6 JUL 2005 Heterogeneously catal yzed gas-phase partial oxidation of
precursor conpounds of (meth)acrylic acid 5 The present invention relﬁai)ﬁs bo
a process for the heterogeneously catalyzed gas-phase partial oxidat %9
a precursor conpound of (nmeth)acrylic acid to (neth)acrolein and/or
(meth)acrylic acid by passing a reaction gas starting m xture conprising
the precursor conmpound, nolecular oxygen and, if 10 required, a gas which is
inert with respect to the cat ti hase partial oxidation, at
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In this publication, precursor compounds of (methjlacrylic acid
are understood very generally as meaning organic compounds from
which (meth)acrylic acid is obtainable by heterogeneously

30 catalyzed gas-phase partial oxidation. They are usually alkanes,
alkanols, alkenes or alkenals which contain 3 or 4 carbon atoms.
(Meth)acrylic acid is particularly advantageously obtainable, for
example, by heterogeneously catalyzed gas-phase partial oxidation
of propane, propene, tert-butancl, isobutene, isobutane,

35 ischutyraldehyde or (meth)acrolein. However, other possible
precursor compounds are those from which the actual
Ca-/Cy-precursor compound is only formed as an intermediate during
the heterogenecusly catalyzed gas-phase partial oxidation. An
example is the methyl ether of tert-butanol.

40
In the heterogeneously catalyzed gas-phase partial oxidation, the
precursor compounds described above are passed, as starting
gases, as a rule diluted with inert gases such as molecular
oxygen, CO, CO;, inert hydrocarbons and/or steam, as a mixture

45 with molecular oxygen, at elevated temperatures (usually from
about 200 to 450°C) and, if required, superatmospheric pressure,
over transition metal mixed oxide active materials (e.g.



over transition nmetal m xed oxide active materials (e.g. 6 JUL 2005 2
containing Mo, Cu and P, or Mo, Bi and Fe, or Mo, V and W or M, \, E-I:J‘FJL%UEI
No (where P is not nentioned, it is as a rule not present)) and are
converted by oxidation either directly into (neth)acrylic acid or, in a
first step, into its precursor 5 conpopnd (nmeth)acrolein (cf. for exarrple

DE-A 4 405 c,% %J A1gd% 4Q8d EP-& 94%09% B Ard 43lmdd7y Dhg Ay 4 1340949,

CN-A 1 105 [ 3684 EP: A 714 700, EP.A 700 “893." EP- A
700 714, %?_9 B9 N5 6‘6’%6 %%?ﬁd OE: A5165034% @% QCacuna] 10

The m xed d%?eéénée\,i i Yed r?é"@eFPﬁV%r%Fr‘% bé’h&ﬁiéﬁaﬁﬁlb eri‘ﬁﬁh&irnﬁérﬂ‘éﬂihgmté‘ very
wi de range (oftheeoneyliesciddorheimd diings atepcoirdinddst pregixsora fi xed bed

through whicehpbhadr gaedi %r@&élﬁtﬁfﬁi FornexéufBe DFRR @l abBgothe precursor
i xed oxi 0 agt Lug, o A ot § T e D e, 1t
required, aN%g‘ ?%E’;/gl m%aﬁdpﬁé 5% glPsg B@éoéﬂjt% %%h? ?1@[? nol di ngs.
The shapi ngFoP 7R8 #¥kedPoki d8Uatl N@Enﬁt &P i &l> cai? b @Echf Bt AL €93 pBE

exanpl e, byEcanplctshggah Yddcoragle active material in powler formto give
the desired catal yst geonetry (for exanple by tabletting or extrusion). The

resul ting calahysts SEfad %E%E(r@%é&m%%s“ﬁ?é‘p&%ﬁeﬁﬁ 1%%Ba}n¥§&§n alahhe

producti on of unsu orte

ssista raphite
or stearic “acrg¥2 gn?%g%etd? S %ng&rsﬂeg %/]sqaﬁggnfageaﬁm é‘%ﬁlf g?c:ong
agents, sidfi®ad H%ﬁ’%fqe@e@r@m}gl%h 8Bttt i |98€0 At RE b @ anigiture
pot assi um tdonapanéng nehe peepresentcdmpoaddi L& opassed ke gilredteki de cat al yst
active net efeinperktupesdenriagntodtadd wialr ske hheckapdegacaival so be
fel; 1; renci gd, o fxr@te?iﬁém)lﬁqe bj\ésﬁ«@@'t yaﬂglamt >§§égm@l§ @@svglq%er t@lréqhg%ewtirer
Coat ed (F:)at g’lg gal “iﬁl% n g Iln%)grg‘gs k%S&JI'% zﬁﬁ“ﬁﬁglﬁ%?hoﬁﬁﬁe@cn bedycan

al so be used startl ng from precursor materials of the m xed oxide active"
mat eri al s. Theeshabiwers] dhe pived eige pesivatmystial] sasf pece®lededa rul e
af t er war2d fprt keemple t reatcosptcal nelrevate dx { éepertaitver estedaFi faldoydetrhe
supported cRiral ¥6t§ivd tMd albsthed neitall yexi geometdw g forakeehple i1sy absor bed
into the pareseefilgoesd SHRALDA) areﬁ{e%eseﬁe ﬂﬁ;s%nagayr@ée&qelaeto
ment i oned. %e%%sh &d ggs rl g Oftmpr%%esgg uctlon r.od “thégé
catal yst mSIdiPRgEPRE* % SX?"E P Bl
catalysts, if necessary assistants, e.g. graphite or stearic acid
25 as lubricants and/or molding assistants and reinforcing agents,
such as microfibers of glass, asbestos, silicon carbide or
potassium titanate, may be present in addition to the mixed oxide

catalyst active material in powder form.

30 0f course, the shaping can also be effected, for example, by
applying mixed oxide active material in powder form to preshaped
inert or active catalyst supports of suitable geometry. Coated
catalysts are obtained thereby.

35 The shaping methods describéd can alsoc be used starting from
precursor materials of the mixed oxide active materials. The
conversion into the active catalysts is effected as a rule
afterward by thermal treatment at elevated temperatures.

40 Finally, the supported catalysts in which the metal oxide active
material is absorbed into the pores of inert supports and/or
produced therein may also be mentioned. Detailed descriptions of
processes for the production of catalyst moldings of mixed oxide
catalyst materials suitable according tc the invention are to be

45 found, for example, in EP-A 700 8%3, DE-A 10 063 162,

DE-A 10 046 957, DE-A 19 948 523, EP-A 700 714, EP-A 417 723,



catal yst materials suitable according to the invention are to be 45 found,
for exanple, in EP-A 700 893, DE-A 10 063 162, DE-A 10 046 957, DE-A ggl Blmﬁ
523, EP-A 700 714, EP-A 417 723, 6 JUL 2005 3 DE-A 3300044, EP-A 552 § ,
EP-A 714 700, DE-A 10 059 713 and DE-A 10 051 419. The catal yst nol di ngs,
either as such or as a mixture with ingrt 5 noldings (for exanple the inert
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converted |§tg flgx&\?l abta yst beds. These fixed catal yst beds may be
present, f 8 iM the tubes of tube-bundle reactors (cf. for exanple
EP-A 700 893 and EP—A 700 714) or on the trays of tray reactions 10 [sic].
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25
In a similar manner, EP-A 417 723 and EP-A 355 664 also recommend
the use of geometric catalyst bodies which correspond to a
geometric base body into whose surface at least one cavity has
been introduced. For example, cylinders, cubes or prisms are
30 considered as possible geometric base bodies.

However, the disadvantage of the abovementioned geometric
catalyst bodies which are recommended in the prior art for the
process for the heterogeneocusly catalyzed gas-phase partial

35 oxidation of precursor compounds of (methjacrylic acid to
(meth)acrolein and/or (meth)acrylic acid and which differ from
spheres and cylinders is that, in all cases, either the ratioc of
the volume of the geometric catalyst body (V) to the volume of
the geometric base body (Vga), i.e. Vg:Vga, is > 0.6 and/or the

40 ratio of the external surface area of the geometric catalyst body
{(Agp) to Vg, i.e. RAp:Vp, is <22 cm-l.

This is disadvantageous in that the selectivity of the formation
of the desired products achieved using such geometric catalyst
45 bodies is not completely satisfactory.



This is disadvantageous in that the selectivity of the formation of the
desired products achi eved using such geonetric catalyst 45 bodies is not
conpletely satisfactory. 6 JUL 2005 4 It is an object of the presentb Jul 2003
invention to provide a process for the heterogeneously catal yzed gas-phase
partial oxidation of a precursor conpound of (nmeth)acrylic acid to
(meth)acrolein and/or (meth)acrylic agid by passing a reaction gas starting
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a m xed oxi dintoa eone ric IS geonetric
body belnd”ﬁxﬁﬁﬁﬁetrlc base body |nto whose surface at Ieast one 25 cavity
has been introduced, wherein the ratio of the volunme of the geonetric body
VB to thes vl urmeofotheé geonethiscobaset hiedpchVBed bib.&6Prandss heor atheo of
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0.56 or 26 WE@Yred, & @aS:)Zﬂl’UeriSOl@@ft)Ml“t@ OedBeor t@_t@€453tﬁh}’ti@ novel
process, asg@s-phialse WVBrd/BA icxida@idf, 4t equedtey Cerdbeiztarre?, Ot¥foud)a
fixed catalyst bed which contains, as the catalyst, a mixed oxide
active material shaped into a geometric body, this geometric body
being a geometric base body into whose surface at least one
25 cavity has been introduced, wherein the ratio of the volume of
the geometric body Vy to the volume of the geometric base body
Vex = 0.63 and the ratio of the external surface area of the
geometric body Ay to Vg = 22 cm-l.

30 According to the invention, Ap to Vs may thus be = 23 cm! or
=24 em? or =225 cm-! or = 26 cm~! or = 27 cm-l.

In the novel process, the ratic of Az to Vg is as a rule
< 30 cmi,

35
Furthermore, the ratio Vy:Vpa may be, according to the invention,
=< 0.62 or =0.61 or <0.60 or = 0.58 or = 0.56 or < 0.54 or
=0.52 or =0.50 or = 0.48 or = 0.45. In the novel process, as a
rule Vp:Vap is = 0.30, frequently = 0.35 or = 0.40.

40
According to the invention, it is advantageous if Ay to Vp is very
large and Vp:Vpz is very small.

According to the invention, it is important that Vg, Vga and Ag
45 are those volumes and surface areas which the eye is capable of

perceiving visually when viewing the geometric body, i.e.

internal volumes and surface areas which originate from finely



According to the invention, it is advantageous if ABto VBis very large
and VB: VBA is very small. According to the invention, it is inportant tn[atm%
V5, VBA and AB 45 are those volunmes and surface areas which the eye ?g
capabl e of perceiving visually when view ng the geonetric body, i.e.
internal volumes and surface areas whigh originate fromfinely 6 JUL 2005 5
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cavities aqﬂhl%tﬂng .30 Y ogv g _irunni ng substantially perpendicularly from

top to bottom Frodu@ed’ equi istantly into the surface of the base body;
Fig. 1,B [sic] shovvs the view fromabove. 35 Fig. 2A, B: this figure shows a
vari ati on cfuittiablgesnenerishbame P@fiﬁsg forathe mpypl %OBesﬁhiiEGfan]ure shows
a vari ati@niefset heigeomsd rdisshened im HE-@. 53124 B3andriaeddi tirenakl|l y contains a
central 40 gwt@cular cylinders, pyramids, ccnes, cubes, right
parallelepipeds, prisms, spheres, truncated cones and truncated
pyramids.

25 The figures attached to this publication show some novel
geometric bodies which are suitable in principle. These are
specifically as follows:

Fig. 1A,B: cylinder as geometric base body; cavities as rounded
30 grooves running substantially perpendicularly from
top to bottom, introduced eguidistantly into the
surface of the base body; Fig. 1,B [sic] shows the
view from above.

35 Fig. 2A,B: this figure shows a variation of the gecmetry shown
in ¥Fig. 1lA,B.

Fig. 3A,B: this figure shows a variation of the geometry shown
in Fig. 1A,B and additionally contains a central
40 hole.
Fig. 4A,B: cylinder as geometric base body; cavity introduced as

central hole. Fig. 4B shows the view from above.

45 Fig. 5A,B: this figure shows a variation of the geometry shown
in Fig. 1A,B. &ngled grooves.



Fig. 4A,B: cylinder as geonetric base body; cavity introduced as central
hole. Fig. 4B shows the view from above. 45 Fig. SA B: this figure squ%@@
vari ation of the geonmetry shown in Fig. 1A B. Angled grooves. 6 J U

6 Fig. 6A B: cylinder as geonetric base body; cavity as central hole and
continuously wound spiral introduced igito the surface of the base body.
Fig. 6B sh t 1 ew, v J LA B; | i g . ri c base
body; cavi ?%és&g'ér/'ouné%ilgtg%la%\%e%?aﬁﬁﬁ& sbdit%gt gﬁta%(él Y, té’ra%‘éanglglgt?%l y from
top to bottom and condg ?e%“f&oc?@ﬁf‘}‘%’i’s [Ung; 5?15%& Eﬁd‘\ﬁéﬁu{zﬁﬂ V'8 from
above. 10 Fig. 8A B: pyPRanfeFinef f§ Abe R Hod8e BEI bt Hhely; teawides as
rounded grooves introdficed akdde.equal spacing on the outer surface at the
edges .of st he pyramid. Fig. 8B shows the view from above. 15 Fig. 9A B:
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i ntroduced t h equal séam ng on . the outer %;ﬂ ace intg tie EI dfs of the
pyramid and running oBf PR T 10 Bt L3RS TRG I GE Lehons " Db *Re
vi ew from above. Fig. $0AP@E:tamRedhaorRFiEe<itecafarrdhdwles Base Hddy.
Cavities as rounded gebowvesthentiedufech viidvegqual spacing on the outer
surfacei1of the cone and running obliquely from25 top to bottom Fig. 10B

shows the yigw dfom abpye, icfiyﬁavi%gAFBé eb@§eb§ﬁeo§§@3ﬁo ,ViT;Eifﬁsié'Es
angl ed groovées mtrodggedmvvl& e?ua s%ar%fn% on.the outer .surface of the
base body, on the sidef® HAH'IThIFRGYE0 BUBSPERETa TV, psi5enaPeuta? IS” £ r om
top to bottom Fig. 1EResHEr SHEISFRWRY ridd 58608, OFithe PYAaRide B as base
body; cavities as angl 88 ghovvadeoniehefraputadoveurface, introduced into
opposi tassides and 35 running substantially perpendicularly fromtop to
bottom Fi giglzﬁkdsélowsp&@&ni/d W ihgN: ahoYee Bale d3MAde YIRE ;a8 PaSEOY;
cavities as Tounded trouaPs,,iJi Lodused MR aaual, 2pRAUNL 00 LD, O er
surface of 40 the base bodu, on e Si dles, e upper surtace an
the odter surface intoc the sides of the pyramid and
" running obliquely from top to bottom. Fig. 9B shows

20 the view from above.

Fig. 10A,B: cone having a circular base as base body. Cavities as
rounded grooves introduced with equal spacing on the
outer surface of the cone and running obliquely from

25 top to bottom. Fig. 10B shows the view freom above.

Fig. 112A,B: cube as base body; cavities as angled grooves
introduced with equal spacing on the outer surface of
the base body, on the sides, and running

30 substantially perpendicularly from top to bottom.
Fig. 11B shows the view from above.

Fig. 12a,B: cube as base body; cavities as angled grooves on the
outer surface, introduced into opposite sides and
35 running substantially perpendicularly from top to
bottom. Fig. 12B shows the view from above.

Fig. 13A,B: cube as base body; cavities as rounded troughs
introduced with egual spacing on the outer surface of

40 the base body, on the sides, the upper surface and
the lower surface. Fig. 13B shows the view from
above.

Fig. 14A,B: sphere as base body; cavities as rounded troughs
45 introduced with egual spacing on the outer surface.
Fig. 14B shows the cross-section at the eguator.



the |l ower surface. Fig. 13B shows the view from above. Fig 14A B sphere
as base body; cavities as rounded troughs 45 introduced with equal spacing
on the outer surface. Fig. 14B shows the cross-section at the equat dr JUIGH(H
JUL 2005 7 M xed oxide catalyst materials shaped into rings are

advant ageousl y used as cat alysts for the novel process. If they are used in
a formdilyted, wt, nmol di n i nert . nol di né:]s advant ageousl y al so

have annul ?’x%fco% H%Trd‘l?l rlgif'h%h PEPEIRSS iF& t nol di ng and of
geometric é‘é‘t’%ﬂ’%ﬁﬁe%‘ééy UEP@ FTERERERFES rAENgoYel theqaifent £ obheY he
fol | ow ng amaulsEd georetoresiidngedprwetieriredt( moldands cagde extkernal di aneter
x hei ght xmbId8idtaladviQtdgemBlgl hisb. BavenN 26n% 188 YeSndr N EABYBaF126. 7;

VB: VBA = Otl§§5geomequ@EXo§ {HB % %oﬁvﬂb(lf‘%or}@;%%f) %Qoxée%%ﬁx\é%alygt5§% ( i—g \7/Bm=n

x3mﬂx4 mgda = 22.7; VB:VBA =

26.7; VB: VBA 11:916 20 The end faces of the rings may al so be curved, as
described in EP-A 184 790, for exanple in such a way that the radius of
curvat ur e hescerdingr &bl ghér omdnhtdone the i fmslaviegeaberhat gedimenetes . adowever,
al | geonet pieseiicCh iar eadRndd@nesttetNdl \didakky k&R 362 n28%nand for
which ABuVB; i8.+%,4% and 25 VB:VBA is 5 0.6 are of course also suitable. It
is furthernore advantageous for the novel process if the enpty volune of
the fixed catal yst bed used (this is the sumof the volune portions of the
fixed catal yst>bed™ i ch™r & hot Beddpi vl 3@ 5by i st i\Bawheh T ibed i s
viewed) is ? 50% by volune, based on the total volune of the fixed catalyst
bed used (thiséeimmthes smimxof mib henp ok L2 qaan;t ves;,0F Dhesé) xed cat al yst bed
whi ch ake occupied either by solid or by gas mhen viemed) and based on 250C

and 1 atm of r ve e ty vol une of
the fixed catalyst begﬁuse ?nar&l'{]( ?23 E’P%‘S or 5> 7 or ? 60 or 62

or ? 65 or ? 67% by volune. In the novel rocess, the errg vol une of the
fixed catal yst 7088 tised™ & s Al ¥s vt2 reVehém =40- 490 by volune. |f the
catal yst body used according to the invention for the

20 The end faces of the rings may also be curved, as described in
EP-A 184 790, for example in such a way that the radius of
curvature is preferably from 0.4 to 5 times the external
diameter. However, all geometries which are mentioned
individually in EP-a 552 287 and for which RAz:Vy is = 22 and

25 Vg:Vpy is =< 0.6 are of course also suitable.

It i1s furthermore advantageous for the novel process if the empty
volume of the fixed catalyst bed used (this is the sum of the
volume portions of the fixed catalyst bed which are not occupied
30 by solid when the bed is viewed) is = 50% by volume, based on the
total volume of the fixed catalyst bed used (this is the sum of
the volume portions of the fixed catalyst bed which are occupied
either by solid or by gas when viewed) and based on 25°C and 1 atm
of the bed.
35 ‘
According to the invention, the empty volume of the fixed
catalyst bed used may thus be = 52 or = 55 or = 57 or = 60 or
= 62 or =65 or = 67% by volume. In the novel process, the empty
volume of the fixed catalyst bed used is as a rule not more than
40 70% by volume.

If the catalyst body used according to the invention for the
novel process has through~holes and if the fixed catalyst bed
containing these catalyst bodies is present in the interior of a

45 tube, it is expedient according to the invention if the ratio of
internal tube diameter to the longest cross-section of a hole is
= 7.5, preferably = 7, advantageously = 6.5, fregquently = 6,



novel process has through-holes and if the fixed catal yst bed containing
these catal yst bodies is present in the interior of a 45 tube, it is 6 JUL 2005
expedi ent according to the invention if the ratio of internal tube draneter
to the |l ongest cross-section of a hole is <_ 7.5, preferably 5 7,
advant ageously 5 6.5, frequently <_ 6,86 JUL 2005 8 often <_ 5.5. As a
rule, this Lod §. 5. e |1y, 22 seokten ,> ngvgl ¢ pr Sis
parti cul ar Iﬁ%%gvan?age%ss%mgggaf h%hlnsl %gngSE%xi_d‘ge' é%%e\%ﬁﬁgt e_r?a 'E él}s%g are
such that, Th-a si ngl e pass through the fixed catalyst bed in the novel
process, a conversion of the precursor conpound of (neth)acrylic acid of ?
90 nol % r &kel ngyel erswisectisvpayt ofultard yr esudntawpdugr mhenobhefmixded desired
product s o mRtiApaseol €t maaraials (geid)aer hts aedd, 1Q fr eguens Ip=dei ng at
least 50, RECLEEAPLYe 8ide@ABhtdPyst R iGULRL | Yol ef %@Qgg,aé {5 s88n
nol d. The n&v% oProcess 1s gartl c(gl I%Figl)tab e forp.t he olé V\n%%r
het er ogeneSdsiFY°cRT AT V7ed GabPPRa eoa%af CHP 205 it 1968 6F 15 gr’% sor
conpounds &FESPHEEN)ERG \AGIECAAT 4LY tFf BdecaPPR B Utf GratéqRhoE e i n an
oxi dati on skeageyd pyodrdperaetd)acraledinngnd) opr operie acgyadeydd¢id acid; 20 c¢)
acrol ei nd GraguyhtTy asdidig =6) 1pOPBE pRedet SEY it QeapkOpane to acrylic
acid; - f) J.sebubener prhasipl & MeaQk bSODHELNE to nethacrylic acid; 25
h) methacrolein to methacrylic acid; i) isobutane to nmethacrolein; j)
i sobutane to nmethacrylic aci.d. The m_xed oxi de active materials required as
catal ysts fIOf PRESE PERFSSSt dFoBRTedilsiay WWabut akle &3 phasEobXeddtd ons and
t he nmet hodsetpspgehepinly ChEAlYred IRsomderecPbodiads oxdidegbbrs agtording to
t he i nventprenvaser desgravned bf {metipracaylactacidr(texaspberthed witted in
this publi gakthoBas85i drald8davidersifgetyhe m xed oxide active naterials
suitable for the heterogeneously catal yzed gas-phase partial oxidation of
propene to croleig capn be sqpsuqed under the fornula I M12Bi aFebX
1cX2dX3eX4 PERD. Whet e oo
b) propene to acrylic acid;
20 ¢) acrolein to acrylic acid;

d) propane to acrolein;

e) propane to acrylic acid;

f) isobutene to methacrolein;
g) iscbutene to methacrylic acid;

25 h) methacrolein to methacrylic acid;
iy 1isobutane to methacrolein;

j) isobutane to methacrylic acid.

The mixed oxide active materials required as catalysts for these

30 heterogeneously catalyzed gas-phase oxidations and the methods
for shaping them into geometric bodies suitable according to the
invention are described in the prior art, for example that cited
in this publication.

35 A large number of the mixedﬁoxide active materials suitable for
the heterogeneocusly catalyzed gas-phase partial oxidation of
propene to acrolein can be subsumed under the formula I

Mo12BizFepXlcX2gX3X4:0, (I),
40
where

Xl is nickel and/or cobalt,
X? is thallium, an alkali metal and/or an alkaline earth metal,
45 X3 is zinc, phosphorus, arsenic, boron, antimony, tin, cerium,
lead and/or tungsten,



X1 is nickel and/or cobalt, X2 is thallium an alkali nmetal and/or an

al kaline earth metal, 45 X3 is zinc, phosphorus, arsenic, boron, antg mpny;
tin, cerium |ead and/or tungsten, 6 JUL 7005 9 X4 is silicon, alum num
titaniumand/or zirconium ais from0.5to 5, bis from0.01 to 5,
preferably from2 to 4, 5 cis fromO,to 10, preferably from3 to 10, dis
fromO to 2, preferably fromQ.02 to 2, _ e is fromO to 8 preferably fromO
to 5, f is¥rorh®0StdleP arftf WingMa ki mWRRENCT s2 IR i ned by t he val ency
and frequency 10 of the elenents other than oxygen in |I. They are

obt ai nabl e a n asmdmorr 0 khown 5per se (cf. for exanple DE-A 4023239) and can
be used, aggfordishgrbR ¢ he1 ivyvent bedref M1y eXaRPhec®i4 her as such in the
shape of Jsings .qr -in_the r I cQated, catalyst, i.e. inert
supports gpr‘%sha?%eékgﬂtg ?%210? %g:ﬁ%gjéoa ecﬁrvc\)nmtg {:ﬁel(?ﬁ xed oxi de active
material . 1% priSnéFpPeS "s%i%g'alﬂrgfﬁfiléjdy e Palti ¥R raterials | can be
prepared i a gismgrennBnyers bprpfedakelngror nteudt abl e sources 20 of their
el ement al constiist devihs) B0 ViEr wndnt i mate, preferably finely divided dry bl end

having a conmosist k0RusREF 8aRRMdE BTt ferditRid bt P& NFOMBIYY aBBdfrequency

cal ci ni ngs sai d dry,bl %fegmé%tsf rem 350, 1.0 .650C l;ll'hle cal ci nation can be
carried out either under inert gas or under "afit oxi di zi ng at nosphere, e.qg.
air (mxture of inert gas 25 and oxygen) or under a reducing atnosphere (for
exanpl e a- RYuREe @Ptdinabtlegas, a NMBIneCOKaAdn areHBEe (Tiie o sg¥amplef

cal ci nati oEray 402237 0mrd few he il tocardévy heurtheandvesuddid y fdecr eases.
W th increasnifet epeiatay @uchUis altlee s5aPECES ©indsherehgnend aforaPRSt i tuents

of the nixed axhdecactdyemigLials d, %_@r&hg)@gpn&%gcg@gﬂggg%ww rAhSs

al ready OXIad S ange%)r .ttte}lost?‘ con}gognds.dv\hl cg. Qe .conver Into oxides by
heating, at®e&SE-Fh The' fr&sBnte” BHSxJ§eh' I dddi?ti'on to the oxides,
such suitable starting conpounds are 35 in particular halides, nitrates,
format es, drabatasiplks i ratigebleapinedt exidearpbing emtegziphe Torggl dees,
amoni um sarepagad/ it a Bicipaxi tlesnd:c WP PubdseisdCrram hMidOkbld Nddhr2€a3,
NHANGB, MNEHER e ir GBI 1INBAEEBLGR ARG/ ar vaPOi dia@%al BLese MG
deconpose aﬂ‘iﬁ’e&? afHude &%CBHE%%&%& Qec{ﬂg‘? e 10 ICBQIE%?O!? quent
cal cination 30 Foto; qorpoynds, §8can 19,:G9MBL €4 &Y, 't 93580y, [ oT{ ]y,
650°C. The calcinetion can be carried out either under inert gas
or under an oxidizing atmosphere, e.g. air (mixture of inert gas
25 and oxygen) or under a reducing atmosphere (for example a-mixture
of inert gas, NH3, CO and/or H;). The duration of calcination may
be from a few minutes to a few hours and usually decreases with
increasing temperature. Suitable sources of the elemental
constituents of the mixed oxide active materials I are those
30 compounds which are already oxides and/or those compounds which
can be converted into oxides by heating, at least in the presehce
of oxygen.

In addition to the oxides, such suitable starting compounds are
35 in particular halides, nitrates, formates, oxalates, citrates,
acetates, carbonates, amine complexes, ammonium salts and/or
hydroxides (compounds, such as NHy0H, (NH)»CO3, NHy4NO;, NH4CHOj,,
CH3COOH, NH,CH3CO; and/or ammonium oxalate, which decompose and/or
can be decomposed at the latest during the subsequent calcination
40 into compounds escaping completely in gaseous form may
additionally be incorporated into the intimate dry blend).

The thorough mixing of the starting compounds for the preparation
of mixed oxide active materials I can be effected in dry or in

45 wet form. If it is effected in dry form, the starting compounds
are expediently used in the form of finely divided powders and,
after mixing and, if required, compaction, are subjected to the



additionally be incorporated into the intimate dry bl end). The thorough

m xi ng of the starting conpounds for the preparation of mxed oxide gapf|i N@

materials | can be effected in dry or in 45 wet form If it is effected in

dry form the starting conpounds are expediently used in the formof finely

di vided powders and, after mxing and,gif required, conpaction, are

subj ected to .the g.JUL I§005 10 cal ci nation. .However, tt}e tﬁggro%gp m'>éi ng is

pref er abl y BFAEPECT T T WEL SFor S USHR9YPR FREIRY ot IFTG E0RBOYNYS €% xed

with one ~afoteér IPRTt HESYdrliy ot PaNS Etfiicldigs CSBPO¥ IS 2aed FéKed usheh$inen.

Par ti cul ar lanatiermabetlr yEdyimepds anr nustug sedut hon leendriori sgsbeps DoBSS

dfascri befl whatt itheasl Ariddignatet _afyaﬂ)jﬁemfse@rgr Ebt £XeddSinv ehy ﬁimdixe@sdof Ithe

el ement a I<tu [ : r.ef.e y used sol vent
S_Clgﬂ‘h Relss Sgrsér%ﬁ%tefu E'Ette g%éﬁ?ne J,:ﬁg {n&génﬂd?#e&s%ti La

i t . t th i
e, SR, g 1 ML LT e g v s
oEedTReleRed- oXiaderacThe e2aAMS al s of

outl et tenpErsECdveés PPy dmPrederabis
t he formul andtezdanlbebtsoted o thhe dolesl, phecdssind @romeaspbeeferstlye form
of an annulmyinCabakysd GEOMBt Eyraph@aidhershbapi agudvrys hexehiecied before

or 15 af{@rodiie ! ibAbe F&GIAALEORy off Of o £%RMRE goc aNNUl ar unsuppor ted
catal ysts can be produced fromthe powder formof the active material or

its uncal cined and/or partially calcined precursor material by conpaction
to give théhfedired 3t AItigBoRate Aot ERaPPE D\ dxCrBsPBNySehdgr i f
requi red, adws swamisprecess,2@ogr aphip ke orinstbar fermoifd ass ahubtaxant s and/ or
nol di ng assiadzAaRts gamdetmi Nfvbeeenthagaiiss nguRly dse rdffeeftebebsf ofe glrass,
asbest 0s15 SiddrCRReCAIPATCQiRALASS] WBH iekaRpie, dmike addefpodiits shaping

oncal ci hod g EenbEE e fr%%pgféé,' Veaher Lalaot 14, 25 QU YUl ent . Sti
be carried Wth By aBpl ttat

cu ) _ n course al so
, NeRIEGnER i/ STaPaF bt B SR0FT2Sr BERGFERPE nt o

annul ar f orfAteTRE1c Bt FAPEBLOPhEC aRHIR dhesppored Jaorlyke BrROBREtY difosf the
coated catmiamgpils by earmisdnout and, alf uleguined, sardisleatsot atabl e 30
contai nez¢ @mphiisel esedhedric axagPLL, 1ubtiBEnAs 28096ok] moltBiAg 29380 ot sEP- A
on 1t he SUpR o B e D e o T et
for exanpl es%lylcr?élaﬁgggo#e h%ot ng;cggé mencclgcgflgfqﬁi’gﬁﬁsbse 0 dfe € powder nateri al
applied to 35 the annul ar supports is expediently chosen to be in the range
from 10 t o HEOGLRPIpE ePrids pPullver Bot 560 %1%%rqqtéwﬁamﬁperlal or its

25 pulverulent, still uncalcined and/or partially calcined precursor
material can of course also be carried out by application to
inert catalyst supports preshaped into annular form. The coating
of the annular supports for the production of the coated
catalysts is carried out as a rule in a suitable rotatable

30 container, as disclosed, for example, in DE-A 2909671,

EP-A 293859 or EP-A 714700. For ceating the annular supports the
powder material to be applied on the support is expediently
moistened and, after application, is dried, for example by means -
of hot air. The coat thickness of the powder material applied to

35 the annular supports is expediently chosen to be in the range
from 10 to 1000 pm, preferably from 50 to 500 um, particularly
preferably from 150 to 250 um.

The support materials used may be conventional porous or

40 nonporous aluminasg, silica, thorium dioxide, zirconium dioxide,
silicon carbide or silicates, such as magnesium silicate or
aluminum silicate. Supports having pronounced surface roughness
are preferred. The use of substantially nonporous, annular
steatite supports having a rough surface is suitable. The

45 fineness of the catalytically active oxide materials to be



preferably from 150 to 250 m The support materials used may be conventi onal
porous or 40 nonporous alum nas, silica, thoriumdioxide, zirconium & axioe,
silicon carbide or silicates, such as nmagnesiumsilicate or al um num
silicate. Supports having pronounced surface roughness are preferred. The
use of substantially nonporous, annul [ steatite supports having a rough
surface is suitable. The 45 fineness of the catalytically active oxide
material s tPrBdes IO tRDEBrIEEeaphl Rl FWPPORE sTrdacougEet RE2BHHITT the of
course adapissdred thet desiknedscoaf. tBH-¢kiiéds70ef. EP-A 714 700).

Al ternatively, for the purpose of shaping, the annular support 5 can also

be i nmpr egn@llec@rWaEEvélfOIer' Weapdhls S LIPSRILOy, a0 ArAkNgs LAgtar i ng

conmpound of t n cQns el evan xed OXIde active
mat eri al , > ied 58 E‘?E réﬁ%e hatg 8 ‘%ileéhcrl Bs’éagu%ghl ncged3 ulsPve sUbpor t ed

catal ysts. cfﬁ‘tﬂdi?éﬂﬂablé%lﬁst%t%éa SRTRANELS P\fet}ﬁ%t%]r‘?%@a 0CBRSHEE e or di ng
to the inweEntthenredevanthovededparidal aamxivéamaber pfl prigpedeand faorldlyei n are
further nor easTaleeerabsd pfedlied nedr toll idd supported catalysts.

[ Y aY2b, OX ]P[Y3c Y4d, Y5e, Y6f, Y79. Y2h, Oy’ ]1q (I1), 15 where YV is bisnuth,

telluri umg A Xou% :arfrllmaet /ordgoépcp dj/o"%%ﬁrlaim é’ob enum Rdgﬁc:)?r(rcf %ten

20 Y3 is an aI rum an martrun e “8arth

metal , ni cké® l@BBHHO“ é‘r nov%rﬁb‘%ﬁe@é oOFfiRatiqn rPf @é&ﬁ?ﬁ?n Thd/ or
mer cury, Y3areleipnare hflmﬁh?mﬂoéérmwﬁﬁ%ﬁopfvhh%dﬁmul% ILs phosphorus,
arsenic, boron and/or antinony, 25 YV is a rare earth netal, titanium

zi rconi um [mlgbpgm) Obpptakumysrepiwmyz usheni um rhadium silver, gold,
al um num gal ium T ndi um silicon, gérmanium | ead, thorium and/ or
ur ani um |s fromO 01 to 8 Db is fromO0.1to 30, ¢ is fromO to 4,
d is from"ﬁ1 e isfromOto 20, 35f' is fromOto 6, g is fromO
to 15, h' is from8 to 16,

¥l is bismuth, tellurlum, antimony, tin and/or copper,

Y2 is molybdenum and/or tungsten,
20 Y3 is an alkali metal, thallium and/or samarium,
¥4 is an alkaline earth metal, nickel, cobalt, copper,
manganese, zine, tin, cadmium and/or mercury,
¥> is iron, chromium, cerium and/or vanadium,
Y6 is phosphorus, arsenic, boron and/or antimony,

25 Y7 1is & rare earth metal, titanium, zirconium, niobium,
tantalum, rhenium, ruthenium, rhodium, silver, gold,
aluminum, gallium, indium, silicon, germanium, lead, thorium
and/or uranium,

30 a* is from 0.01 to 8,
b is from 0.1 to 30,
¢’ 1is from 0 to 4,
d‘ is from 0 to 20,
e 1s from 0 to 20,
35 £+ is from 0 to 6,
g’ is from 0 to 15,
h is from 8 to 16,

%’ and y' are each numbers which are determined by the valency
and frequency of the elements other than oxygen in IT and
40 p and g are numbers whose ratio p/gq is from 0.1 to 10,

containing three-dimensional regions of the chemical composition
¥1,,¥2,.04. which are delimited from their local environment owing
to their composition differing from their local envircnment and
45 whose maximum diameter (longest distance passing through the
center of gravity of the region and connecting two points present



x'" and y' are each nunbers which are determ ned by the val ency and
frequency of the elenents other than oxygen in Il and 40 p and g are
numbers whose ratio p/q is fromO0.1 to 10, containing three-dinmensioalyl 7005
regi ons of the chemi cal conposition Yla, Y2b, OX, which are delimted from
their local environment owng to their conposition differing fromtheir

| ocal environment and 45 whose maxi numdi aneter (longest distance passing

t hrough t he nter_of gravity of the region and connecting t i.nts
present & JOL CI00S-T 1 or HHE EGTT b (T ETFRED) ‘o1 TRB {cBTor 18 fFom 1
nmto 100 rRredppBElentIqr 10ofR1Ee Ntk 508 ARPBr! oP15Mh 2B 50 H8r 25 m
Particul arly advant ageous novel m xed oxide active materials Il 5 are those
in which Ybkergibhsatl{. acAEprggbbes endve 1t v Rell No@sRihiceiveohs esPONG e the
formul a I larcl Bh8SZ20 QUL vi 222736040 . Fee. . 251 Z6g.. 277Gy, ] ..
(1'11)110 where Z2 is nolybdenum and/or tungsten, Z3 is nickel and/or
cobalt, 15 Z4 is thallium an alkali netal and/or an al kaline earth netal

Z5 i s phospfigrdsthefe el dVrhoEbpSe iR RYTresPPRE &S theaher®ila |1ddd, z6 is
silicon, alum num titaniumand/or zirconium Z7 is copper, silver and/or
gol d, 20 alfiisz®romiQ. 1y 47%9,23..p4;.F6. f250meQ. Z,Lt0, 3. - ¢ is (krom 3 to 10, d"
is from{ 02 to 2, 25 e" is fromO0.01 to 5, preferably from0.1to 3, f" is
fromO to Uhede is fromO to 10, h" is fromO to 1, x" and y" are each
nunber s mhigh are determ ned by the valency 30 and frequency of the el enent
[sic] other than oxygen in IIl, p" and q" are each nunbers whose ratio
p"/q" is fridm Gslmpdybdenyn aing/abl yuigssrmr0. 5 to 2, are preferred, very
particul arlzy prief edickdl naidtdraksbkit, being 35 those in which Z2 b" is

|(‘t un?st2 gn.:) Qiéé/ ?@d tﬁaligiﬁ,s z-{trmél hxBde sk dnla/bs aaksm@éi\&?q@t ageeﬂsméﬁale}tt

eas 0 RI : r : rerer S

100, nol %HQOSf lﬁegt §%§? hdh eELtr?/jg %’fa's‘%zrbqq% ETL’%E’%‘?’E?}% Zb(.é.eg%{.]%] %&‘3’] % he
e !

m xed oxi de ac . , ) . , .
z6 is silicon, aluminum, titanium and/or zirconium,

z7 is copper, silver and/or gold,

20

a” is from 0.1 to 1,

b dis from 0.2 to 2,

c” 1is from 3 to 10,

d” 1is from 0.02 to 2,
25 e is from 0.01 to 5, preferably from 0.1 to 3,

fv is from 0 to 5, :

g” is from 0 to 10,

h* is from 0 to 1,

X" and y” are each numbers which are determined by the valency
30 and frequency of the element [sic] other than oxygen in III,

p” and g” are each numbers whose ratio p”/q” is from 0.1 to 5,
preferably from 0.5 to 2,

are preferred, very particularly preferred materials ITI being
35 those in which 22y» is (tungsten)p» and 22;, is (molybdenum)ji;.

It is also advantagecus if at least 25 mol% {(preferably at least
50, particularly preferably at least 100, mol%) of the total
moiety [¥la:¥%5:0x/]p ([BilarZ2p»Oxn1p+) of the mixed oxide active

40 materials II (mixed oxide active materials III) are present in
these mixed oxide active materials in the form of
three-dimensional regions of the chemical composition yl,.y2y/0x¢
(Biar22y+0x~) which are delimited from the local environment owing
to their chemical composition differing from their local

45 environment and whose largest diameter is from 1 nm to 100 um.



40 materials Il (m xed oxide active materials I1l) are present in these
m xed oxide active materials in the formof three-dinensional regiQQ§ @EZ%S
the chem cal conposition yla.y2b' O x" (Bia..Z2b"Ox") which are delinlged
fromthe | ocal environnent owng to their chem cal conposition differing
fromtheir |local 45 environnent and mhf e largest dianeter is froml nmto
100 pm 6 J U L 2005 13 Regarding the Shaping, the statenents nade in the
case of theReFATEEAIokPBeSERR N hEePFatINantsr B2@PpHT ddIf €afret Afreyard to
the i xed mikiafe cxdtievechitemadlesibls 5 #vd apgéingpbervioth tegamixed twhd de
active mat efixalds osudtabteifeomatiehtahet 81 0geneousl y catal yzed gas- phase
partial oxidation of acrolein to acrylic acid can be subsuned under the
formula | X 3 X5f X 1), .10 where . X1 is. b,. Ta, Cr
andror ce® A e UREE e AR T L o as 10 IELE- Bt P P P 0 1 s
one or mor e BATETRBERFAUS BE GadadKEed Il asPKRRT Mt b AP PRIRE X6 s
Si, A, Ti aautlednzio act¥glia @nid tenche shmpd wndgw G tforaulacIVs from
0.5to 18, dis fromO to 40, eis fromOto 2, f is fromOto 4, 25 g is
fromO to 40 and n is a nuherymhb s ks xdekepni ned the val ency and
frequenc¥0 of the el enents otﬁeﬁﬁi%aﬁ 6§ygeﬁ in IV.&%Peferred embodi nent s
within the m xed oxide active materials IV 30 are those which are descri bed
by the foll %9 neanings of the variables in the formula IV: X1 is W Nb,
and/or Cr, X2 is Cu, Ni, Co, and/or Fe, 35 X3 is Sb, X4 is Na and/or K, X5
is Ca, Sr afd/ ois By, NoX6Ths & ,ardl/orand/or Ti, ais froml.5 to 5,

%2 is Cu, Ni, Co, Fe, Mn and/or Zn,

15 ¥3 is Sb and/or Bi,
¥4 is one or more alkali metals,

X5 1is one or more alkaline earth metals,

X6 is si, 2l, Ti and/or Zr,
a is from 1 to 6,
20 b is from 0.2 to 4,
) is from 0.5 to 18,
d is from 0 to 40,
e is from 0 to 2,
f is from 0 to 4,
25 g is from ¢ to 40 and
n is a number which is determined by the valency and freguency

of the elements other than oxygen in IV.

Preferred embodiments within the mixed oxide active materials IV
30 are those which are described by the following meanings of the
variables .in the formula IV:

Xl is W, Nb, and/or Cr,

X2 is Cu, Ni, Co, and/or Fe,
35 X3 is Sb,

X4 is Na and/or K,

X5 is Ca, Sr and/or Ba,

X6 is si, Al, and/or Ti,

a is from 1.5 to 5,
40 b is from 0.5 to 2,
c is from 0.5 to 3,
d is from 0 to 2,
e is from 0 to 0.2,
£ is from 0 to 1 and
45 n is a number which is deteremined by the valency and frequency

of the elements other than oxygen in IV.



40 b is from0.5to0 2, cis from0.5to0 3, dis fromOto 2, eis fromO
to 0.2, f is fromOto 1 and 45 n is a nunber which is deterem ned E gg@j
val ency and frequency of the elements other than oxygen in IV. 6 JU Jy

14 However, very particularly preferred m xed oxide active materials IV are
those of the formula V 5 IVb12Va' Y' b'Y 4'Y5f Y6g: On) (V) where Y1 is W
and/or Nb, 10 y2 is Cu and/.or and/or Sr, Y6,is Si and/or A,
a' is from™Ey=E; V‘Bryl%ali‘trlé’l‘hli‘r%% Firesferfgd miyed (9e1 8C53%8 £+ s from O
to 0.5 [Iad‘tﬂ‘\f&]rlaés ¥ 470mhhoseoos dhirl fPrmudaaVnunber which is determ ned by
the valency and frequency of the eI errents ot her than oxygen in V. 20 The

m xed oxide active materials (I\/l) accordl n to the invention are
obtainable in a manner kn¥##Vpet bs ofr Yes(é’irrpl e kl osed in DE-A 4335973
or in EP-A 714700. 25 In principl e "nixed oxi de actl ve materials suitable
according to the invention and of the fornmula IV can be prepared in a
sinple ma&repy producing, from suitable sources of their el emental
constituents, a very intinmate, preferably finely divided dry blend having a
conpositi OI’}(lCOI‘J[‘@S{pQIﬂQI/Bg 1, their stoichionmetry 30 and calcining said dry
bl end at grqu 3l d‘uoaﬁQQ& 1@' e calcination can be carried out either under

inert gas QJg an 8§ di at nosphere, e.g. air (mxture of inert gas
and oxygen) or Ju'an 23 |ng at nrosphere (e.g. a mxture of inert gas and
reduci ng d"éseslsst?éhaéé/ﬂ? ANH3, CO nethane and/or acrolein or said 35

reduci ng gases iy firkenBetees). The duration of calcination may be froma
few m nutegpt o i fewmhoues ByEl usual ly decreases wth increasing
tenperatik & Suid allg sopsces of the elemental constituents of the m xed

oxi de active materjals |V age tH98€na)

g’ 1is from 0 to 8 and
n’ is a number which is determined by the valency and frequency
of the ‘elements other than oxygen in V.
20
The mixed oxide active materials (IV) suitable according to the
invention are obtainable in a manner known per se, for example
disclosed in DE-2 4335973 or in EP-3A 714700.

25 In principle, mixed oxide active materials suitable according to
. the invention and of the formula IV can be prepared in a simple
manner by producing, from suitable sources of their elemental

constituents, a very intimate, preferably finely divided dry
blend having a composition ceorresponding to their stoichiometry

30 and calcining said dry blend at from 350 to 600°C. The calcination
can be carried out either under inert gas or under an oxidizing
atmosphere, e.g. air (mixture of inert gas and oxygen) or under a
reducing atmosphere (e.g. a mixture of inert gas and reducing
gases such as Hp, NHz, CO, methane and/or acrolein or said

35 reducing gases by themselves). The duration of calcination may be
from a few minutes to a few hours and usually decreases with
increasing temperature. Suitable sources of the elemental
constituents of the mixed oxide active materials IV are those
compounds which are already oxides and/or those compounds which

40 can be .converted into oxides by heating, at least in the presence
of oxygen.

The thorough mixing of the starting compounds for the preparation
of mixed oxide active materials IV can be effected in dry or in

45 wet form. If it is effected in dry form, the starting compounds
are expediently used in the form of finely divided powder and,
after mixing and, if required, compaction, are subjected to



conpounds whi ch are al ready oxi des and/or those conpounds which 40 can
be. converted into oxides by heating, at |least in the presence of 0x¥g@m2%5

The thorough m xing of the starting conmpounds for the preparation m xed

oxi de active materials IV can be effected in dry or in 45 wet form it

is effected in dry form the starting g)rrpounds are expedl ently used |n t he
formof fi neI divided powder and, af m xi ng and required

conpact i on, &y &GBPBct R }BE’IQ’G)@]‘B ml]?SL“@aFLél Hé%f‘?ﬁ?bl{é{o\ﬁé§@?te@ HdY ough

mxing is pr@féoa’blly effected in wet form Usually, the starting conpounds
are mxed with one another in the 5 formof an aqueous solution and/or

suspensi on.yRah (fUltﬁEJ ¥tatidd RbRp Qﬁﬁ(d@'a?x’%d%ﬁé@ Qﬂ@'d}%dahﬁthgﬁ 14 Xing
process d Sﬁéﬂ a\M‘S{j %&?s sto%tt&BH ?Hé%ﬂ %usggﬁshm?r & ACH%‘;’E' y Sources

of the cQns abl used
sol vent | s Jé‘?a eT Eyaﬁb@&% aﬁ'{i)‘[ &8 F%%”%‘Btlaﬁ o8 ’i“%x’t%ri’rﬂ?e&rsl g85CT € Yr yi ng
process preflraliihg Btpntirarmdtediols byed spreapxdiysiglof sowecaquedutshari xture
at outlet terpemtalresnstdment?0ptesdhOCGn Hiesoixed fuxdntle mapreveramlyerial s
|Io>/o§g!sts abl gu@&p%citegtt Qstmerﬁrr_]m@vg éé&& g@@ePgagiﬁ%&;l?fegt Hg Eg%ﬁ?'

RY
geonetri es C’iljte)g'gmﬂ'l' % C@%i% bqu?: teosge ? ld"at}:i'ul g ?nca (5iréD L(%rlo fter t he
final cal c??l%ﬁy'&]fy PA ‘81 n’ﬁ?ﬁeﬁrunGPFym%frUrreesﬁﬁnHPEb Yotet“}Pz?Faltﬁr?ﬁe e of
the m xed oXdUe&adtode- mterials 1. For exanpl e, annul ar 20 unsupported
catal ysts can be prepared conpletely anal ogously from the powder form of
the m xed oxpdleniaeli ve:idat &fible BbtbiSaldiNGAlsGHBEH1Hr LY EARgTRE eEhA

conpact i gg 1&&1&%& Eﬁndﬁé'&sf‘éi!i £68! 81y Sto ggeexséf%xeye@smg byalﬁegb US' on)

where, if re mre egs or stearic .as ricants

and/ or 25 mBTHihG 458! s%%n lve é‘n}%glﬁf%?%ﬁﬁ’ aasﬁ?%tnesﬁjcl‘} €rofibers

of glass, aRHES: t§| £ E%‘ht cfd}emsaépb?g ﬂ%ﬁ%ﬁ G eftenate fAEplbe added.
The shapi ngc@lfCItlTﬁélpnlrvéFLﬁeFﬁm@e‘t fvélyret@miesipopding st@Ghpal var bhentasssti |
uncal ci ned ¢f ety sdxetiabel daladmEyeohatatisles I1al sor bexafdlect @dnbhyaappl i cation
to inert26ab@dusdortepPehtal @S kapede i t&pAauLehpi Ordny Thai1egahtng Hlort he
supports fofnd e, 0dUehi On fe Lhgeqont sl %gtt%gslfné déISJTaQLa el gdsout as

rule in a sulta COI’]t akL n ose

35
DE- A 2909671 caéﬁl&efg%%@u%?orEaa&em?o‘bv Ponipactidf s ditle TKABL1-dd

catal yst geometry {for example by extrusion) where, if required,
assistants, e.g. graphite or stearic acid as lubricants and/or

25 molding assistants and reinforcing agents , such as microfibers
of glass, asbestos, silicon carbide or potassium titanate, may be
added.

The shaping of the pulverulent active material or its

30 pulverulent, still uncalcined precursor material may of course
also be effected by application to inert catalyst support
preshaped into annular form. The coating of the supports for the -
production of the coated catalysts is carried out as a rule in a -
suitable rotatable container, as disclosed, for example, in

35 DE-A 29509671, EP-A 293859 or EP-A 714700.

For coating the supports, the powder material to be applied is
expediently moistened and, after the applicetion, is dried, for
example by means of hot air. The coat thickness of the powder

40 material applied to the support is expediently chosen to ke in
the range from 10 to 1000 pum, preferably from 50 to 500 pm,
particularly preferebly from 150 to 250 um.

The support materials used may be conventional porous or

45 nonporous aluminas, silica, thorium dioxide, zirconium dioxide,
silicon carbide or silicates, such as magnesium silicate or
aluminum silicate. The supports having pronounced surface



For coating the supports, the powder material to be applied is expediently
noi stened and, after the application, is dried, for exanple by meang ﬂL ﬂ@t
air. The coat thickness of the powder 40 material applied to the suppo
expediently chosen to be in the range from 10 to 1000 pm preferably from
50 to 500 m particularly preferably fgom 150 to 250 gm The support

materi al s b vent i onal ,,porous or 45 Qrou i ca,
t hori um di :)&)S(I% ,g%}é gr Oﬂ}e%n ode TIE) ﬁlneness ofr b‘!i(}l(g) ca%aﬁy?n.cg}te% aCthﬁ as
magnesi um SIHCEAPETEFIaL (A eﬁnﬁgﬂﬁr%t@ t*f’ﬁes‘é{ffﬁﬁ?r o [h¢i REPRTOndinedd
surface 6 JUurzg08danted duylhes deatredrashdr chdckm@rs flicdenE8saof14 Wd0) .
catalytically active oxide materials to be applied to the surface of the

support is z;?;fcore%gseo adaptiedeheibhe afélmaeedceﬁidé m&&@eSﬁa£@£lal%P¢/é 714
700). 5 Accgrdi he i nvent ;Spn%eé he, rgwgda Gaer as%%;p\c/)e{:rrgtce al S.LV can

of course also be S ape 0 glive annular supporte cat Ant ageous
m xed oxi de active materials to be used according to the |nvent|on for the
gas- phase paiviengpoesugiarizmt okideratteive meterfabertd ke askd aseofdimsh&enor e
mat eri al s dafhet Haveothoth afod thB] BrE}Shdd partibkerexilEtRDonsof acrolein to

Mb12Va. , 23 thcdd1 1838 Zd €arkdfrubb8eNore mdEelrSaZd I20UWNHfcRY1a ¥ 1S W Nb,
Ta, Cr and/or Ce, Z2 is Cu, Ni, Co, Fe, Wh and/or Zn, 20 Z3 is Sb and/or

Bi, Z4 is Li, Na, K Rb, Cs and/ or H[lacuna] Z5 is My, Ca, Sr and/or Ba,
Z6 is Si, AI, Ti and/or Zr, 27“?15?[!%‘! W Vv, No'and/ or Ta, 25 all is from1
to 8 Db" isfrom0.2to5 <c¢" is fromOto 23, d" is fromO to 50, 30 e"
is fromO twheze f" is fromOto 5 g" is fromO to 50, h" is from4 to
30, i" issfromO to 20 and

D is MO1aVarwZlpnZ2cn23qng4enB55u85n0xn

E is 2712Cup«Hi«Oyn

z! is W, Nb, Ta, Cr and/or Ce,

7z?2 is Cu, Ni, Co, Fe, Mn and/or zn,

20 z? is Sb and/or Bi,

Zz¢ is 1i, Na, X, Rb, Cs and/or H [lacuna]
z> is Mg, Ca, Sr and/or Ba,
z6 is s8i, Al, Ti and/or Zr,
Zz7 is Mo, W, V, Nb and/or Ta,

25
a” is from 1 to 8,
b* is from 0.2 to 5,
c¢” is from 0 to 23,
d” is from 0 to 50,
30 e” is from 0 to 2,
f7 1is from 0 to 5,
g” 1is from 0 to 50,
h* is from 4 to 30,
i~ is from 0 to 20 and

35 x" and y" are numbers which are determined by the valency and
frequency of the elements other than oxygen in VI and
p and g are numbers which differ from zero and whose ratio p/gq is
from 160:1 to 1:1,

40 amd [sic] which are obtainable by separately preforming a
multimetal oxide material E

Z712Cup«Hj#Oyn (E),
45 in finely divided form (starting material 1) and then

incorporating the preformed solid starting material 1 into an
agqueous solution, an aqueous suspension or a finely divided dry



35 x" and y" are nunbers which are determ ned by the val ency and frequency
of the elenents other than oxygen in VI and p and q are nunbers V\:thf’G‘ﬂJ f@r
fromzero and whose ratio p/q is from160:1 to 1:1, 40 and [sic] whic 2rD
obt ai nabl e by separately preformng a nultinetal oxide material E
Z712CuhnH nOys (E), 45 in finer divided form(starting nmaterial 1) and then
i ncor porati th p tartln mat er i al ipio e

sol ution, bri% %f ES fs%lh £ ?nts?l d%Vl%lgd Z(Jir'yg%' J%L 5%%?d0%7 "bl end
of sources Wl%EOEF@h’%n"t}ée I@@ovﬁ’me?’ilo%éi §§m97ﬁ5 5 tied SEEICh BT Yo dnt ai n
t he abovenentioned elenents in the stoichionetry D MOl2Va. . Z1lbn

Z2c..Z3d. . Z4e. . Z5f . , 26ap.,V.{D} 2K L R4-afd-2hg 2Bt eri al(p), in the desired ratio
p:q, dryifig any resulti ng aqueous m xture and calcining the resulting dry

precur sor to_6 [,e f roi ped to
gi ve the desi u;:i:% cat a?{érflrg 5Sré 92 %%%ﬁgeﬂ,gdo??{e apgt%i dtrXaﬁgr?gﬁs VI where
the prefor iFdEiAPE 2 %Ffutsl H@Xi’iﬁf r30d cf%cénFﬂ%oT' rrﬁcsél&tﬁﬁﬁo “h aqueous
starting rRuSSUrgPT 2nateizdCagr T pr e T r't@d6OA‘”Qjé?t@OII@dOeeé’ét‘?IptlﬁoﬁSof t he
prepar at i orsafpedctbveivatidrd descoaprdesialysm yednoxiyde VI appears 15 in, for
exanpl e,1dP- A 668104, DE-A 19736105 and DE- A 19528646. Regarding the

shapi ng. { e, SLAbERB! S ARYIe koL e 358 8L LNene AEI G, TR gpl 2h S compr i sing

m xed oxi de Varea to the active materials

Compri o1 ng FHXad SxTREEMEL 0 1 KREOURTRE SHCaPLe HACKHERPS. BEPTTEN ar | y
suitabl e fd’?‘atteﬁéalh%t%? oJefSbusry REataryedd YaietsHded Paperaptina @dt £BA of
met hacr ol eipreperpbipacey|dciyei dabeeidi sompséding orixedawplide Vh afpBaksl9 815
279 and im ihe fpti ekample Ccidred E8310d S bl 108606 andb Dl-xedowxddalss .acti ve
materials particularly suitabl e for the heter ogeneousl y catal yzed gas-phase

e A 10 057 rssafe Fillpe orR LArBRLE Rhds S irEElee B BTN Th

all other (?ef'stéé’e PRES ST %Peélﬁi”?%d“lf"'&d PrRedRoVEI2 5‘@8&%“%%\?1 Wl f ect ed
in the caserecsrarfiheOabmea@émveoﬁeaem@aed compygesing mixed oxide VI.
20

Mixed oxide active materials particularly suitable for the
heterogeneously catalyzed gas-phase partial oxidation of
methacrolein to methacrylic acid are disclosed, for example, in
DE-A 19 815 279 and in the prior art cited in this publication.

25
Mixed oxide active materials particularly suitable for the
heterogeneously catalyzed gas-phase partial oxidation of propane
to acrylic acid are disclosed, for example, in DE-A 10 051 419
and in the prior art cited in this publication.

30 .
2As in all other cases, the shaping reguired for the novel process
can be effected in the case of the abovementioned mixed oxide
active materials too by coating suitable supports or, for
example, by extrusion processes.

35
The novel process is preferably carried out in tube-bundle
reactors loaded with the catalyst, as described, for example, in
EP-A 700 714 and EP-A 700 833 and in the literature cited in
these publications.

40
In the abovementioned tube-bundle reactors, the catalyst tubes
are usually produced from ferritic steel and typically have a
wall thickness of from 1 to 3 mm. The internal diameter is as a
rule from 20 to 30 mm, frequently from 21 to 26 mm. In terms of

45 application technology, the number of catalyst tubes housed in
the tube-bundle container is at least 5000, preferably at least
13000. Freguently, the number of catalyst tubes housed in the



active materials too by coating suitable supports or, for exanple, by
extrusi on processes. 35 The novel process is preferably carried out in 005
tube-bundle reactors |loaded with the catal yst, as described, for a@n‘H'ILeZ
in EP-A 700 714 and EP-A 700 893 and in the literature cited in these
publications. 40 In the abovenentioned;gube-bundle reactors, the catalyst

tubes are usu produced fromferr t |caI have,a wall

t hi ckness of°© ?(}'olm €63 J1£hrE é'f’%%éf ?ﬁ?@t@ Fglgg Alteuffga??%rrﬁ 20 to
30 nm -f r eqi@Rtngy Hﬂrﬁmtéint‘bﬂ%@ rﬁﬁtallﬁs*fe?‘ﬁ%e%fteﬂﬂ 5ppPe e GFFceRERP®I ogy,
the nunber ®fisigd dihgstonbperethoused cehalysie tukes- buadhsuzont ai ner is at

| east 5000, hpr@featcahlsy yatiseamiutelQ0@0e & eguentlivyn thgedibhay Bkifqtal yst
tubes hougegdyjdp hs% @héU'—tQQOcﬁst]a%c%eﬁé%Q GOy %EH‘EEaiS f4em-1aQ0Qs t 0
30000. Tube- %)undlneC %cgg,g aV| red r]cé al sctlt bes %enng to
be t he exceﬁ) he" conta ﬁér T He Eat'sl yEF A8 dBunt 1Yy
honogeneousfy o < F“B‘ut‘éé tre ediaé‘lPlleE?T%rﬁ%%(&?&)ent ly be| ng 5 chosen o)
that the distance between the central inner axes of adjacent catal yst tubes
(i.e. the cpastyusilatrilesspashg)hdat -Exonandd Me@lidSapen f0iid fiemtexanpl e EP-B
468 290) 10Pﬁéc§ia§U|‘I@1re| ¥is8Ubt ald B Neat sexchangeRd BophSs fdid hgaking 10
redia. The sogu{;ﬁlng%r% S8l SropsYED-Roc POLARSI WILDLL L8lG,e  POLASS) UM
nitrite, |um %7 | UM NifTate SHUF i ttmgmaals

such as sod?"ﬁl“i’nm r R alsf agf Soﬁ’r‘F’?er“e?ﬁtcul‘?Et are, a]i]soyﬁaf’ffl cularly
advant ageoudiffigrepat aeltedsi niomratticnlenly hedveeaegrons condi ti ons expedi ently
to be nmaintained for,the various novel heterogeneously catalyzed gas-phase

partial @i fations ahfRERSHT S0 @NBOUBES: Din c(o"ﬁ%&lﬂlaﬁé VdigeBend1Std pde
found in thg,priomn e%fthE' 1Ig @ak&%%s 20vd. %é‘&‘&%‘ eBE ﬂzrc&ﬂa SyRagticularly

suitable for car rayl n %:.al x1 eneou catalyze g %}ai parti al

oxi dat i ons 8? “RRASEUPESF R onpottids °8F ¢ ﬂﬁcucrrsy? Eiakeh h are carried
out with hi ’@ﬁt}i‘)daéd-'lyrjrdcoﬁc%%el? |t>9e(§’ec§f"éll‘°§/s“tn B8 Wftlﬂrt?fet pridedr egpve-
conpound, as effected, for exanple, in DE-A 19 948 523. 25 Such hi gh-1I oad
gas- phaseopahéixaivajxipdat:ieamm ai= garefiendit Wy gudakbzedfén ddreyiubt buzone

(pref erabl yhtworZRbukibechidil)Rd G8ICHRESe Yarhah dR1 A48 323 of
precursor compounds of (meth)acrylic acid which are carried out
with high loading of the fixed catalyst bed with the precursor
compound, as effected, for example, in DE-A 19 948 523.

25
Such high-locad gas-phase partial oxidations are preferably
realized in the multi-zone (preferably two-zone) tube-bundle
reactors of DE-A 19 948 523,

30 The advantage of the novel procedure is primarily an increased
selectivity of the formation of the desired products, in
particular with the use of high loadings of the fixed catalyst
bed with the precursor compound of (meth)acrylic acid.

35 The size of the catalyst bodies used according to the invention
is as a rule such that the longest dimension (longest line
* connecting twoe points present on the surface of the catalyst
support) is from 2 to 12 mm, freguently from 4 to 8 mm.

40 Examples

A) Preparation of a multimetal oxide active material suitable
for the heterogeneously catalyzed gas-phase partial oxidation
of propene to acrolein and shaped into rings of various

45 dimensions



30 The advantage of the novel procedure is prinmarily an increased
selectivity of the formation of the desired products, in particular WJHDZDUS
the use of high | oadings of the fixed catalyst bed with the precursor
conmpound of (neth)acrylic acid. 35 The size of the catal yst bodi es used
according to the invention is as a ruylg such that the |ongest dinension

(l ongest line n tin wo_points.present on the surface of the catal yst
support) i S5 8D TG 15 5 PROULEN T IO RS S (A0 SEpids A
Prepar at i oPC&tigPHuR i ¢t i cdxVakeactdPd et eF i 4 &% &BIrengtlby reight
het er ogenedysikeyue apet assidngaydphasée Farlivtabnoxi dft9Comas ot prioppedstoothis
acrol ei n andlsbapedeiitted naiingaininy aHe0 6945 &lisBrRgi0ASA bwadlor2@@hed 19 At
60C, 213 g obnaMuoni 4B ep,aa0Lybdatey Wer i 5§01 MG sl Ry BEr4d ANRR5600 1
of water. Q.97 kg of. a s%qug%)o%t r§€g£41 blgfy we ggtof Laegcus\gﬁgt ?S]?I ump hydr oxi de
sol uti on at"28c es®s iITre PRt 6 hi's, ngau?lon i1’e inta nl%g t f& 60C (a
sol uti on A3FHEOBBt PR PiATEtectt B ULPoh® BPXvdeighépatede byetaddi Ry
116. 25 kg ohids agleousy. idEgernibe atrel od| theonddtd@2% Isyimeightwast Fe) to
333.7 kg ofcagiicadoeousor ebduirthét rad enisokuti @n (0k2..4%bys wed it a0f Co) at
Ut for B R b g e
nitrate sold ?lglo%['%%%@%rbf 0 ?toofglgle) tV\%r%OluttﬁeorI? Sti ?ﬁ%cﬁ?ﬁﬁltéftonggdi?%

I gf (

gi ve the sGEFEA BI*THP S P PEOSP B vids 60F | 10 Pt OBTPREOS I LTaHTASal 60C
in the courlSemgfiuges mitigredhe ¢5dndhuthes safreing hieedd .36 kheoStdiddicag in,
19. 16 kg ofscdi l(46as0%dly (6.980% bys i, ghetneftySi Q236density2 /6 ba frd?
g/m, pgids‘ Eiqm %téteﬁé, t%k%_-li cahkaht r&&n&%@& @1:2511 nPre thafe gy R rvei gpt)
were adde shu S EAN o or a
further 15 dtd(r%gt %g ¢ ?I E‘f;#glg%?g %}%rg?{ ﬁg gSCCS ﬁtérsgap’?éig%#aﬁ%%dg&és t hen
spray-dri ed By 2t hBT E¥tnt’er dFPERE lﬁoa‘aggﬁglmr’?ﬁ et éﬁp‘ér attfr &1UEs810C,
gas out| et DERPBRAL YR % *PEA0SEY 2Y 2dDIES fiva 8 F @t fRdEE e 0Bt P s o 966

i gnition (3retr seapelBO0Ceund€pP=18{0,) gnasoBOlétoftempsracught Hd=HHC bbtai ned.
I n each paSHrhySterbyd eivgletr ehofé NBlas dinvided: JmplE teuksi evesomahyges:
mn. 50% by;:wei ght @4 dB HBXwelQfh DLW gBtatndd M 25 and <48 m max. 5%
by weight > 48 m BET surface area: from6 to 13 n2/g) were additionally

m xed into portions of %&Q ti)esulti n% r%r,ég-ldréed. owder gEarti cle size of
the spray- gﬁcgoﬁ\ﬂ%‘? R ek “rﬁs inely divided graphite (sieve
analysis: min. 50% by weight <24 pm, max. 10% by weight > 24 pm
25 and <48 pm, max. 5% by weight > 48 um, BET surface area: from 6
to 13 m?/g) were additionally mixed into portions of the resulting
spray-dried powder (particle size of the spray-dried powder was

about 30 pm).

30 The dry blend resulting in each case was compacted {compressed)
to give hollow cylinders (rings) of different geometries so that
the resulting density was about 2.5 mg/mm?® and the resulting
lateral compressive strength of the rings was about 10 N.

35 For the final calcination, in each case 1900 g of the shaped
rings were pcured into a heatable through-circulation chamber
(0.12 m3® internal volume, 2 m3 (S.T.P.) of air/minute). The
temperature in the bed was then changed as follows:

40 - increased from 25°C to 160°C at l°C/min.;
- then kept at 160°C for 100 min.;
- then increased from 160°C to 200°C at 3°C/min;
- then kept at 200°C for 100 min.;
- then increased from 200°C to 230°C at 2°C/min.;
45 - then kept at 230°C for 100 min.;
- then increased from 230°C to 270°C at 3°C/min.:
- then kept at 270°C for 100 min.;



30 The dry blend resulting in each case was conpacted (conpressed) to give
hol | ow cylinders (rings) of different geonetries so that the resulti Fg 0
density was about 2.5 ng/mmB and the resulting |ateral conpressive s ghé%
of the rings was about 10 N. 35 For the final calcination, in each case 1900
g of the shaped rings were poured intzpa heatable through-circulation

chamber (0.12 1B, QESEQQEeé{Oéd”E%@O@ o8 1(0%'@3‘“5') of air/mnute). The
e ol fo

tenperature in the wa hanged .as ws: 40 - increased from 25C
to 160C at 1 i ?{Q-Ptt Fén£ %%t %SF % G or 100 nin.: - then increased from
160C to 200C attlsey dpfreaseqd nigh 485¢ at Y6 Poi 100 nin.; - then increased
from 200C to 23g@ratkeR€/ atni30°C450xr ¢ herhkept at 230C for 100 min.; - then

i ncreaseds f+ omRAICiher’dZ9&s alo ot nat 1oc/mhen; kept at 270C for 100 min.; 6
JUL 2005 20 thghd neheagedsimc38QE gty 1CG/ min.; then kept at 380C for 4.5

h; then increasgd to t- m.n.;.. -_then kep; at 430C for 4.5 h; 5 -

t hen i ncreased %&%688§§g ﬁ%/ilnslqr(]: ;:Ln t’h? hceoﬁ]rl?éap??a% %OOC for 9 h; then cool ed
to 25C in the course of 4 h. Annular catalyst bodies were obtained. 10 B)
Het er ogenedusiwlagatargkett daslighaverpaohttisdinedxi dati on of propene to

acrol ei nl&\ reaction tube (V2A stainless steel, 30 mmexternal dianeter; 15 2

mm wal |t higknessierd@efBbh o ridla1¢-80eL &L pH2R0LAF+ 43P SaMasn beaded from
bottomto top, reatal yst.support |edge (44 cm long), first with

steatite beads a\ﬂ%ng a roug% surface (from4 to 5 mmdianeter; inert .
material for heating the reaction gas starting mxture) over a |length of 30
cm and t herP iTPaEaéRN chdRe 20734 chathéeTatsdepdt anlgrg Fricgreedipbere”) over a
| engt h 015 270 ma 1t hieidknests ;c &balysintzedlsl Hétnetet heldngadi:ngs hasncomgsl et ed
wth the abhowrEedrbaneskisdeald tepheadss astalgdewnsigmae hedgevets acm | engt h
of 30 cm Thgd)emeipEPG,Cal alotsl itUbSed NN W8S | Bdgn @Rk ce2peldty Part
of the reactdan tuhe.woi&h, had Regn. L oaded \E?Eaé.%'lé he reaction gas
starting mixture) over a length of 30 cm and then in each case
20 with the catalyst rings produced under A) over a length of 270 cm
(the fixed catalyst bed), before the loading was completed with
the abovementioned steatite beads. as a downstream bed over a
length of 30 cm. The remaining catalyst tube length was left
empty.
25
That part of the reaction tube which had been loaded with solid
was thermostatted by means of 11 cylindrical aluminum blocks
which had been cast around the tube, each had a length of 30 cm
and was heated by electric heating tapes (comparative experiments
30 using a corresponding reaction tube heated by means of a salt
bath through which nitrogen was bubbled showed that
thermostatting with the aluminum block was capable of simulating
thermostatting with a salt bath). Those ends of the reaction tube
which were free of solid were kept at 220°C with steam under
35 superatmospheric pressure.‘

The reaction tube described above was continuously fed with a
reaction gas starting mixture having the following composition:

40

(8]
o

by volume of propene,
by volume of H,0,
by volume of CO,
.2% by volume of CO,,
.04% by volume of acrolein and
45 10.7% by volume of 0y,

O H O W ;
U1
dae  oe



was thernostatted by means of 11 cylindrical alum num bl ocks which had been
cast around the tube, each had a length of 30 cm and was heated by gl ggtkc
heating tapes (conparative experinents 30 using a correspondi ng reaction
tube heated by neans of a salt bath through which nitrogen was bubbl ed
showed that thernostatting with the ?Iunlnun1block was capabl e of
sinmulating thernostatting wwth a sal Yhat h Those ends of the reaction
tube which weitBef FeR2GFIrshRMEUREr R KH® &ﬂf PO HENG THEIL EARP UFRIACHEST

super at nospher nétpeeessure. The reaction tube descri bed above was
continuously fed with a reaction gas starting mxture having the follow ng

CONMposi ti Ohhe ﬂ@a@l Yoy thel Ef’?ed)f a&%qgggebeé Wl @ho‘é@h%@ Ao H2Qs. TOP p% by
vol ume ofg xhv une 4% b vgucge of acroleln 5

4
10. 7@6by vo uﬁe am?ie e by nrng a o % e 3gby vol une
conpri si ng ﬁﬁ?%c%ﬁeﬁhe ﬁﬁﬂFoﬁ%ﬁ A 4R Fééamﬁﬁo%ﬁaﬁh%E PPQ%HS%%ﬁeﬂhfét bed was
chosen as teOpdrgiQire R abloélyriopendlihks Avsheldt sianpl stoidanie vgdodutr gas
m xture wagllt ekeds alo tthatexhé pipedegasnedd O1o dar aphi casdalysi 95 Hbes

tenperaturenof &lig@l Wis @U”%Qéoﬁéﬁbéy%%u§§£ f%q&%f@ﬁanérghi@“ﬂﬁ%ﬁo@e gble cases
so t hat Ep Pgrgp n&conversion in Il cases was mol % 1 na single pass.

The tenpera ur es reqU|red for thls pur pose were 10 about 330C. The table

bel ow shows the select|V|té of the acrolein formation (SA) achieved as a
functi on ofhehkakls d1aiew goevetle sedgctThety |&f tide ecrabeati@I™alaenit is a

conpar at i vésgxanplievedhibea t henckichedf ethd stelysthaeondtis wwedexanpl e
accordi ng tertbe ¢ NuRMilia@Bs tkdiHert MRARI BESpAfAiivieX exafPl @) NAlildi @peter, H =
hei ght and 1leetgr'ﬁ1tsqrdagl +HLAMBL &fg Oeggm%f@ S RlN 5 £bn&1e th@;mghon the

tabl e shows, as exanple E5, the resu cata yst body having the
geonetry accordlng to Fig. 1 is used. 25 The preparation was carried out as

in the cas@tBET (AR yEE: rifiys, SBXEEP (HA"SLRE  precursor material was
conpressed to give H = height and
. In = internal diameter
20
of the catalyst ring.
In addition, the table shows, as example E5, the result when a
catalyst body having the geometry according to Fig. 1 is used.
25
The preparation was carried ocut as in the case of the catalyst
. rings, except that the precursor materiasl was compressed to give
the other gecmetry.

30 The diameter and the height of the base body were 4 mm.

The groove depth was about 0.5 mm. The spacing of the groove
segment ends was about 0.9 mm.

35

40

45
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HMMMNNNMMMMMMMMM Ln Ln I1) ~+ In Lf) Ln Ln Ln h IDIO N NN
NI LnLl) Ln HNMd NkoNco HOLNMLhbUUUVwuUUwWwWYy §(va
w6 JUL 2005 23 We claim 1. A process for the heterogeneously cata yze
gas-phase partial 5 oxidation of a precursor conmpound of (meth)acrylic acid
to (meth)acrolein and/or-(meth)acrylic acid by passing a reaction gas
starting m xture conprising the precapsor conpound, nol ecul ar oxygen and,
if required, a gas which is inert with respect to the catal ytic gas-phase
partial 1@eoxldati-on, at el evated tenperatures, through a fixed catal yst

bed which contains, as the catalyst, a m xed oxide active material shaped

into a gegnet pi {999% £ $n0eRUELII Ot DELNG B ACQUEL L. Dase. bogy [ nt o

whose s% ace a 5{1@1 cavl bearr In%,r%[?ﬁgl rati o of
the vol dme 15°3f ?Wemb@ Pree EMPEUER eV d Igfry e @&&ﬁef’?r c base

body VBA 5 0. 6Behhtperdediar ppdoprt Retdleerrbic afifdad¥ BreSing a the geonetric
body AB to VBreacRPorxmngak. s2arfipy omestmrasmmpumdm mhelmmm:SMerel n AB: VB

? 24 cml.  2Qo@poénd/ Q&ﬁ%&u@ﬁr%g ah8, Ciﬂlﬁ@th%dc' al §a2 ,whaker esn
VB: VBA <_ 0. GQneré‘ wﬁrprx%gﬁéétaéo 1 ’E%@ hgtﬁ{‘y g ggkébg%aéua% 3, wherein

P e dgPeormeCi g, basE WAL LS e st el Lol G, S RO e Lpders

pyram ds, con&%:
cones and truﬁ@ét’é]éll‘ﬂyrc&rﬁtéénss ag fﬁ‘reoé’é§§lﬁ%tclaarnﬁ=é‘8dl by aGti¥Rains 1 to

4, wherein t heatg80igke@hepedc ihbdye igeometirag. b&ly A yriscesematsricd doded i n
claim 5, wher ekfing he ddor@tgeonBisy bd@xtiatsabhdiaanRireacy HeidstXchdt er nal
d|a”9ter) i's @%b?@&eﬁﬁsfﬂééﬁ‘1§§réﬁu5%d5 DAL Xe Bn MR r3t2oBE tH) vB10RX 3 mMm X
4 mm ﬁs 7 Mm% §h£”ﬁé%ﬁ%t§1@“%§@9 lo tﬂ%n3%£%n%”b¥ ghé”geometrlc base

body Vzr = 0.63 and the ratio of the external surface area of

the geometric body Az to Vg = 22 cm-l.

2. A proceés as claimed in claim 1, wherein Ag:Vyz = 24 cm-l.
20
3. A process as claimed in claim 1 or claim 2, wherein
Ve:Vpn = 0.60.

4. A process as claimed in any of claims 1 to 3, wherein the
25 geometric base body is selected from the set comprising.
cylinders, pyramids, cones, cubes, right parallelepeds,
prisms, spheres, truncated cones and truncated pyramids.

5. A process as claimed in any of claims 1 to 4, wherein the
30 geometric body is a ring.

6. A process as claimed in claim 5, wherein the ring geometry
(external diameter x height x internal diameter) is selected

from:

35
a) 5.5mmx 3 mm x 3.5 mm;
by 6 mm % 3 mm x 4 mm;
c) 7mmx 3 mmx 4.5 mm and
d) 7mmx 3 mmx 5 mnm.

40

7. A process as claimed in any of claims 1 to 6, wherein the
empty veolume of the fixed catalyst bed is = 50% by volume.

8. A process as claimed in any of claims 1 to 7, wherein the
45 ‘mixed oxide active material is one which contains

a) the elements Mo, Cu and P or



40 7. A process as clainmed in any of clains 1 to 6, wherein the enpty
volunme of the fixed catalyst bed is ? 50% by volunme. 8. A process asg jyi 2005
claimed in any of clains 1 to 7, wherein the 45 m xed oxide active materi al
is one which contains a) the elenments Mo, Cu and P or 6 JUL 2005 24 b) the
el ements Mo, Bi and Fe or <c¢) the el en%ns Mo, V and Wor d) the elenents
Mo, V, Te and Nb. 5 9. A process as clarned in any of clains 1 to 8§,
wherein, in a Blngtee pisTeptsther Baci%keg@s nmi xture through the fixed
catal yst bed, the comverisimgntefMeheV pmsiciir sor conpound of (neth)acrylic
acid -a90 nol %dil0 4Kk éAepeacesmoass clm aad wm. cl aim 9, wherein the
selectivity of the formation of (meth)acrolein and/or (neth)acrylic acid a

50 nol % %19 Azgroco%se%sagscé i{rmee% iirﬁ ggé 0 Ccll ains.1.to_ 10 hevrvhi:.ucih ins 2 15
process for’the® RASTogensonsT Y Caral $98d°asBf5sd bardi APl datt éh of

propene to acr oF T CaRdSRhef efif MFSChRBAITK et uaet FRECHH &PPaf1¥eC one of
the fornula | Ma2BiyskebXde XX3wxiyke@rion)of 2@ wherersod dogppiioéedt and/ or
cobalt, X2 is tmddH)adryancaddid i=mpet abisand/ or an al kaline earth 25 netal,
X3 is zinc, phosphorus, arsenic, boron, antinony, tin, cerium |ead and/or

t ungst en 4. is. silicon, _al ymnum .titani and/ or .zirconi .a.is fromO0.5
to 5, 301% |Os' f]?opn%lo(f.e%% E% ‘E?A“‘ée@i sl%f Foﬁ%‘ﬁ_r%’o W%&f%ﬂa |1§e fsrett)i%kal?(l)hé,oge is
fromo to 8, f TR {iGHAGPB 9B @fFP35Chotein ansber (MAFRPS S 1d6t er ni ned by

t he val ency andac¥d eguén®#pldf the el enents other than oxygen in |. 12. A

process as clainmed in any of clains 1 to 10, which is a process for the

het er ogeneous) ya Gctlezeds Jasa pasanpanyi ¢f c4B8mexhdadi on Qhiaerosein to

acrylic §§id angragggéeﬁgrt@ﬁbrﬂé%giogeneously catalyzed gas-phase partial
oxidation of propene to acrolein and wherein the mixed oxide
active material is one of the formula I

MOqBiFepXloX24X3.X4:0n (1),
20
where

¥l is nickel and/or cobalt,
X2 is thallium, an alkali metall and/or an alkaline earth
25 metal,
X3 is zinc, phosphorus,' arsenic, boron, antimony, tin,
cerium, lead and/or tungsten,
X4 is silicon, aluminum, titanium and/or zircenium,
ig from 0.5 to 5,
is from 0.01 to 5,
to 10,
to 2,
to 8,
to 10 and
is a number which is determined by the valency and
frequency of the elements other than oxygen in I.

30
is from
is from
is from
is from

= B o VI B o TR 0 N o
o o o o

35

12. A process as claimed in any of claims 1 to 10, which is a
process for the heterogeneously catalyzed gas-phase partial
40 oxidation of acrolein to acrylic acid and wherein the mixed
oxide active material is one of the formula IV
Moy VaX1nX?c X3 qX4eX>£X6 0, (IV),

a5 where

¥l is W, Wb, Ta, Cr and/or Ce,



oxi de active material is one of the formula IV M)12VaX1bX2cX3dX4eX5f X6 gOn
(1V), 45 where X1 is W Nb, Ta, O and/or Ce, 6 JUL 2005 25 X2 is @uy Mg
Co, Fe, Mh and/or Zn, X3 is Sb and/or Bi, X4 is one or nore alkali netals,
X5 is one or more al kal i ne earth nmetals, 5 X6 is Si, A, Ti and/or Zr, ais
fromlto6, bisfrom0.2to 4 <cJ4s from0.5t0 18, dis fromO to 40,
10e|sfrom0t02 flsfromOto is fromO to 40 and n is a nunber
which is deterfi netf it HarvaPentsy é“ﬁ’dang f@fudhcy of the el enents other than
oxygen in IV. 35 18 9% pindéessBas clained in any of clains 1 to 12, which is
carried out atx4rois 20{e e ASDE. allkhliAmetxesl, oxi de active material shaped
into a geonetrg< bodyone &0 %?ée&ﬁatﬂh% GEP’E‘@tn{ét%ll%Ody is a geometric base
body |nt9 wh sy f ace ?t east s Z(f‘awty has been introduced, wherein
the ratio of the vo umé 0 eomstrl(: body VB to the geonetric base body
VBA 5 0.63 and®t hel$ dtig of tPh@ external surface area of the geonetric body
AB to VB ? 22 kem 1i95remd OwBetei4r t he nmi xed oxide active material is one

whi ch contains a)id hexroal enents M, Cu and P or b) the elements Mo, Bi and
Fe or 30 c) the elemds oMo Yoand Wor d) the elenents M, V, Te and Nb.
35 40 43

e is from 0 to 2,

f is from 0 to 4,

g is from 0 to 40 and

n is a number which is determined by the valency and

frequency of the elements other than oxygen in IV.
15
13. A process as claimed in any of claims 1 to 12, which is
carried out at from 200 to 450°cC.

14. A mixed oxide active material shaped into a geometric body,

20 wherein this geometric body is a geometric base body into
whose surface at least one cavity has been introduced,
wherein the ratio of the volume of the geometric body Vy to
the geometric base body Vgy = 0.63 and the ratio of the
external surface area of the geometric body Az to Vg = 22 cm-?

25 and wherein the mixed oxide active material is one which
contains

a) the elements Mo, Cu and P or

b) the elements Mo, Bi and Fe or
30 c) the elements Mo, V and W or

d) the elements Mo, V, Te and Nb.

35
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