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Continuous heterogeneously catalyzed gas-phase oxidation of -
propylene to acrolein, acrylic acid or a mixture thereof

The present invention relates to a novel process for the
continuous heterogeneously catalyzed gas—phase oxidation of
propylene to acrolein, acrylic acid or a mixture thereof in an
oxidation reactor whose feed gas mixture comprises,- apart from
propylene and molecular oxygen as oxidant, only at least one
diluent gas which is essentially inert under the conditions of
the heterogeneously catalyzed gas—phase oxidation, where, in
continuous operation, at least a part of the essentialiy inert
diluent gas constituents present in the product gas mixture is
separated off therefrom and is reused as a constituent of the
feed to the oxidation reactor.

Acrylic acid is an important chemical feedstock which is used,
inter alia, as monomer for the preparation of polymers which, for
example, are used in agueous dispersion as binders. Acrolein is
an important intermediate, for example in the preparation of
glutardialdehyde, methionine, folic acid and acrylic acid.

It is generally known that acrylic acid can be prepared by
heterogeneously catalyzed gas—phase oxidation of propylene using
molecular oxygen over catalysts which are present in a solid
aggregate state (cf., for example, DE-A 18 62 431,

DE-A 29 43 707, DE-C 1 205 502, EP-A 257 565, EP-A 253 409,

DE-B 22 51 364, EP-A 117 146, GB-B 1 450 986 and EP-A 293 224).

The catalysts used are normally oxide compositions. The catalyti-
cally active oxide composition can contain, apart from oxygen,
only one other element or more than one other element (multi-
element oxide compositions). The catalytically active oxide
compositions used are particularly frequently those comprising
more than one metallic, in particular transition metal, element.
These are referred to as multimetal oxide compositions. The
multielement oxide compositions are usually not simple physical

‘mixtures of oxides of the elemental constituents, but hetero-

geneous mixtures of complex poly—compounds of these elements.

In general, the heterogeneously catalyzed gas-phase oxidation of
propylene to acrylic acid is carried out at elevated temperature
(normally a few hundred °C, typically from 200 to 450°C).

Since the heterogeneously catalyzed gas-phase oxidation of
propylene to acrylic acid is strongly exothermic, it is advanta-
geously carried out in a fluidized bed or in multitube fixed-bed
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reactors where a heat exchange medium is passed through the space
surrounding the contact tubes. The latter procedure is the
preferred one (cf., for example, DE-A 44 31 957 and
DE-A 44 31 949). The working pressure (absolute pressure) is
normally from 1 to 10 bar. The target reaction occurs during the
residence time of the reaction gas mixture in the catalyst charge
through which it is passed.

As is generally known to those skilled in the art, the hetero-
geneously catalyzed gas—phase partial oxidation of propylene to
acrylic acid proceeds essentially in two steps in succession
along the reaction coordinate, of which the first leads to
acrolein and the second from acrolein to acrylic acid. As a
result, if the process of the invention is suitable for the
preparation of acrylic acid from propylene by gas—phase catalytic
oxidation, it is automatically also suitable for the preparation
of acrolein from propylene by gas—phase catalytic oxidation,
since the preparation of acrylic acid can at any time be stopped

" at the acrolein stage. Furthermore, the fact that the reaction
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proceeds in two temporally successive steps makes it possible to
carry out the preparation of acrylic acid from propylene by gas-—
phase catalytic oxidation in two successive oxidation stages,
with the oxidic catalyst used in each of the two oxidation stages
being able to be optimally matched. Thus, for the first oxidation
stage (propylene —» acrolein), preference is generélly given to a
catalyst based on multimetal oxides containing the element
combination Mo-Bi-Fe, while for the second oxidation stage
(acrolein —» acrylic acid) preference is normally given to
catalysts based on multimetal oxides containing the element
combination Mo-V. Appropriate multimetal oxide catalysts for the
two oxidation stages have been described many times and are well
known to those skilled in the art. For example, page 5 of EP-

A 253 409 refers to appropriate US patents. Favorable catalysts
are also disclosed by DE~A 44 31 957 and DE-A 44 31 949, particu-
larly 'in the form of multimetal oxide compositions of the general
formula I. In general, the product mixture of the first oxidation
stage is transferred without intermediate treatment to the second
oxidation stage. The simplest implementation form of the two
oxidation stages therefore comprises a tube-bundle reactor within
which the catalyst charge changes appropriately along the indi-
vidual contact tubes at the end of the first reaction step.

However, the two oxidation stages can alsoc be implemented in the
form of an oxidation reactor comprising two oxidation reactors in
series. In this case, the other reaction conditions, eg. the

reaction temperature, can be optimally matched in a simple manner
to the respective oxidation stage. The molecular oxygen required
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for the second oxidation stage is here advantageously fed only to

" the second oxidation reactor. However, in principle, the hetero-
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geneously catalyzed gas—phase partial oxidation of propylene to
acrylic acid can also be carried out in a single stage. In this
case, both reaction steps occur in one oxidation reactor which is
charged with a catalyst and catalyzes both reaction steps. Of
course, the catalyst charge can also change continuously or
abruptly along the reaction coordinate within an oxidation stage.

All the abovementioned design variants have in common that, owing
to. the pronounced excothermic character of the partial oxidation
of propylene, the oxidation reactors are customarily fed with a
gas mixture which contains the reactants molecular oxygen and
propylene diluted with a gas which is essentially inert under the
conditions of the gas—phase catalytic partial oxidation. Here,
diluent gases are those whose constituents remain unaltered to an
extent of more than 95 mol %, preferably more than 98 mol %,
under the conditions of the heterogeneously catalyzed gas—phase
partial oxidation. Usually, the inert diluent gas comprises the
major proportion by volume of the three constituents of the feed
gas mixture.

The above measure acts counter to the desire for as high as
possible a space-time yield of the desired target compound, ie.
there is interest in making the proportion by wvolume of the
reactants in the feed gas mixture as high as possible. Here, the
proportion by volume of the molecular oxygen to be used as oxi-
dant in the feed gas mixture is of particular importance, as
explained below.

It is thus, with regard to the stochiometry of the partial oxida-
tion to give the desired target compound, generally necessary to
use the molecular oxygen used as oxidant in at least stochio-
metric or in superstochiometric amounts (eg. to reoxidize the
oxidic composition used as catalyst and to reduce carbon
deposits).

on the other hand, for safety reasons, the proportion by volume
of the molecular oxygen used as oxidant in the feed gas mixture
must be below the oxygen limit concentration.

The oxygen limit concentration is that percentage by volume of

molecular oxygen in the feed gas mixture below which, regardless
of the proportions by volume of the other constituents of the

feed gas mixture (in continuous operation, these proportions by
volume can fluctuate unexpectedly as a result of faults), namely

the organic compound to be partially oxidized and the inert
_____________________
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diluent gas, combustion of the organic substance initiated by a
local ignition source (for example, local overheating or spark
formation in the reactor) is no longer able to spread from the
ignition source through the feed gas mixture at the given
pressure and temperature, so as to exclude the danger of an

explosion.

Thus, the oxygen limit concentration of the feed gas mixture
fixes the maximum proportion by wvolume of the organic compound to
be partially oxidized (propylene) in the feed gas mixture and
thus the achievable space—time yield of target product (cf. also
EP-A 257 565, p. 5, lines 36/37).

Of course, the oxygen limit concentration of the feed gas mixture
is influenced significantly by the type of constituents of the
feed gas mixture, which is why the selection of the inert diluent
gas (its composition) is of particular importance to the hetero-
geneously catalyzed gas—phase partial oxidation of propylene.

The classical methods of heterogeneously catalyzed gas—phase
oxidation of propylene to acrolein and/or acrylic acid have no
recirculation streams of inert diluent gas and generally recom-
mend steam and/or nitrogen as inert diluent gas to avoid the
explosive region (cf., for example, US-A 4 147 885, column 1,
lines 20 to 35, DE-A 20 56 614, page 2, last two lines,

DE-B 20 09 172, column 4, lines 40 to 45, DE-A 22 02 734, p. 4,
lines 18 to 22, DE-A 30 06 894, page 6, line 21 and

DE-A 24 36 818, page 2, paragraph 3, with DE-A 20 56 614 attri-
buting the particular suitability of steam as inert diluent gas
to its relatively high molar heat capacity (page 4, paragraph 2,
line 4), whereas DE-B 22 51 364 mentions the cost aspect of ni-
trogen as inert diluent gas (air as source of the oxidant) in re-
spect of its frequent use.

DE-A 19 24 431 likewise concerns a gas—phase catalytic oxidation
process for preparing acrylic acid from propylene without an

inert gas recirculation stream. As suitable inert diluent gases,
DE-A 19 62 431 mentions nitrogen, steam, carbon dioxide or satu-

rated hydrocarbons.

DE-B 22 51 364 recommends, for a heterogenecusly catalyzed gas-
phase process for the partial oxidation of propylene to acrylic
acid without an inert gas recirculation stream, steam as inert
diluent gas, to which nitrogen or saturated hydrocarbons such as
methane, propane or butane can be added. DE-~-A 14 68 429 recom-

mends carbon dioxide, nitrogen, saturated hydrocarbons or steam

as inert diluent gases in a process for the heterogeneocusly
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catalyzed gas—phase oxidation of propylene to acrylic acid with-
out recirculation streams, with preference being given to steam.

However, all the examples of DE-A 19 62 431, DE-B 22 51 364 and
DE-A 14 68 429 do not include any example in which a saturated
hydrocarbon would even have been used as part of the inert
diluent gas.

DE-A 30 06 894 likewise concerns, in a heterogeneously catalyzed
gas—phase partial oxidation process for propylene, the problems
of, on the one hand, preventing a runaway reaction and, on the
other hand, achieving a productivity which is as high as possible
(p. 2, lines 11 to 19). The solution recommended is to feed in
the feed gas mixture at low catalyst activity and subsequently to
successively increase the catalyst activity along the reaction
coordinate.

Possible inert diluent gases mentioned in DE-A 30 06 894 are
nitrogen, carbon dioxide and/or steam.

German Auslegeschrift 17 93 302 relates to a process of heteroge-
neously catalyzed gas—phase partial oxidation in which the inert
diluent gas used is, after separating off the target product, the
reaction off-gas containing the carbon oxides and water vapor
produced in the reaction. DE-A 20 56 614 likewise addresses the
problems of preventing explosion-like combustion processes in the
heterogeneocusly catalyzed gas—phase partial oxidation of propy-
lene (eg. p. 3, paragraph 2, last two lines). To avoid disadvan-
tageous effects of the preferred diluent gas steanm,

DE-A 20 56 614 recommends recirculating the reaction off-gases
largely freed of condensible gases, with partial or complete re-
placement of the water vapor, to the oxidation reactor as inert
diluent gases and simultaneously feeding the feed gas mixture in
at low catalyst activity and subsequently increasing the catalyst
activity successively along the reaction coordinate. Since the
oxidant “molecular oxygen” is fed in as a constituent of air, the
effective inert diluent gases in the method of DE-A 20 56 614 are
essentially nitrogen and carbon dioxide. The method of

DE-A 24 36 818 corresponds, in terms of the inert diluent gases
used, essentially to that of DE-A 20 56 614. The same applies to
US-A 4 147 885. DE-A 27 29 841 relates to a process for the
hetercgeneocusly catalyzed gas—phase oxidation of propylene to
acrylic acid, which, owing to the use of a specific oxidation
catalyst, makes it possible to use, in place of steam as inert
diluent, a mixture of CO, CO2, nitrogen and argon which is
separated from the product gas mixture of the heterogeneously'
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catalyzed partial oxidation and is recirculated to the feed gas

mixture.

EP-B 253 409 (cf., in particular, p. 5, first three lines) and
EP-A 257 565 teach, for avoiding an explosion risk in the hetero-
geneously catalyzed gas—phase partial oxidation of propylene, the
use of those inert diluent gases which have an increased molar
heat capacity Cp. Preference is here given, for example on page 4,
lines 47 £f of EP-B 253 409 and on p. 5, lines 26 ff of EP-~

A 257 565, to mixtures of nitrogen, CO;, methane, ethane, propane
and steam. However, apart from the gases specified, it is also
possible for helium, argon, other saturated hydrocarbon gases, N20
and carbon monoxide to be additionally present. Only its mean
molar heat capacity is considered important for the action of the
inert diluent gas. .

Thus, in all examples, the inert diluent gas of the feed gas
mixture comprises more than 55 % by volume of Nz. Furthermore,
EP-B 253 409 and EP-A 257 565 recommend recirculating the inert
diluent gases present in the product gas mixture at least par-

.tially to the feed gas mixture.

British Patent No. 14 50 986 recommends, particularly because of
its relatively high ability to absorb heat, the use of carbon
dioxide as essentially the only inert diluent gas for avoiding
the danger of explosion in the gas-phase catalytic oxidation for
preparing acrylic acid from propylene.

EP-A 293 224 concerns a process for the heterogeneously catalyzed
gas—phase oxidation of propylene to acrylic acid, in which the
use of a gas mixture containing carbon dioxide, steam and satu-
rated hydrocarbons having from 1 to 5 carbon atoms is recommended
as inert gas to ensure that the process can be carried out safely
(p. 3, lines 9 and 20 of EP-A 293 224). EP-A 293 224 considers
the presence of carbon oxides in relatively high concentrations
(page 3, line 57) and a relatively high molar heat capacity of
the inert gas mixture (page 3, line 57) to be essential to the
effectiveness of the inert gas mixture recommended in EP-

A 293 224. EP-A 293 224 considers a further particular advantage
of the procedure it recommends to be the fact that a considerable
part of the inert gas mixture to be used can be cbtained from the
product gas mixture of the partial oxidation. In all examples,
the inert gas mixture used in the feed gas mixture comprises
steam and CO; in a total amount of at least 15 % by volume, based

‘on the inert gas mixture.
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EP-A 117 146 relates to a process for the heterogeneously
catalyzed gas—phase partial oxidation of propylene to acrylic

"acid, with the propylene being generated by heterogeneously cata-

lyzed dehydrogenation of propane. EP-A 117 146 presents it as a
particular advantage that the product mixture of the propane de-
hydrogenation can be transferred without intermediate treatment
to the oxidation stage and ‘the inert constituents can subse-

gquently be recirculated to the propane dehydrogenation stage.

Similarly, the feed gas mixture in all examples includes an inert -
diluent gas comprising more than 15 % by volume of steam.

A disadvantage of the continuous processes of the prior art for
the heterogeneously catalyzed gas—phase oxidation of propylene to
acrylic acid is that the inert diluent gases used in the feed gas
mixtures are not satisfactory in respect of the oxygen limit con-
centrations associated therewith.

A further disadvantage of'the_procedure of EP-A 117 146 is that
it is necessarily linked to propane as propylene.sourcel

It is an object of the present invention to find a process for
the continuous heterogeneously catalyzed gas—phase oxidation of
propylene to acrolein, acrylic acid or a mixture thereof in an
oxidation reactor whose feed gas mixture comprises, apart from
propylene and molecular oxygen as oxidant, only at least one
diluent gas which is essentially inert under the conditions of
the heterogeneously catalyzed gas—phase oxidation, where, in
continuocus operation, at least a part of the essentially inert
diluent gas constituents present in the product gas mixture is
separated off therefrom and is reused as a constituent of the
feed to the oxidation reactor which process does not have the
above disadvantages of the processes of the prior art.

We have found that this object is achieved by a process for the
continuous heterogeneously catalyzed gas—phase oxidation of
propylene to acrolein, acrylic acid or a mixture thereof in an
oxidation reactor whose feed gas mixture comprises, apart from
propylene and molecular oxygen as oxidant, only at least one
diluent gas which is essentially inert under the conditions of
the heterogeneously catalyzed gas—phase oxidation, where, in
continuous operation, at least a part of the essentialiy inert
diluent gas constituents present in the product gas mixture is
separated off therefrom and is reused as a constituent of the
feed to the oxidation reactor, wherein the essentially inert
diluent gas of the feed gas mixture in continuous operation
comprises more than 85 % by volume, preferably at least 90 % by
volume, better at least 95 % by volume, even better at least 97 %
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by volume, advantageously at least 98 % by wvolume, preferably at
least 99 % by volume and best 100 % by wvolume, of at least one
saturated hydrocarbon having from 1 to 5 carbon atoms.

Suitable constituents of the inert diluent gas, other than the
hydrocarbons having from 1 to 5 carbon atoms, are, for example,
COz, CO, Nz, H;0, higher saturated hydrocarbons and/or nobel gases

.such as He and Ar.

The mean molar specific heat C, of the inert diluent gas of the
feed gas mixture is advantageously in the range from 10 to

50 cal/mol-K, preferably from 10 to 35 cal/mol-K (at 1 atm. and
300°C).

The inert diluent gas of the feed gas mixture preferably contalns
no steam.

Suitable saturated hydrocarbons having from 1 to 5 carbon atoms
are methane, ethane, propane, n-butane, iso-butane, n-pentane,
iso—-pentane, neo-pentane and mixtures of said hydrocarbons. Among
the abovementioned hydrocarbons, methane, propane and mixtures
thereof are preferred for use as constituents of the diluent gas.
This applies particularly to methane which is, when the reaction
is carried out in a tube bundle reactor, both particularly
advantageous for avoiding local overheating (hot spots) along the
contact tubes and displays a high degree of inertness. Propane is
useful insofar as when it is not completely inert, it is normally
converted predominently into propylene, acrylene and/or acrylic
acid.

These teachings are the result of comprehensive and systematic
research work. They are based on the recognition that the oxygen
limit concentration of a feed gas mixture comprising molecular
oxygen, inert diluent gas and propylene (the proportion of
molecular oxygen decreases along the reaction coordinate) is
influenced less by the molar heat capacity Cp of the inert diluent
gas than by the inert diluent gas itself being essentially
combustible, lower organic compound, with the simultaneous
requirement of inertness necessitating the restriction to lower
saturated hydrocarbons.

The feature ”"combustible” here indicates compounds whose mixtures
with air at an initial pressure of 1 bar and an initial tempera-
ture of 50 to 100°C have an upper and a lower explosive limit
(ignition limit), with the determination of the explosive limits
being based on measurement in the standard apparatus as described
by W. Berthold et al. in Chem.-Ing. Tech. 56 (1984) No. 2,

This Sheet Has Been Rep.

T




10

15

20

25

30

35

40

45

BASF Aktiengesellschaft = 950048 0.%Z. 0050/45710

9
pp. 126-127 (N, CO; and H,0 are, for example, not combustible

compounds) .

In this context, explosive limits are the following limit values
in accordance with DIN 51 649: :

In a mixture of air and a combustible gas, the velocity at which,
under prescribed initial conditions, combustion (ignition, explo-~
sion) initiated by a local ignition source (eg. glowing platinum
wire) spreads is dependent on the combustible gas content. It is
greatest at a particular content. Either decreasing or increasing
the combustible gas content reduces the combustion velocity until
finally, at a lower and an upper limit value for the combustible
gas content, the combustion reaction just no longer spreads out
from the ignition source. These two limit values are the lower
explosive limit and the upper explosive limit, the range of com-
bustible gas content lying between them is the explosive region

(ignition region).

The higher the proportion of the lower saturated hydrocarbons in
the inert diluent gas of the feed gas mixture for the hetero-
geneocusly catalyzed gas-phase oxidation of propylene, the more
safely this reaction can be carried out even with increased pro-
portions by volume of the reactants.

A particular aspect of the process of the invention is that the
lower saturated hydrocarbons used according to the invention as
inert diluent gas constituents of the feed gas mixture are,
unlike the inert diluent gas constituents such as Nz, H;0 and CO;
preferred in the prior art, materials of value owing to their
combustibility and can be used, for example, for energy genera-
tion. An essential feature of the process of the invention is
therefore that at least a part of the saturated hydrocarbons
having from 1 to 5 carbon atoms present in the product gas mix-
ture as inert diluent gas constituents is separated off from the
gas mixture and is recirculated into the feed to the oxidation
reactor as constituent of a new feed gas mixture (ie. it is re-
used). '

Preferably, in continuous operation, at least 50 % by volume of
the saturated hydrocarbons having from 1 to 5 carbon atoms
p:esent in the product gas mixture are recirculated. This propor-
tlon is preferably at least 75 % by volume, better at least 90 or -
95 & by volume and even better at least 98 or 99 or 100 % by
volume.
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The abovementioned recirculation is a prerequisite for the
economical operation of the process of the invention. For the
purposes of this recirculatien, note should be taken of the fact
that the saturated hydrocarbons having from 1 to 5 carbon atoms
generally have to be separated not only from the target product
present in the product gas mixture, but also from byproducts
present therein (at least partially). This also applies when the
latter are gases such as CO; or HzO which are inert in relation to
the gas-phase oxidation of the propylene, since these may other-
wise accumulate in the diluent gas of the feed gas mixture during
the course of continuous operation. Of course, for the purposes

-of the process of the invention, unreacted starting material and/

or intermediate still present in the product gas mixture can also
be separated from the latter and recirculated to the oxidation

reactor.

The separation processes to be used for this purpose, such as
fractional condensation or absorption and extraction processes,
are known to those skilled in the art and require no further
explanation. The work-up and separation of the desired target
product is likewise carried out in a manner known per se.

As source of the molecular oxygen required as oxidant for the
purposes of the process of the invention, air has only limited
suitability, since molecular oxygen occurs in air only in’
association with N;.

This means that preference is given to takiné the oxygen regquired
for the process of the invention from an essentially pure oxygen

source.

In summary, the difference in the process of the invention from
the processes of the prior art is essentially that, under other-
wise identical reaction conditions, when using the proportion
according to the invention of saturated hydrocarbons having from
1 to 5 carbon atoms in the inert diluent gas used in the feed gas
mixture, the continuous heterogeneously catalyzed gas-—phase
oxidation of propylene to acrolein, acrylic acid or a mixture
thereof, particularly with relatively high proportions by volume
of reactants in the feed gas mixture, can be carried out with
increased safety (the feed of molecular oxygen can alsc fluctuate
in continuous operation as a result of unexpected faults), which
forms the basis for increased space-time yields. This is illus-
trated below by some examples. In conclusion, it may be affirmed
that, for the heterogeneously catalyzed gas—phase oxidation of
propylene to acrolein, the propylene/molecular oxygen feed in the
feed gas mixture is selected such that the volume ratio is
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1 (propylene) : from 1 to 3 (molecular oxygen), preferably
1l (propylene) : from 1.5 to 2 (molecular oxygen). As already
mentioned, the oxXygen excess has an advantageous effect on the
kinetics of the gas—phase oxidation and on the life of the
catalyst. The thermodynamic conditions are essentially not
influenced thereby, since the heterocgeneously catalyzed gas—phase
partial oxidation of the invention is subject to kinetic control.
The above propylene/molecular oxygen feed is advantageously also
selected for the two-stage gas—phase oxidation of propylene to
acrylic acid (eg. in an oxidation reactor comprising two oxida-
tion reactors in series). In general, the product gas mixture
leaving the first stage (the first oxidation reactor) is here
transferred without intermediate treatment to the second oxida-
tion reactor. Advantageously, the second oxidation stage (the
second oxidation reactor) is additionally fed with molecular
oxygen as oxidant. The amount of molecular oxygen additionally
fed in is preferably selected in such a way that the feed gas
mixture to the second oxidation stage (the second oxidation
reactor) has an O, content which is at least stochiometric to
about three times stochiometric. The oxygen is here likewise pre-
ferably taken from an essentially pure oxygen source. The safety
of the second oxidation stage (the second oxidation reactor) can
be additionally increased by separating water vapor and CO; formed
as byproducts in the first oxidation stage from the product gas
mixture leaving the first oxidation stage (the first oxidation
reactor), before transferring it to the second oxidation stage
(into the second oxidation reactor). It may be affirmed that, in
accordance with the process method of the invention, it is safer
to handle feed gas mixtures whose propylene feed is > 30 % by
volume (with favorable selection of the inert diluent gas up to
40 or 45 % by volume), based on the feed gas mixture.

Favorable feed gas mixtures are those whlch, in continuous opera-
tion, comprise

from 15 to 30 % by volume of propylene,

from 30 to 45 % by volume of oxygen and

from 40 to 55 % by volume of inert diluent gas according
to the invention.
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We claim:

1.

A process for the continuous heterogeneously catalyzed gas-
phase oxidation of propylene to acrolein, acrylic acid or a
mixture thereof in an oxidation reactor whose feed gas mix-
ture comprises, apart from propylene and molecular oxygen as
oxidant, only at least one diluent gas which is essentially
inert under the conditions of the heterogenecusly catalyzed
gas-phase oxidation, where, in continuous operation, at least
a part of the essentially inert diluent gas constituents
present in the product gas mixture is separated off therefrom
and is reused as a constituent of the feed to the oxidation
reactor, wherein the essentially inert diluent gas of the
feed gas mixture in continuous operation comprises more than
85 % by volume of at least one saturated hydrocarbon having
from 1 to 5 carbon atoms.

A process as claimed in claim 1, wherein the essentially
inert diluent gas of the feed gas mixture in continuous
operation comprises at least 90 % by volume of at least one
saturated hydrocarbon having from 1 to 5 carbon atoms.

A process as claimed in claim 1, wherein the essentially
inert diluent gas of the feed gas mixture in continuous )
operation comprises at least 95 % by volume of at least one
saturated hydrocarbon having from 1 to 5 carbon atoms.

A process as claimed in claim 1, wherein the essentially
inert diluent gas of the feed gas mixture in continuous
operation comprises at least 97 % by volume of at least one
saturated hydrocarbon having from 1 to 5 carbon atoms.

A process as claimed in claim 1, wherein the essentially
inert diluent gas of the feed gas mixture in continuous
operation comprises at least 98 % by volume of at least one
saturated hydrocarbon having from 1 to 5 carbon atoms.

A process as claimed in claim 1, wherein the essentially
inert diluent gas of the feed gas mixture in continuous
operation comprises at least 99 % by volume of at least one
saturated hydrocarbon having from 1 to 5 carbon atoms.
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-2
A process as claimed in ¢laim 1, wherein the essentially
inert diluent gas of the feed gas mixture in continuous
operation conaists of 100 % by volume of at least one
saturated hydrocarbon having from 1 to 5 carbon atoms.’

A process as claimed in clalm 1, wherein the saturated hydro-
carbon comprises at least 50 mol % of methane.

A process as claimed in claim 1, wherein the saturated hydro-
carbon comprises at least 50 mol % of propane.

A process as claimed in claim 1, wherein the continuous het-
erogeneocusly catalyzed gas-phase oxidation of propylene to
acrylic acid is carried out in an oxidation reactor compris-
ing two oxidation reactors connected in series with the feed
gas mixture being fed to the first oxidation reactor and pro-
pylene being oxidized essentially to acrolein in this reac-
tor, the product gas mixture of the first oxidation reactor
subsequently being conveyed without intermediate treatment to
the second oxidation reactor and the latter being fed with
the amount of molecular oxygen required for the further ox-
idation of the acrolein to acrylic acid.
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