..e3e(, 6T(} POOBOY/52686ncousl y cat al yzed gas-phase partial oxidation of
precursor conpounds of (neth)acrylic acid 5 The present | at es
to a process for the heterogeneously catalyzed gas-phas mwﬁmﬂ M‘M‘Wdat' on
-of a precursor conpound of (neth)acrylic acid to (net h) I'n_an
(meth)acrylic acid by passing a reaction gas starting m xtur&® ?)rrprr si ng
the precursor conpound, ol ecul ar oxygen and, if 10 required, gas whi ch
is inert wi PREPERIRNGOUSSY FREazedy gRe- %%P&EE%&Q’?%“&?M%& on, at

el evat ed t epperersnesonphredyirfa (Mexbiaertldicysrided which contains, as the
catal yst, a m xed oxide active material shaped into a geonetric body this

geonetri c shedy peddihta igeeneidd Gelases baslya Ipibeeg\aoaef swef ace at | east one
15 cavi ty Nag:Dee dd¥us? UE@@?lyjz%dt Bzé-aﬁl!.é pakhem LIRILLBaTYEI £ acld 1S

d bb d d
publ i cat on e trRt I merBPer Y of YR iE el DL

net hacr ol ei AMgED b&"r’%’lléicnac(-‘ﬁ\leti}f'r)l‘ééﬁ)}{‘gca HaaFtiept eF HRr&dBE BEXYY S he form
of its estersmpiisingdheapred¢urgsar coopdund,f molehelar eppgani endpfifpol yners
for a veny wedeiredge ahsappidicadlsi aasrt fwithexeapeet fy theecasalpriaghesi ves.
In this pUbth%hﬁb jetlat 211 S&E;Ld‘aQTIBHU”&'@ SevaTBl M &fgetldturas] dtl?fcﬁxgh a
under st ood ¥ rl sltybgé ‘ﬂ%.%@,b E’%ﬂﬁ-{“ G sCRRROMN rom

(met h)acryl | c aC| ; h eneousI%Y c t’aFéze gas pﬁase
parti al oxi GAEF KR MaFRES AL BNRRRM HF0 af KIFRIEEZIF BRRY & Chify BREES TG BeBNal <
whi ch cont aPRiBI ot 94306‘33156% RASGTPOUY MEREY ABOFRI SURERGE &S parst cehar |y

advant agééushylbibtfmma)blee iftgrodacedpl e, by het erogeneously catal yzed

gas- phase partial oxidation of propane, propene, tert-butanol, isobutene,

| sobut ane, 33 tﬁpptgwlawemie @ethVBED) PET Qlo@hin; s HAEY G, aBbREF: AQSST DI €
precursor C%PEHP g2t mL_@f?é& 111%”%’9% &%ﬁ&&“é‘%hﬁhﬁt pRpLecur sof

conpound is on i'/l g erogeneousl
cat al yzed gR&P %%temﬁ‘art(f“ﬁf' W%@Fﬁnlsﬁﬁe@(%F breviatedBehytin HEr
t ert - but AQometRacyqleaine ofed@F@dMeousl y cat al yzed gas- phase parti al
oxi dation, the precursor conpounds described above are passed, as starting
gases, as a (Nute)sbdhpitiedavid) ditdlelr 3SSscHS Wehiasth®l e 2k Qxygﬁheﬁo
C02, inert médr ttmslﬁn Aprlc'iﬁ%moast@e HrapYE£e fon "Mft?» ’igxln
gOC) and
a

oxygen, at I r 0

required, % rms %qqgg g£ gilulr é%yove’r ran@srgggg% f:rc’et areniXed oxi de
active rré’lsera ?%lYees g. . 2 containing Mb, Cu and P, or Mo, Bi and Fe,
or Mo, Vand W or M, V, Te and Nbo (where P is not nentioned, it is as a
rul e not préesetbls mibdianeicon\ereicadsby @ompdmhdenoer mm:rh)dcrrgd:id: yadiat o
(meth) acryl ageaghdbttoddNvary i delerallep, ad Menlihg @fa&mcsabmﬁoﬁmm

(et h) acr ol ghich D{%netfhj'acgg P! foilE 8 é‘bé%a@ﬁ% b%ﬁé%&%é{gdfg Eg A 92097,

DE- A 4 431, 95 949 608 838,
EP- A 7143#’06?5‘2%?:y zﬁ‘%’&"’ﬁ@ as%rpaﬁfq}%@ 9’_’[ A TBe%l%r%?’&uabéyA Wre 672
and DE-A 102353n@bs; [ﬂ%&ﬁa] or 3 kenali %W%W&Eaaﬁt?\% faCEFPAR atams -
shaped i nto(HSFBI)mlh&vﬁﬁgdalﬁ/éra}tWFHbaﬂah@@VGﬁtgmlm ebtahnablr for

nol di ngs ar exenpibe ndy hetgrogermedusigdchedl tdedoggh-phaseh dalre indactidat igas
starting m iEUpLosary,diptopené hecditebut sA61 CApBUBENS 5 vpuedna) el evated 15

t enper at Lkrseiso%'{}hf&cﬁe%%@%r V\frﬁe'lht) Qérgléﬁﬂ %M%eﬁ(?tde‘n”ex”?%.&iﬁie the

desired partrzeil og%d%trogtg tos heaec aLaIyst nol di ngs
may al so be PArFUT e witR AT 2ol °l"|11 ﬁa I o1 the m xed oxi de
active mat efpafCeRTeFRT E9F é‘é’c“@&unﬁol? cﬁnléfxéﬁﬁ’i“%d a:ﬁ/%é’oﬁfﬁ’éﬁ‘l‘?fb’-%exéarb% de
active mat ethal heternusgecusdy matelyized gae-pheser partiallopidageonetdry (for
exanpl e by eabhpléiiym the axthyliether dfhetemsduttanglcat al ysts are referred
to as unggoported catalysts. For the production of unsupported catalysts,

| T necessarynaggl Sﬁé\!?etz% eﬁeSusﬂJ %%Q'atigzé’é F2PhhGe 354k 120 %§1BHP;[%:F3'%%%

and/ or nol di ng_assistan ts a(? L&l L nlg %r:‘:tes 2SUC as m.cr ers

gl ass, asbe®6 ur%?’fr OS‘HO B TS ot% UG ana e present in
addition to%R8Sm 3ed SHilhe t]a‘f%ﬁ%/é”’tltacf’i’?/%t (FRCEFT SPch rf‘sp EFu m 30 O
course, theoghaphngCLafOal sbnant dyficecarbonsoandfanpseanyy agppl Bt ¥tyne xed
oxi de act4sveifhtesleduliar peywget, far wleoaped dempedatussd (rsuvadlyveramat al yst
supports of spdutaph® 1dLABBLE Y -addQati @dréEql St Supéfatilfspheedct beshhire, 35
The shapi ng Syl heeen ASIeh! Ret £aiRd°8x e Uaad va! Altiigalld QL. g ecur sor

materials o e m xed oxi de active materi he conversion’into the
active catalysts is effected as a rule afterward by thermal treatnent at
el evated tenperatures. 40 Finally, the supported catal ysts i

nmetal oxide active material is absorbed into the pores of |nm“mmm lmm ‘mm‘
and/ or produced therein may al so be nentioned. Detail ed description
processes for the pr oductr on of cat aI yst rml d| ngs of mxed oxi de” 803? aI yst

o o o P T



45 found, foo5exsepBé, in EP-A 700 893, DE-A 10 063 162, DE-A 10 046 957,
DE-A 19 948 523, EP-A 700 714, EP-A 417 723, . 0050/52086 3 DE-A 3300044,
EP- A 552 287, EP-A 714 700, DE-A 10 059 713 and DE-A 10 051 419. The

-cat al yst nol di ngs, either as such or 52rml dings (for exanple the inert

supports th t 0 d t n cat S These

fixed catal 88{?{%4&%4 o {:u r?& %t'he%l ﬁ% fa’nfjugg b%r gioy R/egn EW—’ 8‘8’893

and EP- A 70}6/5 » 799121 NBn h"'ér‘?LdD [iS; apt ’&"s“fd-otﬂeﬁlt' utl I A% |anél=‘%ev%ﬁ"ch can be

used for bePEesRRytle@ndnabe fGorvervad be pridasarn ¢bthen directly Irgro exanpl e

trays of trayetiepxinydis Sphéres dndacyliswlerspar enteciysmprdedrsr t ypi cal

geonetriesg Eefpdiry YneYRPREFSIL gAY BEY Stor AAMBHe CHE B VSl 08NEssUPPOrt ed

cat al yst m)égl 0954 ergheEﬁeAeg/mg thoi @rt fgg th[eEreI4e\4§Qt gg@s- phase 15
05

partial oxi ﬁyLOJ; ]a Ré r‘%:eg]}}g%@é rn"gPZ Iystlptm)]l} gﬁov\hose

geonetric b havi ng a
tube introdBBzY 1¢ft @9| v SERTA e ééfaD%‘a’\nlt 528} s PE-Bc dfnmhtickl ¥ ¢nd20

t he processDEek 1hd3eBabofbrmmaedl.y cat al yzed gas- phase partial oxidation
of precun®or conpounds of (meth)acrylic acid to (nmeth)acrol ein and/or

(met h) acryl irfe afikbd &fkiakOhiceXaTRhaeePEars b2e948aped. il MolBifGd HdngEP- A
184 790, DE- Qéja% QHgEF’oﬁ L%SZ?E@ a%% lt?eamgicﬁ[rl fa@%”@ﬁf JtrEE Aoa17
(0] S

723 and EP—S\ reco onetric cata o5| es
whi ch corredp8ad® 8%?9’?%‘ a%’Bl q KE8C %%egasswsitéi*él Rgddregne

cavity has l@@haJr"ﬁim‘Jo& geHrequsoxy gaapPund \isi passed atulsdevatedrisns are 30
consi der 48 asmpersstivyies .gRonitg iconbase biodi ehe Mbowed evxidehactigadvant age of
t he abovenenhtengsl gJeneetes tradipalryshl boicRs ivhi €ked §laeeQNiE lir@dt, he

prior art fepethe ARRGERS1&DIgd HAYNEIES qgeeraqq%%a Al et 985q
partial 35 oxidation of precursor corrpoun S met h)acrylic aci o

(meth)acrol gi n and/ or cr c acid and which differ froms heres and
cylinders i rs'1l‘?h shaping ggetg‘%ls’%‘s’y eds PELE? At VealPBeB Y IF@ny BP uREE %

geonet r i @0c4PEl %atm&}@dybyvgymna@ttlne po¥ethoxdfet pet e materdabake m@y
(VBA), i.e. foBn\VBA giive thé. desinddoratabyst) geatmeorpf (fide exatmpladby sur f ace
area of thet@BDé@thl’rigC ogabatysdi Mdy ThéBRedd t¥hy ta€alytRsVBrel §efe?x%eemté

This is di sadvaniagrousyl Baldilsdshe 3f‘leglwohxceior}mef L9k £f the
desired pro gg)f chlee usi ng._suc g trlc cat es. i S 8t

conpl et el ctory. PCCCHFRY PP s'db elt %?a‘%/lhl P£s§ ?aﬁ*ﬁ/«?ﬁfl on
to provi és ‘b‘&‘é’s%a“ftér aPﬂ@%%ﬂ&@Snﬁﬁf&ﬁV“&ét aP?z%r‘gfgé”cbﬂas%geﬁ’&rstrl al
oxi dat i on oﬁuah preduicsof ibenp i gleks ( nealiesiosy| $&lbaard cegbideten acr ol ei n
and/ or (et bpagsyiunc tdehadaby, pagsbrgpeeseactinoaddhsiat aot thg nixddiroxibe

conpri si ng theapyHC HckakeCREPSIRD, iADbSRAd A oRRYgen and, if required, a gas
which is inert with respect to the catal ytic gas phase partial oxidation,

at el evat3e)d eratures, rou cat% ed whi ch ontal ns, as

e I b
t he cat al ysf)g‘c 3 ulrsee‘dtom fgnrr% erl A hS %Id‘i o exa@Brre‘trl C body,

this geonet APBL XS’dB%/ "Tﬁ‘eﬂePﬁbd"a a@é‘&?fﬁt‘l“?"ce%e lBoH?""ilerﬁ df%ﬁ‘o‘ég Bip$haredat
| east one calpry daRatd¥n ¢ataluic supportipipsuitable rmapmesry npfeated
sel ectivitycatéhystespeet obvaide ftherabyon of the desired products.

35 The shaping methods described can also 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 to the invention are to be

45 found, for example, in EP-A 700 893, DE-A 10 063 162,

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



-15 We have DOGAAS52N86 this object is achieved by a process for the
het er ogeneousl y catal yzed gas-phase partial oxidation of a precursor
conmpound of (nmeth)acrylic acid to (nmeth)acrolein and/or (nmeth)acrylic acid
-by passing a reaction gas starti ng m xigure conpri sing. the precursor
¢onpound, "p}ﬁegtaﬁoo%ygﬁp-ﬁ 2 087205 S0U1CY 08 SRS WA §Byl $14 NATd Wi LN
respect to t s-phase ‘partial’ ‘oxidafion, at elevate
tenperatureg Ifh]r 3)& é ?I’xed catal yst bed which contains, as the catalyst,
a m xed oxide active material shaped into a geonetric body, this geonetric
body bei ng @hgeommtlyist hatdingsdy eiibher wsachurf aze amixsase wieh 2Hegqvity
has been isnibDaiefd, (foleegamplda@heali hervfsupperysl witkcinicahhbe gese@tsdrc body
\e/Bt te gn; lhe vg%wﬁdﬁructt%?gw?ﬁamea 9?@@1 V@éngb@ %v@@@eahm@tﬂl@ceaf the
X su
afafydt Bedd. &ﬁ‘eesA%ef‘i”%gBéSt %@815 avgsbe %%58% em 1

Accor di ng to nven

or > Rrample o i éhﬁn‘ir‘i Gt °’f ‘2“93'5?\;} € FeRRECTROVS pFBEe%’Eamp[lﬁe ratio
of AB to VBEPsAa750Qa 893 and EBXR JR01714urath@nmishe, txaus oft tEaYBramA 1oRy be,
accordi ngot q)sidfnp 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 <_ 045 In the novel
Rggg(EZ;Sngats Sﬁh%e | nav\[n'gn¥§f‘lh§ers %r%orsé&ﬁﬂﬂﬁe %tdl ¥s >1; @oﬁetpzéég) fo4‘(r)ge
And v voa £oey iy iREsted satdivgt gceag%%gca%ﬁixnﬁ ke R ha
VH, VBA andMaBiimgs, i@ FHSs’éeltﬁcﬂam’fe T3%H %‘ifrffaifeta? erafslexmnéhgﬁﬁepfaﬁf

capabl e 3B partéaligrjdardion$iy when viewi ng the geonetric body, i.e.
internal volumes and surface areas which originate fromfinely 5 divi ded
pores and/ Okegy akddertlyt BRe r@éeerdfabaealme n@RaAARYE | whddyyeamet ADd HJagy uded

0 VB, VBA agdy ABpd N il t@e BRI s EI0aS o PBh e ObYadlnd shaeﬁ(z (P ybe

mb 5
e ) b1 S3bissaid fatemt .-’{vefsal‘ﬁet RS et g, B SARLFERPIRENI 9A |

t he fixedOcihal pEecesed faret%ﬁdr?é&rpﬁﬁbe@l%tc‘ﬁte BERA 2s-Bhagfi RIF tikd
abovenent i opsddabiwh tifopseanesduicomppends jofe (meoh) a¢rclhicvEc¥BAt« 0. 63 and
for which ABmbeh)Eroledd andilor |(imetl)bbeylickadidataf ysforbedampee for the

novel procegg_Rdg tmnalzby SO aigndsbness, ml-di 1gs fou, trecpssPeSes Qhnd
di lution, Itﬂ? ‘F P1EfRI3bI e, according to t he |nvent|on if furthernore at
h

| east 25?% e nunber), better at |east 50% especi aIIy at | east 75%

parti cul y preferably at |east 100% of all inert_noldings 15 present are
geonetri c badi dssivilaghM@Rnehe F&’U@\/éﬁ%n”%n’é@ EBndi ??%rfss‘lalaésPuF?‘F‘?“F‘@&

i.e. for whitbh %8 WA geomdt B8 arataflyst whodiesABhtioh rrespendntd.a Suit abl e
geonetri c bgsemboficebaser bblig IMeewhpE O COSSE atec afilledéx tdhesSeavhtghar e

di scussed | RekR- hordinell. POLSEkaAae) ncﬁﬁrtdet‘rul apukyd 'c{ld%rris?gééﬁén ds, .
cones, - truncated cones an
truncat etji;bgypg%nhg&t Cg% h S%?tgjue;) %gtetgg% er% ﬁligépubl i cati on show sone
novel geonetric bodies which are suitable in pr|n0|ple These are

speci f i cal | jiodsvebi |td\ks dippgvantags: ofyFhadhovegegbsnead X BESELBody;
cavities ascetahved B8@ligsowhésch ranenirrgommdrxdethtinathy preiqreaditc Gparthe from
top to bott @ocess rfsiuahed Rguértbgindoukbyyi cdialylzedsyas auimsef paheidvhse body;
Fig. 1,B i§'o€<]:.d§189&§ 6&%&»:6%& Q’BH@BQMQS P <Ede9h)2£ryﬂc leeiig £bgure shows
a variation gf{fe. geqe CHar0r CLgy LA a%ldFé\g% aledLs z#«are
shows a vari‘Atio “he 1-’h& Y glhtl ona
contains a GEHEFSF S KYLIAdEre 4/3% Rt 18 i4ida e %#3;1

cavity intrédgcEdlume dnhthal IERIQET iF] Satﬂb’%&ﬁgyt f B)\/It@WthPOW?Hﬁ?ﬁ/é’ 45
Fig. 5A, B: thei gebneturiec dasesbedwaMieali dneof Vi Hiéaagedset 14 6saodror nthe g.

| A, B. Angie@a@hieoyeSthe external surface area of the geometric catalyst body

(Ag) to Vg, i.e. Ap:Vg, 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.



-6 5 Fig. 6A0080/520G8&ler as geonetric base body; cavity as central hole and
continuously wound spiral introduced into the surface of the base body.

Fig. 6B shows the view fromabove. Fig. 7A, B: cylinder as geonetric base
‘body; cavity as a rounded groove running substantially perpendi cularly from

;88\,20 ggt }:IOL'P ﬁéggiﬁc&e@ft %&%Pers%th%@enﬁbase -8 "l‘feth r‘é'c%%"% f ar

as rounded r{ﬁf’t'fnéﬁ W?%’%ﬁ%aﬁgg" sf‘?gp@ﬁtf'ﬂ dé'ttlé’ﬂr?gc% at

the edges ofPREREIRYF aﬁﬁl%PoulﬂFigOfBB“%tﬁﬁerhéC ViER teoftmebblacrolgipi gndx B:

pyram d havi(mgta)squplir badd by mheseingodyreashidn gasastantindectigtosyes

i ntroduceds WonpregURy ERAGragudsor tompalifg, Sdttf]fe%@ﬁaknbﬁy di a$1|dqe§f0f t he

pyranid and 2adflning 0D dIGhYchT N ! 01 D04 dUBeckl Go %@z gcthe view
FPEg

from above. aC|rc V|t|es

al sde?‘ rt ari x# t g_
as rounded ¢i*So¥BEST RITdGled udl ¢ % i ﬁmPﬁEa%‘tﬁeesr
the cone ancflfxt?HnFﬂbaJdb‘i‘i &GQIV *‘Ffbrﬁ ai B t*b'5 GAtakygt, POBILA V\%’“tdr?e
vi ew from aReréveRngtenipd, sBapedbintgs apgeemeiothc bodyi t thbs asoargréd hpdoves
i nt r oducetb ietingequaéomgradicnpase hddy duterwisesd auefatet e Irase bady, on the

sides, and rdaiitRonadd weHistiaBtbdhded PRMREAUbEIHYs ¥nbnPER t RfpriodeloOt t OM
Fig. 11B shqus LRy Y4 ‘%ltfhogleé{?&&? td te. $ofmdaticnlBe Pfe RASA Qdy; cavities

as angl ed grooves on he outer”surface, introduced 1 nto opposite sides and
35 running KHESESRPtally perpendicularly fromtop to bottom Fig. 12B shows
the view from above. Fig. 13A, B: cube as base body; cavities as rounded
troughs i1 rsdherd found aduakl thpacdbigctnis heclviaved bur & queoasss4@or hehdase
body, on theetedegenédiss lyppratasyzéddcasaplatdepdraian suidaidn bifda 13B shows
the view frqpehoysr EdmpoukdAos Bimstt)@akeyasc has Q@dyme@@yactfoqélasaﬁ&wlded
troughs 45 iy etﬂg%ﬁfﬁ’& ta*&x%qt!?' és‘?ﬁlgng 9%&.&%@ ggrﬁﬁ '59 e 14B
shows t he cro %a 0 cat al yst
rmter al's, SIERRTLEAES ThenpEeRPESaR AamPRRga T aragxss%%fm%x or the
novel prot@gequiredned ace Widel if iferdr with | {ASRECH £A IR AELIBVELAgs, the
i nert nol di nps-ptieaat pgaoied| pxadisovidrayetaabevaredycemper ytursef ¢habhgh & t he
geonetries ofidedechtaDyst B@daRHich GRAABLE| Casald yatabpsdy, ar mikdandxid .
Accordi ng tgdfigel RX@&EFia"ln’shfaBédfPAﬂd)‘éﬂ Bgoﬁ@&&@rbo%onﬁﬂié eg%(fi“é%r@&eﬁ&ﬁ; ed
(in each case ext gr ng g %rrekgé : ﬁ q E f):né% surfac% aéafreafe{\__r)o .5 mm x

3 mm x 3.5 MR CABAVE ABVB—
26.7: VB %/!'B)gay y5§3§ b%"n 1ntroduced, wherel the ratlo of the volume of

the geometrlc body Vg to the volume of the geometric base body
Vea =< 0.63 and the ratio of the external surface area of the
geometric body Ap to Vg = 22 cm-l.

30 According to the invention, Az to Vg may thus be = 23 cm-l or
=24 cm! or 225 em-! or = 26 cm! or = 27 cm-l,

In the novel process, the ratio of A to Vg is as a rule
< 30 cm-1,

35
Furthermore, the ratio Vg:Vga 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 Vg:Vga is = 0.30, frequently = 0.35 or = 0.40.

40
According to the invention, it is advantageous if Ag to Vg is very
large and Vg:Vpay is very small.

According to the invention, it is important that Vg, Vga and Ap
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



-7 mMm x 3 MmDR50/52086( AE: VB = 22.7; VB:VBA = 0.587); 7 mmx 3 mmx 5 mm

(AB: VB = 26.7; VB:VBA = 0.490). 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
rTadi us of curvature is preferably fromg0.4 to 5 tines the external

di aneter. g i i e nenti oned. i.ndi yi [ Ly, i P-A
552 287 anz'g}fﬁﬁé%i??%%zs? P Faghll 6 G oivarLof s&<_tri%. JedHatide babe
al so sui t abPE® 19t YAt Hofee Yo @MGafeous for the novel process if the
enpty volune of the fixed catalyst bed used (this is the sumof the volune
portions of Inhehé ieclcaratess, lpeefehably arte leasto2Tupicid tB8 bymisext)i,d when
the bed i $ peevesl)at 1east5068 byespebuarly kasaeael vHe, iiralicuohse of the
[ xed oat al Jap ReipUniOnk) LE (i CBEQELEY Rle WS Kot oOt haber L,
[ red ot ol Eab Db sc b £k S8, STV 40 RIS, ReRgoRn fi

i nvention, PREI@HPE]F WHLGHethR abovemeRElrned SPPSLtHRF & THAF IRy be 2 52
or >_ 55 or i»e.5fonwhichVerVea2=<of .68 @Rdofor @yistbpeyvbd fe.= RA €ne -ndfel
process, licthehenpiyed catatyst hdie usededoratsd molebeprarsad asdagienalllye not
nmore than 4Qo40%a4Y iRirdMReldindN&osat R SirgeRdY o S@AGeRN,dipgid 0 the

| nventi on f gt bOes iy ClacBEEERS NATHEN AKHE) O3 At drforkidge! Lottt al yst
bed conta|n2§g L FSﬁtcata gs. odi.es i s ﬁre ergé in the .|aa2§r|gr or @ 45
tube, it is2@Xpklt ert® ZREBPHI nd S ESENBT ?Fesﬁ'ti A7 i PSRRI LAY 8ot 35t er nal

t ube di amet dP ¥t P qUdAGEEt PEGIRIaP¥ Rt olrastt 40R3) 0 14 ipent meldiggsh y
s 7, advai® pgesest \are geodetfiedpdiiesyfer vhich BS0EEPGBENRiohe@dn <_ 5. 5.
As a rule, tbhdittdno are Puifipeseral.by ford vhichfl vgivez <50.dheandoter
process is RRLLhCAMl @l ¥, advantggeous when the mixed 5 oxide active
materials used are such that, in a single pass through the fixed catal yst

bed in the novel process, a conversion of th recur sor conpound of
Crot 1 acr vl FOLEaPTE Gecressinobipe GRULPS FohAREPEEEL AAS o3 BHE $Ebul i ng

f or mat i orfQthppe weiah agepfbeertsed Aet BY R r¥1%e 28 7anbhete @%et Bracrylic acid
10 frequent pprbécwipmtcylléader 50, pyyaefids abtgnest, kcebst, ASightarticul arly
preferably aarheasiepipedsy! frishie Renele) antTatsdpedid @ndr kyustddeabl e
for the fol ng%ﬂgd;h_et erogeneousl y catal yzed gas-phase partial oxidations of
15 precursor conpounds of (nmeth)acrylic acid (to be carried out in each

case in an oxidation stage): ropene to. acraql ein; b)propene to acrylic
aci d; I20 (?35a51)11(“|8I ?"Ihu’fe(? %gﬁ%’b%g; dl%fp"ﬁ?)ﬁ’rf?%“laﬁ?%%%ﬁ%fﬁ’ysgane %/ol

acryl i c aci geprptoirithoddesovhithadicossihakhe sabpréneinke mdtheger §¥¢ c aci d; 25
h) met hacr ol epecibiceEtlyaasylfotlaci:d; i )i sobutane to nmet hacrol ein;j)isobutane
to methacrylic acid. The m xed oxide active materials required as catalysts
;Or tﬂese 3Q‘ti%‘?t ?AP:?:eneWik%{dé&atﬁ , Sﬂegﬁfc; ma%gebeawaéamﬁeengstﬂﬁm&?hods
or shapi eminto ged C ies : C , [ i on
grggvé r%%% n sgﬁgtfﬁ 1§%§§lgg%¥%%$lfﬁ%ét§% {PG%P
0

are described in the prior art,” Tor é€xa e i cation.
35 A large nunber of th&ORi FoYE e ARTTUAHGHE SAFANLSARHLIbLEES 01D he
het er ogeneousl y cat al yz&4r§age pfagdephase dodyii §adi ohr Bfl s3cdpehevs ¢he
acrol ein can be subsunediewdéron fbovek mul a | MI12Bi aFebXl ~XZdX3eX4fOn (1)r
40 where X1 is nickel and/or cobalt, X2 is thallium an alkali netal and/or

an al kal ifie igarthamel al th42 KByl nBhs PNRSRRRNUR oAMSRNIgeomBOEP shown

anti nony, tin,” cerium Ii%ag.and{ or, tungsten,

ig. 1A,
Fig. 3A,B: this figure shows a variation of the geometry shown
in Fig. 1lA,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. Angled grooves.



-0050/ 52086 90B0/52086l i con, al um num titaniumand/or zirconium aisfronD.5
to 5, bisfronD.01 to5, preferably from2 to 4,5 cisfronD to 10, preferably
from3 to 10,disfronD to 2,preferably from0.02 to 2,aisfronD to

8, preferably fromO to 5,fisfronD to 1@andni sa nunmber which is determ ned

by the val epgy a&@EIrqugfﬂé&ﬂ%&“g@iﬁ{@f&fé%@sr ﬁgg Tedrerhiey are
Fidioets

obt ai nabl e i1 na manner W ) and can
be used, according to t f? erBintcloBﬁl T%‘fsjé’xé’%f‘ 13§r8 -t Re

shape of rings or in th&he turidce1 8t abgiRASeC BadEd Bt aIGFsﬁhOWS ethg ydey
supports preshaped intofromgsbcmed coated with the m xed oxide active
material. sln principle, suitable m xed oxide active materials | can be

prepared ingaqsif@le MAPEIndr R oge&h@&lé% gbsy+ fb'c%v%@ [ 66% ehheir
el ement al constltuents a.yery, int ﬁd ‘{‘gm éf [}/r X ﬁ §H€ ¥

bl end having a conposi t PR corre%ﬁ?joﬁd’s T PSR SN ﬁ °pP
cal cining-said dry bl en8°aPotBhP880CceRIHGE. teneerad |1?8t1F0nFJc‘3m e
carried out either undefhewrerthegydewr fxomiaboya. oxi di zi ng at nosphere, e.g.
air (mxtlore of inert gas 25 and oxygen) or under a reduci ng atnosphere
(for exanpl @ig. Mtk e phramel hagasg AHuae B8REE s Hdse EBG){;?%’@JJtQ@SOf

Wi inereasing ¢ ZnLé?Q‘f ST A l?’{%?wg?&*"rﬁgﬁ%ﬁg}fﬁihiﬁﬁﬁiﬁf :
S n

of the mixed oxide actives net& 5P§f?c%rae dg%° @

al ready oxides and/or tRBsENWEMFIENUECWHI T @RAVBe converted into oxi des by
heating, 1@ |east in the presence of oxygen. In addition to the oxides,
such suitabFegsteatB:ng penamithdmvdhg 5sduareabhse lddrbdsel bdag; duditdess,
formates, oxalates, citpatesund@ey@bsves CAItROBALES witlH BGuED Db L

ammoni um sal ts and/ or h o) C
NUNDS.  NERCHDZ . CHBOOGH ¥Hé QHPQ%}Q% +RHCH; &S '}!!'f“ He W%g\»\ %d

deconpose and/ or can berH%%Jorh% dqg?ﬂf h%%éltggtl:%[ﬁc?%é’mt hgigub%Be(ﬂ?é’Hf

cal ci nati%h 40 into conpbntkeedEapi ANl etely in gaseous form may

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

m xing of tlregst B4, mg eonpaudngf arcifruipirepasatadaefe Bbdgd madideeacss ve

materials | can be effegbefadd o)vaE e rbaueel &Qﬁﬂnedual' Tsphélr‘?rj frctkad in

ary form lne starting GQEROUEyRECP BRI ERL! Ly sxelﬂmﬁg BB, QU ple.bhnel ¥
|

di vi ded powders and, after u
subj ect e%5t o the 0050):8@01'8%)% ear crh%t |]t9r]? hﬁ\ﬁév“el}e (wit:f fﬁ?ﬂ‘oﬁiﬂﬁ' € xi ng

is preferably effected in wet form Usually, the starting conpounds are

m xed with &ag.abhbitBsr cnbe hes fowsm bbdan cenicdes awlandled gndoves

suspensi on. Particul arl ynthdduteice wilty éqedldspacenghimivhedouted adfaxengf 5

process described when the $id tHoag, "Bk efHelsI dHS € da eru@ﬁqhgm vely sources

of the elgental constiLygnf s ir85 “ J:;g rfdl%%‘ié}éfg {rﬁ&{“t Qée&‘f{]@c}&ly used
bet s en dri e

solvent i's water. The a yeous ma e drying
process preferably bein lEarHBe(f fﬂfs B§es‘b‘reéi’y GPYi $RPYGF* t he aqueous m xture
at 10 outlet tenperatures of from 100 to 150C. The m xed oxi de active
mat eri al s ofighelZaksBrul gube cas Heseubedy f aravtitdenoae| anyledegspoves axahpl e,
in the formof an annul attéatélnfikegeditdducedhento tdposiapi Bode@yarde
effected faefore or 15 a&hﬁhﬁ@%d‘ﬂs%hw@ify %&beﬂdlgﬁaﬂ)siagpbﬁ t&Ed ar
unsupported catal ysts cgga gmprﬁq;uc?g ﬁu Fpgx\g‘;r Ifgl(rgbg{, the active

e y ca

material or its uncalcin and/ or cinéd precursor nmaterial by
conpaction to give the desired cat aI yst geonetry (for exanple by

ext rusi on), Fafid, 134, Feqarbedas hasesbady s, cavigiedoagregpided 6F°§‘Elé%1r| c acid
as lubricants and/ or nolidingdwssi stidht eqwaid specahoran ndeageheés suttacasof

m crof i beges of gl ass, ashesbase bPdyi, Con €y Hidesor tpotigpeirusutFaehaind, nay
be added. The shaping ofnkheoiull wereheat figed 3aXbfs,AGH ¢109t ££dml or its
25 pul verulent, still un gIC|ned and/ or partlally cal ci ned precursor
material can of course arso be carried out by application to inert catalyst
supports preshaped into annular form The coating of the annul ar supports
for the proddeti bMrdi: t Rehevatasd hageaPydy s dayisarei 2% xaundgd Arewghe in a
sui t abl e 4%t at abl e 30 cdntaedered adtdi sqhdsegpacfiog exais euten DE-face.
2909671, EP- A 293859 or rER: Al 4H &Hors Ehe caadsi-B8gctben atnwher equppsert s t he
powder nmaterial to be applied on the support is expediently noistened and,
after application, is dried, for exanple by means of hot air. The coat

t hi ckness of the powder material applied to 35 the annul ar supports is
expedi ently chosen to be in the range from 10 to 1000 Vim preferably from
50 to 500 Vim particularly preferably from 150 to 250 Vim



-The support 0080Z520188 used may be conventional porous or 40 nonporous

al um nas, silica, thoriumdioxide, zirconiumdioxide, silicon carbide or
silicates, such as magnesiumsilicate or alum numsilicate. Supports having
‘pronounced surface roughness are prefemred. The use of substantially

nonpor ous, ﬁgggégtgx dﬁ]e@%% ?%%Qr%iafé‘véh e% rgggh surface is suitable.

The 45 finenéss act §1rs to be

0050/ 52086 ¥EVapiAISH Sty Pﬂ% ﬁﬁr"é&élkﬁtﬁﬁé’ GBEOP?V?]s H?PCESErs%f dd€dted to
t he desiredateaisehiigkpesorndilutpdaviull ireot. mpldingmt ithel §nefor t he
pur pose of sbapimgy ddvenaagedweslysapporhave Ganudhbsogdmmdtryr.cgpafechbiivt,h a

sol uti on angdhergsstseieiesons COMEA Rbl8ihdeard ¥t HEEMEMROWAEs 196t iRy

el emental cgpg ti QéBof the rel evant m xed oxide active material, dried
and finally, as descr calcined to give supported catal ysts. 10
Advant ageous m xed oxi de active materials to be used according to the

i nvention fAFCATHRRILODEPEI WIVERGiQRri BRE dfoldrypBAeanty Lasr gremptaies are

f urt her nor epateried d iof eaple damengikgernal diameter x height x internal

[yl a. Y2b.10Xdph@ted~Y5e. Y6f . Y7g~Y2h. Oy~~q (11)r 15 where Y1 is bismuth,
tellurium antinony, tin and/or copper, Y2 is nmolybdenum and/or tungsten,

20 Y3 is an al kgl i ﬁ;t}alg !l &'%‘WRQ/ o, & %rgun@ \64 IS Oar%ggl kaline earth

nmetal, nickel, co copper, mangarie zi nc, GAdmi um ar)ld/ or
mercury, Y5 is iron, chromum cerium and/ or vanadr um Y6 i s phosphorus,
arseni c, boron AnBROF R HoAyMn 2EAsYYs (S 26 -ar ¥svdamt i Qred>f)7 titani um

zi rconi ugs ni obium tantalum rhenium ruthenium rhodium silver, gold,
al um num gal || Gnmixd wid xSkl 5 omin, (agevaeni2eny ; | eadig,taog jsgn)gnd/ or
uranium 30 a' is from0.01 to 8, b’ is fromO 1 to 30, c' is fromO to 4,

d' |sfrom0t02 i r rom @ 6, is fromO
to 15, h' is fro Q‘g }?o {@\K S”ngd} re each nE Br s vvhrSRH are determ ned
by the val ency and frequency of the el enents other than oxygen in Il and 40
p and q &% Than®eqd stagessefr bl oripg mayfekn delcusvad, asodesFribrd in

t hr ee- dr men&Pehal 84 dfilongonfexdmplehém sath compgsthaoned aad2bs@€ which are
delimted feapvibetd ﬂsorpaéfeﬂafélryormamtommﬂtg st @ 1hEei theC @xReshhion differing
fromtheir LoaabeonyvidR@uen! AN fonshpsss TlRULLd!AIMRLiGhekl ONgESt

di stance pas%hgglcﬁml%gé&g?é%t f59 |t¥lh?1;ht£evre9| oQ ?%1 onnecti ng

two points E)]resen he sur ace At 67 f ac t he

regi on) %> VpbYaaL 1AnTt & GLFe-Oh C‘P‘r”é?ﬁrérthsPys’f‘ﬁﬁﬁ f0 nmto 500 nmor from1l
E.4mto 50 or 25 dim
It is 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 =257 or = 60 or
= 62 or =265 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, frequently =6,



-Parti cul ar| po&0OVEa208Geous novel m xed oxide active materials Il 5 are those
in which Y1 is bismuth. Anong these in turn those which correspond to the

f or mul a 111 [Bia"Z2b~~px,. ]p.. [ Z212Z3c.~Z4Ad"Fee~.z5 f"z6g.,z~h"py.. ]q,.
C 1 r 10 where Z2 i s nol ybdenum an@g/ or tungsten, Z3 is nickel and/ or
cobal t Lthald i kaghis d/on a 14 arth

Z5 is phospéét o zggrassen?kgl ag?#%én %alr%tsr?r%%o eit% n>o4ée ?ﬁén%%g'ngngg 5&&%
silicon, hum titani um and/ or zirconi um Z7 is copper, silver and/or
gold, 20 a is from0.1to 1, b" is from0.2 to 2, ¢c" is from3 to 10, d"

is from 0. 02Zheonyel2pretess is qrar®ifdlanlp, admaategadulg/ wheamtBe Imixed3, " is
from O tos5oxgdeigctivemitépidlk uledi aréreusrOthat], ix"a alfgye pass each

nunbers whi fehras@n dﬁ{eerfﬁkeedcépafalva% M@éeﬂmh%onaoglf &mé%ecy Oéoﬁ\rgers%ﬁnent
[sic] other gﬁ' r}slogll nd q%t@c 1c i e‘rgswg %atlo
p"/q" is fr8m ?L Profﬁ\ a5Y aal’c ery
particul arl §GEPH%¢ rté’(? ﬁﬁ?‘é?’fja‘flstyl PE bhae n‘@a%‘f}tﬂﬁgsﬁ°‘i“ﬁ?tﬂ‘ﬁncﬁ 2. s

(t ungst en) bdesared Zxrprgucss ( g tibDdcHanginr gnd/os 4dmebhmaprandtiggeeid i f at

| east 25 lokvYedperedlor delingast | lemstt 50, porflarablar by Jmafterrahl y at | east
100, mol % ehrtheulatiyl preEetably Wkaleadles; ms1y.1 p ( [ Bla"Z 2b"fix" |
p" ) of the m xed oxide active 40 materials Il (m xed oxide active

material s | are present _in X oxi, ctive | s.in the
form o thréégdﬁl% TR REEe? ol e O TLED B PRRFE Ao o, Epoin

yl a. y2b, Ox( BPEST9_NesRly %?@W"&rdegE%TPrPﬁ%eed’aFFbﬁJrt?iélqa(’ié-ﬁpseﬂfn r onnent
owi ng t o ¥bherecehsen compoongdsif i (owthi a¢eyliieg abidn thdie cagraed4dt in

envi ronment eacl ¢dxxsen angesidatiimmeteageés: from 1l nmto 100 (err)m

0050/ 52086 13 Regardi ng the shaping, the statenents made in the case of the
m xed oxi de ,act I e applicable with regard to the m xed

oxi de acti vgl Fé??gi?é e‘{d % oéeﬁi e, nunber of the m xed oxide active
material s st aBF&PFF 1'tc‘ru;‘i""ﬁg tF otferféousl y catal yzed gas- phase parti al

oxi dat i orf%fF)acPEFeifin Foadfy¥itc #Gifican be subsuned under the fornula IV
MO ZVaXl bX24X3dk#ep@iexBypOactp®inl0 where X1i sW Nb, Ta, C and/or

Ce, Xzi sCu, M), Peopise ) agbglde adidk5 X3i.sSb and/or Bi, X4i sone or nore

al kali met alfg, thsggglge&r Mt Rk Id16;earth netal s, X6i sS| Al, Ti and/or

Zr,ai sfrom ) gg&)t fro%@h%é@l‘é gﬁgromOSto 18, dlsfromOto

40 ei sfrom 1S romO fom O to 40 andni sa nunber which is

det er mi néd tﬂ‘@t AFEMS g PE &Sf fft%l ements other than oxygen in

V. Preferréd eABobprift Samehheciteimixed oxi de active materials 1V 30 are
t hose whi ch jar e idebetanzedtobypethactwlilcoachd. neani ngs of the variables in the
formula I'V: X1lisW Nb, and/or Cr, XZisCu, Ni, Co, and/or Fe, 35 X3i sSbh, X4i sNa

and/or K, X5iheani &q axdear 2861 06 IraSor | Als UUYi08dThs UHA198k3- Boi Apestl
to 1 and hEQeZa érgs)efgu%% %té%%cfggg n,;ma Ql%ﬁ%‘iéﬁ OJHJ B% Refndds
Sphé?t?fﬁﬁ?m8§gb% q a%vsultab e according to the

f requencyof tff?é 5{3
invention are described in the prior art, for example that cited

in this publication.

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

MolzBiaFebxlcxzdx3ex4f0n (I),
40
where

X! is nickel and/or cobalt,
X2 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,



-0050/ 52086 005P¥6R@0O86, very particularly preferred m xed oxide active
materials |V are those of the fornula V 5 Ml 2Va, Ylb. Y2c. Y5f. Y69, On. (V)
where Y1 is Wand/or Nb, 10 Y2 is Cu and/or Ni, Y5 is Ca and/or Sr, Y6 is
*Si and/or Al, a' is from2 to 4, b isgofrom1l to 1.5 15 c' is froml to 3,
fot o hom 841040 S LRGN ufinds (LTI rfh/8 d, By o b @ nuber which is
det er m ned y tﬁe va enc ?reduenc ot t enen er than oxygen
in V. 20 The m xed oxide active materials (IV) swtable accordl ng to the

i nventi on ake ob®af¥Rbll S5i f°a>manger known per se, for exanple disclosed in
DE- A 4335978 or isnfidn A.P14¥0605, Ixreferpbincipire 2 woxéd oxi de active

mat eri al s ssyi t abbkefvsc @ dongo | OprdfReriaBY¢nfism 3ard 06,the formula IV can be
prepared inga shgpfgowlg%rzby hcgfgﬂguggfr&ﬁ anogwtgagl e sources of their

el enent al c§nst| ents.g %ngr fé‘fter’lgﬁﬁg f I(ﬁ t%bl,jy finel y divided dry

bl end having a conPos tlon cbr espon err ét0|ch|onetry 30 and
cal cining said dfy B €2t 1P r &4 350 to 600C. The cal cination can be

carri ed out nej t hera unumber Wbich giss detegnieed &y dhedvalerryatamds predaeenay, g.
air (m xtuor e of ofnelid ejameand ottygerthaoroxygksr ia ceduci ng at nosphere (e. g.
a mxture of inert gas and reduci ng gases such as H2, NH3, CO0, nethane

and/ or acrohgi e %%tqlﬁé?wdl%' ”ﬂaﬂﬂé:?%@& V\P £“3§éV ), fg?e?f'élﬁ td on of
cal cination Eﬂ % S;n ew mnutes.to a 1 gl rs an 5 creases
with increa8 drat BP2. C&, i BP R s R 89 e é‘r’?é’ﬁfl t ons?tl tuents
of the ni xe@8*8RPHR Hdeyeafpt¥h dnsthe Sa't?aé’et R sElE‘éﬁrﬁuﬁ&st i EPFTH

al ready @5 @asubaxl/anatedosetziatounds . wiielt 40ppantdHoreshapedetnintdngri des
by heating, aa8l testsdid withhehgmeisedc exdde caotjee. mdberidiar ough m xi ng of the
starting conmpounds for the preparation of m xed oxide active materials IV

the starti ngbcEEpiiie petiofiy Mt Bl C‘tt-thm?“ﬂ%tl?dgggaﬂ;gedf i ded

used
powder and, %éﬂ’% i ﬁgSéﬂB |“fanlr’§ﬁu¥¥ eQFOd(?S 8th5‘ﬂ“ Sé‘rléa
15 cal ci @ Péntheimalement Al ARG LFIRNRE i% "ﬁFé‘f EARE LV Pé&tféﬁali’]ﬁ’ vvet
form Usual fjypelhedistigiedi dyy cokgrouhdying ea rrogedsition o rasperh@ing rta he 5
formof an ageepustEi@dhibmedrpreidicalbspemgisaid Baytbleddraty firohi 30 aodr y
bl ends are @bbét Nedhel Bal BEndR MINNGaR! B S rdRICHh DLk MaeN uhB8r Siddd Jds

materals Usedufhd: RCIUILYE X Safoc%ggﬁepé tdhe, }ﬁge AN et :g S ous

present in égused' vent _T's wat e

materi al b n%ﬁy?esn)t ﬁénuﬁge’gra} chduf:ﬁ EEF B bEY ﬁ?‘@f“@ﬁgb?yn

carri ed out SfyiBe¥aydasnyNHy §1O0 talﬁ‘é/aﬁu%ﬁus The xfurat ion oft F%’tc%@r’ﬁﬂépaﬁ‘ﬁy es
from 100 t obe506om Thefewi nédubes de acfevehomtserndl sswal juideseesas ouirtdi ng t o
t he 15 i nveAhtoBasiry hempsedtdry. Shaetapyel squreeesss tioy eeawpkel after

bei ng shapedohet 9t Yéh@n 4! he Q\?{(:@d)/%klggoﬁlr\ﬂeeﬁatéi‘lm RO aP@SEhHEE 1O

ef fect ”bﬁ:%'&ﬁpb&?% &R  REe? fxf‘erad;hséiag@ an! OXIgl%éé)Q:o auﬁdgvml%fu”y

correspon e. ac er |

For exgrrpl e, %ﬁnﬁﬁl‘é‘?n"fﬁtﬁﬂsb’bb%ﬁ’@ﬂeéa Al %ﬁ?“@anaﬁelﬁsetpdwneggﬁo%?sﬁn&e
anal ogousl| y°ffr BHY¥%e- powder form of the m xed oxide active material or its
uncal ci ned precursor material by conmpaction to give the desired catal yst
geormetry (fan edaipich Ry ekérowidey), whenesuidableqstaseinfdnpbands,are g.
?;?gpg §I§nﬁ 1? §§££ECL?H.CHId hﬁilbé@(r:'rﬁ%@fgieéndfd}fmagésmbﬂéi%&ssb&%@&%és and

car bi de or ot assium f er ul ent
active nmat erhiYQFO%S%d“r“‘i s( WPBHPQ%T ass'f"i*‘qu’uﬁHQ‘F)czi g’fﬁ“@‘&ﬁr S %ﬁéﬁerl al

may of cour $8:6PQH, PEEHFE Lt aBAH9T ANFIONEHR W]ta&ei'né’hﬁc%a‘!eé?%%uﬁ
preshaped i ntan bandécomposer afhehe datteny ddr inge theppaorseguemt t:héCpmaﬂiumtl on
of the cogs agteatahp®irds eseapingtonplledsl@ irlllgasebud Sorni adalye rot at abl e

Eg?;ai?]nj;oo%dqlﬁ&lﬁ’fﬁﬂ bef QhcEXRIted LRt EiAt2RR08 Tdny EleNa793859 or

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



-For coating005@/8RPP6rts, the powder material to be applied is expediently
noi stened and, after the application, is dried, for exanple by neans of hot
air. The coat thickness of the powder 40 material applied to the support is
"expediently chosen to be in the range fgom 10 to 1000 dun, preferably from

50 t0 500 dugcatiau! Abkavdl eftﬁrea@wrédmmnaolgfiﬂe%?abf S Sidongnt

materi als used l'ica,

R L e (ﬁr oiRed it opgy | LS
magnesi um sRRPERRT idr the (FOFRALs AR aE¥RLUSTRO UL DR rand/Rxy PREPSRDYRRunced
surface  0D&%tEANEE 1Y6inbingtreesigyakbenpisefager edtaiimsd finnghessixing he

cat al yti cal pyodedd \desexited mear ithbSstartitmgapptérsihlo uska aveface of the
support is Q;ccf@éj.fv%q_yagégf@éjs ¥ he Q%éﬂlceaﬁsémréﬁ%%%régént B A 714

700). 5 Accgrding, ftoilg Iﬂv%feggbl%h?sgg %89 v dlcat;tl AN Hﬁéﬁa‘i/“ael ons! V can

of course al'so % StS t ageous

p
m xed oxi dema'(:‘?’i"vae1 é?‘f‘%‘ﬁ)slst d"%ﬁ& a’éb 'ac!:g‘& 8%@“? (f’rt°r‘|’§ PnPERtS or the
gas- phase phriR@lcantigdt Peh i sRERPHETHinD of0ther JAYROEC PEXBRES faf t her nor e
mat er i al 40obuthet ftempelrativieg BifpfEPY 104 )to 150°C.
wher e1l5Di SMD12Va~~Zl b. ~Z2~~~Z3d. . Z4e~. Z5f . . Z6g. , pX., , Ei sZ~l 2Cuh, H , OY.,

’BithZ?Aé 'CIIb The Hxéf‘@g&ﬁg%%@ias%tgkla% ogr%he“@oﬁﬂlﬁ/aoﬁnéanzge Z;’gzegf'gg?dg gr
Ti and/ or ??hifio‘f\% W oG ford)eLc §_t'£' Z%’ tiggfgﬁ? ot %gﬁl%]? s from
0.2 to 5, ccaFgle%forﬂeemﬁtrsze whpee; She S GoTSY, DR Aectedr bORIE 05 2. [
is from G-5t efser gthe émpém:@lqwawonh FOB eHepmle, t@nylar unpypPeIHRA) to 20
and 35 x" apdtylyst= caunberpsraduced &remdgiecipowder fyrnt loF vakeactyivend
frequency ohatbeifl @rents ShdlicinBanafxydiebarRiXiipnshiRiaed gréd@syibers
whi ch di [T epatEPME 80 cBfia bl 0o P Iobs EOR dllid sk Ogdorer AD (288
(sic] which are}aﬁtaln separ, ; qore ormn%_s L et aI oxi d
material E ZXfD ‘“fﬁ%’“’u@n g0t o Jform étar in materlal
1) and t #&n IFARBH Ok PRE2THe aﬁéraﬁrrkwab@cﬂain&ss?aﬁlf%@%@m aFS 455§ an
aqueous sol anforeinfioradngoageniss sagbi afh wicrpffipass yofiigliaged dphestos,

0050/ 52086 %iibtencdtabigeusegsotafsstibr eleamtles hhy,BDé aflledZ2, Z3, Z4, Z5
and Z6, which contain the abovenentioned elenments in the stoichionetry D

M zVa. ~ZI b Gerfi®8n n(B?edr o§1&§tQééld?egmg%ﬁgéf"ci@)ms' n

. T
Lhe rosuldd A il dAr e Lt el e,

i s shaped t82§egEat (Randes F%%F%?ataéls?sPeg%%ﬁféierdy°“10bN%lSi‘Fa‘én d&ive
mat eri al s Vinehereatadlospr efipporsts pokestlapedrinteganaebar dlorm.i $heé eerticgat ed
into an aque@ushetadriulag Bappsttd fdrath«7t¥odmee iphederyted coAtdet ai | ed

descriptionc@taiperPdriapabation Qfc agt hVeuIBLer habuCedpId Yoratabxed oxide Vi
appear s 15 iy [ofe.exap gscggjé% 668104, ot 178BL05 QU sE- A 19528646,

Regar di ng t e § thé_act
mattg eri alg cEfpPi Zﬁw mofeﬁp aFgr a‘ﬁﬁcﬁﬁl@gbggeV\ﬂrﬁﬁraé:ggf’lap?%tgfﬁ: ©
active matelppafi@r |1§|1n§°n¥"$<eatPR}>%F€e°Whe support is expediently
m01stened 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 um, preferably from 50 to 500 um, particularly

preferably from 150 to 250 um.

The support materials used may be conventional porous or

40 nonporous aluminas, 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



-20 M xed oxiod50/&2086 nmaterials particularly suitable for the

het er ogeneousl y catal yzed gas-phase partial oxidation of nethacrolein to
nmet hacrylic acid are disclosed, for exanple, in DE-A 19 815 279 and in the
‘prior art cited in this publication. 2%;M xed oxide active materials
particularly suifabl e for the_het neousl y cat al.yzed gas-phas artial
oxi dati on ofapB#(l)‘ggn%o ttélea(?}lr FC° 4t gggr gu%?os%cl ose f ?%‘Fr%xfr?ﬁpg?gigo A 10
051 419 and dieﬁlfgg ‘f)‘?artorth&F%n‘Eﬁ eFEnEPRR s’ PLuI%%ati on. 30 As in all other
cases, the shaping required for the novel process can be effected in the
case of theadbeveakeinelgnedon kinel mtipdeeact | steapimger thé sarimd alry soppdiing

sui tabl e IpRArbEsOrbe fikipreyAaPe® with X6 UM i¥h RhALESSASpenzidhe novel

. ! \ . 6 | | novel,
g;g;le;gttsagogféggglm/%@tsﬁt dompbiREs v dle E@éﬁér?édﬁ %Q%ggg\%%% ang

d,_ for.ex le, I.n EP-A 700.714 an 5%
in the |iteP4t aPe ’E:%)fee"(fnitnmf‘ﬁﬁée 45 pEstY AR G N ‘?Wee‘gl?ﬁe;réﬂ fed
t ube- bundl e 3Be4eFBF Ped/hEadgiBeY S0 iBesSwPROTIeGaFrYa Y Ucfuced from ferritic
steel and typically have a wall thickness of from1l to 3 mm The internal
di amet er 10 adivaatagecud mikedOokidel3Qcttive f metpidanky tbrveanutked acdbrding o
terms of 45 apphheaidh reehACAOEBY pabei AUNdeldaefionabal pisdpenabes housed in

t he tube-bundl t al I r ast 10000.
Frequently, r};lt(é glﬁgﬁbﬁé}ﬁu%g?gﬁlﬁfqﬁfgggg E(E’)ucgt're fhfg'ngtg%uﬁe{uIaaI Oﬂ(}EOI 52086 18

reacti on cont %ﬂ ner is frosm 145000 t?ofEB?OOQ. Tube- bundl e reactors having nore
than 40000 ddtatYystOx dibles' et EiaaY teoY e Y& et i on. (RSlde the contai ner,

t he catal}st tubes are usually honpgeneously distributed, the distribution
expedi ent|l y whereg 5 chosen so that the di stance between the central inner
axes of adjacent catal yst tubes (i.e. the catalyst tube spacing) is from35
to 45 nmm (cf,, faqr P- 290), .. Parti rly _suj
heat -exchang% m% [ g{gﬁéf’l Ee&%gg@?h a%d'mﬁeggf a&“l’%éldlﬂgg %éﬁ‘é)#e ts of salts,
such as pot dssi difh RPEYRAPULEPE4ST (HIESEPPre, sodiumnitrite and/or sodi um
nitrate, 3 YOf liGweRerikalg metals, thaldiuasasdirumamesienry and al | oys of

di fferent nit‘al 95 ks plrdlimel ankyh aktait, agécksl, obddtai ¢epbemf or mati on on
the reaction com@dngunese £xaed,eaihy diniemMahdiey nedchey, t he vari ous novel
het er ogeneoys! y ;gat aby 7 achad uRhaser RAY ndl 0P X fARldiQRs of precursor
compounds  Ofys( ”%%ﬂ:ﬁSé%A&ﬁ;s%C'aQséﬁié,O.b%% BOFHS'/A:Pa Qﬁmngor art cited
above. 20, The nove Fr ce u&g 'S gﬁrtl,culoar y suitahle tof carrying out

het er oger®bus| y *Eafaf oo P4 PRESE: palrBRaP™oxF HAATGHE  of 1R ¢ sor
conpounds of (né@RFateyl jxheadup, wardiendud, cahediam o st 1¥PEh 99igh | oadi ng of
the fixed cat al ydumbedmiddl ltihe, pirdiumsositbopoungdrmasienf ebdaal), thorium
exanpl e, in DE- Ank909848r&H7dihm,25 Such hi gh-1 oad gas-phase partial oxidations
are preferably realized in the nulti-zone (preferably two-zone) tube-bundle
reactors DE-A_1 8 3...3Q The advantage of the novel procedure is
primri l yﬁaﬁali nc%rse%]srg‘ﬁ %‘ngleéctoi \Q}i’ty of the formation of the desired
products, i parti EaP4rOwi t% SRe use of high | oadings of the fixed catalyst
bed with t he'pr é8ufser edimdund of (neth)acrylic acid. 35 The size of the
cat al yst bodi‘es issédomc@oralia®g to the invention is as a rule such that the
| ongest di mensi A Ekemgesto l2one connecting two points present on the
surface ofgthe cqat ghygtosyprort) is from2 to 12 nm frequently from4 to 8
mm 40 Exanpl,es i’%‘) fP(r)x%p@rta‘;tilgn of a nultinetal oxide active materi al

sui tabl e forglt he "hé erogeneouél y catal yzed gas-phase partial oxidation of
propene to &dcrol’di AXSMd® stpP€d into rings of various 45 di mensions

0050/ 52086 »J AndeRC, arel agl armberfowhishheyr daveypdacd Rertdedvasensed in
portions in 600 ahdofreqiency @£f9¥h&ge dmemt4608Besttrhamgblypyn wien git aadueous
pot assi umdydaax ge ayel HhmnberAtwhd8e Yasistd/or e ERéM d.ni osebption while

mai ntai ning the 60C (a solution A was obtained). A5 second solution B was

prepared by adding.116.25 kag.of an aque 1 ro Ltr sol.utjon (14, 2% by
wei ght of Eg;o %algégg 7t}kree0911%en51ona rggg %ﬁ torf .Q:thlgaa?})gmlﬁoa]t 'CO%pf§ﬁt_”zf% by

L LG : an agueous ni e solution _
wei ght of agt‘e3BC WAFFR 249 Felagited tidom fRethdtasl RBV AHIRRSTEn OWing
stirring wasscaheisdoenprosision diftardma3from itheds apcab@nvikpngery amd an 10
aqueous bismidsenmaxien stlameten (Ldngd¥tbyiiswarmgle pabsBng twheromghhéhestirred
in at 60C t eegitee bhegiiityl 68 the TRyisal Bhd Wbrhed@3Ingt twd §binkEOpiégent
solution A at 60Cin the course of 30 minutes. 15 mnutes after tﬁe end of
the stirring in, 19.16 kg of silica sol (46.80% by wei ght of Si02, density:
1.36 to 1.42 g/m, pHfrom15 8.5 to 9.5, alkali content not nore than 0.5%
by weight) were added to the resulting slurry at 60C. Stirring was carried
out for a further 15 mnutes while maintaining the 60C. The slurry obtained
was then spray-dried by the countercurrent nmethod (gas inlet tenperature:
400t 10C, gas outlet tenperature: 140t5C), a



-20 spray-dr0e8opgs52086 whose | oss on ignition (3 hours at 600C under air)
was 30% of its weight being obtained. In each case 1.5% by weight of finely
di vided graphite (sieve analysis: mn. 50%by weight <24 (err)m nax. 10%
by weight > 24 ~.m 25 and <48 Eun, max335% by wei ght > 48 Eun, BET surface

f 3 | i f
creas T1om Sl nd L VeLe A 8 gat-él%éz/e SShelt s ér. “2‘3“8 LI
about 30 ~. Afe u%‘ﬁ:]’%érﬂf“yl%lrtgﬁ&or éQHI’P‘Fﬁ |fﬁ°E‘a(1,h”IEefé’e Eet ed

(conpressed) to give hollow cylinders (rings) of different georret ries so
t hat the regaktingl addysatiyantsyeinguho?eb miKednBxadel ddievieesnkérhgld atrer al

conpr essi se agbl eneld iof whhienryings pasmadlput 10 N. 35 For the final
calcination, in each case 1900 g of the shaped rings were poured into a

h bl h [ anb 0.12 | | 2
(STP) of "RPPI ARy RE (O3S, HPLF SO RESHEG had s IRTERARY as

follows: 40 - increased from25C to 160C at 1C/ mn.; - then kept at 160C
for 100 mi n[Bia~ thhéhz 1 e 1 8AmEdc A2 orfie6DG £ by -2000y atq-3C/ i n: (IIThen kept at
200C for 100 min.: - then increased from 200C to 230C at 2C/ mi n.; 45 - then
kept at 230Gnkgs 100 mn.; - then i ncreased from230C to 270C at 3C mn.; -
then kept at 270C for 100 mn. 0050/ 52086 20 - then increased to 380C at
1~-C mn.; Tzh n kei a 38OCf}) 3__ i:- then i ncreased to 430C at

1~C/ min.; theﬁsk‘Bg STYBHBNERT £UBIRECRY - then increased to 500C at

1~C/min. ; thehskéia@k%\lt and/er ALty h; - then cooled to 25C in the course
of 4 h. Ar5anI4ar 1eath¢ylstunbodneslhmlr1en@baai amtl/on @nBplkel e gamcébuséyal,
catal yzed ga$s- phaspgh@sgidrals , 0xt skeiicyn bokoff otdithohg, a€1®) &gt iAmr 8AEIION
tube (V2A stainhggg, steel, 30 nm external di arret er; 15 2 mmwal | thickness;

26 mm i nternal a 43 ed ttomto top, on
a catal yst gqppg%t E}a dé'on, &Bn‘fm'gg)&g}l /60% m["grpbeads havi ng a
rough surfaée (le'oﬁ?Elp Ert rraterl aI for heating the
reacti on 4fas starting m'xture) over a length of 30 cmand then in each case
20 with thea¢at abystomithgs tpr dduced under A) over a length of 270 cm (the
fixed catal p3t hedfrobef.@r eot be | oadi ng was conpleted with the
abovenent i oped ggeg{.bﬂe‘; q:%a% as a downstream bed over a length of 30 cm
The remai ni gg cata ¥ ad eggth was |eft enmpty. 25 That part of the
Deer

reaction tu °I'6aded with_solid was thernostatted by neans
of 11 cyl%sn&rl C&F S:F‘Eanomf’&n P ok PRAFECAPARAE TR P -dasP 3round the tube, each

had a | engt B”of 180f€em dhdowds heated by el ectric heating tapes (conparative
experiment sg30 usi Aigom Caror édpondi ng reacti on tube heated by neans of a
salt bath through whbmho nid ngogen was bubbl ed showed that thernostatti ng

wi th the al ym pymp ‘%“x‘é %éh%ﬂﬁﬁér‘% Qhish @Peafd'e@lr&ﬂ?édﬂiﬁzt 2hbi fg1omd
sal t bat%’ Those e flé uen ctelloeg\e{1 vv]e__r@hargeoexy%)g%nsoll i/vere
0

kept at C wi th 1 a'er 3 Super a E e |(,:, ressure Feaction
tube descri l?eda%o@e %eéﬁht?‘?@ﬁfﬂ yhegs ’?é)ttli? R /gacﬁ FFoFal - gt%ﬁ’ ting

m xt ure havi ng PhefevblanifrgmcOapost tZron: 40 6.5% by vol une of propene,
3.5% by vol une of H2O, 0.5% by volunme of CO 1.2% by vol une of C02, 0.04%

by vol ume ofaracppd i rred)dvéby 1fh rA%chY a¥ OF Ui fRfrrOd, materials III being

35 those in which Z2,- is (tungsten)pr and Z2;, is (molybdenum)i,.

It is also advantageous if at least 25 mol% (preferably at least
50, particularly preferably at least 100, mol%) of the total
moiety [yla'¥?b:Ox'lp ([BiavZ2p#Oxv]p») 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,:y2h:Ox:
(Bigw22,+04») 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 pm.



-0050/ 52086 DoOsOIK620860i Ni Ng anmount to 100 by vol ume conprising nol ecul ar
nitrogen. The | oading of the fixed catal yst bed was chosen as 100 1 (S. T.P)
5 of propene/1h. A small sanple of the product gas m xture was taken at the
‘exit for a gas chr omat ogr aphi ¢ anal ysi§3 The tenper ature of all al um num

bl ocks was 88 %ﬁ‘ilncga%thgnggag vaI l{__ eme sesagg q__ﬁ?t gge gr:ft 5er o

conversion in2 sin

required foPifRf ’ﬁtﬂepé‘gﬁlﬁﬁr@tﬁl&%& %r:ﬁ) %P-hl, al?%ﬁ)l‘@'tl?eIrS EHovs ke
sel ecti vi t ymgked hexigler geéive freateatiadp IHA) achi eved as a function of the
catal yst geonetry used. The letter Cindicates that it is a conparative

exanpl e, whil @airdf@ nkimbe@t bertife Htiged biaﬁde idctli e aMa Leeaigllse saeze@usplé @rt 0 the

i nventi on. {@% a nd I n =
i nternal di arretelcgf;&&ot 8 éliyatdgcl)Sl 268 gl' Ihr?gg gﬂ@{al d ldg o as

exanpl e E5, ®Fh8 lcé L) alcﬁgt}l’% KA n té’?oﬁﬁf’i‘“fi %ctor d| ng
to Fig. 1 is used. 25 The preparati on was carrled out as in the case of the
catal yst rings, except thMe1iVaB ¥ ediaréer shbiCari al (EH ,conpressed to give

t he ot heriogeonetry. 30 The di aneter and the height of the base body were 4
mnm The gr om.ggrgepth was about 0.5 mm The spaci ng of the groove segnent
ends was about 0.9 nm 35 40 45 0050/ 52086 22 a~ cqd H

as' ~d' O1ri M,i M i, NI %Oartlan h gﬁi_pl ~Q1LI 1 CC0100Cr I 01N ~01r 1TNNCOODODODO000C
10100010000 1616if i 6Rr ~0101ri 00l ~~DOOI ~I Or nLI 11 ~1f 100~D! |
k~' 1D\ ... .. X? O3CEwodBe0Se0rs UM aMsdeR| 281 ~| ~O ~( ~OONN~OM-DOON-00~1DON-O
| ~NNNNVNNIEINKE NN € -andAo@l Bdy ri Lf 1ri Nl ~r-i 11

11f 10DQOUCLRE ~\ @ a‘:ﬂMM Tiote~bDka MOMed A0S}, ~1 ~1 ~' - 1ri ri N\t nU
71f11f100ri gs1 OQEr o1 ‘more! B1daTidd I‘ela% metkh@-01010100r | ~-ir-1LITTTILITt
flIflIIlCUt%ZIIlII% ~| =, ~999? g_- -1 11 100050000000 - 1~-i 1l r 1 000000000
000000001110 I'r ~fadao 3(1 NNNNLf?lfld | 0C~01f ~t OLnMW/O . OO0 . OO
000000 1s rom 1 to 6,
. 20 b is from 0.2 to 4,

c 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 0 to 40 and
n is a number which is determined by the valency and frequency

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 1is 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,
f 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.
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claim 1. A process for the heterogeneously catal yzed gas-phase partial 5
‘oxi dation of a precursor conpound of (ygth)acrylic acid to (neth)acrolein
and/ or (nmethlacrylic i . passi.-ng_a_reaction s starting mxture

conpri si ng ?k‘é’e‘ﬁ%{%’cmeg rggg&%ﬁﬁc{lynﬁgé A 8% g nO%E aicftgygqui red, a gas
which is i nBRtefiss ¥spEe thesa vf EReaf9A™dayYs- phase partial 10

oxi dation, at elevated tenperatures, through a fixed catal yst bed which
contains, as the catal yst,,a m yed oxide gctive materjal shaped into a
geonetric ghody, this georrep{orli?‘gg'ggﬂggﬁé{?ﬁbﬁa'dd‘éomet rl?{l:} base body into whose
surface at | east one cavity has been introduced, wherein the ratio of the
vol une 15 of ., the geonetric body VH to the volunme of the geonetric base body
VBA <_ 0.63"8R8Sthe ratio of the external surface area of the geometric
body ABto VB ? 22 cm1l. 2. A process as clainmed in claiml, wherein AB:VB
? 24 cm1. 26 3isAWprmsteysNRs claimed in claim1 or claim2, wherein VB: VBA
< _ 0.60. 1 YA precessarmdyoxl &tiped in any of clains 1 to 3, wherein the 25
geonetric bgse hgdyaisndRregked fromthe set conprising cylinders,

pyram ds, cgges, C Pe&d/o!rgﬂﬁ paral | el epeds, prisns, spheres, truncated
cones and trgncatﬁe r.a dﬁ. 5. A process as clainmed in any of clains 1 to
4, wherein fhe 368 ’é%\\{rezt ;q°c body is a ring. 6. A process as clainmed in
claim5, whélei st ReoRihFogdehetry (external diameter x height x internal

di anet er )15 s'seliecfremfk dm 335 a)5.5 mMx3 M x 3.5 mMmb)6 M x3mnm x 4 mmc
)7 mm x3mm x%+4 is5fpomandd) 6.8 X&¢dnay 5 nm 40 7. A process as clainmed in
any of claigs 1;i50romW&icLigNahfe enpty vol ume of the fixed catalyst bed is
> 50~ by vol uyne. _.8 s; ¢l aj ] f ' t in
the 45 m xe oxﬁgeaaﬁtfﬁegcgég g?i Ja% %&%ﬁéhgﬁ% tglgn'? é?{e{g@%)]ax}dﬁg%ﬁé\%érf S
Mb, Cu and P or °f BSHISHEEES 29T (Hh80ePERESR ™Y Bi and Fe or c) the

el ements 3, V and Wor d) the elements Mb, V, Te and Nbo. 5 9. A process as
clainmed in ahy nixed aixislelatviy; matterdahbs (IV)assingbke pasordingheo rigwct i on
gas m xt ure inhkeptOdh tdie bb¥ethadlaaliySh hethert RaoWANYEF HON foL ER@mgIeeCUr SOT

conpound of 4GaEtHIAE M bE_RCh k537398, M) %p L0 74Q704 Process as clained in
claim?9, wherglgn tﬁg lsel ecti vﬁy of fhe formation of (nmeth)acrol ein and/or

(rreth)acrzylic . , ) , , , ,
5 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 corresponding 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, NH3, 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



-acid ? 50 nmob%0/52086 process as clainmed in any of clains 1 to 10, which is
a 15 process for the heterogeneously catal yzed gas-phase partial oxidation
of propene to acrolein and wherein the m xed oxide active naterial is one
‘of the formula I M)12Bi aFebXl X2dX3eX4pg)ri (1), 20 where Xlisnickel and/or
cobal t, X2i st hi\élrllq: an aI kaIr rjE%toa nd/ Qran. al kIa(Ie qart?ﬁ

met al , X3| szrAC "’hos nHor € VS seni el ron. Al |ﬁnﬁ %aﬁ) del ?ﬁ? and/or
tungst en, X4MEE; f‘?%n al um num titani um and/ or zi r coni um ai sfrom 0. 5 to

5, 30 bi sfrom0.01 to 5,cisfromO to 10,disfromO to 2,aisfromO to

8, fi sfrom Ouboally artheb seasainm dosmpouhds hades mdekdr wi tte brley ahbehemal ianape
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moldlng ass1stants ané]relnforc1ng 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 2909671, EP-A 293859 or EP-A 714700.

For coating the supports, the powder material to be applied is
expediently moistened and, after the application, 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 be in
the range from 10 to 1000 um, preferably from 50 to 500 um,
particularly preferably 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
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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 700 893 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
10000. Frequently, the number of catalyst tubes housed in the
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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;
b) 6 mm x 3 mm x 4 mm;
c) 7mmx 3 mmx 4.5 mm and
d) 7mmx 3 mmx 5 mm.

40

7. A process as claimed in any of claims 1 to 6, wherein the
empty volume 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



- #10% & ()0050/52086 & ()- -10%! & ()- 10%y & ()- Y10% !l & ()- 10 10 10
'UB; | [:vU4 & V. wl0%! & ()- 110%!L& ()- L10%! & ()- 10%! & ()- “loL
“#10% ! & ()- QBOL - #10% | & ()-KFILS|\<v4 & V .10%! & ()-F .10%!!

& ()-F -10%! & ()- )!10%i!d&'() Bl | 10% ! & ()- dEL!'!10%

& ()-Sudehoq_2v4 & 10061 & ()-F )6}0%. & ()-F .10%! & ()-F-#3 .10%!
& ()-F .10% 1T &X) tlftﬂfl‘?’x‘)fﬁt%’“% 11898 F%OF) - F . 10% ! & ()-F .10%!

& ()-F .10%! &)()'qiwse"lgm%tsgé%)vlraa@tﬂ% V#3 .10% ! & ()-F .10%!!

& ()-F .10% ! &) )-the elements Mo, V, Te and Nb.

5 9. A process as claimed in any of claims 1 to 8, wherein, in a
single pass of the reaction gas mixture through the fixed
catalyst bed, the conversion of the precursor compound of
(meth)acrylic acid = 90 mol%.

10 10. A process as claimed in claim 9, wherein the selectivity of
the formation of (meth)acrolein and/or (meth)acrylic
acid = 50 mols%.

11. A process as claimed in any of claims 1 to 10, which is a
15 process for the heterogeneously catalyzed gas-phase partial
oxidation of propene to acrolein and wherein the mixed oxide
active material is one of the formula I

Moj2BisFepXloX24X3X4¢0n (1),
20
where

X! 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 zirconium,
is from 0.5 to 5,
is from 0.01 to 5,
is from 0 to 10,
is from 0 to 2,
is from 0 to 8,
is from 0 to 10 and
is a number which is determined by the valency and
frequency of the elements other than oxygen in I.

30

S RO QA Q0O P

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
Mo12VaX1bX2cX3dx4eX5fXGgOn (IV),

45 where

Xl is W, Nb, Ta, Cr and/or Ce,
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