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 ratioE, at elevated temperatures and pressures. In
particular, the catalyst can be used to implement the 10 strongly exothermic reaction of propene to
acrolein and acrylic acid or isobutene to methacrolein and methacrylic acid. The strongly exothermic

reaction of the olefin over heterogenequs catgglsgsfwggffoqg(yggg- prising gas leads not only to
the desired aé‘r%?e%n %ﬁéé@’ryﬁ? gg%yg%au%taﬁ but also to a seriesgg?by-products: for example to the

formation of CO2, CO, acetaldehyde or acetic acid. It is known that the type of chemical composition
of the mixed:exide fphaseifermation and farmationsaf readticn sites anstalso trerspe of physical

structure (for, ﬁx%ré‘fhe &0 Bﬁ%&” surface. size shape, of the gatalyst) and the bypesefheatremoval

can greatly influence the ability to form products (selectivity) and the p@fucﬂvityﬁgﬁa%e-time yield). In
ic

the case of (eclefit? oxiBatisr thE Cataly 48 UsBt Hré Getdratty mixad odeses%W , in their chemical
25 and physital makeup; have a cpiplex strabtufe sA anskitade ot publicatiths e sEhibéimixed oxides

which are capable of being ysed.ascatalysis-fonthe preparation of-acseleimand aeetie acid from
propene. These catalysts consist generally of qnovjybdetegupé&/angg@& Qd/a%éungsten. 30 Generally
added to theBEbasE-CompEnants 1S5t ledst Sne of the-elements bismuth antimony, vanadium,
tellurium, tinpireascotsadt; 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 (358) thiStandard @it Incam Spiteskfiedong tpveloprienttime, it is still a

demanding proplem fo improve the performapce of the catalystisueh astredustb yield, activity and
lifetime. For this purpose, the litergture claims various chn%UEg ifr01r glr,ie&)arg%(}cﬁna &ngfgr@ulations of
the catalyst A5y Way Of 2xafpfe the Hidet Fetent YeVelopments are presented here: STATE OF THE

ART 10 WO=2005/06387 3:retates ky ts<diltonisiihe Satlystbydn meft materialtiof8ér to reduce
the heat formatien intheJseastion zane and henep taincsease-thequreduttyield. Aweidareelef an
excessively high temperature reduges (he loal @xidation of fhepregycs. Lnseite.obiBe e

15  but also to a series of by-products: for example to the

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

T+ is known that the type of chemical composition of the
mixed oxide {phase formation anc formaticn of reaction
sites) and also the type of physical structure (for example

20 porosity, surface size, shape of the catalyst) and the type
of heat removal can greatly influence the ability to form
producté (selectivity) and the productivity (space-time
yvield). In the case of the olefin oxidation, the catalysts
used are generally mixed oxides which, in their chemical

25 and physical makeup, have a complex structure. A multitude
of publications describs mixed oxides which are capable of
peing used as catalysts for the preparation of acrolein and
acrylic acid from propene. These catalysts consist

generally of molybdenum, vanadium and/or tungsten.

rhe elements bismuth, antimony, vanadium, tellurium, tin,

irvon, cobalt, nickel and/or copper.

The number of publications regarding heterogeneousliy

catalysed gas phase oxidation of olefins to acrolein and



15 temperature modulation of the reaction by inerts, only accumulated yield of acrolein and acrylic acid
of no more than 91.22% is achieved by the process described. W02005035115 describes the
preparation of a catalyst of the metal oxide composition and sublimeable materials. The 20 metal oxide
acts as a catalyst; the sublimeable material acts as an additive for pore. generation. The. resulting
catalyst is very active, has a large surface area and is capable of forming acrolein and acrylic acid with
high selectivity_ 25 DE 10344149 discloses an annular unsupported catalyst based on a
~ Mol2BiaFebX1X2dX3ex4{@n (&) witha-lengtheafi2-2 1 yhm, an exteraabdiamsterof 238 mm and a
wall thlcknes%gfg%g?;}gs'ssr]]mcfaog%ggﬁ%{ a%&jacglgﬂ quéqp% gof,ﬁq_rgle& OEH@'[H%@EIH. Catalyst (1)

has the advartage of an improve activity and selectivity. DE 199 33450 describes metal catalysts

which Are coHipdetrstemiekel Le6mpise R8Il Shapés BFEFREREE Eomiustd bt Emetal alloy, and are
used for hydiegenatien: B=0ehydregenation, isbmerizatien sredectives alkylagionaindcreductive
aminatign. The catalyst thus, prepated has an.improved stabilit. apd Jifstinae. Suych hollow spheres can

be preparedﬂapcord?ng to Andersen, 5 Schneider ang Steﬁ]hanig (gf. "Neue Ha cp orase Metallische
Werkstoffe" INGVEY RighkF pSrots Petafiic msteriafs], @ nistir-vrérkBiote™ 4= 1998, 'p. 36-38). In this
process, a nfixture:dbthecdesired alloy, obarm bitfnic Binderang@ bpasRaBA6H artirrgRtbinder is

sprayed unifounly 10 theough.a fluidized,bed somposed of pelystyrene spheres,

10 WO 2005/063673 relates to the diluticon of the catalyst by
an inert material in order to reduce the heat formation in
the reaction zone and hence to increase the product yield.
Avoidance cf an excessively high temperature reduces_the
total oxidation of the products. In spite of the

remperature modulation of the reaction by inerts, only

ja
Ut

accumulated yield of acrolein and acrylic acid of no more

than 91.22% ig achieved by the process described.

WO2005035115 describes the preparation of a catalyst of the
metal oxide composition and sublimeable materials. The

20 metal oxide acts as a cataiyst} the sublimezsble material
acts as an additive for pore generation. The resulting
catalyst is very active, has a large surface area and is
capable of forming acrolein and acrylic acid with‘high

selectivity.

25 DE 10344149 discloses an annular unsupported catalyst based
on a Moy,Bi FerXl.X24X3.X4:0, (1) with a length of 2-11 mm, an
external diameter of 2-11 mm and a wall thickness of 0.75-
1.75 mm for partial oxidation cf propene to acrolein or
methacrolein. Catalyst (I) has the advantage of an improved

30 activity and selectivity.

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

metal alloy, and are used for hydrogenation,



where it coats the spheres. The coated spheres are then calcined at selected temperatures within the
range of 450 to 1000C in order to burn out the polystyrene, followed by a higher calcination
temperature in order to sinter the 15 metal together and stabilize the hollow shape. After the
calcination, the catalyst is 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 20 shapes can be controlled easily through the coating conditions, and the porosity of the

walls through e paricle, size and caposition of e oriainal Ponier mixiurgc Resblemds Itis
it

generally accep t the type of chemical composition Of the mixed OXId£ gphasaewflormation and

t
formation of F&&tion'sifestanadhe be GfiShysicat SHEEture or Bxample porosity, surface size,
shape of theieatalyst)anckthe type pf heat reffovai tén greatly 30 influence the ability to form products
(selectivity) and the productivity (sCace-time yield). The present invention has for its object to provide
a catalyst with; an elgvateg catahdieactivily, compareg tarthe priorarti Tihe inveritioreis €ased on the
further gblect g providing., 4.2 apieyed pracess fonorbagog aldelydesandagids dn which
acrolein and acrylic acid are prepa rom propene by oxidation With air or Q)g}(gﬁey in the presence of

I’

inert gases, ioiiding Sfeim of eH§AsEd HEMhBIEEfoM At 3 etévatdd t&hp es and in the
presence of ahetarogenends imixed dxidedcatalyst A mixetlcoxide catalystishall begpeddded, with

which not only pIGRENE.Convelsians Qeater ihan 9296 but alse abigibreductselactiityof greater
than or equal to 88% are achieved, Such that the 10 economic viabilité/cpf the process is improved.
De&xmﬂonBPﬁéQR@&&ﬁwPL an inorganic pinder Ls spray Unirormly

10 through a fluidized bed composed of polystyrene spheres,
where it coats the spheres. The coated spheres are then
calcined at sslected temperatures within the range of 450
to 1000°C in order to burn out the polystyrens, followed by
a2 higher calcination temperature in order to sinter the

15 metal together and stabilize the hollow shape. After the
calcination, the catalyst is activated by a sodium
hydroxide sclution 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

20 shapes can be contrelled easily through the coating

| conditions, and the porosity of the walls through the
pafticle.size and compesition of the original powder

mixture.
Problem

25 It is generally accepted that the type of chemical
composgition 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 typé cf heat removal can greatly' '

30 | influence the ability to form products (selectivity) and

‘the productivity (spacthime vield) . 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 cbhject of providing



The invention provides catalysts, consisting of hollow shapes, for oxidizing olefins, for example mixed
oxide catalysts of the general formula 15(M012 Bi2 Cb(O0+1\14), Dd E, Ff Gg Hh)Ox(l), in which iron,
at least one of the elements selected from W, P, at least one of the elements selected from Li,
K, Na, 20Rb, Cs,Ma, Ca, Ba, at least one of the elements selected from Ce, Mn, Cr, V, at least one of
the elements selected from Nb, Se, Te, Sm, Gd, La,4Y, Pd, Pt, Ru, Ag, Au, 25at least one of the
elements selected from Si, Al, Ti, Zr,anda=05-50 b=05-5.030c=2-15 d=0.01-5.0e=

0.001-2f=0.001-55 . : :
an improved process for preparing aldehydes and acids, 1n

which acrolein and acrylic acid are prepared Irom propene
by oxidation with air or oxygen in the presence of inert
gases, including steam or cffgases from the reaction, at
5 elevated temperatures and in the presence of a

heterogeneous mixed oxide catalyst. A mixed oxide catalyst
shall be provided, with which not only prcpene conversicns
greater than 95% but alsc a high product gelectivity of
greater than or egual to 88% are achieved, such that the

10 economic viability of the process is improved.
Description of the invention

The invention provides catalysts, consisting of hollow
shapes, for oxidizing olefins, for example mixed oxide

catalysts of the general formula

15 {Moi, Bis Cp(Co+Ni). Dg Ee Fr Gg Hy) O, (I,
in which
C: iron,
D at leasgt one of the elements gelected from W, P,

at least one of the elements selected from Li, X, Na,

s

20 Rb, Cg, Mg, Ca, Ba, 5r, .
F: at least one of the elements selected frem Ce, Mn, Cr,
v .
G at least one of the elements selected from Nb, Se; Te,
sm, Gd, La, Y, Pd, Pt, Ru, Ag, Au,
25 H: a2t least one of the elements selected from Si, AL, Ti,
Zr, ‘
and
a = 0.5 5.0
L = 0.5 -~ 5.0
30 ¢ =2 - 15
d = 0.01L - 5.0
e = 0.001 - 2
f = 0.001 - 5



g=0-15h=0-800,and x=number which is determined by the valency and 5 frequency of the
elements other than oxygen. The use of the inventive catalysts leads to a significantly improved
catalyst activity which is manifested in that lower salt bath temperatures can be established for high
conversions. 10 As a result of the novel process for preparing the catalysts, for example of the general
formula |, it is possible to obtain a particularly suitable catalytically active solid, for example for
converting propene to acrolein and acrylic acid. The reaction is particularly 15 advantageously
performed in reactors which allow the catalyst to be used as a fixed bed. However, it is likewise
possible to WSeThe cata yst as a fluidized bed catalyst. It should be pointed out here that the inventive
catalysts cartalkobeutflized for-the conversion of isobutene to 20 methacrolein and methacrylic acid.
Catalysts of the composition described can be prepared by obtaining a finely divided powder by the
production step$ of dissolving the metal salts, precipitating the active components, drying and
calcination, and shaping the 25 calcined powder. This can be done in the commonly known manner by

tableting, extrusion,Qrhy-coafing of aisuppett: Thersepport shapesis betilimitiagdFor example, the

supportgnay e a pg;lamidb% qyﬂrédeer Qra p@ergtﬁe@ovﬁggpc§§§£g§ now been found in order to
give the™ 30 fiixe oxide catalysta h(%fow shape. In this case, the support is a matrix which imparts a

shape to the active composition gnd is removed after or during the solidification aof the active
! ?f% F‘lc Sl

composition 58S 1d%ofm a- B hotidW Body’ The refoval is effecte eaching-out by

, 's effected ?c%ntgréﬁg*dl
means of a sohyertor Preferably tHerfvally ok exahplé by tnadis dfaRéRfal-radialdh. The coated
support should preferably be treated inthedtempesatiie be established for high

conversions.,

10 As a result of the novel process for preparing the
catalysts, for example of the general formula I, it is
pogsible to obtain a particularly suitable catalytically
active solid, for example for ccocnverting propene to
acrolein and acrylic acid. The reaction is particularly

15 advantageously performed in reactors which allow the
catalyst to be used as a fixed bed. However, it 18 likewise
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 described can be prepared by
obtaining a finely divided powder by the producticn steps
of: dissolving the metal salts, precipitating the active
components, drying and calcination, and shaping the

25  calcined powder. This can be done in the commonliy kngwn‘
manner by tableting, extrusion or by coating of a support.
The support shape is not limiting. For example, the support

may be a pyramid, a cylinder ox a sphere.

A novel process has now been found in order to give the
30 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



5 range of 450 to 60000 in the presence of oxygen, especially of air, such that the catalytically active
composition for use in industrial reactors solidifies and the support decomposes without residue.
These supports used are organic materials, for example polystyrene-based polymers such as 10 ASA
(acrylonitrile/styrene/acrylic ester), polystyrene (PS, PS-I), SAN (styrene/acrylonitrile). However, there
IS no restriction to these polymers. These materials are generally significantly cheaper than the
ceramic supports, 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 , especially to.5 mm, are used. It is also
conceivable?ts t58%uppGHs irﬁhee rarge ‘G106 toe%:%e%tfr?né‘%yea?gﬁ%gﬁ r%?n. 20 The catalyst thus

prepared hassréxcelientactivity e high sdleetiviy artIfetimerdrtieads to'a VeRyF g product
yield. The catglysts.to.he used fof gasphaseroxidation indhe pracess deseribed aseiobtained by

combining the dissolved 25>uclo n%%% Is 9 tﬁ)}g qgéahé i% ly eatgtixglej&@egtgrgwm%@émula | with the
te ideally i

desired cong’élr’ﬁpa?ijéﬁs?’ € components are’used i y in the form of the Compounds selected from
the grofip ofz@naPNiim BF Aniife 66Mboults ~Gal&EesEarbBnales RS hatés Ritettes, carbonyls
and/or 30 nirates; indidduallyordegether Raritulat peeferencets givendosasbdriates, hitrates and

phosphates or mixtures thereof, It4s likewisg possible to yse acids of the salts, ferexample nitric acid,

phosphoric &6id or carbonic acu‘fi. The first stage of the catalyst preparation forms, 7 alread
mentioned, E3FERIBIRRE SDEPERGRG drethetype of metdl SSRGS are GSed tthe précipitation
stage, it mambemﬂesmryﬂ@ﬁdelxhazmbmgmbms:toztheqméeigﬂdtimﬁrma?@sinQHé%rﬁﬁof solution
mixtures. Idgally, ammonia, 5 erammanium salts are-ysed here.dor exaypplesamimonium parbonate,
ammonium heptamolyébdate or metal n trateslforgiexgﬂpé? irop n\btéateercol%%%@gageé |1'n|%hkewise
possible to GS& the ‘corfeSpofding ATds: for examplé nitric acid, in the amounts needed to establish
“the ionic ratioe 6 Thepidduting the predipitatioRys < §haspechily g zals are
generally significantly cheaper than the ceramlc supports,
such that the preparaticn 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 1s
also conceivable to use supports in the range of 107% to

0.1 mm or dJgreater than Z 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 phase oxidaticon in the
process described are obtained by combining the dissolved

25 compounds of the catalytically active elements from the
formula I with the desired concentratiocns. The components
are used ideally in the fcorm of the compounds selected from
.the group of ammonium or amine compounds, cxalates,
carbonates, phosphates, acetates, carbonyls and/or

30 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.

The first stage of the catalyst preparatlon forms, as



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 individual
components or through 15 mixtures thereof. The number of precipitation stages is not limited in
principle. However, preference is given to one to thrge precipitation stages. The resulting suspension
can be processed further directly, or it is allowed to mature for > 0 to 24 hours, preferably 20> 0 to 12
'hours, more preferably > 0 to 5 hours. It is obvious that the precipitated suspension, before the further

processing, is.homogenized, for example by stirring, After [ atwring, the liquid can be removed
from the 25 éulslp%?&n%yn%&fr%%ﬁoﬁ gerr}]%ﬁfbgéggﬁ or fi traﬁ%n. It isglik,ewise Eossi le to evaporate
the liquid andSiRgItaREouSIyHe d the Solidawhieh 'CIEh& BRELRY “fir €xanié- 45y spray-drying.
The liquid sheuyd be enaperated-at ademperature afcB@tonE30E. The sokd par béwiied B0owith air,

oxygenous inert gases ot inefLgases, fos:example nirogen, Whenthe-dwingis pesfaeed in an oven,

-the temperature should be between 100 and 200C. Ina's rag/-dr er, tpg starting temperature of the
re

drying miedifth shBBIF B RorP20G 165608 5Md RFemperatire R BRposition of 35 the dried powder
of from 80 ta-260@shoeld enprovided. nBTteresylting particle s shedldibepietcbly fave a particle
size distribution, gf 15 to; 160, Rm with-a mean-particle diameter between 15:anehi8@Rm. The dried
“powder may in principle subsequently be calcined 5 in a wide variety.of differ en ty. for
example in zﬁ%% 2air 058nPFo?arg%ve%?%r%;e/solxj/oe%f%ﬁlgft %\%T? of bglct}rov%%a T e%o%%o?ﬁ%%lity and
the quality oftehdberaturé tetéetionrsithaoves Shbaldtsd ata riakimufh. THeresidehetime of the

powder dn thexavep:sheules aecerding ie-theolQ avemtypes be ketweepd2zang 13 v .

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 individual components or through
15 mixtures thereof. The number of precipitation stages is not
limited in principle. However, preference is gilven to one

to three precipitaticn stages.

The resulting suspension can be processed further directly,
or it ig allowed to mature for > 0 o 24 hours, preferably

20 > 0 to 12 hours, more preferably > 0 to 6 hours. It is
obvious that the precipitated suspension, before the
further proceseing, is homogenized, for example by

stirring.

After the maturing, the liquid dan be removed from the

25 guspension by evapdration, centrifugation or filtratio&. 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

30 with ailr, oxygenous inert gaéeg or inert gases, for example
nitrogen. When the drying is performed 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 SOOOC, and a temperature on deposition of

35 the dried powder of from 80 to 200°C should be provided.



It is likewise possible to perform the calcination and the thermal decomposition of the salts, for
example nitrates or carbonates, which occurs at the same time in one or more stages. It is possible to
employ temperatures of 200 to 15 600C, especially 300 to 600C. 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. 20 The powder thus
obtained may be used directly as a catalyst. The mean patrticle size distribution of the powder should

range from Q.01 to 50 Rm. In orderﬁjtt_‘ok C(?anertmtftl‘leur?g«?g oxide %%Wg L to the inventive form, it is
applied to a SHSpGIE Which: AkeP e 25 soiidification of the cata

ytlrca yﬁa.céuve composition, is removed
s0 as to fornpartollowehodlyz ¥ héremovalis isHormetthy-contfdlledle ¥éting DUt B Peans of a
solvent or prefarably thermaliye for-exasmnle Hy thermakradiation. The precursor of the inventive
catalyst, which consists of 30 support and catalytically active layer, is preferably treated in the

temperature sange of 490 10,600C, especially.490.10: 580C csuchdhat they qatalytiealiy-active

composition for use in industrial reactors sgﬁfieﬂs and 9 thed%lggga%rt can simuyltaneously or

subseqgently berefioved fithout YeSiau& “The SGpports ise Grganic materials, for example

polystyrene-based golymerssach asASA (acryonitrilerstyreriétdoryfdaster)C pelysffertes®s, PS- 5

1), SAN (styrgpefacrytenitrile), bubthesg isine yestrigtiamto these polymerst i alsatpossible, for

example, to se cgllullgsesO Qr %%%argnge fgﬁlg%gi%éh%g:e gf mgﬁsﬂm(t isnot limiting in this context.
e

Instead, it is U’i_'(?edtby erequirémenits o reactor and of the reaction reglm%gfor example tube
e

time of the powder in the oven should, according to

10 oven type, be between 0.25 and 13 h.

It is likewise possible to perform the calcination and the
thermal decomposition of the salts, for example nitrates or
carbonates, which occurs at the same time in one or more
stages. It is possgible to'employ temperatures of 200 to

15 600°C, especially 300 to 600°C. The thermal decomposition
can be performed with addition of inert gas, compoged of

mixtures of oxygen with an inert gas.

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

steam or mixtures 0f these gases.

20  The powder thus obtained 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

25  golidification of the catalytically active composition, 1s
removed so as to form a hollow body. The removal is '
performed by controlled leaching-oub by means of a golvent
or préferably thermally, for example by thermal radiation.
The precursor of thHe inventive catalyst, which consists of

30 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



diameter, length of the catalyst bed). For example, the support may be a pyramid, a cylinder, a saddle,
a sphere or a polygon. Likewise not limiting is the size of the support. Typically, supports of 0.1 to 5
mm are used. 15 However, it is also conceivable to use supports in the range of 10-6 to 0.1 mm or
greater than 2 mm. The thickness of the mixed oxide layer is, according to the support size, generally
between 10-6 and 1.5 mm; particular preference is gglve_n 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 agueous
suspension which comprises the catalyst powder and binder. .The catalyst der. eferably
usedin a forW8a|%}%%%O§it47%@to¢é6“§é.%&‘ﬁ%* fAter %Fmgﬁgnsgggoer%?ﬁ%\%f%ee, On%&\:fv%r{] pore
formers 25 rmay Alsotberaddatifo- thEhtSPERSIOH CFhe Biflers Bsed $idy-be Vai6ds Bifs® celluloses,
polyvinyl alcehels-sacghasdes, 1aaryiates-antalybdervafives,smixturesaor cetidensates thereof.

Preference is givenig aaylates, polyyinyLalgahols: and celloses ar sugars. 30 Pasiculasgreference

is given to defivati/es and condensates o acrylates and/or celluloses and/or sugars, and mixtures

thereof> Afler dri of e E6RE@4PUIDPOI Bt termperaturdsof giefetabfy JBto 110C, the support is
removed. Thesremovat 351is perfatmed bycbptrelted leaching-edtdyy weansioia. 10suitable solvent

or thermally for example. by thermal radiation. at glevateghtemperatures in the presence of oxygen.
The coated support should preferably be treated within the temperature range of 490 to 600C, such

that the 5 acfive composition forms a solid @hggavggcgr%gﬁs%%oq{EQis§gW§§ Pr.decompeses without
ation of olefi

residue. The Rvertion kewise Sp’roﬁ&esO the oxi ns to unsaturated aldehydes and

correspondifgBERS in tHe Bietefice bF tHeSindeAR caiAlyshE 16°fiE FEEEBR To Breparé acrolein and
acryliciacid isqerformeshgenerallyrat tempetaturesref256:- 450C apglzanplesstigoef 1.0 - 2.2 bara. The

olefin, air and jngl gas readiants are prefesably supplied iolhe cafalystbarjna fatioef 1:6-9:3-
18 at a loading of 2 - 10 mol of 15 olefin/dm,_of catalyst bed/h. . ;

support may be a pyramid, a c¢ylinder, a saddle, a sphere or

a polygon. Likewise not limiting is the size of the

support. Typically, supports of 0.1 to 5 mm are used.

15 However, it ig also conceivable to use supportsg in the
range of 10°° to 0.1 mm or greater than 2 mm. The thickness
of the mixed oxide layer is, according to the support size,
generally between 10°% and 1.3 mm; particular preference 1is
given to a coating thickness of 0.1 to 1.5 mm. The coating

20 of the support to prepare the catalyst precurscr i1s
performed by spraying an agueous suspension which comprises
the catalyst powder and binder. The catalyst powder 1is
preferably used in a form calcined at 470°C to 600°C. For
the later formation of pores, one of the known pore formers

25 may alsc be added to the suspension.

The binders used may be various oils, celluloses, polyvinyl
alcohols, saccharides, acrylates and algyi'derivatives,
mixtures or condensates thereof. Preference is given to
acrylates, polyvinyl alcohols, and celluloses Or sugars.

30 Particular pfeference ig given to derivatives and
condensates of acrylates and/or celluloses and/or sugars,

and mixtures thereof.

after drying cof the coated support at temperatures of
preferably up to 110°C, the support is removed. The removal

-

35 is performed by controlled leaching-out by means of &



Instead of the inert gas, it is possible 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
quidized 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 o&igation processes mentioned.  The invention will
be illustrated hereinafter with 25 reference to working examples. Definitions used are: the yield (96) of '
the product as (mol/h of product formed)/(mol/h of reactant supplied) lop the conversion of the olefin

(96) as LL the selegiyity (96) as.Vield oftherodyctiqanversian);1 100, The dnyention detailed s, in
order to improve understanding, described by the éxamples which follow, but 5 is not restricted to

these examﬁlé@.i§9j9@AMP‘EE%lEY§rﬁ‘ﬁ% T AESEGST T R8s Drepared By digsbiving the nitrates from
iron, cobalt, sickekmarmanesezpetassiuppinthegiropdrtiops byanass.of 28 2t147E26:229.28 : 0.0646 :

0.2067 in 3.5 litres gf Wﬁ&ef@é}@%%mﬁge%@ﬁ%yvimgsiirrmg,@we@qdieg@mim@@idﬁmutmn of
0.1 mol of Sm3+ and 2 mol of HNO3. : .
5 active composition forms a solid shell, while the support

dissolves or decomposes without residue.

The invention likewise provides the oxidation of olefins to
unsaturated aldehydes and corresponding acids in the

pregsence of the inventive catalysts.

10 The reaction to prepare acrolein and acrylic acid is
performed generally at temperatures of 250 - 450°C and a
pressure of 1.0 - 2.2 bara. The olefin, air and inert gas

reactants are preferably supplied to the catalyst bed in a
ratioco of 1 : 6 - 9 : 3 - 18 at a leoading of 2 - 10 mol of

15 olefin/dm? of catalyst bed/h.

Instead of the inert gas, it is possible to use the cffgas
From the reaction, from which the condensable consgtituents
have besn 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) *
p .

100
the conversion of the olefin (%) as

3C i1 - (mol/h of clefin leaving the reaction tube) / {mol/h of

olefin entering the reaction tube)] * 100



For a solution I, a solution of 2118.6 g of ammonium 10 heptamolybdate in 2.7 1 of water was
prepared at 40C; to this end, 4.4 g of phosphoric acid and 0.42 g of Aerosil (Degussa), 14 g of
aluminium oxide were added to 1 1 of water. Solution Il was added slowly and with intensive stirring to
15 solution I. In a separate vessel, a further solutior!L Il consisting of 790 g of bismuth nitrate and 0.72
mol of HNO3 was made up. Addition of this solutiorito the other active components afforded the
coprecipitate for the preparation of the active catalyst phase. 20 The coprecipitate was stirred
intensively fotrh12 Qoqrs. The r%sultélg,(? susspension was dried in a spray-dryer with a rotating disc at a
gas inlet tempee‘ratUerEé" of §§(¥é. 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 YFfelfhixed oxide Wl ltray &P aY GhHtiRbus stidBension through a two-substance
nozzle onto a spherical Styropor support and dried at 60C in an air stream. To homogenize 30 the
pellets, they Wetre tirealatedbwitAsdkers £Fo 58lidifFthe e Conpdstiioftapplied, the resulting
material was:heated in the: presenee of oxygernat 520C forsmhaurs. Wi Exarfiplel2¥he leatalyst of
Example 1 was contacted with Ixture pasiti .3% by volume of propene (chemical
grade), %O%lbsy voliime o tefl'ra é:nc?igriwelr'tgga%%\%@a-bgg%%gr%géfature 5 of 318C and a contact time of 2.0
s, acrolein and acrylic acid were obtained with a selectivity of 95% at a conversion of 92%.
Comparative Example 3 The catalyst was prepared according to Example 1. The 18 support utilized,
instead of the Styropor sphere, was an alumina support which could not be removed. The resulting
catalyst had the same geometric shape. At a bath temperature higher by 12C, the reaction time had to
be prolonged by the factor of 1,35 to obtain comparable 15 conversions. The selectivity of acrolein and

acrylic acid was 94%.



14 Claims Mixed oxide catalysts which consist of hollow shapes and are of the general formula (Mon
Ba Cb(Co+Ni)c Dd Be Ff Gg Hh)Ox(l) Sin which C: iron, D: at least one of the group consisting of E:
at least one of the 10group consisting of Ba, Sr, F: at least one of the group consisting of G: at least
one of the 15group consisting of Pd, Pt, Ru, Ag, Auilél: at least one of the group consisting of and

U

10

20

EXAMPLES
Examplie 1

A solution I was prepared by dissolving the nitrates from
iron, cobalt, nickel, manganese, potassium in the
proportions by mass of 23.2 : 47.26 : 25.28 : 0.0646

0.2067 in 2.5 litres of water and heating them to 40°C with
stirring, and adding a2 nitric acid solution of 0.1 mol of

am’® and 2 mol of HNC;.

For a sclution II, a sclution of 2118.6 g of ammonium
heptamolybdate in 2.7 1 of water was prepared at 40°C; Co
this end, 4.4 ¢ of phosphoric acid and 0.42 g of Aerosil

200 (Degussa), 14 g of aluminium oxide were added to 1 1 of

water.

Solution II was added slowly and with intensive stirring to
gsolution I. In a separate vessel, a further solution III
consisting of 790 g of bismuth nitrate and 0.72 mol of HNO;
was made up. Addition of this sclution to the cther 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 a gas inlet temperature of 350°C. The air
flow was adjusted so as to obtain an exit temperature of

110 +/- 1l0°C.

This powder was treated in a forced-alir oven at a
remperature of 445°C for 1 hour until a mixed oxide formed.
The mixed oxide was spraved as an agueous suspension

through a two-substance nozzle onto a spherical Styropor

B =

support and dried at 60°C in an alr stream. TO homogenize
the pellets, they were circulated with rollers. To solidify
the active composition applied, the resulting material was

heated in the presence of oxygen at 520°C for 5 hours.



20a=05-50b=05-50c=2-15d=0.01-50e=0.001-225f=0.001-59g=0-15h=0-
800, and X = number which is determined by the valency and 30frequency of the elements
other than oxygen. 15 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,
5comprising a hollow shape consisting of a plurality’of layers.

Examples 2

The catalyst of Example 1 was contacted with a mixture of
composition of 7.3% by vclume cf propene (chemical grade;,
60% by volume of air and inert gas. At a bath temperature

5 of 318°C and a contact time of 2.0 s, acrolein and acrylic
acid were obtained with a selectivity of 95% at a

conversion of 92%.
Comparative Example 3

The catalyst was prepared according to Example 1. The

10 support utilized, instead of the Styropor sphere, was an
alumina support which could not be removed. The resulting
catalyst had the same geometric shape. At a bkath
temperature higher by 12°C, the reaction time had to be
prolonged by the factor of 1.35 to obtain comparable

15 convercsions. The selectivity of acrolein and acrylic acid

was 94%.



S.Mixed oxide catalysts according to Claims 1 to 4, comprising hollow spheres having a diameter of
0.5S mm. 10 6.Process for preparing mixed oxide catalysts consisting of hollow shapes according to
Claims 1 to 5, comprising mixing solutions of compounds of the elements present in the mixed oxide
catalysts of the formula I, preparing coprecipitates, isolating the 15resulting solid, optionally drying and
calcining it, and applying the resulting finely divided $6lid, optionally together with a binder, in the form
of a suspension as a layer to a support which consists of organic material, and removing this organic
material 20during or after the solidification of the layer applied to it. 7. Process according to Claim 6, in
which the suppe?t-Hds the shape of a sphere. 8. Process according to Claim 6 or 7, in which the
25suspension is prepared using a calcined or partly calcined fine solid whose mean patrticle size
distribution isetwelin 06l and 86 AmmtelPricesyatcordivypiCaims 61018,9W whiciPte mean

particle size distributiepy of the spraysdtiedpawder, 3@ik-appropriate through grinding, is between 0.1
and 50 gm. 16 10. Process according to Claims 6 and 8, in which the mean patrticle size distribution of

the calcined or partly(ﬁgllgingq p@/g(ﬁlggiﬁgprqg[iaée tpgo%%hlgnrgqging, is a(di't)lsted to a distribution of
0.01 to 30 m. : e *

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

group congisting cf W, P,

E: at least one of the elements selected 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 congiesting of Ce, Mn, Cr, V,

G: at least one of the elements selected from the

15 group consisting of Nb, 8e, Te, Sm, Gd, La, Y,
Pd, PL, Ru, Ag, Au,

H: at least one of the elements selected from the

group consisting of Si, Ai, Ti, Zr,

and
20 a = 0.5 - 5.0

b=20.5 - 5.0

c = 2 - 15

d = 0.0 - 5.0

e = (0,001 - 2
25 £ = 0.001 - 5

g =0 - 1.5

h =10 - 800,

and

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

2. Mixed oxide catalysts according to Claim 1, comprising



5 11. Process according to Claims 6 and 10, in 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 presence of oxygen. 10 12. Process for preparing aldehydes and acids by oxidizing
olefins or methylated aromatics with air or oxygen in the presence of inert gases, steam or offgases
from the reaction at elevated temperatures, characte¥ized in that a catalyst which consists of hollow
shapes and 15is of the general formula (M0.12 Eia Cb(Co+Ni)C Dd Ee Fif GO Hh) Ox (I) is used, in
which C: iron, D: at least one of the elements selected from the 20'group consisting of W, P, E: at least
one of the elements &efted BRTTHR 66D RBALRIINGBRPE K, Na, Rb, Cs, Mg, Ca, Ba, Sr, F: at least
one of the elements selected from the 25group consisting of Ce, Mn, Cr, V, G: at .least.one of the
elements seletted fidhxihe grougeonsistiny of M Serfél 8m, Gd,Aa ¥y Pd, RtpRprAgiAg, 01:at

least one of the elements selected frem.the 30gkQuR caRsisting of Si, Al, Ti, Zr,anda=0-5.0 17

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.

16 6. Process for preparing mixed oxide catalysts consisting
of hollow shapes according to Claims 1 to 5,
comprising mixing solutions of compounds of the
elements present in the mixed oxide catalysts of the
formula I, preparing coprecipitates, isolating the

i5 resulting solid, opticnally drying and calcining it,
and applying the resulting finely divided solid,
optionally together with a binder, in the form of a
suspension as a layer to a support which consists of
organic material, and removing this organic material

20 during or after the soclidification of the layer

applied tfo it.

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

the shape of a sphere.

8. Progess according to Claim 6 or 7, in which the
25 guspension is prepared using a calcined or partly
calcined fine sclid whose mean particle size

distribution is between 0.01 and 80 um.

9. Process according to Claims 6 to 8, in which the mean
particle size distribution of the spray-dried powder,
30 if appropriate through grinding, ig between 0.1 and
50 um.



b=05-50c=2-15d=0.01-5.0e=0.001-25f=0.001-5=0-1.5h=0-800, and X =
number which is determined by the valency and 10frequency of the elements other than oxygen. 13.
Process according to Claim 12, 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 obtained from
15propene. 15. Process according to Claim 12 or 13, characterized in that methacrolein and
methacrylic acid are obtained from isobutene. 16. Progess according to Claim 12 or 13, characterized
in 20that benzaidehyde and benzoic acid are obtained from toluene. 17Process according to Claims

12 to 16, characterized in i , . . .
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

adiusted to a distribution of 0.01 to 30 pm.

5 11. Process according te Claims 6 and 10, in 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

£00°C in the presence of oxygen.

106 12. Process for preparing aldehydes and acids by oxidizing
olefins or methylated aromatics with air 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

15 is of the general formula
(MO, Bi. Cp(Co+Ni). Dg Eg Fr Gg Hn)Ox (I}

ig used, in which

C: iron, .
‘ D: at least one of the elements gelected from the
20, , group consisting of W, P,
E: at least one of the elements selected from the

group consisting of Li, K, Na, Rb, Cs, Mg, Ca,

Ba, &1,
F: at least one of the elements selected from the
25 group consisting of Ce, Mn, Cr, V,
G: at least.one of the elements selected from the

group consisting of Nk, Se, Te, Sm, Gd, La, Y,
Pd, Pt, Ru, Ag, Au,
M at least one of the elements selected from the

30 group consisting of 8i, Al, Ti, Zr,



that the catalyst is contacted with a reaction gas mixture which-comprises olefin or methylated
25aromatics, air, inert gases in a ratio of 1:6-9:3-18.

10

20

25

13.

15,

b= 0.5 - 5.0

c = 2 - 15

d = 0.0 - 5.0

e = 0.001 - 2

£ = 0.0032 - 5

g =0 - 1.5

h = 0 - 800,

and

¥ = number which

frequency of

Process accordinyg

according to Claims 1 to 5

Process according
that acrolein and

propene.

Process according
that methacrolein

from isobutene.

Process accoerding
that benzaldehyde

toluene.

Process according

that the catalyst

17

is determined by the valency and

the elements other than oxygen.

to Claim 12, in which catalysts

are used.

toe Clalm 12 or 13, characterized in

acrylic acid are obtained from

to Claim 12 or 13, characterized in

and methacrylic acid are obtained

to Claim 12 or 13, characterized in

and benzoic acid are obtained from

te Claims 12 to 16, characterized in

is contacted with a reaction gas

mixture which comprises olefin or methylated

arcmatics, ailr,

inert gases in a yatio of 1:6-9:3-18.



