
PF 57479 1  METHOD FOR THE HETEROGENEOUSLY CATALYSED PARTIAL GAS
PHASE  OXIDATION OF PROPYLENE TO FORM ACRYLIC ACID Description  5 The
present invention relates to a process for heterogeneously catalyzed partial gas  phase
oxidation of propylene to acrylic acid, in which, in a first reaction zone, a starting  reaction gas
mixture I which comprises propylene and molecular oxygen as reactants  and at least propane
as an inert diluent gas and comprises the molecular oxygen and 10 the propylene in a molar
02 : C3H6 ratio of a 1 is first, in a first reaction stage at ele- vated temperature, conducted
through at least one first catalyst bed whose catalysts  have at least one multimetal oxide
comprising Mo, Fe and Bi as the active composition  in such a way that the propylene
conversion in single pass through the catalyst bed is  ? 90 mol% and the accompanying
selectivity 5AC of acrolein formation and of acrylic 15 acid by-product formation together is z
80 mol%, the temperature of the product gas  mixture 1 leaving the first reaction stage is
reduced if appropriate by direct cooling or  by indirect cooling or by direct and indirect cooling,
and, if appropriate, secondary gas  in the form of molecular oxygen or inert gas or molecular
oxygen and inert gas is added  to product gas mixture 1, and then product gas mixture 1, as a
starting reaction gas 20 mixture 2 which comprises acrolein and molecular oxygen as
reactants and at least  propane as an inert diluent gas and comprises the molecular oxygen
and the acrolein  in a molar 02: C3H40 ratio of z 0.5, in a second reaction stage at elevated
temperature  and with formation of a product gas mixture 2, is conducted through at least one
sec- ond catalyst bed whose catalysts have at least one multimetal oxide comprising Mo 25
and V as the active composition in such a way that the acrolein conversion in single  pass
through the catalyst bed is z 95 mol% and the selectivity SAA of acrylic acid forma- tion
assessed over both reaction stages, based on propylene converted, is >_ 70 mol%.  As a
partial oxidation product of propylene, acrylic acid is a significant monomer which 30 finds use
as such or in the form of its alkyl esters for obtaining polymers suitable, for  example, as
adhesives, or water-superabsorbing polymers (cf., for example, WO 03/011804, DE-A 102 45
585, EP-A 1 611 078, DE-A 10 2005 013 039,  DE-A 10 2005 010 111, WO 02/055469 and
WO 03/078378). 35 The preparation of acrylic acid by heterogeneously catalyzed two-stage
partial oxida- tion of propylene is known (cf., for example, DE-A 102 45 585, WO 03/011804,
DE-A 101 31 297, WO 01/96270). The propylene required as a starting substance for this
procedure is typically added as  



40 a constituent of crude propylene. In contrast to chemically pure propylene, crude pro-
pylene should be understood in this document to mean propylene which, in addition to
propylene, also comprises at least two (or at least three, or at least four) further con- stituents
(impurities) other than propane and cyclopropane (and preferably also other PF 57479 2  than
water and molecular oxygen). Useful such impurities, depending on the prepara- tion route of
the crude propylene, are, for example (cf., for example, DE-A 101 31 297):  ethane, methane,
C4 hydrocarbons, acetylene, ethylene, water, 02, compounds com- prising sulfur, compounds
comprising chlorine, CO2, CO, propadiene, propyne, Cz5 5 hydrocarbons, compounds
comprising carbonyl groups, and so forth. For example,  crude propylene may also be the
product gas mixture of a heterogeneously catalyzed  partial propane dehydrogenation (cf., for
example, DE-A 102 45 582 and DE-A 10 2005 022 798). In particular, crude propane in this
document should addition- ally be such that propylene present therein, to an extent of at least
90 mol%, has not  10 yet passed through a heterogeneously catalyzed partial oxidation to
acrylic acid. Pref erably in accordance with the invention, crude propylene, in addition to the
above,  should not stem from a heterogeneously catalyzed partial dehydrogenation of
propane  (or not be recyclable to such a partial dehydrogenation). Most preferably in
accordance  with the invention, crude propylene, in addition to the above, should stem neither
from 15 a heterogeneously catalyzed dehydrogenation of propane nor from a
heterogeneously  catalyzed partial oxydehydrogenation of propane (or not be recyclable to
such partial  dehydrogenations). Advantageously in accordance with the invention, crude
propylene  comprises propylene to an extent of at least 90% by weight (or to an extent of at
least  90% by volume). More preferably, the aforementioned propylene contents of crude 20
propylene are, advantageously in accordance with the invention, at least 92% by  weight (or at
least 92% by volume), or at least 94% by weight (or at least 94% by vol- ume), or at least 95%
by weight (or at least one 95% by volume), or at least 96% by  weight (or at least 96% by
volume), advantageously at least 97% by weight (or at least  97% by volume), preferably a
98% by weight (or a 98% by volume) and more prefera- 25 bly a 99 (or a 99.5)% by weight (or
a 99 (or;-- 99.5)% by volume). It is also advantageous for the process according to the
invention when the crude pro- pylene to be used consists of propylene to an extent of a 90%
by weight and of pro- pane and propylene to an extent of a 97% by weight (or to an extent of 2
98% by 30 weight, preferably to an extent of a 99% by weight). It is also favorable for the
process according to the invention when the crude propylene  to be used consists of
propylene to an extent of a 94% by weight and of propane and  



propylene to an extent of a 97% by weight (or to an extent of a 98% by weight, pref- 35 erably
to an extent of a 99% by weight). It is also particularly favorable for the process according to
the invention when the  crude propylene to be used consists of propylene to an extent of a
96% by weight (bet- ter to an extent of a 97% by weight) and of propane and propylene to an
extent of 40 a 98% by weight (or to an extent of a 99% by weight). PF 57479 3  It is very
particularly favorable for the process according to the invention when the  crude propylene to
be used consists of propylene to an extent of ? 99.6% by weight  and of propane and
propylene to an extent of z 99.7% by weight. 5 It is possible in principle to remove all
impurities present in crude propylene from pro- pylene present therein (cf., for example, DE-A
35 21 458 and DE-A 102 45 585). How- ever, this is not necessary when the impurities
behave inertly in the heterogeneously  catalyzed partial oxidation of propylene to acrylic acid.
When the latter property exists,  the impurities simply act as inert diluent gases in the starting
reaction gas mixture dur 10 ing the heterogeneously catalyzed partial oxidation of propylene
to acrylic acid (cf.  WO 01/96270 and DE-A 33 13 573). In this document, this refers quite
generally to those gases which, in the course of the  partial oxidation, each alone, remain
chemically unchanged to an extent of at least 15 95 mol%, preferably to an extent of at least
97 mol% and most preferably to an extent  of 99 mol% or more. In a removal of acrylic acid
from the product gas mixture of the partial oxidation (this is  typically effected by converting
the acrylic acid from the product gas mixture into the  20 condensed phase), these inert gases
typically remain as residual gas in the gas phase and can thus be removed from the acrylic
acid target product after the partial oxidation  in a comparatively simpler manner than would
be the case in a removal of the propyl- ene prior to the partial oxidation. The aforementioned
applies correspondingly to impu- rities present in other inert diluent gases if these inert diluent
gases are added to the 25 starting reaction gas mixture for the partial oxidation as such crude
inert diluent gases.  The technical literature has hitherto regarded the propanes to be such
inert gases in  relation to the partial oxidation of propylene to acrylic acid. The considerations
in this  regard even go to the extent of replacing propylene as the raw material for preparing
30 acrylic acid with propane as such a raw material. In this case, propane is dehydroge- nated
partially to propylene in a first step and the propylene formed in the first step is  subsequently
partially oxidized to acrylic acid under heterogeneous catalysis in the  presence of the
unconverted propane. Normally, propane in such a resulting starting  



reaction gas mixture even forms the main constituent. Recycling of the residual gas 35 which
comprises unconverted propane and remains in the condensation of the target  product out of
the product gas mixture into the dehydrogenation and/or partial oxidation  allows the propane
in this way finally to be converted fully to acrylic acid (cf., for exam- ple DE-A 102 45 585,
DE-A 10 2005 009 885, DE-A 10 2005 010 111). Although a van- ishing amount of the
propane (of the order of magnitude of 0.01 % by weight based on 40 its use amount) can be
converted to propionic acid (which is an undesired companion  to acrylic acid merely owing to
its unpleasant odor even in the smallest amounts and  also owing to its inability to polymerize
in a free-radical manner), such low by-product PF 57479 4  formation can be counteracted, for
example, by diluting starting reaction gas mixture 1  additionally with an inert diluent gas other
than propane (for example N2, H2O, CO2,  noble gas, mixtures of these gases, etc.) (cf., for
example, WO 01/96270). 5 However, the above considerations are no longer valid when the
crude gas impurity  does not behave inertly in a heterogeneously catalyzed partial oxidation of
propylene to  acrylic acid, but rather is converted to a by-product of acrylic acid formation in
signifi- cant amounts. This is attributable to the fact that the by-product formed normally can-
not be discharged as a target product impurity with the target product. Instead, even 10 minor
target product impurities in many cases have a troublesome effect with a view to  the desired
target product use (for example, in the case of use of the acrylic acid for  preparing polyacrylic
acids and/or their partly and/or fully neutralized alkali metal salts  which are used
predominantly as water-superabsorbing materials in the hygiene sec- tor; or in the case of use
of the acrylic acid for preparing its alkyl esters and the use of 15 the latter for preparing
polymers suitable as adhesives) and then have to be removed  from the target product (or the
condensed phase comprising it) in a comparatively  costly and inconvenient manner by
means of thermal separation processes (or vice  versa). In such cases, attempts will then
appropriately be made, for example, to re- move the appropriate propylene impurity prior to
the partial oxidation. This is true in 20 particular when the crude gas impurity is converted to a
by-product which is compara- tively similar to acrylic acid in the course of the heterogeneously
catalyzed partial oxi- dation to acrylic acid. In many cases, a parallel procedure is also
employed for reasons of economic viability.  25 In other words, a portion of the crude gas
impurity is removed prior to the use of crude  gas for the partial oxidation, and the remaining
portion is removed from the target  product as a by-product formed after the partial oxidation
has been carried out (or vice  versa). When the remaining portion is small enough, the
by-product formed therefrom  



can, if appropriate, also be discharged with the target product. Possible removal proc 30
esses are in particular thermal separation processes. Thermal separation processes are
understood to mean those processes in which at  least two substance phases different from
one another (for example liquid/liquid; gase- ous/liquid; solid/liquid; gaseous/solid, etc.) are
generated and contacted with one an 35 other. Owing to the inequilibrium existing between
the phases, heat and mass transfer  which ultimately causes the desired separation (removal)
takes place between them.  The term thermal separation processes reflects that it requires
either the withdrawal or  the supply of heat to obtain the formation of the substance phases
and/or that the with- drawal or the supply of thermal energy promotes or maintains the mass
transfer. 40 Thermal separation processes are therefore, for example, distillations,
rectifications,  crystallations, extractions, azeotropic distillations, azeotropic rectifications,
stripping, PF 57479 5  desorption, etc. (cf. also WO 04/063138). Among these, crystallizative
thermal separa- tion processes are considered to be particularly capital-intensive. It has now
been found in the course of in-house studies that, surprisingly, cyclopro 5 pane, a common
companion of propylene in crude propylene and of propane in crude  propane, in contrast to
n-propane (without further addition, propane in this document  always means n-propane) is
not an inert gas in a heterogeneously catalyzed partial  oxidation of propylene to acrylic acid
as described at the outset. In the course of heat- ing to from 100 to 200C in the presence of
catalysts (e.g. Pt), cyclopropane is isomer 10 ized to propylene (for example Lehrbuch der
Organischen Chemie [Textbook of organic  chemistry], Beyer-Walter, Hirzel Verlag Stuttgart,
page 390, 1991). In the course of an  heterogeneously catalyzed partial oxidation of propylene
to acrylic acid as described at  the outset, however, it behaves quite differently to propylene
and does not react virtu- ally exclusively to give acrylic acid like the latter, but rather, in an
entirely unexpected 15 manner and to a high and surprisingly considerable extent, to give
propionic acid.  However, this is particularly difficult to remove from acrylic acid in thermal
separation  processes (at 1 bar, b.p. of acrylic acid: 141 C, of propionic acid: 141.35C). Only
by  crystallization are appropriate depletion coefficients achievable. It was therefore an 20
object of the present invention to work advantageously with the above-described sur- prising
chance finding in the context of a preparation of, for example, acrylic acid very  low in
propionic acid via the route of a two-stage heterogeneously catalyzed partial  oxidation of
propylene to acrylic acid. This is also against the background that the  aforementioned
isomerization to propylene is a simple means of removing the cyclo 



25 propane in crude gases prior to their use for the partial oxidation. In principle, cyclopro-
pane can also be removed by rectification from propylene or propane, given that the  relevant
boiling points are sufficiently different from one another at standard pressure  (propylene b.p.
= -47C; propane b.p. = -44.5C and cyclopropane b.p. = -32.8C). The  aforementioned
objective and its solution is of particular interest in particular when at 30 least a portion of the
residual gas which remains in the removal of acrylic acid from the  product gas mixture of the
partial oxidation and would comprise incompletely converted  cyclopropane in the partial
oxidation is recycled at least partly as cycle gas into the  partial oxidation as a constituent of
the corresponding starting reaction gas mixture,  given that such a cycle gas method in
continuous operation would be accompanied by 35 accumulation of the cyclopropane in the
starting reaction gas mixture. As a solution to the object of the invention, a process has been
found for heterogene- ously catalyzed partial gas phase oxidation of propylene to acrylic acid,
in which, in a  first reaction zone, a starting reaction gas mixture 1 which comprises propylene
and 40 molecular oxygen as reactants and at least propane as an inert diluent gas and com-
prises the molecular oxygen and the propylene in a molar 02 : C3H6 ratio of z 1 is, in a  first
reaction stage at elevated temperature, conducted through at least one first PF 57479 6
catalyst bed whose catalysts have at least one multimetal oxide comprising Mo, Fe and  Bi as
the active composition in such a way that the propylene conversion CP in single  pass through
the catalyst bed is >_ 90 mol% and the accompanying selectivity SAC of  acrolein formation
and of acrylic acid by-product formation together is a 80 (preferably 5 ? 85, or z 90) mol%, the
temperature of the product gas mixture I leaving the first reac- tion stage is reduced if
appropriate by direct cooling or by indirect cooling or by direct  and indirect cooling, and, if
appropriate, secondary gas in the form of molecular oxygen  or inert gas or molecular oxygen
and inert gas is added to product gas mixture 1, and  then product gas mixture 1, as a starting
reaction gas mixture 2 which comprises ac 10 rolein and molecular oxygen as reactants and
at least propane as an inert diluent gas  and comprises the molecular oxygen and the acrolein
in a molar 02: C3H40 ratio of a  0.5, in a second reaction stage at elevated temperature and
with formation of a product  gas mixture 2, is conducted through at least one second catalyst
bed whose catalysts  have at least one multimetal oxide comprising Mo and V as the active
composition in 15 such a way that the acrolein conversion CA in single pass through the
catalyst bed is  95 mol% and the selectivity SAA of acrylic acid formation assessed over both
reaction  stages, based on propylene converted, is Z 70 (preferably a 75 or Z 80) mol%,
wherein  starting reaction gas mixture 1, based on the molar amount of propane present
therein,  



comprises 5 3 mol% of cyclopropane and has been obtained with additional use of 20 crude
propylene. The process according to the invention is of significance especially when it is
operated  such that CA is ? 96 mol%, or a 97 mol%, or Z 98 mol%, or a 98.5 mol%, or a 99
mol%,  or >_ 99.5 mol%, or z 99.8 mol% or more. The aforementioned is especially true when
25 the first reaction stage is simultaneously operated such that CP is z 91 mol%, or z 92
mol%, or z 93 mol%, or ;-> 94 mol%, or 2:95 mol%, or ? 96 mol%, or ? 97 mol%, or  a 98
mol%, or iY 99 mol%. This is caused by the aforementioned conversions (they  always relate
to single pass of the reaction gas mixture through the catalyst bed) with  the same catalyst
system normally being achieved when the reaction temperature in 30 the particular reaction
stage is selected at an elevated level. However, elevated tem- peratures are especially also
beneficial for the conversion of cyclopropane to propionic  acid. The process according to the
invention develops its advantageousness especially 35 when the content in starting reaction
gas mixture 1 of cyclopropane, based on propane  present therein, is 5 2.5 mol%, better s 2
mol%, preferably s 1.5 mol%, better 5 1 mol%, more preferably :5 0.75 mol%, better 5 0.5
mol%, even betters 0.25 or _< 0.2 mol%, more advantageously <_ 0.17, or :5 0.15, ors 0.1
mol%. At best, the con- tent in starting reaction gas mixture I of cyclopropane is vanishing.
However, for rea- 40 sons of convenience, it will frequently be such that it is, based on
propane present in the starting reaction gas mixture, z 10 molppb, or ? 50 molppb, or z 100
molppb, or  1 molppm, or >_ 10 molppm. PF 57479 7  Processes according to the invention
are thus also those in which the cyclopropane  content of starting reaction gas mixture 1,
based on propane present therein, is from  10 molppm to 8000 molppm, or from 10 molppm to
5000 molppm, or from 100 molppm 5 to 3000 molppm, or from 200 molppm to 2500 molppm,
or from 300 molppm to  2000 moippm, or from 400 molppm, or 500 molppm to 1500 molppm,
or from  750 molppm to 1250 molppm. Otherwise, the process according to the invention may
be carried out like the proc 10 esses known per se for two-stage heterogeneously catalyzed
partial gas phase oxida- tion of propylene to acrylic acid (cf., for example, WO 01 /36364). For
example, the catalyst beds may be fixed beds or fluidized beds. Preference is  given in
accordance with the invention to the use of fixed catalyst beds in both reaction  15 stages. In
this document, the loading of the (fixed) catalyst bed with starting reaction gas mix- 



ture is understood to mean the amount of starting reaction gas mixture in standard li- ters (= I
(STP); the volume in liters that the appropriate amount of starting reaction gas 20 mixture
would take up under standard conditions (i.e. at 25C and 1 bar)) which is con- ducted through
one liter of (fixed) catalyst bed per hour. However, the loading of the  (fixed) catalyst bed may
also be based only on a component of the starting reaction  gas mixture. In that case, it is the
amount of this component in standard liters which is  conducted as a constituent of a
appropriate starting reaction gas mixture through one  25 liter of the (fixed) catalyst bed per
hour. Specifically, the realization of the two-stage heterogeneously catalyzed partial oxidation
of propylene to acrylic acid to be carried out in accordance with the invention using an
inventive starting reaction gas mixture 1 may for example be carried out as described 30 in
the documents EP-A 700 714 (first reaction stage; as described there, but also in
corresponding countercurrent mode of salt bath and starting reaction gas mixture over  the
tube bundle reactor), EP-A 700 893 (second reaction stage; as described there, but  also in
corresponding countercurrent mode), WO 04/085369 (especially this document  is considered
to be an integral part of this document) (as a two-stage process), 35 WO 04/05363, 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 two-stage  process), DE-A 199 48 248 (as a
two-stage process), DE-A 101 01 695 (two-stage),  WO 04/085368 (as a two-stage process),
DE-A 10 2004 021 764 (two-stage), WO 04/085362 (first reaction stage), WO 04/085370
(second reaction stage), 40 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. PF 57479 8  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 is an inventive starting  reaction gas mixture 1.
Regarding the remaining parameters, the procedure is as in the 5 working examples of the
documents mentioned (especially regarding the fixed catalyst  beds and reactant loading on
the fixed catalyst beds). When there is supply of molecu- lar secondary oxygen between the
two reaction stages in the process according to the  invention, this is effected preferably in
accordance with the invention in the form of air.  However, it can also be effected in the form
of pure molecular oxygen or else in the 10 form of another mixture of molecular oxygen and of
inert gas. Advantageously in ac- cordance with the invention, secondary oxygen is supplied in
such an amount that  product gas mixture 2 still comprises uncoverted molecular oxygen.
However, the  



amount of molecular oxygen required for the overall process may also already be  added to
starting reaction gas mixture 1. In general, the molar ratio of molecular oxy 15 gen present in
starting reaction gas mixture 1 to propylene present in this mixture is >_ 1  and<_3. Multimetal
oxide catalysts which comprise the elements required in accordance with  the invention and
are suitable for the particular reaction stage of the two reaction 20 stages have been
described many times before and are well known to those skilled in  the art. For example,
EP-A 253 409 refers on page 5 to corresponding US patents.  Suitable catalysts for the
particular oxidation stage (reaction stage) are also disclosed  by DE-A 44 31 957, DE-A 10
2004 025 445 and DE-A 44 31949. This is especially  true of those of the general formula I in
the two aforementioned prior art documents. 25 Catalysts usable for the particular oxidation
stage (reaction stage) are also disclosed  by the documents DE-A 103 25 488, DE-A 103 25
487, DE-A 103 53 954, DE-A 103 44149, DE-A 103 51 269, DE-A 103 50 812, DE-A 103 50
822. Possible multimetal oxide active compositions comprising Mo, Bi and Fe for the proc- 30
ess according to the invention in the first reaction stage are also the multimetal oxide  active
compositions of the general formula I of DE-A 199 55176, the multimetal oxide  active
compositions of the general formula I of DE-A 199 48 523, the multimetal oxide  active
compositions of the general formulae I, II and III of DE-A 101 01 695, the mul- timetal oxide
active compositions of the general formulae I, II and III of DE-A 199 48 35 248 and the
multimetal oxide active compositions of the general formulae I, II and III of  DE-A 199 55 168,
and also the multimetal oxide active compositions specified in EP-A 700 714. Also suitable for
the first reaction stage of the process according to the invention are  40 the multimetal oxide
catalysts comprising Mo, Bi and Fe which are disclosed in the  documents Research
Disclosure No. 497012 of 08.29.2005, DE-A 100 46 957, DE-A 100 63 162, DE-C 3 338 380,
DE-A 199 02 562, EP-A 15 565, DE-C 2 380 765, PF 57479 9  EP-A 8 074 65, EP-A 27 93
74, DE-A 330 00 44, EP-A 575897, US-A 4438217,  DE-A 19855913, WO 98/24746, DE-A
197 46 210 (those of the general formula II),  JP-A 91/294239, EP-A 293 224 and EP-A 700
714. This applies in particular to the  exemplary embodiments in these documents, and
among these particular preference is 5 given to those of EP-A 15565, EP-A 575897, DE-A
197 46 210 and DE-A 198 55 913.  Particular emphasis is given in this context to a catalyst
according to Example 1 c from  EP-A 15 565 and also to a catalyst to be prepared in a
corresponding manner but  whose active composition has the composition
MO12NI6.5Zn2Fe2Bi,Po.6o65Ko.o6Ox 



10 SiO2. Emphasis is also given to the example having the serial number 3 from 10 DE-A 198
55 913 (stoichiometry: Mo,2Co,Fe3Bio.6Ko.o6Sk.6Ox) as an unsupported hollow  cylinder
catalyst of geometry 5 mm x 3 mm x 2 mm (external diameter x height x inter- nal diameter)
and also to the unsupported multimetal oxide II catalyst according to Ex- ample 1 of DE-A 197
46 210. Mention should also be made of the multimetal oxide  catalysts of US-A 4, 438, 217.
The latter is especially true when these hollow cylinders 15 have a geometry of 5.5 mm x 3
mm x 3.5 mm, or 5 mm x 2 mm x 2 mm, or 5 mm x  3 mm x 2 mm, or 6 mm x 3 mm x 3 mm,
or 7 mm x 3 mm x 4 mm (each external di- ameter x height x internal diameter). Further
possible catalyst geometries in this con- text are extrudates (for example length 7.7 mm and
diameter 7 mm; or length 6.4 mm  and diameter 5.7 mm). 20 A multitude of those multimetal
oxide active compositions which comprise Mo, Fe and  Bi in whose presence the
cyclopropane in the first reaction stage is particularly amena- ble to the undesired side
reaction and in the case of whose use the inventive procedure  is therefore particularly
relevant can be encompassed by the general formula IV 25 MOf2BiaFeb.CfcC2dX3eX4fO"
(IV)  in which the variables are each defined as follows: 30 X1 = nickel and/or cobalt, X2 =
thallium, an alkali metal and/or an alkaline earth metal, X3 = zinc, phosphorus, arsenic, boron,
antimony, tin, cerium, lead and/or tungsten,  X4 = silicon, aluminum, titanium and/or
zirconium, 35 a = from 0.5 to 5, b = from 0.01 to 5, preferably from 2 to 4,  c = from 0 to 10,
preferably from 3 to 10,  d = from 0 to 2, preferably from 0.02 to 2,  a = from 0 to 8, preferably
from 0 to 5, 40 f = from O to 10 and n = a number which is determined by the valency and
frequency of the elements in  IV other than oxygen. PF 57479 10  The aforementioned is true
in particular when they are obtained in a manner known per  se (see, for example, DE-A 40 23
239) and used in accordance with the invention, for  example, shaped in substance to give
spheres, rings or cylinders, or else used in the 5 form of coated catalysts, i.e. preshaped inert
support bodies coated with the active  



composition. It will be appreciated that the statement also applies when they are used  in
powder form as catalysts for the first reaction stage (for example in fluidized bed  reactors). 10
In principle, active compositions of the general formula IV can generally be prepared in  a
simple manner by obtaining a very intimate, preferably finely divided dry mixture hav- ing a
composition corresponding to their stoichiometry from suitable sources of their  elemental
constituents and calcining it at temperatures of from 350 to 650C. The cal- cination may be
effected either under inert gas or under an oxidative atmosphere, for 15 example air (mixture
of inert gas and oxygen) and also under a reducing atmosphere  (for example mixture of inert
gas, NH3, CO and/or H2). The 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 IV are those  compounds which are already oxides
and/or those compounds which can be converted  20 to oxides by heating, at least in the
presence of oxygen. In addition to the oxides, such useful starting compounds include in
particular halides,  nitrates, formates, oxalates, citrates, acetates, carbonates, amine
complexes, ammo- nium salts and/or hydroxides (compounds such as NH4OH, (NH4)2CO3,
NH4NO3, 25 NH4CHO2, CH3COOH, NH4CH3CO2 and/or ammonium oxalate which
decompose  and/or can be decomposed on later calcining at the latest to give compounds
which are  released in gaseous form can be additionally incorporated into the intimate dry mix-
ture). 30 The starting compounds for preparing multimetal oxide active compositions IV can
be  intimately mixed in dry or in wet form. When they are mixed in dry form, the starting
compounds are appropriately used as finely divided powders and subjected to calcina- tion
after mixing and, if appropriate, compacting. However, preference is given to inti- mate mixing
in wet form. Typically, the starting compounds are mixed with each other 35 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 exclu- sively 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 tem- 40 peratures of from 100 to 150C. PF 57479 11
The multimetal oxide active compositions of the general formula IV may be used for the  first
reaction stage of the process according to the invention either in powder form or  shaped to
certain catalyst geometries, and the shaping may be effected either before  



or after the final calcination. For example, unsupported catalysts can be prepared from 5 the
powder form of the active composition or its uncalcined and/or partially calcined  precursor
composition by compacting to the desired catalyst geometry (for example by  tableting or
extruding), if appropriate with the addition of assistants, for example graph- ite or stearic acid
as lubricants and/or shaping assistants and reinforcing agents such  as microfibers of glass,
asbestos, silicon carbide or potassium titanate. Instead of 10 graphite, it is also possible to
use hexagonal boron nitride as an assistant in the shap- ing, as recommended by DE-A 10
2005 037 678. Examples of suitable unsupported  catalyst geometries include solid cylinders
or hollow cylinders having an external di- ameter and a length of from 2 to 10 mm. In the case
of the hollow cylinder, a wall thick- ness of from I to 3 mm is advantageous. The unsupported
catalyst can of course also 15 have spherical geometry, and the spherical diameter can be
from 2 to 10 mm. A hollow cylinder geometry particularly relevant in accordance with the
invention is 5 mm x 3 mm x 2 mm (external diameter x length x internal diameter), especially
in the  case of unsupported catalysts. 20 The pulverulent active composition relevant in
accordance with the invention, or its  pulverulent precursor composition 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 bodies to produce the coated catalysts is
generally performed in 25 a suitable rotatable vessel, as disclosed, for example, by DE-A 29
09 671, EP-A 293  859 or EP-A 714 700. To coat the support bodies, the powder composition
to be ap- plied is appropriately moistened and dried again after application, for example by
means of hot air. The coating thickness of the powder composition applied to the sup- port
body is frequently selected within the range from 10 to 1000 pm, preferably within 30 the
range from 50 to 500 pm and more preferably within the range from 150 to 250 pm.  Useful
support materials are the customary porous or nonporous aluminum oxides,  silicon dioxide,
thorium dioxide, zirconium dioxide, silicon carbide or silicates such as  magnesium silicate or
aluminum silicate. They generally behave substantially inertly 35 with regard to the target
reaction on which the process according to the invention is  based. The support bodies can
have a regular or irregular shape, although preference  is given to regularly shaped support
bodies having distinct surface roughness, for ex- ample spheres or hollow cylinders. It is
relevant in accordance with the invention to use  substantially nonporous, surface-roughened
spherical supports made of steatite whose 40 diameter is from 1 to 10 mm or to 8 mm,
preferably from 4 to 5 mm. However, it is also  relevant in accordance with the invention to
use cylinders whose length is from 2 to 10 mm and whose external diameter is from 4 to 10
mm as support bodies. In the case 



PF 57479 12  of rings as support bodies, the wall thickness is also typically from 1 to 4 mm.
Annular  support bodies to be used in accordance with the invention have a length of from 2 to
6 mm, an external diameter of from 4 to 8 mm and a wall thickness of from 1 to 2 mm.  Also
relevant in accordance with the invention are rings of geometry 5 7 mm x 3 mm x 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 adjusted to the
desired coating thickness (cf. EP-A 714 700).  Multimetal oxide active compositions relevant
in accordance with the invention for the 10 step from propylene to acrolein are also
compositions of the general formula V [ 1a'Y2b'Ox'7JPVL' 3c'Y4tl'Y5eY6fY7g'Y2h'Oy'lJq (V) in
which the variables are each defined as follows:  15 Yf = only bismuth or bismuth and at least
one of the elements tellurium, antimony, tin  and copper, Y2 = molybdenum, or tungsten, or
molybdenum and tungsten,  Y3 = an alkali metal, thallium and/or samarium, 20 Y4 = an
alkaline earth metal, nickel, cobalt, copper, manganese, zinc, tin, cadmium  and/or mercury,
Y5 = iron or iron and at least one of the elements chromium and cerium,  Y6= phosphorus,
arsenic, boron and/or antimony, Y7= a rare earth metal, titanium, zirconium, niobium,
tantalum, rhenium, ruthenium,  25 rhodium, silver, gold, aluminum, gallium, indium, silicon,
germanium, lead, tho- rium and/or uranium, a'= from 0.01 to 8,  b'= from 0.1 to 30,  30 c'=
from O to 4, d'= from O to 20,  e'= from > O to 20,  f = from 0 to 6,  g'= from O to 15, 35 It =
from 8 to 16, x',y' = numbers which are determined by the valency and frequency of the
elements in  V other than oxygen and p,q = numbers whose p/q ratio is from 0.1 to 10, 40
comprising three-dimensional regions of the chemical composition Y'a'Y2b-Ox' 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 PF 57479 13
the center of the region and connecting two points on the surface (interface) of the re- gion) is
from 1 nm to 100 pm, frequently from 10 nm to 500 nm or from 1 pm to 50 or  25 pm. 5
Particularly advantageous multimetal oxide compositions V in accordance with the in- vention
are those in which Y1 is only bismuth. Among these, preference is given in turn to those of the
general formula VI  10 [BiaZ2b'Ox]p' [Z212Z3cZ4d.Fee.Z$rZ69^Z'h.Oy^]q (VI) in which the
variables are each defined as follows: Z2 = molybdenum, or tungsten, or molybdenum and
tungsten,  15 Z3 = nickel and/or cobalt, Z4 = thallium, an alkali metal and/or an alkaline earth
metal, Z$ = phosphorus, arsenic, boron, antimony, tin, cerium and/or lead,  Z6 = silicon,
aluminum, titanium and/or zirconium, Z7 = copper, silver and/or gold,  20 a" = from 0.1 to 1,
b" = from 0.2 to 2,  c" = from 3 to 10,  d" = from 0.02 to 2, 25 e" = from 0.01 to 5, preferably
from 0.1 to 3,  f' = from 0 to 5, g" = from 0 to 10,  h" = from 0 to 1, x",y" = numbers which are
determined by the valency and frequency of the elements in  30 VI other than oxygen, p",q" =
numbers whose p"/q" ratio is from 0.1 to 5, preferably from 0.5 to 2,  and very particular
preference is given to those compositions VI in which  Z2b- = (tungsten)b and Z2,2 =
(molybdenum)12. 35 It is also significant in accordance with the invention when at least 25
mol% (preferably  at least 50 mol% and more preferably at least 100 mol%) of the total
proportion of [Y'a Y2bOx']p ([BiaZ2bOx ]P) of the multimetal oxide compositions V (multimetal
oxide  compositions VI) suitable in accordance with the invention in the multimetal oxide com- 



40 positions V (multimetal oxide compositions VI) suitable in accordance with the invention is
in the form of three-dimensional regions of the chemical composition Y1aY2bOx  [BiaZ2bOx]
which are delimited from their local environment owing to their different PF 57479 14
chemical composition from their local environment, and whose maximum diameter is in  the
range from 1 nm to 100 pm. With regard to the shaping, the statements made for the
multimetal oxide composition  5 IV catalysts apply to multimetal oxide composition V catalysts.
The preparation of multimetal oxide compositions V is described, for example, in  EP-A 575
897 and also in DE-A 198 55 913. 10 The inert support materials recommended above are
also useful, inter alia, as inert  materials for the dilution and/or delimitation of the appropriate
fixed catalyst beds, or as  a preliminary bed which protects them and/or heats the gas mixture.
For the second step (the second reaction stage), the heterogeneously catalyzed gas  15
phase partial oxidation of acrolein to acrylic acid, useful active compositions for the  catalysts
required are, in accordance with the invention, in principle all multimetal oxide  compositions
comprising Mo and V, for example those of DE-A 100 46 928 and of DE- A 19815281. 20 A
multitude thereof which are particularly relevant in accordance with the invention for  the
undesired reaction of cyclopropane can be encompassed by the general formula  VII
MO12VaX'bX2cX3dX4eX5fX6gO" (VII)  25 in which the variables are each defined as follows:
X1 = W, Nb, Ta, Cr and/or Ce, X2 = Cu, Ni, Co, Fe, Mn and/or Zn,  30 X3 = Sb and/or Bi, X4=
one or more alkali metals, X5 = one or more alkaline earth metals,  X6 = Si, Al, Ti and/or Zr,
35 a = from 1 to 6,  b = from 0.2 to 4,  c = from 0.5 to 18,  d = from 0 to 40,  e = from 0to2, 40 f
= from 0 to 4, 



g = from 0 to 40 and PF 57479 15  n = a number which is determined by the valency and
frequency of the elements  in VII other than oxygen. Embodiments which are particularly
relevant in accordance with the invention among  5 the active multimetal oxides VII are those
which are encompassed by the following  definitions of the variables of the general formula
VII: XI = W, Nb and/or Cr, X2 = Cu, Ni, Co and/or Fe,  10 X3 = Sb, XQ = Na and/or K, X5 =
Ca, Sr and/or Ba,  X6 = Si, Al and/or Ti,  15 a = from 1.5 to 5, b = from 0.5 to 2,  c = from 0.5
to 3,  d = from O to 2,  e = from 0 to 0.2, 20 f = from 0 to 1 and n = a number which is
determined by the valency and frequency of the elements  in VII other than oxygen. However,
multimetal oxides VII which are very particularly relevant in accordance with  25 the invention
are those of the general formula VIII Mo12Va'Y1b,Y2eY5VY6gOn' (VIII)  where 30 YI = W
and/or Nb,  Y2 = Cu and/or Ni,  Y5 = Ca and/or Sr,  Y6 = Si and/or Al,  35 a'= from 2 to 4,  b'=
from 1 to 1.5,  c'= from 1 to 3,  f'= from 0 to 0.5 40 g'= from O to 8 and 



n' = a number which is determined by the valency and frequency of the elements  in VIII other
than oxygen. PF 57479 16  The multimetal oxide active compositions (VII) which are relevant
in accordance with  the invention are obtainable in a manner known per se, for example
disclosed in  DE-A 43 35 973 or in EP-A 714 700. 5 Generally, multimetal oxide active
compositions relevant in accordance with the inven- tion for the "acrolein -. acrylic acid" step,
especially those of the general formula VII,  can be prepared in a simple manner by obtaining
a very intimate, preferably finely di- vided dry mixture having a composition corresponding to
their stoichiometry from suit 10 able sources of their elemental constituents and calcining it at
temperatures of from  350 to 600C. The calcination may be carried out either under inert gas
or under an  oxidative atmosphere, for example air (mixture of inert gas and oxygen), and also
un- der a reducing atmosphere (for example mixtures of inert gas and reducing gases such
as H2, NH3, CO, methane and/or acrolein or the reducing gases mentioned them 15 selves).
The 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 mul- timetal oxide active
compositions VII include those compounds which are already ox- ides and/or those
compounds which can be converted to oxides by heating, at least in  the presence of oxygen.
20 The starting compounds for the preparation of multimetal oxide compositions VII 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  25 to
intimate 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 30 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 150C. 35 The resulting multimetal oxide compositions, especially those of the
general formula  VII, may be used for the inventive acrolein oxidation either in powder form
(for example  



in fluidized bed reactors) or shaped to certain catalyst geometries, and the shaping  may be
effected before or after the final calcination. For example, unsupported cata- lysts can be
prepared from the powder form of the active composition or its uncalcined 40 precursor
composition by compacting to the desired catalyst geometry (for example by  tableting or
extruding), if appropriate with the addition of assistants, for example graph- ite or stearic acid
as lubricants and/or shaping assistants and reinforcing agents such PF 57479 17  as
microfibers of glass, asbestos, silicon carbide or potassium titanate. Examples of  relevant
unsupported catalyst geometries are solid cylinders or hollow cylinders having  an external
diameter and a length of from 2 to 10 mm. In the case of the hollow cylin- ders, a wall
thickness of from 1 to 3 mm is appropriate. The unsupported catalyst may 5 of course also
have spherical geometry, in which case the spherical diameter may be  from 2 to 10 mm (e.g.
8.2 mm or 5.1 mm). The pulverulent active composition or its pulverulent precursor
composition which is yet  to be calcined can of course also be shaped by applying to
preshaped inert catalyst 10 supports. The coating of the support bodies to prepare the coated
catalysts is generally  performed in a suitable rotatable vessel, as disclosed, for example, by
DE-A 2 909 671,  EP-A 293 859 or by EP-A 714 700. To coat the support bodies, the powder
composition to be applied is appropriately  15 moistened and is dried again after application,
for example by means of hot air. The  coating thickness of the powder composition applied to
the support body is, in a man- ner relevant in accordance with the invention, frequently
selected within the range from  10 to 1000 pm, preferably within the range from 50 to 500 pm
and more preferably  within the range from 150 to 250 pm. 20 Useful support materials are
customary porous or nonporous aluminum oxides, silicon  dioxide, thorium dioxide, zirconium
dioxide, silicon carbide or silicates such as magne- sium silicate or aluminum silicate. The
support bodies may have a regular or irregular  shape, although preference is given to
regularly shaped support bodies having distinct 25 surface roughness, for example spheres or
hollow cylinders with grit layer. It is suitable  to use substantially nonporous,
surface-roughened, spherical supports made of stea- tite, whose diameter is from 1 to 10 mm
or to 8 mm, preferably from 4 to 5 mm. In other  words, suitable spherical geometries may
have diameters of 8.2 mm or of 5.1 mm.  However, it is also suitable to use cylinders whose
length is from 2 to 10 mm and 30 whose external diameter is from 4 to 10 mm as support
bodies. In the case of rings as  support bodies, the wall thickness is also typically from 1 to 4
mm. Annular support  



bodies to be used with preference have a length of from 2 to 6 mm, an external diame- ter of
from 4 to 8 mm and a wall thickness of from 1 to 2 mm. Also relevant are in par- ticular rings
of geometry 7 mm x 3 mm x 4 mm (external diameter x length x internal 35 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).
Multimetal oxide active compositions relevant for the inventive "acrolein - acrylic acid"  40 step
are also compositions of the general formula IX [D]p[E]q (IX) PF 57479 18  in which the
variables are each defined as follows:  D = M012Va'Z1b'Z2c'Zsd'Z4e'Z6rZ6g.ox', 5 E =
Z712Cuh'HrOy , Z1 = W, Nb, Ta, Cr and/or Ce, Z2 = Cu, Ni, Co, Fe, Mn and/or Zn,  Z3 = Sb
and/or Bi, Z4 = Li, Na, K, Rb, Cs and/or H,  10 Z5 = Mg, Ca, Sr and/or Ba, Z6 = Si, Al, Ti
and/or Zr, Z7 = Mo, W, V, Nb and/or Ta, preferably Mo and/or W,  a" = from 1 to 8, 15 V from
0.2 to 5,  c" = from 0 to 23,  d" = from 0 to 50,  e" = from 0 to 2,  f' = from 0 to 5, 20 g" = from 0
to 50,  h" = from 4 to 30, I" = from 0to20and x",y" = numbers which are determined by the
valency and frequency of the  elements in IX other than oxygen and 25 p,q = numbers other
than zero whose p/q ratio is from 160:1 to 1:1, and which are obtainable by separately
preforming a multimetal oxide composition E  Z712Cuh'HrOy' (E)  30 in finely divided form
(starting composition 1) and subsequently incorporating the pre- 



formed solid starting composition 1 into an aqueous solution, an aqueous suspension  or into
a finely divided dry mixture of sources of the elements Mo, V, Z1, Z2, Z3, Z4, Z6  Z6 which
comprises the abovementioned elements in the stoichiometry D 35 M012V3'Z1h'Z2c
Z3d.Z4eZ5rZ6g' (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  40 temperatures of from 250 to 600C to give the desired catalyst geometry. PF
57479 19  Particularly relevant multimetal oxide compositions IX are those in which the
preformed  solid starting composition 1 is incorporated into an aqueous starting composition 2
at a  temperature of < 70C. A detailed description of the preparation of multimetal oxide
composition VI catalysts is contained, for example, in EP-A 668 104, DE-A 197 36 105, 5
DE-A 100 46 928, DE-A 197 40 493 and DE-A 195 28 646. With regard to the shaping, the
statements made for the multimetal oxide composition  VII catalysts apply to multimetal oxide
composition IX catalysts. 10 Multimetal oxide catalysts which are particularly relevant in
accordance with the inven- tion for the "acrolein acrylic acid" step are also those of DE-A 198
15 281, especially  having multimetal oxide active compositions of the general formula I of this
document.  With relevance in accordance with the invention, unsupported catalyst rings are
used 15 for the step from propylene to acrolein and coated catalyst rings for the step from ac-
rolein to acrylic acid. According to the invention, the reaction temperature in the first reaction
stage is appro- priately from 270 to 450C or from 280 to 420C, preferably from 300 to 380C.
Accord- 20 ing to the invention, the reaction temperature in the second reaction stage is
appropri- ately from 200 to 370 or to 320C, preferably from 220 to 300C. The process
according to the invention is also of particular relevance when the active  compositions for the
catalysts of the first reaction stage comprise those whose specific  25 surface area is from 0.1
to 120 m2/g, or from 0.2 to 50 m2/g, or from 1 to 20 m2/g, or  from 2 to 10 m2/g. The process
according to the invention is also of particular relevance when the active  compositions for the
catalysts of the first reaction stage comprise those whose numeri- 30 cally most frequent pore
diameter is from 0.1 to 1 pm. It is also of particular relevance when the aforementioned
numerically most frequent  pore diameters and one of the aforementioned specific surface
areas are present in  combination in the active compositions for the catalysts of the first
reaction stage.  



35 Moreover, the process according to the invention is of particularly significance when  the
proportion of different pore diameters in the total pore volume in the active compo- sitions for
the catalysts of the first reaction stage has the following distribution: 40 Pores having
diameters in the range from < 0.03 pm: z 0 and 5 5% by volume.  Pores having diameters in
the range from a 0.003 pm to s 0.1 pm: z 3 ands 20% by  volume. PF 57479 20  Pores having
diameters in the range from > 0.1 to < 1 pm: z 75 and 5 95% by volume  and Pores having
diameters in the range from z 1 to 5 10 pm: ? 0 and :5 5% by volume.  5 The total pore
volume for first-stage catalyst active compositions relevant in accor- dance with the invention
is typically from 0.1 to 1.00 ml/g, usually from 0.10 to  0.80 ml/g, or from 0.20 to 0.40 ml/g. 10
Furthermore, the process according to the invention is of particular relevance when the  active
compositions for the catalysts of the second reaction stage comprise those  whose specific
surface area is from 0.1 to 150 m2/g, or from 0.2 to 50 m2/g, or from 1 to  20 m2/g, or from 2
to 10 m2/g. In addition, the process according to the invention is of  particular relevance when
the active compositions for the catalysts of the second reac 15 tion stage comprise those
whose numerically most frequent pore diameter is from 0.1  to 1 lam. It is also of particular
relevance when the aforementioned numerically most frequent  pore diameters and one of the
aforementioned specific surface areas are present in  20 combination in the active
compositions for the catalysts of the second reaction stage. The total pore volume for
second-stage catalysts relevant in accordance with the inven- tion is typically from 0.10 to
0.90 ml/g, or from 0.20 to 0.80 ml/g, or from 0.30 to 0.70 ml/g.  25 Moreover, the process
according to the invention is of particular significance when the  pore distribution in the active
compositions for the catalysts of the second reaction  stage is such that in each case at least
5% by volume, preferably at least 10% by vol- ume, of the aforementioned total pore volume
is accounted for by the diameter ranges 30 from 0 to < 1.0 pm, from 1.0 to < 10 lam and from
10 lam to 100 pm. The inventive procedure is also advantageous when the pore diameter
distributions  according to EP-A 293 859 are present in the second-stage catalyst active
composi- 



tions. Every single statement made above on specific surface area, pore diameter, total 35
pore volume and pore diameter distribution applies especially in relation to every single
muftimetal oxide composition mentioned as relevant in this document for catalysts of  the first
oxidation stage and of the second oxidation stage. In principle, the volume-specific activity of
the at least one first catalyst bed (especially  40 fixed catalyst bed) within the first reaction
stage in the process according to the inven- tion may either be constant over the length of the
flow path in flow direction of reaction  gas mixture 1 or increase at least once (continuously or
abruptly or in stages). At least PF 57479 21  one increase is preferred in accordance with the
invention under the inventive criteria  (minimum by-product formation). In all of the
aforementioned cases, it is also advanta- geous when the active composition does not
change over the length of the flow path  within the first reaction stage. 5 The statements made
above for the first reaction stage apply equally to the second  reaction stage of the process
according to the invention. When the catalyst bed for the first reaction stage is a fixed catalyst
bed, it is possible to  10 prepare this fixed catalyst bed 1 in the process according to the
invention by using only  shaped catalyst bodies having multimetal oxide active composition or
else substantially  homogeneous mixtures of shaped catalyst bodies having multimetal oxide
active com- position and shaped bodies (shaped diluent bodies) which have no multimetal
oxide  active composition and behave substantially inertly with respect to the heterogeneously
15 catalyzed partial gas phase oxidation. Useful materials for such inert shaped bodies  are in
principle all of those which are also suitable as support material for coated cata- lysts suitable
in accordance with the invention. Useful such materials include, for ex- ample, porous or
nonporous aluminum oxides, silicon dioxide, thorium dioxide, zirco- nium dioxide, silicon
carbide, silicates such as magnesium silicate or aluminum silicate,  20 or the steatite already
mentioned. The geometry of such inert shaped diluent bodies may in principle be as desired.
In  other words, they may be, for example, spheres, polygons, solid cylinders or else, like  the
shaped catalyst bodies having active composition, rings. Preferably in accordance 25 with the
invention, the inert shaped diluent bodies selected will be those whose geome- try
corresponds to that of the shaped catalyst bodies to be diluted with them (the above
statements also apply to substantially homogeneous mixtures of shaped catalyst bod- ies
having multimetal oxide active composition and shaped diluent bodies usable for  the
provision of a fixed bed catalyst charge 2 (fixed catalyst bed for the second reaction  



30 stage)). It is advantageous when the chemical composition of the active composition used
does  not change over the fixed bed catalyst charge 1. In other words, the active composition
used for an individual shaped catalyst body may be a mixture of different multimetal 35
oxides, but the same mixture then has to be used for all shaped catalyst bodies of the  fixed
bed catalyst charge 1. The volume-specific (i.e. normalized to the unit of volume) activity can
be reduced in a  simple manner by homogeneously diluting a basic amount of shaped catalyst
bodies  40 produced in a uniform manner with shaped diluent bodies. The higher the fraction
of the shaped diluent bodies selected, the lower the amount of active composition, or  catalyst
activity, present in a certain volume of the bed. PF 57479 22  A volume-specific activity
increasing at least once in flow direction of the reaction gas  mixture over fixed bed catalyst
charge 1 can thus be attained for the process according  to the invention in a simple manner,
for example, by beginning the bed with a high frac 5 tion of inert shaped diluent bodies based
on one type of shaped catalyst bodies, and  then reducing this fraction of shaped diluent
bodies in flow direction either continuously  or, at least once or more than once, abruptly (for
example in stages). When the content  of shaped diluent bodies is left constant or no shaped
diluent bodies at all are used  additionally in fixed bed catalyst charge 1, the result is a
constant volume-specific activ 10 ity in flow direction of the reaction gas mixture over fixed
bed catalyst charge 1. How- ever, an increase in the volume-specific activity is also possible,
for example, by, with  constant geometry and active composition type of a shaped coated
catalyst body, in- creasing the thickness of the active composition layer applied to the support,
or, in a  mixture of coated catalysts with the same geometry but with different proportion by 15
weight of the active composition, increasing the proportion of shaped catalyst bodies  with
higher proportion by weight of active composition. A similar effect can also be  achieved, for
example, by, in mixtures of unsupported catalysts and of coated catalysts  (with identical
active composition) altering the mixing ratio in an appropriate manner. It  will be appreciated
that the variants described can also be employed in combination.  20 Normally, in the process
according to the invention the volume-specific activity will de- crease once neither within fixed
bed catalyst charge 1 nor within fixed bed catalyst  charge 2 in flow direction of the reaction
gas mixture. 25 Upstream and/or downstream of fixed bed catalyst charge 1 may be disposed
beds  consisting exclusively of inert material (for example only shaped diluent bodies) (for  



terminology purposes, they are not included in the fixed bed catalyst charge 1 in this
document, since they do not comprise any shaped bodies which have multimetal oxide  active
composition). The shaped diluent bodies used for the inert bed may have the 30 same
geometry as the shaped catalyst bodies used in fixed bed catalyst charge 1.  However, the
geometry of the shaped diluent bodies used for the inert bed may also be  different from the
aforementioned geometry of the shaped catalyst bodies (for example,  spherical instead of
annular). 35 Preferably in accordance with the invention, fixed bed catalyst charge 1 in the
process  according to the invention is structured in flow direction of the reaction gas mixture
as  follows. First, to a length of from 10 to 60%, preferably from 10 to 50%, more preferably
from 20  40 to 40% and most preferably from 25 to 35% (i.e., for example, to a length of from
0.70  to 1.50 m, preferably from 0.90 to 1.20 m), in each case of the total length of fixed bed
catalyst charge 1, either only shaped catalyst bodies or a homogeneous mixture of PF 57479
23  shaped catalyst bodies and shaped diluent bodies (both preferably having substantially
the same geometry), in which the proportion by weight of shaped diluent bodies (the  mass
densities of shaped catalyst bodies and of shaped diluent bodies generally differ  only slightly)
is normally from 5 to 40% by weight, or from 10 to 40% by weight or from 5 20 to 40% by
weight or from 25 to 35% by weight. Downstream of this first zone of  fixed bed catalyst
charge 1 is then disposed, advantageously in accordance with the  invention, up to the end of
the length of fixed bed catalyst charge 1 (i.e., for example, to  a length of from 2.00 to 3.00 m,
preferably from 2.50 to 3.00 m), either a bed of shaped  catalyst bodies diluted only to a lesser
extent (than in the first zone), or, most 10 preferably, a sole (undiluted) bed of the same
shaped catalyst bodies which have also  been used in the first zone. The aforementioned is
especially true when the shaped catalyst bodies used in fixed  bed catalyst charge I are
unsupported catalyst rings or coated catalyst rings 15 (especially those which are mentioned
in this document as preferred). For the purposes  of the aforementioned structuring, both the
shaped catalyst bodies and the shaped  diluent bodies in the process according to the
invention advantageously have  substantially the ring geometry 5 mm x 3 mm x 2 mm
(external diameter x length x  internal diameter). 20 In a manner corresponding to that in
which the volume-specific activity of fixed bed  catalyst charge I can be varied, the
volume-specific activity of fixed bed catalyst  



charge 2 can also be varied. Upstream and/or downstream of the actual fixed bed  catalyst
charge 2 may again be disposed an appropriate inert bed. 25 Preferably in accordance with
the invention, fixed bed catalyst charge 2 in the process  according to the invention is
structured as follows in flow direction of the reaction gas  mixture. 30 First, to a length of from
10 to 60%, preferably from 10 to 50%, more preferably from 20  to 40% and most preferably
from 25 to 35% (i.e., for example, to a length of from 0.70  to 1.50 m, preferably from 0.90 to
1.20 m), in each case of the total length of fixed bed  catalyst charge 2, either only shaped
catalyst bodies or a homogeneous mixture of  shaped catalyst bodies and shaped diluent
bodies (both preferably having substantially 35 the same geometry), in which the proportion
by weight of shaped diluent bodies (the  mass densities of shaped catalyst bodies and of
shaped diluent bodies generally differ  only slightly) is normally from 10 to 50% by weight,
preferably from 20 to 45% by  weight and more preferably from 25 to 35% by weight.
Downstream of this first zone of  fixed bed catalyst charge 2 is then disposed, advantageously
in accordance with the 40 invention, up to the end of the length of fixed bed catalyst charge 2
(i.e., for example, to  a length of from 2.00 to 3.00 m, preferably from 2.50 to 3.00 m), either a
bed of shaped  catalyst bodies only to a lesser extent (than in the first zone), or, most
preferably, a PF 57479 24  sole bed of the same shaped catalyst bodies which have also
been used in the first  zone. The aforementioned is especially true when the shaped catalyst
bodies used in fixed  5 bed catalyst charge 2 are coated catalyst rings (especially those which
are mentioned  in this document as preferred). For the purposes of the aforementioned
structuring,  both the shaped catalyst bodies or their support rings and the shaped diluent
bodies in  the process according to the invention advantageously have substantially the ring
geometry 7 mm x 3 mm x 4 mm (external diameter x length x internal diameter). 10
Appropriately in accordance with the invention, the first reaction stage of the process
according to the invention can be carried out, for example, in a tube bundle reactor  charged
with fixed bed catalyst charge 1 (and, if appropriate, inert beds upstream  and/or downstream
of it), as described, for example, in EP-B 700714. 15 In other words, in the simplest manner,
the aforementioned charge in each case is dis- posed in the individual metal tubes of a tube
bundle reactor and a heating medium  



(one-section method), generally a salt melt, is conducted around the metal tubes. Salt  melt
and reaction gas mixture may be conducted in simple cocurrent or countercurrent. 20
However, the salt melt (the heating medium) may also be conducted around the tube  bundle
in a meandering manner viewed over the reactor, so that only viewed over the  entire reactor
does a cocurrent or countercurrent to the flow direction of the reaction  gas mixture exist. The
flow rate of the heating medium (heat exchange medium) is  typically such that the
temperature rise (caused by the exothermicity of the reaction) of 25 the heat exchange
medium from the inlet point into the reactor to the outlet point from  the reactor is from a 0 to
10C, frequently from z 2 to 8C, often from z 3 to 6C. The  inlet temperature of the heat
exchange medium into the tube bundle reactor is gener- ally from 300 to 360C, frequently
from 300 to 340C. 30 Suitable heat exchange media are especially fluid heating media. It is
particularly fa- vorable to use melts of salts such as potassium nitrate, potassium nitrite,
sodium nitrite  and/or sodium nitrate, or of low-melting metals such as sodium, mercury and
alloys of  different metals. 35 Typically, the catalyst tubes in the aforementioned tube bundle
reactors are manufac- tured from ferritic steel and typically have a wall thickness of from 1 to
3 mm. Their in- ternal diameter is (in particular in the case of use of the catalyst ring
geometries speci- fied in this document) generally from 20 to 30 mm, frequently from 21 to 26
mm. Their  length is typically from 2 to 4 m, frequently from 2.5 to 3.5 m. According to the
inven 40 tion, normally at least 60%, frequently at least 75%, of these are occupied by fixed
bed  catalyst charge 1. Appropriately in a accordance with the invention, the number of cata-
lyst tubes accommodated in the tube bundle vessel amounts to at least 5000, prefera PF
57479 25  bly to at least 10 000. Frequently, the number of catalyst tubes accommodated in
the  reaction vessel is from 15 000 to 30 000 or to 40 000. Tube bundle reactors having  more
than 50 000 catalyst tubes are usually the exception. Within the vessel, the cata- lyst tubes
are normally arranged in homogeneous distribution, the distribution appropri 5 ately being
selected such that the separation of the central internal axes of immediately  adjacent catalyst
tubes (known as the catalyst tube pitch) is from 35 to 45 mm (cf., for  example, EP-B 468290).
A tube bundle reactor suitable for the process according to  the invention is also disclosed by
DE-A 10131126, DE-A 10137768, DE-A 10135498  and DE-A 10232967. 10 Appropriately,
starting reaction gas mixture 1 is fed to fixed bed catalyst charge 1 pre- heated to the reaction
temperature. This purpose can be served, for example, by a bed  



of inert material preceding a fixed bed catalyst charge. 15 It will be appreciated that the first
reaction stage of the process according to the  invention may also be carried out in a
two-section (or multisection) tube bundle reactor,  as described, for example, in DE-A
19910508, 19948523, 19910506 and 19948241. A  preferred variant of a two-section tube
bundle reactor which can be used in accordance  with the invention is disclosed by DE-C
2830765. However, the two-section tube 20 bundle reactors disclosed in DE-C 2513405,
US-A 3147084, DE-A 2201528, EP A 383224 and DE-A 2903218 are also suitable for
carrying out the first reaction stage  of the process according to the invention. In other words,
in the simplest manner, the fixed bed catalyst charge 1 to be used in  25 accordance with the
invention (possibly with downstream and/or upstream inert beds)  is disposed in the metal
tubes of a tube bundle reactor and two substantially spatially  separated heating media,
generally salt melts, are conducted around the metal tubes.  The tube section over which the
particular salt bath extends represents a temperature  zone in accordance with the invention.
In other words, in the simplest manner, for 30 example, a salt bath A flows around that section
of the tubes (reaction section A) in  which the oxidative conversion of propene (in single pass)
proceeds until a conversion  in the range from 40 to 80 mol% is achieved, and a salt bath B
flows around the section  of the tubes (reaction section B) in which the subsequent oxidative
conversion of  propene (in single pass) proceeds until a conversion value of at least 90 mol%
is 35 achieved (if required, the reaction sections A, B to be used in accordance with the
invention may be followed by further reaction sections which are maintained at  individual
temperatures). It is appropriate from an application point of view for the first reaction stage of
the  40 process according to the invention not to comprise any further reaction sections. In
other words, salt bath B appropriately flows around the section of the tubes in which PF 57479
26  the subsequent oxidative conversion of propene (in single pass) proceeds up to a
conversion value of a 90 mol%, or a 92 mol%, or ? 94 mol%, or >_ 96 mol% or more.
Typically, the beginning of reaction section B lies beyond the hotspot maximum of 5 reaction
section A. The hotspot maximum of reaction section B is normally below the  hotspot
maximum temperature of reaction section A. According to the invention, both salt baths A, B
can be conducted in cocurrent or in  countercurrent through the space surrounding the
reaction tubes relative to the flow  10 direction of the reaction gas mixture flowing through the
reaction tubes. It is of course also possible in accordance with the invention to employ
cocurrent flow in reaction  



section A and countercurrent flow in reaction section B (or vice versa). In all of the
aforementioned cases, it is of course possible to superimpose a transverse  15 flow on the
parallel flow of the salt melt, relative to the reaction tubes, taking place  within the particular
reaction section, so that the individual reaction section corresponds  to a tube bundle reactor
as described in EP-A 700714 or in EP-A 700893, which results  overall in a meandering flow
profile of the heat exchange medium in a longitudinal  section through the catalyst tube
bundle. 20 In the two-section method too, starting reaction gas mixture 1 is appropriately fed
preheated to the reaction temperature to fixed bed catalyst charge 1. In the two-section tube
bundle reactors too, the catalyst tubes are typically 25 manufactured from ferritic steel and
typically have a wall thickness of from 1 to 3 mm.  Their internal diameter is generally from 20
to 30 mm, frequently from 21 to 26 mm.  Their length is advantageously from 2 to 4 m,
preferably from 2.5 to 3.5 m. In each  temperature section, the fixed bed catalyst charge 1
occupies at least 60%, or at least  75%, or at least 90%, of the length of the section. Any
remaining length is, if 30 appropriate, occupied by an inert bed. It is advantageous from an
application point of  view for the number of catalyst tubes accommodated in the tube bundle
vessel to be at  least 5000, preferably at least 10 000. Frequently, the number of catalyst
tubes  accommodated in the reaction vessel is from 15 000 to 30 000 or to 40 000. Tube
bundle reactors having a number of catalyst tubes above 50 000 are usually 35 exceptional.
Within the vessel, the catalyst tubes are normally arranged in  homogeneous distribution, and
the distribution is advantageously selected in such a  way that the separation of the central
internal axes of immediately adjacent catalyst  tubes (known as the catalyst tube pitch) is from
35 to 45 mm (cf., for example, EP-B  468290). 40 Suitable heat exchange media for the
two-zone method are also in particular fluid  heating media. It is particularly favorable to use
melts of salts such as potassium PF 57479 27  nitrate, potassium nitrite, sodium nitrite and/or
sodium nitrate, or of low-melting metals  such as sodium, mercury and also alloys of different
metals. In general, in all of the aforementioned flow arrangements in the two-section tube 5
bundle reactors, the flow rate within the two heat exchange medium circuits required is
selected in such a way that the temperature of the heat exchange medium rises from  the inlet
point into the reaction section to the outlet point from the reaction section (as a  



result of the exothermicity of the reaction) by from 0 to 15C. In other words, the
aforementioned AT may, in accordance with the invention, be from 1 to 10C, or from 2  10 to
8C, or from 3 to 6C. According to the invention, the entrance temperature of the heat
exchange medium into  reaction section A is normally from 300 to 340C. According to the
invention, the en- trance temperature of the heat exchange medium into reaction section B is
normally 15 firstly from 305 to 380C, and is secondly simultaneously at least z OTC, or at
least 5C,  above the entrance temperature of the heat exchange medium entering reaction
sec- tion A. If appropriate, this temperature difference may also be s 0C. At high propene
loadings, the entrance temperature of the heat exchange medium into  20 reaction section 8 is
appropriately at least 10C above the entrance temperature of the  heat exchange medium
entering reaction section A. The difference between the en- trance temperatures into reaction
section A and B may, in accordance with the inven- tion, thus be up to 20C, up to 25C, up to
30C, up to 40C, up to 45C or up to 50C.  Normally, the aforementioned temperature
difference will, though, not be more than 25 50C. The higher the propene loading on fixed bed
catalyst charge 1 is selected in the  process according to the invention, the greater should be
the difference between the  entrance temperature of the heat exchange medium into reaction
section A and the  entrance temperature of the heat exchange medium into reaction section
B. 30 Advantageously, the entrance temperature of the heat exchange medium into reaction
section B is, in accordance with the invention, from 330 to 370C and particularly ad-
vantageously from 340 to 370C. It will be appreciated that the two reaction sections A, B in
the process according to the  35 invention may also be realized in spatially separate tube
bundle reactors. If required, a  heat exchanger can also be mounted between the two reaction
sections A, B. It should also be pointed out once again here that, for an implementation of
reaction  stage 1 of the process according to the invention, it is possible in particular also to
use  40 the two-section tube bundle reactor type described in DE-B 2201528, which includes
the possibility of removing a portion of the hotter heat exchange medium of reaction  section B
to reaction section A, in order if appropriate to heat a cold starting reaction PF 57479 28  gas
mixture or a cold cycle gas. The tube bundle characteristics within an individual  reaction
section may also be configured as described in EP-A 382098. According to the invention, it
has been found to be appropriate to cool the product gas  5 mixture leaving the first reaction
stage before entry into the second reaction stage, in  order thus to suppress subsequent
complete combustion of parts of the acrolein  



formed in the first reaction stage. For this purpose, an after cooler is typically con- nected
between the two reaction stages. In the simplest case, this may be an indirect  tube bundle
heat transferrer. In this case, the product gas mixture is generally con 10 ducted through the
tubes and a heat exchange medium is conducted around the tubes,  whose type may
correspond to the heat exchange media recommended for the tube  bundle reactors.
Advantageously, the tube interior is filled with inert random packings  (for example spirals of
stainless steel, rings of steatite, spheres of steatite, etc). These  improve the heat exchange
and capture any molybdenum trioxide subliming out of the 15 fixed bed catalyst charge of the
first reaction stage before it enters the second reaction  stage. It is advantageous for the after
cooler to be manufactured from stainless steel  coated with zinc silicate primer. According to
the invention, the resulting selectivity SM of acrolein formation and of  20 acrylic acid
by-product formation (with increasing propylene conversion, SM some- times decreases
slightly under otherwise identical conditions, since higher conversions  normally require higher
reaction temperatures) together in single pass in the first reac- tion stage will regularly be a 85
mol% or? 90 mol%, in many cases ;-> 92 mol% or > 94 mol%, frequently z 95 mol% or a 96
mol% or ;-> 97 mo!%.  25 The process according to the invention is suitable for propene
loadings of the fixed bed  catalyst charge 1 of a 801(STP)/Ih, or of z 100 I (STP)/1h, or of a
120 I (STP)/Ih, or of  Z 140 I (STP)/Ih, or of a 1651(STP)/1h, or of z 170 I (STP)/I-h or z 175 I
(STP)/I-h or >_ 1801(STP)/1h, but also for propene loadings of fixed bed catalyst charge 1 of
30 z 1851 (STP)/1h, or a 1901 (STP)/1h or a 2001 (STP)/I-h or a 210 I (STP)/1h, and also  for
loading values of > 220 I (STP)/I-h or ;-> 230 I (STP)/I-h or a 240 I (STP)/Ih or z 250 I
(STP)/1h. With increasing propene loading, the two-section method described is preferred
over  35 the one-section method described in the first reaction stage. Normally, the propene
loading of the first fixed bed catalyst charge in the process ac- cording to the invention will not
exceed 600 I (STP)/Ih. Typically, the propene loadings  of the fixed bed catalyst charge I in
the process according to the invention are at val- 40 ues of 5 300 1 (STP)/Ih, frequently at
values of s 250 1 (STP)/Ih. PF 57479 29  The working pressure in the process according to
the invention in the first reaction  stage may be either below standard pressure (for example
up to 0.5 bar; the reaction  mixture is sucked through) or above standard pressure. Typically,
the working pressure  in the first reaction stage is at values of from 1 to 5 bar, frequently from
1.5 to 3.5 bar. 



5 Normally, the reaction pressure in the first reaction stage will not exceed 100 bar.  Useful
sources for the molecular oxygen required in the first reaction stage are both air  and air
depleted in molecular nitrogen. 10 It is appropriate from an application point of view to cool
the product gas mixture of the  first reaction stage to a temperature of from 210 to 290C,
frequently from 230 to  280C or from 250 to 270C in the after cooler already mentioned. The
product gas  mixture of the first reaction stage can quite possibly be cooled to temperatures
which  are below the temperature of the second reaction stage. However, the after cooling 15
described is in no way obligatory and can generally be dispensed with especially when  the
path of the product gas mixture from the first reaction stage into the second reac- tion stage is
kept short. Typically, the process according to the invention is also real- ized in such a way
that the oxygen requirement in the second reaction stage is not al- ready covered by an
appropriately high oxygen content of starting reaction gas mixture 20 1, but rather that the
oxygen required is added in the region between the first and sec- ond reaction stage. This can
be done before, during, after and/or for after cooling. Use- ful sources for the molecular
oxygen required in the second reaction stage are both  pure oxygen and mixtures of oxygen
and inert gas, for example air or air depleted in  molecular nitrogen (for example >_ 90% by
volume of 02, :5 10% by volume of N2). The 25 oxygen source is regularly added compressed
to the reaction pressure. It will be ap- preciated that the oxygen requirement in the second
reaction stage in the process ac- cording to the invention may already be covered by an
appropriately high oxygen re- quirement in the first reaction stage. 30 The working pressure in
the process according to the invention in the second reaction  stage, as in reaction stage 1,
may be either below standard pressure (for example up  to 0.5 bar) or above standard
pressure. According to the invention, the working pres- sure in the second reaction stage will
typically be at values of from 1 to 5 bar, fre- quently from I to 3 bar. Normally, the reaction
pressure in the second reaction stage  35 will not exceed 100 bar. Just like the first reaction
stage, the second reaction stage of the process according to  the invention can be carried out
in a simple manner in a tube bundle reactor charged  with fixed bed catalyst charge 2, as
described, for example, in EP-A 700893. The inert 40 beds preceding andlor following fixed
bed catalyst charge 2 can complete the charge. PF 57479 30  In other words, in the simplest
manner, the fixed bed catalyst 2 to be used in accor- dance with the invention and any inert
beds used additionally are disposed in the metal  tubes of a tube bundle reactor and a heating
medium (one-section mode), generally as  



salt melt, is conducted around the metal tubes. Salt melt and reaction gas mixture may 5 be
conducted in simple cocurrent or countercurrent. However, the heating medium may  also be
conducted around the tube bundle in a meandering manner viewed over the  reactor, so that
only viewed over the entire reactor does a cocurrent or countercurrent  to the flow direction of
the reaction gas mixture exist. The volume flow rate of the heat- ing medium (heat exchange
medium) is typically such that the temperature rise 10 (caused by the exothermicity of the
reaction) of the heat exchange medium from the  inlet point into the reactor to the outlet point
from the reactor is from a 0 to 10C, fre- quently from ? 2 to 8C, often from a, 3 to 6C. The
entrance temperature of the heat  exchange medium into the tube bundle reactor is generally
from 230 to 300C, fre- quently from 245 to 285C, or from 255 to 275C. Suitable heat
exchange media are 15 the same fluid heating media as have already been described for the
first reaction  stage. Appropriately, starting reaction gas mixture 2 is fed to fixed bed catalyst
charge 2 pre- heated to the reaction temperature. For the dimensioning of the catalyst tubes,
the 20 catalyst tube material, the catalyst tube number and its charge with fixed bed catalyst
charge 2/inert bed, the same applies as was stated for the tube bundle reactor of the  first
reaction stage. In general, a one-section method of the first reaction stage is combined with a
one- 25 section method of the second reaction stage, the relative flow of reaction gas mixture
and heating medium in both stages being selected identically. However, it will be appreciated
that the second reaction stage of the process according  to the invention may also, in a
manner corresponding to the first reaction stage, be re- 30 alized as two spatially successive
reaction sections C, D, in which case the tempera ture of reaction section C (this always
means the temperature of the entering salt bath  or heat carrier in general) is appropriately
from 230 to 270C and the temperature of  reaction section D is from 250 to 300C and
simultaneously at least a 0C, or at least  z 5C, above the temperature of reaction zone C. If
appropriate, this temperature dif- 35 ference may also be <_ 0C. Reaction section C extends
preferably up to an acrolein conversion of from 65 to 80 mol%. Moreover, the temperature of
reaction section C is advantageously from 245  to 260C. The temperature of reaction section
D at high acrolein loadings is preferably  40 from 5 to 10C above the temperature of reaction
section C and is advantageously from 260 to 285C. For the two-section method of the second
reaction stage, with re- gard to the reactor, for the dimensioning of the catalyst tubes, the
catalyst tube mate PF 57479 31  



rial, the catalyst tube number and their charge with fixed bed catalyst 2/inert bed, the
statements made for the two-section tube bundle reactor of the first reaction stage also  apply.
5 The higher the acrolein loading of fixed bed catalyst charge 2 is selected in the process
according to the invention, the greater the preference for the two-section method over  the
one-section method and the greater the difference between the temperature of re- action
section C and the temperature of reaction section D should be selected. Nor- mally, the
aforementioned temperature difference will, though, not be more than 40C. 10 In other words,
the difference between the temperature of reaction section C and the  temperature of reaction
section D may, in accordance with the invention, be up to  15C, up to 25C, up to 30C, up to
35C or up to 40C. In the process according to the invention, the selectivity of acrylic acid
formation, based  15 on the acrolein converted, will regularly be Z 90 mol%, or z 92 mol%, or
z 94 mol%,  frequently a 95 mol% or a 96 mol% or z 97 mol%. The process according to the
invention is suitable for acrolein loadings of fixed bed  catalyst charge 2 of a 80 I (STP)/Ih, or
of z 1001(STP)/Ih, or of z 120 I (STP)/Ih, or of  20 ? 140 I (STP)/Ih or a 150 I (STP)/Ih, or of z
160 I (STP)/Ih or a 170 I (STP)/Ih, or 175 I (STP)/Ih or >_ 1801(STP)/Ih, but also at acrolein
loadings of fixed bed catalyst  charge 2 of z 1851 (STP)/Ih, or of z 1901(STP)/IFh or a 2001
(STP)/I-h, or ? 2101  (STP)/Ih, and also at loading values of >_ 220 I (STP)/Ih, or a 230 I
(STP)/Ih or 240 I (STP)/Ih, or z 250 I (STP)/Ih.  25 Preferably in accordance with the
invention, no secondary gas consisting only of inert  gas is metered in between the first and
second reaction stage. Normally, the acrolein loading of the second fixed bed catalyst charge
in the process  30 according to the invention will not exceed the value of 600 I (STP)/1h.
Typically, the  acrolein loadings of fixed bed catalyst charge 2 in the process according to the
inven- tion are, without significant loss of conversion and selectivity, at values of 5 3001
(STP)/Ih, frequently at values of 5 250 I (STP)/Ih. 35 In general, the acrolein loading of fixed
bed catalyst charge 2 in the process according  to the invention will be about 101 (STP)/Ih,
frequently about 20 or 25 I (STP)/Ih, below  the propene loading of fixed bed catalyst charge
1. This is primarily attributable to the  fact that both conversion and selectivity for acrolein in
the first reaction stage generally  do not attain 100%. Moreover, the oxygen demand of the
second reaction stage is typi 40 cally covered by air as a secondary gas. With increasing
acrolein loading, the two- section method described is preferred over the one-section method
performed in the  second reaction stage. 



PF 57479 32  Remarkably, the selectivity of acrylic acid formation assessed over both
reaction  stages in the process according to the invention, based on propene converted, even
at  the highest propene and acrolein loadings, may generally be at values of >_ 83 mol%, 5
frequently at ? 85 mol% or 2:88 mol%, often at z 90 mol% or z 93 mol% or more. In an
appropriate manner from an application point of view, the second reaction stage  of the
process according to the invention is carried out in a two-section tube bundle  reactor. A
preferred variant of a two-section tube bundle reactor usable in accordance 10 with the
invention for the second reaction stage is disclosed by DE-C 2830765. How- ever, the
two-section tube bundle reactors disclosed in DE-C 2513405, US-A 3147084,  DE-A 2201528,
EP-A 383224 and DE-A 2903582 are also suitable fora performance  of the second reaction
stage of the process according to the invention. 15 In other words, in a simple manner, the
fixed bed catalyst charge 2 (including any inert  beds) to be used in accordance with the
invention is disposed in the metal tubes of a  tube bundle reactor and two substantially
spatially separated heating media, generally  salt melts, are conducted around the metal
tubes. According to the invention, the tube  section over which the respective salt bath
extends represents a reaction section. 20 In other words, in a simple manner, for example, a
salt bath C flows around those  sections of the tubes (reaction section C) in which the
oxidative conversion of acrolein  (in single pass) proceeds until a conversion value in the
range from 55 to 85 mol% is  achieved, and a salt bath D flows around the section of the
tubes (reaction section D) 25 in which the subsequent oxidative conversion of acrolein (in
single pass) proceeds until  a conversion value of at least 90 mol% is achieved (if required,
the reaction zones C, D  to be used in accordance with the invention may be followed by
further reaction zones  which are maintained at individual temperatures). 30 It is appropriate
from an application point of view for reaction stage 2 of the process  according to the invention
not to comprise any further reaction sections. In other words,  salt bath D appropriately flows
around the section of the tubes in which the subsequent  oxidative conversion of acrolein (in
single pass) proceeds up to a conversion value of 2  92 mol%, or >_ 94 mol% or z 96 mol% or
? 98 mol% and frequently even ? 99 mol% or  35 more. Typically, the beginning of reaction
section D lies beyond the hotspot maximum of  reaction section C. The temperature of the
hotspot maximum of section section D is  normally below the hotspot maximum temperature
of reaction section C. 40 



According to the invention, both salt baths C, D can be conducted in cocurrent or in
countercurrent through the space surrounding the reaction tubes relative to the flow PF 57479
33  direction of the reaction gas mixture flowing through the reaction tubes. It is of course
also possible in accordance with the invention to employ cocurrent flow in reaction  section C
and countercurrent flow in reaction section D (or vice versa). 5 In all of the aforementioned
cases, it is of course possible to superimpose a transverse  flow on the parallel flow of the salt
melt, relative to the reaction tubes, taking place  within the particular reaction section, so that
the individual reaction section corresponds  to a tube bundle reactor as described in EP-A
700714 or in EP-A 700893, which results  overall in a meandering flow profile of the heat
exchange medium in a longitudinal 10 section through the catalyst tube bundle. Typically, the
catalyst tubes in the aforementioned two-zone tube bundle reactors (just  like in the tube
bundle reactors of the one-zone method) are manufactured from ferritic  steel and typically
have a wall thickness of from 1 to 3 mm. Their internal diameter is  15 generally from 20 to 30
mm, frequently from 22 to 26 mm. Their length is advantageously from 3 to 4 m, preferably
3.5 m. In each temperature zone, fixed bed  catalyst charge 2 occupies at least 60%, or at
least 75%, or at least 90%, of the length  of the zone. Any remaining length is, if appropriate,
occupied by an inert bed. It is  advantageous from an application point of view for the number
of catalyst tubes 20 accommodated in the tube bundle vessel to be at least 5000, preferably
at least 10 000. Frequently, the number of catalyst tubes accommodated in the reaction
vessel  is from 15 000 to 30 000 or 40 000. Tube bundle reactors having a number of catalyst
tubes above 50 000 are usually exceptional. Within the vessel, the catalyst tubes are
normally arranged in homogeneous distribution, and the distribution is advantageously 25
selected in such a way that the separation of the central internal axes of immediately
adjacent catalyst tubes (known as the catalyst tube pitch) is from 35 to 45 mm (cf.  EP-B
468290). Suitable heat exchange media are in particular fluid heating media. It is particularly
30 favorable to use melts of salts such as potassium nitrate, potassium nitrite, sodium  nitrite
and/or sodium nitrate, or of low-melting metals such as sodium, mercury and  also alloys of
different metals. In general, in all of the abovementioned flow arrangements in the two-section
tube 35 bundle reactors, the flow rate within the two heat exchange medium circuits required
is  selected in such a way that the temperature of the heat exchange medium rises from  the
inlet point into the reaction zone to the outlet point from the reaction zone by from 0  



to 15C. In other words, the aforementioned AT may, in accordance with the invention,  be
from 1 to 10C, or from 2 to 8C, or from 3 to 6C. 40 The entrance temperature of the heat
exchange medium into reaction section C in an  inventive two-section method in the second
reaction stage is normally from 230 to PF 57479 34  270C. The entrance temperature of the
heat exchange medium into reaction section D  is, in accordance with the invention, normally
firstly from 250 to 300C and is secondly  simultaneously at least ? OTC, or at least z 5C,
above the entrance temperature of the  heat exchange medium entering reaction section C. 5
At high acrolein loadings, the entrance temperature of the heat exchange medium into
reaction section D is preferably from 5 to 10C above the entrance temperature of the  heat
exchange medium entering reaction section C. According to the invention, the  difference
between the entrance temperatures into reaction sections C and D may also 10 be up to 15C,
up to 25C, up to 30C, up to 35C or up to 40C. Normally, the afore- mentioned temperature
will, though, not be more than 50C. The higher the acrolein  loading of catalyst bed 2 is
selected in the process according to the invention, the  greater should be the difference
between the entrance temperature of the heat ex- change medium into reaction section C and
the entrance temperature of the heat ex 15 change medium into reaction section D. The
entrance temperature of the heat ex- change medium into reaction section C is preferably
from 245 to 260C and the en- trance temperature into reaction section D from 260 to 285C. It
will be appreciated that the two reaction sections C, D in the process according to the  20
invention may also be realized in spatially separate tube bundle reactors. If required, a  heat
exchanger may also be mounted between the two reaction sections C, D. It should also be
pointed out once again here that, for a performance of the second  reaction stage of the
process according to the invention, it is possible in particular also  25 to use the two-section
tube bundle reactor type which is described in DE-B 2201528 and includes the possibility of
removing a portion of the hotter heat exchange medium  of reaction section D to reaction
section C, in order if appropriate to heat a starting re- action gas mixture 2 which is too cold or
a cold cycle gas. The tube bundle characteris- tics within an individual reaction section may
also be configured as described in 30 EP-A 382 098. It is of course also possible in the
process according to the invention to combine two  one-section tube bundle reactors for the
two reaction stages to give a single two- 



section reactor to be operated in another manner, as described, for example, in 35 DE-C
2830765, in EP-A 911313 and in EP-A 383 224. In this case, the first reaction  stage is
implemented in the first reaction section and the second reaction stage in the  second reaction
section of the two-zone tube bundle reactor. In an entirely corresponding manner, it is also
possible to combine one one-section  40 tube bundle reactor and one two-section tube bundle
reactor or two two-section tube  bundle reactors to a single tube bundle reactor in each case
which then has three or  four temperature sections and is described, for example, in WO
01/36364. PF 57479 35  In this case, for example, the first reaction stage can be carried out in
the first reaction  section and the second reaction stage in the two downstream reaction
sections of the  three-section tube bundle reactor. Alternatively, for example, the first reaction
stage 5 may be carried out in the first two reaction sections and the second reaction stage in
the two downstream reaction sections of the four-section tube bundle reactor, and so  forth.
The salt bath temperature of the individual temperature sections may be config- ured as
described in the case of the spatially separate tube bundle reactors. Normally,  an inert bed is
disposed in these cases between fixed bed catalyst charge I and fixed 10 bed catalyst charge
2. However, it is also possible to dispense with such an intermedi- ate inert bed. The length of
the reaction tubes in the cases of combination in many  cases corresponds to the sum of the
lengths of the uncombined tube bundle reactors.  The process according to the invention can
of course also be performed analogously to  the procedures described in the documents EP-A
990636 and EP-A 1 106 598. 15 In general, starting reaction gas mixture I in the process
according to the invention  comprises from 3 to 25% by volume, in many cases from 5 to 20%
by volume and usu- ally from 6 to 13% by volume of propylene. 20 According to the invention,
the content of molecular oxygen in starting reaction gas  mixture 1 should be such that the
molar ratio V1 of 02 present in starting reaction gas  mixture I to C3H6 present in the starting
reaction gas mixture is 2 1. Typically, V1 in the  process according to the invention is ? 1 and
5 3, usually z 1.3 and <_ 2.5, often from a 1.5 to :5 2.3. The amount of molecular oxygen in
starting reaction gas mixture 2 is  25 normally such that the molar ratio of 02 present in
starting reaction gas mixture 2 to  acrolein present in starting reaction gas mixture 2 is from a
0.5 to 5 2, frequently from  >_ 0.75 to 5 1.5. It is favorable when product gas mixture 2 also
comprises up to 5% by  volume or up to 3% by volume of molecular oxygen. 30 Starting
reaction gas mixture 1 may also comprise ? 0.01, or z 0.1, or z 0.5, or >_ 2% by  



volume of CO2. Usually, the aforementioned CO2 content may be <_ 25% by volume.
Especially when the source used for the molecular oxygen in the process according to  the
invention is air, starting reaction gas mixture 1 will comprise molecular nitrogen as 35 a further
inert diluent gas. In principle, starting reaction gas mixture 1 in the process  according to the
invention may comprise z 1 % by volume, or i' 5% by volume, or  10% by volume, or a 20% by
volume, or ? 30% by volume, or ;-> 40% by volume of molecular nitrogen. In general, the
content in starting reaction gas mixture 1 of molecu- lar nitrogen will, however, be at values of
5 80 mol%, or :5 70 mol%, or <_ 60 mol%. 40 Essentially in accordance with the invention,
starting reaction gas mixture 1 must com- prise propane as an inert diluent gas. This propane
content of starting reaction gas PF 57479 36  mixture 1 may be up to 70% by volume (for
example, from 5 to 70% by volume), or up  to 60% by volume, or to 50% by volume, or up to
40% by volume, or to 30% by volume,  or to 20% by volume, or up to 10% by volume.
Frequently, this propane content is >_ 0.5 or >_ 1 % by volume. However, it may also be at
values of Z 0.01 % by volume, or  5 ? 0.02% by volume, or ? 0.03% by volume. In general,
starting reaction gas mixture 1  comprises 5 10% by volume, in many cases <_ 5% by volume
of propane. In the process according to the invention, this propane may, for example, be
added  deliberately as an inert diluent gas to be added separately to starting reaction gas mix-
10 ture 1. Normally, this is done in the form of crude propane which, by its nature, may also
comprise cyclopropane. As in the case of crude propylene, in order to achieve the  target for
starting reaction gas mixture 1 as per the claims, it is also possible here to  remove
cyclopropane present in the crude propane by rectification prior to use of the  crude propane
for the process according to the invention, or to convert it to propylene  15 by passing the
crude propane over suitable catalysts. It will be appreciated that the propane may also
become part of starting reaction gas  mixture 1 by virtue of a partial dehydrogenation or
oxydehydrogenation of propane  (which are generally effected under heterogeneous catalysis)
functioning as the pro 20 pylene source for starting reaction gas mixture 1. In other words, the
propylene present  in starting reaction gas mixture 1 can be fed to starting reaction gas
mixture 1 at least  partly accompanied by unconverted propane from a partial
dehydrogenation (for exam- ple homogeneously and/or heterogeneously catalyzed, in the
presence and/or with  exclusion of molecular oxygen). Appropriately in accordance with the
invention, the 25 crude propane to be used for such a partial dehydrogenation will likewise be
subjected  beforehand to a cyclopropane elimination. 



In principle, the contents in starting reaction gas mixture I and of crude gases can be
determined by gas chromatography without any problem. Analysis of condensed phase  30 of
starting reaction gas mixture 1 allows the detection limit for cyclopropane and other  C3
hydrocarbons to be extended. The inventive procedure is particularly relevant when starting
reaction gas mixture 1  comprises steam, since it promotes the conversion of cyclopropane.
35 The process according to the invention therefore comprises especially those embodi-
ments in which starting reaction gas mixture I comprises from > 0 to 35% by volume,
frequently from 1 to 25% by volume, or from 5 to 15% by volume, or to 10% by volume  of
H2O. 40 Typical starting reaction gas mixtures 1 are, for example, those which comprise: PF
57479 37  from 6 to 11% by volume of propene,  from 6 to 12% by volume of water, from > 0,
frequently ? 0.5 or ? 1 to 10% byvckxne of propane, from >_ 0 to 5% by volume of of
constituents other than  5 propene, propane, Water,  oxygen, cyclopropane and  nitrogen,
sufficient molecular oxygen that V, is from 1 to 3, from >_ 0 up to >_ 3 mol%, based on
propane present, of cyclo- 10 propane, and, as the remainder up to 100% by volume of the
total amount of  molecular nitrogen. In other words, inventive starting reaction gas mixtures 1
may also comprise:  15 from 6 to 9% by volume of propylene, from 8 to 18% by volume of
molecular oxygen,  from 6 to 30% by volume of propane and from 32 to 72% by volume of
molecular nitrogen.  20 Inventive starting reaction gas mixtures 2 may comprise: from 4.5 to
8% by volume of acrolein, from 2.25 to 9% by volume of molecular oxygen,  



25 from 6 to 30% by volume of propane, from 32 to 72% by volume of molecular nitrogen,
from 5 to 30% by volume of steam. However, inventive starting reaction gas mixtures 2 may
also comprise up to 20% by  30 volume of H2. In other words, reaction gas mixtures 1 of the
process according to the invention may  also comprise: 35 from 4 to 25% by volume of
propylene,  from 6 to 70% by volume of propane,  from 5 to 60% by volume of H2O, from 8 to
65% by volume of 02 and  from 0.3 to 20% by volume of H2 40 The process according to the
invention is also favorable when starting reaction gas  mixture 1 comprises from 0.1 to 30% by
volume of CO2. PF 57479 38  Starting reaction gas mixtures 2 possible in accordance with
the invention may also  comprise: 5 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 0.3 to 20% by
volume of molecular hydrogen and  from 8 to 65% by volume of steam. 10 The acrylic acid
can be removed from product gas mixture 2 as described in the prior  art processes. To this
end, the acrylic acid (normally accompanied by by-product  propionic acid present in product
gas mixture 2) is typically converted in a first separa- tion zone from product gas mixture 2
into the condensed phase (in this document, the 15 gas phase which generally remains is
referred to as residual gas and may, if appropri- ate, comprise propylene unconverted in the
partial oxidation). Useful processes for  converting acrylic acid present in product gas mixture
2 to the condensed phase in  separation zone 1 in the process according to the invention are
in principle all proc- esses known in this regard in the prior art. They essentially feature the
conversion of 20 the target product (the acrylic acid) by absorptive and/or condensative
(cooling) meas- ures from the gaseous to the condensed phase. Useful absorbents are, for
example, water, aqueous solution and/or organic (especially  



hydrophobic) solvents (cf. DE-A 103 36 386, DE-A 196 31 645, DE-A 195 01 325, 25 EP-A
982 289, DE-A 198 38 845, WO 02/076917, EP-A 695 736, EP-A 778 225,  EP-A 1 041 062,
EP-A 982 287, EP-A 982 288, US 2004/0242826, EP-A 792 867,  EP-A 784 046, EP-A 695
736 and the literature cited in this regard in these docu- ments). 30 The acrylic acid present in
product gas mixture 2 may also be converted to the con- densed phase by full or else by
fractional condensation (for example WO 04/035514,  DE-A 199 24 532, DE-A 198 14 387,
DE-A 197 40 253, DE-A 197 40 252, DE-A 196 27 847 and the literature cited in this regard in
these documents). 35 Both the absorptive and the condensative conversion of acrylic acid to
the liquid phase  are typically undertaken in separation columns comprising separating
internals (for  enlarging the mass transfer surface area). Useful separating internals include all
known  internals. In other words, it is possible to use either trays such as bubble-cap trays,
dual-flow trays or valve trays, random packings, for example Raschig rings, or struc 40 tured
packings, for example Sulzer packings, as separating internals. Product gas mix- ture 2 is
generally conducted into the separation column ascending from the bottom  upward. In the
context of an absorptive condensation, the absorbent is normally moved PF 57479 39
(conducted) from the top downward in the separation column. The liquid absorbate  running
downward forms the condensed phase comprising the acrylic acid (and secon- dary
components having a higher and similar boiling point, such as propionic acid). In  the
fractional condensation, the relatively high-boiling constituents of product gas mix 5 ture 2 are
condensed ascending into it. The condensate comprising enriched acrylic  acid is generally
conducted out of the condensation column via side draw removal. It  will be appreciated that
absorption and condensation may also be employed superim- posed on one another. This is,
for example, always the case when heat is withdrawn  additionally from the system in the
absorption process by direct and/or indirect cooling.  10 Preference is given to conducting
product gas mixture 2 into the separation column  with a temperature reduced by indirect
cooling, or by direct cooling or by direct and  indirect cooling. The indirect cooling is
undertaken in indirect heat exchangers in a  manner known per se, while direct cooling is
typically effected by spraying absorbent 15 precooled in a quench apparatus or precooled
bottoms liquid from the separation col- umn into product gas mixture 2. A common feature of
the above-described absorptive  and/or condensative processes (separation processes) is
that, at the top of the particu- lar separation column comprising separating internals, into
whose lower section prod- 



uct gas mixture 2, appropriately after preceding direct and/or indirect cooling thereof as 20
described, is typically conducted, a residual gas stream normally remains which com- prises
mainly those constituents of product gas mixture 2 whose boiling point at stan- dard pressure
(1 bar) is s -20C (i.e. the constituents which are difficult to condense or  else volatile). 25
These include, for example, molecular nitrogen used additionally in the partial oxidation  as an
inert diluent gas, excess molecular oxygen remaining relative to the reaction  stoichiometry in
the partial oxidation, carbon oxides formed as a by-product or used  additionally as inert
diluent gases in starting reaction gas mixture 1, but also propylene  unconverted in the partial
oxidation and unconverted cyclopropane. In general, the re 30 maining residual gas will, for
example, also still comprise fractions of steam. Appropri- ately in accordance with the
invention, at least a portion of such a residual gas will be  recycled into the partial oxidation as
a constituent of starting reaction gas mixture 1.  Appropriately from an application point of
view, such a cycle gas method can also be  effected via a heterogeneously catalyzed partial
dehydrogenation and/or oxydehydro 35 genation of propane upstream of the inventive partial
oxidation as the propylene  source. Frequently, in the process according to the invention, at
least 10% by volume,  or at least 20% by volume, or at least 30% by volume, but usually not
more than 80%  by volume, or not more than 60% by volume, or not more than 40% by
volume of the  residual gas will be recycled into the partial oxidation (but generally
substantially fully, 40 the total amount of unconverted propane and/or propene present therein
and of uncon- verted cyclopropane with them). A portion of this recycling can also be effected
into the  second reaction stage, i.e. as a constituent of starting reaction gas mixture 2. PF
57479 40  A cycle gas method carried out as described can firstly function as the inert gas
source  and generally increases the desired target product yield (based on amount of raw ma-
terial used). It is also possible in principle to feed the entirety and/or a portion of the 5 residual
gas to incineration (for example for energy generation), as described, for ex- ample, in EP-A
925 272. Absorptive and/or condensative removals of acrylic acid from product gas mixtures 2
are also described in the documents EP-A 1 388 533, EP-A 1 388 532, 10 DE-A 102 35 847,
WO 98/01415, EP-A 1 015 411, EP-A 1 015 410, WO 99/50219,  WO 00/53560, WO
02/09839, DE-A 102 35 847, WO 03/041833, DE-A 102 23 058,  DE-A 102 43 625, DE-A 103
36 386, EP-A 854 129, US-A 4,317,926, DE-A 198 37 520, DE-A 196 06 877, DE-A 195 01
325, DE-A 102 47 240, DE-A 197 40 253, EP-A 695 736, EP-A 1 041 062, EP-A 117 146,
DE-A 43 08 087,  



15 DE-A 43 35 172, DE-A 44 36 243, DE-A 103 32 758 and DE-A 199 24 533. An absorptive
and/or condensative removal of acrylic acid from product gas mixture 2  can also be carried
out as described in DE-A 103 36 386, DE-A 101 15 277, DE-A 196 06 877, EP-A 920 408,
EP-A 1 068 174, EP-A 1 066 239, EP-A 1 066 240,  20 WO 00/53560, WO 00/53561, DE-A
100 53 086, WO 01/96271, or as described in  DE-A 10 2004 032 129 and its equivalent
patents. Favorable removal methods are also  the processes described in the documents WO
04/063138, WO 04/35514, DE-A 102 43 625 and DE-A 102 35 847. In principle, the acrylic
acid can also be frozen  out of product gas mixture 2 in the first separation zone. 25 The
further removal of the acrylic acid from the condensed phase can thus be under- taken in a
downstream separation zone 2 in the process according to the invention,  depending on the
procedure employed in separation zone 1 and depending on the spe- cific process conditions
which have been selected for the partial oxidation and thus 30 determine the spectrum of
other secondary components (reaction temperature, inert  diluent gases selected, catalysts
selected, content and molar ratio of the reactants in  starting reaction gas mixture 1, etc.), up
to the desired degree of purity of the acrylic  acid by a wide variety of different combinations of
a wide variety of different thermal  separation processes. These may be, for example,
combinations of extractive, desorp 35 tive, crystallizative, rectificative, azeotropically
distillative, azeotropically rectificative,  distillative and/or stripping processes. It will be
appreciated that all process steps performed in separation zones 1, 2 are car- ried out with
inhibition of polymerization. The procedure may be as described in the 40 prior art cited. An
outstanding position among the entirety of the available acrylic acid  process stabilizers is
assumed by dibenzo-1,4-thiazine (PTZ), 4-hydroxy-2,2,6,6- tetramethylpiperidine-1-oxyl
(4-OH-TEMPO) and p-methoxyphenol (MEHQ). They may, PF 57479 41  for example, each
alone or in pairs or as a three-substance mixture, be part of the  acrylic acid-containing liquid
phase P to be treated crystallizatively in accordance with  the invention. Typically, the total
amount of polymerization inhibitors present in the liq- uor phase P, based on acrylic acid
present therein, is from 0.001 to 2% by weight. 5 The reason for the advantage of the process
according to the invention is that it per- mits, in a comparatively simple manner, the
preparation of acrylic acid particularly low  in or free of propionic acid, without necessarily
requiring a crystallizative removal of  acrylic acid in separation zone 2 for this purpose. 



10 Finally, it should be emphasized once again that at least a portion of the residual gas
remaining in the conversion (in separation zone 1) of the acrylic acid from product gas
mixture 2 into the condensed phase can be recycled (as cycle gas) into the first reac- tion
stage and/or into the second reaction stage. 15 This cycle gas may, if appropriate, comprise
unconverted propylene. However, pref- erably in accordance with the invention, the propylene
present in starting reaction gas  mixture I will be added to the cycle gas to an extent of at least
25 mol%, better to an  extent of at least 50 mol%, more preferably to an extent of at least 75
mot%, usually to 20 an extent of at least 85 mot%, or to an extent of at least 90 or at least 95
mol% and in  some cases even to an extent of 100 mol%, as crude propylene different from
cycle  gas. When the propylene present in starting reaction gas mixture 1 is fed to starting
reaction  25 gas mixture 1 at least partly from a partial dehydrogenation (for example
homogene- ously and/or heterogeneously catalyzed, in the presence and/or with exclusion of
mo- lecular oxygen) (normally accompanied by propane unconverted in the partial dehydro-
genation), at least a portion of the residual gas remaining in the conversion of the  acrylic acid
from product gas mixture 2 into the condensed phase may be recycled into  30 the partial
dehydrogenation of propane. Moreover, it should be emphasized that the present invention
comprises processes in  which the process according to the invention for preparing acrylic
acid is followed by a  process for free-radical polymerization (especially for preparing
water-superabsorbing 35 polyacrylic acids and/or their partly or fully neutralized alkali metal
(preferably Na)  salts), in which acrylic acid prepared in accordance with the invention is
free-radically  polymerized to prepare polymers. The present invention also comprises
processes in which the process according to the  40 invention for preparing acrylic acid is
followed by a process for preparing acrylic esters,  in which acrylic acid prepared in
accordance with the invention is esterified with alco PF 57479 42  hols (preferably alkanols,
more preferably Ci- to C,ralkanols) (generally under acid  catalysis). The process for
esterification can in turn be followed by a process for free-radical po- 5 lymerization, in which
acrylic esters prepared in this way are polymerized. Example and comparative example 1.
Two-stage heterogeneously catalyzed partial oxidation of propylene to acrylic  



10 acid in the absence and in the presence of cyclopropane A) General experimental setup of
the reaction apparatus  Reactor for the first oxidation stage (1st reaction stage)  15 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  5 mm. 20 The
internal diameter of the outer cylinder was 91 mm. The internal diameter of the  guide tube
was approx. 60 mm. At the top and bottom, the jacketed cylinder was concluded by a lid and
base respec- tively. 25 The catalyst tube (total length 400 cm, internal diameter 26 mm,
external diameter 30 mm, wall thickness 2 mm, stainless steel) was accommodated in the
guide tube of  the cylindrical vessel such that it just protruded in each case through the lid and
base  at the upper and lower end thereof (in a sealed manner). The heat exchange medium
30 (salt melt consisting of 53% by weight of potassium nitrate, 40% by weight of sodium
nitrite and 7% by weight of sodium nitrate) was enclosed in the cylindrical vessel. In  order to
ensure very uniform thermal boundary conditions at the outer wall of the cata- lyst tube over
the entire length of catalyst tube within the cylindrical vessel (400 cm) the  heat exchange
medium was pumped in circulation by means of a propeller pump. 35 An electrical heater
attached to the outer jacket regulated the temperature of the heat  exchange medium to the
desired level. Otherwise, there was air cooling. Reactor charge: Viewed over the first-stage
reactor, the salt melt and the 40 charge gas mixture of the first-stage reactor were conducted
in cocurrent. The charge gas mixture entered the first-stage  reactor at the bottom. It was
conducted into the reaction tube PF 57479 43  with a temperature of 165C in each case. The
salt melt entered the cylindrical guide tube at the bottom  with a temperature T^ and left the
cylindrical guide tube at 5 the top with a temperature Toil which was up to 2C above  T' Tin
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  
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What is claimed is:  

 

1. A process for heterogeneously catalyzed partial gas phase oxidation of propylene to 

acrylic acid, in which, in a first reaction zone, a starting reaction gas mixture 1 which 

comprises propylene and molecular oxygen as reactants and at least propane as an inert 

diluent gas and comprises the molecular oxygen and the propylene in a molar O2 : C3H6 

ratio of ≥ 1 is first, in a first reaction stage at elevated temperature, conducted through at 

least one first catalyst bed whose catalysts have at least one multimetal oxide comprising 

Mo, Fe and Bi as the active composition in such a way that the propylene conversion in 

single pass through the catalyst bed is ≥ 90 mol% and the accompanying selectivity SAC 

of  acrolein formation and of acrylic acid by-product formation together is ≥ 80 mol%, 

optionally the temperature of the product gas mixture 1 leaving the first reaction stage is 

reduced by direct cooling or by indirect cooling or by direct and indirect cooling, and, 

optionally secondary gas in the form of molecular oxygen or inert gas or molecular 

oxygen and inert gas is added to product gas mixture 1, and then product gas mixture 1, 

as a starting reaction gas mixture 2 which comprises acrolein and molecular oxygen as 

reactants and at least propane as an inert diluent gas and comprises the molecular oxygen  

and the acrolein in a molar O2 : C3H4O ratio of ≥ 0.5, in a second reaction stage at 

elevated temperature and with formation of a product gas mixture 2, is conducted through 

at least one second catalyst bed whose catalysts have at least one multimetal oxide 

comprising Mo and V as the active composition in such a way that the acrolein 

conversion in single pass through the catalyst bed is ≥ 95 mol% and the selectivity SAA of 

acrylic acid formation assessed over both reaction stages, based on propylene converted, 

is ≥ 70 mol%, wherein starting reaction gas mixture 1, based on the molar amount of 

propane present therein, comprises ≤ 3 mol% of cyclopropane and has been obtained by 

adding the propylene required for the process as a constituent of crude propylene which 

consists of propylene to an extent of ≥ 90 % by weight and of propane and propylene to 

an extent of ≥ 97 % by weight. 

 

2. The process according to claim 1, wherein the acrolein conversion in single pass through 

the catalyst bed is ≥ 96 mol%. 

10 the first oxidation stage. Catalyst tube charge: (from the bottom upward) Section A: length 90 cm
Preliminary bed of steatite spheres of diameter 4-5 mm.  15 Section B: length 100 cm 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 length x internal diameter) and 70% by weight of  20 unsupported catalyst from
section C. Section C: length 200 cm Catalyst charge of annular (5 mm x 3 mm x 2 mm = external
diameter x length x internal diameter) unsupported catalyst  25 according to example 1 of DE-A 100 46
957 (stoichiometry:  [Bi2W2O9x2WO3)0.5 (MO12Co5.5Fe2.g4S11,59Ko,o5Ox)1) Section D: length 10
cm Downstream bed of steatite rings of geometry 30 7 mm x 3 mm x 4 mm (external diameter x length
x internal  diameter) Intermediate cooling and intermediate oxygen feeding (pure 02 as secondary
gas) 35 For the purpose of intermediate cooling (indirectly by means of air), the product gas  mixture I
leaving the first fixed bed reactor was conducted through a connecting tube  (length 40 cm, internal
diameter 26 mm, external diameter 30 mm, wall thickness 2 mm, stainless steel, wound around by 1
cm of insulating material) which was 40 mounted centrally to a length of 20 cm, charged with an inert
bed of steatite rings of  geometry 7 mm x 3 mm x 4 mm (external diameter x length x internal diameter)
and  was flanged directly onto the first-stage catalyst tube. PF 57479 44  The product gas mixture 1
always entered the connecting tube at a temperature of > Tin  (first stage) and left it with a
temperature above 200C and below 270C. 5 At the end of the connecting tube, molecular oxygen at
the pressure level of product  gas mixture 1 was metered into the cooled product gas mixture 1. The
resulting gas  mixture (charge gas mixture for the second oxidation stage) was conducted directly into
the second-stage catalyst tube to which the abovementioned connecting tube was  
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3. The process according to claim 1, wherein the acrolein conversion in single pass through 

the catalyst bed is ≥ 97 mol%. 

 

4. The process according to claim 1, wherein the acrolein conversion in single pass through 

the catalyst bed is ≥ 98 mol%. 

 

5. The process according to claim 1, wherein the acrolein conversion in single pass through 

the catalyst bed is ≥ 99 mol%. 

 

6. The process according to claim 1, wherein starting reaction gas mixture 1, based on the 

amount of propane present therein, comprises ≤ 2 mol% of cyclopropane. 

 

7. The process according to claim 1, wherein starting reaction gas mixture 1, based on the 

amount of propane present therein, comprises ≤ 1 mol% of cyclopropane. 

 

8. The process according to claim 1, wherein starting reaction gas mixture 1, based on the 

amount of propane present therein, comprises ≤ 0.2 mol% of cyclopropane. 

 

9. The process according to claim 1, wherein starting reaction gas mixture 1, based on the 

amount of propane present therein, comprises ≤ 0.15 mol% of cyclopropane. 

 

10. The process according to claim 1, wherein the propylene conversion in single pass 

through the catalyst bed is ≥ 92 mol%. 

 

11. The process according to claim 1, wherein the propylene conversion in single pass 

through the catalyst bed is ≥ 94 mol%. 

 

12. The process according to claim 1, wherein starting reaction gas mixture 1, based on the 

amount of propane present therein, comprises ≥ 10 molppb of cyclopropane. 

 

likewise flanged by its other end. The amount of molecular oxygen metered in was 10 such that the
molar ratio of 02 present in the resulting gas mixture to acrolein present  in the resulting gas mixture
was 1.3. Reactor for the second oxidation stage (2nd reaction stage) 15 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  likewise. The inlet temperature Tin of the salt melt was adjusted so as
always to result  in an acrolein conversion of 99.3  0.1 mol% in single pass at the outlet of the second
20 oxidation stage. Toil of the salt melt was always up to 2C above T. The catalyst tube charge (from
the bottom upward) was:  Section A: Length 70 cm 25 Upstream bed of steatite rings of geometry 7
mm x 3 mm x 4 mm (ex- ternal diameter x length x internal diameter). Section B: Length 100 cm
Catalyst charge of a homogeneous mixture of 30% by weight of steatite  30 rings of geometry 7 mm x
3 mm x 4 mm (external diameter x length x  internal diameter) and 70% by weight of coated catalyst
from section C.  Section C: Length 200 cm Catalyst charge of annular (7 mm x 3 mm x 4 mm =
external diameter x  35 length x internal diameter) coated catalyst according to preparation ex- ample
5 of DE-A 10046928 (stochiometry: Mo12V3W1.2Cu2.40x). Section D: Length 30 cm Downstream bed
of steatite spheres of diameter 4-5 mm.  40 B) Results achieved as a function of the composition of
starting reaction gas mixture  1 of the first oxidation stage (the propene loading was set to 1501
(STP)JIh; the PF 57479 45  selectivity of acrylic acid formation (assessed over both reaction stages
based on  propylene converted) was always ? 94 mol%). The composition of the gas mixture starting
reaction for the first oxidation stage was  5 substantially (based on the total volume of starting reaction
gas mixture 1): 6.3% by vol. of propylene,  28% by vol. of propane, X% by vol. of cyclopropane,  10
10.8% by vol. of 02, 
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13. The process according to claim 1, wherein starting reaction gas mixture 1, based on the 

amount of propane present therein, comprises ≥ 50 molppb of cyclopropane. 

 

14. The process according to claim 1, wherein starting reaction gas mixture 1, based on the 

amount of propane present therein, comprises ≥ 1 molppm of cyclopropane. 

 

15. The process according to claim 1, wherein the at least one multimetal oxide comprising 

Mo, Fe and Bi is one of the formula IV: 

 

Mo12BiaFebXc
1Xd

2Xe
3Xf

4On (IV) 

 

 where 

  

X1 = nickel and/or cobalt, 

 X2 = thallium, an alkali metal and/or an alkaline earth metal, 

 X3 = zinc, phosphorus, arsenic, boron, antimony, tin, cerium, lead and/or 

tungsten, 

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

 a = from 0.5 to 5, 

 b = from 0.01 to 5, 

 c = from 0 to 10, 

 d = from 0 to 2, 

 e = from 0 to 8, 

 f = from 0 to 10, and 

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

elements in IV other than oxygen. 

  

16. The process according to claim 1, wherein the at least one multimetal oxide comprising 

Mo and V is one of the formula VII: 

 

Mo12VaXb
1Xc

2Xd
3Xe

4Xf
5Xg

6On (VII) 

5% by vol. of H2O and,  as the remainder, N2. 15 From product gas mixture 2, the acrylic acid formed
was condensed out by direct cool- ing with condensate which had been formed beforehand, cooled to
4C and polymeri- zation-inhibited with hydroquinone. The table below shows the proportion by weight
Y  of the amount of propionic acid present in the condensate, based on the amount of  acrylic acid
present therein as a function of the amount X* of cyclopropane present in 20 starting reaction gas
mixture 1, but reported here in mol% relative to the molar amount  of propylene present in the starting
reaction gas mixture. Table X` (mol%) Y (ppm by wt.)  0.063 483  0.95 1114  25 US Provisional Patent
Application No. 60/752,369, filed on 12.22.2005, is incorporated  into the present patent application by
literature reference. With regard to the abovementioned teachings, numerous changes and deviations
from  30 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. 46  What is claimed is: 1. A process for heterogeneously catalyzed partial gas phase oxidation
of propylene to  acrylic acid, in which, in a first reaction zone, a starting reaction gas mixture 1 which
comprises propylene and molecular oxygen as reactants and at least propane as an inert  diluent gas
and comprises the molecular oxygen and the propylene in a molar 02 : C3H6  ratio of > 1 is first, in a
first reaction stage at elevated temperature, conducted through at  least one first catalyst bed whose
catalysts have at least one multimetal oxide comprising  Mo, Fe and Bi as the active composition in
such a way that the propylene conversion in  single pass through the catalyst bed is > 90 mol% and
the accompanying selectivity SAC  of acrolein formation and of acrylic acid by-product formation
together is > 80 mol%,  optionally the temperature of the product gas mixture 1 leaving the first
reaction stage is  reduced by direct cooling or by indirect cooling or by direct and indirect cooling, and,
optionally secondary gas in the form of molecular oxygen or inert gas or molecular  oxygen and inert
gas is added to product gas mixture 1, and then product gas mixture 1,  as a starting reaction gas
mixture 2 which comprises acrolein and molecular oxygen as  reactants and at least propane as an
inert diluent gas and comprises the molecular oxygen  
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where 

 

 X1 = W, Nb, Ta, Cr and/or Ce, 

 X2 = Cu, Ni, Co, Fe, Mn and/or Zn, 

 X3 = Sb and/or Bi, 

 X4  = one or more alkali metals, 

 X5 = one or more alkaline earth metals, 

 X6 = Si, Al, Ti and/or Zr, 

 a = from 1 to 6 

 b = from 0.2 to 4, 

 c = from 0.5 to 18, 

 d = from 0 to 40, 

 e = from 0 to 2, 

 f = from 0 to 4, 

 g = from 0 to 40, and  

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

elements in VII other than oxygen. 

 

17. The process according to claim 1, wherein the volume-specific activity of the at least one 

first catalyst bed increases at least once over the length of the flow path in flow direction 

of starting reaction gas mixture 1. 

 

18. The process according to claim 1, wherein the volume-specific activity of the at least one 

second catalyst bed increases at least once over the length of the flow path in flow 

direction of starting reaction gas mixture 2. 

 

19. The process according to claim 1, wherein the at least one first catalyst bed is a fixed bed 

and its propene loading is ≥ 120 1(STP)/1·h and ≤ 250 1 (STP)/1·h. 

 

and the acrolein in a molar 02 : C3H4O ratio of > 0.5, in a second reaction stage at  elevated
temperature and with formation of a product gas mixture 2, is conducted through  at least one second
catalyst bed whose catalysts have at least one multimetal oxide  comprising Mo and V as the active
composition in such a way that the acrolein  conversion in single pass through the catalyst bed is > 95
mol% and the selectivity SAA of  acrylic acid formation assessed over both reaction stages, based on
propylene converted,  is > 70 mol%, wherein starting reaction gas mixture 1, based on the molar
amount of  propane present therein, comprises < 3 mol% of cyclopropane and has been obtained by
adding the propylene required for the process as a constituent of crude propylene which  consists of
propylene to an extent of > 90 % by weight and of propane and propylene to  an extent of > 97 % by
weight. 2. The process according to claim 1, wherein the acrolein conversion in single pass through
the catalyst bed is > 96 mol%. 47  3. The process according to claim 1, wherein the acrolein
conversion in single pass through  the catalyst bed is > 97 mol%. 4. The process according to claim 1,
wherein the acrolein conversion in single pass through  the catalyst bed is > 98 mol%. 5. The process
according to claim 1, wherein the acrolein conversion in single pass through  the catalyst bed is > 99
mol%. 6. The process according to claim 1, wherein starting reaction gas mixture 1, based on the
amount of propane present therein, comprises < 2 mol% of cyclopropane. 7. The process according to
claim 1, wherein starting reaction gas mixture 1, based on the  amount of propane present therein,
comprises < 1 mol% of cyclopropane. 8. The process according to claim 1, wherein starting reaction
gas mixture 1, based on the  amount of propane present therein, comprises < 0.2 mol% of
cyclopropane. 9. The process according to claim 1, wherein starting reaction gas mixture 1, based on
the  amount of propane present therein, comprises < 0.15 mol% of cyclopropane. 10. The process
according to claim 1, wherein the propylene conversion in single pass  through the catalyst bed is > 92
mol%. 11. The process according to claim 1, wherein the propylene conversion in single pass  through
the catalyst bed is > 94 mol%. 12. The process according to claim 1, wherein starting reaction gas
mixture 1, based on the  amount of propane present therein, comprises > 10 molppb of cyclopropane.
48  13. The process according to claim 1, wherein starting reaction gas mixture 1, based on the
amount of propane present therein, comprises > 50 molppb of cyclopropane. 
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20. The process according to claim 1, wherein starting reaction gas mixture 1 comprises from 

6 to 13% by volume of propylene. 

 

21. The process according to claim 1, wherein starting reaction gas mixture 1 comprises from 

> 0 to 35% by volume of H2O. 

 

22. The process according to claim 1, wherein starting reaction gas mixture 1 comprises from 

≥ 0.01% by volume of propane. 

 

23. The process according to claim 1, wherein starting reaction gas mixture 1 comprises from 

≥ 1 % by volume of propane. 

 

24. The process according to claim 1, wherein starting reaction gas mixture 1 comprises from 

≥ 5 to ≤ 70% by volume of propane. 

 

25. The process according to claim 1, wherein starting reaction gas mixture 1 comprises from 

≥ 0.01% by volume of CO2. 

 

26. The process according to claim 1, wherein starting reaction gas mixture 1 comprises from 

≥ 1% by volume of N2. 

 

27. The process according to claim 1, wherein the acrylic acid is removed in a separation 

zone 1 from product gas mixture 2 by conversion to the condensed phase. 

 

28. The process according to claim 27, wherein the acrylic acid is converted from product 

gas mixture 2 into the condensed phase by absorptive measures. 

 

29. The process according to claim 27, wherein the acrylic acid is converted from product 

gas mixture 2 into the condensed phase by condensative measures. 

 

14. The process according to claim 1, wherein starting reaction gas mixture 1, based on the  amount of
propane present therein, comprises > 1 molppm of cyclopropane. 15. The process according to claim
1, wherein the at least one multimetal oxide comprising  Mo, Fe and Bi is one of the formula IV:
Moi2BiaFebXc 1Xd2Xe3Xf4O" (IV)  where Xl = nickel and/or cobalt, X2 = thallium, an alkali metal
and/or an alkaline earth metal, X3 = zinc, phosphorus, arsenic, boron, antimony, tin, cerium, lead
and/or  tungsten, X4 = silicon, aluminum, titanium and/or zirconium,  a = from 0.5 to 5, b = from 0.01 to
5,  c = from O to 10,  d = from O to 2, e = from 0 to 8, f = from 0 to 10, and n = a number which is
determined by the valency and frequency of the  elements in IV other than oxygen. 16. The process
according to claim 1, wherein the at least one multimetal oxide comprising  Mo and V is one of the
formula VII: Mo12VaXbIXe2Xd3Xe4Xf5Xg6O" (VII) 49  where X1 = W, Nb, Ta, Cr and/or Ce, X2 = Cu,
Ni, Co, Fe, Mn and/or Zn,  X3 = Sb and/or Bi, X4 = one or more alkali metals, X5 = one or more
alkaline earth metals,  X6 = Si, Al, Ti and/or Zr, a = from l to 6 b = from 0.2 to 4,  c = from 0.5 to 18,  d
= from 0to40,  e = from 0 to 2, f = from 0 to 4, g = from 0 to 40, and 
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30. The process according to claim 27, wherein the acrylic acid is converted from product 

gas mixture 2 into the condensed phase by absorptive and condensative measures. 

 

31. The process according to claim 28, wherein the absorbent used is water or an aqueous 

solution. 

 

32. The process according to claim 27, wherein the acrylic acid is removed in a separation 

zone 2 using at least one thermal separation process from the condensed phase obtained 

in separation zone 1. 

 

33. The process according to claim 27, wherein at least a portion of the residual gas 

remaining in the conversion of the acrylic acid from product gas mixture 2 into the 

condensed phase is recycled into the first reaction stage and/or into the second reaction 

stage. 

 

34. The process according to claim 1, wherein the propylene present in starting reaction gas 

mixture 1 is fed to starting reaction gas mixture 1 at least partly from a partial 

dehydrogenation of propane. 

 

35. The process according to claim 34, wherein at least a portion of the residual gas 

remaining in the conversion of the acrylic acid from product gas mixture 2 into the 

condensed phase is recycled into the partial dehydrogenation of propane. 

 

36. The process according to claim 1, which is followed by a process for preparing polymers 

in which acrylic acid prepared by the process according to claim 1 is polymerized. 

 

37. The process according to claim 1, which is followed by a process for preparing acrylic 

esters in which acrylic acid prepared by the process according to claim 1 is esterified with 

an alcohol. 

 

n = a number which is determined by the valency and frequency of the  elements in VII other than
oxygen. 17. The process according to claim 1, wherein the volume-specific activity of the at least one
first catalyst bed increases at least once over the length of the flow path in flow direction  of starting
reaction gas mixture 1. 18. The process according to claim 1, wherein the volume-specific activity of
the at least one  second catalyst bed increases at least once over the length of the flow path in flow
direction of starting reaction gas mixture 2. 19. The process according to claim 1, wherein the at least
one first catalyst bed is a fixed bed  and its propene loading is > 120 1(STP)/1h and < 250 1 (STP)/1h.
50  20. The process according to claim 1, wherein starting reaction gas mixture 1 comprises from  6 to
13% by volume of propylene. 21. The process according to claim 1, wherein starting reaction gas
mixture 1 comprises from  > 0 to 35% by volume of H2O. 22. The process according to claim 1,
wherein starting reaction gas mixture 1 comprises from  > 0.01% by volume of propane. 23. The
process according to claim 1, wherein starting reaction gas mixture 1 comprises from  > 1 % by
volume of propane. 24. The process according to claim 1, wherein starting reaction gas mixture 1
comprises from  > 5 to < 70% by volume of propane. 25. The process according to claim 1, wherein
starting reaction gas mixture 1 comprises from  > 0.01% by volume of CO2. 26. The process according
to claim 1, wherein starting reaction gas mixture 1 comprises from  > 1% by volume of N2. 27. The
process according to claim 1, wherein the acrylic acid is removed in a separation  zone 1 from product
gas mixture 2 by conversion to the condensed phase. 28. The process according to claim 27, wherein
the acrylic acid is converted from product  gas mixture 2 into the condensed phase by absorptive
measures. 29. The process according to claim 27, wherein the acrylic acid is converted from product
gas mixture 2 into the condensed phase by condensative measures. 51  30. The process according to
claim 27, wherein the acrylic acid is converted from product gas mixture 2 into the condensed phase
by absorptive and condensative measures. 31. The process according to claim 28, wherein the
absorbent used is water or an aqueous  solution. 32. The process according to claim 27, wherein the
acrylic acid is removed in a separation  
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38. The process according to claim 37, which is followed by a process for preparing 

polymers in which acrylic ester prepared by the process according to claim 37 is 

polymerized. 

 

zone 2 using at least one thermal separation process from the condensed phase obtained  in
separation zone 1. 33. The process according to claim 27, wherein at least a portion of the residual
gas  remaining in the conversion of the acrylic acid from product gas mixture 2 into the  condensed
phase is recycled into the first reaction stage and/or into the second reaction  stage. 34. The process
according to claim 1, wherein the propylene present in starting reaction gas  mixture 1 is fed to starting
reaction gas mixture 1 at least partly from a partial  dehydrogenation of propane. 35. The process
according to claim 34, wherein at least a portion of the residual gas  remaining in the conversion of the
acrylic acid from product gas mixture 2 into the  condensed phase is recycled into the partial
dehydrogenation of propane. 36. The process according to claim 1, which is followed by a process for
preparing polymers  in which acrylic acid prepared by the process according to claim 1 is polymerized.
37. The process according to claim 1, which is followed by a process for preparing acrylic  esters in
which acrylic acid prepared by the process according to claim 1 is esterified with  an alcohol. 52  38.
The process according to claim 37, which is followed by a process for preparing polymers in which
acrylic ester prepared by the process according to claim 37 is  polymerized. 




