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WO, gg@%%l@gg% PCT/EP2007/061062 1 Mixed oxide ¢atal §£§2f6’67/061062

catalytic gas phase oxidation The invention relates to mixed oxide
catalysts and to their use for the catalytic gas phase oxidation of alkanes
or mixtures of alkanes and olefins and, to processes for S preparing the
catalysts. In particular, the catalyst can be used to convert propane to
acrolein and acrylic acid or isobutane to methacrolein and methacrylic

agid -acgoleiy gemeihacioleinbeing fegned vatieastas thedBaindodHet on
As well as the desired 10 acrolein and acrylic acid product, the reaction of

the alkane over heterogeneous catalysts with an oxygen- containing gas
Tegds t/arseties of By3reausts: for=exampleds thé ferridion chcoRandhelr
2@. Hds kpawndhatihgdype gk shemical compostioprofdite AbSmixed or
Ride.(phasedormation and lamatian, plreaction sifes) and alse the,type

of physical structure ?for example porosity, surface Size, form of the
RERRIGEORMATRB tFi5e D FeaE removal can greatly influence the ability to

form product (selectivity) and the productivity (space-time 20 yield). In the
Izaseaoftalkaneioxidatien, the caralystasedois gertstaliypmixetvexitliepropane
twhishp1their chemical fpﬁi@hx@'@al r@@k@%mﬁaf&@w@pﬁ@@w@em

STATE OF THE ART The, reaction of propane with oxygen or air qver the

BT TN S CARS TS Goicr T T P on ar egeorned
cid.SRETbleis iloPmed OhlP IFPRaceEs, ifdt ale Thepublicatiens ioiahe
sueparation:nfacayicacid ase: nurpereasand form the subjestmatteriof
éﬁ@gﬁgcgyggcH%%%F@&gﬁéous catalystg with an oxygen-

containing gas leads to a series cof by-products: for

example to the formation of CC; and CO.

It is known that the type of chemical composition of the
mixed oxide (phase formation and formation of reaction
sites) and alsc the type of physical structure (for example
porogsity, surface gize, form of the catalyst) and the type
cf heat removal can greaily influence the ability to form
product {selectivity) and the productivity (space-time
vield). In the case of alkane oxidation, the catalyst used
ig generally mixed oxides which, in their chemical and

physical makeup, have a complex structure.
STATE OF THE ART

The reaction of propane with oxygen or air over the known
Mo-V-Te catalysts leads generally to the formation of
acrylic acid. Acrolein is formed only in traces, 1f at all.
The publicaticns for the preparation of acrylic acid are
numerous and form the subject-matter of many scientific

discussions.

WO 2004105838 relates to the preparation of acrylic acid

from propane using catalysts of the general formula
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20 W& 59%]5%51%38 relates to the preparation of acrylic @gﬁéga%%mmsmsz

propane using catalysts of the general formula WO 2008/
PCT/EP2007/061062 2 TeaMol1VbNbcOx (I) or Sba'MOiVbOy (I'); this
forms acrolein with selectivities of 0 t0.0.3%. WO 2006058998 describes
the preparation of a catalyst comprising tantalum of the general formula
MoVaXbTacSidOX. 5 The catalyst system is likewise used to prepare

BEAS A, Oeralein is.fognedyuty,seleqhuiiies phless 1anl% @A o iny
by-product. From US 2005065370 is a process for preparing meth(acrylic
%{iﬁ% b?ﬁ%%cctoﬁ{/é%gﬁ of Satlirdtad Cfﬁyg?owrbons over a 10 mixed oxide

catalyst which comprises the elements Mo and V, and at least To and Sb,
P d-dl8& Bne ot thelefRsFreME NG "FaPNERSEahd I bylviruE ot e/ st
catalystdethbeing cinterrupted hiyea turther satafystoetbwhiol conmsistsiob, .
Ahoked oxige calalysteonprang Jie lements Mg Biandte La o ine,
examples, only statements about the acrylic acid selectivity are made. .
amen S Xteb&o, ArRFReXuédarr 2002, 1435}, o307 ess than 13
deseribgs theocomeersion of propane to acrolein over Mo-V- Te catalysts;
in this case, propane conversions around 20% 20 and acrolein
selectivities of 3o 30% ase gbiained Guibya X1ebae(2082%2363k crylic
-284 describe versions of propane to acrolein over
b e o O e R S pons over
BOEBB02F26 CaBicit 4fid atRtic aciPRRE ¥6Ted BY cBRFERNgDrifpaied V.
oveér two feactionTzones®@ Scatalysishlindhefiest stageh@ mbdutienfs Nb,
Piopgne and Jpropene is.forned; after the. second; stage,the condensate
contains, inter alia, 98.48% by weight of acrylic acid and ,
interrupted by a further catalyst bed which consists of a
mixed oxide catalyst comprising the elements Mo, Bi and Fe.
In the examples, only statements about the acrylic acid

selectivity are made.

Xiamen Daxue Xuebao, Ziran Kexueban (2004), 43(2), 203-207
describes the conversion of propane to acrclein over Mo-V-
Te catalysts; in this case, propane conversiong around 20%
and acrolein selectivities of up teo 30% are cobtained.

Cuihua Xuebac (2002), 23(3), 281-284 describes conversions

of propane to acrolein over Agy.;MoP; 0 and Ceg 1Ags.aMoPg 0.

According to US 2006004226, acrcolein and acxylic acid are
formed by converting propane over Lwo reactlion zones
(catalysts). In the first stage, a mixture of propane and
propene is formed; after the second stage, the condensate
contains, inter alia, 98.48% by weight of acrylic acid and

0.002% by weight of acrolein.
Problem and scope

The present invention has for itg obiject to provide a
process for preparing aldehydes, in which especially
acrolein or else mixtures of acrolein and acrylic acid are

formed in good yields from propane or from propane/propene



10

i5

20

25

30

‘QOO%'/(gé)/yo\ggnggof acrolein. Problem and scope 30 The 007/061062
invention has for its object to provide a process for preparing aldehydes,

in which especially acrolein or else mixtures of acrolein and acrylic acid
are formed in good yields from propane or from propane/propene WO
2008/046843 PCT/EP2007/061062 3 mixtures by oxidation with oxygen.
The oxidation is optionally performed in the presence of inert gases,
stean offgasesatalevated femperaiutes anein the pigsance afza

hete.rogg&qous mi>%ed oxide catalyst. e alkane gr the mixture of

5
Akanie et 8lefin 1 CoRverted: 16 the BidEhyHS andackd Skidaron =« =3
productg aservated temperatuiceang aaats betweesh alkahbsogygerence of

etk wasteprandwater-of gepenally 1:8:5:9:9:10:0-18. In a preferred

embodiment, the water content is 0. 10 The inert gases which can be

#sed aig all gaseous compounds whichhehave nartly undes the, -nverteq

oxidation conditions described. For example, these_ may be nitrogen,

( , n
hRliGmcor® MRYES tHEPEL R 16 ikt pudkibhe Rikeththd t Bt Yag
frempthesreactorasatkan ris Thelinverdion prokmes micedoxide datalysts
ghihe.gsneral fouua (Mol 428 COPIRGFECS) Ox ), i which: A

|sn%uth, 2 B:% least one of tplee elements comprlsm%éuckel and/or

nr rrec empocime water conte
€O al?, 6: at leastone Oﬂ%é eqemen S ComprISIngrll—te, e, Mn, Cr, V,

The inert gases which can be used are all gaseocus compounds
which behave inertly under the oxidation conditions
degcribed. For example,

these may be nitrogen, helium or

mixtureg thereof. It iz likewise possible to feed the

“return gas" from the reactor back in.

The invention provides mixed oxide catalysts of the general

formula
(Mop Aa Bp Cc Dg Ee Ft Gg)ox (1)
in which:

A Dismuth,

B: at leagt one of the elements compriging nickel and/or
cobalt,

C: at least one of the elements comprising Fe, Ce, Mn,
Cr, V,

D: at least one of the elements comprising W, P,

B at least one of the elements comprising Li, X, Na, Rb,
Cg, Mg, Ca, Ba, Sr,

F: at leasgt cone of the elements comprising Zn, Nb, Se,
Te, Sm, Gd, La, Y, Pd, Pt, Ru, Ag, Au,

G at least cone 0of the elements compriging 8i, AL, Ti, Zr
and
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W aztd%%s}@@gs%fihe elements comprising W, P, 25 E: ai,@f;{sggg% int}'@ 1062
ra

elements comprising Li, K, Na, Rb, Cs, Mg, Ca, Ba, Sr, F: at least one o
the elements comprising Zn, Nb, Se, Te, Sm, Gd, La, Y, Pd, Pt, Ru, Ag,
Au, G: at least one of the elements comprising Si, Al, Ti, Zr 30 and WO
2008/046843 PCT/EP2007/061062 4 a =0 - 1, preferably 0-0.1,b =0 -
1, preferably 0-0.1, ¢ = 0.001 - 1, preferably 0.005-0.1, d =0.01 - 2,

Preferably 0,05:0.15.5 83 0 -l preferably 0-0.1, f = 0.01 - 1.5, preferably
0.01-0.8, % =0- 8?0, X = Aumber which is determined by the valency and
1?re“”’"qu%n&y of tRe Ei&EmaRtsother than oxygen. 10 The letters a to x
tepresefttheatomivratiosrefthy orféspdhding elements in relation to

Me. Gatalysts of the-generabfoymulagharg particularly suitable catalytically

active solids, for example for the conversion of propane or mixtures of
epr6pan§e an brgﬁre@nj"eegoae?ggc?oléﬁi:ﬁgahd acrylic acid, and are provided by

Ta prote8s whieh likewizetforns bartCofthe SuBject-matter of the
dnvention. Padicularly advantageously, the reaction is performed in
reactors which allow the catalyst to be used as a fixed bed or fluidized

sbed. hl%’&?é’?%h@dikeﬂis%ég &Eﬁ%ﬁ?@ﬂ%fﬁhﬁ@%&@% ta the W@@Qﬁency
the r%actlo? chamber. Aflt thISt oint, it should be noted that catalysts of
‘gehefat T8RS | CaRHlsS BE Uit 28 TEr the

? e genera
The letters a to x represent the atomic ratics of the

corresponding elements in relation to Mo.

Catalysts of the general formula I are particularly
suitable catalytically active solids, for example for the
conversion of propane or mixtures of propane and propens to
acrolein and acrylic acid, and are provided by a process
which likewise forms part of the subject-matter of the
invention. Particularly advantagecusly, the reaction is
performed in reactors which allow the catalyst to be used
ag a fixed bed or fluidized bed. However, it ig likewise
posgible to apply the catalyst to the wall of the reaction
chamber. At this point, it should be noted that catalysts
of the general formula I can also be utilized for the
conversion of isobutane or mixtures of igobutane and

isobutene to methacrolein and methacrylic acid.

In the processes known f£rom the prior art, proceeding from
suitable sources of the components of the multimetal oxide
composition, a very intimate, preferably finely divided,
dry mixture is obtained and is treated thermally at
temperatures of » 150 to 700°C, preferably 400 fo 700°C or
egpecially 450 fo 600°C. The thermal treatment can in
principle be effected either under an oxidizing atmosphere
or under an inert atmosphere and optionally in the presence
of steam. Ugeful oxidizing atmospheres include, for

example, air, alr enriched with molecular oxygen or air
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v&g)ny%séo/rbggigggutane or mixtures of isobutane and is%‘&‘i‘?ﬁ?i@c;?/oslosz
i h

methacrolein and methacrylic acid. 25 In the processes known from the
prior art, proceeding from suitable sources of the components of the
multimetal oxide composition, a very intimate, preferably finely divided,
dry mixture is obtained and is treated thermally at temperatures of > 150
to 700C, preferably 400 to 700C or 30 especially 450 to 600C. The

dberaldreatmentcanin pingiple be effected-gither undey AROXidizing
atmfg here or under an mePrt atmosphere anddoefp]jgonall%ln thejpres nce
ea 0]

RS steAT et OxidizTHG Atm GSterBs Thel it 9or xsmple AP 5k =12

r éxample’ aif;
erfiched wvitremstaclfar oxXygen orahewo 2008/046848n and/or noble
dA=T/ERZOO7061062: Sdepleted-0f oxyganntdaweyer, preferance isgiven
st%a%%{f%"”géhs%thz@ém?itre%g?”%”dﬁi'l‘;%é“@os here. 18- M0hae the
exampafe, urider molecular nitrogen and/or noble gag pically, the

FHEATE treatmehl RIeHaad al 53tdIft4td redsie (L aH). Jedirse
wppreciateddhatinee thermal freatimenrtcan.also be effected under

reduced pressure or under elevated pressure. Overall, the thermal

dreatment maydake fam 0. 25- ¥pde 24 H0F reane-and-Be effegtedingg to

sev%ral steps. Preference ggggc?ive to 0.25 to 10.h. Preferen%e is_given

WGe egﬁng %%eth%?maFFreatmen to h%%r?%ﬁ%ﬁé uRdeP fherf “ =t EreRCe

Bmespheretat Pienpdratdre df-> 150 to 4000C or 250 to 450C (=
predecomposition step). Thereafter, the thermal treatment is

appfepréately Iiscontinuedtundef frert jag at températuwres of 2e480tont of
A00C 10, PREICLIAr 45019.800G; Should asshaping.be requitedyilds st ure of
advantageous tq o

> 150 to 400°C or 250 Lo 450°C (= predecomposgition step).
Thereafter, the thermal treatment 1s appropriately
continued under inert gag at temperatures of > 450 to

700°C, in particular 450 to &00°C.

Should a shaping be reguired, it is advantagecus to
interrupt the thermal treatment in the temperature range of
420 to 45%0°C, to perform the shaping and then to continue
the thermal treatment in the temperature range of 490 to
700°C, especilally up to 600°C. However, 1t is alsc possible

to shape the finished calcined powder.

The starting compounds can be mixed intimately in dry or in

wet form.

When the preparation ig effected in wet form, the starting
compounds are mixed with one another in the form ©of agueous
solutions and/or suspengions. Subseguently, the mixture is
genexally dried at 60°C to < 150°C, especially up to 130°C,
and treated thermally after the drying.

Ugeful socurces for the for the constituents of the mixed
oxide catalyst of the formula (I) may, in the performance
of the above-described preparation method, be all of those

which are capable of forming oxides and/or hydroxides in
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watesspk yﬁtglgmgal treatment in the temperature range 9&.14/2&@0409,0% 61062

to perform the shaping and then to continue 20 the thermal treatment in
the temperature range of 490 to 700C, especially up to 600C. However, it
is also possible to shape the finished calcined powder. The starting
compounds can be mixed intimately in dry or in wet form. 25 When the
preparation is effected in wet form, the starting compounds are mixed

w¥ith opesapather imthe-form of agueods  sQlutions-and/or SUSPRNSIERS. e |

Suhseguently, the mixture Is, generally dried at 60C to <.150C, especiall
T T A B ol SRF TG By, B0 Lo BBe L Vel
P& ferdreonsHtients erBéamixedcosdde tatalyst ofise formmeaa ity nay,

drthe:perfermance of the above-described preparation method, be all of
those which are capable of forming oxides and/or hydroxides in WO

2008/046843 PCT/ER20074061062 6 the carse of heating-(aptiopally 1 . .-

under air), Of cqurse, such starting compounds used may also partly or

EXERRRF difehdl tetoridel ahdor Fydrbkidds GFHe iehentrounds,
onsttuents. ByThesdhponentsarerideally, dissolved &t the, formeafaheis ,

€OPMAURds selected from the- group;ef anMmeniim componds - oXalates, g
fydroxides, carbonates, phosphales, acetates. carbonyls andjor pirates,
INdivi uaﬁy or ?ogether, and rmixe Wlatf”:lmone ar%%her?ﬁaﬁ?culé‘rs g ©
Preferardeis givart 12 1O Safihatds sirates andphosphatesoltmpaaes . It
ikereokdiris ikewise Nossible tause acidsof dire salts, Janexampler nitfiemple
20l phosptanc Badnearhonic anleh oF WIRSORIDSRLRS o
corresponding metal oxides. _ _

suspensiong of the corregponding metal oxides.

Depending on the type of metal salts which are used in the
precipitation, it may be necessary to add salts and acids
or mixtures thereof to the precipitation mixture. Ideally,
ammeonia or ammonium salts are used here, for example
ammonium carbonate, ammonium heptamolybdate or metal
nitrates, for example cobalt nitrate; it is likewise
possible to use the corresponding acids, for example nitric
acid in the amounts neseded to establisgh the ionic ratio.
The pH during the precipitation is typically < 8,
especially <« 7.

Likewige of significance is the temperature of the
precipitation solution. It may thus be that the later
activity of the catalyst is reduced gignificantly in the
cagse 0f too high a temperature. The precipitation can in

rinciple be performed at temperatures of 25 to 80°C.

The coprecipitate can be precipitated in one stage.
Particular preference 1s given to performing the
precipitation in several stages by stepwise addition of the
individual components or mixtures thereof. The number of
precipitation stages is not limited in principle. However,

preference 1s given to 1 to 3 precipitation stages.
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WRERENING 2R 4R type of metal salts which are used in tB@T}%PZOO?/O'SlOGz
precipitation, it may be necessary to add salts and acids or mixtures

thereof to the precipitation mixture. Ideally, ammonia or ammonium salts

are used here, for example ammonium,carbonate, ammonium
heptamolybdate or metal nitrates, for example cobalt nitrate; it is likewise

20 possible to use the corresponding acids, for example nitric acid in the

Breountsnpeded taestablish dhe Jonic raliq,  The REAUNG hee » gireccly,

<{)recl\[é)ltatmn IS t B%y < S,Eespeﬂall E7tL|keW|se of stjgnlflcance IS thg
5mlperaltlsjré51 ot the Spe%?pi\tét%n sofition: it rhng)'% Hiis b&that the Tatef

Fawaviy ofP trrefeatalyseisiredaéadsighificantly irpthe2 chselof iodhighiaular

demperatdres thftez @re@gpoitgtig%@@a Inprinciplebeiperformed-at- he
temperatures, of 25 to .. .T’he coprecipitate can recipitated in gne

R oy P elos DATEACE 1o G e 1 JeT g T B ctRton o

Heverd Stagbs By Stepiise agdititn BF #i& didividual components or

mixtures thereof. The number of precipitation stages is not limited in

Fprineipléndowevery gareferencass divanio 146 tprecipitatien siagescdvObe

=008(Q46 %@1@%%%%!9@.1_%%8@@%@%%@}9 suspensigneanbe 1 is
prﬁcessed urther, g%[ect]é/, or it is advanta eoujzg}/ all; gved té) mature for >
%f e 7o arn

024 Todrs Preference is i‘jrlat R185%0 10'T2 oars, parttllcular

prafetEnce s 1076 Houds it ishebvisus! that el Sprecipitatiorisispension
dxhepogenizedheafare the furtber mrecassing dorexampledey stirtipgrated
After the matration,, the-liguyd of the, 3uspension ¢an be removed by, . 4
eyaporaﬂ , centri ugatlon_or filtration. It is .

with air, oxygenous inert gages or inert gases, for example
nitrogen. When the dryving is performed in an oven, the
temperature should be between 100 and 150°C. In a spray
dryer, the starting temperature of the drying medium should
be 200 to 500°C, and a temperature on depcosition ¢f the
dried powder of 80 to 200°C should be provided. The
resulting particles should preferably have a particlie gire
distribution of 15 to 160 um with a mean particle diameter

between 15 and 80 um.

The dried powder can in principle be calcined in a wide
variety ¢f different oven types, for example in a forced-
air oven, rotary tube, tray oven, shaft oven or belt oven.
The control guality and the quality of temperature
detecticn of the oven should be as high as possible. The
residence time of the powder in the oven should, according

to the oven type, be between 0.25 and 10 h.

It ig likewige poggible to perform the calcination and the
thermal decomposgition of the sgalts which occurs at the same
time in one or more stages. It is possible to utilize
temperatures of 200 to 650°C, esgpecially 300°¢ to £50°. The
thermal decomposition can be performed with addition of
inert gas, composed cof mixtures of oxygen with an inert

gas.
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wewisssnessilie Jo evaporate the liquid and 10 simultangeusiyde ¢lky e 1062

solid, which can be done, for example, by spray-drying. The liquid should
be evaporated at a temperature of 80 to 130C. The solid can be dried
with air, oxygenous inert gases or inertgases, for example nitrogen.
When the drying is performed in an oven, the 15 temperature should be
between 100 and 150C. In a spray dryer, the starting temperature of the

endng mediugs sheyld -be, 200 46 S00€; and.a-tepperatiie an-AepoSHIoN; un,
So,g é@e dC(iIed rrB_OVt\:/%err osf 80ftot%%%% shogldsbe provided. The resulting
partlcrﬁ]es should preFeralS)Iy havea pgﬁlc?e Size 20 distribution of 15 to 160

m with a mean particle diameter between 15 and 80 m. The dried powder
*CENSR prinipld BE Galcired i aWide vatfony SRUErSH cvanypes; for
example In aforcede armweat otary-ttibeptray overSshaftiovert ocbelt 1y
Oven 2% The control quality and the quality of temperature detection of

the oven should be as high as possible. The residence time of the powder

w}"?xéh?géﬁv%%%h%%s?‘%%%gi{‘g ¥ the qven bipe, be betweey gz@ -and 40,
h. it is likewise possible to peﬁorm the calcination and the 30 thérmial
Hetofigositionéithe Salts WG becirs %t the SamECRnedhone’dthbre

stagasi dtris pbssiblentorutilize mmpgmr@s@iQO@ﬁd %Qﬁd@speci*.aﬁy shape
300 19 830 Thepthermal decampasitiop.can e perfqrmed with addition of,. 1.,

inert gas, composed of mixtures of oxygen with an inert 35 gas..

WO
F0VBIGHE S ITPETAEF20071061062 ¥ ThEert gaSeSasatie B¢ forare of
Examplepaitrogés, ietiun, isteaimer mixtaresaof thése fasesiided by the

regquirements of the reactor (for example tube diameter,
length of the catalyst bed). For example, the support may
be a pyramid, a cylinder, a saddle, a sphere, a ring or a
wolygen, but 1t may also be a wall of the reactor in which

the conversicn of the reactants takes place.

Useful materials for the support bodies in accordance with
the invention include especially aluminium oxide, fitanium
oxide, sgilicon dicxide, gilicates such as clay, kaolin,

pumice, aluminiuvm gilicate and magnegium gilicate, gilicon

carbide and zirconium oxide.

The surface of the support body may either be smooth or
rough. Advantageously, the surface of the support body is

rough.

The thickness of the active oxide composition coating
present on the coated catalysts is typilcally 10 to 1000 um.
It may, though, also be 50 to 700 pu, 100 to 600 u, or 150
to 400 u. Possible coating thicknesses are also 10 to

500 pm, 100 to 400 um or 150 tec 300 um.

The binders used way be various oils, polyols, for example
glycerol and polyvinyl alcohols, celluloses, saccharides,
acrylates and alkyl derivativeg, mixtures or condensates

therecf. In a shaping of the catalyst powder, the catalyst
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Hites g&%%ed'g@ﬁreatment the resulting catalyst materig| F%a P2 007 061062
appropriately be comminuted and optionally 5 classified. Thé powder hus

obtained is suitable as a catalyst. For industrial use, it is particularly
appropriate, after addition of commercial shaping media and binders, to
shape the powder. This can be done by tabletting, extrusion or by 10
coating a support. In this context, the geometric shape of the support is

é‘%ﬂ’l‘&'%é&%@%&'&'%'%@ Dy the reguiremepts.afithe yeactor (for

examé)le tube diameter, % th of the catal st bed), For example, the

STPBGH A eo&ﬁ“ﬁ??arﬁl Hif@er® 2%a dIeS%c?kaé?éta TG Gty
polygonl buvi nmzfalts@ebelalmr'aﬂﬂcmmg;@dctmelﬂqmmlsﬁ thelcohvérsien

of the reactants takes place. Useful materials for the support bodies in
‘Beeortlaneaith th&i{memﬁ@nﬁaﬁﬂd@especi@b@alaﬁﬁniﬂﬂrmﬁedat:j,,om of

&Ea}{ﬁ'z’l%‘s oxide. siligen dioxide; silicates such as¢lay. ka kb éga!%mce

aluminium silicate and magnesium silicate, silicon car zirconium

%%t%%t&ﬁfa%bd&wé@app&ﬁ%d%&s}é.ﬂ?élrtbetgfﬁoawre%@ﬁimg
#Adivaatageouslye therserface=otthe Sup portodyiiserougha 25 Jthe.
thickness of the active oxide composition coating present on the coated

catalysts s fpically 4040000, dbmsyethesgh, alsenbe-5@ 16, 7R8rdO0useqd
10,69 ‘*'19?8‘09 to 400 A. Possible coating thicknesses are also 10 to 500
m, 10 m or 150 to 300 m. 30 The binders used may be various

Qjls, pol ols for example glycerol and polyvinyl alcohqls, celluloses,
A iy R P AP ASTNRRVAS, AIRAILS of CondRRbaTLel Ly

ftheir*éuf:.etﬁ m&;ﬂﬁ@éﬁm@ @tély@tcmwgi@r, Mdam%/sperf ormed

generally at temperatures cf 350-500°C and a pressure of
1.0-2.2 bara. The reactants, alkane or a mixture of alkane
and olefin, are converted to the oxidation products,
aldehyde, with or without acid, at relatively high
temperatures and a ratio between alkane, oxygen, inert
gas{es) and water of preferably 1:0.5-5:0-10:0-15, at a
loading with 2-20 mel of alkane or of a mixture of alkane
and olefin/l of catalyst bed/h.

Instead of inert gas, the offgas from the reaction, from
which the condensable constituents have been removed, can
be used. Particularly good results are obtained in the case
of use of tube bundle reactors, plate reactors (for example
EP 0 955 491; EP 1 147 807} or wall reactors (for example
Redlingshoefer H., Fischer A., et al., Ind. Eng. Chem. Res.
2003, 42, 5482-5488; EP 1 234 612), in which the catalyst
has been applied to the wall.

The internal diameter of the reaction tubes or the distance
between the plates should be 18 to 28 mm, preferably 20 to
26 mm; the wall thickness of the iron-containing steel
should be between 1 and 3.5 mm. A typical reactor length is
3.00 to 4.00 m. The catalyst is preferably used

homogenecusly over the reactor length without dilution with
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tertreat thermally in the temperature range of 490 to such tha

the active composition for use in industrial reactors solidifies. The
invention likewise provides a process f? oxidation of 5 alkanes and
mixtures of alkanes/olefins to prepare unsaturated aldehydes, with or
without the corresponding acids, in the presence of the inventive

sgihe glgfins differ by ape QBH@EebO“&lféO’QﬁS& alkaneslised, in

case. 10 The_inventive reaction to prepare acrolein or optionally
%%ﬁﬁé&Bﬁ&@ro‘ﬁé91%‘hb%{bfrylfcoém8’?5‘8&&%&%%?&1%@8l’t bodies.
temperatures of 350-500C and a pressure of 1.0-2.2 bara. The reactants,
Bianerorea rixtare of alldAe san Bfin2ard éehvettedtd the o%i‘@%éﬁgf
preducis, kxpldetyde awith of withgutiacid ) algelatively High the

RgN gr&t{l&ri r%dFaégtr%jk_)g%een alkane, oxygen, inert gas(es) and
rof preferably 1:0.5-5:0-10:0-15, at a loading with 2-20 mol of alkane

rof a mlxture of alkane and olefin/l of catalyst bed/h. 20 Instead of inert,
TS, Gre s Fork the rERIGH roh-high e ESHdaEAtfe 0 Working
%ﬁﬁmi&léﬁts el bedn rerRovet: tadr Be used. Particularly good results
are obtained in the case of use of tube bundle reactors, plate reactors (for
example IFP (02995491 HeP A-tA:.807 kar wall reactors (for example 25
Redlingshoefer H., Fischer A., et al., Ind. Eng. Chem. Res. 2003, 42,
5482-5488: ER-3 2346k indwhighthe catalyst has-been appligd to-the «
ﬁ l. The internal diameter of the reaction tubes or the distance between

e plates should be 18 to 28 mm, preferably 20 to

51062

the conversion of the alkane (%) as

[1 - {(mol/h of alkane leaving the reaction tube)/{mol/h of

alkane entering the reaction tube}] x 100
the =zelectivity (%) as
(vield of the product/conversion) x 100

The invention detailed is, in order to improve
understanding, described by the examples which follow, but

is not restricted to these examples.
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w9 %m;otjggé%ll thickness of the iron-containing steelgho %@%07/061062
between 1 and 3.5 mm. A typical reactor length is 3.00 to 4.00 m. The

catalyst is preferably used homogeneously over the reactor length without
dilution with WO 2008/046843 PCT/ER2007/061062 10 shaped diluent
bodies; of course, the application may necessitate dilution, for example
with shaped inert bodies. The inventive catalysts, even at high specific
teadig,»have an improved activity and selectivity for the 5 preparation of
acrolein. The invention will be explained with reference to working
ﬁ%gﬁﬂ%& Pefinitions used are: the yield (%) of the product as (mol/h of
product formed)/(mol/h of reactant supplied) x 10 100 the conversion of

the alkane (%).as [1 - (mol/h of alkane leaving the reaction tube)/(mol/h of
B G BrHing tHE FeatiBRAGGEY) R GO HE Celadtuig (o) o 25 ield of

ghrenproduct/semersivh) xIE0ET hetirk/entibn detaikedss, intorderts. A
%@W&Hngﬁrﬁkﬁ@diBgt%eﬁ%@eg@}’%bgcgéﬁ%‘g%%%i?hiﬁ@gﬂooc‘)é/?gg%%ired
not restricted.to.these e s. W. 46843 PCT/ER2007/061
aﬂoﬁﬁs%l\ﬁ Léé[L Eéérﬁpgi;%%io?ﬁ%)nﬁ%ﬁé t|E‘)r.(=§(\lpla)€:r€ %?/'disé%ﬁvi%go
2918%6.§0F afifNiRThEptEmblybbaktihZ 2 A AksteE BESIE VALY
selutiperlbwas oblained af 80kchy dissolvingdbaidesited to dryness. The

gtill moist powder obtained wag dried at 150°C and
converted to the oxides at a temperature of 600°C. The
mixed metal oxide powder obtained has the compesition
{(MoCog.1Teg . 2) Ok.

Bxample 2

The catalyst of Example 1 was contacted with a mixture of
the composition of one part of propane {(chemical grade)
(50% of the total amount of the mixture) and one part of
oxygen (50% of the total amount of the mixture). The space
velocity which arose was 3000 h™'. The temperature of the
heat carrier was 450°C. The conversion of the propane was

48.9 mol%; the preoduct selectivity for acrolein was 32%.
Example 3

A golution I was prepared by dissolving 2118.5 g of
ammonium heptamclybdate in 2.7 1 of water at 80°C. A
goluticn II was obtained at 80°C by dissclving the desired
amount of bismuth{IIIl) nitrate and chromium(III) nitrate.
The two solutions were combined with stirring and the
glurry which formed was concentrated to dryness. The still
moigt powder obtained was dried at 150°C and converted to
the oxideg at a temperature of 600°C. The mixed metal oxide

powder obtained has the composition (MoCry.ezssBilcs.os)Ox.
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v%”%ﬂi?} §¥dep4 2 H20 and cobalt nitrate. The two W%‘ﬁz"ﬁ%@/oslosz

combined with stirring and the slurry (suspension) which formed was
concentrated to dryness. The still moist powder obtained was dried at
150C and 10 converted to the oxides gt-a temperature of 600C. The
mixed metal oxide powder obtained has the composition (MOCoo0.1Teo.
2) Ox. Example 2 The catalyst of Example 1 was contacted with a mixture
©f :1x,the gomposition of one part of propane (chemical grade) (50% of
the total amount of the mixture) and one part of oxygen (50% of the total

he, mixt | ' 3 -
G tehpeiare of o€ Het arveh whe 4S0C. Tho comrsan orine == °°

PrEpATERES POAE 9 PR hE PFEA Gt SRR fol AtiBlefifwag 8296/ and
dxample 8 ASolutipgd waspre paved: by dissotving 24b8 6ig atcse was

fmmonium heptamolyhdalte in.2. 7.k of water at 80C. A- solutipn ! waso o
obtained at 80C by dissolving the desired 25 amount of bismuth(lll) nitrate

BAE BRI nittatd 2 ThBTRB Yofutibhs were Sanibinsd Sith-Stithig
amdahe istairy wiieh fornmeldewas wanacdittated to dryness. The still moist
powder obtained was dried at 150C and converted to the oxides at a
rempertature of 600C. The mixed metal oxide 30 powder obtained has the
composition (MoCro.02e6Bi0.0s)Ox WO 2008/046843

RCT/ER29071061062. 12 Example 4 Thecatalystaf Example 3wWas - ea
contact%d W|thta Tlxture %f éhe cngo ition of one part of é;3[r(g)gane
Ci

£ . L 1
CC(\:’TF%-%-:m|caFgr%f—ilnle‘fL ahd-one pa}rgtaé?%xyg A ThE sps)gcec\e/elg y Which grojégh
Fzpee was 3000 h™'. The temperature of the heat carrier was
500°C. The conversion of the propane was 76 mcl%; the

product vield of acrolein was 33%.
Example 6

A sclution I was prepared by dissclving 2118.8 g of
ammonium heptamolybdate in 2.7 1 of water at 8C°C. A
golution II was obtained at 80°C by digsolving the desired
amount of chromium(III) nitrate and H,TeO, - 2 H,0. The two
golutions were combined with stirring and the slurry which
formed was concentrated to dryness. The gtill moist powder
obtained wag dried at 150°C and converted to the oxlides at
a LCemperaZure of 600°C. The mixed metal oxide powder

obtained hag the composition (MoCrg. szssTes.gs) Ox.
Example 7

The catalyst of Example € was contacted with a mixture of
the composition of one part cof propane {(chemical grade) and
one part of oxygen. The space velocity which arose was

3000 h™*. The temperature of the heat carrier was 450°C.

The conversion cf the propane was 27.5 mol%; the product

selectivity for acrolein was 58%.
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&BQQ%Q/Jo%ﬁﬁgmperature of the heat carrier was 500 /rt% 007/061062
conversion of the propane was 38 mol%; the product se ectmty%

acrolein was 43%. Example 5 The product gas of Example 4 was recycled
and converted 10 over the catalyst of Example 3. The space velocity
which arose was 3000 h-1. The temperature of the heat carrier was
500C. The conversion of the propane was 76 mol%; the product yield of
%%E%WQS 33%. Example 6 15 A solution | was prepared by dissolving
2118.6 g of ammonium heptamolybdate in 2.7 1 of water at 80C. A

qut nllwas btained at 80C lvin edeS|r unt o
B I e T

& two- solu
TORBIAST WBESTRNG aRd k€ sFt}?ryQWich ﬁfo‘%’éﬁ%v%c@r@céﬁtra%d to
ghiynessod hestilaroisbpawtles obtained wasydrigibabl50@antdhe degired

£envgted fo the axides, at . femperatyre of 800C. The f@ixﬁgdneta'é’@%
1|g7)1§>wder obtained has the composition (MoCro 028G Teo, Ozs) O,. Examp e

55 e GRAVSCSTEXARpR 6WES Contacted With el mndttre Pthe e
compositioni.efore pa of peepame(chemieal giade) and ronespartot still

ygen E%éﬁ!a%%{%@ﬁ@ﬁ%@ é@?@d"’%sc:gg% bl Jhhe temperatue +o
f the he t carrier was 450C. The conversion of the propane was 27.
g it 9 e idapice

G105°the Prodiict 36 SBIEGtFin for atroleinivas 58 8164
IRGTEP 2007061062148 ERampleB#ssolution (WS prepartet by Po.os) Ox.
dissolving 2118.6 g of ammonium heptamolybdate in 2.7 1 of water at

BOOGKe ©

The catalyst of Example 8 was contacted with a mixture of
the composition cf one part of propane (chemical grade) and
one part of oxygen. The space velocity which arose was

2000 h™*. The temperature of the heat carrier was 450°C.

The conversion of the propane was 30 mol%; the product

selectivity for acrolein was 70%.
Example 10

A scolution I was prepared by dissolving 2118.6 g of
ammonium heptamolybdate in 2.7 1L of water at 80°C. A
golution II was obtained at 80°C by dissclving the degired
amount of chromiumi(III} nitrate, cobalt{II) nitrate and
H,Tel, - 2 Hy0. The two golutions were concentrated with
stirring and the slurry which formed was concentrated to
dryness. The still moist powder obtained was dried at 150°C
and converted to the oxides at a temperature of 600°C. The
mixed metal oxide powder obtained has the composition

(MoCrg.oz86T€0.05C00.15) Ox.
Example 11

The catalyst of the compositicn (MoCxy.gseTes.05C00.5) Ox wWas
contacted with a mixture of the composition of 1.2 parts of

propane (chemical grade) and one part of oxygen. The space



ﬁ@llﬁt@@slwvggéagained at 80C by dissolving the desiredp%gmé g /061062
chromium(lIl) nitrate, H3PO4 and H2TeO4 2 H20. The two solutions

were combined with stirring and the slurry which formed was
concentrated to dryness. The still moist, powder obtained was dried at
150C and converted to the oxides at a temperature of 600C. The mixed
metal oxide 10 powder obtained has the composition

«MaGro02e6] £0:0900.02) QL. Example, 9 Thecatalystof Example fwag e

contacted wjth a mixture of the composition of one p to%pro ane
RERémICaT hrade) Wha 6ne part of Sxygen’ The Jsﬁgcé’aéel% ﬁy%?a%a%s%as
Wasnes 3000 e oTissiteripratdretofiths heabsarier Wes450G.2 THa® -
conversion of the propane was 30 mol%; the product selectivity for
acrolein was 70%. Example 10 A solution | was prepared by dissolving
2118.6 g of 20 ammonium heptamolybdate in 2.7 1 of water at 80C. A
solution Il was obtained at 80C by dissolving the desired amount of
chromium(lIl) nitrate, cobalt(ll) nitrate and H2TeO4 2 H20. The two
solutions were concentrated with stirring and the slurry which formed was
concentrated to 25 dryness. The still moist powder obtained was dried at
150C and converted to the oxides at a temperature of 600C. The mixed
metal oxide powder obtained has the composition (MoCr0. 0236Te o .
05Co0 . is) Ox . Example 11 30 The catalyst of the composition
(MoCro.0286Te0.05C00.8)Ox was contacted with a mixture of the
composition of 1.2 parts of propane (chemical grade) and one part of
oxygen. The space WO 2008/046843 PCT/EP2007/061062 14
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was 450C. The conversion of the propane was 18 mol%; the product
selectivity for acrolein was 720. WO 2008/046843 PCT/EP2007/061062
15 Claims 1. Mixed oxide catalysts of he general formula (Mo Aa Bb Cc
Dd Ee Ff Gg) OX (I) in which: 5 A: bismuth, B: at least one of the elements
comprising nickel and/or cobalt, C: at least one of the elements
€omypyrising Fe, Ce, Mn, Cr, V, 10 D: at least one of the elements
comprising W, P, E: at least one of the elements comprising Li, K, Na, Rb,

s, Mg,.Ca, Ba, Sr, F: at least ope of lements comprising Zn, Nb, Se,
fo S N SR P S R T S enetme o e ements
comprising Si, Al, Ti, Zr anda=0-1 b=0-1C=0.001-1 20d =0.01
-2 e 269 %= Brote P5 %:FG -893>x = numb&f which is determined by
the valency and 25 frequency of the elements other than oxygen. 2.
Mixed oxiele catalysts according to Claim 1,

A bismuth,

B: at least one of the elements comprising nickel and/or
cobalt,

C: at least one of the elements comprising Fe, Ce, Mn,
Cr, V,

D: at least one of the elements comprising W, P,

s at least one of the elements comprising Li, K, Na, Rb,
Cs, Mg, Ca, Ba, Sr,

F: at least one of the elements comprising Zn, Nb, Se,
Te, Sm, Gd, La, Y, Pd, Pt, Ru, Ag, Au,

G: at least one of the elements comprising i, Al, Ti, Zr
and

a =0 -1

b=0-1

¢ = 0.001L -~ 1

d = 0.01 - 2

e = 0 -1

£f =0.01 - 1.8

g = 0 - 800,

¥ = number which is determined by the valency and

frequency of the elements cother than oxygen.

2. Mixed oxide catalysts according to Claim 1,
characterized in that the pulverulent mixed oxide
catalyst has been spplied to inert support materials

or 1z extruded as a bulk material.
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&Ba%%%r}z@gsig 4tgat the pulverulent mixed oxide cataly% ‘?n@zélﬁga \9\7 (5 061062

applied to inert support materials or is extruded as a bu

2008/046843 PCT/EP2007/061062 16 3. Process for preparing mixed
oxide catalysts of the formula I, characterized in that solutions of
compounds of the metals present in the mixed oxide catalysts of the
formula | are mixed, coprecipitates 5 are prepared, and the resulting

?F‘:'Ve“ﬁfBEé%"éd I isojared, dri t@ﬂ%%‘h%ﬁ@@éﬂ@é@a‘i%&@@”%f the

shaped. 4. Process according to Claim 3, characterized in that the pH
during & Bresarktiors BRIFECCSHré&ipatets)t 18 s £B. 1 PiotesE
accordingiooClaims Sfand 4, cldratterizeddrerthat compeundsiefithexide
metqlsq%[ggq@,gggh% fa@ﬁé'it f@_fxﬁ%lfgmﬁu@ﬁg selecied fr@@%ﬁ@c@l&%@ates
conssgr%% of ammoniiim or amine compo nds, oxalates, car onates 13 ‘g

phosphates?é:(?éf%f%s, Caré%)rcl)nyi:s, %yareoxlil etsj,“% idedor - hitra enst, soli

individa&iL er-tegethibr L are usad: Bt Plotessraccolding o Glaiis 8.4d 5y
charactgrigegin that carbonates, hydroxides, oxides, nitrates or
phosphates or mixtures of these salts are used. 20 7. Process according

Io Claims3.10,6, charactefized in, thatihe aniops,gtiheadds g in that

corresponding to the, salts used are used jf appropriate. 8. Process
accordMtFE IS 18 7 EhaPAGBAZET i that ammonfimR tarbdrhtg e (=)

ammoniginrhéptamolybdate and 25 at least one metal nitrate including
chromium(lIl) nitrate, bismuth nitrate, cobalt nitrate; and/or if
5. Procesgss according toe Claims 3 and 4, characterized in

that compounds of the metals present in the catalyst
of the formula (I) selected from the group consgisting
of ammonium or amine compounds, oxalates, carbonates,
phosphates, acetates, carbonyls, hydroxides, oxides or

nitrates, individually or together, are used.

&. Procesg according to Claims 2 to 5, characterized in
that carbonates, hyvdroxides, oxides, nitratesz or

phosphates or mixtures of these galtg are usged.

7. Procegsg according to Claims 3 to 6, characterized in
that the aniong of the acids corresponding to the

galte uged are uged if appropriate.

8. Process according to Claimg 3 to 7, characterized in
that ammonium carbonate, ammonium heptamolybdate and
at least one metal nitrate including chromium(III)
nitrate, bismuth nitrate, cobalt nitrate; and/or if
gppropriate nitric acid are used to prepare the

coprecipitate.

9. Process according to Claims 3 to 8, charvacterized in
that the precipitation is performed at temperatures of
5 to 80°C.
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ﬁppi%%rga}tg &téig_gacid are used to prepare the coprecipitgte. &fi@ﬁ?%smsz

according to Claims 3 to 8, characterized in 30 that the precipitation is
performed at temperatures of 5 to 90C. WO 2008/046843
PCT/EP2007/061062 17 10. Process agcording to Claim 9, characterized
in that the precipitation is performed at temperatures of 20 to 90C. 11.
Process according to Claims 3 to 10, characterized in 5 that the

Syspensignobiaiped by precipiation is; majuredfor 20 (0-24 HQUES, that
preferatk)llg >0to 12 .hoqirs, more preferfa%l%> 0 to 6 hours. 12&_ Processf
accord%ng & CTEARS B 1T chataéterizé: ine(%hgttthg%%%?é:ﬁpi%ﬁgsls oL 2¢
removed atel°diied. 10 13. Process according to Claims 3 to 12,
characterized in that the dried coprecipitate, before the calcination,
Tonsistxot-spray=driesk-particles havingi aparicte size, distrdndionof 1540 in

160 m. 14 Pragess acgardng o Claim:13. sharagterized inbat 25 the

mean particle size distfibution of the dried coprecipitate is between 15 m

and 80" 155 Pré&dssTactording to TRty 3245 ERafRtefized'n fhat the
residehceitime ofcthe driedfzovedersin the dwendonthermal treatment is
between 0.25 and 13 h, 20 in the course of which temperatures of > 150

10 700€r are establishedi ity Processsaceordingdo Claims3tadberized in

;[‘a‘g Z‘g&%@%edci{‘et'&%ﬁ?%&%ﬁ‘@{@aﬁ@e@eﬁ&%@rgﬁg IR, oNg pr more

13. Procesgs according to Claime 3 to 12, characterized in
that the dried coprecipitate, before the calcination,
conglists of spray-dried particles having a particle

gize digtribution of 15 to 160 um.

14. Process according to Claim 13, characterized in that
the mean particle size distribution of the dried

coprecipitate is between 15 um and 80 gm.

1%5. Process according to Claims 2-14, characterized in
that the regidence time of the dried powder in the
oven for thermal treatment is between 0.25 and 132 h,
in the course of which temperatures <of > 150 to 700°C

are established.

16. Process accovding to Claims 3 to 15, characterized in
that the thermal treatment is performed in one or more

stages.

17. Process according to Claims 15 and 16, characterized
in that the thermal treatment is performed in an
atmosphere composed of inert gas, compoged of mixtures
of oxygen with an inert gas and/or in the presence or

absence of steam.
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‘tgr?e:%oa[ﬁr%ﬁ%%sgg?cording to Claims 15 and 16, characteg%eléi/gi’f%ib t,m% 61062

atmentis performed in an atmosphere composé inert gas,
composed of mixtures of oxygen with an inert gas and/or in the presence
or absence of steam. WO 2008/04684i PCT/EP2007/061062 18 18.
Process according to Claims 15 to 17, characterized in that the thermally
treated powder is shaped by tabletting, extrusion, or applied to a support.
19: Progessaceording (g Glains 3and 44, charadtenzed in, 5t afiet o4 5.,
the catalyst powder_has been shaped, %he shaped body thus obtained is
heat-treBtdd Within“a YEMpetature FigPoRPBI R656C S56 950 c8Ys for
preparingrakdehydes, witlt onwithout acidspby catalytic exidatigroof: .
alkanes or mixtures 10 of alkanes and the corresponding olefins with air
D5 OXygen.cepiionady i-thepresence gf ineragases, 1steamoeffgaseszed in

from the reaction at elevated temperatures, characterized in that a
catalystt%oaf he a%tneerra%\%?mﬁ aﬁéjrﬁ.%L {I\ﬁ%l Rg%%eé %& TEe%I?fe (2&)?)? ﬁ?dllé the
used, FORRRA: R°BISntHEBORIRABEShE 6f theadleinentseompiisingn
nickel anthereahalt 20:Cicat ledstame akthe mjements comprising Fe,

~ Ce, Mn, Cr, V, D: at least one of the elements comprising W, P, E: at

jeast openfdbe elerments-comprising L db Na-Rb,CenMg, Ga, Ber St
acids, by catalytic oxidation of alkanes or mixtures
of alkanes and the corresponding olefins with air or
oxygen, opticnally in the presence of inert gases,
steam or offgases from the reaction at elevated
temperatures, characterized in that a catalyst of the

general formula

(Mo1 As Bp Cc Da Ee Fr Gg) Ox (I
is used, in which:

A bismuth,

B: at least one of the elements comprising nickel

and/or cobalt,

Ce: at least one of the elements comprising Fe, Ce,
Mn, Cr, V,

D at least one of the elements comprising W, P,
5 at least one of the elements comprising Li, K,

Na, Rb, Cs, Mg, Ca, Ba, S8r,
B at least one of the elements comprising Zn, Nb,
Se, Te, Sm, Gd, La, Y, Pd, Pt, Ru, Ag, Au,

G: at least one of the elements comprising Si, AL,
Ti, Zr

and

a =0 -1
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25 FE: at least one of the elements comprising Zn, Nb, Se, Te, Sm, Gd, La,
W? F?off{fﬁ/l%sﬁﬁ?’An, G: at least one of the elements coﬁ%?iéﬁ‘@@i?ﬁ(,osmsz

Ti,Zrand 30a=0-1 b=0-1WO 2008/046843 PCT/EP2007/061062
19 ¢c=0.001-1d=0.012 e=0.001-1 f=0.01-1559g=0-800, x =
number which is determined by the vaFe%cy and frequency of the
elements other than oxygen. 21. Process according to Claim 20,
character_izeod igotgat_ acrolein or acrolein and acrylic acid is prepared by
10 oxi&zi“hg propane or propene. 22. Process according to Claim 20,
charadlerizet! hithat 4nethacrolein or methacrolein and methacrylic acid is
prepared-bysoxidizing isobutane or isobutene. 23. Process according to
Claims-20 tq 2¢, characterized in 15 that the catalyst is contacted with a
reaction gas mixture which comprises alkane or a mixture of alkane and
the coffespdhding fefin, oxygen and inert gas and water in a ratio of
1:0.5-5:0-10:0-18.

x = number which is determined by the valency and

frequency of the elements other than oxygen.

21. Proceseg agccording to Claim 20, characterized in that
acrolein or acrolein and acrylic acid is prepared by

oxidizing propane or propene.

22. Process acgcording to Claim 20, characterized in that
methacrolein or methacrolein and methacrylic acid is

prepared by oxidizing isobutane or isobutene.

23. Processg according to Claime 20 to 22, characterized in
that the catalyst is contacted with a reaction gas
mixture which comprises alkane or a mixture of alkane
and the corresponding olefin, oxygen and inert gas and
water in a ratio of 1:0.%-5:0-10:0-18.



