1 4 DEC 2004 1 Preparation of acrolein or acrylic acid or a m xture thereof
from 5 propane The present invention relates to a process for thel 4 DEC 2004
preparation of acrolein or acrylic acid or a m xture thereof from propane,
in which 10 A) in a first stage A the propane is subjected to a parti al
dehydr ogenati on under heterogeneous catalysis in the gas phase with
formation of a product gas m xture A which contains nol ecul ar hydrogen,
propyl ene and unconverted 15 propane,, B) of the conponents contained in
t he product gas mxture A and differi hg from propane and propyl ene, at
| east a portion of the nolecular hydrogen is separated off fromsaid
m xture A 20 of stage A, containing nolecular hydrogen, propylene and
unconver tetpatrapace, of hemiletnr er | scilde aektd @s pmddtatre galserenfxfuom A i n
a secong 6eB for feeding at |east one oxidation reactor and, in the at
| east one oxidation reactor, the propylene is subjected to a selective
partial gas-phase 25 oxidation wth nol ecul ar oxygen under heterogeneous
cat al ysi sThe PT§FoBt A RFIHICOPN FaL2 KR & BraFfEhH {nthPnBreRdAtdion ef
acryli c amimbleninaom at¢uyled heidodr as ntikgudesthexeq ddout prapanes) inn a third
stage C, ¢pwendesired product is separated off from 30 the product gas
m'xturg B obtained in the partial oxidation of the propylene in stage B and
at Ieas? unconverted propane  co tained in.the produc as mxture of stage
Bis recy?! ed™® th iRE IR Syeifi BRORI e SASY Qecﬂ&‘?élti % 2aBPE 13t a key
cheni cal whi ctelivsirggenation eyndgr hetasogenapyforaraiviia HE Shepaaati on of
pol ynmer s whi chhavee witbdfasmathionderfsa posdexanplsemixtitee A ethiicbf a di spersi on
in an aqueouscodRdindMnofeé @1 & MyldSodek £YprdyakiBdhAd Canddiveexadpl e for the
pr epar El%l on (;5 % ytar di al dehyde, nethionine, folic acid and 40 acrylic
aci d. A 11757 ba DE -A 3 313 573 and USA 3 161 670 disclose a process for
converting propane into acrolein and/or acrylic acid (below, reference is
made onl yBi o ®P-thel tpmpagenks sontappedeht diiey @rodyc FECMFELTe A1dpdy 1 r st
process stagediffferipgofaoe popule ectiepropy lengar btaleasielry govgéomtafon in the
gas phase undgfe hRhRC-QIGRERWS GiRinali¥Sképarated off from said mixture A
20 of stage A, containing molecular hydrogen, propylene and

unconverted propane, the mixture is then used as product gas

mixture A’ in a second stage B for feeding at least one

oxidation reactor and, in the at least one oxidation reactor,

the propylene is subjected to a selective partial gas-phase

25 oxidation with molecular oxygen under heterogeneous catalysis
to give a product gas mixture B which contains acrolein or
acrylic acid or a mixture thereof as the desired product, and

C) in a third stage C, the desired product is separated off from
30 the product gas mixture B obtained in the partial oxidation
of the propylene in stage B and at least unconverted propane
contained in the product gas mixture of stage B is recycled
to the dehydrogenation stage A.

35 Acrylic acid is a key chemical which is used, inter alia, as a
monomer for the preparation of polymers which are used as
binders, for example in the form of a dispersion in an aqueous
medium. Acrolein is a key intermediate, for example for the
preparation of glutardialdehyde, methionine, folic acid and

40 acrylic acid.

Ep-a 117 146, DE—-A 3 313 573 and US-A 3 161 670 disclose a
process for converting propane into acrolein and/or acrylic acid
(below, reference is made only to EP-A 117 146 as

48 representative).




The propylene forned is then subjected, in a second process stage, t
parti al gas-phase oxidation under heterogeneous 5 catalysis to giv&qaﬁEglaHH
and/or acrylic acid. A typical feature of EPA 117 146 is that the nain
conponents present in the product gas m xture of propane dehydrogenation in
addition to propylene, such as nol ecul ar hydrogen, are essentially inert
with respect to the subsequent partia gas-phase oxidation of the 10
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25 process stage.

As a result of intensive research activity, however it was found
that the procedure recommended in DE-A 19 508 558 in the second
process stage results in increased byproduct formation in the

30 form of propionaldehyde and/or propionic acid. The latter is
disadvantageous in that (cf. for example Japanese Laid Open .
Patent Application No. H11-35519), on the one hand, the saturated
partial C; oxidation byproducts are very difficult to separate
from the desired a,f—ethylenically unsaturated desired partial Cj

35 oxidation products, owing to their chemical similarity, and, on
+he other hand, owing to their penetrant odor, are very
troublesome even in very small amounts when the desired partial C;
oxidation products are marketed.

40 It is an object of the present invention to provide a procedure
which is improved in comparison with the procedure of EP-A
117 146 and of DE-A 19 508 558.

In this respect, for example, the procedures of DE-A 19 837 517,

4% of DE—-A 19 837 519 and of DE-A 19 837 520, in which the process
step of the partial dehydrogenation under heterogeneous catalysis
is replaced by a partial oxydehydrogenation under homogeneous




and/ or heterogeneous catalysis, are unsatisfactory (although the BEP
dehydrogenation m xture does not contain hydrogen) since they reqU|re he
presence of considerable amounts of nol ecul ar oxygen even in the
dehydrogenati on stage. 5 W have found that this object is achieved by a
process for the preparation of acrolein or acrylic acid or a m xture
thereof from propane, in which 10 Ay in a first stage A the propane is

subj ect ed, | ghﬁg{éféﬁene%%@y%@g@% 14 o0, undeL. hetergg V\Regﬁft BRI XgiLs 10 the

gas phase Wi m xture i ns

o e et Dpt Al e f R S B I A ecnftatt oS o
conponent%llls?@nthﬁﬁeﬂeqwlt%éhm édﬁ%@n%§fnpﬁﬂa¥@e#ﬁ%¢d amﬁpﬁ'ﬁ%rq"%g from
propane amsleenapyl exggeratevedadh ah@aidhiyarogbnatien ntlageul ar hydrogen is
separatgd off fromsaid m xture A of stage A containing nolecul ar

i 9%, S 180020 MOSOMUSEL L PrARGs Mp TULUCE 1 g usea s

pr oduct seco st age FOYC f one

oxi dat i onPFeRRCRSACRNRE 1'1‘Cﬁfct3+‘f‘é“a'6’“-'I %%Tsifhd:nécésél eFatd cS‘HxFBaEtB]f‘ereQ%érﬁF‘opyl ene
I S subj echexpane,aisevkeith ve partial gas-phase oxidation with nolecul ar
oxygen under heterogeneous catalysis 25 to give a product gas m xture B
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the propylene is subjected to a selective partial gas-phase

oxidation with molecular oxygen under heterogeneous catalysis
25 to give a product gas mixture B which contains acrolein or

acrylic acid or a mixture thereof as the desired product, and

C) in a third stage C, the desired product is separated off from
the product gas mixture B obtained in the partial oxidaticn
30 of the propylene in stage B and at least unconverted propane
contained in the product gas mixture of stage B is recycled
to the dehydrogenation stage A,

wherein molecular nitrogen is present as diluent gas in the
35 partial oxidation of the propylene in stage B.

This means that, whereas feed gas which essentially comprises
only propylene, molecular oxygen and propane is fed to oxygen
stage B according to DE-A 19 508 558, the feed gas which

40 necessarily contains propylene, molecular oxygen, propane and
molecular nitrogen is fed to the oxidation stage B in the novel
procedure. The choice of the abovementioned components of the
feed gas mixture of oxidation stage B ensures that, in the novel
procedure, not only is a feed gas mixture whose limiting oxygen

45 concentration (regarding the definition, cf. DE—-A 19 508 558) is
completely satisfactory in terms of application technology fed to
oxidation stage B but said feed gas mixture simultaneously




1 4 DEC 2004 4 permts a reduction in the formati on of the unde5| F ggu(l
byproducts propional dehyde and/or propionic acid. O course, the g ga

m xture of oxidation stage B in the novel 5 procedure nay contain,

addition to the abovenmenti oned conmponents, also other conponents, e. g. CO,
CX2, H2O noble gases such as He and/ar Ar, hydrogen, nethane, ethylene,
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molecular nitrogen in the feed gas mixture of oxidation stage B
25 is from 600 to 1600 mol%, based on the amount of propylene
present.

The molar ratio of the amount of molecular nitrogen contained in
the feed gas mixture of oxidation stage B to the amount of

30 propane contained in the said mixture is as a rule not less than
0.05 in the nqvel process. Usually, however, this ratio is also
not above five, i.e., according to the invention, the molar ratio
of the amount of molecular nitrogen contained in the feed gas
mixture of oxidation stage B to the amount of propane contained

35 in r£aid mixture may be from 0.05 to 5, or from 0.1 .o 4, or from
0.5 to 3, or from 1 to 2.5, or about 2.

In the novel process, the composition of the feed gas mixture of
oxidation stage B is frequently chosen so that it complies with
40 the feollowing molar ratios:

Propane : propene : N; : O : H;0 : other substances
= from 0.5 to 20 : 1 : from 0.1 to 40 : from 0.1 to 10 : from O
to 20 : from 0 to 1.

45




1 4 DEC 2004 5 According to the invention, the abovenentioned nol ill’ bgtl ?@‘h
are advantageously from2 to 10 : 1 : fromO0.5to 20 : fromO0.5 t ks f
0.0l to 10 : fromO to 1. 5 1t is also advantageous according to the
invention if the abovenentioned nolar ratios are from3 to 6 : 1 : froml
to 10 : froml1l to 3 : fromO0.1to 2 fgomO to 0.5. 10 An essential feature
of the novel procedure is that the progduct gas m xture A of stage A in
contrast t CEREIPH thCalt eok@t@ﬁd’f%géﬁﬁt ?%Veéﬁnﬁlleﬁ%ﬁé“q}rf’dfeFaﬁb%gae‘??eous
and/ or hetérageremysslyat al ysis, contai ns nol ecul ar hydrogen-and that, 15
bef ore therppRducio gas :mixt Uf o 0.5 wsego f oredogedi. potd e atfrbaast o1 ane

oxi dation react pr,of, stga?ga B, at least a portion of this nolelcular
hydrogen is separat ed fromthe product gas mixture A in contrast to EPA
117 146, 5and in contrast to DE--A 19 508 558, is replaced by nol ecul ar

ni trogen t&trseLrksa [REvanbagrB GEraERyEctaridRoi PESRBIBhild 48Bd bypr oduct
formati on. abavéhentienekd pobeessatie awkar ratio of the propyl ene contained

in the progugh gas i xture Adw it ke nol ecetar 1hydr 9genscantiaiined i n said
m xt ure IS .= 106) %u%lly E 75, frequently S 50, often 25 ~ 40, in many
cases ~ 30 tzqs :5 20. This means that novel processes include in
parti culi® those in V\/m ch the nolar ratio of propyl ene contained in the
product gasn edsentri@lAfeetwnt edlultdve hypuebgerpcsoiirai hedthiat $dedprddiare is 5
15 30 or 5438 Aixthre or ob Stage 2,2 iar conflradésual ke pdwetiaaci procal val ue of

;gse?boyggﬁg§85“$§}dd% b@lgﬂaﬁg;g?ba%§C§§@EQQKm§@eE?b§sWﬁﬁﬂ?rthat 'nctheas
g R L
0.05, irt3eREPES @%%OdBF*Ee?F% g XLUre Batertsey $0p. ANy ﬁaﬁyat: & 0.5
or 0.75 ophe Oxatd@n pearter Afo sAehPeRe dorke@ssi anBOTfidmOér 88is based on
a single passlcilurshggeoden nid heppzateal ofiefrdnoghaabt @iuatagas edioutre
accordi ng 505 he AdPsent | 'thE@-Qﬂ. hatzenqgengys iGakahyshsy @5 pe-hule relatively
hi gh reacti,gng 6@’%&%’ atlg gé @?( R 180 QY69 ¢ 435L4 YL GAldate Lhese reaction
terrperatures are Trdm 30 8
0 propionaldehyde and/or opionic acid byproduct formation.
In the novel process the molar ratio of the propylene contained
in the product gas mixture A to the molecular hydrogen contained
in said mixture is = 100, usually = 75, frequently = 50, often
25 < 40, in many cases = 30, or £ 25 or = 20.
This means that novel processes include in particular those in
which the molar ratio of propylene contained in the product gas
mixture A to molecular hydrogen contained in said mixture is = 15
30 or £ 10 or £ S or = 3 or £ 2 or = 1.

Usually, the reciprocal value of the abovementioned ratio does
not exceed 20.

35 This means that in the novel process, the molar ratio of
propylene contained in the product gas mixture A to molecular
hydrogen contained in said mixture is usually = 0.05, in general
> 0.025, often = 0.1, frequently = 0.25, in many cases = 0.5 or
= 0,75 or = 0.9.

40
In order to achieve conversions of interest, based on a single
pass, in stage A in the partial dehydrogenation carried out
according to the invention on heterogeneous catalysis, as a rule
relatively high reaction temperatures have to be employed

45 (typically, these reaction temperatures are from 300 to 7000C).
Since the dehydrogenation {cleavage of C-H) is kinetically
disadvantageous compared with cracking (cleavage of C-C), it



Since the dehydrogenation (cleavage of GH) is kinetically disadveng D804
conpared with cracking (cleavage of GC), it 1 4 DEC 2004 6 takes place
over selective catalysts. As a rule, one hydrogen nolecule is produced as a
byproduct per propylene nolecule formed. OvMng to the selective catal ysts,
whi ch are usually such that they display significant dehydrogenation in the
absence of 5 oxygen at the abovenenti dhed tenperatures (e.g. at 600C) (in
whi ch casetpkepaniedeoadengsefcttive catalysitss 66, af brlex@mgl 8Yd00EEN h--1, the
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e dehydr a reac i O a r advant age
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sui tabl e for sa%_ﬁare, for earTBIe, _ _a}qd nobl e gases, such as He,
Ne and Ar. F8RFES{ETEdthr |t SIEGY BECHEIENEC ki %t%@é’c&pgiet_ﬂgrcoo%:l
t hensel ¥8sgarifiratient of in aiditdion eFEARM Ao BPeBTEIRT0AG Rgdt buehe 9as
i nvention, intthes s3hsaduant agasiss ich shegalil.uéniveveui tetiflag fen sizydeA are as
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25 mixture A’ obtainable is further used in the oxidation stage B,
to increase the proportion of the diluent gas N, essential for the
invention. According to the invention, it is entirely possible
concomitantly to use the total amount or only a portion of the
molecular nitrogen which is to be present according to the
30 invention in the oxidation stage B also for dilution in stage A.
Further diluents suitable for stage A are, for example, CO, CQ;
and noble gases, such as He, Ne and Ar. All stated diluents may
be present in stage A either by themselves or in the form of
different mixtures. According to the invention, it is
35 advantageous if the diluents suitable for stage A are as a rule
also diluents suitable for oxidation stage B. In general,
diluents which are inert in the respective stage (i.e. chemical
change of less than 5, preferably less than 3, more preferably
less than 1, mol%) are preferred. In principle, all the
40 hydrogenation catalysts known in the prior art are suitable for
the novel stage A. They can be generally divided into two groups,
i.e. into those which are of oxidic nature (e.g. chromium oxide
and/or alumina) and those which consist of at least one metal, as
a rule comparatively noble (e.g. platinum), deposited on a
45 support, as a rule an oxidic one.
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Drive, Muht a}%%\ﬁbé’w‘,”efﬁwf ornia, 94043-5272 U.S.A.. Typical of the partial
dehydr ogenati on of propane under heterogeneous catalysis is that it is
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regard to the dehydrogenation catalysts contain descriptions of
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25
A comparatively detailed description of dehydrogenation processes
suitable according to the invention is also contained in
Catalytica® Studies Division, Oxidative Dehydrogenation and
Alternative Dehydrogenation Processes, Study Number 4192 0D,
30 1993, 430 Ferguson Drive, Mountain View, California, 94043-5272

U.5.A..

Typical of the partial dehydrogenation of propane under
heterogeneous catalysis is that it is endothermic, i.e. the heat
35 (energy) necessary for establishing the required reaction
temperature must be supplied either to the reaction just
beforehand and/or in the course of the catalytic dehydrogenation.

Also typical of dehydrogenations of propane under heterogeneous

40 catalysis, owing to the high reaction temperatures required, is
that high-boiling high molecular weight organic compounds,
including carbon, are formed in small amounts and deposited on
the catalyst surface and thus deactivate it. In order to minimize
this advantageous accompanying phenomenon, it is possible, as

45 stated above, to dilute with steam the propane to be passed for
catalytic dehydrogenation at elevated temperatures over the
catalyst surface. Under the resulting conditions, carbon
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al'ys u e

heati ng the ca esonly to ITst about 20 to 30% of the fixed
bed and to heat the remaining bed Iength to the requjired reaction
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25 to apply this direct form of heating the catalyst tubes only to
the first about 20 to 30% of the fixed bed and to heat the
remaining bed length to the required reaction temperature by
means of the radiant heat evolved in the course of the
combustion. In this way, a virtually isothermal reaction
30 procedure can be achieved. Suitable reaction tube internal
diameters are.from about 10 to 15 cm. A typical dehydrogenation
tube bundle reactor comprises from 300 to 1000 reaction tubes.
The temperature in the interior of the reaction tube is from 300
to 7000C, preferably from 400 to 7000C. Advantageously, the
35 reaction gas is preheated to the reaction temperature before
being fed to the tubular reactor. Frequently, the product gas
mixture leaves the reaction tube at a temperature which is from
50 to 1009C lower. In the abovementioned procedure, the use of
oxidic dehydrogenation catalysts based on chromium oxide and/or
40 alumina is expedient. Frequently, no diluent gas is present;
instead, essentially pure propane is used as starting reaction
gas. The dehydrogenation catalyst, too, is generally used
undiluted.

45
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bet ween thectEnpetature of the reaction gas mixture at the reactor inlet
and at the reactor outlet (in the adiabatic node of operation the reaction

gas Starti@ﬂ 5gd§ggﬁetﬁ§tﬁb6¥i @tage A can also be designed in the form of

a moving bed. For example, the moving catalyst bed can be housed

25 in a radial flow reactor. The catalyst moves slowly therein from
top to bottom while the reaction gas mixture flows radially. This
procedure is used, for example, in the UOP Oleflex
dehydrogenation process. Since in this process the reactors are
operated virtually adiabatically, it is expedient to operate a

30 plurality of reactors connected in series (typically up to four).
This makes it possible to avoid excessively large differences
between the temperature of the reaction gas mixture at the
reactor inlet and at the reactor outlet (in the adiabatic mode of
operation the reaction gas starting mixture acts as a

35 heat-transfer medium, on the heat content of which the reaction
temperature depends) and nevertheless to achieve attractive
overall conversions.

When the catalyst bed has left the moving-bed reactor it is fed
40 for regeneration and then reused. For example, a spherical
dehydrogenation catalyst which essentially comprises platinum on
a spherical alumina support can be used as dehydrogenation
catalyst for this process. In the UOP variant, hydrogen is added
to the propane to be dehydrogenated, in order to avoid premature
45 aging of the catalyst. The operating pressure is typically from 2
to 5 atm. The molar hydrogen-to-propane ratio is expediently from
0.1 to 1. The reaction temperatures are preferably from 550 to
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comon featu |on pl’ O% es un
and the react on temperat s typ1ca ly from 550 to 600°C The

above dehydrogenation method is also known in the literature as
the Snamprogetti—Yarsintez process.

25
Alternatively to the procedures described above, the novel stage
A can also be realized according to a process developed by ABB
Lummus Crest (cf. Proceedings De Witt, Petrochem. Review, Houston
Texas, 1992, Pl).

30
A common feature of the propane dehydrogenation processes under
heterogeneous‘catalysis which have been described to date is that
they are operated at propane conversions of >30 mol% (as a rule
< 60 mcl%) (based on a single reactor pass).

35
An advantage according to the invention is the fact that it is
sufficient for the novel process to achieve, in stage &, a
propane conversion of = 5 to < 30 mol% or =< 25 mol%. This means
that, according to the invention, stage A can also be operated at

40 propane conversions of from 10 to 20 mol% {the conversions are
based on a single reactor pass). This is due, inter alia, to the
fact that the remaining amount of unconverted propane is diluted
with molecular nitrogen in the subsequent oxidation stage B,
which reduces the propionaldehyde and/or propionic acid byproduct

45 formation.
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(for exagpte f (HekEelre expedient according to the invention to carry out
the propane dehydrogenation (virtually) adiabatically in the
stage A variant with comparatively low propane conversion. This
means that the reaction gas starting mixture is as a rule heated
to a temperature of from 500 to 700°C (for example by direct

30 heating of the surrounding wall) or to from 550 to 6500C. Usually
a single adiabatic pass through a catalyst bed is then sufficient
for achieving‘fhe desired conversion, the reaction gas mixture
being cooled by from about 300C to 200°C (depending on
conversion). The presence of steam as a heat-transfer medium is

35 also advantageous from the point of view of an adiabatic
procedure. The lower reaction temperature permits longer
on-stream times of the catalyst bed used.

In principle, the novel stage A variant with comparatively low

40 propane conversion can also be carried out, either adiabatically
or isothermally, both in a fixed-bed reactor and in a moving-bed
or fluidized-bed reactor.
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t he abo¥@nenti oned catal ysts can be regenerated, for exarrpl e, in asinple
manner i n phpah: fdulstrlyi snifdbrlset caegénetr atdash fgta’gle%,nca’ierl grpetet with
nitrogen i§,passediith comparatively low propane conversion in a single
pass comprises the catalysts disclosed in DE-A 19 937 107,
especially all those disclosed by way of example.
25
After prolonged operation, the abovementioned catalysts can be
regenerated, for example, in a simple manner in which first, in
first regeneration stages, air diluted with nitrogen is passed
over the catalyst bed at from 300 to 600°C, freguently from 400 to
30 5009C. The catalyst loading with regenerating gas can be, for
example, from.50 to 10 000 h—! and the oxygen content of the
regenerating gas may be from 0.5 to 20% by volume.

In downstream further regeneration stages, air may be used as

35 regenerating gas under otherwise identical regeneration
conditions. It is expedient in terms of application technology to
flush the catalyst with inert gas (e.g. Nz) before its
regeneration.

40 It is then generally advisable also to carry out regeneration
with pure molecular hydrogen or with molecular hydrogen diluted
with inert gas (the hydrogen content should be = 1% by volume)
under otherwise identical conditions.

45 The novel stage A variant with comparatively low propane
conversion (= 30 mol%) can be operated in all cases at the same
catalyst loadings (relating to both the reaction gas as a whole
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catal yst hedstare arranged in a shaft reactor axially or in the annul ar
gaps of cylindrical grids 20 positioned concentrically one inside the other.
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otherwise the tray reactor is operated adiabatically, it is sufficient for
the desire@d phopaneiiceRvabshern, (tHe 3QatPléel ,gas mixture is subjected to

intermediate heating in the tray reactor on its way from one

catalyst bed to the next, for example by passing over

25 heat-exchanger ribs heated with hot gases or by passing through

tubes heated with hot combustion gases.

If otherwise the tray reactor is operated adiabatically, it is
sufficient for the desired propane conversion (= 30 mol%),

30 particularly with the use of the catalysts described in
DE-A 19 937 107, in particular the exemplary embodiments, if the
reaction gas'mixture is preheated to a temperature of from 450 to
5509C before being fed into the dehydrogenation reactor and is
kept in this temperature range within the tray reactor. This

35 means that the total propane dehydrogenation is realized in this
way at extremely low temperature which is particularly
advantageous for the on-stream time of the fixed catalyst beds.

It is even more elegant to carry out the intermediate heating

40 described above by direct methods. For this purpose, a limited
amount of molecular oxygen is added to the reaction gas mixture
before it flows through the first catalyst bed and/or between the
downstream catalyst beds. Depending on the dehydrogenation
catalyst used, limited combustion of the hydrocarbons contained

45 in the reaction gas mixture, of any carbon or carbon-like
compounds deposited on the catalyst surface and/or of hydrogen
formed in the course of the propane dehydrogenation and/or added
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effect and thus promote the propane dehydrogenation under
heterogeneous catalysis.

The isothermal characteristics of the propane dehydrogenation

30 under heterogeneous catalysis is further improved by mounting
closed internals (e.g. annular ones) evacuated before they are
filled in the tray reactor, in the spaces between the catalyst
beds. Of course, such internals may also be positioned in the
respective catalyst bed. These internals contain suitable solids

35 or liquids which evaporate or melt above a specific temperature
and thus consume heat and condense again where the temperature
falls below this temperature and thereby evolve heat.

One possibility for heating the reaction gas mixture in stage A
40 of the novel process to the required reaction temperature is to
subject a part of the propane and/or H; contained therein to
combustion by means of molecular oxygen (for example over
suitable specific combustion catalysts, e.g. by simply passing
over and/or passing through) and to effect heating to the desired
45 reaction temperature by means of the heat of combustion thus
evolved. The resulting combustion products, such as CO; and H;0,
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t he novel & ocess cont ains at |east the components propane, propene and

nol ecul g hydr ogen. Moreover, it generally also contains gases fromthe

group consisting_of N2, H2Q methane ethane et hyl e 9 C02. 20 As a
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25 According to the invention, it is essential to separate off at
least a part of the hydrogen contained in the product gas mixture
A before the product gas mixture A’ obtainable thereby is used in
stage B for feeding at least the one oxidation reactor. This can
be effected, for example by passing the product gas mixture A, if

30 necessary after it has cooled in an indirect heat exchanger
(expediently, the heat removed thereby is used for heating the
feed gas requifed for the novel process), over a membrane which
is generally formed into a tube and is permeable only to the
molecular hydrogen. The molecular hydrogen separated off in this

35 manner can, if required, be partly recycled to the stage A or
otherwise utilized. In the simplest case it can be combusted in
fuel cells.

Alternatively, the at least partial hydrogen separation which is
40 required can also be carried out by partial condensation,
adsorption and/or rectification (preferably under pressure}).

According to the invention, as a rule at least 10 or at least 25,

frequently at least 35 or at least 50, in many cases at least 75,
45 mol% and often the total amount of the molecular hydrogen

contained in the product gas mixture A is separated off before it
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the or 931 £o @S ORNEN, SNRM 40827 H00GrrRBET bELIRY 14 columns and in
rotary absorbers. The cocurrent or countercurrent method may be
employed. Suitable absorption columns are, for example, tray
columns (having bubble, centrifugal and/or sieve trays), columns
having structured packings (e.g. sheet metal packings having a
30 specific surface area with from 100 to 500 m?/m3, e.q. Mellapak®
250 Y) and columns having dumped packings (e.g. filled with
Raschig packinés). 0f course, trickle and spray towers, graphite
block absorbers, surface absorbers, such as thick-film and
wetted-wall absorbers, and rotary columns, plate scrubbers,
35 cross-film scrubbers and rotary scrubbers may also be used.

According to the invention, it is advantageous if the organic

absorbent to be used fulfills the abovementioned recommendations

for the boiling point on the one hand and, on the other hand, at
40 the same time does not have too high a molecular weight.

Advantageously, the molecular weight of the absorbent is

= 300 g/mol.

Absorbents suitable according to the invention are, for example,
45 relatively nonpolar organic solvents which preferably contain no

externally active polar group. Examples are aliphatic (e.g. Cg— to

Cig—alkanes) or aromatic hydrocarbons, for example middle oil
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Finally, it should be pointed out the partial or complete
separation of the molecular hydrogen from the product gas mixture
A can also be carried out by selective combustion thereof with
molecular oxygen under heterogenecus catalysis. Catalysts

30 suitable in this respect are disclosed, for example, in
Us-a 4 788 371, US—-A 4 886 928, US—-A 5 430 209, US-A 5 530 171,
US—A 5 527 979 and US—A 5 563 314.

In the at least partial separation of the molecular hydrogen

35 contained in product gas mixture A, effected according to the
invention, the product gas mixture A’ obtained can be used in the
second stage B, required according to the invention for feeding
at least one oxidation reactor and, in the at least one oxidation
reactor, the propylene can be subjected to a selective gas-phase

40 partial oxidation with molecular oxygen under hetercgeneous
catalysis to give a product gas mixture B containing acrolein
and/or acrylic acid. If required, the product gas mixture A’ is
brought beforehand, by indirect heat exchange, to the reaction
temperature required in the at least one oxidation reactor.

45



to 25% by wei ght, based on the total solvent mxture. Cctanes, nofan@®( 2004
decanes, undecanes, dodecanes, tridecanes, tetradecanes, pentadecanes,
hexadecanes, heptadecanes and octadecanes should also be nentioned as
possi bl e absorbents. 25 Finally, it should be pointed out the partial or
conpl ete separatlon of the nol ecul ar ;Bydrogen fromthe product gas m xture

A can al so_be carrJ gh b% sel ctlve conbustl on thereof with nolecul ar
oxygen und&f Ple%necfltpge?r‘ie 8 Rt 5\?5358 “PREST Y3t idadg o8Pt A WPHLRPENFS respect

are di scl 0368ylivracedarpte, "eleaudan 2x7gen 3 deUBA AT 88GNORG cliSa iy $isA30
209, US - AtBk&8(pldtk, inUSvA St&i7 i979uandssfon Alona63hdldkadtiohhe at | east

partial sepapadimiteRf, bhewtﬁrpére%ﬂeaﬁflw@r%@& 13 ageptaipedd RHBr QduGty 9as
mxture 4, f%%egéreoq %C% 19 the i nvention, the product gas m Xture A
obt ai nedcan be Used cong* sflage B, required according to the
invention for feeding at Ieast one oxi dation reactor and, in the at |east
one oxi dat Fbhs readtion, selieeproopyl ene sancdmsisubjseebsdvith aespkective

gas- phase 4Onpasgdral upXi datd cmaxWetrhkﬁaaﬁcgélarseoxm@npagyﬁflﬂl%gfes@geneous
catal ysis EQrQ;I'I My %uﬁr 9@&'&& Xt Hggegsﬁro&:teaslsmlggpggroo}! ecfatloangénes
acrylic ﬁCI d c% 3 E’e 4 uct g Bro ﬁt

bef or ehdRd2 b" 7% EcPEREY b RS @eseibhe ’icgnﬁ@f"'a?ﬁ%‘él? equi red
in the at Fé‘é%lfl’%’néoo??d‘é?ﬁ%ﬁ:q é’&cﬁ Pptq% in ArDEEt 2004118 mannepr tadiqrte, t he
partial gasxpiEsi@roxpdasi dipwfexpmppyl eae 4 aculachykhcahgdtd baiskd aBl ecul ar
oxygen undghlhiefaQ0SREQ.IS c&&it%'ﬂ‘ﬁh@ t h@keferInRC oD A0 H #BSBi ”Féufscess' on
al ong the 5@@%&% f990f1¢é rr]ﬁxessc OQEEM&P %AL%FH#%@% SIS, 1. A0 g and

the secopd 5 Trom ? acy on Sequence in two
successi ve" St €ps WK FEsHE 08 m ﬁb‘“% FehOXiges| ﬁorétarﬁe{Hﬁ‘é’r RROWMETA: se,

t he possi bF‘P‘F}’t“;Pa&flO“caer’%/l ng Gt yFagelB rrefiereedofer Prosessnin two
oxi dati on gohds-it® apnangetdeeénbehiawrtlie etheéy, it being possible for the
oxidic catalyst to be used to be adapted in an optim zing manner to both

oxi dati on @éﬁﬁﬁ%poﬁgﬁnéxﬁﬁmﬂﬁ%et%§ Qxi&@ebékéi %Ey§5rbé§§Qm%noxgH££<ﬂ?ta|

oxi des n h |n i on. M- or the
first og?d%ﬁégnq‘%g% Bz mlﬁe : ac%a% < Jﬁ} fg W‘iﬂ: %’?ifd]é%%ﬂl on
mul timetal® %xﬁqlﬁ)é? Egh g‘?cﬁ WgtthﬁeaéFen%‘r‘ﬁ Wﬁ?na??% 5M9 Eré ERRY
pref erred ¥ofehsh&OseebrRFPIWLaSt PonParetS-acrolein - acrylic acid).
Corresponding nultinetal oxide catalysts for the two oxidation
Advantageous catalysts for the two oxidation zones are also
25 disclosed in DE-A 4 431 957 and DE—-A 4431949. This applies in
particular to those of the formula I in the two abovementioned
publications. As a rule, the product mixture in the first
oxidation zone is transferred to the second oxidation zone
without intermediate treatment.
30
The simplest implementation of the two oxidation zones is
therefore a tube-bundle reactor within which the catalyst load
changes along the individual catalyst tubes with the completion
of the first reaction step (such partial propylene oxidations
35 suitable as stage B according to the invention are described in,
for example, EP-A 911313, EP--A 979813, EP-A 290636 and
DE--A 2830765). If regeired, the catalyst load in the catalyst
tube is interrupted by an inert bed.

40 However, the two oxidation zones are realized in the form of two
tube-bundle systems connected in series. These may be present in
a reactor, the transition from one tube bundle to the other tube
bundle being formed by an (expediently accessible) bed of inert
material which is not housed in the catalyst tube. While as a

45 rule a heat-transfer medium flows around the catalyst tubes, said
heat-transfer medium does not reach an inert bed installed as
described above. The two catalyst tube bundles are therefore




20 zones have been wi dely described in the past and are well known1tqomzbompl
skilled in the art. For exanple, page 5 of EP-A 253 409 refers to
correspondi ng US patents. Advantageous catal ysts for the two oxi dation zones
are also 25 disclosed in DE -A 4 431 957 and DE - A 4431949. This applies in
particular to those of the fornmula | ip the two abovenenti oned

publications. As a rule, the product xture in the first _ oxidation zone is
t r ansf erread‘mft%%ééﬁnﬂowcgdﬁ SRAZEME SEPERaGEdi PR IFddYalf EOR rdi® nent . 30
The si npl estotilgd .edenbatribe, cin tingermed piedaloindangeneson geduhénefare a

t ube- bundl g RGO Lot bhibu i@ ihheheatAlguek LaadniehaRges iahonidie

| ndi vidual G2t ALYA! LUBES: I I ddae s £OPPLaL1:OBe cGled NEhd 13! +hETLL BN ST EP
(such partia ropyl_ene oxi dtatl ns. 35 fwta e _as stage a%ﬁaocor I to the

i nventi on AF &SRS TBEHCTR, OF foPeeREAPT e, T8O 5911%1% O R8T topp. A

: 90636 anduPE-INEEGYBES) hedt §¥charged, reqntorst Hiyhtsabacood infearndiad yst
tube is i ntespapited byohing nexd desdridéd Howeverkamphe, tiwo DExAdE® | Z0P Z@Tes are
realized ippghesf0rm 662t9wy . tube-bundl e systens connected in series. These
may be present in a reactor, the transition fromone tube bundle to the

ot her tube_ bundl e being fornmed by an (expediently accessible) bed of inert
mat er i alOwWRPR FSaCHIOR hOTRTFTITS RE EBE St Pt 19R 17978 18 3% & Ji%d€a

heat -t r ansfeem i ¢ £FO%E aredadabhe fommalBydt te ubtPC.sdhe rersdtionr ansf er
medi um doesem@irFteaehianthaerdcdnadoknddvldredons idescrd bedeabowe. 2 0Theot wo

catal yst tupgebundbgseX B thenehoterd APEC 20042+ advanpt agasushythoused
! nt reacépr wé%ﬁéﬁ%ﬁgns?&%@'%y G&EQ&Q&%Y %'}%,t-nhﬁfs t5‘2, :%lgkrﬁiutgﬁeouslgh

or oduct 15a&Eeh xt e Snhfth: | d020ERE F & Tok) Hatl dn Stabhei S Iasdeht

bet ween t heatawystshaibhneRacts oneg8eots. thendweadxdfatie-A9088| éSreactors, it

is al so possedlemtiley fuse &L eot pe0hiedt aed clangerd eabtor sewpebt sad 1ty .
cooling and/ or evaporator cooling, as described, for exanple, in DE -A 19
929 487 aPQrﬁcin' pid 9{%?? W4 O;(ngggoﬁ %}g opt eIPE AT @ 8Eel G i LAt
oxi dat orfe is. 85 4 1 fram t gC r]g?e Ny SEEom 326 6 390C.
Tma reiagpi éﬁ“‘—{nléeﬁpéﬁaaﬁ?%rﬁ?dt'hgogeﬁﬁwolc?xi a4t Pgﬁp‘z]o%zg%’l% 5&2' a rule from 200

to 300C, PFeyuéntly FPomBBa 8 290 C8ra@dr BAchi bh Hilesddrelsirtle two
oxi dat i on Zmesctiesnekpeekteind pif tbhem twd o dBtiadvameneddskyqubrdd am 1 to 3,
atm The |eamhpnel réSctdoP)dMstleh), 0fs tdAmpaeddahi maratralkysts péit ker @acti on
gas in the f w6 dati PO ZONKS gbS mixture composition and catalyst load.
25
Molecular oxygen required altogether as oxidizing agent for stage
B required according to the invention can be added in its
entirety beforehand to the feed mixture of stage B. However,
further oxygen can of course also be added after the first
30 oxidation zone.

Preferably a'ﬁblar propylene : molecular oxygen ratic of from 1 :
1 tol : 3, frequently from 1 : 1.5 to 1 : 2 is established in
the first oxidation zone. The same numerical values are suitable

35 for the molar acreclein : molecular oxygen ratio in the second
oxidation zone.

In the two oxidation zones, an excess of molecular oxygen
generally has an advantageous effect on the kinetics of the gas

40 phase oxidation. In contrast to the conditions in stage A to be
used according to the invention, the thermodynamic conditions are
essentially not influenced by the molar reactant ratio since the
partial gas-phase oxidation of the propylene to acrylic acid
under heterogeneous catalysis 1is subject to kinetic contreol. In

45 principle, the propylene too can therefore be initially taken in
a molar excess relative to the molecular oxygen, for example in




frequently from 1500 to 2500 h-1 and up to 4000 h-1, respectively. Ig
principle, the two oxidation zones of the novel process can be 20 I SB@EZBU‘I
as described, for exanple, in DE-A 19 837 517, DE-A 19 910 506, DE-A 19 910
508 and DE-A 19 837 519. Usually, the external heating of the two oxidation
zones,if required in multizone react S systens, is adapted in a manner
known per se to the specific reactioh gas m xture conposition and catal yst

| oad. 25 Mbhectdzit GRygehltediintedlal Hobetdere a§PExF¥i AN ETIREHENY O st age

B requiredfactardiyeg the thkeigfventidmerxtan be added in its entirety

bef orehand to the feed m xture of stage B. However, further oxygen can of
course al sg_b af fh LS . oxi dat | one. i .Rreferably a nol ar
propyl ene :an%%%%gre'okg&e%&ﬁaﬂ% %? lr%ng%% Eﬂtgts)gl&?ld:?,tlgﬁeéﬁent ly from1
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rati o i n theasetcmndtepxi dad icarrZedeout nin a owddekiclatdicarrtponesicansexcess
of nol ecul ap.Qxy98RhH deRgtalyHt RaBaBie sk ARG i GleaRRibR el KikdRHI CS Of
the gas 40.phase, 0XIdgLI O 1d).GQOLE ApLod 0. LNG CANAI L] ans. Bnghage A o be
used accor8rng to the rnvention, the ther rméllynar_nc condjtions are

essent i &P §ORBANYHELYe AL P TRP e 2HBM Gr t e ZEREHE OP aF9 Y WNALESt Pt D idhr ti al
gas- phase bkédexidatioh edee priopyphenempedimeantl oé tbe¢ cstaudeB het er ogeneous
catal ysi s t&nsothitesitlyot&i metisedcaatsodingd ro 4hepinneitilos, ahlieipriapyl ene too
can theref epen bgr iiot bakbye iaKeRnkd céndRi@dly exCe88id£! lair¥ent RoddiBide,
ol ecul ar_oxyOeNd 9b EXaTBLE .4 D6G £004.20inthed leisle Oyl ALl o zone.
In this caSe, the “excess 0 ené I n ’fact pFa S he.JoI,e of a ﬁ uent. In
pri nci pité, ZAb%est ForRedp WF éypgag%hds*‘e i éé¥F6n0& %lBPoEV’P%né’”‘(do
acrylic ackteamdmn loét eporrmedds reavarsdi Pecparaiably vr ceapletelly n a single
oxi dati on zepgratled tflrbs sabke priodhbt geactianret bpsors €waheredaoidgd N an
OXi d?_ti on igastiHe Wakehdi Sxida2adadzuhd h P?:(%%Tdihfsﬁo Gtﬁiéabjngeﬁf:i&@-,l al yzing the
reaction i reacti.o : : S of. .c o
change ég @6%?%%UIC?U§’?§E%F@% r&%?ﬁ Q‘F%ﬁ% sﬁlﬁé traea(g |oacr:1t%'c%80rai gg%éegra\?\%l hi n
the oxi 83t F3%%bne. In one enbodi ment of the stage B conconmitantly to be
used according to the invention and in the formof two oxidation zones
connect ed Fuisarliesourasdoirmiphexindbeculzagnayged vinidthéspreduttedjas nmi xt ure
| eavi ng t hexiddtsionosicdaé i ®rantd izonexeddrifedr pRddast agdry piadueé An Bdrerki rst
oxi dation zpng; ARG for feeding oxidation stage B are both pure molecular

25 oxygen and molecular oxygen diluted with inert gas, such as COj,

CO, noble gas, N; and/or saturated hydrocarbons.

Expediently, air is used as an oxygen source at least for

covering part of the molecular oxygen requirement, as in this way
30 molecular nitrogen concomitantly to be used according to the

invention in stage B can be introduced into the reaction system.

In the novel process, the product gas mixture A’ advantageously
comprises essentially only propane and propylene (the amount of

35 compeonents differing therefrom is expediently = 5% by volume or
< 2% by volume, respectively) and exclusively air is used as a
source ¢of molecular oxygen for subsequent stage B.

By metering cold air into hot product gas mixture A’, cooling of
40 the product gas mixture A’ can also be effected in a direct
manner in the novel process.

If acrolein is the desired product, the second oxidation zone is
expediently not used in stage B.
45



steam can of course, if required, be partially or conpletely sepaqq'tggpf z&w
sai d product gas m xture before further passage into the second oxid o]
zone. According to the invention, a procedure which does not require such a
separation is preferably 20 chosen. Suitable sources for the nol ecul ar
oxygen which is required in oxidati o% stage B and is m xed with product gas
m xture A before it is used for fee ?‘ oxi dati on sta&g B are both pure

nol ecul ar PHe BERFTtadds b EcReaP éﬁ?f‘g’eﬁﬂ dineus&E@IR B itq Mer #5§4s, such as
02, CO aotbeligas toN2hantiwmtsatnuiat&s dhydlecasbemsialBypedinepgdd/ ofair is
used as ant RX Y@ reUbesdadt |Rasheliar or caamllagae@atopfa &+ 10é egHdr@b foXygen

requi rement, @S, Jikihe waY, rﬁ%&eheﬁeg&ﬂg gggan,% bankbyedia e used

accordin Rvent onamn i e reactlon
System Bt HedRyer (rRBERIeY fe EFB&?&C@&@ P R LR g Hig et
conprises @8sermiglesy ofnE§rhny FARa L apte IR ASe REDT PHC tapdgHpT 0d i BBt
conponent sgd f feard Rpalbesssumss o€ expedi Biidry aldblydys valydrecarbors 2%by

vol unme, regpgetivgly dgmge@g(céjaléglsvely air is used as a source of nolecul ar
oxygen for subsequent stage By netering cold air into hot product gas

m xture A, cooling of 40 the product gas m xture A" can also be effected
in a di f@cthe Mgfigredi RTPRECH A bBr BRRAS LAY fAEROERT rPHASUCke IR JHirdyTe
product, tReisecordnexi Havwopezore | Eor expagilenbyypaotialsedniensitige B. 45 1
4 DEC 2004c2lthelherrodustidas abxbipeidh lcravchglideasicage Bater e used

accarding Loy 1die dIMeRL! adchranid syé&ﬁsss%ri%ﬂwr GyRessdpdlon e desired
product acrol el n or. acrg K lnd Lmxture t P v carggﬁ)g ein,
unconver t e8 TS V8 %e% proBan% Tl e¢ &IOQF’ % nYro i f or med as
bypr odudf aftHHRANS S8EREILRNIMOREARI - PRALT Wdé?s%lfb%dar%‘gﬁtgf‘???' present as
bypr oduct ahd¥oratdivedgnt thgyarodant sanltixgmrentsnoflsn ther shbieetesd dehydes,
hydr ocar bopsadtlithnaQt bendémertiodi;| vent fgaseample Fhea dasiliéd product can be
separat ed h#OM4BoRHOIYEL ORI EL UBR A B 43R 2a3epnes known Ber Sy (for
exanpl e byDQaﬂtlgalgzgiogggpsatl on of the acrylic acid or absorption of
acrylic_acrd Tn"water or’ in a high-boiling hydrophobic organic solvent or
by abso?Btl on of acrolein in water or in agueous solutions of |ower
car boxyl i cUn®raEirdsdapsoRYAREq d8AY oOor ki NGidp ase  t he ZaswdrBed 34Asst ances;
al ternati vedpyaratee ptodaed mpayciedt us estaye &.s0 be subjected to fracti onal
condensation; cf. for exanple EP -A 117146,
Otherwise, the major components other than acrylic acid and
25 acrolein in residual gas remaining after isolation of the desired
product can, depending on requirements and on the dehydrogenation
catalyst used, be separated off by itself in each case and/or be
recycled with propane as recycled gas to the dehydrogenation
stage A in order to influence the dehydrogenation conversion
30 there as described. However, the unconverted propane can of
course also be recycled as a mixture with the unconverted
propylene by itself to stage A. When the novel process is carried
out continuously, continuous conversion of propane to acrylic
acid and/or acrolein thus takes place.
35
The separation of propane and propene from the residual gas
remaining after isolation of the desired product (said residual
gas contains as a rule 0;, CO, CO,, H,;0, N3, noble gases and other
lower aldehydes and hydrocarbons)} can, as described above, be
40 effected by absorption with subsequent desorption and/or
stripping (and reuse of the absorbent) in a high-boiling
hydrophobic organic solvent. Further possible methods of
separation are adsorption, rectification and partial
condensation.
45




DE- A 4308087, DE-A 4335172, DE -A 4436243, DE-A 19 924 532 and DE- glﬁ)ﬂ?%m
533). 20 Unconverted propyl ene and/or acrolein are, if required, als
separated off and recycled to stage B. O herw se, the major conponents ot her
than acrylic acid and 25 acrolein in residual gas remaining after isolation
of the desired product can, depending on requirenments and on the
dehydrogenati on catal yst used, be seg&rat ed off by itself in each case
and/ or be Witktydiedse vh gelophrgeastieryted ygas vbhitherselsyds dgarattioon
stage A inogyged dr0 olxg}f;bﬂeme;atlh@nqebaﬂks&gﬁmt k8Bs6 ObWBJesi-eBnt 3hiher e as
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desired pr Bﬁuﬁtlﬁf 53%'7d10¢559é1%t Q@ﬁs?@f‘\;@'ﬁlﬁ o%?g@né%:@@ Q% p&Pri&Déar H20 N2,
nobl e gase ot er ower s() can, as descri bed

S Qc
above, EBO%‘? ¢ 058189 a%sEerap ﬁgﬁ \?\AT’% Zeéue esor ption and/ or
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or gani c 19okvetier Ewsehbilpossidy eepetabdsn dfs fgepaiend bomiistel dasiomt iasn,
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oxygen-contal ni n oun e oxygen-contai nln bstapces. ¢
separ at ed PFoHi1He ngyc'll:é%d Eid %&ofégt%mpl gt’tgforﬁslfr;{cycﬁg §ge A.
Such an oxygeh Si&saiani ont ‘B‘éﬂ? 568 Bap P SERYRNENCOR tRing \%P%fj oxi dati on
of the pBoparkings,t heaydehywrmrsgematobumst apetAinThe sketokédoganhiion

catal ysts ohitddEeAt1y93d1ukhs alre BRbsS ansiinigvaubD-Dxrgerayes Kubsblearti cul ar

those accoggding &Iov'éwgp{@éysl T‘I‘Be rQ%lﬁlbe.caQEoA)na 10e Arwrh%&aﬁﬁﬁél b:llldmty for
separation If?%f rqaC*o'tRQ%‘ S St abLROss 35 2l S°a§t&'ie QEéE Pée erably, a
T nader

fractional 1 ation sSUper at nosp Ner] ressuré rrﬁer atures

i s carri ed®BHEactiRd uB?%’ésQﬁ’“’egst“cFebePﬁ%%%P%;ﬁwﬁég ?‘B?Oré%&%ﬁﬁlf SCW%HEO to 100
bar. Th&0 neder foression, cedihisd gobdemsatipa evbueRbr aBIOA ﬁmﬂ@r dunped 15
packi ngs, préysurecol umms or col umms contai ni ng stacked packi ngs.

According to the invention, the total amount of residual gas can
of course also be recycled to stage a. In this case, the outlet

25 for gas components other than propane, propene and molecular
oxygen may be present exclusively between product gas mixture A
and product gas mixture A'.

A further outlet can of course be set up after the isolation of
30 the desired product. If the recycled gas recycled to the propane
dehydrogenation contains carbon monoxide, this can be
catalytically incinerated to CQO; before fresh propane is added.
The heat of reaction evolved thereby can be used for heating to
the dehydrogenation temperature.
35
A catalytic postcombustion of CO contained in the residual gas to
give CO; may also be advisable when it is desired to separate
oxides of carbon from residual gas before the latter is recycled
as recycled gas to the propane dehydrogenation, since CO; can be
40 separated off comparatively easily (for example by scrubbing with
a basic liquid).

It is of course also possible to adopt a procedure in which a
part of the residual gas is recycled unchanged to the propane

45 dehydrogenation and only propane and propene are separated off as
a mixture from the remaining part and are likewise recycled to
the propane dehydrogenation and/or to stage B. In the latter



Suitable tray columms are those having dual -flow trays, bubble trq;clflpgt 2004
val ve trays. The ref lux ratio may be, for exanple, from 1 to 10

possi bl e net hods of separation are, for exanple, extraction under pressure,
pressure swi ng adsorption, scrubbing 20 under pressure, partial condensation
and extraction under pressure. According to the invention, the total anount
of residual gas can of course also b%3recycl ed to stage A In this case,

t he outl etc@se f arhegasmeomponaars of hehe theaidpropane, ipreopedaeantly nol ecul ar
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easi |y L9orewheargplaedblz scrubbing with a basic liquid). It is of course also
possi ble to adopt a procedure in which a part of the residual gas is

recycl ed Uﬂ’&célﬁ{&‘%q totfx@end?feqp%%céés dﬂ”%% 9988%1&@&@%@&”5%& qpaRe and
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distillation of the residual gas, the operating 5 line can be positioned,
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The advantage, according to the invention, of reduced formation
of the byproducts propionaldehyde and/or propionic acid is
25 obtained essentially independently of which multimetal oxide
catalysts are used in stage B concomitantly to be used according
to the invention. It is alsoc obtained essentially independently
of whether the volume-specific catalyst activity in stage B is
kept constant or is chosen to increase along the reaction
30 coordinates.
In particular, the advantage according to the invention is
obtained when multimetal oxide catalysts which correspond to
those of the formula I or II or III from DE-A 19 210 506 are used
35 in the first oxidation zone of stage B and when multimetal oxide
catalysts which correspond to those of the formula I or I’ or II
of DE-A 19 910 508 are used in the second oxidation zone of stage

B.

40 Catalyst geometries according to the invention for the first or
second oxidation zone of stage B to be used according to the
inventicn are those which are recommended in DE-A 19 3910 506 or
DE-A 19 910 508.

45 Moreover, regarding the flow of reaction gas and heating medium
(e.g. salt bath), the tube-bundle reactors recommended for the
novel stage B may be operated both by the cocurrent method and by




15 stages have undergone reaction. In the novel process, a nolar ratj m 004
acrolein to nolecular oxygen to steamto propane to nol ecul ar nitrot) (2
other diluents of 1 : from0.5to |l : from0O0.1to 1: fromO0.5to 6 20 from
1to 10 : fromO to 5 is preferably enployed in the second oxidation zone
of stage B. The advantage, according to the invention, of reduced formation
of the byproducts propional dehyde and”ér propionic acid is 25 obtai ned
essenti al | yhendepersientirgnof mehliah frossrélals aandef catadgy stlscabe used in
stage B conrg@eibaskdy A aebRaesesl atiear dinghe tiedthagi A¥ENih Grouhtl the al SO
obtai ned esseni ot |¥udideRRRdRNtiNen Ofi YRSt RL: Lhe ¥BLLEE: SRaq! [hoeeatal yst
activity mé@ta g Bi1s 'kept ionstant or 1s chosen tg Jg\ncreas;;Ir al ong the
reaction 3G3¢B5oPHRTRAUIESIIFR D ¥;?"Clﬂ°éﬂf’:°efﬁ‘ér’é?d\7§ﬁt 45625t rd 8%t o the

i nvent i orf ireacybemi gasd TWHERT Arul 18 rARrAlicoxpuky catvaingde8owhi ch correspond to
those of the formula | or Il or Ill fromDE-A 19 910 506 are used 35 in the
first oxi g%tsl g?ﬁgp@’e I%fatcﬁggfgehg,ﬁ@lﬁé@%r&g& Iilq?lte%l F,Q%fél@es QﬁtéaaWé%Sfdﬁﬁl ch
correspon 0 thos . Qr . or - are
sed 1 tnd BebBHGE gkt fon oork o Srige B 4 Sealvel dlnerergle
accordi ng ¥ ERBLYHVRFINSRTEDr2 Y HETY £t To? 1o RYrbRFERT AT $6nkh®f stage
B to be Use@hgdrogeiaigong Hheevémyer mom also thvoed fehied Ir eitecbymended in
DE- A 19 91Q43Q8qg0smalDEafolft 9 16F 5 s 145+ Mg esirsrahega(diqg duheitkow «f
reaction gg% angd, d RQs"Rék e (€. 9. salt bath), the tube-bundle reactors
recommende For the novel stage B nmay be operated both by the cocurrent

nmet hod and by 1 4 DEC 2004 24 the countercurrent nmethod. Cross-flows can of
course al s&*BBPl&%per posed. A neandering flow of the heating medi um around
the catlH yst tubes, which, when viewed over the reactor, can in turn take
pl ace cocumhentpr¥psfatidmicdr auhti BAitetdlebat iy ecdtaiize Jof esied i flrsgas

mxture, is parkighl asd Y.advart ageguiss As a rule, reactors having passivated
i nner surfaces are used for the novel stage A. The passivation can be

effected, for exanple,. by appl )C/i ng, sintered alumna to the inner surface
prior to tHe 16TERATREJeR4t PoRt2 ol datertahal al so be effected in situ by
addi ng %l | anmpounts of passivating assistants (e.g. sulfides) to the
reacti on gasonBxkdiret thxgeplesadizi)Prepat aby oreightawmuéterattdlrrodi ade

catal yst farithe 44 rsSttime at 25°C into 775 kg of an aqueous solution of
bismuth nitrate (11.2% by weight of Bi, from 3 to 5% by weight of
free nitric acid; density: from 1.22 to 1.27 g/ml). The resulting
25 aqueous mixture was stirred for a further 2 hours at 25°C and then

spray-dried.

The spray-drying was carried out in a rotating-disk spray tower
by the countercurrent method at a gas inlet temperature of 300 =

30 10°C and a gas outlet temperature of 100 £ 10°C. The spray-dried
powder obtained was then calcined at from 780 to 810°C (in a
rotary tubular furnace through which air flowed (1.54 m® internal
volume, 200 m3 S.T.P. of air/h)). What is important with regard to
the exact setting of the calcination temperature is that it must

35 be based on the desired composition of the calcination product.
The phases WO3 (monoclinic) and Bi;W,0¢ are desired; the presence
of y-BiWOg (russellite) is undesirable. If therefore, after the
calcination the compound y-Bi,WOg is still detectable from a
reflection in the powder X-ray diffraction pattern at a

40 reflection angle of 2- = 28.4° (CuKo-radiation), the preparation
should be repeated and the calcination temperature should be
increased within the stated temperature range until the
reflection disappears. The preformed calcined mixed oxide thus
obtained was milled so that the Xy value {cf. Ullmann’s

45 Encyclopedia of Industrial Chemistry, 6th Edition (1998),
Electronic Release, Section 3.1.4 or DIN 66141) of the resulting
particle size distribution was 5 um. The milled material was then
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oxi dation zone of stage B 1.Preparation of a starting material 1 ZOI%OBEE H{HM
of tungstic acid (72.94% by weight W were stirred a little at a't

25C into 775 kg of an aqueous solution of bismuth nitrate (11.2% by wei ght
of Bi, from3 to 5% by weight of free nitric acid; density: from1.22 to
1.27 g/m ). The resulting 25 aqueous pgixture was stirred for a further 2
hours at 25C and then spray-dried. The spray- dl’{l ng was carried out in a
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Lrgfoteglrrg: yg ﬁ%e : t%gglﬁi"ifgs wQEergﬁgx?dcat})h‘é'dSEQl:V%&g 1|?5ﬁ§ulﬁQtQ§ é‘é'g‘é‘bﬂ umof an
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sol uti on Beorterpgr aparvdréythan fedachngreihitaswikpge ofddad daquabeasresuldnngitrate
sol uti on (dquepsbyiwenphtaraf ske)yringow262Zh@nkgadfied difi #ggueaudurther
cobal t. - ni {£ gi/usekULL Ofpdcl2. 4% by wei ght of Co) at 60C.

25 Spray-drying was then carried out in a rotating-disk spray tower
by the countercurrent method (gas inlet temperature: 400 = 10°C,
gas outlet temperature: 140 = 59C). The resulting spray-dried
powder had a loss on ignition of about 30% by weight (ignition
for 3 hours at 600°C).

30
3. Preparation of the multimetal oxide active material and of

the catal&st
The starting material 1 was homogenecusly mixed with the starting

35 material 2 in the amount required for the multimetal oxide active

material having the stoichicmetry

[Bi;Wp0g - 2WO3]g.5[M012C0Os5,5Fe2,94511,59K0.080x]1

40 In addition, 1.5% by weight, based on the abovementioned total
material, of finely divided graphite (sieve analysis: min. 50% by
weight < 24 um, max. 10% by weight > 24 um and < 48 um, max. 5% by
weight > 48 um, BET surface area: from 6 to 13 m2/g) was
homogeneously mixed in. The resulting dry mixture was molded to

45 give heollow cylinders having a length of 3 mm, an external




The solution B was then punped continuously into the initially ta 2{1 04
solution A over a period of 30 mnutes while maintaining the 60C. iDrEQ @B
was then carried out for 15 mnutes at 60C. Thereafter, 19.16 kg of a
silica gel (46.80% by weight of Si®2, 20 density: from1l.36 to 1.42 g/m, pH
from8.5 to 9.5, alkali content not re than 0.5% by wei ght) were added to
the resulting aqueous m xture and stirring was then carried out for a
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di ameter ofy&, Mmandsa Wl dedihieakress: Aok STABY&Rgkdhennitherrpl Iy treated
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volume, 1 9° , er gram ctLye precursor terial), heating
WS oF 1 4Bt deRTRASIREPY FIHR PBSF LU RS e L T SISty RBBEERLYH: e o
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i ncreased tpiCcdhatiteatampgratate wfs 6@Chhaiiddd 2403 Wweresai nt ai ned for
1 hour befgrguidowaa dQcanmeasadsay suhedliengor atige ofir8ACHRIEO2I0C. Thi s

temperaturg négg%clsttggg\n ﬁerergqlil%gi_ned for 1 hour before it in turn was

I ncreased a at “a heating rate of 60C/ h. The 265C were then |ikew se
mai nt ai A8d for 1 hour. Thereafter, initiall cooling to roomtenperature
was carri eB) oubTeRATAtiRE 25 YSNOFPBEFEE P iIFaSEtRAESE MIRY d3€efifFalY y

conpl ete. Thereaidadrion heatiodfy stageeBfected at a heating rate of 180C/ h to
465C, and

1. Preparation of the catalytically active oxide material
25 MO12V3Wy, 2Cuz,40n

190 g of copper(II) acetate monohydrate were dissolved in 2700 g
of water to give a solution I. 860 g of ammonium heptamolybdate
tetrahydrate, 143 g of ammonium metavanadate and 126 g of

30 ammonium paratungstate were dissolved successively at 95°C in
5500 g of water to give a solution II. Thereafter, solution I was
stirred all at once into solution II and then a 25% strength by
weight agueous NH; solution was added until a solution formed
again. This was spray-dried at an outlet temperature of 1109C. The

35 resulting spray-dried powder was kneaded with 0.25 kg of a 30%
strength by weight aqueous acetic acid solution per kg of powder
using a type ZS1-80 kneader from Werner & Pfleiderer and then
dried in a drying oven at 110°C for 10 hours.

40 700 g of the catalyst precursor thus obtained were calcined in an
air/nitrogen mixture [(200 1 (S.T.P.) of Np/15 1 (S.T.P.) of
air)/h] in a rotary tubular furnace (50 cm long, 12 cm internal
diameter). During the calecination, the kneaded material was first
heated continuously from room temperature (about 259C) to 3250C in

45 the course of one hour. This temperature was then maintained for
4 hours. Heating was then effected to 400°C in the course of 15




this calcination tenperature was mai ntai ned for 4 hours. Unsuppor 4
catalyst rings V suitable for the first oxidation zone of stage B Qﬁptm
20B) Preparation of a nmultimetal oxide catalyst for the second oxidation zone
of stage B 1.Preparation of the catalytically active oxide materi al
25Mp12V3WL22Cu2. 40n 190 g of copper(# acet at e nonohydrate were di ssol ved
in 2700 g of water to give a soluti . 860 of ammoni um hept anol ybdat e

t et r ahydr atiojutes3 ghods mmia@nrﬁevmm@ataénagdfq%l diopt 80d sgARIIINGmM

par at ungsteé eronar eeflipssotured wadcerssiaminiedt o85C in 5500 g of water to give
a solution Il. Thereafter, solution | was stirred all at once into solution

Il and thep a 2‘:‘1%5 renaqtlart']iybcxca\ﬁ ggétl% u%%ggr[yglf} &é)é %9 cfl%eq until a

solution f ‘s Was etature of
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strengt h byassidghhraggkoussizyet o€ weshd sigeutfirom pero K of pod\dtére using a

type ZSl - Gl%h Bf%%&m@é BaPiA@i detaei manddihais iodr aBdve e @ yi ng
oven at 1 e%r hoyrs. 40 700 g of the catalyst precursor thus obtained

were cal ci ned |n an alr nitrogen mxture {(200 1 (S.T.P.) of N2/15 1
(S.T.P.) of air)/h] in arotary tubular furnace (50 cmlong, 12 cmi nternal
di anmet ed®. 2 DurPrrpamed ieal ef meadted cehelksieaded material was first heated
continuously fromroomtenperature (about 250C) to 3250C in 45 the course of

one hour. Jfig; (BMREMATAF %d@%rtbemrmﬁraﬁmeedﬂ 0§ med lRQUES, deating was
then effecf ed ] 1,400, Lt hestgggagg Gyl gl E -Pagg%%anegmes, this

t t u t t
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give a 18 BHasrd wndithi deel yeawddr the nsypRats509f o thePpamdemeparticl es passed
through a samvacehireeshCerameekr O lwéxe liGitmodnded hintgreogortion @ particl es
having a nMpddmamcd FRASL A4 i@R0Ye° SG1ioavas Fes® rdtake] YoE LOhakinkr @paration

of coated ¢ tgngbfaat %o%§mé<gopfzo%n@u|@ﬁese&%qrg 64 mdame&s&atédrgylength 4

mm interna at | havi n ace rou 5 aCCOlhgl ng to
EP- B 714708° dP™%5 28 %n‘i’fer?é\naﬁ ge8U% AU BEPeCUBT L bAZEPHAEINE ol urre
of the 30ppbri8, aﬁﬂ %Sﬁ%myeesbﬁn%f glﬁ'gﬁapécvﬁ?%rthe@e,sgﬁﬁg%d DE)tc\/\éPé
i ntroducedsupgarts goat & npzrde ipahbg ecofrsiencfi AAtHDMIEE. RAEcbbe ararer om
Lodi ge, DB ikh@vingsarg énticnebtudiui@aiay 200ite Jhiele patidag feom was t hen
rotated alyere metered continuously via a vibrating channel outside the
spray cone of the atomizer nozzle in the same period. During the
25 coating, the powder fed in was completely adsorbed onto the
surface of the support and no agglomeration of the finely divided
oxidic active material was observed. After the end of the
addition of powder and aqueous solution, hot air at 1100C was
blown into the coating pan at a speed of 2 rpm for 20 minutes.
30 Drying was then carried out under air for a further 2 hours at
2500C with the bed stationary (tray oven). Annular coated
catalysts S which are suitable for the second oxidation zone of
stage B and whose proportion of oxidic active material was 21% by
weight, based on the total material were obtained. The coat
35 thickness was 240 + 25 um, both over the surface of one support
and over the surface of different supports.

C) Loading a reaction tube system R suitable for stage B and
heating said system

40
1. Loading a first reaction tube

A reaction tube (V2A stainless steel; 30 mm external diameter;

2 mm wall thickness; 26 mm internal diameter, length: 439 cm, and
45 having a thermal tube (6 mm diameter) centered in the middle of

the reaction tube and intended for holding a thermocouple by

means of which the temperature in the reaction tube can be




16 rpm 2000 g of an aqueous sol ution consisting of 75% by wei ght 20 of H20
and 25% by wei ght of glycerol were then sprayed onto the ~supports] i BEG 2004
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vi brating channel outside the spray cone of the atom zer nozzle in the sane
period. During the 25 coating, the po%\ﬁier fed in was conpl etely adsorbed
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di aneter) centered in the mddle of the reaction tube and intended for

hol di ng a therpnog f; ' the tenperature in the reaction
tube can b%' 1 Q&B'E%mz%ogg%% et ecgr%‘ioﬁggl)gg?s | oaded frombottomto top on a
catal yst support (32 cmlong) first with steatite beads having a rough
sur f ace 15( ¥ zaasttdonf BRE AN Stadpleperitatdterl alm rort i@t Ay PR Tieact i on
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| ong | oad wkw Iy GorsEeshsl ofule hemMgesenushal Mianetaf) c@hlegedf imnsiepport ed
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of oxidic active material is chosen to be only 17% by weight,

25 based on the total material) over a length of 100 cm. A 56 cm
long load comprising steatite beads having a rough surface
(diameter from 4 to 5 mm) terminates the reaction tube loading.

3. Connecting tube

30
The first and second reaction tubes are connected to one another

at their end opposite the respective catalyst support ledge by a
connecting tube (V2A stainless steel; 1 m length; internal
diameter 9 mm). The connecting tube has, in the middle, the

35 possibility for adding a gas containing molecular oxygen.

4. Heating the reaction tube system

Pumped salt melts are used for heating the reaction tubes. The
40 pumped salt melt of the first reaction tube is kept at X°C. The

pumped salt melt of the second reaction tube is kept at Y0C. The

connecting tube is kept at 2000C (by means of electrical heating

mats).

45 D) Carrying out gas-pahse oxidations




having a thermal tube (6 mmexternal dianeter) centered in the m'gcllﬁ ﬁ/]:]
the reaction tube and intended for holding a thernocouple by neans " E ZQ,[H
the tenperature in the reaction 20 tube can be determ ned) is |oaded from
bottomto top on a catalyst support (34 cmlong) first with a coated
catalyst S from B) over a length of 200 cmand then with a coated catal yst
S (prepared in the sane way as the é8ated catal yst S but the ampunt of
oxi di ¢ actilve wamhposatidrs odhasesadtoidie gasl yid#9e\a:wei ght, 25 based on the
total material) over a length of 100 cm A 56 cm |ong | oad conprising

steatite beads_:hayi rough.s (diameter from4 to 5 mm) term nates
the reaction tSbgﬂl?)gd‘?onlé&%gf(%%%g%’ng tube 30 The first and second
reaction tubes’ar& RHEEd°E Pone another at their end opposite the
respecti\be cat aPysby suppanet cfedrfe ad a connecting tube (V2A stainless
steel; 1 mlenguhssim erdlamedofneti.er 9 mm). The connecting tube has, in the
m ddle, the 35 possibility for adding a gas containing nol ecul ar oxygen. 4.

Heating the reaction. tube system Punped salt |ts, are used for heating the
reaction tgbes. OFRRS YR @ 3dr%%1?ttlrg)r?elgﬁso?l¥€§ref isBr'st reaction tube is kept
at XC. The punped salt nelt of the second reaction tube is kept at YC. The

connectilg tubé&.b% keptolame200pldpenmpans of el ectrical heating mats). 45
D) Carrying oub, gasppahsemexbdadj,ons 1 4 DEC 2004 29 1. Conposition of a

reaction gas mhyture A .oed%by. e yme of propene, 9.7% by volunme of 02, 5
10% by vol une ? E%%gl? d§“674 g@%q:vol ume of N2 2. Conposition of a reaction

n .
gas m xture B: gio 266 9% 06 YFopene, 9.7% by vol ume of 02, 10% by
vol une of H20 and 74.8% by vol une of propane. 15 3. Conposition of a
reacti orlsgds niCrihpeeitCorb o5%:byeamivme gk pioperne,C: 9. 7% by vol ume of 02,
10% by vol une of H20 and 20 37.8% by vol unme of propane and 37.0% by vol une
of N2. 5.5% by volume of propene,

9.7% by volume of 0Oy,
10% by volume of H,C and

20 37.8% by volume of propane and
37.0% by volume of N;.

The reaction tube system from C) is fed in each case with the
reaction gas mixture A or with the reaction gas mixture B or with

25 the reaction gas mixture C. The reaction gas mixture is fed into
the first reaction tube and in particular into the tube end
having the catalyst support ledge.

The loading of the catalyst bed of the first reaction tube is

30 chosen in each case to be 100 1 (S.T.P.) of propene/l of
catalyst-h (h=!). In the connecting tube, 75 1 (S.T.P.)/h mixed in
at room temperature are added in all three cases.

The thermostating of the reaction tube system is chosen so that,

35 in all three cases, based on a single pass, a propene conversion
of 94 mol% results in the first reaction tube and a conversion of
97.5 mol% of the acrolein formed in the first reaction tube
results in the second reaction tube.

40 After an operating time of 10 hours, the product mixture leaving
the second reaction tube is analyzed in each case to determine

its content of propionic acid (based on the total content of
acrylic acid}.

45 The table below shows the results.

1. Reaction gas mixture A



The reaction tube systemfromC) is fed in each case with the reacti g g?[ﬁ]
mxture A or with the reaction gas mxture B or with 25 the reacti i é N §
m xture C. The reaction gas mxture is fed into the first reaction tube and
in particular into the tube end having the catalyst support |edge. The

| oadi ng of the catalyst bed of the fiiét reaction tube is 30 chosen in each

case to be 100 1 (S.T.P.) of propene/1“of catalyst.h (h-1). In the
connecting tub®, =AF8C(S. T.P.)/h mixed in at roomtenperature are added in
all three cases.=Ti@°Chernostati ng of the reaction tube systemis chosen so

that, 35 in aténtdHreercpsesioasedian @ i Ky1e.pass, a propene conversion
of 94 mol % results in the first reaction tube and a conversion of 97.5 nol %

of the acrolein fornmed in the first reaction tube results in the second
reacti on°t tibe. FOYF AN eP2EN" P& ing time of 10 hours, the product mixture

| eaving the s&con8€action tube is analyzed in each case to determine its
content of propieridseaci d (based on the total content of acrylic acid). 45

The tabl e bel %%Wsokhﬁréﬁwitcs-acid:%am ifyizgas mxture A 1 4 DEC 2004 30
X = 328C Y = 270C 52. Content of propionic acid: 0.02 nol% Reaction gas

m xture_ B X = 358C Y = 295C 103. Content of propionic acid: 0.14 nol %
Reacti ohCgds nfS@TFENCI%E FTHaES ¥ = 281C Content of propionic acid: 0.08
mol % 15 This Rearkd3fRat -t he propionic acid product formation is nore than
Six tinmes greater 281°case B than in case A which shows that the use of

ol ecul ar nitreganmsSca ghdpriticdasiys ¢anaklesof reducing the propionic
acid byproduct formation. 20 E) Catal ytic postconbustion of COto CO2 in a

o P0uCt G ILALLE, B, [y Wlghelfe 58 hed.Brocicts e, begn sapatater

propene, 82 ByiMes| BREAGIE piofafg Rnthary 1595 pse Vol 0HE CHf SBOWS xtliite the H20,
N2 and COusmfpasiedylat rdt2Cgéheas inglidasnt gas is capable of reducing
the propionic acid byproduct formation.

20 E) Catalytic postcombustiocon of €O to €C0; in a product gas
mixture B) for which the desired products have been separated
off.

A gas mixture composed of 2.5% by volume of CO, 1% by volume of
25 propene, 82% by volume of propane and 14,5% by volume cof a
mixture of Hy;0, N; and CO, was passed, at 212°C (heating was
effected by means of an aluminum block resting on the reaction
tube and heated by means of electrical heating mats), after the
addition of 2 times the stoichiometric amount, based on CO, of
30 molecular 0, through a fixed bed (internal tube diameter: 20,5 mm,
a thermal sleeve for an internal thermocouple and having an
external diame%er of 4 mm was centered in the tube, bed length:
19 cm) of the commercially available BASF noble metal catalyst
RO 20 (beads having a diameter of 3 mm, Al,03; as support, Pd as
35 noble metal active component) (at a catalyst loading with gas
mixture of 1680 h-1l). 94 mol% of the CO contained in the gas
mixture were combusted to give C0,;. The other gas components
remained essentially unchanged. A subseguent separation of
propane and propene from the gas mixture by fractional
40 distillation under pressure can now be carried out in a simpler
manner.
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effected by neans of an al um num bl ock resting on the reaction tqbl?z[;gt'@ 2004
heat ed by nmeans of electrical heating mats), after the addition of I nes
the stoichionetric anmount, based on CO of 30 nolecular 02 through a fixed
bed (internal tube diameter: 20,5 mm a thermal sleeve for an internal

t hernocoupl e and having an external diameter of 4 mMmwas centered in the
tube, bed length: 19 cm) of the comddercially avail abl e BASF nobl e net al
catal yst RO 20 (beads having a dianeter of 3 nm A1203 as support, Pd as 35
nobl e metgl agtipve conponent) (at a catalyst loading with gas mxture of
1680 h-1). 94 nol % of the CO contained in the gas mxture were conbusted to
give CX2. The other gas conponents renmained essentially unchanged A
subsequent - sehRTRGESH 5PT PrOPIRBABEAEIPR ADeRETOLEAN e HaY InFxEGie By

fracti obal 40a diisttivreathereamhdaorppespane, can wikdwhbe carried out in a
sinmpler manner. 45 1 4 DEC 2004 31 we claim 1. A process for the

preparati 0” \?\%} aC{ | £141 2% §€£§é'z§ 3G p% are aléneﬁtb%été@g{c?%f gé&@%l

pr opane, I LS t

parti al dehydro %&ﬁr&%eaﬁaé?n h‘brt%%o 8?%858%‘3’}&)%?% &tgiyﬁl?h]é‘ IBhase
with formation of Phags otitdt fgrBation t&"rfe aAPHAT Pt Jﬁﬁsc@nt“ail?% Reihded ar
hydrogan, propyl esentanichsumodageldehydrogpaneprddylehet hed campenentedcont ai ned
in the product gagrépaddire A and differing from propane and propyl ene, at

| east a 15 portion of the nol ecul ar hydrogen is separated off from said

m xture A of stage A, containing nolecyl ar dro ropyl ene and
unconverted pPépafit, tli%é:%l’ff’ﬁ’?g |%°I’ttt‘?éﬁeduéédﬂé pﬁlrogﬂgﬁtg%;%smrﬁt%ﬁré A in
a second stage B fof d¥fdedilng &¥om gsrasgse2ddi BEARYS Leatt ofeaitd2 in the at
20 | eadts one oxi dadroivm edctbe, mé e ylraophlydneges Sulsiepereted taffa fsemect i ve
partial gas-phas esQiQil dabitQreWat b Nl £RURAGT cofKYBeThd!Rdeec B £113ERBGEHS
catalysis to gi Ve f@%éc%ndgéﬁc@\}@fﬁe% BrBLsd, thi{étg&'l%uf”'&r edh'%&) N a

acrylic acid or gslre pr.o

t
third stage G, thB 1% &Fo5H u%?slr%”%t t et of fsecppgms%?ﬁee f%&ﬁct gas
n xture B obt ai neée?‘n”?%e“p&retaﬁél On%ﬁ’ﬂéiﬁtéﬁno?e%%'é’erBEyl thethe adt age B and
at | ea0 unconveieast prropaxadebheri reeadttion , t hbe pprrtdiengass n$vhigcked

to a selective partial gas-phase oxidation with molecular
oxygen under heterogeneous catalysis to give a product
gas mixture B which contains acrolein or acrylic acid or
a mixture thereof as the desired product, and

25
C) in a third stage C, the desired product is separated off
from the product gas mixture B obtained in the partial
oxidation of the propylene in stage B and at least
unconverted propane contained in the product gas mixture
30 of stage B is recycled to the dehydrogenation stage A,

wherein molecular nitrogen is present as diluent gas in the
partial oxidation of the propylene in stage B.

35 2. A process as claimed in claim 1, wherein the feed gas mixture
of the at least one oxidation reactor in the second stage B
contains at least 5 mol%, based on propylene contained
therein, of molecular nitrogen.

40 3. A process as claimed in claim 1, wherein the feed gas mixture
of the at least one oxidation reactor in the second stage B
contains at least 50 mol%, based on propylene contained
therein, of molecular nitrogen.
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30 of stage B is recycled to the dehydrogenation stage A, wherein fof §6¢ 2004
nitrogen is present as diluent gas in the partial oxidation of the

propyl ene in stage B. 35 2. A process as clainmed in claim1, wherein the
feed gas m xture of the at |east one oxidation reactor in the second stage
B contains at least 5 nold, based on propyl ene contained therein, of

nmol ecul ar nitrogen. 40 3. A process claimed in claiml, wherein the feed
gas m xturé. of pgieeats heastaioma dri datironl redetrefini the Heesegendnsttage B
contains at | egstie0 a0l &asbased cRAdRE ORY:@neteent ai fiedl sddwetesPagodlp

ol ecul ar NILTOGELindoat SoIRC 13000032, Hasdd RLOGESSy AShd lRTRALLR Ol &l in L,

wherein the fee as m xture | east one“oxidation reactor in the
second stage EB° hec%ﬁf‘al HE 15?1?%&55 Tﬁﬁrﬂ?ﬁ% based on propyl ene cont ai ned
t herein, 5of nolecular nitrogen. 5 5. A process as clained in any of clains 1
to 4, wher Bi n Aherocesbansraldineaf ihhenanefintladhsmdl ecw awheireiogeme cont ai ned

in the feed 9RS1dY ¥hWke 8f the sabuheast M%cca&lagaﬁi@fbg&a%%ahﬁbd tihe
second stage B ﬁé) £l g ggB“@ixa%Ire%?p%‘HS & te%s gné“o,fa él‘f% Qgci&eql gas

mxture is at feast ocess as C
wherein the nﬁfp%rseﬁapfiosmg%%t&nﬁhﬁtm&?n%w&am?am t%/%’d"é‘ﬁn%n’r%l% in
the feedOgas nsanarfeedf gahenktureass ohelendtddt-06m reactor in 15 the
second--stage B to the anmount of propane contained in the sanme feed gas

rlri?t uze iA;sat Ae@ﬁk seolakocpa‘imtéa 8n Zrﬁ y Ao PIOGESS @stglﬁl mrle@naﬂye of claims
(0} erein e ar
216 #eh rfanga of t e atm% ]i: ?f ”ti cg.ll?x H? ?c?c OX{ %59&?

contained in on- réact or
in the second*’& f§&IBIEH Tjrfétu&ﬁol?ﬁt the ?)*r &'&é‘ﬁé EBﬁt%’l‘JrFL iR FRECTYAnE f eed
gas m x@fire istkr desgsd ftage B 3o $he. amount propssBans ¢rdiadagdi A cihE m 1,
wherei n the coggmsifieedngas m2buree ikeat Dasstnifxbmr .03 Hdhé.at | east one

oxi dation reactor in the second stage B ful fi I | s the follow ng nolar rati os:

propane . pr Op dce?% asot,zlal E{?eéf c1a1 leoﬁé 40 v.gngrenjl thé romo.1

to 40 : from rom

clained in cl a‘i‘ r\ﬁﬁé?e?% {Hﬁa aE‘(S’H‘BBs?f HHESH afh%l?‘é%?fngé:?nﬁgig?cj‘fzi%o?st he

at | easfQone Oynqkﬁgegngpga%%%ﬁuqenof the at least one oxidatlon reactor in
the second stage B to the amount of propane contained in the

same feed gas mixture is at least from 0.5 to 3.

8. A process as claimed in claim 1, wherein the composition of
25 the feed gas mixture of the at least one oxidation reactor in
the second stage B fulfills the following melar ratios:
propane : propene : Np; : O : Hz0 : others
= from 0.5 to 20 : 1 : from 0.1 to 40 : from 0.1 to 10 : from
0 to 20 : from 0 to 1.
30
9. A process as claimed in claim 1, wherein the composition of
the feed gas mixture of the at least one oxidation reactor in
the second stage B fulfills the following molar ratios:
propane : propene : N; : O : HyO : others
35 = from 2 to 10 : 1 : from 0.5 to 20 : from 0.5 to 5 : from
0.01 to 10 : from 0 to 1.

10. A process as claimed in claim 1, wherein the composition of
the feed gas mixture of the at least one oxidation reactor in
40 the second stage B fulfills the following molar ratios:
propane : propene : N; : O : H3;0 : others
= from 3 to 6 : 1 : from 1 to 10 : from 1 to 3 : from 0.1 to

2 : from 0 to 0.5.




the second stage B fulfills the followi ng nolar ratios: propane : pnqvg}t@n? m

N2 : 02 : HO: others 35 = from2 to 10 : 1 : fromO0.5 to 20 : fr(; . g

5: from 0.01 to 10 : fromO to 1. 10. A process as clainmed in claim1,

wherein the conposition of the feed gas m xture of the at |east one

oxi dation reactor in 40 the second stgge B fulfills the follow ng nolar
ofhers from3 to 6 : from1

rati os: propape. . propene : N2 : 02 : H20O : y 1
{0 10 - frohi1 t%“if%:ssf_raémcb"?‘im% ) aPYngn?baJt“b‘S d. 5° A8 "IETEER S0B4 33
11. A process B3 Fde@ Ph RFRPWHENE sPABained I thgheredurt lwasmwiaruratio
of propyl ene chnmtaiméecihat higypraeuctogasine&tin eheAptrodu®t el anxbyek agen
contained in the prodoct gas mxture A is s 100. 5 12. A process as clained
inany of clainms 1 to 10, wherein the nolar ratio of propylene contained in
t he pr oduci32 gas mxture A {o_ no| ecul ar h¥dr ogen contained in the Er oduct
gas mixture®* AN iRFBESS18513° 2105 dCed8Yast cFhaifsd Li 50ahy- ofhedrarniha to 10,
wherein the nmP@r ratio of prupilednecoohsaieedn nhehprodwutuckhsgasxtind ur e
A to nol ecul ara hydregenutentiajdedeinn cbhea pr@duct @as phbattl QasAnigrdfe 15
14. A process gasiLclaimgd in any of clainms 1 to 13, wherein the nolar ratio
of propyhene contained in the product gas m xture A to nolecular hydrogen
cont ai ned 1£ t he Iproduct gas mixture Ais ? 0.05. 20 15. A process as

cl ai med i n"any? G OCPAFNES 1St TEA 1RharEi Bf tHe ingsr dpafiel Rorhersilnt e hi eved
in stage A is ¥9lom Bateo26f mploky lebasednonimediimgitaepassduds gab. mixprmeess
as clainmed inmmp ebletaias Hydrogk4, cohes Bidl tiRe chBl PPEME € QRKERSL Ol e
achieved in stage Aispfrom10 to 20 nol % based on a single pass. 17. A
process,@s clainmed in claim15 or 16, wherein the propane 30 to be

dehydr oge ed is diluted in stage Awith steam 18. A{)rocess as clainmed in

ge ) .
claim 17, WherbidFoCRES ndf a5t 3 8e% 16 2Rkt bR 4318 dphfel 1 o eraénythogenat ed

is fromO.1 tdragdlar ratio of propylene contained in the product gas mixtuvre
A to molecular hydrogen contained in the product gas mixture
A is = 0.05.
20
15. A process as claimed in any of claims 1 to 14, wherein the
propane conversion achieved in stage A is from 5 to 25 mol%,
based on a single pass.

25 16. A process as claimed in any of claims 1 to 14, wherein the
propane conversion achieved in stage A is from 10 to 20 mol%,
based on a single pass.

17. A process as claimed in claim 15 or 16, wherein the propane
30 to be dehydrogenated is diluted in stage A with steam.

18. A process as claimed in claim 17, wherein the molar ratio of
steam to propane to be dehydrogenated is from 0.1 to 2.

35 19. A process a3 claimed in claim 15 or 16, wherein molecular
hydrogen is added to the propan: to be dehydrogenated.

20. A process as claimed in claim 19, wherein the molar ratio of
molecular hydrogen to propane to be dehydrogenated is > 0 and
40 = 5.

21. A process as claimed in any of claims 15 to 20, wherein the
partial dehydrogenation of the propane under heterogeneous
catalysis in stage A is carried out adiabatically.
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35 19. A process a3 clainmed in claim15 or 16, wherein nol ecul ar %%UpggeAMQ
is added to the propane to be dehydrogenated. 20. A process as clained in
claim19, wherein the nolar ratio of nolecular hydrogen to propane to be
dehydrogenated is > 0 and 40 5 5. 21. A process as clained in any of clains
15 to 20, wherein the partial dehyd genation of the propane under

het erogeneous catalysis in stage A is carried out adiabatically. 45 1 4 DEC
2004 34 Z2Z- A PFEEEES 3% C‘@a?r—‘frllegdo‘é)‘\';ltlﬂ roan@foflaing e 13 £b- 2henghidrein the
partial dehydrdgepattoal olettyirogeopaiven widehe hetmrregemdeus catal ysis in
stage A is carjd:gogehedbils a:atfa|12§*gﬁs bﬁd Jreqet aris haudkavbuehidhe flowis

axial or radia;,.a_ ﬁég ﬁéagét%‘%e%ﬁ X8 b0 AW, afs EJXQEE‘S?}S 4 41

wherein the partia enat t'he propane un erogeneous
cataly5|§ in stage Ais carrled out |n a tray reactor. 10 24. A process as
cl ai med i 23l & mre8esahes ctlnimgd ienpur afurdadhs theo ddet Vhares thext ur e

t hroughout theadrtdplr ealtydfogesiaddbn ¢ he0brogane AirjtieaCc @@seasgeiaiuged in
claim 23 or 24, WheLekn;f he dgeak lé%aﬁ%h%ueomaa NS eBLELdH, 8 catal yst
beds spatially 1 n “succession. 26. A process as clainmed in any of clains 23
to 25 wherein nolecular oxygen is added to the reaction gas mxture during
20 the Hard4-al® PERGAPDgRh At IITCES 1R el Topdnev i ther EPBRRRROUS Cdt al ysi s
in stage A 2theArprotess s ollatnee throagphoot theitraylreecRer ishdiSdi n t he
amount of nol eeulsanohydrogen present is separated off from 25 product gas

m xture A before it is further used as product gas m xture A . 28. A
process a in_an f .cl t he nmponent s ot her
than pro gh 0 SI'Eéne éarléneseﬁ%r%j[algl é?f O%\Igf ré“’meﬁreé ug g%%a m xture A
before } |s FE?FHQF ﬁ%%i?%ﬂf IpPBdcte FasahP kYT PAS spgtial bYdess as
clainmed in anypustegFaPms | to 26, wherein the conponents other than propane
and propyl ene are separated off 35 fromthe product gas mxture A by

bringi ng the R eddetsgass dMaihdbeiM ddy @rCenbard 4 tfy 28, opgaRd & sol vent,
adsor bi ng the , i, anage %g%n rquggggd 38l ek % YEL Y AT %'snml{wleé ali1ggt hem
1

agai n by subséquent I on an in em as
g y % ydrogenatf%n %f the prog%ne unde

heterogeneous catalysis in stage A.

artla

27. A process as claimed in any of claims 1 to 26, wherein the

amount of molecular hydrogen present is separated off from

25 product gas mixture A before it is further used as product
gas mixture A’.

28. A process as claimed in any of claims 1 to 26, wherein the
components other than propane and propylene are separated off
30 from product gas mixture A before it is further used as
product gas mixture A°’.

29. A process as claimed in any of claims 1 to 26, wherein the
components other than propane and propylene are separated off
35 from the product gas mixture A by bringing the product gas
mixture A into contact with an organic solvent, adsorbing the
propane and propylene selectively therein, liberating them
again by subsequent desorption and using them as product gas
mixture A’ for feeding the at least one oxidation reactor in
40 stage B.

30. A process as claimed in any of claims 1 to 29, wherein air is
concomitantly used for feeding the at least one oxidaticn
reactor of stage B.
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mxture A for feeding the at |east one oxidation reactor in 40 stldg®FE8 2004
30. A process as clained in any of clains 1 to 29, wherein air i
concomtantly used for feeding the at | east one oxidation reactor of stage
B. 45 1 4 DEC 2004 35 31. A process as clained in any of clains 1 to 30,
wherein acrolein and/or acrylic acid contained in the product gas mxture B
are separated off fromsaid mxture, 3hd at |east a portion of the

renmai ni ng gesi duptogass a3 ceaymdddnt anyhefScleindriogenal j avhestedge A 32. A
pr otcess gs cl fh&%&hé%}l Caltn%'/m:2§¢r3¥ﬂ%r %'crﬂda%f@wirrédataﬂ/ eﬁef@ifccfcwlcltc gasi d :
contained in the_ prodyc a Xt.ur sepa S ure,
and the total Ardumt®o % gi al?aetr?ad?r??ﬁ f%rg Edi)q%l%gu’%’ a;{dO'Qt gé% %
dehydr ogenat i oﬁorg%%fgéjfAthSSre%Jﬂ‘rld’@e§§sé§“%1r a?%d—sl REGHY edjf tE’I ﬁpﬁs 1 to 30,
wher ei n 5acr ol dehydmefepretaonystageadi.-d contained in the product gas 15

m xture B-are first separated off fromsaid mxture, the conponents other

than propage apd,propyl eneces ensepar 2bednoty, fHABiLNe LoTBINLAG,besi dual

gas, and the re e recyc

In
dehydr ogenat i of° E¥Q g‘i&degO%ﬁal% rlé‘cggg 85 i f ﬁxta éf %Faims 1 to
33, wherein stagéarg%ﬁsffstfg%fsq%mtleﬂsér%urm'rda tr“@aé%@% TENRECPEAE R
series. 185. A peozissiasecliduakdydsn isl akny@Bed whentdiendégdtagenatéact or
conprises at |gagte ane catal yst bed which catal yzes the 25 conbustion of
hydrogen. 36. A process as claimed in claim1, WhICh is carried out as a

process for_the aration_of roI ei n. go f pr ocg ng rcI %I med in
claimi1, whfeh?i 55 &8 83]?“5 a" prdct S[ler pr @ar S*§A%f acrylic
acid. 35 40 45acrole1n and/or acrylic acid contained in the product gas

15 mixture B-are first separated off from said mixture, the

components other than propane and propylene are separated off
from the remaining residual gas, and the remaining propane
and propene are recycled to the dehydrogenation stage A.

20 34. A process as claimed in any of claims 1 to 33, wherein stage
B consists of two tube-bundle reactors connected in series.

35. A process as claimed in claim 23, wherein the tray reactor
comprises at least one catalyst bed which catalyzes the

25 combustion of hydrogen.

36. A process as claimed in claim 1, which is carried out as a
process for the preparation of acrolein.

30 37. A process as claimed in claim 1, which is carried out as a
process for the preparation of acrylic acid.

35
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