PF 57347 lppBrepess for preparing acrolein or acrylic acid or a mixture
t hereof from propane Description 5 The present invention relates to a
process for preparing acrolein, or acrylic acid or a mxture thereof from
propane, in which A) - at |east two gastous feed streans conprising propane,

Jone A Lo TarRol R5SPEERT BT gaeoRE BB R Sh Bk et Ton gas Al

conducted through at | east one catalyst bed in which parti al

het er ogenepesriptierat al yzed dehydrogenati on of the pro- pane forns nol ecul ar
hydr ogen and propyl ene, - nol ecul ar oxygen whi ch oxi di zes nol ecul ar hydrogen
present_in_reaction 15 gas Ain reaction zone Ato steamis fed to reaction
zone A5 anthe PigperlirMenters relatimh ioch POGRDY i0s BSPAUNR RPN RY BF BieRFd 8t 2am

propyl ene maixtlire thiepgefrieni sropahd)dn ahichf r om reacti on zone A, B) in a reaction
zone B, the product gas A wthdrawmm fromreaction zone A, with 20 feeding of
nol ecul ar ygen, d tq ch I i i r wth a
reaction s B cor%f'elagftﬁvé) %%Fg%%{egg Sﬁ%%f‘r’%éé*ﬂ?@ﬁ%%pgﬁ%bagé%ﬁéfagér gﬁp’)yl ene and
mol ecul ar oxygen, Vg edmePrises figrle a@pphre sBnfed ina fepiTepalionasne i tedotbaa

het er oge- neously readtdhyyaed, partial gas phase oxidation to give a product
gas B conprising ir?géaﬁzlggﬁ Pone?A, r%&é%:n' s 3L Lo 04 &edﬂh%&&sﬂ;{heat‘ié%%{ Sr‘%{)ceﬂﬁi g target
product, unconverted propane, o &G AT f")lycf‘r| ogen, eam  carbon di oxi de
as a by-product, &6 imWssh partisthetsmgsRerHsly cRiaiEatdRhYdIPaeNAIPN 5 kg Pand

hi gher boi | i ng poipahs farhamsiat@sr, hydfggeprapdycsépygas, B i s conducted out of

reaction zone B, : - havi ng a
hi gher boiling poin e%%%§&gﬁﬁq%$§§|g}r%?g %Oé%‘%ﬁ%ﬁgﬁagﬁgyﬁsgmgwﬁﬁr efromin
a firstS separati 0938 6nd rpacgiop @aneAde eeaMig a8 (F82¢HORFCER A @B%pri ses
unconverted propampesduchgion whichxdoteprise® hreddutar hhyrdyeg esteans geomdsneyand
conponent s havi ngﬁ%foéﬁgﬁiwgﬁ‘ggi’“ﬁgmﬂp‘ie%‘&m&")@ter and any propyl ene uncon-

verted in reactio any unconverted nol ecul ar oxygen, 35 D) - as
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acrolgin, or acrylic acid or a mixture thereof'as a target product, unconverte
25 propane, molecular hydrogen, steam, carbon dioxide as a by-product, and also

other secondary components having lower and higher boiling points than water,

C) product gas B is conducted ouft of reaction zone B, and target product, water and
secondary components having a higher boiling point than water present therein
30 are removed therefrom in a first separation zone | to leave a residual gas | which
comprises unconveried propane, carbon dioxide, molecular hydrogen, secondary
components having a lower boiling point than water and any propylene uncon-
verted in reaction zone B and any unconverted molecular oxygen,

35 D)

1

as an aftertreatment measure 1, carbon dioxide present in residual gas | is
scrubbed out and water still present if appropriate in residual gas | is con-
densed out if appropriate in a second separation zone l,

- as an aftertreatment measure 2, a portion of residual gas | is discharged,

- if appropriate, as an aftertreatment measure 3, molecular hydrogen present
40 in residual gas | is removed by means of a separating membrane in a third

separation zone |l and

- if appropriate, as an aftertreatment measure 4, any molecular oxygen pre-

sent in residual gas | is reduced chemically,



PF 57347 2 od equence of use of aftertreatnent neasures 1 to 4 being as
> p 42 ( . ;
desired, and ) residual gas | (also referred to as cycle gas | in this
» docunent) which conprises unconverted propane and renmains after use of
aftertreatnent neasures 1 and 2 and, if2zappropriate 3 and/or 4 is recycled
into reaction zone A as at |east one of the two feed streans conpri sing
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inter alia, as a r preparing polyners as bi nders,
for exanple in disfefse distribution in aqueous medium A further field of
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process described in preanble o I'S”docunen or préparing acrolein,
or acrylic acitie o fgedslieame compisE PIOPBM-pr opane is known in a sinilar
manner (cf., for ex- 20 anple, DE-A 33 13 573 and EP-A 117 146). It differs
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substance renoval is undertaken on the product gas A wthdrawn from
reaction zone A before it is used to charge reaction zone B. This is
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case of thermal separation processes) are avoided at this point. However,
even the process according to the preanble of this docunent is not entirely
capabl e of Taedirenass dss@ibed duthstripaable dhBiatecumeand fs peraringaceiginGjcl e gas
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se i's

at the out of t ocunent is attractive in that it noves the secondary
conmponent renoval into the vicinity of the target product renoval and hence
to the poi ttdiffdrefrersthb strailat eravedsdashigspatbedyn dick émtusnamits h a hi gh | evel of
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zone A. PF V?(Z%Aym 1804 especially in that no substance removal is undertaken on the product
gas A withdrawn from reaction zone A before it is used to charge reaction zone B. This
is advantageous in that product of value and energy losses and also apparatus de-
30  mands normally accompanying such substance removals (especially in the case of
- thermal separation processes) are avoided at this point. However, even the process
according to the preamble of this document is not entirely capable of avoiding such
substance removals. Instead, like all cycle gas processes, it requires not just at ieast
one target product outlet but also at least one secondary component outlet. However,
35 the process described at the outset of this document is attractive in that it moves the
secondary component removal into the vicinity of the target product removal and hence
to the point where substance and thermal gradients with a high level of energy and
apparatus demands would necessarily have to be enforced in any case in order to
reach the goal. A coupling of the secondary component removal to such expenditures
40  reduces the overall level of energy and apparatus demands.

An individualt_y prominent secondary component in the rélevant cycle gas process is
the molecular hydrogen formed in reaction zone A.



3+ In cont PR 3hP t he exotherm c heterogeneously catal yzed
oxydehydrogenation, which is forced by oxygen present and in which free
hydrogen is neither formed as an internme- diate (the hydrogen pulled from
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potentially explosive constituent which has both specific diffusion behavior (certain
construction materials are permeable to molecular hydrogen) and a marked reduction
potential (in-house investigations have shown that presence of increased amounts of
molecular hydrogen in reaction gas B have an adverse effect on the lifetime of the
35  catalysts to be used for the heterogeneously catalyzed partial gas oxidation), and, sec-
ondly, the target product has to be removed from a not inconsiderable amount of water
in separation zone |, which is associated with a significant energy requirement, since
the target products have a high affinity for water (increased amounts of water in reac-
~ tion gas B generally equally reduce the lifetime of the catalysts used for the partial oxi-
40  dation, generally comprising Mo in oxidic form, since H.O promotes the subiimation of
Mo oxides). In addition, in the case of the hydrogen combustion described, an ex-
tremely high heat of combustion is released at a point beyond separation zone |, the



Mo oxi des) peld3ggfdition, in the case of the hydrogen conbustion descri bed,
an ex- trerrely h| gh heat of conbustion is released at a point beyond
separation zone |, the PF 57347 4 extent of which is difficult to utilize
locally in an advant ageous nanner: Insepar ably associ ated with the
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Secondly, this temperature reduction has to be effected starting from a very high tem-
30 perature level, since combustion of molecular hydrogen affords about twice the amount
of heat which is consumed for its formation in the dehydrogenation.

Moreover, leaving the entire amount of water obtained in the reaction gas in separation
zone | results in an increased level of separation complexity as already described, and
35 generally in a shortened catalyst lifetime in reaction zone B.

In view of the prior art described, it was an object of the present invention to provide a
- process in accordance with the preamble of the present document which has the dis-
advantages described at worst in reduced form. |
40 '
The comparatively simple solution to the stated object consists in spreading both the
discharge of the molecular hydrogen formed in reaction zone A and the generation of



advant ages Lbed at worst in reduced form 40 The conparatively sinple
solution to the stated object consists in spreading both the discharge of
* the nol ecul ar hydrogen formed in reaction zone A and the generation of PF
57347 5 the discharge formover a relatjvely |arge zone of the process
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zone B2and anyaueadioners Edcanirisingl rasleoxRggunrogen, steam, propane, propylene and
molecular oxygen, and the propylene present therein is subjected to a heteroge-
neously catalyzed partial gas phase oxidation to give a product gas B comprising
acrolein, or acrylic acid or a mixture thereof as a target product, unconverted
propane, molecular hydrogen, steam, carbon dioxide as a by-product, and also
30 other secondary componenis having lower and higher boiling pcints than water,

C) preduct gas B is conducted out of reaction zone B, and target product, water and
secondary components having a higher boiling point than water present therein
are removed therefrom in a first separation zone | to leave a residual gas | which

35 comprises unconverted propane, carbon dioxide, molecular hydrogen, secondary
components having a lower boiling point than water and any propylene uncon-
verted in reaction zone B and any unconverted molecular oxygen,

Dy - as an aftertreatment measure 1, carbon dioxide present in residual gas | is
40 scrubbed out and water still present if appropriate in residual gas | is con-

densed out if appropriate in a second separation zone I,
- as an aftertreatment measure 2, a portion of residual gas | is discharged,



D) - as an_af reatment neasure 1, carbon di oxide present in residual gas
| f oot

is 40 s d out and water still present if appropriate in residual gas
| is con- densed out if appropriate in a second separation zone Il, - as an
aftertreatnent neasure 2, a portion of gesidual gas | is discharged, PF
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according its%t Feggt ] r\{\%'% bgtnno't%wt}rg"tﬂan 85 mol%. Even better, the amount M is at least

20 mol% but not more than 80 mol%. Even more preferably, the amount M is at least

25 25 mol% but not more than 75 mol%. Even better, the amount M is at least 30 mol%

and at most 70 mol%. Also advantageous is an amount M of at least 35 mol% and at

most 65 mol%. Even better, the amount M is at least 40 mol% but not more than

60 mol%. At best, the amount M is at least 45 mol% and not more than 55 mol%.

M = 50 mol% is very particularly advantageous in accordance with the invention.

30

An important advantage of the inventive procedure is that propane, in the course of its

entire circulation, remains predominantly in the gaseous state of matter, i.e. does not

have to be converted to the condensed, liquid phase. This is advantageous not least

because propane is a comparatively nonpolar molecule whose condensation is com-

35  paratively costly and inconvenient.

Another advantageous characteristic of the process according to the invention is that
reaction gas B necessarily comprises molecular hydrogen in an amount restricted in
accordance with the invention. This is because it possesses, in addition to the disad-
40  vantageous properties already mentioned in relation o the teaching of DE-A 33 13 573
and of EP-A 117 148, also the advantageous property that it behaves chemically inertly
in reaction zone B, In other words, at least 95 mol%, usually even at least 97 mol% or
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anount s of incteansp@&ing baatrdveayot her t han propane. Such crude propane is

obt ai ngppl e, for exanple, by the process described in DE-A 10 2005 022 798.

I n general | aftertreated in accordance with the
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in accordance with the invention is fed as a further propane-comprising feed stream in
addition to fresh propane to reaction zone A.

30 Inthe process according to the invention, preference is given to feeding fresh propane
exclusively into reaction zone A, as a constituent of the charge gas mixture for reaction
-zone A. In principle, it is also possible for portions of the fresh propane, for reasons of
explosion safety, also to be fed into the charge gas mixtures of the first and/or second
oxidation stage of reaction zone B.

35
Reaction gas B, with which reaction zone B is charged, in this document appropriately
equally satisfies the specification recommended in DE-A 102 46 118 and
DE-A 102 45 585, In addition, appropriately in accordance with the invention, a me-
chanical separating operation according to DE-A 103 16 039 is connected between

40  reaction zone A and reaction zone B.
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preferred than&dooeltaerde aniextent hbmprevban PBmdihve the fol | owi ng con- 30 tents:

from6 to 15% by vol une of propylene, from6 to 60% by vol une of propane,
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accor dancea‘\‘fﬁotr ¢ing iethe iwventioropavedhe follewing ConteﬂtS

from 4 to 25% by volume of propylene,

from 6 to 70% by volume of propane,
25 from 5 to 60% by volume of H,O,

from 8 to 65% by volume of O, and

from 0.3 to 20% by volume of H,.

| Reaction gases B preferred in accordance with the invention have the foliowing con-
30 tents:

from 6 to 15% by volume of propylene,
from 6 to 80% by volume of propane,
from 5 to 30% by volume of H;0,

35 from 8 to 35% by volume of O, and
from 2 to 18% by volume of H..

Reaction gases B very particularly preferred in accordance with the invention for the
aforementioned charge have the following contents:
40 '
from 8 to 14% by volume of propylene,



af-orenenti gped gharge have the followi ng contents: 40 from8 to 14% by

vol ume of propylene, PF 57347 9 from 20 to 55% by volune, preferably from
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is al so advantageous in the context of the present invention within the
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reaction gas starti ng Xture I's prefera P/ rom 0. to 5, 3 efter from
0.05 to 3, t'ﬁ'&@ﬁh@ﬂ%@ﬁ@@lfﬂ?m@% Bhan Fr@ rgtiyiel0 ﬁp%y'%rﬁ/@rﬁﬁﬁé%[%qoyo’? Pahfo.1 to
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t .. whet t B start t
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| ocal i gni prasent in reaction gas B is from 0.005 to 10.

Particularly advantageously, V, in the reaction gas B used to charge reaction zone B

25  (in reaction gas B starting mixture) is from 1 to 7 or to 4, or from 2 to 6, and particularly
favorably from 2 to 5, or from 3.5 to 4.5. lt is also preferred for reaction gas B starting
mixture when Vs is from 1.2 10 2.0, or from 1.4 to 1.8. It is also advantageous for reac-
tion gas B starting mixture when Vs is from 0.5 to 15, or from 0.5 to 10, or from 0.5 to
1.5. Correspondingly, V4 in reaction gas B starting mixture is preferabty from 0.01 to 5,

30  better from 0.05 to 3, advantageously from 0.1 to 1 and more advantageously from 0.1
to 0.5 or else C.3.

Preference is given in accordance with the invention to nonexplosive reaction gas B
starting mixtures.
35
A crucial factor in answering the question of whether reaction gas B starting mixture is
explosive or not is whether combustion (ignition, explosion) initiated by a local ignition
. source (for example glowing platinum wire) spreads under certain conditions (pressure,
temperature) or not (cf. DIN 51649 and the investigation description in WO 04/007405).
40 When there is spreading, the mixture shall be designated here as explosive. When
there is no spreading, the mixture is classified in this document as nonexplosive. When
the starting reaction gas mixture of an inventive partial oxidation is nonexplosive, this
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air). Pref 8rgsularionygandpio reaction zone A over and above this. However, the aftertreated
residual gas | recycled into reaction zone A, in accordance with the invention, need not
30 necessarily be oxygen-comprising and, in many cases in accordance with the inven-
tion, an additional oxygen feed is required in reaction zone A. This can then be done in
the form of pure oxygen or in the form of a mixture of molecular oxygen and one or
more gases which behave chemically inertly in reaction zones A, B (for example Na,
H2Q, noble gases and/or COy) {for example in the form of air). Preferably in accor-
35 dance with the invention, it is effected in the form of gas which comprises not more
than 30% by volume, preferably not more than 25% by volume, advantageously not
more than 20% by volume, more advantagecusly not more than 15% by volume, better
not more than 10% by volume and more preferably not more than 5% by volume or not
more than 2% by volume of other gases other than molecular oxygen. It is particularly
40  advantageous at this point too to feed pure oxygen.
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35 In other words, based on single pass of the propane fed to reaction zone A through
reaction zone A, reaction zone A can be configured isothermally by virtue of controlled
heat exchange with fluid (i.e. liguid or gaseous) heat carriers conducted outside reac-
tion zone A. However, with the same reference basis, it can also be designed adiabati-
cally, i.e. substantially without such a controlled heat exchange with heat carriers con- -

40  ducted outside reaction zone A. In the latter case, the gross thermal character, based
on single pass of the propane fed to reaction zone A through reaction zone A, by taking
measures which have been recommended in the above documents and are still to be
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30 dehydrogenation products. This can be achieved in a simple manner, for example, by
dehydrogenating at reduced pressure (however, performance at elevated pressure is
generally advantageous for the catalyst lifetime) and/or by adding substantially inert
diluent gases, for example steam which normally constituies an inert gas for the dehy-
drogenation reaction. As a further advantage, dilution with steam generally causes re-

35 duced carbonization of the catalyst used, since the steam reacts with carbon formed by
the principle of coal gasification. The heat capacity of steam is also capable of balanc-
ing out part of the endothermicity of the dehydrogenation.

While steam in limited amounts is normally found to be heneficial for the activity of the
40  partial oxidation catalysts in the downsiream reaction zone B, an amount over and

above this is disadvantageous in reaction zone B for the reasons already mentioned.

According to the invention, a portion of hydrogen additionally has to be oxidized to
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cat al yg4 accor ding to exam
These are dehydrogenation catalysts which comprise from 10 to 99.9% by weight of
zirconium dioxide, from 0 to 60% by weight of aluminum oxide, silicone dioxide and/or
titanium dioxide and from 0.1 to 10% by weight of at least one element of the first or
second main group, of an element of the third transition group, of an element of the
35  eighth transition group of the Pericdic Table of the Elements, lanthanum and/or tin, with
the proviso that the sum of the percentages by weight add up to 100% by weight.

Also particularly suitable is the dehydrogenation catalyst used in the working example
of this document.

40
Generally, the dehydrogenation catalysis may be catalyst extrudates (diameter typically
from 1 to 10 mm, preferably from 1.5 to 5 mm; length typically from 1 to 20 mm, pref-
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As already stated, it is characteristic of the partial heterogeneously catalyzed dehydro-
genation of propane that it precedes endothermically. This means that the heat (en-
ergy) required for the attainment of the required reaction temperature and that required
_ for the reaction has to be supplied to reaction gas A either beforehand and/or in the
30  course of the heterogeneously catalyzed dehydrogenation. If appropriate, reaction gas
A has to withdraw the heat of reaction required from itself.

In addition, owing to the high reaction temperatures required, it is typical of heteroge- -
neously catalyzed dehydrogenations of propane that small amounts of high molecular

35  weight organic compounds having a high boiling point, up fo and including carbon, are
formed and are deposited on the catalyst surface, thus deactivating it. In order to mini-
mize this disadvantageous accompanying phenomenon, the propane-containing reac-
tion gas A which is to be passed at elevated temperature over the catalyst surface for
the heterogeneously catalyzed dehydrogenation, can, as already discussed, be diluted

40  with steam. Carbon which is deposited is eliminated partly or fully under the conditions
given in this way by the principle of coal gasification.
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{t will be appreciated that it is also possible to feed in steam and/or molecular hydrogen
in addition to fresh propane and cycle gas | to form the reaction gas A to be conducted
through the at least one catalyst bed, in order to develop the advantageous action of
35 steam and molecular hydrogen described in this document. The molar ratio of molecu- |
lar hydrogen to propane in the charge gas mixture of reaction zone A is generally £ 5.
The molar ratio of steam to propane in the charge gas mixture of reaction zone A may,
for example, be from 2z 0 to 30, appropriately from 0.1 to 2 and favorably from 0.5 to 1.
It is also 'possible if required to feed extra molecular hydrogen (in pure form and/or as a
40  mixture with inert gas) and/or extra inert gas to the charge gas mixture for reaction
zone A. The reaction desired in reaction zone A can then be effected again in single
pass of reaction gas A (of the charge gas of reaction zone A) through reaction zone A
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charge reaction zone B. If appropriate, it is also possible for only two of these reactors

to be in dehydrogenation operation, while the catalyst charge is regenerated in the third

35 reactor.

A single pass of the charge gas through reaction zone A can also be effected in a mov-
ing bed or fluidized bed reactor, as described, for example, in DE-A 102 45 585 and the
literature cited on this subject in this document.

40
tn principle, reaction zone A of the process according to the invention may also consist
of two sections. Such a construction of reaction zone A is advisable especially when
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t he conver 8i @der to achieve both the desired dehydrogenating conversion and the combustion of
30 hydrogen required in accordance with the invention, in the course of which the reaction
gas, depending on the quantitative ratio of endothermic dehydrogenation and exother-
mic combustion of hydrogen will be heated, be cooled or behave in a thermally neutral
manner in the gross evaluation. Preference is given in accordance with the invention to
an adiabatic operating mode in which the reaction gas cools by from about 30 to 200°C
35  in single pass. If required, in a second section of reaction zone A, hydrogen formed in
the dehydrogenation can he postcombusted under heterogeneous catalysis with inter-
mediately fed molecular oxygen. This combustion can equally be carried out adiabati-
cally.

r,

40 Remarkably, especially in adiabatic operation, a single shaft furnace reactor which is
flowed through axially and/or radially by reaction gas A is sufficient as a fixed bed reac-
tor. '
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bodies inert with respect to the heterogeneously catalyzed dehydrogenati on.

In subsequent further regeneration stages, it is possibie to use air as the regeneration

30 gasunder otherwise identical regeneration conditions. Appropriately from application
point of view, it is recommended to flush the catalyst with inert gas (for example Na)
before it is regenerated.

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

The heterogeneously catalyzed propane dehydrogenation in reaction zone A of the
process according to the invention can be operated with comparatively low propane
40  conversion (£ 30 mol%) in all cases at the same catalyst (bed) loadings (relating both
to the reaction gas overall and to propane present therein} as the variants with high
propane conversion (> 30 mol%). These loadings with reaction gas A may, for exam-



After a prpkgaged operating time, the aforenentioned catalysts can be
regenerated in a sinple manner by, at an inlet tenperature of from300 to
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regeneratign stages...th al d). | oadi ng W [ ratign s (e.g.
air) may, P’sﬁ%&ﬁ%@&}@%@@gq#?@oé(gﬁld eﬂt-lylﬁ%rﬂg’top ﬁ%?g@geﬁ%b@'r{lﬁ%ﬁt of the
re- gener af3s6s figasabay SBR T 4R M. 1 or 0.5 to 20% by vol ume. |n subsequent
further regeneration stages, it is possible to use air as the regeneration

30 gas undgr (AN I ' rafi i1 ' |y from
appl 1 cat i o 2 Bl EyitFEebaf arkel 1AERADEkBhoR Rl o opar RO Bhe ¥,
inert gas (9 resciepizenidy(esnssialy & the cpse P%@@H%‘?‘?a?%.ersﬁ%soé&ﬁ@nﬁy ¥ oitis
general | y aflwictalbkeed on siegenasalt aarvie imppumantedinecidyareabipdr ogen or 35 with
nol ecul ar hydrogen diluted with inert gas (preferably steam and/or. nitrogen)

the hydrogen content should be ? 1 % vo| u .under , ot herw se i.denti cal
Condi t 1 ons TS rartarpRingRes Dot S oaf s Dbt SHakah G e A s BRER T Er 16

reacti on zepadiapsustesdien. The cotzdyst bet vurdbergnabe fiemi etk appropdatelydropper at ed
with cqgm?foaét,ib\aghlgo lfrlam %{mweé&dﬁpwgﬁoﬁ%@ﬁﬁamé%hiie\rfbcaihbregamg@ Ftlt thg
sane catal yst, oadi ngs .(re i.n 0 o.the reactio verall an
to propane egﬁ@é\gﬁq.?qchegpgpﬁ%@%rP{]@ay\;a?y%ﬁ?tgly\s,\x ?#?rﬁr%ﬁ%?%%é%%ﬁ%ﬁé%égéersi on (>
30 ol % . EdEs er pxaldivaerssiant Arpreadatelyirogaan Aprliggtion rrintal yigwpkhesp®d7 19 ple,

be from 108athi9stAAAPheok tsed HOORD dtraly, rebsigguent |y from 300 to 7000 h-1, i.e.
in many cases from about 500 to 4000 h-1. In a particularly elegant manner,

t he het erogeneously catal yzed propane dehydrogena- 5 tion in reaction zone A
(especial | % the sinies saee, de redpatrlyst BRYEINS Yivst fginape HIACIES aF%H %8GRSt % based
on singl e gdsly)ordathelenuizp hepeot@tcentriacilindycal gads. dtawelbr, & is elacpossiclenpri ses

Success: ons Jrceai T pERS st b aSiR S epam | PErle 30802y from
> 10 to 8aMeshasiRegsed isdtely 06 onseaaEy P JAREX SEAVERGIRSNS IChkebe

achi eved ikeritasingly readily with increasing nunber of trays. The catal yst
beds age preferably arranged in radial or axial succession. Appropriately

froman applicati.on point of view, . the fixed talyst bed t is used in
Suoh ot roBbaraRn Y. ef%“ans&%'swﬂe b i€ et e e oSS D Eorhipotie '
shaft f ur neaielystdweito thenaxt aatalypigeayl, fapexample yrpasaing ileovahpeat SxClpniger of
conc?ent ri Cs\tdckd (.4§.0s) B6atds withidweyRies or by pSsAh$R tPOSEH Hibes héa@ecawmang]ga the
annul ar g [ > : - qeafter it
nas passed g P*ﬁ?_@c‘ﬁ%s%agﬂ%gﬁﬁ%ifﬁéﬁ%fﬁ%%%'?ﬁ%q?%ﬁeﬁiﬁ?f‘*@égﬁéﬁ?&%ges it or
be- | ot i tCOMESPAHAGPENA®®l y, reaction gas A is subjected to internediate
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exanpl e by\wRagHiday fealifls i HARIEE bdiabatically, it is sufficient especially for

propane conversions of £ 30 mol%, in particular when using the catalysts described in
DE-A 192 37 107, especially those of the exemplary embodiments, {o conduct the re-

30  action gas mixture into the dehydrogenation reactor preheated to a temperature of from
450 to 550°C (preferably from 450 to 500°C) and to keep it in this temperature range
within the tray reactor. This means that the entire propane dehydrogenation can thus
be realized at extremely low temperatures, which is found to be particularly favorable
for the lifetime of the fixed cafalyst beds between two regenerations. For higher pro-

35  pane conversions, the reaction gas mixture is appropriately conducted into the dehy-
drogenation reactor preheated to higher temperatures (these may be up to 700°C) and
kepf in this elevated temperature range within the tray reactor.

It is even more elegant to carry out the above-outlined intermediate heating in a direct
40  way (enables an autothermal method). To this end, a limited amount of molecular oxy-

gen is added to reaction gas A either before it flows through the first catatyst bed (for

example as a constituent of cycle gas 1) (in that case, reaction gas A starting mixture
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pr opang defy $H8@RIM in®cordance with the invention, the molecular oxygen is fed in as gas
which comprises not more than 30% by volume, preferably not more than 25% by vol-
ume, advantageously not more than 20% by volume, more advantageously not more
than 15% by volume, better not more than 10% by volume and more preferably not
more than 5% by volume of other gases (other than molecular oxygen). Particularly
35 advantageously, the oxygen feeding described is effected in pure form.

~Since the combustion of 1 mol of molecular hydrogen to H20 affords about twice as
much energy (approx. 240 kJ/mol) as the dehydrogenation of 1 mol of propane to pro-
pylene and H; {approx. 120 kJ/mol), an autothermal configuration of reaction zone A in
40  an adiabatic tray reactor as described is particularly appropriate to the aim with regard
to the contemplated advantage of the inventive procedure, in that it entails merely the
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30  molecular oxygen present in the charge gas mixture an entry into reaction zone A (for
example over suitable specific combustion catalysts, for example by simply passing it
through and/or passing it over) and, by means of the heat of combustion thus released,
bringing about the heating to the reaction temperature desired for the dehydrogenation
(such a procedure is (as already mentioned) advantageous especially in a fluidized bed

35  reactor).

In accordance with the above, reaction zone A of the process according to the inven-
tion can be configured as described in the documents DE-A 10 2004 032 129 and
. DE-A 10 2005 013 39, but with the difference that the charge gas mixture of reaction
40  zone A used is a mixture of steam, fresh propane and cycle gas |. Reaction zone A is
implemented as a (preferably adiabatic) tray reactor in which catalyst beds (preferably
fixed beds) are arranged in radial or axial succession. Advantageously, the number of
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35 .
A disadvantage of the above-described process is that virtually all catalysts which cata-
lyze the dehydrogenation of propane also catalyze the combustion (full oxidation of
propane and propylene to carbon oxides and steam) of propane and propylene with
molecutar oxygen, and, as already stated, molecular oxygen is normally present in the

40  cycle gas | from the partial oxidation which is recycled into the heterogeneously cata-
lyzed partial dehydrogenation of propane.
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the dehydrogenation.
30 :
Following the teaching of working example 1l of DE-A 10 2005 009 885, a loop mode in
which the charge gas mixture for the inventive reaction zone A is composed of cycle
gas |, of fresh propane, of external molecular hydrogen, of a minimum amount of exter-
nal steam and of cycle gas Il recycled from the dehydrogenation itself (it would then |
35 also be possible to dispense with the external steam) will preferably be employed
therein. The motive jet used is a mixture of fresh propane, external molecular hydro-
gen, cycle gas | from the partial oxidation and external steam. With regard to the meter-
ing sequence to be observed advantageously in the generation of the motive jet,
DE-A 10 2005 049 699 gives an advantageous recommendation.

40
Advantageously in accordance with the invention, cycle gas | generally comprises not
only molecular oxygen and steam but also molecular hydrogen, carbon monoxide and
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25
Advantageously, it is sufficient for this purpose to add to product gas A that amount of
molecular oxygen which is required for the attainment of the cobjective in reaction zone
B. This addition may in principle be effected as pure oxygen or as a mixiure (e.g. air) of
molecular oxygen and one or more gases which behave chemically inertly in reaction

30 zone B {for example N, H20, noble gases, COy). Preferably in accordance with the
invention, it is effected as a gas which comprises not more than 30% by volume, pref-
erably not more than 25% by volume, advantageously not more than 20% by volume,
more advantageously not more than 15% by volume, better not more than 10% by vol-
ume and more preferably not more than 5% by volume or not more than 2% by volume

35 of other gases other than molecular oxygen. Very particularly advantageous at this
point is the use of pure oxygen. Normally, the amount of molecular oxygen fed in will
be such that the molar ratio of molecular oxygen present to propane present in the
charge gas for reaction zone B (in the reaction gas B starting mixture) is 2 1 and < 3.
Before the molecular oxygen is fed into product gas A, product gas A is cooled, appro-

40  priately in accordance with the invention, to a temperature in the range from 250 to
350°C, preferably in the range from 270 to 320°C. Advantageously in accordance with
the invention, this cooling is brought about by indirect heat exchange (preferably in
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expansi on EEPHIHE WRRREROY U038 AMER FPrpsRER oo ¢ 1Q afer eF BRte: W I §R3in this
regard). In a skillful manner in accordance with the invention, the feeding
of gas conpr:si ; ool ed
as descri g@(ylr [gggggp%giﬁ?e@ghaqsgéﬁgE%WSS@]%@O%{?Q%P? %ﬁyﬁ% ﬂ%ﬁﬁ\&%’%eerg?%ing used
as a noti vEOTENUIPRA GEngt With PodbCi AT RrvhiNe SHBIYeHs maiX Tk %ge%ﬁﬁl e, a
m Xi ngZ‘_jonegpneaBdie‘abﬁmegasaBldtaatir@undemeﬂ. Apfzmbl_&‘atelyhleacmw@iwigl tdén'rmapi on of
the motive ety deGOMRIEFSSRAatiiY QlaehtiohReHRlHgHS DEOAZbE 14iRodE beonl g zone

and the di £ ot RUN LG HILE, WIe Al gk, b e 2t T east”oneoxi dati on

In a manner known per se, the heterogeneously catalyzed gas phase partial oxidation

30  of propylene to acrylic acid with molecular oxygen proceeds in principle in two steps
successive along the reaction coordinate, of which the first leads to acrolein, and the
second from acrolein to acrylic acid.

This reaction sequence in two steps successive in time opens up the possibility in a
35  manner known per se of terminating the process according to the invention in reaction
zone B at the stage of acrolein (the stage of predominant acrolein formation} and un-
dertaking the target product removal at this stage, or continuing the process according
to the invention up to predominant acrylic acid formation and only then undertaking the
target product removal. |
40
When the process according to the invention is carried out up to predominant acrylic
acid formation, it is advantageous in accordance with the invention to perform the



in reacti OP f?ql,%g?B, and the suction action of the suction nozzle pointing in
the direct 8- of the source of the gas conprising nol ecul ar oxygen and
the gas conprising the no- |ecular oxygen being sucked in by the reduced
pressure generated in the suction noz- zde and transported through the

m xi-ng zone via .tge dj ffuser.v¥ith)qsdarrul taneous m Qn% W th the rmt{ ve jet,
and the reBOFFEHNGYE SIB9EE &%t My OraatiPa SPEFHaLR BT SPET 4L HHCH FEY° 1ehe
inlet of thedetaysl beddebe osedambpBieraply alsodha biber rgaetiorofondiiienaitiof @ast one
oxi dati on gZRplans tephiutdI6r A8 G A A tHeaNak AR rdpriatteadli AE€ FESH bgped

vari ant can.be en‘BI%ed es#%ﬁcgfal I%/{. when, pr oduct gas A has a pressure of
from2 to B4 Mg ?8?0%? o B ? on| 4485 | pe appreci ated that the gas
conpri s?ng nol ecul ar oxygen can also be nmixed in a conventional manner wth
E)f Oduf_t gaa|thbugh 18eé H?_Ith@a!@?fég%o&@ﬁsiﬁb Miértnfsll@t% ME &l BPRhid® a?é);ﬁlfﬁ“ttiﬁu-t "
reaction S arti m.xture) . ropriate | ccqordance e
vent i oV st an radle elipb Bos G B fh otioe driorg i 8 BealA s 16 0o
can be conpyleetteacrbletnvarmalse arpdbdmtozoerstalm exientrof astalyaingzod ee®@ndiaxic@- manner
known per i st (RFieh 9eRAALALY) HRlBIHEER ARRaR/ AN RAT Ao bRkl on 30
of prog l epe to aCI’Q\;%I c acid wth | ecul ar OX){‘%(;? IE)roce,eds in principle in
two st %s i 8iees & (Alalysts MG OBH CtVe LOMPORTIRD 5 i least 8l IRt PX{dseamr st

| eads t o aprisgihgihe,elanehtt Mo armeéond from acrolein to acrylic acid. This
reacti on sequence in two steps successive in tine opens up the possibility

ina 35 mﬁﬁner known per ,58 o{d_ term nati ng,the rocess atﬁcordi . o the

i nvention i ¢ PESEES GhPe SARET UL TearRlioB 2R Pdf agerdangeviiy %'@FBQ@“ ¢

pr edon nantheaeterbgeneobisly wataiyaa) parid! oidatdeof akdpyigne loget fixedebtaysbbeds r enoval
at t hi $5 St @ase talGREhal! RG0! EvPEAFESHIAC SORLEMhe rhtih B bﬂ&@ﬂéh?rﬁh-up to
pr edom nant \e}ﬁrgl I C md |;or J,ogggnd.otgl t hen undert aki na t he r get
product r elfBVRF SlETENRALE Feand it dws syt ?él ?@'ﬁ?%art%ea PRR/BAPP BIPIEES Br ri ed
out up to prepdord aankirdeny kbiwlic agil d apprapeiticpnr as theifsstaeadint atpgedsr ha

accor dancep-$thgd BRphRieALE dtyiicadier form the PF 57347 26 process in two
stages, i.e. in two oxidation stages arranged in series, in which case the

fixed catal yst bed to be used and preferably also the other reaction
condi t 2bnsTh¢ maliegtionafifieconehyage hgiercgenerustf caldlpzdd pestp| cadaliysef peayl- ar e
S o Skt oy s e gty
Vo, o, B o e e oY e P e R SR IR ben b BV EHE For 1 he
cat al yst s @fcordpace witstthe iaveritanonas sragdiceit ke castiedadt as dasedbast inthafecual so
capab: et Omgn@@n-aizm W{czemrsw%acg@h g{a\géi ié&d?\é&ﬂbéc;ﬁﬁ@?&_bexéld?m édr%p&h%gﬁd
oxi da 20"t 18 eoGbEiruteBl it oDl BT S o e f e er LB one
mul ti met al bwidleleaceom Efra €0 88 SBHecasndreantion Mirggnas Yescribed there, but also in
corresponding countercurrent mode), WO 04/085369 (especially this document is re-
garded as being an integral part of this document) (as a two-stage process),
WO 04/85363, DE-A 103 13 212 (first reaction stage), EP-A 1 159 248 (as a two-stage
30 process), EP-A 1 159 246 (second reaction stage), EP-A 1 159 247 (as a two-stage
process), DE-A 199 48 248 (as a two-stage process), DE-A 101 01 695 (one-stage or
two-stage), WO 04/085368 (as a two-stage process), DE 10 2004 021 764 (two-
stage), WO 04/085362 (first reaction stage), WO 04/085370 (second reaction stage),
WO 04/085365 (second reaction stage), WO 04/085367 (two-stage), EP-A 990 636,
35 EP-A 1007 007 and EP-A 1 106 598.

This is especially true of all working examples contained in these documents. They
may be carried out as described in these documents, but with the difference that the
starting reaction gas mixture used for the first reaction stage (propylene to acrolein) is a
40  reaction gas B generated in accordance with the invention. Regarding the remaining
parameters, the procedure is as in the working examples of the documents mentioned
(especially regarding the fixed catalyst beds and reactant loading of the fixed catalyst



The process, %4? carried out in reaction zone B in accordance with the
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bat h and startl ng reactl on gas mxture over the tube bundle reactor), EP-A
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t wo- stage process), DE 10 2004 021 764 (two- stage), WO 04/085362 (first
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cont ai ned i HBSERAORENY Brord bR Kagd'BYo D r&RbhAiRY UBKatgfsdescri bed in t hese

documents, but with the dlfference%J at the stargl ng reaction gas m xture
used for the first reaction stage (propylene to acrolein) is a 40 reaction
gas B genefarwdble gatadtysty fdaiheeanicvtar chidaiionveage ae. aliRedacidsatgoit he renmi ni ng

par ?WEQ@(rj SpEthe4pn %@deEeAH@ 2@@4l0@5f4hf5 awedrde-n?ctfe@qagfmlt)ms@é E‘dtee;aqtpwafnt S
menti one S n e | X cal.a e an

"ondi g of O FEET P Ba obat BAOLTLBRINBE shb SERBEIRNACRBRREHE R EREITE | (e
af or enent i adeantagsors agtabyriafpl tes pettictlaeoydation sfage are discipseddy haage®-and t here
I s secondapn@Xygen (el Hsacondaras7abE-A ee3lbngsd IB-ATR 419, | ess

preferred b% @qﬁggergg%g\n&{bégtes i’lg d’lbkgﬁmo‘p%wn the two reaction st ages,

thefeedlngls un Frate manner, but is adjusted inits
anmount2%o0 the 5 effect that the rml ar ratlo of ol ecul ar oxygen to acrolein

in the chaFgethgasentivg raetiodf stagefer fROMMETogERRVUEIPRaRNZEE gasbhesgendsl to that
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accordance W tion n réea
are such t A¥ee pPERRIoNgRse B Ritncinie albmpitimsia) Oﬁlﬁe@ﬁwptlwwn&rmr@rmex@gen
(ap- and Fe as the active composition.

30 :

These are in particular the multimetal oxide active compositions of the generail formula

| of DE-A 199 55 176, the multimetal oxide active compositions of the general formula |

of DE-A 199 48 523, the multimetal oxide active compositions of the general formuiae [,

Il 'and 11l of DE-A 101 01 695, the multimetal oxide active compositions of the general

35 formulae |, Il and lil of DE-A 199 48 248 and the multimetal oxide active compositions
of the general formulae |, 1l and Ill of DE-A 199 55 168 and also the multimetal oxide
active'compositions specified in EP-A 700 714.

Also suitable for this reaction stage are the multimetal oxide catalysts comprising Mo,

40  Biand Fe which are disclosed in the documents Research Disclosure No. 497012 of

- 08.29.2005, DE-A 100 46 957, DE-A 100 63 162, DE-C 3 338 380, DE-A 199 02 562,
EP-A 15 565, DE-C 2 380 765, EP-A 8 074 65, EP-A 27 93 74, DE-A 330 00 44,



propri at el bﬁg%? 0.5 to 6% by vol une, advantageously from1l to 5% by

vol une, pref- erably from2 to 4% by volune). In the case of a two-stage

" procedure, the aforenen- tioned applies to each of the two oxidation stages.
15 Multimetal oxide catalysts particul a8y suitable for the particul ar
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mul ti metal -ox| de OIpQsi & Lons 8
55 176, the s R k2 i AR F@@eé%ﬁ‘p%g&tg‘ i [a%@ri:g%? bisSho e
of DE-A 199nagrspsd witén@fﬁll wdeelﬁ aatalys arsowling to@xe@ﬁﬁo*soft %ﬁ‘swf%‘ﬁ A0 gener al
formul ae | Nlenhbn anslild blso @k rR¥mefofiRd mlikinGdal, oxtdhe:amwsts oEISIA DX38IR1ACHeV e

cOMPOS! | Ofiep s NEGHRNRIAnSPESL IARPolinglk 108 olgkbr8fy s A 93, 48 248 and

the mul ti Ve CO ner a ae |, . Il and
111 of 1PE- A MYg &5 MBeorahdak @dnwreZ mnm tqrﬁ»éww %mn’dé 2 g% PUR MBfposi ti ons
speci fied BmmP Amad)Gr 7ldm AR som sul mableach extetnal diamese i fasight kaglerrai e t he

mul ti met al cRFq}'ﬂ@ di scl osed
in the docufr)rg\:fﬁne‘f!%r esegréiéﬁq E?[EQ %%Rl?me&ﬁgl%bmﬁgﬂggggﬂ%&f% A 100 46
957, DE-A E¥9MBIS lergph 6@@%‘ ﬁ%m%téb M- O 1t 64 mgand dimateq B.7988). DE- C 2
380 765, EP-A 8 074 65, EP-A 27 93 74, DE-A 330 00 44, PF 57347 28 EP-A

57589720USA%%@@@Jo?theqﬁu!ﬁné%ﬁgéﬁ?é§chv\9@o@%ogiﬁ3ﬂ56sun@§eﬁ‘orlt%z 46 240 (those of
t he genera A 293 224 and EP- @géqoo 714.

I
Thi s appl i QEDHV[?”Bé‘? ?Fré’{ﬁ”h?”q 3 atpﬁéOpé'?énﬁF'H GBI PRERELTF A SERBY d'ocunent s,

and anonggeherskfopaulailéul ar preference is given to those of EP-A 15 565,
EP- A 575 897, 5 DE-A 197 46 210 and DE-A 198 55 913. Particul ar enphasis is

given in this ntext J0,2 al yst according to anple 1 ¢ fromEP-A 15
565 and al so t oéztBéﬂEP%ﬁ%F%ﬁge@@ prepared in a co @\?)espondl ng manner but
whose &&tive conposition has the conposition M12N 65Zn2Fe2Bi 1Po0065Ko. 060x
10 Si 2. EmpReish e variabes a6t ¥&h dedinkd 8s follows:

X'=  nicke! and/or cobalt,
X?= thallium, an alkali metal and/or an alkaline earth metal,

30 X%= zinc, phosphorus, arsenic, boron, antimony, tin, cerium, lead and/or tungsten,
X% = silicon, aluminum, titanium and/or zirconium,

= from 0.5 t0 5,

= from 0.01 fo 5, preferably from 2 {o 4,

from O to 10, preferably from 3 to 10,

from O to 2, preferably from 0.02 to 2,

from 0 to 8, preferably from 0 o 5,

from 0 to 10 and

a number which is determined by the valency and frequency of the elements in
40 IV other than oxygen.

35
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exanpl e hagp&&i}e serial nunmber 3 from DE-A 198 55 913 (stoichionetry: 10
Mb12Co7Fe3Bi 0. 5K0. 05Si 1. 60x) as an unsupported holl ow cylinder catal yst of

- geonmetry 5 nmx 3 nmx 2 mm (external diameter x height x internal dianeter)
and also to the unsupported multinetal 2exide Il catalyst according to

exanple 1 - 7 210, nt | hauld als e, f i met al

oxi de cat a%g%r%&%g?égzﬂ 2%?,”5? knofﬁxgo élsgt{?%er’ ??Tsegé"l’s?‘g'eeg?’ z%le'f‘?/ %2?31% g\szﬁé&n t hese

hol | ow cyl ifRiesiornani sharpsdietipsiarste tg gveraphrressrimsancylirgless aiglsgpsast ifm x 2

mm X 2 nmm tiey fobmmincaatdd oatakysid, NNpreghafedinext saippont Kodesodated wikh it acti8e nm )l; I 4

mm (each e r.nal-di | i r Ly riher possible

cat al yst g)g%ﬁgte réta%rg Tﬁ%ﬁrﬁ{yﬁggﬁrf[sg)%Esogareeﬁétggta??gﬁi%&&%ﬁfdﬁg&ogmfoe l ength 7.7
7

nmm and di a®&REPIeN Hig flidizedhrst 1826108 nm and di anet er my. 20 A nultitude
of the multinetal oxide active conpositions suitable for the step from

propyl ene : | | i ' h/Cr G assed
by the ge?ﬁ;P@ﬁ@%ﬁﬂfﬁ%ﬁf@%@i&%ﬁ%@é_ %‘r”}%'f\f%-a"*gdl SR B e e
vari abl es SENELRHORHANNGR VR INB1aLe wEeTeraply l—f‘eﬁﬁ dided dygnigture Be4rg @ x2 =
thallium a;nmabkitiqm cmﬁsabnaéngitoo'qhe'mBtoé)dhﬁc_mhe‘tne‘rmsmtahim‘amlrcesaﬁth(ﬂr = zinc,
O Pl a0 Sioita censtie and BAbIRGI otk fiverBbA s Nonf B0 RISHEEE, THEGHL N, o
0. o1 toon cRBRon Ty el Tiadhg (ot ngii 93k PRl derag SRk BrislaBbs’t T om 3
to 10, d Horfaxemp@® aio(nixtups effieerbphs/aia omgeniend Ps@undas ateflyeirg 0 to 8,

pref erabl y atrhesprard @orfexafnpié eI O thert1as aid,, T afd/BHAYET hakd §iRatich time

determ ned by, the val enc nd fr ency_of. the el enents i 40_1V ot her than
oxygen. Pchggﬁgroﬁba ;!efﬁ@ngerscejm@bfgg’ilh?&[)%/%nc{tﬁplgal%%eﬁée?asﬁﬁ ; t%g?erggr?.see, for
exanpl 85 DiElsaful sorgeRojhegiementabcangtivontarcl the rsuitipets! pride @pdeance to gi ve
spheres, ] icB@BogiionayIVi hé @idse @b EfRdsAFREh b alichay EQiHQ& ahd/epmbesl catal ysts,
i.e. pres i nert. . 0 es,c e ) v, i on.
They may o? B@%B"rj sugs %W'@ﬁg%eg%ggnglggggE:Oa&g{j%/sstf%\hélﬁnm%b%%gt #notrﬁﬁﬂpf?%gﬁ 8%b%exanpl e
in the fluifdY38d bed reactors). In principle, active conpositions of the
general formula IV can be prepared in a sinple manner by obtaining a very

ntimabe. ahlv £ A : | 0% B oaf Lton
cor r sspandi nio Fiinine bfied sHLYLER S FLIW BTG 1 paRBlIBPRolk)
el ement al G8R&ES fUBAtes. arrPles Aaeh@criates CBAPEEREAMIBE COTPIFY® M 350 to 650C.
The ammonium salts and/or hydroxides (compounds such as NH,;OH, (NH,;),CO;, NH/NO;,
NH,CHO,, CH;COOH, NH.CH;CQ; and/or ammonium oxalate which decompose
and/or can be decomposed on later calcining at the latest to give compounds which are
25 released in gaseous form can be additionally incorporated into the intimate dry

mixture).

The starting compounds for preparing multimetal oxide active compositions iV can be
intimately mixed in dry or in wet form. When they are mixed in dry form, the starting

30 compounds are appropriately used as finely divided powders and subjected to
calcination after mixing and optional compacting. However, preference is given to
intimate mixing in wet form. Typically, the starting compounds are mixed with each
other in the form of an agueous solution and/or suspension. Pérticu!ariy intimate dry
mixtures are obtained in the mixing process described when the starting materials are

35 exclusively sources of the elemental constituents in dissolved form. The solvent used is
preferably water. Subsequently, the aqueous composition obtained is dried, and the
drying process is preferably effected by spray-drying the agueous mixture at exit
temperatures of from 100 to 150°C.

40  The multimetal oxide active compositions of the general formula IV may be used for the
“propylene — acrolein (and acrylic acid if appropriate)” step either in powder form or
shaped to certain catalyst geometries, and the shaping may be effected either before



cal cinati on, F”?% 9e effected either under inert gas or under an oxidative
at nospher e, or exanple air (mxture of inert gas and oxygen) and al so
under a reducing atnosphere (for exanple m xture of inert gas, NH3, CO
and/or H2). The calcination time can bsofroma few mnutes to a few hours
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use hexagoﬁ nitr a5 an- assistant in the shapi ng, as reconmended
by DE-A 10 2005 037 678. Exanples of suitable
Useful support materials are the customary porous or nonporous aluminum oxides,

siicon dioxide, thorium dioxide, zirconium dioxide, silicon carbide or silicates such as

30  magnesium silicate or aluminum silicate. They generally behave substantiaily inertly

' with regard to the target reaction on which the process according to the invention is

based. The support bodies can have a regular or irregular shape, although preference
is given to regularly shaped support bodies having distinct surface roughness, for
example spheres or hollow cylinders. Suitable support bodies are substantially |

35 nonporous, surface-roughened spherical supports made of steatite whose diameter is
from 1 to 10 mm or to 8 mm, preferably from 4 to 5 mm. However, suitable support
bodies are also cylinders whose length is from 2 to 10 mm and whose external
diameter is from 4 to 10 mm. In the case of rings suitable in accordance with the
invention as support bodies, the wall thickness is also typically from 1 to 4 mm. Annular

40  support bodies to be used with preference in accordance with the invention have a
length of from 2 to 6 mm, an external diameter of from 4 to 8 mm and a wall thickness
of from 1 to 2 mm. Support bodies suitable in accordance with the invention are in



unsupporte% C@? yst geonetries include solid cylinders or hollow cylinders
havi ng an 8 rnal diameter and a length of from2 to 10 mm In the case
of the hollow cylinder, a wall thickness of from1l to 3 mmis advantageous.
The unsupported catal yst can of course3fal so have spherical geonetry, and

t he spherical. di aneter c be fr 2 19 10 articul arly favorable
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cylindgts ose_length is from2 to, 10 and whose external dianeter is
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with the |nven{hlopln have a length of from2 to 6 nm an external dianeter of

from4 to 8 nman maanmd/ﬁrlur?rw%kness of from1l to 2 mm Support bodies
suitable in accordance with the invention are in PF 57347 31 particul ar
al so rpmgsacf geamEdTae 8 Mmx 3 nMmx 4 mm (external dianmeter x |ength x
i nt er nal di).a:neﬂgrlh)m;l'o fineness of the catalytically active oxide
conpositions to be ' appl'ied to the surface of the support body is of course
adj usted t8& % hEo®dsterded coating thickness (cf. EP-A 714 700). 5

d = from 0to 20,

e'= from>0to 20,
30 f= from0toB,
g'= fromO0to 15,
h' = from 8 to 16,
X'y' = numbers which are determined by the valency and frequency of the elements in
V other than oxygen and
35  p,q = numbers whose p/q ratio is from 0.1 fo 10,

comprising three-dimensional regions of the chemical composition Y';Y?, O, which are
delimited from their local environment owing to their different composition from their
local environment, and whose maximum diameter (longest direct line passing through

40  the center of the region and connecting two points on the surface (interface) of the
region) is from 1 nm to 100 um, frequently from 10 nm to 500 nm or from 1 pm to 50 or
25 um.



wul ti nmet al ol @ﬁ active conpositions to be used for the step from propyl ene
to acrol eiﬁ>g( é if appropriate acrylic acid) are al so conpositions of the
general forrmula V [Yla' Y2b' Ox' ] Pl Y3c' Y4d Y5e Ysf Y'9 Y2h Ov jq (V) 10 in
whi ch the variables are each defined aszjollows: Y = only bisnmuth or

bi smuth and at |east one of the elenments tellurium antinony, tin and
copper, 15 Y2 = nol ybdenum or tungsten, or nolybdenum and tungsten, Y3 = an
al kal i et Bettictilrgy Bivantagegus mvealivermultimetad oxide gombreilionse erthpsaristveich

ni ckel , colalstgnicwp@eth, nManganese, zinc, tin, cadm um and/or nmercury, Y5 =
iron or iron and at |east one of the el errents chrom' um and cerium 20 Y6=
phosphorus, arsenic, boron and/or antinony = arare earth netal,

titani ubn AMosenese PiefBNEP SivaRimiumio tlhﬁ%i’fdh? geaRmERTIWE Vr hodi um

silver, gold, alumnum gallium indium SI i con, germanium |ead, thorium
and/ or uranium 25 r0 i fromO0.1 to c' —fromO
to 4, d =fromO t[%la% 64 Z@”?%grﬁq:ee fgo‘*é 5O Tq30 f = froi\?e) to 6, =
fromOto 15, n from8 to 16, x',y' = nunber s WhICh are determ ned by

t he val encin witich frreamuenleyam‘eatdhejeﬁh@dremcﬂowg V ot her than oxygen and 35 p,q
= nunmbegs whose p/q ratio is fromO0.1 to 10, conprising three-dinensional
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| ocal envi FoTindRR/YRARNHE Qrdungssns camelverem™ ebABEYsEon fromtheir | ocal
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bi smuth. 5;Anong, Qe&g,er ,gi%re% @ice is given in turn to those of the general
formula VI [Bi a 2b o' ? 21273c, Z' TFee, Z5r.7Z59Z7h"OQy.]q (M)

©
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"= from0.1t01,
from 0.2 to 2,
20 ¢ = from 3to 10,
' from 0.02 to 2,
from 0.01 to 5, preferably from 0.1 to 3,
" = from 0to 5,
g” = from 0 to 10,
25 h" =from0to1,
x",y" = numbers which are determined by the valency and frequency of the elements in
VI other than oxygen,

p".q" = numbers whose p"/q” ratio is from 0.1 to 5, preferably from 0.5 to 2,

=
n

® o
I n

30  and very particular preference is given to those compositions VI in which
7%, = (tungsten), and Z%, = (molybdenum):.

It is also advantageous when at [east 25 mol% (preferably at least 56 mol% and more
preferably at least 100 mol%) of the total proportion of [Y'.Y%,O,], ([BigZ%Oxly) of the

35 multimetal oxide compositions V (multimetal oxide compositions VI) suitable in
accordance with the invention in the multimetal oxide compositions V (multimetal oxide
compositions VI) suitable in accordance with the invention is in the form of three-
dimensional regions of the chemical composition Y'4Y?, Oy [BiaZ%,Oy] which are
delimited from their local environment owing to their different chemical composition

40  from their local environment, and whose maximum diameter is in the range from 1 nm
to 100 pm. |



in which tg,? gr?‘z;,‘H?abl-es are each defined as follows: 10 Z2 = nol ybdenum or
t ungst en, I4ybdenum and tungsten, Z3 = nickel and/or cobalt, Z =
thallium an alkali nmetal and/or an al kaline earth nmetal, Z5 = phosphorus,
arsenic, boron, antinony, tin, ceriumaggl/or lead, 15 Z6 = silicon,

al umi num t,.Lani um and/ qr zirgoni Z7 = ¢Q r, si.lver and/or gold a" =
from 0.1 t §Uip rogardd e shaping. g Siatemsiits rrade top fissmitlingelpy 0idg c0mpg5itidN o 02 (o
2, e" = frbhar@asistappl,to prutireetabdyde gammp@itiond catalysts. = fromO0 to 5, ¢g" =

fromO to 10, 25 h" = fromO to 1, x",y" = nunbers which are determ ned by

the val f he. el enents in. VI | g =
nunbers. 388 PseRl R ififierpi GadE RI6 LSmblhinols \PEARGCIRI G LS A 5
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mul ti médal oxide conmposition V catalysts. The preparation of nultinetal
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and al so i DE,LAJ\ Jf 8 5T‘-'> \9}3 he i nert support materials reconmended above
are al so u¥BrAANCrABMAY 2 as inert materials for the dilution and/ or
delimtation of the appropriate fixed catalyst beds, or as a prelimnary
bed whi ch protects them angéov eehe e gas, m xture. VI

20

in which the variables are each defined as follows:

X'= W, Nb, Ta, Cr and/or Ce,
X% = Cu, Ni, Co, Fe, Mn and/or Zn,
25 X*®= Sband/or Bi,
X' = one or more alkali metals,
X° = one or more alkaline earth metals,
X®= Si Al, Ti and/or Zr,
30 = from 106,
= from 0.2 to 4,
= from 0.5 to 18,
from G to 40,
from O to 2,
from O to 4,
from 0 to 40 and
a number which is determined by the valency and frequency of the elements
in V1l other than oxygen.

1}
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40  Embodiments which are preferred in accordance with the invention among the active
multimetal oxides VIl are those which are encompassed by the foliowing definitions of
the variables of the general formula VII:



10 For the 8L 2 step (the second reaction stage), the heterogeneously
catal yzed Eis 8 ase partial oxidation of acrolein to acrylic acid, useful
- active conpositions for the catalysts required are, as already stated, in
principle all nultinmetal oxide conpositggns conprising Mo and V, for
exanpl e those of DE-A 100 46 928. 15 A nultitude thereof, for exanple those
of DE-A 198 15 281, can be enconpassed by the general fornmula Vil
MD12VaX bXXEX3UKMXBIN@IWn (VI1) 20 in which the variables are each defined
as fol |l owsx? =Xc =NWcoMhd/ofare, O and/or Ce, XZ = Cu, Ni, Co, Fe, M and/or
Zn, . 25 X3.,5_Sh,and/or Bi, X4 = one or nore alkali nmetals, X5 = one or nore
al kal i ne eggfh Hetals, X6 =S, A, Ti and/or Zr, 30 a = from1lto 6, b =
fromO0.2 t& & Nagnd/arkom 0.5 to 18, d = fromO to 40, e = fromO to 2, 35
f =fromOxfe €a grand/6aa 0 to 40 and n = a nunber which is determ ned by
t he valenc&egngigﬂgg&%p?y of the elenments 1in VII other than oxygen. 40
Enbodi nent § whirch are préferred in accordance with the invention anong the
active nultinmetal oxides VII are those which are enconpassed by the
foll ow ng defi rbini R ®f the variables of the general formula VII: PF 57347
34 X .® Nb , X2 = Cu, N, Co and/or Fe, X3 = Sh, 5 X4 = Na
and/or1%,“&5-:ﬁg®ﬂi§%)§1d/or Ba, X6 = Si, Al and/or Ti, a =from1l.5 to 5,
10 b = frofm®. pHL.51t0 3,

d = fromOto 2,

e = fromQOto 0.2,
f= from0QOto1and
n

15 = anumber which is determined by the valency and frequency of the elements
: in VIl other than oxygen.

However, multimetal oxides VI which are very particularly preferred in accordance with
the invention are those of the general formula VIll

20 _

MO12V3'Y1 bJdeYerGg-On: (V” I)

where

25 Y'= Wand/or Nb,
Y? = Cu and/or Ni,
Y®= Ca and/or Sr,

Y® = Sijand/or Al

30 a= from2io4,
b'= from 1o 1.5,
¢' = from1to 3,
f= from0QOtc 0.5,
g = from0Oto8and
35 n’= anumberwhich is determined by the valency and frequency of the elements
in VIl other than oxygen.

The multimetal oxide active compositions (Vil) which are suitable in accordance with
the invention are obtainable in a manner known per se, for example disclosed in
40 DE-A 4335973 orin EP-A 714 700.



C =fromO.g;-kpy d=fromOto 2, e =fromOto 0.2, f =fromOto 1 and
15 n = a nunber which is determ ned by the val ency and frequency of the
elements in VII other than oxygen. However, multinetal oxides VII which are
very particularly preferred in accordanéé with the invention are those of
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inert gas angsd etisdungs dRRATaR WeltoAvertdd, toNkBes b{-ReatirRf, BaREastaneior acrol ein
or the reduci n%}%?es nenti oned thenselves). The 10 calcination tinme can be

froma fewHrn P9 f ew hours and typically decreases with tenperature,
Useful 'Sources for the elemental constituents of the nmultinetal oxide

active conpp® sthrin§ cothpolrtslftidBe bRpaeation P Hutsethixile @nthosltibrady «xi des
and/ or be intimately mixed in dry or in wet form. When they are mixed in dry form, the starting
compounds are appropriately used in the form of finely divided powder and subjected
to calcining after mixing and, if appropriate, compaction. However, preference is given
20  tointimate mixing in wet form.

This is typically done by mixing the starting compounds with one another in the form of
an aqueous solution and/or suspension. Particularly intimate dry mixtures are obtained
in the mixing process described when the starting materials are exclusively sources of

25 the elemental constituents in dissolved form. The solvent used is preferably water.
Subsequently, the agueous composition obtained is dried, and the drying process is
preferably effected by spray-drying the agueous mixture at exit temperatures of from
100 to 150°C.

30 The resulting multimetal oxide compositions, especially those of the general formula
VI, may be used for the acrolein oxidation either in powder form (for example in a
fluidized bed reactor) or shaped to certain catalyst geometries, and the shaping may be
effected before or after the final calcination. For example, unsupported catalysts can be

prepared from the powder form of the active composition or its uncalcined precursor

35  composition by compacting to the desired catalyst geometry (for example by tableting
or extruding), if appropriate with the addition of assistants, for example graphite or
stearic acid as lubricants and/or shaping assistants and reinforcing agents such as
microfibers of glass, asbestos, silicon carbide or potassium titanate. Examples of
suitable unsupported catalyst geometries are solid cylinders or hollow cylinders having

40  an external diameter and a length of from 2 to 10 mm. In the case of the hollow
cylinders, a wall thickness of from 1 to 3 mm is appropriate. The unsupported catalyst



t hose conp gphich can be converted to oxides by heating, at least in the
presence of oxygen. 15 The starting conpounds for the preparation of

mul ti metal oxide conmpositions VII can be intinmately mxed in dry or in wet
form Wen they are mxed in dry form B8&e starting conpounds are
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PP support bodles to be used with preference have a length of from 2 to 6 mm, an external

diameter of from 4 to 8 mm and a wall thickness of from 1 {o 2 mm. Suitable support
bodies are also in particular rings of geometry 7 mm x 3 mm x 4 mm (external diameter

30 xlength x internal diameter). The fineness of the catalytically active oxide compositions
to be applied to the surface of the support body is of course adapted to the desired
coating thickness (cf. EP-A 714 700).

Favorable multimetal oxide active compositions to be used for the “acrolein — acrylic
35  acid” step are also compositions of the general formula 1X

[DIp[E] (IX)

in which the variables are each defined as follows:
.40

D

E

Mo, 2Va"z1 b"ch"st ”Z4e"Zst“Zeg"ox"x
ZTQCuhnHi--Oyu,

1l



appropri at gg%,ggyected within the range from 10 to 1000 pm preferably
within the range from50 to 500 pmand nore preferably wthin the range
from 150 to 250 pm 15 Useful support materials are customary porous or
nonporous al um num oxi des, silicon dio3 de, thorium dioxide, zirconium

di oxi de, silicon C?\Q_Wbd?aoéri-l % es such as nmagnesiumsilicate or

al um num s/ i cate he'su IQ I'es may have a regular or irregular
shape, ' al t%ougﬁ pr &t ie ke ¢ MYAYER" €b regul arly shaped support bodies

havi ng 20 #i st £nct Ssanfi/acBi, r oughness, for exanple spheres or hol | ow
cylinders with=grif; Ngy}ger C%Uérﬁo?&'k‘? support bodies include substantially
nonpor o s §urface roeg£ sEio erical supports made of steatite, whose

di anete? i€ from 1Mo d(ﬂ 8 mMm preferably from4 to 5 mm In other
wor ds, sw EZAbl ® spBenl dabndleodmet ri es may have dianeters of 8.2 nmmor 5.1
mm Howevep] sSui tagbe\npwpplgratndm%egreeé@gymdéq@w | i nders whose 25 | ength
is from2 to 10 mm and whose external diameter is from4 to 10 nm 1In the
case of rings as support bodies, the wall thickness is also typically from
1 to 4 mm aAnnal arfrosdpgpd&t bodies to be used with preference have a | ength
of frop2 o 6= rrmfr@fﬂoez{oegnal di aneter of from4 to 8 mmand a wall

t hi ckness O,f from% rﬁ% ng Sui tabl e support bodies are also in particular
ri ngs of orretry R nm x 4 mm (external diameter 30 x length x

i nt er nal dﬁarreFer)froﬁlTWetOfﬁOneness of the catalytically active oxide
conpositiogs &0 bgomppbized to the surface of the support body is of course
adapt ed ot he_ des#r r‘ﬁ% to%oatl ng thickness (cf. EP-A 714 700) Favor abl e

mul ti net al OXIde active conpositions to be used for the "acrolein acrylic
35 aci #® sHep dre HPHH teSfpositions of the general formula I X [Dp[Elq (IX)
in which the vari abbast tarse, each defined as follows: 40 D =

MDI 2Va... Z1p. Z2¢. 23@%%%% ZL,%r 89. . px E = Z7i 2CuhHi py, PF 57347 37 72 =W
Nb, Ta, Cr and/or 3 Co, Fe, M and/or Zn, = Sb and/or Bi,
Za = Li, N&YKT Rbnur@%eramﬂv%wrarﬁdefe@ﬂmdbv%e VRignecygn d‘Fﬁﬂ’/"’SF‘CNB%f hge = si, A,
Ti and/or Zr, Z7 =eldtmenddfin X ofler thad/oaygehaandpr ef erably Mo and/or W a" =

from 140 §,’q 19 b" \Finbdr@ Brdr thdnCePo whbse FigfraMsBrdh?18331 to 1:1,

and which are obtainable by separately preforming a multimetal oxide composition E

Z'1,CuyH-Op (E)
25
in finely divided form (starting composition 1) and subsequently incorporating the
preformed solid starting composition 1 into an agueous solution, an agueous
suspension or into a finely divided dry mixture of sources of the elements Mo, V, Z', Z,
7% Z* 7° 7Z®which comprises the abovementioned elements in the stoichiometry D
30

Mo1VeZ'wZ o Z 02 oL Ly (D)

(starting composition 2) in the desired p:q ratio, drying the aqueous mixture which may
result, and calcining the resulting dry precursor composition before or after drying at
35 temperatures of from 250 to 600°C to give the desired catalyst geometry.

Preference is given to the multimetal oxide compositions X in which the preformed
solid starting composition 1 is incorporated into an aqueous starting composition 2 at a
temperature of < 70°C. A detailed description of the preparation of multimetal oxide

40  composition VI catalysts is contained, for example, in EP-A 668 104, DE-A 197 36 105,
DE-A 100 46 928, DE-A 197 40 493 and DE-A 195 28 6486.



d" fromP 5%329 e" =fromOto 2, f =fromOto 5 15 ¢g" =fromO to
Fo to 30 i" = fromO to 20 and x",y" = nunbers which are

determ ned by the val ency and frequency of the elenents in | X other than

oxygen and 20 p,q = nunbers other than zgro whose p/q ratio is from160:1 to

1:1, and h arg .o tai nabl e by, se aratel for i et oxi de
conposi ti on''t "] i HEPEgAthE ést PR nﬁ' SN%E%HF%% f%'?%?st?tioﬁ]
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p: q rati o, céthyddtibrsoe tRogEers farmauUrsf thbdedurn@nt, result, and cal cining the
resulting dry precursor conposition before or after dryi ng at 35
terrperatures of from 250 to 600C to give the desired cataly eonetry
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pref or med a&oleirdarst eoadtedeataloEdgt faraine dtep Srolmacoiportataediic atid. an agqueous
startipg conposition 2 at a tenperature of < 70C. A detailed description of
the prepar atl on of nultinetal oxide 40 conposition V| catalysts is
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oxi de acti ¥&rt§OmEesitions of the general fornmula | of this docunent.
Advant ageously, unsupported catalyst rings are used for the step from
propylene to acrolein and coated catalyst rings for the step fromacrolein
to acryli cTherahctidDpreseurpds fypicatinodhefangadropat td Abaxiddhae icyerabspagee process
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on the fixed catalyst bed) |s typucal!y from 90'to 200 | (STP)/Ih or to 3001 (STP}I+h or

more. Propylene loadings above 135 | (STP)/lsh or = 140 | (STP)/leh, or

2 150 | (STP)/1*h, or =z 180 [ (STP)Y/I*h are particularly preferred in accordance with the

invention, since the inventive starting reaction gas mixture for reaction zene B, owing to

25  the presence of unconverted propane and molecular hydrogen, causes favorable hot-
spot behavior (all of the aforementioned applies irrespective of the specific selection of

the fixed bed reactor).

The flow to the single-zone multiple catalyst tube fixed bed reactor of the charge gas
30  mixture is preferably from above. The heat exchange medium used is appropriately a
salt melt, preferably consisting of 60% by weight of potassium nitrate (KNO,) and 40%
by weight of sodium nitrite (NaNO;), or of 53% by weight of potassium nitrate (KNO3),
40% by weight of scdium nitrite (NaNQ.) and 7% by weight of sodium nitrate (NaNQ;).

35  Viewed over the reactor, salt melt and reaction gas mixture may, as already stated, be
conducted either in cocurrent or in countercurrent. The salt melt itself is preferably con-
ducted in a meandering manner around the catalyst tubes.

When the flow to the catalyst tubes is from top to bottom, it is appropriate to charge the
40  catalyst tubes with catalyst from bottom to top as follows (for the flow from bottom to
top, the charge sequence is appropriately reversed):



asdescri b g DE-A 44 31 957. In this case, reaction gas m xture and heat
carrier Treld? exchange nedi un) may be conducted in cocurrent or in
countercurrent viewed over the reactor. The reaction pressure is typically
in the range from1 to 3 bar and the ovggall space velocity on the fixed
catal yst bed of reactl on gas Bis preferabhly fro 500 to 0o 6000 |
(STP)/ 1 h or morfést tPI‘%‘%G*(‘S‘;?SFIfréFﬂe"'q 9RH 91g° @P%Ofﬁ?%ﬁi‘/tﬁ‘@ﬁtetuﬁ%lﬁ“gg“ §B‘?ﬁfé’” elocity
on the fixed catatdlys br bed)turesoftopEsabhy ifertonat®alt ihe2@er| bass8F P /thdmdr- t o 300
I (STP)/1h or 0 1
(STP)/ 1 h, or 15%%%@%@4% @ﬁ@g’&%r@ %ﬁtoll%ﬁ%ﬂrleﬂ%ﬁé E%Wg{ Ihg(%?ef erred
in accordance Wt he "inventi on, since the inventive starting reaction gas
m xturebfor reaction zone B, owing to 25 the presence of unconverted

ItOL Opa]pe and trmlfswl trh-y@d 2U8Rin @fakbtwaoft@wbaﬂalz@w@nhgmbl tb@éﬂ%‘{wlgﬂf e( al It hof
e aforementi es, irrespec e s e e
fi xed bed react 7 on?ﬁgaéaiyetoq&atrgle)%%ot?ﬁayg ai’@ﬁ%erﬁ?}ﬁ 9"6‘:& < Igﬁ t}%%ned?%e fixed
bed reactor of Tf\ﬁéﬂlﬁh@r gekigasip Beroppsipn by Weight pbfretoedl% bW\@FﬁhéWEO“ The heat
exchange nedi ungyigedl is appropriately a salt nelt, preferably consisting of

60% by i ght of potassiumnitrate (KNOB) and 40% by wei ght of sodium

nitri tej (NaNQ2), or of 53% wei ght of potassiumnitrate (KNG3), 40% by
el ght o | Sod (ieR. 9 Pienog N 1 eI 0% Byneisia bede e bed Pl DVAMBNANCS)

35 Vi ewed over rddi@ecBRCAPRhicE & preftgiily seldete@aadh At i asusds xtuenesiay preas

al ready stated, ee onducted either in cocurrent or in countercurrent. The

salt nelt |tsel greferably con- ducted in a neandering manner around the
catal yst tubes. V\hen the flowto the catalyst tubes is fromtop to bottom

it is appr@ectiod € i$ pretdrapigentinged 40 catal yst tubes with catal yst from bottom
totop as follows (for the flow frombottomto top, the charge sequence is

appropriately reversed): PF 57347 39 - first, to a length of from40 to 80

or to 60% Jﬁ‘et%@'eﬁlﬁf‘%‘?'@tcmiﬂ%@r@ﬂbﬁﬁSp"e‘?'@'HéYppﬁ?ﬂ“?te ‘%'%ﬁrhtlhﬁé’?taﬁ’ﬁt%‘@ﬁ xt ure of
cat al yst arde those iccmtiey t@Resddren Datctoatre Nased0oh ot Aegust X9, 2006ek-xaradeng up a

proporti 0” 1béf D@!ﬂ\gl% 4%f95‘7€bhrta9?n§?m to ggaﬁwglezé)o@@f-! A 4(%@ Qéﬁ%th@ E%)ai 5

foIIovm hlai cg | en g\ 2 % of thet t ube
| engt h2%i et dpe mﬁaélae[%{r%}a‘f&gt & BEXPEFE’ 1M &t AMPs ¢ BRJEXR RetCeri al ,
t he Iatter terbasmghtonntetriad dimmetary. &Yithmedgartbtodpe aalpbath derhperatiios, tlmfesi@tﬁ- of up to

40% by wei ghdnid §ﬁ§|§JA04143B)357 apdy10 finally, to a length of from10 to 20% of
the total tube [ength, a bed of inert mate- rial (section A) which is

preferably selected such that it causes a very small pres- sure drop.
However, the performance of the partial oxidation in reaction zone B, from propylene to

25 acrolein (and acrylic acid if appropriate), may also be carried out with the catalysts de-
scribed, for example, in a two-zone multiple catalyst tube fixed bed reactor, as de-
scribed by DE-A 199 10 506, DE-A 10 2005 009 885, DE-A 10 2004 032 129,

DE-A 10 2005 013 039 and DE-A 10 2005 009 891, and also DE-A 10 2005 010 111.
In both of the above-described cases (and quite generally in the process according to

30 the invention), the propene conversion achieved in single pass is normally at values of
2 90 mol%, or = 95 mol%, and the selectivity of acrolein formation at values of
2 90 mol%. Advantageously in accordance with the invention, the inventive partial oxi-
dation of propene to acrolein, or acrylic acid or mixtures thereof, is effected as de-
scribed in EP-A 1 159 244 and most preferably as described in WO 04/085363 and in

35 WO 04/085362.

The documents EP-A 1_ 159 244 WO 04/085363 and WO 04/085362 are considered to
be an integral part of this document.

40  In other words, a partial oxidation of propylene to acrolein (and acrylic acid if appropri-
ate) to be carried out in reaction zone B can be carried out particularly advantageously



15 Section referably undiluted. The aforenentioned charge variant is
especially 5&5 %r. ate when the catalysts used are those according to
Research Di scl osure No, 497012 of August. 29, 2005, Exanple 1 of DE-A 100 46
957 or according to Exanple 3 of DE-A 10 46 957 and the inert ma 20 terial
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t hereo I.e. Wmtho ut second one e{m rp second reaction
stage, |. echarge gas m(xture (starting regction gas mlxtureg uch a partial oxudation of acrolein

to acrylic acid advantageously has the following contents:

from 3 to 25% by volume of acrolein,
30 ' from 5 to 85% by volume of molecular oxygen,
- from 6 to 70% by volume of prepane,
from 0.3 to 20% by volume of molecular hydrogen and
from 8 to 65% by volume of steam.

35 The aforementioned starting reaction gas mixture preferably has the following contents:

from 5 to 14% by volume of -acrolein,
from 6 to 25% by volume of molecular oxygen,
from 6 to 60% by volume of propane,
40 from 2 to 18% by volume of molecular hydrogen and

from 7 to 35% by volume of steam.



into the a Fojfﬁ e partial oxidation. The nol ecul ar oxygen required for the
second steg::r e acrolein partial oxidation, may already be present in the
reaction gas B starting mxture for the propyl ene partial oxida- 20 tion to
acrol ein. However, it may al so be added4partly or fully directly to the

product ga ture of the first reaction.sta ropyl ene parti al
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but may prebeteatsiy be effected in the form of pure oxygen or of mxtures of
inert gas and oxygen (with preferably s 50% by vol - une, ors 40% by vol une,

ors 30% by vol une, or o 5 10% b 25 une, or :5 5% by
vol une, or :5 2% by voI§r0 SL%/%Dy%gspemeé}ce of th X%Ergl%bgedure the charge gas

m xture5(starting reactioBhd 0%y valEle &f such ampleYiREPXYERNdati on of
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oxygen, from6 to 70% > vol une of
nol ecul ar hydrogen and rOffr bHOSZGU’erBB%‘W Cifol urre ofie8Peam 35 The
af orenenti oned starting reaction gas m xture preferably has the follow ng
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advant ageoys] yndbeing realized sinultaneously. The nitrogen content in the
af orenenti oned m xtures will gen- erally be < 20% by volune, preferably <_
15% by vol une, nore preferably < 10% by volune and nost preferably < 5%
by vol une. TheeC @atdnterdof theehatgeagasanistun for dfe @Zzoaadmdamrmte@mmpvé@éml n the

charge gas 1nixous By @&umbh@rfwgmm@w Ak, B 898 4 @220% %Wv@l'uﬁien orfk®- i's,
advant ageousl gnee, \ with the’invention, generally ? 0.5 and <_ 2,
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frequently us BhEEP8 content of the charge gas mixture for the
second oxi dation stage may be from

As in the first reaction stage (propylene — acrolein), the reaction pressure in the sec-
ond reaction stage (acrolein — acrylic acid) too is typically in the range from 1 to 3 bar
and the total space velocity on the fixed catalyst bed of (starting) reaction gas mixture
25  is preferably from 1500 to 4000 or 6000 | (STP)/Ish or more. The acrolein loading (the
acrolein hourly space velocity on the fixed catalyst bed) is typically from 90 to 190 |
(STP)/I*h, or to 280 | {STP)/I*h or more. Acrolein loadings above 1351 (STP)/I*h, or
2 140 1 (STP)I*h, or = 150 | (STP)/I*h, or 2 160 | (STP)/I*h are particularly preferred,
since the starting reaction gas mixture to be used in accordance with the invention,
30  owing to the presence of propane and molecular hydrogen, likewise results in favorable
hotspot behavior.

The acrolein conversion based on single pass of starting reaction gas mixture through
the fixed catalyst bed of the second oxidation stage is appropriately normally
35 290 mol% and the accompanying selectivity of acrylic acid formation 2 90 mol%.

The flow to the single-zone multiple catalyst tube fixed bed reactor of the charge gas
mixture is likewise preferably from above. The heat exchange medium used in the sec-
ond stage too is appropriately a salt melt, preferably consisting of 60% by weight of

40  potassium nitrate (KNO3} and 40% by weight of sodium nitrite (NaNO,), or of 53% by
weight of potassium nitrate (KNOs), 40% by weight of sodium nitrite (NaNO;) and 7%
by weight of sodium nitrate (NaNO;). Viewed over the reactor, as already stated, salt
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meandering manner around the catalyst tubes. 5 Wien the flow to the

catal yst tubes is fromtop to bottom it is appropriate to charge the
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bottom to top, first with up to 30 (or 20) % by weight of inert material and subsequently

with from > 20% by weight to 50 or to 40% by weight of inert material. Section C is then

preferably undiluted.

30
For flow to the catalyst tubes from bottom to top, the catalyst tube charge is appropri-
ately reversed.

The aforementioned charge variant is especially appropriate when the catalysts used
35  are those according to preparation example 5 of DE-A 100 46 928 or those according

to DE-A 198 15 281 and the inert material used is steatite rings having the geometry

Tmmx7mmx4mmor7 mmx7mmx3mm (in each case external diameter x

height x internal diameter). With regard to the salt bath temperature, the statements of

DE-A 443 19 49 apply. It is generally selected in such a way that the acrolein conver-
40  sion achieved in single pass is normally = 90 mol%, or = 95 mol% or = 89 mol%.
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of theflrst st ene ->

acrol ein).9 S’B?E anf’eﬁtﬁg”h?eé't‘?s ’gén'gefc{?éﬁﬁ 68@%???52@9 goa‘[‘leﬂéa(ﬁ?nﬁé)rpr esent
in the stavité wysapia@isoqesghle. m xture for the first reaction stage. 20 In a
two-stage partial oxidation of propylene to acrylic acid with direct further

use of t heBetween the reactors may bhe disposed an intermediate cooler which may if appropriate

30 comprise inert beds which can perform a filter function. The salt bath temperature of
muiltiple catalyst tube reactors for the first step of the two-stage partial oxidation of pro-
pylene to acrylic acid is generally from 300 to 400°C. The salt bath temperature of mul-
tiple catalyst tube reactors for the second step of the partial oxidation of propylene to
acrylic acid, the partial oxidation of acrolein to acrylic acid, is usually from 200 io

35 350°C. In addition, the heat exchange media (preferably salt melts) are normally con-
ducted through the relevant multiple catalyst tube fixed bed reactors in such amounts
that the difference between their input temperature and their cutput temperature is gen-
erally = 5°C. As already mentioned, both steps of the partial oxidation of propylene to
acrylic acid may also be implemented in one reactor over one charge, as described in

40 DE-A 101 21 592,



product ga§Fn$7>§ yre of the first step of the part| al oxidation to charge the
second ste the partial oxidation, tw one-zone nultiple catal yst tube
fixed bed reactors (at high reactant |oading on the catalyst bed, as is
quite generally the case, preference is4given to countercurrent mode
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t he parti almaxbeialorabledf sphopgsenia drder taouy buttgaitabtlityn@ithakisargbgas mpx-enment ed
in one reagtQr over one charge, as described in 40 DE-A 101 21 592. PF
57347 44 It should al so be nentioned here that a portion of the reaction
gas B starting mxture for the first step P yl ene acrolein") nmay be

resi dudp gé&¥verallcaipgoundisnicgeipawilin (wtuchztbﬁ@ata h@nme pleayioge aprigasately
aftertreat @tbn!grth@ﬁ-@matan@aﬂamtttbbéshﬁnn EBEHELIE G tBe flevR¥etion aé@(@rasam\tmoned

residual g h

recycl ed e%%%%é)r?/@p&eaﬂrﬁg]%ﬁg s |Haas?rfggé' &%@Foﬁ @ttag% h@é&g mE{Ic’a al zed

pr opane @tﬁ’yﬂﬁé@é*ﬁétli%ﬁ w 8‘!@’»&15&%&996%@8%@ D& 28901651 foafttér”}ﬁ gRplasti vel y
as a const iirhpieentition fdre df@acticoski@ABn Aty fdritRgtwo xtbps ef thEartiahexigake of
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additional lI'y st oxI dati on
st age and tcﬁ@'yéh'éﬁﬁérrb@@dﬁﬂﬁf‘u%@ Wé?er'ﬁh@dsecond oxi dati on stage, or else
only one of the two. It is not preferred in accordance wth the invention,

but i t ﬁ&%vé@ﬁ%f&%h@e fs’bi\%?@ wﬁﬁt?ﬁw%nhﬁq fh(ecﬂ\ﬁg &gﬁtﬁéH ﬁa@éﬁm'tﬂ-‘;‘totrﬁmf' i tyhOf

t he charge a m’ X - rea
the cat al y&¥o Bipgriyed '@h%(ﬁtjgé? EPPEORY iNa3SEEY- Tfassww%d'?me@.'raaat reastody yst
t ubes @bt hircehiph ebsethedfansitien fromsinertelae buradie &t thp offsw tlibet wndiesis dgengoirbypy | ene

partial oxidali P Aarigi Mé@nsrn%@g&%’%rﬁé&té&mﬁé {65t €X8 ARleis oBro- EP- A 911
313, EP-A 979 13 EP- e sinmpl est
ol ement aPlBRVATIE OOV (e Eral étlsa%grer o5l Tppe S BHE ¢ he
partial oxihdat @brigri this daesmopraapl laenmert matcinhbdadcamomaodatedogeptaspribed e, t he
charge of tpg.&AREMELedIREHMbRatalyst tube bundles are therefore accommodated in
30  spatially separate reactors. In general, an intermediate cooler is disposed between the
two tube bundie reactors in order to reduce any acrolein postcombustion proceeding in
the product gas mixture which leaves the first oxidation zone. The reaction temperature
in the first reaction stage (propylene — acrolein) is generally from 300 to 450°C, pref-
erably from 320 to 390°C. The reaction femperature in the first reaction siage (acrolein
35  — acrylic acid) is generally from 200 to 370°C, frequently from 220 to 330°C. The reac-
tion pressure in both oxidation stages is appropriately from 0.5 to 5 bar, advanta-
geously from 1 to 3 bar. The loading (I (STP)/I*h) on the oxidation catalysts of reaction
gas in both reaction stages is frequently from 1500 to 2500 1 (STP)/I=h or to 4000 |
(STP)/I*h. The loading of propylene or acrolein may be from 100 to 200 or 300 and
40 more | (STP)/I+h.



catal yst i i%gzr upted by an inert material bed. However, preference is
given to i?rgl ting the two oxidation stages in the formof two tube

- bundl e systens connected in series. These may be disposed in one reactor,

25 in which case the transition fromongstube bundle to the other tube
bundle is ﬁor med b;{ a, bed '@f‘t' i n?rt r.na%heri al which istng{ .accommodated in the
catal yst t UbB Mg e MepBHgRtop STages I MEERESP BPECTGNSAR 619 NVERAPT &

cat al yst t gbefigusgceagyesrsribgd. yorfaxemete, ar Bard 193345 Thd-AcEr 10506, t hi s does not
reach an i ngrh 1g8t1ersoslanbesE-acegmryordat ed as descri bed above.

Advant ageously, the two catal yst tube bundles are therefore accommopdated in
30 spatially separate reactors. In general, an internediate cooler is
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the appunt .required in accprdance with the reaction
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with the i RERAPMER GHEYREYPE b BRerehihdie PR ae0F XL Padr. FEbTh
react i on seegsisgiwodedciaidanceoxindae inveoiir leseteskingaireteedgrecthieydersaath one
or nore cabphiseifer Wtstreafivhve conposition is a nultinmetal oxide which
conprises the elenents Mb. Fe and Bi and is capable of cata- |yzing the
reaction of both reaction steps, This catalyst charge can of course change
15 cont i nubdgsivsatcesfeuptaryediptinervene fqedietdaniedcas Paiwaendhe tyo exddativs, it i s
possi le.@ I 6ta@Be arct b @NeawHtated, iARAUIIVER 4iV (préfeped) s@iterpard malecosi 8af | ondof
propyl ene [ [ Gt he. a nnected in
series to %g? ? fr&/%!)erc EI]a ﬁ@f’&eb@H%%Q%éth%%ﬁngsd%u%iag)eﬂ(g?rﬁgldsjﬁ gg%a%ﬁg%ﬁ%have f or med
as a by- pr 8ad/et Satwatagchydrecarbasiki Deeferally 4t agrerdange withdhginsertion, the ®%e pr oduct
gas m Xt ur geh eawcd gorhpesdsi < 51% @y iveRtrieo Predérapig <f400mby Rblsmer adue pre?fragigs

mxture. i L 0604 e RRER ok ordiSraBf 55 %) volthit, bBfe e RR%, 8174 6PN
Je- 30 < 5% by volume, or < 2% of gases other than molecular oxygen. '

In the process according to the invention, metering of, for example, cold oxygen source

to the product gas mixture of the first partial oxidation stage can also bring about cool-

ing thereof by a direct route before it is used further as a constituent of a starting reac-
35  tion gas mixture for the second partial oxidation stage.

Advantageously in accordance with the invention, the partial oxidation of acrolein to
acrylic acid is effected as described in EP-A 1 159 246 and most preferably as de-
scribed in WO 04/085385 and in WO 04/085370. However, preference is given in ac-
40 cordance with the invention to using, as the starting reaction gas mixture comprising
acrolein, a starting reaction gas mixture which is the product gas mixture of an inven-
tive first-stage partial oxidation of propylene to acrolein, which has if appropriate been



ence is gi ¥,Eg{7i32 accordance with the invention to selecting a procedure

whi ch does Erow de for such a renoval. Useful sources for internediate
oxygen feeding carried out between the two oxidation 25 stages are, as
already stated, in addition to air (prejgrred), either pure nolecul ar oxy-

en or nol ecul ar o diluted with inert gas such as CO2, CO. nobl e gases,
N2 and/ or SEREIPSRIEN Hij aHCEP LRIy B dhaiiS TAR CLROBRHZRGRSEN R Sehe
i nvent i on, rdié¢ie irotegregpdtingssiantiog reastipt paeRixdurs @inkpach eckemiomprefoet.abllie < 40%

by vol ume, qs@Ineers Per abky 245 Wa004/b8536UHINRO @YEI53T0 ke BorRfRfablobes_ 20% by
vol une, better_ < lgaoé/ﬁ]g){h.vol ume qr 30 < 5% by volune, or _< 2% of gases ot her

t han nol ecﬂ?ﬂe%ﬁg/p I'ﬁdf’ﬁlém%’? ocess according to the invention, netering
of , forSexanple, cold oxygen source to the product gas mixture of the first
parti alb ?Xirdcﬁhémorass,ag@ irvantival setid okigtiaheftcraenlto atmi: detaobe byrriéddi?)g ect
route befo A r . - - tion
gas. m xt ur 2 eSS aortfel16koiRy B drRRb LY 8% 2ixe Rl bEBh{EA s

accor dancea@ilpest twademprral 6iMest he partial oxidation of acrolein to acrylic
acid is effected as described in EP-A 1 159 246 and nost preferably as de-
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ot her words, e Lnventi al oxidation of acroleln to. . acryli¢c acid can
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or a mxture thereof .as_the target pro conver,t | ecul ar
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t he product,. 1 X-.ture of th partial oxidation stages is, for exanple,
still fromglggﬁf%%seté’f FEX%FB&ﬁ%Pzgy vol 20 une), and al so ot her by-products or
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Useful processes for removing target product, water and secondary components hav-
ing higher boiling points than water for the process according to the invention in the first

30 separation zone | are in principle all processes known in this regard in the prior art. An
essential feature of these processes is that the target product is converted from the
gaseous to the condensed phase, for example by absorptive and/or condensative
measures, and the condensates or absorbates are subsequently worked up by extrac-
tive, distillative, crystallative, and/or desorptive measures for the purpose of further

35 ftarget product removal. Together with the target products and/or following the conver-
sion of the target product to the condensed phase, these processes typically also con-
vert steam and secondary components having higher boiling peoints than water present
in reaction gas B to the condensed phase and hence remove them (preferably in ac-
cordance with the invention, an amount of steam is converted to the condensed phase

40  which is at least 70 mol%, preferably at least 80 mol%, better at least 90 mol% and

~ more preferably at least 95 mol% of the total amount of stearmn formed in reaction zone

B (or more preferably of the entire amount present in product gas B)).



boi li ng poig&a,t?an water (for exanple CO CQO2, |ower al dehydes, |ower
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mal ei ¢ anhydri de, benzal - dehyde, aromatic carboxylic acids and aromatic
carboxylic anhydrides (e.g. phthalic aghydride and benzoic acid), in sone
cases further hydrocarbons, for exanple C4 hy 25 drocarbons (e.g. butene-1
and possibly other butenes), and in sone cases further inert diluent gases,
for exanpl &sbR) abddstednid inplude eosesanime, waen abnegpusasogdibnpandorctrgamater and
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In the further course of the extractive, distillative, crystallative and/or desorptive re-

moval of the target product from the condensed phase, this unconverted propane and

any propylene is normally recycled as a constituent of at least one further gas phase

and is referred to in this document as (secondary) residual gas |.

35
In this case, the sum of (main} residual gas | and (secondary) residual gas | forms the
total amount of residual gas i. When no (secondary) residual gas [ is obtained in sepa-
ration zone | the (main) residual gas | is automatically the total amount of residual gas i
{also known as (total) residual gas [).

40

Preferably in accordance with the invention, the target product is converted from prod-
uct gas B to the condensed phase by fractional condensation. This is especially frue
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' ally < -30°C (i.e. the constituents which are difficult to condense or else volatile) nor-
mally remains, for example, at the top of the particular separating column comprising
separating internals, into whose lower section product gas B is fed, for example, nor-
30  mally after preceding direct and/or indirect cooling thereof. However, residual gas |

may, for example, also still comprise constituents such as steam and acrylic acid.

In the lower section of the separating column, normally mainly the less volatile con-
stituents of product gas B are obtained, including the particular target preduct, in con-

35 densed phase. Condensed aqueous phase is generally removed via side draw and/or
via the bottom.

Typically, (main) residual gas | comprises the fdllowing contents:
40 from 1 to 20% by volume of Hs0,

from 40 to 90% by volume of Propane,
from 0 to 10% by volume of Oz,
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However, advantageously in accordance with the invention, the amount of residual gas
| which has been aftertreated in accordance with the invention and is recycled in ac-
cordance with the invention into reaction zone A as at least one of the at least two feed
30  streams comprising propane will be measured such that it comprises at least 80 mol%,
preferably at least 85 mol%, better at least 90 mol%, or at least 92 mol%, or at least
94 mol%, or at least 26 mol%, or at least 98 mol% of the propane conducted out of
reaction zone B with product gas B. This recycling need not necessarily be effected to
one and the same point in reaction zone A. Instead, it can also be done via a plurality
35  of different feed points distributed over reaction zone A.

In the context of the above statements, an essential feature of the invention is that the
sequence of aftertreatment measures carried out on residual gas | is arbitrary in accor-
dance with the invention. In other words, instead of first discharging a portion of resid-

40  ual gas | and then subjecting the remaining amount to CQ, scrubbing, it would alsc be
possible, for example, to effect the CO; scrubbing first and to discharge a portion from
the residual gas ! scrubbed in this way.



has been C&;‘:—E—,??& out on the other portion of the total amount of the

resi dual gas orns 15 the total anmpunt of aftertreated residual gas | (the
"new' residual gas |I) which can be subjected to further inventive .
aftertreatnent in a corresponding nannesg (the portions nentioned may al so
have different chem cal conposition). Fromthe total anount of
(aftertreated) residual gas |I which conprises unconverted propane and

remai ns aftewevea) ih aahtmerer peéenteydousbaseooetance ndthdies pdentonbthersegess@argf in t he

present cagghaiecRERBaLPeERhih $lioRd il BE oh&F9dd @heﬁﬂ(graité)m p%a’iticfu%%f&lr%d in

accor dance th the inventi.on into reaction zone s at |east one of the
at |east t W%aéﬁ‘egwfgla?r&’@@rfﬁ?'idg?lrﬁfsg)ropane. Anot her portion (if
appropri ate also a non-aftertreated portion of residual gas |I) may, if
appr?pri - ram,,aBbgtiéresﬁ/r@hiad?ligatsq_vﬁlhtfe §1Eérﬁrg@f@%§6is§m%@%_r@ébgﬁyf ) e8pet agte_ of
reaction zgone .B._i rder 0. adj.us osi pn. hehavi or. eaction
has. advant SoFdbeldp R 8SEnasnirfilodibobi s TERERR O RAEN. Pl fls 58T gh 7
However, atogaviagesnsnijo the ayewdmiessse). whisilischarded\eamunbiine ameualgiuat  of
r ez i dual gagual havhiisthdiged BeRRerflf Qéﬁtftcﬁah off gaB c_@ﬁ@;@ét@?mﬁ%y\biabél tﬁd@anhélvi ntion
and is,Jec , - e e [ r [ zone A as
at Iea1sq o%og]]“g :ttoﬁéﬁgttne feceéc[fgjg ngﬁ%égdf%wggégg%g?g%h%%ﬁ ﬁgﬁc&ﬂﬂrﬁ%ane will be
nmeasur ed sIBPUNIRAPrOPENS BIRSENIdJR dhadis¢haszad reaidka|gns | PF whibirad Bpsgd ondagt 85
n'oli%; bet ggﬁo@ttolfﬁfeéﬁpl@ﬁammie%intﬁrth@EroobeaS;ierQ@itIﬂﬁie%s DBO aiol%h eeester 94 ][ml % or
at | east . 2 ut of
23Rl s Bl PEDr =18 Dl SICRANE ARERI

reaction zon 3 uc 9 cl1ng nee necessarily be
ef fected tD° ¢ AP HerearBlYpor Moo fea®Pion zone A. Instead, it can al so
be donm& via a plurality 35 of different feed points distributed over

reaction zgaes de dhibuhP6r SRR disPhrddifto BRMVEh P tiaRE BiemaRiched §alea!

feature of the inyention,ls that the sequence of, aftertreatnent neasures
cartied oltr AN IbERGEST OLHE FOTPwenIEIetVaTFS: e SRChIoe GaN S SR FLOL
i nvent i on.such toatties amountf prarsheadd ehy piapstendipsesteat igithg asmopotrafiresided! r esi d

40 ual gasgds |1apBelditRNaeBiiLehiot8d bhsr then@HBEHEgaMB didcRargentdintRiang, it
woul d o) beI roq?sr% brl e ford exanpl & to effgqrt]tt.he C%Z slcrugﬁbpr% first and
to di schar'§eThoRENTh BIOPPPBAIY FREPPRIPHGEMYAS M iR FARFER ThPE RS \ﬁ)%/ PF
57347 50 Lr%@@sxgattertrﬂatadrmaﬁmrda@deaﬁhé@iew@ntion- accordance with the
invention, the sequence of aftertreatnent neasures which follows wll be

observed i i : f t.0 . (mai n

resi dual é}&agﬁl%]é %ﬁﬁ?%&eﬁfﬁ%ﬁ%ﬂt@ﬁe%&ﬁ%@ ¢ uasfsg zcgree]%&‘ﬁ% 'rbéeon%l Z‘é‘ ar gezj
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unit time, yRARGHN hdel Feduced pressure) distillation and/or stripping with a gas which is not
30 disruptive in reaction zone A (for example steam, molecular oxygen, molecular hydro-
gen and/or other inert gas (for example also air)), and they are added to the after-
treated residual gas |. Specifically, the procedure may be as in the analogous absorp-
tive removal of propane from product gas A described in DE-A 10 2004 032 129. When
the above-described removal, which is less preferred in accordance with the invention,
35 is undertaken in the process according to the invention, it will always extend only fc a
portion of residual gas | and thus only to a portion of the propane present in product
gas B. Preferably in accordance with the invention, the aforementioned propane portion
is = 50 moi%, more preferably < 40 mol%,; more preferably < 30 mol%, more preferably'
< 20 mol%, even more preferably € 10 mol% and most preferably £ 5 mol%. -
40
After a portion of residual gas | has been discharged, CO; present therein will be
scrubbed out of at least a portion of residual gas | (in a second separation zone II).



anount of gFeasﬂ gpropane fed into the process per unit tine, is < 30 nol %
better < 25 nmol%or < 20 mol% or < 15 nol % preferably < 10 nol % nore
preferably <_ 5 nol % and nost preferably < 3 nol%or s 1 nmol % 15 Were the
anount of propane di scharged to be hi ghen than t he af orenenti oned val ues,

or even in ,the case of th af orerren#sb Iues hF Ejlsch e can al so be

carried Out\Nh Mgﬁldyﬁlaqast ﬁ‘ Wlﬁe% %ﬂ%ssalﬂ % OH?esent in
t he anount cb¢micakieduetion Qj&x mplgcwar @ﬁyg@h)atpgwtaesw@ﬁ@ﬁ@@ ¢fpfeband & fehe
di schar ge @fdubingasdisdtavde toa@Ou b, ex@mphe BPpdiidlif ol apbicphateroardigs and any

propyl ene r@dgﬂ%ﬂths%éﬂéss}ﬁﬁ?eytorrﬁ&@t r'%%leBéHrEtF ﬁ{geﬁ “r‘éc#tﬁted H‘ﬁJ th@%rdos@fbte%r&r eat ed

in accordan enent | oned

r enoval °conénéiresidyrl @@edhgihe, Cafaﬂys&)ﬁ%%@meﬁe‘ad t‘“h\ﬁ[oa%%@(?fpotsl a?fap ISHOURES of
resi dual ga$stbichiometry QCef . rabilyeraixghirdoiold1rtg)0. Danmhy kx),sbisveato passi-

&E’r ‘éfz gr :lbL)éleﬁ‘n YSIERRERR & rib Aty dﬁog(an SPGIReE éu%h %ﬂ@@%@ﬁ\ﬁer%n @ adtpras of

[
preferenti %Q)’E@ﬁ?or\ég?c@d”@bt%gﬁ@%Bf%rﬁ gg’?%n%&{‘(a@ rog'P@Ql"HFJ%/{:IIe ga&s' 1) are
absor bed (fustlderanplcesdst Iststphitly heasddizey tbtCQ4n thegdywnsThemmireplatien oed (any)

8r OFY: ﬁDte # RaERHOANES D, Mt/ SUD THAYRR hascl:?ﬁé—t[:#a‘i b@tt (RE & orb @AHERHET @SS Ur €)
istillatiqn

" eact i on z8&@%%9?'3?%%%?@%9@3@{8{9{%@%‘" 550t LB gen
and/ or ot h&gduchent of Qarrepeirin eitivsl @asdlveth i preyentamepsidvelgasrleThigded o t he

after- treabedar esbdaahp@anted iSRESAJUILR/hdrher.t he procedure may be as in the
anal ogous absorp- tive renoval of propane from product gas A described in

DE-A 10 2004 032 129. When the above-described renpval, which is | ess
preferfed IMIeREEdr bisrusiciant in aqcerdancemith & ingention anfyde seaseenPeTtioR AethBr ocess
accor di ng O thnesdnhineetidoal, gastl owt bflit. Adventsgeexisignithe @dysdrnabtang widittei won  of

residual értékbj?vg eﬁ&v‘ét%dgﬂéé/sutré) &@ﬂ!&tﬂoﬂ%ﬂ%é b&:, Bét‘é’é?@r%%n k5S¢ Bhr, pFlafprOdUCt
T

O e P rom & lo 30T e rastaBrer AP AP ook RS B S ae bl

<_ 30 nol %n mmoe:iq@r:efu\@hathﬂ vertion2y mekeg ok basiertin hepBrehstediseyse) liqud. nol % and
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in the pr e?(ﬁr& L#Ka wever conversion i s not
pre- Osi tn Water or COs, 3 and Hin water dvantageously such an
aqueous potassium carbonate solutlon has the solids content of from 10 to 30 or 40%
30 by weight, more preferably of from 20 to 25% by weight. Addition of small amounts of
alkali metal hydroxide (e.g. KOH) allows the agueous alkali metal carbonate soiution
additionally to be made alkaline prior to the scrubbing in order to neutralize any car-
boxylic acids (e.g. acetic acid, formic acid, acrylic acid) present in small amounts in
residual gas |. Favorable agueous scrubbing solutions are also those which comprise
35 KHCO; and K:COs3 dissolved in a weight ratio of approx. 1 : 2, their solids content ad-
vantageously being from 20 to 25% by weight. With absorption of CO, and water, one
molar unit of K2COj3 is converted to two molar units of KHCO; in the course of the

scrubbing (K2COs + HO + CO2 —» 2 KHCO3).

40  Instead of carrying out the CO- scrubbing by means of a basic liquid, it is also possible
to carry out the CO; scrubbing, for example, with CO.-clathrate formation according to
" the teaching of EP-A 900 121.
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be undert alenate BolubomBdivambyEFLsRNbrbduced Wty tepbf 8Rtcolublre residual gas Ito
be scrubbed generally flows fromthe bottom upward and the scrubbing liquid

fromthe top downward in the 5 scrubbing colum. In a manner known per se,
t he scru bbWi“g'edBﬁF G sgr@ﬁ\bmg dserrefasplaly carried out at low temperatures, the hydrogen-

carbonate dissociation is preferably carried out at elevated temperatures. In the de-

30  scribed integrated system of CO; scrubbing, dissociation of the scrubbing solution and
reuse as a scrubbing liquid, the dissociation is appropriately effected by means of
steam which has a temperature of from 130 to 160°C, preferably of from 140 to 150°C.
The aqueous solution to be dissociated is appropriately introduced with a temperature
of from 80 to 120°C, more preferably from 90 to 110°C. Conversely, residual gas 1 is,

35 advantageously in accordance with the invention, conducted into the scrubbing column
at a temperature of from 60 to 90°C, more preferably from 70 to 80°C, and the scrub-
bing liguid introduced at a temperature of from 70 to 90°C, preferably from 75 to 85°C.

Especially when only a portion of residual gas | is subjected to CO, scrubbing, it is ad-
40  vantageous to carry out the compression of residual gas | fo the pressure preferred for

the CO. scrubbing in a plurality of stages (for example with the aid of a multistage ra-

dial compressor; beyond each compression stage, compressed gas can be withdrawn).
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employed actually before the first expansion. As a consequence of the indirect heat
exchange, condensation of steam still present if appropriate in residual gas | can occur
therein. The afarementioned expansions are, advantageously from an application point
of view, carried out in (advantageously likewise multistage) expansion turbines (this
35  serves to recover compression energy). For each compression or expansion stage, the
difference between inlet and outlet pressure may, for example, be from 2 to 10 bar,

In general, at least 50 mol%, usually at least 60 mol%, or at least 80 mol-% and in
many cases at least or more than 90% by volume of the CO; present in residual gas |
40  are scrubbed out in separation zone ll.



t he i nvent ipgrq5 r;acti on zone B is operated at a pressure of ? 1 bar and 5 3
bar, pref- ra(gf‘y ? 1.5 and 5 2.5 bar. The preferred working pressures for
CQ2 scrubbing are from3 to 50 bar, or 5to 30 bar, or from8 to 20 bar,
preferably from 10 to 20 or to 15 bar. 540 Appropriately in accordance with
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The membrane removal of molecular hydrogen is preferably likewise carried out under
30  high pressure (for example from 5 to 50 bar, typically from 10 to 15 bar).

It is therefore appropriate in accordance with the invention to carry it out immediately
before the CO; scrubbing or immediately after the CO» scrubbing (preferred) of the
residual gas | in order to advantageously twice utilize the pressure level increased

35 once. In addition to plate membranes, wound membranes or capillary membranes, pipe
membranes (hollow fiber membranes) in particuiar are also useful for the hydrogen
removal. Their internal diameter may, for example, be from a few um to a few mm. For
this purpose, analogously to the tubes of a tube bundle reactor, for example, a bundle
of such pipe membranes is cast into one plate in each case at both pipe ends. Outside

40  the pipe membrane, there is preferably reduced pressure (< 1 bar). The residual gas |
under elevated pressure (> 1 bar) is conducted toward one of the two plate ends and
forced through the pipe interior to the pipe outlet present at the opposite end. Along the
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Typically, cycle gas | recycled into reaction zone A comprises:

35 from 50 to 90% by vol. of propane,
from > 0 to 5, usually to < 2 or £ 1% by vol. of CO,
from 1 to 20% by vol. of Ha,
from 1 to 20% by vol. of COs,
from 1 o 20% by vol. of : H2QO,

40 from 0 to 10, frequently to 5% by vol. of 0Oz and

from 0 {frequently from 2 0.1) to 5% by vol. of propylene.



5-any non- g{:ts%&? eated portion) can be recycled as required into reaction
zone A as one the at |l east two feed streans conprising gaseous propane.
Preferably in accordance wth the invention, the entirety of residual gas |
aftertreated in accordance with the in- 56/ention is fed to reaction gas A
starting to the char as e of reaction zone
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of the process according to the |nvent|on. Typlcally, cycle gas | recycled
into reaction Reaetoﬁtocttmftrk&e&:latiaﬁsfalgem 50 to 90% by vol. of propane, from
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25  The internal diameter of the outer cylinder was 91 mm. The internal diameter of the
guide tube was approx. 60 mm. '

At the top and bottom, the jacketed cylinder was concluded by a lid and base respec-
tively.
30
The contact tube (total length 400 cm, internal diameter 26 mm, external diameter
30 mm, wall thickness 2 mm, stainless steel) was accommeodated in the guide tube of
the cylindrical vessel such that it just protruded in each case through the lid and base
at the upper and lower end thereof (in a sealed manner). The heat exchange medium
35  (salt melt consisting of 53% by weight of potassium nitrate, 40% by weight of scdium
nitrate and 7% by weight of sodium nitrate) was enclosed in the cylindrical vessel. In
order to ensure very uniform thermal boundary conditions at the outer wall of the con-
tact tube over the entire length of contact tube within the cylindrical vessel (400 cm) the
heat exchange medium was pumped in circulation by means of a propeller pump.
40 :
An eiectrical heater attached to the outer jacket regulated the temperature of the heat
exchange medium to the desired level. Otherwise, there was air cooling.



Usef ul suchgggxyerization inhibitors are in principle all known process

i nhi bitors. ticularly suitable in accordance with the invention are,
for exanple, phenothiazine and 5 the nethyl ether of hydroqui none. Presence
of nol ecul ar oxygen increases the effecgytiveness of the polynerization

i nhibitors. Acrolein obtained by the process according to the invention can
be converted to the acrolein reaction products nentioned in the docunents
US-A 6166 Réatamnchatée:A 618 T96sd vermid fst-stho@aizelopi the sglaniit@nd pied- uct s

are 1, 3-propanediol , methi O%hgﬁg_q%%%f%?é S'ﬁﬂé(ﬂ%t-%@ﬂg?%%t&%ér@%on%%t@‘a”p' es

and conparative exanples 1. erm operation o er olg]e 1€0 g
catal yzed two-stage partial DXEEHEENbAheshagessy nKere eigeryis trshgied®in t he
absences and i n the presence redctoradt éheubattonh Yt wdsScahdogien i) ti@emeactn tube

experinmental setup of the reagty @ﬁp%Pﬁ@%%fHéS“ﬁ%%ﬁ%a%&r the first
oxi dation stage 20 The reactor consisted of a jacketed cylinder of stainless

steel (cylindrical guide tube surrounded by a cylindrical outer vessel).
The wal | thicknesses were allwaysltfraiirmriered thescviindric2bgitie tubetas theabottfinanet er

of the outer cylinder was 93img tetpRrdtiveerbHd 16 a1ERdyaRdREl dhde tubdide tube
was apﬁj ox. 60 mnmm At the t%) @nd .R}ot{om tthe o€ e@ed c%é{ n%@ra was
concluded by a lid and base _ee Béﬁ‘f 1 %893 U0 THE" MRt 'S ulye b(C}St al

l ength 400 cm internal diaf@ter 26 mm external diameter 30 nm wal l
thickness 2 mm stainless steel) was acconmpdated in the guide tube of the

cylindrical vessel such that.it_| truded | cas h the lid
and base at the upper and ﬁoﬁa‘,slfaﬁ%st?c{]%g%%& %ﬁ&a&gééﬁ?%% aﬁ%}ﬁﬁggt@ The heat
exchange medi um 35 (salt nelcenvasisn §f PhE ot 1 5850 sinelegiess 6f thesuassefum
nitratty 40% by wei ght of saeh el oxididtioatseagand 7% by wei ght of sodi um
nitrate) was enclosed in the cylindrical vessel. In order to ensure very
uni form thermal boundary conditions at the outer wall of the con- tact tube
over the enfiPPvel UBRGP#98T contact tube within the cylindrical vessel (400
cm the hgam edodoge prad)Secti@sApangtedOiom ci rcul ation by neans of a

propel I er punp. 40 An el ect rﬁr&%iniﬂ?%{e@%f@kﬁ%&%ﬂeﬁe@_&fB%rr%rf‘dmis'iﬁm!ﬁ?t

regul ated the tenperature of the exchange nediumto the desired | evel.
Q her e, there was air cooling. PF 57347 57 Reactor charge: Viewed over
the first-stage reactor, thé&estdrtBrlehgthd@f ctthe charge gas mixture of the

first-stage reactor were condii®@narge of a homogeneous mixture of 30% by weight
of steatite rings of geometry 5 mm x 3 mm x 2 mm (external
diameter x length x internat diameter) and 70% by weight of
25 | unsupported catalyst from section C.

Section C: length 200 cm
Catalyst charge of annular (5 mm x 3 mm x 2 mm = external
diameter X length x internal diameter) unsupported catalyst
30 according to example 1 of DE-A 100 46 957 (stoichiometry:
' [BisW>Oex2WOslo 5 [M012C0s5F€2.545i1.50K0.080] ).

Section D: length 10 ¢m
_ Downstream bed of steatite rings of geometry
35 7 mm x 3 mm x 4 mm (external diameter x length x internal
diameter)

Intermediate cooling and intermediate oxygen feeding (pure O as secondary
gas)
40  For the purpose of intermediate cooling (indirectly by means of air), the product gas
mixture leaving the first fixed bed reactor was conducted through a connecting tube
(length 40 cm, internal diameter 26 mm, external diameter 30 mm, wall thickness 2 cm,



in cocurrep,li: 7‘532 charge gas mxture entered the first-stage 5 reactor at

t he bottom Iﬁ s conducted into the reaction tube wth a tenperature of
165C in each case. The salt nelt entered the cylindrical guide tube at the
bottom with a tenperature Tin and | eftsghe cylindrical guide tube at 10

the top with a te erature Tout which was up to 2C above Tin. Tin was

adj ust ed sdEHEETS! v\ﬁé@}@d@rWQ@kkcmﬁfﬁ‘sﬁfa@BQW'a' JHGEWEs BIvuBtedeEns 0. 1
nmol % i n si trglietopalssgtatof 2hemouabdrged afth athSndrbieed ofrstdatiox it of gerosetrge. Cat al yst

tube char gg:mhivPmni b rﬁﬂi@?@ﬁé@\ﬁ%ﬁ@er%@ﬁ tﬁ&ﬁerrla?@ﬁh*éte??aﬁﬂﬂv% Rhhdgdnar y
bed of ste IItF thﬁr Eféiﬁ E%tsﬁ 20 Sectioh B: length 100 cm
Catal yst cHEG¥ o5f° Lipteure of 30% by weight of steatite rings
of geon®try 5 mimx 3 mmx 2 nm (external dianmeter x length x internal

di anet er) IR prdficyasWrixainé a@fays%ﬁte%lﬁﬂﬁ@&@hﬁ@ﬁn@ﬁb’t‘ é/tfattefnrp@fﬁttﬁ@@qurh C.

Siffalr ggl lr&%c&) %Bgll gmg‘f%ﬁ% glté/rﬁ eergﬂgé gtg‘f %met gdrc’lg%ﬁr?s‘?uppor ed czr;naf(ygt nm36

according to exanple 1 of DE-A 100 46 957 (stoichiometry: [Bi 2W20Ox2W33]9. 5
[|vb12005 SEe&e%Sidftr’@d,ﬁ@mestag]tmbe nasiédulgoxiken einpe preklueeionsiereed bed of

steatl h&gfas%[x@?fv@?é fr)étégd Yntcgme)%oae rédu%t En%?rfﬁr%r? re@hﬁ’iﬂ%ﬁg x | ength

X |nternal medi 0X n feeding

(pure 02 aﬂ“"%r@dﬁfé%{g? gag stuedorHpe S?P@d&ﬁqﬁ?% SE?IQG‘? W?%F%q}lc
(indirectl Wemecmamgefca‘@iys) tubt le which due sb@yamentionddiceanketing tnige vae f irst

fixed bed fu%‘e%éé){a %%%ﬂdtﬁ{fémgurﬂo?%%ﬁfa\‘ Bgﬁte\'\bﬁetef@d‘?ss 40 cm

i nt ernal nal ter cm PF
A T e L S o

whi ch has mothatreshittvgrgastmisiuteweot&. | ength of 20 cm charged with an inert
bed of steatite rings of geonetry 7 nmx 3 mMmx 4 mm (external dianeter x

| ength x inter ter and anged directly onto the first-stage
catal yst tube. %acf%r% e)cond oxu\&atson sta eq

A catalyst tube fixed bed reactor was used which was of identical design to that for the

20  first oxidation stage. Salt melt and charge gas mixture were conducted in cocurrent
viewed over the reactor. The salt melt entered at the bottom, the charge gas mixture
likewise. The inlet temperature T of the salt melt was adjusted so as always to result
in an acrolein conversion of 29.3 + 0.1 mol% in single pass at the outlet of the second
oxidation stage. Toui of the salt melt was always up to 2°C above T,

25
The catalyst tube charge (from the bottom upward) was:
Section A: Length 70 cm
Upstream bed of steatite rings of geometry 7 mm x 3 mm x 4 mm (ex-
30 ternal diameter x length x internal diameter).

Section B: Length 100 cm
Catalyst charge of a homogeneous mixture of 30% by weight of steatite
rings of geometry 7 mm x 3 mm x 4 mm {external diameter x length x
35 internal diameter) and 70% by weight of coated catalyst from section C.
Section C: Length 200 em
Catalyst charge of annular (7 mm x 3 mm x 4 mm = external diameter x
length x internal diameter) coated catalyst accordihg to preparation ex-
ample 5 of DE-A 10046928 (stochiometry: Mo12VsW1zCU2.40x).
40 '
Section D: Length 30 cm
Downstream bed of steatite spheres of diameter 4-5 mm.



5 The prod gle-935 m xture al ways entered the connecting tube at a
tenperature of > Tin (first stage) and left it with a tenperature above
200C and bel ow 270C. At the end of the connecting tube, nol ecul ar oxygen at
the pressure level of the prod- 10 uct gas mxture was netered into the

cool ed product gas m xture. The resulting gas mxture (charge gas m xture
for the second oxidation stage) was conducted directly into the

second- st aBe c&esbisachiaved as@ whétion af e edsopasitiontdl Hreethacgmgrscmhixtige olibe was

i kew sehf It ﬁ”?“”f‘? iyt é)fiéati@h@%fgee{ﬂfé-praﬂi@eaﬁwﬁ@ wab s@nbacsulll(asTmygm gept ter ed itn
was suc a - rati J ure to
acrolein pr eseﬁ‘etctt]%&)}g&iaﬁw’éggp g%rﬁ%t'gﬁég%gggén}%?}teﬂp ém&gé&%ﬂf&é%gfg? (S)Drag%ac()r t he
second ®xi dat i 6A cePRjiedmrerRtiens) sasElwrysts Ke@obed react or was used which was
of identical design to that for the 20 first oxidation stage. Salt nmelt and
char ge gas_.m x ; L : i tor. The
salt melt St eﬁf‘é‘é%f“?ﬁﬁa&ﬁﬁﬁﬁéﬁ%ﬁ@%ﬁﬁ%‘gé@%@eﬂfﬁﬁﬁﬁ%ﬂyﬁf%‘ﬁ?&%@%e et
tenperature Ti ifahe salt nelt was adjusted so as always to result in an
acrolein conversion of 99.3 0.1 nol%in single pass at the outlet of the
secondqgoxi dation stage. Toulnpofstdie salt erp@s always up to 2C above
Tin. 25 The catal yst tube g?gr e frfomth bott om upward) was: Section A
Length 70 cm Upstream bed SPedtiYe ringgz'of geonetry 7 mx 3 mm x 4 nm
(ex- 30 ternal dianeter x PeWdgunhvok dfnt er nade, di aneter). Section B: Length 100
cm Cat al yst charge of a hogmggnggus m xt ungcodnd30% by wei ght of steatite
rings of geonetry 7 mmx 3 8(\.% ﬁn(ext nal dianmeter x length x 35
internal dianeter) and 70%5% v@éj of codted catal yst from section C.

Secti of® C: Length 200 cm Catal yst charge of annular (7 nmx 3 nmx 4 mm =
external di ametethexstart engkheactiontagparatusthargeiddireshiyaathathtahadt ahy siletaemor di ng

to preparation .5 of DE-A 10046928 (stochionetry:
Mo12V3W . 2Cu2. R%qéggjegeécti on D Length 30 cm Downstream bed of steatite

spheres of dianeter 4-5 mm PF 57347 59 B) Results achieved as a function
of the conposition of Théirghaidgéoyamgel xt uB20°6f the first oxidation stage

(the pgepene | oadi ng Wassaebnd idatnlstdge)P)dekl: the se- lectivity of acrylic
acid formati on (assessed over both reaction stages and based 5 on converted

propyl ene) was al ways ? 94 nol 9.
After an operating time of 3 months, the inlet temperatures were:

- Tin (first oxidation stage): 330°C
25 ' Tin (second oxidation stage): 285°C

b)  The composition of the charge gas mixture for the first oxidation stage was sub-

stantially:
30 7% by vaol. of propylene,
12% by vol. of O,
5% by vol. of H20 and
76% by vol. of No.
35 At the start of the reaction appafatus charged freshly with catalyst, the inlet tem-

peratures were;

Tn (first oxidation stage):  320°C
T (second oxidation stage): 268°C
40 |
After an operating time of 3 months, the inlet temperatures were:



a) The corrpp%-,%hfm of the charge gas mi xture for the first oxidation stage
was sub- stantially: 10 7% by vol. of propylene, 12% by vol. of 02, 20% by
vol . of H2, 5% by vol. of H20 and 56% by vol. of N2. 15 At the start of the
reaction apparatus charged freshly withégatal yst, the inlet tem peratures

were: Tin (first oxidatjan sta 320C Jin (second oxidation stage):
268C After an operati ﬁt &ir% 5%?%?” ﬁtﬁﬂ‘?%s ?:%ﬁe&i nlet tenperatures were: Tin
(first oxidation stage)™(s380T @gdation S(fm&?@"@)xi dation stage): 285C b) The
conposition of the charge gas m xture for the first oxidation stage was sub-

stantially; 30 I r I 0, % . of H20
and 76% ” VolP?o/é’egé'mf%r%@?hp% Wﬂé{a g?ﬁomo%'%f{%lpélre‘ig% r&iap)t'pgr% éés c%]arged
freshly® vvlth c&tiofst . the inlet tem peratures were: Tin (first oxidation
stage): 320C Tin (second oxidation stage) 268C 40 After an operating tine

of 3 ront h@&aétgb‘ﬁ Aok &l g%ecff%téﬁaﬂ?ur\%é %5%?6'??@9% Tr’ag rééccwr%tnd%hdat' on

st age) : sec i dat | on g ocC arin
acr 3I i)c acf“?j"rte?' S‘H‘?é ﬁhé””(‘%‘ R3sShtRp B‘SE I5hPe Sa?réaq%dd%su@e§%?” E@E’)e" °
React i on zdimstian chrspaticlaflixad shafyst hed inaded eaantgad aes sigindgbsatea wireay
;??S;Sﬁe % ap%egﬁ(r:bg ér‘r%@% ffh@' abas 'rr%'t bi¥ed IMlbﬁlm”%aiorrt h{e@ﬁnéieﬁgl%é@hgﬂtgg-ﬁ;s ?egz q
e bed, | 26 Fiffcue Sheis,pralmelet £ up 2 mi 208 At Bl e Ry ERHRL Fhe
series mnﬂ@ﬁﬂwta'wtﬁh@we@tli@eﬁﬂhem) (diematar nfatoed.bapmy lb@cbaﬁe\iqyme ratief nm
steatite spagesycpbtich Bl S stdaftelsphdred nmS)wdrr@wwtm.e@[g@fpofsélg@mt _
dehydroge- Aal{qno g2l Alo/aime ot GF LR sPRICHER S ameter 1.5 to 2.5 mm) in

a bed Yolu

Upstream of each fixed bed is disposed a static gas mixer. The dehydrogenation cata-
lyst is a Pt/Sn alloy which has been promoted with the elements Cs, K and La in oxidic
form and which has been applied to the cuter and inner surface of ZrO, « SiO» mixed
oxide extrudants (mean length (Gaussian distribution in the range from 3 to 12 mm with
20 maximum at approx. 6 mm): 6 mm, diameter: 2 mmj) in the elemental stoichiometry
(mass ratio including support) of Ptg3SngslasoCsesKe2(ZrOs)ss 5(Si02)7.1 (catalyst pre-
cursor preparation and activation to the active catalyst as in example 4 of
DE-A 102 19 879).

25  The heterogeneously catalyzed partial propane dehydrogenation is carried out in
straight paths in the tray reactor described. The loading on the total amount of catalyst

(calculated without inert material} of all trays with propane is 1500 | (STP)/I*h.

62 473 m* (STP)/h of reaction gas A starting mixture (T = 438°C, P = 2.92 bar) are fed
30  to the first catalyst bed in flow direction and have the following composition:

- o0 870 m? (STP)/h of cycle gas | with the following contents:

acrolein 0.01% by vol,,
acrylic acid 0.01% by vol.,
35 propane 63.49% by vol,,
propylene 0.86% by vol.,
Ha 14.50% by vol.,
02 4.72% by vol.,
H.O 2.05% by vol.,
40 : CcO 1.17% by vol.,
COq 11.17% by vol.

- 3091 m3 (STP)/h of steam; and



dehydrogengftlé}% agat al yst: steatite spheres =1 : 3) alternatively, it is
al so possible at’ this point to use the same anount of catal yst but

undi luted). 15 Upstream of each fixed bed is disposed a static gas m xer.
The dehydrogenati on cat a- Iyst is aPt/én all oy whi ch has been pronoted with
the elenments Cs, K dIC form and has been applied to the
outer and innef ra%ggénl-agfslrg /E‘)? CrafieyPEORFNR 'Cho%%'S@iPFQE’EQﬁf%g’E)%@W | engt h
(Gaussi an distri butqf6r98|°/mb!lh@umange from3 to 12 nmwith 20 nmaxi mum at
approx. 6 mm: 6 mm dianeter: 2 mw) in the el emental stoichionetry (mass

ratio incl | O2) 7.
(catal yst Rg%&%”&%ggfs%ﬁ’é‘gﬂ'x kK 'ﬁ ﬁ%?% Oﬁ ggﬁﬁg % 8&)%'%;%?&6% 4t al) yst as
i n exanpl eclaanse vk prodac Q§9A87935812§ R ive2. B ban) o%@éﬁ%%opéa@ﬁ%?@éfaé%ﬂtl al
propane deby €266 bRdhe@auESULAINHERShi® Ubtaind iis b&mrgidn aakhsadinwhiie tray

r eact or dezleL'Sget?)émEngth%?gé)fﬁﬂaﬁ)gegt?ﬁe LRhsATRUAE Ay RAIBLIS con(iinl cul at o

W thout in SPBY M h. 62 473
n8 (STP)/ hugdd fNEB%rtbe?P'@)&’@%G@P%@QS?W ‘H]%@Pﬁrraéo'ﬂ Fone WEyexappie ip agdirgghr ) are
fed 30 toctdiiagfasrastootmt)alys stehmds anaifabavatd tespbradmreafid 5h@vend Hieaf.ol | ow ng
corrplosi“gi on: - 50 870 n8 (STP)/h of cycle gasbl vvilth the foI | ow ng contean:
acrolein 0,01 cid 0.01 % VO ne 63.49% by
Vol 1 pr oBye b nGslE s TobietasiiEatneg oayon oy reactipdas RS Gor . 120
2. 05% by vbire js steh 0@t TedcTion bgs vWdeaves tgORathlys1FEd Wigh v démperatuB® o548 C( STP)/ h
of steam gnglaPrasaddfct Bd1 bar vitblRe iiolvip ;[;Pc)dntbn@sf crude propane which

conpri ses propane to an extent of > 98% by volune. Reaction gas A starting
m xture is heated from80C to 438C by indirect heat ex 5 change with product
gas A {I =581 C, P = 2.88pts@ehe The crude5plépbinecli.s evaporated by neans
of the aqueous condensate ghipgiened in sepasmb/psyz@ne | (acid water (T =
33C), indirect heat exchan e) The condensq 56/ -in this process can be
used further for acid water condensation in §epafration zone | (for exanple
inadirect cooling as a Ee8l ant). The st da®PrsP¥Vdil able at a tenperature
of 152C and 5 bar. 10 TheClked hei ght of tb®784 bgtolcandl yst bed fl owed

t hroughy by reaction gas A @tzarti ng m x- 0 % by vol.

The maximum temperature in the first catalyst bed is 592°C.

The leaving amount is 63 392 m3 (STP)/h. Beyond the first catalyst bed, 986 m?

25 (STP)/h of molecular oxygen (purity > 99% by volume) are metered into reaction gas A.
The oxygen has been preheated to 176°C. It is consfricted to a pressure of 3.20 bar, so
that the resulting pressure of the resulting reaction gas A is still 2.91 bar.

The bed height of the second catalyst bed is such that reaction gas A leaves the sec-
30  ond catalyst bed with a temperature of 566°C and a pressure of 2.90 bar with the fol-
lowing contents:

propane 51.91% by vol.,
propylene 9.55% by vol.,

35 H2 10.88% by val.,
H20 15.38% by vol.,
CO» 9.57% by vol. and
O 0% by vol.

40  The maximum temperature in the second catalyst bed is 595°C.



ture is sughgﬁﬁ reaction gas A | eaves this catal yst bed with a tenperature
of 549C and a pressure of 2.91 bar with the follow ng contents: 15 propane
59. 0% by vol ., propylene 5.94% by vol . H2 10. 25% by vol . H20 12. 98% by
vol., CO2 9.97% by vol., and 20 02 O %by vol . The maxi rrumterrperature in

the first talyst bed is 592C T ayj ny 39 STP) / h. -
Boyond ¢ he TP RETBANTpLE Fbs mRTroLp ;h%eﬁﬂyPﬁ{""stt%ﬁiéwﬁ?pogﬁg B Curity
> 999% by veireare hedhirrbeatpluet Hest 81 @A TR efaBolacularmiyoen (Rysl he /otﬂa/en

preheat ed teuhépa. =hrsics c@@ﬂﬁ@téﬁ@d@@rds@ur@ Prestirparefmae?a idrhis $eac-t hat t he

resul ting HSI?@%%AGTI‘PJ retsgl‘ﬁ %@Fﬁ‘é&&:‘e’lﬁ er%gﬁi'[nﬁg@he%?ﬁ%rfgéssﬂx%éthm o G bar. The

bed hei ght e secon ysSt F 78Ye reaction gas A | eaves the
sec- 30”%and catalyst bed with a tenperature of 566C and a pressure of 2.90
bar wi th t ke betl helghtwfrige thimteatzliyst bed Bank tizt r&ictidh hgs Modaves tipy tbx]i)'yll ene 9.55%

by vol., 3%, Ugt &8&%9&(0‘{ ak A’Wlwgéﬁﬁéﬁd?@dfﬁéqbc ’andg‘gépr%ssﬁ}e/ %Py vol. and

02 0% by vaql erature 1 n the secon atal yst bed is 595C
PE 57347 69 881%5 i i*ﬁ”ﬁéowﬁaaﬂ@ RS’ 66 058 nB (STP)/h. Upstream of the static
m xer di sposed up- streamof the third catal yst bed, 918 nB8 (STP)/h of

nol ecuh@r oxygen (purity >pQ3%nby vol une) affo%, dy/6G, constricted to a
pressure of 3.20 bar) are mete{eed into thi 32 sg/,c t|on gas A. The resulting
'Bn gas A i P79 Y WP

pressure of the resulting PER 90 bar. 5 The bed hei ght
of the third catalyst bed Hgs such that readfli38fr l@a%olA | eaves the third
catal yst bed as product gas,o w th a tenperaugrenpfol581 C and the pr essure

of 2.88 bar with the foll ng contents: 2] 19% by vol .
propyl ene 12. 75% by vol . %ﬁﬁ 11. 38% by vo%%/rﬁ?g%gl 4d76% by vol . ‘o 9.21

% by véP. and 15 02 0% by @8 % by vol.

The maximum temperature in the third catalyst bed is 612°C.

The leaving amount is 68 522 m?3 (STPYh. Indirect heat exchange with reaction gas A
20  starting mixture cools product gas A to a temperature of 280°C. '

13 306 m? (STP)/h of molecular oxygen (purity > 99% by volume) are metered to this
product gas A (T = 176°C, constricted to a pressure of 3.20 bar). The resulting pres-
sure and the resulting temperature of the charge gas mixture thus obtainable (reaction
25  gas B starting mixture) for the first partial oxidation stage of a two-stage partial oxida-
tion of the propylene present in product gas B to acrylic acid are 283°C and 1.75 bar.

The first oxidation stage is a multitube reactor having two temperature zones. The re-
action tubes are configured as follows: V2A steel, external diameter 30 mm, wall thick-

30  ness 2 mm, internat diameter 26 mm, length: 350 cm. From the top downward, the re-
action tubes are charged as follows:

Section 1: Length 50 cm
Steatite rings of geometry 7 mm x 7 mm x 4 mm (external layout x
35 : length x internal diameter) as an upstream bed.

Section 2: Length 140 cm
Catalyst charge of a homogeneous mixture of 20% by weight (alterna-
tively 30% by weight) of steatite rings of geometry
40 5 mm x 3 mm x 2 mm (external diameter x length x internal diameter)
and 80% by weight (alternatively 70% by weight) of unsupported cata-
tyst from section 3.



The maxi rrugg t@;’ggr ature in the third catalyst bed is 612C.  The | eaving
anount 1S g >’ 8 (STP)/h. Indirect heat exchange with reaction gas A 20
starting m xture cools product gas Ato a tenperature of 290C. 13 306 nB
(STP)/ h of nol ecul ar oxygen (purity > 98% by volune) are netered to this
product gas A (T = 176C, constricted to a pressure of 3.20 bar). The
resulting pres- sure and the resulting tenperature of the charge gas m xture
t hus obt ai Sgblian 3r eactangih P gas B starting mixture) for the first partial

oxi dat ijon StageBof a ¢aplystaraeyensitanhalbr Bdneex 3 Mo R 20hnthexiprrepyberer X gse_nt
in product gas B to i . r i i dation
stage is a nulti tubeq%@htxg?tgﬁg\e?'%@%%e\?\géq%g%%?%q %a?%lpég(%:g%r'l %ﬁé e%ger{nplg)éti on
tubes aPe confi gured HPEFHI108WE:9502A steel ; external diameter 30 nm wal |

thick 30 ness 2 nm i(StecHi@hete): JBEYVEDx28/Duins[ M@ sCsRF 388 £K.0:B0m t he top
downward, the re- action tubes are charged as follows: Section 1: Length 50

cm Steatite rings of geonetr .mmx 7 4 mm (ext er.nal 0 35

| ength x interngl di '@%"e&siz&r?’%i)p%‘fsrs@%%@&? u%%e‘["? B‘JIZFH?.CE“]@%&L%Uéio cm

Cat al yst charge of a th&syéhéomRedertahrzisodsu2e MobPOTi2ghitAugasdtiasy BROS ti vel y

i et o x T ehgth x e R e T ekl v o
, . 0

by wei ght) of 8nsuppméﬁs'aﬁ¥%-ar iqer%”rs&ﬁug@g??%’rfy .EC{D% %’f%ﬁgg&t "Sz}eg&ign 3:

Length 160 cm Catal yst charge of annular (5 nmx 3 mmx 2 nmm = ext ernal

di anet er X Frdre i Bp oivAlverd) &le EERITBLERT hreRSRRItE @ By friladk Y64 sAEBhAI Ng t O

exanple 1 - 57 ol chi try. :

(51 2vecox 2 D8BTS PV DL B A e, TR SYond 1757 15 LETDerged ™ 5 al so
possi blle harsaltiaihd surmped s couRteredsteat {pseactian@as B.t o EUC 11 from Resear ch

Di scl osure No. 497012 of August 29, 2005 10 (the unit of the specific

surface ar qs SRRl difbibhELEe IR Ph iﬁtge ;ctgtnﬂ?é\/ﬁ'ﬁg wiflbfBoafige0t her wi se

nunerically correct, 1.s not "cn/ g bu [9), romthe jownward, the
first 175 éPR%r dNeFRACHDS T éé%?)"%’r%%iwféor&#g fog Lopvniyat a%}c’ﬂg\{ﬁﬁped in
countercurrent to reaction gas B. The second 175 cmare thernostated with
15 a sght batfbrB:.PuMPginpE@Hnt ercurrent to reaction gas B. The second

Zonce. The reaction (UBRLS Gpes EREATIRIYI 1B | hOTP G4 BERIET JENFGT ove: 20
Section 1. Length 20 lemtisxédeinabdiainatps) asfa grebmitarybdd.rm x 7 nm x 4 mm
(external dianeter x
Section 2: Length 20 cm
25 Catalyst charge of a homogeneous mixture of 25% by weight (alterna-
tively 30% by weight) of steatite rings of geometry
7 mm x 3 mm x 4 mm (external diameter x length x internal diameter)
and 75% by weight (alternatively 70% by weight) of coated catalyst
from section 4.
30
Section 3: Length 50 cm
Catalyst charge of a homogeneous mixture of 15% by weight (alterna-
tively 20% by weight) of steatite rings of geometry
7 mm x 3 mm x 4 mm (external diameter x length x internal diameter)
35 and 85% by weight (alternatively 80% by weight) of coated catalyst
from section 4,

Section 4: Length 190 cm
Catalyst charge of annutar (7 mm x 3 mm x 4 mm = external diameter x
40 length x internal diameter) coated catalyst according to preparation ex-
ample 5 of DE-A 100 46 928
(Stoichiometry: Mo1:V3W12Cu2.40,).



| ength x iﬁgesr gz dianeter) as a prelimnary bed. Section 2: Length 90 cm 25
Catal yst c rgrg’ f a honpbgeneous m xture of 25% by weight (alterna- tively
30% by wei ght) of steatite rings of geonmetry 7 nmx 3 nmx 4 mm (external
diameter x length x internal dianeter) gfand 75% by weight (alternatively 70%
by wei ght) of coated catalyst fromsection 4. 30 Section 3: Length 50 cm
Cat al yst charge of a honobgeneous m xture of 15% by weight (alterna- tively
20% by wei ghdny thef top tdeaniviae, thenfigst 1075 e areetheymdstateal by Shamns of 4 saftrbéa er nal

di ameter Xp|@BedHh ouniir&irha: tAihaMBAGH) gad oTHRNGERYo BY ciel-d HerhBbhRidnat | vel y
80% by weight) o Coﬂhe‘gﬁat al%@,{t from sec%w 4. Section 4. Length 190 cm
Cat al yst ¢ & ObP SahReNds PYmPEINCOSNERTUTeR SrEteT HAY di aneter x 40
|l ength X internal dianeter) coated catal yst according to preparation ex-

anpl e 5 of pBrenlAP AP oRdRtich I GEBOIAY a B BRI haGU&cABXder Bhied 347 64

From the tqp_do d. the first 175 cm are, thernostated means of "a salt
bt C - pulsat EERt e o pHER Ina 8o i bRE B S BRb R ot R 105 Cvare
t her nost at 6ePley. Upatigam @theierind intodhe keepnsumgsiation Atage imdispesedreerive for t he
reaction ggsm suppBeirwegsculdroxiyeh @uiigat 999 bstamas)i s di sposed a tube bundle
heat e 6hanger cooled by neans of salt bath, with which the product gas of
the first oxidation stage can be cooled. Upstreamof the entry into the
second oxi dBePEPYiengdeading en thegatalysh chape 6f rflrstm@aﬁmﬁﬁge@rsekqt@m ar
o>r<]ygen ( Pubétms P (S%1HY THe salteklts 18397 be weldpyi mes,lmgdbyzgg@:ﬂt d()ﬂswfap?c/a%’ ﬁl y_sr';]
charge o - [ e : e
salt nel tst7?@ﬁ%‘?hﬁiﬂgﬁ@%%ﬁ@%@ﬁ%@@e&e@@ﬂﬁréﬁe%w, 7% by wei ght of
NaNO3) have the following inlet tenperatures: 15 TA = 324C TB = 328C Tc =
265C TDE= 269C Suffi ci €nt 3@vt@cul ar oxygens(1FBCC 3. 20 bar) is netered to
the product gas m xture_obgsidhe first oxidgtd ggy-ptage that the nolar 02:
acrolein ratio in the réesulting charge gas 20 m xture for the second

oxi dation stage is 1.25. The acrolein |oading on the catalyst charge of the
second oxi Safficent swkgelar sxyp4o (176°STRROIMar) iThetgred fsiheereduct bas mkiweoft o

the first oxidation stage that the molar O acrolein ratio in the resulting charge gas

20  mixture for the second oxidation stage is 1.25. The acrclein loading on the catalyst
charge of the second oxidation stage is 140 | (STP)/I*h. The pressure at the inlets to
the second oxidation stage is 1.61 bar. The reaction gas leaves the intermediate cooler
with a temperature of 260°C and the inlet temperature of the charge gas mixture into
the second oxidation stage is 258°C. The product gas mixture of the first oxidation

25 stage has the following contents:

acrolein 9.02% by vol.,

acrylic acid 0.61% by vol.,

propane 39.5% by vol.,
30 propylene 0.53% by vol.,

Hs 9.49% by vol.,

02 3.90% by vol.,

H.0 25.75% by vol. and

CO; 8.77% by vol.

35
Before entry into the aftercooler, the temperature of the product gas of the first oxida-
tion stage is 335°C.

The product gas mixture of the second oxidation stage (product gas B) has a tempera-
40  ture of 270°C and a pressure of 1.55 bar, and also the following contents:

acrolein 0.049% by vol.,



t he second g)g gg.?l on stage is 1.61 bar. The reaction gas |eaves the

i nternmedi aP& *88(er with a tenperature of 260C and the inlet tenperature of
the charge gas m xture into the second oxidation stage is 258C. The product
gas m xture of the first oxidation 25 sg@ge has the followi ng contents:
acrolein 9.02% by vol., acrylic acid 0.61 %by vol., propane 39.5% by

vol ., 30 propyl ene 0.53% bfcvigacid Hp 9. 498 T8ye Pv¥ol, 02 3.90% by vol ., H20
25.75% by vol. and CO2 8. Z@é&fickacidvol . 35 Befastebemdlry into the aftercooler,
the tenperature of the produgtngas of the hinst, gxiga- tion stage is 335C.
The product gas m xture of the second oxi d%tlé gﬂ sta]ge (product gas B) has a
tenpera- 40 ture of 270C aRPPYHFessure of YP3BPHEY: and al so the fol | owi ng
content®: acrolein 0.049% by vol., PF 57349.525 baeelylic acid 9.12% by vol .,
acetic acid 0.26% by vol ., g,propane 39. 43%ploygy vel., Propyl ene 0.53% by
vol., 5 H2 9.52% by vol ., 08 2.94% by vol 01?2&/%259. 10% by vol., COO0.72%
by vol. and CO2 9.3%by vbE® 10 As descri B&d /XAy 2004/ 035514, the product
gas Bis fractionally condéfsed in a tray Od@uBnvelsaihrati on zone ). As
the first fuel, 118 kg/h odhigh boilers (pdwyagkylic acids (M chael
adductgy, etc.) are 15 fed to the residue incineration. Fromthe second
collecting tray above the feed of product gas B into the tray caolum, 23
577 kgl h ofSSoEBREEN AP eoutie s, Perediicndas B Riradiaralinr RAPRPcHaE oY

t enper at ur eolumh (d&G@rativth 26 $9% by wei ght of acrylic acid. As described in WO
2004/ 035514, this is 20 suspension-crystallized after addition of a small

f i - I d h h
T O RS S, RO s T b A 1428 L e

15  fed to the residue incineration.

From the second collecting tray above the feed of product gas B into the tray column,
23 577 kg/h of a condensed crude acrylic acid are withdrawn which has a temperature
of 15°C and 96.99% by weight of acrylic acid. As described in WO 2004/035514, this is
20  suspension-crystallized after addition of a small amount of water, the suspension crys-
tals are separated from the mother liquor in hydraulic wash columns and the mother
liquor is recycled into the condensation column as described in WO 2004/035514. The
purity of the washed suspension crystals is > 99.87% by weight of acrylic acid and is
suitable immediately for preparing water- "superabsorbing” polymers for use in the hy-
25 giene sector.

The amount of acid water condensate withdrawn from the third collecting tray above
the feed of product gas B into the condensation column but nof recycled into the con-
densation column is 18 145 kg/h, has a temperature of 33°C and has the following con-

30  tents:
0.11% by weight of  acrolein,
1.30% by weight of  acrylic acid,
0.95% by weight of  acetic acid and
35 95.6% by weight of  water.

At the top of the condensation column, 53 379 m?* (STP)/h of residual gas | leave sepa-
ration zone [ with a température of 33°C and a pressure of 1.20 bar and the following
contents:
40
acrolein 0.03% by vol.,
acrylic acid 0.02% by vol.,



li-quor is bgcg;&lﬁd into the condensation colum as described in WO

2004/ 035514. The purity of the washed suspension crystals is > 99.87% by
wei ght of acrylic acid and is suitable inmediately for preparing water-
"super absorbi ng" polyners for use in theshy- 25 giene sector. The anount of
acid water condensate wi thdrawn fromthe gfﬂlfé'ﬂ L?}ol lIECti ng tray above the
feed of product gas B intoPtd& €ondensati i -¥af Bi%ut not recycled into the
con- densation colum is 18op¥Bnkg/ h, has &82%mpecht ure of 33C and has the
followi ng con- 30 tents: OpLl % by wei ght wafoBenolei,n, 1.30% by wei ght of
acrylic acid, 0.95% by weicﬁht of acetic azpég%%gq, ?5 95. 6% by wei ght of
water. At the top of the condensation col urin 879 n8 (STP)/ h of residual
gas | |®ave sepa- ration z6He | with a terpl%tyre of 33C and a pressure of

1.20 bar and the followi ngc@ontents: 40 act3heywvoladd% by vol ., acrylic
acid 0.02% by vol., PF 573 66 propane . ARBNC vol ., propyl ene 0.82% by
vol., H2 14.02% by vol ., ﬂ%)f 4. 55% by voﬁ%{%ﬁggdz 00% by vol., CO 1. 13%

by vol. and CO2 14.36% by vol. 0.084% by volume of residual gas | are .

di schar ged 0Wigefe hheolaroepbdsistduangasf| are sisduabedagh tHiOcdmfaedion o rasiduatigasiel ) .
The rengi ni ng REMALQS. residual gas | (for linguistic sinplification, still
referred to be- low as "residual gas |") is conpressed from1. 20 bar to 3.20
bar in the first conpressor stage of a nultistage radial conpressor, the

t enper at ur éhefemaisind @atoughsf residiaaest ForBaiEdc srelificrtion, gilgeieried te hen

di vit ded ipmhémw'alha;@aso} iédﬂﬁfﬁré%ﬂ_f@@r@gﬁib&maﬁh& iRahd firsﬂd:d’r@@‘é!sé/oﬁf ﬂms ?
portion o . I ed | r . ) er ha o]
Fosi dual oSS of § iR e ForRSscs B 1 FRGbLAS P RERuA ooR 1500 1T

conpr ed8or 92 dRpsiduphgas He les dividediinteptmve, hajves £ identisa! sempeglian. SreHw@iger, it
is _cgol Ied tivectiy Goims dipdition anthe @9EId @as ateeytiot Mt geacdooko Al 'Hwe@ﬁgﬁl?‘lﬁbbeg
residual g - AEE& r r as been
depl et ed O?fsrﬁ%\dgéllﬁa%m?%éﬁb%%og%e y rﬁg)azﬁ)gﬁégt’cﬁ 5'§E%§E@u€ﬁ§(~'oﬁéﬁg&gﬁ%?gmval and
subsequent p&agé@gﬁﬁg%@gé@] 1R G @&Mﬂg@t(ﬂ@af gichanger, it is cooled to 78°C without

any condensate forming (coolant is COz-scrubbed residual gas | of temperature 42°C

20  and of pressure 4.25 bar which has been depleted of molecular hydrogen by means of
subsequent membrane removal and subsequently decompressed in an expansion tur-
bine). By means of indirect air cooling, residual gas | is cooled from 78°C to 54°C with-
out condensate formation. In a further compressor stage, residual gas | is compressed
from 5.80 bar to 12.0 bar, in the course of which it is heated from 54°C to 75°C.

25 :

The residual gas | thus compressed is conducted into the lower section of a column

with random packing (separation zone i1}, At the top of this scrubbing column,

18 000 kg/h of an aqueous K,COs solution which has a temperature of 82°C and com-

prises phenothiazine as a polymerization inhibitor are introduced. At the top of the

30 scrubbing column, COz-scrubbed residual gas | escapes, which has the following con-
tents at a pressure of 12.00 bar and a temperature of 85°C:

propane 65.94% by vol.,
propylene 0.89% by vol.,

35 H2 15.13% by vol.,
O3 4.91% by vol.,
H:0O 2.16% by vol,,
Co ~1.22% by vol. and
CO; 7.75% by vol..

40



bi‘-ne) . EE%% ‘Pf indirect air cooling, residual gas | is cooled from 78C
to 54C vmt out” condensate formation. In a further conpressor stage,
residual gas | is conpressed from5.80 bar to 12.0 bar, in the course of
which it is heated from 54C to 75C. 25 ghe residual gas | thus conpressed is

conducted in r N, I

(separati oﬁr;hé §ﬁ%—sﬁu)b8\'\§{e§ e 98 @f‘ ﬁﬁ?@ (scr '5 anéor?%c‘oni@aowgf ckas h of an
aqueous K2Pie8 masnkrenesiexianed pr%U@ Q.2 fvpe ratyirpide mem@%‘ﬁﬁ e &nl tyRe fg@%

phenot hi azUBE Iagustrigraliy.Nand aleon (b aNRWotsT, awsrm)twmdmediowg tdreertop of

t he 30 scrubbing col um, C02-scrubbed resi gga &Z escapes, which has the

fol lowing con- tents at a Pre&%re of 12.08°04t ?J 'a tenperature of 85C

pr opaned 65. 94% by vol . pppyleate 0. 89% b{.8984 by vol35 H2 15. 13% by vol ., 02

4.91 % by vol., H20 2 16%4by vol . CO 1. 28%sbybyvedl, and CO2 7.75% by

vol .. 40 PF 57347 67 The 802 scr ubbed resi %lé@| eﬁ?a 1 (24 528 nB (STP)/h) is
conducted to a bundle of cadt pipe. nenbranes ernal pressure 0.1 bar;

pol yi mi de merrbrane _of the H:® type from U%EOf’anmqlm es Ltd.) and |eaves it

(p = 12.00 bar; = 85C) wcth the fol | ow ng.2zonbendisand propane 66.1 % by
vol propyl ene 0 89% by~ypl ., H2 15.0 Y, 02 4.92% by vol., H20
2. 10%??/ vol . CO 1.22% bybeol and 10 (;02/07?’/"7%)&,%3/ vol. In a nmultistage

expansi on tu_rbl ne, residual gas 1 (24 461 nB (STP)/h) is then decom pressed
from 12. 00Inbmmuttistage 2% paresioraiucbins obsdud gesn EBaAa1ond@ET Py hhisi theth decim-heat ex-

change W t broks] futalt 0d 1hiz8lbat B Sod L@ ToRRRAEA Lo, J0NRIrkciRA bas Deen

com 15 pressed 1 n 2-SCru | et ed residual

a
Gas 11 5 hORTE MRS @D s M altesTOT SRR 28 dpan b5 BeST iRt o
reacti tm garesgedingr firstajags, taiCe-bonubbedand Hodepoted r@slcdlmjeaﬂéts hgatdd t he ot her

nalf ."%2?%@“&’3%22 0l s GO ook arsqnntglr@lmbn bn gas AlstdrtiqgTrbligio for
(STP)/ h) h&&°© %Z‘f”&’}‘g%eﬁ& @’859}, tggrah %g%reen@ql g rb%;la{:,§f_ scru%é‘e”a)(f

sidual gas | from the fractional condensatlon of product gas B.

20 The permeate stream (67.2 m? (STP)/h) has the following contents:

propane 0.12% by vol.,
propylene 0.01% by vol.,
H> 56.2% by vol.,

25 H-0 27.2% by vol,,
CO 0.15% by vol. and
COs 12.39% by vol.

It is sent as the fourth fuel to the combined incineration plant.

30
21 846 kg/h of aqueous potassium hydrogencarbonate solution are withdrawn from the
bottom of the CO; scrubbing column and, heated from 75°C to 100°C by indirect heat
exchange (the heat carrier used is dissociated potassium hydrogencarbonate soiution),
introduced to the top of a second column with random packing (dissociation column). In

35  countercurrent, 26 m? (STP)/h of steam (144°C, 4 bar) are conducted into the lower
section of the dissociation column, The gas stream escaping at the top of the column is
subjected to direct cooling (coolant: condensate formed beforehand) and the aqueous
condensate which forms is introduced to the column as reflux. The escaping COs is
sent to the combined incineration plant as the fifth fuel. 14 968 kg/h of water are evapo-

40  rated off from the effluent of the dissociation column (32 968 kg/h). The remaining
amount is (postneutralized with KOH if appropriate) recycled as scrubbing solution to
the top of the CO2 scrubbing column.



propyl ene QFQ%Eggby vol., H2 56.2%by vol., 25 H20 27.2% by vol., CO 0.15%
by vol.. and 12.39% by vol. It is sent as the fourth fuel to the

conbi ned incineration plant. 30 21 846 kg/h of aqueous potassium

hydr ogencar bonate solution are withdraweg fromthe bottom of the CO2
scrubbing col um and, heated from 75C to 100C by indirect heat exchange
(the heat carrier used is dissociated potassium hydrogencarbonate sol ution),
i nt r oducedFugs flHe Stenp insinesate@ tagrthes ol amincinetaion aledbwitpadditiergof(ali ssoci ati on
colum) . | m738v4cpugmEneyrrent, 26 nB (STP)/h of steam (144C, 4 bar) are
conducted into the |l ower section of the dissociation colum. The gas stream
escaping at the top of the colum is subjected to direct cooling (cool ant:
condensat e forned beforehand) and the aqueous condensate which forns is
introduced to the colum as reflux. The escaping CO2 is sent to the

conbi ned incineration plant as the fifth fuel. 14 968 kg/h of water are
evapo 40 rated off fromthe effluent of the dissociation colum (32 968

kg/ h). The renmaining anount is (postneutralized with KOH if appropriate)
recycled as scrubbing solution to the top of the CO2 scrubbing colum. PF
57347 68 Fuels 1 to 5 are incinerated.together in an incineration plant
with addition of air (17 674 nB (STP)/h). PF 57347 69 What is clained is:
1. A process for preparing acrolein, or acrylic acid or a m xture thereof
from propane, in which 5 A) - at |east two gaseous feed streans conpri sing
propane, at |east one of which conprises fresh propane, are fed to a first
reaction zone Ato forma reaction gas A in reaction zone A reaction gas
A is conducted through at |east one 10 catalyst bed in which partial

het er ogeneously catal yzed dehydrogenation of the propane forns nol ecul ar
hydrogen and propylene, - nol ecul ar oxygen whi ch oxidizes nol ecul ar

hydr ogen present in reaction gas Ain reaction zone Ato steamis fed to
reaction zone A, 15 and



‘pr oduct gasst?ﬁ y\,hr ch conprises mol ecul ar hydrogen, steam propyl ene and
propane is W érawn fromreaction zone A, B) in a reaction zone B, the

product gas A withdrawn fromreaction zone A, 20 with feeding of nol ecul ar
oxygen, is used to charge at |l east one exidation reactor with a reaction

gas B conp uI ar hydrogen, steam propane, propylene and
nol ecul ar (N b'sgd%ﬁg Y he propyl ene present therein is subjected to a

heterogeneousl y catal yzed partial ~gas phase oxidation to give a product gas
B conprising aermbedss,foosrepaing dctoléi] 6 aurylid a2k dradhixtiee tieesfdfonas a tar get
product, uncongegc?%e? iH-rmc?]pe, nol ecul ar hydrogen, steam carbon di oxi de as
a by-product, so other secondary conponents having | ower and hi gher
boi | i ng5 poi nts than water, C) product gas B is conducted out of reaction
zone B, and targyet -pr oauesst tB0 gasdoer feattsteaosnaarpriscgnporert at lbastiong a

higher Dboiling point t@?@n E&hpridds 3RS rc%d%%eérﬁ f@&mﬁl {ﬁr’éléﬁé%@térhﬁ{r%fﬁﬁin ina

first separation zone eave a resr gas onpri ses
unconverted propane, BATEAFRE A nol ecul ar hydrogen, secondary
conponent s havi ng a | onegradionlziong Ap ciaction pémah isvedreiuciaddhrangh prleopstlcre

unconvegted in reac“%‘atél%‘reoe% iR OHhicR ﬂhé‘t’é%ﬂe\’r@é& catBlygsH| ar oxygen D) -

ftertreat ment d | i
scrubbed out and wat efgérv%rcrgearmw% Plogae BTEARac P U BRI Cgas | i

appropriate is condensewppateif appropriate in a second 40 separation zone

I, - as an aftertreat H%@cuﬁ?@%eﬁ véhictPoRAEds @BleBlilafF BRirslEd prédsntfin | S
di scharged PF 57347 70 an afte treatrrﬁ%[:il nea ure 3,

nol ecul ar hydr ogen pr@?gmngz?f'gﬁbregﬁ nzé’gg%sto o3 fRed A

separal®ng nenbrane i@k third separation zone Il and - i f appropri ate as
an aftertreatnment neasgicgué, ga@rpywﬁ@hegfu‘bﬁgesq?mggmarr@dmﬁeg@amn resi dual gas

d d ch |1 h
4 bei ng a5 desired. . HAPYDER apCRees Bur HEFR A rBLaPEY BRI o Compr ses

unconverted propane and renmains after use of aftertreat ment nmeasures 1 and
2 and, if apprepri ai e réactidneons BtheproReygaea withtiwneesh rattigonenddras at

| cast ge of the k'€l BENERURLFOTRER 34 19:PLORRAG: o116 AL BlBatigh aoun

reactor with a reaction gas B comprising molecular hydrogen steam
propane, propylene and molecular oxygen, and the propylene present
therein is subjected to a heterogeneously catalyzed partial gas phase
oxidation o give a product gas B comprising acrolein, or acrylic acid or a
25 mixture thereof as a target product, unconverted propane, molecular
hydrogen, steam, carbon dioxide as a by-product, and also other
secondary components having lower and higher boiling points than water,

. C) product gas B is conducted out of reaction zone B, and target product,
30 : water and secondary components having a higher boiling point than water
present therein are removed therefrom in a first separation zone | to leave
a residual gas | which comprises unconverted propane, carbon dioxide,
molecular hydrogen, secondary components having a lower boiling point
than water and any propylene unconverted in reaction zone B and any
35 unconverted molecular oxygen,

Dy - as an aftertreatment measure 1, carbon dioxide present in residual
gas | is scrubbed out and water still present if appropriate in residual
gas | if appropriate_is condensed out if appropriate in a second

40 separation zone Il,
- as an aftertreatment measure 2, a portion of residual gas | is
discharged,



t han 95 rmk,?_é@fmf,he total amount of nolecular hydrogen produced in reaction
zone A and appropriate, fed to reaction zone Ais oxidized to 20 steam
i'n reaction zone A 2. The process according to claim1l1, wherein an anount M
of nol ecul ar hydrogen which is at |easyo10 nol % but not nore than 90 nol %

of the total anount of lLar_ h 0 A and,
if appropriate, fed to'ffgprlpggé{?i %)%aig{\ rﬁ%q(r%ng&%% 85’ {“O?e%ﬁ a'rﬁ?dr%S%'rgactl on
zone A. 3. The processP@Beedioresfuabgag Hﬁﬁ?@waﬂl‘@/ﬂ@?@ﬂ%ﬂﬁ%ﬁﬁﬁafﬁ“nm of

mol ecul ar hydrogen whimehmbrénesih ol thiad beZhatil 2énbull andt nore than 80 rnol % of

the total amount of. Eéﬁﬂd%ﬁétehé(sdérpgﬁé?irgétﬂ%HPﬁga%uqer4e§ﬁ§ h%%cé@?@x?{eﬂnd 1

appropriate, fed to 30 r bam i resction zone
A 4. The process accoP@se It eesidual aast! is fpicad shenicaount M of ol ecul ar
hydrogen which is at |east 40 nol % but not nore than 60 nol % of the total

amount of ol ecul g0 gé(cﬂ{aﬂg@Bf @geoﬁ%ﬁ@qréaﬂnéﬁ%éésggeszpﬁeﬂf @ei%"gs dbdired,

appropriate, fed to 3 action zone Ais oxidized to steamin reaction zone
A. 5. The process &0 ording to any of clains 1 to 4, wherein the reaction
gas Bwith which the at | east one oxidation reactor is charged has the

fol | owhgg cont ent S:afiefibaldcial b ued et HONIES BhodfioRyd BRBand kg 6 Lo 70%

by vol une of propane, val une rom8

4 _
to 65% by vol ume fre'@?maﬁ“ er Lﬁeo a%egrqaﬁngr@%wuﬁﬂ ﬁﬁ%d %?"‘?—12 a%’mﬁrﬁéeérocess
according to any ofandlcairisrebytied Mto vestien rortehd as ealbastomegidheBwe fehd 5 whi ch
the at |east one 0xk@ak@Bm ﬁﬁﬁQPFodaﬁeChar ged has the follow ng contents:
from6 to 15% by vol une of propylene, from6 to 60% by vol une of propane,
from5 to 30% by vol une of H2O, 10 from8 to 35% by volunme of 2 and from 2
to 18%by vol une ofwhgeein7. The process according to claim5 or 6, wherein
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2. The process according to claim 1, wherein an amount M of molecular hydrogen
which is at least 10 mol% but not more than 90 mol% of the total amount of
molecular hydrogen produced in reaction zone A and, if appropriate, fed to

25 - reaction zone A is oxidized to steam in reaction zone A.

3. The process according fo claim 1, wherein an amount M of molecular hydrogen
which is at least 20 mol% but not more than 80 mol% of the total amount of
molecular hydrogen produced in reaction zone A and, if appropriate, fed to

30 reaction zone A is oxidized to steam in reaction zone A.

4, The process according to claim 1, wherein an amount M of molecular hydrogen
which is at least 40 mol% but not more than 60 mol% of the total amount of
molecular hydrogen produced in reaction zone A and, if appropriate, fed to

35 reaction zone A is oxidized to steam in reaction zone A.

5. The process according to any of claims 1 to 4, wherein the reaction gas B with
which the at least one oxidation reactor is charged has the following contents:

40 ' from 4 to 25% by volume of propylene,
from 6 to 70% by volume of propane,
from 5 to 60% by volume of H,Q,



by vol une @ 473g%t gas. 10. The process according to any of claims 1 to 9,
wherein the source used for the 25 nolecular oxygen required in reaction
zone A is pure nol ecul ar oxygen or a m xture of nolecul ar oxygen and inert
gas which conprises not nore than 10% By volune of inert gas. 11. The

process according to any of f?én@%qﬁﬁé%t@\%’lu &f 8l Ond he source used for 30
nol ecul ar oxygen required in réaction zone s air and the source used for
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any of clainms 1 to 15, where is designed as a tray
reactor. 10 17. The process according to any of clains 1 to 16, wherein the
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recycl 88 into reaction zone A conprises fromb5 to 15% by vol une of CO2. 19.
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car bonat e. e process ac 0 any o wherein
the scrubbing of CO2 out of residual gas | is carried out at a pressure of

from3 to 80 bahe prdcesdbecqrding &s snacfodeichis got8owaaneirofhecoarceriskd far (6,
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zone |. mixture of molecular oxygen and inert gas which comprises not'more than 10%

by volume of inert gas.

10. The process according to any of claims 1 to 9, wherein the source used for the
25 molecular oxygen required in reaction zone A is pure molecular oxygen or a
mixture of molecular oxygen and inert gas which comprises not more than 10%
by volume of inert gas.

11.  The process according to any of claims 1 to 8, wherein the source used for
30 molecular oxygen required in reaction zone A is air and the source used for
molecular oxygen required in reaction zone B is pure molecular oxygen or a
mixture of molecular oxygen and inert gas which comprises not more than 10%
by volume of inert gas.

35 12. The process according to any of claims 1 to 11, wherein the reaction gas B with
which the at least one oxidation reactor is charged comprises from 0.1 to 30% by
volume of CO,.

13.  The process according to any of claims 1 to 11, wherein the reaction gas B with
40 which the at least one oxidation reactor is charged comprises from 1 to 20% by
volume of CO,. )



22. The prgﬁ%s@ﬁ\ccordi ng to any of clains 1 to 20, wherein an anmount of
wat er at least 90 nol % of the anbunt of water fornmed in reaction
zone Bis 30 renoved from product gas B in separating zone |I. 23. The
process according to any of clainms 1 top®22, wherein the amount of propane

present in, the scharged r S|dual nit tineis ess an 30 nol %
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24. The proceswhabdmdulagsttooea)miam’:n eaaioms chatged2@mprkses gishe bheolamewit of
propane recychﬁqgcb@q,g,trrogg,qtlon zone Ain aftertreated residual gas | is at
| east 90 nol % of the anount of propane present in product gas B.

5 15. The process according to-any of claims 1 to 14, wherein reaction zone A is
configured adiabatically.

16.  The process according to any of claims 1 to 15, wherein reaction zone A is
designed as a tray reactor.
10 _ -
17. The process according to any of claims 1 to 16, wherein the aftertreated residual
gas | recycled into reaction zone A comprises molecular oxygen, steam,
molecular hydrogen, CO and CO..

15 -~ 18. The process according to any of claims 1 to 17, wherein the aftertreated residual
gas | recycled into reaction zone A comprises from 5 to 155% by volume of CO,.

19.  The process according to any of claims 1 to 18, wherein CO; is scrubbed out of
residual gas | by means of an aqueous solution comprising potassium carbonate.
20. The process according to any of claims 1 to 19, wherein the scrubbing of CO,
out of residual gas | is carried out at a pressure of from 3 to 50 bar.

21. The process according to any of claims 1 to 20, wherein an amount of water
25 which is at least 70 mol% of the amount of water formed in reaction zone B is
removed from product gas B in separating zone |.

22. The process according to any of claims 1 to 20, wherein an amount of water
which is at least 80 mol% of the amount of water formed in reaction zone B is
30 removed from product gas B in separating zone |.

23. The process according to any of claims 1 to 22, wherein the amount of propane
present in the discharged residual gas | per unit time is less than 30 moi% based
on the amount of fresh propane fed into the process per unit time.

35

24, The process according to any of claims 1 to 22, wherein the amount of propane
recycled into reaction zone A in aftertreated residual gas | is at least 90 mol% of
the amount of propane present in product gas B.



