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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

imglement the s strongly exathermic, reactior afpr 09&&%&8 acrolein and
acrylic acid or isobutene to methacrolein and methacrylic acid. The
strongly exothermic reaction of the olefin over heterogeneous catalysts

withtein drygeR-comprising gastieads »ot onlyitértheadesitett aerofein a1 ng

acrylicracid productLssbutralsodaa series,of by-produsts: fer example to, of

the formgtion of 002, GO, acstaldehyde, 8d£ 3?‘.%%%0 é‘%&d- A48 Aﬁ{‘&&"sthﬁééh%o

type of chemical composition o

. f the mixed oxide (phase formation and |
formstior"6f Testtion Sitésy and S50 ¥HE Ty e of prySicarstictfe (fdr ¥ &h
example 20qsarosity isurfdce sizesshape ©f thereatalystyandithedypd ofent
heat.remevakcan:greatlydpiluence the-ability ta:fgrar praducts {selectivity)
angltgg Droductivity (space-time yield). 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 o .o
S o e e S ol e loTe of by GEaR 5s 0
cafzly<ts fortheprepardtich 6Pacrolein aid AERHEAcid froft profere. 21

These catalystsiconsistigereraty. of molybderumy vanhadismat andtoracrylic

tungsten. 3¢ Generglly, added fethese base-compenentsids at least oneof.

the elements bisuth, antimany, yanadium. tellum, tn oy cobalty . .o
nickel andfoF cppper.“?hé“n‘% er of pqtﬁlpa?ioﬁg régardlr]g ”"‘g E ’
het&tbgeRedusly catalyséd ga’pHiase oRitatién of dtehinsito acofeir rid-ct

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

formation of CU;, CC, acetaldenyde or acetic acid.

it is known that the type of chemical composition of the
mixed oxide {(phase formation and formation of reaction
sites) and also the type of physical structure (for example
porosity, surface size, shape of the catalyst) and the type
cf heat removal can greatly influence the ability to form
products (selectivity) and the productivity (space-time
vield). in the case of the clefin oxidation, the catalvsts
used are generallyv mixed oxides which, in their chemical
and physical makeup, have a complex structure. A multitude
of publications describe mixed oxides which are capable of
heing used as catalysts for the preparation of acrolein and
acryiic acld from propene. These catalysts consist
generally of melybdenum, vanadium and/or tungsten.
Generaily added to these base components is at least one of
the elements bismuth, antimony, wvanadium, tellurium, tin,

iren, cobalt, nickel and/or coppsr.

The numper of publications regarding hesterogensously

catalysed gas phase oxidation of olefins to acrolein and
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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
product 5 yield, activity and lifetime. Forthis purpose, the literature claims
various techniques for preparation, and formulations of the catalyst. By
way of example, the most recent developments are presented here:
STATE QF THE ART 10, W0 20054063673 relates ta theigilutiop.etthe op
calalysidy andnert materialin, giler o fegice the hegtformatiop, | the,
reaction Zone and hence to increase the product yield. Avoidance of an
exBegsiVelFHigh teiiferatiite rédites the' totarsidatioh Bf e produiits.

In spite of the temperdture.smadulation iof thexfeaction bysimertsaonfyroduct
aCﬁg@y&teQ%g@i@fya%@i@;«:al_f@t%wljc agid ofinesmoreghan 91:22% is
achieved by the process described. W02005035115 describe t%u,ei on.  and
preparation of a cafalyst of the metal oxide composition hndpsulb imeable
materaIs THECPO nvdtal BRideracts Weta cataly& e subitfedsle materiaf=*
actssag:an atdditiie forzpore gererationsThedesulting catalyst is very

active, has a large surface area and is capable of forming acrolein and
acgylicracid withiRigheselectivity. 25 DE 10344149 discloses an annular
unsupported catalyst based on a MO12BlaFebX1cX2dX3eX4fOn (1) with

a lengthnofs2-143mm, ar externakdiameten of 2-1dcmm andrewadlit a1vst by
thickness 0f.0,7_1.75:m tial oxidatian, of prapene,to.acrelein or. ., 1y,

ar rnert HaTer. %g‘gz
methacrolein. Cata yst (1) has the advantage of an improved 30 activity |,

and'SeIe@Rty DE 19033450 G468 hes metdf Cataists which aract vieid.

composedrafaickelz scorprisesioliovy shapés 6Esplereseompesedof athe

metakalloy, angkare-used farrhydregenatien, 3.tdehydregeration:

isomerization, redyctive alkylation.and, reductive amination., The catalyst,

thusp epared“has an improved stability and lifetime.. - . ‘
accumuiated yield of acrolein and acrylic acid of no more

than 91.22% is achieved by the process described.

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

selectivity.

DE 1034414% discloses an annular unsupported catalyst based
on a MopBlFepXl X2aX3.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 of propene to acrolein or
methacrolein. Catalyst (I} has the advantage of an improved

activity and sslectivity.

DE 199 334530 describes metal catalysts which are composed
of nickel, comprise hollow shapes or spheres composed of a

metal alloy, and are used for hydrogenation,



Such hollow spheres can be prepared according to Andersen, Schneider
and Stephanie (cf. "Neue Hochporose metallische Werkstoffe" [Novel
hiahly porous metallic materials], Ingenieur-Werkstoffe, 4, 1998, p. 36-38).
In this process, a mixture of the desired.alloy, of an organic binder and
optionally of an inorganic binder is sprayed uniformly 10 through a
fluidized bed composed of polystyrene spheres, where it coats the

spherss; The coated spheres are then calcingd at selected temperatures.
within the range of 450 to 100000 in ordler t(T) _b_;uign out the pol{y tyrene

follgwed by & highertaidRation temperatlire in-Orderts Siter the 15 metal
togethecand stabilizethe hollew sh&psé After the calcination, the catalyst

is activated by a sodium hydroxide solution in rder to prepare the activated
basedhetal chtalystAn-additionabadvastagesst thisccatah/st systehn & thutn/
the; thickness of the walls of the: hollew 2@:shapes caphe:eentrelted easity:«

through the coating,conditigns, and (he-potosity;of the walls through the
particle size and composition of the orlamal powder mixture. Problem 25 It

is gEAGFAIHoCEDtEd tiatthe type Of thenfical Compositioh of the mixed® "
oxidenfphasesformation ard:foravatiohlefreaction sitesyandthe tyse bf anc
physical strueture {for.exampleporesity nswrtacessizershape ofthie rmiy

10 CaANSY,and the type of heak lemoyalcan greatly,Bolplugneadhe golity to
form products (selectivity) and the productivity (space-tlme_ylgldg_. mhe‘r
préSsrtinvention has Torits Bbfect fo provide B &Ryt With an févated”
catadyitici aetivity-comparsctb therpropans Theinvénton issoasetenthe 4 -0

-furtherohjeetof providing 4 andmproved preeess forsareparing aldehydesi by
and acids, in which acrolein,and aerylic acid are prepared from propens, .
by%xﬁjlagilon wﬁ?f”alr or oxygen In the presence of inert gases, including_ .

15 stabph dF oHERERFFoM te Fation, &t d1BVafed biiperafiites dnd-irthe”
presenceref heterogeneens hixed oxide catalysts Adviixedcexidecatalyst
shall,he provided; with; which-net.enly prepgpe sonvetsiens.graatet thamase
D530 alse.a hial Progcl sgieclivItg of iealer 10an BF eahal o383 i

gla i
achievéd, sach that the economic viability of the process is.im rov_ed1
SufiifigRp 1s that the thickness 6f the walls of the hollow

(r

20 shapes can be controlled easily through the coating

conditions, and the peresity of the walls through the

fay

carticle size and composition of the original powder

mixturs.
Proklem

it is generally accepted that the type of chemical

o)
[ 831

composition of the mixed oxide (phase formation and

formation of reaction sites) and the type of physical

P

structure (for example porosity, surface size, shape oI the
catalyst) and the type of heat removal can greatly

30 influence the abllity to form products (selectivity} and
the productivity (space-time yield). The present invention
has for its object to provide a catalyst with an elevated

cetalytic activity compared to the prior art.

The invention is based on the further object of providing



In a first aspect, there is provided a process for preparing mixed oxide
catalysts which consist of hollow shapes and are of the general formula
(Mo12 Bi, Cb(COR-Ni)c Dd Ee S Gg Hh) 0,(I) in which C: iron, D: at least
one of the elements selected from the group consisting of W, P, S.at least
one of the elements selected from the group consisting of Li, PC, Na, Rb,
Cs, Mg, Ca, Ba, Sr, F: at least one of4he elements selected from the
group consisting of Ce, Mn, Cr, V, G: at least one of the elements selected

romﬂ;*}%%%“pp%é%@g efNbSe, Te, 3m.Gd, La, X, Fd, PLRW Ag Au, ;
. at least one of the elements Selected from the group conS|st|ng of SI,
WhAEWL??Fﬁb%WM and acrylic acld are prepared from propene

by oxidaticon with air or oxyvgen in tLhe presence of inert
gases, including steam or offgases from the reaction, at
elevated temperatures and in the presence of a
heterogenecus mixed oxide catalyst. A mnixed oxide catalyst
shall be provided, with which not only propene conversions
greater than 95% but alseo a high product selectivity of
greater than or egual to 88% are achieved, such that the

economic viability of the process is improved.
Summary

In & first aspect, there 1is provided a process for
preparing mixed oxide catalysts which c¢onsist of hollow

shapes and are ¢of the general formula

(Mo, Bi, Cp{Co+Ni). Dg BEs Fr Gy Hp) Oy (1)

in which

C: iron,

e at least one of the elements selected from the

group consisting of W, P,

at least one of the elements selected from the

[=]

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

B at least one of the elements selected from the
group ccnsisting 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, Pd, Pt, Ru, Ag, Au,

H: at least one ¢f the elements selected from the

group consisting of Si, AL, Ti, Zr,



a=05-50b=05-50c-2-15d=0.01-5.0e-0.001-2f-0.001-5
g=0-1.5h-0-800, and x - number which is determined by the valency
and frequency of the elements other than oxygen, characterized in that it
comprises mixing solutions of compounds of the elements present in the
mixed oxide catalysts of the formula I, preparing coprecipitates, isolating
the resulting solid, optionally drying and calcining it, and applying the
nrgsulting 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’ removingthis organic material during or after the solidification of the
laygr applied to it. In a second aspect, there is provided a process for
preparing aldehydes and acids by oxidizing olefins or methylated
arofmaticswith air or oxygen in the presence of inert gases, steam or
offgases from the reaction at elevated temperatures, characterized in that
a catalyst according to claims 1 to 9 which consists of hollow shapes and
i§ of the genefal formula (Mola Bia Ch(Co+Ni), Dd Ee Df GG Hh)Od (1)
and isogas-impermeable is used, in which 4b C: iron,

o oW

O 0

-0 - 1.5
= 0 - 800,

e TR

and

® = number which 1is determined by the wvalency and
frequency of the elements other than oxygen, characterized
in that it comprises mixing solutions of compounds of the
elements present in the mixed oxide catalysts of the
formula I, prepariﬁg coprecigpitates, iscolating the
resulting solid, optibnally drying and calcining it, and
applying the resulting finely divided solid, optionally
together with a binder, in the form of a suspension as a
laver to a support which consists of organic material, and
removing this organic material during or after the

solidification of the laver applied to it.

In a second aspect, there 1is 'previd@d a process for
preparing aldehydes and acids by oxidizing olefins or
methylated arcmatics with air or oxygen in the presence of
inert gases, steam or offgases from the reaction at
elevated temperatures, characterized 1in that a catalyst
according to claims 1 to 9 which consists of hollow shapes
and is of the general formula

(Moi1p Big Cp{CotNi). Dy E. Ff Gg Ha)Cy (I) and 1is gas-
impermeakble

is used, in which



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, 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 one of the elements
selected from the group consisting of Nb, Se, Te, Sm,Gd, La, Y, Pd, Pt,
Ru, Aqg, Au, H: at least one of the eleynents selected from the group
consisting aof Si, Al, Ti, Zr,and a-0.5-5.0b0.5-50c=2-15d =0.01 -
5.0 e-0.00T2f=0001-5g-0-15h=0-800, and

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

£ at least one of the elements selected from the
group consisting of Li, K, Na, Rb, Cs, Mg, Ca,
Ba, 5r,

F: 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,
¥, Pd, Pt, Ru, Ag, Au,

H: at least one of the elements selected from the

group consisting of §i, Al, Ti, Zr,

and

o w
i

00 - 2
L0001 - 5
- 1.5
- 80¢,

Q.0
i
oo o O O N O O
P
|
[@a
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% = number which is determined by the valency and frequency

of the elements other than oxygen.

Description of the invention

The dinvention provides catalysts, c¢onsisting of hollow
shapes, fecr oxidizing colefins, for example mixed oxide

catalysts of the general formula



X - number which is determined by the valency and frequency of the
elements other than oxygen. Desc ption of the invention The invention
provides catalysts, consisting of hollow shapes, for oxidizing olefins, for
example mixed oxide catalysts of the general formula 4C (M012 Ba
Cb(CO+Ni)c Da Ee F Gg) Og( I ) which C:iron, O:at least one of the
elements selected from W, P, 5:at least one of the elements selected from
Li, K, Na, Rb, Cs,Mg, Ca, Ba, Sr, F: at least one of the elements selected
from gg ,1Cr V @O at ieiF?stDong ofrtheGeIeﬁn%ts selectetﬂrom Nb, Se,
Te, Sm 8d a Pd Pt -‘at I18ast one of the elements
selected from S| AI Ti,

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,
Bb, Cs, Mg, Ca, Ba, Sr,

E: at least one of the elements selected from Ce, Mn,
Y,

G: abt least one of the elements selected from Nb, Se,
Sm, Gd, La, Y, Pd, Pt, Ru, Ag, Au,

H: at least one of the elements selected from 8i, Al,

ir,

and

a= 0.5 - 5.0

b =0.5 - 5.0

c =2 - 15

d=0.01 - 5.0

e = 0.001 - 2

= 0.001 - 5

Cr,

Te,

Ti,



Zr,anda=05-50b=05-502-15d-0.01-5.0e=0.001-2f-
0.001-5 515h=0-800, and number which is determined by the
valency and 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.

g =0 - 1.5

o= 0 - 800,

and

"
i

number which is determined by the valency and

freguency of the elements cther than oxygen.

Thne use of the inventl
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cConversions.

s a result of the novel process for preparing the
catalysts, for example of the general formula I, it is
pessible to obtain a particularly suitable catalytically
active solid, for example for converting propene Lo
acrolein and acrylic acid. The reaction is particularly
advantagecusly performed in reactors which allew the
catalyst to be used as a fixed bed. However, 1t is like
possible to use the catalyst as a fluidized bed catalys
it sheuld be pointed out here that the inventive catalysts
can alsc be utilized for the conversion of iscbutene o

methacrolein and methacrylic acid.

Catalysts of the composition described can be prepared by
obtaining a finely divided powder by the production steps
of: disscolving 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, extrusion or by coating of a support.
The support shape is not limiting. For example, the support

may be a pyramid, a cylinder or a sphere.

A riovel preocess has now been found in order to give the
mized oxide catalyst & hollow shape. In this case, the
support is a matrix which ilmparts a shape to the active
composition and is remcved after or during the

sclidification of the active compesition so as to form a
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10 As a result of the novel process for preparing the catalysts, for example
of the general formula 1, 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 use the catalyst as a fluidized bed catalyst. It should

be,pointed autherethat the, inventive catalysts.can,alsobe utilized;for the
conversion of isobutene to 20 m?thacro ein agd met agjryalivc&%céid. chermall
Cat&lysts BPtHE Compolitioh ‘déderibetf can Be prép&red by obtaining a - ¢
finélyrdivitetpewdsr bytne prédaétiostepsioli disselving fife fitstard
salts,cprecipitatingitheactive-components; eying and caleinatiopcanduxze
Sh%gilp(gethngQ §§|Q%G%QQW@G£HTQ}§€C%QQggg,g iBﬁh%k\'Qaﬁ@HPnQ’specially
known'manner b thIet_ing extrusion or b ﬁqgtin%__og asu %ort. 'ﬂh@. e
suppoft’shape i&hat it &?FS%%FHDJI& the Support may be a pyramid,”

a cyfinder: or adephefes A ROvElprotess hasnov beendound if ‘Braer fo _
give:therd0 mixed oxide: catadysta:hollawshapeutpthis easesthezsupportranic

Is %5@%@%@@!@iFhEB&Paé‘?aﬂméh?é‘%Sé%Q%ﬁ%W@QQQ&J%@%%Q%HQE% such as

removed after or during the(;” solidification of the active c\ome%osiltigg soasto .
forfra 6HGIRW Body. THE Terovar s'éffécted by controlled leaching=out
by hedns of alsolvantorsréterabhyp therially] for’ Examisle by-rfeshs'ar 1o
thersal radiation. dhecoated suppest-should peferably besfreatedkin the
terperature yange,of 45010 600G n.the. presenge of oxygen e specially, ot s,

air, such that the catalytically active composition for use in Jndg_strial

reaciors SORdifieS andtHE Spport d&CSmposas Withott résidie. These
suppeiseed are organic materials, for example polystyrene-based

polymers such as 10 ASA (acrylonitrile/styrene/acrylic ester), polystyrene
(PSP Ssl) 2 S AN (stirenetagrylonitride)r Howevearstheré s norestrictionatdl 1 v,
these-pelymers;These materials ara-generally significantly cheapsrdbantt 1s
the.seramic, upRells sueh thakthe pieparation casts ol lg eatavebare,

reduce
0.1 mm or greater than 2 mm.

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 oxidation in the
process described are cobtained by combining the dissclved
compounds of the catalytically active elements from the

formula I with the desired concentrations. The components

o

are used ideally in the form of the ccmpounds selected from
the group of ammonium or amine compounds, oxaliates,
carbonates, phosphates, acetates, carbonyls and/ox
nitrates,.individually or together. Particular preference
is given to carbonates, nitrates and phosphates or mixtures
therecf. It is likewise possible to use acids of the salts,

for example nitric acid, phesphoric acid or carbonic acid.

The first stage of the catalyst preparation forms, &s



The size of the support matrixnot 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 phase
oxidation in the process described are obtained by combining the
disgolved;25 compounds of the-catalytically active elements,fromnthe: ype of
formula ] with the desired cgncgnt@rdgtigpstjgge components are u§ggge .
ide&iyn thé form o the compdinds selected figm the group of ~
anirRGnivm o ErRine-Corapoafts, foRal afES TARBGITates, phGsphatedp - tation
acetates,earbonylssad/or 30mitrates; individually ortogéther IRarticutaronia

5 Preference is;giyene.carbonates. nitrales ang.phasphates Ok MXIIES

thereof. It is likewise §qgsiblg fg use 30[?% Of the salts, gg%e@m le pitric - .
acid” pROSPhdic ARId OF Sarbonic Acid. “Thé first Stage of the catalyst '
prepEralon foRns, asd talréddy Ridttibned Bsreiitate. ‘TegeridiigBn the
type-efanietal saltsuwhichharecused ipthelprecigitation, stédge, kmaybe nitric
negessary {9 add.the.compongntstaithe-peegipitation-mixture; in-the fosm: o .
of Is%lution mixtyres. %Qeall‘é/_} ammogig » or amm nium salts are used. -

19 here FoP éxamipté Anmmdnium carbonate, ammoniun heptamolvbdate or
metal nitrates, for example iron nitrate, cobalt nitrate; it is Iig%wlse go§siblq R
to 05 1 BBAEEpbidiny a&ids! for exarpiethifric adid, Mthe amounts. = -
needed to establish thesioaic ratio: 10PPHE bR d@ring the pretipitationis <
6, especially <h¢ Fhe preparationrof coprecipitatesscanbe performed in
one precipitation stage, It is-paticularly preferred fo.pedformhe, - nrougn

__ precipitation in several stages through stepwise addition of the individual ~

15 coffipdnehts of HHirotigh mixires therdof THR Umbar 8f précipitation. > ¢
stages:is pot limited impiiddpldl HowWever, DESTERBREE TS §iveh BBhe to Cne
three precipifation stages.<The: resuiting suspension can be processed
further directly, or it is allowed to mature for > 0 to 24 hours, preferably 20
> 011012 hours,:mere pegferably> 04a G:hourse H-ds obviotisithat theli rect 1y,
pregipitated suspension, bfore the fusherpracessing, ia homodenized. o,
for exampleab:%/ stirring. After the maturing, the li uid can_be removed from

20the> 0 te 17 hours, more preferably > {0 to © hours. It 1s

obvicus that the precipitated suspension, before the
further processing, is homogenized, for example by

stirring.

After the maturing, the liguid can be removed from the

25  suspension by evaporation, centrifugation or filtration. It
is likewise possible to evaporate the liguid and
simultanecusliy to dry the solid, which can be eifected, for
example, by spray-drying. The liguid should be evaporated
at a temperature of 80 to 130°C. The scolid can be dried

30  with air, oxygenous inert gases or inert gases, for example
nitrogen. Whnen 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 500°C, and a temperature on deposition of

235  the dried powder of from 8C to 200°C should be provided.



10

[
{1

20

25 suspension by evaporation, centrifugation or filtration. It is likewise
possible to evaporate the liquid and simultaneously to dry the solid, which
can be effected, for example, by spray-drying. The liquid should be
evaporated at a temperature of BO to 130C. The solid can be dried 30
with air, oxygenous inert gases or inert gases, for example nitrogen. When
the drying is performed in an oven, the temperature should be between

109,and-200G. In.a spray:dryer thestaringtempearature of thedrying

medium should be from 200,10.500C, and a tempesatyte op:depasition of
35he dried p%"ﬁv“cfer%ﬁn%’?ﬁ 0o 200C should be proL%/Eidecj. 8 The

rediftfing P SHatid Beirefdrably Rave &'patticle size distribution of

13 to 160 pm with a mean particle diameter between 15 and 80 pm. The,
drigdspsiwder mey iFepriftiple 'Subsegtietly be Cat Med ™S ind wide Varfety ©°
of different. avendypes, foréxample ircatforcedkair oven, roiary ovenptray in a

oven, shaft oven or.belt oven. The gontrol gyality.and thenqualityvet, or bel:
temperature detectjon of the qven should.be at a maximum. The ..
residéhice tiffie of the %%w%‘é?fn%ﬁe Si{lén F%ﬁomﬁd?ééégrdi’n"g tbgithgéeiﬁ ure \
oveR tyss b8 befweh 225 andl 3 hAIt38 likbwise"BESSIE to performs thé " c°
caleinatianr anddhgdhermalidecampositionsifthé salts for exangplec the

hitrates or carbopates, which, ogcurs atthe;same time in one or more
stages, it is possible to employ temperatures of 200 to 15600C, especially

300 10 600G, The thermal decompasitian'-can be performed with addition ¢ e
of inert gas, composed of mlxturesholj ngy?fp Wltl}g.n wgg{rat:t g%a% U&_eabéL ss or
P 4 b O i TS I e TR A i [ k4
inerP§AEES T8 SOFEAMpI "nittogeR® halium: steam or.mixtures of these
gasegponates, which occurs at the same Ltime In one or more
stages. It is 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

mivturses of oxygen with an inert gas.

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

steam or.mixtures of these gases.

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
solidification of the catalvitically active composition, is
removed so as to form a hollow body. The removal 1s
performed by controllied leaching-out by means of a solvent
or preferably thermally, for example by thermal radiation.
The precursor of the inventive catalyst, which consists of
_support and catalytically active layer, is preferably
treated in the temperature range of 490 to &00°C,
especially 490 to 580°C, such that the catalytically active

composition for use in industrial reactors scolidifies and
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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
pm. In order to convert the mixed oxide powder to the inventive form, it is
applied to a support which, after the 25 solidification of the catalytically
active composition, is removed so as to form a hollow body. The removal

is performed by controlled leaching-out by means of a solvent or

preferably thermally fok examiple, by ibermal-ragiationy The: precuesor=afoved

the, Inygptive caalysl, which consists of 0:upnort.and arvicaly active
layer, is prefera ly treated in the temperature range of 490 to 600C,
espEdially #90'td $80¢ SSUdit tHatthe Tatkijticaly SctiieCormposition for

use #vindustrialreaetorsisotidifiescand 19 the Sapport cansimutaneousty. F5-
or subseguently:he semavedywithoutresidue. Jihe supperts used are

organic materials, for example, polystyrene-hased eq'xm%%% SUeh 75 A%Ar

(acirylonlt_rlIe/styrene/acryILc1egter), polystyrene (PS, PS-
(stfrerBTacrylaritrite} but thereS Tio Festritish o these polymers; it is

also possible, for example, to use celluloses or sugars. The geometric
shapé of B Stpp6rtIs st liffiting T this cohtext SInstead; 1tis guided by ="+ 3
therequirementssafsthe, 10. teactopand of the reactioreragimer(foriexample:s

o tubediamster, Jength of the-catalyst bed) rar-example; thefh suppor anay

be a.pyramid, a.cylinder, a saddle, a sphere or a,,polygon. Likewise nat, -

Iimﬁ%ﬁ}?ﬁﬁﬁéfsife& “of the support.. Typically, :sDquCfb)o'rts~ 6f0.110 5 mrh are

UsEFPES However-ft i§ alst- ébniceivabledth ds& supports fifther rahgefofe = oF

106 to:Qdomm ok greaterd¢han 2 mmmiFhe thicknesseofsthesmixedtoxide

layer is, accordingitodhe suppostsize sgererally between:10:6 angsL5.

mm, %articular, referenfe is giventoa.c atin%thickn%sswgf 0.1.to. 1.5 mm.
Howeyer, th 18 also fonceivable vt use SUpDorts 1 the

The coaYmg 0 of the support to prepare the catalyst precursor is - -

peréitagd by Spraying dh AqiiBoGas st&Fénsion Whith coffpriseitheh i ckness

catalyst ipowdersand binder 1 e catalystpowder. isgpreferably usedira size,

forgrcalcined at470QQ to 600CFer theslater; fosmation of Pores-ane ohce is

the known pore formers, 25 may.lso.he addgd o the SUSPERSIOn,.. oating
of the support to prepare the catalyst precursocr is
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 pore formers

may also be added to the suspension.

The hinders used may be wvarious oilsg, celluloses, polyvinyl
alcohols, saccharides, acrylates and alkyl derivatives,
mixtures or condensates therecf. Preference is given to
acrylates, polyvinyl alcohels, and celluloses or sugars.
Particular preference 1s given to derivatives and
condensates of acrylates and/or celluloses and/or sugars,

and mixtures therecf.

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

is performed by controlled leaching-out by means 0f a
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The binders used may be various oils, celluloses, polyvinyl alcohols,
saccharides, acrylates and alkyl derivatives, mixtures or condensates
thereof. Preference is given to acrylates, polyvinyl alcohols, and celluloses
or sugars. 30 Particular preference is giyen 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 4 149€) dhe support is:remenec: The, remaval:3misipetforme bya 1
COQ%%%CLB'P%QW%%EQH@@@”% o8- 10:spitable solvent or.thermally,, for

example by th_er:r,nal radiation, q:[relgvattgd t%mperatygrgs in the grqsggcg@%f
oxygert Sthe &6ated Sisport ‘SKaufd preférably Bjéetf’é”étgafgﬁ’th?n the" ==
termpératire-rzmgeco490 10 600 stehthat the 5ackVé cempositiory hat the
forms:a selid shellswhilerthestipport dissolesior decomposestwitheutport
residue. The inventien Jikewise provides; the pxidation of olefins to

unsaturated aldehydes and corresponding acids in the-presence of the

nv Hgv%ﬁ%%lﬁtép 10.1he reaction to,pfepare acolein.and acpylicacid Js,;
performed generally at temperatures of 250 - 450C and a pressure of 1.0 -

2 MBaret T Glefin  dif Bt et gas FeddaRard Bretérably stpphisd to
theccatalystbedfintarationof 1t 679 ¢ 821§ at a-loading of 2 - 10 mol of

15 olefin/dm3 of catalyst .Instead of the inert gas, it is possible to use the
offgas: froex thei reaction; frgr wehiek: thd eondensabklerconstituents have

been remoyved. Particularly gpodresults are achieved:when tybe bundie: =
reactors or fluidized bed reactors are 2Qused., The inventive catalysts . -

DYressyre O . N N e N re e rtT as
lead, even’in the case of high s ecific loading, to an improved acﬁvfy J

whRaEet inthe Gxidaférn ssedfifientionéd. “lSTHE iriventionaFill be' @
ilustrated hereinafter with 25 referentedo workingléxamples. Defiriitions. of
used @kl /dm? of catalyst bed/h.

Instead of the inert gas, 1t is possible to use the offgas

from the reaction, from which the condensable constituents

have been removed. Particularly good results are achieved
Fry

when tube bundle reactors or fluidized bed reactors are

used.

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

oxidation processes mentioconed.

The invention will be illustrated hereinafter with

reference to working examples. Definiticons used are:

i

the yield (%) ¢f the product as

(mol/h of product formed)/(mol/h of reactant supplied) *
1060

the conversion of the olefin (%) as

[1 - (mel/k of olefin leaving the reaction tube)/{mol/h of

olefin entering the reaction tube)] * 100



the yield (9) of the product as (mol/h of product formed)/(mol/h of reactant
supplied) * 100 the conversion of the olefin (%) as 11 the selectivity (%)
as (yield of the product/conversion) * 100 The invention detailed is,order
to improve  understanding, described py the examples which follow, hut
5 is not restricted to these examples. 12 EXAMPLES Example 1 A
solution | was prepared by dissolving the nitrates from iron, cobalt, nickel,
manganese; petassiym i1 the proportions by mass of 23.2 : 47.26 : 29.28 .
0.0646 : 0.206i in 3.5 litres of water and heating them to 40C with stirring,

and adding asnitric.acid salution.of O:l-mol,0f 0xDra@nd 2 mol of 14NO3.
For a solution Il, a solution of 2118.6 g of ammonium heptamolvbdate in

2.7i.of water yas prepared al-A0G; to;this,end, 4.¢.g ofphosehoric acid
A oot 20, (Be0uzsY, 1 g olalminium gxide wers 2gdeds ..

is not restricted to these examples.
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- Solution Il was added slowly and with intensive stirring to solution I. In a
separate vessel, a further solution 11l consisting of 790 g of bismuth nitrate
and 0.72 nor of HNO3 was made up. Addition of this solution to the other
active components afforded the coprecipitate for the preparation of the
active catalyst phase. 20 The coprecimitate was stirred intensively for 12
hours. The resulting suspension was dried in a spray-dryer with a rotating
disexatargas 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 fercedsair 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 tyozsybstance nozzle anto a spheyical Styropor.syppart anddrigd.at ¢

60C in an air stream. To homogenize 30 the pellets they were circulated
withidlers: 8 $olidify thieSactive Eompostionapptied: tHe résuitifg
matsfabwas Heated im#se prdsenteof odygentat-520C 8r 5 Hours4£4.3:
Exanygle 2 The tatalyst-ebExal ple t Was santasted withamixture 0§ ° ¢ with
compgsitign.of 739 by.volyme gf propene. (chemjcal.grade), 60%6,by, ., ¢
volume of air and |pertfa‘sﬁ At a bath temperature 5 of 318C and a contact
timé"of 8%, acksigin’and ™ ylic acid were obtained with a selectivity of

95% at a conversion of 92%. Comparative Example 3 The catalyst was
préparedl acebrdihg to Exampfé 1 Fheldsupport ufilized insteadrdfthe
Styropbrspheie;atas an .alimihacsupport whickecouldot b emeévéd.: to
Th@ﬂ@:@uﬁmﬁqait]awsb@ haz_@ éb%}@@gbﬂ%ﬁ?@n&@ﬂ@ s@@@e@b,AI;@ Qljatbf é\«EIOEil
temperature higher by , the tceaction time_ had to be prolange; the,
faggrj8 O?EJt.& %%utgsgﬂrthini.]qco%n parable %ﬁggér%e?s%é%‘é. The %e?gcct%ﬁy “o¥ =Lt
acttteftand acrylic acid was 94%. 14 ‘

Solution II was added slowly and with intensive stirring to

i

"

solut

[
O
J

L

I. In a separate vessel, a further sclution III
consisting of 790 g of bismuth nitrate and 0.72 mol of HNOj
was made up. Addition of this solution to the other active
componants 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 & gas inlet temperature of 350°C. The air
flow was adjusted so as Lo cbiain an exit temperature of
110 +/~ 10°C.

This powder was treated in a Iorced-air oven at a
temperature of 445°C for 1 hour until a mixed oxide formed.
The mixed oxide was sprayed as an agueous suspension
through a two-substance nozzle onto a spherical Styropor
support and dried at 60°C in an alir stream. To homogenize
the pellets, they were clrculated with rollers. To sclidify
the active composition applied, the resulting material was

heated in the presence of oxygen at 520°C for 5 hours.
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Claims 1.Process for preparing mixed oxide catalysts which consist of
hollow shapes and are of the general formula 5(Mo12 Bia Cb(Co+Ni)0 Dd .
E, E, C2 Hh)Ox(1) in which C:iron, O:at least one of the elements selected
from the 10group consisting of W, P, E:iat least one of the elements
selected from the group consisting of Li, K, Na, Rh,Cs, Mg, Ca, Ba, Sr, F:
at least one of the elements selected from the 15group consisting of Ce,
MnECrN <G Zat least one of the elements selected from the group
consisting of Nb, Se, Te, Sm,Gd, La, Y, Pd, Pt, Ru, Ag, Au,

The catalyst of Example 1 was contactad with a mixture of

compogition of 7.3% by velume of prepene (chemical grade),
60% by volume of air and inert gas. AL & bath temperature

of 318°C and a contact time of 2.0 s, acrolein and scrylic
acid were obtained with a selectivivy of 85% at a

conversion of 82%.
Comparative Example 3

The catalyst was prepared according to Example 1. The
support utilized, instead of the Styropor sphere, was an
alumina support which could not be removed. The resulting
catalyst had the same geometric shape. AL a bath

temperature higher by 12°C, the reaction time had to be

n

prolonged by the factor of 1.35 to obtain comparable
@

1§
-
[8 5

conversions., The selectivity of acroleln and acrylic a

was Y94%.
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H: at least one of the elements selected from the 20group consisting of Si,
Al, Ti, Zr,anda-0.5-5.025b=0.5 - 5{0,c-2-15 d=0.01-50e-
0.001-2 f-0.001-530g=0-15h=0-800, Nax = number
which is determined by the valency and frequency of the elements other
than oxygen, characterized in that it comprises mixing solutions of
compounds of the elements present in the mixed oxide 5catalysts of the
forhftige preparing coprecipitates, isolating the resulting solid, optionally
drying and calcining dt- and applying, the: resulting finely-divided solid 1, 5 o

optionally together with a binder, in the form of a suspension as a layer to
asuppoﬂﬂﬁﬁ%ﬁt of hollow shapes and are of the general

formula

(MOIZ Bia Cb(CO+Ni)c Dd Ee F:’ Gg Hh)ox (I}

in which

C: iron,

B at least one of the elements selected from t

group consisting of W, P,

B at least one of the elements selected from the

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 one of the elements selected from the

greup consisting of Nb, Se, Te, Sm, Gd, La,

Y, bPd, Pt, Ru, Bg, Au,

H: at least one of the elements selacted from the

group consisting of $i, AL, Ti, Zr,

and

a = 0.5- 5.0

b =20.5- 5.0

c =2 - 15

d = 0.0 - 5.0
e = 0.001 - 2

£ =0.001 - 5

g=0~- 1.5

h =0 - 800,

and
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10consists of organic material, and removing this organic material during

or after the solidification of the layer applied to it. 2.Process according to
Claim 1, characterized in that 5the catalysts consist of 15 a
gas-impermeable hollow shape. 3. Process according to Claims 1 to 2,
characterized in 5that the catalysts consist of a hollow shape consisting of
a plurality of layers. 4. Process according to Claims 1 to 3, characterized

in that the Cataly&te Eéngist 6t holidw sptierss hading a. 10diantetersts and

0.5-5 mmy 54 REegegsaccording te Glaims Liad, characterized inthat the
support has the shape of a sphere. 15 6.Process according to Claims 1 to

5, charaCtitizaa i tHattHe suspéridior is préparédGsing said calsiredorons ©Ff

partly caleingd finely dividedawdersvhosesnean particle size distrbution, ; 5o
is between 0.01 and 80 pm. 20 7.Process according to Claims 1 to 6,

charactétized ik That (Re h8&n paritte-Size distfibitidn 6fthe driegc ipitates,
powder,:itappropriate: trough grinding, issbetween Q.1 and 50PMrving and

calcining it, and applying the resulting finely
divided sclid, opticnally together with a binder, in
the form cf 2 suspension as a layer to a support which
consisgts of organic material, and removing this
organic material during or after the solidification of

the layer applied to it.

2. Process according to Claim 1, characterized in that

the catalysts consist of
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25 16 8. Process according to Claims 1 to 6, characterized in that the
mean particle size distribution of the calcined or partly calcined powder, if
appropriate through grinding, is adjusted toa distribution of 0.01 to 30 um.
9. Process according to Claims 1 to 8, characterized in that 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. 1010. Process for preparing aldehydes and
acids by:oxidizing:@lefins 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 according to claims 1 to 9

which consists 0f 15below shapes and45 efthe general foruladMol2 -4 in
Si2 Cb(Co+Ni)] 02 lle Sc GG EIh)Ox (I) and is gas impermeable is used, in

which ChF6H; 200%atf8ast orie"of theelerients

efected froth thedgtbup

consisting 0f W4 1P, rat least pne of the: ¢leprents, selegted from the group
consisting of Li, K, Na, Bb,Cs, Mg, Ca, Ba, Sr,

4.,

Process according to Claims 1 to 32, characterized in
that the catalysts consist of hollow spheres having a

diameter of 0.5-5 mm.

Process accerding to Claims 1 to 4, characterized in

that the support has the shape of a sphere.

Process accerding fto Claims 1 to 5, characterized in
that the suspension is prepared using said calcined or
partly calcined finely divided powder whose mean

particle size distribution is between 0.01 and 80 um.

Process acceording to Claims 1 to 6, characterized in
that the mean particle size distribution of the dried
powder, if appropriate through grinding, is between

0.1 and 50 pm.



25F: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, Pd, Pt, Ru, Ag, Au, H: at least
one of the elements selected from the group consisting of Si, Al, Ti, Zr,
anda=05-50b-05-50c-2-15d=0.01-5.0e-0.001-25f=

10
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0.001 -
3.

10.

59g=0-15

Precess according to Claims 1 to &, characterized in that
the mean particle size distribution of the calcined or
partly calcined powder, 1f appropriate through grinding, is
adjusted to & distributicn of 0.01 to 30 uym.

Process according to Claims 1 to 8, characterized in that
the catalyst precursor, after the application of the finely
divided sclid, is dried, which is followed by a thermal
treatment in the temperature range of 450 to 600°C in the
presence of oxygen.

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
reacticon at elevated temperatures, characterized in that a
catalyst according to claims 1 to ¢ which consists of
hollow shapes and is of the general formula

(Mo, Bi, Co(CotNi). Dy E. F: Gg Hp)O. (I} and is gas-—
impermeable

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

H: at least one of the elements selected from the group
consisting of Si, Al, Ti, Zr,
and

a = 0.5~ 5.0
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h - 0 - 800, and x = number which is determined by the valency and
10frequency of the elements other than oxygen. 11. Process according to
Claim 10, characterized in that acrolein and acrylic acid are obtained from
propene. 12Process according to Claim’10, characterized in that
15methacrolein and methacrylic acid are obtained from isobutene. 13.
Process according to Ciaims 1 to 10, characterized in that the catalyst is
contactéd Wit a’reactiof gas 20mixture which comprises olefin or
methylated.aromatics, air, inert gases in a ratio of 1:6-9:3-18.

13.

a=0.01 -~ 5.0

e = 0.001 - 2
£ = 0.001 -5
g =0 - 1.5
= 0 - 80O,
and
% = number which 1s determined by the valency and

freguency of the elements other than oxygen.

Process according to Claim 10, characterized in that
acrolein and acrylic acid are obtained from propene.
Process according to Claim 10, characterized in that
methacrolein and methacrylic acid are obtained from

isokbutene,

Process according to Claims 1 to 10, characterized in
that the catalyst is contacted with a reaction gas
mixture which comprises olefin or methylated

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



