PF 58025 1 Process for preparing acrolein or acrylic acid or a m xture

t her eof frRMS§B2Bpane 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 gasgous propane-conprising feed streans,
of which at | east one conprises fresh ﬁropane, are fed to a first reaction
zone A t o Arocessdor fréparegcdaraeingasicidic acid or aesisiuietheraphfrom proganet i on gas A i s
conducted through at | east one catalyst bed in which parti al

het er ogenig%sl.%. cat al yzed dehydrogenati on of the propane forns nol ecul ar
hydr ogen CB boﬁyl ene; 15 - nol ecul ar oxygen is fed to reaction zone A and,
in reaction zone A, oxidizes at least a portion of nolecular hydrogen
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appropri at on zone |, steampresent in product gas Ais
renoved by condensation partly or fully by indirect and/or direct cooling of
25 productaygas A ta daebn® gaspbosip@bagasomprisifg feed streamaadfiviichzatrieadd, product

gas A or product gas A ggeé’f?&& prdbadk, faf‘e%hrfga‘ﬁfrsttré%tiBH%ﬁ%A%Y&ﬁﬂa to

charge at | east one oxi ion reactor wth a reaction gas conpri sing
propand, propyl end®i@N@EPAcul ar oxygen, and the propyl ene 30 present
therein is subjected to a heterogeneously catal yzed partial gas phase
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product gas B is &8
separation 35 zoife propanafogus mpiesiarthygiogsrand prapyiena. i s renoved to | eave a
propang-conprising residual gas; E) if appropriate, a portion of residual

gas having the co sition of .the residual iS.r cl ed a
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zone 111, propane Pidizesiit lgagt 2 pettign af Mmglesulah hydiogeisPriesentpeesactiorggefed i nto
reaction zone A andsfeagimawlti ch, if appropriate, any steam present PF 58025 2
therein has been renoved beforehand partly or fully by condensation and/or

any nol ecul ar hydrogen present therein has been renoved beforehand partly
or fulPy - 7 product gas A which comprises propylene, propane and steam is withdrawn

from reaction zone A;

B)  If appropriate, in a first separation zone |, steam present in product gas A is
removed by condensation partly or fully by indirect and/or direct cooling of
25 product gas A to ieave a product gas A*;

C) in a reaction zone B, product gas A or product gas A* is used, with feeding of
molecular oxygen, to charge at least one oxidation reactor with a reaction gas B
comprising propane, propylene and molecular oxygen, and the propylene

30 present therein is subjected to a heterogeneously catalyzed partial gas phase
oxidation to give acrolein or acrylic acid or a mixture thereof as the target
product, and also product gas B comprising unconverted propane;

D) product gas B is conducted out of reaction zone B and, in a second separation
35 zone I, target product present therein is removed to [eave a propane-comprising
residual gas;

E) if appropriate, a portion of residual gas having the composition of the residual gas
is recycled as a propane-comprising feed stream into reaction zone A;
40
F} ina separation zone I, propane present in residual gas which has not been
recycled info reaction zone A and from which, if appropriate, any steam present



by neans of a separating nenbrane is absorbed into an organic sol vent

(absor bent pPFBgoabsor ption fromthe residual gas to forma propane-conpri sing
5 absorbate; and G in a separation zone |V, the propane is renoved fromthe
absorbate and recycled into reaction zone A as a propane-conprising feed
stream 10 Acrylic acid is an inportant Zcomodi ty chem cal which finds use,
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1,3 15 propanedj,@lq at% g,i‘cpol ine, folic acid and acrylic acid (cf., for

exanpl e, US-A 6, 16 63 and US-A 6, 187,963). Processes for preparing
acrolein or acrylic acid or a mxture thereof frompropane, in which, in a
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A comon feature of the processes described there is that, after the renoval
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30 102005 049699.7, DE 10 2006 015235.2, DE 10 2005 061626.7 and the prior art cited
in these documents).

A common feature of the processes described there is that, after the removal of the
target product acrolein or acrylic acid or acrolein and acrylic acid from the product gas

35  mixture of the propylene partial oxidation, at least a portion of the propane present in
the residual gas from the remaining propane-comprising residual gas is recycled as
cycle gas into the heterogeneously catalyzed partial dehydrogenation of propane to
propyiene.

40  Otherwise, the above prior art processes can be divided essentially into two groups.
The processes of one of the two groups are characterized in that the constituents other
than propane and propylene are removed by absorption from the product gas mixture



desired target product (DE 10 2005 013039.9). A disadvantage of this
procedure iPF88026 it generally requires at |east three zones in which gas
has to be conpressed. Firstly, it 5 typically requires conpression of the
product gas of the heterogeneously catabyzed partial dehydrogenation of the
propane before it is subjected to the absorptive renmoval of the propylene
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evolution of Hz). However, in-house investigations have shown that presence of
increased amounts of molecular hydrogen in the reaction gas mixture for the
heterogeneously catalyzed partial oxidation of propylene, while not having a significant
35 effect on the by-product spectrum of the partial oxidation, do (presumably owing to the
marked reduction potential of the molecular hydrogen) noticeably impair the lifetime of
the catalysts to be used for the heterogeneously catalyzed partial gas phase oxidation.

in addition, molecular hydrogen burdens reaction gas B with a potentially explosive
40  constituent having a specific diffusion behavior (certain construction materials are

permeable to molecular hydrogen). inseparably linked with the above-described

problems is the use of an excess of molecular oxygen, which is advantageous for an



PF 58025 4 increased catalyst lifetime in the partial oxidation of reaction
zone B, repgtggpesto the target reaction stoichionetry, which of course
brings increased explosion risks in the presence of nolecul ar hydrogen in
reaction zone B (when acrylic acid is the target product and the total
anount of nol ecul ar oxygen required is 4dded beforehand to 5 reaction gas B,
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fed to reagthdAniRRS dBsdibad in RedLBASTA At RORE A oxidizes 25 at |east a
portion of nolecul’ar hydrogen present in reaction gas Ato steam and -

product gas A which conprises propyl ene, propane and steamis w thdrawn
f rom r eact Aeaerdingly progessH)asi eeapunshier Breparinagrokin eacslip aEidaren zone |,

st eam pr esgixture thaPeSTdteeh p@Rand) ih whichenoved by condensation partly or ful I y
by |nd1gect and/or direct cooling of product gas A to |eave a product gas
A'; 35 °C in a reaction zone B, product gas A or product gas A is used,
with feedify of- @bleaeUMRrIASROYHIOPERE-eRTARTRINGIeed sH_AMY b WhHIGhRII9ash r eact or
with a reaction gaseBompesey freshnEopsreparcied o affiiydt essetiomdoneA écfdrara oxygen,
and the propyl enerea[brtlgﬁﬁgg ther ein is subjected to a heterogeneously

catal yzed partial gas pflase’ oxidation to give acrolein or acrylic acid or a
m xture thereof as the target 40 product, and al so product gas B conpri sing
unconvalt ed pr opairercaPRorb8HR5A, Seadipn gas dus conhstdd theougb atl easeshediikedof

reaction zone B apgialysihéd HAAEpStRHArbQheously catalyzed dehydrogenation of
the propane forms molecular hydrogen and propylene;

- molecular oxygen is fed to reaction zone A and, in reaction zone A, oxidizes
25 at least a portion of molecular hydrogen present in reaction gas A to steam,
and

- product gas A which comprises propylene, propane and steam is withdrawn
from reaction zone A,
30
B} if appropriate, in a first separation zone |, steam present in product gas A is
removed by condensation partly or fully by indirect and/or direct cooling of
product gas A to leave a product gas A*;

35 C) inareaction zone B, product gas A or product gas A* is used, with feeding of
molecular oxygen, to charge at Jeast one oxidation reactor with a reaction gas B
comprising propane, propylene and molecular oxygen, and the propylene
present therein is subjected to a heterogeneously catalyzed partial gas phase
oxidation to give acrolein or acrylic acid or a mixture thereof as the target

40 product, and also product gas B comprising unconverted propane;



zone | I, target product present therein is renoved to | eave a

propane- coRpri8®Rhg residual gas; 5 E) if appropriate, a portion of residual
gas having the conposition of the residual gas is recycled as a
propane-conprising feed streaminto rea; ion zone A (residual gas cycle
gas); F) in a separation zone I1l, propdne present in residual gas which has
not been 10)r epydueidias 8 coedudtédoutad neacfiomndnd B amdwhiacdecond seypauatipr i at e,
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bef orehand par {F "l:ﬂjg? Ily by neans of a separating nenbrane is absorbed
into an organi c solvent (absorbent) by absorption fromthe residual gas to
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25 Advantageously in accordance with the invention, at least some of the heat energy
generated by the oxidation {combustion} of molecular hydrogen in reaction zone A will
also be used, by indirect heat exchange with reaction gas A and/or product gas A as a
heat carrier, to heat (the) constituents of the reaction gas A charge gas mixture (of the
gaseous feed streams fed to reaction zone A).

30
Advantageously in accordance with the invention, the amount of hydrogen oxidized to
steam in reaction zone A is at least 25 mol%, better at least 30 mol%, preferably at
least 35 mol%, more preferably at least 40 mol%, even better at least 45 mel% and
most preferably at least 50 mot%, based in each case on the amount of molecular

35 hydrogen formed in reaction zone A.

In other words, processes according to the invention are also those in which, in
reaction zone A, based on the amount of molecular hydrogen formed in reaction zone
A, up 1o 55 mol%, or up to 60 mol%, or up to 65 mol%, or up to 70 mol%, or up to

40 75 mol%, or up to 80 mol%, or up to 85 mol%, or up to 90 mol%, or up to 95 mol%, or
up to 100 mol% of molecular hydrogen is oxidized to steam.



t he dehydrogenati on of propane is taken into account in addition to the
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In principle, reaction gas B in the process according to the invention may, however,
30  also no lenger comprise any molecular hydrogen.

In principle, the product gas A which comprises propylene, propane and steam and is
withdrawn from reaction zone A can be used as such to charge the at least one
oxidation reactor in reaction zone B. However, it is advantageous in accordance with

35 the invention to condense out at least a portion of the steam present in product gas A
in a first separation zone | by direct and/or indirect cocling of product gas A and thus to
remove it from product gas A to leave a product gas A* whose content of steam is
lower than that of product gas A.

40  One reason for this is that the acrolein and/or acrylic acid target products have a
significantly higher affinity for water than the constituents of product gas A, which is
why target product removal from a product gas B comprising elevated amounts of
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also have been used as an inert diluent gas in reaction zone A and is, if appropriate,
equally removed partly or fully in separation zone |.
30
Owing to the comparatively high boiling point of water, especially at elevated
pressures, the aforementioned condensation can normally be achieved by simple
direct and/or indirect cooling of product gas A. In principle, the condensation can be
brought about by single-stage or multistage cooling. Appropriately in accordance with
35 the invention, the condensative removal of the water will be brought about by
multistage cooling. Advantageously from an application paint of view, direct and
indirect cooling will be employed in combination. Suitable indirect heat exchangers for
the inventive purpose are in principle all known indirect heat exchanger types. Among
these, preference is given to using tube bundle heat exchangers and plate heat
40  exchangers. For example, in a first cooling stage, the product gas A withdrawn hot
from reaction zone A (typical temperatures of product gas A are, for example, from 400
to 700°C, preferably from 500 to 600°C; typical working pressures of product gas A are
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through the cofumn wall, for example perforated sheets or cooling ribs welded on
parallel to the column surface. The coolant used for the purpose of direct cooling of
product gas A will advantageously be aqueous phase removed by condensation
beforehand from other product gas A, which is appropriately, prior to use for direct

35 coaling, cooled to temperatures of < 35°C, preferably < 30°C, in an indirect heat
exchanger with the aid of cooling water {appropriately from an application point of view,
surface water). in the direct cooler, product gas A and finely sprayed aqueous direct
coolant can be conducted in co- or in countercurrent. In general, preference is given to
cocurrent flow.

40  With the aid of separators known per se (for example by means of mechanical droplet
separators), the aqueous phase and the remaining gaseous phase can be separated
from one another. After cooling, to be performed as already described, of the removed
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The condensative removal of steam from product gas A in separation zone | is very

particularly advantageous when it comprises a direct cooling of product gas A with

aqueous phase preferably removed beforehand from product gas A and cooled

{preferably by indirect heat exchange).

30

The aqueous phase removed by condensation as described will generally still comprise

dissolved propane which can be recovered in a simple manner, for example, by

heating the aqueous phase (if appropriate under reduced pressure} and can be

recycled into reaction zone A as a further propane-comprising feed stream. The direct

35 and/or indirect cooling of product gas A for the purpose of condensative removal of
water present in product gas A is generally associated with a pressure drop therein of
< 1 bar, usually € 0.5 bar, preferabiy < 0.3 bar.

The oxidation of molecular hydrogen to water in reaction zone A can be performed

40  after the actual heterogeneously catalyzed partial dehydrogenation of propane and/or
in the course of the heterogeneocusly catalyzed partial dehydrogenation of propane, for
example when certain partial conversion values have been attained, based on the
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30
In addition, it can also be influenced by the configuration of the charge of reaction zone
A with catalyst. Thus, reaction zone A may be charged locally with catalyst which
exceptionally selectively catalyzes only the oxidation of molecular hydrogen with
molecular oxygen to water. Other catalysts are capable of extremely selectively

35  catalyzing the dehydrogenation. In general, those catalysts which are capable of
catalyzing the dehydrogenation are alsc capable of catalyzing the hydrogen
combustion, in which case they are normally capable of reducing the activation energy
of the latter reaction particularly markedly.

40  In this document, fresh propane is understood to mean propane which has not yet
taken part in a dehydrogenation in reaction zone A. In general, it is supplied as a
constituent of crude propane (which preferably satisfies the specification according to
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In this document, an inert gas shall be understood generally to mean a reaction gas

constituent which, under the condition of the corresponding reaction, behaves

30 essentially as chemically inert and - each inert reaction gas constituent considered
alone — remains chemically unchanged to an extent of more than 95 mol%, preferably
to an extent of more than 97 mol% or to an extent of more than 99 mol%.

Useful sources for the molecular oxygen required in reaction zone A are, in addition fo

35 residual gas cycle gas stemming from separation zone Il, molecular oxygen as such, or
a mixture of molecular oxygen and a gas which behaves chemically inertly in reaction
zone A (or a mixture of such inert gases) (for example noble gases such as argon,
molecular nitrogen, steam, carbon dioxide, etc.). In other words, the molecular oxygen
may be fed as a gas fo reaction zone A which comprises not more than 50% by

40 volume, preferably not more than 40% by volume or not more than 30% by volume,
advantageously not more than 25% by volume or not more than 20% by volume,
particularly advantageously not more than 15% by volume or not more than 10% by
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Reaction gases B preferred in accordance with the invention have the following

contents:
from 7 to 25% by volume of propylene,
30 from 10 to 40% by volume of propane,
from 1 to 10% by volume of H-0,
from 10 to 30% by volume of 0, and
from 0 to 10% by volume of Ha.

35 Reaction gases B very particularly preferred in accordance with the invention for the
aforementioned charge have the following contents:

from 15 to 25% by volume of propylene,
from 20 to 40% by volume of propane,
40 from 2 to 8% by volume of H.0,

from 15 to 30% by volume of 0Oy and
from 0 to 5% by volume of Hs.
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(cf. DIN 513§ HdE e 9
nonexplosive reaction gas B starting mixtures.
25
What is crucial in answering the question of whether the 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 the mixture present
under certain conditions (pressure, temperature) or not (cf. DIN 5164¢ and the
30 experiment description in WO 04/007405). When there is spreading, the mixture shall
be classified 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 normally also applies to the reaction gas mixtures
formed therefrom in the course of the partial oxidation (cf. WO 04/007405).
35
Quite generally, it is typical for the process according to the invention that the total
content in the reaction gas B starting mixture of constituents other than propylene,
molecular hydrogen, steam, propane, molecular nitrogen and molecular oxygen is
usually < 20% by volume, or £ 15% by volume, or £ 10% by volume, or £ 5% by
40  volume. Up to 80% by volume of these other constituents of the reaction gas B starting
mixture may be ethane and/or methane. Otherwise, such contents may in particular be
carbon oxides {CO,, CO} and noble gas, but also traces of secondary component
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in principle follow any process for heterogeneously catalyzed partial dehydrogenation
of propane. In principle, the heterogeneously catalyzed dehydrogenation of propane
and the combustion of molecular hydrogen within reaction zone A can aiso be carried

30 out in different reactors, for example reactors connected spatially in series. In this case,
it is advantageous that the reaction gas B starting mixture in the process according to
the invention does not necessarily comprise molecular oxygen. Quite generally, the
process according to the invention in reaction zone A can be performed either in only a
single reactor or, for example, in a series connection of more than one reactor.

35 Based on single pass of the propane fed to reaction zone A through reaction zone A,
reaction zone A can in principle be configured isothermally by controlied heat
exchange with fluid (i.e. liquid or gaseous) heat carriers conducted outside reaction
zone A. However, with the same reference basis, it can also be performed
adiabatically, i.e. essentially without such controlled heat exchange with heat carriers

40  conducted 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 the measures recommended in the aforementioned documents and yet to be
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the dehydrogenation products. This can be achieved in a simple manner, for example,

by dehydrogenating under reduced pressure (however, performance at elevated
pressure is generally advantageous for the catalyst lifetime) and/or by adding
essentially inert diluent gases, for example steam, which normally constitutes an inert
gas for the dehydrogenation reaction. As a further advantage, dilution with steam

35 generally causes reduced coking of the catalyst used, since the steam reacts with
carbon formed by the principle of coal gasification. The heat capacity of the steam is
also capable of compensating for some of the endothermicity of the dehydrogenation.

While steam in limited amounts is normally found to have a promoting effect for the

40  activity of the partial oxidation catalysts in the downstream reaction zone B, an amount
over and above this is disadvantageous in reaction zone B for the reasons already
mentioned. According to the invention, at least a portion of the hydrogen additionally
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30 566 573, WO 94/28021 and DE-A 199 37 107. In particular, the catalysts according to
example 1, example 2, example 3 and example 4 of DE-A 199 37 107 may be used.
Finally, the catalysts of German application No. 10 2005 0442816 should also be
recommended as catalysts to be used for the dehydrogenation in reaction zone A. In
the process according to the invention, these catalysts may be the sole catalysts used

35 within reaction zone A, since they generally also catalyze the combustion of molecular
hydrogen with molecular oxygen.
In principle, a catalytically active bed within reaction zone A may consist exclusively of
catalytically active shaped hodies. However, it is of course also possible for a
catalytically active bed within reaction zone A to consist of catalytically active shaped

40  bodies diluted with inert shaped bodies. Such inert shaped bodies may be
manufactured, for example, from fired clays (aluminum silicates) or steatite (for
example C 220 from CeramTec), or other (preferably essentially free of pores) high-
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t hi s docur®hydrogenation catalysts preferably comprises one or more elements from the group

consisting of boron, gallium, silicon, germanium, tin and lead, more preferably tin.
30 Most preferably, the active composition of the aforementioned dehydrogenation
catalysts comprises at least one representative in each case from the aforementioned

element groups.

Generally, the dehydrogenation catalysts may be catalyst extrudates (diameter

35 typically from 0.1 or 1 to 10 mm, preferably from 1.5 to 5 mm; iength typically from 1 to
20 mm, preferably from 3 to 10 mm), tablets (preferably the same dimensions as for
the extrudates} and/or catalyst rings (external diameter and length in each case
typically from 2 to 30 mm or to 10 mm, wall thickness appropriately from 1 to 10 mm, or
to 5 mm, or to 3 mmy}. To perform the heterogeneously catalyzed dehydrogenation in a

40  fluidized bed (or moving bed), correspondingly more finely divided catalyst will be used.
For reaction zane A, preference is given in accordance with the invention to the use of
fixed catalyst beds.
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reaction gas A comprises at least twice the amount of molecular hydrogen relative to

the amount of molecular oxygen present therein, since the risk of combustion of

30  propane and/or propylene otherwise rises and the target product yield based on the
converted propane raw material in the process according to the invention is reduced.

Of course, the catalysts used for the combustion of the molecular hydrogen to water in
reaction zone A may also be those which specifically catalyze this reaction. Such

35 catalysts are described, for example, in the documents US-A 4788371, US-A 4886928,
US-A 5430209, US-A 5530171, US-A 5527979 and US-A 5563314,

To perform the heterogeneously catalyzed propane dehydrogenation, useful reactor
types and process variants are in principle all of those known in the prior art.

40  Descriptions of such process variants are present, for example, in all prior art
documents cited with regard to the dehydrogenation catalysts, and also the prior art
cited at the outset of this document.
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molecular hydrogen to the propane to be dehydrogenated under heterogeneous
30 catalysis before it is conducted over the dehydrogenation catalyst at elevated
temperature. This is possible in the process according to the invention, for example,
by, if appropriate, in a simple manner, removing any molecular hydrogen still present in
the residual gas occurring in separation zone Il therefrom by means of a separating
membrane upsiream of separation zone 1| (or beyond separation zone 1Il) and
35  recycling if into reaction zone A. Of course, it is also possible at this point to use
molecular hydrogen from another source. For example, the molecular hydrogen may
also still be present in the residual gas cycle gas recycled, if appropriate, into reaction
zone A,
Of course, the possibility also exists of adding a mixture of steam and molecular
40  hydrogen to the propane to be dehydrogenated under heterogeneous catalysis.
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The molar ratio of steam to propane in the charge gas mixture of reaction zone A may,

30 for example, be from 2 0 to 30. Appropriately, it will be from 0.05 to 2 and favorably
from 0.1 to 0.5,

Mareover, it is also possible to add exira molecular oxygen (in pure form and/or as a
mixture with inert gas) and/or extra inert gas as required to the charge gas mixture for

35  reaction zone A. The conversion desired in reaction zone A can then again proceed in
single pass of reaction gas A {of the charge gas of reaction zone A) through it, without
further gaseous streams being supplied along the reaction path. In this document, the
reaction path in reaction zone A shall be understood to mean the flow path of that
propane through reaction zone A, as a function of the dehydrogenating conversion {the

40  conversion in the heterogeneously catalyzed dehydrogenation) of this propane, which
is fed to reaction gas A before its first pass through at least one catalyst bed of reaction
zone A,
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30

A single pass of the charge gas through reaction zone A can also be effected in a

moving 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.

35  In principle, reaction zone A of the process according to the invention may also consist
of, for example, two sections. Such a construction of reaction zone A is advisable
especially when the charge gas for reaction zone A does not comprise any molecular
oxygen,

40 In this case, the actual heterogeneously catalyzed dehydrogenation can be effected in
the first section and, after an intermediate supply of molecular oxygen and/or a mixture
of molecular oxygen and inert gas, the heterogeneously catalyzed combustion of
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which the reaction gas, depending on the quantitative ratio of endothermic

dehydrogenation and exothermic combustion of hydrogen will be heated, be cooled or
behave in a thermally neutral manner in the gross evaluation. Preference is given in

30  accordance with the invention to an adiabatic operating mode in which the reaction gas
cools by from about 30 to 200°C in single pass. If required, in a second section of
reaction zone A, hydrogen formed in the dehydrogenation can be postcombusted
under heterogeneous catalysis with intermediately fed molecular oxygen. This
combustion can equally be carried out adiabatically.

35 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
reactor.

In the simplest case, this is a single closed reaction volume, for example a vessel,
40  whose internal diameter is from 0.1 to 10 m, possibly even from 0.5 to 5 m, and in

which the fixed catalyst bed is piaced on a support device (for example a grid). The

reaction volume which has been charged with catalyst and is substantially heat-



10 zone Ais normally sufficient in accordance with the invention because
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30  Subsequently, it is generally advisable to regenerate with pure molecular hydrogen or
with molecular hydrogen diluted with inert gas (preferably steam and/or nitrogen) (the
hydrogen content should be 2 1% by volume) under otherwise identical conditions.

The heterogeneously catalyzed propane dehydrogenation in reaction zone A of the

35 process according to the invention can be operated with comparatively low propane
conversion (< 30 mol%) in all cases at the same catalyst (bed) loadings (refating both
to the reaction gas overall and to propane present therein) as the variants with high
propane conversion (> 30 mol%). This loading with reaction gas A may, for example,
be from 100 to 40 000 or to 10 000 h?, frequently from 300 to 7000 h, i.e. in many

40  cases from about 500 to 4000 h-'. The aforementioned loadings can also be applied to
any catalyst beds used specifically for hydrogen combustion in reaction zone A.
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reaction 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
30 range within the fray 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 catalyst beds between two regenerations. For

higher propane conversions, the reaction gas mixture is appropriately conducted into

the dehydrogenation reactor preheated to higher temperatures (these may be up to
35  700°C) and kept in this elevated temperature range within the tray reactor.

It is even more elegant to carry out the above-ouflined intermediate heating in a direct
way (enables an autothermal method). To this end, a limited amount of molecular
oxygen is added to reaction gas A either before it flows through the first catalyst bed
40  (for example as a constituent of residual gas cycle gas and/or of propane cycle gas) (in
that case, reaction gas A starting mixture should advantageously comprise added
molecular hydrogen) and/or between the downstream catalyst beds. It is thus possible
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constituent of residual gas cycle gas and/or of propane cycle gas) (in that

case, reagtiRhIgatel nidiedilidrPYditiodh W GntiRIEdbar HARE A6 IheCONPr | Se added
nol ecul ar.ﬁt_lgdr o%%e)or% and/ or bc%‘iw en the dgwnst r eﬁg} cat al ¥€t b;gs. It is thus
possi bl e 086 cafqlyaed, wog%ﬁ o) PERTBGNE a&@ﬁia ‘ glts fon catalysts
t hensel velgterogenequsly catalyredidebydrogemationiob propaee (phasd 2).rit iaeppriogeatednwi t h t he
Ibnvenf]gs onacc@_fddﬁt@é QfH iy inWﬂ?ﬂ?ﬁsﬂ tm.‘g]\'ﬁ?cﬂ e @act freébﬁlbﬁa@hé Abréasnt A, has
een for In COuUF S e er.ogenequ cat.al yz r opane
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appl i cat i @oydied & deHydigewalich dyeregds iftrabotivh ZBRER ddbrdhs the gavpas@ct or whi ch
are char gc?oqnprising feed streams), by indirect heat exchange with the censtituents of the
30 reaction gas A charge mixture other than propane cycle gas and dehydrogenation
cycle gas, and, after the final combustion of molecutar hydrogen in reaction zone A, to
cool product gas A likewise by indirect heat exchange, but with propane cycle gas,
before it is freated further. This is especially true when reaction zone A is configured
exathermically overall.
35
Generally, oxygen feeding as described above should be undertaken in accordance
with the invention in such a way that the oxygen content of reaction gas A, based on
the amount of molecular hydrogen present therein, is from 0.5 to 50, or to 40, or to
30% by voiume, preferably from 10 to 25% by volume. Useful oxygen sources include,
40  as already stated, both pure molecular oxygen (preferred in accordance with the
invention) or molecular oxygen diluted with inert gas, for example CO, CO», N2 and/or
noble gases, but especially also air. Preferably in accordance with the invention, the
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30  The isothermicity of the heterogeneously catalyzed propane dehydrogenation can be
improved further by incorporating closed (for example tubular) internals which have
favorably, but not necessarily, been evacuated before filling in the spaces between the
catalyst beds in the fray reactor. Such internals may also be placed into the particular
catalyst bed. These internals comprise suitable solids or liquids which evaporate or

35 melt above a certain temperature and consume heat as they do so, and, when the
temperature falls below this value, condense again and release heat as they do so.

Another means of heating the charge gas mixture for the heterogeneously catalyzed
propane dehydrogenation in reaction zone A to the required reaction temperature

40  consists in combusting a portion of the propane and/or H, present therein by means of
molecular oxygen present in the charge gas mixture on entry into reaction zone A (for
example over suitable specific combustion catalysts, for example by simply passing it
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Appropriately, the partial heterogeneously catalyzed dehydrogenation of propane is

essentially operated distributed over the three catalyst trays such that the conversion of

30  the propane conducted into the reactor, based on single reactor pass, is approx.

20 mol% (it will be appreciated that it may also be 30 mol%, or 40 mol%, or 50 mol% or

more in the process according fo the invention). The selectivity of propylene formation

achieved is regularly 90 mol%. The maximum contribution of a single tray to the

conversion migrates from the front backward in flow direction with increasing operating

35 time. In general, the catalyst charge is regenerated before the third tray in fiow

direction provides the maximum contribution to the conversion. Advantageously, the

regeneration is effected when the carbonization of all trays has attained an identical

extent.

40  Finally, in a (fixed) catalyst bed arranged downstream of the dehydrogenation, after
preceding intermediate oxygen feeding, essentially sole combustion of molecular
hydrogen can also be effected. This can in principle go to such a degree that the



t hrough and/or passing it over) and, by neans of the heat of conbustion thus
rel eased, PFIB80p§i ng about the heating to the reaction tenperature desired
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propyl ene to a mnor 25 extent at nost) will be brought about, whose
exotherm c thermal character essentially maintains the dehydrogenation
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i n the prosesstiatoomdiengat loydrdgen) imietwao porfionsidfedesgicalctomposifionfn grdepy| ene
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princi pl eax%er]i %hﬁ%H??lik%wgseegﬂrggentt Iﬂ%ﬁ'eiﬁhﬁis protection is based on the fact that, as
30 already stated, the combustion, normally catalyzed heterogeneously by the same
catalysts, of molecular hydrogen to water is preferred kinetically over the full
combustion of propane and/or propylene.

Following the teaching of DE-A 102 11 275, the dehydrogenation cycle gas circulation

35  will appropriately be realized by the jet pump principle (it is also referred to as loop
mode; propane cycle gas may function as the motive jet). The aforementioned
document also addresses the possibility of adding molecular hydrogen additionally to
the charge gas mixture for reaction zone A as further oxidation protection (this may, for
exampie, be molecular hydrogen which has been removed by means of a separating

40  membrane from residual gas which stems from separation zone I} and still comprises
maolecular hydrogen).
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from 30 to 50% by volume of propane,
from 15 to 30% by volume of propylene,
30 from O to 10% by volume of Ha, preferably from 0 to 6% by
volume of Hs,
from 10 to 25% by volume of H.0,
from O to 1% by volume of Og, and
from O to 35% by volume of No.
35
The proportion of the constituents of the product gases A other than the constituents
listed is generally £ 10% by volume.
The temperature of the product gas A withdrawn from reaction zone A is typicalty from
300 to 800°C, preferably from 400 to 700°C and more preferably from 450 to 650°C.
490

The pressure of the product gas A leaving reaction zone A is generally from > 1 to 5
bar, preferably from 1.5 o 4 bar and advantageously from 2 to 3 bar.



nmol ecul ar hydrogen). PF 58025 29 Typical reaction gas A charge gas m xtures
(reacti onP5®8685A forming in reaction zone A) in processes according to the
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Cycle gas (and if appropriate the other constituents of the reaction gas A charge gas
15 mixture).

Otherwise, for the use of product gas A or of product gas A* to charge the at least one
oxidation reactor in reaction zone B, it is sufficient to add that amount of molecular
oxygen which is required for the attainment of the objective in reaction zone B to

20  product gas A or to product gas A*,

This addition can, as already stated, in principle be effected as pure oxygen or as a
mixture (for example air) of molecular oxygen and ane or more gases which behave
chemically inertly in reaction zone B (for exampie Nz, H2O, noble gases, CO;) {(also

25 referred to in this document as primary oxygen sources). Preferably in accordance with
the invention, it is effected as gas which comprises not more than 30% by volume,
preferably not more than 25% by volume, advantageously not more than 20% by
volume, particularly advantageously 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

30  than 2% by volume 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 added is such that the molar ratio of
molecular oxygen present to propylene present in the charge gas for reaction zone B
35 (reaction gas B starting mixture) ts = 1 and < 3. Before the molecular oxygen-
comprising gas is added to product gas A or product gas A*, its temperature has
advantageously been adjusted to a value of from 250 to 370°C, particularly
advantageously from 270 to 320°C. The gas camprising the molecular oxygen is
present in the feed to reaction gas A or reaction gas A* compressed to a pressure
40  which is normally above the pressure of reaction gas A or A* (if appropriate up to 1
bar}, so that the gas comprising the molecular oxygen can be throttied in a simple
manner into reaction gas A or A* (when the oxygen source used is air, it is normally



40 The pressure of the product gas A |l eaving reaction zone Ais generally
from> 1 PB5802bar, preferably from1l.5 to 4 bar and advant ageously from 2
to 3 bar. PF 58025 30 According to the invention, product gas Ais then
used, either without further secondary,, conponent renoval (but preferably
after nmechani cal renoval of solid part Tles present therein according to
t he t eachtorgpaftediby dsidda Sddial@aMprayson fas elesaibedeios akampler nDEA 133 §Br ought

about by gifefie RAHLA MRS &%%H (MY th @ e ok (ibrOS nBfmdiugAt i rety of
et o eobe ety e R v b el oo g o

at |east BA
| r r espect chesg@mixthretiy establisbed.de yeneral éhis tampesdtucs ofitbe eolegcuBnokydauct gas A

i's 10 sindgdrhgieiiy gddis ilsmaiUerigRbpat.e i n accordance with the invention to cool
the hot product ~gas A before its further use in reaction zone B at | east by

i ndi rect heat exchange with propane cycle gas (and if appropriate other
const i t uehyricalfeactien gasBichaigedias MXWFRErPEPrgas ni xture (normal |y excl udi ng
dehydr ogenation cycle gas) and thus to heat propane cycle gas (and if

appropriate the other conﬁ@tﬁgghg%ogpyr%%%g@cti on gas A rp%%rnge gas 15

m xture). O herw se, for C gas A or of Ect gas A* to
chargPthe at |east one ®XNPdPi%ar PE¥RBEOf n reacti on zEFRPYEBNSit s
sufficient to add that anbomtdtofiObibeeiliae of oxygen whi chHzs required for the

attai nment of the objectiygmiip b8agthPbi#neef B t0o 20 prodicinpgas A or to
product gas A*. This addi | ready st ated, in,!-?bi nci pl e be

ion c as
effected as pure oxygen o O'Hg taa‘B?{‘I ?(XYfﬁ‘ém?P r exanpl e ai rY~of nol ecul ar
oxygen and one or nore gases which behave chemically inertly in reaction

zone § (f prethdImBb&idNGas PP arfOBAEMB@FES coribide: (al so 25 referred to in this
docunent as primary oxygen sources). Preferably in accordance with the

invention, it is effected as gas whi ch conprises not nore than 30% by
vol ume, preferably not nie® 1BR@A0%Sm WuUM®PUNe, advant a§EPd88y not nore
than 20% by vol une, par tiretl7asl2pvasiveniragedus! y not nor erdpyene15% by

vol ume, better not nore % and nore pretgrably not nore
hSRR 5% By AG TP PO EE o

than 5% by vol unme or not nor ! by vol une of ot E)e'r ases other than
mol ecdfl ar " oxygen. Very pafemdatasPy bypime Gheous at thi &2 t is the use
of pure oxygen. Normally,frérhe tafdumy vaiimeof ecul ar oxygenHa@ded i s such that
the nolar ratio of nolecular oxygen present to propylene present in the

char ge s for reaction,zo B. 35 (reacti,on gas B starting mxture) is ? 1
ond 2% 9% o ProcEraddu ioan byaRia ShrantRtranessutd At S BBl ct cas
A or prodibetat tpast oxe, oxidagion egpstar af taastibragonead willmagetuspropiéaiely #¢jfitf ed to a

val uexaf £ n o #P0bA0 uSUdkEfroRad. 8 ibGkHoa bar, indfly@ndéaeeaurl ¥ 5% 2mpAf0 to 320C.
The gas conprising the nol ecul ar oxygen is present in the feed to reaction

gas A or reaction gas A* conpressed to a pressure . o
In a manner known per se, the heterogeneously catalyzed gas phase partial oxidation

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
30 second from acrolein to acrylic acid.

This reaction sequence in two steps successive in time opens up the possibility in a
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

35 undertaking 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.

When the process according to the invention is carried out up to predominant acrylic
40  acid formation, it is advantageous in accordance with the invention to perform the

process in two stages, i.e. in two oxidation stages arranged in series, in which case the

fixed catalyst bed to be used and preferably also the other reaction conditions, for



40 which is normally above the pressure of reaction gas A or A* (if

appropri apgsgp26o 1 bar), so that the gas conprising the nol ecul ar oxygen
can be throttled in a sinple manner into reaction gas A or A* (when the
oxygen source used is air, it is normally PF 58025 31 conpacted by using a
radi al conpressor, as described, for e¥&npl e, by DE-A 103 53 014). The

tenper at U%@asnﬁ’élerghﬁt %%raﬁ&’r@ﬂff i %dté?a?ali@ @r@ép&b?ﬂaﬁ@l& SRiURRIdTRIAnY such

that the e ratu uent for the reaction
gas B ch3pye Z'Hgﬂ%ri”seaé‘ é:’df'd gasetal, this terrperature of the

nmol ecul ar oxygen- 5 conprising gas is from 100 to 200C. Typical reaction gas
B char ge gﬁr%@h&hyﬁmunmmxlo%g ooﬁfpﬂgihéﬂneté?erﬂe%myo vel Bnghieh aky opane, 10

from5t02/b 2, from
o R e st S A5 b AT h ol s Al Yol
Preferred nr@ra&rim apsiein) @ﬂ&aﬁ*@:ecamblertmtqgrte@ extan of eatalyzipg fhel1secend 40% by
vol ume of ppdstRANgage fat@mBin 3 8c ﬁl%ch)do Er@féﬂ@f&:e% nsrrn@awlgwm for the @8téhd 0 6% by

\(;?l lﬁll’zrg of )'(ﬁ%tlo% eo‘[? %%&)} %Rﬁq@(%c&lv os%onolg at %Q% one rP[T%GEE?O;IJ% by vol une

nventio He “ent F ance pressure of
reaction @%{Bpfﬁlﬁmﬂﬂé elqrm@tﬁMqamJ one oxi dation reactor of reaction zone B

wi | | m)rmally approprlately be from 25 > 1 bar to 4 bar, usually from1.3
bar to 3 Pal hrde Qs |8§ ogf |ﬂ%e]ct|§nt28ng85h Q%mdé&a%uﬁﬂ@ﬂvﬁm%rper S€,

t he heter ogeﬁeous xﬁgréﬁyl ene to
acrylic a@ﬁd’%@?ﬁ"@é’#%’wﬁ YZSQ?@E'F\‘ %%@B&Ep”oﬁy‘ﬁf‘? H&‘?ﬁcﬂx@d catat
successi vehadeotedalydte haes Gianractio® cothpaditen, afleadtioob nilitenétar stidd eads to

acr ol ei n, cangidiffine AmGRONG, FL 3Ry %%%L‘E éhntBBle%géﬁh &‘la@éé Qp[éér Riaper €action

sequence in two steps. successive in tine 1 in a
mannelS knBiBRESSIPT BEPRING a5 ARRENA BV IRATH DABROPAEELPATDe AR (9 P Rvent i on i n
react i on stagaéorBreatwotdiagespragaratibn ataamyleiavid .t he st age of predom nant acrol ein
formation) and 35 undertaking the target product renoval at this stage, or

cont i nui the oce according to the jnv tlon red m nant acrylic
acid for “Eﬁ'&né’ﬁ qrﬁeésﬁagqu]%grpgg%ql@ytq@ga3{23{1&@%%‘5%38 ermval. When
the proc ewgpﬂen@mmeiﬂ@nﬁmmlinmmiﬁ appropsiateaenthe v etage petesogenedasty nant
acrylig é&a@féocbafr% BRidLAEh of 6ro;b)ﬁer%jt‘é%hﬁ18§@iﬁ%sln© @r%ﬁ@ﬁdi*?db%qs wbttatheahe

i nvent i on to dat i on

stages ar P& ‘g'ﬁan?? @é‘}{%&”‘%“ﬁ"maé r?p‘é%{ﬁ\%”{’ hg%a?r eQ@HFﬁ%\F%Eny'EDd ®to be used
and pref eqi@unvenéﬁ ERo-A FROD 14 dirstrreadtion stagsonsitescained thes, but also in

corresponding countercurrent mode of salt bath and starting reaction gas mixture over
the tube bundle reactor}, EP-A 70 08 93 (second reaction stage; as described there,
25  but also in corresponding countercurrent mode), WO 04/085369 (especially this
document is regarded 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 process), EP-A 1 159 246 (second reaction stage), EP-A 1 159 247 (as a
twa-stage process), DE-A 199 48 248 (as a two-stage process), DE-A 101 01 695
30 (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, EP-A 1 007 007 and EP-A 1 106 598.

35 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 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

40  (especially regarding the fixed catalyst beds and reactant loading of the fixed catalyst
beds). When the procedure in the aforementioned working examples of the prior art is
in two stages and there is secondary oxygen feeding (secondary air feeding in a



PF 58025 32 exanple the tenperature of the fixed catal yst bed, are

appropri apglsgpagj usted in an optim zing manner in each of the two oxidation
stages. Although the nultinmetal oxides conprising the elenents My, Fe, Bi
which are 5 particularly suitable as active conpositions for the catal ysts
of the first oxidation stage (propyl eh® -> acrolein) are also capable to a

Gorylic anjenfér e BRIANTh Bl Hcs IAONGe IREh R Lo A0 M REHE . o st age
o Yat ol y Seabs, B Bedngls ndsiabet et Mgt BHESRANEendt b “ox de
conpri si ngmpHet te thereffact thabthermdoler ratio of meleskias exygentte apeleiminthe ghange in
reacti on gaagiifurendf HECIcEAN feichbrt Blab@SorréBRAlS A thaf Bthe Wbkingalxahpgeneously

g
catal yzed rtyal idati.on of propyl ene over fixed catal yst beds whose
cat al yét soﬁtgegtog]é"gg@% m}@#'?'\"/%aqcorrposi tion, at least one nultinetal oxide

conprising the elements Mo, Fe and Bi is thus suitable in particular as a
one- st ageAdvarpigEoRsly it Qc?qoﬁ:!a‘?ﬁém\iithgh@ﬁwght&inn tHeadmowts yi dxygée indebdtion y
appropria I t i : - epar ation
o "acr vl 1 25k B ard Such et bdles LEEB s ol trbGhdia ridl BraBGadt “03 21 204
partial olaPeERArglehbirom 3rbpia Ehvtve!ume. sduantagerysidiam if do 8% Ry YAUrB®pr opri at e
or theot wpretdrage fioet 2 tcoffe e ablkime). IAGhe ads! of zadopsadd prbceniurelaheé on  of

propyl eneafo?erﬁ&ﬁt%hé&a@ﬁieg tgig%,é)}g%fee}hé RASL ioﬁ%?ag%spbt ai ned in accordance with

the invention nmay speciflca carrired out as described in the docunents
EP-A 70 07 14 (first reaction stage; as described there, but also in

cor r es ponhfiviignedal wrideroataiystnpartimdariyoduitabletforltbe padiedas bddationgtagedsivieon gas

M Xture OK&dn gdddfbdd'MBnPiines Befof@ah s weikndwhlo 8 s83kkiSSFARE aReAGH | ON
stageﬁas descri % e g 25 but alg? In cor rézsiggdl n(gﬁéount ercurrent

node) | WFHTHBS36 5{9 dPIEMT 9N PAYS® IULIRTRARIING UPfiiitd as being an
integral part of this docunent) (as a two-stage process), WO 04185363, DE-A

ég?Ali %ﬁa&zc{rlémétcaté@ﬁ%tférmqﬂe PhAREKr oﬁﬁ’at‘fbn]st@arya&go(%&%@segtsﬂyg‘ st ag_es f; Sgess) :

process), BBI:A 3\4 éi)ggZBBEA@%298%:0?%\395%5%5%@3%3@%49 ﬁﬁsk ‘?Ls(ﬁ?fdawgﬁ% 30

(one- st agef thesa oidhe genpsal fovuia 4inGBS BeBafprmentioned preagding docwrse)ts. DE 10 2004

<(321 7@%1 (Pm:t;@bmg@%van\égeeéé @ag grg ftgrfthzfértibﬁaﬁéii@éﬁoﬁﬁsm)a;reH@c@é%%gg'jngSBG?
secon r ctrLon.s , ,

(e st apEobiReRs ScA0d 2 s 6290 100 38587 BE SN SYBr B84 36 Thi o is

especi al | 0% 448 SDEAI1036Y1 14699 DExAa 1P 86 8ddAnADirefl 108 5P¥88e docunents. They

may be carried out as described in these docunents, but with the difference
that the t i NG, j ) [ i .on stage
(pr opyl ereoti B bivDeiascoRSidgaantindleiodthlunyf habliFeq bpEbnds 3 °, P
t he 4% en®¥idaiion REpDPYIERY ta PRECIElYRIiAsTG aCiHAr arfaikkie therensd. yseBd awlitineetps as in
t he wor ki exidecosmpdsiiong bird ingridoiplenaimsitinneal bxioe dodpPodirspeshptitiig\eg@®idi ng t he

fixed catgr‘dy@; a?ﬁw@%oﬁv@oérﬁ@&sﬁtﬁ)ﬂ? | oadi ng of the fixed catalyst

These are in particular the multimetal oxide active compositions of the general formula
30 | of DE-A 199 55 176, the multimetal oxide active compositions of the general formula |

of DE-A 199 48 523, the muitimetal oxide active compositions of the general formulae

), Il and Wl of DE-A 101 01 695, the multimetal oxide active compositions of the general

formulae |, It and Il of DE-A 199 48 248 and the multimetal oxide active compositions

of the general formulae |, Il and Ill of DE-A 199 55 168 and also the multimetal oxide
35  active compositions specified in EP-A 700 714,

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

Bi and Fe which are disclosed in the documents Research Disclosure No. 497012 of

08.29.2005 (inadvertently, in the working examples there, the specific surface area was
40  reported mistakenly in cm?g instead of correctly in m#g with the same numerical

value), DE-A 100 46 957, DE-A 100 63 182, 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,



beds). Wen the procedure in the aforenentioned working exanpl es of the
prior art pPF$80ps two stages and there is secondary oxygen feeding (secondary
air feeding in a PF 58025 33 manner less preferred in accordance with the

i nvention) between the two reaction stages, the feeding is undertaken in an
appropriate manner, but is adjusted im4ts anount to the effect that the

{rﬁl ar rat Ep-pb75897e 08l A8488MIEDELD 198950k 81 WC FB/24R6C DEL @Y7 98101 xlture gf f
e secon a | O n es (6]
e e e B A0 1 3P0 TT e B B 02 R KR a7 o5, ©

t he amunFBIS@pp@wg@ﬁmwar@atb@ﬁwplﬂafr@ﬂ@cwén@Utweﬁﬁaﬁcw%&cﬁndgas B still
conpri sesamoagfhese padicolr pfdranceos yiyen to (rppodpPiAat 685 fERM FY5B%, t 0 6% by
vol umég ﬁﬁ%ﬁéﬂﬁ@%bxpab%{mgé%s%bﬁammpﬂa}g.snégpsmbwséorn@ é?oto 4% by

vol unme tage pr ce or enent i applies
to each of Calalyst aRFORIinGIia §XaMRle Lgkem BiiAPRSSANIISHe aatalyside 88 parti cul arl y
sui t abl e prepateden paotrespdnaingonarthet bornwisdsegetiauampdeitem isdbe | bed many times

bef or e an%r%&ltmll\nmkﬁ@ghzfzg Bl b?&%i(ﬂ%gl L Sld?z 'E'ﬁﬁah%&fs is 5196 wéﬁ téhPl e, EP-A

7 gf’ Cho PSXATREPEYG e R T Jaroh DERR 455 é??&?@%@ﬁhwﬁai' 22 5100 ®

A 10 2B804CoF:Bil K6kl 0k} 46 44 uBduppdBed hdlicsv ¢ylindaratahedt bf/geanuetry of t hose
g; r{ Pgugggiﬁm& imwb%rh éﬂerfnﬂleduér\(‘r@teﬁfa%ﬁ%ﬁ?ﬂﬁggﬁ?ﬂcﬂ?@%@ﬁéd&lwﬂmt@% Z ar22
di scl osed" T’"K‘;é‘f| Em‘?ﬁ%%ﬁ)% é,é ai’b%aﬁ%orgﬂ@% t‘g) ﬁdé’fggéggg 4%% 103 53
954, DE- AM@ota:mshoymalscDEe magle 3f the m@@me@on\dqe&awss:wSaM 438,247108Be 50 822.
Fortthe II@M@rﬂ&'eE@ed’@@QﬂufeQﬁheﬁttﬁ% Kbwidynderd BAROE HESHSHY of s aidrwzed gas fhase
arti | n I, O I | or a mxture
P ?&‘f L% ﬁ@hrr? ) rgrﬁ %ﬁmﬁg%cnéﬁlp%cé frlrr?'x% R A5 T & 6318

there usef ul ions are I'n EI’II’]CI e al |

mul ti et ab m&r@eﬂ%ﬁpamm XM M seach ewernadidiaragiar xaeight ¥ Réeragt i ve
conposi t i diamefene sarthegrepdssibpasatalyst be:ﬁméﬂmes inuthisi doateat a@dxdedates i(foe

conmposi ti gns, h{gﬂg | tinetal
oxi de active F@%lr%g@l ???gﬁlsah? B@ rg?nrgﬁgl 'fe%th[qga ﬁ&%ﬁ? 6%@1&199%% t he
muttimetal oxide active conpositions of the general fornulae , and 1]
of DE2A 18 muBtitudOsf,the Ireltimetsi oxisteadctiox catepesitidne sudabip &sitihé strg fmfn t he gener al

fornul ae gdropd Ién@fbdadréléln%fnd%aﬁpré@@até%o?ﬁ@ a@ﬂdcatnhfe éﬁébﬁ'ipﬂ%e@ pyokkde active

conposi tions 3%[ he.general Ttornulae I and of DE-A I99 55 168 and
al so t he JUEL3IAEMME ¥xi de 35 active conpositi ons speC| fied in EP-A 700 714.
Al so suitable for this reaction stage are the nultinmetal oxide catalysts

conpri sing Wotzﬁl F@ﬂ@x?ﬁa\g@{%h are discl osed |n?\phe docunents Research
Di sclaéq:;sure . 497012 of 9.2005 (inadvertently, in the working exanples

t her the specific surface area was 40 reported m stakenly in cnR2/g instead
of corredﬂl@lthﬁﬂﬁ@ﬁmﬁaﬁetﬂaéh gefinedrasfelidwsal  val ue), DE-A 100 46 957, DE-A
100 63 162, DE-C 3 338 380, DE-A 199 02 562,
X'= nickel and/or cobalt,
X2=thallium, an alkali metal and/or an alkaline earth metal,
30 X3= zinc, phosphorus, arsenic, boron, antimony, tin, cerium, lead and/or tungsten,

X4 = silicon, aluminum, titanium and/or zirconium,

a= from051t05,
b = from 0.01 to 5, preferably from 2 to 4,
35 ¢ = fromOto 10, preferably from 3 to 10,
d = from O to 2, preferably from 0.02 to 2,
e = from O to 8, preferably from C to 5,
f = from0to 10 and
n = anumber which is determined by the valency and frequency of the elements in

40 IV other than oxygen.



EP-A 15 565, DE-C 2 380 765, EP-A 8 074 65, EP-A 27 93 74, DE-A 330 00 44,
PF 58025 R 58885 A 575897, US- A 4438217, DE-A 19855913, WD 98124746, DE-A 197
46 210 (those of the general forrmula 11), JP-A 911294239, EP-A 293 224 and
EP-A 700 714. This applies in particular to the exenplary enbodi nents in
t hese docunents, and anong these partqscul ar preference is given to those of
EP- A 15 5By H8 oIl mbnid kAod perbe B8, fondudiipld, DB £629230) dPaf t cul ar
enphasi s ] . C ; \ elc
From £p. At 2eOERbEped rf Aty L g spig iy, SCHRuEb LRBBIML 0y
manner bule\ipigsef wetad @@ i PieshrnesdnerhBUPROBRAGIGSGogipd with the activ
Mo, 2Ni 65 ZesthBion POhayoGaikof afhe aldidbSLedd adogthlystissn pewddrdormgiferen to t he
exanmplg£ hayy i ' "] -3 from DE-A 198 55 913 (stoichionmetry: 10
NblZOo?Fe?lgn@%mé%%d %éodKr;é gttéa%gn unsupported hol |l ow cylinder catalyst of
geonetry 5 nmmx 3 nmmx 2 nm (external dianeter x height x internal dianeter)
and al so ingrinhigle, aciemporositionudttthegerdrabioimiga IV cambepyaparesdio Gradinplg t o
exanpl e Ln@ﬁné?%yﬁbbia‘iﬂin%ﬁ véhOntimMenblefitaSiP anéid diidea e miragke rabinghe mul ti met al
oxi de cat alrﬁ%} Si of US-A 4 ﬁg 217. .The a;rt ere s essger%lglq*%‘ frue when t hese
hol | ow cyfITRESIOMERUESRPTGIGHRENSY BpichiometnyramysitaRiz SOUCBR Rt VP 5y 2nm
x2mm Ht  Selemesisheorstiveots pdwalciinireidegiprratures of frem 32030 ARYSE. ZhAm (each
external  gHigmaionmay eebfdttedeithat ahdalinerdg@g?t@ﬂ)sﬁ arFufiaﬂmle amaiprf;lrg, cat al éSt
geonetries, LN [S..context .ar Xtr t I ngt ./ mm an
di anet er rwrﬁ@?%,rgﬁa@f{eg ,eﬁn%%aw?aag’?‘é%@(éPQ%‘.s‘?%m%ié%‘6*”%“ ul titude of the
mul ti met a&tmesPlarse Aot pxample mgyre ofdiest gas, Nabl @Orapd/ar la). Jhe salcinghen BMépy| ene
t o acr ol eian wiom iaffeRPRINGIBS tdd faw BEUTY bhé tyyidally dedrebsesenttoempssstaeby t he
gener f I ' : 4%,%5 - | L.ch the variabl es
are e‘gdch lgée%n%a}cgg%}ﬁﬁ‘%@sﬁ%@%@qﬁﬁgﬁ an((Tl L{%neégg%gH% é@%&: thallium an
al kal i netosIPoshigns fv &is thpsesqmrousds whicheara pireagy oxides apdjor hasRosphor us,
arseni c, dopmundsiwhichmay betdonyerteelrto wridet bg dealitdy, af lebsirig Hteepresenké of si | i con,
al um numo,gypg,:ﬁni um and/or zirconium a = from0.5to 5 b =from0.01 to 5,
preferably Tfrom2 to 4, 35 c¢ =fromO to 10, preferably from3 to 10, d =
fromO to 2, preferably from0.02 to 2, e = fromO to 8, preferably fromO0O
to 5,20f =nfadditic tq the Bidendsush-usefuhstatiog campohndssindedeinrianiiasnatidrs, val ency
and frequefais brmdies, DxSERR! Sitrbids, LHtdtds, RbRRNalBEMPSBfpiexes,

ammaonium salts and/or hydroxides (compounds such as NHsOH, (NH4}:CO3, NHsNO;3,

NH;CHO,, CH;COOH, NH,CH3CO;, 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 muitimetal oxide active compositions 1V 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 aqueous solution and/or suspension. Particularly 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 aqueous mixture at exit
temperatures of from 100 to 150°C.

40  The muitimetal 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



PF 58025 35 They are obtainable in a manner known per se (see, for exanple,
DE-A 4 02BFZ8925and are custonarily shaped in substance to give spheres,
rings or cylinders or else used in the formof coated catalysts, i.e.
preshaped inert support bodies coated ywith the active conposition. They nmay
of course also be used as catal ysts inggpomder form(for 5 exanple in

f1 ui di zedobafter tieefriapcaigination. For exEnmle, unsapporedatahsss tarobs prepataderaener al

f la | t t
pr e or bl § SN A A0 oAb Fyr (AREREiNY slr p A S ﬁ'oﬂdl ng to

their stoPERISRE Qqust't@&bé’Lﬁ%ﬁ’SP’éngs@l}'P% %3”6’% CLaFf’éYSt‘ ng‘@'"@r% PXMRABRSL i t uent s
and cal ci tableding br extruding).af appropsteivith trenadBBntad a6SstEntsTioe exaraplei nat i on may

tea)e(arerL }‘gc; Ie@ phitd Baeéteéﬁl,d&rd bmbﬁcgﬁssaﬁdxowﬁsrngaa&s%n%ﬂd/@.rﬁ&remg Rlere, for

as and. oxygen al so_under i ng
at nospher & C(r]febsrm@f{gﬁﬁr SeOfﬁr%g‘?u? EBIPS; %@P{’ Cgﬁi’éae Nl-ff?tasé@”éﬁﬁﬁaﬁe E}fg‘a%%ﬂi
cal ci nat i grphiterét is glen poesible deruse hexeoanalhoeen nitside asan assisiant Btbet ypi cal |y
decr easessididy, bs Rnthsided by DRIAefodocsWa7@Ts. ERdmplbe ofdpabRt al constituents

ore alr 2‘;%*4@%@%%9% aﬁ&%%bw&es AR e Rl oo SCHRAIST 0L e
by helf i ngXteEilﬁl tizmster and erength ekfean e tofl0 namylgdhe casp Afihebrlion @ingdesst he

oxi des, syoalltiseiness st fedrh NG e MmN didmtdgeclisidthel unspppdrietiWataiysh abn des,
nitrates, oéﬁémESﬁavégﬁ{eﬁgﬁyﬁaﬁn‘ew aé@%o\)e( ?gﬁér P&iam%%fr Qﬁ‘ Bk ﬁﬁ [BNEE H

conplexes /or oun S suc
(NH4) 2cc310 MENO3, NHACHOR, CH3COO—| NH40HSCOZ and/ or ammoni um oxal ate
whi ch decamadielaripfmlomblehslichveytieds meosetty &6 nat @13 roml>c2 mmdexdrnbhe | at est

to giye cgm@wdﬁew “hntaf &ng%r?%%?&néllpér?ﬁ%%é of eﬁéﬂpﬁaﬁe&)eataf}n 3t i onal ly

i ncorporated into e intimte starting conpou
preparing nultimetal oxide active conpositions IV can be intimately m xed
in dry orThepule¢ruleot ativitempositgn arits pulvesdentrpreuysdraompositien whihtis wef 30

gg lmgloﬁggfgﬁdeg%a@dhﬁﬁdmfg!@tdéméllyéﬁéméé ridy"Hf L:Murgé visdasd smbe@w aa@g.fng ngn ggt Ieg to
g| ven to eﬁ‘??ﬁ?@t'@eﬂﬁ%&g Suﬂp?/fgst Lrgglpﬂ?tmﬂ%?}%edw ortt g%ét?%PH% grberrpounds are
m xed20m twaé%stdcatalmth@rgemeraﬂmerf@md)m aewtabiaé@ta@bwrasseloas dlﬁdpmd d@/spensi on.
Parti cul aé)la‘!nptlé‘tﬂ rmf_c - 2809 671, EPUL ©83 85€ oPEPA ned70M Tohwahihgisifgpdit ocess

d bed t f th
el ol B R B e et a%%ro%’ﬂ%{ewé@ﬁeé‘%%%?g?Zfe abl y
wat er . Sulgaihateiiapplicatine fagiesirie by msass of kal abl ¢ seating dhigkness of thed t he

dryi ng proeseRs comppsitdredppiby tefhbeappsh bydysip appropristelyGeldtedagitemtie m xture at

compdd] ¢ 1 Bhge et 81008 Py a,pe%,raewﬁ@ i el DT 0BT e
acrol ein RFQW@%WW'P%%@PF fremainorie g é.’f"é) step either in powder form or

Useful support materials are customary porous or nonporous aluminum oxides, silicon
dioxide, thorium dioxide, zirconium dioxide, silicon carbide or silicates such as

30  magnesium silicate or aluminum silicate. They generally behave substantially 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 bedies 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 externat 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



shaped to certain catal yst geonetries, and the shaping may be effected
ei t her bepPpsaoPF 58025 36 or after the final calcination. For exanple,
unsupported catal ysts can be prepared from the powder form of the active
conposition or its uncalcined and/or partially calcined precursor
conposition by conpacting to the desired catal yst geonetry (for exanple by
t abl et i ngp#tici@t distsliimg) of gebmapp7amini-ad mnvwk Wminexteet tiametafx l@sgthst ant s, for
exanpl e SR Uhdrfieh) HeHanbs6f fle BRalWOIL RN SoARKEAhooRRERG L85! St ant s
and reinforcing agénts such as m crotfIbers o ass, asbestos, silicon

car bi de o‘?pFﬁ‘Sf‘g%ﬂ'ieLﬁWﬁF@ athe suppathedyds of Coﬁ%ﬁﬁﬁtﬁq tq thejdesizgdicpaliBgsi bl e t o
use hexagihitkhessochEPAATNATO0RS an assistant in the shaping, as reconmended
by DE-A 10 2005 037 678. Exanples of suitable unsupported catalyst

geonetries, j.nclude solid cylinders or hol|ow cylinders haying an 1Q external
et or - BHime oRigB Robfe FURREHCTS (b Hird Ph e RO GE PEPPNETE R 8P

cyl i nder s{andaf apprdpriate adaieswid)fard aleoncompositonsmf it gehesalferguta¥. The
unsupported catal yst can of course also have spherical geonmetry, and the

spherical dianmeter c e f ) particul ar favorabl e hol | ow
cylinder geonetry i sﬁg"\%ﬁpkfpgg;ﬁﬁdi ef&iffﬂ?}&ﬁ& nal 15 di g\ﬁet er x length x
interthl dianeter), especially in the case of unsupported catalysts. The

pul ver ul eptwiasH theaESBTROsield=RA defindd &s BWIWETr ul ent precur sor conposition
which is yet to be calcined and/or partially calcined may of course also be

shaped by applying to preshaped inert catalyst supports. The coating of the
support bbdT e@ly BispuBuRIcisTHE apd a¢ (paseneceiitikg 9'§W“F%ewwséﬂtlwo%rt’ﬂorned in
a sui tabl e rodrat@dpper,vessel , as disclosed, for exanple, by DE-A 29 09 671,
EP- A 293 8b9 s T SAPR! bodi es, the powder
corrpoégtigfl t@["ﬁ{g‘?‘%‘@ﬂﬁgﬂj “?’gteé‘p&r'gg'?%’%‘%“g‘ﬁy nol géggﬁ%’d and dried again after
appl i cati bn® FbKARRI. dhHBRHET BAMHBIM-ai r . The coating thi ckness of the
powder coYipesan alkainemathexketalionicke, sappordppen dyangenegsp zioprtiratadmiusel ect ed
within the 25{ah9Rekfgm 10 to 1000 pm preferably within the range from 50
to 500 pg%sa_nd nor e prg]}gabg vvitBin thesm e_froer150 to 250 pm Useful
support mhter % ¥ igrénd A {s5EPNP Yo Eement %81,“51@” UM hum oxi des, silicon
di oxide, Y¥morphasphibrosatesnic iboocsrangdmrdingode, silicon carbide or silicates

such as 3¢ fBYRRS bk ﬁielreh,qaérﬂurﬁrzi%oumumbﬁjrd,it%bmm,Trtkwurg,emm@aiuhy behave
reactli on on

substantially inertly w egard to.the target ich the
o ocess accor PG, sVerdh bR i T Sheen BFREE AL can have a
regul ar or i rtheg@dmand/ondfeeiunal t hough preference is given to regularly
shaped support bodi es having distinct surface roughness, for exanple
spher.gs o =hqk#r9w0q%i8nder Ss. Suitable support bodies are substantially 35
nonporous, surtace-raoughened spherical supports nmade of steatite whose
di ameter B'§ ffa/M110:38: 10 nmor to 8 nm preferably from4 to 5 nm However,
sui t abl e Seppgom 0 thadi es are al so cylinders whose length is from2 to 10 mMm
and V‘hosed'QthﬁJnﬂ"ngzéﬁ aneter is from4 to 10 nm In the case of rings

a

0t

suitabl e 1.n gccordance with the
e’ = from >0 to 20,

30 f= from0Oto6,
g'= from 0to 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 Y152, 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 regicn and connecting two points on the surface (interface) of the
region) is from 1 nm to 100 pm, frequently from 10 nm to 500 nm or from 1 pm to 50 or
25 pm.



i nvention as support bodies, the wall thickness is also typically from1l to
4 mMm AnnpFasoz®) support bodies to be used wth preference in accordance
with the invention have a length of from2 to 6 mm an external dianeter of
from4 to 8 mmand a wall thickness of from1l1l to 2 nm Support bodies
suitable in accordance with the inventn are in PF 58025 37 particul ar

al so rings of geonetry 7 mmx 3 mmx 4 nmm (external dianeter x length X

t I f t j
compos, 15 #’%r%’@%r‘?vb%dvam%ﬁ%%ﬁl@ﬁ%haq i N Rt e A
adj usted ¥8 "N?@“‘éfé%ﬁert eeecBATIGhY" if Dby cf . EP—A 714 700). 5 Mul tinetal
oxi de active conpositions to be used for the step from propylene to acrolein

(and i { he general
Formi‘a VAOE i3 RERYR® Gl BrOg MR AR SR IR V] 2 e he
vari abl es are each defined as follows: Y = only bisnuth or bisnuth and at
| east one of the e{BieﬁéfCstlp«t[éhIzZi’E"Z‘ldffﬁeeﬁhZ?gtﬁirn@y]qt| n and ddfper, 15 Y2 =

nol ybdenum or tungsten, or nolybdenum and tungsten, Y3 = an alkali netal,

thal I i um and/ or samarlu = ne earth netal, nickel, cobalt,
copper, H@‘éﬁb‘@%"a&? r?lq?ChEﬁ@?ﬁC{ﬁﬁa# !L% or mercury, YS = iron or iron and

at | etlst one of the el errents chrom um and cerium 20 Y6= phosphorus,

arseni c, of OhoRibeeMim aHinERh, o?%oﬁbﬂerﬁ@ﬁ%n@@dﬁg@te‘ﬂim al, titanium
Zi rconi un, ni thqr}}n Jo2nL alltum rhenium ruthenium  rhodium silver, gol d,
al umi num ~gal 1“0 ik ﬂ?ﬁ silicon, germanium |ead, thorium and/or

urani um 25 athalliupy, @Pnatkablﬂett@ @d!oranﬂliqahmmmmetal 30, ¢c¢'= from Oto 4, d'=
from 0 t 02520, ph&spharus| aderic Bdren, 2Atimadfy fin-cériupiald/boiedd, 9'= from O to 15,

h' = or&@_t?héog Ffﬁmlﬁf%m‘thHL’m%rnﬁﬁ‘f"er%@ﬁe determ ned by the val ency and

frequency_ of an ‘oxygen and 35 p,q = nunbers whose
p/q rati oXis FPRAPNGINeRandiay 9okonpri si ng t hr ee- di nensi onal regi ons of the
chem cal conposition Y a.YZb Ox, which are

a” = from 0.1 {0 1,
b" = from 0.2 to 2,
20 ¢" = from3to 10,
d" = from 0.02 to 2,
e” = from 0.01 to 5, preferably from 0.1 to 3,

" = fromQto 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 fo 2,

30 and very particular preference is given to those compositions VI in which
22y = (tungsten)y- and Z242 = (molybdenum)z.

It is also advantageous when at least 25 mol% (preferably at least 50 mol% and more
preferably 100 mol%}) of the total proportion of [Y'2Y2,Oxjp ([BiaZ2Ox]e} of the

35 muitimetal oxide compositions V (multimetal oxide compaositions VI} suitable in
accordance with the invention in the multimetal oxide compositions V {multimeta! oxide
compositions V1) suitable in accordance with the invention is in the form of three-
dimensional regions of the chemical composition Y'3Y%,Ox [Bi-Z%-Ox] 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.



delimted fromtheir |local environnent owwng to their different conposition
from t hei PF 5802%I environnment, and whose maxi mum di aneter (longest direct

| i ne passing through 40 the center of the region and connecting two points
on the surface (interface) of the re%%ﬁon) is from1l nmto 100 pm
frequently from10 nmto 500 nmor fr 1 pmto 50 or 25 pm PF 58025 38
Parti g ul awith régerd e B@aMBiINgLthe IstRéraeNt Xidde f@ﬂﬁpﬂﬂlﬁrﬁﬁﬂﬁo%ft&rﬁ@dﬂit&mi}n i
accordanc i ] - " is only bismuth.

Anong thefs%/ee,'[gt%Pset?tgpéxégxl?@“ge?@/é’%{d?r‘fbp’ (tg)?ﬁ%t'}t)@v\t,}%%aﬁs%tsdf the general fornula Vi
[ Bi a*Z2b' Ox] P [ Z212Z3c" Z4d" FeeZ5r Z6gZ7h' OyJq™ (VI) in which the variables
are each Ted prepdration bbinuttinetal bRidZ 2ctivenminylzddionsny iedesaribgdt fonexamnpledh ybdenum

and tbﬁ‘gstﬁ%qzﬁgﬁﬁﬁ éﬂE@tn BEN Mg £ppd t, Z4 = thallium an alkali netal
al ka

and/ or an Ine earth nmetal, Z5 = phosphorus, arsenic, boron, antinony,
tin, ceriumand/or lead, 15 Z$ = silicon, alum num titanium and/or
zi r coni unfh&Zinert suppptmatesinlsvecoramendad ajwive are also uséfubimter. aiat as inertb” = from

0.2 to 2, matial forthk dMmod dr/okAelimation df BRMEHrE#iatnied @italystbe@idi a8l to 5,
= fromO to 10, 25 h" =

referably fromQ0.1 to .3 fro=.fromp to "=

1I‘O rom 0 tOgri}zp:-ﬁre,awbeﬁwﬂ%g;oée%;hgw %{}cgord@[ag;tﬂ]gtgganﬁ}uuiehe val ency and
frequtthcy of the elenments in VI other than oxygen, p",q" = nunbers whose
p"/ ?ﬂ' r ?t F&r thé séeomn stepl(thdsdron@ r&fcasmblagef, fiymdlelogblieclisly citaiyred ga@rz gbl
articu r [ . . e

(& unget ey e Fefi B Batch o b & s ey TR, geh 98 Sopbboytbrkidbiie, 2070

| east 25 ¢ASRIYStE pecuired g, ws Alreadagiatedonminoplgll Myictahpdde FABPYSHAS nol %) of
t he t ot al copngrizingt Mo ano v, for kaxfAble @dse df[DB-AA20.40428. ) of the 35 nul ti et al

oxi deygconmpositions V (multimetal oxide conpositions Vf) suitable in
accordance with the invention in the ﬂEItirretal oxi de conpositions V

d
(mul ti metAMuidRtnereoiier e ihops okiFvahi®! A8 hCaB eI e

i nvent i onthegenerat fsemblanith of t hree- di nensi onal regions of the chem cal
conposition YlaY2bOx [Bia Z2b' Ox'] which are delimted fromtheir |ocal

environment ow ng to thelw{mg}a;(fb%&gd%yg&g; (ial conposi tl(\cm)
20
in which the variables are each defined as follows:

X'= W, Nb, Ta, Cr and/or Ce,
XZ2= Cu, Ni, Co, Fe, Mn and/or Zn,
25 X3= Sband/or Bi,
X* = one or more alkali metals,
X5 = one or more alkaline earth metals,
Xé = 8i, Al, Ti and/or Zr,

30

from 1 {0 6,

from 0.2 to 4,

from 0.5 to 18,

from 0 to 40,

from 0 to 2,

from O 1o 4,

from 0 to 40 and

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

35

JOo o0 a o o
1l

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



40 fromtheir | ocal environnment, and whose nmaxi mum dianeter is in the range
from1l nnPF$580290 pm PF 58025 39 Wth regard to the shaping, the
statenents made for the nultinmetal oxide conposition [V catalysts apply to
mul ti metal oxide conmposition V catal ysis. The preparation of nultinetal

oxi de active conpositions V is described, for exanple, in 5 EP-A 575 897
and also in DE-A 198 55 913. The inert support materials reconmmended above
are al so ysef i lia, as inert naterials for the dilution and/or
delim tatjié,‘pp ‘éuf Nt?téé‘:gdééi?’o riate fixed catal yst beds, or as an upstream bed
whi ch profett 8UtMelP@AdPoFeheat s the gas mixture, 10 For the second step
(the secoXt=r®acti on stage), the heterogeneously catal yzed gas phase
partiad oxd dafh @Agefkacrolein to acrylic acid, useful active conpositions
for the afgla#%sés r ired are, as already stated, in principle all

mul ti met af* oxrae™" &ions conprising Mo and V, for exanple those of
DE- A 100 X%=9%i8Al argl/X Tl t i t ude thereof, for exanple those of DE-A 198 15
281, can be enconpassed by the general formula VIl

Md12VaX SX2_CXden>1(4[$J>%5f§690‘I (M1) 20 in which the variables are each
defined a% TofTOwWs’ °X1 = W Nb, Ta, Cr and/or Ce, X2 = Cu, Ni, Co, Fe, M
and/ ot znb = deox9.5t03h and/or Bi, X4 = one or nore alkali netals, X5 = one
or nore atkalfrde 0eaotd) netals, X6 = Si, A, Ti and/or Zr, 30 a = from1l to
6, b = flgq_m'?orgottgz& c =from0.5to 18, d =fromO to 40, e =fromO
to 2, 35 =from0Oto 4, g =fromO to 40 and n = a nunber which is

det er m ned =byfr‘i’rﬂ(9t9§l2ency and frequency of the elenents in VIl other than
oxygen. 40=Enfbwdi0rtertamdwhi ch are preferred in accordance with the invention

ahﬁvngslt lhen acty H%béﬂ%ﬁi&ﬂrﬁtd%:cter%éaeo? tHe Valgh&y 3OPequhbE S tRE BlcpmTPassed by
the follow ng daf LAt SNSxen.

However, multimetal oxides VIl which are very particularly preferred in accordance with
the invention are those of the general formula VI
20
MO12V3’Y1b’Y2c'Y5f’Ysg'On' (VI

where

25  Y'= W andfor Nb,
Y2= Cuand/or Ni,
Y5> = Ca and/or Sr,
Y8 = 8iand/or Al,

30 = from 2 to 4,

from 1 1o 1.5,

from 1 to 3,

from 0 to 0.5,

from O to 8 and

"= a number which is determined by the valency and frequency of the elements

in VI other than oxygen.

1}
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35

The multimetal oxide active compositions (VII) 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.



the variables of the general formula VII: PF 58025 40 X = W Nb and/or Cr,
X2 = Cu, RF 58026 and/or Fe, X3 = Sh, 5 X4 = Na and/or K, X5 = Ca, Sr and/or
Ba, X6 = Si, Al and/or Ti, a =froml.5to5 10 b =from0.5t0 2, c =
from0.5to0 3, d=fromOto 2, e =fromOto 0.2, f =fromOto 1 and 15
n = a nunber which is determ ned by tHd val ency and frequency of the

el ement s Iniphindiple, eulieretilakic@cyigetombimitene suitatie far thed ‘@alcratsin deeriicl whi ch are

'he goner i rapp Bt FSs %ﬁ%ﬁ%ﬁ%@%&F?%ff%ﬁ%}”ﬁﬁ"%; T W
and/ or | NGTENTeS b oBfpinlfgiR JENfUMAlgsPeTeeably fpgig ivided dryixturg g A0 A 30
= from 2 gampbsitiob'corre$pooding to thelr. dgichiernetsy fromrauliable sayrces of theism 0 to 0. 5,
fg'r = f rsr)]m é-lbr]tgg?iﬁl @d?{étir%érﬁtt@'ana_célc H ekt t%mrpe{hﬁdnrﬁs defrem n@soié‘l 6by°d peval lency_ gnd
et i ve. coSBUAIET Sh AT P Aiher wlen Rerises o B dE B el e, 7 ¢
i nvent i onfoaexanepe air fabduse ohingrt gan Aed Okyas andralspeundesp redudifsl e di scl osed in
40 DE- A 48mdBpiRota (for exdinie mixtdrbd of Mart g3k ah808ducthl gdsas BuEgd B, eHyTUl ti net al
oxi de act:ye eoIRESh /LIS R §raRE feduting(dhSes ABRRSRAIhERIMLSS. The
10 calcination time can be from a few minutes to a few hours and typically decreases with
temperature. Useful sources for the elemental constituents of the multimetal oxide
active compositions VIl include those compounds which are already oxides and/or
those compounds which can be converted to oxides by heating, at least in the
presence of oxygen.
15
The starting compounds for the preparation of multimetal oxide compositions Vil can
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 aquecus composition obtained is dried, and the drying process is
preferably effected by spray-drying the aqueous mixture at exit temperatures of from
100 to 150°C.

30 The resulting multimetal oxide compositions, especially those of the general formula
VH, 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



acid" step, especially those of the general fornula VII, can be prepared in
a sinple PR®80ORE by obtaining a very intimate, preferably finely divided dry
m xture having a conposition corresponding to their stoichionmetry from

sui tabl e sources of their 5 el enental 4c?gnsti tuents and calcining it at
tenperatures of from350 to 600C. The al cination may be carried out either
under i nemmby g8SoPse YBM BEVASpHRXCaIajcoretral invdidherBe thd Sihetisalnfidraetar magym xt ur e

of inert oaﬂr}dtooléyrﬂl%rt)e’ 3@311??1'0?%“91 r a reducing atnosphere (for exanple
gas and réduci ng

m xtures of r1nert cing gases such as H2, NH3, CO, nethane
and/ or acrolein or the reducing gases nentioned thensel ves). The 10

cal ci nat i Bme pulveruleahadiise tompositidrear itsi pulmesgentgrecurew deoyositiaméhichp$ gatl | y
decr eas esioWd daicil R R icBliRe alddSeddnaped b appilRb té PrRsRbSImRERLaRRE! | tuent s
of the multi rrgtab_I oXi ge f’ﬂ‘ﬁtl ve CO%@SI{[I ons’ VLI Qlﬂ%f%d;dai thse E%\r%@unds
whi ch ar eSBPPEEd\Ned:0PHRS ORE AEPPOT BRASS 1R ARG caleysth B R At ed to
oxi des bypédrisemed ¢ a avitdbieatstatabie vhssel, Bisalissinsed obr exame,. bylIBE-Ae98? 87 t.i ng

conpoundsgpgy 29 hgsdsraRar R o o, mul timetal oxi de conpositions VII can be
intimately mxed in dry or in wet form Wen they are mxed in dry form the

starting _conpounds are appropriately used in the formof finely divided

powdet0 ante sedijtes sunportibedies) BE powgeganerositiorite §e apefied is apppPodeat e,

gﬁ_rrpa_cti OmoistePer R is @ricel Rjaensfter iappibiatien) forZékalple B meahEoffotamgThe vve:1 form
isist . - o one another in

the for m%c%l('ﬁgk\rl'%&gg%ﬁfstné8%??@%@%%? %& %Eé'@gﬁg'?égﬁ%ggﬁoﬁkﬁarl y intimte

dry mi xt URRPECR{Ateln pelastad withindhe ranogiferm 0 tor 0O dueferatheditim &1¥ ©Rge st ar t i ng

mat er i al sfram &0dx 600 pMvaidynsreprefesabtf withn tHeaargefemntidd te @88 umt uent s i n

di ssojaved form The solvent used is preferably water. Subsequently, the

aqueous 0@ osition obtained is dried, and the drﬁi n'ﬁl?_gr ocess is. preferably
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ef fect ed WSURDOTH MAGE RIS HE CHBIRRBIPIPYR O WPNRPrOLR| WPy BCOBF £ r om
100 to 150Gxidg0harhuen dieside tdinegnioml didnde, sllicox catbide@mpitisates onsh aespeci al | y
those of hhgndppesiitatd 8F BhhunVhilicatd®shede: Fé@gpcﬁi% ma$226 GoEQLAr &xi dati on
either in _po erhfor%gor exa le 1n a P Ulld zgd bdad re th re% or shaped to
certain CHPRYSCThapB atpPOR BreElReRS 15 9VeR p SR s haRet BimneR R B et or o or

af t er2Q hehavingadistoal sirizae reughnees, fanexapple, sphamss dotiew cdindatsyittsardan be

prepar ed lhynBiikdlaaippen bbakiriudeRabaghiiale neApdress, tsufBc®roughsnad)cal ci ned
precursor

. [ b machi ] I C I onetry (for
exanpl e bsf% g%ﬁgﬁ ﬁ?\d&g ”gé'dee tsgeﬁa@?eng‘gh?gig%’ %ﬁﬁ%ﬁ%ﬁ?@ﬂeﬁ\%oﬁﬁqﬁﬁgd ition of
assi st antieferallly Braddp & mmaprither wirds, suiable ephrrica! geoneibes wanhaveaind/ or
shapi ng asisstesndfs. 2nmm ves.nianchogeeg esitable soppatbodiscalsd ineks of gl ass,
asbesis0s, o\ fiddrE RoGARlGs AbmPLHADThAE ! hiRBleSIon RS, i@ TronP}d ab! €
unsupport cat al yst gBonetries are solid cyli ncfers or hollTow cyli nders
havi ng 40 HAMeit B 5aFe 6 HgsasSURRR Bodieh diewak thigkpasis @sotPigally TI9 t he case
of the hol focinmnc Wnhaldesugpposd bagiles t¢ be akeewith pfeféreoce Havem @notndf roapdr opri at e.

The unsupp@'thfdas akidlnspliaREter 3PFom 4 to 8 mm and a wall thickness of from 1 to
2 mm. Suitable support bodies are also in particular rings of geometry 7 mm x 3 mm x
30 4 mm (external diameter x length 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 {0 be used for the “acrolein — acrylic
35  acid” step are also compositions of the general formula IX

[DI:[Els (1IX)

in which the variables are each defined as follows:
40

D

E

Mo12Vard 'y d2Z3g- 2625280,
Z71:CunHrOy,



42 may of course al so have spherical geonetry, in which case the spherica
di aneter PREP802E from2 to 10 mnmm(e.g. 8.2 nmmor 5.1 mm). The pul verul ent
active conposition or its putverul ent precursor conposition which is yet 5
to be cal cined can of course al so be shaped by applying to preshaped inert
catal yst supports. The coating of the™support bodies to prepare the coated
cat al yst sZi s ggeneaNbyTa, @randfomed, i n a suitabl e rotatable vessel, as

di scl osedy, far examlies tr% W SS9 671, EP-A 293 859 or by EP-A 714 700.
10 To coz\é3 the s ’or:!ﬁ4 E’é’ i'es, the poéwder conposition to be applied is
appropri atel y- F¥H¥P'land is dried again after application, for exanple

by nmeans &f hot diirNa, &b, CeandogH hi ckness of the powder conposition
applied tz the sq\p@qgg,‘ Pedy/or Baappropriately selected within the range from

10 to 10 pm pré |r?b%{¥? V\n#rhi n the range from50 to 500 pm and nore
preferably wThi 'the 't é%l' rom 150 to 250 pm 15 Useful support materials
are cust

r y= pordaisVoY. Noapdeolia raeferabhuMe @érpi®esY. silicon dioxide, thorium
di oxi de, zirconiumdi oxide, silicon carbide or silicates such as rmagnesium
silicate o a._lurrifﬂiqm%hi cate. The support bodi es nmay have a regul ar or
irregul ar” shape, although preference is given to regularly shaped support
bodi e¥ 200" havt ng P2 5. surface roughness, for exanpl e spheres or hol | ow
cyl i nder sc"wi t#h grfidm Olt@g&r. Sui t abl e support bodies include substantially
nonpor ousye su;faq&,—n{gwgg:ned, spherical supports made of steatite, whose
dianeter is from1l to . 10 mmor to 8 mm preferably from4 to 5 nm In other
words, suftabfe sfiﬂ%ﬁit‘?: 1 geonetries may have dianeters of 8.2 nmor 5.1
mm Howevier , ssui tfedot 8 tsSipport bodi es al so i nclude 25 cylinders whose |ength
is fram Zrto 0 nppnapeh ¥hose external dianmeter is from4 to 10 nm In the
case of rjl,ngs as Slf_l‘gg ré bodi es, the wall thickness is also typically from
l1to4 mﬂ Annul a(rro ugop Q't bodies to be used with preference have a |l ength
of from2" tc& 6 rfgm @tp 2&keed nal di ameter of from4 to 8 mmand a wal |

t hi cknesscgf 4 r ofunbers whiBareXtete@ihed By PirValenepdh@ Feqlisghclosthel N parti cul ar
rings of georretr?%le?m%mflioqm%haé&yéﬁ%&ext ernal diameter x length Xx

i nternal dianete i’ nenéss o e catalytically active oxide

conpcd t iRAs T o BEMbEH fleer than gse viaseéerade i emd&BddPt! body is of course
adapted to the desired coating thickness (cf. EP-A 714 700). Favorable

mul ti met I | ! : p Lelh=-" acrylic
35 aci e R e e s inpley BB P R (1
in which the variables are each defined as follows: 40 D =

MO 2V0Z' b. Z2Z38uddelBr Z1 9, Ox, E - Z712CUh-{#)Oy-, PF 58025

25
in finely divided form {starting composition 1) and subsequently incorporating the
preformed solid starting composition 1 into an agueous solution, an aqueous
suspension or into a finely divided dry mixture of sources of the elements Mo, V, Z7, Z2,
23, 24, 75, Z8which comprises the abovementioned elements in the stoichiometry D

30

MO VaZ o 222324 2528 (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 muitimetal oxide compositions IX in which the preformed
solid starting composition 1 is incorporated into an agueous 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 28 646.



43 7' =
= Si, A

a" = fro
50, e"

obt ai nab

W Nb, Ta, O and/or Ce, Z2 Cu, Ni, Co, Fe, M and/or Zn, Z3
and/or BiPFZ80251j, Na, K, Ro, Cs and/or H 5 7Z5 = My, Ca, Sr and/or

= Sb
Ba, Z6

, Ti and/or Zr, Z7 = Mo, W V, Nbo and/or Ta, preferably Mo and/or W
m1lto 8 10 b" =from0.2to h c¢" =from0Oto 23, d" fromO to
=fromOto 2, f' fromOto 5, 159" =fromO to 50, h" =from4
to 30, i"Withfregard o the sh@pingdha staterments masedonthe onltimeladexide eameasitiop t he

val ency apg chtafatsedpy BimiifiRetarddiesinipdsitichXx @blfstd. han oxygen and 20 p,q =

nunbers ot her than zero whose p/qgq ratio is from160:1 to 1:1, and which are

| e by separately preforming a nmultinetal oxide conposition E

Z7, 2CuhHr idyitimet! oxigls catalystsiehigh aiequitandisglnsuicabés for thy ‘eerplys tacanicl) and

subseqienidiyy dtés QieR0sRthbigot HE-A 198efD2IE Espadialy rabiagtmulgmetanmage httve |
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OacrOib 4HY ddBRAMGAN Fingd 76+ Weest%@frﬁm BYeint€ afyfic a@d cal cining the
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g dry precursor conmposition before or after diying at 35

resulfin
terrpe{datures of from 250 to 600C to give the desired catal yst geonetry.
Pr ef er encBhé perfprmance of thépanial axidedionlof thei plecase moordingdmihd iveéntionhfreh t he
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40

#Ratidi3hamsk MBdifm) fay 28 RAGuct&Fined#3dmertbr in countercurrent viewed

over the reactor,

The reaction pressure is typically in the range from 1 to 3 bar and the overall space
velocity on the fixed catalyst bed of reaction gas B is preferably from 1500 to 4000 or
8000 | (STP)YI+h or more. The propylene loading (the propylene hourly space velocity
on the fixed catalyst bed) is typically from 90 to 200 | {STP)/I*h or to 300 | (STP)/I*h or
mere. Propylene loadings above 135 | (STP)/Ieh or 2 140 | (STP)/I*h, or

2 150 H {STP)/l*h, or 2 160 [ (STP)/I*h are particularly preferred in accordance with the
invention, since the inventive starting reaction gas mixture for reaction zone B, owing to
the presence of unconverted propane and, if appropriate, molecular hydrogen, causes
favorable hotspot behavior (all of the aforementioned applies irrespective of the
specific selection of the fixed bed reactor).

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

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



Wth regaéﬁ %@g# he shaping, the statenents nade for the nultinetal oxide
conposi ti 5 catal ysts apply to nultinetal oxide conposition |IX

catal ysts. Multinetal oxide catalysts which are outstandingly suitable for
the "acrolein -a acrylic 5 acid" step gge also those of DE-A 198 15 281,

especi ally having. nu| ti petal C itions 0 he,.gener al
formula | of thi s'rﬁtolﬁﬁrgﬁ?% 9&% ?%G’ %@ﬁ? 68%“2@3%%8?"?&8”8&?& g'? qﬁ gs are
used for the oolggafatyshopa opgurernd catalyshandipeit maerial doataltar. cb@ﬁ%d 98theri ngs for
the step fr orrhmurel Making Qpacrsbortio 6y deighOof ilitoBr dripta20% B wigst parti al

oxi dati on of gg ¢gess according to the invention, from propylene to
acrolein (and "I’@] acid if appropriate), nmay be carrled out with the
catal ysts described, for exanple, in a one-zone nmultiple catalyst tube fixed
bed reactor, -as fdmﬁrﬂhc_i;b%it@y |dPigtPof4fond 20 8530 of 1B 40% sf tBasetal tuba&nigtn gas

mxture and hSﬂ{er%ﬁWc'a?Jl §r£5ﬁﬂbreeﬁ?§gﬁg\g?a£$ﬁmeatm th&ﬁﬁ@?%%&@gn' n

cocurrent or reaction
pressure is tiginxurs, r\"?{‘"igﬁ'é" ?&F@@“ﬂ"cﬁﬁ"ie'gtﬁ°§UBé94%1(?d’YtW‘%Q|H\ﬂ%QCé'PF space

vel ocity on tBgahtixed catal yst bed of reaction gas B is preferably from 1500
to 40Qp or 20 6000 I (STP)!Ih or nore. The propylene |oading (the propylene

hourly space velocity on the fixed catalyst bed) is tg/ i call ftr,om 90 to 200
| (STP)/1-h or tdinghy ¢ 2denps) #ffram dp to ?r%(vé’“frﬁrta b UbR e ’PQS'M 'Pl%ds%{ﬁ?ﬂle 1351

(STP) Ah or z material (sE3HRIYA)whidh isqprafetably (el such tat ibcautéda eGSR | -h are
particularly plefeet@sh in accordance with the invention, since the
inventive starting reaction gas mxture for reaction zone B, owing to 25

t he presence of unconverted propane and, if appropriate, nolecul ar hydrogen,

causers fSautioald ie pheferablturiatiitasi or (al |l of the aforenentioned applies
irrespective of the specific selection of the fixed bed reactor). The fl ow
to the ong-zone nmultiple catalr}é&t tube fixed bed reactor of the ch rge gas

30 ni xt ur '8 oismandipags a9 uiranb pesrerali PR oRIB A AT redtalAit Y
appropri arelthosa acsaﬂdingrte IReseanchLiscidsuye Nordd761 2 nbAadust % 2005nexaghple of

pot assi um g hie A Roo(46\68) oraé%@oﬂﬁ'@to@ka lebf O -ASUD 46R8Y dd e iKdNrNO2) , or of

53% ht 40% di trit
e " %‘eﬁ'%ng%gaﬂﬁtg?PS%ﬁ%‘i”ﬂﬂﬁh%&ePﬁ@y(l{ﬁfﬂ&?%/ ik Wngflextita e
react or, diamheteneheighhilinternalidiametgasWith xegare toitre salibathl temaasptgeathed, be

conduct eogtﬁbﬁq@ﬁfsdfrmg:nqwmegm &phy.n countercurrent. The salt melt itself is
preferably conducted in a nmeandering manner around the catal yst tubes. Wen

the flow to the catalyst tubes is fromtop to bottom it is appropriate to
char ge t Héowaygr.dhe aej@mangd ekthaipariat axidatipstin reashebarneRn fran P&waeft%l | ows

(for ashe dorawinfamhadigicom if apprbpitate), h@y@wmaﬁwm@ﬁth the @pReRy i atel y
rever Sed)des?FQ%%%é%@Pﬁ in'd @Ezonﬁe% Itg@?ﬁ ysPtLbé 'f')?éH g‘@d Fe%céip r to 60% of

t he cat al catal yst and
nor ¢ mdeesried hyeE 114510 54 BE4AJA 2095 000 885, 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 theinvention), the propene conversion achieved in single pass is normally at values of

2 90 mol%, or 2 95 mol%, and the selectivity of acrolein formation at values of

2 90 mol%. Advantageously in accordance with the invention, the inventive partial

oxidation of propene to acrolein, or acrylic acid or mixtures thereof, is effected as

described in EP-A 1 159 244 and most preferably as described in WO 04/085363 and
35  in 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
appropriate) to be carried out in reaction zone B can be carried out particularly



m xture, nmaking up a proportion by weight of up to 30 or up to 20% by wei ght
(section B 58825 following this, to a length of from20 to 50 or to 40% of
the total tube length, either only catalyst or a m xture of catalyst and
inert material, the latter, based on e m xture, making up a proportion by
wei ght of up to 40% by weight (section” B); and 10 - finally, to a length of
from 10 tadvaotagesushheveratfixed catalyst bedjbaninginbreased piopglene loadingrdnglat( sect i on
A) whi ch |egstpweltaredthiirs ebreet ed such that it causes a very small pressure
drop. 15 Section is preferably undiluted. The aforenenti oned charge
variant is especially appropriate when the catalysts used are those

accor di nginttys marreérmcw Bede Sonexampe.de £Fop 14 ang WOGH08368ml e 1
of DE-5A 100 46 957 or according to exanple 3 of DE-A 100 46 957 and the

inert 20 i ' tJ (A ' ; X 7 mmx 4
mm ( ext er-ﬁgﬁtﬁéﬁﬁ%’ﬁeﬁ% thé ﬁ%ﬂsogﬁtsltéﬁprt\}b%g%ael% :ﬁ %ﬁ%ﬁ%@éﬁfdﬁg&ﬁ? to the
salt bat FPPEYIRRS RiaFFiein: ife thespartial pxidation ot geolaindo 28H/lig84d 4ppY 8‘? CRR\®Ever, the
per f or manme with thdeatplgstsicaberineddat erampia, ineawte-zumezouitplBcatalyshiupe dpgd ene to
25 acr ol eidy atdr %&é&ggge@ﬁ SEIAf 42PPEAPIA HiSeactiBYstBhS FeRGioA@aE! €d out with

B
DE- A 10 2p9wra3pe prejuchiasAnikiire 0btbe Pre0p inventiBEpmpYiEne padiabddaen, and
Gener al |y o o ane
gonversig %gﬁpf%\ggegg?tﬁaéqcﬁréﬁt@ %racﬁ'%c{l)gmﬁg?rrﬁffaﬁ@eatgg?/%dfi‘@)smgbeg?gg'gg%I % or ?
95 nol % {(aheeaondary dirasiditiontya gianaer igbe prefermadia Eicerrdancenithuias imfentio®d nof %
Advantsagenezbf), ild) witto@rsdatstarvesipdriemt ratveal, ived the Sezoha veattion staparitd. al

oxi dat i oqnﬁfthgg%%?ﬁ%%ﬂ?ﬁ&[g%h%q, 1or acrylic acid or mxtures thereof, is

effected as ~ desc 59 244 and nost preferably as described in
WO 0410 8 5 3 6 3 and 35 in WO 04/085362. The docunents EP-A 1 159 244, WO
04/ 08536 3T rendolé€ularidx)363 feuaee far dines sebend dtepo theterralainipattag odtatipar tagf  t hi s
document -ailfégdylr Be QFJ&?M W BachoP@s s éﬂag%' ARrOTr Hle HoPPYAERS1LOC acrolein
(and gcrylic ac | 'aEBrO\F/)”'at ?%50 e rrie ogt | r&act on zone B can
be cA0t 1 GIGRIPN [Rararleii HP1E Ve Bty Asose adirsnariRIduiv grestiel et i xed
catal yst preduchges mixtirecf desfest rpadtioplstage, | @dbie prprylede partial @ddationvio
tlggpgzzt lﬁc?oléiﬁr(*%%)caggbgegéﬁe%terd%ﬁ{edrorrﬁ of S4RRAS&ryI ok, BBRIRay prefersdipBBl €, to EP-A 1
ae%ct\é\gin #le(%orm 012 pure oxygen or of mixtures of inert gas and oxygen (with
preferably £ 50% by volume, or = 40% by volume, or < 30% by volume, or € 20% by
25  volume, or £ 10% by volume, or £ 5% by volume, or £ 2% by volume}). For pressure
and temperature of the secondary oxygen source, the same applies as was stated for
the primary oxygen source. Irrespective of the procedure, the charge gas mixture
{starting reaction gas mixture) of such a partial oxidation of acrolein o acrylic acid

advantageously has the following contents:

30
from 3 to 25% by volume of acrolein,
from 5 to 65% by volume of molecular oxygen,
from 6 to 70% by volume of propane,
from 0 to 20% by volume of molecular hydrogen,
35 from 8 to 65% by volume of steam and
from 0 to 70% by volume of malecular nitrogen.

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

40 from § to 20% by volurne of acrolein,
from 5 to 15% by volume of molecular oxygen,
from 10 to 40% by volume of propane,



5 The performance of the second step in the case of a two-stage parti al

oxi dat i onPP58028 opyl ene to acrolein, i.e. the partial oxidation of acrolein
to acrylic acid, nmay be carried out with the catal ysts described, for
exanple, in a one-zone nultiple catalyst tube fixed bed reactor as
described in DE-A 44 31 949. In this réaction stage, reaction gas 10 m xture
and heat carrier can fagn 0ando%ttgdiaumeoicur rent wictssetir byéogemendeactor. I'n

general , the product mﬁsq%éb%rtg, Yhurhd'gr Precedi pg, g.pventl ve propyl ene
0 u

partial oxidation to acrolern 1's 1n principle conducted as such (if
appropriate after internediate cooling (this may be effected indirectly or
di rect |y Tyg afbamantiangd starting ceanfian gasrpgene rackl ipreferably(fas the fdneimgy ai r

addi tigon édﬁtéhtgmnner | ess preferred in accordance with the invention)) 15
thereof), i.e. without secondary conmponent renoval, into the second reaction
stage, | .e. into the acrolein partial oxidation. The ol ecul ar oxygen
required for the secdrn 40 &p20%Hy vatuims @i n par t Bemledki dati on, may al ready

t2)8 prezent in the reefpdnl, gmoggg%rg\@imébmg mlxt ug@,lg‘cg?rgh}egepr?)pyl enfe Ipiartl al
oxidation to acro[e? &) may al so he ed partly or fully
el 20 KGR Hryolhy o i

directly to the pro the fir edction stage, i.e. the
propyl®ne partial oxiftes Bin18% byachmeshn (this Bwiecalar Bydregerandn the form

of secondary air, butfrofmys py 8% balbiimeeof ef f ect eidamn the form of pure oxygen
or of mxtures of inert gas and oxygen (with pref erably 5 50% by vol une,
ors 40% by vaolune, or 5 30% volume, or !5 20%Db vol unme, or s 10% by
vol une, f hecnitraggnseriast (hiee 33%;9'5‘92%’199 My RFeY Qe'F%P”YplP%éé’Qr/‘ébY and

t errper at wadunad, préferabloo nSkrhy vmonge mae praferablyhet (% g vajpld @sl msstwvas st at ed
for Lfﬂéfe'f?cﬂw < 8¥y devrblérﬁgr'ﬂ'?e ralib B%Q%lér"ﬁn&{nté Bmpérﬂfé‘&lfll%% prefgntchar ge

gas mxt artial oxidation of
acrol ein 'Pﬁ“ed%WQ‘? Qasa'%lx&reg?f\"&?}?%é’@ﬂt?&d?y%%ta?ﬁe&f cﬂcf[g ng contents: 30 from
3 to 25%dsivantebesnsioih agcerdhrienwittf therim@ntion, @Bdeially e dl uard 62, fretwentlar oxygen,
from6 ta 78ke ey yol une of propane, fromO to 20% by vol une of nol ecul ar
hydrogen, 35 from 8 to 65% by vol une of steamand fromO to 70% by vol une
of nmol ecul ar nitrogen. The aforenentioned starting reaction gas m xture

pr ef @f’abl'&hel"@@z @Cﬁéeﬁf@lf thevhaggecaast raktuse for e sacent oxidaticrostags wWilol ume of

acr ol ei n,gehegty bet<c%4 pYovblimeol une of nol ecul ar oxygen, from 10 to 40% by
vol une of propane, PF 58025 47 fromO to 10% by vol ume of nol ecul ar

hydrogen and from5 to 30% by vol une of steam
As in the first reaction stage (propylene — acrolein), the reaction pressure in the

second reaction stage (acrolein — acrylic acid) too is typically in the range from > 1 to 4

25  bar, preferably from 1.3 to 3 bar, in many cases from 1.5 to 2.5 bar, and the total space
velocity on the fixed catalyst bed of (starting) reaction gas mixture is preferably from
1500 to 4000 or to 6000 | (STP)/I*h or more. The acrolein loading (the acroiein hourly
space velocity on the fixed catalyst bed) is typically from 90 to 190 |1 (STP)/l+h, or to
290 1 {STP)/I*h or more. Acrolein loadings above 135 | (STPYI*h, or 2 140 | (STP)/I*h,

30  or2 1501 (STP)/I*h, or = 180 | (STP)/I*h are particularly preferred, since the starting
reaction gas mixture to be used in accordance with the invention, owing te the
presence of propane and, if appropriate, molecular hydrogen, likewise results in
favorable hotspot behavior.

35  The temperature of the charge gas mixture for the second oxidation stage is generally
from 220 to 270°C.

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



The aforenentioned starting reaction gas m xture nost preferably has the
foll ow ngPF 8882etents: from 10 to 20% by vol une of acrolein, from7 to 15%
by vol une of nol ecul ar oxygen, from 20 to 40% by vol une of propane, 10 from
3 to 10% by vol une of nol ecul ar hydrogen and from 15 to 30% by vol une of
steam The nitrogen content in the af mentioned m xtures will generally be
S I20% by Theoflawre, thp oaéeoad multipte ddi&@ﬁyub?ﬁmedrréﬁtﬂomfelﬁe?mgagag | 10% by

vol une ang. : ar anounts
of 02 and XPS{e thoniterBipithyroi %E‘%%%Jﬁégggﬁ%ﬂ%ﬁ%%@%“@”g%jeﬁﬁﬁéﬁm

oxi dat i or°esPRgatage oo igapproprigtely 3 salt @@k&ﬁ%@@?@&h@%l#'m a@ P EUMESREO h t he
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acrol ein conv”é'P%'{rSH“B %Hparprgqq%qrbbsggglgﬁto upﬁg%éérc%fbgﬁ%ggig xture through
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rormation z 90 MbiuiddinREREIeAf oFiSnl 20U Ay bR ARG ARORATH] blRhe catatyst
tube fixed bed reactor® of'the charge gas mxture is 11 Kew se'preferably
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reactor, as al redidyllystod Ragthsalitom 5 to 20% of the total tube length, a bed of inert
25 material (section A} which is preferably selected such that it causes a very small
pressure drop.

Section C is preferably undiluted. As is quite generally the case for the
heterogeneously catalyzed gas phase partial oxidation of acrolein to acrylic acid

30 (especially at high acrolein loadings on the catalyst bed and high steam contents of the
charge gas mixture), section B may also consist of two successive catalyst dilutions
{for the purpose of minimizing hotspot temperature and hotspot temperature
sensitivity). From 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

35 material. Section C is then preferably undiluted.

For flow to the catalyst tubes from bottom to top, the catalyst tube charge is
appropriately reversed.

40 The aforementioned charge variant is especially appropriate when the catalysts used
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
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acid may sts de ﬂ xanple, in
a two- zor‘%reﬁg‘-f g@ngr|geq) Alrgp %tpe present in the starting Teaction gas mixture 'for the flrst

reaction stage.
25
In a two-stage partial oxidation of propylene to acrylic acid with direct further use of the
product gas mixture of the first step of the partial oxidation to charge the second step of
the partial oxidation, two one-zone multiple catalyst tube fixed bed reactors (at high
reactant loading on the catalyst bed, as is quite generally the case, preference is given
30  to cocurrent mode between reaction gas and salt bath (heat carrier) viewed over the
fube bundle reactor) or two two-zone multiple catalyst tube fixed bed reactors will
generally be connected in series. A mixed series connection (one-zone/two-zone or
vice versa) is also possible.

35  Between the reactors may be disposed an intermediate cooler which may if appropriate
comprise inert beds which can perform a filter function. The salt bath temperature of
multiple catalyst tube reactors for the first step of the two-stage partial oxidation of
propylene to acrylic acid is generally from 300 to 400°C. The salt bath temperature of
multiple catalyst tube reactors for the second step of the partial oxidation of propylene

40  to acrylic acid, the partial oxidation of acrolein fo acrylic acid, is usually from 200 to
350°C. In addition, the heat exchange media (preferably salt melts) are normally
conducted through the relevant multiple catalyst tube fixed bed reactors in such



tube fixed bed reactor as described in DE-A 199 10 508. For the acrolein
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bed, 55 is quite generally the case, preference is given 30 to cocurrent
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sal t bat oty ey iptenilBtedlby dRihédt Rlater@bad yst tube reactors for the second
step of the partial oxidation of propylene 40 to acrylic acid, the partial

oxi dation of acrolein to acrylic acid, is usually from200 to 350C In
addi ti on, qwehe;mfe@a@ﬁméem’@dmale(w@m@mm oxiglationrleges indhe fasay ofal | y
condupst edwbhuwmlhdter@st@hsembcu@uhﬁ sdlee. Tidsal sy bé viepodadiednbeshotgact ors in
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t enper at ure an I%) 'g E;
ment i oned® PasbefHnart Bgterighw 'ﬁ'é'sd?i-‘r‘tap%ﬂmmﬁiﬁt%ﬂ B catalyst BBy (@KLt o acrylic acid
may al so appropmatetnastessiblemndost). ekt the cotaBst wibes are generally flowed around

by a heat carrier, this does not reach an inert material bed accommodated as

30 described above. Advantageously, the two catalyst tube bundies are therefore
accommeodated in 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

35  generally from 300 to 450°C, preferably from 320 to 390°C. The reaction temperature
in the second reaction stage (acrolein — acrylic acid) is generally from 200 to 370°C,
frequently from 220 to 330°C. The reaction pressure in both oxidation zones is
appropriately from > 1 to 4 bar, advantageously from 1.3 to 3 bar. The ioading
{I (STP)/*h) on the oxidation catalysts of reaction gas in both reaction stages is

40  frequently from 1500 to 2500 | (STP)ieh or to 4000 | (STP)/I*h. The loading of
propylene or acrolein may be from 100 to 200 or 300 and more ! (STP)/i+h.



charge, as _described in DE-A 101 21 592. 5 It should al so be nentioned here
that a po?Fﬁ@ﬂ ®f the reaction gas B starting mixture for the first step
("propylene -> acrolein") may be residual gas com ng from separation zone
1. 10 For the sake of conpl eteness, i, should be enphasi zed here that fresh
propane may be netered addltlonally into both the charge gas m xture for

t he fi rstingXingipts, 8¢ Woydation gtaghe incthe pgreega scearsting fethednventien 8wydied

oxi dat i oncefigGRd RrdetbARdOfr exampBleOin DA 198037 517, DESANGD 1prBerred in
accor dancgEvA %?@goé gﬁg@hl %8@?‘%1# may be favorable in some cases, in

order to rule Ou e charge gas m xtures. 15 O/erall, a
tube bundl e reactor within V\/m ch the catal yst charge changes appropriately
al ong 3 helnibath radticn stagésilay Sixcédshd snoredulareapgerelciatine ¢ thelzendunt sdquiredct i on

augnt 1 'ﬂraaéﬁx)’gaﬁ‘fea‘% e RACRRSAGhEn f %?éa%f@adeéﬁéiﬁ It De A 28
30 765) flinetesoh esﬁarﬁ!ﬂué%'tgas phaseprrtinkdationAnd 8p heotatelve ifstimeat i on st ages

for the two steps of the partial oxidation from propylene to acrylic acid.

| f appropg, dﬁlaeplet % &Q@bgfsltﬂé td Jé %@lhﬁ%oééfggﬁsly"%:étgl 26@5&4 Yedsd S

I nterrupte erjal en to

IS
|l elfbnt PR KRR LR PR TR AUGEEid tﬁ\g?r?@rrfe&r%?&accggﬂeam%“@qh bundl e
syst ens ciomrdiot dla isingieesneeznne Thies bunthg réaetadias fuloed. Bothoeactiopatspsr, i n which

Case the ;Srb@éb%l h'a?irbxfcfaﬂ&‘l fé"a%tdr%@chhgeﬁ el Qith bR F RRre &Ma@sﬂauﬂms@ is formed
a {T& | }aio g C%ccoI %eﬁie n M}J{Sa cat st tube

(and is a%‘S'?’%ﬁPmB?% V"ﬁ@c’@ggﬁnﬁ 6'F| MRAEFE e M e are

gener al | yarfd iswepatie olieadalyzigg unerrea@tlocmfbo@rreacctmnsﬁt@psei hlﬁ@atah@aciharaﬁ i nert

mat e|r15‘vllt és@ﬁf)bf@@gﬁmdﬁgee@brﬁmu&%m&%ﬂm&%u@mﬁgrea&\,%@eb@ﬁmawsbf the two

catal ys upe a, rate

enct or 5. CqURSe, HIERRRIE e i ot ) SPRROT S et e B dRBR R L' F o

t ube buncﬂ’répsrl%fﬁ:tocﬂof,)"lmﬁctﬁlrldéhe foem oé b exidatipn stages sPAneqiRiNGEeRBHI & | on

proceedi Ngarilot {18y iRARAE Chridhoxexdrd Sead whith! r%%@@'nield%sfa bbrodycdat i on

zone. ( | ene -*
acrol ei n)ethlégﬁggék'agtﬁ%r §é S‘.ﬁ %\d\%?r{ggﬂhég%gdm@%era e%gﬁ%tgég'%%{o 390C. The
react4%bn Q’@@ﬁ@ﬁé raérom Hw&;Predlst‘é@aﬁwtw@ctﬂr@ﬂw@ﬂa@%for@ éﬁ@pé‘:}eﬁi arinfRihg) i ¢
acid) is gpeoed akibstidn age? Poefe@ndd A giverf ihegoerdthse \fvittDmleR\QelnhO? &30C. The
reaction | [ eNq | lately from> 1 to 4
bar, advaﬁ%gggggr?@p%n‘pl?“%ﬁg%lg&&'g{?\g ﬁga%% 1 (STP)R. h) on the
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such as CO;p, CO, noble gases, Ny and/or saturated hydrocarbons. Preferably in
accordance with the invention, the oxygen source comprises € 50% by volume,
preferably < 40% by volume, more preferably < 30% by volume, even more preferably

30 =£20% by volume, better £ 10% by volume or £ 5% by volume, or £ 2% by volume of
gases other than molecutar oxygen.

Useful materials for the inert shaped diluent bodies in the catalyst beds for the two
oxidation stages are those which have also been recommended for the dilution of the
35 catalyst beds in reaction zone A,

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

cooling thereof by a direct route before it is used further as a constituent of a starting
40  reaction gas mixture for the second partial oxidation stage.
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reaction stoichionetry has an advantagggus effect on the kinetics of the
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and propionic acid), maleic anhydride, benzaldehyde, aromatic carboxylic acids and

30 aromatic carboxylic anhydrides (e.g. phthalic anhydride and benzoic acid}, in some
cases further hydrocarbons, for example C4 hydrocarbons (e.g. butene-1 and possibly
other butenes), and in some cases further inert diluent gases, for example Ny).
Useful processes for removing target product present in product gas B, which is
generally accompanied simultaneously by removal of water and secondary

35 components having higher boiling points than water for the process according to the
invention in the second separation zone |l 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

40  worked up by extractive, distillative, crystallative, and/or desorptive measures for the
purpose of further target product removal. Together with the target product and/or
following the conversion of the target product to the condensed phase, these



accordance wth the invention to using, as the starting reaction gas m xture
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phase, thase) BFthb8&du=bgdas formed in the second separation zone || and is referred to in
this document as {main) residual gas.
30
Especially when the target product is condensed by absorbing by means of cne
organic solvent, at least a second residual gas comprising unconverted propane and
any unconverted propylene is generally obtained in separation zone Il (based on
propane present therein, its amount in comparison to the amount of (main) residual gas
35 is normally substantially lower (generalty  20%, usually < 10%, or £ 5%, or < 1%)).
This is attributabie to the condensed phase which forms also absorbing a certain
amount of unconverted propane and any unconverted propylene.

In the further course of the extractive, distillative, crystallative and/or desorptive
40  removal of the target product {within separation zone II) from the condensed phase,
this unconverted propane and, if appropriate, propylene is normally recovered as a



processes_typically al so convert steam and secondary conponents havi ng

hi gher bBFi%BA% poi nts than water present in reaction gas B to the condensed
phase and hence renove them (preferably in accordance with the invention,
an anount of steamis converted in s ration zone Il to the condensed
phase which is at least 70 nol % 5 preterably at |east 80 nol % better at

| east 90 fAsIsHtugAtOfAS laashenrg bIFtheN gasaihase a5 iomlferiaduip i this@OCHMSHRES of st eam
formed i n{seeenianpnesions gis.(or nore preferably of the entire anount present
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Compr ey i b, BN S BT B g St o
resi dual \§&s0MB35GH, WO DB0AB3Y, MiFsAd 08rB5ta4F, Wi 08104 6833 Dépar 82 gRdiHént

therein) pt-Ad e@si3 §3% DERAADEIE ddey BPCRBEY 126, USast 380900 DEt | east 90% or  at
| east., 95% 9 ) ~Of I f rede] [5 separation zone
| T 1A The prelipEia 1o od ik Hish B0 2 (ﬂa@ ?i@?%@i#ﬂgas. 30

Especi al |4 10hé0R 26BER-ArGfSt 736 BBuk P8Z 28T drTttéris@att BR2, EFsdABT A§6.JyEneans of one
organi ¢ sQUS@Blos7ADELLAS BS 273 a0RAMS B 4B DE-BADICANGB2], DENY 10562meerted
propane a%% D%—W1M£f)§y§5&tnea%nﬁi£%@iﬂl rEftbvartal b & bﬁ’deﬂgké’d Qegl in separation
zone || (badsed on~ ‘propane presen €rein, Its amount i n conparison to the
Amount ofER-Aed8) 267c EPhiB2 §at LG orRer 7881 DA 184 18T PR 13510k B(Bener al | y
S 23%5 usDEA 197401262, DE-A 996 2708431 EB-AL920 308, EFhAS 068 B4l EPbut @iabe3bp t he .
condense PR n n converte
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t ar get pridEWACTO 2004t 082 29egrairtadir equivalerg patontd, Fanviablke reoindansatbdogharge, thi s

unconver g, e RGRsE Weschibe RO BEL A s WOBIBIR3d, WOGA/REHY, T ecovered as
30 DE-A 102 43 625 and DE-A 102 35 847. The further processing of crude acrylic acid
obtained can be effected, for example, as described in the documents WO 01/77058,
WO 03/041832, WO 02/055469, WO 03/078378 and WO 03/041833.

Typically, product gas B is fed to separation zone Il with the working pressure with
35  which it leaves reaction zone B.

A common feature of the above separating processes is (as already mentioned) that a
stream of residual gas which comprises mainly those constituents of product gas B
whose boiling point at standard pressure (1 bar} is lower than that of water and is

40  usually £ -30°C (i.e. the constituents which are difficult to condense or else volatile)
normaily remains, for example, at the top of the particular separating column
comprising separating internals, into whose lower section product gas B is fed, for



PF 58025 54 constituent of at |east one further gas phase and is referred
to in thi BF@8BRent as (secondary) residual gas. In this case, the sum of
(mai n) residual gas and (secondary) residual gas fornms the 5 total anount
of residual gas remaining in separatiogs zone It. Wien no (secondary)
residual gas is obtained in separation zone Il, the (main) residual gas is
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fractional ctondensation. This is especially true when the target product is
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35 847, EP A 792 867, WD 98/01415, EP-A 1 015 411, EP-A 1 015 410, WO

99150249, / B3E : : . WD 03/041833, DE-A 102
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20 A 198 37 520, DE-A 196 06 877, DE-A 190 50 1325, DE-A 102 47 240, DE A
197 40 253, EP-A 695 736, frR-1A028% BBdiuriPo 1 OHIO062, EP-A 117 146, DE- A
43 08 087, DE-A 43 35 17 _ -A 499 24 532, DE-A 103 32 758
and DE-A 199 24 533. An zzaf(r:?@éité\aggi r%@%glalzcanﬂdgl so be undertaken as in
EP- A 982 287, EP-A 982 2860M pRInqndy3@lumgof pe  AoPgRe.15 277, DE-A 196 06
877, 125 DE-A 197 40 252, fradEOAo 208 VvB4Te oEP- A B20 408, EP-A 1 068 174,
EP-A 1 066 239, EP-A 1 Ofin 24010900 GaE6P, W00153561, DE-A 100 53 086

and EP- A 982 288. Prefergnce i iven,to renovi as,in fig. 7 of W101
96271 or as described in f%ﬁﬂit‘igogo%"%e T§9 anggfﬁgfir equi val ent patents,
Favor abl e renoval net hodsfrem & 0 191596 by NeluprecfesseSOdescri bed in the docunents
WD 04/ 063138, WD 04/35514, 30 DE-A 102 43 625 and DE-A 102 35 847. The

furt C i ryl i e -aci it aj B ed, for
exarite, "I GRS Lrolr i A e 25 AR 58 S Ear WIFERS . wio
021055469, WD 03/078378 and WD 031041833. Typically, product gas Bis fed to
separ at i dPrefeomee (mainMrédiduah gasesrdoimugiser essure with 35 which it | eaves
reaction zone B. A commopn feature of the above separating processes is (as
al ready nentioned) that a stream of resid%lal gas which conprises mainly
those constituents of prdRet 8% Y vAl¥BEET boi I'i ng poi nt M&Y st andard
pressdire (1 bar) is | owerfranmad td¢ 8@ byfvowamteeof and is 40 uspwpkhg, S -30C (i.e.
the constituents which arylpfid 5gubtvdignéendense or el sepyol atile) nornally

remai ns, for exanple, at fFor}r?OtlgBO‘%fbytv%?u l=:‘acrn‘t i cul ar separ ﬁgl ng col um
from 1 to 10% by volume of O,
from 0 to 5% by voiume of CO and
30 from 1 to 15% by volume of COo.

Typically, the residual gas leaves separation zone Il in the process according to the

invention with a pressure of = 1 bar and < 3 bar, preferably € 2.5 bar and generally < 2

bar. The temperature of the residual gas is normally £ 100°C, generally < 50°C (but
35  typically = 0°C).

Appropriately from an application point of view, propane present in residual gas is
absorbed in separation zone |l appropriately at a pressure of from 5 to 50 bar,
preferably from 10 to 25 bar. In a compression zone, the residual gas leaving

40  separation zone Il will normally be compressed to the pressure advantageous for the
absorptive removal of the propane (this is advantageously effected in several stages).
Preferably in accordance with the invention, a compression of the residual gas is



conprising segarating internals, into whose | ower section product gas B is
fed, for PFE5888%5 55 exanple, normally after preceding direct andl or

i ndirect cooling thereof. However, residual gas may, for exanple, also
still conprise constituents such as stg?nland acrylic acid. 5 In the | ower

section of the separating colum, normally mainly the |l ess volatile
const i t uefAEEGPUIIR adigcogweessionrsiagsovith the@id Pfrﬁ:T”HH'ﬁﬁget fReexPRlBcul ar tar get

e e e
o oot e o e O e, rem
20% by5 vol.@tnbaofo 2420 bén ongehera, the Yotmpressiconeeiidct@Pin the brst dormpregdion by vol unme
! 5 g oy O s s g 7 0
res?/dual %%ﬁg’ﬁ ‘E@s%gg%ﬁpﬁre[s@ggg@yv ﬁémB% Fﬁr% ﬁ

RS to 80% by
vol une ofncrirﬂaﬁ)amety of repidL@! gas e} ispubierigsdo proprpe 8B$Q5ﬁﬁlfm ﬂ’!ﬁ @Q%JBB/Q%I ume of
H2,  fronecnpressddladeseabate bro@aatewfmaécountcpw@%d@wnsq:lfwmt.@él CO and 30

fromd,t O ;:/r?stﬂ%pvﬂjwéj R8Ft|o the sWeﬁleP Eéfngn n}tagefohgférﬁiﬂ 0I 593)/ esa

separ a i on Zone 11 ' ihPt rocess acco venetgl on
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50C (but 35 typically a 0C). Appropriately from an application point of
view, propane Iglresent in residual gas is absorb in sep ratlon zone |11

appr opr i at¥f POIPN & Hadae A rexidyyl g qu%g%n‘g%qdlate% %rf@F NGINP om 10 to 25
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Pr ef er abl Y'Y %t “ﬁ‘{g FeoHsiy A 8‘69?15 aé??ﬂ’ﬂ ¢ n[ ﬁ@ bsi dual
gas is PFatsmsms"@rther compression stages will be used for this purpose. This is because
of the fact that the compression of a gas (as already noted in the first compression
20  stage) is associated with a temperature increase thereof. Conversely, the
decompression (expansion) of “propane-scrubbed” residual gas (which has, if
appropriate, been subjected to an H, membrane removal} is associated with cooling
thereof. When such a decompression is likewise carried out in several stages, an
indirect heat exchange between heated, compressed, unscrubbed residual gas and
25 cooled, expanded, “propane-scrubbed” residual gas can be undertaken before the next
stage in each case. Such a heat exchange (which may be additionally supported by
indirect air cooling of the compressed residual gas) can also be employed before a first
expansion {as a consequence of the indirect heat exchange, condensations of any
steam still present in the residual gas may occur therein). Advantageously from an
30 application point of view, the aforementioned expansions are carried out in
{advantageously likewise multistage) expansion turbines (this serves for the recovery
of compression energy; in other words, the mechanical energy obtained in the
expansion can in all cases (especially in the examples and comparative examples) be
utilized either directly as an additional or main drive for one of the compressors and/or
35 to generate electricity). Depending on the compression or expansion stage, the
difference between entrance and exit pressure may, for exampie, be from 2 to 15 bar.

Before the propane present in the compressed residual gas, in a separation zone I, is
taken up absorptively from the compressed residual gas info an organic solvent

40  ({scrubbed out of the compressed residual gas with the aid of an organic solvent
{absorbent)}, the compressed residual gas can be subjected in a further separation
zone to another membrane separation, in order to remove at least a portion of any



carried out in a first conpression stage with the aid of a nultistage, for
exanpl e, PF@IBB%‘?,orrpressor (radi al conpressor; for exanple of the M#B type
from Mannesmann DEMAG GCermany) (also referred to here as residual gas
conpressor) to a working pressure whiggh corresponds essentially to that in
reaction zone A (for exanple from5 1.20 bar to 2.40 bar; in general, the
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separ at i gRolecular hydrogen is released outward through the H-permeable membrane.

The performance of the absorption of the propane (propylene unconverted in the
course of the partial oxidation in reaction zone B is generally absorbed together with
35 the propane) from the remaining residual gas is essentially subject to no restrictions at
all. A simple means for this purpose consists, for example, in contacting the remaining
residual gas (which, appropriately in accordance with the invention, has a temperature
of from 10 to 100°C, preferably from 10 to 70°C) at a pressure of from 5 to 50 bar,
preferably from 10 to 25 bar, with an organic solvent (preferably hydrophobic) whose
40  temperature is advantageously from 0 to 100°C, preferably from 20 to 50°C, or to
40°C, and in which propane and propylene are absorbed (appropriately preferentially



zone to anot her menbrane separation, in order to renove at |east a portion
of any PFPB3892557 nol ecul ar hydrogen still present therein. Separating
menbranes suitable in this regard are, for exanple, aromatic polyimde
nmenbranes, for exanple those from UBE g4 ndustries Ltd. Anong the tatter,
menbrane types AL B-H Cand Din particular are wuseful. For such a
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solvent such as dimethy! phthalate added in an amount of from 0.1 to 25% by weight

40  based on the entire solvent mixture. Particularly suitable absorbents are also octanes,
nonanes, decanes, undecanes, dodecanes, tridecanes, tetradecanes, pentadecanes,
hexadecanes, heptadecanes and octadecanes, of which tetradecanes in particular
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The absorption may be undertaken either in columns or in quench apparatus. It is
possible to work in cocurrent or (preferably) in countercurrent. Suitable absorption
columns are, for example, tray columns (having bubble-cap and/or sieve trays),
columns having structured packings (for example sheet metal packings having a

35  specific surface area of from 100 to 1000 m2/m?, or to 750 m?/m3, for example
Mellapak® 250 Y) and columns having random packing (for example filied with Raschig
packings). However, it is also possible to use trickle and spray towers, graphite block
absorbers, surface absorbers such as thick-film and thin-film absorbers, and also plate
scrubbers, cross-spray scrubbers and rotary scrubbers. In addition, it may be favorable

40  to allow the abserption to take place in a bubble column with and without internats.
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process. 30 The absorption nmay be undertaken either in colums or in quench
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(f or 28xargder, fohexamplet talregosikhe ipssemef andraine@zbspbent (fer examplice area of from

100 to 1GQgarskonh detisters aikfordebtrBhtet) ane XMoo otect the reaction zone
simultaneously from absorbent. Such a removal of the absorbent can be effected by all
process variants known to those skilled in the art. An example of an embodiment of
such a removal preferred in the process according to the invention is the quenching of

30 the exit stream from the stripping apparatus with water. In this case, the absorbent is
washed out of this laden exit stream with water and the exit stream is simultaneously
laden with water. This washing, i.e. the quenching, can be effected, for example, at the
top of a desorption column by means of a liquid collecting tray, by counterspraying of
water or in a dedicated apparatus. To promote the separating effect, it is possible to

35 install internals which increase the quench surface area in the quench chamber, as are
known to those skilled in the art from rectifications, absorptions and desorptions.

A decompression of the absorbate comprising the propane {and if appropriate
propylene) to the pressure appropriate for the removal of propane (and if appropriate
40  propylene) can be performed in the process according to the invention, for example, by
means of a valve or by means of an inverse pump. The mechanical energy released in
the case of the inverse pump is, appropriately in accordance with the invention, also
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preferred i'n the process according to the invention is the quenching of 30

the exit streamfromthe stripping apparatus with water. In this case, the
abso@®ent is washed out of tffim 804eB%98Mal % r cpPalie h wat er and the exit

streamis sinultaneously | adgdm it B M@Yesf. pldpyfenéasadd ng, i.e. the
guenchi ng, can be effected, TfPJmﬁﬁé‘QB' 9.3 HLBe  top of a desorption colum

by neans of a liquid collecting tray, by counterspraying of water or in a
dedi cated apparatus. To pronote the separating effect, it is possible to 35
install ilmtranggbsesthecdbntants slggopdritecygieenistareur f ace area in the quench

chamgr, as are
from 80 to 99 mol% of propane,
from 1 to 4 mol% of propylene, and
from 2 to 15 mol% of H,0.

35 Inthe case that, aside from fresh propane (as a constituent of crude propane} and
propane cycle gas and, if appropriate, dehydrogenation cycle gas, {appropriately
compressed) residual gas cycle gas and/or a(nother) molecular oxygen-comprising gas
is/are additionally fed to reaction zone A, the crude propane and the residual gas cycle
gas and/or the molecular oxygen-comprising gas are, appropriately from an application

40  point of view, mixed beforehand to give a first gas mixture and this first gas mixture
(preferably after it has been heated by indirect heat exchange with hot reaction gas A
and/or product gas A) is mixed with propane c¢ycle gas or a mixture thereof with
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desor pti o‘ﬂ’aﬁﬁr@}'BQ WOR PHRARG: -EQI ghieait es‘lgréa T%a%gg?'éﬁqt B%atzeéﬁ'%aqa? may, in
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ol o6t "R STREBIE n ool R ST e ra B IR e oA T s a5 ot Dl o6 of
H20 35 | rpartia oxidation) Hagenersihemplowed-f r esh propane (as a constituent of crude
propane) and propane cycle gas and, if appropriate, dehydrogenation cycle

gas, ( apif %Bﬁfr@&, %ls%nall amount of absorbent is discharged continuously from separation
zone IV and replaced by fresh absorbent. The discharged absorbent can be worked up
25 by rectification to give fresh absorbent. The residual gas which has been
decompressed as described, “propane-scrubbed” beforehand and then, if appropriate,
subjected to a membrane hydrogen removal is generally sent to residue incineration
(offgas incineration). It is also possible for high boilers removed in separation zone Il
and aqueous condensates (for example acid water) formed in separation zone Il and, if
30 appropriate, between separation zone Il and separation zone Il to be conducted into
this incineration which is, if appropriate, supported by feeding natural gas and
performed using air as the source for combustion oxygen. The hot offgas of this
incineration is typically used in indirect heat exchange with water to generate steam
and then generally released into the atmosphere. Normally, it is composed exclusively
35  of molecular oxygen, molecular nitrogen, molecular hydrogen and carbon dioxide.
Finally, it should be emphasized that whenever condensed phases comprising acrylic
acid and/or acrolein oceur in the process according to the invention, the same
polymerization inhibitor is added. Useful such polymerization inhibitors are in principle
all known process inhibitors. Particularly suitable in accordance with the invention are,
40  for example, phenothiazine and the methyl ether of hydroquinone. Presence of
molecular oxygen increases the effectiveness of the polymerization inhibitors.
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a mxture ?h%?%& PidsB i éju@?é}r%neg%h%t gﬁﬂé"tdlﬁ’tﬁra%' 8e %ﬁé S(ﬁ?écﬁfnﬁr ably

| i kewi se afteéer’ correspondi ng tin |rect eat ange wth hot
reaction gas A and/or product gas A) and the resulting gas mxture is
conduct®d Prefereneaistgivan to pnecedsesagceating torthe ayedtionhanige hgeesthemaxinem

Advant ageoyghin %gﬁgglirageégygfog%ﬁe”p al so added to the resulting gas

m xture bef oregs nto reaction zone A as reaction gas A charge gas
m xture. The requirenent for nol ecul ar oxygen-conprising gas in the process
accor di ng Advarttageaunlyeier therworking apgasofesiFaftdeterminegrin aachapgsiel af dhe emirgnsent  of
view, takemid ﬁ\@\l;errm}arfzbﬁémmhec&ﬂerem ZoPBE 6Ethe HioAes At cliriag tO tHelBvdrivaNt i on,

t he cr;,;&le Bl B@W%Q?orﬁﬁ&o%gr(}e?attgp%rpgsé%g%at ed by means of condensate

obt ai ned i N osepar Zzone e acid water) by indirect heat
exchange (the condensate cooled in doing so may be used for direct cooling

i n Separ apieQ(Qn %rg Re F"starLuEh ZLQE ldelp reat:t@n 9@& :alp &pgm/zomﬁm%augneane n Nﬁséagrmtzdné/ el y;

ot her |IC]UI nghase 15 (which appropriately has a tenperature of from20 to
40C, preferabl ¥ TF8M 25 to 35C) may al so be used as the heat carrier for

t he indirect heat exchange for the purpose of evaporating crude propane. To
f ur t het5 healthaugk separdtiorpraedoan alsodier disgensedivitbxchange w th hot steam

(whi ch may be avai | abl e, for exanple, at 5 bar and 152C), which is

t |l | ent | | b t t di t
the. | nvent A0t vBIsaRRR B e ocshs 2ehLE Bine BB BROTR oDy ocess heat
obt ai ned |t¢mn$eatumnfseaqtﬂbngaees Aaspeaiblyoxhetathep admpiise gelesular bxyoenpatoyed. | f
required, galgeERdils AEDEN reﬁéraﬁpggf@@@bu!s&iecba%mlag@/@r ReRtey ah Sder ftfi@m

separ on

abgorgéednt tggﬁﬂ@@z%pi&deéﬁgin% & {;%a%koﬁglagtgp’n eg%gf@ec& &gg &J‘es%t}&% g’bent The

resi dual ge®P@RR-ch has been deconpressed as described, "propane-scrubbed"
bef orehand and then, if appr opri ate, subjected to a rrenbr ane hydrogen

removal isg gﬁﬂ@ég%ﬁdcﬁﬁ rag e incineration (offgas incineration). It
is al so poss eaned in separation zone Il and agueous
condensates (for exanple aC|d mater) formed in separation zone Il and, if 30

appr op?s atle, betneEmIppetiahicda heteneenkoastylcatalyaaditwoostage partibl dxidatiobe
conduct ed i nt OEf SrBblend )l i ldein Y Sltehge ahd irARPHRAREhE 6 maaRaY { ed b

feedi ng natura cgas and performed using alr as the source for conbustion
oxygen. The hotY®P¥ghs of this incineration is typically used in indirect
heat exchange with water to generate steam

A)  General experimental sefup of the reaction apparatus
30
Reactor for the first oxidation stage

The reactor consisted of a jacketed cylinder of stainless steel (cylindrical guide tube
surrounded by a cylindrical outer vessel). The wall thicknesses were always from 2 to
35 Smm.

The internal diameter of the outer cylinder was 91 mm. The internal diameter of the
guide tube was approx. 60 mm,

40 At the top and bottom, the jacketed cylinder was concluded by a lid and base
respectively.



and then generally released into the atnosphere. Normally, it is conposed
excl usi vel ¥F$808% nol ecul ar oxygen, nol ecul ar nitrogen, nol ecul ar hydrogen
and carbon dioxide. Finally, it should be enphasi zed that whenever
condensed phases conprising acrylic acgg and/or acrolein occur in the
process according to the invention, the sanme polynerization inhibitor is
added. Usefg catatyrt tube (it lepgth 409 arpHptsmab giemetes Z%rm@r gxieingl damglar known
process i nBO brint,ou sl thicRfidgs@uinar, kiairdelst addlpwhda@opmistiznetinwhé buitiBeubewfent i on
are, 40 f Og»eec?‘%ﬁﬁﬁ%lcs‘ ve3R8QLAAA 'it@&t gFlﬂchlﬁﬁ id@%tﬁk\/&assﬁrﬁ}s&%&%e%%ﬂcﬂ&s@0”e-
Presence o I'ecul ar oxlygen I ncreases the effectiveness of the "

pol yrer i za#h tB8 UPRRN andlpwer ensitheregben g sealad manaen. b B CacRNoereedyBeess
accor difig tsalttnedt congistiig o 6% by beight oi/sstassilirh oittale 40&cihyoweight dfisbdrguent

products ngiphé QREFod By WQE@H@?%B@H ﬁitré{%? ®ab eﬂrﬁ%&ﬁ?\ RO vl vOsshB fn 963.

These include 1, 3-propanédjol, nethionlne, ar al dehyde a -picoline. 5
Pr ef er ence®id& é“l%ﬁr‘:‘t %%FB‘E‘EE’S@?”&%PBFW%CM?% qt ﬂ?ﬁeﬁ?ro‘%é]aﬂﬁla have t he
maxi mum weatklysiguipe ewardneentive g oft datalyst dute within thadyhimiriegemssely, for the
wor ki ng pr gshedhéhé sl tikerangaafediiim SR hueaER iRbirdIticR Ny iA8&R ofant 0 the

particyl ar %Onf%r in the different zones of the process according to the
i nvention, PrORE"Y RE™Pol | owi ng correlations (relationships) apply: P reaction
zone A > Pseparation zone | > Preaction zone B > Pseparation zone ii <

Psepar at i oAn zlreichl HeaterRatapitdciol the odlen Rickdt YegulRee asH @mpaeiereAf tHebhadtt hough
separal | 0oz ffiad mEflinfoife AESLABRIGRENLE thdrb vl ol aBuevant ageous for
rding to e 0 kéep the

t he processS acc i nvVention enperature of reaction
gases A, especially when they conprise nol ecul ar oxygen, at values of <_
460C, 18 ef Readibrycharged0C out Slieleedaten thesiirsiestad®reactoe rthe baltiselitiand theder t hus 20

to mnimze undesired cobugh,@g JuedtklANss AOfol BELIRAGGRIBOSAIIRDP,
especially of propane. Exar S “an on‘Raratlve exa qes 2 % ong-term
operation of a heterogeneoug'FWCt‘:’gﬁaiJ g& ?%%ﬁ%@”ﬁa@qt?rgp REIEERER  of
propyl ene to acrylic acid i meader shischmterattdvascandectpd ade teereaftianotube ul ar

hydrogen A) General experi ngithal tef@kiiturelor 5§ g pagkh egsapparatus 30 Reactor
for t first oxidation stage The reactor consisted of a jacketed cylinder

of starnless steel (cylindrical guide tube surrounded by a cylindrical
outer vessel). The wall thi dka&skaeiasiased theegyindricohgiide wbeb e batonThe

internal dianmeter of the ough ad¥bBeRire WandlefiMhe clivtdricBt &lideubgiagmet er  of
Tl b Canct SaZE o P Ty Sl AR B Bz U ket o
25
T was adjusted so as to always give rise to a propylene
conversion of 97.8 + 0.1 mol% in single pass at the outlet of
the first oxidation stage.

30 Catalyst tube charge:
(from the bottom upward) Section A: length 90 ¢m
Upstream bed of steatite spheres of diameter 4-5 mm.

Section B: length 100 cm

35 Catalyst charge of a homogeneous mixture of 30% by weight
of steatite rings of geometry 5 mm x 3 mm x 2 mm {external
diameter x iength x internal diameter) and 70% by weight of
unsupported catalyst from section C.

40 Section C: length 200 em
Catalyst charge of annular {5 mm x 3 mm x 2 mm = external
diameter x length x internal diameter) unsupported catalyst



respecti VEII\é PF 58025 64 The catalyst tube (total length 400 cm internal
di aneter 2BF®8022xternal diameter 30 mm wall thickness 2 nm stainless
steel) was accommpbdated in the guide tube of the cylindrical vessel such
that it just protruded in each case thrgggh the Iid and base at the upper
and | ower end thereof (in a seal ed manner The heat exchange medium 5 (salt
mel t consisting of 53% by weceereingfto sxampiei1ehF-fr H0A6 Afotsty) NI of
sodium nitrite and 7% by wWBigiWOaLWADH sUMoRiClos sHeg ) SivasKogi®dpsed in the
cylindrical vessel. In order to ensure very uni form t hermal boundary
conditions at the outer wall_of the t st tube over the entire length of
catal yst tube within the cylSeFHen Papngé 2’ M (400 cnm) the heat exchange

medi umSas punped in circul &avwostregmrtedres stebtite ring® cpgegeéther punp. An

el ectrical heater attached tyqnhhgg,gyﬁgq dq,%(‘(gﬂbrr{afpg;gh%q@-q( IEARh kGNReTAt ur e of
the heat exchange nediumto e5| red level. Oherwse, There was air
cooling. 15 Reactor charge: d{ﬂ over the fi rst stage reactor, the salt
nmelt and the charge gas m xture of the first-stage reactor were conducted
I'n cocurrent. Tﬂi&n?e’&l?dt@@ocﬂﬁ? i ¥ e ofdth Bk RfbnlfBEdihd (pﬁlre 8l ag8ecdrRRff Or at the
botto It was CC}nducted into the reaction tube wth a tenperature of 165C
in each’ case. 96°The salt melt entered the cylindrical guide tube at the
bottom wi Fer taetperppéeaf Bresmediaterepdfieg fmq!mﬂ:cgy mﬂ'ﬁ@éﬁif)gih’ﬁd@d%éa%lt t he
top with ami@mpeshiry the fitstfixotberhrenbtdr whs tondiCteafrarotigh B cdndéctihg twes adj ust ed

Sngre pactdBiF 9K AR ddndebhO M, Bifermd LS ﬁ? it vl gflicibep 2B 0
charge: (f$lginashstash tuns apvaddy 1S’éBl°f IS‘ﬁUA'”Q Bataral) o W%@PP@&H} bed of
steatit® spdmatptood ledgnas 20cnd chanyed witbantinenbél of stegfitd ridgdofagecitet@at al yst
charge of appp Q‘%Orﬁﬂgpf#'srarw éitifn@d &Bméfér/‘k kgﬂérnaf&aﬁfe%ﬁxérfoﬁ?ééérfj‘kg%eﬁf

geometry 5 meter x | engt
di anet er) @Fﬁ?t'V@%oggé\ﬂﬁﬁﬁﬁe ?ta'yﬁh@gﬁported catal yst fromsection C. 40

Section C. length 200 cm Catal yst charge of annular (5 Mmx 3 nmx 2 nm =
external  The product gas mixture always entered the connecting tube at a temperature of > Tn
20  (first stage) and left it with a temperature above 200°C and below 270°C.

At the end of the connecting tube, molecular oxygen at the pressure level of the
product gas mixture was metered into the cooled product gas mixture. The resulting
gas mixture (charge gas mixture for the second oxidation stage) was conducted

25 directly into the second-stage catalyst tube to which the abovementioned connecting
tube was likewise flanged by its other end. The amount of molecular oxygen metered in
was such that the molar ratio of O, present in the resufting gas mixture to acrolein
present in the resulting gas mixture was 1.3,

30 Reactor for the second oxidation stage

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

35 likewise. The entrance temperature T of the salt melt was adjusted so as always 1o
result in an acroiein conversion of 99.3 + 0.1 mol% in single pass at the outlet of the
second oxidation stage. Tout of the salt melt was up to 2°C above T

The catalyst tube charge (from the bottom upward) was:
40
Section A: Length 70 cm



di aneter x th x internal diameter) unsupported catal yst PF 58025 65
accordi ng F55@ Ie 1 of DE-A 100 46 957 (stoichionetry: [Bi 2W2Mx2W33] 0.5
[ M012Co5. 5Fe2. s4Si, saKo. oax)i). Section D: length 10 cm 5 Downstream bed of
steatite rings of georretry 7 mmx 3 mﬂga4 nm (external dianeter x length x
internal dianmeter) |Ipternediate cooljn i nter d| at X n feeding
(pure 02 as secondar y "eWBNgY eIl staatile 1 B\S’Fﬁ Q%O'B‘Ft 5‘%/%? E¥BI1 i ng

(i ndirectly by nmeans {etteanat Jiametes xpergiiug intgras dmmgteo)re | eaving the first

fi xed bed reactor was conducted through a connecting tube (length 40 cm

internal dipa e ernal dianeter 30 nm wall thickness 2 cm
st ai nl ess é‘?é@ﬂeﬂ A‘t?mhﬁho y 1 cmof insulating material) which was

mount e 15 central |y Gasatmstlc@a@ewfefhozwg@mowﬁawg@@ of#d% barvaighs of steatiteof
steatite rings of geojigs bygdonidtyx7 &mrfremﬂ xmmnﬁeee&errmmldumewret ehgth | engt h X

internal di amot er) anduesath AAGEG St S6IPR) & AP LTS R B8R vt

tube. The product gas ure e connectrng tu
tenperature of > Tin 20 (first stage) and left it with a tenperature above
200C and bgéaionZ¥0C. LAhgtiB®cend of the connecting tube, nol ecul ar oxygen at

the prggsure level of é]ﬁstcﬂér%%?'anﬁiﬂér (F}‘rﬁrfnlkr?m\‘\%%a,'ﬁ‘ﬁ%e-ré%@emﬁltd?a hBgr 00! ed
product gas m xture. e re rg xtur 5§1C arg as m xture for the
second oxi dation st addy t?ﬁ’Bﬁ‘dﬂ%f‘% rfga tccatalys) apsRraing FRPIERERIA st age
catal yst tube to whi @hamhte atfdVevet004 69281 (strdchicroetinn dho 1 \3idé 2Gas:Ox). kewi se
flanged by its other end. The anobunt of nol ecul ar oxygen netered in was

such that ratl f 02 present in the resulting gas mxture to
acrol ein %‘?‘g@g‘rﬁ m"FH 3g’s%lt|n g gas mxture was 1.3. 30 Reactor for the

secondt®xi dat i on st adrewastrearalbedtof sigbtifefsphergs bediametartdo? Mias used which was
of identical design to that for the first oxidation stage. Salt nelt and

ot mel't Bt Rog T ShyEE B Hiteton B fRTSETEORon i B e IR0 T, T
entrance t errpe?hé‘t Uistexidation stage (taamfon@eeﬂoanﬁe s %fétt%ﬂﬁ% bEE)khiilgs to

result in an asglesteitnotaumieraidirméticnvas aWays #04 t0dl%).si ngl e pass at the
outl etyepf the second oxidation stage. Tout of the salt nelt was up to 2C

above T" The catalyst tube, char fromthe bot ufp 3 was; 40 Section
A: Length 70 c®# P hegeppipagiion of ec arge gas mixture ort e first oxidation stage was
substantially:

7% by volume of propylene,
25 12% by volume of O,

20% by volume of Hoz,

5% by volume of HO and

56% by volume of No.

30 At the start of the reaction apparatus charged freshly with catalyst, the entrance
temperatures were:

T (first oxidation stage).  320°C
T» (second oxidation stage): 268°C

35
After an operating time of 3 months, the entrance temperatures were:
T (first oxidation stage):  330°C
Tr (second oxidation stage): 285°C
40

b}  The composition of the charge gas mixture for the first oxidation stage was
substantially:



Prelim’narx bed of steatite rings of geonetry 7 mmx 3 mmx 4 nmm (external
di aneter x F(?ﬁagfl_’] X internal dianeter). Section B: Length 100 cm5 Catal yst
charge of a honbgeneous m xture of 30% by wei ght of steatite rings of
geonetry 7 mmx 3 nmx 4 mm (external dganmeter x length x internal

di aneter) and 70% by wei ght of coated catal yst fromsection C. Section C
Length 200 cm 10 Catal yst charge of annular (7 mMmm x 3 nm x 4 mm = external
dianeter x |ength x inter A% bydicduree ef ) ceadmtereat al yst according to
preparation exanple 5 of Bl ALRRAKIE8 (3,0i chiometry: M72V3WL. 2Cu2. 401) .

Section D: Length 30 cm 15_Dqwnstream bed bst atite spheres of dianeter
4-5 mMmm B) Results achi eveg%\’tﬂfrﬁ%aion'@ ?Wg conposition of the charge

gas mixture of the first 6&Fedutvobmeefage Net he propene | oadi ng was set to
150 I (STP)/1h; the selectivity of acrylic acid formation was al ways a 94

ml%. 20 a) T Q Y f th r ) t '

oxi dation st agg?w%ss@rgéfgé% g%cﬁgrlm %eﬁa%&?ﬁag@%ﬁﬁrﬁg %M@%@%ﬁs&r@?eﬁﬂﬁé&&b% by
vol une of 02, EMRSHHUERSIWATE: of H2, 5% by vol une of H20 and 56% by vol une of
N2 30 At the start of the reaction apparatus charged freshly with catal yst,

t he entig ance tenperatHf g ren Tl fir I dation stage): 320C Tin
(secon¥ oxi dation st agggelﬁség@ggt!%#%%}ér gtéog)f?erati ng time of 3 nonths, the
entrance tenperatures WeySESONMOXdation stagey£Pf4ti on st age): 330C To (second

oxi dation stage): 285'C 40 b) The conposition of the charge gas mxture for
the first oxidagbOsh Gicigng e o%%ﬁ@@? frdldn¥randdterffimuies wefdo by vol ume of
propyl ene, 12% by vol unme “of 02, 5% by vol une of H20 and
15 T (first oxidation stage):  324°C
Tm (second oxidation stage): 276°C

I. First illustrative process for preparing acrylic acid from propane (a steady
operating state is described)
20
Reaction zone A consists of a shaft furnace reactor which has been designed as a tray
reactor and configured adiabatically and has three fixed catalyst beds arranged
successively in flow direction. The particular fixed catalyst bed is a bed, placed onto a
stainless steel wire mesh, of (arranged in the sequence specified in flow direction) inernt
25  material (bed height: 26 mm; steatite spheres of diameter of from 1.5 t0 2.5 mm) and a
mixture of fresh dehydrogenation catalyst and steatite spheres (diameter from 1.5 fo
2.5 mm) in a bed volume ratio of dehydrogenation catalyst: steatite spheres = 1.3
(alternatively, it is, though, also possible at this point for the same amount of catalyst to
be used undiluted).
30
Upstream of each fixed bed is disposed a static gas mixer. The dehydrogenation
catalyst is a P/Sn alloy which has been promoted with the elements Cs, K and La in
oxidic form and which has been applied to the outer and inner surface of ZrO, SiO-
mixed oxide support extrudates (mean length {Gaussian distribution in the range from
35 3 mm to 12 mm with maximum at approx. 6 mm): 6 mm, diameter: 2 mm) in the
element stoichiometry (mass ratio including support)
Pto.sSng.sLas sCs0.5K0.2(Zr0O2)ss.3(SiO2)r 1 {catalyst precursor preparation and activation to
the active catalyst as in example 4 of DE-A 10219879).

40  The heterogeneously catalyzed partial propane dehydrogenation is carried out in the
tray reactor described in straight pass with dehydrogenation cycle gas mode. The



5 76% by volune of N2. At the start of the reaction apparatus charged
freshly wi Ph58883l yst, the entrance tenperatures were: 10 Tin (first

oxi dation stage): 320C Tin (second oxidation stage): 268C After an
operating tine of 3 nonths, the entran?terrperatures were: 15 Tin (first
oxi dation stage): 324C Tin (second oxidation stage): 276C Il. First

i |l ustratikadipg @é3§§ohabam9wémépatﬁysta@awiiatﬁdawmug insFhmateaihel alldraye xathy

oper ati ng gropaee isS15003(STHRH) 20 Reaction zone A consists of a shaft furnace
reactor which has been designed as a tray reactor and configured

adi abatically and_has three fixed catal yst beds, arranged sucgessively in

fl ow di rec?-?‘ér’f‘?a @WE”BQ# Eqaem'hga%gﬁ@%rge&)éar'v’étt"%fé%fw 'Xg{e‘ﬁ’, ﬁlczaﬁi'aargnt 0 a

st ai nl s sreded tothe dirstestalysbbed arfloarndiredtiomandieavedbe éllowingpmeidntsed in fl ow
direction) inert 25 material (bed height: 26 nm steatite spheres of

di aneter of from1.5to 2.5 and a ﬁﬁ;ﬁye E"f fresh dehydrogenation
catal yst and steatite spheP@8%i anet f' #7818 M% 2.5 m) in a bed vol ume
rati o of dehydrogenation cproaylgee: steldif%bypllms = 1:3 (alternatively,
it is, though, also possibéyidhet hi s peB&% Hyokoldne same amount of catal yst

to be,used undiluted). 30 eam of f bed is disposed a static
beyg BhEcam of 83610, ok,

gas r. The dehydrogenati o catal ys ls7a n alloy which has been
pronoted with the el enentsHCs, K and LZ78% bY@WW® form and which has been
applied to the outer and ioper surface. 0f%byQBIg? nm xed oxi de support

extrudates (nmean length ( sian distyg I he range from35 3 nmto
12 mmw th maxi num at app?gé)? 6 mm: {Q.Mg?a%u&et, 2 mm in the elenent

nm er:
stoi chiometry (mass ratio ¥Rcl udi ng suppordy volume, and
Pt 0. 3StioeLa3. 0Csa5Ko. 2( Zr RPea. 3( Si A2)F35%dgtvalupst. precur sor preparation and
activation to the active catalyst as in exanple 4 of DE-A 10219879). 40 The

het er ogenegusly catal yzed parti al. praopane dehydrogenation l rri,ed out in
the t rayeﬁéear(,el)éﬁﬁ'orb@ssg P'B%'Ee ons aixt ?dg? myxlye éfa[ f?{gh@%‘d}%&?@ﬁ’aﬁaﬂd &cle gas
node. The 0680296 68 (STREN)igag nuikiutdehichisadbtained hy conbioingahg svo gaal cul at ed
W t hout i n@idur8Bbeeahs o4 s@tié mixeRYheMrbtyashhiRRABad § tekdtiaturd S4doFth. 7. 30
n8 (STR)/h nof r‘eathlrl ogzqgso Aachasr %L;g%s g},xt ure (starting mxture; P = 2.13
bar) araedfaeaefg BiRe =18l E%fa% 8% 'in flow direction and have the
foll owi ng contents: propane 61.22% by vol une, propylene 12.17% by vol une,
1.19 m? (STP)/h of compressed residual gas cycle gas (T = 70°C, P = 2.40 bar),
1.05 m? (STP)/h of crude prapane which comprises propane (fresh propane) to an
extent of > 98% by volume (T = 237°C, P = 2.90 bar), and
25  0.098 m? (STPYh of O (T = 139°C, P = 2.33 bar, purity > 99% by volume).

indirect heat exchange in a first heat exchanger with product gas A conducted out of
reaction zone A and in the direction of reaction zone B establishes the temperature of
400°C. The second gas mixture is composed of:

30
3.68 m? (STP)/h of dehydrogenation cycle gas (T = 851°C, P = 2.05 bhar) and
1.28 m3 {STP)/h of propane cycle gas (T = 400°C, P = 3.26 bar).

it has a pressure of 2.13 bar and a temperature of 506°C.

35
Indirect heat exchange with the product gas A cooled to a temperature of 435°C in the
first heat exchanger establishes the temperature of the propane cycle gas. The
dehydrogenation cycle gas flow is effected according to the jet pump principle (cf. DE-
A 10211275), the propane cycle gas heated to 400°C functioning as the motive jet.

40
The entrance temperature of the reaction gas A charge gas mixture and the bed height
of the first catalyst bed flowed through by the reaction gas A charge gas mixture are



et hyl ene 0.86% by volunme, 10 nethane 2.56% by volume, H2 3.78% by vol une,
02 2.10% byFw80%e, H20 12.08% by vol une, CO 0.38% by vol ume, and 15 CO2
3,35% by volunme. The reaction gas A charge gas mxture is a mxture of a
first (2.34 n8 (STP)/h) and a second (gy 96 nB (STP)/h) gas mixture which is
obt ai ned by conbining the two gas mxtures by neans of a static mxer. The
first gas #iigted sustnibabregatinicgas: Aleaves thioertalyss beavith leawsiatgedt’ 2513 par
and i s conpus®gresburelof 2 ntiar Whhé follovingaapteatssed resi dual gas cycle gas (T
= 70C, P =2.40 bar), 1.05 nB (STP)/h of crude propane which conpri ses
propane (fresh propane) to an extent of > 98% by volunme (T = 237C, P = 2.90
bar), and 25 0.098 nB (STP)/h of 02 (T = 139C, P = 2.33 bar, purity > 99% by
vol une)d Indirect heat excphmpgeein a f5%.8% byewluresxchanger with product gas A
conducted out of reacti onp@g?gné\ and y#gsqneydiolpsd i on of reaction zone B
establishes the tenperature,0Q 400' C. gﬁ; sécond gas m xture is conposed
of : 30 3.68 nB (STP)/h of GERYDFogenat T-BR2RYHE s (T = 551 ¢, P = 2.05
bar) and 1.28 nB (STP)/h oeth@repane c3:88% ya®lyme,= 400C, P = 3.26 bar). It
has a pressure of 2.13 barHand a tenpesagursy wiun®6C. 35 Indirect heat
exchan wi th the product gas A cool Edof%% Q/otu%@er ature of 435C in the

first heat exchanger establ'fshes the te arature of the pr opane cycl e gas.
The dehydrogenation cycl eHdas flow i s"gg ot WOHMR @Adi ng to the jet punp
principle (cf. DE- A 10211R2%5), the prhpatiedbyortilnez.gas heated to 400C
functioning as the notive jet. 40 The entrance tenperature of the reaction
gas A charge gas m xture and t hei ght of the first catal yst bed

f 1 owed thrﬂ??g‘fgla'ﬂ?g?W“P@agtﬁ%dﬂp@%?&'charge gas mxture are PF 58025 69

adj ust®d such that reaction gas A leaves this catalyst bed with a

t enper at urgeydhd Mdfirst Gislyst HRLES BN (8TPYh blmbRicult blydeRgplifty b@gongy cont ent s:

3P RN P halBbl e QRN R RS OY Y R eshig e O 8690 by
addition is effected by throttling, so that the resulting pressure of the resulting reaction
gas A'is still 2.11 bar.
20
The bed height of the second catalyst bed is such that reaction gas A leaves the
second catalyst bed with a temperature of 533°C and a pressure of 2.08 bar with the
following contents:

25 propane 49.2% by volume,
propylene 19.24% by volume,
ethylene 1.04% by volume,
methane 3.14% by volume,

H: 4.43% by volume,

30 0: 0% by volume,

H20 17.98% by volume, and
CO, 3.52% by volume.

The leaving amount is 7.79 m? (STP)/h,

35
Upstream of the static mixer disposed upstream of the third catalyst bed, 0.13 m?
{STP)/h of molecular oxygen {purity > 99% by volume) is metered into this reaction gas
A (T = 139°C, throttled in at a pressure of 2.33 bar). The resulting pressure of the
resulting reaction gas A is still 2.08 bar.

40



10 02 0% by vol upe. H20 15.5% by volunme, and CO2 3.67% by volune. The

| eavi ng anéﬁﬁ@()?% 7.46 nB (STP)Ih. 15 Beyond the first catalyst bed, 0.12 nB
(STP)/ h of nol ecul ar oxygen (purity > 99% by volune) is netered into
reaction gas A (T = 139C, P = 2.33 bar)yg The metered addition is effected
by throttling, so that the resulting pressure of the resulting reaction gas
A is stillThe bad peight of therihisd satalystbemhis syeh thak repstiomgat Aleavps thebidi s such

t hat react catalygiesdAas resmecs ghd A withex ivibetatual of S5 1 1@ dnaviatpnessutecofife0mbar e of
533C and a, Bk gsSHiidwi bar with the follow ng contents: 25 propane

49. 2% by vufth B "%%'@ y et%@S'lg. 24% by vol ume, ethyl ene 1.04% by vol une,

nmet hane 3. 14% by volune, Hz 4.43% by volune, 30 02 0% by vol une, H20 17.98%
by vol sre, and CO2 3.52% pypead une. THe219%Dyivetumadount is 7.79 nB8 (STP)/ h.

851gp?nt3r e?g_rg;/thhef st alt i C Fﬂo}&%néﬁ spo?zqmr{gq;yi\@%gﬁ/@,; theI t hi ;d_ cat altyst dbed,
. of nol ecular. oxygen [l 6by volume) is metere
into this reaction gas A EFYE439c, tﬂbl%{"t%evc?'qrﬂe'at a pressure of 2.33

bar). The resulting pressumetteéhet he rd4a%thynglureacti on gas Ais still 2.08
bar. 40 PF 58025 70 The bgd hei ght ofsbd® Byhjoihgat al yst bed is such that
reacti gas A |l eaves the bhi rd cat alcy%tbgg%gmges product gas Awith a

tenperature of 551 C and a pressure of ar’ with the foll ow ng
contents: 5 propane 42, 199%y vol une, 243&pPverbime andos by vol une, et hyl ene
1. 14% by volunme, nethane 8042% by vol 3186% byHIum&8% by vol ume, 10 02 0% by
vol une,
The leaving amount is 8.17 m3 (STP)/h.
15
Product gas A is divided into two portions of identical composition by a flow divider.
The first portion is 3.68 m23 (STP)/h and the second portion is 4.49 m3 (STP)/h. The first
portion is recycled into reaction zone A as a constituent of the reaction gas A charge
gas mixture. For the purpose of dehydrogenation cycle gas flow of the first portion, the
20  propane cycle gas heated as described is used as the motive jet to operate a jet pump,
the conveying direction of the motive jet decompressed through a motive nozzle via a
mixing zone and a diffuser pointing in the direction of the entrance to reaction zone A,
and the suction nozzle pointing in the direction of the first flow portion of product gas A,
and the “suction nozzle — mixing zone - diffuser” connection forming the sole
25  connecting line between the first portion of product gas A to be recycled and the
access to reaction zone A. The second portion of product gas A is conducted out of
reaction zone A and first cooled from 551°C to 435°C by a first indirect heat exchange
with the first gas mixture, composed of compressed residual gas cycle gas, crude
propane and melecular oxygen, involved in the reaction gas A starting mixture (charge
30 gas mixture). As this is done, the working pressure in the product gas A conducted out
of reaction zone A falls from 2.05 bar to 1.85 bar. At the same time, the first gas
mixture is heated from 164°C to 506°C and suffers a pressure drop of from 2.40 bar to

2.13 bar.

35 In a downstream second indirect heat exchange with propane cycle gas from
separation zone IV, product gas A is cooled from 435°C to 335°C. As this is done, the
working pressure in product gas A falls to 1.94 bar. Conversely, the temperature of the
prapane cycle gas rises from 69°C to 400°C,

40  Subsequently, 0.76 m? (STP)/h of steam is removed by condensation from the product
gas A cooled to 335°C. To this end, the product gas A cooled to 335°C is first
conducted in indirect heat exchange to 3.73 m? {STP)/h of product gas A* (T =40°C, P



H20 20.320/?:py §Sjé)urre, and CO2 3.36% by volune. The | eaving anmount is 8.17
n8 (STP)! h: B8P oduct gas Ais divided into two portions of identical
conposition by a flow divider. The first portionis 3.68 n8 (STP)/h and the
second portion is 4.49 n8 (STP)/h. The #§4rst portion is recycled into
reacti on zone as_a constjituent of the reaction gas,A charge as m xture.
For 1 he. pur e BRI e ARPICHetEy WG A P D BR TR FSTETuRe P, 1 he
20 pr opanecandeheatipas ahd tiue doaled de $03°Co@te tenpesatdraast prbduatgas H& jet to
fﬁer at ﬁ a bifultBeeBustly ilhé}eagégr&s%msftg_uﬁbro%%s%rgéirtcb_snfemw@t b8 Ageeconpr fﬁ sed
rough a J4Ve N e.vla -AQ. Zone a_diffus i ntin n e
di rection E& lChE 'eﬁé?‘ﬁ’ﬁ'@és ’E’%&?%Ecgﬂ gﬂnyi%ﬂ@c@eatgﬁgﬁqwg @@cﬁ%ﬂglﬁdg%ee
poi nti ny i working riesate pbproductigas A falisto ¥ Thhepand theneafter plregflydidsgas A, and
the "sucti @iPh@Q@@le - mxing zone - diffuser” connection formng the sole 25
connecting line between the first portion of product gas A to be recycled
and the access to reaction zone A. The second portion of product gas Ais

conduct ed Bligctsrolingsith sriayetbarepua pendensate vt kas feearrosisd (19 2%5CA38¢ by a
first i ndijraaﬁzi\{eb@@foramﬂdﬁmprddhbtfuefsfﬁew apmbpriAs dieoticooing reowpes e of
conpr egse r in@xygen,

i nvol VZ% [ %'r“’ﬁ?é r@%@?@ﬁﬁéﬁ%ﬁg%ﬁipﬁ%ﬁ% %soﬂgg)f.gﬁﬂﬁhgsi %’gﬁégab%é%%t ure). As
this is doR@duetaes\io(Risnhoprasdur 40 tn 3t ﬁé"piﬁgjé’ax’éfd‘é&' egsAdecPR Btit  of
reacti on zdmm_ribed abdve. f130MmYSOP )/ haf motecllad bxaapen. (pukity 9% byreoliimee] =t he first
0 bar Lo B o o e g i 01
pr opane cy%?%§§§§‘%®mur§éﬁér%ﬁ$%w%§ VW\'FS"' ?%ﬂmped%@f%"@%c%@@&‘ from
435C t th 33@akingpresduse pk1.6ohar. the working pressure in product gas A falls
to 1.94 bar. Conversely, the tenperature of the propane cycle gas rises

from69C tgo,_400C. 40 b uent .76 nB (STP)./.h eam.is repoved by
condensat i DIF FPOIRT 9as B S Mople (ol e R e tha BIGRRL BalriE he
product gas A cooled to 335C is first conducted in indirect heat exchange
to 3.73 nB (STP)/h of produepargas A (7.1 %@Cvokdntd- 58025 71 = 1.68 bar)

fromwH ch the appropriate of s ﬁgg} eady been renoved by
conde\rll\%uati on, and thus coo?rggag'?)é 108C.‘F eD'th%n’E}%?ﬁhjffure of product gas At

si mul taneously increases t¥"¥68€. | n L HCRPYVPEMF ai r cool er, product gas A
(T 108C, P = 1.94 bar) ismethahed to S5A@%Hwyivollimect heat exchange with
external air (the 5 working, pressure Qfﬁ@%%g% nas A falls to 1.73 bar) and
thereafter already has bi@%asi city. Dir q)} cool1ng with sprayed aqueous
condensat e whi ch has been ¥®oled (to 27@67?9 aR¥ VOMB¥oved bef or ehand from
producdd gas A by appropri ati£ di rect cdbi4%pyvemwesnthe

CO: 2.95% by volume.
This is used to charge reaction zone B.

30  The first oxidation stage in flow direction of reaction gas B is a multitube reactor having
two temperature zones. The reaction tubes are configured as follows: V2A steel;
external diameter 30 mm, wall thickness 2 mm, internal diameter 26 mm, length
350 cm. From the top downward, the reaction tubes are charged as follows:

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

Section 2: Length 140 cm
40 Catalyst charge of a homogeneous mixture of 20% by weight
(alternatively 30% by weight) of steatite rings of geometry
5 mm x 3 mm x 2 mm (external diameter x length x internal diameter)



10 aforementi gned anmount of steam from product gas A by condensation to
obtain a PBF&88€% gas A* (P = 1.68 bar, T = 40C, 3.73 n8 (STP)Ih). This is
heated to 305C as described above. 1.39 nB8 (STP)/h of nol ecul ar oxygen
(purity > 99% by volume, T = 139C, P =2.33 bar) are then throttled into
the product gas A*. This forns a reaction as B starting m xture (charge
gas mixture) which h@§d$0tehpweight clemativabe 0%y weidhtbolBsKPRRSIES essur e of
1. 63 bar. The reacti cotahasfrBnsdeatidi g m xture (charge gas m xture) has the
foll owi ng contents: propane 37.01 % by vol unme, 20 propyl ene 19.99% by
vol une, eéhéélj ene 0.99% by vol unme, nethane 2.99% by volune, H2 4.63% by
vol ume, 02°98N790, by-208NUIRE S5 2O 3. 14% by vol une, and CO2 2. 95% by
vol ume.5 This is usedatalysticharge of aanulaoi® mone3 Bim 3@ rMime= exteeal diriredari on

stage in flow direct ixQBng}ﬁ xriﬁt@ﬁ{él Bizniider) %é@p@dé@bétbl&é&%cb%t@r having two
tenperature zones. The_re ctlfctﬁ\%tu S@%% configured as follows: V2A steel;
external dianeter 3oeﬁﬂﬁnp 11? TAc ess mm internal diameter 26 mm

| ength 350 cm From t{$feichiopetip il ¥ias]rsMetComFermeissshreCdar ged as
follows: 35 Section 1: Length 50 cm Steatite rings of geonetry 7 nmx 7 nm

Sectiolf o1 Length 140 el iRARS PoeRFleRglo SRl dive Ehalle UG 1°C0F" 200

by wei ght (al t er nat f¥EH{ BoerpRegpearghDisdsuss Bat 447017 phfdoust 28t ry 5 mm
X 3 mMmx 2 mm (exter ghk specificseface dreasgifthexadtive eomabsitibrasnet esporféid th&@25 72
and 80% by wei ght (al; I 9 i : : al yst
fromsection 3. Sect @ﬁégﬁh*ﬁﬁdg% #%é%tgﬁenrx@bgkré?tﬁrpﬂﬁgfggﬁ% q’gﬁnu ar (5 mm
X 3 mmx 2 nm = ext eFARE NYMERER'YRIUS | ength x internal dianmeter) unsupported
catal y&® according to exanple 1 of DE-A 100 46 957 (stoichionetry:

5 2l 50 Pos B By B el et Ol B U
Resear oh CTLURSUNAEURE e G0 3 O gm By 736 Seckbia 75 ke hEmrrIed Y f ace
areas of tmeansefiasalidsipBoivripeddn eeunterewoent delradetioregas B.

20  The second oxidation stage in flow direction of reaction gas B is likewise a multitube
reactor having two temperature zones. The reaction tubes are charged from the top
downward as follows:

Section 1: Length 20 cm
25 Steatite rings of geometry 7 mm x 7 mm x 4 mm (external diameter x
length x internal diameter) as an upstream bed.

Section 2: Length 90 cm
Catalyst charge of a homogeneous mixture of 25% by weight
30 (alternatively 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.

35 Section 3: Length 50 cm
Catalyst charge of a homogeneous mixture of 15% by weight
(alternatively 20% by weight} of steatite rings of geometry
7 mm x 3 mm x 4 mm (externat diameter x length x internal diameter)
and 85% by weight (atternatively 80% by weight) of coated catalyst
40 from section 4.



m stakenly in cn2lg; however, the correct dinension is n2lg wth the sane
nuneri cal TEI5868%5 15 Fromthe top downward, the first 175 cmare
t hernostated by nmeans of a salt bath A punped in countercurrent to reaction
gas B. The second 175 cm are thernostat by means of a salt bath B punped
in countercurrent to reaction gas B. 20 The second oxi dation stage in flow
direction 8ectiogat i on-egath BWham| i kewi se a nultitube reactor having two
]Eelrr})eraturs e ZQnes.1 ThoatslpaehbR dfuhegdaszanenas ged «f4 om £Iagtemamdiadmwrwar7 d as
ol l ows: Section 1: . t X mm X
4 mm (external di arrethglrQ Héth xﬁgtﬁ?ﬁégnﬁt\ﬁ%@& g%’%ﬁétt%é P asd@rp rﬁ%agrta {rgaﬂam bed.
Section 2: Length 90 &ameld 2PVLEE-AHG Y9} a honpgeneous mi xture of 25% by
wei ght 530 (alternat i(stelchiod@ybMowki\WhiQu.ed st eatite rings of geometry 7 nm
x 3 mmx 4 mm (external diameter x length x internal dianeter) and 75% by

i ght | tively 70% b i f t ed lyst f i 4. 35
e on' 5 FRBRBoS e ey B ORGPt BL B s K SRPEHIC 153
wei ght  ( abtrepedini opehierQOEnblp te refatiyn gés. Jheserors tThys asd thgaoesiated by mm x 3

mm x 4 M feshebnabtaltbARe Simped iR ROUMereuirBhEE M redc@iegsy.) and 85% by
wei ght_ (alternatively 80% by wei ght) of coated catalys 40 from section 4.

PF 580 73 Section 4: Leng;teh 190 cm Cat al yst charge of annular (7 mmx 3
mm x 4 nmm 8 koth exidationditagast e sajt baths@re erch eansiuated g pamRanERNGBAaNBer cat al yst

accor di ng &eubd eRaeatiodtubeXR Bt 5 dfeblimy/pidi@d 46 928 5 (stoichiometry:
Mp12V3WL. 2Cu2. 40x). From the top downward, the first 175 cm are thernostated

by means of a salt bath C punped in countercurrent to the reaction gas. The
second 175Befegnéhe Wexr airatian stropy is digrased grtube Bundle beatexphangepeep!pd by

g ouEt etg ur medhs bicsaltvatt, eatdtwidh heprodldt das dfahd fiskotlasticorstadeagmshe t he salbt
aths are : [ t ubes
by virtue g@@éwgg‘t&%gﬂ eﬁﬁlm@%‘é&%ﬁ?@?ﬁ” %tg{;%%?ﬁs r?gg?%gggeifgpdi sposed
a tube buntiPSURRNYE E@@Q&ﬁ%@@%‘y%ﬁéwﬂy By?9%1BY HdME)-of salt bath, with which

t he product gas of the first oxidation stage can be

The propylene loading on the catalyst charge of the first oxidation stage is selected to
20  be 130 1 (STP)/i+h. The salt melts (53% by weight of KNO3, 40% by weight of NaNO,,
7% by weight of NaNOs3) have the following entrance temperatures:

Tsx=324°C Te = 328°C
Te=265°C To = 269°C
25
Sufficient molecutar oxygen (139°C, 2.33 bar) is metered (throttied) into the product
gas mixture of the first oxidation stage that the molar Oz ; acrolein ratio in the resulting
charge gas mixture for the second oxidation stage is 0.73. The acroiein loading on the
catalyst charge of the second oxidation stage is 110 1 (STP)/I*h. The pressure at the
3¢  entrance to the second oxidation stage is 1.57 bar. Reaction gas B leaves the
intermediate cooler with a temperature of 260°C and the enfrance temperature of the
charge gas mixture into the second oxidation stage is 256°C. The product gas mixture
of the first oxidation stage has the following contents:

35 acrolein 16.84% by volume,
acrylic acid 1.13% by volume,
propane 36.88% by volume,
propylene 0.99% by volume,
methane 2.99% by volume,

40 H, 4.61% by volume,
ethylene 0.99% by volume,

0O, 4.32% by volume,



cool ed. Upstream of the entry into the second oxidation stage is disposed a
val ve for PER802upply of nol ecul ar oxygen (purity > 99% by vol une). The
propyl ene | oadi ng on the catal yst charge of the first oxidation stage is
selected to 20 be 130 1 (STP)!Ih. The 7?4alt melts (53% by wei ght of KNGB,
40% by wei ght of NaNO2, 7% by wei ght of NaNO3) have the foll ow ng entrance
tenmperatures: TA = 324C ToH#328C Tc = 263E934% by @89, 25 Suffici ent

nmol ecul ar oxygen (139C, 2.8g bar) is neterﬁ_@‘ﬁ;(r%l"geyq}&dng‘g)anﬁnto t he product
gas m xture of the first ogbdation stage t ggoth Yﬂrjir-?l ar 02: acrolein ratio
inthe resulting charge ga52nmixture for tH&3&ORMB%i dation stage is 0.73.
The acrolein | oading on the catalyst charge of the second oxidation stage
is 11015 ( F&bléhtryTh® the 8fsHbBethd BMp3RatGalor BRCRobG:t GBS ofBediRgl Oxi dati on
stage is 1.5 tbar Reag%u&n gas B |l eaves the internediate cooler with a

t enper at ur FIFRIOD §RECR e entrance tenperature of the charge gas mixture
into the second oxidation stage is 256C. The product gas m xture of the

fi Ir st oxi dpd ﬁﬁdﬁétaﬁg nﬂﬁﬁgeg /dsrghé Qédldhwidmjaﬁ@rm&tﬁ@é ﬁirg&fct gﬁf. g ﬁhf\a 16. 84% by |

vol une, crylic aci vol une, r.opan v . propyl ene
0. 99% by VSP%’ﬁjéa, ureﬁégﬁi’éarﬂ 555 osﬁﬁye\}j ﬂér?g?afzx%‘{ﬁg%ﬁ"@%% M%rrﬁg et hyl ene
0.99% Wy volune, 02 4.32% by vol une, PF 58025 74 H20 23.96% by vol une, CO
0.847% by vol ume, and CCQ2atol8p% by vol unep be@Bafgneipmd ry into the

aftercool er, the tenperatu f e produc f first oxidation
stage is 335C. The pr oductegC @ ar%gc{(]ture of {7hg§%$govﬁ%eXi dation stage

(product gas B) has a terdfefiaggifle of 270F-48¢ by ¥WW&ure of 1.55 bar, and
al so the follow ng contentgoparkd acrol ei n 8 P$3%yhwiwved, une, acrylic acid

17. 02%Dby vol unme, acetic | 46% by v , 1 ne 36.79% by vol une,
15 pr o%é;al ene 0.99% by vol Lﬁr;él,)ﬂepe %_5@% by VRAHhE,

methane 2.98% by volume,
ethylene 0.99% by volume,
H> 4.59% by volume,
O, 2.69% by volume,

20 H»O 24.57% by volume,
CO 1.35% by volume and
COs 5.91% by volume

As described in WO 2004/035514, product gas B (5.15 m? (STP)/h) is fractionally
25 condensed in a tray column {separation zone 11}.

As the first fuet, 13.7 g/h of high boilers (polyacrylic acids (Michael adducts}, etc.) are
fed to the residue incineration,

30  From the second collecting tray above the feed of product gas B into the tray column,
2.80 kg/h of a condensed crude acrylic acid are withdrawn which has a temperature of
15°C and 96.99% by weight of acryiic acid. As described in WO 2004/035514, this is
suspension-crystallized after addition of a small amount of water, the suspension
crystals are separated from the maother liquor in hydraulic scrubbing columns and the

35  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"
potymers for use in the hygiene sector.

40  The amount of acid water condensate withdrawn from the third collecting tray above
the feed of product gas B into the condensation column but not recycled into the



met hane 2.98% by vol une, ethylene 0.99% by volunme, H2 4.59% by vol une, 02
2.69% by vBF®882520 H20 24.57% by vol ume, CO 1.35% by vol une and OC2 5. 91
% by volume As described in WD 20041035514, product gas B (5.15 nB (STP)I h)
is fractionally 25 condensed in a trayygolum (separation zone il). As the
first fuel, 13.7 h of hjigh boilers ([%ol yacryiic_acids éM&%}e .adduct s),
etc.) are C‘?'&?“ﬁ@'qntf@‘qr@kisd‘u@ ka{Bi hasranenperata® ot S3n @pdh glviNg ect i ng
tray abovectitentbeed of product gas B into the tray columm, 2.80 kg/h of a
condensed crude acrylic acid are w thdrawn which has a tenperature of 15C
and 96. 99% by wei ght of ach% Lc acid des r| bed in WD 2004/ 035514, this
is suspension-crystal | i zedS8r& B W&ight ¢ ofCHS% snmal | anount of water, the
suspensfon crystals are séfababedeighteh t lenfivanidr | iquor in hydraulic
scrubbi ng col unmms and the 3539p5§1@é,ghg(§fuoracb§c a@g¥Rded into the condensation

colum as described in WO 0410 3. The purity of the washed
suspension crystals is > 9§9§7@P5bve\ﬂg [ght wa&: acrylic acid and is suitable

i mredi ately for preparing water- "superabsorbing” polynmers for use in the

thi gne isleﬂﬁs)likewf% féde ﬁl@%ﬁl@u@ﬁcﬂéia@oh\?ﬁ 89 mécosue)ms at %r wetfbdrmmmh ef r gm t he
thir A product gas into the condensation
col um1 ut ?e(r%'o Ug?%%@e? téo(ajrpé)sn eo%(ﬂieqm&_a%g@ 25 75 condensation colum is 1.10
kg/ h, has a tenperature of 33C and has the following contents: 0.80% by

wei ght of Atthelted of thd cn@Ridaiinn swirght2. 88 ma(3TR)rcofaesidyal gas k@eby wei ght of

acetic aci ' ' | t he residue
et ner at 1 Sep ey atoncpbng il Eniitratlte 3SR ana dhecur B 6 ohcahd e

i nci neratl@Ho‘é{@gtCﬁBteﬂﬁ?ygen source). At the top of the condensation col um,
2.98 nB5(STP)/h of residual gas |eave separation zone Il with a tenperature

of 33C and a pressure of 1,4Qhar and theocfga,{, bovbigecont ents: 15 acrol ein
0.03% by volune, acrylic aci d 0. 92% by V%Wbyvglcetl c acid 0.01 % by

vol une, acrylic aci ume

acetic acid 0.01% by volume,
propane 63.7% by volume,

20 propylene 1.72% by volume,
H» 6.90% by volume,
methane 5.16% by volume,
ethylene 1.72% by volume,
O 4.68% by volume,

25 H:O 2.07% by volume,
CO 2.34% by volume and
COs 10.18% by volume

in the first compressor stage of @ multistage radial compressor, the residual gas is
30  compressed from 1.20 bar to 2.40 bar, in the course of which the temperature of the

residual gas rises to 70°C. The compressed residual gas is then divided into two

portions of identical composition. The first portion (1.19 m3 (STP)/h} is fed as

{compressed) residual gas cycle gas to the formation of the charge gas mixture for

reaction zone A. The other portion (1.79 m3 (STPY/h) is compressed from 2.40 bar to
35 6.93 barin a second compressor stage. This heats it to 130°C.

in an indirect heat exchanger, it is cooled to 113°C without condensate being formed
(coolant is the “propane-scrubbed” residual gas (it is also referred to hereinafter as
“offgas”) which, after being heated from 30 to 86°C in an indirect heat exchanger, is
40 decompressed starting from 20 bar in the first expansion stage of a multistage
expansion turbine and cooled at the same time). This heats the offgas {0.58 m?3



propane 63_/7% vol une, 20 propylene 1.72% by volune, H2 6.90% by vol une,
nmet hane 5. EE%SBésvol une, ethylene 1.72% by volune, 02 4.68% by vol une, 25
H20 2. 07% by volunme, CO 2.34% by volunme and CO2 10.18% by volune In the
first conpressor stage of a nultistage #gdial conpressor, the resi dual gas
is 30 conpressed from1l.20 bar to 2.40 bar, . in the course of which t

t enper at ur ©161/N-HB 2 Se5end EXPaNgR8 Sa0setheqlfanp is deprmPEeRTH & 449 bap &t W&HI gas

i s then di kagatemperatutenof 2530) andingn ééd fodesitie alcineaatiposi ti on. The first
portion (1.19 nB (STP)th) is fed as (conpressed) residual gas cycle gas to
the formatjon of the ch as mx e for zone, A_ g~ot her
portion (1,"75151 'H%'f?%’?bﬁ)ﬁ‘?g el bis [ eraslpp@,gag?ﬁ %§$b§rar§% @g ©F in a
second TonprdetiordECalyes thirdicompessssr stage, d is e@apressediion Bt léﬂf tto geder,
exchanger,Wh%hlsﬁn@@ﬂg@gj;@@ea}gﬁgwg hout condensate being formed (coolant is
the propane- scrubbed" residual gas (it is also referred to hereinafter as
"of fgas") which, after being heated from30 to 86C in an indirect heat
exchanger, lnl%dw&r@émtﬂlmgaatﬁxamngeg ifip oaQlot th 7 Criceaiantsis thet expansi on
st age of aﬂ%ﬂdriesdcﬁﬂfbed’er)eﬁﬂﬂﬁligm WHiHis heaacht eendaeth frhe fide SETEOBERE) . Thi s

heat s (? ricgﬁ%orgé)en%te% mgrpfoﬁﬁ&? % 4 @.Ebﬁeg;-ﬂg?u’ fmth?r 19%1%0? ﬁ%ﬂ %Qck‘a@gp $hon

st age, rature of

25C) and tWéWUPEQFSt% TPES gureoteddp ﬁér%ch’eﬁﬂt ‘Fﬁ“ﬁﬁcq yater aarrsex- 2@0(64 er, the
conpr essedinsiead dbialrfagawsté, i isal@8ydaiso possitle i thE3Orumsnt 16 useothedt t 0 59C. In

a third cogpy uﬁé%ferﬁtuﬁg‘é‘ond é§2§ R SR bt BPtﬂb‘?es?&d@%és HigZdhudus  Whi ch

R baie (e s e @%fm%epaf%?gw“ﬂsr@iﬁ&saﬁra*or? I8 [Riare S onoen &

heat ed1@at rebidus anvineration dndonciddateridh@ei0)togatbeniitthiba othes neiidusstreenfisinad
formed. | ”(vﬁth%‘dg l%‘ﬂ%'lbrﬁ of Qﬂ'dﬁeﬂieah?@iat&?jd‘r%‘rﬁkﬂﬁncﬂé?@tnd is@yal gas at

cut face walBEood P8ty é}%ﬁs&a%vg%s o2 oo Bl 20 4SRRI B  Use ot her

surface wal 8{"00
cool i ng wagrirpnment. s condenses 29 g/ h of water out of the residual gas. This
aqueous condensate (which is preferably separated with droplet separators)

wth o ofEabt el Syl ARREE B AP BEIRE AR Bay oo "
as al r eady@r§ied B thejoperpgetiomefiaeaiymn with @%’E@ﬁ“ P%“@%@@P%@I"Q@%@HB &te steam
(52 bar, 26Z€p &.thislsgrubpingraiunel, d2V6kglmdfaedimical Rivatecmeryith. an

introduction temperature of 30°C (P = 20 bar), of the PKWF 4/7 af type from

Haltermann, Germany, are introduced as absorbent {gas chromatography analysis by

25 means of F/D detection gives rise to the following GC area% composition at the start

(fresh):
n-tridecane 7.6%,
n-tetradecane  47.3%,
30 n-pentadecane 7.0%,

n-hexadecane 3.2%,
n-heptadecane 14.1% and
tfotal residue 20.7%.

35 At the top of the scrubbing column, “propane-scrubbed” residual gas (offgas) escapes,
which, af a pressure of 20 bar and a temperature of 30°C and an amount of 0.58 m?
(STPY/h, has the following contents:

propane 1.87% by volume,
40 propylene 0.049% by volume,
methane 15.95% by volume,

ethylene 5.32% by volume,



20 The res“_jgg& éas whi ch now still conprises 1.75 nB (STP)I h of propane (20
bar, 35C) "a 43d into the | ower section of a colum with random packi ng
(separation zone II1l1). At the top of this scrubbing colum, 12.96 kg/h of
technical tetradecane with an introduct¢pon tenperature of 30C (P = 20 bar),
of the PKWF 417 of type from Haltermapn, Cernmany, are introduced as

absor bent (gas chronat ogra'ﬁhy anal ysi 521:)%9%%’5"98%’?% of FID detection gives
rise to the followi ng GC aPea% conposi t4.46fcdy vohwnestart  (fresh):
n-tridecane 7.6% n-tetradgsane 47. 3%.32%Cba,mop§ﬁgladecane 7.0% n-hexadecane

3,2% n-heptadecane 14.1 %.and total due 20. 7% 35 At the top of the
scrubbi ng col um, "propaneg‘( crubbed” r‘%é?"?ﬁpglvo&g@e %?) fgas) escapes, which,
at a priessure of 20 bar an@Oa tenper at3r43%Hy¥0UMd an anount of 0.58 nB

(STP)/ h, has the follow ng contents: propane 1.97% by volunme, 40 propyl ene

0. 049% by . 5% hy . | % I , PF
58025 77 Tﬂé gq&%%ﬁg(;&@@ga#g a5 &%ﬁaé'ﬁ%ﬁﬂ@y%cg%%%%ﬁg@% %g‘?fg"\é@ d\'/l'@?urre,
CO 723% bythgp fashie residlsingnpration asinsiherajed brdeanheka #aregas i s deconpressed as
descri bed and subjected to indirect heat exchange and then fed to residue

LR EL B2 Phah 0 Bl of b i Bl ot
|

whi ch has a, pre ) e ature L 99 _

t he bottont "@Wé#‘”ﬁrt%ﬁﬂ@)@ﬁ hrﬁbPW@aE%g%Hﬁb’“g\ﬁP'HW”i whighiit RINer ext er nal 1 y
heat ed norexteroalycheated nwropplied el campiig Hy7 ke by meight oppropamearnthdl 38%3820 by

wei ght of \p&igidr@Rfylehe, Before the absorbate is conducted to the top of the
downstream desorption colum, it 1is heated to 69C in an indirect heat
exchanger. The heat carrier used is the liquid effluent fromthe desorption
col unm!y 128&jerekbe Absachatelis pensivateddahs tap of gﬂeoiow@tne@m degsoptierseelvmnot 3. 26

bar and stik hbate@P69TeH dh RGN NRIxBRENnget. TheTRat ¥atlenisRRag te IBuid rreanrs] gg a
punp, it i t o t
surface wa e@e%?gé ﬁﬁggeg‘%@'{‘”‘; fohﬁﬂn_?@é%%@g) ‘{V@E% ﬁés %?%bé%é&é%@ﬁérdpp?a ot\r%f at the
top of t hepressure of 3.26 bar and still comprises 0.09% by weight of dissolved propane. By
means of a pump, it is compressed back to 20 bar, and, after indirect cooling with
20  surface water (25°C) to 30°C, it is recycled to the propane absorption at the top of the

“propane scrubbing column”.

After being heated to 68°C, the absorbate (for example in an inverse pump or by
means of a valve) is decompressed to a pressure of 3.26 bar (the mechanical energy

25 released in the case of the inverse pump is appropriately also used to recompress
absorbent freed of propane in the desorption column (the liquid effluent of the
desorption column)}, and the biphasic mixture obtained is conducted into the
desorption column at the top.

30 0.1 kg/h of steam is fed with a pressure of 5 bar and a temperature of 152°C as
stripping gas into the desorption column (likewise a column with random packing} from
the bottom in countercurrent to the absorbate descending from the top of the
desorption column.

35 Disposed in the desorption column is a heating coii through which steam of
temperature 152°C, P = 5.00 bar in an amount of 0.5 kg/h is likewise conducted in
countercurrent to the steam ascending in the desorption column.

At the top of the desorption column, 1.28 m? (STP)/h of propane cycle gas which have
40  atemperature of 69°C and a working pressure of 3.26 bar escape. After heating to

400°C by indirect heat exchange with product gas A of temperature T = 435°C, the

propane cycle gas is used as the motive jet to operate the jet pump, with which the



"propane scrubbing colum”". After being heated to 69C, the absorbate (for
exanpl e i nPa#8P&verse punp or by neans of a valve) is deconpressed to a
pressure of 3.26 bar (the mechanical energy 25 released in the case of the
inverse punp is appropriately also used,d o reconpress absorbent freed of
propane in the desorption colum (the liquid effluent of the desorptlon
col um) ), e@sttydragenaiigshevslecoasisndibe PepeaR Ade pas awfad & te shatang pfe

desor pt i onreaglicinzon@tA whie rdaepon §és A starfiretf mixefresteamis fed with a pressure of
5 bar and a terrperature of 152C as stri ppi ng gas into the desorption colum

('t kew se g colum w Bt ECﬁCkl ng m the bottomin countercurrent
to the abstHBPEES Sratl'@ja the lPWé‘gt%’S Sthe desorption colum. 35

Di sposed in the desorption colum is a heating coil through which steam of
tenperature 152C, P = 5.00pBgind N an agmusy, fvollinte, kg/ h is |ikew se
conducted in counter current to t he st S pdl n%é] n the desorption
colum. At the top of the ¥J ?lon m (STP)fh of propane

cycl e gas which have 40 a ’t nper at ur € a working pressure of 3.26
bar escape. After heating to 400C by indirect heat exchange w th product
gas A tf tinpededonddiudtrativeIpbresklier proparipgraendiy alid fopms propans éalsteady he noti ve

jet to operate, ‘?l Etldgeéta@qgﬂes%f‘lbéﬁh whi ch the PF 58025 78 dehydrogenati on
cycle gas and the propane cycle das are fed to the charging of reaction

zone A with reaction gas A starting m xture. The propane cycle gas has the
f ol | owi ng Beadtientzene Als pitrep seret@ &s4lEeriihedumident, Thephaiprpbemoutly3ealinedvol ume,
and H2O By5630dmpaneldePdrogéhatibh is éﬁﬁémmmh InéstkdyarbbMer BEREBSSInf Dfaight epar i ng

o 5 ‘;‘Céta"ss'&g@r&e&a@tawaa' R SR8 3R e Bt loind e I L A RGN R SR At O
cat al yzed (cplarialed wihoghiaae naterialr S gé ivays with psopeapis 8PWOUBTPHI i-he tray

reactor described in straight 15 pass with dehydrogenation cycle gas node.

he | oadi ; ol b
-rrrateer |02| ') r%gg?tq t(ng)tlt%ﬂjea@LH?tgqbts &Ehéigé 8%%%& r{ec@% gh %ﬁfﬁr FI 9‘@4 t%é%ﬁp) ' of
reaction ¢S fed orhe Ej'@f’t GRIaIYA %QJF‘ 30‘0’ﬂ’ﬁ?ttanﬁj"drﬁgt’?tﬁfﬂ%fo“wmgPOB@”%r) are fed

to thedirst catalyst bed in flow direction and have the foll owm ng contents:

20 propane 64.20% by vol U oparky opyl eng Jfy Qy/%QMm\é‘)' ume, methane 1.39% by
vol une,

propylene 16.0% by volume,
methane 1.39% by volume,
ethylene 0.46% by volume,

25 H» 2.76% by volume,
O; 1.06% by voiume, and
HO 13.13% by volume.

The reaction gas A charge gas mixture is a mixture of a first (1.15 m3 (STP)/h) and a

30  second (7.08 m3 (STP)/h) gas mixture which is obtained by combining the two gas
mixtures by means of a static mixer. The first gas mixture has a temperature of 450°C
and a pressure of 1.84 bar and is composed of:

1.06 m3 (STPYh of crude propane which comprises propane (fresh propane) to an
35 extent of > 98% by volume (T = 237°C, P = 2.90 bar), and
0.087 m3 (STP)/h of O, (T = 143°C, P = 1.84 bar, purity > 99% by volume).

Indirect heat exchange in a first heat exchanger with product gas A conducted out of
reaction zone A and in the direction of reaction zone B establishes the temperature of

40 450°C.

The second gas mixture is composed of:



et hyl ene 0.46% by vol une, 25 H2 2.76% by vol une, 02 1.06% by vol une, and
H20 13. 13%"6? 04 une. The reaction gas A charge gas mixture is a mixture of
a first (1.15 nB (STP)th) and a 30 second (7.08 nB8 (STP)/h) gas m xture
which is obtained by combining the two-gas mxtures by means of a static
m xer. The first gas m xture has a tenperature of 450 and a pressure of
T 54 bar &t IS (6 SRo sbapryFroaBnaN BolER T $H0°6: Btel 59 BpamBdun: o

conpri ses mownameﬁfmesdsmpampqm@ gd(Tan40BE, Pt 826 baf). > 98% by vol une (T =
237C, P = 2.90 bar), and 0.087 nB (STP)/h of 02 (T 143C, P = 1. 84 bar,

purity > 99% vol u | ndi rect heat exch firs at exchanger
with pr odnga-”g Q"%SB@%J&“&W&W aJPMPEEAEQ gﬁg§ di‘(e Haeqtt ﬁx‘ﬁﬁé‘gﬁﬂ‘@ctl on of
reacti én zbeerdsiustgasbh cetied td teropaTpteradia7é°Gin thedirstdeal exchangscond gas

(r:"yélt grgalsSeM‘BHésemeQémp&Et&éeﬁﬁeﬁo a'iefbg B’%aﬁ;sﬂ_l%déh afogéﬁaﬁ% Sk éa'yglne gas
(1 =" aB00, o & eedgt piegiai (& padetpdoadiine (7 6 dy G2y e R 2t ur e or
486C. |nd|qy@ketgasémateéwewaﬁgéfmctlwn@%tir@rmtb@u@t gas A cooled to a

tenperature of 476C in the fi rst heat exchanger establishes the tenperature

occor dithg T ERES forfRtaul B A5 Al aR BACKART S ToSte afd B bkB IS BC,
gas heat ecPfile ﬁr@b@tiﬂ'Mﬁdleidé'ﬁWﬁg t'%f@“@'h@/ hetrea@tionges P&@‘W\%Q%Wk"&ﬁ@@re
t enper at uraijted fichrtractadiongas AMeslhartpis caasysirbad witk adedipelaturbets0&i0ght  of

the first t el acti on gas A charge gas

m xture ara‘e}{i‘i ﬂ&r\éﬁ%l{rg ggh%‘@lfﬂut{w reag%hp%cgﬂgn | eaves this catalyst bed with
a tenperature of 503C and a pressure of 1.81 bar with the foll ow ng
contertds: 15 propane 60. 7% by vol une, propyl ene 18.19% by vol une, nethane
1.59% by vol une, ethyl eng, s a'?%% by vcgou;rng 2Bk, 2. 94% by volume, 02 0% by
vol ume, and H20 15. 0% by voI amount is 8.35 nB (STP)/h. 25
Beyond the first catal yst deWerﬁ" 13 ni?a(%]’%/’k’)’ﬁmﬁ'l“enol ecul ar oxygen (purity >

99% by methane 1.59% by volume,
ethylene 0.53% by volume,
20 H; 2.94% by volume,
O: 0% by volume, and
H.O 15.0% by volume.

The leaving amount is 8.35 m3 (STP)/h.

25
Beyond the first catalyst bed, 0.13 m? (STP)/h of molecular oxygen {purity > 39% by
volume) is metered into reaction gas A (T = 143°C, P = 2.40 bar). The metered
addition is effected by throttling, so that the resulting pressure of the resulting reaction
gas Ais still 1.81 bar.
30
The bed height of the second catalyst bed is such that reaction gas A leaves the
second catalyst bed with a temperature of 520°C and a pressure of 1.78 bar with the
following contents:
35 propane 54.2% by volume,
propylene 21.3% by volume,
methane 1.90% by volume,
ethylene 0.63% by volume,
H: 3.61% by volume,
40 O 0% by volume, and

H:0 17.3% by volume.



vol une) is Egbgéﬁd into reaction gas A (T = 143C, P = 2.40 bar). The netered
addition i 8 ted by throttling, so that the resulting pressure of the
resulting reaction gas Ais still 1.81 bar. 30 The bed height of the second
catal yst bed is such that reaction gas gyl eaves the second catal yst bed
with a tenperature of SZO%and ressure of 1.78 bar with the follow ng
contents: B2 |5AYPIARI AL IS vé! - propyl ene 21.3% by vol une, nethane
1.90% by vol une, ethyl ene 0 63% by volunme, H2 3.61 % by volune, 40 02 0%

% \(/gITtFJ);r;shu Féa”rﬂ‘%?égta'ﬁ??ﬁi’eg\b@p'ég@d uﬁﬁreﬁﬁp&ﬁhgﬂummeawﬁ&u rtfgmmaunt is 8.70
cat al yst @JJFL? 3: Q%(?’Brf'ty >n%§$/e|9f”gpﬁl H, ?%c{ ﬁﬁmj% rSé)%}%bydyvol une)

is neteﬁedAl('Fle“‘E-"Fﬁ:sth in gha geassure of 1(7B kary g@res@ fﬁtﬂtﬁfﬂéﬂlrﬁ’ Afthe a pressure

of 1.78 bageksultidfeactsubiad BGtiPn g8pare of the resulting reaction gas is still
1.78 bar. The bed height of the third catalyst bed is such that reaction gas

A leaves the third catalyst bed as c{)roduct gas Awthate rature of 540C
and a pr esYiE BEReIgnt oA Nedhird caialist bed In Surly e RRRHOT89R A IREYES BItdBe. 46. 30%
by vol une, catgystiped essepradhicl 386 Awitha temperaterelof 1580% And & Wrdsguneadf U ids bdrS

met ha 2.8 Vsl 4.50% by volunme, 02 0% by volunme, and H20
20. 05% by vlorf/ﬁ"%go éﬁ“ta eaving amount is 9.17 nB8 (STP)/h. A flow divider

di vi des product gas Ainto two portions of identical conposition. The first
portion is 5.04 nB (STP)/ hprapahe he secdn@D%pdytviclumd,s 4. 13 nB (STP) I h. The

first portion is recycled Fl,rag,iqe,qéaactl (0,19 zp/@%yeo%ea constituent of the
reaction gas A charge gas Xt ure. %Z% E’H ose of dehydrogenation cycle

gas flow of the first 25 Ec‘)tﬁgfl?%eh t he Fe gas heated as descri bed
is useth as the notive jet m@thép%r ate 2?°éthp'@|ﬂﬁ1€the conveyi ng direction of
the notive jet deconpressed, t hrough a 4184%\ty voliddz! € via a m xing zone and a

di ffuser pointing in the dbzr ection of do};%y%gfu%aengﬁdto
H.0 20.05% by volume.

20  The leaving amount is 9.17 m3 (STP)/h.
A flow divider divides product gas A into two portions of identical composition. The first
portion is 5.04 m? (STP)/h and the second portion is 4.13 m? (STP)/h.
The first portion is recycled into reaction zone A as a constituent of the reaction gas A
charge gas mixture. For the purpose of dehydrogenation cycle gas flow of the first

25  portion, the propane cycle gas heated as described is used as the motive jet to operate
a jet pump, the conveying direction of the motive jet decompressed through a motive
nozzie via a mixing zone and a diffuser pointing in the direction of the entrance to
reaction zone A, and the suction nozzle pointing in the direction of the first flow portion
of product gas A and the “suction nozzle — mixing zone — diffuser” connection forming

30 the sole connecting line between the first portion of product gas A to be recycled and
the access to reaction zone A.

The second portion of product gas A is conducted out of reaction zone A and first
cooled from 540°C to 476°C by a first indirect heat exchange with the first gas mixture,

35 composed of crude propane and molecular oxygen, involved in the reaction gas A
starting mixture (charge gas mixture). The working pressure of product gas A is
essentially retained.

At the same time, the first gas mixture is heated from 235°C to 450°C, while the
40  working pressure of this gas mixture of 1.84 bar is essentially retained.



reaction z ng @ and the suction nozzle poi ntlng in the direction of the
first flowp P 5o of product gas A and the "suction nozzle - m xing zone -
di ffuser' connection formng 30 the sole connecting |ine between the first
portion of product gas A to be recycleggiand the access to reaction zone A
The second pottio roduc s, conducted out of reaction zone A and
first . coonnamiipaneRes ot Boalofhitds Viupreste nils 585 Enge. w th t he
first gas seiprraive zongh/,¢oetsteas dis eaalaitirgm dpaetcadly® ﬁo@@@%ﬁr%ﬁw dbl?gen

i nvol ved itamipBeatlireat tHeOfrogare Ayckl giistriseg ishxégrcaoobar.ge gas mxture). The
working pressure of product gas Ais essentially retained. At the sarre
time, the first gas mxture_is heated from 235C to 450C, while the
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58025 81 a3 Acoenit 30740 Tetiend, Iﬂd;;brﬁductf@,eam wodﬁdetn@@?ﬂﬁ:iehﬁrptr opane cycle
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400C. 5 sub%é lP@F?th{FT’P Wb' éh%Pngﬁflﬁat?ﬁ “ts‘i’ Ea?g r%'Bﬂ %u on
from t he prwodecsatiogamdihucdaet tool 130C.CT heTtan‘mler:ﬂurertdprddmet gasoffuct gas A

cool edig o 9?497,@‘ade§u§wr,§3§-easgg@(ggﬁ@d in indirect heat exchange to 3.60 n8
(STP)/ h of

appr opr i at%'P%Fﬁﬁﬂﬁwgg“faﬁsﬁp@ﬁdﬁ&ge%qsr@gaﬁnﬁ?i%wﬁpg%gﬁeﬁﬁog@gﬁtagﬁbg #h, and

t hus cool gémoged befoGhami Fomeprpducivas & yfappretigia digres coplingGerspyYRs thaneous| y
i ncreases dfgrefénfiondd érﬁ@&nt@@@tbbﬂQrdM F%dﬁwwwb@msatmﬂd%w g which has

been cool ed ed. b

appr oprl athe® C?@%?'Q &orl h—@:{b m)vcejss4 Eﬁﬁ?ggT%ﬁ)ImTRfég% % te@?]cfzﬁ’ l&y %am from
product® gefesaripad ahovach3Am’ ¢aTrBh @bmalieﬁular OpIgea dRYritya §k by wolume, 1?3 bar, T =
54C, 3. 60 mB°C I P)2 40 bar] hicsthes tHette @ thtd hedfdductgad A* detciorrhed radiciion. 1. 39 n8

(STP)/h Of%agﬁi ?t%wgg gtg}’egﬁﬂar(gtg s ¥ixtd) re?%é?yhaﬁc}:{ féf?ﬁ:iera-llf % of 263 afg3 2 40

bar) are t e product gas P& TE A ¥ eaction gas
B starti ng”?ﬂ‘%EGF§SPWr Ba{s mixture) which has a tenperature of 262C and
a working pressure of 1.63 bar. 20 The reaction gas B starting m xture
(char g vol une,
propy%gneq%gr%é%%?a \?ﬁﬁ@hs r@?k}%é&r@g‘b‘é%‘fﬁt&%&gagF@O@F&vﬁﬁgt&ﬁtﬁ}?’1 87% by
vol unme, H2 3.73% by vol une, 02 27.53% by volume, and H2O 6.20% by vol une.
30 This is used to charge premEoei on 701%6.28% by gdiumgs t he same structure as

that fromll. propylene 20.77% by volume,
ethylene 0.62% by volume,
25 methane 1.87% by volume,
H2 3.73% by volume,
O 27.53% by volume, and
H20 6.20% by volume,

30  This is used to charge reaction zone B which has the same structure as that from il.

The propylene loading on the catalyst charge of the first oxidation stage is selected to
be 164 [ (STP)/I*h. The salt melts (53% by weight of KNO3, 40% by weight of NaNO,,
7% by weight of NaNO3) have the following entrance temperatures:
35
Ts=331°C Te = 339°C
Te=275°C To =282°C

Sufficient molecular oxygen (143°C, 2,40 bar) is metered (throttled) into the product
40  gas mixture of the first oxidation stage that the molar O : acrolein ratio in the resulting
charge gas mixture for the second oxidation stage is 0.72. The acrolein loading on the



The propyl';(;Fgg%é)adl ng on the catal yst charge of the first oxidation stage is

selected t

264 | (STP)/1h. The salt nelts (53% by wei ght of KNO3, 40%

by wei ght of NaNQ2, 7% by wei ght of NaNO3) have the follow ng entrance
t enper at ures: 35 TA = 331 C To = 339C ghc= 275C TD = 282C Suffi ci ent

nol ecul ar qug 143 2,40 bar)
40 gas mx&

mer qcopg PH'Q?&'%SQQ%S %Hé@TEWE %P&FG%E‘G ald

red (throt nto the product
e

| ei n

ratio in tdmraneetdmersgcomdm(MmQatagmlxmﬁTebai‘or t he second oxidation stage is
0.72. The R&dabRighs bq@a}e@gn&mtérh@dlalfe S withla teﬁede@étwetof@la@f@sn@ihé he second

oxi dati on

t he

second om%‘gﬁaﬁ%‘eﬂ%@uf% ﬁh%%%ﬁ? gaﬁg'g)@yredﬂtodli% S%angﬁﬁj%p?%gtapﬁf%r nedi at e

cool er Swi t3H6&Ct enper at ure of 260C and t he
charge gas m xture |nto t he second oxidation stage is

Ser ol ei n LHeCobRS s TRuEaRiele
by vol une, propyl ene 1.03% by voI une,

by vol une, 15 ethyl ene O. Géi%lbm vol une,
d CO2 2. 0700 by

vol umgyg CO 0.88% by vol ung,

entrance terrperature of the
256C. The product

Efg%ﬁf'g%%%“ %”@“%ﬁﬁgéﬁe 38. 12%

nmet hane 1. 86% by volune, H2 3.71 %
0. 51%85%\d0umva)l ume, H20 27.83% by

20 Before entry into

the aftercooler, the terrperzﬁure of the productéé)gas o? the first oxidation

stage is 335C. The pr oductP'geRSi xture of thé?

JRWMi dati on stage

(product gas B) has a 25 tmwopders ure of 27003%rgy \@itpmeassure of 1.55 bar, and

al so the follow ng contentgainaagr ol ei n 0. 08846y,
by volune, acetic acid O, 2% by vol une,
propyl1e5ne 1.02% by vol une,'? net hane 1. 86%

ethylene
Oy
Hzo
Co
CO:2
20

WeRlwee, acrylic acid 17. 67%
% 08 op%ﬂrje 37.99% by vol ure,

0.62% by volume,
4.18% by volume,
27.83% by volume,
0.88% by volume, and
2.07% by volume.

Before entry into the aftercooler, the temperature of the product gas of the first

oxidation stage is 335°C.

The product gas mixture of the second oxidation stage {product gas B) has a
25 temperature of 270°C and a pressure of 1.55 bar, and also the following contents:

acrolein
acrylic acid
acetic acid
30 propane
propylene
methane
ethylene
Ha
35 Oq
HQO
CO
CO:;

0.089% by volume,
17.67% by volume,
0.52% by volume,
37.99% by volume,
1.02% by volume,
1.86% by volume,
0.62% by volume,
3.70% by volume,
2.61% by volume,
28.42% by volume,
1.41% by volume and
3.10% by volume.

40  As described in WO 2004/035514, product gas B {5.03 m? (STP¥/h) is fractionally
condensed in a tray column (separation zone Il}.



et hyl ene 0, 62% by volune, H2 3.70% by volune, 35 02 2.61 % by volunme, H20
28. 42% by RiOBEPRE CO 1.41 % by volune and CO2 3.10% by vol ume. 40 As
described in WO 2004/ 035514, product gas B (5.03 nB8 (STP)/h) is fractionally
condensed in a tray columm (separation g&gone [1). PF 58025 83 As the first
fuel, 13.9 g/h of high boilers (polyacrylic acids (M chael adducts), etc.)
are fed tAs thedirstdegl dlied picdf ighadilers. (pPiyatnylichecideidbieithet atidusts)i elg.)erealy above

the feed obdms pRyEticaHcRetafibe. the tray colum, 5 2.82 kg/h of a condensed
crude acrylic acid are withdrawn which has a tenperature of 15C and 96. 99%

by wei ght of acrylic acid. As described in W 2004/035514, this is

suspensi orf-remyise aeeandeellegting tray dapye the feed of rradugt gasbuRte the traneelimng he

sus pgg$i Ore.82 ky/'sitofi b coadensed paIdataee/iit raoin dré evithotaherwhictibes a tempeydiueeibi ¢
scrubbl ng A ; I el - cgpagnsati on
ol unm a8 Tocariye: ./n‘??%ekﬁé"%‘%iﬁ"ggﬁfiﬁ? d%ﬁ%f%géﬁé‘ ?f%?"?ﬁ%*%ﬂ*ﬁ%

suspensi orPUSPSRF Y- Cysializedyaftas podition Rk gmell agovalefyrater. IS WSBAP'PS suitabl e

i mredi at elgyysdtals apr sqrarated fromttbe mchaudinadyso hpdraglic squatymecdurhos andéhe n t he
ol et nar e falOPIe3ERI i LR L B B e ondensat i on
col unrﬂtobugN hﬁ#@?\?ﬁ%ﬁerﬂ”&g’tq{&e ¥8 n%’é??%&wg[ﬁh ¥ 3 g%r@gg Eﬁf’ﬁ,’g?'ﬂas a

t enper at uraf agfyigacd and issuitableémmeidiately Fay prefsving mader-"sur3sespybing ght of

acrol ei n, poRkfnets Br%skyn eitghlenekeasr.yl ic acid, 5.16% by weight of acetic
acid and 88.1 % by weight of water. At the top of the condensation col um,

2.72 m8 (STP)/ h of residual gas |eave 25 separation zone |l with a

t enper at urldecAMaBtobaid waier egrdansaigfwithdpayvpiiemdhrthird coliecding &l 8§o¥dNt ent s:

acr ol eIiSB Ghé &%dlyy proaiutingss B inds thiel oondengzition 0admbbuy obtueeycleddBtoabet | cI aci d

0.01 % by : %ol ume,
BL0RERRRES 12535 e KSR PEPRY LR st R

C
ethylene 1 VO
y contents: y

0.73% by weight of  acrolein,

2C 4.95% by weight of  acrylic acid,
5.16% by weight of  acetic acid and
88.1% by weight of  water.

At the top of the condensation column, 2.72 m3(STP)/h of residual gas leave
25  separation zone |l with a temperature of 33°C and a pressure of 1.20 bar and the
following contents:

acrolein 0.03% by volume,
acrylic acid 0.02% by volume,
30 acetic acid 0.01% by volume,
propane 70.26% by volume,
propylene 1.91% by volume,
ethylene 1.15% by volume,
H; 6.93% by volume,
35 methane 3.44% by volume,
O 4.83% by volume,
H0 2.11% by volume,
CoO 2.59% by volume and
CO; 5.73% by volume.

40



35 net hane 3.44% by volunme, 02 4.83% by volune, H20 2.11 % by volune, CO
2.59% by vBF#882%nd CO2 5.73% by vol ume. 40 PF 58025 84 In the first
conpressor stage of a nultistage radial conpressor, the residual gas is
conpressed from 1.20 bar to 6.93 bar, igy the course of which the tenperature
of the residual gas rises to 127C. 5 I an indirect heat exchanger, it is
cool ed to nthefigt cppnresedridegtseltaamydistage fasishsamprassel. dif resisluglaas is

" pr opane- sedrhjrieestd ff@h i10h0etbar 466 .96 Mab on fref Fstbftwnidratheiterapératur@st theof f gas™)

whi ch, aftgy m 30C to 84C in an indirect heat exchanger, is
decorrpr esseglc}a?,é%&%?{r?gzn?% bar in the first expansion stage of a

mul ti stage expansion turbine and cooled at the sanme tinme). This heats the
of f gas g 0. Bamifiditdrt HEtRIxCchanger it ia cseled il B¢ Sanithcohcartdegsatetlemgddfingeds | s

deconpr ess oFaHt % tH@pl? an(e'écrdd?:%ﬂ regﬁﬁa!agatsﬁg%rréFEHé@td)ﬁeréﬁQﬁeraé}.d then fed to

resi due ing resi dual gas
(P = 6.93 6’:9‘5 EH’“ Rrafgeﬂé’éjngﬂ‘?a*e&ef XU 05%8'“ ﬁ”é[‘dFrSFTt SXLBPER Sor

stage, it dscopprpssedstaitifig thom@0d@r rethe fitst espAGidnaatagentfiachuldisiagét aneousl y
heats it tgxphhdfon tLlier@ AHAWBSIcH @R el Jadd @Rd). mﬁlﬁthea@(tﬁé'af@ﬁ 0.69mé s cooled to

107C (gool ane-scr u h at the
sans (e R EHSdRA s&c%af‘é?xaanﬁﬁaéfag&ﬁa@ﬁ?a% B FepiTesSir P RaniARED, her
i ndirect heasa tewnestge ofddiRsancdap fadle residiginainedienat 107C is cooled to
35C (coolant is surface water at approx. 25C). 20 This condenses 44.8 g/ h of

vater out Mo NGk dhake 40 corHL S AMEINA BRNYETORS By g 1 LAMiAR, o0 T

resi due incinera er el
resi dues nEeLRER” CuintafUBRAYNREESSOT Sggast 'FS‘F!“PW?SB‘F frame§.€ 03 {Fﬁfetohot
conbustd on2@ybsrewhichrstm@okecsy Pedaibitas M1 Ce dm (ORndeam NAirést nsatl6 kg/ h) and

rel eased i Itg)ﬂ?ﬁébg iR C%B}é'drtQ'agg‘rttb co;)rlgg ué‘ﬂ”?é %@an@%’%r%’gﬁ’ re@faWalséésl\LhtEt?”p” S€s

2.67 m8 (S
section of ‘SQBEWM%W V’H%&Bﬁ\ %QKP ) CE %B‘QFE?‘?W@“%%@E'”EI ?'T”ec}s& At the
top of t hif®rtberioditechgeat@xunange? Bo8Sstiegim tef residoairgasalt 10610 sdeokeddof rom

Hal t er manngs-GatagaMm i %&%wtépﬁ%ggfbxl $3°cgre introduced with an introduction
terrpe;ﬁi‘ure of 30C (P = 20 bar At the top of the scrubbing col um,

prop scrubbed" residual gas (offgas) escapes,
This condenses 44.8 g/h of water out of the residual gas. This aqueous condensate is

likewise fed to residue incineration and incinerated therein together with the other
residues mentioned (with supply of 5.95 m3 {STP)/h of air). The hot combustion gases
are cooled to obtain steam (52 bar, 267°C, 5.16 kg/h} and released into the

25  environment.

The residual gas which now still comprises 2.67 m? (STP)/h of propane (20 bar, 35°C)
is conducted into the lower section of a column with random packing (separation zone
I[}%

30
At the top of this scrubbing column, 20.39 kg/h of technical tetradecane from
Haftermann, Germany (as described in li) are introduced with an introduction
temperature of 30°C (P = 20 bar).

35 At the top of the scrubbing column, “propane-scrubbed” residual gas {(offgas) escapes,
which, at a pressure of 20 bar and a temperature of 30°C and an amount of 0.68 m?3
(STP)/h, has the following contents:

propane 1.38% by volume,
40 propylene 0.04% by volume,
ethylene 4.48% by volume,

methane 13.44% by volume,



whi ch, at pressure of 20 bar and a tenperature of 30C and an anount of
0.69 nB (Eﬁ'ﬁﬂ%ﬁ has the followi ng contents: propane 1.38% by vol ume, 40
propyl ene 0.04% by vol une, ethylene 4.48% by vol unme, nethane 13. 44% by
vol une, PF 58025 85 H2 27.12% by vol u% 02 18,89% by vol unme, H20 1.04%
by vol une, CO 10.16% by vol une and 5 22.44% by volunme. This offgas is
deconpressed as descri bed Had subj ect ed¥ - 1&%iydolE®. heat exchange and then
fed to residue incineratiog,or inci nerfgg@%wvmm of a flare. 10 24.27
kg/ h of absorbate which haMe)a pressureaqpd, tﬁ%hﬁﬁ and a tenperature of 61 C
are withdrawn fromthe bottom of the P Oé) e scrubbi ng col um" which is
neither externally cool ed CRor heat ed. 14-16% P%a% 63% by wei ght of
propane& and 0.41 % by wei@Bt of propy22edsi bjz&olﬁafa)re t he absorbate is
conducted to the top of the downstream desorption coI urm it is heat ed to

69C i n an ndl ect. heat excha The, heat carr er e liquid

ef f | uent f ‘35?69%?’?5?19 %ﬁ?"?%a sq%qqtﬁ ﬂg?ﬁzf’(?w& ure of
80C at a meeﬁe;:lmeemﬂu@mzﬁeltmmn anttciperdtéd bymernseka fnaresg% by wei ght of

di ssol ved propane. By neans of a punp, it is corrpressed back to 20 bar,

d, | 20 f 25C 30C
(ragcycf1 d t%‘{ ?ﬂkgiﬁ,o&) gﬁ%gbéfgg@ﬂ%‘ﬂ%ﬁ aa‘fsrg%?ﬁggf%{) erq e)Tlﬁ’lteg%ﬁrﬁ %bbl ng
col um" Aareewthdtawm‘rmeéheel@pttom SaE “praeansosnsviinecqiPron” wikelhis neither an i nver se

punp or byextémalq&d@ie@draqbueh it 8o BESHEPTIREETE By Waight Bf Srapariecarf 0.31%pbar (the
mechani cal g pﬁ eI eased in the case of the inverse punp is

approprlate "to reconpress absorbent freed of propane in the
desor ption colunn (the liquid effluent of the desorption colum)), and the
bi phasisc nbafbrertae absabateds bmdm:omducttmiobrmf thetdwsvnstteam et orptiorc cdlumm, it t he

top. 30 0. :&hgg{eﬂ t@ég‘% AR ihdi Jc?ﬁ%e‘ﬂ‘egghe% eﬁ%q{e% E’érnér Ei i “aufderrperat ure

of 152C as ppr.ng ew s colum with

tion o
random pacﬁfﬂ‘l’%‘} rpdhs d gﬁ:é'p’('ﬂﬂ GHDP @%@ﬁum’ Bl WOIER BA% atte;&@e{@tu%g Qt% a
descendi ngoréssune bhe28 bpr arid stieonpeses P.0BSY byoleaight.of 35sévappmedne.rByt he

gg;g pti O%éé}ls%f‘é putnpt lth§€‘$ﬁ1&%s§éﬁ Eaék%@ﬂ%r %’dcgﬂe"rtlrﬁﬁf@bpéoohﬁ QRrature
count eéBcurﬁ“Q%Fe yvg{e[r I‘@s g&ﬂ&ggéﬁfﬁ%ﬂe@ ﬁ‘g‘{]ﬁ é’r%P@é‘S Pﬁ??’Bﬁ%%ﬁqﬂﬁiPp & the

“propane scrubbing column”.

After being heated to 69°C, the absorbate (for exampie in an inverse pump or by
means of a valve) is decompressed to a pressure of 3.26 bar (the mechanical energy

25 released in the case of the inverse pump is appropriately also used to recompress
absorbent freed of propane in the desorption column (the liquid effluent of the
desorption column}), and the biphasic mixture obtained is conducted into the
desorption column at the top.

30  C.1 kg/h of steam is fed with a pressure of 5 bar and a temperature of 152°C as
stripping gas into the desorption column {likewise a column with random packing} from
the bottom in countercurrent to the absorbate descending from the top of the
desorption column.

35 Disposed in the desorption column is a heating coif through which steam of
temperature 152°C, P = 5.00 bar in an amount of 0.8 kg/h is likewise conducted in
countercurrent to the steam ascending in the desorption column.

At the top of the desorption column, 2.04 m?3 {STP)/h of propane cycle gas which have
40  atemperature of 69°C and a working pressure of 3.26 bar escape. After heating to

400°C by indirect heat exchange with product gas A of temperature T = 476°C, the

propane cycle gas is used as the motive jet to operate the jet pump, with which the



At the top_of the desorption colum, 2.04 nB8 (STP)/h of propane cycle gas
whi ch havePF #8045t enperature of 69C and a working pressure of 3.26 bar
escape. After heating to 400C by indirect heat exchange wi th product gas A
of tenperature T = 476C, the propane ?gzle gas is used as the notive jet to
operate the jet punp, wth which the PF 58025 86 dehydrogenation cycle gas
and the prégyieogepation ¢yele 9as anddheprapane cyile e i the midare FRrieiodhe of

reacti on zergifg'of idacti@atdrecwilascabtist gad Arstartinginixtere. The propane cycl e gas
has the follow ng contents: 5 propane 93.07% by vol ume, propyl ene 2.52% by

vol une, a H20 3. 40% b 10 1 V. Th|rd illustrative process for
prepari ngn’gﬁgqopen%eycge 9%/% gg%lk? NSLOHEURy operating state is described)
Reacti dn zone Ais a tray reactor as descri bed under 11. The heterogeneously

catal yzed partial propane gehys ogenatgg)@y%sb GRIUmed out in the 15 tray
reactor described in straigh ass W t dro%e ation cycle gas node.
The | oading of the total %’@ t€ of c% ﬁ}gﬁﬁ ted without inert
material) of all trays wt propane i "["%eI'P)/I h 3.80 nB (STP)/ h of
reaction gas A charge gas mxture (starting m xture; = 418C, P= 201 .77

bar) at®e fkd tiﬁhwmﬂuﬁtratlse paess o prdpadng acsﬁ/hcamdnfroemrnpanea(lacbtémive t he

following con L &n pa Bedyl % by volume, propylene 1.35% by vol une,
25 ot hane 0. 0173 @"f’ umHaSSCIz-Qe%) 60% by vol ume, 02 4.32%by vol ume, N2

0.96% by vol une, HO 7 68% by vol unme, 30 CO 0.02% by volune, and CO2 0.83%
by vol une. R@dvdioneans Ao adrag rdh@&TangsgﬂEdmndeuHe is a mxture of a first

(1.59 n8 (ﬁﬁétbﬁo @ﬁ@ou%l c%@éff da?ha?ﬂardiﬁ%né §Eﬂ?))dr8@erﬁﬁén @dﬁrrhéaeom g is

b nbj
obtained BRIt e cotRich Beck i eth B SRsenRa Byl R BPEE opel 77 b
and i s conpadieg cbihe tatabamemt OETRRIy St (oflcdatedevithrgibined materiah of @Hﬁﬂabﬁ% #¥hpr opane

(fresh prqﬂa e 6A580| (FFyeAt of > 98% by volune (T = 237C, P = 2.90 bar),
40 0. 16 (@P)/h of 532 if = 143C, P = 1.77 bar, purity > 99% by vol une),

and
3.80 m? (8TP)/h of reaction gas A charge gas mixture (starting mixture; T = 418°C; P =

20  1.77 bar) are fed to the first catalyst bed in fiow direction and have the following

contents:

propane 75.21% by volume,
propylene 1.35% by volume,

25 methane 0.01% by volume,
H: 8.60% by volume,
0O 4.32% by volume,
N2 0.96% by volume,
H;O 7.68% by volume,

30 CO 0.02% by volume, and
COs 0.83% by volume,

The reaction gas A charge gas mixture is a mixture of a first (1.59 m3 (STPYh) and a
second (2.21 m3 (STP)/h) gas mixture which is obtained by combining the two gas

35 mixtures by means of a static mixer, The first gas mixture has a temperature of 450°C
and a pressure of 1.77 bar and is composed of:

1.02m?*  (STP)/h of crude propane which comprises propane (fresh propane) to an
extent of > 98% by volume (T = 237°C, P = 2.90 bar),
40 0.16m3* (STP)h of Oz (T = 143°C, P = 1.77 bar, purity > 99% by volume}, and
0.41m3 (STP)/h of gas which comprises predominantly molecular hydrogen and is
removed from the “propane-scrubbed” residual gas (offgas) by membrane
separation {T = 30°C; it is throttled to 1.77 bar),



0.41 nB (STP)1 h of gas which conprises predom nantly nol ecul ar hydrogen and
is removeliFP884%t he "propane-scrubbed" residual gas (offgas) by menbrane
separation (T = 30C;, it is throttled to 1.77 bar), PF 58025 87 Indirect

heat exchange in a first heat exchangergmi th product gas A conducted out of
reaction zone A and in the direction of reaction zone B establishes the
tenperature of 450C. 5 The second gas m xture i s propane cycle gas (2.21 nB
(STP)/h;  APRffecthedV elthange inl Nfifst ekt eheraingexwittapeuatidals A tundptiedwct ofas A

cool ed to I%akﬁd?fﬁér%t%ﬁd of thé%ﬁ%tlo’ﬁ &f*ﬁé‘af igq,aér'ie B eaphtelandRimeihd dshes the
tenperature_q e propane cycle gas. e entrance tenperature of the
reaction gﬁg)ﬁ-charge gas m xture and the bed height of the first catalyst
bed fl owed through by the reaction gas A charge gas m xture are adjusted

such hal TRSCLR A AS KRR BRI rbadTRI DY Cenproghur € of S0TC
. . . 0

Vol umer " s dRat oty ke praduct gen A tarBads g rember IR PR I i ane

0. 33% by visuneat exchargeresaishys theltamperatge cbtisyorasiewtysle gasl 0. 92% by

vol une, H20 15.69% by volume, CO 0% by volunme, and 25 CO2 0.82% by vol une.

The | eayin nt i . TP) [.h 0 he f] | yist 0.13
m8 (ST /hﬂ&‘?a%”&?d?’ﬁse%%%gh‘q‘?ﬁg%‘ﬁFQ 95%&% S%sdh{’/‘y'%(ﬁ% ﬁ‘l%bser?e'lt')ez %4 into
reacti on g@ldhafiistcatalyatimd flowed2hioggh iy the reretianedasr ghargel @a¢ MbAUTERBS f ect ed

by thrott| adjgsted eudthbt ichetionegisl A icagephassitiigst bed Wie o emipetdtirg of 8a2t¢ on  gas

Ais still Gb[%g i - ond catal yst bed is such that
reaction g%id %E[egg{]/'gsomﬁ?e @gggﬁ&ng%@{l@g%ﬂ ed with a tenperature of 544C
and a pressure of 1.75 bar with the follow ng contents: propane 51.72% by

vol ume1s propyl ene 15.97% by vol unme, 40 ethyl ene 0.149% by vol une, net hane

0.60% by vol une, propane 64.42% by volume,
propylene 9.10% by volume,
ethylene 0.079% by volume,
methane 0.33% by volume,

20 H2 7.83% by volume,
0O, 0% by volume,
N> 0.92% Dby volume,
H,O 15.69% by volume,
CO 0% by volume, and
25 CO; 0.82% by volume.

The leaving amount is 3.85 m3 (STP)/h.

Beyond the first catalyst bed, 0.13 m?® (STP)/h of molecular oxygen {purity > 99% by

30  volume) is metered into reaction gas A (T = 143°C, P = 2.40 bar). The metered
addition is effected by throttling, so that the resulting pressure of the resulting reaction
gas A is still 1.76 bar.

The bed height of the second catalyst bed is such that reaction gas A leaves the
35 second catalyst bed with a temperature of 544°C and a pressure of 1.75 bar with the
following contents:

propaneg 51.72% by volume,

propylene 15.97% by volume,
40 ethylene 0.149% by volume,

methane 0.60% by volume,

Hz 8.68% by volume,



H2 8.68% bé vol unme, PF 58025 88 02 0% by volunme, N2 0.85% by volunme, HO
20.26% by ¥6198R%5 CO 0% by vol une, and 5 CO2 0.76% by vol une. The | eaving
anount is 4.29 nB (STP)/h. Upstream of the static m xer disposed upstream of
the third catalyst bed, 0.12 nB 10 (STR}d h of nolecul ar oxygen (purity > 99%
by volunme) is netered into_this reaction gas A (T = 143C, throttled in at a
pressure of 1.75 bar). TheCeesul ti ng p9°é§§’t}‘i°é-'f@ﬂ' the resulting reaction gas
is still 1.75 bar. The bedNhei ght of the5wbyvblwagal yst bed is such that
reaction gas A | eaves the hrd 15 cat A product gas Awth a
tenperature of 571 C and ahl;t?essure ofﬁ%?t% ar ILﬁH\?\/le’th the foll ow ng

contents: propane 40.12% bY%ol ume, pPBRIYEHN® 20, by vol ume, 20 et hyl ene
0.22% by vol une, net hane 0C&%% by vol ubt% val@nd. 1% by vol ume, 02 0% by

vol une, N2 0.79% by volunme, 25 H20 23,96% by vol une, CO 0% by vol une, and
CO2 0.70% ol umre. Prodyc LS conducted out of reaction zone A and
first cool gﬁeﬁﬁﬁ'ﬁﬁg‘f?”&ﬂﬁg-%’%\%‘@%}% a first indirect heat exchange with
the first gas m xture which is involved in the reaction gas A starting

hm' >O<It ure (chpstesandasth8istshio hﬁﬁermo's?d OOSTRABESE thé tHifdUealy D hegamn e2 mol ec ]yl ar

ydr ogen- c S o e rki r r

pr oducf&gagﬁ){hsdfgg%%ﬁuﬁrgﬁg%éﬁf@ﬁ g#r? Zédg gﬁ?@mﬁ‘e‘%{ smpﬁé&* le'gjstp Egrgéé}r%n%agr e from
213C to 456¢T i3l e thrpttladdn et A greseuesii'e’ Soart-Hine rgsidting pressuec sfthe. 77 bar s

35 essent i adslilfing edaatioredas kst 1 F8hmequent second i ndirect heat exchange with
propane cycle gas from separation zone IV, product gas Ais cooled from

500C to 337C. Conversely, the tenperature of the propane cycle S rises
from 69C t bNaberEheial %ﬂ%‘s@ﬁﬁéﬁﬁalyﬁ?ga '?@“ﬁ@trﬁéﬁq@ﬁ'?ﬁgﬁ’é@ﬂﬁﬁg ﬁke @g’gar ated by
condensat i catalistdredmsguloduct ggms withcolehperatere38 5C1°(and aipsessue, oft1hé3 baroduct
gas A cool gh 2 8diind SorftéAist

propane 40.12% by volume,
propylene 22.2% by volume,
20 ethylene 0.22% by volume,
methane 0.87% by volume,
H: 10.11% by volume,
0O 0% by volume,
Nz 0.79% by volume,
25 H:0 23.96% by volume,
cO 0% by volume, and
CO: 0.70% by volume.

Product gas A is conducted out of reaction zone A and first cooled from 571°C to

30  500°C by a first indirect heat exchange with the first gas mixture which is involved in
the reaction gas A starting mixture (charge gas mixture} and is composed of crude
propane, molecular hydrogen-comprising gas and molecutar oxygen. The working
pressure of product gas A is essentially retained. This heats the first gas mixture from
213°C 10 450°C, while the working pressure of this gas mixture of 1.77 bar is

35 essentially retained.

In a subsequent second indirect heat exchange with propane cycle gas from
separation zone IV, product gas A is cooled from 500°C to 337°C. Conversely, the
temperature of the propane cycle gas rises from 69°C to 400°C.

40
Subsequently, 0.79 m? (STP)/h of steam is separated by condensation from product
gas A cooled to 337°C. To this end, the product gas A cooied to 307°C is first



PF 58025 89 _ conducted in indirect heat exchange to 3.85 n8 (STP)/h of

pr oduct gaE FA8 0@5’ = 54C, P = 1.73 bar) fromwhich the appropriate anount of
st eam has al ready been renoved by condensation beforehand, and thus cool ed
to 120C. 5 The tenperature of product ggg A* si rrultaneously i ncreases to
307C. Direct cooling with sprayed agueogus condensate whi has been cool ed

(to 290) aR@Nducasio dliet et REHEnee S B GHUST Pyasf w%yct%rﬁodﬂ-a% Gifr ect
cool i ng renfwmmrméomaﬁmﬂen'emppmwdteammm obftesindms diready peeardreaiovgd yA by

condensat i ggn4 Phdordha a3 b 126 = 1. 73 bar, T = 54C, 3.85 nB
(STP)/ h). Thi sé?llss eatO% er C%ESCI’I ed above. 1.41 nB (STP)/h of

nol ecul ar oxygen (purity > 99% by volume, T = 143C, P = 2.40 bar) are then
throttl&d iThetemprrabredimodua)gss A* sinflifagedushniseraasasaotd0diC.gas B starti ng
m xture (charge gas mixture) which has a tenperature of 290C and a working

ressure o 15 The, reactiaon t. as
lrc:‘l xture) hbére?thcéjo\t) S Y"BWW&V%%?H%‘*RP% co"%ﬂ%ﬁt&@h @‘5}' %eﬁ/ dJF'é%]%r’) %%9lgene
19. 60% by (esnenas beferehgnddiem eroduch 48s A bY apRIOPriste drré@tmn@mrevr@y@ﬁwevol ume, H2
8.91 % by wfiretBntioned arfouhOGOdianY GbmBReduchgdad) AGR%ohiiensaliti® obthid@ 6. 27% by

vol umre, 25 %%A,vglu@ b%Pq' %%&%{g@&%@u% Thi s |s used to charge
| e

reacti on z8he ch has he sa ructur hat fromll. The propyl ene
| oadi ng onﬂf“l"ié‘5 beatad {xs307C hasgieserbadmbore. s¢1 BR (BTN bAf @P’S@‘éar QYgelected to
30 be 130 pl(nSITP)E;Q%Iby voens at ¢ 14810, & £ Sa%bby) ameltl@mhm’ttlddl\% the Peddogt wei ght

of NaNQO2, Jab rat ures:
T o5 FATRRYIIE0AE o %%?@Nggg Bfd Al (RO dabhbiGErG ’g’ﬁr’%ﬁ’y""gen
(143C, 2. 4&?"1‘)%9@’ uresof 7906 @pd eorreng PessuE 3-8 8 pr oduct  gas mi xture of the
first oxi dabe cracvagas Blstrtingwmitare dchadd®: gmntxktafe)masethe toliowingheontardsil t i ng
charge gas mxture for the second oxidation stage is 0.745. The acrolein

| oading on the catalyst charge of the d i dation stage is 110 |
(STP)/ 1 h. The pressure at ?Hngﬁ) entra?ﬁ%gg‘?gjt ﬁ"r%%cond oxi dation stage is

1.57 bar. Reaction gas B | pwpgienehe i H.E@%dtiveiwmgool er with a tenperature
of 260C and the entrance teg @hature ob.1bhey whahge gas mxture into the

SeC0nd26)Xl dation stage is g,] 0.76% by volume,
8.91% by volume,

02 26.60% by volume,
Nz 0.69% by volume,
H20 8.27% by volume,
25 CO 0% by volume, and
CO; 0.62% by volume,

This is used to charge reaction zone B which has the same structure as that from i,
The propylene loading on the catalyst charge of the first oxidation stage is selected to

30  be 130 | (STP)YI*h. The salt melts (53% by weight of KNOs, 40% by weight of NaNO-,
7% by weight of NaNQOs3) have the following entrance temperatures:

Ta=322°C Te =327°C
Te=261°C To=268°C
35
Sufficient molecular oxygen (143°C, 2.40 bar) is metered (throttled) into the product
gas mixture of the first oxidation stage that the molar O; : acrolein ratio in the resulting
charge gas mixture for the second oxidation stage is 0.745. The acrolein loading on the
catalyst charge of the second oxidation stage is 110 | (STP)/I*h. The pressure at the
40  entrance to the second oxidation stage is 1.57 bar. Reaction gas B leaves the
intermediate cooler with a temperature of 280°C and the entrance temperature of the
charge gas mixture into the second oxidation stage is 256°C.



PF 58025 9@ EB% product gas m xture of the first oxidation stage has the
fol |l owi ng BR s: acrolein 16.51 % by volunme, 5 acrylic acid 1.11 % by
vol une, propane 35.23% by vol unme, propylene 0.98% by vol une, ethyl ene
0.19% by volune, nethane 0.76% by vol uye, 10 H2 8.88% by volune, 02 4.57%
by volume, N2 0.69% by volunme, H20 26.66% by vol une, CO 0.83% by vol une,
and 15 CO2 2.56% by volune. Before entry into the aftercool er, the

t enper at ur Eheofrotibet gas onixtote ofdbe 6fst bkidatfdnrsgage fs tHafollowirst agtents 335C. 20 The
product gas m xture of the second oxidation stage (product gas B) has a
tenperature of 270C and a pressure of 1.55 and, al so the foll ow ng
contents: acrolein 0.08%%9'0@51 une, acryl i‘%gi%’lb f@‘m}’el % by volunme, 25
acetic @cid 0.495% by vol uassylic gicdbpane 35. 20954By ¥aWere, propyl ene 0. 89% by
vol ume, ethylene 0.19% bypephnre, et hangs 93%GHodayunve! ume, 30 H2 8. 87% by
vol une, 02 2.86% by volu 0. 69% by 27.28% by vol unme, CO
1.33% by vol ume, and 35 c@“"&?"gﬁ% by vol urrg'.%%sr@d\'éosl@%%bed in WO 2 00410 3 5
5 1 4, product gas B (5.2%thBep&sTP)th) is §ABERYOMRMME condensed in a tray
col um (separation zone |lpetéBeAs the firgrsfusivoldse,8 g/ h of high boilers
(poly ylic acids (M chael; adducts), etc. o the residue

i nci ngﬂati on. PF 58025 91eHT:romthe secondé'gg??ogc{oﬁﬂgé'tray above the feed of
product gas B into the tra§zcol um, 4.37% by volurfie,

N2 0.69% by volume,

H20 26.66% by volume,

CO 0.83% by volume, and
15 CO: 2.56% by volume.

Before entry into the aftercooler, the temperature of the product gas of the first
oxidation stage is 335°C.

20  The product gas mixture of the second oxidation stage (product gas B} has a
temperature of 270°C and a pressure of 1.55 bar, and also the following contents:

acrolein 0.08% by volume,
acrylic acid 16.71% by volume,
25 acetic acid 0.495% by volume,
propane 35.20% by volume,
propylene 0.89% by volume,
ethylene 0.19% by volume,
methane 0.76% by volume,
30 Ha 8.87% by volume,
O, 2.86% by volume,
N 0.69% by volume,
HO 27.28% by volume,
CO 1.33% by volume, and
35 CO2 3.54% by volume.

As described in WO 2004/035514, product gas B (5.29 m? {(STP)/h) is fractionally
condensed in a tray column (separation zone II).

40  As the first fuel, 13.8 g/h of high boilers (polyacrylic acids (Michael adducts), etc.) are
fed to the residue incineration.



2.80 kg/h E,;:O%O(igndensed crude acrylic acid are withdrawn which has a

t enper at ur 5C and 96.99% by wei ght of acrylic acid. As described in WD
2004/ 035514, this is suspension-crystallized after addition of a small
anount of water, the suspension 5 crystg—is are separated fromthe nother

[ iquor in ic scru columms a t ther_|i is cycl ed

i n'?o t he cggﬂﬁ%ﬁ&e Ei°8?|§ @Eﬁhﬁ‘ggté@’ %@%’8@%&’@" *p uslRRg B q%&\ trayifo Ub'ﬁa/'i ty of

t he washed24£0dgéndli orercepsdddradé scrylicOani® @ withdveviywhicbfhaaartginperabigedfand i s
Sﬂ' t ﬁgl elbﬁy@a@d 8é. yg%cufy yely Q:‘T'a&?hé’\ﬁén@rks Mﬂb@@ﬁ%@' mén%oggbymm?ﬁ% ?;Wgse

|

Hom the ¢ AAnS B cBRRIREd AHE %JS"O@ Br o metartopt Pp R RE SadieRabhn o Tho
condens@t i enskels afﬁﬁemtaﬁid‘tonn tpfésr licvop ing hyaraudie sereihbiao icelymasiangrihe s 1. 25

kg/ h, has mettmgctisifety€lbd P thanbnbassatibe cHiahnai degeritkda igont ent s: 0. 72% by
wei ght of %99@42,@3 4. 95% by wei ght of acrylic acid, 5.09% by wei ght of
acetic acid an % 24% by wei ght of water. At the top of the condensation

col umn, 2. 9be Rerity Stbe/washed susnansan cotals sz 9. Bé%d%i’r“&@'i?*&)trpfﬁﬁ'ﬁ{&c #¢d@eh a

t enper at ur s =itall8 Cnmediatehpive pepasn@ivatbr-2f peeabsartihg’ ipelynfeds foowsam thent ent s:

25 acr gh ei Hyégel%z‘%l?c%f. vol une, acrylic acid 0.02% by vol une, propane 62. 39%
by vol une, ropyl ene 1. 73% by vol une, 30 ethylene 0.34% by vol une, nethane
1.35% by volune, H2 16.23% by vol une, 02 5,05% by volunme, N2 1.27% by

vol une, 35Thi2@mbusiz¥ebyl waseeondeGate wibiaby frool teehirdeonlleclO@Xrdy. B8M4eby

\r/gls:Jgﬁél | “tahgarf@eé bif Bd&‘?ﬁﬁée giﬁt@rthééé}%n%noﬂad&drﬁﬁ §&t%ré@&b&'nnt&9{é§3£ngg; 01E he
whi ch the ?‘a}#ﬁa?%ﬁourog?ﬁn Bried® a2 Cpes R 08 3 bes 5B B 95" "an
i ndi ret? heenteschanger, it is cooled to 123C without condensate being

f or med

0.72% by weight of  acrolein,

4.95% by weight of  acrylic acid,

5.09% by weight of  acetic acid and
20 88.24% by weight of water.

At the top of the condensation column, 2.98 m3 (STP)/h of residual gas leave
separation zone !l with a temperature of 33°C and a pressure of 1.20 bar and the
following contents:

25
acrolein 0.02% by volume,
acrylic acid 0.02% by volume,
propane 62.39% by volume,
propylene 1.73% by volume,

30 ethylene 0.34% by volume,
methane 1.35% by volume,
H> 16.23% by volume,
07! 5.05% by volume,
N2 1.27% by volume,

35 H:O 1.92% by volume,
co 2.36% by volume, and
CO; 6.33% by volume.

In the first compressor stage of a multistage radial compressor, the residual gas is
40  compressed from 1.20 bar to 6.93 bar, in the course of which the temperature of the
residual gas rises to 134°C.



(coolant is the' propane scrubbed" residual gas (also referred to

her ei naf t ePF 8025 of fgas") which, after renoval of nol ecul ar hydrogen by
nmeans of a separating nenbrane and after being heated from 30C to 102C in
an indirect heat exchanger, is 5 decorrpg;_essed starting from20 bar in the
first expansion stage of a nultistage expansion turbine and cooled at the
sane tine)in ﬂhﬂ’g‘r%gﬁét exgoanger ghis 0(39‘9990 3°Q it pendengatg beingdREMek pansi on
st age, the(dmbfagas the “Plermrpscastsed tssldhaﬂghst(arso(réﬁrrédilm"lhéramaaertamperature of
23C) and t %cﬂ éﬁég Mﬁv%%gg{& cﬁfa‘rﬂ %@Z‘%ﬁné Bk & @gr cooler, the

conpr essed ar to 59C. I n a
further COWS e‘ng heated s é@i&e@ 1fq2 ipa @dﬁ‘é‘?ﬁ'ke %Fhaagef {thi ch
sinul t a51eodad0ynuwmesl startlmgaframm barin thedicstesparesion stagh ofexmullistage exchanger,

it is cool @ﬁbatnaloﬂal%némlc%ered'a'%tﬁe%%mdoﬁrﬁaﬁﬁrﬁas%msbrhe@fféé@wsbJﬁ\h gas, on

: S”EEeibgcf(ﬁﬁduta BRI S oS0y, PEraisas 1 dra T eRare T BePb I PRBar

exchanger hapatropesatore ofid3°Chandihen fefhio rasidud Biginestiobol ed to 35C (cool ant is
surface water at approx. 25C). This condenses 44.2 g/h of water out of the

d
ot nelt PBren i 8 (BAKD 1 POIERESIE S niabS P BB 98 Bl T2 R e
ment i oned @aled @Lﬁ?ppy'”ﬁfuﬂhﬁQCWT?%PPWaﬁedf lsgomprqsﬁ;@d Ffé‘fn %8%8"5@ on gases
are cool ezD bar, adichisimaitapadudlyp Bedtgft to 267°C. 183a 4dwkgifdam mattledteleansed into the

envi ronmen x%a@&?,@ éo%!é%ltoqqg C"’tyoggnp@%ffprpéan%%ﬂb% ‘.Sre%id%gl QP%CB TP) /'h of

propane (2 I'S con ower section o um with
random packQTRjel¥edtdnerBrrapg remownl. Mhigh is heatedeat theysagpe time rogtvQiivhiong
col umi5s 211kathhomfcoh@@’rsatectaémg tmeadl do arfertlier indirecblhdat erstangeGer many (as

descri bed diébvﬂs'tr)eaﬁar fhe @%u&?ﬂ‘&é@%%%'@ |§'&06|88 kP84HeL (cBBkant S SBRIRI WaBr 8f 30C (P

= 20 bar). op O € scrubbing column, "propane-scrubbed” residual
gas (offga%@p@é p , 30 which, at a pressure of 20 bar and a tenperature
of 30C andThiscandsmaes 44.2 p/l0of waer 8 DPJheresitiaal gekheTHis bhesdusgoodenseats is:

\I%logane 291?:%9@53&%&(& tERIue indiPY iR dOndsaiay tHQ’beB eth&bwith iﬁ)é'ogéﬁﬁ?/ 0. 98004; B?/re
o 5 T S0NEs Mertons Wb Bt 4,72 i (RO St Zhgﬁiw%sfmassﬁ

18. 69% by sasfagrte obfajn Seanbodbar, 267°C, 3.41 kgfh) and released into the environment.

The residual gas which now still comprises 2.93 m® (STPYh of propane (20 bar, 35°C)
is conducted into the lower section of a column with random packing (separation zone

25 1}, At the top of this scrubbing column, 21.62 kg/h of technical tetradecane from
Haltermann, Germany (as described in 11} are infroduced with an introduction
temperature of 30°C (P = 20 bar).

At the top of the scrubbing column, “propane-scrubbed” residual gas (offgas) escapes,
30 which, at a pressure of 20 bar and a temperature of 30°C and an amount of 1.01 m?
(STP)/h, has the following contents:

propane 0.92% by volume,
propylene 0.03% by volume,

35 ethylene 0.99% by volume,
methane 3.29% by volume,
H> 47.97% by volume,
O 14,84% by volume,
N 3.75% by volume,

40 H:0 0.78% by volume,
CO 6.95% by volume and

COo 18.89% by volume.



Thi s "propane-scrubbed" offgas is conducted to a bundle of cast tube

menbr anes Pf@?@@ﬁ nal pressure: 1.77 bar; B-H polyimde nenbrane from UBE

I ndustries Ltd.) and |eaves them (P = 20 bar; T = 30C) with release of 0.41
m8 (STP)th of a gas stream5 (perneate ggreanm) which has the follow ng
contents: ethylene 0.02% by vol une, nethane 0.059% by volume, H2 79.15%
by volune, 10 02 1.53% by volunme, N2 8.83% by volunme, H20 1.52% by vol une,
CO 0. 22% byhis propane-sardbbedOBffgashis Yohucie toreburiiie didast tyae netwiganes s fed to

((: L 2; gte t 532 e'r);]{éifau ws%u e: 157 sy aﬁw Ricl RedBRABHoR bBe m&%?rié s ) IgggdAand
subj ect ed ¥8¥§ @Frr“e(gt ﬁ%é?fn?zokgg&w& %ea%qdqzﬁbﬁp{mo rae%ﬁ'sd%

i nci nerat i (merroeate streare} whiet hias the oliewieg c@Bentd: kgl h of absorbate which have a
pressure of 20 bar and a tenperature of 590 are withdrawn fromthe bottom
of the "propane scrubbing | uMm™ whi ¢ i externally cool ed nor
heated. It conprises 14. 40}95@“%\& ght @Pb é’ﬁ{'ré}'?%lnd 0.38% by 25 wei ght of
propyl ene. Before the absomgi©eei s corfdlle édJYtV@|Ltane top of the downstream
desorption colum, it is hpat ed to 695 15% ) volifhd, ect heat exchanger. The
heat catrier used is the Ijquid efflueptef desorption colum (21.62
kg/ h) ich has a terrperatg fe of 80C fgé/fggm%"t‘s%ure of 3.26 bar and still
conpri ses 0.09% by wei ght ¥f dissol vecﬁ%?éﬁ%h’ﬁ’é’w”@ neans of a punp, it is
conpressed back to 20 bar,H#hd, after 1.82Hrwoiolenling with surface water
(25C) to 30C, it is recyclgg to the propsng, taln n at the top of the
"propane scrubbing colum", 35 After hel ea to 69C, the absorbate (for
exanple in an inverse punp C@r by means® g‘%bé( m\/E'e) is deconpressed to a
pressut® of 3.26 bar (the nechanical energy released in the case of the

i nverse pumgs b§s StRRUnY %rfleéftc?(tblroﬁllea %tH)Sl‘F;Q it gé@ﬁﬁi@(&%%enéﬂé@ﬂh@?@écﬂ%ﬁew of

propane in tzf desor tlo colum (the liquid effluent” of the desorption
col um)), ERR9H 9pH I ‘drem xture obtained is conducted into the 40
desorption colum at the top. PF 58025 94 0.2 kg/h of steamis fed with a

g; gg fur e W%@reﬁﬁ'm@@ﬁg’tﬁsﬁ@ﬂ@@fn@éréé%d@s ded&ibedSandSiubidpidg nﬁafg% Hik%eﬁet Bgt Com
in CO%C{ er%ﬁ’ﬁ g'%ltqi%q%igosrgf'@g?ér{%eeéatéaﬁcﬁrﬁ%cdrfen%%gfrﬁ ﬂgop of the

25.40 kg/h of absorbate which have a pressure of 20 bar and a temperature of 59°C

are withdrawn from the bottom of the “propane scrubbing column” which is neither

externally cooled nor heated. It comprises 14.40% by weight of propane and 0.38% by
25  weight of propylene.

Before the absorbate is conducted to the top of the downstream desorption column, it
is heated fo 68°C in an indirect heat exchanger. The heat carrier used is the liquid
effluent from the desorption column (21.62 kg/h) which has a temperature of 80°C at a

30 pressure of 3.26 bar and still comprises 0.09% by weight of dissolved propane. By
means of a pump, it is compressed back to 20 bar, and, after indirect cooling with
surface water (25°C) to 30°C, it is recycled to the propane absorption at the top of the
“propane scrubbing column”.

35  After being heated to 69°C, the absorbate (for example in an inverse pump or by
means of a valve) is decompressed to a pressure of 3.26 bar (the mechanicat energy
released in the case of the inverse pump is appropriately alse used to recompress
absorbent freed of propane in the desorption column (the liquid effluent of the
desorption column}), and the biphasic mixture obtained is conducted into the

40  desorption column at the top.



desorption_colum. 5 Disposed in the desorption colum is a heating coil

t hr ough whPER832%2am of tenperature 152C, P = 5.00 bar in an anount of 0.8
kg/h is |ikew se conducted in countercurrent to the steam ascending in the
desorption colum. 10 At the top of thegudesorption colum, 2.21 n8 (STP)/h
of propane_cycle gas which have a ten\per ature of 69C and a_working pressure
of 3.26 baP-2&ed:gistean isded with @infessuee aldokanand;aigmpetatuiged !l S8dcAlinge wi t h

pL oduct gastrigping gheinpemhatdgserpliorrcoldmb Gikeivize Ppealpanavitbyrahdong packirsy)ffesth t oht he
char gi ng f Is i j - L isture. 15 The
ot opane cy oonan'ipodiRRufeits he AREKR so B g RoR e 1% B, Vol .
propyl ene %58 OB)FOE'H}'\ME, and H20 12.94% by volune. 20 V. Fourth
illustraative process for preparing acrylic acid from propane (a steady

oper ating Sisgésad if tHEOriRAoRRRCE hdat eoiﬁhioﬁga_v&m@ysté@%vor as descri bed

under I1., except that n ed.25 downstr of .1t 1n thi X le is a
further adﬁeﬂwgﬁq‘tﬂresﬁgfq?é%?’ﬁ@[:%arr"éﬁ%?g'rou c?@h% s i&?f’vﬂﬁeoﬁ?é’a'f'&%@ﬁp cat al yst
bed and whéashtereurrent ol steam aseendioain therdespmtion golume. first fixed bed tray
inthe tray reactor in flow direction. Between the two reactors, an indirect
heat ch i . e pgéalrts I [ pr opane
dehydrﬁdg;en’gtplg%lriloq ";“@%?%%g‘é‘%@u%orﬁf"? ﬁ% %’r y &';@t%?pcal%tﬁaégglréggah 'c%{a@svevw th
dehydr ogerdtanneratae ehBEf e agd 8 wasieg PrRseuNesd i 40PBRSEME t ot al anmpunt  of
cat al yst (Afdrtebtier 400t0oytindireertieat axdrangalvth efoduict gds Ayktempehatpreopane i s
1500 | ( STReh. I : - . I i wially only
a heterogeﬁ%gé?e_péﬂ%%ggéggﬂggﬁ%ﬁgﬁ g%ac{t)w%r% 2@5?‘3}0%&%%%0\5@3@2% fected.
35 6. 93 nPFEITPPMN9SRIXUERCti on gas A charge gas mixture (starting mxture; P
= 2. 461%arDhe @roparfeetyclengdshtasfthe &llowagabptentsbed of the tray reactor in flow
direction and have the follow ng contents: propane 60.54% by vol une, 40
propyl ene 10. 38% by vol une et hyl ene Q.28% by vol ume, nethane 0. 87% by
vol ume, H2 2. 44% by vol uriSOPE€ 58025 57%@5’%9'55% by vol ume, N2 16.48% by
vol une, propylene 2.32% by volume, and

H,0 12.94% by volume.

20
V. Fourth illustrative process for preparing acrylic acid from propane (a steady
operating state is described)

Reaction zone A is a fray reactor as described under ., except that connected

25 downstream of it in this example is a further adiabatic shaft furnace reactor which has
only one fixed catalyst bed and which corresponds in its configuration to the first fixed
bed tray in the tray reactor in flow direction. Between the two reactors, an indirect heat
exchanger is connected. The heterogeneously catalyzed partial propane
dehydrogenation is carried out in the tray reactor in straight pass with dehydrogenation

30 cycle gas mode. The loading of the totai amount of catalyst (calculated without inert
material} of all trays with propane is 1500 | (STP)/I*h. in the downstream shaft furnace
reactor, essentially only a heterogeneously catalyzed combustion of molecutar
hydrogen is effected.

35 6.93 m® (STP)/h of reaction gas A charge gas mixture (starting mixture; P = 2.46 bar)
are fed to the first catalyst bed of the tray reactor in flow direction and have the
following contents:

propane 60.54% by volume,
40 propylene 10.38% by volume,

ethylene 0.28% by volume,

methane 0.87% by volume,

Hz 2.44% by volume,



H20 6. 82% by vol ume, CO 0% by volune, and 5 CO2 0.01 % by vol une. The
reaction g'?i’g Zharge gas mixture is a mixture of a first (1.47 n8 (STP)!h)
and a second (5.46 nB (STP)/h) gas m xture which is obtained by conbining
the two gas mixtures by neans of a stgigic mxer. 10 The first gas m xture
has a tenperature of 500C and a pressure of 2.46 bar and is conposed of:
1.06 nB (STP)I h of crude pPopane whi cH - t¥hplive§epr opane (fresh 15 propane)
to an extent of > 98% by we) une if 2%148% By valu?ed0 bar), and 20 0.41M3
(STP)/ h of conpressed air 142'5: 1590 R & c,2b g oA, e). I ndi rect heat exchange
(in the internedi ate cool e[, heat exchan I Sposed between the two
reactors) with reaction ga%OA conduct éxf° Yl'E’on”etﬂ tray reactor and in the
directison of the downstredad®shaft readi®t% eégivalbolieshes the tenperature of
500C. 25 The second gas m xture is conposed of: 3,48 nB (STP)1lh of

dehydrogenati on cycle g = 554C, 37 b (STP)!'h
of propangﬁW Oé (ATCa'"‘ar%@?f mixture §s @Wt)ﬁgrie)qfaaf{r%t(ﬁég %@F&@ﬁ?@sgf 2. 46
bar and a seon(Sedtumeé (IFP)EN2Es nBBulewhick istobiteined exetrabigigwhe wopgasduct gas A
conduct ed finiurdd by ReasiO¥MSitheam@haft  reactor establishes the tenperature
of the,I propane cycle gas. The dehydrogenation cycle gas flowis effected
accordl ng to the jet punp principle (cf. DE-A 10211275), the propane cycle
gas heat edhedirdame mitiea hasa tegnnesatureolB90] G ang atpressorerdie Hhparansds

t enper at urniposédnef. r eacti on gas A charge gas mixture and the bed height of
the first catalyst bed flowed through by the reaction gas A charge gas
mxture in flow direction in the tray reactor are adjusted such that

reacti on gas A1QGEWeSTRs cafbfride PWaB%@’?Em%’mpﬂé%P WOPﬁ”%( t&hper at ure of
522C amd a pressure of 2.44 baropme)hotdneexteﬂt bowlay byoahines (= 287 Wpdhe 53. 77%
by volume, 5 propylene 14.45%y %{/QE et hyl ene 0.29% by vol une,

nmet hane 1.26% by vol une, H2 431 y voI une,
and
20 0.41 m3 (STPYh of compressed air (T = 15¢°C; P = 2.66 bar).

Indirect heat exchange (in the intermediate cooler, heat exchanger disposed between
the two reactors) with reaction gas A conducted out of the tray reactor and in the
direction of the downstream shaft reactor establishes the temperature of 500°C.

25
The second gas mixture is composed of;

3.48 m?® (STP)/h of dehydrogenation cycle gas (T = 554°C; P = 2,37 bar}
30 and
1.98 m? (STP)/h of propane cycle gas (T = 500°C,; P = 2.97 bar).

It has a pressure of 2.46 bar and a temperature of 529°C.

35 Indirect heat exchange with product gas A conducted out of the downstream shaft
reactor establishes the temperature of the propane cycle gas. The dehydrogenation
cycle gas flow is effected according to the jet pump principle {cf. DE-A 10211275), the
propane cycle gas heated to 500°C functioning as the motive jet.

40  The entrance temperature of the reaction gas A charge gas mixture and the bed heighnt
of the first catalyst bed flowed through by the reaction gas A charge gas mixture in flow
direction in the tray reactor are adjusted such that reaction gas A ieaves this catalyst



02 0% by volume, 10 N2 15.91% by volume, H2O 8.88% by vol ume, CO 0% by

vol une, (RP580251 % by vol une. 15 The | eaving amunt is 7.18 m38 (STP)I h.
Beyond the first catalyst bed of the tray reactor, 0.64 n8 (STP)!h of air
is netered into reaction gas A (T = 159 P = 2.66 bar). The netered
addition is effected by throttling, so that the resultin ressure of the
resul ti ng tesawith atenyesatirg o S227C and agtessare of 4 b@rleHeihg?ﬁ@iomnq he second

cat al yst hefteplts:t he tray reactor is such that reaction gas 20 A | eaves the
second catal yst bed with a tenperature of 539C and a pressure of 2.41 bar
with the follow ng contents: propane 43.71 % by volunme, propylene 17.02% by
vol une, 25 ethyl ene 0.51 PMEBANS/ 0l ume, 53 Et M BNEOWTS04 by vol une, H2 4.53% by
vol une,5 02 0% by vol ume, pPwpy@éhe35% byt4dd%ibe volugR, H2O 11. 37% by vol une, CO
0% by vol unme, and CO2 0. voI u 0 ,ng anmount is 8.04 nB
(STP)!'h. 35 Upstream of tgé(]an(s at| C mrr;‘)ei]é-% VIO upstream of the third
catal yst bed of the tray T&h8M%r, 0.6 of air is netered into
this reaction gas A (T = 19C, throttl4e3j1%|bmvahmae pressure of 2.66 bar). The
resul ting pressure of the gesulting repgchi qgmg@s Ais still 2.41 bar. 40 PF
58025 97 The bed hei ght qf the thlrdﬁ&#ng lbed of the tray reactor is
such that reaction gas A 'feaves the t ! éf’g t bed with a terrperature
of 554C and a pressure of B7 bar wi& &% hE vPlbimeowi ng contents: 5 propane
35.58% by vol une, propyl ene 19. 15% byoy el velme, et hyl ene 0.57% by vol une,

met hane 1. 72% by vol une, d—g 4.82% by OV@HJ%?W'ume

15 The leaving amount is 7.18 m3 (STP)/h. Beyond the first catalyst bed of the tray
reactor, 0.64 m? (STP)/h of air is metered into reaction gas A (T = 159°C, P =
2.66 bar). The metered addition is effected by throttiing, so that the resulting pressure
of the resulting reaction gas A is stiil 2.44 bar.
The bed height of the second catalyst bed of the tray reactor is such that reaction gas
20 A leaves the second catalyst bed with a temperature of 539°C and a pressure of
2.41 bar with the following contents:

propane 43.71% by volume,
propylene 17.02% by volume,
25 ethylene 0.51% by volume,
methane 1.52% by volume,
Ho 4,53% by volume,
0O, 0% by volume,
N 20.35% by volume,
30 H:0 11.37% by volume,
CO 0% by volume, and
CO:; 0.01% by volume,

The leaving amount is 8.04 m3 {STP)/h.

35
Upstream of the static mixer disposed upstream of the third catalyst bed of the tray
reactor, 0.63 m® (STP)/h of air is metered into this reaction gas A (T = 159°C, throttled
in at a pressure of 2.66 bar). The resulting pressure of the resulting reaction gas A is
still 2.41 bar.

40



10 02 0% by vol une, N2 23.83% by volune, H20 13.31 % by volunme, CO 0% by
vol une, arRRF 58 0,01 % by volune. 15 The |eaving anount is 8.89 nB
(STP)/h. A flow divider divides reaction gas A into two portions of

i dentical conposition at the outlet oth he tray reactor. The first portion
is 3.49 nB (STP)/h and the second portion is 20 5.40 nB (STP)/h. The first
portion i Shedegdietght ohihe thieheatalpst bed wéthk teay raactonis suchy that resictiethgas act i on

gas A changsedate fMird chiafst F&Y witg t@Hpatee of ssieb it eaaasdurenf 2g¢lbar gas  flow
of the fi =N tROl?t!l' of c:thf:enli)sr_opane cycle gas heated as described is used as
the notive je? 8 Egerpg e a jet punp, the conveying direction of the notive
jet deconpressed through a notive nozzle via a m xing zone and a diffuser

pointigg in the 25 directipsparle t he egbsancey telumeaction zone A, and the

suction nozzle pointing i di rectibGgiac gmkirst flow portion of
reaction gas A and the "s%é{)ég@er?enozzl gbﬂ%rﬁ?é‘\{ %\&] mE, - diffuser' connection

zohe
forming the sole connecti f§M8N%e bet wleH % Flk’e"?'g'f'@t portion of reaction gas
A to be recycled and the acstbaree t 0 redd2%hy zoomeA. 30 The second portion of
reaction gas A is conduct out of reaygzjo/pgy;ﬂgﬁl A and cooled from554C to
473C bﬁ a first indirect heat exchang%D%h t he fei rst gas mxture, conposed
of crdle pr opane and nol el ar oxygen, APGIYER i n the reaction gas A
starting mxture (charge d&s m xture) 2883ty volgreenedi at e cool er di sposed
between the tray reactor (gad the shaht sneaet @udewnst ream thereof. This
heats the first gas m xturg, 35 from 269Cbt0|500% dt he wor ki ng pressures are
essentially retai ned. 640 (STP)/h 6"? LYPUEFe*%hen netered into the
second portion, cooled as @&scribed, 06 % kwavelt®A. gas A (T = 159C, throttled
to 2.66 bar). The gas mixture is then conducted through the downstream

shaf t r eact Qoo W&r{?% ‘ggiﬁgi}e%r@{]h_t he ("fourth") catal yst bed disposed in

t he downstream sifa reac slch that reaction gas A | eaves this
catal yst bed as product gas Awith a tenperature of 5BOC and a pressure of
2. 26 bar i fidw tikeef dilidesvaagticrogdsenino MFpdr8OaSof9dentipalapanpesidizn aB8#eby vol une,

ropyl ene v, ; ne 0 b i 57% b
L W O o A o

the reaction gas A charge gas mixture. For the purpose of dehydrogenation cycle gas

flow of the first portion, the propane cycle gas heated as described is used as the

motive jet to operate a jet pump, the conveying direction of the motive jet

decompressed through a motive nozzle via a mixing zone and a diffuser pointing in the

25  direction of the entrance to reaction zone A, and the suction nozzle pointing in the

direction of the first flow portion of reaction gas A and the “suction nozzle — mixing zone

- diffuser” connection forming the sole connecting line between the first portion of

reaction gas A 10 be recycled and the access to reaction zone A.

30  The second portion of reaction gas A is conducted out of reaction zone A and cooled
from 554°C to 473°C by a first indirect heat exchange with the first gas mixture,
composed of crude propane and molecular oxygen, involved in the reaction gas A
starting mixture (charge gas mixture} in the intermediate cocler disposed between the
tray reactor and the shaft reactor downstream thereof. This heats the first gas mixture

35 from 229°C to 500°C,; the working pressures are essentially retained.

6406 m3 (STP)/h of air are then metered into the second portion, cooled as described,
of reaction gas A (T = 159°C, throttled to 2.66 bar). The gas mixture is then conducted
through the downstream shaft reactor.

40  The bed height of the (“fourth”) catalyst bed disposed in the downstream shaft reactor
is such that reaction gas A leaves this catalyst bed as product gas A with a
temperature of 580°C and a pressure of 2.26 bar with the foliowing contents:



H20 16. 79% by vol unme, 10 CO 0% by vol unme, and CO2 0.01 % by volune. In a
downst r eafif nd) indirect heat exchange with propane cycle gas from
separation zone 1V, product gas A (5.92 n8 (STP)!h) is cooled from580C to
388C. 15 Conversely, the tenperature g? t he propane cycle gas rises from
69C to 500C. Subsequently, 0.82 nB (STP)/h of steamis renoved by
condensation fromthe product gas A cooled to 388C. To this end, the
product gas A cooled to 3?&;5@ first 320390pet@dmen i ndirect heat exchange
HG)

to 5.10 nB (STP)/h of pro s A* (T &0 : 0 = 2.01 bar) fromwhich
t he appropriate anount of s‘?é’éegn%has al1r¥é4§d/:lg’fc)g%§mrg’ermved by condensati on

bef or ehand, and thus cool &M¥e112C. ﬁkﬁg%é)’rﬁ‘é‘%‘?ure of product gas A* is
si mul t &neously increased tnoetB&@LC. | n a.5¥6wbgiolese ai r cool er, product gas A
(T = 112C, P = 2.26 bar) st cool ed t @of Sﬁcﬁbfmb”di rect heat exchange with
outside air (the working pressure of g}rodu%t %’as A falls at the sane tine
to 2.06 bar) and thereafté&? 25 al ready hB6V®¥Bhasi city. Direct cooling with
sprayed aqueous condensat é2whi ch has Bé&8%clovadmeét o 29C) and renoved

bef orehand from product gagoA by appraBrigss sy ¢hitget cooling renoves the

af orenenti oned anount of Zf(gamfrom pr gyduct lgas A by condensation to obtain
a 30 pPoduct gas A* (P = 291 bar, T L74BYOlEMPNUR" (STP)Ih). This is heated
to 358C as described abov: 8.55 nB8 QIR bhvelemgir (T = 159C, P = 2.66 bar)
are then throttled into the product gas A*. This forns a reaction gas B

startin 1 xtur char N ich. e r of 283C and a
wor Ki 'nggp%é8§F}’§Stg‘?ami.‘%§°@@ﬁ?d'%§%%%‘%*\f?@{gg8"6‘?3"’3‘%@%@%@%? 0% xture (charge
gas m xt usepamten z9ne Wobroguftrags dotd TS (STRI G fregholetdrom 560Ky todHdike,

pr opy hene Conb&¥elyythe adrdperature€ bhthk eRshabe 230 lpgs vieedrem 6940 torsddiane 0. 68% by

vol une, H2 0% by vol une, 02 12.69% by vol une, PF 58025 99 N2 60. 9% by
vol une, H20 2. 75% by vol une vol une, and 0.03% brégvol une. 5

0

Thi s Ts ussiseieahiOR2 P CTRRRS B AR RonfasSiend ca e as ¢ hat
fromll. gahd quozoitbd88°C.dadhisgndnthepeodiat gdy/Atoalbditg8885C is fiest f i r St
oxi dati on 8t aQ%d i ikfleCAEH ekhanB8 138390 m(ETB)h bhprolli& g2RlA* (el 4 cf P3% by
el ghtZOOf =2 baré)l?roo/()mbv‘\r/hié’:he lh%hgpp?gprig?el\l%éunt of steam has already been removed by

condensation beforehand, and thus cooled to 112°C. The temperature of product gas

A" is simultaneously increased to 358°C. In a downstream air cooler, product gas A (T

= 112°C; P = 2.26 bar) is cooled to 54°C by indirect heat exchange with outside air (the

working pressure of product gas A falls at the same time to 2.06 bar) and thereafter

25  already has biphasicity.

Direct cocling with sprayed aqueous condensate which has been cooled (to 29°C) and
removed beforehand from product gas A by appropriate direct cooling removes the
aforementioned amount of steam from product gas A by condensation to obtain a

30 product gas A* (P = 2.01 bar, T =40°C, 5.10 m3 (STP)/h). This is heated to 358°C as
described above. 8.55 m? (STPYh of air (T = 158°C, P = 2.66 bar) are then throttled
into the product gas A*, This forms a reaction gas B starting mixture (charge gas
mixture} which has a temperature of 283°C and a working pressure of 1.96 bar.

35 The reaction gas B starting mixture {charge gas mixture) has the following contents:

propane 14.11% by volume,
propylene 7.58% by volume,
ethylene 0.23% by volume,

40 methane 0.68% by volume,
H> 0% by volume,

0O, 12.69% by voiume,



10 7% by vg}g@xof NaNO3) have the foll ow ng entrance tenperatures: TA =
327C TB = 32 Tc = 267C Tr, = 268C 15 Sufficient air (159C, 2.66 bar) is
netered (throttled) into the product gas mxture of the first oxidation
stage that the nolar 02: acrolein rati®% n the resulting charge gas m xture
for the second oxidation sjage is 1-0.360.9-5}1§y@8lh ein | oading on the catal yst
charge of the second oxidation stage is ]ai I %@ P)/1 h. The pressure at the
entrance to the second oxif#&ion stage 1%°PY&8UR% .~ 20 Reaction gas B

| eaves the internediate cdaDer wth aOfbypeolatarandf 260C and the entrance
temperature of the charge @gs m xture gdgdopplhgiusRecoNd oxidation stage is
253C. The product gas mxture of the first oxidation stage has the foll ow ng
content’s: 25 acrolein 6.40% by volune, acrylic acid 0.44% by vol une,
propane 14Thimigoused tothangs reapliarpranerwbicB 9o e sashaiateicte asshatdiven B. 68% by
volume, H2 0% by volune, ethylene 0.23% by volune, 02 4.18% by vol une,

0. 78% by e SR B et el B s b et i kiR 10 10
pr oduct  gibe B0 HBEPYIFR. e sat ek #53% o weiaht of KNO3ith bpmesibotNalig:. The

producio gass By weligheotalihg haee aidfodvisgehtancetiegperlgpuresiuct gas B) has a
tenperature of 2700C and a pressure of 1.55 bar, and also the foll ow ng
contents: acrolein 0.03%by volunme, 5 acrylic acid 5.97% by volunme, acetic
acid 0.18% by vol une, TAﬁrgt?éaﬁe 13. 0% by v TRe9°C propyl ene 0.36% by vol une,
met hane 0. 63% by vol ufez 28@°@t hyl ene 0. 21Td% B§8YDI une, H2 0% by vol une,

15 Sufficient air (159°C, 2.66 bar) is metered (throttled) into the product gas mixture of the
first oxidation stage that the molar O, : acrolein ratio in the resulting charge gas mixture
for the second oxidation stage is 1.01.
The acrolein loading on the catalyst charge of the second oxidation stage is 110 |
(STP)/I*h. The pressure at the entrance to the second oxidation stage is 1.68 bar.

20  Reaction gas B leaves the intermediate cooler with a temperature of 260°C and the
entrance temperature of the charge gas mixture into the second oxidation stage is
253°C.

The product gas mixture of the first oxidation stage has the following contents:

25
acrolein 6.40% by volume,
acrylic acid 0.44% by volume,
propane 14.09% by volume,
propylene 0.39% by volume,

30 methane 0.68% by volume,
Ho 0% by volume,
ethylene 0.23% by volume,
02 4.18% by volume,
Nz 60.87% by volume,

35 H.O 10.64% by volume,
CO 0.33% by volume, and
CO, 0.78% by volume.

Before entry into the aftercooler, the temperature of the product gas of the first
40  oxidation stage is 335°C.



02 2.60% by volunme, N2 64.2% by volune, H2O 10.29% by vol une, 15 CO 0. 48%
by vol umeParfiB02&C2 1. 08% by vol une. As described in WO 20041035514, product
gas 8 (14.81 nB (5TP)/h) is fractionally condensed in a tray colum
(separation zone I1). 20 As the first 1f05el, 133 g/ h of high boilers
(pol yacrylic acids (Mchael adducts), etc.) are fed to the residue
i nci ner at iTbe pradiuchgashoixtiee ohtthe seboretwiidaiion staged bodecttgas Byded 20f product gas

B into thesddadufObETDC add afpréskukdbim 88 bar, 6RNERDIRSOI6WIAG cantelist ¢ acid are
wi t hdrawn whi ch has a tenperature of 15C and 96.99% by wei ght of acrylic

acid. As described in WO 2 004/0355 1 4, this is suspension-crystallized
after addition of a small @it of water 0.-03febyv@d@Asi on crystals are
separased from the nother abiyliwacidi n hydr aglgze, beveibdieng col ums and the

nmot her |iquor is recycled,] e conden b, as described in 30 WO
2004/ 035514. The purity oFb‘%}ﬁgac\EAﬁshed susggtr?s/?g%@?ﬁ*g{]al S is > 99.87% by

wei ght of acrylic acid aRtPPREEsuitabl e i fddt BY ¥IYMEor prepari ng

wat er - "super absor bi ng" petopylens for use DrB6thby iglginene sector. The ampunt
of acid water condensate wdyhgrawn from thgsbhhy GoiGak! ecting tray above 35
t he fg@d of product gas B | nto the conden azéloon C@I um but not recycled into
t he ndensation col urm FYYEN®9 kg/h, ha84” BWAPEEure of 34C and has the
following contents: 0.35%by weight of abbobherolymd0 4. 95% by wei ght of
acrylic acid, 5.31 %by wgight of aceticrapbdhppslum88. 40% by wei ght of
water. PF 58025 101 At tphe top of the coggﬁ?sgtl qn columm, 12.56 nB (STP)/h
of residual gas |eave separation zone |l Wth 3é{‘"f‘é’ﬂﬁerature of 33C and a
pressure of 1.20 bar and th@ foll owi ng cdB8%tky valuraer ol ein 0. 02% by

volumps acrylic acid 0.02% by vol ume, ageBhcbpediGm@Unly vol une, propane
15. 35% by vol une, 10 pr op&bgne 0. 42% by V?.'O‘é%eby vcﬁﬁﬂ&l ene 0.25% by vol une,

As described in WO 2004/035514, product gas B {14.81 m® (STP)/h) is fractionally
condensed in a tray column {separation zone {l).

20
As the first fuel, 13.8 g/h of high boilers (polyacrylic acids (Michael adducts), etc.) are
fed to the residue incineration.

From the second collecting tray above the feed of product gas B into the tray column,

25  2.80 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
suspension-crystallized after addition of a small amount of water, the suspension
crystals are separated from the mother liquor in hydraulic scrubbking columns and the
mother liquer is recycled into the condensation column as described in

30 WO 2004/035514. The purity of the washed suspension crystals is > 89.87% by weight
of acrylic acid and is suitable immediately for preparing water-"superabsorbing”
polymers for use in the hygiene sector.

The amount of acid water condensate withdrawn from the third collecting tray above

35 the feed of product gas B into the condensation column but not recycled into the
condensation column is 1.19 kg/h, has a temperature of 34°C and has the following
contents:

0.35% by weight of  acrolein,

40 4.95% by weight of  acrylic acid,
5.31% by weight of  acetic acid and
88.40% by weight of water.



met hane 0. 74% by volume, H2 0% by volume, 02 3.07% by volune, 15 N2 75.64%
by vol unefP’F 58025 1. 68% by vol une, CO 0.55% by volune, and CO2 1.27% by
volune. 20 In the first conpressor stage of a nmultistage radial conpressor,
the residual gas is conpressed from O bar to 6.93 bar, in the course of
which the tenperature of the residual gas rises to 217C. In an indirect

heat exchanger, it is cooled to 111 C without condensate being forned 25

(cool ant Atsthé%Jf@ﬁé)@@dh%h%tw%ﬁﬂin,ﬁ@?ds% STPE of Alsiilal Giibhd to
herei nafter a h

HE .

. "of f gas” I C afr t I ng heated from30C tg 138C in an
i r ot SRBATETER R0 ath 3 Smagtasit L SR e Rt A Pre T dACAPTARE d  he £ r ot
expansi orfobaven@coftentsnul ti st age expansi on turbine and cool ed at the sane
time) 5 This heats the offgas (10.39 MB (STP)/h), In a second expansion
stage, the offgas is deconpressed to 1.1 r.(it then 30 has a tenperature
of 78C) and then fed to raggg?‘a'ﬂe i nci ner aeiogﬁ". bé%’“é’ﬂe'i ndirect air cooler, the
conpressed residual gas (FRHCRCIB bar anB.02%DVMAUMTE, is cooled to 59C. In a
second conpressor stage, ddetit Sci@onpr essegufgyormnen®3 bar to 20 bar, which

simul taneously heats it t C. In a do by i rect heat 35 exchanger,
it is cooled to 101C (cooqqgé\%%l s the "pr\cf)\%géé’-sc:rdtﬁg%d" resi dual gas which

is héd® ed at the sane ti rAEOPY®NA 30C t o 184EJe R YHHOE: condensate being
fornmed. In a further indthgeie heat exchanagebydmimeér eam the residual gas
at 101 Cis cooled to 3 lant is s at approx. 25C). This
condenses 159.7 g/ h of wasrtﬁ:%[&s'gétjt of the (rsl:égl% a rﬁé Thi s aqueous
condensate is 40 |ikew d& fed to resi duB%itYHHEP&t i on and i nci nerat ed
therein together with theother residuel.Oitty ehedew th supply of 5,59 nB
(STP)¢sh of air. The hot nbusti on gases ag,zg are cooled to obtain
stear%/5(52 bar, 267C, 3. 7%_'@259/ h) and rel e%égg%?i nt I%ﬁ% envi ronnment. The
resi dual gas whi ch now st conprises 12! %VOE@T?’)/h of propane (20 bar,
35C) 5 is conducted intd®he | ower sect(.on%dfy wlwog,wdmd wit h random packi ng
(separation zone |li). Agojhe top of this7aonupime col um, 66.37 kg/h of
techni cal tetradecane from Haltermann, Germany (as described in d) are
introduced with an introduction tenperature of 30C (P = 20 bar). 10 At the
top &0 t He thedfirsiiompgessor staae of  myfistrgeyedightriopressos; the Asidies 9aoBf gas)

escapes, compressed from 1.20 bar to 6.93 bar, in the course of which the temperature of the
residual gas rises to 217°C.

In an indirect heat exchanger, it is cooled to 111°C without condensate being formed
25  {coolant is the “propane-scrubbed” residual gas (also referred to hereinafter as “offgas”

which, after being heated from 30°C to 138°C in an indirect heat exchanger, is

decompressed starting from 20 bar in the first expansion stage of a multistage

expansion turbine and cooled at the same time). This heats the offgas (10.39 m?

(STPYh). In a second expansion stage, the offgas is decompressed to 1.10 bar (it then
30  has a temperature of 78°C) and then fed te residue incineration.

in an indirect air cooler, the compressed residual gas (P =6.93 barand T = 111°C} is
cooled to 59°C. In a second compressor stage, it is compressed from 6.93 bar to
20 bar, which simultaneously heats it to 168°C. In a downstream indirect heat
35 exchanger, it is cooled to 101°C (coolant is the “propane-scrubbed” residual gas which
is heated at the same time from 30°C to 138°C) without condensate being formed. In a
further indirect heat exchanger downstream, the residual gas at 101°C is cooied to
35°C (coolant is surface water at approx. 25°C).
This condenses 159.7 g/h of water out of the residual gas. This agueous condensate is
40 likewise fed to residue incineration and incinerated therein together with the other
residues mentioned with supply of 5.59 m? (STP)h of air. The hot combustion gases



whi ch, at a pressure of 20 bar and a tenperature of 30C and an anount of
10.39 nB8 REBY2H, has the following contents: 15 propane 0.19% by vol une,
propyl ene 0.01 % by volume, ethylene 0.29% by vol une, nethane 0.89% by

vol ume, H2 0% by vol une, 20 02 3. 70%£ vol ume, N2 91.38% by vol une, H20
0.32% by volune, CO 0.67% by vol unme, a Cx2 1.53% by volune. 25 This

of f gas i s alecoulpd éssehtdinadeahe $54 hdre26746d3 Salkpén Bed releasaddintodbe heat exchange
and then dRrflohdefktesi due incineration or incinerated by neans of a flare.
70. 25 kg/ h of absorbate which have a pressure of 20 bar and a tenperature of
41 C 30 are withdrawmn fromthe bottomof the "propane scrubbing col um"

whi ch is nereeidualgassvhich naw stdisiogwrises 1A8aMmed S TPIN ebbivppae 20ha1 1357 by

wei ght 50f igeomarecting the bir BYctionssf altbiuain Wittt Rindemepackal Psepardtnaldner bate is
conduct ed IH)O the top of the downstream desorption columm, it is heated to
69C in an 1nhdirect heat exchanger. The heat carrier used is the liquid 35
ef fl uent 3RS tapef s 8erpbhine colBmindt.8 6 69/8of keghRicaligiredasng friem enper at ure of
goc alt aOI Hetessong Germany Gsduscated is i) kfe inmdesasth(hrnafgbd;mtiﬁmi ght oL

i ssol ve °dT1{Pa'n— a punp, it is conpresse ack to 20 bar,
and, aiftertglﬁlﬁgli%?ggtcjﬁg%ol ngﬁgmg%’ﬂ' surface water (25C) to 30C, it is recycled
to therropane absorption at the top of the "propane scrubbing colum". 40
Af t er bei nfy tieetopead theoscb@ibing treurahs‘pradpabe s¢ifubbedxasipla gaa (effgashesmapes,punp or
by means o aY 8 pYikuleSor 98GR BRE 8 6 Hpdratufe Bf SPBUMRI S ardoht oP8.30 ke _
mechani cal 2 ﬁé%eﬁ @025 103 released Iin the case of the inverse punp is
appropriat(gle { & IOV CeRERI ess  absorbent freed of propane in the
desorption colum (the liquid effluent of the desorption colum)), and the
bi phagisc mi xture obt ai ned grgpgpenduct e@d. 499 py V&amedesor ption col um at the
top. 5 Disposed in the de i ogn col o] ting coil through which
steam of tenperature 152%?6&92'1%5.00 ga@ﬂéﬁygﬁlngﬁbunt of 1.3 kg/h is
conducted in cocurrent wietiange absoPFReby¥eiB®8di ng in the desorption

col um. methane 0.89% by volume,

Ho 0% by volume,

20 O, 3.70% by voilume,
N: 81.38% by volume,
H:O 0.32% by volume,
CcO 0.67% by volume, and
CO: 1.53% by volume.

25

This offgas is decompressed as described and subjected to indirect heat exchange and
then fed to residue incineration or incinerated by means of a flare.

70.25 kg/h of absorbate which have a pressure of 20 bar and a temperature of 41°C

30  are withdrawn from the bottom of the “propane scrubbing column” which is neither
externally cooled nor heated. It comprises 5.41% by weight of propane and 0.14% by
weight of propylene.
Before the absorbate is conducted to the top of the downstream desorption column, it
is heated to 63°C in an indirect heat exchanger. The heat carrier used is the liquid

35 effluent from the desorption column (66.37 kg/h) which has a temperature of 80°C ata
pressure of 2.97 bar and still cormprises 0.03% by weight of dissolved propane. By
means of a pump, it is compressed back to 20 bar, and, after indirect cooling with
surface water (25°C) to 30°C, it is recycled to the propane absorption at the top of the
“propane scrubbing column”.

40
After being heated to 63°C, the absorbate (for example in an inverse pump or by
means of a valve) is decompressed to a pressure of 2.97 bar (the mechanical energy



10 At the top of the desorption colum, 1.98 nB8 (STP)/h of propane cycle gas
whi ch have PRS8@®erature of 69C and a working pressure of 2.97 bar escape.
After heating to 500C by indirect heat exchange with product gas A of
tenperature T = 580C, the propane cycli as is used as the notive jet to
operate the jet punp, with which the ngrogenati on cycle gas and the

pr opane cycaklkagasinahe chsdofttie inverselpang in gpplopiidtelyesdstt used tz oemombresd h

react | on Gabe érb%hﬁg%émgr pi?%ﬁ%ln'éﬁﬁthe derdtoRRRRNFEN RuARSIER of e Tl | owi ng

contents: ane %b vol ume. VI.
TSt conpdEabiRpan ERuEYeatd e tltasbun.gs oBpEEs e BERHTENE  d f rom
pr opane (a@se@dynoplematrﬁgp bpate i s described) 25 Reaction zone A consists
of an adj abatic shaft furnace reactor vvith onIy one fixed catalyst bed

whose configuration corresponds to.th f tr fl ow
direction Tbens W EHasGEREn fopbd s AreslidioidbbBlh ARES AR BF, ol yved
partial prdpaReratsny 826y ehabitdrbar in amampent Ctil]t3 kath tﬂf@“d%egﬁhﬁqcufréabtor in
strai ght pagith e absstbhediceasitig innhededoeptvdscolptte. The | oading of the total
anount of catal yst (cal culated without inert material) with propane is 1500
| (STP)/I.h. 24, 87 @TP),Ih of reactionéas A charge gas m xture (starting
m xt ur 0 T At thestse:of the desortion golugyy. Y1 95ma* (E’)fthd'-‘ftpﬁﬁ’aﬁﬁé’f/‘ﬁleﬂﬁﬂﬁ’&@é‘ ha¥gct or
and have tfeteﬁlmlefaiunertg g0t ned & svorkipg pmnweﬂZiﬂ%ttmyewﬂptenﬁﬂermpyg éme 3. 65%

by vol U”eoz 0@5@3&%&9&7M€a?¥x&%h5€%h (? é}.%%f t%rrﬂzo ErAtN ‘IVQ'sﬁdT% thg 4. 18% by

vol ume vol une H20O 5. 05%
by vol une, PTERIEHYBIE dASITiHeEd %e My e G/%WWBW&BWY‘P ﬁé%@é]ﬁ gas A
charge gas dehxdrogenatienaycie yasiaad dfe propamestyclelgatsré/fed I8TR) thargagdfa second
(23.18 18 G&Jd?&:h%ngasmmr&é{roﬁ g8 fraftivig Phk@itdied by conbining the two gas

m xt ur es by means of a static mxer, 10 The first gas mxture is a mxture
of 0.013 nB (STP)/h of steam (T = 134C P=3bar), 1.06 nB8 (STP)/h of
crude propdhe RipRate yolemmes $es ths fofiowieg comtents: propane) to an extent of > 98%
by volune (T = 122C, P = 3.50 bar) and 0.62 nB (STP)/h of nvol ecul ar

propane 96.42% by volume and
20 propylene 2.58% by volume.
VI, First comparative example of a process for preparing acrylic acid from

propane {a steady operating state is described)

25 Reaction zone A consists of an adiabatic shaft furnace reactor with only one fixed
catalyst bed whose configuration corresponds to the first fixed bed tray in fiow direction
in the tray reactor from Il.

The heterogeneously catalyzed partial propane dehydrogenation is carried out in the
30 shaft reactor in straight pass with dehydrogenation cycle gas mode. The loading of the

total amount of cataiyst (calculated without inert material} with propane is

150C t {(STPYIsh.

24.87 m* (STP)/h of reaction gas A charge gas mixiure (starting mixture; T = 450°C; P

35 =2.82 bar) are fed to the shaft furnace reactor and have the following contents:
propane 22.3% by volume,
propylene 3.65% by volume,
ethane 0.07% by volume,
40 methane 0.17% by voiume,
H: 4.18% by volume,

O; 2.09% by volume,



hydrogen (purity > 99% by volume; T = 35C, P = 2.20 bar), and the second gas
m xture is BF 683%ure of 11.41 nB (STP)/h of dehydrogenation cycle gas (T =
534C, P = 15 2.36 bar), 11.16 nB (STP)/h of conpressed residual gas cycle
gas (T = 444C, P = 2.82 bar) and 0.61 (STP)/ h of conpressed air (T =
175C, P = 3.00 bar). Indirect heat exch e wth product gas A conducted out
of reaction zone A and in thhe directi &®.3%% bgaclbimen zone B establishes the
temperature of the conpressgg residual 5@, gesokmfd € gas of 444C. The

dehydr ogenation cycle gas flQwis effe b t punmp principle (cf. DE
A 102 112 75), the conpr essé(g resi dual %ﬁgyg&wg a’ﬁ set to 444C functioning

as the nmotive jet. The corfpfPessed air i ET%@Vé’pb'me(throttled) into the
resultimg m xture. 25 The bed hei ght of the fixed catal yst bed fl owed

broduct oad RHBEBE ARt RIS o AR TbiS ||"'r*"'?ﬁnoer i ’&?ﬁ"t’@ﬁ B and
pressure of5esonb(d3a18 Mt (TR) ‘Fﬂégﬁ% m"ﬁ‘d\ﬁer’(ﬂ“ ehoisobinined Bocqmipiag &hetvogins, py

vol ume, proigiurenisy Medrds dbastatitomnixee, et hane 0. 15% by vol une, nethane 0. 37%
by volunme, H2 3.76% by volune, 35 02 0% by volunme, N2 59.18% by vol une,

H20 9. 0% CO 0% b | 14% 40, Th

| eavi ng am%ﬁf%t@a%n%tgr%a( ﬁé’ﬂ}’gg&s %@8%%8}5%@%( VOLQL’J(rEr R deg

product gast.06 ef (3 T/ fooftdrede mrbpamaewbinhfcompémstmpanet(d‘reslv\prqmene)ltom of

T L7 S OAGIAIEL o2 meoim i i eIy et

DOt o0 1 e ke Chl oy e Y Lo b‘éﬁf 2220 Sp TSRO, For the

pur pose of raiEhweiiseyepiire oh1tytme (§a8)/ pbveroiragesatidryaycle gasi(fi=om4°&: Pet punp

i s operigt e 38 bdh),thel1ecanBTISAES coRpretdad raifual yad & cingash@at aghiegsp descri bed

as the mOUiNg, 8§ ond B GRNNEK)AG Bt SELLON, PEr L 95Dl Y dodlapdeconpr essed
Y m xIng" zohe and a drf

t hrough a nD e’ nozzl user pornting in the
direction of the 10 entrance into reaction zone A, and the suction nozzle
poi nti ng i nndileet bkat egthamge efithipgheduct gasA cbhdweteboiitiod reaatioprodtustandasthd, and

the "sucti Qﬂe@l%mzdf‘?eactlﬁh %Eﬁ@?%@%hshe@'tﬁé Weratu@&%&&brﬁﬁre&@écﬂ?e@ﬂiu&he sol e

connecti.ng |ine irst portion of product gas
t2 g gas cycle gas 01e £44 P p g

The dehydrogenation cycle gas flow is effected by the jet pump principle (cf. DE-
A 102 112 75}, the compressed residual gas cycle gas set to 444°C functioning as the
motive jet. The compressed air is metered (throttled) into the resulting mixture.

25
The bed height of the fixed catalyst bed flowed through by the reaction gas A charge
gas mixture is adjusted such that product gas A leaves this catalyst bed with a
temperature of 534°C and a pressure of 2.36 bar with the following contents:
30 propane 17.83% by volume,
propylene 7.51% by volume,
ethane 0.15% by volume,
methane 0.37% by volume,
Hz 3.76% by volume,
35 Q- 0% by volume,
N 59.18% by volume,
H:O 9.06% by volume,
CO 0% by volume, and
CO, 1.14% by volume.
40

The leaving amount is 25.35 m3 (8TP)/h.



to be recycled and the access to reaction zone A 15 The second portion of
product gasPRA5BE82%Tonduct ed out of reaction zone A and cooled to 317Cin an
i ndi rect heat exchanger di sposed downstreamof it by indirect heat exchange
wi th conpressed residual gas cycle gas Qé& 16 nB (STP)/h; T =131 C, P =
3.00 bar) (the working pressure is essenti al I?/ retained). This heats the
resi dual gah flowyllider gaddaspradunCgand at dwuadist ofitse ahafkieaglopints v eortionsofg2
bar. 20 Suba@(qu,gn@dryposmoﬂduct gas Ais cooled to 221 Cin a second indirect
heat exchange with "propane-scrubbed” product gas A (9.06 nB (STP)/h; T =
30C, P = 10.50_ bar) whi ch is sinultaneously acconpanied 3y a reduction in
its worki ngTQﬁ@?%Wrt'é 13.4lgnh e TPYhandthe se¢ngiportiqnds 1304 maheE¢hubBed"
product Fyasfirét p(callms redyeletidtio readiien ebmaAtasra @mstitbohtf of #sd' neattior?@@CGA and

changes its; %}5@%&%@%&%&8 rﬁag elgr d%%dro?ﬁ@a%ﬂltgafe glés fibRof 1 firgtas i's
deconpr esse % nsi on sta of a
mul L St age éﬁméﬂww 'B.qnsfat%éw'%m o PAFSSER G tiTAL 9% RibIE e noAiedss o 176G,
The 30 of f géesclisad/anthemhmive ijatstheerpegydigatirestieryef the madhies jet dackropredsech

i ndirect h%?ou@ﬁ%hw R zletvitea Hﬂ)@ﬁblﬁéne%rﬁd fdlﬁbséf'%ﬁtlna ethbaireeforestgeat i al Iy

retains, jts work

5C. Thi
oars T arfBst i BistaN iohe e SEMaf Aoflie bAFNERMRS WiERR iR, T °
pressure. 'Ifr'iét Tiomf rppittion &f nrecuet gee Snprcbibecsation Nozae b AHXING Zenre— dtﬁééféfnd

expansi on sdoagecti forenditetdofd ethetiRAmel hefwddi thie Miest pvhios bf prAlst dds Ao 89C.
35 The offqg%e ré%\}cﬁb%’}ﬂdetﬂeta(? ersgyf) géé% Ié"p%r%(eé_at! on. Product gas A at 215C and

2.18 bar is subs ¢80T |rs Cin an air- cool ed indirect
heat exchanger and then to 39C in a cooling water-cool ed i ndirect heat
exchangey . By seeans porfion bbproglctsap X s tcondyctddheutwhteactivhizaie & andeosled tout i n

the 40 Courﬁgogfwr%ﬁgg#q? d?agéxdhrﬁggﬁﬁi@b%gec( Q\o»@r%tllég{‘rhaf it 1y m%’%ﬁ 406 The

renalnlng 13 are co 8 in
the first CORYPIERNY g{sgseéiflgaldp‘%qapgy%{@ga? S 19 m Z’és.'{)r 131I'Zﬁ ‘heat s
product gas3.20 bém ¢he 3@&KinempredsHCe lmmlgmeﬂamedpﬁd)wwatsgﬁns résifdigalgasl ed to

54C by rrearb@c@fga@té 4hnc%ﬂeadtésap§w$}ﬁﬁb pPasslRNEe s ARt the wat er which
condensgs out (8.0 g/h) is renpved by 5 neans of droplet separators. In a

second “Tonpression stage, the remaining 13.08 nB (STP)/h of product gas A
are conpr esyhgequentlp. Bodusd oas RHs sooled sEBECH egeopnchingieast herf exehangeoduct gas
A to 123C apobtdiandistitbBéd” grodwh ghd Ali(0.86mh8TP)/BXT BATYe! P Eherswcsm,s

product gasfial isthybfeaily A0 s ab?%‘ ;eﬁg&.ow s FERIRGR UYL I COOL 1 N0

wat er cool se arators e water which
condenses ut8 P#-the course 10 of the cool ings is removed (0.29 kg/h). The
12.71 &8 (STP)/h of product gas A which now still remain (whose working

pressure | srRSREd il -bibpShe-strublePPrifilcl g & (9198 A& &0 hereinafter as

“offgas™) to 287°C and changes its working pressure to 10.10 bar. Subsequently, the
offgas is decompressed from 10.10 bar to 3.50 bar in the first expansion stage of a
multistage expansion turbine, and cooled at the same time from 287°C to 176°C. The

30 offgas leaving the first expansion stage is then conducted in indirect heat exchange to
the product gas A at 221°C. The latter essentially retains its working pressure and is
cooled at the same time to 215°C. This heats the offgas to 191°C with substantial
retention of its working pressure. The offgas is then decompressed to 1.23 bar in the
second expansion stage of the multistage expansion turbine, which cools it to 89°C.

35 The offgas is then fed to residue incineration,

Product gas A at 215°C and 2.18 bar is subsequently cooled first to 60°C in an air-
cooled indirect heat exchanger and then to 39°C in a cooling water-cooled indirect heat
exchanger. By means of droplet separators, the water which condenses out in the

40  course of the coolings is removed (0.68 kg/h).



into the | ower portion of a colum wi th random packing. Their contents are:
propane 19PF380@% vol unme, 15 propyl ene 8.24% by vol une, ethane 0.16% by
vol une, nethane 0.41 % by volunme, H2 4.13% by volune, 02 0% by vol une, 20
N2 64.9% by vol ume, H20 0.38% by vol urT11=U CO 0% by volume, and CO2 1.25%
by volune. 25 At the top of the propane Ber ubbi ng colum, 120.32 kg/ h of
techni cal Taeradeinmgel 3 0%omt (37) Ifemfrmmﬂuot@askmwcc@rapredwbtomtﬁjbamn the ) are

'tglto rgﬁ”fﬁgﬁ‘ﬁ‘g%&" koMt tdﬁanmstfaggpsane S;é}tcag.% Lo &is(Rats afgduﬁﬂ erp.) asﬁt 35 he
escapes, \MffPE]h togoé %Q%Pﬂgd’r ?}'CEQ?S c%‘ﬁ‘?‘gépu‘%{g r'Be ‘?ﬂ ﬁnd an
anount  of ap lrwenﬁwa(aﬁsﬁﬁt)nangemw thi evattey| Wit md@omsetmtfﬁ 01910 pares@yed D by
vol unme, 5 prtank en8roPicd deParvrsy M ya@aond?c%nﬁirémﬁa $fladed theememingT®3.08ehhane

0.56% by v o, ) % ol une,
40 H20 0. 48$ji§5i‘°fo‘fr°%°t 93%% B g’"B(r}%F%dn@%cp?ﬁ 2 'Siggsﬁ%'\%‘e%]w'ﬁ“ fightin F 58025
107 After of Pr@ﬂw@caaswe@twé&r@@@@ga\gthaﬂrrﬂ@aamhr@gtﬁq%e&chﬁnewtb%e%lﬁ gas A
conduct ed euiduef gas R At icodd°zamd therindirddt hebsédhapangiewitmposiag waltertoaolk.i23 bar

in a mltislage %ﬁ%}ﬂs%dﬁ:‘p}éﬁ gleﬁ%ato?%?h%fv%@?&hkﬁ cfoﬁgeris soﬁfslthc?course

i nci neration or cinerate re. ore as 1s deconpressed,
it mayBe 2pPesePingsds smaued (P4d ety Hie 4l B° {%TP)Q?@%O& 9251 vaueh ar

hydr ogen pneseiill rantain évmse Wurking aresisered$ Eessndidl)y $titir1 Ocblaray) are coydsated ect i ng
the of f gas i@ IBREDSA SARIHh Win ndinf SARNITREF LaRENs BRe ol ecul ar
hydrogen thus renoved can be recycled fully or partly into reaction zone A
(appropriately as a constituent of the reaction gas A charge gas m xture).
Alternatively, it can, forpepanple, 102966%dnmulgeed in fuel cells. 127.37
kg/ h ofisabsorbate whi ch haygpgieReessur g.2a%, hdvduhar and a tenperature of 40C

ethane 0.16% by volume,
methane 0.41% by volume,
H; 4.13% by volume,
O, 0% by volume,

20 N2 64.9% by volume,
H20O 0.38% by volume,
CO 0% by volume, and
CO; 1.25% by volume.

25 At the top of the propane scrubbing celumn, 120.32 kg/h of technical tetradecane from
Haltermann, Germany (as described in il.) are introduced with an introduction
temperature of 30°C (P = 10.50 bar).

At the top of the scrubbing column, “propane-scrubbed” product gas A (offgas})
30  escapes, which, at a pressure of 10.50 bar and a temperature of 30°C and an amount
of 8.06 m3 (STP)/h, has the following contents:

propane 0.02% by volume,
propylene 0.01% by volume,
35 ethane 0.14% by volume,
methane 0.56% by volume,
Hz 5.79% by volume,
02 0% by volume,
N2 91.0% by volume,
40 H,O 0.40% by volume,
CO 0% by volume, and

CO, 1.07% by volume.



are withdrawmn fromthe bottom of the "propane scrubbing colum which is
neither cddf 8803%or heated externally. It conprises 3.83% by wei ght of
propane, 1.54% by 15 wei ght of propylene, 0.1 % by wei ght of ethane and 0.1
% by weight of CO2. Before the absorbajg, is conducted to the top of the
downstream desorption colum, it is deconpressed to a pressure of 2.01 bar
(for exanple in an Inverse punp or by neans of a valve; the nechani cal

ener gy rel emagthdirect At RGHRNGE ab BReAdWVRISEELIIITEN p@du@t@@&@p&dr@habu cut s0 used

Lo T eComDr a5 RSAhE S ind 15FL,0 éd@éo%ggsﬁrptalﬂfa 500 d0ecalamp (L he

liquid efflu on-col'um %FJ reo tained is
conduct ed itRtée; H@Qj‘@éﬂs}aﬁepdw%dﬂ%w'%ﬁra neoripginerpigddp e flage. @@%tmesw)/ h of

ai r conpr essfgds lsodea:ompemad 6t by Be @Ppilopriatewdni thé irdaatrial sdald o ramb@ thear e
conduct ed if&ac i bt FRILITTHS LArPM Sffoctodt rtRBmie, By SandamgPacki no)
as 25 strlggﬁg o omln%:ﬁ%cc{ﬂ%rcurr% habsor ate
descendi ng ‘¢ 8 qsntgarp BinesRRAIGHAY A% Pirendy AFsEihed: THe Molery 3(5 "PEERNt of

t he desor ptthemresivedeal bemecyzlekigwﬂy)onperttyomprrm:ed zboe R (anpromﬂatsf@ dsa by
means of ad@:HQ‘ﬁ%u@fﬂQ}ftr%frbﬁétrdn@sr@&ﬁarﬁé)ﬁéé Rektite]. AieeRtilalg iv@inetor ekaepR! ed 30
at a te,lzgperbatu OL&(Q’S geg '[? propane absorption at the top of the propane
scr ubbi o) HESHHEF G col um). At the top of the desorption col um,
11.64 nB (STP)/h of gas m xture escape at a tenperature of 33C and a
pressure of122 kg bt atsbebatdwhich hkosh Peess ot FNOS baranaropaperalire 33 %oty

| 3.93% b
X& 3$ 0 a}\gWgQE@Wﬁ f%Mq%yboYt%“cﬁ% f?@@g%c%b%é c@ﬁr?(r%”%ﬁ sbné?t%e iy ané
PF 58025 1(@olegger beﬁsd/oebsemﬁdi? Jheomprisgs ﬁ@t" o R weiobk et riprRRNan! tH % Pk am
I ncr easiés tvrdghtafpapaieue 0. 0% Hyheeigiaof pihahaied 001 % b 0Eight bf SOp.BEforeshd he

wor ki ng prea%%&(b%téu@ c&ncﬂ}ctéb%)the ;}Er?‘tr?e &ﬁﬁns@eﬁ;‘n%e%oip%o%@lﬁnﬁslt iaction gas B

starting m xture reaction zo B whi ch has
Dhe Samg odebRMBIeSSaL oA BESR BT P01 R oL GHIERET IDSIh BUBP o RE MeaTs) v ot

charge of tdie vaivestheanéalaticalreretg@yeleased vl tbe tase ofdhe irﬂentse PB® s (STP)/h. The
salt nelts ﬁ%habélw\ﬁécgbéeootfa %reé@%é&)’béﬁ@ﬁg@& of%Pro ,the ag/ﬁol?;)(tldfﬁl ght of
NalNGB) zlaave umn {the llquvg efﬁuenq ? ecd%sorp r%a tr:glumn?) The éphasu: mlxture obtalnedcls

conducted into the desorption column at the top thereof.

8.00 m? (STP)/h of air compressed to a pressure of 3.00 bar (which heats it to 175°C)
are conducted into the desarption column {likewise a column with random packing) as

25  stripping gas from the bottom in countercurrent to the absorbate descending from the
top of the desorption column.

The liquid effluent of the desorption column (120.32 kg/h) is compressed back to

10.50 bar by means of a pump and, after indirect cooling with cooling water, recycled
30  at a temperature of 30°C fo the propane absorption at the top of the propane scrubbing

column (absorption column).

At the top of the desorption column, 11.64 m3 (STP)/h of gas mixture escape at a
temperature of 33°C and a pressure of 2.01 bar, and the following contents;

35
propane 21.33% by volume,
propylene 8.99% by volume,
ethane 0.07% by volume,
02 13.83% by volume,
40 Nz 52.6% by volume,
H.0 1.53% by volume,

CO 0% by voiume, and



Tc = 265C TD = 266C 15 Reaction gas B | eaves the internediate cooler in an
anount of 1AF 68028 (STP)/h with a tenperature of 260C, a pressure of 1.68
bar and the foll owi ng contents: acrolein 7.51 %by volunme, 20 acrylic acid
0.51 % by vol une, propane 21.3% by vol l'l{)?re propyl ene 0.53% by vol une,

et hane 0.07% by volume, 02 3.92% by vol 25 N2 52.52% by volume, H20
10. 81% by vol une, CO 0.38%®y vol une, Gt bgeRlumed3% by vol une. 30 2.17 nB
(STP)/ h of air conpressed to 3 bar in a radial corrpressor (which heats it to

175C) are thr tled nt.r rature of
the Teacti g ReH GRS ’P?ee“%'l!”c%ﬁ%ﬂé%tr%aaﬁ%géﬁe Clrslty 8 UraBres MERENST e
pressure of14P’ éthtﬁa'ﬁduq%dh%l”@rwg Rreasyig te-1 Qi@aﬂ) (STP)/1h). 35 The product
gas m xtsure of the second oxidation stage (product gas B) has a tenperature

of 270C an I ol ein

S o505, BRIl il g A5

vol ume, HFEIRA TERCEAVZIRE B fpﬁlm?éﬁﬁléc tore A5 #yrabllume, PF 58025 109
et hane 0. 06% by vol une, 02 2 95% by vol une, N2 58.0% by volume, H20 10.0%
1(331/3"?2“”9 'ﬁﬁe lefefo bflg tgl H‘r@on%a ai%@ch g?éth@‘}or@tlbhd‘é%r\lé‘fﬁ egm%@?ir?bed
in WO 2 04/ Tﬁi"l esalfi e L“f&(‘ﬁ(" Sh‘af é‘nN(Cg %‘@@@m'@‘q}éﬁ&&'o@M chael
adduct s) etT(%)JyweegfﬂeﬂNaﬁOB)didm@e foilmnng@naam@rtewemﬁurehe second col |l ecting
tray above the feed of product gas B into the tray col um,

Ta=329°C Te = 330°C
Tc = 265°C Tp = 266°C
15
Reaction gas B leaves the intermediate cooler in an amount of 11.66 m3 (STPYh with a
temperature of 260°C, a pressure of 1.68 bar and the following contents:
acrolein 7.51% by volume,
20 acrylic acid 0.51% by volume,
propane 21.3% by volume,
propylene 0.53% by volume,
ethane 0.07% by volume,
02 3.92% by volume,
25 N 52.52% by volume,
H:O 10.81% by volume,
co 0.38% by volume, and
CO: 1.43% by volume.

30 2,17 m3 (STP)/h of air compressed to 3 bar in a radial compressor (which heats it to
175°C) are metered (throttled) into it, so that the entrance temperature of the reaction
gas into the second oxidation stage is 252°C at an entrance pressure of 1.68 bar
{acrolein loading = 110 | {STP)/I+h).

35  The product gas mixture of the second oxidation stage (product gas B) has a
temperature of 270°C and a pressure of 1.55 bar and the following contents:

acrolein 0.03% by volume,

acrylic acid 6.62% by volume,
40 acetic acid 0.2% by volume,

propane 18.51% by volume,

propylene 0.46% by volume,



15 2. 82 kg/h of condensed crude acrylic acid are wi thdrawn, which have a
t enper at urBF 88025 5C and 96. 99% by wei ght of acrylic acid. After addition of
a small amount of water, this is suspension-crystallized as described in WO
2 00410 3 5 5 1 4, the suspension crygggls are separated fromthe nother
liquor in hydraulic scrubbing colums and the nother liquor is recycled
into the condensation col wthaes describegfeiby WD 2004/ 035514. The purity
of the washed suspension cpystals is > 88.%%vohimeei ght of acrylic acid and
is suitable imediately fo,(‘2 t he pr eparsast.q%rbyqjoldp@é'er- super absor bi ng
polynmers for use in the hygl ene sector. e anopunt of acid water condensate
which is withdrawn fromth&@Qhird col I@c@%r‘?@"ﬂ'ﬁ'ﬂﬁ* 25 above the feed of
product5 gas B into the cond@nsati on cdl.52f byrnvalunss,matl recycled into the
condensation colum is 1.04pkgl h and hpgsq HygaResat ure of 33C It is
| i kew se fed to residue incineration. At the top of the condensation
colum, 11.16 nB (STP)/h of residual gas |eave the 30 condensation colum
Wi th a tenpedattigae Eoft 333nHSd Pihpisdeastionalip condeBed ir a iray celken asol | owi ng
contents: dJHseRBEEinANOO0% g5y ume, propyl ene 0.46% by volume, 35 02 3.54%
by volﬂge, N2 69. 75% by volume, H20 1.76% by volunme, CO 0% by vol une, and
02 1. %Ttg%vol ume. 40 The residual gas in its entirety is conpressed to 3
bar (this g4 qfthighdooilers (pplyagidic agids adducts elcrare il fodesidugat
exchange whé¢iRedatigfluct gas A conducted out of reaction PF 58025 110 zone A,
recycled into reaction zone A as residual gas cycle gas (as the notive jet
for the jet punp used for dehydrogenation cycle gas fl OV\?]. 5 VII. Second
conpar at i VEo@Barpeeongicoliegling dis¥ abpve thefaerhel RigILRt o Bdntadheitrey 6 ™pBr opane (a
st eadylSoped.&2 kgrh of taridensed cede actytc jciRaerwittaitawonehigh bavesa Engpeodtusmof
adi abat | ¢ aldnolde/de By WRRAI Of ackiibcR e CARIOPAS soidilabatih obgennose
configurat,|on corresgonds HI'O érhed Il’@t f"?,\@g Qf‘ﬂoiﬁﬁ | 1 flow direction 10
in the tréb'sf%ﬁ‘fﬁpws' Dgsiallizedas dRRed e néoa | PESHSBSIAMal propane
dehydr ogerraystala aressaparate@ fiomubhe mothardquatimhydraelicciosebhing eiymng@nd fhess wi t h
?ehlydr ngr}ﬁéth_@ﬂiq‘@:ﬁﬁﬂs?e@@%dﬂﬁtd&he dhRicheatEntIuhn hb_eesdriawlngwunt of ﬁat glgy;tg
cal cuJa ri r r | : :
8 (S | % o*raggﬁc‘% ifSEepé’fe{?%iﬂ'g%%?é%ﬂeedgé’éB‘?r]rpsﬁqﬁ‘:frg&?'é?%%té? 3?3 ‘?r]&&f“gggé o 456C;
P acrylic acid and is suitable immediately Tor the preparation of water-"superabsorbing”

polymers for use in the hygiene sector.

The amount of acid water condensate which is withdrawn from the third collecting tray

25  above the feed of product gas B into the condensation column and is not recycled into
the condensation column is 1.04 kg/h and has a temperature of 33°C. It is likewise fed
to residue incineration.

At the top of the condensation column, 11.16 m? {STP)/h of residual gas leave the
30 condensation column with a temperature of 33°C and a pressure of 1.20 bar and the
following contents:

propane 22.06% by volume,
propylene 0.46% by volume,
35 02 3.54% by volume,
N2 69.75% by volume,
H.O 1.76% by volume,
CO 0% by volume, and
CO; 1.43% by volume.

40
The residual gas in its entirety is compressed to 3 bar (this heats it to 131°C) and, as
described, after indirect heat exchange with product gas A conducted out of reaction



= 2.82 baré are fed to the shaft furnace reactor and have the foll ow ng
contents: PO58Pdpane 19.31 % by volume, propylene 3.82% by volume, ethane
0,11 % by volune, nethane 0.33% by volunme, H2 4.27% by volune, 25 02 2.14%
by volune, N2 62.72% by volune, HO 3441 % by volume, CO 0% by vol une,
and CO2 1.22% by volume. 30 Reaction gas A charge gas mxture is a mxture
of a firstzqe.fsgeemiaddnoyeagtiograna A asdesddal o cyde 98s (astby Imotivg el foR xt ure
whi ch i s ofbegtpaehphyseddomdanyi@gehationwycigas fiowxt ures by nmeans of a static

m xer. 35 The first gas mxture is a mxture of 0.013 nB (STP)/h of steam (T
= 134C, P = 3 bar), 1.05 nB (STP)/h of crude propane which conprises
propane (fresh propane) to an extent of > 98% by volunme (T = 122C, P = 3.50
bar) arid 0. 6¥In8 (SEdend kombarative exdraple ohy gpraxges fof preparipg acyBeedid fwol unme; T =
35C, P = 2.20 bar) - j i a m xture of 10.93 nB
(STP)/h of dehydr o%gﬁgﬁ %n%éa???@@%é@@??‘i“s?fé‘%@@ - 40 2.82 bar), 10.52 n8
(STP)/ h of conpressed residual gas cycle gas (P = 3 bar; T = 455C) and 0. 65
8 ( STP) / hRedctioo apnedzedsigisrof @I adiabaisGhaft furngce ceastar withrpseeied] 1

| ndi rect headiysrelan@ee WobiyubitRf oregshdé t6 MRAUSIIREd BBY traf i RACHrilioAone A

and in, 4 he i reaction zone 6 establishes the tenperature of the
corrpre1sésedmr“gé‘sfr%‘aﬁag{aéﬁémc@cI e gas of 455C. 5 The dehydrogenati on cycl e gas

flowis effected by the jet punp principle (cf. DE A 102 112 75), the
conpr e?] S edT heelsetaitogbengasyoutd |z eg asirtive brapand 8oy droesiation Isngarmées! dutén theot | ve
jet. The c r I 1 Xt ure.
The bed hei trS%?ﬁ&ﬂ g'h-? 'Fﬁi%d%té’ﬁg‘f‘%?f&%égﬁ%t{"ﬁ%%'b?’ﬁrggfj&ﬁ‘ bﬁé"td7I ﬁg’ngg)zgﬁeixon gas
A charge tﬁ?%' gRSuRY ot catadyst @a?H@FP‘{‘N'gtO”bF‘SHU tegalswith P&E@Bé'st his catal yst bed
wi th al& enfs®0d{&TR)\ef. 546C and a pressure of 2.39 bar with the follow ng
contents: propane 14.60% by vol une, propylene 7,84% by vol une, 15 ethane

0, 0, 0, 0,
8 6|23r<%by Vﬂ.%rr?ﬁ (§CFﬁ)%aQF reg(:t%(r)\ é’a% c\:/h%lréjengés m&'%urg '(s?tgrt/lon8¥ni;{tgnl'el;J e 456Q%; B/O by
’ = 2.82 bar) are fed to the shaft furnace reactor and have the following contents:

20 propane 19.31% by volume,
propylene 3.82% by volume,
ethane 0.11% by volume,
methane 0.33% by volume,
Ha 4.27% by volume,

25 02 2.14% by volume,
N 82.72% by volume,
H:O 5.11% by volume,
CO 0% by volume, and
CO2 1.22% by volume.

30

Reaction gas A charge gas mixture is a mixture of a first (1.69 m® (S§TPYh) and a
second (22.10 m* (STP)/h) gas mixture which is obtained by combining the two gas
mixtures by means of a static mixer.

35  The first gas mixture is a mixture of 0.013 m? (STP)/h of steam (T = 134°C; P = 3 bar),
1.08 m? (STP)/h of crude propane which comprises propane (fresh propane} to an
extent of > 98% by volume (T = 122°C; P = 3.50 bar} and 0.60 m® (STP)/h of molecular
hydrogen (purity > 99% by volume; T = 35°C; P = 2.20 bar), and the second gas
mixture is a mixture of 10.93 m3 (STP)/h of dehydrogenation cycle gas (T = 546°C; P =

40  2.82 bar), 10.52 m? (S8TP)/h of compressed residual gas cyciegas (P=3 bar, T =
455°C) and 0.65 m3 (STP)/h of compressed air {T = 175°C, P = 3.00 bar).



N2 61.44% by volume, 20 H20 9.19% by vol une, CO 0% by vol une, and CQO2
1.19% by veF 68@25 The | eaving anount is 24.29 n8 (STP)/h. 25 A flow divider
di vi des product gas A at the outlet of the shaft reactor into two portions
of identical conposition. The first piﬂion is 10.93 nB (STP)fh and the
second portion is 13.36 nB (STP)I h. Th 30 first portion is recycled into
reacti on ZodieecAhast exchamgst withugnotiudfgat Hecandactied ont gflasadtionchae gearghis thg xt ur e.
For the puiiRRsh QFreQ&rbYaQroﬁg@@été@n@h@é’&le%tﬁﬁérafdr@ﬁf ®k cbhﬁsrédsééfresuﬂlﬁlt' on, a
jet punp is o e ate f%g e conpressed residual gas cycle gas heated as
descri bed ¥ Y qfflﬁtl jet, the conveying direction of the notive jet
deconpressed through a m)tl ve nozzle via a mxing zone and a diffuser

poi nti gy i The dehylidgesiticicyefe dakdioRSs @ﬂédt@@ﬁ?tﬁerj‘egadmﬁtﬁridmle IINBEA, and the

suct i o 1g2h 157 Wled h LUEAILLRGH 80 ool LOE sel s LA 40the

product gas connectlon
forning t HEC® &t EBRRRBPIasEed Aihis ‘B%tﬁﬂﬁé’efﬁ'r?w&d)f'mostf‘e &ﬁu{fwaﬁmtswpr oduct gas A

to be recycled and the access to reaction zone A. 40 The second portion of

product gafnehddh %ﬂ%@%ﬁﬂe&%taﬁfst bERRSQNth ﬁbﬁtﬁé‘%aﬁﬁ’&lﬁ‘éﬂ@ha #30C in an

i th Clirpreap ur%e.s@»aéﬁha@an"sewaé Alvesh Fﬁw@%ﬁ#%‘“ Socr 52 oe

58025 112 $48°0@nbarpregsungofd B8R bagwitr é@s‘ulmlmgscmwntl ally retained). Th| s
heats the residual gas cycle gas to 455C and reduces its working pressure
to 2.82 bar. Subsequently, %Br oduct gas fbsdc/'s cooll ed to 220C in a second

i ndi rect heat exchange propane BBB@H product gas A (9.06 n8
(STP)/h; T = 30C, P = 10. EIUOD)A$T)9 whi7c®d % Sy omine aneousl y acconpani ed by a
reductison in its working ptegsure to 2 24 barvoluid, s heats the

"propane-scrubbed" product (als o0 hereinafter as 10
"offgas") to 300C and chang g@&ﬂ‘? be@*} %&ggglﬁeé to 10.10 bar.

Subsequently, the offgas 'ts deconpre&'écg’/ﬁ’b’d RYTE: 10 bar to 3.50 bar in the
first expansion stage of &; nmultistag@%kpaolsmen turbine, and cool ed at the
same time from 300C to 18%¢ The Off%&}544|cy§6 Lokmehe first expansion stage

is th conducted in |nd|r t heat ex t he product gas A at 220C.
The | & er essentially ret"gzl%ns its mﬁﬁ%’g%p@@mﬁe and is 15 cool ed at the

sane time to 219C. This héd®s the of f gésbygoltg@Cami t h substantial retention

of its working pressure. Thg, offgas is {denygerpEpressed to 1.23 bar in the
second expansion stage of the nultistage expansion turbine, which cools it

to 88C. The offgas is then fed to residue incineration.
The leaving amount is 24.29 m? (STP)/h.

25
A flow divider divides product gas A at the outlet of the shaft reactor into two portions of
identical compaosition.

The first portion is 10.93 m? (STP)/h and the second portion is 13.36 m3 (STP)Y/h. The

30 first portion is recycled into reaction zone A as a constituent of the reaction gas A
charge gas mixture. For the purpose of dehydrogenation cycle gas flow of the first
portion, a jet pump is operated with the compressed residual gas cycle gas heated as
described as the motive jet, the conveying direction of the motive jet decompressed
through a motive nozzle via a mixing zone and a diffuser pointing in the direction of the

35 entrance into reaction zone A, and the suction nazzle pointing in the direction of the
first flow portion of product gas A, and the “suction nozzle — mixing zone ~ diffuser”
connection forming the scle connecting line between the first portion of product gas A
to be recycled and the access to reaction zone A.

40  The second portion of product gas A is conducted out of reaction zone A and cooled to
330°C in an indirect heat exchanger disposed downstream of it by indirect heat
exchange with compressed residual gas cycle gas (10.52 m?® (STPYh; T =135°C, P =



20 Product gas A at 219C and 2.21 bar is subsequently cooled first to 60C in
an air- coBF&B0RBdi rect heat exchanger and then to 39C in a cooling
wat er - cool ed i ndirect heat exchanger. By neans of droplet separators, the
wat er whi ch condenses out in the courﬁﬁzof the coolings is renoved (0.68
kg/ h). 25 The remaining 12.52 nB8 (STP)/'h”of product gas A are conpressed to
4.81 bar i 8.00har) (therwtrkingmpessssois essardiallofetained)| This hagte theaudisauacgagr essor .

Thi s heat scpodicl, 4sca dfrédmb§ﬁ§wbﬁiir§]god§r@ss§é”ﬂ§2@§%ﬂ y, product gas Ais

cooled to 54C by nmeans of air in an indirect heat exchanger and the water
whi ch condenses out (5.7 glh) is renoved by neans of droplet separators. In
a second c&ubsessnih pridaglgastAis qooleditnizRg (1. s3eaepd JuliedlTiRpl Bxdtanpe oduct  gas
A ar 2 tcymiguﬁﬁ S@Gpér?b_-é&umdﬁafqduaﬁma% A @_.@ssm(sm)ﬁq TV Brd)@et 1080 ,ﬁ’@f)' pr OFIuct
gas 0 . ng. W ir in Lndir , en cool s

o oduct | gadgny yauhpekllsbieRimonla Byl el Yo B AR K ool g

wat er cool 8-21thart o 29C. By neans of droplet separators, the water which
condenses out in the course of the coolings is renmoved (0.28 kg/h). The

12. 17 nB8 (] t_@ﬂ,} ' n j I | e wor ki ng
pressure |§H}§¥segtr?? {T%E{@ il S&SWEQ‘?)Q%EFA e(%lggﬁrgtelr:riegégﬂléﬂr?& c?ﬁ?qgél ower

por ti of? of f9es) PN cHARRES SHRKIRG Preaseie toddntdharsSuhseausntpdife 16. 0%
by vol une, offgasdp peemepr8s@@fdmy 10.0D baeto 3.80bart in dmefidt @¢Enbipn vEgarmé a net hane

0.77% by vehlidhge eﬁ@%ﬁ’sicﬂnﬁ%me, WAL ¥BBled BFthe@@dt thlSfroMa08%e Ry 182CumBe N2
67. 48% by 1.31 %

vol u , 0.0.39% by volune, CO 0% by.volune, and co2
by vol urre. SESFaYInG 156 St EXRATAGSRRE '8 e ALC Bt RO heBtRxeRaneF
techni cal tetpredist aaeAfat 83¢°C-dhe eatienassenalymatany itesversipgmiressdra and is. ) are
It Et r ?dw e?cd@lléd‘at&ﬁe E%‘rhé BFHEh 200°C. tTeRsRtadd w.b%f@fa% e vﬁthle{bb%fénhar ) - f ]-}0 A;

e top o : | cOo ~pr ne-scr N : of f gas
cscapes, WL Mo Rheipis. 118 BBAPE e A8 BB B ol an
anount  of SELoDE exBANSETHagE ofiiae MuKistags|axpansien worire yhich amlisit p3hée. 0. 02% by
vol ume, pTieppfigds thedFedidresioé itheratehhane 0. 22% by vol ume, nethane 1.04%
by vol une,

20 Product gas A at 219°C and 2.21 bar is subsequently cooled first to 60°C in an air-
cooled indirect heat exchanger and then to 39°C in a cooling water-cooled indirect heat
exchanger. By means of droplet separators, the water which condenses out in the
course of the coolings is removed (0.68 kg/h).

25 The remaining 12.52 m3 (STP)/h of product gas A are compressed to 4.81 bar in the
first compressor stage of a multistage radial compressor. This heats product gas A
from 39°C fo 108°C. Subsequently, product gas A is cooled to 54°C by means of air in
an indirect heat exchanger and the water which condenses out (5.7 g/h} is removed by
means of droplet separators. In a second compression stage, the remaining 12.51 m3

30 {STP)/h of product gas A are compressed to 10.50 bar. This is associated with heating
of product gas A to 126°C. Cooling with air in an indirect heat exchanger then cools
product gas A first to 54°C and then indirect heat exchange with cooling water cools it
to 29°C. By means of droplet separators, the water which condenses out in the course
of the coolings is removed (0.28 kg/h). The 12.17 m? (STP)h of product gas A which

35  now still remain (whose working pressure is essentially stilt 10.50 bar} are conducted
into the lower portion of a column with random packing. Their contents are:

propane 16.0% by volume,
propylene 8.60% by volume,
40 ethane 0.26% by volume,
methane 0.77% by volume,

H: 4.17% by volume,



Hz 5.59% by vol une, 20 02 0% by vol unme, N2 90.60% by vol unme, H20 0.39% by
vol une, (PFG80RYy volune, and CO2 1.12% by volune, 25 After indirect heat
exchange as al ready described with product gas A conducted out of reaction
zone A and mnultistage deconpression toﬁ 23 bar in a multistage expansion
turbine, the offgas is fed to residue i Zineration. Before the offgas is
deconpressed, it may be afpropriate obfithyeoluntiystrial scale to renpve the
nol ecul ar hydrogen present 30 therein. g7hgs bg%l,_p@e’effect ed, for exanple, by
subj ecting the offgas to a r@rrbrane 888&;3{)/' %n as al ready described, The
nol ecul ar hydrogen thus reffved can belS7 RN &ﬂnq"ully or partly into
reaction zone A (appropriab®y as a cobfbtiytveme @hdthe reaction gas A
charge ggas m xture). Altergatively, ityg8an nyfvdlungxanple, be conbusted in
fuel cells. 35 121.93 kg/ h of absorbate which have a pressure of 10.5 bar

and a tenperature of 40C are withdrawn fromthe bottom of the "propane
scr ubbi ng Adhaier ofithe erepage geiubbieg cowawl 4#5-88 kohhteshnisal tetradgcape fiom

conpri ses RalleHiiaby, Geingnl (8 dédorpen®, (1. lareintoédoyed with @htintedouptiaopy| ene, 0. 01 %
by wei ght @an%hél&%eof%ﬂ% Qg%éby emei ght of CO2. Before 40 the absorbate is
o't f the ’

conduct ed e top o bvmbs eam desorption colum, it is
decorrpTQassed to a pressure of 1.98 bar (for exanple in an inverse punp or by
means of At thaltapeof thdecrbisihgooloadn, fmepaye-scelbbadeploductigas Ac@fgas)f t he i nverse

punp is PRog804s whidh, a?QPFé&QﬁFe%f%)Soada?Qnﬁ'%ﬁéinb&afﬁ&@%ﬁ“@%d@ﬁ%@@ﬁtt freed
of pr opaneeﬁ%)goéb e ggég_lr E’iﬂl ?'{lﬁf ﬁol.urm élt he l'iquid effluent of the desorption
col um)). MAAREA. s G 2"AMPACPHEENSS  conducted into the desorption
colum at the top thereof. 5 7.88 nB (STP)Ih of air conpressed to a pressure
of 3.0 bar (which heats igropnd 75C) @02%e9N@NBIeLd i nto the desorption
colum (likew se a colum w ndom ?,E/(i stripping gas fromthe
bottomin countercurrent t%m%’ﬂgﬁe:bsor bda)l °c?gg)8%ﬁ%'ng fromthe top of the
desorption colum. 10 The ¢thaig d ef f | UbAR%dY Yol &desor pti on col urm (115. 94
kg/ h) is conpressed back tmethdfe50 bar1.yemadkned, a punp and, after
indirect cooling with cooljng water, rf%‘%'bgq/oluﬂ’ie a tenperature of 30C to
t he propane absorption at the top of t ;)e propane scrubbing colum
(absor%ﬂfi on colum). 15 At9the top of hEYye%BiEpti on col um, 10.97 nB
(STP)/h of gas m xture eschdpe at a taf@abyrveluoie, 33C and a pressure of
1.98 bar, and the foll ow ng,ceontents: gago, by volume,
CO 0% by volume, and
CO; 1.12% by volume,
25
After indirect heat exchange as already described with product gas A conducted out of
reaction zone A and multistage decompression to 1.23 bar in a multistage expansion
turbine, the offgas is fed to residue incineration. Before the offgas is decompressed, it
may be appropriate on the industrial scale to remove the molecular hydrogen present
30 therein. This can be effected, for example, by subjecting the offgas to a membrane
separation as aiready described. The molecular hydrogen thus removed can be
recycled fully or partly into reaction zone A (appropriately as a constituent of the
reaction gas A charge gas mixture)}. Alternatively, it can, for example, be combusted in
fuel cells.
35
121.93 kg/h of absorbate which have a pressure of 10.5 bar and a temperature of 40°C
are withdrawn from the bottom of the “propane scrubbing column” which is neither
cooled nor heated externally. It comprises 3.14% by weight of propane, 1.61% by
weight of propylene, 0.01% by weight of ethane and 0.09% by weight of CO.. Before
40  the absorbate is conducted to the top of the downstream desorption column, it is
decompressed to a pressure of 1.98 bar (for example in an inverse pump or by means
of a valve; the mechanical energy released in the case of the inverse pump is



propane 17.77% by vol ume, propylene 9.53% by volunme, 20 ethane 0.11 % by
vol ume, ORF 580Z31% by vol ume, N2 54.91 % by volunme, H20 1.59% by vol une.
CO 0% by volume, and 25 CO2 0.55% by volune. Indirect heat exchange with
steam increases the tenperature of the ggs m xture to 140C (this reduces
the working pressure to 1.88 bar). 30 1 I's gas mxture is used as reaction
gas B st arapmopristely alse useth &y meompeseiakserbet ftegd of pamgeein theatesprptiozone B

whi ch has tdaens aRB liglib eRfughtofase 8rptidniBilntny). TitR SRR RiRfird 8Bdined i©f t he
cat al yst chardget ﬁf. ”the (1;| rst. OXI@@"[I thﬁ%&ﬁﬁil?%fsel ected to be 130 |
(STP)/ h. THEEEEH MR e0es85410B 70 rbﬁt Bi° o40% by weight of NaNC2, 35
7% by wei ght of NaNOB) have the follow ng entrance tenperatures: TA = 323C
TB = 32%/C 788 nv (80Rh bpaircafbresddl Bﬁ%hmegas.oabbem héwds ithd €730l at e

o esour e ofre £oRga flo AR tBorBlion Sy uteish F ool BEREE oM Boodidse
7.98% by VvETRRIRG SasiEemp|the beftary incoyaty Girens fo the abserpatesnscardingg By ol une,
propyl ene ©@pabtehieseqitioneoclumnet hane 0. 1% by vol ume, 02 3.92% by vol une, N2
54.82% by vol une, H20 11.44% by volune, CO 0.41 % by volune, and 10 CO2

‘ : . .
corpr et or RIS e ceebPlobey o TR b ket GamAiererpaphio 11 so
t hat the etlSGbaevteeqe eftamenméand, lafter ipdicedt cnolingawith etoting wetes,gecynledoxi dat i on

stage is 2zl Ra th&Bropbié BcrlbBiAg g =
1101(STP)/ai:{ %ﬁgﬁﬁe%%b@@?@%@%ﬂ?gbgc]‘érptﬁ%rgitstecgonpégfoﬁ?g&% ion srt ageg

h) . r.oduct
(product g%?é')'ﬁﬂ Eﬁ’ E%QO”PQ'H‘E@ ature of 270C and a pressure of 1.55 bar and
the followi ng contents: 20 acrolein 0.03% by volune, acrylic acid 6.94% by

vol umeis At the top of the desorption column, 10.87 m? {(STP)/h of gas mixture escape at a
temperature of 33°C and a pressure of 1.98 bar, and the following contents:

propane 17.77% by volume,
propylene 9.53% by volume,
20 ethane 0.11% by volume,
O3 14.54% by volume,
N> 54.91% by volume,
H.O 1.59% by volume,
CO 0% by volume, and
25 CO: 0.55% by volume.

Indirect heat exchange with steam increases the temperature of the gas mixture to
140°C (this reduces the working pressure to 1.88 bar).

30  This gas mixture is used as reaction gas B starting mixture (charge gas mixture) to
charge a reaction zone B which has the same structure as that from Il

The propylene loading of the catalyst charge of the first oxidation stage is selected to
be 130 1 (8TP)/h. The salt meits (53% by weight of KNO3, 40% by weight of NaNO;,
35 7% by weight of NaNO3) have the following entrance temperatures;

Ta=323°C Te =327°C
Te = 262°C Tp = 265°C

40 Reaction gas B leaves the intermediate cooler in an amount of 10.99 m3 (STP)/h with a
temperature of 260°C, a pressure of 1.67 bar and the following contents:



acetic acid O 21% by vol une, propane 15.25% by vol une, propylene 0.48% by
vol une, 25PRb8fe 0. 09% by vol une, 02 2.95% by volune, N2 60.31 % by

vol une, H20 10.49% by volunme, CO 0.55% by volunme, and 30 CO2 1.69% by

vol une. Product gas B (12.79 n8 (STP)/lp) is fractionally condensed in a tray
colum as described in WO 2004/ 035514. %5 13.8 g/h of high boilers

(pol yacrylic acids (M chaetcrelgiuct s) €t98% byvelumsd to residue incineration,
From the second col | ecti ndadryiRyacrbove d.4563% beedivgfe, product gas B into the
tray colum, 2.82 kg/h of é ensed cy. Agg\gg,h' & acid are w thdrawn, which
have a tenperature of 40 e Ehd 96. 9 %D rght” of acrylic acid. After
addition of a small anountPrepyieRg er, thv&k; §V§l&‘gﬁensi on-crystallized as
descril®ed in WO 2004/ 03551sthariche suspéntidy volunyst al s are separated fromthe
not her |iquor in hydraulicpgscrubbing codiemps 8nthd he PF 58025 116 not her
liquor is recycled into t condensatigon ¢ Eurm as described in WO

2004/ 035514. The purity ofY% he washed 5&312;{3 % VOHMEr ystals is > 99. 87% by

wei ght of acrylic acid andQ s suitablld.44¥rbyivalteley for the preparation of
wat er - " super absor bi ng”  patgners for yserd Byibenitygh@ne sector. 5 The anount
of aci g water condensate Lch is vvith‘dég@yvg frlomthe third collecting tray
above1t e feed of product % 8 into the @8Nd&NESti on col umm and is not
recycled into the condensation colum is 1.06 kg/h and has a tenperature of
33(:d It 1 2.29 keVETR)/ 6fthir éd@nﬁréﬁedgje 3i2e i Farfidl @BmpAdd séit (wihivh Heaps iofo t he
condensat i G : STF r v -
condensat i @% @g%rg %t\?\#} ﬁ%ﬁ"tﬂg@g@rxé‘; éc?@?gye%kggﬁ%tegﬂ%rr éetg%ucﬁéﬁ%%af‘% bar and
the fol | dASAYodBMeesnd oxidstion spamis 264° G ebemeniancamEessurs el feh?d 0. 49% by

vol umels  (3crdlerBiiadivg wol10MeSTPNEN) 73. 32% by vol ume, H20 1. 73% by vol unme, 20
CO 0% by vol une, and

The product gas mixture of the second oxidation stage (product gas B) has a
temperature of 270°C and a pressure of 1.55 bar and the following contents:

20 acrolein 0.03% by volume,
acrylic acid 6.94% by volume,
acetic acid 0.21% by velume,
propane 15.25% by volume,
propylene 0.48% by volume,

25 ethane 0.09% by volume,
0Oz 2.95% by volume,
N2 60.31% by volume,
H;O 10.49% by volume,
CO 0.55% by volume, and

30 CO; 1.69% by volume.

35

40

Product gas B (12.79 m? (STP)/h) is fractionally condensed in a tray column as

described in WO 2004/035514.

13.8 g/h of high boilers {polyacrylic acids (Michael adducts) etc.} are fed to residue

incineration.

From the second collecting tray above the feed of product gas B into the tray column,
2.82 kg/h of condensed crude acrylic acid are withdrawn, which have a temperature of
15°C and 96.99% by weight of acrylic acid. After addition of a small amount of water,
this is suspension-crystallized as described in WO 2004/035514, the suspension
crystals are separated from the mother liquor in hydraulic scrubbing columns and the



CX2 1.51 %by volune. The residual gas in its entirety is conpressed to 3
bar (thi sPR&8085it to 135C) and, as described, after indirect heat exchange
wi th product gas A conducted out of reaction 25 zone A, recycled into
reaction zone A as residual gas cycl € 49@s (as the notive jet for the jet
punp used for dehydrogenation cycle gas'flow). US Provisional Patent

Appl i cat i methso liqBD18E2YEE] intd theccooderdation cggmnias deserdregan ¥@d into the

|olr3 esent ?mddf%rﬁammkyplhriw 6f thb WaRhEE5@pRALIBR cRBtaW ikl> IEgAL By tudigHof t
abovenen A el e . devi t he presen

i nventi onéﬁylgc %%%%ﬁ%‘se% ﬁ?tflggﬁﬁ eﬁuﬁgerl@?gﬂg %@s%%naé‘ﬁ %{gt a?%rég%gﬁe'bgti on,

wit hi n t heelyBsisdonyse iR dhapyHeNesteClarai ms, can be perforned differently from
the way described specifically herein. PF 58025 117 Wat is clainmed is: 1.
A Pr 0cesSThOLmBLARRBEANAG Bkl AR WindiEhA 18 e Wil cHiEciRaRFO! from
propane, In |??h % - at least two ase(F:)_us tg)lrﬁ(nz)_lgane-,corrpr|s eed
streams, BHOVRHNS FRegof Prodyist 935 It s GeaEeN AR ROIMME FRAdS NALTECHCF TR a fi r st
reacti on themendensabtiorh ovloma is €86 tkpbrargidwasss tefrPeratine of 8443.iloa likewiee fgd r eact i on
gas A is gqRgHsE ReinkdtgHgh at | east one catalyst bed in which partial

het er pgeneously catal yzed dehydrogenation of the propane forns nol ecul ar
hydroffgn and propylene; 15 - nol ecul ar oxygen is fed to reaction zone A
and, in ratbibeitemoizbecondensatidndioieen, 0. 5203 (STR)poofresiduad bagrisiaee thear  hydr ogen
present i gorideasdtiod Rolud@swith & GripRalte SNFE°C dptiRibess@asf A2BbEANEMIBPT | Ses
propyl eneou%igﬁ%&ﬁ%d steamis 20 wthdrawn fromreaction zone A, B) if
appropriaq e, In"arTirst separation zone |, steampresent in product gas Ais
renoved by condensation partly or fully by indirect and/or direct cooling of
produtd gas A to | eave a popghet gas 1836%by@biunte,a reacti on zone B, product

gas A or product gas A* i W t MBI nol ecul ar oxygen, to
charge at | east one oxida iogﬂggeéacto:b'{/‘m@%%yggur@écti on gas B conpri sing

propane, propyl ene and moPecul ar oxyg%ﬁf,300 yolumnte propyl ene present therein
is subjected to a heterogdneously cat#l.32%dy30lupm;ti al gas phase oxidation
to give acrolein or acryljygacid or & mgtyngunidier eof as the target

prodt%t, and al so productcgas B Conprd"}g'bg%olume, and
CO2 1.51% by volume.

The residual gas in its entirety is compressed to 3 bar (this heats it to 135°C) and, as
described, after indirect heat exchange with product gas A conducted out of reaction

25 zone A, recycled into reaction zone A as residual gas cycle gas {as the motive jet for
the jet pump used for dehydrogenation cycle gas flow).

US Provisional Patent Application No. 60/8027886, filed on 05.24.08, is incorporated
into the present application by literature reference.

30  With regard to the abovementioned teachings, numerous changes and deviations from
the present invention are possible. It can therefore be assumed that the invention,
within the scope of the appended claims, can be performed differently from the way
described specifically herein.



unconverted propane; D) product gas B is conducted out of reaction zone B
and, in aPE®&80RE 35 separation zone |l, target product present therein is
renoved to | eave a propane-conprising residual gas; E) if appropriate, a
portion of residual gas having the coqg sition of the residual gas is
recycled as a propane-conprising feed reaminto reaction 40 zone A, PF
58025 118WHa} isiakmimedé&par ati on zone |11, propane present in residual gas
whi ch has not been recycled into reaction zone A and from which, if

appropriate, an steam present therein has.been tremved beforehand partly
or tully by Aateress K PLPERAREIR g HOY LS DTG BrOLEh P B e: n has
been 5 renoveih Weithr ehand partly or fully by neans of a separating menbrane
is absorbed into an organic solvent by absorption fromthe residual gas to

form a propang;conprisi X .Qn V, the
propane is re%%ved fr%rﬁ}’%ﬁgpo;%s%rgggfj reg’%gﬁ%'%rfbnsr'@%ie%ﬁg%% iE"IrTf? bofﬁ'gﬁ"?} !laton zone A
as a propane-conpri si'AeptPaegodprigasiieshpiprance 8ia e §2a fikreRciomeenst Al east
sufficient nol ecul ar thystogesaction géAm i n reaction zone A that 15 the
anount of hydrogen oxidized to steamin reaction zone Ais at |east 20 nol %

of the amount of nol ecul ar hydrogen fornmed in reactipon zopne, A 2. The
procegg according to "M%Ch?rﬁ/o'\ﬁﬁ‘grr@?woatgaﬁé’azétw%@?éedg‘hf%qg %@é?t%ﬁ‘?ergy
generated by the oxi datalyshbed innmtigc phréial Hejetogey@mousiy catayzeiion zone A is used

to 20 heat gaseous fRerEEERAOR of B8 drpdrRaEIMONREINE KydPygdnHd ect  heat
exchange with reacti on%tg/?%eA or product gas A or reaction gas A and product

gas A as heat carri &f ' The process according to claim1l or 2, wherein
t he amount of hydrogen oxidized 25 to steamin reaction zone Ais at |east

ig no{#%6 of the arrguntmcfécuml?logp@é{ﬁrs fedodeaERA ZbAE MBshd, Th reB@&hiZoRe2Qne A 4,
€ process accordin [, r el un f en
oxXi d!ozed to steami %X'rd %ggta?fg%},tzaoﬁ%méi P%glteaﬂg%@fd?%%em?ﬁg?%%nﬂn @égﬁoam)unt of

mol ecul ar 30 hydr oge§2s &rl@steah andact i on zone A, 5. The process according to
claiml1l or 2, wherein the anbunt of hydrogen oxidized to steamin reaction

zone Ais from Zo'tOQ%FEE&’;@%“%%@@?%%@EY'%'%&B@% agrgysg%agrgmﬁgrfor med in

reaction zone A. 35 process a ) o0 clal ein the
amourd? of hydr ogen o¥tBfRFARE rqyreaclion?oNg Aeacti on zone A is from30 to 70
nol % of the amount of nol ecul ar

B) if appropriate, in a first separation zone |, steam present in product gas A is
removed by condensation partly or fully by indirect and/or direct cooling of
product gas A to leave a product gas A*;
25
C) inareaction zone B, product gas A or product gas A* is used, with feeding
of molecular oxygen, to charge at least one oxidation reactor with a
reaction gas B comprising propane, propyliene and molecuiar oxygen, and
the propylene present therein is subjected to a heterogeneously catalyzed
30 partial gas phase oxidation to give acrolein or acrylic acid or a mixture
thereof as the target product, and also product gas B comprising
unconverted propane;

D) product gas B is conducted out of reaction zone B and, in a second
35 separation zone ll, target product present therein is removed to leave a
propane-comprising residual gas;

E) if appropriate, a portion of residual gas having the composition of the
residual gas is recycled as a propane-comprising feed stream into reaction
40 zone A,



hydrogen fornmed in reaction zone A 40 7. The process according to any of
clainms 1 Pb &802%herein reaction gas B conprises nolecul ar hydrogen. PF
58025 119 8, The process according to claiml or 2, wherein reaction gas B
does not conprise any nol ecul ar hydrqI En. 9. The process according to any
of claims 1 to 8, wherein the product 3 s A 5 withdrawn fromreaction zone
A is used as #lchintasegzaatpe Zohe latprépemstpresent inorsidadligan whidhdiasrnatn r eacti on

S ol %6 of the st oo e achCSaGARYA B EOR AR neppRoa Bl 2 on i
0

separation zone | .Seaﬁborf‘i‘?nt%ﬁ?ée'ﬂﬁ)’ﬁﬁgggn a%&%gibﬁ&f%a”&ﬁ?%\f grcff’& W 1 to 8,
wherein at | east e@depksianfandie anymudenutar dydiegen preseodhereingbas Bdns renoved
bly _con@lintsat ifsonm;]fzens@@a_ fb?fc%r@tﬁbrﬁ}ﬁﬁ!ﬂ)ﬂorful(%y rﬁbﬁwwf@@?ﬁra%mgeﬁam@mm anydoft
cl ai ns o 8, eln a Q.r 0 n produc
gas B is renoved géfsoé%encg'gﬁos%??’%ﬁg'fqr?o'gg'étﬁya{qséﬁj%géﬁgﬁﬁﬁg%@cﬁ&#ﬁ%& f)dr ocess

according to any ®fMdA RPRaNetCEPMBINgAEOEIFE;ANEm 5 to 98 nol % of the steam
present in product gas B is renoved by condensation in separation zone I. 20

14. The proce a Wale LB ' r ki ng
pressure in r acﬁa%éﬂ;%ﬁg%%oﬁgw,?ﬁ%{itoﬁéﬁfg]rgﬁwg:g%&fra@?ﬁérﬁ%%é?%gg\g@ accordi ng
to anlPof clains EOYged o [GRAEHN FoNeH 2% §IPFRANGFOMPESRP RN appl y to the
wor ki ng pressures P in the different zones of the 25 process, determned in
each case at {pRheRfimees into the particular zone: Preac5on zone A >

Pseparation zone | > Preaction zone B > Pseparation zone Ik ¢ Pseparation
zone |1l > Pseparation zone |Iv > Preaction zone A 30 16. The process
according to axgiziog at lesishsufficiens mdecuididdiogemid steamman repetipmgene Adhatconbust ed
\tNl E hl 1wl eCUlt afheoaﬁﬁflﬁ‘ﬂ of ﬁ&drﬁ@&{cba@d]ze?c?tﬂ%te%mﬂﬁrela@ttdﬁrzohbaﬁs\ﬂﬂf%%\stgﬁ_ﬁ) ﬁi@l{)’% of the
otal anoun e roge [ inr zQne as been
formed. 35 lTg%g%&ogx&imgg%gﬂ?y%&og%grfgrgnfdglp r%acﬁbbrggr?e }3'0 15, wherein

nol ecul ar hydrogen is conbusted with nol ecul ar oxygen in reaction zone A
not | at er2t hamhapeizedSadiokdingfo diki 1, altrbeinBDMast Dmawflties eatrenBygdr ogen f or ned

in reaction z r 4 ; ERs S £.qJ o any of
claing.1 to 1@%@39@? zhﬁgﬁg%t}cﬁ%a%ﬁprugariﬁdrioggﬁgg'%%ustec?% \%1 t'cﬁq‘lrsr’tg)?ttac%: | ar
oxygefP i n r eabedteiRssRsdend alsgamsiadito feackoRARTe PRY Histisst esh ex@mngg Mdiior t he
total anount ofactiml gauh ar progdetaga droesetidbni gasrfeand poduaigae Alas heat

carriers.

3. The process according to claim 1 or 2, wherein the amount of hydrogen oxidized
25 to steam in reaction zone A is at least 30 mol% of the amount of molecular
hydrogen formed in reaction zone A.

4, The process according to claim 1 or 2, wherein the amount of hydrogen oxidized
to steam in reaction zone A is at least 40 mol% of the amount of molecular
30 hydrogen formed in reaction zone A,

5. The process according to claim 1 or 2, wherein the amount of hydrogen oxidized
to steam in reaction zone A is from 20 to 90 mol% of the amount of molecular
hydrogen formed in reaction zone A.
35
6. The process according to claim 1 or 2, wherein the amount of hydrogen oxidized
to steam in reaction zone A is from 30 to 70 mol% of the amount of molecular
hydrogen formed in reaction zone A,

40 7. The pracess according to any of claims 1 to 6, wherein reaction gas B comprises
molecular hydrogen.



has been fornmed. 19. The process according to any of clains 1 to 18, wherein
st eam pr eBeABOZH 5 product gas A in a separation zone | is renoved at | east
partly and this renoval is brought about by indirect and direct cooling of
product gas A, 20. The process accordlqg to any of clainms 1 to 19, wherein a
portion of residual gas having the conp05|t|on of the residual gas is
recycl ed &s aThe pisanss aweptinglordaimiDorf 2 edhesein ceantiphgas Palees NhCUoRiseA, and

t he residual g@sm@@,@m@faﬁi ogdN. ecul ar oxygen. 21. The process according to
any of claims 1 to 20 erein the nol ecul ar oxygen fed to reaction zone A

is also fed as a constituent of air, 15 22. The process according to any of
claims 1 $0 2Bhe pesrss accorbingil sy af slaine § de 8. whesainthe pegetians Aone A is al so

fed ass a conswiiidiawh frof @agim 2dne hisarsd bis sash athargethe at feast &@6 by vol une
of consti t“enﬁ)ﬁd:%}fghg‘%a&mﬂr%lgtﬁgbﬁé goxygen. 20 23. The process according to

any of clains wherein e renoval of the propane fromthe
absorbate in separation zone IV is perforned by stripping wwth a
st eam confd.i sThgpgassssamtotdireg toranyar elalrasi & ito 8twhespinred lagaks mel% efthe ed as a

pr opane- conpr s@bm$ré£e%@|n$rb&mb§hqs FRRGIYY BRAEnAtion th SbaraliBR ZBROEESS

according to any of clains 1 3, wherein'reaction zone Ais configured
adi abatically, 25. The process accordlng to any of clains 1 to 24, wherein,
based on H.si g propasssaccordingligrany e cleinem kohevhereined inash2 ©olH of¥.e% of t he

total anount &baprpeMeni REduct@as 8 i§ AREdJeabyZdRBersatisn Mosepardtied 2ohé
dehydrogenation in reaction zone A. 26. The process according to any of

clains 1 to 25, wherein reaction zone A conprises at |east one tray

reactor. Bb 2Whe mesessansersingto sy o Aging? &-‘n% witerein it tpgstSq mobis of Wﬁer ein the

reactison gas dewhipedsent prorsduct g€ 8as ramovaany cbnbiassatibeinf ephaatongosent ent s:
fromb50 to 80% by vol une of propane, fromO 1 to 20% by vol une of

pr opyl ene 40 fromO to 10% yvolurre of , fromO to 20% | ume of N2,
and from3 t BeBOFeSs ALSPIHRY 1enyErialss 159?)%5”@3‘” rf@sﬁen%a'ﬁ‘f%/eé‘gﬁ"eaccordl ng
to any of cl astesmbrésenlio,prodiet gas Btideermmead thy apndaerssaffonin seiparaftion mene h
reaction zone A has the follow ng contents: 5 from55 to 80% by vol une of

0, 0,
g][ Oﬂ ° 14f. ' Qmeopr%cés% azc(c):o/rdb r}@ t\é%lnlﬁg?clalmsp { Pdp H wr?ne’rem Ehreov%r mE;%réLsosdoreb% vol ume
reaction zone A'is from > 1 to 5 bar.

15.  The process according to any of claims 1 to 14, wherein the foliowing
relationships apply to the working pressures P in the different zones of the
25 process, determined in each case at the entrance into the particular zone:

Preaction zone A Pseparation zone! @ Preaction zore B ¥ Pseparation zong It < Pseparaticn zone It &

P separation zone IV = Preaction zone A

30 16, The process according to any of claims 1 to 15, wherein molecular hydrogen is
combusted with molecular oxygen in reaction zone A not later than when
90 mol% of the total amount of molecular hydrogen formed in reaction zone A
has been formed.

35 17. The process according to any of claims 1 to 15, wherein molecular hydrogen is
combusted with molecular oxygen in reaction zone A not jater than when
75 mol% of the total amount of molecular hydrogen formed in reaction zone A
has been formed.

40 18. The process according to any of claims 1 to 15, wherein molecular hydrogen is
combusted with molecular oxygen in reaction zone A not later than when



froml to 5% by volunme of 02, fromO to 20% by volune of N2, and 10 from5
to 15% byPR &8 of H2O. 29. The process according to any of clains 1 to 28,
wherein the product gas A withdrawn fromreaction zone A has the follow ng
contents: 15 from 30 to 50% by vol une Q(g propane, from 15 to 30% by vol une
of propylene, fromO to 10% by vol umgg f H2, from10 to 25% by vol une of
H2O, from 0 6%nbl%bthevolalamowit cbmolenuthr hgdropemfarded in GB%tidryzarsl Aine of N2
30- The procegss peGOofhe® to any of clains 1 to 29, wherein product gas Ais
cooled by indirect heat exchange with the propane-conprising feed stream
whi ch has been renoved in separation zone |V and recycled into reaction
zone A. 28.31Therpecpsorssordingloqyiohglates At 1Hwherein sieam pgsel Nwherein t he
het er C?enepgSbMduaésfa@Wiﬁ%de?dpafélibmzo@@lsis@brﬁﬁ@acpaﬁi lekast baﬂlyia_fls_nﬁahiﬁwﬂsﬁage

partial oxi [ er r : e process

accordi ng toa%lbg(lghr‘ﬁ%gf?é@h r'@ﬁ%%%@ c?%ac%:/%éogiﬁaégﬁsimfig% %%g Af'he second oxidation
stage has the follow ng contents: from3 to 25% by vol une of acrolein, from
5 to 65%2y voheapmceds mzbriing larangxf gaims 1 8519, mdrerdin bori@hh dfyesidlal gas of

propane, fro ‘ 0 ; ; £ ; H2O, and
fromQ to 705?] %lﬁgotglg%@&é?mﬁzaﬁﬁ%%%%ﬁ%jr éegg%?dseg acc%r. ??S{éﬁlb?'rgﬁgﬁgg of clains
1to %, mher%leﬁsrﬁ%mr”ggir%q?ﬂiméﬁ%e N9 hE residal gaF AYMRERESSNRIECUBE 58025 122
from1l to 20%Xygenol une of H2O, from O to 80% by vol une of N2, from 10 to

90% by vol unme of propane, fromO to 20% by volume of H2, 5 fromO to 10% by

vol une of, 02, .froml1 to 20% by vol . Of nd. from % by vol unme
of oo 92T ThE e okes bl At el R 01029, uffitein e hgollat Sk Y o
pr opane- conprfieditppaction rensdA istaisaien\asiacernstilvenlcd §irr eroved i n separation zone
IV anm& recycled into
22. The process according to any of claims 1 to 20, wherein the molecular oxygen
fed to reaction zone A is also fed as a constituent of a gas which comprises not

more than 50% by volume of constituents other than molecular oxygen.

20 23. The process according to any of claims 1 to 22, wherein the removal of the
propane from the absorbate in separation zone IV is performed by stripping with
a steam-comprising gas and the propane-laden stripping gas is recycled as a
propane-comprising feed stream into reaction zone A.

25 24, The process according to any of claims 1 to 23, wherein reaction zone A is
configured adiabatically.

25, The process according to any of claims 1 to 24, wherein, based on a single pass
through reaction zone A, from 10 to 40 mol% of the total amount of propane fed
30 to reaction zone A is converted with dehydrogenation in reaction zone A.

26. The process according to any of claims 1 to 25, wherein reaction zone A
comprises at least one tray reactor.

35 27. The process according to any of claims 1 to 26, wherein the reaction gas A which
forms in reaction zone A has the following contents:

from 50 to 80% by volume of propane,

from 0.1 to 20% by volume of propylene,
40 from 0 to 10% by volume of Ha,

from 0 to 20% by volume of N2, and

from 5 to 15% by volume of H:0.



reaction zone A has the followi ng contents: from80 to 99.99 nol % of

propane, PF5862% to 5 nol % of propylene, and 15 fromO to 20 mol % of H20O
35. The process according to any of clains 1 to 34, wherein a portion of
residual gas having the conposition q§1the residual gas is recycled as a
propane-conprising feed streaminto reaction zone A, and this portion of
resi dual gas, based on the 20 total amount of residual gas, is up to 10% by
wei ght. 3f8. TiiRe pfoeessSacfding @ &1y dfeianny 106 26) vaharBinthd eadfion yhreAeihich he

nmol ecul ar OXYH€Rs i F'e%cﬁ& :Eo‘?'%c/i hé’é’th@%‘lﬁm@b@f%rﬁérﬁ? fed as a constituent of a

gas whi ch does not I'se nore than y vol une of constituents other
t han nol ecul ar oxygen 25 37. The process according to any of clains 1 to
35, wherein the nol ecul ar oxyfrem 55te@08oby edomeoh zopeofddnes al so fed as a

constituent of air. from 0.1 to 20% by volume of  propylene,
from 2 to 10% by volume of Hz,
from 1 to 5% by volume of Oa,
from O to 20% by volume of N>, and
10 from 5 to 15% by volume of H-O.

29. The process according to any of claims 1 to 28, wherein the product gas A
withdrawn from reaction zone A has the following contents:

15 from 30 to 50% by volume of propane,
from 15 to 30% by volume of propylene,
from O to 10% by volume of Hz,
from 10 to 25% by volume of H20,
from O to 1% by volume of O3, and

20 from 0 to 35% by volume of Nz,

30. The process according to any of claims 1 to 29, wherein product gas A is cooled
by indirect heat exchange with the propane-comprising feed stream which has
been removed in separation zone IV and recycled into reaction zong A.
25
31. The process according to any of claims 1 to 30, wherein the heterogeneously
catalyzed partial gas phase oxidation is a two-stage partial oxidation of propylene
to acrylic acid.

30 32. The process according to claim 31, wherein the reaction gas fed to the second
oxidation stage has the following contents:

from 3 to 25% by volume of acrolein,

from 5 to 65% by volume of molecutar oxygen,
35 from 6 to 70% by volume of propane,

from O to 20% by volume of Ha,

from 8 to 65% by volume of H;0, and

from 0 to 70% by volume of N2,

40 33, The process according to any of claims 1 to 32, wherein the residual gas has the
following contents:
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15

20

25
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34,

35.

36.

37.

122

from 1 to 20% by volume of H20,
from 0 to 80% by volume of N2,

from 10 to 90% by volume of propane,
from 0 to 20% by volume of Haz,

from 0 to 10% by volume of 0o,

from 1 to 20% by volume of CO,, and
from 2 0 to 5% by volume of CO.

The process according to any of claims 1 to 33, wherein the propane-comprising
feed stream which has been removed in separation zone IV and recycled into
reaction zone A has the following contents:

from 80 to 89.99 mol% of propane,
from 0 to 5 mol% of propylene, and
from O to 20 mol% of HO.

The process according to any of claims 1 to 34, wherein a portion of residual gas
having the composition of the residual gas is recycled as a propane-comprising
feed stream into reaction zone A, and this pertion of residual gas, based on the
total amount of residual gas, is up to 10% by weight.

The process according to any of claims 1 to 35, wherein the molecular oxygen
fed to reaction zone B is also fed as a constituent of a gas which does not
comprise more than 50% by volume of constituents other than molecular oxygen.

The process according to any of claims 1 to 35, wherein the molecular oxygen
fed to reaction zone B is also fed as a constituent of air,



