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Wixezbadde ¢amdysts for catalytic gas phase oxidation Thenyept@n7 /061062
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 preparing the catalysts. Irn.particular, the catalyst can be
used to convert propane to acrolein and acrylic acid or isobutane to
methacrolein and methacrylic acid, acrolein or methacrolein being formed
at astds theigairprogllzs s Well asdhe tesited §8=aqrblerranc Adptit on
acid product, the reaction of the alkane over heterogeneous catalysts with
an oxygen-containing gas leads to a series of by-products: for exampleto =
T tol AT bF COZd Lo R id Rtk tHat the Gbeof el o their
eempositionlof the 15 iniked oxide (Phase formationiand fdrnwtionrafs or
raagtionesitesyand alsedhedype of physicalstucture (for example
Zg}(_;‘reosc_!ltj\(isurf%%ees%g, fgqms(ﬁft Sthe catalyst) and the type of heat removal

an%ré“atﬁlgin iénce'the abil y to form product (selectivity) and the

ductivity (space-time 20 yield). In the case of alkane oxidation, the

ro
@até??ﬁiﬂs‘éa%%enéﬁaﬂy Priked VXideSIWNiER, iHIReir eRefficai @Ry propane
physicabhakeup,travecrgdmplexcstiucture: STATEOF THEWRREMe 1ein

deaction-ofpropane with 0xygen oralrover the known 25 MoVile: o sormeq
catél\ésts leads gﬁ&nerally, to th%‘%matlon of acrylic acid. Acrolein is
AormEG By tracss M afall TFHE HlblicafionS for tRE presarafis of S

serpicsadid arslnamerdus-and feinpthedsubiject rhatteresfahany: scientifie
diseussiopse30 ?{E@e%QQé'é@é%%hr@@mE@ﬁ%@ pﬁ%@@gagﬁn nﬁ% Ve@ﬂi% giiz)
AN AOR 0 T s abraiam th o itES gt 150 WO
SHEp58988 deSerideythe preparfioRdf &Bstaffst comprising tantalum

of the general formula MoVaXbTacSidOx. The catalyst system is likewise
Usetstopreparetdorylicacid tAomleif isformedaiditi:setectivitiesof leSsthe
rhaBd% s adyprodust. rormation and formation of reaction
sites) and also the type of physical structure (for example
porosity, surface size, form of the catalyst) and the type
of heat removal can greatly 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, if at all.
The publications for the preparation of acrylic acid are
numerous and form the subject-matter of many scientific

discussions.

WO 2004105938 relates to the preparation of acrylic acid

from propane using catalystg of the general formula



From US 2005065370 is a process for preparing meth (acrylic acid) by the
conversion of saturated hydrocarbons over a mixed oxide catalyst which
comprises the elements Mo and V, and at least Te and Sb, and also one
of the elements Nb, Ta, W, Ce and Ti, by virtue of the catalyst bed being
interrupted by a further catalyst bed which consists of a mixed oxide
catalyst comprising the elements M@, Si and Fe. In the examples, only
statements about the acrylic acid selectivity are made. Xiamen Daxue _
Te:Maehal Ziran KéxuBan {2004y ¥8¢2), 203207 G8dcibdS i coRGersish
witof prepane taracroleinover Me-\VTeseatalysts; in this case, propane
conversions around 20% and acrolein selectivities of up to 30% are

wo Obiaineds Gyiua Xuebag (2002), 23(3), 283:284 describes conversions okt
propane to acrolein over Ag0.3MOPO0.60 an(i CgOf[A%q.gM&PQ.ggﬁ, S1.0

CoIRtCbrding toté%tféb’(%boﬁé%aFQSro%?nn%ﬁa acryfic Acid are forthed by "+

Theconverting propane over tve réactionizones: (catalysts). Hi ¢he fitst Stafel 1 ¢

2c fymidure.qtpropane andpropene is formed; afier thessecond-siageHhe 1%
condensate contains, inter alia, 98.48% by weight of acrylic acid and

25 (PoBYIF Y Weight of acrolein. 2a (Mo Aa Bb Cc Dd Ea Ff Ga)0,(f) in

which: A: bismuth, B: at least one of the elements comprising nickel
Frendibr cobafkC € At feakt ofe B tecslaments dorRpRding Fe e’ Mir 'Cr 1€
ac M) Diat least onesefthesalements cemprising:=W, Ry E:@atdeastrone of ¢he &

. elements comprising L, K, Na, Rb, 32, ofo koAt leastone of
m‘%ﬁgmei)eﬁg%ts%%%aggsslr%g "deﬁl%l'b %g, %%Mg?ng%stfgl_a&\(e F;ed, Pt, Ru, Ag, N
anghua'G: H16dst Ghe dRtheBlements cdMTSIYESICAl, iy elements Nb,

Ta, W, Ce and Ti, by virtue of the catalyst bed being
interrupted by a further catalyst bed which consists of a
mixed oxide catalyst comprising the elements Mo, Bi and Fe.
Tn the examples, only statements about the acrylic acid

selectivity are made.

¥iamen Daxue Xuebao, Ziran Kexueban (2004), 43(2), 203-207
describes the conversion of propane to acrolein over Mo-V-
Te catalysts; in this case, propane conversions around 20%
and acrolein selectivities of up to 30% are obtained.
cuihua Xuebac (2002), 232(3), 281-284 describes conversions

of propane to acrolein over Agg.sMoPg 0 and Ceq 1Agg. sMoPy 60y

According to US 2006004226, acrolein and acrylic acid are
formed by converting propane over {wo reaction 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 welght of acrylic acid and

0.002% by welght of acrolein.

Tn a first aspect, there is provided mixed oxide catalysts

of the general formula



anda-0-1b=0-1¢-0001-1d=0.01-2e=0-1f=0.01-1259g-0-
800, x - number which is determined by the valency and frequency of the
elements other than oxygen. In a second aspect, there is provided a
process for preparing aldehydes, with or without acids, by catalytic
oxidation of alkanes or mixtures of alkanes and the corresponding olefins
with air or oxygen, optionally in the presence of inert gases, steam or
offgases from the reaction at elevated temperatures, characterized in that
a catalystof the gerierar (inG b (Moi A Bb Bb pd E, Ff Sg)0,(I) is
~used, in which: A: bismuth, B: at least one of the elements comprising
i fieketand/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, E: at least
A% onetafithetélements comprising Li, K, Na, Rb, Cs, Mg, Ca, Ba, Sr,

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

cobalt,

at least one of the elements comprising Fe, Ce, Mn,

Cr, V,

D at least one of the elsments comprising W, P,

E: at least one of the elements comprising Li, K, Na, Rb,
Cs, Mg, Ca, Ba, 5r,

Fe at least one of the elements comprising Zn, Nb, Se,
Te, 8m, Gd, La, Y, Pd, Pt, Ru, Ag, Ay,

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

a =0 -1

b =0 - 1

c = 0.001 - L

d = 0.01 - 2

e = (0 -1

£f=0.01 -1.5

g = 0 - 800,

x = number which is determined by the valency and freguency

of the elements other than oxygen.

In a second aspect, there 1is provided a process for
preparing aldehydes, with or without acids, by catalytic
oxidation of alkanes or mixtures of alkanes and the
corresponding olefins with alr or oxygen, optionally in the
presence ©Ii inert gases, steam or offgases from the
reaction at elevated temperatures, characterized in that &

catalyst of the general formula



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 Si, Al, Ti,
Zranda-0-1b=0-1c=0.001-1d-0.01-2 -0.001-1 -0.01-15 -
0 - 800, x = number which is determined by the valency and frequency of
the elements other than oxygen. Pcrjgglem and scope The present
invention has for its object to provide a process for preparing aldehydes,
in which especially acralein or else mixture acrolein and acrylic acid
are Ic\)qr%e%éiair%@g%d yije%é %&m%??ﬁane or fﬁrgrgn propane/propene 3
_ mixtures b oxida%qn with oxygen. The oxidation is optionally performed in
5 the %?éséﬁiewgfliﬁer‘t gases, steam or offgases at elevated temperatures
and in the presence of a heterogeneous mixed oxide catalyst. 5 The
Bi alkahe* B iHe mixture of alkane and olefin is converted to the aldehyde
and acid oxidation products at elevated temperature and a ratio between
B: alkate, 03§5en “Mertdas(es) &nd Waterof Geherafly ?L?O.g}é?é-eljozﬁﬁ(g m
cokgpreferred embodiment, the water content is 0. 10 The inert gases which
can be used are all gaseous compounds which behave inertly under the
C: oxiddtiohecoriditioits @dsdribeds Forexamplerhess may be nitrégen™-
cr helium or mixtures thereof. It is likewise possible to feed the "return gas”
n. from the reagtorhack,in. 18:The inventian preyides miged oxide catalysts
E:Ofﬂg%g?g%gﬂf%ggw%f the elements comprising Li, K, Na, Rb,
Cs, Mg, Ca, Ba, S5r,

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

Gt at least one of the elements comprising Si, Al, Ti, Zr
and

a 0 -1

b 0 - 1c = 0.001 - 1
d = {4.01 - 2

= 0.001 - 1

f 0.01 — 1.5

g 0 - 800,

®x = number which is determined by the valency and fregquency
of the elements other than oxygen.

Problem and scope

The present 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 gocod yvields from propane or from propane/propene
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MAO 2@ BP0@e pdEe Ff Gg)Ox(l) in which: A:bismuth, 20:8-ay teastong 51062
the elements comprising nickel and/or cobalt, C: at least one Cr, V, D: at

least one 25 E:at least one Cs, Mg, Ca, Ba, S F: at least one Te, Sm, Gd,

La, Y, G: atleast one comprising comprising comprising comprising Au,
comprising

mixtures by oxidation with oxygen. The oxidation is
opticnally performed in the presence of inert gases, steam
or offgases at elevated temperatures and in the presence of

a hetercgeneous mixed oxide catalyst.

The alkane or the mixture of alkane and olefin is converted
to the aldehyde and acid oxidation products at elevated

inert

temperature and a ratio between alkane, oxygen,

gas (es) and water of generally 1:0.5-5:0-10:0-18. In a

preferred embodiment, the water content is 0.

The inert gases which can be used are all gaseous compounds
which behave inertly under the oxidation cenditions
described. For ekample, these may be nitrogen, helium or
mixtures thereof. It is likewise possible to feed the

“return gas" from the reactor back in.

The invention provides mixed oxide catalysts of the general

formula

(MO]_ Ay Bb Cc Dd Ee F: Gg) Oy (E)
in which:
A bismuth,
B: at least one of the elements comprising nickel and/or
ccbalt,
C at least one of the elements compriging Fe, Ce, Mn,
Cr, V,
D:  at least one of the elements comprising W, P,
E: at least one of the elements comprising Li, K, Na, Rb,
Ca, Mg, Ca, Ba, Sr,
F: at least one of the elements comprising Zn, Nb, Se,
Te, Sm, Gd, La, ¥, Pd, Pt, Ru, Ag, Au,
G at least one of the elements comprisging Si, Al, Ti, 2Zr
and
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ke, GopMno ¥R 3L, K, Na, Rb, Zn, Ye, Se, Si, Al, Ti, Zr gea7@2807/061062
preferably 0-0.1, b =0 - 1, preferably 0-0.1, c - 0,001 - 1, preferably

0.005-0.1, d - 0.01 - 2, preferably 0.01-0.1, e = 0 - 1, preferably 0-0.1,

f0.01 - 1.5, preferably 0.01-0.8, g = 0 - 800, x = number which is

determined by the valency and frequency of the elements other than

oxygen. 10 The letters a to x represent the atomic ratios of the

eoresponding plenfentsini yelatian to, Mo. Catalysts of the general

formula I_aﬁel pg@i&y@gwaglg&aﬁlyticalIy active solids, for example for

the conversion of propane Or mixtures ofgropane and propene to
¢ = 0.001 ~ 1, preferably 0.005-0.1,

0.01 ~ 2, preferably 0.01-0.1,

0 - 1, preferably 0-0.1,
0.01 - 1.5, preferably 0.01-0.8,
0 - BQag,

il

Q rh o0 o
i

x = number which is determined by the valency and frequency

of the elements other than oxygen.

The letters a fto x represent the atomic ratios of the

corresponding elements in relation to Mo.

Catalysts of the general formula I are particularly
suitablie catalytically active solids, for example for the
conversion of propane or mixtures of propane and propene to
acrclein and acrylic acid, and are provided by a process
which likewise forms part of the subiject-matter of the
invention. Particularly advantageously, the reaction is
performed in reactors which allow the catalyét to be used
as a fixed bed or fluidized bed. However, it i1s likewise
possible to apply the catalyst to the wall of the reaction-
chamber. At this point, it should be ncted that catalysts
of the general formula I can also be utilized for the
conversicon of isobutane or mixtures of iscbutane and

igobutene to methacrolein and methacrylic acid.

In the processes known from the pricr art, proceeding from
suitable sources of the components of the multimetal oxide
composition, a very intimate, preferably finely divided,
dry mixture is cobtained and is treated thermally at
temperatures of > 150 to 700°C, preferably 400 to 700°C or
especially 450 to 600°C. The thermal treatwent can in
principle be effected either under an oxidizing atmosphere
or under an inert atmosphere and opticnally in the presence
of steam. Useful oxidizing atmospheres include, for

example, air, alr enriched with molecular oxygen or air
Yy
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lmacmwieiy @nslsactylic acid, and are provided by a processcwhigh likewises 1062
fcrms part of the subject-matter of the invention. Particularly

advantageously, the reaction is performed in reactors which allow the

catalyst to be used as a fixed bed or fluigized bed. However, it is likewise

20 possible to apply the catalyst to the wall of the reaction chamber. At

this point, it should be noted that catalysts of the general formula | can

alsp beruiilized famt;}?@eﬁ@nvatstm@fisqbaw&@nmb(turesgzt«j@butwe

ad inphyliene {ainethaciglein 8 5{%%‘%@1@%@@%‘9 23 1 the,DIocesses « |

nown from the prior art, proceedi rom suitable sources of the

corfiponéfits a}fﬁemfméf%ﬂ%&.d@oécﬁﬁﬁéaﬁoﬁwatta@%ﬁu%@ or noble
preferabiyfinely Oivided @ ry mixtusé is-ebtainedhand is teddted thermally at

t,egaa%@tlaegloégstﬁo @O%Cm{afef%@bwlﬁqp t9e70a09%9&§9£@80@%t the

EEO to 600C. The thermal treatment can in _principle be effected elther

8&F &R oXitRANG SthoSHEre bF urider &R Tt Btnodptiere ZrguCced
pptiemallysinaiie presence lof stdard. Usefdoxidizing atmospheres include,
for example, air, air enriched with molecular oxygen or air 5 depleted of
oxygetl However: peefarence is:givies:te pﬁfprmtheﬁbarmalztﬁeatmwt to
yRder '@_@%%0 ﬁﬁar%éee deexample, under mplecularitoden a0gior..
noble gas. Typically, the thermal treatment IS ef ected at 5'stan
b?e%tﬁ’@f‘l ‘aﬁnf 1¥ will 15 &Ppreciated that the thermal treatment can also
be effected under reduced pressure or under elevated pressure. Overall,
e ey Aat reAtm et Ay takesFEmcd.25% Gito 2atorahotergnd bent of
eﬁec@ﬂgn@ﬂetatetaaidgﬁfmh b@ia@\@tbl' te:0. a%ft@ﬁ 1@Cihﬂpe rature of
Preference is.given to e ing t ermal treatment of the dr mixtur
un§f§§5 n?ert gtor%og]here e%? tfrﬁpgrgaaur&en g(f > 5016 2006 Or 25016 Zﬁ:%@
Taprededsimpoditich a%%y%régﬁéﬁwaaaatﬁeamﬁ{%ely
apprapristelydreontinned tingles inett gaspttemperatires of >450 too

»7@)@)5% in pﬁrttggtag A50:t9,6006, Should, @cs@aplng be required, it is

advantageous to interrupt the thermal treatment in the temperature range

f42 Ofo 490}9 to erf rm the shaplgg and then t conanue 20 th

Srma trea? he temgerafure range of 4‘3 GéegspeC|§IIy up
tae@e@%vtétﬁér,tttl%@@é possibleeshape thedinishiegceadineg range of
qowvdes. Tbe starting C@@ﬁ@@'ﬁﬁhs €88 bermixedjnimately imdry-Ordavetnue

gggnt%% gn g}ee% 'OPAWH c gml é/yfetgorm the startlng

compounds are mlxe W|t one another in the form oef aquegus solutlons
A6 s FspemSivhs L Bubsedurntly O e mil@iieis Genékaldrictat 6o sible
tto «b50E, es$pecially indtedl I0Q cand:ticateddbermally after the drying.

30 Useful sources for the for the constituents of the mixed oxide catalyst

ofdhe farmuladl) faaysdthesperdormanceiofdhe aboverdesegbed ary or in

wDrep%ratlon method, be all of those which are capable of forming oxides

and/or ﬁydromdes in

When the preparation is effected in wet form, the starting
compeounds are mixed with one‘another in the fcrm of agueous
solutions and/or suspensions. Subseguently, the mixture is
generally dried at 60°C to < 150°C, especially up to 130°C,
and treated thermally after the drving.

Useful sources 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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Grtheoaurge of &eating (optionally under air). Of course, spctr SEr#Ng7 /061062
compounds used may also partly or exclusively already be oxides and/or
hydroxides of the elemental constituents. 5 The components are ideally
dissolved in the form of their compounds selected from the group of

ammonium compounds, oxalates, hydroxides, carbonates, phosphates,
acetates, carbonyls and/or nitrates, individually or together, and mixed

Witk onearetherf Pagticularpréferencenisigivemtaid® carbonatés, nitratese,

and phasphates or mixturesthereafa i islikewise posgiple to use acidsof i o1+,
th]e salts, f%r examgie nltrlc(%?ld, pﬂ}(}g}phorlc acid o cgg%onl%aud, or
Supehsionsof e CortesPonding M&talsRidss. ing o the tybe of

fetal shiltseutieh are used in the 15 precipitation, it may be necessary to

add salts and acids or mixtures thereof to the precipitation mixture. ldeally,
ammaniapsammeniresdlt-areiysetihere] for @xampléamiberiust their

ee%aapfd@n;@@@mQee@@ap'x%%atglocsa@etékni&fﬁ&%&%@ﬂ@dssu?grs ,

cobalt nitrate; it is likewise 20 possibleto use the corresponding aci
SRAMBIE Ftri HE T P Amob IS EtERo SUSTRRARE Tonid P44 T
peithainglthesprédipitatiort isatypisally. a8 espeeially <o Likeyiseef, and
sigpificance is thetemperature obihe 25 precipitationsplution. ftmay thus +
be tgat the later ac;civit t:of the ¢ tal%st is %edtuced s}l_,gnlfjcantl in th%case ¢
B oo high A tenbarafuls STRE predipitation caR iR prifciple'be petforheg ™ - 1©
b temparatires »P2851b Do C: Thespredipitate tanise pretipitatddin eranple
stage; §O£ara9ulph@@@@ﬁ%@ i@@w@nﬁ@ p@(ff@gasfﬁ}gcthgcm@@imi@tion in
r a by.stepwise addition of the individual components or

e o e

rinciple. However, preference is given o 1 to 3 precipitation stages, 7 -
HRTREi g QaspBRsioNConBe PIoLedseriReP Ay or it in the
rvastageatsiyralloivedte matarefor =6 10-24 houesiPreferersce isigiser ds
de 0 te- k2 heurs; Padicalarprefesense:to; § 1o B hours i isabviousithat 11,
dhe.5 precipiation suspension is homogenized before the further
processmg,jfor examﬁ]e“rl)y satlrrlng. Atter'the ma tration’ fhe I“lc‘qwa]%%ﬁm
HFEPERSIHn can e Rhtovedl paiaporator: tenakifbgation exfiltation. It
ris ikewise possibleteayaporaterdhe iquitkantte; it is likewise

possible to use the corresponding acids, for example nitric

acid in the amounts needed to establish the ionic ratio.
The pH during the precipitation is typically < 8,
especially < 7.

Likewise of significance ig the temperature of the
precipitation solution. It may thus be that the later
activity of the catalyst is reduced significantly in the
case of too hich a temperature. The precipitation can in

principle be performed at temperatures of 25 to S0°C.

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

preference is given to 1 to 3 precipitation stages.
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W sinoultaneosislysto dry the solid, which can be done, forsexaragEeply /061062

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 inert

gases, 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 drying medium should be 200 to 500C, and a

EBmperature nimdepoasiticrrefithe dried pewdercaf80:tec?00G sheutddierectly,

provided; Thesesyltingparticles shauldpreferablyhave a-particlecsize, 29,
istribution of 15 to 160 pm with a mean particle diameter between 15 and

§'Af. The Aricd Powdet Tafl i Brin&iplebe chRinet inAWite Vatiety OF 13-
giffeferteoven type$, forexampleria a forcadsafrloveny mtakyetube Heay

pven shaft-ovenosbelbaver. 25 The contelaualibrand he-auality. of urt her

tern%p%rgé%re detgctione%f aLthglo%/e% shsog!.kdrb% as high as possible. The

fesidence time of the powder in t & oven“’s%ou%, according to the oven

‘tgfe, be between 0.25 and 10 h. It is.likewise possible to perform the
fefitation At 3t tHefmalF dscompositior? of fHeSsaftsSRATR betufssat be

thensaraé tinye #vepe o More stages: i possibtentooutilize iempetaturesit i=

0f 20010 650G e5pgcially, 300, 19,65 - Ehe thermal decompgsition can be

gelqo med with %ddmon %f meir:SLé;as, c%m oseg of mlxture%of oxygen vj\fnth
AiReTt 385385 B THE inefgases usabls are’ forekaniple “fitdgen, =¥

hstionl steaby oF PYIRIUrebofithese Gased. ‘Afterdheherhdhl treatment the ed

sesulting-eatalyst uranaterial capappropiiatelyrke eemminuied and arieq
gptianally dclassified, The powder thus obtained fs sultable.as a catalvet, . o
or industrial U%E?It is particul%rly propriate, after addition of P
RoRfReR shapihgthedaandBindérs 6 SRAPE the pode S T carilBe
denpdystablettingaxtrision ardnykR aoating a:sgppedomn.thiscentextray

&5, 0eometilc shaps oHDeURPOL AR RRLIDHING, 1N HE3d IS Qi P oun g
be 200 to 300°C, and a temperature on depogition cf the
dried powder of 80 to 20C°C should be provided. The
resulting particleg should preferably have a particle size

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 of different oven types, for example in a forced-
air coven, rotary tube, tray oven, shaft oven or belt oven.
The control quality and the quality of temperature
detection of the oven ghould 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 is likewise possible to perform the calcination and the
thermal decompositioh of the salts which occurs at the same
time in one or more stages. It is possible to utilize
temperatures of 200 to 650°C, especially 300° to 650°. The
thermal decomposition can be performed‘with addition of
inert gas, composed of mixtures of oxygen with an inert

gas.
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reguire menisteBthe reactor (for example tube diameter, length aPth@07 /061062
catalyst bed). For example, the support may be a pyramid, a cylinder, a
saddle, a sphere, a ring or a 15 polygon, but it may also be a wall of the
reactor in which the conversion of the reactants takes place. Useful

materials for the support bodies in accordance with the invention include
especially aluminium oxide, titanium oxide, silicon dioxide, silicates such

s elaynkasling20asumisebakinsimam Siticatessngohagnesiomrsiicatehel ium,
siheen.carbide; and zisconium-oxide. Thessurface of the support body may
either be smooth or rough. Advantageously, the surface of the support

hedy is rough, 23 The thickness of the aﬁﬁfﬁ%’e%%d&%%%o%g%fﬁ}%@g
present on the coated catalysts Is typically 10 to 1000 Am. It may, t ou?h,
BRbBE 56 16 200 AOAHOLE FOOA Yo B0 AL PEséiBe (Fatihgrally
thieknessesare also 10 to 500 Am, 100 to 400 pm or 150 to 300 Am. 30

The binders used may be various oils, polyols, for example glycerol and
palyviwlalsehels,.celbioses, saccharides: agrylates and alkey/d dedvatives,
Enriﬁtug s or ondensategs thereof. In.a shapi% of the gataljyglg gowdg%etge

ca aLIlys 20681046843PCT ?ﬁlﬁﬁfﬂ&g 62°§%honld pre e’ragly e
afiefticted therrdllysi theate nfleraiLivg rafgel 6f 2901td°650€ rsuch-thafhape
the:agtiveceompasitien feruisedn dadustiial reacives saligifiessTheusion or by
lventign "59‘@l§§g‘259¥'96§1? Rpeess.faroxidatiopof S alkgnes and .y, e ¢
mixtures’ of alkafnés/olefins to prepare unsaturated aldéhydes, with or

Withofit i cdrespontingddids; i the preteRae of e iveRtve atastsne
Tgwoletinsdiffer by onkaloublezhond fiémthe-alkeries usstkindsiamhecase,
ﬂQnE{hf_h' nyentvereactign {Q prepaie acgoleinar-optiopally. miXUes 0fr+ may
acrolein and acrylic acid is performed eg rally at temperatures of |,
380%60C afid 'pr%s&;‘(r%ld% ‘?6'-2.%%%. & redctants; aikarie ora? ©* @
maixiiref alkane dhdwolefinlere converted o thefoxidatioreproductsi 15which

aidehyges with pswvithout aeidr-atrelatively Righes place.

Useful materials for the support bodies in accordance with
the invention include especially aluminium oxide, titanium
oxide, silicon dioxide, gilicates such as clay, kaolin,

pumice, aluminium silicate and magnssium silicate, silicon

- garbide and zircenium oxide.

The surface of the support body may either be gmooth or
rough. Advantagecusly, the csurface of the support bedy is

rough.

The thicknegs of the active oxide composition ccating
present on the coated catalysts is typically 10 to 1000 um.
It may, though, alsc be 50 to 700 p, 100 to 600 y, oxr 150
Lo 400 . Posgible coating thicknesses are also 10 to

500 pm, 100 to 400 pum or 150 to 300 pm.

The binders used may be variocus oils, polyols, for example
glycerol and polyvinyl alcohols, celluloses, saccharides,
acrylates and alkyl derivatives, mixtures or condensates

thereof. In a shaping of the catalyst powder, the catalyst
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tempedattyast aad A ratio between alkane, oxygen, inert gas(egkand waters 1062
of preferably 1:0.5-5:0-10:0-15, at a loading with 2-20 mol of alkane or of a
mixture of alkane and olefin/1 of catalyst bed/h. 20 Instead of inert gas,

the offgas from the reaction, from whichthe 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

@998 491y EF ¢ 147180 D or avallaeactors for examplel 25 Redlingshoefer
Hoffischer A-cetaldad Eng.§ehem. Res»2003,42, 5482:5488: ER-1 1 e

234 6122,&Ljn Whi%’] the cataI%/st has be%n argil‘ied to tpe wall. The internal
FiaRtetEr 6f ha reletichfubes orthie'distance BEReen the Prares ShodRl

be 18 to 28 mm, preferably 20 to 30 26 mm; the wall thickness of the
ro cORtERMAG Stedi ShBUFSe BERTELIEE aRdBs AR SAgpicarrbagioron of
Eehgtniss3.00d0 4100 - dheccataly si=is pegielatly nused homegenesusly

9%%&@8%8@@9r§¥EE@y@QQUt@MEW”&%mwﬂNﬁbut the corresponding
2008/046843PCT/EP2007/061062 10 shaped diluent bodies; of course,

fHe Afblichtion May RECSSSRELETiILTOR, for EXBMPIE with Shapetnert

bodies. The inventive catalysts, even at high specific loading, have an

rsrove 8 Beuditd and saldetivieyfor deelb neparatiod ePackdieinaThanes used
inveatien wilkbe explained with reference to working examples. Definitions

used are: the yield (%) of the productas  (mol/h of product

formed)imol/h.of reactant shp H{@%%é—;@%@@_ the. 99@%%r§i0&0f5{3% ﬂgﬁé‘ﬁly
&%%gsgl - (m}gl/h of alkane Ieavm%]the eaction tybe)/(mol/h_of alk%?e

en er%getﬁec?eagt?d?}o u%le?] ?Tﬁ’o e égti\fi’tf/ /o)la‘?s f@@%ﬁ 5Fthe
producHedrversioryoGtures of 350-500°C and a pressure of
1.0-2.2 bara. The reactants, alkane or a mixture of alkane

and clefin, 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¢ mol of alkane or of a mixture of alkane

and olefin/l of catalyst bed/h.

Ingtead 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 0 995 491; 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 intermal diameter of the reaction tubeg or the digtance
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 ig preferably used
homegenecusly over the reactor length without dilution with
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the examples which follow, but is not restricted to these examples. 11
EXAMPLES Example 1 A solution | was prepared by dissolving 2118.6 g

of ammonium heptamolybdate in 2.7 1 of water at 80C. A 5 solution Il was
obtained at 80C by dissolving the desired amount of H2Te042 H20 and
cobalt nitrate. The two solutions were combined with stirring and the slurry
Euspedsion). which formed svassconcentrated todryapss. iThe stilhmoisty
pewdet obtainediwas dried at 450C.and 10 copverted to thesoxides-at 8odies .
temperature of 600C. The mixed metal oxide powder obtained has the
samposifion (MPO0D.ITEQ A0 Exgmple. 2 The satalstofbxampled was
contacte wltﬁ a mixture o?l “the composition of on€ part of propane -’
lérieinieal graREY BoY F HHe it &RBURCIFIRE hikiure) &7d bAE part of
pxyaen (0%6:0f dfe total-amaount of the mixture). The space velocity which
arose was 3000 h-1. The temperature of the heat carrier was 450C. The
epaversian-efithg propanewas,2048.8 spolfki thepreduetselectlyitydel i ng
acrolein was %29{0 Ex;’é\mgle 3 A salution | was prepared by dissolving

2118 g%f amem(%"rlﬁﬁmlhenp%ar%go?y datein 2.7 1 of water at 80C. A

solution 1l was obtained at 80C by dissolving the desired 25 amount of
Bigmath@i nitfate Ghd %‘?orﬂ?ﬂﬁ%l‘lﬂtniﬁ'ﬁte. The two solutions were
combined with stirring and the slurry which formed was concentrated to
trpdess. Thermstiftdvsist goweaacobtdined Wasodrietacts0C apdraonvered>
10 the oxides at a temperature of 600C. The mixed metal oxide 30powder
obtained has the composition (MoCr0.02861310.05)0x.

the conversicn of the alkane (%) as

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

alkane entering the reaction tube)] x 100
the selectivity (%) 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 resgtricted to these examples.
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JoEzamplond dhescatalyst of Example 3 was contacted With-s BwstHEer 9t s 1062
the composition of one part of propane (chemical grade) and one part of
oxygen. The space velocity which arose was 5 3000 h-1. The temperature
of the heat carrier was 500C. The conversion of the propane was 38
mol%; the product selectivity for acrolein was 43%. Example 5 The
product gas of Example 4 was recycled and converted 10 over the
catalyst.gbExample 3. The space velocity which arose was 3000 h-1. The
temperature of the heat carrier was 500C. The conversion of the propane
was /[§1molp6; the product yield of acrolein was 33%. Example 6 15 A
solution | was prepared by dissolving 2118.6 g of ammonium

eptamalybdate in 2,7 1 of water.at 80C, A solution Il btained at 80C
B B e R L con 2
FRBCThe e FohrTonshetetéombingd With stifring BAd the sRFRCwhish
20 farniechwas cengentratethtodrynessy Ihelstill mneistpewder eblaineds i red

ied.s nd,c rted to.th es at erature fWGOOOC.
gﬁé@nﬁfed?né%ﬁ%de p%nw\%%eéo }tlacl%né%?é%% the% té%r%%%%iﬁ:é% €%

B0EFd.BB86 TEH DSTTKEXAHTHI¥ 775 Thé Tatdst ot ExafpIé buvas
dontapetewith B mixtuie dfdhecdmpositionof anerpartdf popaneness . The

(chemical.grade), and onepart of0xygen. The space velpeiy which,arose
was 3000 Ig. Thet mperatalr{ae of the heat carrier was 450C. The{)
EoRVETsion of‘Tﬁetp%Spgﬁ{el g 75 IndiF™TE plodict $6 sefetiivity Ire

weroteinas589:ide powder obtained has the composition
(MoCog.1Tep. 2) Ck.

Example 2

The catalyst of Example 1 was contacted with a mixture of
the composition cf 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 product selectivity for acrolein was 32%.
Example 3

A solution I was prepared by dissolving 2118.6 g of
ammonium heptamolybdate in 2.7 1 of water at 80°C. A
solution II was obtained at 80°C by dissolving the desired
amount of bismuth(III) nitrate and chromium(III) nitrate.
The twe solutions were combined with stirring and the
slurry which formed was concentrated to dryness. The gtill
molst 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 (MoCry. gessBip.es) Ok.
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1®Exanple 848 salution | was prepared by dissolving 2158&:@ grmaf2007 /061062
ammonium heptamolybdate in 2.7 1 of water at 80C. A solution Il was

obtained at 80C by dissolving the desired 5 amount of chromium(lll)

nitrate, H3PO4 and H2Te04 - 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
atateriperature of 600C. The mixed metal oxide 10 powder obtained has

the composition (MoCr0.0286Te0.05 P0.05)0x. Example 9 The catalyst of

Example-§ %C%agﬁgﬁﬁti‘ba migtuice of the-composition OBOR@L:&?@&@ of
E%?é)agg ﬁg%%cal rade) and one %arrtTff o>§/ en. Th %ipacev I_om\t% ) a
which arose was 15 3000 1151 FHe teh péor tire of thé nedr carriefwas®’ =
2BOCPTHE cohversHsiesf theé lpfoamewa%3Dansios; eisrbdactsaiettivty
M@@r@ie‘ir.} m?@%ﬁ@@%\]@i&w é’lfsi)cﬂdﬂﬂombwascmgm@ﬂ Rysdissalying.

18.6 g of 20 ammonium heptamolybdate in 2.7 1 of water at 80C. A
B e e A e Yapdbee
ERroTRibAI(A N hitkate, esBat R mtrafSand F12Te04 - 2 H20. The two
solutions were concentrated with stirring and the slurry which formed was

Sonacgntratéd to 25 dryness. The still moist powder obtained was dried at
150C and converted to the oxides at a temperature of 600C. The mixed

meiabaxide: powgier obinedkhas theicampositioR {(Me€rand converted
286T80.05Gcq, 1 5)0x. E%a%%n}é% §03Th?%%ta%§£8&”’&&%@8%}“%3; ch

(MoCr0.0286Te0.05CQ0.00x was ontacted with a mixture of the _
CoRpostion of 122 parts of propafBREfEicaF gflde) and i paitbF Ler was

o%ygén. Thespagererzsion of the propane was 76 mol%; the
product vield of acrolein was 33%.

Example 6

A soluticon I wag prepared by dissolving 2118.6 g of
ammonium heptamolybdate in 2.7 1 of water at 80°C. A
solution Il was cobtained at 80°C by dissolving the desired
amount of chromium{III) nitrate and H,TeO, - 2 H,0. The two
solutions were combined with stirring and the slurry which
formed was concentrated to dryness. The gtill moigt powder
obtained was dried at 150°C and converted to the oxides at
a temperature of 600°C. The mixed metal oxide powder

obtained hag the compogition (MoCry gaseTes. os) Oy .

Example 7

The catalyst of Example 6 was contacted with a mixture of
the composition of cne part of propane {(chemical grade) and
one part of oxygen. The gpace velocity which arcse was

3000 h''. The temperature of the heat carrier was 450°C.
The conversion of the propane was 27.5 mol%; the product

selectivity for acrolein was 58%.
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#0 VelogHy yiigh grose was 3000The temperature of the peal/Garsigh Wags 1062

450C. The conversion of the propane was 18 mol%,; the product selectivity
for acrolein was 72%. 15 Claims 1.Mixed oxide catalysts of the general
formula (Mo Aa BbCd Dd Be Ff Gg)Ox(l}in which: 5 A:bismuth, B:at least
one of the elements comprising n cobalt, ckel and/or C:at Cr, V,

10D:at
Example 8

A solution I was prepared by dissolving 2118.6 g of
ammonium heptamolybdate in 2.7 1 of water at 80°C. A
golution II was obtained at 80°C by dissclving the desired
amount of chromium(III} nitrate, H:PO; and H;TeQ, - 2 HoC.
The two solutions were combined with stirring and the
glurry which formed was concentrated tc 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 compesition {(MoCry cassTe0.05F6.05) Ox.

Example 2

The catalyst of Example 8 was contacted with a mixture of
the compogition of one part of 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 of the propane was 20 mol%; the product

gselectivity for acrolein was 70%.

Example 10

A solution I was prepared by dissolving 2118.6 g of
ammonium heptamolybdate in 2.7 1 of water at 80°C. A
golution 11 was obtained at 80°C by dissclving the desired
amount of chromium{IIY) nitrate, ccbalt{II) nitrate and
H,TeQ, - 2 Hy0. The two solutions 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 tewmperature of £00°C. The

mixed metal oxide powder obtained has the composition

(MoCxg.0286T€0.05C00 . 15) Ox .
Example 11

The catalyst of the composition (MoCry gaesTer.05C0g ) Ox was
contacted with a mixture of the composition of 1.2 parts of

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



%@tﬁ@é\ﬂ@,ésﬁﬁt Te, Sm, 15G:at and least one of Ieaﬁj@pg@ﬁ @,’;\;}051062

one of Ca, Ba, Sr, least one of the the elements the elements the
elements Fe, Ce, Mn, comprising W, P. comprising Li, K, Na, Rh,
comprising Zn, Nb, Se, Si, Al, Ti, Zr a50 -1

velocity which. arose was 3000 h™'. The temperature of the
heat carrier was 450°C. The conversion of the propane was

18 mel%; the product selectivity for acrolein was 72%.
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o (20D &/ P633I3- 1 20d =0.01-2e=0-11=0.01- 1.2Q=8rB8007 /061062
x = number which is determined by the valency and 25frequency of the
elements other than oxygen. 2.Mixed oxide catalysts according to Claim 1,
characterized in that the pulverulent mixed oxide catalyst has been

applied to inert support materials or is extruded as a bulk material. 16 3.
Process for preparing mixed oxide catalysts of claim 1, characterized in
thatsaolations of compounds of the metals present in the mixed oxide

catalysts of claim | are mixed, coprecipitates are prepared, and the

Sresulting-puiverulent sehd isiselated; drigdetrgated:-thermaliynand

optionally shaped. 4. Process according to Claim 3, characterized in that

the pH dyring thgbptep%gatg)n ﬂ the )cggrecipitag%@) is < 8. 10 5.Process

according to Claims 3 and 4, charatterized in that compounds of the

metaI%Er%sent in the catalyst of the formula (1) selected from the group

1I1 W CIt: . .

consisting of ammonium or amine compounds, oxalates, carbonates,
hosphates, acetates, carbonyls, hydroxides, oxides or 15nitrates,

dividdHif ot Bgether, are used.
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,
B at least one of the elements comprising Li, K, Na, Rb,
Cs, Mg, Ca, RBa, Sr,
o at least one of the elements comprising Zn, Nb, Se,
Te, S8Sm, Gd, La, Y, Pd, Pt, Ru, Ag, 2Au,
G at least cne of the elements comprising Si, Al, Ti, zZr
and
a = 0 - 1
b =0 -1
c = 0.001 - 1
d = 0.01 - 2
e = 0 - 1
f'=0.01- 1.5
g = 0 - B0O,

¥ = number which is determined by the valency and

frequency of the elements other than oxygen.

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

or is extruded as a bulk material.
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6. Process according to Claims 3 to 5, characterized in that carbonates,
hydroxides, oxides, nitrates or phosphates or mixtures of these salts are

used. 7. Process according to Claims 3 40 6, characterized in 20that the

anions of the acids corresponding to the salts used are used if

appropriate. 8. Process according to Claims 3 to 7, characterized in that
ammonium carbonate, ammonium heptamolybdate and at least one metal
Aitrate THERGEIAG cRFGMIRIRTRP ZBMitrate XB3nftith Atraté "obalimitrate; c1aim
and/or if apprapriatesitiic agid arecused toqireparenthectopreaiptatec9. of the

Pfoce%ﬁe%?%?gdig%% Glaims 3 19.8, chagagterized;in Mgnﬁ,esggipg@tie@aim 1

is performed at temperatures of 305 to 90C. 17 Process according to
Claim 9, ¢hdfactgfized RPIRAF IR pretivitalior iSperamvet af e the
temperatures of 20 tp90C: Praeess according4o Claihes:840 10ried,

characierizeddp thaldhe syspension %@'&% by pregipitation is matured

for > 0 to 24 hours, preferably > 0 to 12 hours, more preferably > 0 to 6

jours. Brocess according ig Claime 3 19 1 charagterized I at e, .-z
cépremplta(fe s removed and dried. Process accor ing to Claims 3to fZ,
charactérizedin dh&ttRE diiedl copreapitité Chefofe tHcaleiaticipitate (s)
consistssofspgay-dried particles having a particle size distribution of 15 to

160 pm. Process according to Claim 13, characterized in that the mean

particle-size distripution-gfithe dried-coprecipiiate{s between l1aymandes in
80 gm. Process accordﬁi}r to Claims 3-Jﬁ4, characterizecd in thg the
q metal e b

resideﬁ&aﬁmgoﬂQﬁga %gw er in'the overfor thermal trea rr@Ter(ft":)‘li';?a:LySt

betweer025carfibrahla (I) selected from the group consisting
of ammonium or amine compounds, oxalates, carbonates,
phosphates, acetates, carbonyls, hydroxides, oxides or

nitrates, individually or together, are used.

6. Process according to Claims 3 to 5, characterized in
that carbonates, hydroxides, oxides, nitrates or

phosphates or mixtures of these salts are used.

7. Process according to Claims 3 to ¢, characterized in
that the anions of the acids correspending to the

salts used are used 1f appropriate.

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

coprecipitate.

9. Process according to Claims 3 to 8, characterized in
that the precipitation is performed at temperatures of
5 to 90°C.
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AN 1@ gpysegafwhich temperatures of > 150 to 700C ape-eptablishedos1062
16. Process according to Claims 3 to 15, characterized in that the thermal

treatment is performed in one or more stages. 25 17. Process according

to Claims 15 and 16, characterized in that the thermal treatment is

performed in an atmosphere composed of inert gas, composed of

mixtures of oxygen with an inert gas and/or in the presence or absence of
&Fa?-Plﬁﬁ@sEf@Qg&Sﬁ?Q@iﬂ% t@:%ajm@t!li tonbh;charagterzed in I&k@&t
the thermally treated.powder is shape tabletting, extrusion, or applie

10 2 SUBa L P e A CEMES dne 1 Gharaldacma e 20
Sthat, aftertfé‘catalyst powder has been shaped, the shaped body thus
obtained is heat-treated within a temperature range of 450 to 650C. 20.
Processror preparingatdemmespwithaormwithd ut acitls, bybatayticerized in

oxidatien of alkanes oL paixtures, 100f-alkanes apd Elee%qrfﬁ%ﬁﬂ%?fg is
olefins Wi%h air F%r §x¥gen, (g)péionally in the resencae of |%ﬁrt gases, steam

or offgR5es'from the Tedction &t élevARd tEmpBraturess chirazteriZed in“

that a Eatalysi ofthresgamerdldorhata 5(MokAaBiCea Ee Ff Gg)Ox(l)

is used, in which: A: bismuth, B: at least one of the elements comprising

hickel amdios eobalt, 2 atleastong af the elemenis compasingtee; Tasd in

that the coprecipitate ig removed and dried.

13. Process acccerding to Claimg 2 teo 12, characterized in
that the dried coprecipitate, before the calcination,
consists of spray-dried particles having a particle

size distribution of 15 to 160 um.

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

coprecipitate is between 15 um and 80 pum.

15. Process according to Claims 32-14, characterized in
that the residence time of the dried powder in the
oven for thermal treatment is betwsen 0.25 and 13 h,
in the course of which temperatures of > 150 to 700°C

are egtablished.

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

stages.

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

absence of steamn.
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W, ©rp¥/ dxsd4east one of the elements comprising W s Frab le@sl/ 061062
one of the elements comprising Li, K, Na, Rb, Cs, Mg, Ca, Da, Sr, 25F: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
30a0-10-119C=0.001-1d=0.01-2e=0.001-1 f=0.01-

1.5 5g =0 - 800, x = number which is determined by the valency and

frequeBey otthe elementsiother tharieXygens to 17, characterized in

19.

20.

that the thermally treated powder is shaped by

tabletting, extrusion, or applied to a support.

Process according to Claims 3 and 18, characterized in
that, after the catalyst powder has been shaped, the
shaped body thus obtained is heat-treated within a
temperature range of 450 to 650°C.

Process for preparing aldehydes, with or without
acids, by catalytic oxidation of alkanes or mixtures
of alkanes and the corresponding olefinsg with air or
oxygen, optionally in the presence of inert gases,
steam or offgases from the reaction at elevated
temperatures, characterized in that a catalyst of the

general formula

(Mog As Bp Co Dg Ee Fr Gg) Oy (I)
is uesed, in which:

A bismuth,

B: at least one of the elements comprising nickel

and/or cchalt,

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

D: at leasgt one of the elementse comprising W, P,
BE: at least one of the =lements comprising Li, K,
Na, Rb, (Cs, Mg, Ca, Ba, SBr,

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 -
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2 Pzr%%s/%%c‘é){ging to Claim 20, characterized in that aﬁ[‘."f?i@ﬁ{m?/oslosz

acrolein and acrylic acid is prepared by 10oxidizing propane or propene.
22. Process according to Claim 20, characterized in that methacrolein or
methacrolein and methacrylic acid is prepared by oxidizing isobutane or
isobutene. 23. Process according to Claims 20 to 22, characterized in
15that the catalyst is contacted with a reaction gas mixture which
comprises. alkape or a mixture of alkane and the corresponding olefin,
oxygendanmd iglegtlga_s %nd water in a ratio of 1:0.5-5:0-10:0-18.

e = 0.001 -~ 1
f =0.01 - 1.5
[ 0 - 8GO0,

x = number which is determined by the valency and

frequency of the elements other than oxygen.

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

oxidizing propane or propene.

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

prepared by oxidizing iscbutane cr isobutene.

23. Process according to Claims 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 ratic of 1:0.5-5:0-10:0-18.



