile of requirenents described better than the 30 materials disclosed or

render ed Apdirstishid Badkgoupt | i0Wagbh obRkSef the pledentigvdniion exprdaide @vhareaict | on
cycles gengratlet & RERMNBL s BF pGidnG ploB&NY #dcRBed at the outset
of this document, which satisfies the profile of requirements described better than the
30  materials disciosed or rendered obvious in the prior art, also including the
oxidation/reduction cycles generally to be employed for catalyst regeneration.

The solution provided is a process for continuous heterogeneously catalyzed partial
dehydrogenation of at least one hydrocarbon to be dehydrogenated in the gas phase,
35 comprising a procedure in which a reaction chamber which is enclosed by a shell (E)
which is in contact with the reaction chamber 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 least one hydrocarbon tc be
dehydrogenated is fed continuously,



The sol utidgn Er ovided is a process for continuous heterogeneously catal yzed
parti al e'ﬁ? ?Qfgenati on of at |east one hydrocarbon to be dehydrogenated in
the gas phase, 35 conprising a procedure in which a reaction chanmber which
is enclosed by a shell (E) which is in gontact with the reaction chanber and
‘has at | east one first orifice for feeding at |east one starting gas stream
into the readtihgreadignisbamasry thetat|eass pne Rydrocabemip b dehydeoesatedi's hdr awi ng
at | east onecphduttes thgagh st leasiorie enalyshided eldpbsahin thé esdetion chlntdr dneast one
denydr ogenat S 05 PESAB3 Pioolees SRR m YRR o Rated | ter
the at | east hb‘i‘fécﬁ“f?ﬂ'ﬁ:d{f‘&%‘tﬁ’itefjé‘yﬂ@,ca@??d? 8§ drAYERIgnateFKUMLEEHE hr ough at
| east Es_ne cati;ad!rysgen ?ﬁd&arc&temsiedehydrpgma{t@ﬂpargjw ig;aﬁards'e!etimdd h,raomkiﬁbti\;e g
generation o g agtq one dehydrogenat e

A qé%?%*@%f%%h B e

hydr ocar bon, unconverte ) P’ roqeﬁat ed and nol ecular 5
hydr ogen andPbiash®ghroquct gansierasy nuthdervrarentappysly Koming Eagten ve or

nonoxi dat i vechamberer to at | east one dehydrogenat ed hydrocarbon, and - at

| east one product gas streamis w thdrawn continuously fromthe reaction
chanber, 10 wherein the shell (E) is manufactured froma conposite nmateri al
whi ch, '%n WR%®8 de B in contact with the reaction chamber, consists of
steel B of the follow ng el enmental conposition: 15 from 18 to 30% by wei ght

of Cr, froafednéipE3 PmBYuMeLERTrd aNompobitedMbtbribOniith Rin el if 8dnthdtom 1 to
J to 0.3%

3% by wei ght),, of . rom> 0.to 4% t._of Al O from> 0
by, vivi gt i 8 resith shargBercerRisiSetseci dhibe Bitoping'germertal g ia by
wei ght of WMh, from>_0 to 0.05%by weight of P, from> 0 to 0.05% by
wei ght1sof S, and, 25 from >_ Gohp1810l30% By weRjrgbt of ope or nore rare earth
metal s, and apart fromthese, ;Fe and_ jppurities.resulting from production,
t he percentages each being bagrgm%o?%o’g%yt%ﬁ' r](?O\f/vei ght N"30

from 1 to 4% by weight

{(or from 1 to 3% by weight) of Si,

from > 0 to 4% by weight of Al,
20 from = 0 to 0.3% by weight of N,

from = 0 to 0.15% by weight of C,

from > 0 to 4% by weight of Mn,

from = 0 to 0.05% by weight of P, _
from = 0 to 0.05% by weight of S, and,
25 from = 0 to 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,
30
with the proviso that the steel B, on its side A facing away from the reaction chamber,
is plated either directly or via an intermediate layer of copper, or of nickel, or of copper
and nickel, onto steel A of the elemental composition
35 from 15 to 20% by weight of Cr,

from 6 to 18 (preferably from

8 to 16 or to 14)% by weight of  Ni,

from = 0 fo 0.8% by weight of S,

from 2 0 to 0.8% by weight of Al
40 _ . from > 0 to 0.3% by weight of N,

from 2 0 to 0.15% by weight of C,



with the proviso that the steel B, on its side A facing away fromthe
reaction c%aﬁﬁ?e(?, is plated either directly or via an internediate | ayer of
copper, or of nickel, or of copper and nickel, onto steel A of the
el emental conposition 35 from 15 to 20%gby weight of G, from6 to 18
‘(preferably from8 to 16 or to 14)% by weight of NN, from> 0 to 0.8% by
wei ght of Si, from? 0 to 0. 8%y Oieilddhey weighiof 40 fMm > 0 to 0.3% by
weight of N, from2 0 to 0. 15M%nby oweb@t bpivefght BF S58M4 10 from>_ 0 to 4%
by weight of Mo, from>_ 0 tq 2.0%.b i ght of M, rom>_0 to 0.8% by
weight of Ti, from>_0 to 1?’2’%5§t9\éi8%#?‘”§'93\10{\4; O.TIS% by wei ght of Nb,
from>_0 to 0.9% by wei ght offrovj > Ofto dr2% 6y e@igh¥oywei ght of B, fromO to
0.05% ky wei ght of P, from?o@t&@ﬁd%\%gﬁt ight of \{ and, 10 apart from
these, Fe and inpurities resulting from production, thé percentages each
bei ng based on the total wei d®Mm29408°2%pyMeiohéPEnent’al conposition from 19
to 23% by weight of Cr, fromizfh t0t38%byyweighinbf of B, from? 0 to |% by
wei ght of Co, 20 from> 0 to Jf %fﬁ \A@LO%Q of Sit ffr 0.15 to 0. 7% by
weight of Al, from>_0to 0."PPbs 3}0 |d1$1PyB’F'9&,° from>_0 to 2. 0% by
wei ght of Mh, from>_ 0 to 0.f5%% Byo AI5Ghby weigBlief 25 podn 0. 15 to 0. 7% by
wei ghtqepf Ti, from? 0 to 0.05% by weight, preferably to 0.015% by wei ght,
0, I 0, I
of P, from> 0 to 0.05% by V\e'pgntffonptrhgfsee,rF%ballr}a ito Q.01 Aﬂlmg i ght, of S,

and a mpurities res rom

production, the percentages each being based on the
total weight,

15 or of the elemental composition
from 19 to 23% by weight of Cr,
from 30 to 35% by weight of Ni,
from = 0 to 1% by weight of Co,

20 from = 0 to 1% by weight of Si,

from 0.15 to 0.7% by weight of Al
from = 0 to 0.12% by weight of C,
from > 0 to 2.0% by weight of Mn,
from > 0 to 0.75% by weight of Cu,
25 from 0.15 t0 0.7% by weight of  Ti,
from 2 0 to 0.05% by weight,
preferably to 0.015% by weight, of P,
from 2 0 to 0.05% by weight,
preferably to 0.01% by weight, of S, and,
30
apart from these, Fe and impurities resulting from
production, the percentages each being based on the
fotal weight.

35  For example, useful steel A for the process according to the invention is that of DIN
type 1.4876 (also known as Alloy 800 H).

In view of the teachings given in the prior art, it is surprising that the process according
to the invention is capable of solving the problem stated in a satisfactory manner, given

40 that steel B in the process according to the invention must comprise at least 3% by
weight of Ni. -



30 apart fromthese, Fe and inpurities resulting from production, the

per cent agePsF 284 pei ng based on the total weight. 35 For exanple, useful
steel A for the process according to the invention is that of DIN type
1.4876 (al so known as Alloy 800 H). Inqiew of the teachings given in the
‘prior art, it is surprising that the process according to the invention is
‘capabl e of solving the problemstated in a satisfactory manner, given 40
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shoul &hottheEinipHE teRs(ie siignather %RH"F‘I@ madefiahand Fuigh it b&tﬁﬁﬁw b0 E‘H"Wol ling
t he net al dortal dikerxpptietimétesials ipkspdctigs ofikhe Basting dlré&tmht ierte Bl eche fur
hochst e Beanspruchungen” [Pl ated netal sheets for ultrahigh stresses] in:

Wer kstofftechni k [ Material s technal ogy ph vol. 45, Verl ag
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Beanspruchungen” [Plated metal sheets for ultrahigh stresses] in: Werkstofftechnik
[Materials technology], DECHEMA Monograph vol. 45, Verlag Chemie, Weinheim
1962), by application welding of the application material io the base material (weld
30 plating; K. Born, W. Speth: Herstellung plattierter Bauteile. Vergleichende Betrachtung
zwischen Walzplattieren und Beschichten durch Auftragschweifden [Production of
plated components. Comparative evaluation between roller plating and coating by
application welding], Schweillen Schneiden, 19, 209-214, 1967) or in such a way that
the layers are bonded to one another by a shock-like pressure wave when an explosive
35 explodes (explosive plating; H.C.A. Burkhardt: Schockwellenphysik [Shockwave
physics], Metall 19, 1-9, 1965; U. Richter, J.F. Roth: Grundlagen und Anwendung des
Sprengplattierens [Fundamentals and use of explosive plating], Naturwissenschaften
57, 487-493, 1970; G. Buck, E. Hornbogen: Metallkundliche Untersuchungen an
Explosivschweillnéhten [Metaliurgy examinations of explosive weld seams}, Metall 20,
40  9-21, 1966). =

When the composite material to be used in accordance with the invention has an



pI ated conponents. Conparative evaluation between roller plating and coating
appl i Bk P804l di ng], Schweil Len Schnei den, 19, 209-214, 1967) or in

such a way that the Iayers are bonded to one another by a shock-1ike

pressure wave when an expl osive 35 explq@des (explosive plating; H C A

-Bur khardt: Schockwel | enphysi k [ Shockwave physics], Mtall 19, 1-9, 1965; U.

R chter, Jlniermﬂéjﬁte:Ias@r@ﬁmm&érpr@ﬁalcm\%ﬁ&weaégd nsbeFletPQijEﬁet A@néns

[ Fundament sibsl Baavd Hepeedio tAxphiemhatRatpllpler By blatiNgtid tivé ecs-ﬁm@nefcﬁrtmmp&e?

487-493, l%égj I'V@r?lﬁvléhth %@t S dﬁ%ﬁ@ma%%tls%l 64‘6&9“ HHQEVMEM{;J%%?” an

Expl osi vsc exam nat | ons
Met al | hgovise, she ‘”Y@@EU‘ d°€’\ﬁé‘ﬁ ﬁfé"gé' Syt %‘F“ﬁ(‘ @‘rhaélbeFB Piteq,eRig i n
accor deﬁ”lcestmltﬂlort\fm venseipréfoned msacgorddRcd &t helidverntion p i meehdh the wWargery of

copper, or«of i Gkélg @ :thSId%qu%%rn gm'dﬁkfﬂe reQ&Hﬁ c%raﬁ'%ler Ry ?Igféd & @Pl B are
FoRP

bonded to I nt er nedj at e cont'ex

exanpl e, %Wﬁﬁbs‘ﬁr\‘/@ an 'Hftef"ﬂﬁd'atteﬂ@’eé e&ﬁ%&@ﬁcpﬂ ?ﬁﬂfCQP%‘H a5d ’B&B‘le i ned in a
si ngl e wordritmgtest Arepre@ehits hnthsariantse in ganerdl] tha tuores ofi Ute Wiosteatydi Bwillvhet her

steel A has heeq oﬁ’i't(?%@%l%%fﬁ@%@%ltee% R wmem'roﬁa(.m eﬁ ﬁ{er;ﬁéituddb

accordance the teel B, on

O B et o R e i o Befean Sk esh mah Atk K. Benasry B
directly, RrOppenheaim:iGinfesseoh Stickstalyauf dig E|germmattemausbénlhﬂ0hke43hrom of copper

and ni ckel Nickeb ShBRI- Nékelrmpmqkﬁp@w@tamrnrﬁmé&e dfMhit earoalthethe t hi nner
of the two_ste two . steels A

8 Furt horPPRITGPS et dustenlls o ey el o Shamintralra SR Fostie by "t he
person skigt¢els], PRVY (RevirbdelstattwerBahgdeeh. BeG. 7, (78 rffar P67, R.Rppepheintiei m

Ei nfl uss V@rﬁbrﬁ%érﬁkésﬁéﬁd“ SihEi g Rm f berredid éiS@h&iluﬁﬁlﬂ@Der@hr om Nickel -

roper t | e UVEEREh CoRCAP AR o by E AR dagfen on he
chr om um rdeyriepmepisk RN uReYic BRplstehiweska el kgch. Beswr ( #6¢. 196del st ahl wer ke) -

Tech. Ber .H.AWarleskO) Red6rbirudRgefBRiiPrftcindreddioGatlf Ploh@st admgehStiahl e and

Legi erun n stabl e
St el s and ST oy 4o Hatehd BB RS Sea TN OB KA B,

Edel st4thl wkk @E? 38‘Te1§55 Be Kleiry, Getfggwdew@?n bgim ﬁéﬁ"ﬁé’%@'ﬁme@é‘a’l@f‘ tG’F'uc kgef 51 3
[ Pressur e miegtdhbund eisigeh ]l\hcl'&étsﬁnmaitbuen [S’troctb&cdfhanilgés in 18 exAd8ye pR6by oV

Baber g: Daéi%%}gfa%‘t’&%%egrﬁé‘% F}Sué‘%%fébsl ||€ 56, 2 (-96% 85 and0 10, 379 -

381, 1965; el n: ean erun oSl vp ttleren von Stahl mt

Stahl and @i BEANERRS %%ﬁEWEP ]:;ue eﬁ'tsrrﬂ‘& E’F%e”d’ﬁ%‘ﬁ §n s Afleoedsosi ve
pl ati ng ofof esplesabe platitg wttleebemidnaﬁmms aotifecappies layet] 2DBYY, (Déut. Met al | k. 56,

261- 26, ?que,QF V\i[??faa rTmeUggg_qg?d@OSprengpl attierens mt

Sonderwer kstoffen a expl osive plating with special
materials as the applied Iayer], DEW (Deut. 25 Edel stahl werke) - Tech. Ber.
10, 176- 188 thelfiFfing, the tivbengtbddls agg bdrided tpadlyriytemeahanical eoubsmaety tpea t |y by a

mechani CalmétQHUrEnc r&ﬁétd) erQI}’ aefornﬁnﬁﬁlﬁégﬁfvﬂiofwe%%wnat@{a% Rldchieded Bramfitting

bond of th teria I's ‘achi ev
p ating

30
Advantageously, the composite material to be used in accordance with the invention is
obtained by explosive plating. In this case (and generally), steel A preferably forms the
base material and steel B the applied material.

35 Itis advantageous in accordance with the invention that steels A and steels B, in the
temperature range from 20 fo 700°C, have similar coefficients of thermal expansion y
(also known as coefficient of longitudinal thermal expansion; it is typically determined
on a rod of length 1 m and of homogeneous cross section 1 cm?). The temperature
dependencies of the coefficients of thermal expansion y for steels A and steels B are
40  also comparable within the aforementioned temperature range.

Preferably in accordance with the invention, the coefficients of thermal expansion y of
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accordance with the invention owing to this significantly different y value.

In this document, the expression “copper and/or nickel” shall, in addition to the

30 corresponding pure metals, also comprise alloys which, based on their total weight,
comprise up to 5% by weight, or up to 4% by weight, or up to 3% by weight, or up to
2% by weight, or up to 1% by weight, or up to 0.5% by weight of elements (metais)
other than copper and/or nickel, They all form comparatively soft intermediate layers
(which do not become brittle either), which is why a difference in their thermal

35 coefficient of expansion from that of steels A, B essentially does not have the negative
effect described above (they effectively act like a rubber band). In any case, the
coefficient of thermal expansion of, for example, pure copper is only insignificantly
different from that of steels A, B within the relevant temperature range.

40  Appropriately from an application point of view, the thickness of steels B in composite
materials to be used in accordance with the invention is generally from 0.2 to 25 mm,
frequently from 1 to 15 mm or from 1 to 10 mm. Advantageously, the aforementioned
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When the composite material to be used in accordance with the invention has an
intermediate layer of copper, or of nickel, or of copper and nickel, its thickness is
- normally = 0.1 mm, usually = 0.2 mm or = 0.3 mm. In general, the thickness of this
intermediate layer will, however, not exceed 3 mm. In other words, the thickness of the
35 intermediate layer is typically = 3 mm, or = 2.5 mm, in many cases = 2 mm, or
= 1.5 mm and preferably = 1 mm. When an aforementioned intermediate layer is used,
no subsequent {on completion of plating) solution annealing should be undertaken.

Subsequent (on completion of plating) solution annealing can be effected (undertaken)
40  without an intermediate layer. :

The intermediate layer is capable firstly of contributing to an improvement in the



normal |y sol ution annealing at tenperatures between 1000C and 1150C with
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rare earth nmetal s other than Pr) A steel B
particularly preferred in accordance with the |nvent|on is steeI ‘of DIN
A steel B particularly preferred in accordance with the invention is steel of DIN

materials number 1.4841,

30 A steel A particularly preferred in accordance with the invention is steel of DIN
materials number 1.4910, which is commercially available, for example, as Thermon®
4910. This steel A is notable for a particularly high high-temperature stability (limit of
expansion, long-term stability) with simultaneously high structural stability (high
notched impact resistance), especially after long-term use in accordance with the

35  invention, which enables use in comparatively low thicknesses. This is steel within the
following composition framework:

from 16 to 18% by weight of Cr,
: from 12 to 14% by weight of Ni,
40 ' o from = 0 to 0.8% by weight of S,

from = 0.10 to 0.18% by weight of N,
from > 0 to 0.1% by weight of C, (preferably from > 0 to



materials punber 1.4841. 30 A steel A particularly preferred in accordance
with the iFReRl%%n is steel of DIN materials nunber 1. 4910, which is
comercially avail able, for exanple, as Thernon(r) 4910. This steel Ais
notable for a particularly high high-tegperature stability (limt of
‘expansion, long-termstability) with sinmultaneously high structural

stability (high notched inpact resistance), espe@i%ﬁ% y wetadt) | ong-term use
in-accordance w th thefdm i pY&BY Wweighticth enabl esidjse in conparatively | ow
t hi cknesses. This is stfeel>wi tgg r}lt he htf?{l | owi ng nposition framework: from
16 to 18% by wei ght of &P =V 568 Mg os by wei it of Ni, 40 from? 0 to
0.8% by wei ght of Si, froon?.0th to(.0@505 bBwelapt okei ght of N, from>_ 0 to 0.1

% by wej ght of C  (prekgrabbYo bi08m By Neibht &iF 58104, 16 0. 05% by weight) from
2 to 3% by wei ght of , from % b ight of, Mh, from0.0015 to

0. 0050% by wei ght of '\B/?fO"BZBF%&Og%%V ‘t"%'\éb%.,&% by wePBft of P, from> 0 to
0. 05% by weight of S, and, apart.fromthese, Fe and inpurities resulting

from product fon, the BgaseBhAREs FaChdIRblMda8hiRlydhBrddtofibn, ¥l gt 10
Advant ageously, the P and S con e |ntl.oaed conposition
5%

tents .in t af or
framework are at the Pﬁfqeﬁﬁgﬁﬁeé‘gh é"égg b??%?nqn:tgﬁ?&g hvig’ by wei ght of P
and 1® from= 0 to 0.015% by weight of S. Processes according to the

i nvention @d\@ntégwuérﬁrtﬁé PUnard YorREaiH Re aRiemuhfihebR8npastibn framelvBa reaction
chanber is ma ﬁ?%'ﬁﬁ%‘i{kgjr oma conposite material whose steel Bis a steel

of DIN mat¥F{ “9f841 and whose steel Ais a steel of DIN materials
20 nunber 1.4910, steel B being plated (preferably explosively plated) onto

steel A either directkymoE 0¥ 8.085% vyt wsigmdifat e | @ygid of copper, or of

ni ckel,. or of copper and_nigkel ....Advant.agequsly, o he thickness of the DN
1.4910155teel i s select gran}—oﬁg%bppg(ﬁ OW%ST%\’?S to gé) mm and the thickness of
the DIN 1.4841 steel to be from1l to 10 mm preferably 25 from4 to 6 mm

V\heg an i reeceRds a_t:@arhiag@cs;r@fin@m,tioﬂ@rMerw;artiemia@j %@aneagdoh& whén th’ﬂflﬂ‘idlli)?)nm ly
used, its ATe S : erably
i om o, 2 (4 O b RERRr S AR AGMIT Kop K e B BIERER, ¥ (1
i nvent i on Steel §f BEY mgterpjs\pumber 1.4841 and whose steel A is a steel of DIN materials

20  number 1.4810, steel B being plated (preferably explosively plated) onto steel A either

directly or via an intermediate layer of copper, or of nickel, or of copper and nickel.

Advantageously, the thickness of the DIN 1.4910 steel is selected to be from 20 or 30
fo 50 mm, and the thickness of the DIN 1.4841 steef to be from 1 to 10 mm, preferably

25 from 4 to 6 mm. When an intermediate layer of Cu, or of Ni, or of Cu and Ni is
additionalty used, its layer thickness is advantageously from 0.2 to 2 mm, preferably
from 0.2 to 1 mm.

Another steel B favorable for the process according to the invention is steel of DIN
30  materials number 1,4828, which may have the following composition:

from 19 to 21% by weight of Cr,

from 11 to 13% by weight of Ni,

from 1.5 to 2.5% by weight of Si,
35 from = 0 to 0.2% by weight of C,

from = 0 to 2% by weight of Mn,

from > 0 to 0.05% by weight of P,

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

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

Advantageously, the P and S contents in the aforementioned composition framework



30 materi 3’? Qwer 1.4828, which may have the follow ng conposition: from
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product i orf® ﬁg‘efﬁﬁp"‘ﬁ%ﬂ&%ﬁ%ges each being based on thé total weight.

Advant ageously, the P and S contents in the aforenmentioned conposition
framework PF 58104 17 freid € pab otd3eos B Wewnpsr v aigs: from= 0 to 0. 035% by
wei ght of P and fromf: 0_;3#.001155/0/ gﬁ%t t of S. 5 The aforenenti oned
steel is obtainable, fOIM& I} ??’36 X kumou GrbH (D-47877 Wllich). In
other Words, steels B particularly suitable in accordance with the invention
are those THOafBRARMISMIIQEE(LE BRBINABR, Wr eRamplehRorh @teMinitl CABPIOD-47877 _

f ramewor k: f”r%? 19 to 26% by weight of G, from1ll to 22% by wei ght of Ni,
froml.5 t\g'f % by weight of Si, 15 fromOto <_0.15% by wei ght of N,
fromO to < 0.5% by weight of C, fromO to 2% by weight of Mh, fromO to

8- 05% byt \)Nﬂlo];ﬂ’iﬁr u@frdd?steefsr@aaa@cégarlﬁs@é%egm aveorghihce With fheameABor>aredthbse 0. 02‘%; ]
y wei . > e or nore rare ear
net al sﬁhan"ﬁoasgar P% E rg'(tj'cr)rrlt'srt %gsvgfh'r]:tg%g%'%“#“r%%ﬁ?%‘s&péasnﬁ%wqqgg from producti on,
the 25 percentages each being based on the total weight. In the

af orementi oned conposi frommd ooy Weight be P content may &@rso be from= 0 to
= 0.035% by wei ght. 30sAn0tNQrooef By Re nebs steel's B suitab i n accordance
wth the invention i s enco asseg under "t he conposition framework from 18
to 30% by wei ght of erom 1.5 to 2.5% by weight of S,

15 from > 0 to < 0.15% by weight of N,
from = 0 to < 0.5% by weight of C,
from 2 0 to < 2% by weight of Mn,
from = 0 to 0.05% by weight of P,
from = 0 to 0.05% by weight (or from
20 2 0 to 0.02% by weight) of S, and,
from > 0 to 0.1% by weight of one or more rare earth
metals, and

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

in the aforementioned composition frameworks, the P content may also be from =0 to
= 0.035% by weight.

30  Another group S of steels B suitable in accordance with the invention is encompassed
under the composition framework

from 18 to 30% by weight of Cr,
from 9 to 36% by weight (or to

35 37% by weight) of Ni,
from 1 to 3% by weight of Si,
from 0.1 to 0.3% by weight of N,
from = 0 to £ 0.15% by weight of C,
from > 0 to < 4% by weight of Mn,

40 from = 0 to < 4% by weight of Al
from > 0 to 0.05% by weight of P,



from9 to 36% by weight (or to 35 37% by weight) of Ni, from1l to 3% by
wei ght of %F,sa'";/‘?om 0.1 to 0.3%by weight of N, fromO to <_ 0.15% by
weight of C, fromO to < 4% by weight of Mi, 40 from> 0 to < 4% by wei ght
of A, from? 0 to 0.05% by wei ght of R PF 58104 18 from> 0 to 0.05% by
-weight of S, and, from>_0 to 0.1 % by weight of one or nore rare earth
metals, and, 5 apart flonoaDtth8$8% Fewaight ¢fnp: andles resul ting from
production, the percenkgeso§aghPsy e Pﬁéfed, ORe bR otk c¥Rh Altals, The

af orenenti oned group S of possible steg s Bis described in detail in DE
102005061626.7. Wthin this group S, preferen@8% s given to the follow ng
10 conpositions: from 18 to 26% by weight of G, from9 to 36% by wei ght of
N, froml to 2.5% by a\ggh%h t%ses,'Feaﬂwéiﬁb%ﬂe@-r@sﬁl%&r&%p%d&ﬁbrﬂhﬁe of N,

from? 0, preferably (independently q he ot her contents) fromO0.03 to
0.15% by wei ght of C, PF t99es ea9f ‘B‘?}“Q\é?%%‘?‘er{ﬂ? WeigRim 0 to 4% by wei ght
of AI, 20 from> 0 to 0.05% by weight of P, from? 0 to 0.05% by wei ght of
From 0. 03 1 gojeiheiind gBUE SOHFELIELRRTBS denchlody Il 0 Pents) 94 by
. L R 0
wei ght of [é'gégg&%ﬁgfl§2§Z'f\&'t%'8itﬂ'ﬁ9%’?%?"%&%‘%%&5\'@ t@g}‘%ﬁ’“%mg% and one or

nor e otthercangrositieas:t h metal s), and, apart fromthese, Fe and inpurities
resulting from production, the percentages each being based on the total

1 O (o1 U1 S oeL) B0 U DGR °0, fRIROSTLons W e group
to 20 or (independent| yroof9 thab%bliaeighbnt ent sNi, 35 preferably to 15% by
wei ght of N, from 1 to 2.5% by weight of Si,
15 from 0.1 to 0.3% by weight of N,
from > 0, preferably (independently of the other contents)
from 0.03 to 0.15% by weight of C,

from = 0 to 3% by weight of Mn,
from = 0 to 4% by weight of Al
20 from = 0 to 0.05% by weightof P,

from = 0 to 0.05% by weight of 8, and,

from = 0 to 0.1%, preferably from > 0 to 0.1, and more preferably

from 0.03 to 0.08 (in each case independently of all other contents)

‘% by weight of one or more rare earth metals (preferably Ce or Ce
25 and one or 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 the steel).

30 . Further preferred compositions within the group S of possible steels B are the

following:

from 20 to 25% by weight Cr,
from 9 to 20 or (independently of the other contents)

35 preferably to 15% by weight of Ni,
from 1.4 to 2.5% by weight of Si,
from 0.1 to 0.3% by weight of N,
from = 0, preferably {independently of the other contents)
from 0.03 to 0.15% by weight of C,

40 from = 0 to 3% by weight of Mn,
from = 0 to 4% by weight of Al,

from = 0 to 0.05% by weight of P,



from1l.4 to 2.5%by weight of Si, fromO0.1 to 0.3%by weight of N, from=
0, prefera%f§ W‘hdependently of the ot her contents) from0.03 to 0.15% by
wei ght of C, 40 from= 0 to 3% by weight of Mh, from= 0 to 4% by wei ght of
A, from=0 to 0.05% by weight of P, # 58104 19 from= 0 to 0.05% by

wei ght of S, and, from= 0 to O. preferably from> 0 to 0.1, and nore
preferably from 0.03 foﬁ”GQ.‘ﬁeo(Qﬁ%é’aW’Qfé% i ndepéh@8ft |y of all ot her

contents) % by wei ghtirgph =@ 00T, piefeRbiyaff@En eay fold. TeindIrsoré prefbebbifom Ce or Ce
and one 5 or nore othggs fay e fA reEth @E%%kéépen%@ﬁﬂrﬁ@f%ﬂ tthefrc H?gh&ﬁs/e%':e and

inpurities resulting fromp rod sed on
the total weight (of thég@tCéér‘? ormrwﬁs@ ﬁé'fth WQI%GW@GF@WQU e@p one
conposigions within the ngsrewhed rae qaethsndibie) shéel s B are the foll ow ng:
from20 to 22% by weight of G, from1l0 to 12% by weight of Ni, 15 from
1.4 to 2.5% by wei ght of Si, fromO 12 to 0.2% by wei ght N, from= 0,
preferably (i ndepender@Paft fesm Hiesedraand imnriipg epulting 39‘1'”0”'9@-"1"6”0*7?2% by

wei ght of C, from = 0 dedcehtigea)easkibginy babedvbn thizltotal amight @f thee Seelpr ef er abl y
(i ndependently of all other contents) 0% by wei ght of AIl, from=0to

0. 045% by wei g of P, from= 0 to 0.015% by wei ght_ of and from= 0 to
0.1, ptf e?rsafsw psefer%sebgfouraﬁacqm%'tﬁﬂéfwh@ﬂwgfoglarﬁ@m&b@@tﬁis @8 (in
each case tlefsiodingg on all other contents) % by weight of one or nore rare
earth netals, and, apart fromthese, Fe and inpurities resulting from
production, the percenta es each belg_gogased on the total weight. 30 Quite
generally, it is favors &0fQe2%hy wgl B b&fonging to the group S when
the content of N is =rdin10fo h2%httgrweigid.of2, pMeferably = 0.13, nore

prefergply = 0.14 and B&yqqtgggo}@rbéwébh}g% by gyei ght. 35 Particularly

favorabl e steels B wit eel B are those of EN material s
from012to%2/u ywelghto I\F

from = 0, preferably (independently of all other contents)
from 0.05 to 0.12% by weight of C,

from = 0 to 1% by weight of Mn,
20 from =0 to 2, preferably {independently of all other contents)
0% by weight of Al,

from = 0 to 0.045% by weight of P,

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

from = 0 to 0.1, preferably > 0 to 0.1, and more preferably from 0.03
25 to 0.08 (in each case depending on all other contents) % 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.
30 _
Quite generally, it is favorable for all steels B belonging to the group S when the
content of N is = 0.11, better = 0.12, preferably = 0.13, more preferably = 0.14 and
even better = 0.15% by weight.

35 Particularly favorabie steeis B within the group S of steels B are those of EN materials
numbers 1.4818, 1.4835 and 1.4854, and those of DIN materials numbers 1.4891 and
1.4893. The group S of steels B suitable in accordance with the invention also includes
the'alloyed stainless steel THERMAX® 4835 from Thyssen Krupp Nirosta GmbH, in
D-47794 Krefeld, Germany.

40
Useful steels A suitable in accordance with the invention and having from 30 to 35% by
weight of Ni include in particular the DIN materials 1.4958 and 1.4959.



nunbers 1.4818, 1.4835 and 1.4854, and those of DIN materials nunbers 1.4891
and 1. 4898t 5W‘n%“group S of steels B suitable in accordance with the
invention also includes the alloyed stainless steel THERVAX(r) 4835 from
Thyssen Krupp Nirosta GrbH, in D-47794,Krefeld, Germany. 40 Useful steels A
suitable in accordance with the invention and having from 30 to 35% by

wei ght of Ni include in particular the DIN materials 1.4958 and 1.4959. PF
58104 20 Futiidnetechi fithbiesat@ipdahce Withiase indanish avktie Diemiatdriant dom,are t he

DIN materi " (ofo} L : i 1 hd fol |l ow ng

conposi ti oﬁh?sr]ea%zn\i%ufswo on‘%‘?@ﬁ@%@mﬁﬁ%’?gﬁ”%ﬁ%@&# rom9 to 12% by
weight of Ni, from=0 to 0.8%by weight of Si, from=0 to 0.08 (or =
0.04 tcc 0.08) % by weifednh 130 % Hyrvestght ® to 2% by wei ght of Mr, 10 from= 0
to 0.6% by wei ght of oftd 9934\ QudiQnis8% by wei ght of Ti, fyom= 0 to

0. 005% by wei ght of B!\ﬁaor?r_ct)&r;n :A’Oo)&c') 'g._tcobg% by weight of P, fra i = 0 to 0.05%
by weight of S, and, & F5HPO-8%SMwaiRide’ Fe and inpurities r¥sulting from
production, the per cerdngdstodedih(obeiinty foads@t) %o mymeigHtof al wei@ht, the DIN

material 1.4541 with, = nposition 20 froml 1 % by

wei ght of Cr, from 10f.F 5%@%?%%%% 810Ni , from0.51 % by \A%Q%ht of Si,
from0'®17% by wei ght BN RC B9 4% HWEEUS, by wei ght of C,~ f 1. 17% by
wei ght of WM, from O.fe@b%00y Ovitdh phitweidhtBf from < 0. 00005% byTiwei ght of S,
from 0.29% by wei ght ofonfk.0 Bhoso3By deRyht of TOM these, Fe and g npurities

resulting from product)on, .th cent ages each being based qn the total
A =08 08 PY MRl s ¥l

wei ght (test certific

from = 0 to 0.05% by weight of S, and,
15
apart from these, Fe and impurities resulting from production, the
percentages each being based on the fotal weight,
the DIN material 1.4541 with, for example, the composition
20
from 17.31% by weight of Cr,
from 10.05% by weight of Ni,
from 0.51% by weight of Si,
from 0.017% by weight of N,
25 from 0.042% by weight of C,
from 1.17% by weight of Mn,
from 0.025% by weight of P,
from < 0.00005% by weightof S,
from 0.29% by weight of Ti, and,
30

apart from these, Fe and impurities resulting from production, the
percentages each being based on the total weight (test certificate
from Sterling Tubes),

35 and the DIN material 1.4948 whose composition may lie within the following
composition framework:

from 17 to 19% by weight of Cr,

: from 8 to 11% by weight of Ni,

40 - from = 0 to 0.8% by weight of Si,
from = 010 0.11% by weight of N,

from 0.04 to 0.08% by weight of C,



35 and the_DI N materi al
foll ow ng
11 % by wei ght of N,
% by wei ght of N,

ition framework:

from O. 04 to 0. 08%by1

1. 4948 whose conposition may lie within the
from1l7 to 19% by weight of &, from8 to

40 from= 0 to 0.8% by weight of Si, from=0 to 0.11

wei ght of C, PF 58104 21 from= 0

to = 2.0%by wei ght of M, —OOt 005%by weight of P, from=0to
0.05% by wei ght of S, Jfm @Tap&"r‘?/"fbrym‘ﬁlgrﬁ@ée Be and inmpurities resulting
pﬁfnﬁelmttageﬁ%aﬁh/e@et@fg frased on the total weight. For

from producti on,
t he corrpositl
by wei ght of Cr,
Si, from=0to 0.11 % by vvelght of N,

exanpl e,

gn%g&) 0'189. d%'o/'\'gwge%&{ &f

8 may be: 10 from18.1 %
?Sr%%é— 0 to 0.8% by wei ght of
fromO 05% by weight of C, 15 from

= 0to& 2.0% by wei ghdpanffrdvh thesk Berarmd Dnduniti€s fh%%tibg froei rhtuaibonPthe from = 0

to 0.05% by wei ght of
from production,
I n other words,

Byodfibaei@beligiskd

B fhe gbltrrpurltles resul ting
el ng ase on the total weight.

particularly suitable steels A are enconpassed under the

conposi ti ofor énaa'rp&a/,\mud(ccﬁﬂpdgmmmoiﬂwet[bll\ma%ehyl Wed4ihmapbeCr, from8 to 14% by

wei ght of N,
from-OtoOZ%by
0Oto 3}3by wei ght of

from=0to

ml\}]ﬁg“r‘]t de- 1f°/? glw

0 8% by wei ght of total anount of Si and Al,
m—Oto
to 2.0 (cB'r to 1.5) % by wei ght of WM,

% by weight of C, 30 from=

from= 0 to 0.8% by werghi.35% bfweightoin = 0 to N). 05% by weight of B, from=

0 to 0.05% by wei ght ofof= 3 o §RBywedigHt@s 0. 030 by wei ght of S, and apart
fromthese, Fe and i pur | tloet%orﬁ%}ll tin fer ;Noductl on, the

15

20

25

30

35

40

by werght o
from 0.05% by weight of
from = 0 to = 2.0% by weight of
from = 0 to 0.05% by weight of
from = 0 to 0.05% by weight of

C,

Mn,

P,

S, and,

-apart from these, Fe and impurities resulting from production, the

percentages each being based on the total weight.

from 16 to 19% by weight of
from 8 to 14% by weight of
from = 0 to = 0.8% by weight of
from =0 to 0.2% by weight of
from = 0 to 0.1% by weight of
from = 0 to 3% by weight of

in other words, particularly suitable steels A are encompassed under the composition
framework

Cr,

Ni,

total amount of Si and Al,
N,

C,

Mo, orfrom =010 2.0

{or to 1.5) % by weight of Mn,

from = 0 to 0.8% by weight of

from = 0 to 0.05% by weight of
from = 0 to 0.05% by weight of
from = 0 to 0.05% by weight of

Ti,
B,
P,
S, and

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

A further steel suitable in accordance with the invention is the DIN material 1.4949
which may lie within the following composition framework:



per cent ages _each being based on the total weight. 40 A further steel

suitabl e | RF 288 dance with the invention is the DIN material 1.4949 which
may lie within the follow ng conposition franework: PF 58104 22 from 17 to
19% by weight of G, from9.5 to 11.5%JQy weight of N, from= 0 to 0.8%
‘by weight of Si, fromO.1 to 0.18% by weight of N, 5 from= 0 to 0.04% by
wei ght of C, from = ofem ¥ & 5% by waidhyet of Wb, from= 0 to 2% by wei ght
of M, from= 0 to 0. G3hrPH BYoWeisghby @kightof fmam = 0 to 0. 015% by wei ght of
S, and, 10 apart fromgthesea, o i i ti resul ting from production,
the percentages each ngﬁqnﬁﬁg%ggﬁgﬂ“{eﬁ@%fot afﬁwei ght. Further steels A
suitabl e i n accordance fi@m &1tm8. Bfvnweight fay Niie within the fol lowing 15
conposigion frameworKk: florpE0150108%L5y eghyofweight of C, from 12 to 17.5%
by weight of NN, fro _ . i Si, 20 from= 0 to 0.14% by
wei ght of N, from 0.85'%[% g(klt&)og%}"\%l\%%rggi %ﬁo' from= 0 to 2% by wei ght of
Mo, from= 0 to 1.5% BPMePdhe%dy Weight afr om MPtimes the C content to 1.2%
by wei ght of Nb, 25 fr D=6 td 0.035%33¢ WyighafgiR, of V, from= 0 to 0.035% by
weight of P, from=0 D % By, ' f &S,pand, apart fromthese, Fe
and inpurities resulti ;lggﬂ}rggn&g?&ogtﬁoc%{f%%,aht(ﬁe Sggng’er cent ages each being
based the total weight. In other words, useful inventive steels A also

i nclude DIN materi al s dpaddth; thesd 9B amchichpulitidd&8ultiBs from mbductomehe A to be
used in accordance wt ' [ j ighs, preferably in
accordance with the i vé‘%\ét}?%drﬁgve%eg.bg&gbbtfgﬁ%?gﬁf&gﬁa?@%ghg% by wei ght, better
= 0.5% by weight or = 0.4% by wei ght, even better = 0.3% by wei ght, even
mor e pr ef eFaliey steeB. 2 Witaplevieiaghirdance-with thedoeptiorimghitie withd the falewingst eel s A
to be {sededihRAfpATdHRK:W th the invention conprise no Si.

from 15 to 17.5% by weight of Cr,
from 12 to 17.5% by weight of Ni,
from 0.3 to 0.6% by weight of Si,
20 from = 0 to 0.14% by weight of N,
from 0.04 1o 0.1% by weight of C,
from = 0 to 2% by weight of Mo,
from =0 to 1.5% by weight of Mn,
from 10 times the C content to 1.2% by weight of Nb,
25 from 0.6 {0 0.85% by weight of V,
from = 0 to 0.035% by weight of P,
from =0 to 0.015% by weight of S, and,

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

In other words, useful inventive steelis A also include DIN materials 1.4961, 1.4981 and
1.4088. -

35 Inall steels A to be used in accordance with the invention, the Si content is, preferably

in accordance with the invention, = 0.7% by weight or = 0.6% by weight, better = 0.5%

by weight or = 0.4% by weight, even better = 0.3% by weight, even more preferably

= 0.2% by weight or = 0.1% by weight, and at best steels A to be used in accordance

with the invention comprise no Si.

40
In complete correspondence with this, the Al content in all steels A to be used in
accordance with the invention is, preferably in accordance with the invention, = 0.7%



40 In conp nl!,’_eég @)rrespondence with this, the Al content in all steels Ato
be used i % dance with the invention is, preferably in accordance with
t he inventi on, 0. 7% PF 58104 23 by weight or = 0. 6% by wei ght, better =
0. 5% by wei ght or = 0.4% by vvei ght evenn better = 0.3% by weight, even nore
‘preferably = wei 0.1 % by wei and at bhest steels Ato
be used |nbya‘€f%'SF'o%[n'c%5\htme?’ﬂlét e %2 d}%&?té’é =AY RIS HeS Y58 ched

! nmpact reslpettean@eS%foyMeagmtmhsnomemoefmblysve@w%rbme:ghmm1%1tlyh/velgbt

I nvention érg QSRS abby A‘to%@ qued ﬁpéé?;owé‘?ucémﬁltﬁe rﬁv@rﬂ%nté% éﬁﬂé@ﬁb%l B conprise

quite generally frequently = 0. by weight, or = Yo by wei ght, or =
0. 03% by wei ght of C, especi aI I y those ment i oned in 10 this docunent. Both
the stéel sThe moichedienpstigebistaBogeftbe atdels A tmpe Lsa! iniagterdanesowitieties of P and

of S. In :ﬁlféntn%h?seéer(e/r’all B segnpositions listed in this docunent, the
fol |l ow ng contents apply appropriately in accordance W|th the invention: 15

from= 0 to = 0.035% by weight of Pand from=0 to = 0.02% by wei ght of S
Pr ef er abl yBéth thecsteeld #narel the steelshd compriset quite, genireally friepedntly e 0Whityh conduct

the at |ea\§élght29r 209284 By WvkidHt, 8AS 0T3E B WERINBEIC tdipetigRcthbemehfdirinand t he
tgﬁ c%‘:oduc gas streamaway fromthe reaction chanber are al so

manufa g the conposite material to be used in accordance wth the
i nventi on. These tubes (especially those conducting the product gas away)

may, t hOUgﬁbth ithe SEEIBA FHEthalstRId® gBmettliyasdntibrie reiRinyum b6 menis oe Pl ghdadf DI N

mater i al s R4 e? /% Bﬁ %ﬂﬁoogﬁorls I%?e%%n%ls éﬂ? ?nt t?né f&lr ?V?lbrll on?éntggpé1%454l or

1.4841. The us Crease | evance
especi al | ﬁ%ﬁ@f‘aﬁ@h@tﬁ%ﬁrd@a@ Wi 'H‘éﬁb"t'a”t enperat ure of = 450C and the
workimg pressure of > 1 atmcomes into contact with mat eri al . For proper

and reliable operati Oq‘?orrii h% tgf—%&?ﬁbg%ﬁ*tﬁ dﬁ)dl ines are preferably 30

equi pped with devices for conpens nal expansion effects, as
can occur, for exanplfeem UﬂtﬁgQQ)Z@@Mﬁ‘@HQittﬂfeschanges and it is
di sadvant ageous to use conpensators which feature a | ateral node of action.

These Comﬁﬁéﬁﬁﬁﬂ é(&hFc%nQ@Wﬁﬁ ad Mvé}ﬁ%ﬁ tfe Zihé)“ ihéy ﬁlﬁlgﬁ@éﬁcﬂﬁ‘:t fﬁ?yat%st st e

manuf act e Sane nmateria I ne
parti Al ar®F siatas oayebrAn lwasb Hierent ?”eﬁhé ﬁbé'éé &heta& Ieagbang Rofyet gas
gas- per neadtteant avgaydfrom thex reotiner aachbgaare alspmanefabluesceirars theccampasites| eeve

(gas-i ”perrﬁgtﬂfél% %E%%&di f QdbRfante RN }heauﬁvéd?aﬁﬁrTﬁééQﬁubé%%&pedPJH?fﬂ%s%b' y

manuf actured fromthe conposite ter accord ncg Ymththe
ed on

hvent | on. CORAHERSI e PiRcCoRRRCIaN TRY+ He-ghd PNIRRE Blshdscran
appropri atfeiny s#8ishtd Ol nggrighenurelbds 4 .480p aors1. 6803 @i h49Endr &d9ékteer nal |

gas- i nper nead) €or ARSI TRe use of inventive composite material is of increased relevance
especially when reaction gas which has a temperature of = 450°C and the working
pressure of > 1 atm comes into contact with material.

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

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

These compensators which generally have a multilayer design may be manufactured
35 from the same material as the pipeline itself. However, particularly advantageous
embodiments are those with (generally: gas-permeable rigid inner tube and gas-
~ impermeable elastic outer sleeve (gas-impermeable elastic outer tube)) an inner tube
part, preferably manufactured from the composite material to be used in accordance
- with the invention, which is in contact with the gas to be conducted and appropriately
40 has a gas-permeable expansion joint and an external, gas-impermeable, elastic,
corrugated part which is manufactured at least partly from an especially mechanically
and thermally stressable material, for example material 1.4876 (designation according
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30  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 = 0.1 or = 0.5% by volume) as a reactant.
However, it is also advantageous when the at least one starting gas stream comprises
steam and/or molecular oxygen as impurities. It is also advantageous when, in the

35 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
invention, However, the process according to the invention is particularly advantageous
not least when the at least one starting gas stream comprises residual gas which stems

40 from a partial oxidation of dehydrogenated hydrocarbon formed in the process
according to the invention connected downstream of the process according to the

-invention, accompanied by hydrocarbon yet to be dehydrogenated, remains after target



according to the invention connected downstream of the process according to
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remai ns after target PF 58104 25 product renoval fromthe product gas
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o hon ( oanotaBs b8 RRsEd5F Bh one constiart PERE aectah Saf B i sRse-4s s coar bon
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oxi dati on. tiaonal rea actiaon t

armoxi dat | B o ey S ne e b Bk Sy AERRAN T o heft BB LR 5,

oxi datd%n. bedrwhieh eorapriserin actual Ciafr?éfstt d@j-égd Wit inedt rb@teuaJdtw%Mw Yatedr aI ly to
mean a reagpligmy)gas constituent which behaves substantially chemically

inertly under the conditions of the appropriate reaction and, each inert
reaction glas constituent taken al one, remains 35 chem Calylﬁ%qa unchanged to an
f

extent of AdHEdpsEeNdS fuhoxidativricamBpion) 6f adeBydresanaiid hyske@reatan 97 mol %
or to an exidirthydrocambe té bateRRireguntiedEx anpdre®odfto ineph diadt tihe fote aimoudi | uent

gj‘i tez rzgsge c%f c?{]boﬁéf‘ég%?m the %&T’@%rb&% coIdy BBXRRs BHELLER (OB, 8B, A and
different conversmns 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
30  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

35 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
diluent gases are, for example, N,, H:0, CO,, noble gases such as Ne and Ar, and
mixtures of these gases, etc.

40  When the process according to the invention is a heterogeneously catalyzed
oxydehydrogenation (for example that of propane to propylene), the source used for
the molecular oxygen required therefor may be air, pure molecular oxygen or air -



40 When the process according to the invention is a heterogeneously

catal yzed P%E%Mhydrogenat ion (for exanple that of propane to propyl ene),
the source used for the nol ecul ar oxygen required therefor may be air, pure
nol ecul ar oxygen or air PF 58104 26 enjiched in nol ecul ar oxygen; or other
-m xtures of nolecular oxygen and inert gas. Further possible oxygen sources
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di sfavored _conpared to thermal cleavage or cracking (splitting of CC.
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of shaped each case with

catal yst bodies, the reaction tube is flll up in
o bed o - <8 pPpR thedBROEE b Seh i aeiks st ool ng Brobfd BREeR0E o
1.5 nmm t o inli® neaction 925 tgprapylsear s the entire bed. Fromthe outside, the
reaction tube is kept at a tenperature of 550C over its entire |length. The

reaction t I r I.5.N ' r p% n t in a vol une
rati o of 2':!ij %rc _t') naﬁ'gg rr%‘q‘%glc'\‘éﬂ(s éete!agfrg%%a%ag%?%érgne c‘%dél:l %gl %1(}“ I'ﬁ‘lthhez‘g cat al yst
bed of20100%Al thicamssiof B mrmead endpternal digistesof damm AAS atb%ﬂg%h pr&hesdted to a
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catal ysts 2 IV o] t he
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condi t i onsaalystbgdipg|thg resgientuan iclieddirtie gagh easendth aned Al Eatite e
het er ogenephsiley (et ablgres) xirdehysheng diaaicterdf ram 1.8 nph towg.bpha. Ae carried 35
out i nRzsuch r f J ; ts US-A
4, 788%7 1@'@%%8%5@%5"%&F %?“f&%“ﬁ%@‘??ﬁ’éﬁa&ﬁ48‘1‘3555?%?3%Féfoa W Zhang,
Gaodeng xUeRpaaiureghsRRsCyepinentira lqngty 3pe sestion tubg s AaroehiB@ Huagong, 21
(1992) 592mixture of propane and steam in a volume ratio of 2 (propane) to 1 (steam) with

a propane loading of the catalyst bed of 1000 | (STP)/-h. The starting gas stream

has been preheated to a temperature of 550°C. Particular preference is given to

30 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.

An inventive heterogeneously catalyzed oxydehydrogenation can in principle be carried
35 outin such a way as described, for example, in the documents US-A 4,788,371,
CN-A 1073893, Catalysis Letters 23 (1994), 103-106, W. Zhang, Gaodeng Xuexiao
Huaxue Xuebao, 14 (1993) 566, Z. Huang, Shiyou Huagong, 21 (1992) 592,
WO 97/36843, DE-A 197 53 817, US-A 3,862,256, US-A 3,887,631, DE-A 195 30 454,
US-A 4,341,664, J. of Catalysis 167, 560-569 (1997}, J. of Catalysis 167, 550-559
40-  (1997), Topics in Catalysis 3 (1996) 265-275, US 5,086,032, Catalysis Letters 10
(1991}, 181-192, Ind. Eng. Chem. Res. 1996, 35, 14-18, US 4,255,284, Applied
Catalysis A: General, 100 (1993), 111-130, J. of Catalysis 148, 56-67 (1994), V. Cortés



WO 97/36849, DE-A 197 53 817, US-A 3,862,256, US-A 3,887,631, DE-A 195 30
454, US- PB58WA 664, J. of Catalysis 167, 560-569 (1997), J. of Catalysis
167, 550-559 40 (1997), Topics in Catalysis 3 (1996) 265-275, US 5,086, 032,
Catalysis Letters 10 (1991), 181-192, J,nd. Eng. Chem Res. 1996, 35, 14-18,
"US 4,255,284, Applied Catalysis A General 100 (1993), 111-130, J. of
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inventive heterogeneously catalyzed oxydehydrogenation include multimetal oxide
30 compositions of the general formula lii

M'.Mo+ ,M?0, (1)
where
35
M" = Co, Ni, Mg, Zn, Mn and/or Cu,
M2 =W, V, Te, Nb, P, Cr, Fe, Sb, Ce, Sn and/or La,
a =0.5-1.5,
b = 0-0.5,
40

and



35 M = h‘l%{l\/g Zn, M and/or Cu, M =W V, Te, Nb, P, G, Fe, Sbh, Ce,
.Sn and/or FEFS 0.5-1.5, b =0-0.5, 40 and PF 58104 28 x = a nunber
which is determ ned by the val ency and the frequency of the elenents in
(I'1'l) other than oxygen. They can be prgpared and shaped as described in
‘DE-A 102 45 585. 5 For a heterogeneously catal yzed oxydehydrogenati on of
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increasing propane conversion. Preference is therefore given o carrying out the

25  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
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

30 general, the seleciivity 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
reaction tube, the reaction temperature generally passes through a maximum.

35 In general, the starting gas stream used in a heterogeneously catalyzed propane
oxydehydrogenation comprises from 5 to 95 mol% of propane (based on 100 mol% of
starting gas). In addition to propane and oxygen, the starting gas for the
heterogeneously catalyzed oxydehydrogenation may also comprise further, especially
inert, constituents such as carbon dioxide, carbon monoxide, nitrogen, noble gases,

40  other hydrocarbons, present, for example, in crude propane (the propane source used
for the process according to the invention is normally crude propane as recommended,
for example, in DE-A 10245585 or DE-A 102005022798), and/or propylene. The
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with the invention in a correspon |ng nner as described above for the
oxydehydrogenatl on of propane. 30 Useful such hydrocarbons to be
oxydehydr dipderagetboasly catalyzaed tixgddhgdrogebativas Of bydyatabens other than propane

to be dehydrogenated may be carried out in accordance with the invention in a
- corresponding manner, as described above for the oxydehydrogenation of propane.
30  Useful such hydrocarbons to be oxydehydrogenated are in particular butane (to butene
(in particular isobutane to isobutene) and/or butadiene) and also butenes (to
butadiene).

The regeneration of catalysts used for a partial heterogeneously catalyzed

35 oxydehydrogenation of propane, for example, can be undertaken as described for
partial oxidation catalysts in the documents DE-A 103 51 269, DE-A 103 50 812 and
DE-A 103 50 822.

When the inventive heterogeneously catalyzed partial dehydrogenation is not an

40  oxydehydrogenation, it always includes a conventional heterogeneously catalyzed
dehydrogenation, i.e. molecular hydrogen is formed at least as an intermediate and, in
the case of an oxidative (conventional) heterogensously cafalyzed partial
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30 from 2to 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
is given in accordance with the invention to the fixed catalyst bed.

35 In general, the dehydrogenation catélysts (especially those recommended in
DE-A 199 37107 (especially the exemplary catalysts of this DE-A)) are such that they
are capable of catalyzing both the dehydrogenation of the hydrocarbon to be
dehydrogenated (e.g. propane} and the combustion of the hydrocarbon to be
dehydrogenated (e.g. propane) and of molecular hydrogen. The hydrogen combustion

40  proceeds very much more rapidly over the catalysts both in comparison to the
dehydrogenation of the hydrocarbon to be dehydrogenated {e.g. propane) and in
comparison to its combustion in the case of a competition situation.
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reaction chanber can be configured isothermcally (externally controlled
t enper at urre oireootds) bdmed on single pass of the at least one starting gas stream through the

at least one catalyst bed in the reaction chamber with inventive properties, the reaction
chamber can be configured isothermically (externally controlled temperature profile) by

30  controlled heat exchange with, for example, fluid (i.e. liquid or gaseous) heat carriers
conducted outside the reaction chamber enclosed by the inventive shell.
Corresponding heat exchangers may also be accommodated in the reaction chamber
itself.

35 However, with the same reference basis, it can also be designed adiabatically, i.e.
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
internally controlled (for example by hydrogen combustion in a subsequent step)
40  temperature profile yet to be described below, may be configured either
endothermically {(negative) or autothermally (essentially zero) or exothermically
(positive).
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reductive treatment with molecular hydrogen normally concludes the catatyst
regeneration. However, a certain suppression of the formation of carbon deposits (and
thus a lengthening of the catalyst lifetime) is also possible by adding molecular

30  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.

It will be appreciated that the possibility also exists of adding a mixture of steam and
35 molecular hydrogen to the hydrocarbon to be dehydrogenated under heterogeneous
catalysis (for example propane), especially for the aforementioned purposes. Addition
- of molecular hydrogen to the heterogeneously catalyzed dehydrogenation of propane
also reduces the undesired formation of allene (propadiene), propyne and acetylene as
by-products.
40
It may therefore be appropriate in accordance with the invention (as already
addressed) to carry out the conventional heterogeneously catalyzed hydrocarbon (e.g.
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cat al yst [s@dp'amanner, for example, by initially passing air (preferably) diluted with nitrogen
and/or steam in first oxidative regeneration stages through the (fixed) catalyst bed at an
inlet 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
30 (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 0.1 to 25 or from 0.5 to 20% by
volume.

In subseguent further oxidative regeneration stages, the regeneration gas used under

35  otherwise identical regeneration conditions may be air. Appropriately from an
application point of view, it is recommended to flush the catalyst with inert gas (e.g.
H,0, N, or a mixiure thereof) before it is regenerated.

Subsequently, it is generally advisable to regenerate reductively with pure molecular

40  hydrogen or with molecular hydrogen diluted with inert gas (preferably steam and/or
nitrogen) (the hydrogen content should be = 1% by volume) under otherwise identical
conditions.
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a trayOr e#BBMEAI. 20 chanber. In the sinplest case, the fixed catalyst beds
are arranged in the reaction chanber axially or in the annular gaps of
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segment above it or below it.

Appropriately, the reaction gas (starting gas), on its way from one catalyst bed fo 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 at least within this temperature
40  range inside the tray reaction chamber. This means that the entire inventive
dehydrogenation can thus be implemented, at least with fresh catalysts, at
comparatively moderate temperatures, which is found to be particularly favorable for
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substantialiy constant temperature, which enables particularly long lifetimes between

two regenerations (instead of a tray reactor, it is also possible in an equivalent manner

30 to use a series connection of a number of reactors having an inventive shell E which
corresponds to the aforementioned number of trays, and to undertake the feeding of
oxygen between successive reactors in each case. The number of reactors thus
connected may be, for example, “three” or “two”, or *four”. In general, every single one
of these reactors will have one or at most two fixed catalyst beds).

35
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
heterogeneousiy catalyzed dehydrogenation in the sense of the present application.
40

in general, oxygen feeding as described above should be undertaken such that the
oxygen content of the Peaction gas, based on the amount of hydrocarbon to be
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The aforementioned hydrogen combustion can be implemented in a particularly elegant

30  manner as described in WO 03/076370 or DE-A 102 11 275. in other words, in a
process for continuous conventional oxidative heterogeneously catalyzed partial
dehydrogenation of hydrocarbon to be dehydrogenated (e.g. in propane) in the
inventive reaction chamber, in which ’

3B - at least one starting gas stream comprising at least one hydrocarbon to be
dehydrogenated (e.g. propane), moiecular 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

conducted through at least one catalyst bed disposed in the reaction chamber,

40 over which molecular hydrogen and, at least partially, at ieast one
dehydrogenated hydrocarbon (e.g. propylene) are formed by conventional
heterogeneously catalyzed dehydrogenation,
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from 8 to 25% by volume of propylene,
from = 0 to 25% by volume of H, and
25  from =0 to 30% by volume of CO..

in the above remarks, propane has always been mentioned in individualized form as
the hydrocarbon to be dehydrogenated under heterogeneous catalysis in a
conventional, nonoxidative or oxidative manner. Of course, the procedures described

30 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 (to butene and/or butadiene; especially isobutane to
isobutene) and of butenes to butadiene.

35 Quite generally, the at least one starting gas stream of an inventive, oxidative or
nonoxidative heterogeneousiy catalyzed dehydrogenation generally comprises = 5% by
volume of the hydrocarbon to be dehydrogenated (e.g. propane). in addition, it may
comprise, for example: - -

40 a} Nzand H;0O;
b) Nz, O, and H,0;
c)  Nj O, H,0 and Hy;
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remaining residual gas comprising unconverted hydrocarbon to be dehydrogenated
(e.g. propane), molecular oxygen and, if appropriate, unconverted dehydrogenated
25 hydrocarbon (e.g. propylene), at least a portion comprising unconverted hydrocarbon to
be dehydrogenated (e.g. propane) and, if appropriate, unconverted molecular oxygen
and, if appropriate, unconverted dehydrogenated hydrocarbon (e.g. propylene) will be
recycled into the process according to the invention as partial oxidation cycle gas (for
example as a constituent of the starting gas stream).
30
When the process according to the invention (but also otherwise) is, for example, an
oxidative conventional heterogeneously catalyzed partial dehydrogenation of propane
to propylene, and the partial oxidation which follows is that of propylene to acroiein or
to acrylic acid or to a mixture thereof, the at least one starting gas stream fed to the
35 inventive reaction chamber may comprise, for example, as significant contents:

from = 0 to 20 or to 10, frequently from 0 to 6% by volume of propylene,
from =0 to 1, in many cases from 0 to 0.5, frequently from 0 to 0.25% by volume
of acrolein,
40 from = 0 to 0.25 (or to 0.4), in many cases from 0 to 0.05, frequently from 0 to
0.03% by volume of acrylic acid,
from =0 to 20 or to 5, in many cases from 0 fo 3, frequently from 0 to 2% by
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The further removal of the acrylic acid from the condensed phase is effected generally
in the desired purity using at least one thermal separation process. This is understood
to mean those processes in which at least two different substance phases (for example
liquid/liquid; gaseous/liquid; solid/liquid; gaseous/solid, etc.) are obtained and
30 contacted with one ancther. Owing to the gradients existing between the phases, heat
and mass transfer takes place between them and ultimately causes the desired
separation (removal). The term "thermal separation process” reflects that it requires
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

35 maintains the mass fransfer.

Preferably in accordance with the invention, the at least one thermal separation
process comprises at least one crystallizative removal from liquid phase. Appropriately
in accordance with the invention, the at least one crystaliizative removal of acrylic acid
40 is a suspension crystallization, and the suspension crystals are advantageocusly
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
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process for preparing act acrylic acid is
esterifi ed”W“i“Hg 5I°¥9ﬁ6?§ Mt} é’rxé%‘i'?‘ sYqesdt and. haperopriateer abl y Cl- to
C12- al kanddehydrogematicaldyyie yad eforaxamhpleb desdriatiyrss of )suci helltistapegsscdsees

esteridy Caéa'n% fBEWd fnrlhé Hééhn?é?-'té PEL R“i"@%@% 022 ?é@cﬁ?o bB6e ﬁﬁfgof ?%E%!

pol yneri zat| o merized. 20
B Mot 1034819 Pk 102 45 SEE S 1§ 5005 043,659, Blesfi 10220 848 1280 ehambor
processes DE-A 10 2005 013 039, DE-A 10 2005 010 111, DE-A 10 2005 009 891,

DE-A 102 11 275, EP-A 117 148, US 3,161,670, DE-A 33 13 573, WO 01/96270,
DE-A 103 16 039, DE-A 10 2005 009 885, DE-A 10 2005 052 923,

30 DE-A 10 2005 057 197, WO 03/076370, DE-A 102 45 585, DE-A 22 13 573,
US 3,161,670 and the prior art cited in these documents. DE-A 102 19 686 discloses
the corresponding procedure in the case of preparation of methacrolein and/or
methacrylic acid.

35 Detailed descriptions of absorptive and/or 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,
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,

40  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).



accordi ng E,g éh€ invention for preparing propylene from propane as the
propyl ene 3814 for partial oxidations thereof to prepare acrolein and/or
acrylic acid are known, including a cycle gas nethod of oxidation cycle gas
and, if appropriate, dehydrogenation gycle gas. For exanple, descriptions
-of such multistage processes 25 can be found in the docunents DE-A 10 2005
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EP-A 1 01 02/ 09839,
DE- A 102 gﬁ’ﬁé‘}i’?‘e @@ch“é‘% g\}i’g ﬁ@r&%@é%@% p“%% %(yfg@ﬁ%g &% DE-A 103 36
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01325, DE-ddniiRenthf 2ARe fbpahel Zcetddaa, wiiRhé t&R5ing36 DEER162 85585, 062, EP- A
117 146, DE-A 43 08 087 DE-A 43 35 172, DE-A 44 36 243, DE-A 103 32 758

and 10 DE- 199 2@@53? rinciple, howe r, is al so pOS%I ble to
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i s pr opanegenetalvthislprepogticer btojurbe, Hopetven wilhie attvaluessin tbeearse dasisg gas
Strearpsas A90% by volume, usually = 80% by volume and often = 70% by volume. The above
data apply especially in the case of propane as the hydrocarbon to be dehydrogenated
and propylene as the dehydrogenated hydrocarbon. Of course, they also apply where
isobutane is the hydrocarbon to be dehydrogenated and isobutene is the
dehydrogenated hydrocarbon.
30
Remarkably, for the performance of an inventive conventional (oxidative or
nonoxidative) heterogeneously catalyzed dehydrogenation, especially for an adiabatic
operating mode, the interior of a simple shaft furnace ("shaft furhace reactor") is
sufficient as the at least one inventive reaction chamber which comprises at least one
35 catalyst bed (for example the at least one fixed catalyst bed} and is flowed through
axially and/or radially by the starting gas stream. A particularly preferred embodiment
of such a reactor is described by DE 10 2006 017 623.5 and 10 2006 015 235.2.

In the simplest case, it is, for example, a substantially cylindrical vessel whose internal
40 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 in adiabatic operation is
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30 from 18 to 30% by weight of Cr,
from 9 to 37% by weight (or,
independently of all other contents,

to 36% by weight) of -~ Ni,

from 1 to 4% by weight {or to
35 ' 3% by weight) of Si,
' from > 0 to 4% by weight of Al,

from 2 0 to 0.3% by weight of N,
from = 0 to 0.15% by weightof  C,
from = 0 to 4% by weight of Mn,
40 from > 0 to 0.05% by weight of P,
' from > 0 to 0.05% by weight of S, and
from 2> 0 to 0.1% by weight of one or more rare earth
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5 times, preferably at least 10 tinmes and nore preferably at |east 15 tines
the bed height S of the at |east one cgdalyst bed in axial direction. In
‘general, the aforenentioned ratio of A'S will however, be = 200, typically
= 150 and usually = 100. 20 Agai nst the background of “Fsr'f@' s"{"}ﬁ enents above,
the present invention conprises, as part of the inventive subject matter,
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from6 to 18% by wei ght (frequem kY tbavlbyakynvei ght) nvf, Ni,
| from =0 to 2 {orto 1.5)%

by weight of Mn,
20 from > 0 to 0.5% by weight of Ti,

from > 0 to 1.2% by weight,

or to 0.5% by weight, of Nb,

from > 0 to 0.9% by weight of V,
from 2 0 to 0.1% by weight of B,

25 from > 0 to 0.05% by weight of P,
from = 0 to 0.05% by weight of S, and

apart from these, Fe and impurities resulting from production, the
percentages each being based on the total weight,
30
or of the elemental composition

from 19 to 23% by weight of Cr,

from 30 to 35% by weight of Ni,
35 from = 0 to 1% by weight of Co,

from > 0 to 1% by weight of Si,

from 0.15 to 0.7% by weightof Al
from > 0 to 0.12% by weight of | C,
from > 0 to 2.0% by weight of Mn,
40 from 2 0 to 0.75% by weightof  Cu,
from 0.15to 0.7% by weight of  Ti,



fromO to % 8%8 weight of Si, from> 0 to 0.8% by weight of Al, 15 from?
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0.05% by weight of P, from ? ®ma Qtods8a%PYWEIGRef of 75, and apart from

these, Fe and inpurities resulféma §o@0PLOJwaidHiaf t I8 anger cent ages each
bei ng based on the total weight, 30 or of the elenental conposition from 19
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cont ent i n=0lendB (I}\lomﬁ’!oejylvamgﬁt /0 costent 6f tamdame tnaddridlisydveniagbbusiyih@ C
content of Mua mﬁgq'w'i'l\%reb\%raﬂg@&ﬁﬂ&ﬁ‘é {ﬁé sa mgféﬂal‘fs gd?anot/%@bu\é@' ght.
Mor eover, con %‘ﬁ ?\f ﬁ-. dy

rom 0 fo= 03/6 by welght e sum of i and Co inthe a orem n ioned material is

advantageously from 30 to 34% by weight.

15
All statements made earlier in this document on the shell (E), the steels A, B and the
intermediate layer of Cu and/or Ni in the context of the process according to the

invention also apply to the (material) shell E which encloses the interior 1.

20  In other words, for example, the totai amount of impurities resulting from production in
the steels A, B of the shell E is, advantageously in accordance with the invention, quite
generally and on the same basis, = 1% by weight, preferably = 0.75% by weight, more
preferably = 0.5% by weight and most preferably = 0.25% by weight. In general, the
entire amount of impurities resulting from production in the particular steel A, B wil,

25 however, be = 0.1% by weight. Preferably in accordance with the invention, the rare
earth metal of a steel B is Ce. Preferably in accordance with the invention, a steel B
has from = 0 to 0.1% by weight of Ce or Ce and one or more rare earth metals other
than Ce (especially La, Nd and/or Pr).

30  The interior | of all shells E is suitable, after the introduction of at least one catalyst bed
comprising dehydrogenation catatyst, for performing the process according to the
invention (especially those for adiabatic heterogeneously catalyzed conventional
nonoxidative or oxidative dehydrogenation of propane to propylene).

35 Advantageously in accordance with the invention, the volume of the interior |
(calculated empty) is from 5 m® to 500 m?, often 10 m® to 400 m®, frequently from 20 m
to 300 m®, in many cases from 30 m® to 200 m®, or from 50 m® to 150 m®. Possible
individual values are thus, for example, 150 m®, 160 m®, 170 m® 180 m®, 190 m® and
200 m*.

3

40
Of course, useful steels A, B for the steels A, B of the shells E also include all others
which are usable in accordance with the invention and have already been mentioned in
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The ratio V; of the height H (the separation of the two parallel circular planes delimiting
30 the annular segment R} and A (V,=H : A) may be either> 1, 0or=1,0or< 1.

When Vz>1, it is typically from 2 to 10, frequently from 4 to 8 and often 8. When V,<1, it

is typically from 0.01 to 0.95, frequently from 0.02 o 0.9, often from 0.03 {0 0.8, in

many cases from 0.05 to 0.7, or from 0.07 to 0.5 or from 0.1 to 0,4. Possible values for
35 V,arethus also 0.2 and 0.3,

When V,>1, A is usually from = 0.5 m to 5 m, frequently from 1 m to 4 m, and
appropriately from 2 m to 3 m.

40  When Vo<1, Ais typically from = 0.5 m to 8 m, preferably from 2 m to 7or 6.50 m and
often from2.5mtoBor5m.
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whose V2>1The latter is true especially when H is from 2 m to 4 m (preferably from 2.50 to 3.50 m,

e.g. 2.70 m) and the internal diameter of the annular segment R (at a wali thickness of

30 from 1to 4 cm)is from 5.90 m to 6.50 m. Appropriately, the number of catalyst bed

trays arranged in axial succession in the aforementioned case is three. The bed height

of a catalyst bed (for exampie of the catalyst according to Ex. 4 of DE-A 102 19 879)

will appropriately be from 10 to 60 cm (e.g. 30 cm).

35  Appropriately from an application point of view, the two parallel circular planes
delimiting the annular segment R are concluded by a hood in each case (supplemented
to make shell E). In principle, the hoods may have the form of a flat base (lid) or else
be curved. Preference is given in accordance with the invention to hoods curved on
both sides of the annular segment R. It is possible for the curvature to have

40 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 I (be
curved outward, convex}. The curvature of the upper hood may be either concave or
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30 framework circle sectors. The lowermost framework circle sectors may, adjusted to the
curvature of the lower hood, be continued and placed into the convex curvature of the
lower hood as the element bearing the framework circle sectors. The framework circle
sectors of grid sectors disposed above them may then in each case be placed onto
those of the catalyst tray disposed immediately below them.
35
In principle, shells E may be manufactured seamlessly from the annular segment R
and the two hoods concluding it. However, the segment R and the hoods are generally
manufactured separately and subsequently have to be bonded to one another in a very
substantially gas-tight manner (gas leakage <10™ mbar -I/s). In the case of the lower
40  hood, this bonding with the annular segment R is preferably effected by welding it on.
In the case of the upper hood, however, the bonding with the annular segment R is
advantageously undertaken by flanging it on (the removability of the upper hood eases
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bed is covered once again by an appropriate inert bed.

30 A pipeline feeding the at least one starting gas stream is normally likewise bonded in a
gas-tight manner 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 02,
Alternatively, the flange attachment can also be replaced by welding attachment.

35  For proper and safe operation, the aforementioned (pipe)iines are preferably equipped
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. '

40  These compensators which generally have a multilayer design may be manufactured
from the same material as the pipeline itself. However, particularly advantageous
embodiments are those with (generally: gas-permeable rigid inner tube and gas-



ring interior are manufactured froma steel B. When they are wei ght-bearing
.el enent s R it exanpl e the support grids), they are, preferably in

accordance with the invention, manufactured froma steel B of EN materials
nunber 1.4835 or froma steel B of DI Nggmaterials nunber 1.4893. In a less

preferred enmbodi nent, steel of DIN materials nunber 1. 45451 I s al so useful
for this pOwsEeeadla slaplicewpnsiesye(gasiprarmsabie e\raspﬁoywétqbﬁwmlnaw tube shaped
cat al yst bmaH, psefaviably mariufédsturep lfr@oeal nditeriactol be wretdon tbeordancgswiththes 1 s because

5\nh§t ?\hg?e?ﬂ@ hy\ﬁﬁtcrb%qh%ént%%ﬂbnﬁ?thle?a@?d’ gef g&ogj@dlzﬁ{d éHQFE;p{F%{éEPh%JR%% % hteo”ﬁg h
cm pref er%ﬁﬂ"% 'P'Pcﬂ’ﬂég’??'?fﬂ t@ﬁ? XBPX tgaﬁémg E?&?PEPS?tedfpf“Sm 3to
10 cm 5 r eghiemis pafiufacturtdat least pardy mnm ansespbaabdnéq:hmwﬂy\aod thegmalty

glo;gf ﬁgg?ﬁﬁrééatﬁg RN féroe%é%i;{‘egmﬁzer?@H h@?é:(%%s Qigh&tn &%ﬁfﬂ%)wﬂlﬁl/—l nddg(rzlsplore
rings) whi ﬁé@/é gg/ﬁélr?aggéjeg%a %E?%dlm MQQ\E _ﬁ@-ﬁgs 8t {Nﬁn@ g@\(ﬁ\é'cq fing two
poi nts on 30T, wunidkatgsecoatedalfotdiibrightaroativertesighatiembiay @edr didghtt er s,

Usef ul al t@smbliveddsifiatiomBliy é@hs to steatite include in particul ar
alumn oxi des, silicon dioxide, thorium dioxide, zirconium dioxide,

silicom 25 carbl de or silicates such as magnesium silicate and al um num

silicate. lomnpciple, theishell Fejust likedhe feedingtand rempuing piretiess. caRAlsa®sl i ed. The

][ eact | ﬁn 9@5nl.ﬁfbﬁm¢‘edtfl‘vnﬁ) Higkelitage FiRAGH4l Q1A642 twéh@twe dedighatioheSip9BdorRg manner
romthe tQ nce again

by an approgrl g%& ?""Agﬁ'é qg\g}é%&meﬁ Q%oﬁﬁﬁl-?efﬁ@%nalg‘?g%dnﬁmg e:dz’i'gsh'gne starting

gas streandic¥mest igdhe (ot RO&NsEE By ed ina gas- tlght manner to the at

| east '[me first orifice O1 by flanging it on, as is the pipeline renoving

the at alﬁtorc%ﬁ l thg |d$etn gﬂme o‘?a §f@c§ in tﬁé‘ﬁ'ﬁe §ofPf Ré]ij éf'ce 02.
%e ac di

Alternatlvel ange att also be_rep ced

att achnentma@Be’PSYa’H?%'P '%ﬁ%Poé%ﬁr@ed‘strﬂéﬁ I“Hﬁ”t'ot”h%'sa@%r%%@ltﬁ ?é’dﬁgﬂce( Hfpe) I i nes
are pr ef eriatdrhoed wbjupecby mesis ofelispteer bodies owpeted atithingthk dngd.t udi nal
expansion effects, as can occur, for exarrpl e, owing to tenperature changes,

and it oys to use co ensat ch feature a | at er al node of
acti orf? 4&%‘5’%@@2@2 Qe tioRg talz“l %I’W%'QUQI is adyisebIP 49 EFe Besi gn may
be nmanuf actoncae (irfte ¢ra inteciosalithe aamwanmgmt Rheurpegp bbodchdn thisedskie, thdatever ,
parti cul arléé(st%%%ﬂﬁ@é@@‘ﬂ?r feé‘dm&ﬁ'\b@!&%t & éml%%%ﬁdlhé%é‘%r%il y-

gas- per neab er| |d|n%€ ?%fg?qas PF h ?_‘ rn;l) rr(t?eat[bleelastlc
outer sle dpriied ndbe eenien o %HFE}@)F O% HAEY t8be  part

pr ef er abl wpmpmﬁam:mmmedam eppwpratebrdigtibuted beifambdaronndtheanrdamtssende ¢f t he

| nventdson, thé"ﬂbﬁ&n‘lo%t $dLti6R B ﬁ@tan%lbhséd?lﬁar@ﬁsté Rol® wiRgslke rel péé’s@ge to

e S aS et s R Adicea Bl Pe Sl A E il SRS ac 1 cast
partly fr ctteahediogbe wiidoy tmsdhaghe-tightynanmer (dipilarlyl tbyhe Bng dwmabl fer mat eri al |
for exanplge eaIt kit I é’f@glﬁbétﬁ%éblgﬂ%Ue%hn@(écr@é&bﬁ%f trﬂm\ﬂé?-bﬁ/ﬁ/\b 434) or
1.4958/1. %f?é—%\ g%e(fé @i’ba tF w(fl appropngte yqbe mourgn’teé gggun% the wcgaw ba?o'Ph H or
30 - starting gas stream will then be fed to the ring channel which distributes this gas
stream uniformly over all windows and feeds it to the interior ir through the windows. In
the interior Ig, 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 I over the cross section of the interior Ig.
35
For the purpose of adiabatic performance.of a heterogensously catalyzed
. dehydrogenation of at least one hydrocarbon to be dehydrogenated in the interior |
(especialiy in the interior Ig) of the shell E, thermal insulation material (= materials
which reduce the heat transfer number for the heat transfer from the shell to the
- — 40  environment) will be mounted on the side of the shell E (including hoods and feed and
removal lines) facing away from the interior | (for example glass wool, rockwool and/or
ceramic wool). If required, the aforementioned insulation materials may additionally be



800 HT, or_nickel-base nmaterial 2.4816 (alternative designation Alloy 600)
or 2.4851 Pr?é&?% native designation Alloy 601). 10 In principle, the shell
E, just like the feeding and renovi ng pipelines, can also be manufactured
from ni ckel -base material 2.4642 (alterggative desi gnation Alloy 690 or
-I'nconel H 690Q). However, this nmaterial anmong the materials recommended in
this dOCLﬁP@H‘?d fosthe ﬁé’erﬁgéfie deldnlaripe t%‘\/’arfjé’i‘e intesiol. An §1i%1e#se; BeHiMai ze t he
resi dence themmeelods lsavgassdpacating enhelopaitfer éxample of ingertine bleeEsheaat. Dvenahner
advant ageqys yldimafis wu&%qg p}@férgb%@ﬁcﬁ (4R ek Bilon cfnglepeRRRE 8 %rrbé‘ét%ntd%sr educe

the inner

er n the hood.
20 Alter néf‘“\'f'@g tﬁ@O'ﬁf D0 R AL L% oo Biove bl ahh et I ead
advi salfl e dootams evaagerbuw\tm ifitemipol fidves duttie thiecaxteyhaltemgirement of tl"@esgmﬂtlft R)

fg;\étedoggqﬁmn rﬂ%é; 5 Perfor$anse oftah oaéss aR8&fin Qhé)fn'vérhtfb?n @(J)tné m;erfnoﬁ?oh;d;q% Bﬁt 2;
in the cen‘% i?n ?ﬁghﬂﬁp‘@mﬁrﬁ@&a 9’?@'@3@ erCEge“&O“%E)bb F?cldte in this case,
appr opr i atdahydr@gsmattlomﬂf atlleastidnerhytisocarbonrid be Idehrdrpmnaff@ @ erapfangiot he

upper most 8&Hér), lmfeshheb@muafed&%n@mhe%henE.mattﬂé trﬁérlb(ﬂ@\ftﬁro\/}gh vhipdssage to
t he anlrbul afa'fl nterior fices. From ]t he outs channel

whi ch e T g e e e e R SN e T A
ring chanrt@lfalyttﬁrcon'fb@émm@f reeieulareiydragenandall apiraprate Jydesarhapenayibell e
reactor; Ghjectddbeflechdhé Batlpstirah@8 06 810, Fig. 1) will appropriately be
nmount ed around the wi ndow bar. The 30 starti ng gas streamw ||l then be fed
to the ring channel which distributes this gas streamuniformy over all

wi ndows arftfivegtagsoudly inceprdanse with e inventinp.ohese linee i HEWE® I1n the
interiigr Ihandfagiegesang sitepB eSoray pposdttRterrt icginén ol dstth slseBoe from

the” w ndayg and At gnaldax JIG00E SN 16 dhal Pl gl Lhe starting

gas strea the interior
IR 35 ForAliemativelypihese wTeSa?en@ﬂf@ttr%ma@wf%tpmﬁt%n Bickel-3se efoyefiedtis v

cat al yzed (attehytteagepablionAkdy 680 dréashebid€90ydr ocar bon to be dehydr ogenat ed

intheinterior I (especiallyintheinterior IR) of the shell E, thermal
I nsul gt i on mater material s dyce the heat transfer nunber for
the hedt t’ﬂi'sa?fé?léerr”*?tl"éﬁ'l”lt}?@ “%GH'E\’I qse{%sbﬂ}g. é1§> g??\/‘?rf’%?ﬁ?éﬁ‘l:?rdmgl P nounted on

t he si de ofivenktien atecdi$o Bobe mblchdiengriiectslioansbheee dn tede casaspiralsheilfies) f aci ng
e i R e T e
be P 581 0HoRGCled 5O aiRo TRNeS: BEMEen R e et TRt PO 20T
i nterior. segmiehi I§ iscthse fortmed yandpgboveleeddelovethe haw plaaes eplaaliav srmgeecambppe, for
exanplyg OwauEhV@d?xt és‘é@m%ttﬁﬂ‘un%hﬁ‘%f th@fﬁ@de’%J éuhuaﬁdhﬁc&n@%ﬁ!ﬁ@'thé BSghéHtioR cuf
preferably ffsln each case Tge ln?enor Ik gfltﬁgsegnﬁ)erﬁ?( is in turr]rgaforrnelgghy %e p?ar?cularly

relevant part of the interior | (corresponding to [r). Otherwise, in the case of a spherical

shell E too, everything stated for the cylindrical shell E with regard to the

accommodation of catalyst trays and feed and removal orifices O1 and O2 applies

30 analogously. The same applies to the statements on thermal insulation. Around the
shell E itself, a support ring will generally advantageously be mounted, which,
- appropriately placed on four supports, holds the shell E.

When the interior | formed by the shell E comprises internals such as (support) grids,
35 efc,, they may also be manufactured for the process according to the invention, for
example, from fired clays (aluminum silicates) or steatite (for example C 220 from
CeramTec), or other high-temperature ceramic materials such as aluminum oxides,
silicon dioxide, thorium dioxide, zirconium dioxide, silicon carbide or other silicates
such as magnesium silicate.
40
- Otherwise, the shell E, including the interior | formed by it and its internals, may be
configured as in the documents DE 10 2006 017 623.5 and 10 2006 015 235.2. The



t hr ough t%ggg donterlor , = 10% preferably = 5% and nore preferably = 2%
.of the he Wt ent averaged over the interior | flows out to the external
envi ronnment of the shell E during the perfornmance of a process according to
the invention in the interior I. For tlgg case of an adi abatic conventi onal

~oxi dati ve het er eneo sl dehydr ogenati on o a | east one

hydr ocar bd#!dt © e&@%ﬁ?é@iﬂ%f g‘é’dﬁalt 6}3%)%20" MRS RFI%8%8Y, lines will be
conducted through the shell Einto the interior |, through which, 10 for
§X§t”ﬁ'e$m gﬁﬁeﬁagnén éi.:@@gﬁgbatﬁwgﬁd \péw.ggrao&qﬁogte rﬁ!atie}xai"’fg'bgnfhgé@"ﬁ/ez fogpr ate.

X | [

hydr ocar bdif ﬂ’%‘ 5% ith fhedey O'Breﬁl\'ﬁﬁé‘f‘??%‘sfé? Sﬁ%’t fge?% Jn R%‘U%’E%fg‘@ sly in
accor déncéhwrchndeeWIthﬁldemttqabmaten'lhbsee \bene ateral bk additenal Feidinaumnateriar ed from

a ft eel | B. arE‘FHrgéchﬁanﬂém Hﬁ%ﬂnmﬂéeﬁ %raew@oésﬁa@fovm b@pbsd s léwgeﬂneﬂn@f EN
materials nu

Nt oot | v Whopd eleiEiad boRadd Gl apredmelenr BBt osel BT Be oo e 411 oy
2.4642 (eceerdaned wign theshgmdion.dn generel irehe cese PhibemrentiveeBIRoste As an

al ternati Wﬁat@ﬂ&oﬂétﬂﬁgw;ll BSiffndheS W tHe \Eeuﬁ.a% of e D PaTR @@@er@hb@gnrtga t he

| h h h
cnet! " R SRR M SR et K"l ch can b i magi ned aS a

hol | ow sphere intersected by two parallel planes. Between the two pl anes,
the hol | owvEgmpariEdar ZpER talksQ Medtindfly lagditibely fpoksipid taneid AbexegingBeipbel ow t he

{00 DI anesy sfhalBlohiiys ANSY L6al offed 3oL GTANE BT cLhg(iASHEON of the

hoods out wa ._The
interior IrRa‘HP“tCHEmQE@I'ﬁsWﬂ”q{’"F dhe weidmgrpamd}erwtsieti?quh%% dractipedndPINENT el evant
part df5 t @118 20010 kditico(gspagialydbarsyor asidesciBadn Bohler Thysstehe case of a

spheri cal s@%\skte'éhﬁ&%gu{%\éﬁl%%&gﬁ ?%GS’ Js%%cﬂagﬁ‘%@é At ) %ﬁé‘&h%; sE W th

regard to t rem)va orifices
01 and 02 P5pfET4 éfseféq?tesﬁaudawegws a?ﬂ%spé\af%(%%|pr%%raptx URE" A0gR éRERE s on
thermal in$a)l ation. Around the shell E itself, a support ring wll

general ly advant ageously be nounted, which, appr opri ately placed on four

suppo s .the shel]l E. When the jnteri t he sheII
compe05s SliebR sl ws@wgﬁoqeéa%%rﬁ%hb?rm@'@ Pyt fod Slogimies Ay Ao be
manuf act umectettpe galsqurlmg:m paricalor oy thg WS> mleéwqdm\ﬂ@ﬂtprm;:tlvfe(yas LEBEdep| e, from
fired cla efé?éb Hﬁ@ hélﬁi?ﬁ %/&hut%@ﬁkbﬁ@nrﬁﬁgoﬁro@&ﬁ@b& @hgg\%ﬁlr’i m

o)

oxi dos. ool TR e it s ot B P22 B0 Bk et S

car bi de o0r25¢t0nén) iSandwke® 12HEh as magnesi um si |l i cat e. 40 Ot herwi se, the
shel | o5, including the interior I forrred by it and its internals, may be
configure

ocC nts 06 0 7,623.5 and .10 2006 015 235. 2.
The P 5o TNl STRURLER VP Phee SRIAMAEMAREFIOA TRET I BEIRIANS tray ey, 1 or
exanpl e, lsempOsitenmnaterial, on the outside, the low Iong-term embrittlement, and the steels B,
on the inside, minimal carburization and minimal metal dusting, and also minimal
: undesired catalytic action.

30
Examples and comparative examples
Experimental description

35 1. Configuration of the reaction tubes
The geometry of the reaction tubes is:
length 0.55 mm
external diameter (A) from 21.34 to 22 mm

40  wall thickness (W) from 2 to 2.77 mm

The particular reaction tube is filled over its entire iength with inert spheres of steatite



When a She%\n E 6$ manuf actured by wel ding conposite material to be used in
accordance *BH04 he i nventi on, such welding is preferably effected in
accordance with 5 the invention with identical materials, i.e. base material
and additional welding material are |afgely identical. In principle, it is
-al so possihle for this ose to use | ower-ne él n st eel ose el enent al
conposi ti ot 248 Pﬁkpﬁ‘é‘f@p ?ﬁ/sm%%eweﬁ% '%fr%'@f* ”%57 213 Y MHD essertedknce
with the |mmiearrh|dm;"|butnnngeneral in the case of the inventive conposite
material, welding will commence with the welding of the steel A (the

pressur e bgar B ardiRl ided B REeTanspe R al resral MgteptRsi bl o (o wel d a

coverinrg strip of steel B onto the weld seam obt ai ned beforehand on the

si de in coph@ehl wmh tsh&meegfaﬁebl SDINNAKBRAIs nLMbEF .84 PAe= 2bhemwel di ng can be
undertaken as describ EN 15 1011-5, 2003-10 edition (especially

part 5) or as describe |2”§B)hl er Thyssen Schwei sstechni k Deutschl and
GrbH- 09- 2005tefiekhed2)al $tginleas stesbef DIN. matene nuebei hg54 (A pRememabl y ef f ect ed
under |nert gas at nosples gn{mpre preferably under argon and/or He). 20

and arth ' HRRR T HaRGEF fé%’agf(ﬁﬂﬁerg%’?ﬁ?”%a Eelf P IIAT bon) . “The

protective gas used is -p?éTf@)rany an argon-, helium and/or
ni t r ogen- ciaatefibind (M )P RbiARES y@e&ﬁﬂ)lNﬂ?ﬁeMﬁé dumger £L8s3 widler folkedngay be the

wel di ng rods Ther manit 2 LBy (W 25 20 M) or Sandvik
22 12 HT. 25 Finally, Clo'lt%c(é)h ﬁc(f&beﬂ# g\ﬁce ag[tzgl "that the steels A inpart

to the inventive conposite nmaterial, on the outside, the |ow long-term
enbrittd enent, and tha(m?@,elbyu&;ght@ﬁct he inside, mniml carburization and
mnimal metal dusting, @, @ tBEEP undesired catalytic action. 30
Exanpl es and conparati ve exa perimental description 35 1.
Configuration of the re2®Pi¥WeUBEES. The geonetry of the reaction tubes is:
| engt h 0.55 nmm exter na]mﬁ‘}amm\eigr(téﬁmrom 21.34 to 22 mm 40 wall thickness
(W from2 to 2.77 mnoT@@%)@ G gfcreaction tube is filled over its

entire,. length with ine S steatite PF 58104 52 C 220 from
CeramPc. The sphere g}é%sbgwq'@ PFE)AHI 1.5 nmto 2.5 nmwith essentially
uni form di stributi on. ®02%He wesghdéiof Bl used for the reaction tube is 7
different materials. (0026% by weight of S,
0.05% by weight of Ce, and,
apart from these, Fe and impurities resulting from production, the
25 percentages each being based on the total weight.

Material 5 (M5): stainiess steel of DIN materials number 1.4841 (wall thickness:
1 mm), applied directly to stainless steel of DIN materials number
1.4910 (wall thickness: 1 mm} (A = 22 mm).
30
Material 6 (M8): nickel-base material 2.4642 (A = 22 mm, W = 2 mm) with the
elemental composition:

8.70% by weight of Fe,
35. 27.85% by weight of Cr,

0.02% by weight of C,

0.15% by weight of Si,’

0.2% by weight of Mn,

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

Material 7 (M7): stainless steel of DIN materials number 1.4876 (A = 22 mm,



5 Materi al éfeﬁ% stainless steel of DIN materials nunber 1.4841 (A = 22
mm W=2miF S rial 2 (M): stainless steel-of DIN materials number 1.4541
(A=22mm W2nm, 10 Material 3 (M3): stainless steel of DIN naterials
nunber 1.4910 (A = 22 nm W2m), Matexial 4 (M4): stainless steel of DN
-materials nunber 1.4893 with the followng conposition (A=21.34 mm W=
2.77 nm): 15 20.87% byVwed @AY of Cr, 10.78% by weight of N, 1.54% by

wei ght of Si, 0.161 % by weight of N, 0.082% by wei ght of C, 20 0.75% by

o9 S AL e A ol o SRR LA Py fof >0

wei ght of les r

producti on, t h@reagg aﬁéﬁ tyeisalip ds 38@895'5@? f?@aBé[’é’SBt'thWQQ?'ERO&'IS Ywei ght . -
Materi @ 5 ( Mbjatalpieai déhgs8mgehaimin acfforddaNemapepyieghs: nunber 1. 4841 (wal |

t hi ckness: 1 nm, applied di rectly to--stainless steel of DIN materials
nunber 1.4910 (wall thickness: (A=22m. 30 Material 6 (M):

ni ckel -base material 2 MA?Y(’Q\“meﬁ pﬁ?ﬁa”?v— 2 nmm with the elenental
-conposi tion: 8.70% by 58e% by volumeeof nitBigeR7. 85% by wei ght of Cr, 0.02% by

wei ght of C, 0.15% b)@ghglbgvgmje@ f‘?’%& 2¥yby wei ght of M, and apart from
r

these,, N and inpurities tin m product ion, the 40 percentages each
bei ng ¥ased on the t o’ °\R¥| ®TPal 7 (M7): stainless steel of DN
mat erial s nunber 1.4876 (A = 22 mm PF 58104 53 W2mm) 3. The different

r eatct ion %Ubesﬂfé l%a@lﬁﬁﬂuﬁ%‘%g‘ﬁge%ht dbsk %Jn@&d .ﬂw rlata.aﬁ&@wénwmegﬁ&an)ﬁt ream as
's typical in| ?edC CenBI%ISC bold?/r\lmth%ollow cylnnvdE ical gunde f%r géc%%ene&"flng Yhe
reaction tube with a gap width of from 0.13 to 0.15 cm to the reaction tube outer
15 wall).

5. - . The particular reaction tube is flowed through as described (P (reactor outlet
pressure) = 1 atm) by the starting gas stream (this has an inlet temperature of
200°C in each case). At the same time, the temperature T* of the outer wall of

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

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

. While retaining the temperature T™ = 700°C, the following gas flow program is passed
30  through:

- over 60 min, lean air (mixture of air (85.4 mi (STP)/min) and N, ({341.6 ml

{STP)min});
35 then- over 60 min, 417 ml (STP)/min of air;
then- . over 15 min, 417 ml (STP)/min of Ng;

then - .over 60 min, 168 mt (STP)Ymin of H,.

The particular reaction tube, flowed through by the particular feed, was then brought
40  from TV = 700°C to T = 400°C in an essentially linear manner with a T gradient of
10°C/h.



5 cat al yzg@Fgg drogenati on of propane to propylene: 34.4% by vol unme of
.pr opane, voI une of nitrogen, 3.2% by volune of oxygen, and 10

6. 8% by volune of steam 4. The reaction tube was in each case nmounted in a
radi ative oven (electrically heated cguarri c body with hollow cylindrical
-gui de for accommpdating the reactiq a h of fromQ.13 to
0.15 cm't rPﬁbaW%?thEthPJ%@p%@f%? 1‘54% 1t¥¥e tgmpqr%gf)%ﬁd‘pf gogermal gl on
tube is fltbeeehdibn tubghs mstucheincreasrtis (cR tiiatdlae taximun tempergiuesElinghe= 1 atnm)

by the St%&btﬂﬂ tgeé.naﬁeraeaém&moé @?osmﬂcn.%ﬁtesgmw wééma%enzm% in each
case). At r of 20 the

a ter . wal
reaction tQIB@ %OqE‘Hc&égé%%BGQHEWWF}%?%%@%QQ?%&R‘-’t f&ﬁﬁ%?fa‘("in Hal'M in the
reacti én tdehwdiogenatimpestdysd bed B0Qairosim0B@d, gtcan essentially |inear nmanner
with a gradi ent of 10C/h (thi s sinmulates the corrpensati on of a catal yst bed

being dea in co n b S|n the r action
t enper at ur’%; gﬂ P@qusréeg%%ﬁ?%?ry%ﬂ& 8?8&8 8tion
cat al yst tx@dburgammemleiwstlrm lanigiterm emdrittiement (scarmoaawrt thibe hetcheédwed t hr ough

I Ih r SE Wi t hmﬂ)a@t rBtistaRdd KL Befor@ the\a® bf ﬂhalp@h.curaemﬁérmém K20 @kd whiHeerigeepi ng
e e

u VWile ret t he
foll ovm ng gggfﬁlpgw %é%‘@?a%\tqe e’iﬁsg@sat f%égéqaﬁnrouréﬁo?nw 3{;33%% tf@@amﬁ%ﬁ% air
(m xture oftre@m tgraperatupg in(eSEPCE$R)N) and N2 ((341.6 M (STP)/nin)); 35 then
- over 60 mn, 417 mM (STP)/mn of air; then - over 15 mn, 417 nm
(STP)/ m n e - 1N, m (STP)/mn of H2. The particul ar
reaction t'ﬁ%ef{slﬁqwgé&?jﬁ%%r}o%ghe Ee%“mr?@ r‘E)éau(rﬂ icular feed, was then brought 40
fromTM = 700C to TM = 400C in an essentially linear manner with a T"
gradi ent of  10CChrbuRkatldl0Ketaftdudtihgm at t aoAgR&im of theKzgnpekaLure TM =

400C, the|tenperature T' gf the outer reactponft ifs in turn
i ncreased Qurrrﬁ hat the ximum tenperat | h]b%gtbln‘l}%it hpP &‘uar .';1913“ be

i ncreases |f M ¥00C to 700C in an essential | §*1inear ehffer!with 4 gradient
of -10C/ h, Smequentqw, as d@sc#l bed |above, the regen lsat4|oop>0f4ca 5

dehydr ogeruaLMdJu cat qH_yaL bed iS+agai| st-nutated; ctb.h.*gé\;t‘ml @j#& |

operating|tine pf 1000 h, ithe particular reaction tu L s "exanm ned for
carburizati & hetal Odustilng, |ong-term enbrittlenment| (c8fpar£d6n [of the
not ched ijnmpgct]jresistance KZ before [the stari of the paup cw=a4p experi nent
(Kzv) and ”ﬁh ene- - - >> 40 | 55 40

M7 ++ + - >> 40 1 >> 40

15
In the table, the following meanings apply:

-2 No occurrence

0: moderate occurrence
20+ highoccurrence

++:  very high occurrence

For materials M2, M3, M5, M6 and M7, the values for KZy and KZg are essentially
indistinguishable within the precision of measurement.

25
In addition, at the start of the particular reaction tube, the amount of propane converted
as it passes through the reaction tube is determined (in each case at the temperatures
T* = 500°C, 600°C, 650°C and 700°C.

30 The lowest conversion values are determined in the cases of M1, M5 and M6. The
conversions also increase with T,



10 (KZE) 3L=g§{ ormance of the experiment for 1000 hours) (for this purpose,

.the sanpl roomtenperature in each case). The follow ng table shows
the resulting results. Carburization Metal dusting Long-term KZv KZE
enbrittlenent [J] [J] M - - ++ >40 <&5 M2 ++ + - >> 40 >> 40 M3 ++ + - >>
40 >> 40 >> 40 WM/

: 0 - + >40 <10 M - - - >> 40 >> 40 - 40
1o T > ad S Eroiongtpien fepicaiNo; SIS 1ERP PN ABA K BEBRY At
occur r encento:therpesesit fatert @pplicatioe by R@raturenefghermecur r ence ++: very high
occurr enCQN,ﬁQFeg%Pé %rthélaﬁo%e%ne%acwﬁgﬁqﬂnwousté}%n & é‘ﬁiﬁdé\ﬁ’étldﬁg‘ﬁoﬁpd KZE

are essent I tin precis sur enment. 25
T aoor 1 ohe bigbept i SO i Dt B BeE b Pab e HEitihennr o
propané c ovithéT thedscopes of theiaasﬁwdtdimmagwrtbﬁep&r@mmed differaritly fiom Hetverymi ned (in
each case @kchtt® dROMBAIRIHEES. T 500C, 600C, 650C and 700C. 30 The | owest
conversion val ues are det ermned in the cases of ML, Mo and M5. The
conversions also increase with TA. PF 58104 55 US Pr ovi si onal Pat ent
Application No. 60/816592, filed on 06.27.06, is incorporated into the
present patent application by literature reference. Wth regard to the
abovenenti oned teachi ngs, nunmerous changes and deviations from the present
i nvention are possible. It can therefore be assuned that the invention, 5
wi thin the scope of the appended clains, can be perfornmed differently from
the way described specifically herein. PF 58104 56 Clains 1. A process for
continuous heterogeneously catal yzed parti al dehydrogenation of at |east
one hydrocarbon to be dehydrogenated in the gas phase, conprising a



5 procedure_in which a reaction chanber which is enclosed by a shell which
Isin contRé®1% th the reaction chanber and has at |east one first orifice
for feeding at |east one starting gas streaminto the reaction chanber and
at least one second orifice for wthdrgw ng at |east one product gas stream
-fromthe reaction chanber, 10 - at |east one starting gas stream conprising
at | east dAl@Mydrocarbon to be dehydrogenated is fed continuously, - in the
reaction chanber, the at |east one hydrocarbon to be dehydrogenated is
conduct ed f hr, j ' j chanber
and, wi th Hond gkl ior SRR G thel Sl 20 BER dehehal 3

dehydr ogenat &&shenrf BEpeahen BREARNATGENHGH b8 OBs RNERE: I58MRERDE Pogenat ed

and nol%cul aprdegdurede whizhd reactiinediambies wiish yslengeseat iyt geatitwiadH g imn an

oxi dati ve Of 5ABONLfIAhL YeadiBR BRAmbE: dHd a2t lealNEnd iR BYSHIRE FOFLGsInyelr ocar bon,
and - at Ieaft one product gas stregrrgel S wt%&hlap\lgn cq(]J)ntl nyous romthe
reaction 20'S@RbPRFc3aTRAGRR Plear o Mfsiepctan 580q AL§aFL PR S§ ¥ posi t e
mat eri al whi otificedor witkedrawithg aBleast cunpradoct\wias Istre@® fiolrethegeadticochambatber |
consists of steel B of the follow ng el emental conmposition: from18 to 30%
by wei ght of Cr from9 to 37% weight of Ni, from1l to 4% wei ght of
Si, 30%rom s (FlEPShORDY RIS Sg%aﬂlc’,"%’ﬁ"ﬁ'%aé‘eés&@%h SRIBYPAE of N,
fromO to 0.15%ehnydmwgeodted isffeCcontinuomsly, O to 4% by weight of Mh, from? O

to 0.05% by weiglie Rhclidn HarbePthe at Baétdnl.Hakchwonab 88deRjdregerdiéh krom >_ 0
to 0.1% by wei gt e.rare e m t hese,

ht of e or [ rth metals,. and apart fr
Fo and i mour | t1BeInaEd TP F5st OBt Galoe! B Serrept B pagen cbaER bei ng
based on the 40 withgengraten of awncHuctiaas spawrisiog thecat learéoseeel B, on its
si de Asfacing ?%ydxfopémté@ﬂ¥dr@a§rbb@,Mncgﬂiﬁﬂéﬁﬂmydiﬁ%a#ﬂoattﬁde@bhﬁgbgé’da‘t&ft|y or
via an internmedjat r caopper r. of : or of copper
and ni ckel ont%ﬁsﬁggg}i% Q}%rchﬁag a&ﬁédﬁéﬁ%agﬁ :scgﬁggqgtepoﬁd%%ﬁ%ﬂy %_)aq 0 20% by
wei ght of Cr, ®fd&Hveot coneaidpBye Menpertto ¢t lempt one dehydrogenated hydrocarbon,

and

- at least one product gas stream is withdrawn continuously from the reaction

20 chamber,
wherein

the shell is manufactured from a composite material which, on its side B in contact with
25  the reaction chamber, consists of steel B of the following elemental composition:

from 18 to 30% by weight of Cr,
from 9 to 37% by weight of Ni,
from 1 to 4% by weight of Si,
30 from > 0 to 4% by weight of Al

from = 0 to 0.3% by weight of N,
from = 0 to 0.15% by weight of C,

from = 0 to 4% by weight of Mn,
from = 0 to 0.05% by weight of P,
35 from = 0 to 0.05% by weight of S, and
from = 0 to 0.1% by weight of one or more rare earth
metals, and

apart from these, Fe and impurities resulting from
preduction, the percentages each being based on the
40 fotal weight,

with the proviso that the steel B, on its side A facing away from the reaction
chamber, is plated either directly or via an intermediate layer of copper, or of nickel,



5 from> 0_t0 0.8%by weight of Si, fromO to 0.8% by weight of Al, from>
0to 0.3%BYy5%#4ht of N, fromoO to 0.15%by weight of C, from> 0 to 4%
by wei ght of Mo, 10 fromO to 2% by weight of Mh, fromO to 0.8% by wei ght
of Ti, from? 0 to 1.2%by weight of NB, from2 0 to 0.9% by wei ght of V,
from? 0 to 0.1 %by weight of B, 15 from? 0 to 0.05% by weight of P, from
2 0 to 0.05%%bgf GRARGhENG RIS, antel steghf of thegtieentalecommOSHAR i npur i ti es
resulting from production, the percentages each being based on the total

wei ght, 20 or of the el enental & QR 9 tocg.B% by wei ght of Cr,
from30 to 35% by wei ght of me%)gg?fté/c' 8“35@{9% VME,‘I ght of Co, fromO to
AN

1% by wei ght of Si, fromO. 15‘rqn3)6(§o-}8/g/ot;§y\y@g@tm of fromO to 0.12% by
wei ght ®f C, from? 0 to 2. 0% dny >\0etb @8 % bk wdight 30 fr(ﬁln > 0 to 0.75% by

wei ght of Cu, from015t00 % | | fr m0t0501%by
wei ght of Nb, fromO to O. 05O p)b%\lg)hgp%?%'ghﬁom ‘0 to 0.05% by wei ght

of S, and 35 apart fromt hese‘ronFe Odad. 3%nburwengfé9freSlMt| ng from

production, the percentages eagdhbeipg Pasedweribe f®tal weight. 40 2. The
process according to claiml1l, wherein the coeffl CI ents, of thermal expansion

of steel A and steel 6 of théf%ﬁﬁdeﬂ/@bﬁ%@m o at MHc and 1 atmdiffer
by PF f8104 58 s 2 - 10-6 mn rfidfn >3)toﬁh’ebpm@assf accomgh,ng to claim 1,

wherein the coefficients of tl}p 0 tg)ﬁp@p%% g(?ﬂ of Ti,
from > 0 to 1.2% by weight of Nb,
from 2 0 to 0.9% by weight of V,
y from = 0 t0 0.1% by weight of B,
15 from > 0 to 0.05% by weight of P,
from 2 0 to 0.05% by weightof S, and
apart from these, Fe and impurities resulting from
production, the percentages each being based on the

total weight,
20
or of the elemental composition
from 19 to 23% by weight of Cr,
from 30 to 35% by weight of Ni,
25 from > 0 to 1% by weight of Co,
from > 0 to 1% by weight of Si,

from 0.15t0 0.7% by weight of Al
from 2 0 to 0.12% by weight of C,
from 2 0 to 2.0% by weight of Mn,
30 from > 0 to 0.75% by weight of  Cu,
from 0.15 10 0.7% by weightof i,
from > 0 to < 0.1% by weight of  Nb,
from 2 0 to 0.05% by weight of P,
from 2 0 to 0.05% by weight of S, and
35
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 coefficients of thermal expansion of
steel A and steel B of the composite material at 500°C and 1 atm differ by



steel A and. steel B of the conposite material at 500C and 1 atmdiffer by 5
5 1.75 10 K 4. The process according to claim1, wherein the
coefficients of thermal expansion of steel A and steel B of the conposite
material at 500C and 1 atmdiffer by 555.50 10-6 mfmK. 10 5. The process
-according to claim1, wherein the coefficients of thermal expansion of

steel A and §Pedl0°BV/BT K he conposite material at 500C and 1 atmdiffer by :5
1.25. 10.6 nimK. 15 6. The process according to claim1l, wherein the

ffici ' fuheSdi i It
materi ol o SgelisBEEReoRRaRRUE §wneibif e SosMiierd BbeRdbdaibigapost t €
accor di ng t oS&gYA gnd glesg| ﬁ@fﬁ‘etc@”'ﬁ{oseﬁ%@la&”ﬁ' R0 hpRR D Hferdveel B of 20
t he composit e 1mEg emifah/m K. from 0.2 to 25 nm 8. The process according to any

of claims 1 to 6, wherein the thickness of steel B of the conposite
material is from1l to 10 mm 25 9. The process according to any of clains 1
to 6, wherdkei ¢ REOCER BRGPEYRS Irclaimeb |whsrep the spefficianivel thermalewpansiondf from 2
to 8 nm 10. siEBRA phoeReEB at therdip@sitomaryiabdt S00aC apd 1 dto dfferwlyer ei n t he
thickness of steel, A of the conposite material is from10 to 150 nm 30 11.
The process according 1o any of clains 1 to 9, wherein the thickness of
steel "R of the conposite material is from20 to 100 mm 12. The process

aﬁcor di ng 8. 0Tha praebsEhedontding tol dlaifh 1, Whekéih the dueffiddntdkoiapemed eﬁ;ﬁa?%iongqfof 35
t he conposit ; ° ccording to
any of clai ngte%% gr‘@e\%%r" th%retoﬁ%o%ﬁ? %‘%%é'sggé to#b%s?-égﬁ 1%“8'1‘%%%? r'? conposite
material is Freth JO tOMK nm 40 14. The process according to any of clains
1 to 13, wherein steel B of the conposite material is plated directly onto

steel .,A R ; Nol di ng- I 8. o 13,
wher ei@ stégeﬁ’ﬁégébfcgg%ae&ggdg gol (ﬁé% {reta%?‘eerﬁlgg_ﬁ{% ésd%g!’cget%é%g%ﬂ?@ag% %%aafm@“ v(%fa an
i nt er nedi at esteglAangsteghB peine compesitemaleasial atgi006F and dAyediffgidyYni ckel , and
t he thi ckness 1af . tdfenimtker medi ate layer is ?2 0.1 mmand < 3 mm 5 16. The
process according to claim15, wherein the thickness of the internediate
| ayer is 0.2 mmand<_2 nmm 17. The process according to claim15, wherein

t he t hi ckrfes$h@proches a¢roEting:igi ayeof cigjras 1 to 6, wherein the thickness of steel B of
20 the composite material is from 0.2 to 25 mm.

8. The process according to any of claims 1 to 6, wherein the thickness of steel B of
the composite material is from 1 to 10 mm.

25 9. The process according to any of claims 1 to 6, wherein the thickness of steel B of
the composite material is from 2 to 8 mm.

10. The process according to any of claims 1 to 9, wherein the thickness of steel A of
the composite material is from 10 to 150 mm.
30
11. The process according to any of claims 1 to 9, wherein the thickness of steel A of
the composite material is from 20 to 100 mm.

12. The process according o any of claims 1 to 9, wherein the thickness of stee! A of
35 the composite material is from 60 to 100 mm.

13. The process according to any of claims 1 to 9, wherein the thickness of steel A of
the composite material is from 20 to 50 mm.

40  14. The process according to any of claims 1 to 13, wherein steel B of the composite
~ material is plated directly onto steel A.



10 is > H_;% and < 1 mm 18. The process according to any of clains 1 to

_17 wher eifif PB¥4%content of Si in steel A of the conposite material is <_
.6% by weight. 15 19. The process according to any of clains 1 to 17,

wherein the content of Si in steel A a@&p the conposite material is < 0.4% by

-wei ght. 20. The process accor ding to any of cla wherein the
content of 15iThe Rragegspcogrding ta any A slape il e | %WWP'&ISW%%@%@GP%'W ®ei ght . 20
21. The procemﬂ;ermd:rs@aied\gntbcstwmmanimmfedraté my20¢f onhpere pnofstidel, dBobf t he

COWPOSi te e'{gh %Eeélt /Qrgd &&gﬁemg fo?ﬁ{éﬂﬁt%trhé&ié‘t fl%%?ﬁsszotg&w%%@y wei ght

of , 25 fro rght o fom I by wei ght of
Si, from ’>0§c30“'_’['10/d0ywe| ght of N fromO to 0.2% by weight of C from>_0
to 2% By weight of Wh, 30 from? 0 to 0.045% by weight of P, from> 0 to

0. 015% by MRk e Soc AR ERAL i {£THATF e BRANT J FREITHET IR | 10

from productio es eac ht .
22. The procigsxs0 3d&'6r9diﬁr$gztnﬁ1any of clains 1 to 21, wherein steel A of the
corrp05| te mat eri al has the el enental corrposi tion from16 to 18% by wei ght

of , i.ah ght of
Si, PF 581 4&%}’;{’%‘3&9""%‘&’{%’?@/ V%é'%zt% %‘%W etr’%p“?\?s °Q1“¥e '”%"’%e/%gké Mgé' % by
wei ght10of C, is X @8 and < bM8% by wei ght of Mo, from>_ 0 to 2% by wei ght of
Mh, 5 from 0.0015 to 0.0050% by weight of B, from>_ 0 to 0.05% by wei ght

o b ¢! L8 Do BB B O T T2 R IR Burf o

the total wefatcomposite materral is < 0.6% by weight.

16 19. The process according to any of claims 1 to 17, wherein the content of Si in steel A
of the composite material is < 0.4% by weight.

20. The process according to any of claims 1 to 17, wherein the content of Si in steel A
of the composite material is < 0.1% by weight.
20
21. The process according to any of claims 1 to 20, wherein steel B of the composite
material has the elemental composition

from 24 to 26% by weight of Cr,

25 from 19 to 22% by weight of Ni,
from 1.5 to 2.5% by weight of Si,
from 2 0to 0.11% by weight of N,
from = 0 to 0.2% by weight of C,
from = 0 to 2% by weight of Mn,

30 from = 0 to 0.045% by weight of P,
from > 0 t0 0.015% by weightof S, and
apart from these, Fe and impurities resulting from
production, the percentages each being based on the
total weight.

35

22. The process according to any of claims 1 to 21, wherein steel A of the composite
material has the elemental composition '

from 16 to 18% by weight of Cr,
40 from 12 to 14% by weight of Ni,
from = 0 to 0.8% by weight of Si,



23. The pré%cg% 4accordi ng to any of clainms 1 to 22, wherein the plating-on
.is effect ﬁ’ expl osive plating. 15 24. The process according to any of
claims 1 to 23, wherein the hydrocarbon to be dehydrogenated is a C2- to
Cl6- al kane. 25. The process according g any of clains 1 to 24, wherein the
~hydrocarbon to be 20 dehydrogena i | east, .one hydrgocarbon fromthe
group conprising ethane, pro Sﬁ‘e‘g'?&z%iﬂg%ﬁ’é’,y‘?’%@i‘fd’?ane, n-ﬁpent ane,

i sopent ane, n-hexane, n-hept afrem > di@0H&nBy waighbofane, n- d€cane, n-undecane,
n- dodecane, n-tridecane, n-t vl t adecane ang, .n- hexadecane. 25
26. The process according to gﬁﬁ??@?&b@éﬁ&@ﬁ%, wher eﬁlﬁ’the hydr ocar bon
to be dehydrogenated is ethaffel »P §pandy weidhitthne and/ orMPsobut ane. 27. The
procesg according to any of ckam®sodise 260s08hey #elmht b hgdrocarbon to be

dehydrogenated i s propane and.th @ h enat.ed hydrocaron i s propyl ene.
30 28. The process according {FSm}TI ?%¥'%§?°g?yﬁge'9ﬁlttog 27, \mgr ein the starting

gas stream conprises steam #9om Jhéo POOUcysweaighirfdi ng t oSaand of clains | to
28, wherein the starting gas stream 35 conprises nol ecul ar oxygen. 30. The
process according to any of clai 1l 1o 29, erein. the catalyst bed is a
Pl e “catal yst bed. 40 31, TREMLFaTebEEEE AEmELTsstRy et e 1 to 30,
wher eil@ t he het erogeneously eedartore thepparceritgasedact beinsrkased onitke a

nonoxi dative dehydrogenation. ifth wafdiit4 61 32. The process according to any
of claims 1 to 30, wherein the heterogeneously catalyzed parti al
dehydrogenation is an oxidative dehydrogenation. 33. The process according
to any of 28} Ahererotesspa@ordinghierasyef clainhéteidydwerio g platingan islsffesedpart i al
dehydr ogenat bpaxgdissive fiafirey. ogeneously catal yzed oxydehydrogenation. 34. The
procesg accor ding to any of clains 1 to 30, wherein the heterogeneously
catal yZed partial dehydrogenation is an adi abatic conventi onal

het er ogen&dusng prosesscageardinele awidf giabpeh i 23 vhessn thenydsecserastoRecor di ng to
any of cl ai n8efydtayedBiedWhgCsi 1 Chalkaaéer ogeneously catal yzed parti al
dehydrogenation is a conventional heterogeneously catalyzed parti al
dehydrogenation and the reaction chapber is a tray reaction chanber. 15 36.
The proce<s- Ho&BiodesiadcsrdnsioAry ! ciaiet bith24. nehesif sydserarbaeed®ogeneousl y
cat al yped padéhyalogaehiediogideadtiooa hygroaarbox frded the grauprocendrisimg adthane,

het er ogeneougl¥ane, n-butane, isobutane, n-pentane, isopentane, n-hexane, n-heptane,
n-octane, n-nonane, n-decane, n-undecane, n-dodecane, n-tridecane,
n-tetradecane, n-pentadecane and n-hexadecane.

25 26. The process according to any of claims 1 to 25, wherein the hydrocarbon to be
dehydrogenated is ethane, propane, n-butane and/or isobutane.

27. The process according to any of claims 1 to 26, wherein the hydrocarbon to be
dehydrogenated is propane and the dehydrogenated hydrocarbon is propylene.
30
28. The process according to any of ¢laims 1 to 27, wherein the starting gas stream
comprises steam.

29, The process according to any of claims 1 to 28, wherein the starting gas stream
35 comprises molecular oxygen.

30. The process according to any of claims 1 to 29, wherein the catalyst bed is a fixed
catalyst bed.

40 31. The process according to any of claims 1 to 30, wherein the heterogeneously
catalyzed partial dehydrogenation is a nonoxidative dehydrogenation.



catal yzed E?rél‘% dehydr ogenation. 20 37. The process according to clai m 36,
which is p PBI%ed in an adiabatic reaction chanber. 38. The process
according to any of clains 1 to 37, wherein the starting gas streamfed to
the reaction chanber conprises: 25 frongF O to 20% by vol une of propyl ene,
from=0to 1 %Dby volunme of acrolein, from= 0 to 0.25% by vol une of
acrylic actd Themresgss ageqreing dpemy ohda'tisd 18r30cEhersth e Hsiese4ere8e9) by vol ume
of propane, chtaiyre?@atiial @d¥dbgenstiamie aafoxilativeodahrydrogenatior= 0 t o 5% by vol une
of oxygen, from= 0 to 20% by volume of H2O and from= 0 to 10% by vol une

of H2. 35 39._ The process according t.o0 f clai 0 38, erein the
product ga -JPF@&?H%S&FP%W& ??%ﬂgﬁlﬂ@sﬁ%@%i wﬁergﬁh%bp{qr%gwggamgés such or
aft er reenovalcafyzed phdiasdehydrqgensaiiamis afheiteregermossly icatahtzed ot her t han t he
dehydr ogenat gdyvdurgaRearapm, and the hydrocarbon to be dehydrogenated to
charge at Ieas¥ one Oxidation reactor, and 40 the dehydrogenated hydrocarbon

present therein is subjected in this oxidation reactor to a selective
het er ogene®dhg pregess peemdipate any ofpiaimsHde S0owherain the hateregengolgly ul ar oxygen

to give a pregifieddanial ddHyERIBNEITE iahidatbhiiecaiehiicHal RtbeehesudRF 58104 62
pr oduc 40. T{g@ RS 9SeS accgr ding to claim39, wherein the hydrocarbon to
be deh drogeﬁa & |8361?%%%ﬂ? Mt he dehydr ogenat ed hydrocarbon i s propyl ene
and the partial oxidation 5 product is acrolein, acrylic acid or a m xture

thereof . 445 ThB®réYeS a85ording & Shyef daimel1abBo3RherehetheihBterddgendogspar at i on

B of th ' ' I '
B e o ! DS BRkEE phE oL RLBREREONS oG ahiR Ballosnly SampARce
product gas RRRBLERhYBrogsaatiqn #nd hadesciinachameertd 2 ta@yirer@iPn §aaMesTmr i si ng
unconvegg ted hydrocarbon to be dehydrogenated, nolecular oxygen and any

unconvert ; | J Si ng
inconver t SiFRUAFMoReE AEAAnGYPLRRT 53 Aherdh FBaheRiorBPRYLBRCFATRY 3
oxi dati on cyéR@hgad prriebdehydrosenaiys’s £poxKat & e RG] YeieReaNseisly parti al
dehydr ogenat icotalyaéd pheiahyshydegebsiiort 0 be dehydrogenated. 15 42. The process
according to claim4l, wherein the partial oxidation product, in

20  37. The process according to claim 36, which is performed in an adiabatic reaction

chamber.

38. The process according to any of claims 1 to 37, wherein the starting gas stream fed
to the reaction chamber comprises:
25
from =0 to 20% by volume of propylene,
from = 0 to 1% by volume of acrolein,
from = 0 to 0.25% by volume of acrylic acid,
from = 0 to 20% by volume of CO,,
30 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 H,O and
from = 0 to 10% by volume of H..
35
39. The process according to any of claims 1 to 38, 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
hydrocarbon to be dehydrogenated to charge at least one oxidation reactor, and
40 the dehydrogenated hydrocarbon present therein is subjected in this oxidation
reactor to a selective heterogeneously catalyzed partial gas phase oxidation with
molecular oxygen to give a product gas mixture B comprising the partial oxidation



separation ég ? is renoved from product gas m xture B by conversion to
the condeREaA %%as 20 43. The process according to claim42, wherein the
partial oxidation product is acrylic acid and the conversion to the -
condensed phase is effected by absorptigse and/or condensative nmeasures. 44,
-The process accordlng to claim43, wherein a renmoval of acrylic acid from
the 25 cond®mRByt ‘phase i s undertaken using at | east one thermal separation
process. 45. The process according to claimd44, wherein the at | east one

thermal se %E'p%be%&%@o?émﬁ%’éﬁ@é vaw&émstﬁ@hyara@érba@torm@hrﬁena@ayI ic

acid fromthe [i cess

Wherei n the & BORANT B SREeEEIRg YFSCaboR S BoRUan 2CF & BT SR 47,
The prdress aozuctiismgraleincacaylmatit] onghoixbire thaneofr enoval of acrylic acid is
followed by a process for free-radical polynerization in which acrylic acid

di 35 radi | | d t | . 48. Th
br ocess ackbriaeReeRss artararade BRI PRI WiThe: Paisparotgn 2aey B ecsiepile”
fol l owed by hetgrogrnesssly catalyzeg aaitinggasmhase oxidetian, pattial owidationaceduct s aci d

renoved is estBsdqueRtl remidvid %nﬁhé@%&uctﬁ@s rﬂ&turé_ﬁ&arﬁf f6RSEe ?&ﬁﬂﬁﬂ?ngl to i b
ol | oned by

claim wherein the process for n
a prochks fofeFualopsare 5;‘1@‘#%’&?’? NSO ﬁai%‘yée@y B8 kder e 58104 63
t hus prepar ednalecuiasloxyasn nysmconvmldehﬁdma@ﬁe@hr:q!r@%borarat|lemséa| or | and
has at | east p@ﬂ@nfdoh‘]bt'lsﬂﬁluﬁb@ﬁ/eﬁéd hodrocarpetltdige déhyld@(afdnawales wclaaraeam S

into the int %}ah%‘ ?mdzﬁﬁg\ c%lfe e@q%gsfrgto%‘éopr?)ggs%r}gr @étégoggﬁ%oué ar,? t atrpegr aw ng a

gas streamsS one first
orifice 01 fdghydragenafipepl e hydrocaeostiebe dehysperpaitthuf act ur ed froma
conposige material which, on its side Bin contact with the reaction

chanber, tion: 10
from1l8 to g'ﬁb%tréce% aE(%&gbg% % nﬁ Q’F J’@ %|R“(‘Féé;9/arﬁéled\%gcﬁrtﬁ1'1 p%@ﬂﬁoﬁ{ fromlto
4% by wei ght SBPa"SI'O” qu}eo%@remp EP% pipd Hétlgtj"ﬁtm'é%r%B by cppyareisn totheo 0. 3% by
wei ght of N, cébddnsedphasd) to 0.15% by weight of C, from>_ 0 to 4% by
weight of M, from>_0 to 0.05%by weight of P, from>_0 to 0.05% by

wei ght_of S, _and from > to 0.1 %D t of one or nore rare earth
g 200 43 T%e process according to claim4 \Xhereln?he partial ox%atlon product is acryia

acid and the conversion to the condensed phase is effected by absorptive and/or
condensative measures,

44. The process according to claim 43, wherein a removal of acrylic acid from the
25 condensed phase is undertaken using at least one thermal separation process.

45, The process according to claim 44, wherein the at least one thermal separation
process comprises a crystallizative removal of acrylic acid from the liquid phase.

30  46. The process according to claim 45, wherein the crystallizative removal is a
suspension crystallization. '

47. The process according to claim 44, wherein the removal of acrylic acid is followed
by a process for free-radical polymerization in which acrylic acid removed is free-
35 radically polymerized to prepare polymers.

48. The process according to claim 44, 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

49. The process according to claim 48, wherein the process for preparing an acrylic

ester is followed by a process for free-radical polymerization in which acrylic ester



20 netal s, E%ﬂ g art fromthese, Fe and inpurities resulting from
producti onP d %ercent ages each being based on the total weight, 25 with
the proviso that the steel B, on its side A facing away fromthe reaction
chanber, is plated either directly or vgg an internediate |ayer of copper,
or of nickel or copper and nickel, onto steel A of the el enental
composi tion fﬂF‘dﬁﬁrfBarteH gg@)@!’ﬁ?”?ﬁ& ght of O, 30 from6 to 18% by wei ght of
Ni, from> 0 to 0.8% by weight of Si, from> 0 to 0.8% by weight of A,
Hgmg tg i&g} Fﬁst%%@%hfﬁﬁ'eﬁ&%s@sf aanterfoF Pgr‘ld_ﬁasoattIQasQoilaé%s@Mnﬂ&' (gm‘orOf C, 38 ‘o
0
0. 8% by wei gﬁ?é/qﬂ'?g qﬁqeastppgrg]agstrgarpg 'Ttozt&)ewer\}%'l éﬂg ah%aﬂbone 58 gn@:et o 0.9%
by wei ght of OZ fo4@ithdrawing Dgapsttean Sofey tolbe deriasfl beorehanGMl&the@tﬂeasD 05% by

wei ght of P, Jrk firdt biflcdd1 frfoﬁpfﬁb:fhtgrlérq Pe@h EmeW%lrﬁQﬁuféétuéd ifdaapart from

t hese, Fe and i 0 ct.i [C tages each

bei ng based &ﬁ”gﬁg'ePBFeé’P{@P@tﬁn 'g‘? %er g1c5'? chrﬁ%é{ '@?Pﬁ?’nf ?%’gﬁfb%g ‘?lon from19
to 23% by weicghsistgfof glee! B bf therfgipwing al8mebip! empesiticgdt Ni, 10 from>_ 0 to 1%
by weight of Co, from>_ 0 to 1% by weight of Si, fromO 15 to 0. 7% by

wei ght,of A, from>_ 0 to 0.12% ht fr > 0to 2.0% by

wei ghtﬂgf Wh, 15 from? 0 to /Q% %wégb Vf'e'é?t%(fm ﬁnbmo 15 to 0.7% by
weight of Ti, from>_0to 0@5‘%9593%%\%’9‘6“@ frd¥h> 0 to 0.05% by

wei ght of S, and from 1 to 4% by weight of Si,
from 2 0 to 4% by weightof Al
from = 0 to 0.3% by weight of N,
15 from = 0 to 0.15% by weight of C,
from = 0 to 4% by weight of ‘Mn,

from = 0 to 0.05% by weight of P,

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

apart from these, Fe and impurities resulting from

production, the percentages each being based on the

total weight,

25 with the proviso that the steel B, on its side A facing away from the reaction
chamber, is plated either directly or via an intermediate layer of copper, or of nickel,
or of copper and nickel, onto steel A of the elemental composition

from 15 to 20% by weight of Cr,
30 | from 6 to 18% by weight of ~Ni,
from > 0 to 0.8% by weight of Si,
from > 0 to 0.8% by weight of Al,
from = 0 to 0.3% by weight of N,
from = 0 to 0.15% by weight of C,
35 from = 0 to 4% by weight of Mo,
from>0to 2% by weightof - Mn,
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54 where V, is from1 : 40 to totalws@ht 56. A shell E according to any of
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the two paral] [ | . delimting the annul ar segnent 40 R and

t he exter naI'oaﬁgmn%teg&éﬁélf&{rﬁ%g%ﬁﬁul ar segnent is > 1. 57. A shell E
according to any of clains 53 to 55 where the ratio V2=H : A, formed from PF
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t he annul ar segnent R and th f o, a1 rof t annul ar segnent is =
1. 58. A shell E according toeféﬁ%gftgg#g?dr@ﬂ%%ﬂtog 52 which has a hol | ow

spheri &l zone 5 segnent K. M & &ird™% bewsighbpli ng t%P any of clains 50 to
58 which has thermal insulati offorfBteioi1dh by aRight 8f si de diaci ng away fromthe

interior I. 10 60. A process fgor Iaelb\sﬁegﬁﬁgg?yeeli%éggt alp}fzed parti al
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dehydr ogenati on of a hydrocar bo‘W,‘ Tormed I the interior | of a
shell E according to any of clfeme (50 & 12% oy weht offhe Guse of a shell E

according to any of clains 50 ¢gn59 @2 @Eeynlid of 0 amyn,of claims 63, 65, 66
for carrying out a heter ogeneouslé cat albe/%ggd part:O?I 15 dehydrogenation of

a hydrttarbon. 62. The procesdRe& @it yHEPT ¢l &is 1 to 49, wherein
the steel B has been al oni zedroralithitz @d7 % by m@ighdblim rfiized on its side in

contact with the reaction cha E gecording to any of
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clains 50 to 59 where the ste _has Dbeen [ , alitized and/or
al uni ni zed on the side in contfEx® 2/ o957 by meightaf | S.@29 The process
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A and eel B of the conposit ter| r tenit 5 65. A
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51. A shell E according to claim 50 whose interior | comprises at least one
25 dehydrogenation catalyst.

52. A shell E according to claim 50 or 51 whose interior | comprises at least one
support grid.

30  53. A shell E according to any of claims 50 to 52 which has an annular segment R.
54. A shell E according to claim 53 where the ratic of V=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: 10 to 1 : 1000.

35
55. A shell E according to claim 54 where V; is from 1 : 40 to 1 : 500.
56. A shell E according to any of claims 53 to 55 where the ratio V,=H : A, formed from
the separation H of the fwo parallel circular planes delfimiting the annular segment
40 R and the external diameter A of the annular segment is > 1.

57. A shell E according to any of claims 53 to 55 where the ratio V,=H : A, formed from



66. A shell E according to any of clains 50 to 59 or according to either of
clains 63,PB581&Y which has thermal insulation material nounted on its side
facing toward the interior 1.

65
the separation H of the two paraliel circular planes delimiting the annular segment
R and the external diameter of the annular segment is = 1.

58. A shell E according to any of claims 50 to 52 which has a hollow spherical zone
5 segment K.

59. A shell E according to any of claims 50 to 58 which has thermal insulation material
on its side facing away from the interior .

10  60. 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 50 to 59.

61. The use of a shell E according to any of claims 50 to 59 or according to any of
claims 63, 65, 66 for carrying out a heterogeneously catalyzed partial
15 dehydrogenation of a hydrocarbon.

62. The process according to any of claims 1 to 49, wherein the steel B has been
alonized, alitized and/or aluminized on its side in contact with the reaction chamber.

20  63. A shell E according to any of claims 50 to 59 where the steel B has been alonized,
alitized and/or aluminized on the side in contact with the interior |.

64. The process according to any of claims 1 to 49 or according to claim 62, wherein
steel A and steel B of the composite material are austenitic steels.
25
65. A shell E according to any of claims 50 to 59 or according to claim 63, wherein
steel A and steel B of the composite material are austenitic steels.

66. A shell E according to any of claims 50 to 59 or according to either of claims 63, 65
30 which has thermal insulation material mounted on its side facing toward the
interior I.



