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1 Method for the production of a nanocrystalline molybdenum mixed
oxide The invention relates to a method for the production of a 5
nanocrystalline molybdenum mixed oxide, the use of the molybdenum
mixed oxide as catalyst for chemical conversions as well as a catalyst
which contains the molybdenum mixed onide. 10 Until now, molybdenum
mixed oxides have been obtained in the state of the art by precipitation
methods, sol-gel methods or solid-state reactions. Molybdenum mixed
oxides are used in the state of the art as 15 catalyst for chemical
CONVRESINBE. E6AVersiopsaiwntkilof0BIDQLIRHROEMKANE COMP G Hinun
acrolein or derivatives thereof as Ig\ﬁllegsoa g%réversion of acrolein to
acrylic acid may be named here as examfﬁes. The molybdenum mixed
oxide catalysts according to the state of the art often do not 20 display a

sufficienh actvityin theseyeactions..WQ-2008/028681ard WQ suction of a
2008/0065@_5 ﬂ disclose Jatl mgthod for the roduc.tié)n of n:%nocr}éstallinef h

métal 6xies or mixed e 5? oxides. There'is n%xi%\d?c’atio% in thed& © '€
doeumehts that25 sgecialiitenogry stadline nidlybdenumhmided bxidesversions

which,are; particularlywell-puited,as catalystin pasticular fordhendenun  mixed
conyersion of acrolein to acrylic acid can be produced with the method. 2
Aoéirﬁ/%?alline molybdenum mixed oxide can be obtained only with difficulty

via conventional methods. Thus, G.A.

Until now, molybdenum mixed oxides have been obtained in the
state of the art by precipitation methods, szol-gel methods or

solid-state reactions.

Molybdenum mixed oxides are used in the state of the art as
catalyst for chemical conversions. Conversions of alkyl
compounds or alkene compounds to acrolein or derivatives
thereof as well as a conversion of acrolein to acrylic acid
may be named here as exampies. The melybdenum mixed oxide
catalysts according to the state of the art cften do not

display a sufficient activity in these reactions.

WO 2008/028681 and WO 2008/0065365 Al disclose a method for
the production of nanocrystalline metal oxides or mixed metal
oxides. There 1is no indication in these documents that
special nanocrystalline molybdenum mixed oxides which are
particularly well-suited as catalyst in particular for the
conversion of acrclein to acrylic acid can be produced with

the method.
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Zenkovets et al., "The structural genesis of a complex (MoVW) 501, oxide
during thermal treatments and its redox 5 behaviour at elevated '
temperatures”, Materials Chemistry and Physics, 103 (2007), 295-304,
disclose that an M00.68V0.23W0.090t mixed oxide obtained via spray
drying has an amorphous structure. Thizs mixed oxide is present in the
form of large aggregates approximately 5 pm in size. A partially 10
nanocrystalline structure forms inside the aggregates due to subsequent

calciping; /A pure crystalline phase with.grystallifes more than 1009 nmdn on1y
size forms only after prolonged thermal treatment at approximately 440C.

THES Broddefion BHE KanothystallfE o Ha8Aam mMikedKide can'is -
thus: bevaccomplished only withddiffistiltycltus gleardeamsQ.sOvsifer et algemplex

"'\’l@%ﬁ?%ym oxidg based, partialexidation catalyst PArt3", Joyrnalaf  reqox
Molecular éataly5|s A: Chemical 185 (2002), 291-303, that a

melyBUERtM Z0 mKed Bkifé doB¥iordispiay wellehystafiized Particiasy and
aftey thesmal trsatment.7A crystalinedphasies hiovsevethwas aabledo be'o. - 2%, 0s0x

gpserved during a copyersion of acrolein 1o, acylig ACid. 858 5y amorpnous

crystallization first takes place during the oxidation reaction. Such a
cAtAlYSTitR-hasa Sufficiéint 25 activity dnkF &ftEPA ptdlonGéd f&dction 1arge
petigtk Asdisadvantage of the melybdenyum mixed oxidessdescribed e theally
state of the.art is thus that a uniform particle sizg of .t I

Ed Oxea ELnni b6 Dsimed A contol 0 of e cgalizaton, e °°
parhERdEfith regardtothed crystillite 8¢ is rotypossigienThe BEyse  with
suease-area:efs thesrelybgemum mixedrexides describedrinrthe state of arter

t%%g{%nged thermal treatment at approximately 440°C. The
production of 2 nanocrystalline molybdenum mixed oxide can

thus be accomplished only with difficulty.

It is clear from O. COvsiter et al., “Mclybdenum oxide based
partial oxidation catalyst Part 37, Journal of Molecular
Catalysis A: Chemical 185 (2002), 291-302, that a molybdenum
mixed oxide does not display well-crystallized particles
after thermal treatment. A crystalline phase, however, was
able to be observed during a conversion of acrolein to
acrylic acid, i.e. a crystallization first takes place during
the oxidation reaction. Such a catalyst thus has a sufficient

activity only after a prolonged reaction period.

A disadvantage of the molybdenum mixed oxides described in
the state of the art is thus that a uniform particle size of
the molybdenum mixed oxides cannot be cbtained and a control
of the c¢rystallization, 1n particular with zregard to the
crystallite size, is not possible. The BET surface area cf
the molybdenum mixed oxides described in the state of the art

is likewise mostly too small. A small particle size with as
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is likewise mostly too small. A small particle size with as 3 large as
possible a BET surface area is desired, in particular for catalytic uses.
The object of the present invention was thus the provision of 5 a
nanocrystalline molybdenum mixed oxide which, in catalytic conversions,
in particular in a conversion of acrolein to acrylic acid, has an increased
activity and selectivity. The object is achieved by a method for the
production of a 10 nanocrystalline molybdenum mixed oxide, comprising

the steps of @) the,inrpduction of aysolytion..suspension or, slurgewhich - 5
contains a molybdenum starting 15 compound and at least one further
MRk oM RING Staf g CompBotififi®selected from a tungsten- containing

and/or vanadium-containing starting compound, into a reaction chamber

by,;meapsofa garrigrflud, 20.b) a;thermal ieatment of the. golulion.: 5 o of

suspension or slurry which contains the molybdenum starting compound
afd BRE 2 FAS e RartHet B Ear ¢BniBiriRg staftifg cBitpdundh a“atalytic
treatment zone, by i means of ajpulsating flaw abatempematuss offrom:125n to

200 t0.500C, c¢).the formati f rystalline_ molybdenym mixed
oi?d%f%ﬁh%%ééh%ﬁgsen%%t&e% ﬁ%ﬁ%%%gstalline Mo ybd(legigum mixed oxide
obtained in steps b) and c) from the

The object is achieved by a method Zfor the production of a
nanccrystalline molybdenum mixed oxide, comprising the steps

of

a) the introduction of a solution, suspension or
slurry  which contains a molybdenum starting
compound and at least one further metal-containing
starting compound, selected from a tungsten~
containing and/or vanadium-containing starting
compound, into a reaction chamber by means of a
carrier fluid,

L) a thermal treatment of the solution, suspensicn or
slurry which contains the molybdenum starting
compound and the at least one further metal-
containing starting compound in a treatment zone by
means of a pulsating flow at a temperature of from
200 to 500°C,

<) the formation of nanccrystalline molybdenum mixed
oxide,

d} the discharge of the nanocrystalline molybdenum
mixed oxide obtained in steps b} and <} from the

reactor.

It was surprisingly found that a uniform particle size of the
molybdenum mixed oxides can Dbe obtained by the method

according to the invention and a control of the



10

15

20

Z5

30

30 reactor. It was surprisingly found that a uniform particle size of the
molybdenum mixed oxides can be obtained by the method according to

~ the invention and a control of the 4 crystallization, in particular with regard

to the crystallite size, is achieved. The BET surface area was likewise
able to be increased compared with the molybdenum mixed oxides
known in the state of the art. 5 The molqybdenum mixed oxide obtained
according to the invention is characterized by a crystallite size in the

f%@%@,tgﬁ from, 5;nm to A50.nm, 10.1he Céﬁaélﬁti_cr@(?%\gly facatalyst,sra11ite

containing the molybdenum mixed oxide obtained according to the
irfVeiftiont Sin PHiGURT in tHE cale of #'chivRr<isi df Yefoldin' o  aifylP e ©°
aeid, was-able=td heincreased byroughklydds gotepareduwithiknownes known
copventional catalysts, 15 By the term "mixed oxide" is meant within the
meaning of the invention a mixed oxide that comprises two or more

metals and constitutes a single chemical compound that can be

expeessadl with-adarmutaxEhis ista be disiingrished accordinglydront 20 the
2 pure. (afysical) mixtureof severaletal oxides, Preferably.a molybdate, ..
partlcfflarly preFera ly ammonium heptamolybdate tetrahydrate, is used
a3imbRtiendrd startiiy é8mpound. However, it is clear to a person

skilled in the art 25 in this field that other molybdates and molybdenum

Cngoougg%alytic activity of a catalyst containing  the
molybdenum mixed oxide obtained according toe the invention,
in particular in the case of a conversion of acrolein to
acrylic acid, was able to be increased by roughly 1% compared

with known conventional catalysts.

By the term “mixed oxide” is meant within the meaning of the
invention a mixed oxide that comprises two or more metals and
constitutes a single chemical compound that can be expressed
with a formula. This is to be distinguished accordingly from

a pure (physical) mixture of several metal oxides.

Preferably a molybdate, particularly preferably ammonium
heptamolybdate tetrahydrate, is used as molybdenum starting
compound. However, it is clszar to a person skilled in the art
in this field that other molybdates and molybdenum compounds

known in the state of the art can also be used.

In order to obtain a mixed oxide, at least one further metal-
containing starting compound should be used. Tungstates
and/or vanadates are preferred further compounds according to
the present invention. The further starting compound ammonium
metatungstate and/or ammonium metavanadate is particularly
preferred. A combination of the two last named is most

preferred.
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known in the state of the art can also be used. In order to obtain a mixed
oxide, at least one further metal- containing starting compound should be
used. Tungstates 30 and/or vanadates are preferred further compounds
according to the present invention. The further starting compound
ammonium metatungstate and/or ammé)nium metavanadate is particularly
preferred. A combination of the two last'named is most preferred. 5 The
molybdenum starting compound and the at least one further

mefal-containing stacting. compounds arespreferaply. used togetheras ryriner

solution, suspension or slurry. It is most preferred if the Starti%
CBRTFOUREE afe pradent it $blttith, 5 FHHENEr inHfueotisSdiatsniyf used
necessany; thessolutidn: tcambe heatedrinigrder torachievera confpletels most

dissoluton of fhe starting compounds, i pasticularin fhe case ofpooLly.t ;i on,

soluble starting compounds. The solution of the starting compounds is
ativaRfEgedisy heafedPd's BOT. 510 t aParticdlafly gréfétted the solution
embodiment a-salutian of-;rmmoniumimetatungstatepasaoniiifsolution of

P@Qéa'@%'é’@ﬂ%% tetrahydlrate, and ammonjum,metayanadate %% ysedin oor1y

he method accordingto the invention. 15 Prior to or during the _
iftfdditidton FitdtheTeactiehCeRaftber, B'Solufin StsPensibn GFSlurfFar=ing
whieh eomniainssata dpastene additipnal anetal salt-cagobe .added to the

solution, suspension or slurry which contains the molybdenum starting

In a particularly preferred embodiment, a solution of
ammonium metatungstate, ammonium heptamolybdate tetrahydrate
and ammonium metavanadate is used in the method according to

the invention.

Prior to or during the introduction into the reaction
chamber, a solution, suspension or slurry which contains at
least cne additional metal salt can be added to the solution,
suspension or slurry which contains the molybdenum starting
compound and the at least one further metal-containing
starting compound. The at least one metal salt is preferably
a copper salt or an iron salt or a combination of a copper

and an iron salt.

The addition of a solution, suspension or slurry containing
metal salt to the soluticn, suspension or slurry which
contains the molybdenum starting compound and the at least
one further metal-containing starting compound brings about a
doping of the resulting molybdenum mixed oxide with the
corresponding metal. Any fine adjustments for the respective
desired catalytic function of the molybdenum mixed cxide can

thereby be achieved.
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20 compound and the at least one further metal-containing starting
compound. The at least one metal salt is preferably a copper salt or an
iron salt or a combination of a copper and an iron salt. 25 The addition of
a solution, suspension or slurry containing metal salt to the solution,
suspension or slurry which contains the molybdenum starting compound
and the at least one further metal-containing starting compound brings
about a doping of the resulting molybdenum mixed oxide with the 30

cosresponding.metal. Apy dine-adiystments far-the respective desired
catalytic function of the mo%/bdenum mixed oxide can therebﬁ/ e

b
PSS TRCA pAPAGLIAG prefliTEd B BeGimBNT Leaitmioptar 22y drate
ammoniurrmetatunystates dmmonionvhéptamolybdate temahydratetand is

ammoniummelayanadaie. 1o Which 3, copPaE-saItsolutian i$,,29084,HS The
used in the method according to the invention. The 5 copper salt is

preRIEDIyEoPper sHIFHETE Br coppditetate: Pl aFufther parficury =22

preferred embodiment, a solution of ammonium metatungstate,

aﬂlmé)”&%@‘tﬂ%&t%%wgﬂ%ﬁ%gﬂ@ﬁr@Hde?!{HH&%HEE“e&aé’@@Q@%% of

to which a copper-salt and iron"10 salt solution is added, is used in the
rAStPRI HEC B 16 “hefinventiBho The cdipéraat i préferabiy copper ¢
satphatenof Cappes acetatedand the drorhsalt is prefesablyseon nitrate rdh -

Ibwas swrprisingly found that the.method Gan.he cartied out .at telafively,
low temperatures of from 200 to 500C, particularly preferably from 250 to
4@@{LHﬁﬁﬁ%ﬁﬁﬂﬂf The copper salt 1s preferably copper sulphate

or copper acetate and the ircen salt is preferably iron

nitrate.

It was surprisingly found that the method can be carried out
at relatively low temperatures of Ffrom 200 to 500°C,
particularly preferably from 250 to 450°C, particularly
preferably from 300 to 400°C. Hitherto, preferred
temperatures of more than 700°C, indeed up to 1400°C, were
known in the state of the art. Quite particularly
surprisingly, it was alsc found that the crystallization
process cof the molybdenum mixed oxide can be controlled in a
targeted manner by the method according to the invention, in
particular the =size of the crystallites and the pore-size
distribution of the corresponding molybdenum mixed oxides.
This can  further Dbe advantageously influenced by the
residence time in the flame or by the reactor temperature.
The nanocrystalline molybdenum mixed oxide particles that
form are prevented from agglomerating by the pulsating
thermal treatment. Typically, the nanocrystalline particles
are immediately transferred by the stream of hot gas into a
colder zone, where some of the molybdenum mixed oxide
crystallites are obtained with diameters of even less than

20 nm.
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preferably from 300 to 400C. Hitherto, preferred temperatures of more
than 700C, indeed up to 1400C, were 20 known in the state of the art.
Quite particularly surprisingly, it was also found that the crystallization
process of the molybdenum mixed oxide can be controlled in a targeted
manner by the method according to the invention, in particular the size of
the crystallites and the pore-size 25 distfibution of the corresponding
molybdenum mixed oxides. This can further be advantageously

influenced by the residenge ti{ﬂ%é%ﬁ%ﬂ?x@%?& b%&%%%%%% mixed oxide

temperature. The nanocrystalline molybdenum mixed oxide particles that
foThY aFé prélerted Fohs agdichieratifig by the pulsatii SBthernflT surface
treadmento Typically’ths nanoarystalling particlese a4 ipmmediatelyl ¢ m*/g  and
transferred by.the stream of hot gas into a-colder,zgn here some of .
ot el el 0 P St kR p iy e G SRR
eVERIEBI BREN 20+, 7 tcthefcase 8fthe tHuIEbtainabié méRbenurfiethod

mixed.oxidg erystallitess this leads to clearly increased BET surface

areas of > 1 m'/g, particularly preferably 2 to 10 m2/g and particularly
preferably 3 to 7 m2/g. The BET surface area is 5 determined using the
BRunaler, Eavhed aro-Teflérmefifod-Eecording 1oM™IN 66E32Nkithes can be

methedraccordingite the inventighsuspeasions, canbe cealciped:wihin & few
vr%%ftrilgg&%ré?d, ty%cal%wnhm a.feV\{L 10 milliseconds, at comparati elx are

= TN aral 1V, ower I rat 3 &
lower témpératufes thanare usua With Tnethiods of the State of the art,

withioit gddifionsithods of the state of the art, without additional
filtration and/or drying steps or without the addition of
additional solvents. The molybdenum mixed oxlde
nanocrystallites that form have significantly increased BET
surface areas and thus repreasent a molybdenum mixed oxide
catalyst with increased reactivity, improved rate of
conversion and improved selectivity, in particular with regard

to a conversion of acrolein to acrylic acid.

The nearly identical residence time of every molybdenum mixed
oxide particle in the homogeneous temperature fielid created by
the method results 1n an extremely homogeneous end product
with narrow monomcdal particle distribution. A device for
carrying out the method according to the invention in the
production of such monomodal nanocrystalline metal oxide
powders is known for example from DE 101 09 882 Al. Unlike the
device described there and the method disclosed there, the
present method does not, however, require an upstream
evaporation step in which the starting material, i.e. the
molybdenum starting compound, 1s heated to an evaporation

temperature.
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filtration and/or drying steps or without the addition of additional solvents.
The molybdenum mixed oxide nanocrystallites that form have significantly
increased BET 15 surface areas and thus represent a molybdenum mixed
oxide catalyst with increased reactivity, improved rate of conversion and
improved selectivity, in particular with regard to a conversion of acrolein
to acrylic acid. 20 The nearly identical residence time of every
molybdenum mixed oxide particle in the homogeneous temperature field

created by ihe-methodresults in anextremelyhomogeneous-end.proguct - i ng
with narrow monomodal particle distribution. A device for par%/ing out the

TR TR Eordirg to thehvenfioliir #iE S8 BroBiuéfion BFsdeR Fccording o
mromodahnanoceystaliinednetal oxide ipowdersiisknmwh for examplearrier

from DE 101,09,832 Al Jnlike the devige,desgribed thereangdthe an  inert

method disclosed there, the present method does not, however, require

affdpdtfdand Ssvapstition ElepiR WhicH ke Starting fidt8rial 5% the 30t° 39~
melybdenum:statting compound, is heateditotan evaporatirestion chamber.

temperatute. 8, Lig malyhdenum starting compoung, apddhe further s onance

starting compounds from which the molybdenum mixed oxides according
t&4h@ invéhtionsarelpritiucetPat FRET dirdBiy Via arfief 3uid, infeduced
pattigilaca camriengas, referablyraninertbaaster gaghsuchfasfor of the

Sxample 1ytroen, §ig, Intg so-called.reaction chambers, i-e Mo IIe co;  the
combustion chamber. Attached exhaust side to the reaction chamber is a
rédorancet e WA REW-Grds$-sectidrt Whitle isI@aHY réllicédiarber . The

aerodynamic valves are fluidically and acoustically matched
with the combustion chamber and the resonance tube Jgeometry
such that the pressure waves, created in the combustion
chamber, of the homogeneous “flameless” tempsrature field
spread pulsating predominantly in the resonance tube. A so-
called Helmholtz resonator forms with pulsating flow with a
pulsation freguency of between 10 and 150 Hz, preferably 30 to
110 Hz.

Material 1is typically fed into the reaction chamber either
with an injector or with a sultable two-component nczzle or in

a Schenk dispenser.

Preferably, the molybdenum starting compound is introduced
into the reaction chamber in atcomized form, with the result
that a fine distribution in the region of the treatment zones

is guaranteed.

After the thermal treatment, the nanocrystalline molvbdenum
mixed oxides that form are immediately transferred into a
coldér zone of the reaction chamber, if possible by means of
the carrier fliluid, with the result that they can be separated

and discharged in the c¢older zone. The yield of the method
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compared with the reaction chamber. The floor of the 10 combustion
chamber is equipped with several valves for the entry of the combustion
air into the combustion chamber. The aerodynamic valves are fluidically
and acoustically matched with the combustion chamber and the
resonance tube geometry such that the9 pressure waves, created in the
combustion 15 chamber, of the homogeneous "flameless" temperature
field spread pulsating predominantly in the resonance tube. A so- called

Helmholtz,resenatarforms, with pulsating flow.with ai pulsation fregueney  the
of between 10 and 150 Hz, preferaply 30 to 110 Hz. 20 Material is
t7icaly fed ito therrsactivh Afamber ithar ‘withAh injectoror with a

suitable two-component nozzle or in a Schenk dispenser. 25 Preferably,

the malybdenun, starting compoundis;introduced +info the-reagtion, s petween
chamber in atomized form, with the result that a fine distribution in the
régiot'6f the f&atment zones is guaranteed. 30 After the thermal

treatment, the nanocrystalline molybdenum mixed oxides that form are

immediately trapstgrred inta a- coldey zope, of thereactionchamber s+ 2111 ne

possible by means of the carrier fluid, with the result that they can be

SBPRYRAR dhd BiSHargs fif thé KoTdef 3Bne? ThEXEIT B the thethitty g thoc
ageordingto thesinventioni isvalmadst-100%s; asvals of thengroduetthat fermshus-

cgp.he discharged from the reagtor., Typically, the mefhod jscardedQut al s o
a pressure of between™
crystallite size in the range of from 5 nm to 450 nm,

preferably of from 10 nm to 400 nm, guite particularly
preferably 15 to 250 nm, which, as already stated above, can
preferably be set by the pulsation of the thermal treatment.

The particle size can be determined by XRD or TEWM.

Furthermore, molybdenum oxide particles which have a BET
surface area of preferably > 1 m‘/g, particularly preferably
2 to 10 m’/g and particularly preferably 3 to 7 m’/g are

obtained by the method according to the invention.

The molybdenum mixed oxide obtained according to the
invention is exceptionally suitable for use as catalyst, for
example in the catalytic conversion of acrolein to acrylic

acid.

Acrylic acid or propencic acid belongs to the unsaturated
carboxylic acids. Acrylic acid 1s a colourless chemical
compound, with a pungent, vinegary odour, that can be mixed
with water and is liguid at room temperature. Acrylic acid has
a strong corrosive action and is flammable. Large-scale
industrial production usually takes place by a two-stage
oxidation of propylene with the aid of catalysts. In the first

stage, propylene is converted with air to propenal
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5 15 and 40 bar. A subject of the invention is furthermore the
nanocrystalline molybdenum mixed oxide that can be obtained by the
method according to the invention. It was found that the thus 10
obtainable nanocrystalline molybdenum oxide preferably has a crystallite
size in the range of from 5 nm to 450 nm, preferably of from 10 nm to 400
nm, quite particularly preferably 15 to 2@0 nm, which, as already stated
above, can preferably be set by the pulsation of the thermal treatment.

15, IThe parficle size can bedetermined by XBR:or TEMELHNEIMQe.q takes

molybdenum oxide particles which have a BET surface area of preferabl
F145/gt DaftittlifForsterabiy 2 tor 18 M/g antf farticuliiyBreferabiy 3 +°
te om2iy areb20twbtainegby the method acgordiig to thepmivention. Fheylate

r@glé@ggn ‘(‘{H& fyéegf@“q% Op&@ﬂeg%()fgipgt@ethﬁr Wmiso f polymers)

exceptionally suitable for use as catalyst, for example in_the catalytic _
COifverstonOFaerd&inTo aBryfie 25°aCid  Achiift &tid 8F praiénott A 51 ns -
betlengsstosthesunsatusated 1 garboxsdiccacidst Aartiglacid scadolotelessed as

chemical compound, with, 8 pungent, vinegary odour, hat £2p be MiXed;osage
30 with water and is liquid at room temperature. Acrylic acid has a strong
cErtdsive Bt aRETSTRIMMERRS Large stafs Vihdushfa prédlstiore Ster has

ustiallydakescplacesby @ twoastage cpxitlation iof propylengawith éhe aideaf  the
cga}g}l%{agss lIEfl ﬁhg first, as%%%%,_ggpd%egﬁ Is conyerted with air to propenal 10
( Ction SL. s S LS

crolein oxidation of propenal to acrylic acid takes

A subject of the inventicon 1s thus also a catalyst which
contains the molybdenum mizxed oxide according to  the
invention. The catalyst can be a supported or an unsupported

catalyst (bulk catalyst, extruded catalyst}.

In an embcdiment of the present invention, the molybdenum
mixed oxide can be processed together with a suitable binder
to an extrudate (tablets, shaped bodies, honeycomb bodies and
the like). Any binder that is familiar to a person skilled in
the art and appears suitable, in particular silicate
materials, aluminium oxide, =zirconium compounds, Titanium
oxide, as well as their mixtures, and materials such as e.g.
cement, clay, silica/alumina, can be used as Dbinders.
preferred binders are, among others, pseudoboehmite as well as
siliceous binders such as c¢olloidal silicon oxide or silica

sol.

In preferred developments of the invention, the molybdenum
mixed oxide can furthermore be processed together with other
components, preferably with a binder, particularly preferably
with an organic binder, for example organic glues, polymers,

resins or waxes, To a washcoat which can be applied to a
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place in the second stage. Its main use is polymerization to
superabsorbent polymers (use e.g. in nappies), acrylate esters (which are
in turn used for the production of polymers) 5 and as comonomers in the
production of polymer dispersions. The water-soluble polymerisates of
acrylic acid are used as finishes and thickeners as well as coatings for

. . 11 . .
solid dosage forms and as ointment bases. Polyacrylic acid ethyl ester
has proved its worth as copolymerization partner for the 10 production of

weather-proof glastomers, Aisubject ofthernvention. 5.%%@1@'50 a catalystonal
which contains the molybdenum mixed oxide according to the invention.

THEPC&EISt 4 BePSuBpoftBdoran andtpporedl” 15° ¢/t Bulk
catalyst; &xtrudedicatalystybhiranrembodithenk ofithecpresant inventionding to

t@%mmﬁw% mixed oxide can peprocessedfogether with a suitgbler. o g

binder to an extrudate (tablets, shaped bodies, honeycomb bodies and 20
tEHREY © Any BinBEH tHat is Témlllasrtt‘c“)a&b*é?son skifigatintthe afBitiges  are
appearssuitable, i pasticwar sificatecspatesials; aluminfemeolidecarried out

zirgonjura,.compounds, ifanium: oxide, as; well a5 Igir puxtutes, apd , oo o0

materials such as e.g. cement, clay, silica/alumina, can be used as
bifderse 25 Preétefredibinders are, among others, pseudoboehmite as well
as siliceous binders such as colloidal silicon oxide or silica sol. In

preferred developments, of the inyention, the @OJXQ%%‘@&O{H@@QO%}Q?%OH
can furt%ermore be processed together with other components, preferably
with & biRdéer ‘pafficdany preferably Wittt AfRicrganichinger foridesmprtalyst

oiganiesglues, polymers,

In the method, acrolein, preferably with oxygen, steam and
nitrogen, 1s passed at 200 to 400°C over a bed of the catalyst
according to the invention. An Improvement with regard to
acroleiln conversion rate, acrylic acid selectivity and acrylic
acid vyield is apparent in the method according to the
invention compared with & method which has been carried out

with a catalyst according te the state of the art.

The invention 1s described in more detail with reference to
the following embodiment examples and the figures, which are
not to be regarded as limitative. The device used corresponds
largely to the device described in DE 101 £% 892 Al, with the
difference that the device used for carrying out the method
according to the invention had no preliminary evaporator

stage.
There are shown in:

Figure 1 the XRD spectrum of the molybdenum mixed oxide

according to the inventicn obtained in Example 6



resins or waxes, to a washcoat which can be applied to a 11 metallic or
ceramic support. Optionally, additional impregnating steps or calcining
steps can take place. Preferably, the molybdenum mixed oxide obtained
according to the invention is present as coating on a support. A preferred

5 support material is steatite, steatite spheres are particularly preferred.

The coating is preferably carried out in & fluidized bed coating device
known per se to a person skilled in the art. 10 A subject of the invention is
alsq,a,method forthe conversiop.. of agroleip o agrylic acid. whereinan ox;qe
above-defined catalyst is used. In the method, acrolein, preferably with
oxygen, steam arfd °B5 Hithdgen, i§15as<eF At 260 8UG0E GVer'a beasr e 7
the catalyst according to the invention. An improvement with regard to
acrolein conversion rate, acrylic acid selectivity and acrylic acid yield is
apparent in the method according to the invention compared with a

method which has been carried out 20 with a catalyst according to the

state of the art. The invention is described in more detail with reference to
the following embodiment examples and the figures, which are not to be
regarded as limitative. The device used corresponds 25 largely to the

device described in DE 101 09 892 Al, with the difference that the device
used for carrying out the method according to the invention had no
preliminary evaporator stage. 30 There are shown in:
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Figure 1 the XRD spectrum of the molybdenum mixed oxide according to
the invention obtained in Example 6 12 Figure 2 the XRD spectrum of the
doped mixed oxide according to the invention obtained in Example 7 13
Embodiment examples: General 5 The essential advantages of the
preparation with the aid of the pulsatlon reactor are the reduction of the
overall preparation time, the small outlay (only the reactor is needed) and
the fact that there is no drying and treatment of the product. The desired

%g&g@g@%&%@cle sizes and 10 also the crystallinity of the

material can be varied in one step by the pulsation reactor. The following
methods were varied for the preparation of the mixed oxides: 15 Example
leMedAs variant 1 Two solutions were produced for the production. 20
For solution 1, 18 1 dist. H20 was placed in a steel drum and heated.

487.8 g ammonium metatungstate was added and dissolved. Once 70C
habcpeefeached, 33007 aAffofitmt heplrisybabie tetrahydrdtBangid of

546:6 graimsaenitm metavandadate: werg-addediOneerthecompasentsverail
had dlssolved com Ietely, t%S 113.4 ant(gmgpg tr|o>f|d wasz dded and
ut

renaTatli m reactor is
tll?e nglxture stlrre F(n)r 1 hour at 5 . The so n was cyoole to room

téﬁﬁﬁﬁéﬁné?d the fact that there 18 no drying and treatment of
the product. The desired BRET surface areas, particle sizes and
also the crystallinity cf the material can be varlied in one

step by the pulsation reactor.

The following methods were varied for the preparation of the

mixed oxides:
Example 1: MoWV variant 1
Two soluticons were produced for the production.

For sclution 1, 18 1 dist. H,0 was placed in a steel drum and
heated. 487.8 g ammonium metatungstate was added and
dissolved. Once 70°C had been reached, 3300 g ammenium
heptamolybdate tetrahydrate and 546.6 g ammonium metavandadate
were added. Once the components had dissolved completely,
113.4 g antimony trioxide was added and the mixture stirred
for 1 hour at 95°C. The solution was cooled to room

temperature.

Solution 2 was produced by dissolving 466.8 g copper sulphate
in 2880 ml dist. H,C at room temperature. The two solutions
ware mixed at room temperature and stirred for approx. 1 h. A

suspension formed.
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Solution 2 was produced by dissolving 466.8 g copper sulphate 30 in
2880 ml dist. H20 at room temperature. The two solutions were mixed at
room temperature and stirred for approx. 1 h. A suspension formed. 14
The solution was atomized in the pulsation reactor as follows: after a
heating-up period, conditional on the equipment, of several hours, the
suspension was sprayed at different reactor temperatures (380, 360,
400C). 5 Air was used as carrier gas. The BET surface areas of the

obained,mplybdenum.mixed oxide were betweep; 1, and.4 m2/g. .Example
2. MoWV variant 2 10 For the production, 11820 ml distilled H20O was

imrddied. 3150712 FEMMEAILMR Neptaftibly sk tetRldraf wattadded
tedhipaad:dissalvedy Earitinuoussstircing wasrearsedroutzduring athes at

whale production process, 18 822,24 g anyponiyy metajupgstate was
then added and dissolved. "After subsequent heating to approx. 80C,

585.6 g ammonium metavanadate was then added and the mixture
heated furtheetd sk0QGE r This-teraperatbee svas maimtaiged feed hourshe

then the 29 %%'H%’Qded"é{%% Gpoled: o roam temperatire. 444 g.ammoniun.

acetate was then added, also at room temperature. 25 Half of the 5 kg
batch was doped with iron and copper. For this, 1.86 g copper acetate and
Abdbginen Aitrghewwerariant 2

For the production, 11820 ml distilled H,0 was introduced.
3150.12 g ammonium heptamolybdate tetraydrate was added to
this and dissoclved. Continuous stirring was carried out during

the whole production process.

B22.24 g ammonium metatungstate was then added and dissolved.
After subsequent heating to approx. 80°C, 585.6 g ammonium
metavanadate was then added and the mixture heated further to
100°C. This temperature was maintained for 5 hours, then the

solution was cooled to room temperature.

444 g ammonium acebtate was then added, also at room

temperature,

Half of the 5 kg batch was doped with iron and copper.

For this, 1.86 g copper acetate and 4.14 g iron nitrate were
dissolved in 120 ml dist. H,O0 in each case and then added to

the solution.

The solution was heated for 12 h under reflux. A clear,

orange-red solution formed.
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dissolved in 120 ml dist. H20O in each case and then added to the
solution. 30 The solution was heated for 12 h under reflux. A clear,
orange-red solution formed. 15 This solution was atomized doped and
undoped into the pulsation reactor at 380C using air as carrier gas. A
grey powder with BET surface areas of 3-4 m2/g formed. 5 Example 3:
MoWYV variant 3 11820 ml dist. H20 waéSpIaced in a drum. 3150.12 g
ammonium heptamolybdate tetrahydrate was added to this, then heated

apgl; left ynil it had,completely dissolyed: 10 822,24, 0.ammogium

metatungstate was then added and dissolved. The mixture was then
heatéd to SpprBR86E, Mer 5856 §° dinforfufnictavafaddeswas 9reY
agisledand the reixture:heated further ta 100C.This tBraperhture was
maintained for 5 hours and then 15 cooled to room temperature. After
cooling to room temperature, 444 g ammonium acetate was added.
SsStithrlwEREAREdbut during the whole production process.
20 Doping: The batch was doped with iron and copper. For this, 3.72 g

| HaBal agptate.and E§Z§8w% ém”l%ié@éet#e e dissolved i),240 2%5 AL

in each case and then added to the solution. Atomization + results:
heptamolybdate tetrahydrate was added to this, then heated and

left until it had completely dissolved.

822.24 ¢ ammonium metatungstate was then added and dissolved.
The mixture was then heated to approx. 80°C, then 585.6 g
ammenium metavanadate was added and the mixture heated further
to 100°C. This temperature was maintained for 5 hours and then

cooled to room temperature,.

after cooling fo room temperature, 444 g ammonium acetate was
added. Continuous stirring was carried out during the whole
production process.

Doping:

The batch was doped with iron and copper. For this, 3.72 g
copper acetate and 8.28 ¢ ilron nitrate were dissolved in 2490
ml dist. H;O0 in each case and then added to the solution.

Atomization + results:

The solution was atomized in normal air in the pulsation

reactor.
Solution with doping:

Temperature: 380°C
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The solution was atomized in normal air in the pulsation 30 reactor.
Solution with doping: Temperature: 380C 16 Colour of the powder:

grey/black BET: 3.2 XRD: Displays main peak at 22 Crystallite size: 210

A Composition: W 14.7% Theoretical: 9.3% V 6.6% 6.2% Mo 45.9%
46.9% Fe <220 ppm 2.5% Cu 0.15% 361% Powder from the filter bags
Temperature: 380C Powder: grey/black BET: 3.3 XRD: Displays main
peak at 22 Crystallite size: 201 A Composition: W 14.6% V 6.7% Mo
46-9%; F&,240pm(4k2.2% Example 4 MWWV variant 4 Solution 1: 18
I|tres dist. H20 was placed in a steel drum and 5 heated. 487.8 ¢

onium metatungstate was added and?

XRD:
Crystallite size:

Composition:

Powder from the filter bags
Temperature:
Powder:

BET:

XRD:
Crystallite size:

Composition:

Example 4: MoWV variant 4

Solution 1:

heated.

dissoclved. Once the temperature had reached approx.

W O14.7%

Displays main peak at 22
210 A

vV 6. 6%

Mo 45.8%

Fe < 220 ppm
Cu G.15%

380°C

grey/black

3.3

Displays main peak at 22
201 A

W 14.6%

V 6.7%

Mo 46.9%

Fe 240 ppm

Cu 2.2%

487.8 g ammonium metatungsitate was added and

70°¢C,

3300 g ammonium heptamolybdate tetravdrate and 546.% g

ammonium metavandadate were added. Once the components had

dissolved completely,

the mixture stirred for 1 hour at 95°C.

cooled to room temperature.

Continuous stirring was carried

out during the whole production process.

Theoretical:

The mixture was then

18 litres dist. H:0 was placed in a steel drum and

113.4 g antimony trioxide was added and
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dissolved. Once the temperature had reached approx. 70C, 3300 g
ammonium heptamolybdate tetraydrate and 546.6 g ammonium
metavandadate were added. Once the components had dissolved
completely, 113.4 g antimony trioxide was added and 10 the mixture
stirred for 1 hour at 95C. The mixture was then cooled to room
temperature. Continuous stirring was carried out during the whole

production process. 17 Solution 2: 466.8 g copper sulphate was dissolved

'%3?@91%‘1'1 dist. 4‘%%0839095553@p&[?{;u{;?t@ﬂ%sco&@goﬁ%'ﬁo&ﬂ 2t§§o ml

two solutions were mixed and stirred for 1 hour. A black solution with fine
viHife- pafticled formel. BRRRSAatioh: + 485 GHKs: SRR atémiSaioHs feré -

cakiied UL wWith Borrpak aitiindhea palsation-eeacter: 10 Peowderfromethie

dg %%I%‘}P%Meﬁ 280G %’Oﬁf\

Displays main peak at 22 Crystalli

greyfblack BET: 1.0 m2/g XRD:
te size: 207 A Composition W 9.1%

Theoretical: 9.3% V 6.0% 6.2% Me 45.8% 46.9% Sb 1.8% 2.5% Cu

22%mdz0ion + results:

All atomizations were carried out with normal air in the

pulsation reactor.

Powder from the drum
Temperature:

Powder:

BET:

XRD:

Crystallite size:

Composition

Powder from the filter bags
Temperature:

Pocwder:

BET:

XRD:

Crystallite size:

Composition:

380°C

grey/black

1.0 m/g

Displays main peak at 22
207 A

W 9.1%

V 6.0%
Mo 45.8%
Sh 1.8%
Cu 2.2%

Theoretical:

380°C

grey/black

1.5

Displays main peak at 22
197 A

W 9.2%

V 6.1%
Mo 46.5%
Sb 1.8%
Cu 2.2%

the

Theoretical:
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Powder from the filter bags Temperature: 380C Powder: grey/black BET:
1.5 XRD: Displays main peak at 22 Crystallite size: 197 A Composition:
W 9.2% Theoretical: 9.3% V 6.1% 6.2% Me 46.5% 46.9% Sb 1.8%
2.5% Cu 2.2% 3.1% 18 Example 5 (comparison example) Example 5
was carried out according to US 6,124,499: 5 127 g copper(ll) acetate
monohydrate (Cu content 32.3 wt.-%) \k%s dissolved in 2700 g water
(solution 1). 860 g ammonium heptamolybdate tetrahydrate (81.3 wt.-%
I\@% %439 %%@ygégng%%qate (72.2 Wt--% V205) and 126 g
ammonium paratungstate heptahydrate (89.3 wt.-% WO03) were dissolved
in succession in 10 5500 g water at 95C (solution II). Solution | was then
stirredralbat onee into-sakudioputt and-thesagueaus miixtyre: spray-dried at
an outlet temperature of 110C. The obtained spray product was kneaded
with 0.15 kg water per kg powder. 15 The kneaded matter was calcined in
alconve@BtPever in ahC D% B nTBeyeR - mbRUrE ITHE BX5hen contetit - ~%)
wasssetisuéeh that the D2ostasting conceptrationanas 1.5a@.-% aﬁqme»@uﬁn
tIe ed mate aI wa. f|r e ed to 30
%Dlmlrﬁloar%}%en kept at 88& %%utﬂ 5o } g g ammonium

e mIX'[U re

metavanadate (72.2 wt.-% Vz and 126 g ammonium paratungstate

heptahydrate (89.3 wt.-% W0:) were dissolved in succession in
5500 g water at 95°C (solution II). Sclution I was then
stirred all at conce into solution II and the agueous mixture
spray-dried at an outlet temperature of 11C¢°C. The obtained
spray product was kneaded with 0.15 kg water per kg powder.

The kneaded matter was calcined in a convection oven in an
oxygen/nitrogen mixture. The oxygen content was set such that
the O, starting concentration was 1.5 vol.-% at the coven
outlet. The kneaded material was first heated to 300°C at a
rate of 10°C/min and then kept at 300°C for € h. The mixture
was then heated to 400°C at a heating rate of 10°C/min and
‘kept at 400°C for 1 h. The catalyst had the composition

Mo, ViWy oCuy 60

The calcined active material was ground down to 0.1 um to 50

[ .
Powder: grey/black
BET: 1.0 m*/g
XRD: Displays maln peak at 22

Crystallite size: > 960 A
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20 was then heated to 400C at a heating rate of 10C/min and kept at
400C for 1 h. The catalyst had the composition Mo0i.2V3Wi.2Cul.60x The
calcined active material was ground down to 0.1 pm to 50 pm. 25
Powder: grey/black BET: 1.0 m'/g XRD: Displays main peak at 22
Crystallite size: > 960 A 19 Example 6 %according to the invention)
Solution 1: 5 18 litres dist. H20 was pla 2d in a steel drum and heated.
487.8 g ammonium metatungstate was added and dissolved. When the

terpparaturg had reachsd approy, o 46,3300 g,gmmonium

heptamolybdate tetrahydrate and 546.6 g ammonium metavandadate
were added. Once the components had dissolved completely, 10 113.4 g
antimoiystriaxide was added and the mixture stirred for 1 h at 95C. The
mixture was then allowed to cool. Continuous stirring was carried out

during the whole production process. 15 Solution 2: 466.8 g copper
stifphiate 17 4s HsolvEdIn"Z880 Ailcdist. H20 &t reontieiperstubeazed.

Adfter coalingwseittion khdbedwaysektionsayereimixed andistkead - 6r. Lwnen
h‘E’Hé‘ '%e%!%(e:gasgtlll%téo%gvéthrfeig%f\{\é@teagggci)cggs 7f(9 £@,6d3 300 g ammonium
heptamclybdate tetrahydrate and 5446.6 ¢ ammonium metavandadzate
were added. Once the compenents had dissclved completely,
113.4 g antimony trioxide was added and the mixture stirred
for 1 h at 95°C. The mixture was then allowed to cool.
Continuous stirring was carried out during the whole

production process.
Solution 2:

466.8 g copper sulphate was dissolved in 2880 ml dist. H.,0 at

room temperature,

After coecling solution 1, the two solutions were mixed and
stirred for 1 hour. A black solution with fine white particles

formed.

After atomization c¢f the sclution/suspension at 380°C in the
pulsaticn reactor, a powder with the following characteristics

was obtained:

Powder: grey/black
BET: 5 - 7 m2/g
XRD {see Figure 1): Displays main peak at 22

Crystallite size: : 207 A
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After atomization of the solution/suspension at 380C in the 25 pulsation
reactor, a powder with the following characteristics was obtained:
Powder: grey/black BET: 5 - 7 m2/g 30 XRD (see Figure 1): Displays
main peak at 22 Crystallite size: 207 A 20 Example 7 (according to the
invention) 11820 ml dist. H20 was placed in a vessel. 3150.12 g
ammonium heptamolybdate tetrahydraf@ was added to this vessel, then
the 5 heating was started and continued until everything had completely

d@%% &%@é&ﬂﬂ%@%%tﬂmﬁt&was then added and the

mixture was left until everything had dissolved. The mixture was then 10

‘heated to approx. 80C, then 585.6 g ammonium metavanadate was

addedcand the mixture heated furtaer i 100G Shis tenperatlyegvasmnon i un
mainiained for, 5. hoyrs, E%%%thé’ £aQling 1o, yoom E%Tg%ég%rgdle %Ft’%‘ggr the

cooﬁng to room temperature, 444 g ammonium acetate was ad

ComintBus StrringRwastafidd Gt dariRg the Whol&Vprodddtich prdcess.
Depipge 20 Fheibatehwas doped with iron and copper. For this, 3.72 g
copper acetate and 8.28 g iron nitrate were dissolved in 240 ml dist. H20

in each case and then added to the solution. 25 After atomization of the
s%ﬁﬁkﬁﬁaﬁSS@@P#ﬁWﬁeﬁﬁ@%ﬁéﬁgState was then added and the mixture

was left until everything had dissolved. The mixture was then
heated to approx. 80°C, then 585.6 g ammonium metavanadate was
added and the mixture heated further teo 100°C. This

temperature was maintained for 5 hours, followed by cocling to

room temperature.

After cooling to room temperature, 444 g ammonium acetate was
added. Continuous stirring was carried out during the whole

production process.

Doping:

The batch was doped with iron and copper. For this, 3.72 g
copper acetate and 8.28 g iron nitrate were dissolved in 240

ml dist. H,C in each case and then added to the solution.

After atomization of the solution at 380°C in the pulsation

reactor, a powder with the following characteristics was

obtained:
Colour of the powder: grey/black
BET: 6
XERD (see Figure 2): Displays main peak at 22

Crystallite size: 210 A
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reactor, a powder with the following characteristics was obtained: Colour
of the powder: grey/black 30 BET: 6 XRD (see Figure 2): Displays main
peak at 22 Crystallite size: 210 A 21 Example 8 (production of coated
catalysts) A fluidized bed coating device was used to carry out the
coating. 5 The steatite spheres were co2alted with the various mixed oxide
active materials from Examples 5 to 7 under the following conditions: 10
22.22 g of the powder was weighed into a measuring cylinder, made into

asblulppy Wit SRO-BkAist; 52Q A he seiting: sgpeasion was stirred
intensively. 8.89 g binder was then added and the mixture stirred for 1 h

on a magnetic stirrer. The "coating" of the produced suspension took

place bnid 1feweighed-rpsample of80 gesteatite sphweies of (2adkmmpt  the
V\g}%{g%me active material charge was 20% (50 g powder per 200 g

steatite spheres). The catalyst was then dried in air at 110C. 20 Example

9 (determination of the catalytic performance data of the catalysts) 21 g
catalystt¢.et the abpvexdescribed coatedsteatite spheresy idiutediwidtld oxide

320:9 sieajite spheres V\ﬂf&% diameter. ¢5 of 4.3 min 19,av0ld RQISPALS) 1 uing
Wca:)sng%g%%gnto a 120-cm long

22.22 g of the powder was welighed intoc a measuring cylinder,
made into a slurry with 500 ml dist. H;0. The resulting
suspension was stirred intensively. 8.89 g binder was then
added and the mixture stirred for 1 h on a magnetic stirrer.
The “egoating” o¢f the produced suspension took place on a
welghed-in sample of 80 g steatite spheres of (2 -~ 4 mm),
wherein the active material charge was 20% (50 g powder per
200 g steatite spheres). The catalyst was then dried in air at
110°C.

Example 9 (determination of the catalytic performance data of
the catalysts)

21 g catalyst {i.e. the above-described coated steatite
spheres), diluted with 330 g steatite spheres with a diameter
of 4.5 mm to avoid hotspots, was poured into a 120-cm long
reaction tube with an internal diameter of 24.8 mm to a length
of 105 cm., The reaction tube was in a liquid salt bath which
was able to be heated to temperatures of up to 500°C. In the
catalyst bed there was a 3 mm protective tube with an
integrated thermocouple wvia which the catalyst temperature
over the complete catalyst combination was able fo be

displayed.



reaction tube with an internal diameter of 24.8 mm to a length of 105 cm.
The reaction tube was in a liquid salt bath which was able to be heated to
temperatures of up to 500C. In the catalyst bed there was a 3 mm
protective tube with an 30 integrated thermocouple via which the catalyst
temperature over the complete catalystzgombination was able to be
displayed. 22 To determine the catalytic performance data, acrolein was
put into the gas phase by means of a saturator. An air-inert gas mixture

was passed throughthe satupater ipsuch-away agghthe themmastatyas put

temperature of the_saturator set such %hat ant5 acrolein %ontent 91‘ 5 vgl.-%
in the feetf g48 7eRlftad. The"Fe58tor fedd tonslidted or Ahisiure 97 = ¢3¢
vok.96.0;e1 O wol. 1% stelamhand the temainter N Therasroleirechangeand the

was 120 Nidh atmast, 10,The acrelein cenyersion sate apditheraarylic,
acid selectivity were determined at an average catalyst temperature of

> 2BBESPhB reEHY the st with the catafyst§ Whieh tontainthe” activa
matenabaccerdingdothetexamples named-m the table lare:listedlin Fable-%
1;d2-Fabledl Fxamole.s Examgle 6:Example % {comparison.(according /.,
(according to example, to the the state of the invention) invention) art)
at most.
10 The acrolein conversion rate and the acrylic acid selectivity
were determined at an average catalyst temperature of 250°C.
The results of the tests with the catalysts which contain the
active material according to the examples named 1in the table
are listed in Table 1.
15
Table 1
Example 5 Example 6 Example 7
{comparison (acceoxrding (according to
example, to the the .
state of the invention) invention)}
art)
Acrolein conversion rate e8.3 89.2 58.7
Acrylic acid selectivity 85.1 85.3 85.8
Acrylic acid yield 93.5 94.5 94.6

20

The ascertained results demonstrate an improvement of the

catalysts according te the invention with regard to acrolein

conversion rate, acrylic acid selectivity and acrylic acid

vield compared with a catalyst according to the state of the

art.
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Acrolein conversion rate 98.3 99.2 98.7 Acrylic acid selectivity 95.1 95.3
95.8 Acrylic acid yield 93.5 94.5 94.6 The ascertained results
demonstrate an improvement of the catalysts according to the invention
with regard to acrolein 20 conversion rate, acrylic acid selectivity and
acrylic acid yield compared with a catalyst according to the state of the
art. 23 Claims 1. Method for the production of a nanocrystalline
molybdenum mixed oxide, comprising the steps of 5 a) the introduction of
a solution, suspension or slurry whighy geptains a molybdenum starting
compound and at least one further metal-containing starting compound,
selected from a tungsten-containing and/or 10 vanadium-containing

starting Bempauridiintdha reactior:chamber bynmeansyefta Catrer fluitlylbfenum
a thermgl&ggtr‘gg%gf t%ﬁggﬁtm&u@g@%gr Slurry which contains

the molybdenum starting compound and the at least one further metal 15
containing starting compound in a treatment zone by means of a
pulsating flew aha temperatureieffrom 200:t0.500€, c3 thedarmationOfsiurry

nanocrystalling, molybdenum mixed  oxidg,;20.6) the.discharge of the 4 ana a-
nanocrystalline molybdenum . .
least one further metal-contalning starting

compound, selected from a tungsten-containing and/or
vanadium-containing starting compound, into a
reaétion chamber by means of a carrier fluid,

by a thermal treatment cf the solution, suspension or
slurry which c¢ontains the melybdenum starting
compound and the at least one further metal-
containing starting compound in a treatment zone by
means of a pulsating flow at a temperature of from
200 to 500°C,

¢) the formation of nanocrystalline molybdenum mixed
oxide,

d) the discharge of the nanocrystalline molybdenum
mixed oxide obtained in steps b) and c¢) from the

reactor.

2. Method according to claim 1, characterized in that the
molybdenum starting compound is ammonium heptamolybdate

tetrahydrate.

3. Method according to c¢laim 1 or 2, charvaclterized in that
the at least one further metal-containing starting
compound i1s ammonium metatungstate and/or  ammonium

metavanadate.
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mixed oxide obtained in steps b) and c) from the reactor. 2. Method
according to claim 1, characterized in that the 25 molybdenum starting
compound is ammonium heptamolybdate tetrahydrate. 3. Method
according to claim 1 or 2, characterized in that the at least one further
metal-containing starting 30 compound is ammonium metatungstate
and/or ammonium metavanadate. 24 4. Method according to one of
claims 1 to 3, characterized in that the carrier fluid is a gas. 5. Method

ageording 19, 0ne of claims, 1 @ 4. Gharacterized ingthat, pROrt9.0F . crerized

during the introduction into the reaction chamber, a solution, suspension
or slurry"6f & fetaPSalt i 4d8Ed b the solufiof2Suspension or slurry

which contains the molybdenum starting compound and the at least one

further metal-contaiping, starting cgmpoyhd,. 10, g Methad gccording.iq . s ;g
claim 4, characterized in that the metal salt is a copper and/or iron salt. 7.

Nanocrystalfité molyidéfunt fixed cRidetHat Bh b w5 ebtHire# byite the
method aecording taone et claims d10t6.48:. Naneeystaline moldidenumer a

mixed oyids, goqoing Jo dalay, 7. Sharacerzenin hal s eprstalieizg 1.y
lies in the range of from 10 nm to 450 nm. 20 9. Nanocrystalline
molybdéfufmixet oxite atebrding Yo erdif starting compound and the

at least one further metal-containing starting compound.

6. Method according to c¢laim 4, characterized in that the

metal salt is a copper and/or iron salt.

7. Nanocrystalline molvbdenum mixed oxide  that can be

chtained by a method according to one c¢f claims 1 to 6.

8. Nanocrystalline molybdenum mixed oxide according to claim
7, characterized in that its crystallite size lises in the

range cf from 10 nm to 450 nm.

9. Nanocrystalline molybdenum mixed oxide according to claim
7 or 8, characterized in that it has a BET surface area

of from 1 to 10 m%/g.

10. Nanocrystalline molybdenum mixed oxide according to one
of claims 7 to 9, characterized in that the molvbdenum

mixed oxide is doped.

11. Nanocrystalline molybdenum mixed oxide according to one
of claims 7 to 10, characterized in that the molybdenum

mixed oxide is doped with Cu and/ocr Fe.
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7 or 8, characterized in that it has a BET surface area of from 1 to 10
m2/g. 25 10. Nanocrystalline molybdenum mixed oxide according to one
of claims 7 to 9, characterized in that the molybdenum mixed oxide is
doped. 11. Nanocrystalline molybdenum mixed oxide according to one 30
of claims 7 to 10, characterized in that the molybdenum mixed oxide is
doped with Cu and/or Fe. 25 12. Use ofa nanocrystalline molybdenum
mixed oxide according to one of claims 7 to 9 as catalyst for chemical

C?é“.’ersﬂ%@-éﬁlé- Hﬁﬁ@&&%@ﬁﬂ%&'%l%&%%ﬂﬁ %Ci@{\é%{sb%% according

acrolein to acrylic acid. 14. Catalyst, containing the nanocrystalline .
molybdérfum ke oxittle H&drdihg 1 oné ofdaifié Afe/it. 16°f5. chemical
Catalystaecerdiigte claim 14, characterized in that the molybdenum

mixed oxide is present as coating on a support. 15 16. Catalyst according

to claim 14 or 15, characterized in that the catalyst comprises a binder.

173 MetH&@ feFrR-EamPersiontdfarolein t6ackyit &ClAVSARéREINGE acrolein
catalystiaccording:to are ®f claims 14 to 16 is 20 used.

14.

15.

16.

17,

Catalyst, containing the nanocrystalline molybdenum mixed

oxide according to one of claims 7 to 11.

Catalyst according te claim 14, characterized in that the
molybdenum mixed oxide 1s ©present as coating on a

support,

Catalyst according to claim 14 or 15, characterized 1in

that the catalyst comprises a binder.

Method for the conversion cf acrolein to acrylic acid,
wherein a catalyst according to one of claims 14 to 16 is

used.



