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1 Mixed oxide catalysts made of hollow shapes The invention relates to
mixed oxide catalysts, consisting of hollow shapes, for the catalytic gas
phase oxidation of olefins, to processes for preparing the catalysts and to
5 the reaction to give aldehydes and carboxylic acids with air or oxygen in
the presence of inert gases in different quantitative ratios, at elevated
temperatures and pressures. In particular, the catalyst can be used to

Mhpeinestitie 6 sHDpghy X mdiri M€ réadtiibavwf giaperse to acrolein and
acrylic acid or isobutene to methacrolein and methacrylic acid. The

strongly exothermic reaction of the olefin over hetergge_lneous catalysts
With a7 BRYgertortpridinggdsIedds Shotdnly'fo e desiiedacrbiif and ¢
@cryliclacid peddust 45 bt alstto aserey of by-peaductsifor exampleiton of
dhe foHE";‘“‘%'_?sO 9@@@9&_ @c%d%%wt@@% eﬂ:@l‘%ﬁ‘@ﬁ\@ thatthe,
%Ee of chemical composition pf the étmxed oxide (phase formation and e
fO¥matiohorr8Action ‘ég) ﬁng%@é he t%‘g of ﬁh;I?éjlgéflis%ﬁlc?uc?Jé?forWl -
ekample 20yporosity; stifac® sizesshape of theccdtalys) andithedypd ofent
heat remavaleangreatly influenee the ability-toform aprodugtss(selectivity)
apgstggféoductivity (space-time yield). In the case of the olefin oxidation,

ke cata ys%sl used are generally mixed oxides which, in their chemical 25

and physical makeup, have a complex structure. A multitude of L
Hibliations describé mixea oxides which aré cApahle’st BiRg Tfeet ast e
catalysts forsthe preparation ©f acfoleincand> acndicacidfromepropeneand
dhese catalysts cgnsist generaly. of malybdenum, anadiny andidlacrylic
tundsten,, 30 Generaly addedto these base components,is at least one of
heterogenecus catalysts with an oxygen-comprising gas leads
not only to the desgsired acrolein and acrylic acid product
but also to a series of by-products: for example to the

formation of C0,, CO, acetaldehyde or acetic acid.

It ig known that the type of chemical composition of the
mixed oxide {phase formation and fcormation of reaction
gites) and alsc the type of physical structure (for example
porosity, surface size, shape of the catalyst) and the type
of heat removal can greatly influence the ability to form
products (selectivity) and the productivity (space-time
vield). In the case of the olefin oxidation, the catalysts
used are generally mixed oxides which, in their chemical
and physical makeup, have a complex structure. A multitude
of publications describe mixed oxides which are capable of
being used as catalysts for the preparaticn of acrolein and
acrylic acid from propene. These catalysts consist
generally of molybdenum, wvanadium and/or tungsten.
Generally added to these base components ls at least one of
the elements bismuth, antimony, vanadium, tellurium, tin,

iron, cobalt, nickel and/or copper.

The number of publications regarding heterogensousiy

catalysed gas phase oxidation of clefins to acrolein and
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the elements bismuth, antimony, vanadium, tellurium, tin, iron, cobalt,
nickel and/or copper. The number of publications regarding
heterogeneously catalysed gas phase oxidation of olefins to acrolein and
2 acrylic acid is numerous since the first development GB 821999 (1958)
to Standard Oil Inc. In spite of the long development time, it is still a
demanding problem to improve the performance of the catalyst, such as
groguctd yield] actvinyard fifetime. Fot thispufpose; the Titdranurerclaifs
varigys technigues: for preparationcand formulations.efthecatalyst. Byng
{vévaz?y of example, the most. recent develo 6£ments are p resented here;:

RTECETHE ART 10 WO 20051063673 81516 16 %epd'f) d(L)n Fiof the
‘oatalystehyt s inet naterialin crdertotredaéd thie heatsfoffhaficn iy ¢helCt
feaction zone and henee ta increase:-themroduet:yieldh: Avoidanceref an

fXQggSlyely hl%sntemper\%uwrg Jeduces the, %I oxidation tQ%)rggl,{cts

n spfte of the ?emperature modulation o t e reaction b inerts, only
SRETMURIAE Yield bf AkFOIGA EhtadryliCHCiH Bf no mere TaIfe1 221 i805¢
achieveddytheqrneessdescribede: AWEO2005885%15 describes the
preparation of a catalyst of the metal oxide composition and sublimeable

matedals-The20xmetal oxide acts as a catalyst; the sublimeable material
acts as an additive for pore generation. The resulting catalyst is very

fstive, fasa large surfage area andiis capaple; %frfogmngz?ére'%a?@ by
acrylic acid with high selectivity. 25 DE 10344149 discloses an annula
ARsuported Batalyst bassd “ort'a MdisBiEEXic X 3o (1 withd'

tengthreb2:llommcare and hence to increase the product yield.
avoidance of an excessively high temperature reduces the
total oxidation of the products. In spite of the
temperature modulation of the reaction by inerts, only
accumulated yield of acrolein and acrylic acld of no more

than 91.22% is achieved by the process described.

WO2005035115 describes the preparation of a cataiyst of the
metal oxide compogition and sublimeable materials. The
metal oxide acts as a catalyst; the sublimeable material
acts as an additive for pore generation. The resulting
catalyst 1s very active, has a large surface area and is
capable of forming acrolein and acrylic acid with high

selectivity.

DE 10344149 discloses an annular unsupported catalyst based
on a MopBi.FepX1.X24%3:X4:C, (1} with a length of 2Z-11 mm, an
external diameter of 2-11 mm and & wall thickness of 0.75~
1.75 mm for partial oxidation of propene to acrolein or
methacrolein. Catalyst (I} has the advantage of an improved

activity and selectivity.

DE 199 33450 describes metal catalysts which are composed
of nickel, comprise hollow shapes or spheres composed of a

metal alloy, and are used for hydrogenation,
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external diameter of 2-11 mm and a wall thickness of 0.75- 1.75 mm for
partial oxidation of propene to acrolein or methacrolein. Catalyst (1) has
the advantage of an improved 30 activity and selectivity. DE 199 33450
describes metal catalysts which are composed of nickel, comprise hollow
shapes or spheres composed of a metal alloy, and are used for
hydrogenation, 3 dehydrogenation, isomerization, reductive alkylation and
dedyctivesamination, The catalystahus preparedhasan mproved stabiktyc
20 Jifetime. Such hollaw spheres.can be prepared aceordling 0 nas an

Andersen, 5 Schnejder and Spef g ie (cf. "Neue Hochporose Metallische

WBASHe TRdvel Righly 5

drous metaffic materials],

Ingenieur-Werkstoffe, 4, 1998, p. 36-38). in this process, a mixture of the
eireBAHSy o0& BIENIC BindeF aRd Sptorally of 8h fricrahit BiRA& RS/
sprayecbanifermly 104hroughea fluidizetizadecomposed 6Epolifstyeenel sche

wppetes, where/it coats the spheres., The.caated spheres are then <1,
calcined at selected tem eratgre; within the r%ag%%§ 45Q to%le.OOOCrln .
OrAE DB Uk f7e PolStyréne, folidwed by “2 higher caltination ©* =S

ahi
dempetature nfordeetalsinterdhie 45 metal toyethercarubstapilizéther and
hollow:shape. Afterthe calcination, the eatalystissactivated by.a sogiung

) droxi e soliuiion i_ order to(g)recparegrg%gcg\]/:,ateg#ass rrnert1 I c%%gsﬂt -
W &ittorial adVaitage of this CatalySt System 6 that t tﬁlc?ine s of the
Wats of thie BolcW 20'shapescanthe EontrollRU easilyRRRBUGA thé Loafiny
onditions, and thel perosity ottheawallsthreught the: patticte sizeend>f 450
gg”&%@@m@<¥§hg§5@gﬁﬂgog@§5rgggﬂgh@ polystyrene, followed by
a hicher calcination temperature in order to sinter the
metal together and stabilize the hollow shape. After the
calcination, the catalyst i1s activated by a sodium
hydroxide solution in order to prepare the activated base
metal catalyst. An additional advantage of this catalyst
system is that the thickness of the walls of the hollow
shapes can be controlled easily through the coating
conditions, and the porosity cof the walls through the
particle size and composition of the original powder

mixture.
Problem

it is generally accepted that the type of chemical
composition of the mixed oxide (phase formation and
formation of reacticon sites) and the type of physical
structure (for example porosity, surface size, shape of the
catalyst) and the type of heat removal can greatly
influence the ability to form products (selectivity) and
the productivity (space-time yield). The present invention
has for its object to provide a catalyst with an elevated

catalytic activity compared to the prior art.

The invention is based on the further object of providing
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Problem 25 itis generally accepted that the type of chemical composition
of the mixed oxide (phase formation and formation of reaction sites) and
the type of physical structure (for example porosity, surface size, shape of
the catalyst) and the type of heat removal can greatly 30 influence the
ability to form products (selectivity) and the productivity (space-time
yield). The present invention has for its object to provide a catalyst with
an eepatede Catatyticeswtivity compared tothezpritr faytl Thesinvertiorcis, 1in
Jhased %tin@ﬂ@&them@egw(}a@wdm& an-improved Processfar o ropene
reparing aldehydes and acids, in_which acroleig and acrylic acid are .
AT oM prépetie By oxiiatisn it alf or Skygeh i e bresenca of
drere gasesineiliding steapi of offgases fRem the yeaction, At SEldvdted at
demperaturessaictinthe-presence of-a theteregeneaus mixed oxide
catalyst, A mixed aoxide catalyst,_shall. be pravided, with which.not onl
bropend Garversions  groatér than 05% bt also 2 Aigh prodict Selechvity” "
hegrealdt tha Bt efal 16'68% Hré achieved 28uch tRaPBE F0 eeBAGMIT: O1s
yiahility of thesproeess isaimproyed 2 Desghiptiomotithe invertionmThey of
invention pravides catalysts, consisting.gfhollaw; shapes, far.oxidizing « .

olefins, for example mixed oxide catalysts of the general formula 15
OEIBE G- @EoNiDYe Bd ELEFGHEN D, @)\ WRIER'C: iron, D: at
least one of the elements selected from N, P, E: at least one of the
eifientstserected frofe Lil K N, 1 o1

The invention provides catalysts, consisting cof hollow
shapes, for oxidizing olefins, for sxample mixed oxide

catalysts of the general formula

(Mo, Bi, Cp(Co+Ni)e. Dy Es F: Gg Hyp) Oy {1y,
in which
C: iron,
D at least one of the elements selected from W, P,
E: at least one of the elements selected from Li, K, Na,

Rb, Cs, Mg, Ca, Ba, B5r, 7
at least one of the elements selected from Ce, Mn, Cr,
vV,

i

G at least cone of the elesments sslected from Nb, S, Te,
Sm, &d, La, Y, Pd, Pt, Ru, Ag, Au,

H: at least one of the elements selected from Si, AL, Ti,

H oo o0 O
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20 Rb, Cs, Mg, Ca, Ba, Sr, F: at least one of the elements selected from
Ce, Mn, Cr, V, C: at least one of the elements selected from Nb, Se, Te,
Sm, Gd, La, Y, Pd, Pt, Ru, Ag, An, 25 H: at least one of the elements
selected from Si, Al, Ti., Zr,and a=05-5.0 b=05-5.030c=2-15d
=0.01-5.0 e=0.001-2 f=0.001-55 g=0-.5h=0-800, and x =
number which is determined by the valency and 5 frequency of the
®elemeénts éther than oxygen. The use of the inventive catalysts leads to a
ysignificantly, improved catalyst activity which is manifested in that lower
salt bath temperatures can be established for high conversions. 10 As'a
Je ult of the novel process for preparing the catalysts, for example of the
general formula |, itis possible to obtain a particularly suitable

caﬂtﬂalytic?ﬁg active solid, for example for converting propene to_acrolein
*and adty SEid‘."xf’ﬁg%eell&io%ei%eﬁ:%ﬁ&ﬁgrl% 15 %Ea%%rgfa%)%%ﬁglyap%%formed
i scactorsywhich allowsther eatafyst i be uskdasafigédibed. However, it
is likewise

The use of the inventive catalysts leads tc a significantly
improved catalyst activity which i1s manifested in that
lower salt bath temperatures can be establiished for high

converslions.

As a result of the novel process for preparing the

Lin

catalysts, for example of the general formula I, it is
possible to obtain a particularly suiltable catalytically
active solid, for example for converting propene to
acrolein and acrylic acid. The reaction is particularly
advantageously performed in reactors which allow the
catalyst to be used as a fixed bed. However, 1t is likewise
possible to use the catalyst as a fluidized bed catalyst.
Tt should be pointed out here that the inventive catalysts
can also be utilized for the conversion of isobutene to

methacrolein and methacrylic acid.

Catalysts of the composition described can be prepared by
cbtaining a finely divided powder by the production steps
of: dissclving the metal salts, precipitating the active
components, drying and calcination, and shaping the
calcined powder. This can be done in the commonly known
manner by tableting, extrusicn or by ceating of a support.
The support shape is not limiting. For example, the support

may be a pyramid, a cylinder or a sphere.

A novel process has now been found in order to give the
mixed oxide catalyst a hollow shape. In this case, the
support is a matrix which imparts a shape to the active
composition and is removed after or during the

solidification of the active composition so as to form a
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possible to use the catalyst as a fluidized bed catalyst. It should be

pointed out here that the inventive catalysts can also be utilized for the
conversion of isobutene to 20 methacrolein and methacrylic acid.

Catalysts of the composition describedscan be prepared by obtaining a

finely divided powder by the production steps of: dissolving the metal

salts, precipitating the active components, drying and calcination, and
rehaping thed2h calcnedepewder. This=darebé ddnen thewcommorty
1@9&%&@3@&( by tableting, extrysion of by-cogting of asuppott. (Hhermaliy,
support shape is not limiting. For exaéné)j_e,}he su;gg)r; m@g be a )é[}amld,
ey g BT a Sphefé A fiovel procels had Rowbedh foundin orderto

give the: 30mixed oxide caralyst altsolloneshape. 1 this casemher slpport
ﬂ%@g@atdﬂ% f\&hi@hﬁmp@tm %Qﬁ%@éhﬁ@ﬁﬁ%c@mﬁosﬂ%@ﬁq isspecially
removed after or during the solidification of.the active composition.so. as t
Yorm a6 Kotiow k%‘dayg. 'Iif?eere%ol’v%?f }/s{éf?eac gty b?/ccl()ﬁﬁ%lle Iﬁggcglﬁ%é-%o%tofor
Emeans of asolieht of preterably Beeritally - for xdmpiehySmeaRsS of
dbermalsadiation: The coatesh supportisheuldpreferably bestseateddn theyanic

rgew%&%%;seffaft%%g% 9450 1o SQQS{QQ&%B@%QQQ & oxygen. especially ; ¢

of air, suc the ga{;lf/tl‘cally active composition for use in industrial
‘rectorssolidifiestaid the>Support dechimnposes witholt résidue pheses (7=

BEpports tBed are prgari¢ amateriats, for.éxamplépotystyrenebbasedi s ne
Polymers;such as,1Q ASA. (acrylopitrile/styriepelacryicaster) spelystyrene

(PS, PS-1), SAN (%ene/ac%lonitril?. Ho.V\Pever,Lthere IS No restrictiorg)ﬁS
6 trese polyfers: These haterials s ner: poress

& Yeneratly significantly cheape
tharthenedraniie sppports;aticn costs of the catalyst are

raduced.

The size of the support matrix is not limiting. Typlcally,

bodies of 0.1 to 20 mm, especially to 5 mm, are used. It 1is
: ' 4 -6

also conceivable to use supports in the range of 1077 to

0.1 mm or greater than 2 rm.

The catalyst thus prepared has an excellent activity at
high sslectivity and lifetime and leads to a very good

product vyield.

The catalysts to be used for gas phase oxidation in the
process described are obtained by combining the disscolved
compounds of the catalytically active elements from the
formula I with the desired concentrations. The components
gre used ideally in the form of the compounds selected from
the group of ammonium or amine compounds, oxalates,
carbonates, phosphates, acetates, carbonyls and/or
nitrates, individually or together. Particular preference
is given to carbonates, nitrates and phosphates or mixtures
thereof. It is likewise possible to use acids of the salts,

for example nitric acid, phosphoric acid or carbonic acid.

o~

The first stage of the catalyst preparation forms, as
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such that the preparation costs of the catalyst are 15 reduced. The size of

the support matrix is not limiting. Typically, bodies of 0.1 to 20 mm,

especially to 5 mm, are used. It is also conceivable to use supports in the
range of 10-6 to 0.1 mm or greater than 2 mm. 20 The catalyst thus

prepared has an excellent activity at high selectivity and lifetime and

leads to a very good product yield. The catalysts to be used for gas
gihasecoxidation. inrthe , process describéd ardbsptainédrisy combiring thies ©f
dissolved :25;cmpounds-af thecatalytically active elementsdfromihge, it
formula | with the desired con_ce;%rations_. The components_are used .\ .. .
HadatiFinthe 5 bY the cSifipotnds Sefectad from the grodpof — - i
nEroRiun or ahting eompolingls, oxalate st lcaFbsitdtes, piosphatesimonia
Acetatescarhopylsandior=30: nitrates, tadividually: astogethenmRarticutar
preference 's ghiea o gpronaten iateRand phosnhates oLMUES <o
théreof. I i< likewise possibleto use acids of the salts, for example nifric
FEFADHospRBFC Atioror-GarbGhtesacid . Fheé HiFst stdde ofthbcatalyst
preparationfarns; st calready-rapntioried; aspredipitater Dependingeomitric
dhe type; of metalsalts which.are used n the precipitation stags, it- may < o

be necessary to add the components to the precipitation mixture in the

F6n OF solttion Mixttires iGEai: BrmGhias o ammasHitim salts are uséd
here, for example ammonium carbonate, ammonium heptamolybdate or
Thetabnitiages for exampleirsf hitPatb 2 E6Baltrifral® 18 Tkewised -1 one
possible to:use theseoreespondingagids;-forexample pitrics acidzdn the
5@%%%@%“€§968¥%8§E$%§Q§3%mﬂﬁigg%éraz stages through
stepwise addition of the individual components or through
mixtures therecf. The number of precipitation stages is not
limited in principle. However, preference is given Lo one

to three precipitation stages.

The resulting suspension can be processed further directly,
or it is allowed to mature for > 0 to 24 hours, preferably
> 0 to 12 hours, more preferably > 0 to & hours. It is

obvious that the precipitated suspension, before the

Fh

urther processing, is homogenized, Lor example by

stirring.

After the maturing, the ligquid can be removed from the
suspension by evaporation, centrifugation or filtration. It
is likewise possible to evaporate the liguid and
simultaneously to dry the solid, which can be effected, for
example, by spray-drying. The liguid should be evaporated
at a temperature of 80 to 130°C. The solid can be dried
with air, oxygenous inert gases or inert gases, for example
nitrogen. When the drying 1s perfeormed in an oven, the
temperature should be between 100 and 200°C. In a spray-
dryer, the starting temperature of the drying medium should
be from 200 to 500°C, and a temperature on depositlon of

the dried powder of from BC to 200°C should be provided.
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10 The pH during the precipitation is < 8, especially < 7. The preparation
of coprecipitates can be performed in one precipitation stage. It is
particularly preferred to perform the precipitation in several stages
through stepwise addition of the indivielual components or through 15
mixtures thereof. The number of precipitation stages is not limited in
principle. However, preference is given to one to three precipitation
Ttages: STHe: resultingrsuspeasion canliie processéd farther dirsetly 2 or it is
Allowed to mature fors» 0:19,24; heurs s preferably 20 x.0 to 12rhaurssmere

referably > 0 to 6 hours. It is obvigus that the. precipitated suspension,
E%e’%éﬁ&% ?&r?hr%g?“pé?gcéggs?ﬁﬁg?efg h%lénoag%%iz%e%, For example by stirring.
After the maturing, the liquid can be removed from the 25 suspension by
TRapBratich, Retitftagdtion or filP &G 1P € lIKEWSE Poslible tosvaporate ©
the diquictand ssimaltanedushy tofdnysthe solid whichan deeffectetpfor in a
%Meaﬁsewﬁqu%%ﬁ ligwichshould be avaporated rat & ven or belt
temperature of 80 to 130C. Tt e solid ganhbe drie 3(% with@i%gégg%gg%sre
TNETE gases of fert Gases forexarfipie hitrogér wheh the drying is ~
performedrinah oven, the temiperatirdsheuld besetween 10D gnd 2606ence

4R Rspray-deyendhe starting temperaturesefdhe grying saedignyshould he
De from 200 tg 500C, . and gt%m%%rag%rg on, d§position-of 35 the dried
powder%??r’om 80't6 200C should be provided. 8 The resulting particles

should be preferably have a pagicle sizg_ distril:%tion of 15 to 160 um Vﬁlgh*he
Hmedin-paftitie dianteterbeteen FANd 80 unt STHE difed powder may -
{mprincipleisubbseguently be calcined: salts, for example nitrates or
carponates, which occurs at the same time 1n one Or more
stages. It 1s possible to employ Temperatures of 200 to
600°C, especially 300 to 600°C. The thermal decomposition
can be performed with addition of inert gas, composed of

mixtures of oxygen with an inert gas.

Useable inert gases are, for example, nitrogen, helium,

steam or mixtures of these gases.

The powder thus obtalned may be used directly as a
catalyst. The mean particle size distribution of the powder

should range from 0.01 to 50 um.

In order to convert the mixed oxide powder to the inventive
form, it is applied to a support which, after the
solidification of the catalytically active composition, isg
removed so as to form a hollow body. The removal is
performed by controlled leaching—out by means oI a solvent
or preferably thermally, for example by thermal radiation.
The precurscr of the inventive catalyst, which consists of
support and catalytically active layer, is preferably
treated in the temperature range of 490 to 600°C,
especially 490 to 580°C, such that the catalytically active

composition for use in industrial reactors sclidifies and
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5 in a wide variety of different oven types, for example in a forced-air

oven, rotary oven, tray oven, shaft oven or belt oven. The control quality
and the quality of temperature detection of the oven should be at a
maximum. The residence time of the ppwder in the oven should,

according to the 10 oven type, be between 0.25 and '3 h. It is likewise
possible to perform the calcination and the thermal decomposition of the
1sadts sfop exampte nitrates: or cacvonates cwhichloseurssatithe samerimeved

WA OAg.r mare: slagesrids QQ@%@'@@Q enaplay fempsraturesof200:t0:115
600C, espemal% 300 to 600C. The thermalqdecomsposmon can be

Detforh@dRvith BAdtiSH BF HETE g2s Comosed B miktlires o 6Xygen with
amdngi gast Useabletinergases are, ifor example, nittogen; hefiam, (FS, FS-
steam0f. mixtyresf these,gasas: 201 Ehe ppwedek thus-obtained may be

used dectly 85,2, cafalyst. The mean,particle.size distripulion.gfhe -
pO\”/vdrer shoitd range ﬁgm 6,010 50 Um. Ih order to convert the mixed

DX BewdECtO R iffentive e, s appiédto a support which, after

the 25 solidification of the catalytically active composition, is removed so
‘Hseodenmathallowsbegy: The removabizo perfofrmed by cortrblledy in this
deaching-out:by. means of.a salvent; ot preferablcthesmally.faeexample +he
b% thermal radiation, J he Y%rgc#rsgig og‘: ghe. Qgeqt%\éerc%tggéﬂst 1Whi9ﬁ}b
CoRSists of 30 stipport and catalytically AEtve layer, is pre Srably réated

{h. eecteniperatite range of-480 t65:600C = ‘especially 490 t6 580C Such1©
thatdhe eatalyticadly acive composition forusedn industiial reacterssphere or
solificeand 9, e syRrerhean smuliancousy Qralibseguenty bee
support. Typically, supperts of 0.1 to 5 mm are used.
However, it is also conceivable to use supports in the
range of 10°° to 0.1 mm or greater than 2 mm. The thickness
of the mixed oxide layer 1s, according to the support size,
generally between 107° and 1.5 mm; particular prefersnce is
given to a coating thickness of 0.1 to 1.5 mm. The coating
of the support to prepare the catalyst precursor 1s
performed by spraying an agueous suspension which comprises
the catalyst powder and binder. The catalyst powder is
preferably used in a form calcined at 470°C to 600°C. For
the later formation of pores, one of the known pcre formers

may also be added toe the suspension.

The binders used may be various oils, celluloses, polyvinyl
alcohols, saccharides, acrylates and alkyl derivatives,
mixtures or condensates tThereof. Preference 1s given to
acrylates, polyvinyl alccheols, and celluloses or sugars,
Particular preference 1s given to derivatives and
condensates of acrylates and/or celluloses and/or sugars,

and mixtures thereof.

After drying of the coated support at temperatures of
preferably up te 110°C, the support is removed. The removal

is performed by controlled leaching-out by means of a
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without residue. The supports used are organic materials, for example
polystyrene-based polymers such as ASA (acrylonitrile/styrene/acrylic
ester), polystyrene (PS, PS 5 I), SAN (styrene/acrylonitrile), but there is no
restriction to these polymers; it is alsolgossible, for example, to use
celluloses or sugars. The geometric shape of the support is not limiting in
this context. Instead, it is guided by the requirements of the 10 reactor
sand-efthe readtivmregimet(forexahiple tdlse diznsater, dedyth ot daa 1
Icc_@%%?{%titaﬁﬂ)ﬁ Eer @&@m@%%cﬁh&; ﬁp@gaﬂn@ﬁ be‘@pﬁ@@ﬁie@,x_@ QE'?&@I’D&
saddle, a sphere or, a polygon. Likewise not limiting is the, size of the
Os%%%ﬁ.‘ . %%?ca?@?éﬁ |§pos)r/‘t%p(‘?fD 0.11t6 %O%%Qa%rﬁs@ed al%jél/oé%véﬁ .ﬁ§ &c
V&l$6 EON Givablend s5e Seppord Y the® Fartge of £0-90°0.  mstGitgreher the
dhan 24nmuhedhickness cofribe mixed odideHayer, iswadcordingdo theport

Suppgitsize, (generally between, 1046 and 1.5mmy, particular preference is

given to a coating thickness of 0.1 to 1.5 mm. The coating 20 of the

support to prepare the catalyst precursor is performed by spraying an .. ‘
5 ebﬂg%ﬁéﬁgﬁs@iﬁ %\%’ftﬁ \%’o bﬁ§é§ the %%?alfs%lp%%vﬂle??én%*biﬁ%grfms te
Thescatalysepowderisy pesferably Gsed ins® forfh-ealcineddt 470CHdS

H00C: fer the later farmationiefepares,;onesefsthe known pore formers 25

may also be added to the suspension. The binders used may be various

plls, celluloses; pelyvinyk alcohols, saceharidgs, agrjates andealkyl:
derivatives, mixtures or condensates thereof, Pref r§n§e isgivento .
RRAIAEREHoSUinG I AIcoRolR " ahd RRftiBses 6 sdgars 30 Particular
preference is PiverPto-dérivatives andTesndehsaies offactyrates and/sr Jas
sellWloses and/ox sygarss -and midurasithereofc the catalyst bed in a

ratic of 1 ¢ 6 -~ & : 3 - 18 at a loading of 2 - 10 mol of

olefin/dm® of catalyst bed/h.

Instead of the inert gas, 1t is posgsible to use the cffgas
from the reaction, from which the condensable constituents
have been removed. Particularly good results are achileved
when tube bundle reactors or fluidized bea reactors ars

used.

The inventive catalysts lead, even in the case of high
specific loading, to an improved activity when used in the

oxidation processes mentioned,

The invention will be illustrated herelnafter with

reference to working examples. Definitions usec are:
the yield (%} of the product as

(mol/h of product formed)/{mol/h of reactant suppliecd) *
160

the conversion of the olefin (%) as

(1 - (mol/h of olefin leaving the reaction tube)/(mol/h of

olefin entering the reaction tube)] * 100
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After drying of the coated support at temperatures of preferably up to
110C, the support is removed. The removal 35 is performed by controlled
leaching-out by means of a 10 suitable solvent or thermally, for example
by thermal radiation, at elevated températures in the presence of
oxygen. The coated support should preferably be treated within the
temperature range of 490 to 600C, such that the 5 active composition
tfloems alsotidishetlywhile thke support dissolves or decomposes without
residue. The invention likewise provides the oxidation of olefins to
unsaturated aldehydesiand corespending acidsinthe presence of the
inventive catalysts. 10 The reaction to prepare acrolein and acrylic acid is

erformed generally attemperatures of 250 450€ ang.acpressure of 1.0
- 2.2 bara. The O|eflﬁl air argq Ee%gas reactants are pref erably S %plled

4B 4he ChtHiystbed iff ° ratio’s G A Ioadlng “of 7 S 10 mall
iof 1% olefintdm3 of edtalystbeiAt |As@aH of the inert gas, it is pOSSIb|e to
use the offgas from the reaction, from which the condensable
constituents have been removed. Particularly good results are achieved
when tube bundle reactors or fluidized bed reactors are 20 used. The
inventive catalysts lead, even in the case of high specific loading, to an
improved activity when used in the oxidation processes mentioned. The
invention will be illustrated hereinafter with 25 reference to working
examples. Definitions used are: the yield (%) of the product as (mol/h of
product formed)/(mol/h of reactant supplied)
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100 the conversion of the olefin (%) as 30 [1 - (mot/h of olefin leaving the
reaction tube)/(mol/h of: olefin entering the reaction tube)] * 100 11 the
selectivity (%) as (yield of the product/conversion) * 100 The invention
detailed is, in order to improve understanding, described by the examples
which follow, but 53 is not restricted to these examples. 12 EXAMPLES
Example 1 A solution | was prepared by dissolving the nitrates from iron,
EOldal).Rickel, manganese, potassium in the 5 proportions by mass of 23.2
1 47.26 . 29.28 : 0.0646 0.2067 in 3.5 litres of water and heating them to
#0Gwith stirring, and adding a nitric acid solution of 0.1 mol of Sm3+ and
2 mol of HNOS3, For a solution II, a solution of 2118.6 g of ammonium 10

zb%qmeb@ga&e in27 r%fpvg@t@é was @f@@@@ﬁx@%ﬁ%ﬂ@ this ended 40 om
LCFhospho acid an O 42 g of Aerosil 200 ussa% 14 g.( qag
ed

inidiRBxide ware aﬁdé & 190 6f Watef So |on WS &
rstowly :ndowith inteAsive stifringfto? 15 solution |: incd séParaté vessdt, a
durtherssalution HI consisting of 90 grof-bismuthsnitrate and. F2mobof wich
HNO3. was made u Addltlon of this solution tg the -
SCBH:poln%%ts aﬁordae% tﬁe%oprec“iﬁltate for the pgrgéafgit%%rg %f%l he actlI\t}gL i

FatalysiHhasEr0 The ‘dprecipitate was stirred intensively for 12 hours.
The

For a solution II, a sclution of 2118.6 g of ammonium
heptamolybdate in 2.7 1 of water was prepared at 40°C; to
this end, 4.4 ¢ of phosphoric acid and $.42 g of Aerosil
200 (Degussa), 14 g of aluminium oxide were added to 1 1 of

water.

was added slowly and with intensive stirring to
solution I. In a separate vessel, a further solution III
consisting of 790 g of bismuth nitrate and 0.72 mol of HNOs
was made up. Addition of this solution to the cother active
components afforded the coprecipitate for the preparation

of the active catalyst phase.

The coprecipitate was stirred intensively for 12 hours. The
resulting suspension was dried in a spray-dryer with a
rotating disc at 2 gas inlet temperature of 350°C. The air
flow was adijusted so as to obtain an exit temperature of
110 +/- 10°C.

This powder was treatea in a forced-air oven at a
temperature of 445°C for 1 heur until a mixed oxide formed.
The mixed oxide wag sprayed as an agueous suspension
through 2 two-substance nozzle onto a spherical Styropor
support and dried at 60°C in an air stream. To homogenize
the pellets, they were circulated with rollers. To solidify
the acﬁive composition applied, the resulting material was

heated in the presence of oxygen at 520°C for b hours.



resulting suspension was dried in a spray-dryer with a rotating disc at a
gas inlet temperature of 350C. The air flow was adjusted so as to obtain .
an exit temperature of 110 +/- 10C. 25 This powder was treated in a
forced-air oven at a temperature of 445C for 1 hour until a mixed oxide
formed. The mixed oxide was sprayed as an aqueous suspension

through a two-substance nozzle onto a spherical Styropor support and
Hdrieghbat6QC in an air stream. To homogenize 30 the pellets, they were
circulated with rollers. To solidify the active composition applied, the
mesultingamateriabwas:heated in theipresence of exygentat 520C forfe of

choorrlLJ r%‘s]i 1%43”939“972 -'!%-Qoe }89t @&ﬁgx&m I%L% &6’&%% ngﬁlg}@gc"giih rada),

mixture of composition of 7:3%

y volume of propene (chemical grade),

GO By VETaiBo G andrineiCyds! Bt B4R tempefattfs™s of 188 4hd = ©
@& cantatttimeddf 2.@spacrolein and acfylic. acis, wererchtainedawith acrylic
Sejertiyity of 95%ata copversign of 92%. Cpmpargtive Example 3 The
catalyst was prepared according to Example 1. The 10 support utilized,
SRSEEE Bk the 8lyropdr sphere, was an alumina support which could not
be removed. The resulting catalyst had the same geometric shape. At a
it ABAipetaturE Aighk? by 12C, the reaction time had to be prolonged
by the factor of 1.35 to obtain comparable 15 conversions. The selectivity
‘viacroleinlardacrytic acidownasD4% 4 Chagns o Example 1. The

suppert utilized, instead of the Styropor sphere, was an

alumina support which could not
catalyst had the same geometric
temperature higher by 12°C, the
prolonged by the factor of 1.35
conversionsg. The selectivity of

was 94%.

be removed. The resulting
shape. At a bath

reaction time had to be
to obhtain comparable

acrolein and acrylic acid
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1. Mixed oxide catalysts which consist of hollow shapes and are of the
general formula (Mon Biz Cb(Co+Ni)e Dd Ee Ff Gq Hh)Cx (I) 5 in which
C:iron, D: at least one of the elements selected from the group consisting
of W, P, E: at least one of the elementssselected from the 10 group
consisting of Li, K, Na, Rb, Cs, Mg, Ca, Ba, Sr, F: at least one of the
elements selected from the group consisting of Ce, Mn, Cr, V, G: at least
@Oiwiofsthe elements selected from the 15 group consisting of Nb, Se, Te,
Sm, Gd, La, Y, Pd, Pt, Ru, Ag, An, H: at least one of the elements
selected from el @roup: eansisting ohSEAlCHnéh ando 201803 0% - B s
=0.5 -aS.O =2: 1(;3§d gh%méns.q: g = %%1% 25f=0.001-59g=0-1.5
h=0- E&o and X = Aumbar which is determined by the valency and 30
frequency of the elements other than oxygen. 2. Mixed oxid(%Ic)atalysts

accordifig Yo Elaim 1. comphising 15 *¢ o el O

in which
C: lron,
D: at least one of the elements selected from the

group consisting of W, [,
E: at least one of the elements selected Ifrom the

group consisting of 1i, K, Na, Rb, Cs, Mg, Ca,

Ba, Sr,

E at least cone of tThe elements selected from the
group consisting of Ce, Mn, Cr, V,

G: at least one of the elements selected from the
group consisting of Nb, 2e, Te, Sm, Gd, La, Y,
pd, Pt, Ru, Ag, Au,

H: at least one of The elements selected from the
group consisting of 3i, Al, Ti, Zr,

and

a = 0.5 - 5.0

b = 0.5 - 5.0

c =2 - 15

d = 0.01 - 5.0

e = (.001 - 2

£ = 0.001 - 5

g =0~ 1.5

h = 0 - 800,

and

®x = number which is determined by the valency and

frequency of the elements other than oxygen.

2. Mixed oxide catalysts according to Claim 1, comprising
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a gas-impermeable hollow shape. 3. Mixed oxide catalysts according to

Claim 1, comprising a gas-permeable hollow shape. 4. Mixed oxide

catalysts according to Claims 1 to 3, 5 comprising a hollow shape

consisting of a plurality of layers. 5. Mixed oxide catalysts according to

Claims 1 to 4, comprising hollow spheres having a diameter of 0.5- 5 mm.

10 6. Process for preparing mixed oxide catalysts consisting of hollow

shapes ageording to@iaimssl to05,l conmprising- mixing solutions of

compounds of the elements present in the mixed oxide catalysts of the
formulail;freparing: cepregipitates, isolatingi the kpresuiting solidgomprising

optionaall)%ggy_ing%gg cgﬁcﬁjjnimggt,= O%pdsﬂggl ing the resulting finely divided
solid, op ionaﬁ)ytoge?hervwi‘t a binder, in the form of a suspension as a

layer to a support which corfists of organic .mategal, Ld .remoi/i this
‘brganic H&ferial 20 dufifg ot After the soifdification of thé fayer ag%fie to

it. 7. Procassiacootding te Claim 6 hinawhichiise sGppart has athelshepeidfy of
a sphere:8-Rrocess according to Claim 6 or 7, in which the 25

suspension is prepared using a calcined or partly calcined fine solid

whose,mean particle SE&QF%’M@U%&%‘%%“ 00%-and 80 pM.9, 4,

Process according to Claims b to 8, in which thé mean _partlgle size, .
distrib iR 6f the' Spraf-aristl pomitier S 307 Appropriate HrougH gfinding,” ™

is betweenrQ.1 and 50 pm.

6. Process for preparing mixed oxide catalysts consisting
of hellow shapes according to Claims 1 to 3,
comprising mixing solutions of compounds of the
elements present in the mixed oxide catalysts of the
formula I, preparing coprecipitates, isclating the
resulting solid, optionally drying and calcining 1it,
and applying the resulting finely divided solid,
opticnally together with a binder, in the form of &
suspension as a layer to a support which consists of
organic material, and removing this organic material
during or after the sclidification of the layer

applied to it.

7. Process according to Claim 6, in which the support has

the shape of a sphere.

g. Process according to Claim 6 or 7, in which the
suspension is prepared using a calcined or partly
calceined fine solid whose mean particle size

distribution is between 0.01 and 80 um.

9. Process according to Claims & to 8, in which the mean
particle size distribution of the spray-dried powder,
if appropriate through grinding, is between 0.1 and

50 pm.
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16 10. Process according to Claims 6 and 8, in which the mean particle
size distribution of the calcined or partly calcined powder, if appropriate
through grinding, is adjusted to a distribution of 0.01 to 30 um. 5 11.
Process according to Claims 6 and 10, én which the catalyst precursor,
after the application of the finely divided solid, is dried, which is followed
by a thermal treatment in the temperature range of 450 to 600C in the
Igresefice ok exyger: A0 Processforpre fariitfaldehydes'aad Acldsyrean
Oxidizmr@fk_eéiné o methylated @Eﬁfﬁaﬁ% wfi;fh aif-oroaxygendn the pardtly
presence of inert gases, steam.or offgases.from the reactio v, -
tempe?g%crjé‘s?ec gﬁgﬁ%éd %tﬁﬁpa% ggtléli/%f’ \(/%vhtlﬂc ré)élngsﬁétg]g#ﬁ!g}é@v%e’ e
shapesdiiELs i 6fthe geheral feikua{Mu12°Bia/CRHECo¥ NI} Dd Ee F,
GG Hh)Or (1) is used, in which C: iron, D: at least one of the elements
selected from: thes @0cgroupaonsisting of 3V P 2Edatiéast:anebfithe the
g'emseegst%eﬂ %t{édﬁ@mﬁ% &rlpue:@@@@slﬁa@ céafisbﬁ ﬁ\& %Fép) Cs; Mg<Ca,
a, Sr, F: at least one of the elements selected from.t or

COﬂSiS%ﬁB%Sf%eg;Mﬁ,dée VGt ledst ognrelgf%he“é%rﬁgntlésse%t:ﬁtqeg Fam Y
the groupchsistngVFNG} Sel Te: S, f[CupEsa P, PERE, Ag, Ax, Ht®

at least omecof the elements selected fropxthe=30 group consisting of Si,
Al, Ti, Zr,

12. Process for preparing aldehydes and acids by oxidizing

olefins or methylated aromatics with ailr or oxygen in
the presence of inert gases, steam or offgases from

the reaction at elevated temperatures, characterized

in that a catalyst which consists of hollow shapes and

is of the general formula
(Mo, Bis Co(CotNi)e D¢ Ee Fr Ge Ho)Ox (I)
is used, In which

C: iron,

D at least one of the elements selected from the
group consisting of W, P,

E: at least one of the elements selected from the
group consisting of Li, X, Na, Rb, Cs, Mg, Ca,
Ba, Sr,

e at least one of the elements selected from the
group consisting of Ce, Mn, Cr, V,

G: at least one of the elements selected from the
group consisting of Nb, Se, Te, Sm, Gd, La, Y,
rd, Pt, Ru, Ag, Au,

H: at least one of the elements selected from the

group consisting of 31, Al, Ti, Zr,
and

z =0 - 5.0



and a=0-5.017 b=05-50c=2-15d=0.01-5.0 e=0.001-2 5f
=0.001-59g=0-1i5h=0-800, and x = number which is determined by
the valency and 10 frequency of the elements other than oxygen. 13.
Process according to Claim 12, in whi¢h catalysts according to Claims 1
to 5 are used. 14. Process according to Claim 12 or 13, characterized in
that acrolein and acrylic acid are obtained from 5 propene. 15. Process
according t® Claim 22 ©r 13, characterized in that methacrolein and
methagrylic-acid are obtained from isobutene. 16. Process according to
Claim. 12 or, 13, characierized in 20 that benzaldehyde and benzoic acid
are ob?aiﬁe from toluene. 17. Process according to Claims 12 to 16,
charactefizét i that the catalyst is contacted with a reaction gas mixture
which comprises plefircor methylated 25 aromatics, air, inert gases in a
ratio 051;_;6-%:3;1%._ 5

h = 0 - 800,
and
¥ = number which is determined by the valency and

frequency of the elements other than oxygen.

13. Process according to Claim 1Z, in which catalysts
according to Claims 1 to 5 are used.
14. Process according to Claim 12 or 13, characterized in

that acrolein and acrylic acid are obtailned from

propene.

15 Process according to Claim 12 or 13, characterized in
that methacrolein and methacrylic acid are obtained
from isobutene.

16. Process according to Claim 12 or 13, characterized in
that benzaldehyde and benzolc acld are obtained from
toluene.

17. Process according to Claims 12 to 16, characterized in

that the catalyst 1s contacted with a reaction gas
mixture which comprises clefin or methylated

aromatics, air, inert gases in a ratio of 1:6-9:3-18.



