AS ORI G NALLY FILED 5 Preparation of acrolein and/or acrylic acid O Z
0050/ 52496/ M The present |nvent|on relates to a process for the
preparation of a \m r acrylic acid from propane and/or propene.
10*Acrol ei n and m‘\\\‘ are key chemicals. Thus, addy. D85GE2496/NMrused,
inter alia, as a nonapey for the preparation of polymers which, for
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conver si d specific value. 35 Unconverted propane can be
separated off after the oxidation by a selective separator which conprises .
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and/or propene. DE-A 33 13 573 and EP-A-0 117 146 disclose a process for converting

20  propane into acrolein and/or acrylic acid. A two-stage or three-stage process in which the

propane is dehydrogenated to propene in a first stage and the propene is oxidized to

acrolein in a second stage is described. An important feature here is that no separation of

the propane from secondary components formed in the dehydrogenation, for example

molecular hydrogen, is carried out between the two stages. The oxidation is carried out

55 under conditions under which no marked oxidation of the hydrogen takes place. In a third

stage, the acrolein can then be oxidized to acrylic acid. It is also possible to separate off

unconverted propane and propene from the second or third stage by absorption and, after
liberation from the absorbent, to recycle them to the first stage (dehydrogenation stage).

30 Japanese Patent Application JP-A 10-36311 discloses a process for the preparation of o3
unsaturated carboxylic acids, such as acrylic acid, by gas-phase catalytic oxidation of
propane in the presence of a composite metal oxide catalyst, the ratio of propane to oxygen
and, if required, diluent gas being kept in a defined range for achieving high yields in the
starting mixture and furthermore the conversion being kept at a specific value.

35 Unconverted propane can be separated off after the oxidation by a selective separator
which comprises pressure swing adsorption units and then recycled to the gas-phase




catal ytic oxidation. GB 1378-178 discloses a process in which unconverted
hydrocarbon froman oxidation process is absorbed in an absorbent and the
absorbent is stripped with a stripping medium 5 In this, the hydrocarbon
to'be recovered is added to the strippipng nmediumin such a quantity that
the mxture is outside the flanmable limts. It is an object of the present
|nvent|on r a process for the gas-phase catalytic preparation of
acrolein §£§7§f&§%ﬁ§?|c acid from propane and/ or propene, which is 10
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and/ or pregFERE 1PB-  acrol ei n and/ or acrylic acid, 30 no heterogeneously

cat al yzed dehydr ogenati on of propane wthout a suppl y of oxygen being
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(b) separation of the propane and/or propene from the absorbent to give a propane-

25 and/or propene-containing gas B and

(c) use of the gas B obtained in step (b) for an oxidation of propane and/or propene to

acrolein and/or acrylic acid,

30 no heterogeneously catalyzed dehydrogenation of propane without a supply of oxygen
being carried out between step (b) and step (c). Preferred embodiments of the invention are

evident from the following description and the figures.

Since the propane and/or propane are subjected to absorption before the oxidation, as a rule
35 residues of absorbent are present in the gas B. Surprisingly, it has now been found that
nevertheless no problems occur during the oxidation. Thus, no substantial decrease in the
activity of the oxidation catalyst was observed, and the oxidation catalyst could be used
over a long operating period without regeneration. Furthermore, no problems due to any



5 adsorption. In the process according to DE-A 33 13 573, propane and
propene recovered by absorption or separated off are recycled to the

het er.oggneousl y catal yzed dehydrogenati on of propane. In the

het er ogeneousl y catal yzed propane dehydyogenation, the catal yst may be 10
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25
In the present invention, the gas B may also be a gas mixture.

In step (a), gas mixtures A comprising any desired amounts of propane and/or propene can
be used. Preferably, the gas mixture A contains propane and propene in a molar ratio of
30 from 0 : 100 to 100 : 0, in particular from 10 : 90 to 90 : 10, frequently from 80 :20 to

40 : 60.

Preferably, the gas mixture A contains at least one further component which differs from
propane and/or propene and is not subject to any particular restrictions. As a rule, the
35  further components depend on the origin of the gas mixture. In particular, they comprise at
least one component selected from nitrogen, hydrogen, oxides of carbon, such as carbon
monoxide or carbon dioxide, further secondary components originating from a propane
dehydrogenation, secondary components originating from a gas-phase oxidation of



absorbi ng propane and/or propene. The absorbent is preferably an organic
sol vent which is preferably hydrophobi c and/ or high-boiling.

Advant ageously, this solvent has a boiling point (at an atnospheric
pressure of 1 atn) of at |east 120C, prgeferably of at |east 180C
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Pri nt 0sol gzeotropic composition, in particular comprising about 25% by welght of biphenyl and
about 75% by weight of diphenyl ether, for example the commercially available diphyl.
Frequently, this solvent mixture contains an added solvent, such as dimethyl phthalate, in
30 an amount of from 0.1 to 25% by weight, based on the total solvent mixture. Other
particularly suitable absorbents are octanes, nonanes, decanes, undecanes, dodecanes,
tridecanes, tetradecanes, pentadecanes, hexadecanes, heptadecanes and octadecanes,
tetradecane having proven particularly suitable. It is advantageous if the absorbent used on
the one hand has the abovementioned boiling point but on the other hand simultaneously
35  has not too high a molecular weight. Advantageously, the molecular weight of the
absorbent is < 300 g/mol. The liquid paraffins of 8 to 10 carbon atoms which are described
in DE-A 33 13 573 are also suitable. Examples of suitable commercial products are
products sold by Haltermann, such as Halpasols i, e.g. Halpasol 250/340 i and Halpasol




The absorption procedure is not subject to any particular restrictions. All
processes and conditions famliar to a person skilled in the art may be
used.: Preferably, the gas m xture is 5 brought into contact with the
absorbent at from1l to 50, preferably fsom2 to 20, nore preferably fromb5
to 10, bar and fromO to 100C, in particular from30 to 50C. The

absor pt i 930298 i h#idGRinking nlosils With fthd riante’| PKWF aad Printosgliench appar at uses.

The cocurrent or the countercurrent procedure nmay be enpl oyed. Suitable
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m Xt ures are articularly preferred, for exanple air. Wth the use of air
or oxygerPKM@%gen mi xtures in which the oxygen content is nore than 10%
by volune, it may be expedient to add, before or during the stripping 30
process, h, u u ciedbhye for
this pur pose?e}a}‘}ﬂfoﬁ siregg gl%?aﬁé.'gmggg ﬁeggh%%?gggp%%sﬁo%ﬁibggﬁfl nol _)e K at
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stacked p unpe or corres
in the usual manner via a pressure and/or temperature change preferably at from 0.1 to 10,

25 in particular from 1 to 5, more preferably from 1 to 2, bar and from 0 to 200°C, in
particular from 20 to 100°C, more preferably from 30 to 50°C. Another gas suitable for the
stripping is, for example steam, but oxygen/nitrogen mixtures are particularly preferred, for
example air. With the use of air or oxygen/nitrogen mixtures in which the oxygen content
is more than 10% by volume, it may be expedient to add, before or during the stripping

30  process, a gas which reduces the explosion range. Particularly suitable for this purpose are
gases having a specific heat capacity of >29 J/mol’K at 20°C, for example methane,
ethane, propane, butane, pentane, hexane, benzene, methanol, ethanol, ammonia, carbon
dioxide or water. Bubble columns with or without internals are also particularly suitable
for the stripping.

35
The separation of the propane and/or propene from the absorbent can also be effected by

means of distillation, it being possible to use the columns familiar to a person skilled in the
art and containing stacked packings, dumped packings or corresponding internals.



-6 Preferred conditions during the distillation are a pressure of fromO0.01
to 5 in particular fromO0.1 to 3, nore preferably froml to 2, bar and a
t enperature (at the bottom of from 50 to 300C, in particular from150 to
250C. 5 Where the gas m xture A containg-water, the absorption is

advant ageously conbined with a condensation of the water (i.e. water
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For 5¢ propene to acrolein and/or acrylic acid.

In principle, the heterogeneously catalyzed gas-phase oxidation of propene to acrylic acid
with molecular oxygen takes place in two steps in succession along the reaction coordinate,
the first of which leads to acrolein and the second from acrolein to acrylic acid. This
30 reaction sequence in two successive steps makes it possible, in a manner known per se, to
carry out the step (c) of the novel process in two oxidation zones arranged one behind the
other, it being possible for the oxidic catalyst to be used to be adapted in an optimum
manner in each of the two oxidation zones. Thus, as a rule a catalyst based on multimetal
oxides containing the combination of elements Mo-Bi-Fe is preferred for the first oxidation
35 zone (propene — acrolein), while catalysts based on multimetal oxides containing the
combination of elements Mo-B are usually preferred for the second oxidation zone
(acrolein — acrylic acid). Corresponding multimetal oxide catalysts for the two oxidation
zones have been widely described and are well known to a person skilled in the art. For



exanple, EP-A-0 253 409 refers to corresponding U. S. patents on page 5.
Advant ageous catalysts for the two oxidation zones are also disclosed in
DE-A .44 31 957 and DE-A 44 31 949. This applies in particular to those of
the formila | in the two abovenentionedy _publications. As a rule, the
product mxture fromthe first oxidation zone is transferred 5 without
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25

The reaction temperature in the first oxidation zone is as a rule from 300 to 450°C,
preferably from 320 to 390°C. The reaction temperature in the second oxidation zone is as
a rule from 200 to 300°C, frequently from 220 to 290°C. The reaction pressure in both
oxidation zones is expediently from 0.5 to 5, advantageously from 1 to 3, atm. The gas

30 loading (I(S.T.P.)/I'h) of the oxidation catalysts with reaction gas is frequently from 1500
to 2500 h! or up to 4000 h™! in both oxidation zones. The propene loading (1(S.T.P.)/I'h) is
frequently from 50 to 300 h!, in particular from 100 to 200 h,

In principle, the two oxidation zones can be designed as described, for example, in DE-A

35 198 37 517, DE-A 199 10 506, DE-A 199 10 508 and DE-A 198 37 519. Usually, the
external heating in the two oxidation zones, if desired in multizone reactor systems, is
adapted in a manner known per se to the specific composition of the reaction gas mixture
and to the catalyst load.



-8 According to the invention, it is advantageous if, in the novel process,
propene- acconpanyi ng propane acts as an advantageous inert diluent gas in
a het.ergogeneously catalyzed propene oxidation. 5 The total nolecular
oxygen required for the oxidation can bg.added beforehand to the gas B in
its total anobunt. However, oxygen nmay al so be added to said gas after the
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cool i ng of?
contmuously or abruptly along the reaction coordinate within the oxidation zone. In an

25  embodiment of step (c) in the form of two oxidation zones connected in series, it is also
possible partly or completely to separate, from the product gas mixture leaving the first
oxidation zone, oxides of carbon and steam contained in said mixture and formed as
byproduct in the first oxidation zone, if required before further passage into the second
oxidation zone. Preferably, a procedure which does not require such a separation is chosen.

30
Suitable sources for the molecular oxygen required in the oxidation step (c) are both pure
molecular oxygen and molecular oxygen diluted with inert gas, such as carbon dioxide,

carbon monoxide, noble gases, nitrogen and/or saturated hydrocarbons.

35 In an expedient manner, air is used as an oxygen source at least for covering part of the
requirement of molecular oxygen. The gas B fed to the oxidation step (c) of the novel
process advantageously comprises substantially only propane and propene, and exclusively
air is used as a source of molecular oxygen for the oxidation. If required, cooling of the gas



5 Bfed to step (c) can also be effected in a direct manner by netering in
cold air. If acrolein is the desired product, the second oxidation zone is
expediently not used in step (c). The oxidation of propene to acrolein
and/or acrylic acid in step (c) can algp be carried out as described in
EP-A-0 117 146 US-A-5 198 578 and US-A-5 183 936 or analogously to DE-A

33 13 STB ol e (S tin 238 be ifedied il #dinbit Guankier ¥y sheefidg 36 Goldatt. VO 97/ 36849,
Sui t abl e proces are so described in EP-A-0 293 224, EP-A-0 253 409,

DE-A 44 31 10 957, DE 195 08 532 or DE-A 41 32 263, particularly preferred

Processef RS ib t}ié&l%suwpfbﬂu@@ tiealeContl 6xtidatidnusnt 1geuepedlenﬁy nbeusediiolatepon.
The OXIdﬁélon of acrolein to acrylic acid can be carried out as described

in WD 00K39065, by neans of a fluidized-bed reactor. 15 The oxi dation of
propgne to acrolein and/or acrylic acid can also be carried out using the
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and/ or a?!‘&'}‘ftl\%‘}/é"g tif‘éﬁﬁﬁﬁgﬁaisﬁgwa{ﬁ g&rrat erials of the fornula (1)
MoVbML M2dOn 30 where (1) ML is Te and/or Sh, M2 is at |east one of the
eI emant S Eg-lfa %gl]dahﬁp 9f g%gle%t?%si&;'h@ Qcﬂfcalll\“Be cIf"hequt 3§ deddtibedin WE00/39065,Ga,

Zn, Si and In, 35 b is from
0 01 to by%eailéof?ﬂﬁidﬂed'%eéria"t?freferably fromO 0lLto 1, dis from> 0 to
1, pseferably fromO0.01 to 1, and nis a nunber which is determ ned by the

val ency d frequen of the nent
Vil £ 1 et e st GO B Brdtens ariare p AVECL ol B AG e oot Gffled fuf e the,
formul a @late-aype heat exchanger reactors described in DE-A 199 52 964

In a further preferred embodiment, step (c) of the novel process is carried out as an

20 oxidation of propane to acrolein and/or acrylic acid. In this oxidation, propane is converted
over a suitable catalyst, in one or more stages, to acrolein and/or acrylic acid. All processes
known to a person skilled in the art are suitable for this purpose. A suitable process is
described, for example, in JP-A-10 36 311.

25  Catalysts suitable for the heterogeneously catalyzed gas-phase oxidation of propane to
acrolein and/or acrylic acid are multimetal oxide materials of the formula (I)

MoV,M! M%,0, ()]
30 where

M! is Te and/or Sb,

Mm? is at least one of the elements from the group consisting of Nb, Ta, W, Ti, Al, Zr,
Cr, Mn, Ga, Fe, Ru, Co, Rh, Ni, Pd, Pt, La, Bi, B, Ce, Sn, Zn, Si and In,
isfrom0.01to 1,

is from > 0 to 1, preferably from 0.01 to 1,

is from > 0 to 1, preferably from 0.01 to 1, and

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

35

s a6 o



known, cf for exanple EP-A-0 608 838, EP-A-0 529 853, JP-A 7-232 071, JP-A
10 5 57813, JP-A 2000-37623, JP-A 10-36311, WD 00/29105, Proceedings |ISO
99, Rmni (ltaly), Sept. 10-11, 1999, G Centi and S. Perathoner Ed., SCl
Pub. 1999, EP-A-0 767 164, Catalysis.Tgday 49 (1999), 141-153, EP-A-0 962
253, Applied Catalysis A CGeneral 194 to 195 (2000), 479 to 485, JP-A

11/ 169716, prﬁiegtlﬁg%&g&lin%.p‘ 198 35 247, JP-A 8- 57319, JP-A 10-28862,
JP-A 11-43314, JP-A 11-57479, WD 00/ 29106, JP-A 10-330343, 10 JP-A

11- 285637, JP-A 10-310539, JP-A 11-42434, JP-A 11-343261, JP-A 11-343262,
WO 99/ 0R$ABmedPoRidé-haédMls whithrhAR0HoibHi6ABtry rdrrésponding-to aly ismuied) are

mul tinmetal oxid I 1 n I 7 I L { Cyp-ar ho.
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t r eat ment”. I met al materi a ), ML is preferably Te, M
Is preferably Nb, b is preferably 0.1-0.6, c is preferably 0.05-0.4 and d

i s pref erﬁg'@ﬂgggh gx@e%g?ﬁéllt) hRA () deS@Red®Blow &re Phkicalaalylsyitaler ri ed out at

from 350 the t treatnment initially being effected in
particular at from 150 to 400C under an oxygen-contai ni ng at nosphere and
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40, No. thearsboyoxygenin@d).404, Chem Conmun. (1999), 517 to 518, JP-A
6/ 227819 and JP- A 2000/ 26123). What is understood here in particular is the
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separated off andp is converted into an active oxide by thermal treatment. In the multimetal
25 oxide material (I), M! is preferably Te, M? is preferably Nb, b is preferably 0.1-0.6, ¢ is
preferably 0.05-0.4 and d is preferably 0.01-0.6. The thermal treatment is preferably
carried out at from 350 to 700°C, the thermal treatment initially being effected in particular
at from 150 to 400°C under an oxygen-containing atmosphere and then at from 350 to
700°C under an inert gas atmosphere. Suitable stoichiometries for the multimetal oxide
30 materials (I) are those which are disclosed in EP-A-0 608 838, WO 00/29106, JP-A

11/169716 and EP-A-0 962 253.

The hydrothermal preparation of multimetal oxide active material precursors is familiar to
a person skilled in the art (cf. for example Applied Catalysis A: 194 to 195 (2000), 479-

35 485, Kinetics and Catalysis, 40, No. 3 (1999), 401 to 404, Chem. Commun. (1999), 517 to
518, JP-A 6/227819 and JP-A 2000/26123).

What is understood here in particular is the thermal treatment of a preferably intimate



preferably up to 250, atm Tenperatures above 600C and steam pressures
above 500 atm5 nmay al so be used, but this is not very expedient in terns
of ,application technol ogy. The hydrothermal treatnment is particularly
advant ageously carried out under conditjjans under which steamand liquid
wat er coexist. This is possible in a tenperature range from> 100 to
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which are capable of forming oxides and/or hydroxides on heating with water under
25 superatmospheric pressure. Oxides and/or hydroxides of the elemental constituents may
also be concomitantly or exclusively used as starting compounds for the hydrothermal

preparation. As a rule, the sources are used in finely divided form.

Suitable sources for the elemental constituents are all those which are capable of forming
30 oxides and/or hydroxides on heating (if necessary in air). Oxides and/or hydroxides of the
clemental constituents may be concomitantly or exclusively used as such starting

compounds.

Suitable sources of the element Mo are, for example, molybdenum oxides, such as
35 molybdenum trioxide, molybdates, such as ammonium heptamolybdate tetrahydrate and

molybdenum halides, such as molybdenum chloride.

Suitable starting compounds to be used concomitantly with the element V are, for example,



10 Suitable sources for the elenent telluriumare tellurium oxides, such as
telluriumdioxide, netallic tellurium telluriumhalides, such as Ted 2,
and telluric acids, such as orthotelluric acid H6TeO6. Advant ageous
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al so ssui taddaionStade M4.0bi um source. 20 25 Regarding all other possible
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examqy e, in Polyhedron 6, No. 2 (1987), 213-218, and have been used, for

le, | lied Catalysis A Ge |,.194- 00)1;:4.479- th
o epar ot i AMVeBTREQE AR, Fart g, SPRBRss A, pRgpbRY hiidet Sudfies SBEL e
secondar yantiogyaixides, suchex antistony rtrioxide (Sha0s), ratimomic adids sueh ay HSh@Hkour ce
for POl yanonsahy bRRAIHE 5aad dfndry SdShIfER RBOSER 8l ySi s, 40 (1999),

401 to 4% pol“yani ons sui e as starting conpounds are, for
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their halides, nitrates, formates, oxalates, acetates, carbonates and/or hydroxides. Suitable
starting compounds are often also their oxo compounds, for example tungstates, or the

acids derived from these. Frequently, ammonium salts are also used as starting compounds.

25
Other suitable starting compounds are polyanions of the Anderson type, as have been

described, for example, in Polyhedron 6, No. 2 (1987), 213-218, and have been used, for
example, in Applied Catalysis A: General 194-195 (2000), 479-485, for the preparation of
suitable multimetal oxides (I) or are disclosed in the secondary literature cited therein. A

30 further suitable literature source for polyanions of the Anderson type is Kinetics and
Catalysis, 40 (1999), 401 to 404.

Further polyanions suitable as starting compounds are, for example, those of the Dawson
or Keggin type. Preferably used starting compounds are those which are converted into
35  their oxides at elevated temperatures either in the presence or in the absence of oxygen,

possibly with liberation of gaseous compounds.

The hydrothermal treatment itself takes, as a rule, a period of from a few hours to a few



m xture nmay additionally be flushed with inert gas for blanketing prior to
the hydrothermal treatnent. It is also expedient in terns of application
technol ogy if the abovenentioned inert gases are used for establishing
super at nospheric pressure in the autocligwe before the hydrothermnal
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25 In general, the thermal treatment may take up to 24 hours or more.

The thermal treatment is preferably carried out initially under an oxidizing (oxygen-
containing) atmosphere (for example under air) at from 150 to 400°C or from 250 to
350°C. The thermal treatment is then expediently continued under inert gas at from 350 to
30 700°C or from 400 to 650°C or from 400 to 600°C. The thermal treatment of the
hydrothermally produced catalyst precursor can also be effected in such a way that the
catalyst precursor material is first pelleted, then thermally treated and subsequently

converted into chips.

35 It is expedient in terms of application technology if the solid obtained in the hydrothermal
treatment is converted into chips for the subsequent thermal treatment.

If the starting compounds used for the preparation of the multimetal oxide materials (I) are



The nultinetal oxide materials (1) can be used as such (for exanple after
comm nution to a powder or to chips) or can be converted into nol di ngs

bef ore being used. The catalyst 10 bed nay be either a fixed bed, a noving
bed or a fluidized bed. The X-ray diffrgaction pattern of the nultinetal
oxide materials (lI) corresponds as a rule essentially to those in EP-A-0
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catal ysts suitable for the propane oxidation are nultinetal oxide materials
(I'l) which have the abovenentioned fornula (1) and whose X-ray diffraction
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the refl egphighiuh okifd. of the reflection k is <_ 1 in each case. Preferably,

0.67<_ R<_0.75 and very particularly preferably R=0.70 to 0.75 or R =

0.72. The use of multimetal oxide materials (I1) where M is Te is
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advant aged@eiiveymaterial). The diluent can be incorporated before and/or after the calcmatlon As a
rule, the diluent is incorporated before the hydrothermal treatment. If the incorporation is
effected before the calcination, the diluent must be chosen so that it is substantially

retained as such during the calcination. The same applies to the hydrothermal treatment in

25 the case of incorporation before said treatment is carried out. As a rule, this is true, for
example, in the case of oxides calcined at correspondingly high temperatures.

Other catalysts suitable for the propane oxidation are multimetal oxide materials (II) which

have the abovementioned formula (I) and whose X-ray diffraction pattern has reflections h,
30 i and k whose peaks are at the diffraction angles (28) 22.2 + 0.4° (h), 27.3 £ 0.4° (i) and

28.2 + 0.4° (k), where

- the reflection h is the one with the highest intensity within the X-ray diffraction pattern

and has a half-width of not more than 0.5°,

- the intensity P; of the reflection i and the intensity Py of the reflection k fulfill the
35 relationship 0.65 < R < 0.85, in which R is the intensity ratio defined by the formula

R=P;/ (P; + Py),



fromO0.1 to 0.6. In a correspondi ng manner, the preferred range for the
stoichionetric coefficient cis from0.01 to 1 or fromO0.05 to 0.4 and
advant aggpus values for d are from 0.01 to 1 or fromO0.1 to O.6.

Particul arly advantageous nultinmetal oxsde materials (I1) are those in
whi ch the stoichionetric coefficients b, ¢ and d are sinultaneously in the
15 above tioned preferred ranges. Further suitable stoichionetries for
the nultinetal oxide. materials | ) .,arest hose .wWhiG lLsclosed in the
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in JP-A 7-53448. A specific process for the preparation of nultinetal oxide
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reduced ofp ctper at nospheric pressure. If the thermal treatnment is carried
out under a gaseous atnosphere, this may be either stationary or flow ng.

In general, the thermal treatnment nmay_ take up to 24 hours. or re.. 10 The
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or from 2disc1£>§ed in the cited prior art publications. In this mixture, for example, the proportion of
i-phase can be increased by selectively removing the other phases, for example the k-
phase, under the microscope or washing the multimetal oxide material with suitable
liquids. Suitable such liquids are, for example, aqueous solutions of organic acids (for
30 example oxalic acid, formic acid, acetic acid, citric acid and tartaric acid), inorganic acids
(for example nitric acid), alcohols and aqueous hydrogen peroxide solutions. Furthermore,

JP-A 7-232071 discloses a process for the preparation of multimetal oxide materials (II).

Multimetal oxide materials (II) are obtainable by the preparation method according to DE-
35 A 198 35 247. According to this, a very intimate, preferably finely divided, dry blend is
produced from suitable sources of their elemental constituents and said dry blend is
subjected to a thermal treatment at from 350 to 700°C or from 400 to 650°C or from 400 to
600°C. The thermal treatment can be carried out under either an oxidizing, reducing or



350C. Thereafter, the thermal treatnment is expediently continued under an
inert gas at from 350 to 700C or from400 to 650C or from400 to 600C. The
thermal,treatnment can also be effected in such a way that the catalyst
precursor material is first pelleted (16-15 required after pulverization
and, if required, with the addition of fromO0.5 to 2% by weight of finely
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25  the aqueous material is dried and is calcined after the drying. Expediently, the aqueous
material is an aqueous solution or an aqueous suspension. Preferably, the drying process is
carried out immediately after the preparation of the aqueous mixture and by spray-drying
(the outlet temperatures are as a rule from 100 to 150°C; the spray-drying can be carried
olut by the cocurrent or countercurrent method), which requires a particularly intimate dry

30  blend, especially when the aqueous material to be spray-dried is an aqueous solution or

suspension.

Suitable sources or starting compounds for the multimetal oxide material (II) are the
compounds described above in the case of the multimetal oxide material (I).

35
The multimetal oxide materials (II) can be converted into moldings as in the case of the
multimetal oxide materials (I) and can be used in the same way as these. The shaping of
the multimetal oxide materials (II) can be effected, for example, by application to a



mnm Sui t abl e annul ar unsupported catalysts may al so have a length from3 to
6 M an external dianmeter of from4 to 8 mmand a wall thickness of from
1 to.2 mm However, an annul ar unsupported catal yst having the di nensions
of 7 Mmx 3 mMmmx 4 mmor of 5 nNmx 15;3_nmx 2 nm (external diameter x

| ength x internal dianeter) is also possible. The definition of the
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dlffractlon pattern defined as above. -18 An exenplary procedure
for the determ nation of half width and intensity is also shown in_ Figure
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are at th%&n]lovmng di ffraction angles (20): 90 0.4 (1), 6.70.4 (o) and

ﬁ@o 4(p). 15 1t is advantageous if the X-ray diffraction pattern of the
cat

tically active oxide materials
This ¥neans that if 11 is the peak of a reﬂectlon 1 and B! is the next pronounced minimum

(minima having the reflection shoulders are not taken into account) to the left of peak Alin
the line of the X-ray diffraction pattern when viewed along the intensity axis perpendicular
to the 20 axis and B? is correspondingly the next pronounced minimum to the right of the
25  peak Al and C! is a point at which a straight line drawn from the peak A! perpendicular to
the 20 axis intersects a straight line connecting the points B! and B?, then the intensity of
reflection 1 is the length of the straight line section A!C! which extends from the peak Al
to the point C!. The expression minimum means a point at which the slope of a tangent to
the curve in a base region of reflection 1 changes from a negative value to a positive value,
30 or a point at which the slope tends to zero, the coordinates of the 20 axis and of the

intensity axis being used for specifying the slope.

Here, the half-width is correspondingly the length of the straight line section which is
present between the two points of intersection H' and H? if a parallel to the 26 axis is
35  drawn in the center of the straight line section A!C!, H' and H? being in each case the first
point of intersection of this parallel, to the left and right of A', with that line of the X-ray

diffraction pattern which is defined as above.



of the fornmula (1) additionally contains a reflection whose peak is at the
followng diffraction angle (20): 45.2 0.4 (qgq). 20 Frequently, the X-ray
diffractipon pattern of the nultinetal oxide materials (I1) also contains
the reflections 29.2 0.4 (m and 35.41g0.4 (n). The nultinmetal oxide
material (11) may be one whose X-ray diffraction pattern has no reflection

with ap eﬁﬁnﬁ}l%ﬁg?éﬁfdu@fof ﬂ‘{tpdé%emﬁné’nod ofthal ORRItNALE i@ty aé Aiso Siown rhase.

However, oxide material (11) can also contaln a k-phase, its
X-ray 2Figire frin®b-onl 0946 612 general |y also containing further reflections
whose peaks are at the follow ng diffraction angl es (20): 36.2 0.40 and

50.0 0.4. 30.If the reflection h assi Lnte
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to 80, in ases lto 30; m from1l to 40;

n: from ™ ﬁcbq o v S%?aﬁélgﬁlﬁ%ggg%@t@?%ggl?ro "1 to 30 and qg: from5 to

60. If the X-ray diffraction pattern contains additional reflections from
those stated adg \_L@ % 5 half-width thereof is as arule <_ 1. Al data
ra

based here on an diffraction pattern relate to an X-ray diffraction
pattern prod apg)- Ka radi ati on as the X-radiation (Si enens
dlffi@ctonetemé'geaqp eta D-5000, tube voltage: 40 kV, tube current: 40
mA, aperture V20 (varl abl e), collimator 10 V20 (variable), secondary
monochromat or aperture (0.1 nmm), detector aperture (0.6 nm), neasuring
interval I i@advaﬂta@ébusnﬁmm-m;gdlﬁrmlopmattsmeﬁ th@catalyticallst astive pxide materials
scintill atd on ) e u I fpdak! 1si At follovdeg
materi al s fl(ﬁﬂ foq’&“[% ?fg adaP&ang & ﬁn% Eéf?c%gm?ég%sgur%ce area, nitrogen).
20 diffraction angle (20):

15

45.2 + 0.4° (q).

Frequently, the X-ray diffraction pattern of the multimetal oxide materials (II) also
contains the reflections 29.2 + 0.4° (m) and 35.4 £ 0.4° (n).

20
The multimetal oxide material (I) may be one whose X-ray diffraction pattern has no
reflection with a peak position of 26 = 50.0 + 0.3°, i.e. one which contains no k-phase.

However, the multimetal oxide material (II) can also contain a k-phase, its X-ray
25 diffraction pattern generally also containing further reflections whose peaks are at the
following diffraction angles (20):

36.2 + 0.4° and
50.0 £ 0.4°.
30
If the reflection h is assigned the intensity 100, it is advantageous if the reflections i, 1, m,
n, o, p and q have the following intensities on the same intensity scale:
i: from 5 to 95, frequently from 5 to 80, in some cases from 10 to 60;
35 l: from 1 to 30;
m: from 1 to 40;
n: from 1 to 40;
o: from 1 to 30;



Anot her suitable catalyst for the propane oxidation is a catalyst (1I11)
whi ch consists of a support and a catalytically active oxide material of
t he abovepentioned formula (1) which is applied to the surface of the
support. The use of oxide materials of-ighe fornmula (I) where M is Te is
preferred. It is furthernore advantageous if M2 is Nb, Ta, Wand/or Ti.
Preferably, .i's Mym The3ehadchionetric coefficient b of the oxide
materials of the fqornula %h) in catalyst (Il11) is 25 advantageously from
0.1to 0.6. I9Qa ccﬁq"ééﬁ% ing manner, the preferred range for the
stoichionetric coefficient c is from0.01 to 1 or fromO0.05 to 0.4, and
advant ag s yalu f.or [ e : Bhth d @bove, the
par 1 cur 4t 1y Xwiavipeln o dtiold rendfichd R8l Moac Sadabo

st oi ghi ommalfrwidticihefebf siasmtvles 15 and d are sinultaneously in the
abovenenti oned preferred ranges. 30 Further suitable stoichionetries for
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Parti cul aobytegui table materials for the supports are alumna, silica,
silicates, such as clay, kaolin, steatite, pumce, alumnumsilicate and

magnesiumsilicate, silicon carbide,. zircaonium.di axi. t DO&
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Advary agqeedl surfabégrealtifragen)of  the support is rough since increased
surface roughness generally results in high adhesive strength of the
applied active material coat. Frequently, the surface roughness RZ of the
support i Andthemsuitable @@lystfontheepropansnexidation is roeataly stdE: PhichetPsSER{R ng
to DIN 4768 | - b EnbrHidnedFamhuile ¢I) sutiiiac e
vari abl essupp%rg]gﬁ%%ﬁl,%?%g?a lérzbngqr?% .n{aie?ag&f?%?ﬂr?ore, t he suppor?)materi al
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(totgh volume of the pores <_ 1% by volune, based on the volune of the
support)._The thickpess af, t activ i de terd e seikh e
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advantageous if M?2 is Nb, Ta, W and/or Ti. Preferably, M” is Nb.

The stoichiometric coefficient b of the oxide materials of the formula () in catalyst (III) is

25  advantageously from 0.1 to 0.6. In a corresponding manner, the preferred range for the
stoichiometric coefficient ¢ is from 0.01 to 1 or from 0.05 to 0.4, and advantageous values
for d are from 0.01 to 1 or from 0.1 to 0.6. Particularly advantageous oxide materials are
those in which the stoichiometric coefficients b, ¢ and d are simultaneously in the
abovementioned preferred ranges.

30
Further suitable stoichiometries for the oxide materials of the formula (I) are those which

are disclosed in the abovementioned publications, in particular those which are disclosed in
EP-A-0 608 838, WO 00/29106, JP-A 11/169716 and EP-A-0 962 253.

35 The application of the above-described multimetal oxide material (II) as the oxide material
of the formula (I) to a support is also particularly preferred for the preparation of the

catalyst (III).



20 from10 to 1 000 nm However, it may also be from50 to 700 gm from 100
to 600 mor from300 to 500 mor from 150 to 400 gm Possible coated

t hi cknessges are also from10 to 500 m from 100 to 500 mor from 150 to
300 m In principle, any desired geonetyi-es of the supports are suitable.
Their longest dinmensionis 25 as arule from1l to 10 mm However, spheres
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the supports to be coated are initially taken in a preferably inclined

(the angle of inclination is as a rule >_ ) ) . .
In principle, any desired geometries of the supports are suitable. Their longest dimension is

25 as a rule from 1 to 10 mm. However, spheres or cylinders, in particular hollow cylinders
(rings), are preferably used as supports. Advantageous diameters of the support spheres are
from 1.5 to 4 mm. If cylinders are used as supports, their length is preferably from 2 to 10
mm and their external diameter preferably from 4 to 10 mm. In the case of rings, the wall
thickness is moreover usually from 1 to 4 mm. Suitable annular supports can also have a
30 length of from 3 to 6 mm, an external diameter of from 4 to 8 mm and a wall thickness of
from 1 to 2 mm. However, an annular support having measurements of 7 mm x 3mmx4
mm or of S mm x 3 mm x 2 mm (external diameter x length x internal diameter) is also

possible.

35  The preparation of the catalysts (III) can be carried out in a very simple manner by
preforming active oxide materials of the formula (I), converting them into a finely divided
form and finally applying them to the surface of the support with the aid of a liquid binder.
For this purpose, the surface of the support is moistened in a very simple manner with the



0 and <_ 90, in general > 30 and 5 90; the angle of inclination is the
angle of the central 20 axis of the rotating container relative to the
horizontal) rotating container (for exanple rotating pan or coating drum.
The rotating container transports the_sypports, which for exanple are
spherical or cylindrical, under two netering apparatuses arranged a
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to nozzle (for example an atomizer nozzle operated with compressed air) through which the
25 supports rolling in the rotating pan are sprayed and moistened in a controlled manner with
the liquid binder. The second metering apparatus is located outside the atomization cone of
the liquid binder sprayed in and serves for feeding in the finely divided oxidic active
material (for example via a shaking conveyor or a powder screw). The support spheres
moistened in a controlled manner take up the supplied active material powder which, as a
30  result of the rolling movement, becomes compacted to a cohesive coat on the outer surface

of the support, which for example is cylindrical or spherical.

If required, the support provided with the basecoat in this manner passes through the spray
nozzles again in the course of the subsequent revolution, is moistened in a controlled
35 manner in order to be able to take up a further coat of finely divided oxidic active material
in the course of the further movement, etc. (intermediate drying is as a rule not necessary).
Finely divided oxidic acid material and liquid binder are as a rule fed in continuously and

simultaneously.



300C, often 150C). However, only prelimnary drying can be effected by the
action of hot gases. The final drying can then be carried out, for
exanpl ey .jn a drying oven of any 20 desired type (for exanple a belt dryer)
or in the reactor. The tenperature enphoyed should not be above the
calcination tenperature used for the preparation of the oxidic active
material. O course, the drying can also be carried out exclusively in a
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Regardless of type and geometry of the support, the following can be used as binders for
25  the coating process: water, monohydric alcohols, such as ethanol, methanol, propanol and
butanol, polyhydric alcohols, such as ethylene glycol, 1,4-butanediol, 1,6-hexanediol or
glycerol, monobasic or polybasic organic carboxylic acids, such as propionic acid, oxalic
acid, malonic acid, glutaric acid or maleic acid, aminoalcohols, such as ethanolamine or
diethanolamine, and monofunctional or polyfunctional organic amides, such as formamide.
30 Advantageous binders are also solutions consisting of from 20 to 90% by weight of water
and from 10 to 80% by weight of an organic compound which is dissolved in water and
whose boiling point or sublimation temperature at atmospheric pressure (1 atm) is >
100°C, preferably > 150°C. The organic compound is advantageously selected from the
above list of possible organic binders. Preferably, the organic fraction of the
35 abovementioned aqueous binder solutions is from 10 to 50, particularly preferably from 20
to 30, % by weight. Other suitable organic components are monosaccharides and

oligosaccharides, such as glucose, fructose, sucrose or lactose, and polyethylene oxides

and polyacrylates.



15 preparation procedure for the catalytically active oxide materials of
the formula (1) are the starting conpounds or sources described above in
the case .pf the multinetal oxide material M Coated catal ysts which have
the nultinmetal oxide material (11) as_egtalytically active oxide 20
material of the formula (1) are particu?arly preferred. However, the active

d : ; _ _ . .
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catal ysts. However, the active oxide materials of the fornmula (1) from

EP- A-0 538873 and from EP- A-0 608 838, which have very narrow refl ections
at 2@ peak positions of 22.1 0.3, 28.2 0.3, 36.2 0.3, 45.2 0.3 and

50.0 0.3 iy - ' I Qn: . it :
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const i t uemilémefal bkide dedériab[[act i ve oxi de material of the -24 formula (1), a
very intimate, preferably finely divided, dry blend (for exanple by spray-
dryi ng an aqueous suspension or solutjon of the sources) and subjecting
this fi ndujtableviogess afr theptlemental copstisuaniswhen s asmings Ppe then gbayerdeserfrd: i on
of f:0m Qyehatiof Prboedidl BF Tth@éatélyﬁ'ﬁl]g acliv¥ beidd rHtaidls bEihetformulh {Brai@the
treatment for a few Bours at from 15 to .SStQC,#gr ferabi(t%q?alfro 25t0 1.0
350C undelariRE RRURARGF RS et aboye e barel e Luimglal SxidRmEeripl e,
air) and(if required, finally subjecting it to mlling. After the coating
of the supports with the precursor material, calcination is then effected,

preferably under an inert gas atnpsphere (all other atnbspheres are also
sui t abl e)Caatedfqatalyg6@hich liage theonultinstal 4pdde; mategglod) ¢ catebiticallioagtiyesside. 10

The yyl tigetal o?’fl'iéjf%nﬁﬁfa‘?pi%iﬁaﬁibﬁl)arl? sdbir&ed above or the catalysts (111)

conprising the mltineta de material (I1) as the catalytically active
oxi de material can also be used for the oxidation of propene. Here, the

propene q@swéiRr,OtedhdtR@ bRidk NRaRFigK et ehed ffoid e froni WO ©0R9206,s wiishd as
a dil uentsuggtasﬁtiﬁl?'qgvg ];n Ieutnogp%%ug lstrst?ctl?r% wq)ﬁtlzl(lj iagp%grst iR R &leaiy %i@r%!:t%n pattern in
the form of very broad reflections having peaks at the 26 angles of about 22° and about
25  27°, are also suitable for producing the coated catalysts.

However, the active oxide materials of the formula (I) from EP-A-0 529 853 and from EP-

A-0 608 838, which have very narrow reflections at 20 peak positions of 22.1 + (.3°, 28.2

+0.3°, 36.2 + 0.3°, 45.2 + 0.3° and 50.0 + 0.3° in the X-ray diffraction pattern, are also
30  suitable.

The coated catalysts can be prepared not only by applying the finished, finely milled active
oxide materials of the formula (I) to the moistened support surface; instead of the active
oxide material, a finely divided precursor material thereof can also be applied to the
35  moistened support surface (using the same coating process and binder) and the calcination
can be carried out after drying of the coated support. A suitable finely divided precursor
material of this type is, for example, the material which is obtainable by first producing,
from the sources of the elemental constituents of the desired active oxide material of the



15 The procedure for the propane oxidation is not subject to any
restrictions. It can be carried out according to all processes known to a
person skilled in the art. For exanple, the procedure described in EP-A-0
608 838 or WD 00/ 29106 can be enpl oyed24i-.e. a gas B with which the
catalyst is to be | oaded at reaction tenperatures of, for exanple from 200
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product gas mxture in a manner known per se, for exanple by azeotropic
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DE- A 43 38 % F DE- A 44.36 243, DE-A 199 24 532 and DE-A 199 24 533.
e following compos1t10n
from 1 to 15, preferably from 1 to 7, % by volume of propane,
from 44 to 99% by volume of air and
25 from 0 to 55% by volume of steam.

Other possible compositions of the gas mixture fed to step (c) for producing the gas B are:

from 70 to 95% by volume of propane,
30 from 5 to 30% by volume of molecular oxygen and
from 0 to 25% by volume of steam.

The plate-type heat exchanger reactors described in DE-A 199 52 964 are also suitable for
carrying out the propane oxidation. In another embodiment of the present invention, the

35  propane oxidation is carried out according to the processes described in DE-A 198 37 517,
DE-A 198 37 518, DE-A 198 37 519 and DE-A 198 37 520.

The product gas mixture leaving the propene oxidation and/or propane oxidation as step (c)



In a particularly preferred enbodi mrent of the novel process, after step (c)

has been carried out and the desired product isolated, unreacted propane

and/ or pr.ppene are then separated 20 fromthe remaining gas m xture

according to the invention in steps (a)psnd (b) and are recycled to step

(c). The gas m'xt ure A used in step (a) of the novel process nmay al so be a
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t he honogen s rogenatlon is expediently chosen to be in 10 the
range fr oi‘ﬁdS]gg égégggggg'pr eferably from 400 to 600C, particularly

preferably from 400 to 500C. The operating pressure may be from0.5 to 100,
in particyla 1 or
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15 tube-bundl e reac th salt nelt as a heat-transfer nedium The
pr opane- ttﬁcbiﬁlyéé‘hStPﬁ{q)o in the starti ng mxture is preferably fromO0.5 : 1
to 40 : 1, in particular from1l : 1 to 1, nore preferably from2 :

O L D A TR e SO b
ni t r ogen, has the composition of a gas mixture which is obtainable by catalytic dehydrogenation of
25 propane to propene. Here, the dehydrogenation can be effected by oxidation, i.e. by
supplying oxygen, or without a supply of oxygen, in particular substantially without a
supply of oxygen. In the dehydrogenation with a supply of oxygen, a distinction may be
made between two cases. In one case, all hydrogen formed is oxidized by an excess of
oxygen so that the product gas no longer contains any hydrogen but excess oxygen
30 (oxidative dehydrogenation). In the second case, only sufficient oxygen is added to cover
the enthalpy of reaction, so that no oxygen is contained in the product gas but hydrogen
may well be (autothermal procedure). The propane dehydrogenation can be carried out

catalytically or homogeneously (noncatalytically).

35  Dehydrogenation of propane can be carried out, for example, as described in DE-A 33 13
573 and EP-A-0 117 146.

In principle, the oxidative propane dehydrogenation can be carried out as a homogeneous



nobl e gases and/or propene, it also being possible for these to be recycled
conponents. 20 Here, conponents recycled to stage (a) are generally
refecred jo as recycle gas. If the propane dehydrogenation is designed as a
het er ogeneousl y catal yzed oxydehydrogegation, it can be carried out in
principle as described, for exanple, in US-A 4 788 371, CN-A 1073893,
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US-A 4 341 664, J. of Catalysis 167 (1997), 560-569, J. of Catalysis 167

Gat al y&i & Wi B gookop singe)is degndaS o heiposepys gV peOfatiar 1 ¢ bE°
14 18, Utarfied o2bn piidcipless desch*ﬂ@all; :ﬁduysaampﬁe, icdi®AaB 798Q2830CN1A93]105 332.- 130,
. of Cat aI r n 1a0n
(Ed ), ‘\i/gf’ga%% Ei@zﬁllgggf gll\i}Z @9{?}5 gf%o%ig 1319 qlg%z}f gasg?a%/flagl?@%:ﬁence
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Grassel I |, S.T. Oyamm, AM Gaffney and J.E. Lyons (Ed.), 1997, Elsevier

Sci ence B. page 375 . et seq. may. a be used a Xygen ,saur ce.
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mul fimetal oxidé catalysts A o -197 53 817, the nmultinetal oxide
materials or nultinetal oxide catalysts A stated in the abovenentioned
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788 371, CN-A 1073893, Catalysis Letters 23 (1994), 103-106, W. Zhang, Gaodeng
25 Xuexiao Huaxue Xuebao 14 (1993), 566, Z. Huang, Shiyou Huagong 21 (1992), 592, WO
97/36849, DE-A 197 53 817, US-A 3 862 256, US-A 3 887 631, DE-A 195 30 454, US-A
4 341 664, J. of Catalysis 167 (1997), 560-569, J. of Catalysis 167 (1997), 550-559, Topics
in Catalysis 3 (1996), 265-275, US-A 5 086 032, Catalysis Letters 10 (1991), 181-192, Ind.
Eng. Chem. Res. 35 (1996), 14-18, US-A 4 255 284, Applied Catalysis A: General 100
30 (1993), 111-130, J. of Catalysis 148 (1994), 56-67, V. Cortés Corberan and S. Vic Bellon
(Ed.), New Developments in Selective Oxidation II, 1994, Elsevier Science B.V., pages
305-313, 3™ World Congress on Oxidation Catalysis, R.K. Grasselli, S.T. Oyama, AM.
Gaffney and J.E. Lyons (Ed.), 1997, Elsevier Science B.V., page 375 et seq. Air may also
be used as the oxygen source. Preferably, however, the oxygen source comprises at least

35 90, more preferably 95, mol %, based on 100 mol % of the oxygen source, of oxygen.

The catalysts suitable for the heterogeneous oxydehydrogenation are not subject to any
particular restrictions. All oxydehydrogenation catalysts which are known to a person




(1v), where 20 ML is Co, Ni, My, Zn, Mr and/or Cu, M is W V, Te, Nb, P,
Cr, Fe, Sb, Ce, Sn and/or La, ais 0.5-1.5 25 b is 0-0.5 and x is a nunber
which is geterm ned by the val ency and frequency of the 30 el enents other
t han oxygen in (1V). In principle, suLbable active materials (1V) can be
prepared in a sinple manner by producing, fromsuitable sources of their
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fromO0.5 to 10, in particular from1l1l to 10, nore preferably from1l to 5,
bar. Oper teirgg pressures above 1 bar, for exanple from1.5 to 10 bar, have
proven pew I cul arly advantageous. As a rule, the heterogeneously catalyzed
oxydehydr ogenati on of propane is carried out over a fixed catalyst bed.

The Jatter is expedifeifty, NiORMEEni Mnanidie Qujbes of a tube-bundl e reactor,
as

M?is W, V, Te, Nb, P, Cr, Fe, Sb, Ce, Sn and/or La,

ais 0.5-1.5
25 bis 0-0.5
and
X is a number which is determined by the valency and frequency of the
30 elements other than oxygen in (I'V).

In principle, suitable active materials (IV) can be prepared in a simple manner by
producing, from suitable sources of their elemental constituents, a very intimate, preferably
finely divided, dry blend having a composition corresponding to their stoichiometry and
35 calcining this dry blend at from 450 to 1000°C. Suitable sources of the elemental
constituents of the multimetal oxide active materials (IV) are those compounds which are
oxides and/or those compounds which can be converted into oxides by heating, at least in
the presence of oxygen. These are in particular halides, nitrates, formates, oxalates,



20 described, for exanple, in EP-A-0 700 893 and in EP-A-0 700 714 and the
literature cited in these publications. The average residence tine of the
reaction,gas mxture in the catalyst bed is expediently fromO0.5 to 20
seconds. The ratio of propane to oxyge@8varies with the desired conversion
and the selectivity of the catalyst and is expediently from0.5: 1 to 40:
1, in pacitiatss| adetdtésywarbonates,t ammine complex salts; emmanivm salts andYor hydroyides.: 1.
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25  propene selectivity decreases w1th increasing propane conversion. The propane-to-propene

reaction is therefore preferably carried out in such a way that relatively low propane

conversions are achieved in combination with high propene selectivity. The propane

conversion is particularly preferably from 5 to 40%, more preferably from 10 to 30%.

Here, the term propane conversion means the proportion of supplied propane which is

30 converted. The selectivity is particularly preferably from 50 to 98%, more preferably from

80 to 98%, the term selectivity referring to the number of moles of propene which are

produced per mole of converted propane, expressed as a percentage.

Preferably, the starting mixture used in the oxidative propane dehydrogenation contains
35 from 5 to 95% by weight, based on 100% by weight of starting mixture, of propane. In
addition to propane and oxygen, the starting mixture for the heterogeneously catalyzed
oxydehydrogenation may also comprise further, in particular inert, components, such as
water, carbon dioxide, carbon monoxide, nitrogen, noble gases and/or propene. The




wei ght of nitrogen, fromO0.1 to 0.5% by weight of acrolein, fromO to 1% by
wei ght of acrylic acid, fromO0.05 to 0.2% by wei ght of acetic acid, from
0.01:to0 0. 05% by wei ght of 20 fornmal dehyde, from1l to 5% by wei ght of
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product Hétéidgéﬁeouk %xg&ﬂﬁ'ﬁ?dgenitﬁﬁx inoflsy Be Bk oaoRNE ipediehd oftdiRients, for
preparation %as m xture A can also be 25 carried out as a
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gener al | bym@tofpmdppmlbcmrbnt er alia, all dehydrogenation cat aI yst s which
are recommended in WO 99/46039, US-A 4 788 371, EP-A-0 705 136, WO

99/ 29420, US-A 4 220 091, US-A 5 430 220, US-A 5 877 15 369, EP-A-0 117
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exanpl e absence of oxygen, as described in DE-A 33 13 573, or as follows.

Since the dehydrogenation reaction takes place with an increasing volume, the conversion
can be increased by reducing the partial pressure of the products. This can be achieved in a
30  simple manner, for example by dehydrogenation at reduced pressure and/or by admixing of
substantially inert diluent gases, for example steam, which is usually an inert gas for the
dehydrogenation reaction. Another advantage of dilution with steam is that it generally
results in reduced coking of the catalyst used since the steam reacts with resulting coke
according to the principle of gasification of coal. Moreover, steam may be present as
35 diluent gas in the downstream oxidation step (c). However, steam can also easily be
separated off partly or completely before step (a) (for example by condensation), which
makes it possible to increase the proportion of diluent gas N, when the gas mixture
obtainable thereby is further used in oxidation step (c). Further diluents suitable for the



exanple 4 of DE-A 199 37 107 can be used. These are dehydrogenation

catal ysts which contain from 10 to 99. 9% by weight of 20 zirconium
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pr opane dtﬁﬁ?e& aﬁgPJAi AR St dtstdRhichnge Recbingtented ﬁxtcvﬁoawmemwsmwni ¢
conpounds, 1 ncludi ng-carbon,_ ar or a r epes 2, G ys
surface affd iﬁuﬁpdfégb?qf\/la}% Wﬂe"%ﬂd"ﬂ?gx&asﬁg&?&@ﬁz ggﬁé‘rﬂe ‘%Ozie%f HSEA Ft

di saglyant fge epsa REITOTE) DE-At 199 37 (962 DE-Ad W8 TidSsmd DRy 19037 £t eanythus
surface for the catalytic dehydrogenat| Vt&qmtrp ew be
dil uted W& Hsegt dn jpart Taleh‘éatéiy%ts%l%?@lﬁggogbo%%?lﬁlgng car bon’ E:ieposliefjegﬁci[]s
partly orexaipk 4o DE-Al199i37at0dcabyetubed. pri nci pl e of 10 the gasification of
coal. Another possibility for elimnating deposited carbon conpounds is to

pass an oxygen- containing gas through the dehydrogepati atal yst, fram
time to tTheseasreedahydraggnatioanpaipkystgr \éfblchnﬁpr’ctﬁﬂsgﬂ’ﬁr igotf’ %lg‘%’ E’?S %ﬁ‘ﬁ%f’ t he

depogjt ed £a5B0R diciiD KoRS) Q60% ByReidht Sfuliainapsilicd ambiorttitanidepdioxide and
however afrcs)rcr)x .?Stg Ilg‘l%eb}p ¥Ne1agqx? Io?%t {I’,Dalste(?nlél € émgﬁ{dorf?ﬁeeﬂrstt At tsgc%nd main group, one
element of the third subgroup, one element of the eighth subgroup of the Periodic Table of
the Elements, lanthanum and/or tin, with the proviso that the sum of the percentages by
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25
In principle, all reactor types and process variants known in the prior art are suitable for

carrying out the propane dehydrogenation. Descriptions of such process variants are
contained, for example, in all prior art publications mentioned in relation to the
dehydrogenation catalysts.

30
A comparatively detailed description of dehydrogenation processes suitable according to

the invention is also contained in Catalytical Studies Division, Oxidative Dehydrogenation
and Alternative Dehydrogenation Processes, Study Number 4192 OD, 1993, 430 Ferguson
Drive, Mountain View, California, 94043-5272 U.S.A.

35
Typical of partial heterogeneously catalyzed dehydrogenation of propane is that it takes
place endothermically, i.e. the heat (energy) necessary for establishing the required
reaction temperature must be supplied either to the reaction gas beforehand and/or in the



propane to be dehydrogenated catalytically, before it is passed at el evated
tenperatures over the dehydrogenation catalyst. O course, it is also
possi.bl e {o add steam and nol ecul ar hydrogen as a mixture to the 20
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reactor or 25 tube-bundle reactor. This nmeans that the dehydrogenation
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A suitable reactor form for the propane dehydrogenation is the fixed-bed tubular reactor or
25  tube-bundle reactor. This means that the dehydrogenation catalyst is present as a fixed bed
in a reaction tube or in a bundle of reaction tubes. The reaction tubes are heated by
combustion of a gas, for example a hydrocarbon, such as methane, in the space
surrounding the reaction tubes. It is advantageous to use this direct form of catalyst tube
heating only over the initial about 20 to 30% of the fixed bed and to heat up the remaining
30 bed length to the required reaction temperature by the radiant heat liberated in the course of
the combustion. In this way, an almost isothermal reaction is achievable. Suitable internal
diameters of the reaction tubes are from about 10 to 15 ¢cm. A typical dehydrogenation
tube-bundle reactor comprises from 300 to 1000 reaction tubes. The temperature in the
interior of the reaction tube is from 300 to 700°C, preferably from 400 to 700°C.
35 Advantageously, the reaction gas is preheated to the reaction temperature before being fed
to the tubular reactor. Frequently, the product gas mixture leaves the reaction tube at a
temperature of from 50 to 100°C lower. In the abovementioned procedure, the use of
oxidic dehydrogenation catalysts based on chromium oxide and/or alumina is expedient.



15 US-A 5 073 662). In contrast to the BASF Linde propane dehydrogenation
process, propane to be dehydrogenated in the STAR process is diluted with
steam A nolar ratio of steamto propane in the range of from4 to 6 is
typi cal . "The operating pressure is fregyently from3 to 8 atomand the
reaction tenperature is expediently chosen to be from480 to 620C. Typi cal
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cata%gzed propane dehydrogenation in a fluidized bed, |n whi ch the propane
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material usaohid Sthe thoWThg Patlyst De@tadlbéThdiRed The radial ﬂow reactor. The catalyst
moves therein slowly from top to bottom while the reaction gas mixture flows radially.

This procedure is used, for example, in the UOP Oleflex dehydrogenation process. Since

25  the reactors in this process are operated quasi-adiabatically, it is expedient to operate a
plurality of reactors connected in series (typically up to four). This makes it possible to

avoid excessively large differences in the temperatures of the reaction gas mixture at the

reactor entrance and at the reactor exit (in the case of the adiabatic mode of operation, the

reaction gas starting mixture acts as a heat-transfer medium on whose heat content the

30  reaction temperature is dependent) and nevertheless to achieve attractive total conversions.

When the catalyst bed has left the moving-bed reactor, it is regenerated and then reused.
For example, a spherical dehydrogenation catalyst which substantially comprises platinum
on spherical alumina supports can be used as a dehydrogenation catalyst for this process.
35 In the UOP variant, hydrogen is added to the propane to be dehydrogenated, in order to
avoid premature catalyst aging. The operating pressure is typically from 2 to 5 atm. The
molar hydrogen-to-propane ratio is expediently from 0.1 to 1. The reaction temperatures
are preferably from 550 to 650°C and the time for which the catalyst is in contact with the



operating pressure is typically from1 to 1.5 atm and the dehydrogenati on
tenperature is as a rule from550 to 600C. The heat required for the
dehydrogenation is introduced into the 15 reaction system by preheating the
dehydrogenation catal yst to the reacti.gg.tenperature. The operating
pressure is usually from1l to 2 atmand the reaction tenperature is
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% (as a rule <60 mol %) (based on a single reactor pass). It is advantageous that it is

sufficient to achieve a propane conversion of from = 5 to < 30 or < 25 mol %. This means

that the propane dehydrogenation can also be operated at propane conversions of from 10

to 20 mol % (the conversions are based on a single reactor pass). This is due, inter alia, to

30 the fact that the remaining amount of unconverted propane is diluted in the downstream

oxidation step (c) with molecular nitrogen, which reduces the propionaldehdye and/or

propionic acid byproduct formation.

For realizing the abovementioned propane conversions, it is advantageous to carry out the
35  propane dehydrogenation at an operating pressure of from 0.3 to 3 atm. It is also
advantageous to dilute the propane to be dehydrogenated with steam. Thus, on the one
hand, the heat capacity of the water makes it possible to compensate some of the effect of
the endothermic nature of the dehydrogenation and, on the other hand, the dilution with
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for the propane dehydrogenation with conparatively |ow propane conversion
'nast ngIlnep r?c?;?lé, the propane dehydrogenation with comparatively low propane conversion,
whether adiabatically or isothermally operated, can be carried out both in a fixed-bed

25 reactor and in a moving-bed or fluidized-bed reactor.

It is noteworthy that a single shaft furnace reactor in the form of a fixed-bed reactor
through which the reaction gas mixture flows axially and/or radially is sufficient for
realizing said dehydrogenation, in particular in adiabatic operation.
30
In the simplest case, this is a single closed reaction volume, for example a container, whose
internal diameter is from 0.1 to 10 m, possibly also from 0.5 to 5 m, and in which the
catalyst bed is installed on a support apparatus (for example a grille). The reaction volume
which is loaded with catalyst and is heat-insulated in adiabatic operation is flowed through
35 axially by the hot, propane-containing reaction gas. The catalyst geometry may be
spherical, annular or strand-like. Since in this case the reaction volume is to be realized by
a very economical apparatus, all catalyst geometries which have a particularly low pressure
drop are preferable. These are in particular catalyst geometries which lead to a large cavity



After a relatively long operating time, the abovenentioned catal ysts can be
regenerated, for exanple, in a sinple manner by passing air diluted with
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to 500'C, initially in the first regengsati on stages. The catal yst | oading
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volume) under an otherwise identical range of conditions.

25  The propane dehydrogenation with comparatively low propane conversion (< 30 mol %)
can be operated in all cases at the same catalyst loadings (relating both to the reaction gas
as a whole and the propane contained therein) as the variants with high propane conversion
(> 30 mol %). This loading with reaction gas may be, for example, from 100 to 10 000 h,
frequently from 100 to 3 000 h™', i.e. often from about 100 to 2 000 nt.

30
The propane dehydrogenation with comparatively low propane conversion can be realized

in a particularly elegant manner in a tray reactor.

This contains, spatially in succession, more than one catalyst bed catalyzing the

35 dehydrogenation. The number of catalyst beds may be from 1 to 20, expediently from 2 to
8, but also from 3 to 6. The catalyst beds are preferably arranged radially or axially one
behind the other. In terms of application technology, it is expedient to use the fixed catalyst
bed type in such a tray reactor.



hot conbustion gases. If the tray reactor is otherw se operated
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reaction gas mxture | to 10% by vol une,. based anpun

propane m@fdogd r(@;‘ﬁ@@én{é@rﬂfa?er‘i’éléﬁ)t e Bis purppse, adinuitempemt é’glﬁl??,l‘é‘?l%fr(@‘y%? h
pur e ol €f14dded QX HRactACe A HBRIe lbdfuicct flaisthioughiing it caiyse edmhdoc)

02, N0, o ho0) el AR S DRy oF el ERALA LR AT foses
het er ogenkmited yombustionzefithp rhypimwerwahydm@gndanltkm reaction gas mixture, any coke
25  deposited on the catalyst surface or coke-like compounds and/or hydrogen formed in the
course of the propane dehydrogenation and/or added to the reaction gas mixture is thus
effected (it may also be expedient in terms of application technology to introduce into the
tray reactor catalyst beds which are loaded with catalyst which specifically (selectively)
catalyzes the combustion of hydrogen (and/or of hydrocarbon) (suitable catalysts of this
30 type are, for example, those of US-A 4 788 371, US-A 4 886 928, US-A 5430209, US-A
5530 171, US-A 5 527 979 and US-A 5 563 314; for example, such catalyst beds can be
housed in the tray reactor so as to alternate with the beds containing the dehydrogenation
catalyst)). The heat of reaction evolved thus permits virtually isothermal operation of the
heterogeneously catalyzed propane dehydrogenation in a quasiautothermal manner. As the
35  chosen residence time of the reaction gas in the catalyst bed increases, a propane
dehydrogenation with decreasing or substantially constant temperature is possible, which
permits particularly long times-on-stream between two regenerations.




The isothermal nature of the heterogeneously catal yzed propane
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25  According to the invention, it is also possible for propane unconverted and optionally
propene after carrying out step (c) and separating off the desired product (acrolein and/or
acrylic acid) to be subjected to propane dehydrogenation, which can be carried out as
described above, and for the product gas mixture obtained after the propane
dehydrogenation to be subjected again to step (a).

30
Where a propane dehydrogenation is carried out, propane is a possible diluent gas in step

().

It is also possible to add, in particular when a propane dehydrogenation is carried out, to
35 gas B supplied to step (c) still pure propane and/or propene.

If step (c) is carried out as a conversion of propene to acrylic acid, then the exit gas from
the working-up also contains oxidizable secondary components, for example carbon



a Pd catalyst on an al um na support, for exanple RO 20/13 or RO 20/25 (both
from BASF). 10 Preferred enbodi nents of the invention are shown in figures
1 to.7 described below, which illustrate the invention without restricting
it. Figs. 1 to 5 show schematic diagragg.for carrying out preferred
processes, in which, for sinplification, not all feed and di scharge
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After th datlon 2, the product obtained is fed to the working-up 3.

There, the deS| red products acrolein and/or acrylic acid 25 are isol ated.
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denote the same as in fig. 1. 30 In contrast to fig. 1, in fig. 2 a propane
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stream containing propene and possible propane is then fed to the ox1dat10n stage 2, in
which propene is oxidized to acrolein and/or acrylic acid. After the oxidation 2, the product
obtained is fed to the working-up 3. There, the desired products acrolein and/or acrylic acid
25 are isolated. The remaining unconverted propene and propane and oxides of carbon and
any residues of nitrogen and oxygen are once again fed to the absorption and desorption

stage 1.

In the further figures, identical reference numerals denote the same as in fig. 1.

30
In contrast to fig. 1, in fig. 2 a propane dehydrogenation 4 is installed upstream and can be

carried out with or without a supply of oxygen. The gas mixture obtained in the propane
dehydrogenation and containing hydrogen, oxides of carbon and possibly residues of
nitrogen and hydrocarbons in addition to the propane and the propene is fed to the

35 absorption and desorption stage 1.

In contrast to fig. 1, in fig. 3 a propane oxidation stage 22, in which propane is oxidized to

acrolein and/or acrylic acid, is present instead of propene oxidation 2.



Figs. 6 and 7 show further preferred processes. The process of fig. 6
follows the process 10 diagramof fig. 4. In fig. 4, three reactors are
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In fig. 7, recycle gas (1) from the working-up stage 3, which gas is obtained at from 10 to
90°C and from 0.8 to 5 bar and can be further compressed to pressures of from 2 to 10 bar,
30  for example with the aid of a compressor VO, is heated, in a heat exchanger W1
countercurrently to the reaction gas (2) from the propane dehydrogenation (PDH) 4, to
temperatures of from 100 to 650°C. In the case of fig. 7, the stated pressure in bar relates

here and below to absolute pressure.

35 Suitable compressors are all suitable embodiments which are known to a person skilled in

the art and are mentioned in more detail below.

The recycle gas stream (1) contains from about 40 to 80% by volume of N, from about 1



content with a small C4+ fraction) or pure propane (> 99% propane content)
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02-rich gmsBPBH.are then passed over the catal yst bed and deposits are
renoved fromthe catal yst. The remaining reactors, a tot al nunber of which
may be froml to 20, preferablx from2 to 5 are still fed with the E
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exanpy e P5Gs hoPimited (9. BlefhibiP W PRusalRy ofBidividhdl apparathses is used since the
intermediate feeding of further gases is possible in a simple manner thereby and moreover
individual catalyst beds can be treated in a particular manner, for example regenerated,
separately from the others during operation. For this purpose, for example, the reactor
containing the catalyst bed to be regenerated is isolated from the main gas stream by

30 suitable shut-off elements, for example slide valves, valves or flaps which are present in
the connecting lines between the reactors, and the gases required for regeneration, for
example N, Hy, lean air or air or O,-rich gases, are then passed over the catalyst bed and
deposits are removed from the catalyst. The remaining reactors, a total number of which
may be from 1 to 20, preferably from 2 to 5, are still fed with the main gas stream and

35 produce mainly the desired product propene.

In the PHD reactors, the catalyst layers may rest on grilles, beds of inert material or similar
support apparatuses known to a person skilled in the art. The form of the catalyst is not
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conversion of H, formed during the PDH is from 1 to 99%, often from 10 to 80%,
frequently from 30 to 70%, depending on the propane conversion.

The reaction gas (2) from the PDH contains from about 20 to 60% by volume of N, from

30 about 1 to 5% by volume of CO,, from 0.5 to 45% by volume of H,O, from about 5 to 40%
by volume of propane, from about 1 to 20% by volume of propene, from about 1 to 20%
by volume of H; and further byproducts, for example ethane, ethene, methane and C,".

The reaction gas (2) from the PDH is obtained at from 400 to 650°C, more advantageously
35 from 450 to 600°C, and from 0.3 to 10, more advantageously from 1 to 5, bar. It is cooled,
countercurrently to the recycle gas (1), to temperatures which are at least 5°C, better at
Jeast 50°C, and preferably at least 100°C, above the inlet temperature of the recycle gas
(1). The gas stream (3) is then further cooled in one or more stages to about 10 to 60°C,
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substances to be separated from the gas streams (7) to (9).

25
The compressor V1 may be operated both by means of electric motors and by means of
steam or gas turbines. The choice depends on the infrastructure conditions. Frequently,

driving by means of steam turbine proves most economical.

30 The sum of the condensed streams, for example (11) — after a pressure increase — and (12),
is recirculated to the PDH, to the extent that is required for covering the HO-to-propane
ratio before entry into the PDH, and the remainder is discharged and if necessary
incinerated. The condensate stream (13) can be vaporized before recirculation or discharge
or can be subjected to a further treatment, for example a purification, before recirculation.

35
The gas stream (10) is then fed to the absorption column K1, in which propane and/or
propene are separated from the gas stream. Here, the gas stream (10) is brought into
contact with an absorbent, which takes up the C; fraction and may take up further
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Sattel,” VCH 1988 (1SBN 3- 527-28636-5). Columms having internals are
preferable. Suitable internals are |ikgw.se all 10 enbodi nents known to a
person skilled in the art, for exanple sieve trays, dual-flow trays,
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plates, the temperature, the pressure, the absorption properties of the absorbent and the
required degree of separation. Ratios of from 1 : 1 to 50 : 1, in particular from 1 : 1 to 30 :
1, preferably from 1 : 1 to 20 : 1, in kg/kg, with from 1 to 40, in particular from 2 to 30,
preferably from 5 to 20, theoretical plates, are usual. The definition of a theoretical plate
30 appears in the technical literature, for example "Thermische Trennverfahren", Klaus Sattel,

VCH, 1988, (ISBN 3-527-28636-5).

The gas stream (14) in which the concentration of propane and/or propene has been
reduced can be fed to a quench stage in order, if required, to reduce absorbent losses. The
35 mode of operation of a quench is explained in more detail below in the description of the

desorption stage.

After leaving any quench stage, the gas stream (14) can be let down. Letting down can be



the gas streamor fed in fromoutside, and by indirect heat supply with the
aid of steamor external firing. The nechani cal energy obtained during
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one of the conpressors, preferably V 44er for generating electric power.
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and strippihg can be installed in the apparatus, in
25 The desorption in K2 of propane and/or propene can be carried out by distillation, by
simple flash or by stripping. The desorption is supported by reducing the pressure to 0.1 to
10, in particular to 1 to 5, preferably to 1.5 to 3, bar.

If the desorption is effected by distillation, the separation step can be carried out on the
30  basis of all knowledge known to a person skilled in the art. A particularly simple
embodiment of the desorption is the one-stage flash or flash evaporation of the laden
solvent in an apparatus suitable for this purpose. It may be expedient to heat the stream
(16) to 20 to 300°C, in particular to 40 to 200°C, preferably to 50 to 150°C, prior to
flashing. The apparatus should be designed so that both the thermodynamic separation
35  between propane or propene and the solvent and the fluid dynamic separation between gas
and liquid take place readily. The apparatus may have, for example, a cylindrical or
spherical shape, as well as other designs known to a person skilled in the art. If the
apparatus is of a cylindrical shape, the cylinder may be either upright or horizontal.



5 particular those described in the text above for the absorption. For
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skilled ip the art for gas/liquid separation, for exanple knitted fabrics,
defl ector plates or the |ike, may addiykqenally be integrated in the flash
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25 desorption. In the case of countercurrent flow, the desorption apparatus or desorber may be

designed in the same way as the absorption column described in the text above.

The cross-flow may be expedient if the explosion range is passed through during the
desorption. This is the case when the starting gas stream (25) is a lean gas mixture with
30  respect to the combustion tendency and the gas stream (18) laden with propane and/or
propene is a rich gas mixture with respect to the combustion inclination after the
desorption. The gas mixture is defined as being lean in this context when the content of
combustible substances is too low to be ignitable and a gas mixture is defined as rich in
this context when the content of combustible substances is too high to be ignitable.
35
In the case of cross-flow, the total starting gas stream is not introduced into the bottom but
is divided into part-streams and introduced at a plurality of suitable points along the
desorption column, this being done in such a way that an ignitable gas mixture is not
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25
The ratio of absorbent stream (17) to starting gas stream (25) follows the thermodynamic
requirements and depends on the number of theoretical plates, the temperature, the
pressure and the desorption properties of the absorbent and the required degree of
separation. Ratios of from 1 : 1 to 50 : 1, in particular from 5 : 1 to 40 : 1, preferably from
30 10 : 1 to 30 : 1, in kg/kg with from 1 to 20, in particular from 2 to 15, preferably from 3 to

10, theoretical plates are usual.

In general, the starting gas stream laden with propane and/or propene can be fed without
further treatment to the oxidation stages 2. However, it may be expedient to feed the
35  starting gas stream, prior to the oxidation, to a further process stage in order, for example,
to reduce the losses of concomitantly stripped absorbent. The separation of the absorbent
from the laden starting gas stream for the oxidation can be carried out by all process steps
known to a person skilled in the art. One possible embodiment is the quenching of the



the desorption colum over a liquid collecting tray or in a separate
apparatus. Internals such as those known to a person skilled in the art
for distillation, absorption and desorption 5 and as described in the text
above for the absorption can be installggd in the quench apparatus for
supporting the separation effect. The sane applies to the quench apparatus
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25
After the phase separation, the absorptive (20) separated off can be recycled to the
desorption. The quench water can, if required, be cooled or heated in a heat exchanger
(W9) before reentering the quench apparatus. Advantageously, large amounts of water are
circulated with the aid of a pump (P2). Suitable irrigation densities in the quench apparatus
30  are greater than 30, in particular greater than 50, preferably greater than 80, but less than
1 000, in particular 500, preferably less than 300, m? of water per m? of free cross-sectional

area of the quench apparatus per hour.

The water losses during quenching can be covered by condensate (21) as well as by dilute
35 acid solution (22) from the acrylic acid preparation process. In order to avoid increasing
concentrations, a part of the circulation quench water can be removed as a purge stream
(23) and fed to the incineration plant or to another treatment for disposal (for example in a

wastewater treatment plant).




< 70C at pressures of froml to 3 bar, it may be expedient also to add
water to this stream This can be effected by adm xi ng steam or by
saturating the stream (18) in a water saturator in a manner known to a
person skilled in the art. 5 The gas styggamtreated in this nmanner has a
corrposition of from30 to 70% by volune of N2, from5 to 20% by vol une of
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25  The purification of the acrylic acid can be effected by stripping and distillation or by
azeotropic distillation or by crystallization.

The process described in fig. 7 is suitable both for retrofitting of all existing plants for the
production of acrolein and/or acrylic acid and in combination with new acrylic acid plants.
30
Surprisingly, it was found that, in spite of the usually expected residues of absorbent in the
gas B, no problems occurred with the oxidation or with the oxidation catalyst. Moreover,
no problems were observed with any oxidation products which may form from the
absorbent during the oxidation. Where problems occur with residues of absorbent, which
35  as a rule is not the case when hydrocarbons having a high boiling point, in particular
paraffins, are used as absorbent, said absorbent can be removed, for example by a water
quench or by adsorption.




the adsorption used in the Japanese publication JP-A-10 36311, the
absorption used here for propane and/or propene is substantially easier
and nor'e econonmical to handle. 5 Furthernore, the present invention has the
advant age that existing plants for the 4qgreparation of acrol ein and/or
acrylic acid which use propene as a starting material can be converted in
an advant ' b adedin Ah@nevel pracess. dn icomgpast to
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cont ai ns . 3% by volume of N2, 1.2% by volune of C02, 25 0.5% by vol une
of CO, 3.4% by volune of 02, 1.9% by volune of H2Q, 32.2% by vol une of
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Before the hea]ﬁ‘:lﬂgl%-u 170 tl S.T.P.)/h of fresh propane (3) and steam (4)
are m xedPRFEH! Feé%ec'lngenﬁ)s stream before it is passed into the PDH.
The fresh propane used is industrial propane (> 98% propane content with
100 ppm bifx%k)ﬂ:ht of C4+ fraction). The nolar ratio of steam 30 to propane
in the gas'stfeamis 0.5. The gas m xture is fed to the 1st reactor of 4
reactors. The internal diameter of the reactors is 50 mm The reactors are
desi gged g@rﬁﬁ%i@iy\g&pmmb}t A gyocas abshoprriatfay 7alfhet terendel yumergls atsed
react or cont'aips {31 1 ? m‘nﬁlgﬁ catal yst bed conprising extrudates (d = 3
m 1 = OWtH?FF.O“FFF?tﬁéO Br'sactors, propane undergoes 20% conversion at a
propene selectivity of 92% -50 The reaction gas (2) fromthe PDH contains
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A a?eaction ngé) (%)d frto?n %l'(n)ecbropane dehydrogenation (PDH). The stated pressure in bar

relates here and below in this example to the absolute pressure.

The recycle gas stream (1) contains 60.3% by volume of N, 1.2% by volume of CO,,
25 0.5% by volume of CO, 3.4% by volume of 0,, 1.9% by volume of H,0, 32.2% by volume
of propane and 0.4% by volume of propene and further oxidation byproducts. Before the
heating-up, 170 I(S.T.P.)/h of fresh propane (3) and steam (4) are mixed with the recycle
gas stream before it is passed into the PDH. The fresh propane used is industrial propane
(> 98% propane content with 100 ppm by weight of C4" fraction). The molar ratio of steam

30 to propane in the gas stream is 0.5.

The gas mixture is fed to the 1st reactor of 4 reactors. The internal diameter of the reactors
is 50 mm. The reactors are designed in such a way that they can be operated autothermally.
Each reactor contains a 110 mm high catalyst bed comprising extrudates (d = 3 mm, 1=

35 5 mm).

In the 4 reactors, propane undergoes 20% conversion at a propene selectivity of 92%.



On average, about 350 g of water (11) per hour condense. The cool ed gas
stream (6) is then conpressed in one stage in a piston conpressor to 7.5
bar . 10 and is cool ed again to 30C. The condensed water (12) is conbi ned
with the condensation (11) and is partlgy vaporized and mxed with the
recycle gas stream (1). A further part (stream(21)) is fed to the quench.
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35 kg/h of low-C; tetradecane (24) from the desorption column are passed at 30°C to the
25  top of the absorption column K1.

The waste gas stream (14) still contains 1 150 ppm by volume of propane and 750 ppm by

volume of propene. The waste gas stream (14) from the absorption column is let down to

ambient temperature and ambient pressure, respectively, via a pressure control valve and
30 then incinerated.

The laden absorbent stream (16) is removed from the bottom of the column K1, let down
to 2.4 bar via a pressure control valve and fed to the top of the desorption column K2.

35 The desorption column K2 has the same dimensions as the absorption column K1 and is

loaded in the same manner with packings.

1 310 I(S.T.P.) of compressed air at 2.45 bar and 30°C are passed into the bottom of the



wat er quench is operated at 30C. In the quench apparatus, about 120 1 of
wat er per hour are sprayed onto the bed. A two-phase liquid mxture is
renmoyed fromthe bottomof the 15 quench apparatus and is passed into a
phase separator. The phase separator Lgja horizontal container having a

di ameter of 200 mm and a | ength of 500 nm and contains a fine knitted wre
fabri ¢ Wik elrich dolithdl! HRCickorplib obluiritis Wiridsiafedabs0thiase separator, in the
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nm and a rst nodel tube is filled with 2.7 mof a
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and 30 (?ﬁﬁhfﬁ‘gf"d 1718 1OR “the acrylic acid fromthe
reaqfgi on gas (26) of the oxi datlon and the purification of said acrylic
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quenching are compensated by condensation water (21).

The exit gas stream from the water quench is heated to 200°C before it is fed to the two-
stage oxidation.

25
The oxidation takes place in model tubes having an internal diameter of 26 mm and a

length of 4 m. The first model tube is filled with 2.7 m of a catalyst as described in EP-A-0
575 879 and the second model tube is filled with 3 m of a catalyst as described in EP-A-
0017 000. 315 I(S.T.P.) of fresh air are additionally passed per hour between the first and

30 second oxidation stage.

The isolation of the acrylic acid from the reaction gas (26) of the oxidation and the
purification of said acrylic acid are effected as described in EP-A-0 982 289.

35 According to this process, on average 440 g of crude acrylic acid (27) comprising > 99.5%
of acrylic acid are obtained per hour.



sel ected from hydrogen, nitrogen and oxides of carbon is used in step (a).
3. Aprocess as clained in claim1l or 2, wherein at |east one C8-C20-al kane
or' {8-C20-al kene is used as the absorbent in step (a). 4. A process as
claimed in any of clainms 1 to 3, wherein the separation of the propane
and/ or propene fromthe absorbent in stgp (b) is carried out by stripping,
flashing and/or distillation. 5. A procgss as claimed in any of the

precedi ng d?yriﬁﬁymereln in step (c), propene is oxidized to acrolein
and/ or acryl M. 6. A process as clainmed in any of clainms 1 to 4,
wherein, in step (c), propane is oxidized to acrolein and/or acrylic acid.

7. A process as Czk/mgs fd? tﬁ%ﬁfﬁ@noﬁ@?rﬁfé{%ﬁ I\a/glon 'aE‘i%"h@lacﬂxﬁ' %gfe' al of

the formula'(I) Té and/ or is at
| east one of the %dé??mgenﬁf@ﬁpf‘}?és singrtbe §ollayygng sterg; Ta ‘W Ti, A,
Zr, C, My, Ga, Fe, Ru, Co, Rh, N, Pd Pt La Bi, B Ce, Sn, Zn Si and

I n, blsfromOO tol d<jsmdn|s

rom> 0t 0
a nunber whi ch |s Yet eﬁem"ﬁéﬁnb‘if PFf’é’a{}%llaé'ﬂng Bﬁ)@e'i’? eéfﬂfgn%frf}?an Tement s
ot her than oxygen in (pr))pen&scqmdngg%hnxwmﬁlbyabsdmhonhm:mtmpr@nat,om dati on
in step (c). 8 A process as clainmed in any of the preceding clains,
wherein, after ste has been carried out, unconverted propane, and/or
propene is separ a(lbgd oﬁeparaa@re@fmermom@e@né@sp(@ﬁnaﬁren{\b)% ahsrrbens t9 gi%ecl ed to

step (c). 9. A process, gpanediaiBMr pibpehdciitaintify s B &l ng clai ms, wherein
the gas mxture A used in step (ay has the composition of a gas m xture

whi ch is obtainabl e by honbgeneous and/ or heterogeneously catal yzed
dehydr ogenati on of) pr operst the ghs Bpetitained Gn sAgP (BB Imasxiddtivnnoftbropanel ai m 9,

wherein the propane deaé@jogl ?%ilta'tf?ﬁcrg%m%ﬁf/?rac écu‘{\/lth a supply of

oxygen. 11. A process FeCtui ng cl ai ns, wherein,
after step (c)

no heterogeneously catalyzed dehydrogenation of propane without a supply
of oxygen being carried out between steps (b) and (c).

2. A process as claimed in claim 1, wherein a gas mixture A which, in
addition to propane and/or propene, contains at least one further component
selected from hydrogen, nitrogen and oxides of carbon is used in step (a).

3. A process as claimed in claim 1 or 2, wherein at least one Cg-Cyo-alkane or
Cs-Coo-alkene is used as the absorbent in step (a).

4. A process as claimed in any of claims 1 to 3, wherein the separation of the
propane and/or propene from the absorbent in step (b) is carried out by

stripping, flashing and/or distillation.

5. A process as claimed in any of the preceding claims, wherein, in step (c),
propene is oxidized to acrolein and/or acrylic acid.

6. A process as claimed in any of claims 1 to 4, wherein, in step (c), propane
is oxidized to acrolein and/or acrylic acid.

7. A process as claimed in claim 6, wherein a multimetal oxide material of the
formula (I)

MoV M! M0, O



has been carried out, unconverted propane and optionally propene is
sub!ectgd to a propane dehydrogenation and the product m xture obtained is
subjgcted, to step (a) again. 12. A process as clainmed in any of the
preceding clainms, wherein step (c) is _garried out directly after step (b).
13. A process as clained in any of clainms 1 to 11, wherein after step (b)
and before step (c) a water quench is carried out for separating

absor bent .
where

M! is Te and/or Sb,

M?  is at least one of the elements from the group consisting of Nb, Ta,
W, Ti, Al, Zr, Cr, Mn, Ga, Fe, Ru, Co, Rh, Ni, Pd, Pt, La, Bi, B, Ce,
Sn, Zn, Si and In,

is from 0.01 to 1,

isfrom>0to 1,

is from>0to 1, and

is a number which is determined by the valency and frequency of
the elements other than oxygen in (I),

2B o o0 o

is used as the catalyst for the propane oxidation in step (c).

8. A process as claimed in any of the preceding claims, wherein, after step (c)
has been carried out, unconverted propane and/or propene is separated off
according to steps (a) and (b) and is recycled to step (c).

9. A process as claimed in any of the preceding claims, wherein the gas
mixture A used in step (a) has the composition of a gas mixture which is
obtainable by homogeneous and/or heterogeneously catalyzed
dehydrogenation of propane to propene.

10. A process as claimed in claim 9, wherein the propane dehydrogenation is
carried out with a supply of oxygen.

11. A process as claimed in any of the preceding claims, wherein, after step (c)
has been carried out, unconverted propane and optionally propene is
subjected to a propane dehydrogenation and the product mixture obtained is

subjected to step (a) again.

12. A process as claimed in any of the preceding claims, wherein step (c) is
carried out directly after step (b).

13. A process as claimed in any of claims 1 to 11, wherein after step (b) and
before step (c) a water quench is carried out for separating absorbent.



